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Index  to  MACHINERY 


A 

Abilt.    Otto: 

Faulty  Gear  and  Kaok  Cou3truction 711 

Abroad,  Kepair  Parts  for  Maclilne  Tools  Sold..  470 

Accessories,   Lathe   930 

.\ccideDts  Cost  Money  467 

Accuracy   la    Culeulatlon    488 

Acid,    "Lapping"    Threads    with 433 

Ackermann,    A,    H.,    Personal   of 650 

Ackoy,  J.   R.: 

Methods    of    Checking    Multiplication 60 

Acme  Grinder  Co. : 

Universal  Tool  Grlndius  Machine 641 

Adams,    William   0.: 

Clutch   MllUng   Attachment    927 

Adder,  Progressive  Fraction  648 

Adjustable   Drill   Brace   Co.: 

Adjustable   Drill   Brace    447 

AdTcrtising,    Business   Failures   due   to   not 896 

Aeronautics,    The    Metric    System    Adopted    by 

the   National    Advisory    Committee    for 771 

Africa    for    Homemade    Products,     Open-hearth 

Furnace   used   In   South 400 

Ahlers,    Joseph,   Jr.: 

Automatic   Stop   for   Blanking   Dies 1100 

Air  Chuck,  M.  B.  0.  Three-Jaw 732 

Air    Compressor    836 

Air  Compressor,   Twin  Angle  Compound 546 

Air   Containers,    Brass  and   Bronze 132 

Air-drying   Process,    Japanning   Cushion   Springs 

by  the.     E.  P.  Lake 410 

Air  Into  the  Atmosphere,  Discharge  of 845 

AJax   Mfg.    Co.: 

Scrap    Reclaiming   Rolls    487 

Forging  Machine 1028 

Akeley,    Carl   E.,   Personal  of 868 

Akerlund,  Gustaf,  Personal  of 936 

Akimoff   Dynamic   Balancing   Machine 529 

Akimoff,   N.   K.: 

Dynamic    Balancing    Fixture 1117 

Alcohol  as  a  Fuel 513 

Aldrlch,  A.  M.: 

Extracting  a   Hardened  Bushing   from  a   Fix- 
ture       249 

Alexay,   Adalbert  O.; 

Oil-groove   Cutting   Tool    160 

Alford,    Leon    P.,    Personal    of 744 

Algebra,    Problem   In    252 

Algebra,  Problem  in.     William  W.  Johnson 518 

Allen,  John  H.,  Obituary  of  92 

Alliance   of  Nations,   An   Economic.     Alexander 

Luchars    q-jq 

Allison,    Lawrence,   Personal   of 1036 

Allison,   L.    R.   W. : 

Bonus  System  for  Small  Shop 618 

Allowance  and  Tolerance,   Limit   206 

Allowances  for  Pitting  Parts  for  Brazing 344 

Alloy,    Imitation   Gold    409 

Alloys    Investigation,    Metals    and '.'..'.'.  779 

Aluminum  Castings   and   Forgings 400 

Aluminum    Castings   that   Take   High    Polish...  982 

Alumlnum-lron  Alloys,   Copper-   395 

Amalgamated    Machinery   Corporation: 

Duplex   Turning   Carriage    737 

America    In    War    814 

American   Ammunition   Co. : 

Machine    for    Graduating    Fuses 360 

Thread  Miller 733 

"American"    Electric    Hoist    '.'.'.'.'.  822 

American  Foundry  Equipment  Co.: 

Sandblast    Room    1117 

American   Gear  Manufacturers'   Association 795 

American    Institute   of   Weights   and   Measures 

The    642 

American   Laundry   Machinery   Co.: 

Blueprint  Ironer   836 

American   Machine   Tool   Co. : 

No.    1    Surface    Grinder    352 

No.  2  Surface  Grinder    356 

American    Metric   Association    710 

American    Museum    of    Safety    Awards 742 

American    Society   of   Civil    Engineers   to   Share 

Engineering  Societies  Building   39 

American  Society  of  Mechanical  Engineers,   An- 
nual Meeting  of   ; 335 

American  Society  of  Mechanical  Engineers,   An- 
nual   Meeting    of    425 

American     Society     of     Mechanical     Engineers 

Machine   Shop   Practice  Session    15 

American     Society     of     Mechanical     Engineers, 

Spring  Meeting  of    739 

American     Society     of     Mechanical     Engineers, 

Spring  Meeting  of 933 

American     Society     of     Mechanical     Engineers, 

Munitions    Resolutions    Adopted    by 1014 

American  Tool  Works  Co.: 

Radial  Drilling  Machine  821 

Americanization,    Industrial   Engineering  and...  547 

Ampere,    Kilovolt    162 

Andersen,    B.    Orum,    Personal   of 1126 

Anderson   Die   Machine   Co.: 

Control  Mechanism  for  Die  Former 167 

Vertical    Tapping    Machine    347 

Die    Forming   Machine    349 

Feed    Mechanism    for    Forming    Machine 534 

Die    Muzzling    Machine    B89 

Anderson,    H.    B. : 

Adjustable  Radius  Lathe  Tool    60 

Anderson,   Swan   P.,   Personal  of 186 

.\ngle  of  Valley  Plates  for  Steel  Hoppers,  Find- 
ing True.     L.  M.   Hamlet 1101 


Angle-i)late,     Universal     439 

Angle-plates   idSl 

Angle,  Trigonometric  Functions  for  any 1107 

Angles    In    Circular    Measure,    Expressing 253 

Angles,   Measuring — see  also  Sine  Bar. 

Angles,  Measuring   158 

Angles  of  a  Triangle,  Finding  the 720 

Angles  on  Boring  Mill,  Facing.     W.  Wheatley. .  516 
Angles   on    Drawings,    Marking    Countersink. ,  ..1105 

Annealing    German    Silver    Cups    252 

Annealing  Hard  Castings    252 

Annealing   of   Brass,   Self-    138 

Annealing  of  Forgings,  Second.     Brlc  hee 714 

Annealing   Steel   Cast    Flywheels 36 

Anonymous: 

Care  of  the  Eyes  in  Mechanical  Work 247 

Anthony,   James   H.,    Obituary  of 278 

Anvil   and   Vise,   Position  of 810 

Apartments   for   Working   Men 710 

Apprentices,  Better.     E.  W.  Wrigley 55 

Apprentices'  Shop  Problems.     John  G.  Bruegge- 

man  335 

Apprentices,    Training    455 

Apprenticeships,    Macbinsts'    960 

Apron,  Houston  Stanwood  &  Gamble  Lathe 1023 

Arbor    Centers,    Lapping    125 

.\rbor     Press     360 

Arbor    Press,    Air-operated    275 

Arc  and  Segment  of  Circle,  Center  of  Gravity  of  487 
Arc  are  Given,  Formula  for  Radius  when  Chord 

and    Length    of 812 

Arc    through    Two    Given    Points,     Drawing    a 

Circular    254 

Arc  to   Find   the   Radius,   Given  the  Chord  and  719 
Are  Welding  Machine  Co.: 

Arc  Welding  System   Using   Constant  Current  547 

Area   of  Any  Plane   Figure,   To   Find 164 

Area  of  Segment  of  Circle.     J.  J.  Clark 334 

Armor   Plate   Plant,    United   States 837 

Arms,    Robert   L.,   Personal  of 744 

Armstrong-Blum   Mfg.   Co: 

Metal-cutting  Band  Saw   III5 

Artisan  Chemical  Supply  Co.: 

"Nasitra"  Marking  Fluid   274 

Ash-pan  Handles  and  Bodies,  Die  for  Assembling 

S.   W.   Palmer   809 

Assembling  Machines,   Munitions  Parts   179 

Assumption  of  Risk,  The.    Ohesla  0.  Sherlock...  579 
Atkins  Pioneers,  Eleventh  Anniversary  of  the. .  577 

Atkinson,  G.  K.,  Personal  of 744 

"Atlas"    Engine   Lathe    819 

Atmosphere,  Discharge  of  Air  Into  the .'..'.'.  345 

Attachment,    Turning   Tapers   without   a   Taper. 

Henry  Daut    801 

Auto   Starters,    Westlnghouse    '.  828 

Automatic   Machine   Co.: 

Automatic   Threading   Lathes    1117 

Automatic    Pin   Machine,    Detroit    1023 

Automatic  Screw  Machine,  see  Screw  Machine 
Automobile    Cushion    Springs,    Manufacture    of. 

E.  P.    Lake    225 

Automobile   Development  on   the   Railroads,'  Ef- 

'«et    ot    675 

Automobile   Names,    Society   of   Automobile   En- 
gineers   Standardizes    231 

Automobile    Side    Rails,    Draw    Tools    for.      P. 

Baldus    220 

Automobiles  Imported  into  Argentina    1059 

Awakening,   A   Sad   547 

Axelson   Machine   Co. : 

Engine    Lathe    85 

Axle,  Stress  on  Pulley  254 

Axles,  Forced  Fits  of  Wheels  and 62 

.^.xles.    Tool   for   Re-centering    251 

B 

Babbitt    Metal,    Substitute    for    614 

Babbitted  Machinery  Construction   235 

Babbitted    Machinery    Construction.      F.    B.    Ja- 
cobs       427 

Babbitted  Piston  Construction.     R.   B.   Spencer.  430 
Backing.  Off   Form   Cutter,    Tools   for.      Warren 

H.    Dunbrack    628 

Backing-ofl   Machine,    Becker    356 

Bacon,   Charles  V.,   Personal  of 844 

Bacon,  S.  N.: 

Testing  Springs  for  Military  Rifles 969 

Bahr,   Gustave: 

Splining  Tool  for  Shaper   619 

Baker  Bros.: 

Heavy-duty   Drilling   and   Boring   Machine..,,  165 

Correction  of  Weight,   Baker  Drilling  Machine  274 

High-duty  Manufacturing  Drilling  Machine 446 

Baker,  Charles  E. : 

Hellman  Universal  Triangle  836 

Baker,  Charles  Whiting,  Personal  of 936 

Baker,   Donald,   Personal  of   278 

Baker,    Donald,    Personal    of 368 

Baker,   Donald: 

Electrical  Limit   Gage   66 

Squaring  Up  Work  on  a  Surface  Grinder 156 

Accurate    Lathe    Chuck    157 

Sine  Bar  Applications    120 

Toolmaker's    Test    Indicator    246 

Dlemaker's  Kink 250 

Manufacturing  Parts  of  Type  80  Time  Fuses  292 
Indexing  Drill  Jig  for  Time  Fuse  Cap,   Past  1001 

Gages  for  Time  Fuse  Parts  1089 

Balance  for   the  Shop,   A  Simple  and  Accurate. 

F.  J.   Schlink   418 
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Ualiince,  Grinding  Wliecl  1118 

ISulancing    Fixture,    Dynamic    1117 

Balancing  Machine,   Akimoff  Dynamic   S29 

Balancing  Machine,  Carlson-Wenstrom  Dynamic  1031 
Balancing  Machine,  Dynamic  Balancing  Machine 

Go's    Dynamic     85 

Balancing   Washer   179 

Baldus,    P.: 

Draw  Tools  for  Automobile  Side  Rails 220 

Flexible   Blanking   Tools    515 

Baling   Press   for  Scrap   Metal,    Hydraulic 646 

Ball  against  Bat,   Force  of  Impact  of 64 

Ball  &  Roller  Bearing  Co.: 

Radial    Roller    Bearings    85 

Ball   and   Socket   Joint,    Machining   a.      Chester 

S.    Ricker    23 

Ball-bearing   Bench   Saw,   High-speed 361 

Ball-bearing       Spindle,       Special-purpose       Turret 

Lathe  with.     T.  S.  Macewan 1069 

Ball  Bearings  for  Electric  Motors,  Advantage  of  153 

Ball  Bearings  from  Sweden,   Exports  of 779 

Ball   Bearings  on  Bent  Shaft,   Use  of  S.   K.   P.   742 

Ball  Bearings,   Using.     Otto  Bruenauer   421 

Ball    Counter,    Shrapnel    420 

Ball  bropper.   Steel.     William  A.   Hawes 67 

Ball,  Martin  H.: 

Change-gear  Tables  for  Screw  Cutting 232 

Ball  Thrust  Bearing,  Rochester 272 

Balls,   Manufacture  of  Steel 578 

Balls,  Manufacture  of  Steel.     Edward  K.  Ham- 
mond: 

1  668 

2    689 

3     753 

Balls  that  can  be  placed  in  a  Cylinder,  Number 

of     845 

Ballantine,   B.   D.: 

Mechanical   Deformations   in   Metals    576 

Band  Grinder   275 

Band    Saw,    Armstrong-Blum    Metal-cutting 1115 

Band-saw  Machine,  Tilting  647 

Band    Saw,    Metal-cutting    860 

Banding   Presses,    Metalwood    Shell    82 

Bar,    Adjustable   Sine.      E.    P.    Davis 806 

Bar,    Pressure   on   a   Scale.    W.    H.    Sargent....  711 

Bar  Stock,   U-stakes  for  Piling 1057 

Barber-Foster  Engineering  Co.: 

"American"   Electric  Hoist   822 

Barbour,   J.    W. : 

Accuracy    Test    in    Manufacturing    the    Tilted 

Turret    Lathe    1032 

Barnes,   B.   E.: 

Perspective  Drawings   712 

Barnes,  Merritt  H.,  Personal  of 92 

Barnes  &  Morris: 

Wedge     Optical     Pyrometer 552 

Bamhart,   W.   C: 

Portable   Band   Wheel   Grinding   Machine 641 

Barr,   H.   Edsii: 

Pneumatic    Hammer    1117 

Barr,   James  W.,   Personal  of 558 

Barry,   John  G.,   Personal  of 980 

Barton,    Warren   H. : 

Laying   Out  Screw  Threads    429 

Bartsch,    Alfred   H.,    Personal   of 744 

Bases,   Machine   for   Facing  Shell    786 

Bat,   Force  of  Impact  of  Ball  against 64 

Bateson,   R.   M.,  Personal  of 844 

Battery,   U.  S.  Army  Motorized  Field 1033 

Battle   Cruisers,   Bids  open  for   Pour 364 

Battleships    with    Geared    Turbine    Units,     Re- 

engining  U.  S 1S7 

Baush  Machine  Tool  Co.: 

Station  Type  Crankshaft  Drilling  Machine...  834 

Bayonet,  Milling  the  Tapering  Sides  of  a 808 

Bearing,    Effect  of   Oil   Film   on   Frlctional   Re- 
sistance of 164 

Bearing,   see  Ball,   Roller 
Bechaud,    L.    J.: 

Threading   Steel    908 

Becker  Milling  Machine  Co. : 

Backing-ofF    Machine    366 

Bell,    Norman,    Personal   of 844 

Belt,    Endless   Fabric    86 

Belt    Shifter,    Planer    179 

Belt   Tension   Machine    85 

Belts,  Chart  for  Power  Transmitted  by  Leather. 

N.  G.  Near  1099 

Belts  on  Moving  Pulleys,  Shifting.    Thomas  Pish  911 
Belts    Running    at    High    Speed,     Slippage    of. 

W.    A.    Lailer    1013 

Belting  in  Austria-Hungary,  Use  of  Paper 813 

"Beltol"     727 

Bench   Drilling   Machine,   De  Mooy 172 

Bender  for  Ship  Frames   1117 

Bending    Eccentric    Rods,    LinL    Hangers,    Etc., 

Devices    for   Twisting    and 427 

Bending  Moment,  Sign  of  a 163 

Bending    Rolls,    Vertical    1117 

Bending   Stress,    Fitting   Parts   of   Machines   to 

Allow   for    140 

Benham,   H.  T.,  Personal  of 368 

Benjamin,    Charles   L.,    Personal   of 1036 

Bennett,   W.   Burr: 

Drive  for  Back  Counterbore 57 

Lock   for  Slip  Bushings 60 

Drill  Jig   for  Adjustable   Yoke   End 160 

Bennett.    W.    Burr,    Personal   of 844 

Bennett,  William  H.,   Personal  of 650 

Berggren   &  Pearson   Machine   Co.: 

Munitions  Parts  Assembling  Machines 179 


Beikwitz.    Alfred   A.; 

Shop   Training    for   ilaeliine   Tool   Salesmen...  580 

Berry,    L.    K.,    Pursunal    of 744 

Bertles,   P. 

Cutting-off    Tools    1103 

Besly   &  Co.,    Charles   H. : 

Fire     548 

Best,    W.     E.,    Personal    of 936 

Belts  Machine  Co. ; 

Crank    Slotter    272 

Horizontal     Boring,     Drilling     and     Threading 

Machine   273 

Tire   Turning   and   Boring   Mill H13 

Betz.    William   C: 

Hardening    Plug    Gages     717 

Bevel   Gear  Cutters    "IS 

Bevel     Gears,      Laying     Out     Skew.        Keginald 

Trautschold     , 32 

Bevel     Gears,     Spiral     Type.      Reginald   Traut- 
schold       199 

Bevel   Gearing,    Internal.      Keginald   Trautschold  611 
Bevel  Gearing.  Stub-tooth.     Edward  J.   Rantsch  1101 

Bevel  Pinion   Rougher,   Gleason  Spiral    264 

Bevel  when  Tool  is  Ahead  of  Center,  Cutting  a  813 
Bickett   Machine   &  Mfg.    Co.: 

Automatic    Gear    and    Rack    Planer 438 

Milling    and    Profiling    Machine 635 

Horizontal    Milling    Machine    1022 

Bickford   Machine   Co.: 

Twist  Drill  Fluting  Machine    533 

Bicknell-Thomas    Co.: 

Thread    Lead    Indicator    1025 

Bids  open  for  four  Battle  Cruisers 364 

Bidwell,   E.   M.: 

Inserted-tooth  Milling  Cutter  620 

Biggs-Watterson  Co. : 

Tangent-cut    Box-tool    41 2 

Bill  for  Legalizing  the   Centigrade  Scale 36 

Bills,    Common    Cause   of    High    Electric    Power. 

A.    G.    Drury    .59 

Billet  Turning  Device.     L.  D.  Peik 910 

Bilton    Machine    Tool    Co.: 

Universal  Gear-hobbing  Machine   1116 

Bingemann,    Edward: 

Boring  Straight  Holes  on  a  Worn  Lathe 433 

Birmingham,    England,    Diamond    Cutting    Fac- 
tory   in    736 

Black   &   Decker  Mfg.    Co.: 

Electric    Drill    75 

Shell  Boring  Head   17G 

"Lectroflater"      536 

Blade   Reamers,   Origin   of   Inserted    487 

Blades,  Rake  of  Shear 162 

Blair   &   Co.,    F.    R. : 

"Loxon"    Nut  Lock    633 

Blakely,   R.   M.: 

Keyseating    with    a    Small    Planer 517 

Blanchard    Surface    Grinder,    Work-holding    Fix- 
tures  for.     Douglas   T.    Hamilton 877 

Blanchet,   J.   G. : 

Eccentric    Bushings    618 

Blank  Diameter  for  Drawn  Metal  Shell,   Deter- 
mination of.     H.   S.   Brady    1097 

Blanking  and  Folding  Punches  and  Dies.     Ernest 

A.   Walters   1098 

Blanking-die   Holder,   Strength   of 913 

Blanking    Dies,    Automatic    Stop    for.      Joseph 

Ahlers,   Jr 1100 

Blanking,   Drawing,   Forming   and  Piercing  Die, 

Combined.      W.    L.    Jones 158 

Blanking   Tools,   Flexible.     P.    Baldus 515 

Blevney,   John   C. : 

Finishing    Machine     538 

Block,   Cutting.     George  C.   Dawson 803 

Blocks,  Simplex  V- 726 

Blomquist,    F.    E.    E.,    Personal   of 452 

Blomstrom,   Lowell  C. : 

The  Geometrical  Problem    623 

Blood,    B.    H.,    Personal    of 1126 

Bloodgood   Co..    F.    J.: 

Adjustable    Lifting    Truck    836 

Blotting.  A  Protector  against.     A.  P.  Connor.  . .   521 

Blotting,    Protector  against 711 

Blount  Co.,  J.   G.: 

Draw-in   Friction   Headstock    838 

Blount,  William  H.,  Personal  of 936    ' 

Blow,   Measuring  Force  of  a  Hammer 1106 

Blueprint    Ironer     836 

Blueprints   without   a    Tracing,    Making,      s!    W. 

P'>'mer     1003 

Blunt.   J.   G.,   Personal  of 558 

Board  for  Plant  Officials,   Locating 153 

Board,    Tuthill    Spring    Co.'s    Tracing    1113 

Bodies.     Die    for    Assembling    Ash-pan     Handles 

and.     S.    W.    Palmer    809 

Bogart.    Fred   H. : 

What     is     the     Matter     with     the     Munitions 

Maimers      33O 

Boiler    Tube    Reclaiming    Machine,    R.verson 541 

Boiler   Tube    Testing    Machine,    Watson-Stillman  735 

Bolles,   Frank  G.  Personal  of 92 

Bolt  Design,  Improvement  in  Hook.     ln.spector. .   156 

Bolt,   Self-locating  Hook.     Thomas  Orchard 617 

Bolts    and    Nuts.    Weight    of    Iron.      George    W. 

Childs    988 

Bonus  System  for  Small  Shop.     L.   K.   W.   Alli- 
son       618 

Bonus  System  in  Engineering  Education,    Task- 

and-     914 

Bonuses.      Robert  Grimshaw 807 

Boom,    Lieut.-Col.    A.    H.    W.    J.,    Personal    of..   368 
Border  Lines  and  Title,  -irrangement  of.  Drafts- 
man         60 

Bored   Crosshead   Guides.    Planed  and 434 

Bored    or    Drilled,     Locator    for     Holes     to     be. 

I*roy     M.     Curry     339 

Boring  and   Facing  Machine,   Pedrick   Tube 439 

Boring-bar,   Rigid   540 

Boring-bars.    Shelby    Seamless    Steel    Tubing    for     52 
Boring.    Drilling   and   Threading    Machine,    Betts  273 

Boring   Head,    Black   &   Decker   Shell 176 

Boring  Head,    Offset    274 

Boring  Holes  in  a  Sine  Bar.  locating  and 4,36 

Boring   Lathe,    Douglas   Heavy    273 


IJoring,    Locating   Work   for.     Arthur   W.   Suiter  715 
ioriug  Machine.  Baker  Heavy-duty  Drilling  and  165 
lioring  Machine,   Locomotive-cylinder  and  Valve- 
chamber    -gg 

lioring   Machine,    Machining   Transmission   Cases 

on    Vertical.      Robert   Morris 808 

Boring    Machine,     Newton    Four-spindle 44.") 

Boring  Machine,  Pedrick  Column 831 

Boring    Machine,    Pedrick   Horizontal 537 

Boring    Machine.    Thread    Cutting    on    Old    Hori- 
zontal, Robert  Morris 871 

Boring  Mill,   Betts  Tire  Turning  and II13 

Boring  Mill,  Facing  Angles  on.     W.  Wheatley..   510 
Boring  Mill,  Recessing  Tool  for  Horizontal.  Otto 

K.-    Winter     '. 58 

Boring,    Milling    and    Drilling    Machine,    Landis 

Floor-type    G28 

Boring   Straight    Holes   on   a   Worn    Lathe.      Ed- 
ward Bingemann  433 

Boring    Tool     1T9 

Boring-tool   Holder,   Scott    72G 

Boring  Tool,  Pierce  Adjustable   353 

Borkenhagen,   John  J. : 

Machining     a     .Sprinkler    Head 763 

Boston  Scale  &  Machine  Co. : 

Universal  Angle-plate    439 

"Reid"    Surface   Grinder    828 

Box-tool      930 

Box  Truck.     G.   R.  Smith 231 

Boxes.   New  Britain  Stacking  Tote    269 

Boxes,   Press-room.     S.   W.   Palmer 518 

Brace,  Adjustaljle  Drilling 447 

Braden    Mfg.    Co. : 

Tapping   Chuck    360 

Bradford-Ackermaim    Corporation : 

Lead    Burning    Apparatus    923 

Bradshaw.   Thomas  P.,   Personal  of 744 

Brady.    H.    S.: 

Determination   of   Blank    Diameter   for   Drawn 

Metal  Shell   1097 

Brady,  James  B. ,  Obituary  of   844 

Brake    and    Clutch    Lining    570 

Braking    Control    for    Crane    Hoists,    G.    E.    Dy- 
namic         1030 

Brass   and    Bronze   Air   Containers 132 

Brass    and    Brouze    Pie-castings 399 

Brass  and  Bronze,  Making  Clean  Castings  from 

Scrap     520 

Brass  around  Steel  Tubing,  Casting 198 

Brass  Door  Knob,   Making  a  One-piece.     Robert 

Morris 905 

Brass,    Making    Ferrules    from    Sheet    Steel    or. 

J.   A.   Zeller   517 

Brass,    Notes   on   the   Inspection   of   Bronze   and  365 

Brass   Nuts   on    Feed-screws,    Casting 162 

Brass   Nuts   on    Feed-screw>;,    Casting 343 

Brass  Parts,  Removing  Broken  Taps  and  Screws 

from.       Guy    H.     Gardner     617 

Brass,   Self-annealing  of    138 

Brazing,    Allowances   for   Fitting   Parts   for 344 

Break   during   Manufacture.   Why   Pressed  Steel 

Parts.      Ernest    A.    Walters 876 

Breaking   Machine,    Rail    180 

Breaking  Steel   Bars  without   Waste  of  Metal.,  419 

Bridge  Disaster.  Second  Quebec 124 

Bridge   Route,    Hell   Gate 700 

Bridge,  Strength  of  Rope  for  a  Cable 1106 

Bridgeford    Machine    Tool    Works: 

Plain  Turning  Machine   79 

Brierley   Machine    Co. : 

Valve    Grinding    Machine    929 

Briquetting    Press,    Hydraulic    , 187 

Bristol    Board,    Tracing    Frame   for.      Harry    W. 

Davis 712 

Bristol  Co.: 

Automatic   Temperature   Controller    630 

Britain   Favors   Decimal   Systems?     Great 364 

British    Clearing-house    for    Tracing    and    Regis- 
tering   Idle   Machinery    513 

British    Experience.    Lessons    from    1124 

British    Gun    and    Shell    Production 800 

British  Iron  and  Steel  Institute,   Women  admit- 
ted  to   the    288 

British  Munition  Factories,   Hours,   Fatigue,   and 

Health    in    897 

British    Shipyards.    Output   of    648 

Broach.   Quick  Method  of  Making  Elliptic.     Eric 

Lee  518 

Broderick     Cleaning     and     Plating     Machine 450 

Bronze  Air  Containers.    Brass  and 132 

Bronze  and  Brass.   Notes  on  the  Inspection  of. .  365 

Bronze    Die-castings.    Brass    and 399 

Bronze   for  Dies,    Casehardening 336 

Bronze,     Making     Clean     Castings     from     Scrap 

Brass  and    526 

Brook,     Harry: 

Truing  Scroll  Chuck  Jaws  619 

Brook,   Victor: 

Snap    Fastener   Press   Tools    788 

Machining    9.2-inch    High-explosive    Howitzer 

Shells    898 

Brophv.   J.    P. : 

Loyalty     TOO 

Brouillette.   Albert  V.-,   Personal  of 186 

Brown.   ,\rthur: 

Theory    of    Enlarged    Herringbone    Pinions....  71  ■ 
Brown.   Harry  G.: 

Making  Chamfered  Pins  906 

Brown   &   Sharpe  Mfg.   Co.: 

Micrometer    Index     H* 

Brown    Instrument   Co.: 

Recording    Thermometer    178 

Brueggeman.    John   O  : 

Apprentices'    Shop    Problems    833 

Graduating    Gear    Shaper    Dials    on    the    Gear 

Shaper 419 

Oil-grooving   Gear  Shaper  Saddles  and   Upper 

Index     Wheels     476 

Bruenauer.    Otto: 

Using    Ball    Bearings    421 

Buckeye  Portable   File  Sharpening  Machine 537 

Buffalo   Forge  Co. : 
Power   Shear    1117 


Buffalo  Foundry  &  Machine  Co: 

Air-operated    Hammer    275 

Buffers,    Valley   City    Grinders   and 174 

Bulling    Lathe,    Polishing    and    836 

r.Mlling  Machine,  Automatic  Polishing  and 787 

lIiiIHng    Stand,    Grinding    and 1117 

Building,  A.  S.  C.  E.  to  Share  Engineering  Socie- 
ties         39 

Building   Chart,    Machine   Tool 141 

Building    Construction.    Trend    of    Industrial 675 

Building    up    an    Organization 470 

Buiwltt.    A.    L.,    Personal   of 188 

Bulb,    Reducing  Glare  of  Eleatric.     F.   Fruhner  1100 

Bulging  Seamless  Steel  Tubing   15 

BuUard   Machine  Tool   Co.; 

Working    Hours    ng 

Bunting,    William,   Obituary  of .,   180 

Burkam,    John: 

Handy  T-square   Protractor    246 

Burgwald,    Andrew  F.: 

Ruling   Data   Sheets  on  Tracing   Cloth 999 

Burning  Apparatus,  Bradford-Ackermann  Lead  923 
Burnishers  for  Truck  Axle  Journals,  Tools  and  520 
Burrill,    A.    S! : 

Four-gear    Epicyclic   Train    714 

Bushing    and    Special   Toolpost,    Cross    Form   of 

Chuck,    Adapter    874 

Bushing  from  a  Fixture,  Extracting  a  Hardened 

A.    M.    Aldrich 249 

Bushing,    Slip.     Harry  S.   Kartsher    ...'.'.  713 

Bushings,  Eccentric.     J.  G.   Blanchet   618 

Bushings,   Lock   for  Slip.     W.   Burr  Bennett 60 

Bushings,    Making   Drill   Jig.     Eric   Lee 48 

Bushings,    Moccasin    Self-oiling 823 

Business,     Ignorance    in    Starting    a    Manufac- 

„  turins   1075 

Business,    Laws   of   Foreign    Countries    Relating 

to   184 

Butt-welding.   Unusual  Electric  20 

By-products  of  Sawmills  in  V.  S.,  Estimate  of  1046 

0 

Cable  Bridge,  Strength  of  Rope  for  a 1106 

Cadillac  Motor  Car  Co.: 

Tool    System,    2 143 

Cadillac     Motor     Car    Co.'s    New     Employment 

^?o"cy     8.57 

Cairns,    C.    K.,    Personal    of 92 

Call,   C.   A.,   Personal  of 650 

Calling  System,  National  [\  827 

Calories,    Food    Values    in 719 

Cam.  Fixture  for  Form-milling  Flat,  f!  Server  340 
Campbell  Mfg.  Co.: 

High-speed    Steel-tipped    Drill     85 

Power  Press  Clutch   gg 

Canada,     Water    Power    of     450 

Canedy-Otto    Mfg.    Co. : 

Radial    Drilling    Machine    1031 

Canek,   M.   E.: 

Multiple  Keyways  in  Milling  Cutters   716 

How  a  Broken  Screw  was  Removed   801 

Capital    Stock,    National-Acme    Mfg.    Co.'s    In- 
crease   of    863 

Car    Wheels,    Grinding    Chilled 344 

Carbon   "Points"  in  Steel 718 

Carburizing    Process,    Failure    of    the..!!!!!!!!!  875 

Card,   A  Clever  Business    !     14 

Card-holder,   Detroit   Universal    !.!!!!!!!  928 

Card,   Shrapnel   Defect    !!!!!!!  650 

Cardboard  Shapes,   Forming   !!!!!'!  718 

Carle,    A.    E. : 

Multi-machining  in  Production  Quantities..  989 

Carlson  E.,   Personal  of   650 

Carlson-Wenstrom   Co.: 

Dynamic    Balancing    Machine    1031 

Carpenter  Machine  Co.,  Charles  R.: 

Disk    Grinder    1031 

Carriage,    Duplex    Turning    !  737 

Carroll  &  Jamieson   Relieving  Attachment 173 

Cars,  Parking  Space  for  Motor  10 

Carter,   Zenas  W..    Personal  of !,  844 

Cartridge  Case  Manufacture.  Commercializing..  40 
Cartridge  Cases,  Tools  for  Machining.     Fred  H. 

Korff   807 

Casehardening    Bronze    for   Dies    336 

Casimir  von   Philp,    Obituary   of 1126 

Casting   and   Machining    Malleable   Iron    Parts. 

H.    W.   Johnson    230 

Casting   Brass  Nuts  on  Feed-screws   162 

Casting  Brass  Nuts  on  Feed-screws 343 

Casting   Iron  Pipe,    Centrifugal   Machine  for 476 

Casting  Lamp  Bases  and  Coffin  Handles  without 

Cores  1105 

Castings    and    Forgings,     Aluminum 400 

Castings,  Annealing  Hard   252 

Castings  before  Machining,   Painting.        Donald 

Hampson     911 

Castings  from  Scrap  Brass  and  Bronze,   Making 

Clean     .526 

Castings.    Making   Die-pressed   Clutch 896 

Castings   that   Take    High    Polish.    Aluminum...   982 
Castings  with  Chalk,  Coating.    Donald  A.  Hamp- 
son      '.  1090 

Catalogue   Indexing    224 

Catalogue   Indexing    395 

Catalogue.  The  Master  739 

Catalogues,    Floor   Plans   in   Machine.      William 

Philip    251 

Caterpillar  Tractor,   The    1041 

Celluloid.    Molded    918 

Centers.   Care  of  Lathe.     Eric  Lee   997 

Center   of   a   Square    624 

Center  Plugs.  Turning  Pulleys  Mounted  on.     H. 

B.   Savage    158 

Center  Punch.   Sharp-point.     B.  J.   Higgins 620 

Centers.   Lapping  Arbor   125 

Centering    Axles.    Tool    for    Re-    251 

Centering   Sleeve   for   Piston-rod    1100 

Centigrade   Scale.    Bill   for   Legalizing 36 

Centrifugal    Force     63 

Centri  f ugal    Force — A    Correction    487 

Centrifugal    Force    in    Pulleys 624 

Centrifugal  Machine  for  Casting  Iron  Pipe...  476 
Chain    Machine,    Lind 3-59 


Cbiilk,  CoiitiiiK  CiisliiiKH  with.     Poiiiilil  A.  IIjliii|I' 

sou   1080 

Cliumferoil.  I'hiN,    Mnkliic.      Horry   (!.    Iirowii...   800 
CliniuferliiK    Tins    In    the    Aiitomallo    Si-rcw    Mii- 

chlne.      Harry    lldyiir    481 

Chiimfpriii),'    riiis   In   Antoniiitlc   Screw   Machine. 

John    Nouimncr    717 

Chiimiilon    blower   &   Forge   Co.: 

GuKine  Lathe   '. 728 

"Champion"    Engine    Knthe 837 

Chandler   *    Faniiihnr   Co.: 

Machine    for    Facing    Shell     Bases 78B 

Change-gear     Calcnlations,     Slniplttled.       George 

M.    Moyncke    772 

Change-gear  Tables   for  Screw   Cutting.      Martin 

H.    Ball     282 

Changes    in    Manufacture.      Kric    Ijee 1U14 

Characteristics   of    Logarithms,    Positive 252 

Chart      for      Determining      Volume     of     Sphere, 

Handy.      N.    G.    Near    809 

Chart    for   Selecting    Kawhide    Pinions.      N.    G. 

Near    223 

Chart,  Machine  Tool  Building   HI 

Charushin,    V.: 

Epicycllc     Gear     Prolilem — Correction 432 

Chase,  Herbert,  Personal  of 450 

Chase  Tublnc  Mfg.  Co.: 

Automatic    Polishing    and    Bulling    Machine...   737 
Chaser,     Chasing     a     100-pitch     Thread     with     a 

50-pitch.      Kric    T/ee    800 

Checking    Multiplication,     Methods    of.       J.     R. 

Ackoy     00 

Chicago  Eye  Shield  Co.; 

Safety  Goggles 540 

Chicago  Pneumatic  Tool  Co.: 

Beyer    Pedestal    Riveter    179 

Childs,  George  W. : 

Weight  of  Iron   Bolts  and  Nuts 988 

Chimney,    Finding    Height    of 624 

Chinese    Windlass,    The 345 

Chip,  The  Cutting  Tool  and  the  Curling.     Frank 

Richards    855 

Chord  and  Arc  to  Find  the  Radius,  Given  the..   719 
Chord    and    Length    of   Are    are    Given,    Formula 

for  Radius  when 812 

Chords  of   Circles,    Laying   out.      Gus   Luck 364 

Christmas    Savings    Fund    in    Large    Firms 450 

Chromium    and    Copper    Steels,    Penetration    of 

Hardening    Effect   in 991 

Chuck,  see  Drill. 

Chuck,    Accurate   Lathe.      Donald    Baker 157 

Chuck  Closer,  Elgin  Automatic 1016 

Chuck     Fixtures,     Magnetic 1031 

Chuck    for    Holding    Driving-boxes 979 

Chuck,  Globe  Collet 268 

Chuck    Jaws,    Grinding.      Corwin    Lamoreaux 159 

Chuck  Jaws,   Regrinding.     A.  Dane 718 

Chuck  Jaws.   Truing  Scroll.     Harry  Brook 619 

Chuck.   M.   E.   C.  Three-jaw  Air 732 

Chuck,     Quick-acting.       H.     Francis 1002 

Chuck,    Simplex    Independent 833 

Chuck,     Tapping 360 

Chuck,    Truing    Jaws    of    Scroll.      Gustave    A. 

Remade     159 

Chucks  and  Fixtures  in  Grinding,   Use  of  Mag- 
netic.    Douglas  T.  Hamilton 877 

Chucks,    Detroit    Pneumatic 1017 

Chucking     Reamer    or    Core    Drill,     Higli-speed. 

.  S.    B.    Welcome 342 

Cincinnati  Iron  &  Steel  Co.: 

"Cisco"    Relieving  Attachment    728 

Cincinnati  Lathe  &  Tool  Co.: 

Shell  Forming  Attachment  for  Lathes 1115 

Cincinnati  Milling  Machine  Co.: 

Automatic    Bed-type    Millers    547 

Cincinnati   Planer   Co. : 

Gun  Barrel  Planer  169 

Planer   Belt   Shifter    179 

Planer 925 

Cincinnati   Pulley   Machinery   Co. : 

Sensitive  Drilling  Machine    274 

Circle,    Area  of  Segment  of.      J.    J.    Clark 334 

Circle,  Center  of  Gravity  of  Arc  and  Segment  of.  487 

Circle,   Finding  Radius  of 811 

Circle,   Ratio  Between  Circumference  and  Diam- 
eter of    912 

Circle  Tangent  to  Three  Given  Circles,  To  Draw 

a  625 

Circles,  Inscribing  Polygons  in 161 

Circles.   Laying  out   Chords   of.      Gus  Luck 364 

Circular  Arc  Through  Two  Given  Points,  Draw- 
ing    a     254 

Circular    Forming    Tools    for    No.     6    B.     &    S. 

Screw  Machine.     William  W.  Johnson 20 

Circular  Measure,    Expressing   Angles  in 253 

Circular   Metal    Saws,    Manufacture   of.      Frank 

M.    Shaw    11 

Circumference    and    Diameter    of    Circle,    Ratio 

Between   912 

"Cisco"    Relieving   Attachment 728 

Cities,    Location    of    Plants    in    Regard    to 476 

Civil    Service    Examinations    for    an    Electrical 

and    Mechanical    Engineer 251 

Clamp,    Toolmaker's.      August   J.    Lejeune 1103 

Clark  Co.,   George  P.: 

Transfer  Tnick    178 

Clark.  J.  J.: 

Area    of    Segment    of    Circle 334 

Clark    Machinery   Co.: 

Boring   Tool    179 

Classon,    W.    G.: 

Universal   Curveograph    1117 

Cleaning    and    Plating    Machine,    Broderiek 450 

Cleaves,    A.    H.: 

Handy  Micrometer  Accessories    905 

Cleland,    0.    C.    Personal    of 650 

Clemens    Electrical   Coriwration: 

Two-pronged    Electric    Soldering    Iron 736 

Cleveland    Automatic    Machine    Co.: 

Full  Automatic  Motor-driven  Screw  Machine..     73 
Cleveland   Lathe   &   Machinery   Co. : 

Atlas   Double    Back-geared   Lathe    736 

Cleveland   Machinery  &  Supply  Co.: 

Tool-room    Lathe     1031 


Cleveland    Milling    .Machiiu'    Co.; 

Cutler    Relieving   Machine 168 

Prodle  tlrinder   921 

Cleveland   Twist    llrlll    Co.: 

Screw    Extractor    1548 

Clock   Troubles.      Guy   11.   Gardner 161 

Clocks,   Lantern   Pinions   In.      Guy  H.   Gardner..   475 

Closer,    Elgin    Auloniatic    (Uiuck 1016 

Clutch   Coastings,    Making    Die-pressed 896 

Clutch  Lining,   Brake  and 670 

Clutch    Milling    Altai'hmcnl,     Adama 927 

Clutch,  Moore  &  White  High-speed  Friction 849 

Clutch,    National    Friction 631 

Clutch,     Power    Press 88 

Clutch   Teeth,    Milling   Double-angle.     I).    Petri- 

Palmedo 58 

Clutch,     Toggle    Friction 1108 

Clyne,  R.  G.,  Personal  of 370 

Coats  Machine  Tool  Co. : 

"Prestwich"   Fluid  Gage    546 

Colburn   Machine  Tool   Co.; 

Drilling  Machine   1031 

Cold-drawn  Steel  Sections,  Making.     Edward  K. 

Hammond    397 

Cold-rolled    Steel    428 

Cold-rolled  Steel  Shafting.     B.   Olsen 716 

Cold-rolling  Strip  Steel.     Edward  K.   Hammond      1 

Cold    Saw    1117 

Collapsing   Pressure   of   Pipe 62 

Collar  and   Shoe,   Du   Bois  Toolpost 823 

"College    of     the    Midnight    Lamp."       Guy     H. 

Gardner    '.      .   mg 

Collet    Chuck,     Globe 268 

Collins,   R.  J.,   Obituary  of 92 

Color   Signals   of   Pennsylvania    Railroad 1121 

Colored    Moving    Pictures 645 

Colton    Co.,    Arthur: 

"Colton-Detroit"    Twist    Drills 827 

Columbia  Machine   Tool  Co. : 

20-Inch    Crank    Shaper    III3 

Columbian   Hardware  Co.: 

Malleable    Iron    Vises    926 

Comb  for  Drawing  Threads.  James  Melntyre.  .1003 
Combination  Die,   Five-operation      A.  E.  Sanford  714 

Combinations  for  Export  Trade 461 

Commercial    Importance,    Newark's 132 

Compass,    Peaucellier's   Compound 162 

Compensation  Acts,  Workmen's.    ChesIa  C.  Sher- 
lock: 

1 870 

2 971 

Compensation  Laws,   Temperance  the   Result  of 

Workmen's     15 

Compressor,    National   Motor   Supply   Co.'s   Air..   9.10 

Compressor,    Twin    Angle    Compound 546 

Compressor,    Tokom    Sales    Co.'s    Air 836 

Concrete  Floors,  Patching.     Walter  B.  Snow  and 

Staff    342 

Concrete   Mixtures    1108 

Cone  Pulleys  on  Lathes,  Position  of 718 

Conference,     Editorial     972 

Conference,    Industrial    Exposition   and    Exports. 1046 

Conference    with    Gov.    Whitman 1121 

Congress     of     National     Safety     Council,      Fifth 

Annual    181 

"Connecticut"  Universal  Grinder   821 

Connor,   A.  P.: 

A   Protector  against   Blotting 521 

Conradson,    C.    M.: 

Plain  Milling  Machine 627 

Consolidation    of   Publishing    Hou.ses 710 

Containers,   Brass  and   Bronze  Air 132 

Continent,   Notes  on  the  Machinery   Industry  on 

the.     Alexander  Luchars    129 

Contracts  in  the  Shop,  Parol.     Eric  Lee 228 

Control    for    A.    C.    Wound-rotor    Motors,    Liquid 

Rheostatic     270 

Control  for  Crane  Hoists,   G.   E.   Dynamic  Brak- 
ing      1030 

Control  Mechanism  for  Anderson  Die  Former...  167 
Convention,  National  Machine  Tool  Builders' . .  261 
Convention,  National  Metal  Trades  Associati(m.  837 
Convention    of    American    Gear    Manufacturers' 

Association    933 

Cooling   Cutting   Tools,    Lubricating   and 392 

Cooling  to  Physical  Properties  of  Forgings,    Re- 
lation   of    Rate    of ia59 

Cooperative   Effort  Secret  of  Success 1055 

Cooperative  Service    298 

Cope,    George   W.,    Personal   of 936 

Copper-Aluminum-Iron    Alloys    395 

Copper  in  an  Iron  Cupola,   Melting 1105 

Copper   Industry,   Our 593 

Copper    Output,    Increase    in 54 

Copper  Steels,    Penetration   of   Hardening    Effect 

in   Chromium  and 991 

Copper,  The  Average  Price  and  Production  of.  897 
Core    Drill,     High-speed     Chucking     Reamer    or. 

S.   B.   Welcome   342 

Correction,    Centrifugal    Force — A 487 

Correction,    Epicycllc    Gear    Problem.      V.    Char- 
ushin        432 

Correction,     Factory    Transportation 1050 

Correction.    Lubrication    of    Cutting    Tools 837 

Correction,  Metalwood  Shell  Handing  Presses..  179 
Correction  of  Weight.   Baker  Drilling  Machine..   274 

Correction.    Precision   Gear   Center   Gage 333 

Correction,    Putnam   Car   Wheel    Grinder 641 

Correction,     Wire    Straighteners lattt 

Corrosion    of    Metals.      W.    H.    Dooley 645 

Corrosion,   Zinc  Plating  as  a   Protection  against. 

J.    W.    Wunsch    872 

Costs  in  the  Iron  and  Steel  Industry  in  Sweden.  781 
Cotton,   H.  W.: 

Bench    Lathe    532 

Counter,    Reynolds    Screw 633 

Counter,  Shrapnel  Ball 420 

Counterbore,    Drive    for    Back.      W.    Burr    Ben- 
nett          57 

Counterbore    for    Spot-facing,     Large.      Otto    R. 

Winter    .HJ ' 

Counterbores   for   Small    Work,    Heavy-duty 338 

Countershaft,  Daltou  Grinder 921 

Countersink   Angles  on   Drawings.    Making 1105 


Countersink    Sleeve.      August    J.    Lejcum- HOI 

Counting    Tools    Rapidly,    Method    of.      I...     N. 

Frost   888 

Coupling   for  Mill    Drives,    Extensible 180 

Covel  Mfg.  Co.: 

Industrial    Truck    ™0 

Cover,     Making     a     Pressed    Steel.       Ernest     A. 

Walters    909 

Ciivinglon   Machine  Co.: 

Kail   Punching    Machine 1T9 

Rail    Breaking    Machine 180 

Cox,  J.   D.; 

Micrometer  Measurements   427 

Cran,  James: 

Some   Notes  on   Steam   Hammers 230 

Cran,   James,   Personal  of 278 

Crane,  H.  G.; 

High-speed   Ball-bearing  Bench  Saw 301 

Crane   Operation,    Rules   for 232 

Crane,    Strength   of   a   Jib.     John  S.    Mycra 1005 

Crankshaft     Drilling     Machine,     Baush     Station 

Type    834 

Craver,    Harrison    W.,    Personal    of 744 

Crawford,    Jr.   Co.,   Joseph: 

Tool-room   and   Heavy-duty   Lathes 930 

Crippled  Soldiers,  Training 988 

Cross-feed  Mechanism  for  Ott  Grinder 1110 

Cross    Gear    &    Engine    Co.; 

Gear-tooth    Rounding   Machine 737 

Crosshead   Guides,   Planed  and  Bored 434 

Crossland,   Delvante   W.: 

Roller  Bearing   179 

Crowther,    Thomas,    Personal  of 278 

Cruisers,   Bids  open  for  four  Battle 384 

Crusher,  Largest  Gyratory 650 

Curling  Chip,  The  Cutting  Tool  and  the.     Frank 

Richards 855 

Curry,    Leroy   M. : 

Locator  for  Holes  to  be  Bored  or  Drilled 339 

Curve,  Elevation  of  Outer  Rail  on  a  Railway..  435 
Curve    in    Isometric    Projection,    Laying   out    a..     64 

Curveograph,    Universal    1117 

Cutler-Hammer  Clutch   Co.: 

Extensible    Coupling    for   Mill    Drives 180 

Cutler-Hammer  Mfg.  Co.: 

Steel-Jacketed    Electric    Heater    Unit 547 

Machine    Tool    Motor   Controller 547 

Remote  Control  Switch  836 

Cutter  and  Tool   Grinder 930 

Cutter   for    Milling    Spirals,    Setting   an   Angular 

Stanley    Edwards    1104 

Cutter  Grinder  1117 

Cutter,    Inserted-tooth   Milling.      E.    M.    Bidwell  621 

Cutter,     Quick-operating     350 

Cutter    Relieving    Machine,    Cleveland 168 

Cutter,   Rivet    737 

Cutter,  Shear  and  Rod 85 

Cutter,    Side   Milling.      F.   Server    428 

Cutter,  Tools  for  Backing  off  Form.     Warren  H. 

Dunbrack     623 

Cutter    when    Milling    Gear    Teeth,    Travel    of. 

Percy  W.  Frampton  997 

Cutters,    Bevel    Gear 718 

Cutters,    Direction   of   Spiral  of    End   Milling...   810 

Cutters,    Hobs   and   Multi-    11(» 

Cutters,    Multiple   Keyways   in   Milling.     M.    E. 

Canek    716 

Cutting    Metals,    Thermalene    for    Welding    and  .533 

Cutting-off  Machine   275 

Cutting-off   Saw,    Peerless..; 830 

Cutting-off    Tools.      P.    Bertlcs 1103 

Cutting-off    Tool-slide,    Repairing    a.      Harry    F. 

Fltzkee     909 

Cutting  Tool  and  the  Curling  Chip,  The.     Frank 

Richards     855 

Gutting     Tools     and     Work     Done     by     Cutting 

Lubricant.   Knowledge  of  Action  of  Metal 965 

Cutting  Tools   to  Gages,   Making.      Eric  Lee 771 

Cylinder   Grinder,    Wood   and   Safford 351 

Cylinder  Grinding  Machine,   Olson 735 

Cylinder    Grinding    Machine,    Schmidt 445 

Cylinder,    Number  of   Balls    that   can   be    placed 

in    a    345 

Cylinders,     Lathe    Attachment    for    Boring    and 

Grinding     §47 

Cylinders,    Slotting    Recoil.      W.    J.    Larson 873 

Cylindrical    Shell,    Thickness    of 812 


Dalton   Machine  Co.,   Inc.: 

Grinder   Countershaft    021 

Dane,  A.: 

Regrinding  Chuck  Jaws 713 

Successive    Press    Operatious 805 

Dashiell,   B.   Francis: 

Convenient    Pipe    Gage 61 

Daut,    Henry: 

Turning  Tapers  without  a  Taper  Attachment..  801 
Davis,   E.   P.: 

Adjustable    Sine    Bar    800 

Davis,    Harry  W.; 

Tracing    Frame   for    Bristol    Board 712 

Davis  Machine  Tool   Co.,    Inc.; 

Tool-room    Lathe     1112 

Davis  Mfg.  Co.: 

Multiple-spindle   Duplex    Milling    Machine 527 

Dawson,   George  C. ; 

Cutting    Block    803 

Dearth  of  Skilled  Workmen,  Threatened 290 

Decay  of  Metals,  The. 131 

Decimal    Systems?      Great    Britain    Favors 364 

Defect   Card,    Shrapnel 650 

Defective   Machinery.      ChesIa   C.   Sherlock 765 

Deformation     in     Metals,     Mechanical.       B.     D. 

Ballantine     576 

Deliveries   of   Machine   Tools 578 

De  Mooy  Machine  Co. : 

Bench  Drilling  Machine .-.   172 

Drilling  Machine   537 

"Demco"    High-speed    Drilling    Machines 928 

Dench,    Ernest   A.: 

Industrial   Application   of   Motion   Pictures 133 

Density,    Heat.      George    P.    Pc^rce 471 


Descent,    Line    of    Quickest 43G 

Design     and     Construction,     A     Foundation     for 

Machine    Tool    OCr> 

Design,    Modern    Fixture lU 

Design.   Origination  versus  Imitation  in.     R.   H. 

McMinn    207 

Design.  Origination  versus  Imitation  in.     Cliarles 

P.    Wiweke     519 

Design,    Use    of    Diagrams    in    Macliine.      J.    W. 

Wunscli    701 

Designs  and  Suggested  Improvements,  Faults  in 

Macliine.     F.  B.  Jacobs 980 

Designer,   Help   for   tbe   Tool.      Lloyd   L.   Lee... 1000 
Designing,   Examples  of  Expensive  Tool.      F.  B. 

Jacobs     608 

Detroit   Plant  of   Parker    Rust-Proof   Co 744 

Detroit   Pneumatic   Chuck   Co.: 

Pneumatic    Chucks    1017 

Detroit  Stamping   Co.: 

Universal  Card-holder   928 

Detroit  Tool   Co.: 

Automatic    Pin    Machine 1023 

Dcvos.   L.  S.,   Personal  of 368 

Diagonal  Strip  in   Rectangle,  Laying  out.     Wil- 
liam   W.    Johnson    159 

Diagrams    in    Machine    Design,    Use    of.      J.    W. 

Wunsch    761 

Dials    on    the     Gear    Shaper,     Graduating    Gear 

Shaper.      John    G.     Brueggeman 419 

Diameter    for    Drawn    Metal    Shell,    Determina- 
tion  of  Blank.      H.    S.    Brady 1097 

Diameter  of   a   Shaft,    Concerning    the 1106 

Diameter   of    Circle,    Ratio    Between    Circumfer- 
ence and 912 

Diameters  into  Square  Inches,  Table  Converting 

Millimeter.     A.   Lane S5S 

Diamond  Cutting'  Factory   in   Birmingham,    Eng- 
land      736 

Diamond  Tool  for  Truing   Grinding   Wheels 37 

Diamond   Tooth    Form   for    Roller   Chain   Sprock- 
ets      319 

Die-castings,    Brass   and    Bronze 399 

Die,  Combined  Blanking,   Drawing,  Forming  and 

Piercing.      W.   L.    Jones 158 

Die,   Five-operation  Combination.     A.  B.  Sanford  714 

Die,  Flexible  Blanking.     P.  Baldus 515 

Die     for     Assembling     Ash-pan     Handles     and 

Bodies.      S.     W.     Palmer 809 

Die    for   Producing    Small    Steel    Pieces   in    One 

Operation.       W.     B.    Greenleaf 1102 

Die-forging   Troubles.     Joseph   Horner: 

1 587 

2 796 

Die  Former,   Control  Mechanism   for  Anderson..   167 

Die    Forming   Machine,    Anderson 349 

Die     Forming     Machine,     Feed     Mechanism     for 

Anderson      534 

Die-holder,    Releasing   Tap-   and 641 

Die-holder,    Strength    of    Blanking 913 

Die   Job,    Quick.      William   A.    Hawes 157 

Die    Muzzling    Machine,    Anderson 539 

Die,  Piercing  and  Drawing  Gang.    A.  H.  Wilson  621 

Die-pressed   Clutch   Castings,    Making 896 

Die.    Russell    Round    Adjustable 822 

Die,   Screw  Press  for  Testing  Punch  and 447 

Die-sinking,   Mechanical.      Edward  K.   Hammond  191 
Dies.     Automatic    Stop    for    Blanking.      Joseph 

Ahlers,  Jr ^ HOQ 

Dies,  Blanking  and  Folding  Punches  and.    Ernest 

A.    Walters     1098 

Dies,  Calculator  for  Drawing 360 

Dies,    Casehardening   Bronze   for 336 

Dies,      Compound     Sub-press     Watch.       W.     H. 

Dunbrack   990 

Dies,  Drilling  Deep  Holes  in  Steel !!!!!!!!   810 

Dies,   Problem  in  Designing 43.-, 

Diemaker's   Kink.      Donald   Baker 250 

Differential    Indexing    718 

Dillon,   E.   P.,   Personal  of 744 

Dimensioning    Drawings,    Methods    of 200 

Direct  Selling,  Advantages  of.     James  N.  Hcald  677 

Dirt  and  Disorder   in  Shops 128 

Discharge  of   Water   Through   Pipe 254 

Discharging    Employes,    High    Cost    of 396 

Discovery    to    Invention,    Relation    of 320' 

Diseases,    Occupational.       Cliesla    C.    Sherlock..  420 

Disk   Grinder,    see   Grinder. 

Disk   without   AVarping,    To   Harden  an   Annular  719 

Disorder  in   Shops,    Dirt   and 128 

Divide  a  Mixed  Number  by  2,  To.     A.  Steinicke  150 
Divider  Points.   Victor  Talking  Machine  Needles 

used  as.     Fred  C.   Latimer 342 

Dodge,  Benton  G.  L..  Personal  of 278 

Dollin,    Edgar    N.,    Personal   of 1120 

Dooley,  W.  H.: 

Corrosion  of  Metals  645 

Doiding,    W.    H.: 

Educational    Preparedness    vs.    Industrial    Pro- 
gress         17 

Doolittle,  H.  L. : 

Using  the  Slide-rule    909 

Door,    John    V.    N.,    Personal    of 370 

Doty,    E.    J.,    Personal   of 1126 

D(»uglas,    W.    and   B. ; 

Heavy    Boring    Lathe 273 

Dovetail     Slides,     Measuring 1100 

Dow,   H.  W..   Personal  of 278 

Dow.    Roy    B.,    Personal    of 368 

Dowd.    Albert   A.,    Personal    of 744 

Drafting-board,      Improved      730 

Draftsman: 

Arrangement   of   Border   Lines   and   Title 60 

Drake    Lock-nut    442 

Draw    Tools     for    Automobile     Side     Rails.       P. 

Raldus    220 

Drawing    Dies,    Calculator    for 360 

Drawing,   Forming   and   Piercing   Die,   Combined 

Blanking.      W.    L.    Jones 158 

Drawing     Press,     Toggle 360 

Drawing  Threads.   Comb  for.     James  Mclntyre  1008 

Drawing    Tool,    Combination 274 

Drawings,    Government    676 

Drawings,    Methods   of   Dimensioning 206 


Drawings,    Penciling.      Ralph    R.   Weddell 999 

Drawings,    Perspective.      B.    E.    Barnes 712 

Drawings,    Tabulated   Tool.      C.   A.    Kuhn 139 

Dresser,    Frank    F. : 

Health     Insurance      299 

Dresser,  Hetherington-McCabe  Grinding  Wheel..   732 
Dressing  and  Truing,  Wheel.     Howard  W.  Dun- 
bar        895 

Drew,    Jr.,    R. : 

Grinding     Narrow     Parallel    Strips 431 

Drill,    Black    &   Decker   Electric 75 

Drill    Chuck    930 

Drill  Chuck  for  Quantity  Manufacturing.     F.   E. 

Potter   909 

Drill    Chuck,    Parker 726 

Drill  Chuck,   Simple.     S.   W.   Palmer 1002 

Drill    Chucks.      Joseph    Horner 462 

Drill    Ever    Produced.    Largest   Twist 1007 

Drill    Fluting    Machine,    Bickford    Twist .533 

Drill  Head.   Multiple 1031 

Drill,     High-speed    Chucking    Reamer    or    Core. 

S.    B.    Welcome 342 

Drill,    High-speed   Steel-tipped 85 

Drill   Jig,    see  Jig. 

Drill,   Lincoln-Williams  Oil-tube 821 

Drill,    Portable    Electric 179 

Drill    Press    Turret   Head,    Eisler 358 

Drill   Sizes,    English   and  >Ietrie 550 

Drill  Sizes  for  Metric  Threads,  Determining  Tap  318 

Drill    Socket    Dimensions,     "Use-em-up" 252 

Drills,    "Colton-Detroit"    Twist 827 

Drills,     Latrobe     High-speed 927 

Drills,   Pivot.      Guy   H.    Gardner 342 

Drills,    Placing    Numbers   on   Twist.      Harry    K. 

Stillman     806 

Drills,     Silver    Gang 82 

Drilled,     Locator    for    Holes    to     be     Bored    or. 

Leroy    M.    Curry 339 

Drilling    and    Boring    Machine,    Baker    Heavy- 
duty     165 

Drilling    and    Reaming    Machines,    Westinghouse 

Rifle  Barrel 263 

Drilling   and   Spacing   Machines.    Medina 722 

Drilling    and    Threading    Machine,    Betts    Hori- 
zontal Boring    273 

Drilling     Heads.     Multiple-spindle 360 

Drilling   Holes   in   Jigs,   Adjustable   Fixture   for 

Locating  and    545 

Drilling     Machine     1031 

Drilling   Machine,    American    Radial 820 

Drilling  Machine,   Automatic  Tapping  and 1028 

Drilling    Machine,     Baker    High-duty     Manufac- 
turing       446 

Drilling    Machine,    Baush    Station    Type    Crank- 
shaft       834 

Drilling    Machine,     Bench     836 

Drilling   Machine,    Correction   of   Weight,    Baker  274 

Drilling   Machine,    De    Mooy 537 

Drilling  Machine,  De  Mooy  Bench 172 

Drilling   Machine,    Duplex 930 

Drilling   Machine   for  T-sections,    Special 505 

Drilling    Machine,    Fox    Multiple-spiniUe 531 

Drilling    Machine,    Fulton    Tapping    and 928 

Drilling    Machine,    Horizontal    Rail ]  275 

Drilling  Machine,  Landis  Floor-type  Boring,  Mill- 
ing  and    628 

Drilling   Machine,    Langelier   Duplex    Multiple...   82,s 
Drilling  Machine,  Langelier  Mortor  Valve  Sleeve 

Multiple    81 

Drilling     Machine,     Minster     "Hi-duty" ! !  335 

Drilling   Machine,   Moline  Duplex 266 

Drilling  Machine,  Moline  Traversing-head 205 

Drilling    Machine,     Morris    Machine    Tool    Co.'s 

Radial 441 

Drilling     Machine,     Radial. .....'.....'....  .'.'..'..iOSl 

Drilling  Machine.  Sensitive 274 

Drilling    Machine.    Stecher    Spindle 543 

Drilling    Machines,     "Demco"    High-speed 928 

Drilling    Machines,    Gang    and    Multiple-spindle  1107 
Drilling   Machines,   Jigging   the   Work  on   Multi- 
ple-spindle.     A.    E.    Carle 989 

Drilling   Machines,    "Nateo"    Straight-line .]  540 

Drive  for  Back   Counterbore.      W.   Burr  Bennett     57 
Drives.     Efficiency     of     Forward     and     Reverse. 

.Tcihn  S.  Myers    983 

Driving-boxes,    Chuck   for  Holding 979 

Driving-boxes,    Link    for    Lifting 60 

Droiiper,    Steel    Ball.      William    A.    Hawes 57 

Drury,    A.    G. : 

Common    Cause   of  High   Electric   Power   Bills     50 
Du   Bois  Machine  Shop,  Inc.: 

Toolpost  Collar  and  Shoe 823 

Duggan,   M.   E.: 

Repairing    a    Broken    Folding    Itule 80<; 

Making    a    Quick    Repair 908 

Grinding    Edge    Tools    on    Emery    Wheel 1103 

"Duniore"    Grinder,    High-speed 727 

Dunbar,    H.    W.: 

Grinding   Wheel   Speeds 49 

Wheel  Dressing  and  Truing 895 

Dunbrack,   Warren   H.: 

Tools   for   Backing   olf   Form   Cutter 623 

Coniliined    Sub-press    Watch    Dies 992 

Making  a  Tap  from  a  Worn-out  Screw 997 

Duncan,    John   C. : 

Screw    and    Rivet    Holder SI.*) 

Dynamic     Balancing     Machine,     Akimoff 529 

Dynamic    Balancing    Machine    Co.: 

Balancing   Machine    85 

Akimoff   Dynamic   Balancing   Machine 529 

E 

Eames,    G.   T. : 

Arbor    Press     300 

Barle  Gear  &  Machine  Co.: 

Cold    Saw    930 

Eccentric  Bushings.     J.   G.   Blancbet 618 

Eccentric    Rods.    Link    Hangers,    Etc.,    Devices 

for   Twisting    and   Bending 427 

Ecliiise   Interchangeable   Counterbore  Co. : 

Combination    Holders    736 

Economic    .Alliance   of    Nations,    An.      Alexander 


Lucbara     676 

Edgar,   John : 

Flutes   in   a   Hob 882 

Editorial    Conference     972 

Editorials: 

Experimental    Engineering    16 

Intensive  Production   16 

Modern    Fixture    Design     16 

The  Need  of  Skilled  Men 16 

Gaging    and    Inspection    Methods 128 

Thread  Milling 128 

Interchangeable    Planer    Work    128 

Dirt  and   Disorder  in  Shops 128 

Limit,    Allowance    and    Tolerance..: 406 

Methods   of   Dimensioning   Drawings 206 

Limitations   of    High-speed   Steel 206 

Building    Machine    Tools    for    Stock 298 

High-speed  Steel  Tests   298 

Cooperative  Service   298 

Vicious    Circle    of    Rising    Prices 298 

Lubricating    and    Cooling    Cutting    Tools 392 

Trend    of    Machine    Tool    Prices 392 

Repair   Parts   for   Machine   Tools  Sold   .\broad  470 

Fire    Insurance    Premiums    470 

Building    Up    an    Organization 470 

Misunderstandings    in    Job    Work 470 

Manufacture    of    Steel    Balls 578 

Importance   of   Standardization    578 

Deliveries    of    Machine    Tools 578 

An    Economic    Alliance    of    Nations 676 

Tool-room    Systems 076 

Government   Drawings    678 

Notched   Hammer   Handles 764 

Use  of  Portable  Tools   in  Manufacturing 764 

High   Water  Mark   for  Machine  Tools 864 

Specializing    in    Mechanical    Work 804 

Manufacturing    Principles    864 

Factory     Transportation     960 

Banishing   Secrecy    960 

Machinists'    Apprenticeships    ; . . . .  960 

Farm    Tractors    now    and    after    the    War 1058 

Replacing    Old    Machine    Tools    with    New.... 1058 
Importance   of   Study   of   Shop   Mathematics.  .1058 
Education,   Task-and-Bonus  System  in  Engineer- 
ing   914 

Educational  Preparedness  vs.  Industrial  Progress. 

W?  H.  Dooling 17 

Edwards,    Stanley: 

■•Russian"    Method    of    Multiplication 521 

Setting      an      Angular      Cutter      for      Milling 

Spirals    1104 

"Effective  Diameter"  of  Screw  Threads 62 

Efficiency,    Industrial.      Frank   Metzler 471 

EfHciency  Methods.   Press-room.     G.    R.   Smith. .  472 
EfHeiency  of  Forward  and  Reverse  Drives.     John 

S.    Myers    983 

Etlieiency     of     Machines 720 

Eilers,   H.    P.,    Personal  of 814 

Eisler,    Charles: 

Tungsten    Lamp    Manufacture 321 

Drill    Press    Turret    Head 3.58 

Electric   Arc   Welding,    Field  of 297 

Electric   Drill,    Portable 179 

Electric    Furnaces,    Hardening    in 39 

Electric    Grinders,    Hisey-Wolf 173 

Electric     Grinders,     Hise.v-Wolf 1025 

Electric   Heater    Unit,    Steel-jacketed 547 

Electric    Power    Bills,    Common   Cause    of    High. 

A.    G.    Drury    59 

Electric  Riveter,   Winfleld 177 

Electric   Riveting.     Douglas  T.   Hamilton 780 

Electric  Soldering  Iron,   Two-prong 736 

Electric    Steel    Furnaces    675 

Electric  Tools,  Portable 88 

Electric   Bulb,    Reducing   Glare   of.      Fred   Fruh- 

ner   1100 

Electric  Welding,    see   Welding. 
Electrical   and   Mechanical   Engineer,    Civil   Ser- 
vice   Examinations    for    an 251 

Electrical  Limit  Gage.     Donald  Baker 56 

Electrical    Sign.    Elaliorate 1121 

Electrically  neatc<l  Presses  for  Molding  Material  838 

Electrically    Welded    Tools,    Ready 273 

Klcctn.    -Magnetic    Tool    Co,: 

Portable   Electric  Drill 179 

Electrochemical    and    Electrometallurgical   Prod- 
ucts       138 

Eleitroplating  Gages  for  Wear 586 

Electroplating,    Protective.      Mark    Meredith 906 

Elevator,    Portable     930 

Elgin    Tool    Works: 

-Vutoniatic   Chuck   Closer    1016 

Ellipse,  Quick  Method  of  Drawing.     P.  L.  Gadol  998 
Elliptic  Broach,  Quick  Method  of  Making.     Eric 

Lee    618 

Elliptical  Gears,   Machine-cut.     Reginald  Traut- 

schold     1019 

Ellis-Smith    Co. : 

Power    Hacksaw    632 

Emery  Wheel,   Grinding  Edge  Tools  on.     M.   E. 

Dugiran  1103 

Emery    Wheel   on    Motor   Shaft.      James   F.    Ho- 

bart     1000 

Employer,  An  Intelligently  Selfish 704 

Employers   and   Employes,    Loyalty   of.      Douglas 

T.    Hamilton    802 

Employers    and    Employes.    Loyalty    of.      C.    G. 

Williams      802 

Employers   and   Employes,    Loyalty   of.      A.    W. 

Forbes     802 

Employer's     Indemnity     Insurance.       Cbesla     C. 

Sherlock     675 

Employes,    High    Cost    of    Discharging 396 

Employes   of   Foreign   Birth.    Caution    to 816 

Employment    Policy,    Cadillac    Motor    Car    Co.'s 

New     857 

Energy.    Storage   of.      George   P.    Pcarce 238 

Energy,    Unit   of 489 

Engine   Patent    Litigation,    The    Stumpf   tJniflow  865 

Engine.     Right-hand     904 

Engines.    Price  of  Marine   Oil 593 

Engines,    Rotary    3CI 

Engineer,     Civil    Service    Examinations    for    an 
Electrical    and   Mechanical 251 


GiiKlnoers    us     ICxecutlvos 873 

KngliU'ers     Needed,     Murine 1083 

Uuglucrrihg   niul   Amerieanlzatlon,    Industrial...  MT 

Engineering    Council     1075 

Engineering,    Experimental    16 

Engineering     Relations    wltb     Soutb     American 

Countries,     Interest     in 237 

Engineerlnu   Society    Organization,    New 816 

Englisli   anil   Metric   Drill   Sizes 650 

English    Channel,    Tunnel    under    the 142 

English.     Translator's    Pigeon 10 

Ennis,    J.     B..    Personal    of 1086 

Enterprise   Machinery   Co. ; 

Punch  Press   531 

Eplcycllc    Gear    Problem — Correction.      V.    Chur- 

usliin     432 

Eplcycllc   Gear   Trains.      Ueglnald   Trautschold  1007 

Eplcycllc   Gearing,   A   Problem   in 345 

Eplcycllc  Train,   Four-gear.     A.  S.   Burrill 714 

Equations   for  Spiral  Gearing   by  Trial,   Solving  346 

Equilibrium,   Why  a  Safety   Valve  is  in..- 435 

Erasures.  Using  Wax  of  Old  Plionograph  Rec- 
ords   for    MalclDg 225 

Erb,  Franic  M.,  Personal  of 652 

Erlchsen   Sheet    Metal   Testing   Machine 642 

Ericsson,   Monument  to  John 181 

Ericsson    Monument,    The    John 742 

Ericsson,   O.,   Personal  of 186 

Etching     Graduations    on     Gages.       Carl    Gott- 

hardt     56 

Etching    Machine,    Washington 536 

Etna  Machine  Co.: 

Cutting-off  Machine  275 

Small    Swaging    Machine 641 

Europe,    Notes   on    the    Machinery    Industry    in. 

Alexander    Luchars    229 

Examinations  for  an   Electrical  and  Mechanical 

Engineer,    Civil   Service 251 

Executives,    Engineers   as 873 

Exhibit,   Foundry  and  Machine  Shop  Equipment 

and   Supplies    1048 

Expansion   Mandrels,    Use   and   Abuse   of 712 

Experience,    Lessons    from    British 1124 

Experimental     Engineering     16 

Experts  Appointed,  Munition 737 

Explode?      Why    Didn't    It 1105 

Explosions  196 

Explosions,     Industrial     Oxygen.       Edward     K. 

Hammond      1070 

Explosive  Shells,   Inspecting  Forgings  for  High- 

F.    B.    Merrlam    815 

Explosives,   Composition  and   Characteristics   of. 

A.    Schleimer   885 

Export?     After  the  War— What  of  Machinery.  .1088 

Export   of   Ball   Bearings   from   Sweden 779 

Export    Trade,    Combinations    for 461 

Export    Trade,    Cooperation    in 393 

Exports    of    Munitions 779 

Exposition   and    Export    Conference    Industrial ..  1046 

Exposition    at    Springfield,    Mass 641 

Exposition,   Change  of  Date  of  Springfield 739 

"Extensometer"    473 

Extracting  a  Hardened  Bushing  from  a  Fix- 
ture.     A.    M.   Aldrich    249 

Extracting   Broken  Jig  Legs.     Eric  Lee 908 

Extractor,   Cleveland   Screw    543 

Extrusion,  Metal.     F.  G.  Schranz 059 

Eyes  in  Mechanical  Work,  Care  of  the.  Anony- 
mous      247 

Eyes  in  Mechanical  Work,  Care  of  the.     Robert 

Grimsbaw    617 

Eyeglasses,   Magnifying.     Guy   H.   Gardner 248 

F 

Pacing  Angles  on  Boring  Mill.  W.  Wheatley. .  516 
Facing.    Large    Counterbore    for    Spot-      Otto    R. 

Winter    341 

Facing  Machine,   Pedrick  Tube  Boring  and 439 

Pacing  the  Ends  of  Shafts  before  Turning 810 

Factory  &   Mill  Supply   Co. : 

Cutter  and  Tool  Grinder 930 

Factories,  Hours,  and  Health  in  British  Muni- 
tion       897 

Failures  due   to  not  Advertising,   Business.  .>. .  396 

Fan,    Turbine-driven    447 

Farr,    Arthur   V.,    Personal  of 450 

Fastener  Press  Tools,  Snap.     Victor  Brook 788 

Fay  &  Egan  Co.,   J.   A.: 

Tilting    Band-saw    Machine    547 

Federal   Machine  Co.: 

Plain-head  Screw  Machine 542 

Feed  Mechanism  for  Anderson  Die  Forming  Ma- 
chine      534 

Feed-screws,    Casting    Brass    Nuts    on 162 

Feed-screws,   Casting  Brass   Nuts  on 343 

Feelers,    Key    Ring    for    Holding.       James    Mc- 

Intyre     430 

Fellows   Gear   Shaper  Co. ; 

Graduating  on  the  Gear  Shaper 142 

Fellows    Gear   Shaper,    Cutting    Internal    Helical 

Gears  on  the.      Reginald  Trautschold 739 

Fenn    Mfg.    Co.: 

Grinder   and    Gear-cutters 836 

Ferguson,   R.   G.,   Personal  of 1126 

Ferro-Brazing  Paste  Co.: 

Paste 443 

Ferrules    from    Sheet    Steel    or    Brass,    Making. 

J.   A.   Zeller 517 

Field   Battery,    0.    S.    Army   Motorized 1033 

File   Handle    274 

File  Sharpening  Machine,  Buckeye  Portable..  537 
Filing  and  Lapping  Machine,   Oliver  Sawing....   265 

Piling  and  Lapping  Machine,   Oliver  Sawing 733 

Filing    Machine,    Holmes 170 

Filing    Machine,    Noble    &   Westbrook 532 

Filing   System,    Convenient.      Wilfrid   Grlffln...  803 

Finishing    Machine,     Blevney 538 

Fire,    Charles   H.    Besly  &  Co.'s 548 

Fire  Hose,   Danger  of  Using  Untested 979 

Fire   Insurance   Premiums 470 

Fish,   Thomas: 

Shifting    Belts  oK   Moving   Pulleys 911 


Fisher,    Frederick,    Personal   of 808 

Fltchburg   Automatic   Mik  Ijliio   Work.s: 

Automatic  Screw  Mailiiiic   88 

Manufacturing     "Huiliciil'     Automatic     Screw 

Machines    280 

KIli'hburK    Grinding    Maclilnc    Co.: 

Plain    Grinding    Machine    641 

Fltchburg   Machine   Works: 

8-inch    "Ijoswing"    Lutlie    170 

Fits  of  Wheels  and   Axles,    Forced 62 

Fitting  Parts  for  Brazing,   Allowances  for 844 

Fitting  Parts  of  Machines  to  Allow  for  Bending 

Stress    140 

Pitting    Tapers    67 

Fitting   Tapers.      Wilbur   Hatfield 245 

Fitting  Tapers.     William  S.   Bowell 245 

Fitzkee,    Harry   F. : 

Repairing  a  Cutting-off  Tool-slide 909 

Fixture  Design,   Modern 16 

Fixtures    for    Internal    Grinding,    Work-holding    53 

Fixtures,    Locating   Holes   In   Jigs   and 837 

Flather   &   Co.: 

Double   Back-geared   18-lnch   Lathe 736 

Floor,      Height     of     Windows     from.        Robert 

Grlmshaw 249 

Floor   Plans    In   Machine    Catalogues.       William 

Philip   251 

Floors,   Device  for  Testing  the  Safety  of 473 

Floors,  How  to  Prevent  Accumulation  of  Oil  on 

Machine    Sliop    1004 

Flotation,    Depth   of    488 

Flue  Welder,   Southwark   Universal 854 

Fluid,     "Nasitra"     Marking 274 

Flutes   in    a    Hob.      John    Edgar 882 

Fluting  Attachment  for  Lathe,     John  A.  Shand.  907 

Fluting    Machine,    Biekford    Twist    Drill 533 

Fluting,    Odd   or   Even    Reamer 252 

Flywheel,    Length   of   Hole   in   Floor   for 253 

Flywheels,    Annealing  Steel   Cast 36 

Folding  a  Band  Saw.     E,   R.  Wiggins 1003 

Folding  Punches  and  Dies,  Blanking  and.  Ernest 

A.    Walters    1098 

Folding    Rule,     Repairing    a    Broken.        M.    E. 

Duggan     806 

FoUow-rest,   Using  the  Steadyreat  and,     H.  W. 

Johnson    907 

Food    Values    in    Calories 719 

Foote   Bros.   Gear  &  Machine  Co.: 

Geared   Speed   Reducer 275 

Forbes   &   Myers: 

Grinder 633 

Forbes,   A.   W. : 

Loyalty  of  Employers  and  Employes 802 

Forbes,    W.    D.: 

Using    Machines    for   Different   Operations 738 

Force,  Absolute  Measure  of 624 

Force   of   a    Hammer   Blow,    Measuring 1106 

Force  of  Impact  of   Ball  against   Bat 64 

Ford    Motor   Co.'s   Profit-sharing    Plan 897 

Ford    Motor    Co.,    Profits   of 257 

Ford-Smith    Machine    Co.,    Ltd.: 

Heavy-duty  Grinder   354 

Foreign   Birth,    Caution   to   Employes   of 816 

Foreign  Countries  Relating  to  Business,  Laws  of  184 

Foreign    Trust    Laws 88 

Forging   Machine,    Ajax 1028 

Forging  Machine  Parts.     Eric  Lee 341 

Forging    Troubles,    Die.      Joseph    Horner: 

1  587 

2 796 

Forgings,    Aluminum    Castings   and 400 

Forgings    for    High-explosive    Shells,    Inspecting. 

F.    E.    Merriam    815 

Forgings,  Relation  of  Rate  of  Cooling  to  Physi- 
cal   Properties    of 1059 

Forgings,    Second   Annealing   of.      Eric  Lee 714 

Forgings,   Trepanning  Heavy  Cylindrical 47 

Form    Cutter,    Tools    for    Backing    off.       Warren 

H.    Dunbrack     623 

Form    or    Formed    Milling    Cutter 252 

Former.  Control  Mechanism  for  Anderson  Die. . .  167 

Former,     Wire    and    Metal 836 

Forming  and   Piercing  Die,    Combined   Blanking, 

Drawing.      W.   L.  Jones 158 

Forming    Cardboard    Shapes 718 

Forming    Machine,    Anderson    Die 349 

Forming  Tools  for  No.  6  B.  &  S.  Screw  Machine, 

Circular.     William  W.  Johnson 20 

Fiisdick   Machine   Tool  Co. : 

Machine   Tool   Testing   Equipment 930 

Fosdick,   Philip  G.,   Obituary  of 560 

Foster  Machine  Co.: 

Geared-head    Screw    Machine    175 

Tool  Equipment  for  No.  5  Screw  Machine 348 

Universal    Turret    Lathe    636 

Foundry  and  Machine  Shop  Equipment  and  Sup- 
plies  Exhibit    1048 

Fox  Machine  Co. : 

Multiple-spindle   Drilling  Machine    531 

i'raction    Adder,    Progressive     648 

Fraction    Adder,    Progressive.       Fred   J.    Perry. .   971 

Frames,    Bender   for   Ship 1117 

Frampton,    Percy   W. : 

Travel  of  Cutter  when  Milling  Gear  Teeth 997 

Francis,   H. : 

Quick-acting    Chuck     1002 

Fraser  Co.,    Warren    P.: 
Internal    and    Surface    Grinding    Attachments    83 

Freight    Rates,    High 744 

French,    Lester   G.,    Personal   of 186 

Friction   Headstock,   J.   G.    Blount's  Lathe  with 

Draw-in      836 

Prictional   Resistance  of  Bearing,   Effect  of  Oil 

Film  on   154 

Frost.    L.    N.: 

Method   of    Counting    Tools    lUipidly 838 

Frosting,    Ornamental   Machine  Scraping  or .'>77 

Frosting    Tool,    Jones-Mowry    927 

Pruhner,   Fred: 

Reducing  Glare  of  Electric  Bulb 1100 

Fuel,     Alcohol    as     513 

Fuel,   Use  of  Oil  as.     J.   V.   Hunter 887 

Fuels  for  Heating  Furnaces,   Liquid.   George  P. 

Pearce    615 

Fuller,   P.    B.: 
Problem  in  Mensuration  800 
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Fulton   Foundry  &  Machine  Co.: 

Tapping  and  Drilling  Machine 928 

Fulton    Machine   Tool    Co.: 

Manufacturing    Lathes    82S 

"Function,"   Explanation   of   the  Term 62 

Functions    for   any   Angle,    Trigonometric 1107 

Furnace    used    In    South    Africa    for   Home-made 

Products,    Open-hearth    400 

Furnaces,    Electric  Steel    676 

Furnaces,   Hardening   In   Electric 89 

Furnaces,     Liquid     Fuels     for    Heating.     George 

P.    Pearce    615 

Furnaces,  Surface  Combustion  Shell  Heat-treat- 
ing          76 

Fuse    Base    Milling    Machine,    Standard 630 

Fuse    Cap,    Fast    Indexing   Drill   Jig    for   Time. 

Donald  A.   Baker   1001 

Fuse  Parts,  Gages  for  Time.     Donald  A.  Baker  1089 

Fuse  Parts,  Special  Machines  for  Making 65 

Fuses,    Machine    for   Graduating 860 

Fuses,    Manufacturing   Parts  of   Type   80  Time. 

Donald    Baker     292 

a 

Gadol,  P.  L.: 

Quick   Method   of   Drawing   Ellipse 998 

Gage,  Adjustable  Male 274 

Gage,     Continuous    Reading 860 

Gage,  Convenient  Pipe.     B.  Francis  Dashlell....  61 

Gage — Correction,  Precision  Gear  Center 838 

Gage,     Electrical     Limit.       Donald     Baker 56 

Gage  Grinder,   Steel  Products  Engineering  Co.'s  530 

Gage   Grinding.      Charles   F.   Schlegel 468 

Gage,   Inside  Micrometer.     H.   E.  .Goodger 998 

Gage,  Planer  and  Shaper.     Frederick  W.  Snyder  338 

Gage,  Precision  Gear  Center.     Inspector 165 

Gage,    "Prestwich"  Fluid    646 

Gage,    Radius    losi 

Gage,   S.  A.   S.  Adjustable  Limit  Snap 838 

Gage   Standards    gg 

Gage  Standards,   S.   &  S 926 

Gage,   Universal  Amplifying 919 

Gage,   Vernier  Height  546 

Gages,   Built-up  Snap.     Leslie  A.   Wells 622 

Gages,  Built-up  Snap.     Louis  A.  Schlossstein. ..  807 

Gages,  Etching  Graduations  on.     Carl  Gotthardt  66 

Gages  for  Wear,   Electroplating 686 

Gages,    Hardening   Plug.      P.    D.    Rifncr 619 

Gages,   Hardening  Plug.      William   0.    Betz 717 

Gages,  Making  Cutting  Tools  to.     Eric  Lee 771 

Gages,  Making  Limit.     P.  B.  Jacobs 234 

Gages,     Methods     of     Heat-treating     Machinery 

Steel    233 

Gages,    National    Supervision    of.       William    T. 

Her,    Jr 961 

Gages,    Plug     1117 

Gages,   Precision   736 

Gages,  Profile  and  Indicating.  Douglas  T,  Ham- 
ilton: 

1     208 

2     302 

Gaging  and  Inspecting  Gears.  Douglas  T.  Ham- 
ilton      679 

Gaging  and  Inspecting  Threads.  Douglas  T. 
Hamilton: 

1     477 

2 581 

Gaging    and    Inspection    Methods.       Douglas    T. 

Hamilton    95 

Gaging  and  Inspection  Methods 128 

Gaging    Systems    for   Screws    and    Taps 967 

Gale-Sawyer  Co. : 

Electrically   Welded   Tools    823 

Gang   Drills.    Silver    82 

Gantt,    H.   L. : 
Productive    Capacity   a   Measure   of   Value   of 

an  Industrial  Plant   742 

Gardner,    Guy   H. : 

Value   of   Logarithms   to    the   Toolmaker ,  61 

Clock     Troubles     161 

Magnifying  Eyeglasses   248 

Primitive    Tools    ; 290 

Pivot   Drills    >342 

Lantern  Pinions  In  Clocks 475 

Removing  Broken  Taps  and  Screws  from  Brass 

Parts 617 

Removing   Rusty  Screws    622 

Cutting  a  Metric  Pitch  Worm 800 

Laying   out   a   Hopper   Miter  Joint 801 

Magnetizing  Pieces  that   are   to  be   Sweated.  .1002 

Making    Square    Stock    Octagonal 1097 

"College   of  the  Midnight   Lamp" 1118 

Gardner    Machine    Co.: 

Heavy-duty    Double    Grinder 729 

Gas-engine    Piston    Rings,    Assembling.       H.    W. 

Johnson     . .  t 908 

Gas  Space  in  Wet  Gas  Meter,  Volume  of 719 

Gasoline    Motor    Valves,     Reseating.        H.     W, 

Ricks     57 

Gasoline   Vapor   616 

Gath,    Andrew   L.,   Personal  of 450 

Gears  and  Gearing,  see  also  Bevel,  Spur,  Worm,  etc. 
Gear,  A  20-inch  Lathe  with  Quick-change....  447 
Gear  and  Rack  Construction,  Faulty.     Otto  Abdt  711 

Gear  and   Rack   Planer.    Bickett   Automatic 438 

Gear    Calculations,    Simplified    Change-.      George 

M.   Meyncke   772 

Gear  Center  Gage — Correction,  Precision 833 

Gear    Center    Gage,    Precision.       Inspector 155 

Gear    Cutters,     Bevel 718 

Gear-cutters,    Grinder    for 836 

Gear-cutting     Machine,     Waltham 632 

Gear-hobbing    Machine,    Bilton    Universal 1116 

Geur-hobbing    Machine,    Special 839 

Gear,   Noiseless    861 

Gear  on  a  Milling  Machine,  Cutting  a  Semi- 
steel    163 

Gear   Problem — Correction,    Epicyclic.      V.    Cha- 

rushin    482 

Gear    Repair   Job,    Unusual.       Leigh   J.    Rodgers  166 
Gear  Shaper  Dials  on   the   Gear  Shaper,    Gradu- 
ating.     John    G.    firueggeman 419 

Gear   Shaper,    Graduating   on    the 142 


Gear  Shaper  Saddles  and  Upper  Index   Wheels, 

Oil-grooving.      John  G.   Brueggeman 476 

Gear  Tables  for  Screw  Cutting,  Change-.    Martin 

H.    Ball    232 

Gear    Teeth,    Travel    of    Cutter    when    Milling. 

Percy  W.   Frampton   997 

Gear  Testing  Machine    ISO 

Gear-tooth   Rounding  Machine 737 

Gears,    Gaging    and    Inspecting.        Douglas    T. 

Hamilton   g79 

Geared-bead  Screw  Machine,   Foster 175 

Gearing,  A  Problem  in 913 

Gearing   for    Roll    Feed 153 

Geier,   Fred   A.,   Personal   of "  844 

General  Electric  Co.: 

Time-limit     Overload     Relay 267 

Guard  to  Prevent  Motor  Reversal 361 

Dead    Front    Switchboard 447 

Lighting  Fixture  ]  733 

Dynamic   Braking  Control  for  Crane  Hoists. !  1030 
Geometric  Tool  Co.: 

Threading   Machine    351 

Geometrical     Problem,     A [,  434 

Geometrical    Problem,    The.       Lowell    C.    Blom- 

strom    623 

Geometrical  Problem,  The.     0.  F.  Schweitzer. . .  623 

German  Letters   Patent 1069 

German  Silver  Cups,   Annealing    252 

German  Silver,   Working.     G.   R.   Smith 432 

Germany    as    Oxy-acetylene    Welders,    Training 

War  Invalids  in 881 

Germany's   Motor   Mixtures    467 

Getzlaff,  Clarence  F. : 

Some  Causes  of  Inefficiency.. 687 

Gibb  Instrument  Co. : 

Critical     Point    Pyrometer 447 

Gibson  Co.,   John: 
Lathe    Attachment    for    Boring    and    Grinding 

Cylinders    547 

Gibson,   B.   J. : 

Uses  of  Slide-rule  594 

Gidding  &  Lewis  Mfg.  Co.: 

Back-geared    Lathe    1031 

Gilbert,  P.  W.,  Personal  of 278 

Gildner,   H.   H.,   Personal  of 558 

Giles,  Edwin  M.: 

Value    of    Trade-marks 318 

Gisholt   Machine   Co.: 

Shell  Threading  Lathe   361 

Gleason   Works: 

Spiral    Bevel   Pinion    Rougher 264 

Globe  Engineering  Co.: 

Collet  Chuck  268 

Globe  Inventing  Co. : 

Pointer  and  Planer   I79 

Combination  Disk  Grinder  and  Saw  Table 179 

Surface   Grinder   and   Sander 180 

Globe  Machine  &  Stamping  Co.: 

Rotary   Surface   Grinder    IO15 

Goggles,  Safety  546 

Gold    Alloy,    Imitation    409 

Gold   Output,    World's    837 

Goodger,    H.    E.: 

Inside  Micrometer   Gage    998 

Goss,  Er.  W.   F.  M.,   Personal  of 652 

Gotthardt,   Carl: 

Etching    Graduations    on    Gages 56 

Goulds  Mfg.   Co.: 
Rotary  Pump  for  Lubricating  Machine  Tools. .  361 

Government  Drawings  676 

Governor  for   Regulating   Speed   of   Victrola . . . .'  720 

Grades,     Grinding- wheel     1067 

Graduating    Gear    Shaper    Dials    on    the    Gear 

Shaper.     John  G.  Brueggeman 419 

Graduating   on   the   Gear   Shaper 142 

Graduations  on  Gages,   Etching.     Carl  Gotthardt    56 

Graf,  F.  L.,  Personal  of 1126 

Grain,    Weight  of   the ',[  252 

Grand  Rapids  Grinding  Machine  Co. : 

Universal    Grinder    634 

Graphic    Representation,    False.       Robert   Grim- 

sliaw    1101 

Gravity  of  Arc  and  Segment  of  Circle,  Center  of  487 

Gray,   Ainslie   A.,    Personal  of 1036 

Gray,   B.   D.,   Personal  of; '.  278 

Gray,  0.  0.: 

Reversing  Planer  Motors 221 

Machine    Hour    Rates 678 

Great  Britain,  Notes  on  the  Machinery  Industry 

in.      Alexander   Luchars    51 

Great  Britain,   Proposal  for  Metric  System  in!!  857 

Great  Britain,   The  Metric  System  in 839 

Great  Britain,  The  Metric  System  in 854 

Greaves,    Robert   K.,   Personal   of 186 

Greenleaf,  W.  B.: 
Die  for  Producing  Small   Steel  Pieces  in  one 

Operation     1102 

Greenwood,    Joseph    R.,    Personal    of !!  650 

Gridley    Automatic    Turret   Lathe.      Douglas   T. 

Hamilton   782 

Gridley   Multiple-spindle   Automatic   Screw   Ma- 
chines.     Douglas  T.   Hamilton: 

1  858 

2 973 

Gridley   Turret   Lathe   Equipment.      Douglas   T. 

Hamilton   1062 

Griffin,  Wilfrid: 

Convenient  Filing  System   803 

Grimsha w,   Robert : 

Height   of   Windows   from   Floor 249 

That  T-square  Protractor   428 

Care  of  the  Eyes  in  Mechanical  Work 517 

Heavy-duty     Punch     713 

Bonuses    g07 

Lighting    Staircases    1104 

False  Graphic  Representation   1101 

Grimshaw,   Dr.   Robert,   Personal  of 844 

Grindell,  J.  C: 

Safety  Appliances 840 

Grinder,  A: 

Grinding  Narrow  Parallel   Strips 168 

Grinder,   American  No.   1   Surface 882 

Grinder,  American  No.   2  Surface 856 

Grinder  and  Sander,  Surface 180 

Grinder  and  Saw  Table,   Combination  Dlek 178 


Grinder,    Ball    Bearing ^.a 

Grinder,   Band    !!!!!!!!!!!"  275 

Grinder,    Bench    and   Column ...!!! oro 

Grinder,  Cleveland  Profile   !!!!!!! 921 

Grinder,  "Connecticut"  Universal!!!!!!!!! 821 

Grinder — Correction.    Putnam   Car   Wheel!!!!   !     641 

Grinder,   Cross-feed  Mechanism  for  Ott     inn 

Grinder,    Cutter    JJ;!; 

Grinder,   Cutter  and  Tool !!!!! 930 

Grinder,    Charle.s    R.    Carpenter    Machine"  Co."'s 

Disk .^. 

Grinder,  DriU,  Tool  and  Toolpost 1031 

Grinder    for    Gear-cutters mJ 

Grinder,    Forbes   &  Myers 633 

Grinder,     Ford-Smith     Heavy-duty...!'! 354 

Grinder,    Gardner    Heavy-duty   Double...         ""  720 

Grinder,    Globe    Rotary   Surface ""101=; 

Grinder,  Grand  Rapids  Universal 634 

Grinder,    "Hartford"   Surface    ! 102a 

Grinder,    Heald   Rotary   Surface....  oT? 

Grinder,    High-speed    "Dumore"...       707 

Grinder,   "Hy-grade"  Cylinder glB 

Grinder,   Manhattan  Surface    ...  922 

Grinder,  Metz  Tool  and  Surface. ...!!.!! esq 

Grinder,    Motor-driven    ....  ^? 

Grinder,  Motor-driven   ! |i 

Grinder    Motor,    Westinghouse    .! aoa 

Grinder,    Noble   &  Westbrook   Wet  Tool 922 

Grinder,    Oakley   Cutting  and   Tool inSR 

Grinder,   Oilstone    XT^ 

Grinder,    Ott    No.    1    Universal! !!!!!!! Z^t 

rrsk""'    ^''"'^*'"    I>"stless    Disk    Grinder  "co.''8 

Grinder,   Plain '!!!!!!!!!!!  ] ^m 

Grinder,    Pneumatic   Portable"!!!!!! oiS 

Grinder,    Precision   Lathe  and 10SV 

Gnnder,   "Production"  Hand  Surface. ..!!!:!"  "eg 

Grinder,   Putnam   Heavy-duty  Car-wheel '  534 

Grinder,   "Reid"  Surface 828 

aid  *Baker  ^""^^  ""  ^°'"''  °°  ^  Surface.' '  "Don- 

Grinder,   SteerProdicts'E'ngi'ne'er'ing''co.''s' 'Gag;  530 
Grinder,   United  States  Electrical     ..  1117 

post*""  '''"'  ^^**°^'°°  Spindle,   Portabi^"  To'o'l'- 
Grlnder, '  Wood  '&'  's'a'lford '  Cylinder! ! ! ! I5? 

ard   Surface       Douglas   T.   Hamilton 877 

Grinders  and  Buffers,  VaUey  City  17! 

Grinders,    Disk    ,„', 

Grinders,    Hisey-Wolf   Electric"!! 179 

Grinders,    Hisey-Wolf   Electric    ....!!!!! 1625 

Grinding  and  Buffing  Stand   iVT? 

Grinding   and   Milling ii^L 

Grinding  and  Polishing  Machin'e;'!^utomat'ic' ' '     fflfi 

Grinding    and    PoUshing    Stand. !   .  "m? 

Grinding    Attachment,    Hardy  tmi 

Grinding   Attachment,    Lathe   Miil'lig'a'nd 275 

S    r^ft  S."'.*™^"*'  ^"^  Tool-room  SpeciaiiiVs; 
^'^^ce'"^.   f;"^"<='''"'^°t^- "  'Eraser' '  'I'n't'e'rna'l'  "and  '  S^r^ 

Grinding' '  Chiil'e'd  '  'ca'r  '  Wheels ! ! ! ! ! of! 

Grinding  Chuck  Jaws.     Corwin  Lamoreaiii tfZ 

Grinding  Edge  Tools  on  Emei^  Wheel       m"e'  ^^^ 

Duggan     •      • 

Grinding   Fixture   Knife.      S.   W.   Po'tts!!!!!!  "1099 

Grinding,     Form     "  i^| 

Grinding,   Gage.      Charles  P.   Schlegel!!!!!!!!! '  468 

Grinding   Machine,    Brierley   Valve 9'>9 

Grinding  Machine,   Fltchburg,   Plain!.!!!!!!!!!'  641 

Grinding  Machine,   Hacksaw  Blade. . .         275 

Grinding  Machine,   Internal   agi 

Grinding  Machine,   Olson  Cylinder..! 735 

Grinding   Machine,    Ott   Plain 176 

Grinding   Machine,    Portable   Band   Wheel! 641 

Grinding  Machine,   Punch    ....  '  553 

Grinding  Machine,  Ram  !  " ! 53? 

Grinding  Machine,  Schmidt  Cylinder 445 

Grinding  Machine,   Universal  Tool     .     641 

Grinding  Machines,  Manufacture  of  Ott.!!!!!!!ll24 
Grinding  Narrow  Parallel  Strips.  A  Grinder...  159 
Grinding  Narrow  Parallel  Strips.  R.  Drew,  Jr.  431 
Grinding    Relation  of  Peripheral  Speeds  to  Spin- 

die  Pulleys  In.     Robert  J.  Spence 516 

Grndng   Taper   Plugs   In   Brass   Valves 1105 

Grinding  Wheel  Balance   ms 

Grinding    Wheel    Dresser,    Heth'e'r'ington-McCabe  732 

Grindmg-wheel    Grades    i067 

Grinding  Wheel  Speeds.     H.  W.  Dunbar.!.!!!!!     49 

Grinding    Wheel,    The 1120 

Grinding  Wheels,  Diamond  Tool  for  Truing.!!!!     87 

Grinding  Wheels,  Truing  90 

Grinding  Wheels,  Wide-face  687 

Grinding,  Work-holding  Fixtures  for  Internal...     53 

Grooves,  Milling  Oil.     Robert  Morris 895 

Grooves,    Water-packing    912 

Grooving  Gear  Shaper  Saddles  and  Upper  bidex 

Wheels,   Oil.     John  G.   Brueggeman 476 

Group   Insurance.      J.   D.   Whitney 962 

Grover,    Hiram   J.,    Obituary  of 844 

Guard  Design,  A  Point  in.    Donald  A.  Hampsoo  482 

Guard,   Power  Press    1117 

Guard  to  Prevent  Motor  Reversal 861 

Guides,    Planed   and   Bored   Crosshead 484 

Gumpper,   H.   D.,   Personal  of 658 

Gun    and    Shell    Production,    British 800 

Gun   Barrel   Planer,   Cincinnati 168 

Gun-metal,    Composition    and    Use    of 913 

Gun,    "Spraco"   Paint 79 

"Gun"   Tap,    Origin  of  the  Term 64 

Gun,   The   Recoil   of  a 436 

Gutta-percha     882 

Gyratory  Crusher,   Largest   660 

H 

Hackett,  J.   D.: 

The    "Sign   Slanguage"    447 

Hacksaw   Blade   Grinding   Machine 275 

Hacksaw,   Ellls-Smlth  Power  632 

Hacksaw    Machine,    Starrett    447 

Hall  Gas  Engine  Co.: 

Thread  MiUing  Fixture  for  Shells 1081 

Halloran,   Arthur  H.,  Personal  of 188 
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Halsey,  Olga  S. ; 

Health  Insurance    91 1 

Hamilton,    Douglas  T. :  

Electric  Spot-welding  Practice— 2 24 

Gaging  and   Inspection  Methods.. .!!!!!!!!!    "     9;^ 

Profile  and  Indicating  Gages: 

1 208 

^ 802 

Electric   Seam-welding    ' ' "  Jfs 

Gaging  and  Inspecting  Threads: 

2     •  •  •  • 477 

Gaging    and    Inspecting    Gears!!!!! tna 

Electric   Riveting   " ^gj 

Gridley   Automatic  Turret   Lathe!!!!!!!!!     "•'  782 

Loyalty  of  Employers  and  Employes 802 

Work-holding   Fixtures  for  Blanchard  sii'rfice 

Grinder     g__ 

Gridley  Multiple-spindle  Automatic  'serew  'iki'- 
chines: 

i  858 

^ gwo 

Gridley  Turret  Lathe  Equipment 1062 

Hamilton,  Douglas  T.,  Personal  of  stao 

Hamlet,   L.   M.:  *"" 

Finding  True  Angle  of  Valley  Plates  for  Steel 

Hoppers   ,.f.. 

Hammer,   Air-operated    ! ! ! Sji 

Hammer  Blow,   Measuring  Force  of 'a iin« 

Hammer    Handles,    Notched...  70? 

Hammer  Heads,  Method  of  Fastening!! 8ia 

Hammer,   Pneumatic   i°i% 

Hammers,  Some  Notes  on  Steam! ' 'jamea'cran!  236 
Hammond,   Charles  M.,   Personal  of...  Kfin 

Hammond  Edward  K.;  

Cold-rolling  Strip  steel    , 

Tool  System  of  Cadillac  Motor  "car'co.— 2'"  148 

Mechanical   Die-sinking    '191 

Lubrication  of  Cutting  Tools...!"! 373 

Making   Cold-drawn   Steel   Sections!!! 397 

Lubrication   of   Cutting   Tools — 2  490 

Lubrication  of  Cutting  Tools— 3...   b95 

Manufacture  of  Steel   Balls — 1  km 

Manufacture  of  Steel   Balls— 2...! n^ 

Lubrication   of   Cutting   Tools — 4.!!!! 701 

Portable  Tools  for   Lathe  Manufacture 767 

Manufacture   of  Steel   Balls— 3 753 

Re-organization  of  a   Run-down  Plant 866 

Making  Precision  Screws  for  Scientific  In'stili'- 

•nents   g,„ 

Factory    Transportation— 1 04, 

Factory    Transportation— 2 io7e 

Industrial   Oxygen  Explosions   ...!!! io7n 

Hammond  Mfg.  Co.:  " 

Tapping  Attachment   ma 

Hampson,    Donald   A.:  

To  Find   the  Pitch  of  a   Rack 400 

A   Point   in   Guard   Design IS 

Painting   Castings    before   Machining!'! 911 

Coating    Castings    with    Chalk innn 

Hands,   A  Machinist  with  Steel...  tnaa 

Handbook,  Thumb  Index  for  MACHi.NEEx''s'."itaii 

W.  Peterson  „ 

Handle,    File    -"J 

Handles   and   Bodies,    Die  'fo'r'  'Assembliig  Tsiil 

pan.     S.   W.  Palmer ^  gaa 

Handles,   Notched  Hammer  7S 

Handwheels   by   Milling,    Finishing!!! 5^ 

Hangers,   etc..   Devices  for  Twisting  and'seid- 
ing  Eccentric  Rods,   Link   ..  40, 

Haniffln   Mfg.   Co.:  

Air-operated   Arbor  Press   ....  0715 

Air-operated    Vise    Ziy 

Hanna   Engineering   Works-       

Riveting    Machine    ««« 

Riveting  Machine  xS 

Hannibal,   A.   0.:  ' 

Using    the    Slide-rule    ,„„, 

Hannum,    Ellis   J.,    Obituary   of..,.!! 6«ft 

Hansen,  Cari  M.,  Personal  of....         sS 

Hanson,  B.  M.  W.,  Personal  of....    Stb 

Hansen,   B.   M.   W.,   Personal  of....   ! iSfl 

S^^*"*"  t"""'"  ™«^  'Without  WarplL'g',"'ii  718 
Hardening     Effect     in     Chromium     and     Copper 

Steels,    Penetration   of v^opper 

Hardening  in  Electric  Furnaces!!!!!! m 

Hardening  Kink.     B,  Kern i,S 

Hardening  Plug  Gages,     p.  D.  Rlfner..!'*!""  bw 
Hardening  Plug  Gages.     William  0.   B^ti     !'"  ?i? 

1    *«",?,    Temperature    of     High-speed     Stiil 

by  Melting   Oxide,   Determlnln#. . .  rT  282 

Hardy,  Charles:  * *" 

Grinding   Attachment    ,ni« 

Harklns  Machine  Co.,  T.  L-     

Shelby  Seamless  Steel  Tubing  for  Borlng-bars  62 
Harris   Engineering   Co.,   H    E  •  '^•^"^  ™"    o^ 

Horizontal   Tapping  Machine"....  lan 

Automatic   Hob   Sharpening   Machine!!!!!!'"  4S 

Automatic    Multiple-plunger    Preaa.!  iSo 

Harrison,   H.   L.,   Personal  of So 

Harrison.   L.   E.:  '*''' 

Micrometer    Taper    Caliper    Attachment.  428 

Harrison,   Matthew:  a<.uu«:ui 4^ 

Taper-turning  Attachment  for  Turret  Lathe  823 
'Hartford"    Surface    Grinder    ....  iS^ 

Harvard   Machine   Co.:  

Polishing  Machine    ...  ,,,„ 

Haschke,   J.   E.:  ^"' 

Industrial    Truck    00- 

Hatch,    M.   0.    M.,   Personal  of!'! ?2i 

Hattield,    Wilbur:  '** 

Fitting   Tapers    04, 

Hawes,   0.  L. :  ^^ 

Belt   Polishing  Lathe    im 

Hawes,  William  A.:  ^ 

Steel   Ball   Dropper m. 

Quick   Die   Job    ,„ 

Hawley,   B.   T. :  °' 

Making  Piston  Rings   ,m 

Haynes  StcUlte  Co.:  

Welded   SteUlte   Tools    lui 

Hazzard,  A.  B.:  °^^ 

Machinery   Pound   Prices    ...  07 

Industrial   Preparedness    !.!!!!!!!!!!!!!  676 


Iluznai'il.  A.   II,,  IVraounl  of 450 

Ucud,   Mai'hlulng  a  Sprinkler.     Jobn  J.   Borken- 

liiiKOQ    708 

Iltfiids,    MachlQliiR   Sprinkler    032 

IleadBtock  for  Wood-Working  Latlics,  Motor. . .  830 
Uoadstock,   J.    O.    Blount's  Lathe  with   Draw-lu 

Friction    830 

Bcadstock,  KoU-turnlug  Lathe  with  Enclosed..  447 
Ucald,   James  N.: 

Advantage!!  of  Direct  Selling «77 

Heald   Machine  Co.: 

Work-holding    KUtures    for    Internal    Grinding     B3 

Rotary    Surface    Grinder    817 

Health    Insurance.       Frank    F.    Dresser 209 

Health    Insurance.     Olga   8.    Halsey Ull 

Heat  Density.     George  P.   Pearce 471 

Heat-treating     Furnaces,      Surface     Combustion 

Shell    70 

Ueat-treating    Machinery    Steel    Gages,    Methods 

of  233 

Hcat-treatuieut  of  Steel.      Martin  Syte: 

1 283 

2     BOO 

Heater    Unit,    Steel-Jacketed    Electric 547 

Heater,   Westinghouse  Oven 1111 

Heavy  Machinery,  Setting  up.    Charles  0.  Lynde  711, 
Helical  Gears  on  the  Fellows  Gear  Sbaper,  Cut- 
ting   Internal.      Reginald   Trautschold 739 

Helical  GearlnR,   Internal.   Reginald  Trautschold  522 

Hell   Gate    Kridge   Route 700 

Hellman-Univcrsiil    Triangle     830 

Hendee,    Edward   T.,    Obituary   of 868 

Hendey  Machine  Co.: 

Crank    Sbaper    6.S9 

Henry  &  Wright  Mfg.   Co.; 

Bench    Drilling    Machine    830 

Herringbone    Gear    Planer,    Mesta 25"i 

Herringbone  Pinions,   Theory  of  Enlarged.      Ar- 
thur   Brown    717 

Hetheriugton-McCabe  Co. : 

Grinding   Wheel   Dresser    732 

"Hi-duty"    Drilling   Machine,   Minster 355 

Higgins,  E.  J.: 

Sharp-point  Center  Punch 620 

High-explosive   Howitzer  Shells,    Machining   9.2- 
inch.      Chester  L.    Lucas   and   Victor   Brook...   898 
High-explosive    Shells,    Equipment    for    Machin- 
ing   British    18-pounder    258 

High-speed  Hammer  Co.: 

Riveting    .Machine    ..." 331 

High-speed   Steel,    Economizing  In 805 

High-speed    Steel,    Limitations    on 200 

High-speed    Steel    Tests 29S 

Hill.   Clarke  &  Co.: 

Macliinery    Warehouse    548 

Hill   Publishing   Co.,    Inc.,   Consolidation   Knovvn 

as   McGraw-    710 

Hill,   W.  J.,   Personal  of 844 

Hillcs  &  Jones  Co.: 

Rolls   for  Straightening   16-foot  Plates 737 

HimoCf  Machine  Co.: 

Heavy-duty  Manufacturing  Lathe   360 

Hisey-Wolf  Machine  Co.: 

Electric    Grinders     173 

Electric   Grinders    1025 

Hob,   Flutes  in  a.     John  Edgar 882 

Hob  Sharpening  Machine,  Harris  Automatic 440 

Hobs   and   Multi-cutters 1105 

Hobbing   Machine,   Special   Gear- 839 

Hobart,   James  F.: 

Emery    Wheel   on   Motor   Shaft    1000 

Hoefer,    Frederick   W.,    Obituary  of 278 

Hoefer,    Frederick   W.,    Obituary  of 308 

Hoist,   "American"  Electric 822 

Hoist,    Portable     860 

Hoist,    Shepard    Electric    360 

Holden-Morgan   Co.,    Ltd.: 

Plug   Wrench    179 

Internal  Thread  Millers  180 

Shell    Plug    and    Socket    Millers 180 

Holder,   Duncan  Screw  and  Rivet 543 

Holder,    Scott   Boring-tool    726 

Holders,   Combination    \-  730 

Holding   Steel   Pieces  Together  when  Sweating. 

James  Mclntyre    517 

Hole  in  Floor  for  Flywheel,  Length  of 253 

Holes  in  Steel  Dies,   Drilling  Deep _810 

Holidays,   Legal.      William  Philip "   46 

Hollis,   Dr.   Ira  N.,   Personal  of 425 

HoUingworth  Machine  Tool  Co.: 

Back-geared    Lathe    861 

Holmes  Mfg.  Co.: 

Filing  Machine    170 

Machine  Vise  443 

Holt  Mfg.   Co.: 

The    Caterpillar    Tractor 1041 

Holz.    Herman    A.: 

Erichsen  Sheet  Metal  Testing  Machine 642 

Home-made  Products,  Open-hearth  Furnace  used 

in  South  Africa  for 400 

Hook   Bolt  Design,    Improvement  In.      Inspector  156 

Hopkins,  A.  A.,  Personal  of 658 

Hopper    Miter    Joint,    Laying    out    a.       Guy    H. 

Gardner     801 

Hoppers,    Finding   True   Angle  of  Valley  Plates 

for  Steel.      L.   M.   Hamlet 1101 

Horner,  Joseph: 

Drill   Chucks    462 

Die-forging  Troubles — 1   587 

Die-forging    Troubles — 2    796 

Hornyak   &  Kelly: 

Weight  Slide-rule   179 

Horseplay,  Dangers  of   238 

Hose,  Danger  of  Using  Untested  Fire 979 

Hoskins   Mfg.    Co.: 

High-resistance    Pyrometer     727 

Hours,  Fatigue,  and  Health  In  British  Monition 

Factories    897 

Hours  of  Bullard  Machine  Tool  Co.,  Working..  118 
Hours  of  Labor,  Better  Work  done  with  Shorter  419 
Houston,  Stanwood  &  Gamble  Co.: 

Heavy-duty    Lathe     270 

Automatic  Profiling  Attachment  681 

Lathe    Apron    1028 

Howard,    H.    A.,    Personal   of 844 


Howard    Iron    Works; 
Mai'hlue     fur     Washing    and    Pickling    Metal 

Goods    540 

□owe   Chain   Co.: 

One-man  Shop  Truck  with  Detachable  Tongue  546 

Hubbard,   Franklin  G.,  Personal  of 180 

Hughes,    Col.    Herbert,    Obituary   of 560 

Hughes,    Edward    P.,    Personal   of 744 

Humphrey,    A.    L,,    Personal   of 558 

Hunter,    J.    V.: 

Use  of  Oil  as  Fuel 887 

Hy-Grade   Machine   Co.: 

Cylinder    Grinder    819 

Hydraulic    Lathe,    Warren    266 

Hydraulic  Press  Mfg.    Co.: 

Brlquetting    Press    167 

Horizontal    Hydraulic-    Pump    361 

Hydraulic    Forming    Press    1016 

Hydraulic   Press,    see   Press. 

Hydro-mechanical  Rim  Shrinker,  Metalwood . . . .  440 

Hydro-pneumatic    Press    1117 

Hyperbolic  Logarithms   912 

I 

Ibsen,  H.  B.,  Personal  of 744 

Ideal  Brass  Co. : 

Releasing    Tap    and    Die-holder 641 

Ideal    Machine    &   Tool    f'o.: 

Precision    Lathe    and    Grinder 1031 

Idler    Pulley,    Press-room    Lineshaft ■'iOS 

Ignorance  in  Starting  a  Manufacturing  Businessl075 
Her,    WUliam,    T.    Jr.: 

National    Supervision    of    Gages 961 

Imitation  in  Design,   Origination  versus.     R.   H. 

McMinn     207 

Imitation       in       Design,       Origination       versus. 

Charles    P.    Wiweke 519 

Imports  of  Steel  Products,    Russian 205 

Improved    Drafting    Board    Co.; 

Drafting   Board 730 

Inches,    Table   Converting   Millimeter  Diameters 

into    Square.      A.    Lane 658 

Index  for  Machinery's  Handbook,  Thumb.     Earl 

W.     Peterson 56 

Index    to    Volume    22,    Machinery's 235 

Index  Wheels,  Oil-grooving  Gear  Sbaper  Saddles 

and    Upper.      John    G.    Brueggeman 476 

Indexing,     Catalogue 224 

Indexing,     Catalogue 395 

Indexing,     Differential 718 

Indexing    Drill    Jig 65 

Indexing    Drill    Jig    for   Time    Fuse    Cap,    Fast. 

Donald    A.    Baker 1001 

Indicating  Gages,  Profile  and.  Douglas  T.  Ham- 
ilton: 

1  208 

2     302 

Indicator,  Bicknell-Thomas  Thread  Lead 1025 

Indicator,     Pyromagnetic 1117 

Indicator.    Toolmaker's   Test.      Donald    Baker...   246 
Industrial  Application  of  Motion  Pictures.     Ern- 
est A.   Dench 133 

Industrial   Building  Consti-uction,   Trend  of 575 

Industrial    Development    Co. : 

Spring    Nut    Lock 360 

Industrial    Efficiency.      Frank    Metzler 471 

Industrial   Engineering  and  Americanization 547 

Industrial  Exposition  and  Export  Conference.  .1046 
Industrial  Plant,  Productive  Capacity  a  Measure 

of   Value    of   an.      H.    L.    Gantt 742 

Industrial    Preparedness.      A.    B.    Hazzard 575 

Industrial    Products   Co. ; 

Continuous  Reading  Gage 360 

Industry    in    Europe,    Notes    on    the    Machinery. 

Alexander    Luchars 229 

Industry  in  Great  Britain,  Notes  on  the  Ma- 
chinery.     Alexander    Luchars 51 

Industry  on  the  Continent,  Notes  on  the  Ma- 
chinery.     Alexander    Luchars 129 

InefBciency,     Some     Causes     of.       Clarence     P. 

Getzlaf)"    687 

Inertia  of  a  Section,   Moment  of 812 

Ingersoll-Rand   Co.: 

Portable  Hoist 3G0 

Ingram,   R.   F.,   Personal  of 930 

Inserted-tooth  Milling  Cutter.      E.   M.   Bidwell..   620 

Inspecting   Lathes.      John   J.    Ralph 7 

Inspection    Methods,    Gaging    and.      Doug'.as    T. 

Hamilton   95 

Inspection  of  Bronze  and  Brass,  Notes  on  the..  305 
Inspector: 

Precision    Gear    Center    Gage 1.55 

Improvement    in    Hook    Bolt    Design 1,56 

Inspectors,    A   Society   for.      Russell   R.    Ux 910 

Insurance,     Employer's    Indemnity.      Chesla    0. 

Sherlock   675 

Insurance,    Group.     J.   D.    Whitney 962 

Insurance,   Health.     Frank   F.   Dresser 299 

Insurance,   Health.     Olga  S.  Halsey 911 

Insurance    Plan,    Bullard 408 

Insurance    Premiums,    Fire 470 

Intensive    Production 16 

Interchangeable    Planer    Work 128 

Internal  Bevel  Gearing.  Reginald  Trautschold.  611 
Internal    Helical    Gears    on    the    Fellows    Gear 

Shaper,    Cutting.      Reginald   Trautschold 739 

Internal  Helical  Gearing.  Reginald  Trautschold  522 
Internal  Spur  Gearing.  Reginald  Trautschold..  405 
Internal  Worm-gearing.  Reginald  Trautschold.  695 
International    Equipment   Co. : 

International   Thread    Grinder 1018 

International    Machine   Tool   Co.: 

Heavy    Turret    Lathe 540 

Interpolating    to   Seconds 484 

Inter-State   Machine   Products   Co.,    Inc.: 

Lubricant    Pomps 726 

Invalids  in  Germany  as  Oxy-acetylene  Welders, 

Training     War 881 

Invar,    Characteristics   of 982 

Invention,  Relation  of  Discovery  to 820 

Investigation,   Metals  and  Alloys 779 

Iron    Alloys,    Copper- Aluminum- 805 

Iron  and  Steel  Exhibited  at  the  New  York  Elec- 
trical   Exposition,    Electric   Welding  of 119 

Iron  and  Steel  Industry  In  Sweden,  Costs  In  the.  781 


Iron,    A    New   Type    of   .Soldering 1108 

Iron  Cupola,   Melting  Copper  in  an 1105 

Iron,     Electric    Soldering 786 

Iron   Ore,   Control  of  Available 329 

Iron    Ore    Smelting,    Experiment    In C14 

Iron    Parts,    Casting    and    Machining    Mulleable. 

H.   W.   Johnson 2«0 

Iron    Vises,    Columbian   Malleable 926 

Ironer,   Blueprint 836 

Isometric    Pick-up    TriartRle,    Ware 177 

Isometric  Projection,  Laying  out  a  Curve  in....     64 

J 

Jacobs,   F.  B. : 

Choosing  a  Trade 118 

Making  Limit  Gages 234 

Babbitted  Machinery  Construction 427 

Examples  of   Expensive   Tool   Designing 008 

Schemes   that   Didn't   Work 980 

Spot-facing    Tools 1119 

Japanning    Cushion    Springs    by    the    Air-drying 

Process.     E.   F.   Lake 410 

Japan's    Manufactures    915 

Jaw  Attachmeut,   Vise- 786 

Jaws,    Grinding   Chuck.     Oorwin  Lamoreaux. . . .  159 
Jaws    of    Scroll    Chuck,     Truing.      GustaM-    A. 

Remade     159 

Jaws,    Regrinding   Chuck.     A.    Dane 713 

Jaws,   Truing.  Scroll  Chuck.     Harry  Brook 619 

Jenkins,  A.  Lewis: 

Pumps  for   Operating   Hydraulic   Presses 1078 

Jenkins,    Alfred    B.,    Obituary    of 560 

Jensen,    O.    H. : 

Calculator    for    Drawing    Dies 360 

Jespersen,    H.    W. : 

Locating  Holes  in  Jigs  and  Fixtures 837 

Recessing    Tool 839 

Jib  Crane,  Strength  of.     John  S.  Myers 1005 

Jig,   A  Labor-saving.     Eric  Lee 620 

Jig,   A  Simple.      Eric  Lee 1102 

Jig    Bushings,    Making    Drill.      Eric    Lee 48 

Jig   for   Adjustable  loke   End,   Drill.     W.   Burr 

Bennett    160 

Jig    for    Time    Fuse    Cap,    Fast    Indexing    Drill. 

Donald    A.    Baker 1001 

Jig,   Indexing  Drill 55 

Jig    Legs,    Extracting    Broken.      Eric   Lee 908 

Jig   with   Milling   Attachment,    Trunnion  Drill..  127 
Jigs,  Adjustable  Fixtures  for  Locating  and  Drill- 
ing    Holes     in 646 

Jigs   and   Fixtures,    Locating   Holes  in.     H.    W. 

Jespersen     .-  837 

Jigs,  Miscellaneous  Staudardized  Parts  for.     B. 

F.    Pohle 1056 

Jigging    the    Work    on    Multiple-spindle   Drilling 

Machines.     A.  E.   Carle 989 

Job   Work,    Misunderstandings  in 470 

Johnson    Co.,    William    T. : 

Pipe-threading    Machine 836 

Johnson,   H.   W. : 
Casting  and  Machining  Malleable  Iron  Parts..  230 
The   Machinist   in   Relation   to  Modern   Manu- 
facturing        752 

Using    the   Steadyrest   and   the   FoUow-rest. ..  907 

Assembling    Gas-engine    Piston    Rings 908 

Johnson,    William    W. : 

Circular    Forming    Tools    for    No.    6   B.    &   S. 

Screw    Machine 20 

Laying  out  Diagonal  Strip  in  Rectangle 159 

Problem     in     Algebra 518 

Joint,    Laying    out    a    Hopper    Miter.      Guy    H. 

Gardner    801 

Joint,  Machining  a  Ball  and  Socket.     Chester  S. 

Ricker    23 

Joint,    Plank   Universal 636 

Joint,    Vanishing  Thread 1004 

Jointer  and  Planer 179 

Jones,    Franklin   D. : 

Tool-room  Systems 655 

Industrial  .Applications  of  Nichrome 002 

Jones-Mowry    Mfg.,    Co.: 

Frosting  Tool 027 

Jones,    W.   L. ; 

Combined    Blanking,    Drawing,     Forming    and 

Piercing  Die 158 

Journals,  Tools  and  Burnishers  for  Truck  Axle..  520 


Kagay,   D.   M.,   Personal  of 658 

Kallenberg,    Philip  H. : 

How    We   Cut   a   Few   Sprocket   Wheels 245 

Kane    &    Roach: 

Straightening    and    Shearing    Machines 627 

Automatic  Grinding  and  Polishing  Machine...  836 
Kartsher,     Harry     S, : 

Slip    Bushing 713 

Keith,    Robert    R.,   Personal  of 1036 

Keller  Mechanical  Engraving  Co.: 

Mechanical    Die-sinking 101 

Kelly   Reamer  Co.: 

"Production"   Tools 929 

Kelsey,   D.   J.: 

Universal    Square 736 

Kennicott,    Cass    L.,    Personal    of 74-1 

Kern,    E. : 

Hardening    Kink 1103 

Ketzer,    Paul   R.,   Personal  of 558 

Key  Ring  for  Holding  Feelers.  Tames  Mclntyre  430 
Key!5eatiug     with     a     Small     Planer.        R.     M. 

Blakely 517 

Keyway  Milling  Fixture,  Double.  W.  R.  Stults.1104 
Keyways    in    Milling    Cutters,    Multiple.      M.    B, 

Canek 716 

Kiddle,    Richard    H.: 

Engine    Lathe 1117 

Kilburn,  E.   D.,  Personal  of 744 

Kilmer  &   Co.,    M.   D.: 

Wire    and    Metal    Former 880 

Kilovolt-ampere 162 

King,    William   R.,    Personal  of 278 

Kirchhoff,    Charles,    Obituary  of 02 

Kirker,    A.    H.; 

Extracting  Roots  of  Numbers 480 

Kite-shaped    Track,    Laying    out    a 488 


Klaw.  Jr.,   Richard,   Personal  of 814 

Klein,    K.    M.,    Personal   of 112tj 

Kuife  Grinding  Fixture.     S.  W.  Potts 10!)9 

Kniglit,   Newell  0. ,   Personal  of 4,-,0 

Knob,   Making  a   One-piece  Brass  Door.     Robert 

Morris n05 

Korff,  Fred  H. : 

Tools   for   Macliiniug    Cartridge   Cases 807 

Kulin,    C.    A.: 

Tabulated   Tool    Drawings 139 

Kunz   Machinery   Co.,   J.   L. : 

Universal  Macliine  Tool 85 

L 

Labor,  Better  \Vi>rk  don."  witli  .SliorttT  Hours  of.   41!J 

Labor    Marltet,     A     "Protected" 795 

L.il)or,   Thought   versus.     Eric  Lee lOn.f 

Ladders,  Safety  Attachment  for.     W.  A.  Lailer.llOS 
Lailer,    W.   A.: 

Slippage  of  Belts   Running  at  Hi^h  Speed 1013 

Safety  Attachment  for  Ladders 1103 

Lake,    E.    F. : 
Manufacture  of  Automobile  Cushion  Springs..  225 
Japanning   Cushion   Springs  b.T    the    Air-drving 

Process     "         4j(, 

Lamb    Knitting    Machine    Co.: 

Bench   and   Column   Grinder 360 

Grinding  and  Polishing  Stand .....VI, 

Lamoreaux,    Corwin: 

Grinding  Chuck   Jaws X59 

Lamp  Bases  and  Coffin  Handles  Without  Cores, 

C>'»tiag    1105 

Lamp  Manufacture,   Tung.sten.     Charles  Eisler. .  321 
Landis   Machine    Co. : 

Set-screw  Threading  Machine 263 

Landis   Tool   Co.; 

Floor-type    Boring    Milling    and    Drilling    Ma- 

(I'ine     628 

Lane,    .\. ; 

Table    Converting    Millimeter    Diameters    into 

Square   Inches    558 

Langclier    Mfg.    Co.: 
Special   Machines   for  Making   Fuse   Parts....     65 
Motor  Valve  Sleeve  Multiple  Drilling  Machine.     81 

Duplex     Multiple     Drilling     Machine 828 

Bencli    Tapi)ing    Machine 1021 

I<antern   Pinions   in   Clcrcks.      Guy    H.    Gardner..  475 

Lapping  Arbor  Centers 125 

Lapping  Machine,  Oliver  Sawing,   Filing  and 265 

Lapping  Machine,  Oliver  Sawing,   Filing  and 733 

"Lapping"  Threads  with  Acid.     J.   B.   Murphy.,  433 

Larson,   L.   A.,    Personal  of 1126 

Larson,    Nils   E.: 

Adjustable   Male   Gage 274 

Larson,   W.   J.: 

Slotting    Recoil    C.vlinders 873 

Lassiter,    0.   K,,   Personal   of 632 

"Lateral"    when    Applied    to   Mechanical    Move- 
ments,  Meaning  of 1004 

Latlie     Accessories 930 

Lathe   Accessories  in  a   Small   Shop '. ...  874 

Lathe  Adapted  to  Cut  Coarse-pitch  Screws.     H. 

Potts     1003 

Lathe  ami  Grinder,  Precision 1031 

Lathe  Apron,   Houston,   Stanwood  &  Gamble 1023 

Lathe,     Atlas     Double     Back-geared 736 

Lathe,    "Atlas"    Engine 819 

Lathe  Attachment  for  Boring  and  Grinding  Cyl- 
inders       547 

Lathe,    Axelson    Machine    Co.'s    Engine 83 

Lathe,    Boring    Straight    Holes    on   a    Worn.    Ed- 
ward   Bingemann 433 

Lathe,    Car    Wheel 88 

Lathe    Centers,    Care   of.      Eric    Lee 997 

Lathe,    Cliampion   Engine 728 

Lathe,    "Champion"    Engine 837 

Lathe  Chuck,    Accurate.     Donald   Baker 157 

Lathe,   Cotton  Bench 532 

Lathe,     Davis    Tool-room 1112 

Lathe,    Douljle    Back-geared    18-inch 7,36 

Lathe,   Douglas  Heavy  Boring 273 

Lathe,    Eighteen-inch    Heavy-duty    Engine 546 

Lathe    Equipment,    Gridley    Turret.      Douglas   T. 

Hamilton      1062 

Lathe  Equipped  for  Heavy  Screw  Cutting 248 

Lathe,   Erecting  and   Starting   a   New  Engine...  289 

Latlie,     "Filsmith"     Engine 735 

Lathe,   Fitchburg  8-inch   "Lo-swing" 170 

Lathe,   Fluting  Attachment  for.     John  A.   Shand  907 

Lathe,    Foster   Universal    Turret 636 

Lathe,    Geared-head 85 

Lathe,  Giddings  &  Lewis  Mfg.  Co.'s  Back-geared.  1031 
Lathe,    Gridley    Automatic   Turret.      Douglas   T. 

Hamilton     782 

Lathe,    Hawes    Belt    Polishing 108 

Lathe,   Heavy-duty  Manufacturing 3(i0 

Lathe,     Ileavy-duty    Quick-change 737 

Lathe,    Heavy    Turret 546 

Lathe,    HoUingworth   Machine   Tool   Co.'s   Back- 
geared     361 

Lathe,    Houston,    Stanwood    &    Gamble    Heavy- 
duty  270 

Lathe,    Light    Tool-room 547 

Lathe  Manufacture,  Portable  Tools  for.     Edward 

K.    Hammond     767 

Lathe,   Master  12-inch   Engine 541 

Latlie    Milling    and    Grinding    Attachment 275 

Lathe,    Morris    22-inch 177 

Lathe,    MuUiner   Engine 267 

Lathe,  Multiple  Tools  for  tlie.     Henry  M.  Wood  506 

Lathe,    Oliver  Machinery  Co.'s   Engine 88 

Lathe,    Oliver    Machinery    Co.'s    Engine 180 

Lathe.     Pittsburg    Geared-head 1018 

Lathe,    Polishing    and    Buffing 836 

Lathe,    Pvitnam    Engine 78 

Lathe.    Putnam  42-inch   Engine 84 

Lathe,    Relieving    Attachment    for 1118 

Lathe,    Richard  "H.    Kiddle's   Engine 1117 

Lathe,     "Roulsted"     Engine 77 

Lathe,    Shell    Tlireading 361 

Lathe,    Single-purpose    17-inch 836 

Lathe,    Sterling..^ 834 

Lathe.  Taper-turning  Attachment  for  Turret 823 

Lathe  Tool,  Adjustable  Radius.     H.  E.  Anderson.     60 
Lathe,    Tool-room 1031 


Lathe,     Turret 930 

Lathe,    Twenty-six-inch    Heavy-duty    Engine....  540 

Lathe,     United    States 269 

Lathe,     United    States    Engine 82 

Lathe,    Vernon    ll-inch 80 

Lathe,   Warren   Hydraulic 2O6 

Lathe    with    Ball-bearing    Spindle,    Special-pur- 
pose.     T.    S.    Macewan 1069 

Lathe    with    Draw-in    Friction    Hcadstock,    J.    G. 

Blount's    830 

Lathe   with    Enclosed    Ueadstock,    Roll-turning. .  447 

Lathe  with  Quick-change  Gear,   A  20-inch 447 

Lathe  with   Relieving   Attachment 730 

Lathes,    Automatic    Threading 1117 

Lathes,   Fulton  Manufacturing 823 

Lathes,  Inspecting.     John  J.  Ralph 7 

Lathes,   Motor   Hcadstock   for   Wood-working 83G 

Latiies,     National 1019 

Lathes,    Oliver    Ma<hinery    Co.'s 528 

Lathes,    Position   of   Cone   Pulleys   on 718 

Lathes,    Pottstown 731 

Lathes,    Shell-boring    Turret 301 

Lathes,    Shell    Forming    Attachment    for    Cincin- 
nati     1115 

Lathes,     Testing     Special     Shell-boring.       L.     C. 

Morrow     38 

Lathes,   Tool-room  and  Heavy-duty B.30 

Lathes,      "Universal" 824 

Latimer,    Fred    C. : 

Victor     Talking     Machine     Needles     Used     as 

Divider     Points     342 

Latrobe  High-speed  Drills 927 

Law  of   Motion,    Illustration  of   the   First 253 

Laws,    Foreign    Trust 88 

Laws  of  Foreign  Countries  Relating  to  Business  184 
Lawson   &   Co. : 

Magnetic    Chuck    Fixtures 1031 

Lead    Burning    Apparatus,    Bradford-Ackermann.   923 

Lead    Indicator,     Hicknell-Thomas    Thread 1025 

Leadership,    Imperative,    Study   of 20 

Leard,  William  E.,   Obituary  of 560 

Learning    the    Machinists'    Trade    in    Sis    Easy 

Lessons     50 

Leather    Belts,    Chart    for    Power    Transmitted. 

N.     G.     Near 1099 

"Lectroflater,"   Black  &  Decker 53C 

Lee,    Eric : 

Making    Drill    Jig    Bushings 48 

Parol    Contracts    in    the    Shop 228 

Forging    Machine    Parts 341 

Quick   Method   of  M:iking  Elliptic   Broach 518 

A  Labor-saving   Jig 620 

Second    Annealing    of    Forgings 714 

Making    Cutting    Tools    to    Gages 771 

Chasing   a    100-pitch   Thread   with    a    30-pitch 

Chaser    806 

Extracting    Broken    Jig    Legs 908 

Thought  vers\is  Labor 1003 

Changes    in     Manufacture 1014 

Care    of    Lathe    Centers 997 

A  Simple  Jig 1102 

Lee,    Lloyd    L. : 

Help    for    the   Tool    Designer 1000 

Leeds    &    Northrup: 
Transformation-point     Recording    Apparatus. .   7.'!0 

Optical     Pyrometer 1101) 

Legs,    Extracting    Broken    Jig.      Eric    Lee !WS 

Leipsic,    New    Railway  Station   in 238 

Leisy-Patton   Co.: 

Shaper 833 

Lejeune,    August   J. : 

Countersink     Sleeve 1101 

Toolmaker's    Clamp 1103 

Lessons    from    British    Experience 1124 

Lettering    on    Drawings 434 

Lewis,    Wilfred: 

Gear    Testing     Machine 180 

Lighting    Fixture,    G.    E 733 

Lighting    Staircases.       Rol)ert    Grimshaw 1104 

Limit,    Allowance    and    Tolerance 200 

Lincoln- Williams    Twist    Drill    Co.: 

Oil-tube  Drill 821 

Liud    Co.,    J.    A.: 

Chain    Machine    359 

Lining,    Brake    and    Clutch 570 

Link    for   Lifting   Driving-boxes 60 

Link   Hangers,    etc..    Devices   for   Twisting   and 

Bending    Eccentric    Rods 427 

Link  Motion,  Offset  of  Saddle-pin  of  Stephenson.  625 
Liquid  Fuels  for  Heating  Furnaces.     George  P. 

Pearce     615 

Litigation,    The    Stumpf   Uniflow    Engine    Patent  865 

Locating  and  Boring  Holes  in  a  Sine  Bar 436 

Locating  and  Drilling  Holes  in  Jigs,  Adjustable 

Fixture   for 546 

Locating    Board    for    Plant    Officials 153 

Locating   Holes   in   Jigs   and    Fixtures.     H.    W. 

Jespersen     337 

Locating  Work  for  Boring.     Arthur  W.  Suiter..  715 
I.ocator  for  Holes  to  be  Bored  or  Drilled.     Leroy 

M.   Curry 339 

Lock    for   Slip   Bushings.      W.    Burr   Bennett....     60 

Lock,     "Loxon"     Nut 6.33 

Lock   Making,    Notes  on 737 

Lock-nut,      Roller 737 

Lock,    Spring    Nut 860 

Locomotive  Boxes.   Shaping  Machine  for 641 

Locomotive-cylinder    and    Valve-chamber    Boring 

Machine  736 

Lodge    &    Shipley    Machine    Tool    Co.: 

Retirement    of    Mr.    Shipley 1118 

Lodge,   William,   Obituary  of 036 

Logarithm    of    0 344 

Logarithms,    Addition  and  Subtraction  witb....  487 

Logarithms,    Hyperbolic 912 

Logarithms,    Positive    Characteristics   of 252 

Logarithms    to    the    Toolmaker,    Value    of.      Guy 

H.   Gardner 61 

Logarithmic   Graduation,    Construction   for 428 

Logemann    Bros. : 

Hydraulic    Baling   Press   for   Scrap   Metal 546 

Ijombard    Governor    Co.: 

Warren    Hydraulic    Lathe 266 

Long,   Joseph   K. ,   Personal  of 450 

Loose,   Preventing  Nuts  Jarring.     J.   B.  Murphy  619 


I.oshbough-Jardan   Tool   &   Machine   Co.: 

Inclinable   Power   Press 930 

Loss,    Stopping    a    Shop.      Charles   C.    Lynde .'.'.' ."  8tt5 

"I.fl-8wing"    Lathe,    Fitchburg    8-inch 170 

I.othrop  Jr.,   C.   L. : 

Improved    Shear-pin    Design 409 

"Ixj-Ton"    Nut   Lock "  633 

Loyalty.     J.   P.   Brophy !!!!!!!!!!!!!!!  700 

I.'iyalty    of    Employers   and    Employes.      A.    W. 

I-'orbes     goj 

Loyalty   of   Employers  and   Employes.     Douglas 

T.  Hamilton  802 

Loyalty    of    Employers    and    Employes."    C.'g. 

Williams      ; «yo 

Lubricant.    Knowledge    of    Action    of    Metal-cut- 
ting Tools   and   Work   Done   by   Cutting 965 

Lubricant    Pumps,     Interstate 726 

Lubricants,    Press-room.      G.    R.    Smith..!.!!!.   l.'H 
Lubricating     and     Cooling     Cutting     Tools..!.!!  392 
Lubricating  Machine  Tools,   Rotary  Pump  for..  861 
Lubrication     of     Cutting     Tools.       Edward     K. 
Hammond: 

1     373 

2     490 

3     593 

4     701 

Lubrication    of     Cutting     Tools — Correction 837 

Lubrication  of  Poppet  Valve  Superheated  Steam 

Engine    291 

Lucas,    Chester   L. : 

Successful    Shrapnel    Manufacture 571 

Reclamation    of   High-speed   Steel 749 

Machining    9.2-inch    High-explosive    Howitzer 
Shells    898 

Luchars,    Alexander: 

Notes    on    the    Machinery    Industry    in    Great 

Britain      51 

Notes    on     the    Machinery    Industry    on     the 

Continent     129 

Notes   on   the  Machinery    Industry  in   Europe.  229 

An   Economic  Alliance  of  Nations 678 

High-water    Mark    for    Machine    Tools 884 

Luchars.    Robert    B.,    Personal    of 936 

Luck,    Gus: 
Laying  out  Chords  of  Circles 364 

Lumen    Bearing    Co. : 

Tool-holder      83 

Luster-Jordan   Co. : 
Automatic   Profile   Shaper 721 

Lynde,    Charles    C. : 

Setting    up    Heavy   Machinery 711 

Stopping    a    Shop   Loss 865 

Mc 

McClellon,   James  M. : 

Bulging    Seamless   Steel   Tubing 15 

McCuUoch    Machine    Co.,    A.    P.: 

Compound     Bench     Plates 930 

McDade,    J.    W.: 

Counting  Number  of  Pieces  in  a  Pile 713 

McGauley,    John    J. : 

Improved     Form     of     Oil-cup 1100 

McGraw-Hill      Publishing      Co.,       Consolidation 

Known    as 710 

Mclntyre,    James: 

Key    Ring   for   Holding    Feelers 430 

Holding  Steel  Pieces  Togetlier  when  Sweating.  517 

An  Emergency  Straightedge 520 

Comb    for    Drawing    Threads 1003 

McKenua    Bros. : 

Latrobe    High-speed    Drills 927 

McKinney    Robert    C,    Obituary    of 278 

McKnight    &   Sons: 

Machining     Operations    on     Russian     Military 

Rifle    Stock    ISO 

McMinn,   R.   H.: 

Origination  versus  Imitation  in  Design 207 

M 

Macewan,    T.    S. : 

Special-purpose  Lathe  with  Ball-bearing  Spin- 
dle      1069 

Machine    Design,    Use   of   Diagrams   in.     J.    W. 

Wunsch    781 

Machine   Hour   Rates.     C.   C.    Gray    678 

Machine  Parts,   Hand  of 810 

Machine    Tool    Building    Chart 141 

Machine   Tool    Prices,    Trend   of 392 

Machine     Tool     Repairs 766 

Machine   Tool   Testing   Equipment 930 

Machine    Tool,     Universal 83 

Machine    Tools,    Deliveries    of 578 

Machine  Tools  for  Stock,  Building 298 

Machine    Tools,    High-water    Mark    for.      Alex- 
ander   Luchars     884 

Machine  Tools  Sold  Abroad,   Repair  Parts  for. .  470 

Machine    Tools    with    New,    Replacing    Old 1038 

Machines   for  Different   Operations,    Using.      W. 

D.    Forbes 738 

Machines    for    Making    Fuse    Parts,    Special....     65 
Machinery,    British    Clearing-house    for    Tracing 

and     Registering    Idle 513 

Machinery    Construction,     Babbitted 235 

Machinery   Corporation,    New   Russian 744 

Machinery,    Defective.      Chesla    0.    Sherlock 765 

Machinery  Export?     After  the  War — What  of.. 1088 

Machinery    in    Warfare 760 

Machinery  Industry  on  the  Continent,   Notes  on 

the.      Alexander    Luchars 129 

Machinery    Industry    in    Europe,    Notes   on    the. 

Alexander  Luchars  229 

Machinery  Industry   in   Great  Britain,   Notes  on 

the.      Alexander    Luchars    51 

Machinery    Photographically,     Making     Phantom 

Views    of 124 

Machinery    Pound    Prices.      A.    B.    Hazzard 37 

Machinery,     Setting     up     Heavy.       Charles     C. 

Lynde      711 

Machinery,    Short  Time   for 126 

M.vCHiNEEY's  Handbook,  Thumb  Index  for.     Earl 

W.    Peterson    56 

M.vcHiXERT's  Index   to  Volume  22 23.'? 


MAciiiNKiiv's  Mutlon  Picture  on  Its  TiiivelH 1030 

MiK'liiiiiiiK    u    Bull    and    Socket    Joint.      OlicBtcr 

S.    Uleker    2:t 

Miu'lilnins  n   Sprinkler  Hend.     John  J.    Burkrn- 

hiigon    768 

Mnchlning  an  Automatic  Sprinkler  Head 41) 

Machining    Malleable    Iron   Tarts,    Casting    and. 

II.    W.   Johnsun 230 

Machining      0.2-lncli      HIgh-exploslvo      Howitzer 

Shells.     Chester  I-.   I.ucas  and  Victor   llrook..   898 
Machining   In  Production  Quantities  Multl-.     A. 

E.     Carle 988 

Machining  Operations  on  Russian  Military   Kitic 

Stock     181 

Machinist  In  Relation  to  Modern  Manufacturing', 

The.     H.   W.  Johnson 752 

Machinists'  Trade  In  Six   Easy  Lessons!     Learn- 
ing    the 60 

Machol,    Morris    R.,    Personal    of 1086 

Macleod  Co.: 

Buckeye   Portable   File  Sbar|>enlng   Machine..  687 

Magazines,    Rolling 230 

Magna    Machine    Co.: 

Turret     Toolpost 1017 

Magnetic    Chuck,    see    Chuck. 

MagnetUiDg    Pieces    that    are    to    be    Sweated. 

Guy    H.    Gardner 1002 

Magnifying   Eyeglasses.     Guy   H.   Gardner 248 

Magnifying    Glasses,    To    Prevent    Breaking    of 

Vulcanite-mounted.      R.    C.    Scholz 1103 

Makers?      What    Is    the   matter    with    the    Muni- 
tions.     Fred   U.    Bogart 330 

Malleable    Iron    Parts,    Casting    and    Machining. 

n.    W.    Johnson 230 

Mandrels,    Use    and    Abuse   of   Expansion 712 

Manganese   Ore   to   the   United   States,    Increase 

In    Brazilian    Exports    of 830 

Manhattan  Machine  &  Tool  Works: 

Screw    Press    for   Testing   Punch    and    Die....  447 

Surface    Grinder     922 

Manitoba    Shell    Co.: 

Semi-automatic   Shell   Making   Machines 258 

Mann   Corporation: 

Continuous    Milling   Attachment 1031 

Manufacture,    Changes    in.      Eric    Lee 1014 

Manufactures  in   the  United  States,   Census  of.     17 

Manufactures,     Japan's 915 

Manufacturers    Equipment    Co. : 

Three-Jaw    Air    Chuck 732 

Manufacturers  to  Locate  In  New  York   City  or 

Vicinity,     Aiding     971 

Manufacturing     Methods 1069 

Manufacturing    Principles 864 

Marine    Engineers    Needed 1033 

Marine   Oil   Engines,   Price  of 593 

Market,    A     "Protected"    Labor 795 

Marking    Fluid,    "Nasitra" 274 

Marking   Machine,    Martin   Hand 271 

Marlotte,    John    H.,    Personal   of 844 

Martell,    A.    E.,    Personal   of 1036 

Martin    Machine    Co. : 

Hand    Marking    Machine 271 

Duplex    Drilling    Machine 930 

Mason,    Thomas: 

Straightening  Heavy  Shafts  with  Cold  Water.   15T 

Master    Catalogue,    The 739 

Master    Machine    Works: 

12-inch    Engine    Lathe 541 

Light  Tool-room  Lathe 547 

Master    Mechanics'    and    Master    Car    Builders' 

Conventions   Postponed 932 

"Materialized"   Tables.     G.    G.    Stevenson......  245 

Materials  and  Tools  in  Sweden,   Scarcity  of 301 

Mathematics,   Importance  of  Study  of  Shop....  1058 

Mather.    H.    C,    Obituary    of 1126 

Maxwell,    Maxwell    0.,    Personal    of 844 

Mayoh,    Frank    H. : 

Wire   Straighteners    916 

Meadwell,  W.  E. : 

Proportional  Measuring  and  Calculating  Scale  358 

Measuring    Angles 158 

Measuring     Dovetail    Slides 1106 

Measurements,    Micrometer.      J.    D.    Cox 427 

Mechanical  Development  Co. : 

Lathe    Accessories    930 

Mechanical  Engineer,  Civil  Service  Examinations 

for   an   Electrical   and 251 

Mechanical  Work,   Specializing  in .". .  864 

Medina    Machine    Co.: 

Drilling    and   Spacing   Machines 722 

Melting  Copper  in  an  Iron  Cupola 1105 

Men,  The  Need  of  Skilled 16 

Menkln,    B.: 

Return    Mechanism    447 

Mensuration,    Problem    in 487 

Mensuration,  Problem  in 807 

Mensuration,    Problem    in.      P.    B.    Fuller 806 

Merchant's   Association  of   New   York 971 

Meredith,   Mark: 

Common   Salt   for   Preserving   Wood 686 

Protective    Electroplating     906 

Meriden  Machine  Tool  Co.: 

Sensitive    Tapping    Machine 827 

Merriam,   E.   B.,   Personal  of 652 

Merriam,    P.    E. : 

Inspecting  Forgings  for  High-explosive  Shells  815 
Mershon    &    Co.,    William    B.: 

Pneumatic     Portable     Grinder 360 

Mesta   Machine   Co.: 

Herringbone   Gear  Planer 255 

Metal    Former,    Wire    and 836 

Metal   Prices,    Effect   of   the   War   on 362 

Metal   Sawing,    Rapid 795 

Metal,    Substitute    for    Babbitt 614 

Metal   Testing   Machine.    Erlchsen   Sheet 641 

Metals    and    Alloys    Investigation 779 

Metals,   Corrosion  of.     W.   H.   Dooley 645 

Metals,     Mechanical    Deformations    in.       B.     D. 

Ballantine      676 

Metals,    The   Decay   of 181 

Metallic    Tubing,     Titeflez 830 

Uetalwood   Mfg.    Co.: 
Shell   Banding   Presses 82 


Correction   to  Shell   Handing   Presses 171) 

Pilot-operated    Valve 360 

Hydro-mechanical    Rim    Shrlnker 440 

Stralghtcnlug    Press    1111 

Hydro-pneumatic    Press    1117 

Meter,    Volume   of   Gas   Space   In   Wet    Gas 710 

Meters,    Watching    the 221 

Metric    Association,    American 710 

Metric    Drill   Sizes,    English   and 860 

Metric  Pitch  Worm,   Cutting  a.     Guy   U.   Gard- 
ner        800 

.Metric    System    Adopted    liy    the    National    Ad- 
visory  Committee    for   Aeronautics,    The 771 

Metric   System   In   Great    Britain,   The 83!) 

Metric   System   in   Great   Britain,    The 854 

Metric  System  in  Great  Britain,  Proposal  for. .  857 
Metric  Threads,  Deteiniining  Tap  Drill  Sizes  for  318 
Metz    Maclilne    Works,    Peter    J.: 

Tool  and  Surface  Grinder 639 

Metzger,    L.    H.:    Personal    of 930 

Metzler,    Frank: 

Industrial    Efficiency 471 

Cutting     Threads 519 

Meyncke,   George  M.: 

Simplified    Change-gear   Calculations 772 

Meyncke,    George    M.,    Personal    of 650 

Micrometer  Accessories,   Handy.     A.  H.   Cleaves  905 

Micrometer    Gage,    Inside.      H.    E.    Goodger 998 

Micrometer  Index,  Brown  &  Sharpe 444 

Micrometer    Measurements.      J.    D.    Cox 427 

Micrometer   Taper    Caliper   Attachment.      L.    B. 

Harrison     428 

Middlesex  Machine  Works; 

"Connecticut"    Universal    Grinder 821 

Midnight    Lamp,"     "College    of    the.      Guy    H. 

Gardner-    1118 

Mill   Drives,    Extensible  Coupling   for 180 

Mill,    Large    Rolling 301 

Miller,   American   Ammunition   Co.'s  Thread 733 

Miller,    E.   W. : 

Theory  of  Enlarged  Herringbone  Pinions 401 

Miller   -with    Oscillating    Head 737 

Millers,    Cincinnati    Automatic    Bed-type 547 

Millers,     Internal    Thread 180 

Millers,    Shell   Plug   and   Socket 180 

Milling  and  Drilling  Machine,  Landis  Floor-type 

Boring     628 

Milling    and     Grinding 1048 

Milling   and   Grinding   Attachment,    Lathe 27.^ 

Milling    and     Profiling     Machine,     Bickett 635 

Milling   Attachment,    Adams   Clutch 927 

Milling  Attachment,   Continuous 1031 

Milling     Attachment,     Spline 1117 

Milling  Attachment,  Trunnion  Drill  Jig  with...  127 
Milling  Attachment,   Valley  City  Semi-universal  174 

Milling    Cutter,    Form   or   Formed 252 

.Milling    Cutter,    Side.      F.    Server 428 

Milling  Cutters,  Direction  of  Spiral  of  End 810 

Milling   Cutters,   Multiple   Keyways   in.     M.    E. 

Canek      716 

.Milling    Double-angle    Clutch    Teeth.      D.    Petri- 

Palmedo     58 

Milling,     Finishing    Handwheels    by 224 

Milling  Fixture,  Double  Keyway.     W.  R.  Stults.1104 

Milling    Fixture    for    Shells,    Thread 1031 

Milling  Flat  Cam,  Fixture  for  Form.  F.  Server  840 
Milling    Gear    Teeth,    Travel    of    Cutter    when. 

Percy   W.    Frampton 997 

Milling    Machine,     Conradson    Plain 627 

Milling  Machine,   Cutting  a   Semi-steel  Gear  on 

a     163 

Milling  Machine,  Davis  Multiple-spindle  Duplex.  527 

Milling    Machine,     Hand 641 

Milling    Machine,    Moline    Thread 834 

Milling    Machine,    Newton    Duplex 635 

Milling  Machine,   Newton  Multiple-spindle 924 

Milling    Machine,    Semi-automatic    Thread 547 

Milling  Machine,   Standard  Fuse  Base 530 

Milling   Machine,    Superior   Motor-driven 1029 

Milling  Machine,  Thomson  Thread 635 

Milling    Machine,     Two-spindle 1117 

Milling  Machines,   Vise  Stop  for.     V.  G.  Terry. 1001 

Milling   Oil   Grooves.      Robert  Morris 895 

Milling  Spirals,   Setting  an  Angular  Cutter  for. 

Stanley     Edwards 1104 

Milling  the  Tapering  Sides  of  a  Bayonet 808 

Milling,     Thread 128 

Millholland   Machine   Co.,    W.    K. : 

Box-tool      930 

Millholland,    W.    K.,    Obituary   of 368 

Milliken   Machine  Works: 

Universal    Turret    Table 641 

Millimeter  Diameters  into  Square  Inches,  Table 

Converting.      A.    Lane 668 

Minster  Machine  Co.: 

"Hi-duty"    Drilling    Machine 355 

Misunderstandings    in    Job    Work 470 

Miter    Joint,    Laying    out    a    Hopper.      Guy    H. 

Gardner    801 

Mixed  Number  by  2,  To  Divide  a.  A.  Steinicke  156 
Moccasin    Bushing   Co. : 

Self-oiling    Bushing 823 

Model  Tool  &  Gage  Co.: 

Sine   Bar    274 

Molding    Material,    Electrically    Heated    Presses 

for     838 

Moline   Tool   Co.: 

Traversing-head   Drilling   Machine 265 

Duplex    Drilling    Machine 266 

Thread    Milling    Machine 834 

Molybdenum      895 

Molybdenum    and   Its   Use    in   Steel 688 

Molybdenum    Deposits,     Norway 648 

Moment    of    Inertia 63 

Moment  of  Inertia   of  a    Rectangle 846 

Monel    Metal,     Machining 845 

Monument,    The   John    Ericsson 742 

Monument    to    John    Ericsson 181 

Moody,    Major    Fred    H.,    Personal   of 1036 

Moore,     Edward    N. : 

Lathe    Milling    and    Grinding    Attachment....  276 

Moore,   M.   M.,   Personal   of 1036 

Moore    &   White   Co.: 

10 


High-speed    Friction    Clutch 849 

Morgan    Engineering    Co. : 

Forging    Press 980 

.Morris   Machine   Tool   Co. : 

22-Inch     Lathe 177 

Uadlal     Drilling     Machine 441 

Miirrls,    Robert: 

.Machining     Transmission     Cases    on     Vertical 
Boring     Machine     808 

Thread  Cutting  on  Old  Horizontal  Boriim  Ma- 
chine       871 

Milling     Oil     Grooves 895 

Making   a    One-piece    Brass   Door   Knob 905 

.Morrow,    L.    C. : 

Testing    Special    Shell-boring    Lathes 88 

Moss-Oehs   Co.: 

Radius     Gage     1031 

Motion,    Illustration   of   the   First  Law  of 253 

.Motion    Machine,    Perpetual 489 

.Motion   Picture  on   Its  Travels,    Machineiiv's.  .  .1030 
Motion      Pictures,      Industrial      Application      of. 

Ernest   A.   Dench    133 

Motion    Pictures,     Machining    9.2-inch    Uigh-ex- 

ploslve    Howitzer    Shells    Shown    in.      Chester 

L.   Lucas  and   Victor   Brook 898 

Motion    Study    Watch,    Sllberberg 736 

Motor    Cars,    Parking    Space    for 10 

Motor    Controller,    Machine    Tool 647 

Motor-driven    Screw     Machine,     Cleveland     Full 

Automatic      73 

Motor,     Huge     Reversing 653 

Motor    Mixtures,     Germany's 467 

Motor,     Reliance    Electric ...1024 

Motor    Reversal,    Guard    to   Prevent 861 

Motor    Shaft,     Emery    Wheel    on.       James     F. 

Hobart     1000 

Motor   Valve   Sleeve   Multiple   Drilling  Machine, 

Langelier     81 

Motor     Valves,     Reseating     Gasoline.       H.     W. 

Ricks     .17 

Motor,    Westinghouse    Grinder 629 

Motors,  Advantage  of  Ball  Bearings  for  Electric  153 
Motors,    Liquid    Rheostatic    Control    for    A.    C. 

Wound    Rotor    270 

Motors,    Reversing   Planer.      C.    C.    Gray 221 

Motors,    Westinghouse    Automatic    Starters    for 

Induction     1114 

Motorized    Field    Battery,    U.    S.    Army 1033 

Mountain     Formation 988 

Moving   Pictures,    see   also   Motion   Pictures. 

Moving    Pictures,     Colored 645 

MuUiner   Machine   Tool   Co.: 

Engine     Lathe     267 

Multi-machining    in   Production    Quantities.      A. 

E.    Carle    989 

Multiple  Tools  for  the  Lathe.  Henry  M.  Wood  506 
Multiplication,     Methods    of    Checking.      J.     R. 

Ackoy     ^ 

Multiplication,    "Russian"   Method   of.     Stanley 

Edwards    ^21 

Munition    Experts   Appointed 737 

Munition    Factories,    Hours   Fatigue    and    Health 

in   British    897 

Munitions    Board,    Frank   A.   Scott,    Chairman..  841 

Munitions,    Exports    of 779 

Munitions   Makers?     What   is   the   Matter   with 

the.      Fred  H.   Bogart    330 

Munitions    Parts    Assembling    Machines 179 

Munitions  Resolutions  Adopted  by  the  American 

Society   of   Mechanical   Engineers    1014 

Munitions    Workers,    Women    War 915 

Munning-Loeb    Co.: 

Balancing  Washer   1'9 

Brodcrick    Cleaning    and    Plating    Machine..  450 
Murphy,    H.    D.: 

Keeping   Track   of   Patterns 515 

Murphy,   J.   B.: 

"Lapping"    Threads    with    Acid 433 

Removing    and    Applying    Tight    Nuts 517 

Preventing    Nuts    Jarring    Loose 619 

Muzzling  Machine,  Anderson  Die 539 

Myers,    John   S. : 

Efficiency  of   Forward  and   Reverse  Drives...  983 

Strength  of  a  Jib  Crane 1005 

Toggle     Friction     Clutch 1108 

N 

Nail    Machines,    Wire 1118 

"Namco"     Collapsing    Tap 442 

"Nasitra"    Marking    Fluid 274 

"Natco"    Straight-line   Drilling   Machines 540 

Nations,    An   Economic   Alliance   of.     Alexander 

Luchars     • 876 

National   Acme   Co.: 

Increase   of   Capital   Stock 363 

"Namco"     Collapsing    Tap .442 

Gridley   Automatic   Turret  Lathe 782 

Gridley  Multiple-spindle  Automatic  Screw  Ma- 
chines: 

1         853 

2     973 

Gridley    Turret    Lathe    Equipment 1062 

National    Automatic    Tool    Co.: 

"Natco"    Straight-line   Drilling    Machines 640 

National    Clutch    Co.: 

Friction    Clutch     631 

National   Lathe   Co.: 

Lathes      1010 

National    Machine    Co.: 

"Hartford"    Surface   Grinder 1023 

National     Machine    Tool     Builders'     Association 

Convention      261 

National    Machine    Tool    Builders'    Association, 

Spring    Convention    of 038 

National  Metal  Trades  Association's  Convention  837 
National   Motor   Supply  Co.: 

Air    Compressor     y30 

"National"   Pipe,  Torsional  Test  of 837 

National  Safety  Council,  Fifth  Annual  Con- 
gress    of 181 

National   Scale   Co.: 

Sectional    Steel    Shelving 736 

Calling    System 827 


Near,   N.   Q. : 

Chart    for    Selecting    Rawhide    Pinions 223 

The    "Pushing    Stiolie" 431 

Handy     Chart     for     Determining     Volume     of 

Sphere     809 

Chart    for     Power    Transmitted    by    Leather 

Belts     10fl9 

Needles  Used  as  Divider  Points,  Victor  Talking 

Machine.       Fred    C.     Latimer 342 

Nelson-Blank  Mfg.   Co.: 

Multiple-spindle    Drilling    Heads 300 

Multiple    Drill     Head 1031 

Nelson,    J.    A.,    Personal    of 650 

Neupauer,    John: 

Chamfering  Pins  in  Automatic  Screw  Machine  717 

Newark's  Commercial   Importance 132 

New   Britain    Machine   Co.: 

Stacking    Tote    Boxes 269 

New   England   Westinghouse   Co. : 

Eifle  Barrel  Drilling  and  Reaming  Machines..  263 
New    Jersey    Machinery    Exchange: 

"Production"    Hand   Surface   Grinder 169 

New,    Replacing   Old   Machine  Tools   with 1058 

New    York    City    or    Vicinity,    Aiding    Manufac- 
turers  to    Ivocate   in 971 

New   York    Revolving   Portable   Elevator   Co.: 

Portable    Elevator    930 

Newman,    Edward: 
Machining  Rifle  Parts  in  the  Automatic  Screw 

Machine     801 

Newton  Machine   Tool   Works,   Inc.: 

Cold    Saw 275 

Horizontal    Rail    Drilling    Machine 275 

Four-spindle     Boring     Machine 445 

Duplex   Milling   Machine 635 

Shaping  Machine  for  Locomotive  Boxes 641 

Locomotive-cylinder  and  Valve-chamber  Boring 

macljine     736 

Multiple-spindle  Milling  Machine 924 

Two-spindle  Milling  Machine 1117 

Cold    Saw 1117 

Nichrome,   Industrial  Applications  of.     Franklin 

D.     Jones i 902 

Niles    Tool    Works    Co.: 

Car    Wheel    Lathe 88 

Noble  &  Westbrook  Mfg.  Co.: 

Filing    Machine 532 

Polishing   and   Buffing  Loathe 836 

Wet   Tool    Grinder 923 

North   Side   Tool   Works: 

Universal   Amplifying   Gage 919 

Norway     Molybdenum     Deposits 648 

Noses,    Polishing   Fixture   for  Shell 160 

Notched     Hammer    Handles 764 

Nothing,     Something    from 1004 

Nozzle,     Sandblast 179 

Number  of  Pieces  in  a  Pile,   Counting.     J.   W. 

McDade    '^13 

Numbers   on   Twist   Drills,    Placing.      Harry   B. 

StlUman     806 

Nut,  Drake  Lock- 442 

Nut    Lock,     "Loxon" 633 

Nut     Lock,     Spring 360 

Nut,    Roller   Lock- 737 

Nuts  Jarring  Loose,   Preventing.     J.   B.   Murphy  619 

Nuts  on   Feed-screws,   Casting   Brass 162 

Nuts   on    Feed-screws,    Casting   Brass 343 

Nuts,    Removing    and    Applying    Tight.      J.    B. 

Murphy     51'^ 

Nuts.    Weight   of    Iron   Bolts   and.      George   W. 
Childs     988 

0 

Oakley    Machine    Tool    Co.: 

Cutter    and   Tool    Grinder 1026 

Octagonal,     Making     Square     Stock.       Guy     H. 

Gardner     1097 

Offset  of  Saddle-pin  of  Stephenson  Link  Motion  625 

Oil   as  Fuel,   Use  of.     J.  V.   Hunter 887 

Oil-cup,  Improved  Form  of.     John  J.  McGaulcy.llOO 

Oil    Engines,    Price   of   Marine 593 

Oil    Film   on    Frictional    Resistance   of   Bearing, 

Effect  -of 154 

Oil-groove   Cutting   Tool.     Adalbert   O.   Alexay. .   160 

Oil   Grooves,   Milling.      Robert  Morris 895 

Oil-grooving  Gear  Shaper  Saddles  and  Upper  In- 
dex  Wheels.     John   G.    Brueggeman 476 

Oil    on    Machine   Shop    Floors,    How   to   Prevent 

Accumulation     of 1004 

Oil.     Solidified 7.'?6 

Oil-tube  Drill,   Lincoln- Williams 821 

Oilstone     Grinder 274 

Old   Machine  Tools  with   New,    Replacing 1058 

Oliver,   G.   F.,   Personal  of 278 

Oliver    Instrument    Co.: 

Sawing,    Filing   and    Lapping   Machine 265 

Sawing,    Filing   and   Lapping   Machine 733 

Oliver  Machinery  Co.: 

Engine     Lathe 88 

Engine     Lathe 180 

Oilstone     Grinder 274 

Lathes     528 

Turret   Lathe 930 

Olsen,    B.: 

Cold-rolled    Steel    Shafting 716 

Olson   Machine   Co.,    T.    C: 

Cylinder  Grinding  Machine 785 

O'Neill,    M.    J.: 

War  Revenue  and  Second-class  Postage  Rates  931 
Operations,    Using   Machines   for  Different.     W. 

D.    Forbes 788 

Optical   Pyrometer,    Leeds   &   Northrup 1109 

Optical    Pyrometer,    Wedge 652 

Orchard,    Thomas: 

Self-locating    Hook    Bolt 617 

Organization,    Building    up    an 470 

Origination  versus  Imitation  in  Design.     R.   H. 

McMinn    207 

Origination  versus  Imitation  in  Design,     Charles 

P.    Wiweke    519 

Ornamental    Machine    Scraping    or    Frosting 577 


Ott   Grinder   Co.: 

Plain    Grinding    Machine 176 

No.    1   Universal   Grinder 272 

Cross-feed   Mechanism   for   Grinder 1110 

Manufacture    of    Grinding    Machine 1124 

Oven     Heater,      Westinghouse mi 

Overload    Relay,    G.    E.    Timi-limit 267 

Ownership  Does  not  Pay?     Public 550 

Oxy-aeetylene   Welders,    Training   War    Invalids 

in    Germany    as 881 

Oxygen     Explosions,     Industrial.       Edward     K. 
'Hammond     , 1070 

Paint    Gun,     "Spraco" 79 

Painting    Castings    before    Machining.  "  Donald 

Hampson     gj^j 

Painting   Machine,    Rotary   Shell. ..'.'.'.'.'.'.".'.'  526 

Palmer,   S.   W.:  

Press-room     Boxes 513 

Die     for     Assembling     Ash-pan     Handles     and 
Bodies     oqj. 

Simple    Drill    Chuck ■■..'...'............]  1002 

Making    Blueprints    without    a    Tracing.! 1003 

Panama      Canal,      The      Uyuni-Tupiza      Railway 

Rivaling    the 84j 

Paper  Belting  in  Austria-Hungary, '  Use  of !!! !  813 
Parallel  Strips,  Grinding  Narrow.  A.  Grinder  159 
Parallel    Strips,    Grinding    Narrow.      R.    Drew, 

Jr 431 

Parallels,     Increasing    the    Use    of    Adjustable. 

Harry    P.    Simmons 904 

Parker,   Gorham   C,   Personal  of 558 

Parker  Mfg.   Co.: 

Drill    Chuck 726 

Parker    Rust-Proof    Co.,    Detroit    Plant    of 744 

Parking    Space    for    Motor    Cars 10 

Parol  Contracts  in  the  Shop.     Eric  Lee 228 

Parrott,   L.   C,    Per.sonal  of 558 

Paste,     Ferro    Brazing •  . . .  443 

Patent,    German   Letters 1069 

Patent   Litigation, 'The   Stumpf   Uniflow   Engine  865 

Patterns,  Keeping  Track  of.     H.  D.  Murphy 515 

Paulus,    H.    L.,    Personal    of 1126 

Pearcc,    George    P. : 

Storage    of    Energy 238 

Heat     Density 471 

Liquid    Fuels    for    Heating    Furnaces 615 

Peaucellier's    Compound    Compass 162 

Pedrick  Tool  &  Machine   Co.: 

Tube    Boring    and    Facing    Machine 439 

Horizontal     Boring    Machine 537 

Column    Boring    Machine 831 

Peerless  Machine  Co.: 

Cutting-off    Saw 830 

Peik,   L.   D. : 

Billet    Turning    Device 910 

Peirce,    Jr.,    Edwin   J.,    Personal   of 936 

Pencils,    "Made-in-Ameriea"   Drawing.     William 

Philip      156 

Penciling    Drawings.      Ralph    R.    Weddell 999 

Pennsylvania    Railroad,    Color   Signals 1121 

Percentages,    The   Matter   of 162 

Percy,    E.   N. : 

Effect  of  Temperature  on  Structural  Materials  594 
Peripheral  Speeds  to  Spindle  Pulleys  in  Grind- 
ing, Relation  of.     Robert  J.  Spence 516 

Perpetual   Motion   Machine 489 

Perry,   Fred,   J. : 

Progressive   Fraction   Adder 971 

Perspective  Drawings.     B.   E.   Barnes 712 

Peterson,    Earl    W.: 

Thumb  Index   for  Machinery's  Handbook 56 

Petri-Palmedo,    D. : 

Milling    Double-angle    Clutch    Teeth 58 

Petroleum   in   the   United  States,   Crude 579 

Phantom   Views  of  Machinery  Photographically, 

Making     124 

Philip,    William: 

Legal     Holidays 46 

"Made-in-America"    Drawing    Pencils 156 

Floor  Plans   in   Machine   Catalogues 251 

Phoenix   Mfg.   Co.: 

Geared-head     Lathe 85 

Special    Gear-hobbing    Machine 839 

Relieving   Attachment  for  Lathe 1118 

Phonograph  Records  for  Making  Erasures,  Using 

Wax    of    Old 224 

Photographically,     Making    Phantom    Views    of 

Machinery      124 

Pickling  Metal  Goods,  Machine  for  Washing  and  546 
Pierce   Machine  Tool  Co.: 

Adjustable    Boring    Tool 353 

Piercing     Die,     Combined     Blanking,     Drawing, 

Forming    and.      W.    L.    Jones 158 

Pigeon    English,    Translator's 10 

Pin    Machine,    Detroit    Automatic 1023 

Pins,   Making  Chamfered.     Harry  G.   Brown 906 

Pinion,    Large    Noiseless 450 

Pinions,    Chart    for   Selecting    Rawhide.      N.    G. 

Near    : 223 

Pinions  in  Clocks,  Lantern.  Guy  H.  Gardner..  475 
Pinions,      Theory      of      Enlarged      Herringbone. 

Arthur     Brown     717 

Pioneer    Dustless    Disk    Co.: 

Disk     Grinder 275 

Pipe   and   Tube    Industry,    Growth   of   Steel 237 

Pipe,   Centrifugal  Machine  for  Casting  Iron....  476 

Pipe,     Collapsing     Pressure     of 62 

Pipe,   Discharge  of  Water  through 254 

Pipe   Gage,    Convenient.     B.   Francis  Dashlell..     61 

Pipe,    Straightening 434 

Pipe-threading    Machine 836 

Pipe,    Torsional    Test    of    "National" 837 

Piston  Construction,  Babbitted.  R.  B.  Spencer  430 
Piston    Rings,    Assembling    Gas-engine.      H.    W. 

Johnson    908 

Piston   Rings,   Making.      B.   T.    Hawley 760 

Piston-rod,    Centering   Sleeve   for 1100 

Pitch    of    a    Rack,    To    Find    the.      Donald    A. 

Hampson     480 

U 


Pitch   Thread   with    a   30-pltch   Chaser,   Chasing 

a  100-.     Eric  Lee 806 

Pitch  Worm,   Cutting  a  Metric.     Guy  H.  Gard- 
ner   800 

Pittsburg    Machine   Tool    Co.: 

Geared-head     Lathe loiS 

Pivot   Drills.      Guy   H.    Gardner .^2 

Plane  Figure,  To  Find  Area  of  Any .'.....'.   164 

Planed    and    Bored    Crosshead    Guides 4:{4 

Planer  and  Shaper  Gage.     Frederick   W.  Snyder  338 

Planer    Belt    Shifter ^79 

Planer,   Bickett  Automatic  Gear  and  Hack!.     !  438 

Planer    Cincinnati ;,,_  .'   ms 

Planer,    Cincinnati    Gun    Barrel..!!.* 169 

Planer,    Jointer    and !!!! ,to 

Planer,     Keyseating     with     a     Smail'.'E'M 

Blakely     '         '  ,,. 

Planer,    Mesta    Herringbone    Gear 255 

Planer  Motors,    Reversing.     C.   C.   Gray  221 

Planer,     Patternmakers'     Bench !!!!!!       274 

Planer    Work,    Interchangeable !!!! 128 

Plank    Flexible   Shaft   Machine   Co.: 

Universal     Joint 53^ 

Plans    in   Machine   Catalogues,    Floor.   '  Wiiliam 

Philip     251 

Plant,   Reorganization  of  a   Run-down.     Edward 

K.    Hammond    ggg 

Plant,    United   States  Armor  Plate.!!!!!!!!  837 

Plants  in   regard   to  Cities,   Location  of!! 476 

Plate,    Strength   of   a    Ribbed !  620 

Plates,    Compound    Bench 930 

Plates,   T.   P.   WaUs  Surface !!!!!!!!'!'  »2» 

Plating   Machine,   Broderick   Cleaning   and 4,50 

Platinum   Deposits   of   the   World !!!         886 

Platinum    Substitute,    Rhotanium— a..    1096 

Platinum    Substitutes ! !  [ 222 

Platinum  Substitutes  for  Use  in  Chemicai  Work  118 
Plug    Inserting    Machine,    Zinc...  qiK 

Plug     Wrench f™ 

Pneumatic  Chucks,  Detroit ! 1017 

Pneumatic     Hammer 11,7 

Pohle,   R.   F. :  

Miscellaneous  Standardized  Parts  for  Jigs....  1056 

Spring   Winding   Tool 990 

"Points"    in    Steel,    Carbon 710 

Policy,   Cadillac   Motor  Car   Co.'s   New  "Employ- 
ment         "         ^         gg.j 

Polish,  Aluminum  CasUngs  that  Take  Hich  "  982 
Polishing    and    Buffing    Lathe  836 

Polishing    and    Buffing    Machine,    !iatomaVic!! ' '  737 

Polishing    Fixture    for    Shell    Noses I60 

Polishing   Lathe,    Hawes   Belt i«a 

Polishing    Machine !.!!!!!!!!!!  !lll7 

Polishing  Machine,  Automatic  Grinding  and  836 

Polishing    Stand,    Grinding    and 1117 

Polishing   Strap   Speeds !!!!""     23 

Polygons   in    Circles,    Inscribing...!!!!! 164 

Pomeroy,   Lewis  R.,   Obituary  of !!! 930 

Poppet   Valve   Superheated   Steam   Engine,   Lui> 

rication    of     091 

Portable  Tools  for  Lathe  Manufacture! "Edward 

K.   Hammond   ^g^ 

Portable  Tools  in  Manufacturin'g.'use'of 764 

Porter-Cable   Machine  Co.:  

Taper   Attachment 268 

Postage   Rates.   War  Revenue  and'second-claVs. 

M.     J.     O'Neill 001 

Potter,  F.  E.:  ""^ 

T,  ?.""  rP''"*^''   *°'   Quantity   Manufacture S09 

Potts,    H. : 

Potts"'!  'w"^**^*'   *°   ^"*   Coarse-pitch   Screws.. 1003 

Knife  Grinding  Fixture inoo 

Pottstown    Machine    Co.:  

Saylor  Shell  Washing  Machines.  724 

Lathes    -Sj 

Powell,    Henry    H.,    Personal    of!! 90 

Power   Developments,    Modern !!!!!!""  257 

Power  Transmitted  by  Leather  Belts,  Chart  for! 

N.    G.    Near logo 

Pratt   &   Whitney   Co.:  

Training    Apprentices 455 

Precision     Screws     for     Scientific     InstnimVnta', 

Making.      Edward    K.    Hammond 849 

Premiums,     Fire    Insurance ..'.'.'..*  470 

Prentiss,    Henry,    Personal   of ..'...".         1036 

Preparedness,   Industrial.     A.   B.   Hazzard!!  675 
Preparedness    vs.     Industrial    Progress,     Educa- 
tional.     W.    H.    Doollng 17 

Preserving     Wood,     Common    Salt    for.  "jiark 

Meredith    rga 

Press,    Air-operated   Arbor .'.'.'.*.'.'.*.'.'.'.'.' 275 

Press,    Arbor '.'.'.'.'.".'   360 

Press,     Enterprise    Punch !!!!!!!! 681 

Press  for  Scrap  Metal,   Hydraulic   Baling!!!! "  546 

Press   for  Testing  Punch   and   Die,   Screw 447 

Press,     Forging 939 

Press.     Forming 930 

Press,    Fox   Arbor ! ! ! ! !  !lll5 

Press,   Harris  Automatic   Multiple-plunger. !!!!!l020 

Press,    Hydraulic    Briquetting 157 

Press,    Hydraulic    Forming !!!l015 

Press,     Hydro-pneumatic !!!lll7 

Press,    Inclinable    Power !!!!!!!!  930 

Press  Operations,   Successive.     A.   Dane.!!!!!!'  805 

Press-room    Boxes.      S.    W.    Palmer !  BI8 

Press-room   Efficiency   Methods.     G.   R.   Smith!!  472 

Press-room    Lubricants.      G.    R.    Smith 154 

Press,     Southwark    Scrap    Reclaiming !!!!!  353 

Press,    Toggle   Drawing ! !  360 

Press   Tools,    Snap   Fastener.     Victor  Brook..!!  788 

Press,    Truck    Side-rail !  646 

Press,    Washer    Stamping !.!!!!!  360 

Presses,  Metalwood  Shell  Banding — CorVeVtion  179 
Presses     for      Molding      Material,      Electrically 

Heated    333 

Presses,  Metalwood  Shell  Banding..!!!!!!!!!!  82 
Presses,    Pumps    for    Operating    Hydraulic,  "a! 

Lewis    Jenkins    .1078 

Presses,   Rating  of  Punch ! ! ! 810 

Pressed    Steel    Cover,     Making    a.      Ernest "a 
Walters     '  999 


rrossod    Steel     Parts     llrcak     During    Mnuiifuc- 

turc.    Why.      Ernest    A.    Walters 870 

Presanre  of  Pipe.  CoUapsiug 02 

Pressure   oii  a   Sealo   Dar   480 

Pressure  on  n   Scale   Bar.     W.    U.    Sargent 711 

Pressure,    Volume  of  8tenm   at  n   Given 02 

"Preslwleli"    Fluid    Gace MO 

Prices,   Effect  of  the  War  on  Metal 302 

Prices,    Maehiuerj    Pound.      A.    B.    Hazzard....     37 

Prices,   Trend   of  Machine   Tool .192 

Prices,  Vicious  Circle  of  Rising... 2!)8 

Primitive    Tools.      Guy    H.    Garmicr 290 

Principles,     Manufacturing 804 

Problems,  Apprentices'  Shop.     John  Q.   Bruoggc- 

man     .135 

"Production"    Uand   Surface  Grinder 109 

Production,     Intensive     10 

"Production"   Tools,   Kelly 929 

Productive  Capacity  a  Measure  of  Value  of  an 

Industrial    Plant.      H.    L.    Cantt 742 

Profile  and  Indicating  Gugea.     Douglas  T.  Ham- 
ilton; 

1 208 

2 302 

Profile   Sbaper,    Jordon   Automatic 721 

Profiling    Attachment,    Automatic 631 

Profiling   Machine,    Bickett   Milling   and 635 

Profit-sharing  Plan,   Ford  Motor  Co.'s 897 

Progress    Mfg.    Co. : 

Spring    Tool-holder 822 

Proportional    Measuring    and    Calculating    Scale, 

Meadwell    358 

"Protected"    Labor    Market,    A 795 

Protector,    Handy    T-Square.      John    Burkam....  246 
Protractor,   That   T-square.      Itobert  Grimshaw..  428 

Public    Ownersliip    does    not    Pay? 550 

Publishing    Houses,    Consolidation    of 710 

Pulley   Axle,    Stress   on 254 

Pulley   Bore  Dimensions,   Fi.xing  Shaft,   Bearing 

and    488 

Pulley,     Press-room     Lineshaft     Idler 593 

Pulleys,    Centrifugal   Force   in 624 

Pulleys     Mounted     on     Center    Plugs,     Turning. 

H.     B.     Savage 158 

Pulleys    on    Lathes,    Position    of    Cone 717 

Pump  for  Lubricating  Machine  Tools,   Rotary..  361 

Pump,    Horizontal    Hydraulic 361 

Pump,    Lubricant 85 

Pumps    for    Operating    Hydraulic    Presses.      A. 

Lewis    Jenkins     1073 

Pumps,     Inter-state    Lubricant 726 

Punch   and   Die,    Screw   Press   for  Testing 447 

Punch    Grinding    Machine 553 

Punch,    Heavy-duty.      A.    E.    Sanford 430 

Punch,    Heavy-duty.      Robert    Grimshaw 713 

Punch,    Heavy-duty.      C.    G.    Williams 1102 

Punch     Press,     Enterprise 531 

Punch    Presses,    Rating    of 810 

Punch,    Sharp-point    Center.      E.    J.    Higgins. . .  .   620 
Punches  and  Dies,   Blanking  and  Folding.     Ern- 
est   A.    Walters    1098 

Punching   Machine,    Rail 179 

Purdy,   Charles  H.,    Personal  of 1126 

"Pushing   Stroke,"   The.      N.    G.    Near 431 

Putnam    Machine   Co.: 

Engine    Lathe    78 

42-inch   Engine  Lathe    .' 84 

Heavy-duty     Car-wheel     Grinder     534 

Car     Wheel     Grinder — Correction 641 

Pyromagnetic    Indicator     1117 

Pyromagnetic    Instrument    Co. : 

Pyromagnetic   Indicator    1117 

Pyrometer,     Critical    Point 447 

Pyrometer,    Hoskins    High-resistance 727 

Pyrometer,    Leeds    and    Northrup    Optical 1109 

Pyrometer,     Wedge    Optical 552 

Pyrometers   of   the   Past,    Present   and    Future.. 1047 

a 

Quadratic  Equations,   Solving  Affected 912 

Quality    Saw    &    Tool    Works: 

Metal-cutting    Band    Saw 360 

Quattrone,    F.,    Personal    of 930 

Quayle,    B.    A.,    Personal   of 278 

Quebec    Bridge    Disaster,    Second 124 

Queen    City    Machine    Tool    Co.: 

Shaper    ,.  922 

Quenching     Machine 275 

Quick    Action    Chuck    Co.: 

Drill     Chuck 930 

B 

Racjt     Construction,     Faulty     Gear     and.       Otto 

Abdt      711 

Rack  Planer,  Bickett  Automatic  Gear  and 438 

Rack,     To    Find    the    Pitch    of    a.       Donald    A. 

Hanipson      430 

Radcliffe,    W.    J.,    Personal    of 53S 

"Radical"    Automatic    Screw    Machines,    Manu- 
facturing   239 

Radius    Gage 1031 

Radius,   Given  the  Chord  and  Arc  to  Find  the..  719 

Radius    of    Circle,    Finding 811 

Radius    when    Chord    and    Length    of    Arc    are 

Given,    Formula    for 812 

Rail     Breaking    Machine 180 

Rail    Drilling    Machine,     Horizontal 275 

Rail  on  a   Railway  Curve,   Elevation  of  Outer. .  435 

Rail    Punching   Machine 179 

Rails,     Draw    Tools    for    Automatic    Side.      P. 

Baldus    220 

Railroads,   Effect  of  Automobile  Development  on 

the     675 

Railway    Equipment,    Needlessly    Heavy 244 

Railway     Rivaling     the     Panama     Canal,     The 

I'yuni-Tupiza    841 

Railways,     Statistics     of     Steam 222 

Rake    of    Shear    Blades 102 

Ralph,    John    J. : 

Inspecting    Lathes    7 

Ram   Engineering   Co.: 

Plain     Grinder     88 

Ram    Grinding    Machine .''iSl 

Ramsey,    Charles   C,    Obituary  of .560 


Itan.som   Mfg.   Co. : 

Motor-driven    (iriuder    85 

Rantsch,    Edward   J.: 

Stub-tooth    Bevel    Gearing    1101 

Kates,    High    Freight 744 

Kates,    Machine   Hour.      C.    C.    Gray 078 

Ratio   Between   Circumfereme   and   Diameter  of 

Circle      012 

Rawhide   Pinions,    Chart    for   Selecting.      N.    G. 

Near    228 

Ready  Tool   Co.: 

Electrically     Welded     Tools 273 

Reamer,     Cranlc-case 1031 

Reamer    Fluting.     Odd    or     Even 252 

Keamer    or    Core    Drill,    High-speed    Chucking. 

S.    B.    Welcome 342 

Reamer,    Skelton    Taper 1115 

Reamers  and  Taps,  Schoenert 1029 

Reamers,    Origin   of   Inserted-blade 487 

Reamers,    Taper    Macliine 1072 

Reaming    Madiines,    Wcstinghouse    Rifle    Barrel 

Drilling     and 263 

Reardon,  P.   H.,   Personal  of 278 

Recalescence   Point   Finder,    S.   A.    &   S 831 

Recessing  Tool.      H.    W.    Jcspersen 339 

Recessing     Tool     for     Horizontal     Boring     Mill. 

Otto    R.    Winter •. 58 

Reek,    S.    H..    Personal   "f 844 

Reclaiming    Machine,    Ityerson    Boiler    Tube 541 

Reclamation   of    High-speed    Steel.      Chester    L. 

Lucas     749 

Recoil  of  a   Gun,   The 436 

Rectangle.   Laying  out  Diagonal  Strip  in.     Wil- 
liam  W.    Johnson 159 

Rectangle,   Moment  of   Inertia  of  a 346 

Reducer,    Geared    Speed 275 

Rcece,    William    H.,    Personal   of 744 

Reed,    F.    B.,    Obituary   of 652 

Reed,    Frederick    E.,    Obituary   of 746 

Keel.   Automatically  Operated  Stock 475 

••Reid"^  Surface    Grinder 828 

Registering    Idle    Macliinery,    British    Clearing- 
house for  Tracing  and , 513 

Relay,    G.    E.    Time-limit   Overload 267 

Reliance   Electric   &   Engineering   Co.: 

Motor     1024 

Reliance  Machine   Co.; 

SheU-boring     Turret     Lathes 361 

Reliance    Tool     Co. : 

Offset    Boring    Ileail 274 

Relieving  Attadiment,  Carroll  &  Jamieson 173 

Relieving     Attachment.      "Cisco" 72R 

Relieving   Attachment    for   Lathe 1118 

Relieving    Attachment.    Lathe    with 736 

Relieving    Machine.    Cleveland    Cutter 168 

Remade,   Gustave  A.: 

Truing  Jaws   of  Scroll   Chuck 159 

Remington    Rifle,    First 132 

Removing    and    Applying    Tight    Nuts.      J.     B. 

Murphy     517 

Removing  Broken  Taps   and  Screws   from   Brass 

Parts.      Guy    H.    Gardner 617 

Removing   Rusty   Screws.      Guy   H.    Gardner 622 

Reno-Kaetker    Electric    Co. : 

Internal     Grinding     Machine 361 

Reorganization   of  a    Run-down    Plant.      Edward 

K.     Hammond     806 

Repair  Job.   Unusual  Gear.     Leigh  J.    Rodgers..   155 

Repair,    Making    a    Quick.      M.    E.    Duggan 908 

Repair  Parts   for  Machine   Tools  Sold   Abroad..   470 

Repairs,    Machine    Tool 766 

Repairing   a    Cutting-ofl   Tool   Slide.     Harry   F. 

Fitzkee     909 

Reseating     Gasoline     Motor     Valves.       H.     W. 

Ricks      57 

Resistance  of  Shear  Pin 1105 

Resolutions    Adopted    by    the    American    Society 

of    Mechanical    Engineers,    Munitions 1014 

Return     Mechanism 447 

Returns  from  Small  Tools,    Large 765 

Revenue   and   Second-class    Postage   Rates,   War. 

M.  J.   O'Neill 931 

Reversing    Planer   Motors.      C.    C.    Gray 221 

Reynolds   Pattern    &   Machine    Co.: 

Screw     Counter 633 

Rheostatic    t^ontrol    for    .V.    C.    Wound-rotor   Mo- 
tors.   Liquid    270 

Rhotanium— a    Platinum    Sitbstitute 1096 

Ribbed  Plate,    Strength   of   a 626 

Richards    Frank: 

The    Cutting    Tool    and    the    Curling    Chip 855 

Richards,    Prof.    C.    R..    Personal  of 844 

Richardson,    George    W. ; 

Slide-rules     640 

Richmond    Adding    &    Listing    Machine    Co.: 

Ram    Grinding   Machine 531 

Ricker,    Chester  S.: 

Machining  a   Ball  and   Socket  Joint 23 

Rickert-Shafer  Co.: 

Radial    Tapping    Machine 829 

Ricks,   H.   W.: 

Reseating    Gasoline    Motor    Valves 57 

Rifle    Barrel    Drilling    and    Reaming    Machines, 

Westinghouse     263 

Rifle,    First    Remington 132 

Rifle    Parts    in    the    Automatic    Screw    Machine, 

Machining.       Edward    Newman 804 

Rifle    Stock,    Machining    Operations    on    Russian 

Military      181 

Rifles,    Testing    Springs    for    Military.      S.     N. 

Bacon     ". .  909 

Rifner,  F.  D. : 

Hardening    Plug    Gages    519 

Rigid    Tool    Holder    Co.: 

I3oring-bar     542 

Rim    Shrinker,     Metalwood     Hydro-mechanical..  440 

Rings,    Making   Piston.      B.   T.    Hawley 700 

Ripley.    F.    S. : 

Spring    Threading    Tool 621 

Risk,  The  Assumption  of.     Chesla  0.  Sherlock..  679 
Ititer-Conley  Co.: 
Twenty-six-inch    Heavy-duty    Engine    Lathe. .  546 

Rivet    Cutter    737 

Rivet  Cutting  Gun  Co.: 

Rivet     Cutter     736 
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River    il<ilder,    Duueiin   Screw   and 54Ii 

Klvet.r.    Boyer    Peilestai 179 

Klveler.    Winfield    Ele.trlc 177 

Riveting,    Eli'i'Irlc.      Douglas  T.    UumUloji 780 

Riveting     Ma.lilne 88 

Riveting     Macliine 737 

Riveting    Machine,     Hanna 860 

Riveting    Machine,    High-Hpeed 351 

Riveting  Thin  Plates,  Fixture  for.  F.  Server..  431 
Rlvett    Lathe    &   Grinder   Co.: 

Dock    Thread    Cutting    Tool 357 

Roberts,    C.    II.,    Per.sonal    of 844 

Robertson    Machine    &    Foundry    Co..    W. ; 

Heavy-duty    Power    Saw 532 

Rodiester    Ball    Bearing    Co.; 

Ball  Thrust   Bearing 272 

Rod    Cutter,    Shear   and 85 

Rodgers,    Leigh   J. : 

Unusual    Gear    Repair    Job 155 

Rodney,    Keith    R.,    Personal    of 936 

Rogers,    W.    S.,    Personal   of 652 

Roll    Feed,    Gearing   for 158 

Rolls,   Ajax  Scrap  Reclaiming 437 

Rolls    for    Straightening    lO-foot    Plates 787 

Rolls,    Vertical    Bending 1117 

Rolled    Sliafting,    Strength    of   Cold- 487 

Roller     Bearing 179 

Roller    Bearing,    Wriglit    Cageless 1027 

Roller     Bearings,     Radial 85 

Roller    Chain    Sprockets,    Diamond    Tooth    Form 

for     319 

Roller   Lock    Nut   Co.: 

RoUer     Lock-Nut 736 

Rolling     Magazines 230 

Rolling     Mill,     Large 361 

Roof     Trusses      built      by      ".System     Steiihan" 

Method,  Wooden   54 

Roots  of  Numbers,   Extracting.     A.  H.  Kirker. .  430 

Roots    of    Numbers,    Fifth 163 

Rope    for    a    Cable    Bridge,    Strength    of 1106 

Roper  &  Co.,   O.   P.: 

Lubricant    Pump 83 

Rotary     Engines 361 

Rougher,   Gleason  Spiral  Bevel  Pinion 264 

"Roulsted"     Engine     Lathe T7 

Rounding   Machine,    Gear-tooth 737 

Rowell,    William   S.: 

Fitting     Tapers 243 

Riigg,  W.  S..  Personal  of 744 

Rule,     Repairing     a     Broken     Folding.       M.     E. 

Duggan     806 

Ruling  Data  Sheets  on  Tracing  Cloth.  An- 
drew   F.    Burgwald 999 

Runge,   H.   A.,   Personal  of 370 

Range,   H.   A.,  Personal  of 558 

Russel,   Henry  F.,   Personal  of 936 

Russell   Mfg.    Co.: 

Round     Adjustable     Die 822 

Russia,    The    Awakened    Land    262 

Russia,   Water   Power  in   European 570 

Russian   Imports  of  Steel  Products 205 

Russian    Machinery    Corporation,    New 744 

"Russian"    Method    of    Multiplication.      Stanley 

Edwards     521 

Russian  Military  Rifle  Stock,  Machining  Opera- 
tions   on    181 

Rutlienburg,     Louis,     Personal    of 368 

Kyerson   &   Son,    Joseph   T. : 

Safety-first     Contest 132 

Boiler   Tube    Reclaiming    Machine 541 


Sacrey,   Elmer: 

Cutter     Grinder 1117 

Saddle-pin  of  Stephenson  Link  Motion,   Offset  of  625 
Saddles   and    Upper    Index    Wheels,    Oil-grooving 

Gear    Shaper.      John    G.    Brueggcman 476 

Safety  Appliances.     J.  C.  Grindell 340 

Safety      Attachment      for      Ladders.         W.     A. 

Lailer      1103 

Safety    Council,    Fifth    Annual    Congress   of   Na- 
tional         X81 

Safety-first    Contest,     Ryerson 132 

Safety  of  Floors,    Device  for  Testing  the 473 

Safety  Valve  is  in  Equilibrium,  Why  a...r. 4S5 

Safet.v    Work.    Cooperation    in 710 

Salesmen,     Shop    Training     for    Machine    Tool. 

.Alfred    A.    Berkwitz 579 

Salt     for     Preserving     Wood,     Common.       Mark 

Meredith      586 

Sandblast     Room 1117 

Sandldast   Nozzle    179 

Sander,   Surface  Grinder  and *. 180 

Sanford,    A.    E.: 

Making  50,000  Washers  in  an  Hour 337 

Heavy-duty     Punch 430 

Five-operation    Combination    Die 714 

Sanitary   Trap,    Making  a.      Ernest   A.    Walters.   197 
Sanford   Mfg.    Co..    F.    0. : 

Quick-acting     Vise 930 

Sargent,    W.    H. : 

A    Counting    Scale 017 

Pressure   on   a   Scale   Bar 711 

Savage,   H.    B.:' 

Turning  Pulleys  Mounted  on  Center  Plugs....    1.58 

Savage,    H,    D.,    Personal    of 558 

Savings   Fund   in   Large   Firms,    Christmas 4,50 

Saw,   Armstrong-Blum  Metal-cutting  Band 1115 

Saw,    Earle    Gear   &   Machine    Co.'s    Cold 930 

Saw.     Newton    Cold     275 

Saw,    Newton    Cold    1117 

Saw,    Folding   a    Band.      E.    R.    Wiggins 1003 

Saw.    High-speed    Ball-bearing    Bench .161 

Saw,     Metal-cutting     Band Sflo 

Saw,    Peerless    Cutting-off 830 

Saw,    Robert.son    Heav.v-duty    Power 532 

Saw   Table,    Combination    Disk    Grinder    and.,..   179 
Saws,    Manufacture    of    Circular    Metal.      Frank 

M.     Shaw 11 

Saws,     Simonds    Inserted-tooth     Metal 84 

Sawing,    Filing    and   Lapping    Machine,    Oliver.  .  265 
Sawing,    Filing    and    Lapping    Machine,    Oliver. .   733 

Sawing,     Rapid    Metal 795 

Sawmills  In  U.   S..    Estimate  of  By-products  of!l046 


Saylor   Shell    Washing    Machines 724 

Scale,    A   Counting.      W.    H.    Sargent 617 

Scale  Bar,  Pressure  on  a 489 

Scale  Bar,   Pressure  on  a.     W.   H.  Sargent 711 

Scale,    Bill    for    Legalizing    the    Centigrade 36 

Scale    Problem.     Spring 344 

Scales   didn't   Weigh   Correctly,    Why    the 341 

Schaefer,    C.    T.,    Personal   of 1036 

Sohaphorst,    W.     F.,    Personal    of 844 

Schemes    that    didn't    Work.      P.    B.    Jacobs 980 

Schlegel,    Charles   F.: 

Gage     Grinding 468 

Sehleimer,   A.: 

Composition  and  Characteristics  of  Explosives  885 
Schlink,    F.    J.: 

A  Simple  and  Accurate  Balance  for  the  Shop  413 
Schlosssteln,   Louis  A.: 

Built-up    Snap     Gages 807 

Schmidt   Co..    B.    L. : 

Cylinder    Grinding    Machine 445 

Schoen,   Charles   T.,   Obituary  of 652 

Schoenert,    Carl    &   Sons,    Inc.: 

Reamers    and    Taps 1029 

Scholz,   E.   C: 

To    Prevent    Breaking    of    Tulcanite-mounted 

Magnifying  Glasses 1103 

Schow,   George,   Personal  of 744 

Schow,    George.    Personal   of 844 

Schuchardt   &  Schutte: 

Gage    Standards 926 

Schranz,    F.    G.: 

Metal   Extrusion    959 

Schwartz-Herrmann   Steel  Co. : 

Cold-rolling   Strip   Steel 1 

Schweitzer,   O.   F. : 

The    Geometrical    Problem 623 

Scientific  Instruments,   Making  Precision  Screws 

for.      Edward    K.    Hammond 849 

Scott,  Chairman  Munitions  Board,  Frank  A...  841 
Scott   Machine   Co..    G.    H.: 

Boring-tool     Holder 726 

Power  Press  Guard 1117 

Scraping    or    Frosting.    Ornamental    Machine 577 

Screw  and   Rivet  Holder,   Duncan 543 

Screw  Counter,   Reynolds 633 

Screw  Cutting,  Change-»ear  Tables  for.     Martin 

H.     Ball     232 

Screw    Cutting,    Lathe    Equipped    for    Heavy 248 

Screw    Extractor.    Cleveland    543 

Screw    Machine.    Automatic 88 

Screw   Machine,    Chamfering    Pins   in   the   Auto- 
matic.      Harry    Boyne 431 

Screw  Machine,   Chamfering  Pins  in  Automatic. 

John    Neupauer 717 

Screw  Machine.   Circular  Forming  Tools  for  No. 

6  B.  &  S.     William  W.  Johnson 20 

Screw   Machine,    Federal    Plaiu-head 542 

Screw  Machine,   Foster  Geared-liead 175 

Screw   Machine,    Machining    Rifle    Parts    in    the 

Automatic.      Edward    Newman 804 

Screw  Machine.  Stenotype  Hand 275 

Screw   Machine    Stock.    Automatic 810 

Screw     Machine,     Tool     Equipment     for     Foster 

No.    5 348 

Screw  Machine,    Turner   Band 273 

Screw    Machines.    Gridley    Multiple-spindle    Au- 
tomatic.    Douglas  T.   Hamilton; 

1 sas 

2 973 

Screw  Machines,   Manufacturing   "Radical"   Au- 
tomatic        239 

Screw,    Making    a    Tap    form    a    Worn-out.      W. 

H.     Dunbrack 997 

Screw   Thread   Tolerances 614 

Screw   Threads,    "Effective   Diameter"    of 62 

Screw    Thread    Standards    Change,    Society    of 

Automobile    Engineers    420 

Screw  Threads,  Laying  out.     Warren  H.  Barton  429 

Screw    Threads,    Standardization    of 918 

Screw    was    Removed,    How    a    Broken.      M.    E. 

Canek     801 

Screws   and    Taps.    Gaging    Systems    for 967 

Screws  for  Scientific   Instruments,   Making   Pre- 
cision.     Edward    K.    Hammond 849 

Screws.     Lathe    Adapted    to    Cut    Coarse-pitch. 

H.    Potts    1003 

Screws    from    Brass    Parts.     Removing    Broken 

Taps    and.      Guy    H.    Gardner 617 

Screws,   Removing  Rusty.     Guy  H.   Gardner 622 

Scroll    Chuck,    Truing    Jaws    of.      Gustavo    A. 

Remade     1"'9 

Seamless    Steel    Tubing.     Bulging 15 

Secrecy.     Banishing 960 

Section,   Moment  of   Inertia  of  a 812 

Sections,  Making  Cold-drawn  Steel.     Edward   K. 

Hammond    397 

Segment  of  a  Circle,  Area  of.  J.  J.  Clark....  334 
Segment    of    Circle,    Center    of    Gravity    of    Arc 

and    •487 

Selter,   Eugene  R..  Personal  of 844 

Selling,  Advantages  of  Direct.  Janios  N.  Heald  677 
Semi-steel  Gear  on  a  Milling  Machine,  Cutting  a  163 
Senn   &   Co.,    E.    R. : 

"Beltol"     727 

Server,    F. : 

Fixture    for    Form-milling    Flat    Cam 340 

Side    Milling    Cutter 428 

Fixture   for   Riveting   Thin   Plates 431 

Service,     Cooperative 298 

Set-screw   Threading   Machine.    Landis 265 

Setting   an   Angular   Cutter   for   Milling   Spirals. 

Stanley    Edwards    1104 

Setting  up  Heavy  Machinery.  Charles  C.  Lynde  711 
Shaft,     Bearing    and     Pulley     Bore     Dimensions, 

Fixing     488 

Shaft,    Concerning   the   Diameter   of   a 1106 

Shafts  before  Turning,   Faiing    the   Ends  of 810 

Shafts   with    Cold    Water,    Straightening    Heavy. 

Thomas  Mason   157 

Shafting,   Cold-rolled   Steel.      B.    Olsen 716 

Shafting.     Strength     of     Cold-rolled 487 

Shand,   John    .\.. 

•      Fluting    Attachment    for    Lathe 907 

Shaper,    Columbia    20-in(h    Crank 1113 


Shaper    Dials    on    the    Gear    Shaiier,    Graduating 

Gear.       John     G.     Brueggenian 419 

Shaper  Gage,  Planer  and.     Frederick  W.  Snyder  338 

Shaper,   Graduating  on   the  Gear 142 

Shaper,    Hendey    Crank 639 

Shaper,   Jordon   Automatic   Profile 721 

Shaper,     Lelsy-Patton SZr, 

Shaper,    Queen    City 922 

Shaper,   Splining  Tool   for.     Gustavo  Bahr 019 

Shaping    Machine    for    Locomotive    Boxes 641 

Shaw,    Frank    M.: 

Manufacture    of    Circular   Metal    Saws 11 

Shear    and     Rod    Cutter 83 

Shear   Blades.    Rake    of 162 

Shearing    Machines,    Kane   &   Roach    Straighten- 
ing   and 527 

Shear-pin  Design,  Improved.     C.  L.   Lothrop.  Jr.  469 

Shear   Pin,    Resistance   of 1105 

Shear,     Power 1117 

Sheehan,    F.,    Personal    of 1036 

Shelby  Seamless  Steel  Tubing   for  Boring-bars..     52 

Shelby     Seamless    Tubing,     Coiling 301 

Shelby    Tubing.    Uses    for 320 

Shell    Banding    Presses.    Metalwood 82 

Shell    Bases,    Machine    for    Facing 736 

Shell    Boring    Head,    Black   &   Decker 176 

Shell-boring    Lathes,    Testing    Special.      L.     C. 

Morrow     88 

Shell-boring     Turret     Lathes 361 

Shell,     Determination    of    Blank    Diameter    for 

Drawn    Metal.      H.     S.    Brady 1007 

Shell      Forming      Attachment      for      Cincinnati 

Lathes    lHo 

Shell   Heat-treating   Furnaces,    Surface   Combus- 
tion          '^6 

Shell    Making    Machines,    Semi-automatic 238 

Shell    Noses.    Polishing    Fixture    for 160 

Shell   Painting   Machine,    Rotary .'■>26 

Shell    Plug    and    Socket    Millers 180 

Shell    Production,    British    Gun    and 800 

Shell    Threading    Lathe    361 

Shell    Washing    Machines,    Saylor 724 

Shells,    Inspecting    Forgings    for    High-explosive. 

F.    E.    Merriam.. 815 

Shells.    Moving    Picture    of    Machining    9.2-inch 
High-explosive     Howitzer.       By     Chester     L. 

Lucas    and    Victor    Brook 898 

Shells,    Thread    Milling    Fixture    for 1031 

Shelving,    Sectional    Steel 736 

Shepard    Electric    Crane    &   Hoist   Co.; 

Electric   Hoist    360 

Sherlock,    Chesla    C. : 

Occupational     Diseases 426 

The  Assumption  of  Risk 579 

Employer's    Indemnity    Insurance 678 

Defective    Machinery    765 

Workmen's    Compensation    Acts; 

1       870 

2 971 

The  Law  of  Warranties 1039 

Shier,    H.    A.,    Personal   of 558 

Shifting    Belts    on    Moving    Pulleys.       Thomas 

Fish     911 

Ship   Frames,   Bender   for 1117 

Shipbuilding   Industry  after  the  War,   Status  of  874 
Shipley  Retires  from   the  Lodge  &  Shipley  Ma- 
chine Tool  Co.,  Mr 1118 

Shipyards.    Output    of    British 648 

Shoe,   Du  Bois  Toolpost  Collar  and 823 

Shops,    Women   and    Girls    in   Machine 363 

Shrapnel     Ball     Counter 420 

Shrapnel    Defect    Card 650 

Shrapnel    Manufacture,    Successful.      Chester    L. 

Lucas    ^71 

Shrinker,     Metalwood     Hydro-mechanical     Rim..   440 

Sign,     Elaborate     Electrical 1121 

"Sign    Slanguage."    The.      J.    D.    Hackett 447 

.Signals    of    Pennsylvania    Railroad.    Color 1121 

Silberberg.    Mortimer   J. ; 

Motion    Study    Watch "30 

Silver  Mfg.   Co.; 

Gang  Drills   82 

Silver.    Working   German.      G.    R.    Smith 432 

Simmons,    Harry    P.; 

Increasing   the   Usefulness  of   Adjustable   Par- 
allels        904 

Simmons,   W.    H.   &   Co.: 

.\utomatic   Tapping   and    Drilling    Machine 10''8 

Simonds   Mfg.   Co. : 

Inserted-tooth     Metal    Saws ■     84 

Simplex  Tool  Co. ; 

Precision     Square 274 

V-blocks   726 

Independent    Chuck 8.33 

Angle-plates      1031 

Plug     Gages 1117 

Sine     Bar ■ 274 

Sine    Bar,    Adjustable.      E.    P.    Davis 806 

Sine  Bar  Applications.     Donald  Baker 120 

Sine   Bar,    Improved   Type  of   S.    A.   S 833 

Sine  Bar,  Locating  and  Boring  Holes  in  a 436 

Skelton,    Charles    E. ; 

Taper     Reamer 1115 

Skew      Bevel     Gears.      Laying     out.        Reginald 

Trautschold     32 

S.   K.   F.  Ball  Bearing  Co.; 

Advantage     of     Ball     Bearings     for     Electric 

Motors    1''^ 

S.    K.    F.    Self-aligning    Ball    Bearings    on    Bent 

Shaft.    Use    of 742 

Skilled    Men.    The    Need    of 16 

Sleeper   &    Hartley.    Inc.; 

Wire    Nail    Machines    1118 

Sleeve,    Countersink.      Aiigust    J.    l-ejenne 1101 

Sleeve     Multiple     Drilling     Machine.     Langelier 

Motor  Valve    ^1 

Slide-rule,   Uses  of.     E.   J.   Gibson -394 

Slide-rule.    Using    the.      A.    C.    Hannibal 1001 

Slide-rule,    Using    the.      H.    L.    Dciolittle W9 

Slide-rule.      Weight      179 

Slide-rules.     Richardson 6»0 

Slides.    Measuring    Dovetail 1106 

Slip    Bushing.      Harry    S.    Kartshir 713 

Slip   Bushings.   Lock   for.     W.    Bun-   Bennett 00 
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Slippage    of    Bells     Running    at    High    Speed. 

W.    A.    Lailer 1013 

Slocum,    Avram    &    Slocum    Laboratories.    Inc. ; 

Recalescence    Point    Finder 831 

GrlDdiDg  Attachments  and  Tuol-room  Special- 
ties       882 

Slotter,    Betts    Crank 272 

Slotting   Recoil   Cylinders.      W.    J.    I^rson 873 

Small    Tools,    Large    Returns    from 765 

Snialley,    George    O.,    Personal    of 370 

Smarling.    Carl    A.,    Personal   of 744 

Smart,   George,   Personal  of 744 

Smelting,    Experiment  in   Iron  Ore 514 

Smith,    G.    R.: 

Press-room    Lubricants 154 

Box    Truck ' ;  251 

Working     German     Silver 432 

Press-room    Efficiency    Methods 472 

The    Tumbling    Barrel 1067 

Smith,   J.    O.,    Personal   of 308 

Smith,    James   O.,    Personal   of    450 

Smith    Mfg.    Co.,    Philip; 

"FUsmith"    Engine   Lathe 735 

Snap  Fastener  Press  Tocds.     Victor  Brook 788 

Snap   Gages,   Built-up.     Louis  A.   Schlosssteln..  807 
Snapshots  on  the  Road: 

1 18 

2       474 

3 963 

4 1060 

Snow  and  Staff,   Walter  B.: 

Patching     Concrete     Floors 342 

Snyder,   Frederick  W.; 

Planer    and    Shaper    Gage 338 

Soap   Paste,    Mechanics'.      Robert   J.    Spence 429 

Society    for    Inspectors,    A.      Russell    R.    Ux 910 

Society   of   Automobile   Engineers,   Activities   of 

the     837 

Society   of   Automobile   Engineers   Screw  Thread 

Standards   Change    420 

Society    of    Automobile    Engineers    Standardizes 

Automobile  Names    231 

Society    of    Industrial    Engineers.    The 996 

Socket  Dimensions,   "Use-em-up"  Drill 252 

Socket    Joint,    Machining    a    Ball    and.      Chester 

S.     Bicker     23 

Solder.    Use    of    Formed 1068 

Soldering    Iron,    a    New    Type   of 1108 

Soldering     Iron,     Two-pronged    Electric 736 

Soldiers,     Training     Crippled 988 

Something    from    Nothing 1004 

South  American  Countries,  Interest  in  Engineer- 
ing   Relations    with 257 

Southwark   Foundry  &  Machine  Co.; 

Scrap     Reclaiming     Press 353 

Universal     Flue     Welder 354 

Washer     Stamping     Press 360 

Truck     Side-rail     Press 546 

Vertical     Bending     Rolls 1117 

Spacing   Machines,    Medina    Drilling   and 722 

Spangcnberg.     Alfred.     Personal     of lCe6 

Specializing    in    Mechanical     Work 846 

"Specific"     Definition     of _64 

Speed   of  Victrola,    Governor   for   Regulating i20 

Speed     Reducer,     Geared 275 

Speeds.    Grinding    Wheel.      H.    W.    Dunbar 49 

Speeds,    Polishing    Strap 23 

Speeds,     Polishing     Wheel 233 

Speeds  to  Spindle  Pulleys  in  Grinding,   Relation 

of   Peripheral.      Robert   J.    Spence 316 

Spence,   Robert  J.; 

Mechanics'    Soap    Paste *■»• 

Relation  of  Peripheral  Speeds  to  Spindle  Pul- 
leys   in    Grinding ■'18 

Spencer.    R.    B. ; 

Babbitted    Piston    Construction 4d" 

Sphere,    Handy    Chart   for    Determining    Volume 

of.      N.    G.    Near 809 

Spicer  Tabulating   Machine   Cii.; 

Washington     Etching     Machine o38 

Cleaning     Tank ?30 

Spindle    Drilling    Machine.    Stecher J43 

Spindle  Pulleys  in  Grinding,  Relation  of  Peri- 
pheral Speeds  to.     Robert  J.  S|)eiice 516 

Spiral  Bevel  Pinion  Rougher.   Gleason 264 

Spiral   Gearing   by   Trial,    Solving    Equations   for  346 
Spiral    Gearing,    Solving    Equation    for.      Nikola 

Trbojevich    - T** 

Spiral  of  End  Milling  Cutters.    Direction  of 810 

Spiral  Type  Bevel  Gears.      Reginald  Trautschold  199 
Spirals.   Setting  an  Angular  Cutter  for  Milling. 

Stanley     Edwards HO* 

Spline    Milling    Attachment 1117 

Splining   Tool    for   Shaper.      Gustav*   Bahr 619 

S|)ot-faclng,    Large    Counterbore    for.      Otto    R. 

Winter    3*1 

Spot-facing   Tools.      F.    B.   Jacobs 111» 

Spot-welding     Practice — 2,     Electric.       Douglas 

T.     Hamilton     24 

"Spraco"    Paint    Gun 79 

Spray   Engineering  Co.; 

"Spraco"    Paint    Gun 79 

Spring    Scale    Problem J** 

Springfield    Exposition,    Change   of   Date   of <39 

Springfield   Machine  Tool  Co.: 

Lathe    with     Relieving    Attachment 786 

Springfield,    Mass.,    Exposition    at 641 

Springs    by    the    Air-drying    Process,    Japanning 

Cushion.      E.    F.    Lake ••10 

Springs    for    Military    Rifles,    Testing.      S.    N. 

Bacon      969 

Springs.     Manufacture    of    Automobile    Cushion. 

B.    F.    Lake 225 

Spring    Winding    Tool.      W.    B.    Pohle 998 

Sprinkler    Head,    Machining    a.      John    J.    Bork- 

enhagen    763 

Sprinker    Head.    Machining    an    Automatic 49 

Sprinkler    Heads.    Machining 982 

Sprocket   Wheels.    How   we   Cut   a    Few.      Philip 

H.    Kallenlwrg     2*5 

Sprockets,     Diamond     Tooth     Form     for     Roller 

Chain     819 

Spur  Gears  by  Graphic  Method,  Determination 
of  Efficiency  of  Worm-gears  and.  John  S. 
Myers      983 


Spur   Gcnrlug.    lul.iniil.      Ui'ttlimld   Trttutsohi.1,1.   405 

Square,    Ccntrr  of   n OM 

Sqimro,     Precision 274 

Square,   S.'a.   S.    Indic-ntlng   Toolmnker 882 

Square  Stock  Octagonal,  MakltiK.     Guy  II.  Gard- 

ncf     ; 1097 

Square,    Universal    730 

SquarInK  up  Work  on  a  Surface  Grinder.     Don- 
ald Itaker j5g 

Staircases,   LlRlitlnR.     Robert  Grlmshaw! !..]!!  !ll04 

Stamping;    Press,    Washer 360 

Stand,    (irindlns    and    Itufllns 1117 

Stand.   Grindlnir   and   Polisliing U17 

Standard   Kleclrlc  Tool  Co.:  ' 

Portable    Eloitric    Tools 88 

Standard    EuKlnccrinB    Works: 

Spline    MillinK    Attachment 1117 

Standard    Machine    &    Electric    Co.: 

Motor-driven    Grinder 88 

Standard    Mfg.    Co.: 

Fuse    Base    Milling    Machine 530 

Standards    Change.    Society    of   Automobile-  En- 
gineers   Screw 420 

Standards,    S.    &    S.    Gage 92e  • 

Standardization,     Importance    of 578 

Standardization    of    Screw    Threads .       918 

Standardized      Parts     for     Jigs,      Miscellaneous. 

R.     P.     Pohle I05fi 

Starrett  Co..   L.   S.:    

Hacksaw    Machine 447 

Vernier    Height    Gage !.!!!!!!!  546 

Starters     for     Inductiou     Motors,     Westlnglioiise  ' 

Automatic     III4 

Starters.     Westinghouse     .Vuto .......!.   826 

Station    in   Leipsic.    New    Railway 238 

Steadyrest   and    Follow-rest.    Using   the.      H.    W. 

Johnson    '  qq- 

Steam  at  a   Given   Pressure.   Volume  of ....     62 

Steam     Engine,     Lubrication    of    Poppet    Valve 

Superheated     291 

Steam   Hammers,    Some   Notes   on.      J.-imes   Craii  236 
Stebbins,    Albert    Clark,    Obituary   of.    .  744 

Stecher   Co.,    Charles: 

Spindle     Drilling     Machine 543 

Steel  Ball  Dropper.     William  A.   Ba-wes. . .. .... .   57 

Steel  Balls,   Manufacture  of.     Edward  K.   Ham- 
mond: 

i 563 

^ 689 

Steel   Balls,    Manufacture   of !..!!.'!!!  578 

Steel    Bars    without    Waste    of    Metal,    Break- 
ing       419 

Steel  by  Melting  Oxide,  Determining  Hardening 

Temperature   of   High-speed • 232 

Steel,   Carbon    "Points"   in 718 

Steel,    Cold-rolled ..'.'.'.....'..  i28 

Steel,     Cold-rolling    Strip.       Edward    K.     Ham- 
mond     1 

Steel    Cover,    Making    a    Pressed!"'  Ernest'  A. 

Walters     ggg 

Steel   Dies,   Drilling   Deep   Holes   in. !!...'.. .'...'  810 

Steel,    Economizing    in    High-speed '.  805 

Steel    exhibited    at    the    New    York    Electrical 
Exposition,       Electric       Welding       of       Iron 

and    lig 

Steel    Furnaces.     Electric !!.!!!!.!!  675 

Steel     Gages,     Methods    of    Heat-treating     Ma- 
chinery       233 

Steel    Gear    on    a    Milling    Machine,    Cutting  "a 

Semi-     Ig3 

Steel  Hands,   a   Machinist  with 1033 

Steel,   Heat-treatment  of.     Martin  Syte: 

l  :::::::;:;;; ■" 283 

steel.     High-speed .■■.■.'.......'.'.......'.'.  3ii 

Steel    Industry    In    Sweden,    Costs    in    the    Iron 

and    781 

Steel,    Limitations   of   High-speed ..........  200 

Steel    or    Brass,    Making    Ferrules    from    Sheet. 

J.   A.   Zeller   517 

Steel    Parts    Break    During    Manufacture!    Why 

Pressed.      Ernest    A.    Walters 876 

Steel  Pieces  in  One  Operation,  Die  for  Producing 

Small.     W.    B.    Greenleaf ;il02 

Steel    Pieces    Together    when    Sweating.     Hold- 
ing.      James    Mclntyre 517 

Steel    Pins,    Economical    Method    of    MSking.!:!   807 

Steel  Pipe  and  Tube   Industry.   Growth  of 237 

Steel    Products    Engineering    Co.: 

Gage  Grinder   530 

Steel  Products,    Russian  Imports  of 205 

Steel,    Reclamation   of   High-speed.      Chester   L. 

Lncas  749 

Steel    Sections,     Making    Cold-drawn!       Edward 

K.     Hammond 3g7 

Steel   Shafting,   Cold-rolled.     B.   Olsen! !!!!!!!! !  716 

Steel     Shelving,     Sectional 736 

Steel    Tests,    High-speed 298 

Steel    Tests,    Uranium    High-speed !!!!!!!     142 

Steel,   Threading.      L.   J.    Bechaud    !!!!!   908 

Steel  Tubing,   Bulging  Seamless 15 

Steel   Tubing,    Casting   Brass   around !!.!!!!  198 

Steel    Tubing    for    Boring-bars,     Shelby    Seam- 
less    59 

Steel    Welding !!!!!!!!!!!!!!  412 

Steels,     Penetration     of     Hardening,     Effect    in 

Chromium     and     Copper ggi 

Stellite     Tools,     Welded !.!!!!!!!  641 

Sterling    Machine    Tool    Co.: 

Lathe 334 

Steinlcke,   A.: 

To   Divide  a   Mixed   Number   bv  2 156 

Stenotype   Co. : 

Hand    Screw    Machine 275 

Stephenson    Link    Motion,    Offset    of    Saddle-pin 

„  °'     625 

Stevenson,   6.    G. : 

"Materialized"    Tables 245 

Stillman.   Harry   B. : 

Vise    Adjustable    for    Heiglit 519 

Special     Vise    Jaws 619 

Placing    Numbers    on    Twist    Drills 806 

Stock.    Automatic    Screw    Machine 810 

Stock,  Building  Machine  Tools  for 298 


•StodiliT,   W.   K. : 

Sandl>la.st     Nozzle 179 

Stop     for     Illanklng     Dies,     Automatic.       Joseph 

Ahlerg,     Jr 1  ]  00 

Stop  for  Milling  Machines.  Vise.  V.  O.  Terry.. 1001 
Straightedge,  An  Eniergcniy.     James  Mclntyre,     ,120 

StriilKlitiMUTH— Correction.    Wire 1086 

Straighteners,   Wire.     Prank   H.   Mayoh 916 

Straightening     and     Shearing     Machines,     Kane 

&     Roach     520 

Straightening    Heavy    Shafts    with    Cold    Water. 

Thomas    Mason    157 

Straightening    Pipe    434 

Straightening   Press,    Mctalwood 1111 

Straightening  16-foot   Mates,    Rolls  for 737 

Strap  Speeds,    Pollshini.' 23 

Strength  of  a   Jib  Criini-.     John  S.   Myers 1005 

Strength    of   n    Ribbed    IMate 626 

Strength    of    Blanking-ilic    Holder 913 

Strength  of  Rope  for  a  Cable  Bridge 1106 

Strip  Steel,  Cold-rollinc  Edward  K.  Ham- 
mond            1 

Strips,  Grinding  Narrow  Parallel.  A.  Grinder..  159 
Strips,    Grinding    Narrow    Parallel.      R.    Drew, 

Jr 481 

Strong-Hold    Mfg.    Co. : 

File    Handle     274 

Structural     Materials,     Effect     of    Temperature 

on.      E.    N.    Percy    594 

Stults,   W.   R.: 

Double    Keyway    Milling    Fixture 1104 

Stumpf   Unillow   Engine  Patent  Litigation,   The.  865 

Substitute    for    Babbitt    Metal 614 

Substitutes   for   Tin   Cans 968 

Success  is  Cooperative  Effort,  The  Secret  of  ..1055 
Suiter,   Arthur  W. : 

Locating    Work    for    Boring 715 

Sullivan    Machinery    Co.: 

Twin    Angle    Compound    -Mr    Compressor 546 

Sun   Co.: 

Solidified  Oil 736 

Sunderland  Machinery  &  Supply  Co.: 

Fox    Arbor    Press 1115 

Superheated     Steam     Engine,      Lubrication     of 

Poppet     Valve     ". 291 

Superior  Machine  &  Engineering  Co.: 

Hand  Milling  Machine    641 

Precision     Gages     736 

Miller   with    6.scillating    Head 737 

Motor-driven  Milling  Machine 1029 

Surface    Combustion    Co. : 

Shell    Heat-treating    Furnaces 76 

Surface   Plates,   T.   P.   Walls 929 

Svensen,    Carl    L.,    Personal    of 278 

Sweated.    Magnetizing   Pieces   that   are    to   be. 

Guy    H.    Gardner    1002 

Sweating,   Holding  Steel  Pieces  Together  when. 

James    Mclntyre     517 

Sweden,    Costs   in   the   Iron   and   Steel   Industry 

in    781 

Sweden,  Scarcity  of  Materials  and  Tools  in 301 

Swaging    Machine,    Small 641 

Switch.   Remote  Control 836 

Switchboard,     Dead    Front 447 

System  of  Cadillac  Motor  Car  Co. — 2.     Edward 

K.   Hammond    143 

Systems,  Tool-room.     Franklin  D.  Jones 655 

Systems,    Tool-room 676 

Syte,  Martin. : 

Heat-treatment   of   Steel — 1 283 

Heat-treatment   of   Steel — 2 500 


Tables,     "Materialized".      G.    G.    Stevenson 245 

Tabor  Mfg.   Co.: 

Belt    Tension    Machine 85 

Tabulated  Tool  Drawings.     C.   A.   Kuhn 139 

Tackaberry,   F.   H.,   Personal  of 1126 

Taft-Peirce   Mfg.   Co.: 

Crank-case   Reamer    1031 

Tangent-cut    Box-tool,    Watson 442 

Tangent    to    Three    Given    Circles,    To    Draw    a 

Circle     ^ 623 

Tank,   Cleaning   930 

Tap-   and   Die-holder,    Releasing 64i 

Tap   Drill   Sizes   for   Metric   Threads,    Determin- 
ing     318 

Tap   from   a    Worn-out   Screw,    Making   a.      W. 

H.   Dunbrack    997 

Tap,    "Namco"  Collapsing 442 

Tap,    Origin  of   the  Term    "Gun" 64 

Taps   and    Screws   from   Brass    Parts,    Removing 

Broken.      Guy   H.    Gardner 617 

Taps,   Gaging  Systems  for  Screws  and 067 

Taps   in   Lathe,    Attachment    for   Fluting.      John 

A.    Shand    go7 

Taps,    Schoenert    Reamers    and    1029 

Tapping  and  Drilling  Machine,  Automatic 1028 

Tapping    and    Drilling    Machine,    Fulton 928 

Tapping    Attachment    930 

Tapping   Chuck    860 

Tapping    Machine,    Anderson    Vertical 347 

Tapping  Machine  for  Thin   Work,    Trumbull 641 

Tapping   Machine,    Horizontal    180 

Tapping     Machine,     Langelier     Bench      1021 

Tapping  Macliine,  Meriden  Sensitive 827 

Tapping  Machine,  Rickert-Shafer  Radial 829 

Taper    Attachment,    Porter-Cable 268 

Taper   Caliper  Attachment,    Micrometer.      L.    E. 

Harrison     428 

Taper     Machine     Reamers     1072 

Taper  Plugs  in  Brass  Valves,  Grinding 1105 

Taper  Reamer,   Skelton   1115 

Taper-turning    Attachment    for    Turret    Latlie..  823 

Tapers,    Fitting    57 

Tapers,    Fitting.      Wilbur  Hatfield 245 

Tapers,    Fitting.     William  S.    Rowell 245 

Tapers     without     a     Taper     Attachment.     Turn- 
ing.    Henry  Daut  801 

Task-and-Bonus     System     in     Engineering     Edu- 

'•"tion      914 

Taylor,     David    W.,     Personal    of 936 

Taylor    Machine   Co.: 

".\tlas"   Engine  Lathe 819 

Taylor,    S.    B.,    Personal    of 4,50 


T.    C.    M.    Mfg.    Co.: 

Thomson    Thread    Milling    Machine     535 

Scnil-aulomnlii'  'I'hrciid    Milling   Machln.' 547 

Teeth,    Milling    Double-angle    Clutch.      D.    Petri- 

Palmedo     S8 

Telographone,  The   408 

Temperance,    the    Result    of    WorkmeD's    Com- 
pensation   Laws    X5 

Temperature     Controller,     Bristol    Thermmncler- 

Thermostat   Automatic    680 

Temperature     on     Structural     Materials,     liffect 

of.       E.     N.     Percy 694 

Tension    Machine,    Belt    85 

Terry   Steam  Turbine  Co.: 

Turbine-driven     Fan      447 

Terry,    V.    G. ; 

Vise    Stop    for   Milling    Machines    1001 

Test  in  Manufacturing  the  Tilted  Turret  l.uthc. 

Accuracy.      J.    W.    Barbour 1032 

.    Tests.     Uranium    High-speed    Steel 142 

Testing    Equipment.     Machine    Tool 930 

Testing    Machine,    Erichsen    Sheet    Metal 642 

Testing     Machine,     Gear 180 

Testing   Machine,    Watson-Stillman    Boiler  Tnlie.  784 
Testing     Springs     for     Military     Rifles.       S.     N. 

Bacon      969 

Testing   the   Safety   of   Floors,    Device    for 473 

Thermalene   Co.: 

Welding     Outfit     180 

Thermalene  for  Welding  and  Cutting  Metals,     .533 
Therinnlcne    for    Welding    and    Cutting    Metals..   533 

Thermometer,     Brown    Recording 178 

Thermometer-Thermostat'   Automatic     Temiicra- 

ture  Controller,  Bristol  630 

Thickness  of  a    Cylindrical   Shell 812 

Thomson,     Elihu.     Personal    of 370 

Thought   versus   Labor.      Eric   Lee 1003 

Thread    Cutting    on    Old    Horizontal    Boring    Ma- 
chine.      Robert     Morris     871 

Thread    Cutting    Tool,    Rivett-Dock 357 

Thread   Joint.    Vanishing 1004 

Thread    Lead    Indicator.    Bicknell-Thomas 1025 

Thread     Measuring     Machine,     S.     A.     S.      Pre- 
cision        833 

Thread  Miller,  American  Ammunition  Co.'s 733 

Thread    Millers,     Internal 180 

Thread   Milling    < 128 

Thread   Milling   Fixture   for   Shells 1031 

Thread    Milling    Machine,    Mollne 834 

Thread    Milling    Machine,    Semi-automatic 547 

Thread    Milling    Machine,    Thomson 535 

Thread     with     a     50-pitch     Chaser,     Chasing     a 

100-pitch.      Eric    Lee 806 

Threads,    Cutting.      F.    E.   Metzler 519 

Threads,    Determining    Tap    Drill    Sizes    for   Me- 
tric       318 

Threads,     "Effective    Diameter"     of    Screw....     62 
Threads.    Gaging    and    Inspecting.      Douglas    T. 
Hamilton: 

1 477 

2 581 

Threads,    Laying   out   Screw.      Warren   H.    Bar- 
ton       429 

Threads,    Standardization    of    Screw 918 

Threads  with   Acid,    "Lapping".     J.    B.   Murphy  433 

Threading    Lathes,     Automatic     1117 

Threading    Machine,    Betts    Horizontal    Boring, 

Drilling    and    273 

Threading    Machine,     Geometric     351 

Threading    Machine,     Landls    Set-screw 265 

Threading    Machine,    Pipe     836 

Threading   Steel.     L.   J.    Bechaud 908 

Threading    Tool.    Spring.      F.    S.    Ripley 621 

Time   for  Machinery,    Short 126 

Time-fuse  Parts,  Gages  for.     Donald  A.  Baker.  .1089 

Time-limit    Overload    Relay,    G.    B 267 

Tin  Cans,   Substitutes  for   968 

Tire    Turning    and    Boring    Mill,     Betts 1113 

Title,       Arrangement      of       Border-lines      and. 

Draftsman     60 

Tlteflex  Metal  Hose  Corporation: 

Metallic    Tubing    836 

Toledo    Machine    &    Tool    Co.: 

Toggle    Drawing    Press     360 

Forming     Press     930 

Tolerance,    Limit,    Allowance   and 206 

Tolerances,    Screw    Thread     614 

Tool,     Adjustable     Radius    Lathe.       H.     E.     An- 
derson          60 

Tool    by    Wire    Method,    Measuring    Forming....   811 
Tool     Designing,     Examples    of    Expensive.       F. 

B.    Jacobs    608 

Tool  Drawings.  Tabulated.     C.   A.   Kuhn 139 

Tool    Equipment    for    Foster    No.    5    Screw    Ma- 
chine        348 

Tool   for  Truing   Grinding   Wheels.    Diamond....     37 

Tool    Grinder,    Oakley    Cutter   and 1026 

Tool-holder    85 

Tool-holder,   "Progress"  Spring 822 

Tool.   Jones-Mowry  Frosting 927 

Tool.   Oil-groove  Cutting.     Adalbert  O.   Alexay.  .   160 
Tool-room   Specialties,   S.    A.    &  S.    Grinding   At- 
tachments    and 832 

Tool-room    Systems.      Franklin    D.    Jones 653 

Tool-room     Systems 676 

Tool-slide.    Repairing   a    Cutting-off.      Harry    F. 

Fitzkee      909 

Tool  System  of  Cadillac  Motor  Car  Co.— 2.     Ed- 
ward    K.     Hammond 143 

Tool.    Watson    Tangent-cut   Box- 442 

Tools  and  Burnishers  for  Truct-  Axle  Journals..   520 
Tools    for    Lathe    Manufacture,     Portable.       Ed- 
ward   K.    Hammond.. 767 

Tools     for     Machining     Cartridge     Cases.       Fred 

H.     Korfr 806 

Tools  for  No.  6  B.  &  S.  Screw  Machine,  Circular 

Forming.      William    W.    Johnson 20 

Tools  for  the  Lathe,  Multiple.     Henry  M.   Wooil  506 

Tools.     Gale-Sawyer     Electrically     Welded 823 

Tools   in   Manufacturing.    Use   of   Portable 764 

Tools,     Kelly     "Production" 929 

Tools,    Large   Returns   from   Small 765 

Tools    on    Emery    Wheel,    Grinding    Edge.      M. 

E.     Duggan 1103 

Tools,    Portable    Electric 88  ' 

Tools,    Primitive.      Guy    H.    Gardner 290 


14 


Tools  Rapidly,  Method  of  Counting.     L.  M.  Frost  338 

Tools,   Ready  Electrically  Welded 273 

Tools,  Snap  Fastener  Press.  Victor  Brooli....  788 
Tools  to  Gages,  M,iking  Cutting.  Eric  Lee....  771 
Tooimaker,    Value   of   Logarithms   to   the.      Guy 

H.     Gardner...' 61 

Tooimaker's   Clamp.      August   J.    Lejeune 1103 

Toolmaking    Methods,    Modern 1056 

Toolpost  Collar  and  Shoe,   Du  Bols 823 

Toolpost,   Cross   Form  of  Chuck,   Adapter  Bush- 
ing   and    Special 874 

Toolpost,   Magna   Turret 1017 

Toolpost     Turret 380 

Tooth  Form  for  Roller  Chain  Sprockets,  Diamond  319 

Torsional   Test   of    "National"   Pipe 837 

Tote   Boxes,    New    Britain   Stacking 269 

Townsend,    Guy   G. : 

Disk    Grinders 1031 

Tracing   and   Registering   Idle   Machinery,    Brit- 
ish   Clearing-house    for 513 

Tracing    Board.    Tiithill    Spring    Co.'s 1113 

Tracing  Cloth,   Ruling  Data  Sheets  on.     Andrew 

F.     Burgwaia 999 

Tracing    Frame    for    Bristol    Board.      Harry   W. 

Davis    712 

Tracing.   Making   Blueprints  without  a.     S.   W. 

Palmer    1003 

Track,   Laying   out  a   Kite-shaped 488 

Tractor,   The   Caterpillar 1011 

Tractors,     Farm 616 

Tractors  Now  and  After  the  War,  Farm 1058 

Trade,   Choosing  a.     F.    B.  Jacobs 118 

Trade,    Combinations    for    Export 461 

Trade,   Cooperation  in   Export 393 

Trade  in   Six   Easy   Lessons,   Learning   the  Ma- 
chinists'   ' 60 

Trade-mark   Regulation,   Costa   Rica 1120 

Trade-marks.  Value  of.     Edwin  M.   Giles 318 

Training    Crippled     Soldiers 988 

Training  Students  in  the  University  and  Shop. .  301 

Trammel,  A  Handy 908 

Transformation-point    Recording   Apparatus 736 

Translator's    Pigeon    English 10 

Transmission  Cases  on  Vertical  Boring  Machine, 

Machining.      Robert    Morris 808 

Transportation — Correction,    Factory 1056 

Transportation,     Factory 690 

Transportation,  Factory.     Edward  K.  Hammond: 

1 941 

2 1076 

Trap,  Making  a  Sanitary.  Ernest  A.  Walters.  197 
Trautschold,    Reginald: 

Laying  Out  Skew  Bevel  Gears 32 

Spiral    Type    Bevel    Gears 199 

Internal   Spur   Gearing 405 

Internal    Helical    Gearing 522 

Internal   Bevel    Gearing 611 

Internal     Worm-gearing 695 

Cutting  Internal  Helical  Gears  on  the  Fellows 

Gear  Shaper 739 

Epicyclic   Gear   Trains 1007 

Machine-cut  Elliptical   Gears 1(M9 

Travel    of    Cutter    When    Milling    Gear    Teeth. 

Percy    W.     Frampton 997 

Trbojevich,    Nikola: 

Solving  Equation  for  Spiral  Gearing 433 

Trepanning   Heavy  Cylindrical   Forgings 47 

Trial,  Solving  Equations  for  Spiral  Gearing  by.  346 

Triangle,   Finding  the  Angles  of  a 720 

Triangle,    Hellman    Universal 836 

Triangle,   Solving   Special  Cases  of   Right 810 

Triangle,    Ware     Isometric    Pick-up 177 

Trigonometric   Functions  for  any   Angle 1107 

Trigonometry,    Problem    In 718 

Truck,    Adjustable   Lifting 836 

Truing,  Wheel  Dressing  and.     Howard  W.  Dun- 
bar       895 

Truck   Axle  Journals,   Tools   and   Burnishers  for  520 

Truck,   Box.     G.   R.   Smith 251 

Truck,    Clark  Transfer 178 

Truck,      Industrial 930 

Truck  with   Detachable  Tongue,   One-man  Shop.  546 

Truing    Grinding    Wheels 90 

Truing    Jaws    of    Scroll    Chuck.       Gustave    A. 

Remade     159 

Truing  Scroll  Chuck  Jaws.     Harry  Brook 619 

Trumbull,    F.    S.: 

Tapping   Machine    for   Thin   Work 641 

Trumbull,   Horace  N.,  Per.sonal  of 450 

Trump,   Samuol  N.,   Obituary  of 278 

Trunnion  Drill  Jig  with  Milling  Attachment..  127 
Trusses    Built    by    "System    Stephan"    Method, 

Wooden     Roof 54 

Trust    Laws,    Foreign 88 

Trust   Laws   of   Various   Countries 184 

T-sectlons,   Special  Drilling  Machine  for 505 

T-square   Protractor.    Handy.      John   Burkam 246 

Tube   Boring  and   Facing   Machine.    Pedrick 439 

Tube  Industry,   Growth  of  Steel   Pipe  and 237 

Tube    Reclaiming   Machine,    Ryerson   Boiler 541 

Tube  Testing  Machine.  Watson-Stillman  Boiler..   734 

Tubing.    Bulging    Seamless    Steel 15 

Tubing,    Casting    Brass    around    Steel 198 

Tubing,    Coiling    Shelby    Seamlcs.s 301 

Tubing   for   Boring-bars,    Shelby   Seamless   Steel    52 

Tubing,    Titeflex    Metallic 836 

Tubing,    Uses    for    Shelby 320 

Tucker,    E.    W.,   Obituary  of 278 

Tucker.    W.    M.    &   C.    F. : 

Shear    and    Rod    Cutter 85 

Tumbling  Barrel,   The.     G.    R.  Smith 1067 

Tungsten   Lamp  Manufacture.     Charles  Eisler. .  321 

Tungsten  Production  In  the  United  States 15 

Tunnel   under  the   English   Channel 142 

Turbine-driven    Fan 447 

Turbine    Units,     Re-engining    V.    S.    Battleships 

with     Geared      127 

Turner    Machine    Co.: 

Hand   .Screw   Machine    275 

Turning   and    Boring    Mill.    Belts   Tire 1113 

Turning    Carriage,    Duplex 737 

Turning    Machine.    Briilgeford    Plain 79 

Turning  Pulleys  Mounted   on   Center  Plugs.      H. 
B.   Savage    158 


Turret    Head,    Eisler    Drill    Pres< S.'.S 

Turret  Lathe,  see  Lathe. 

Turret    Table,    Universal 041 

Turret,     Toolpost 360 

Turret  Toolpost,  Magna 1017 

Tuthill    Spring    Co.: 

Tracing   Board 111.3 

Twist    Drills,     "Colton-Detrolt" S27 

Twist   Drills,    Plailng    Numbers   on.      Harry   B. 

Stillman     , 806 

Twisting    and    Bending    Eccentric    Rods,    Link 

Hangers,  etc..   Devices  for 427 

Two  Rivers  Drawing  Tools  Co.: 

Combination    Drawing    Tool 274 


Universal  Electric  Co.: 

•Drill,    Tool    and    Toolpost    Grinder 10,'Sl 

Universal   Machinery   Co. : 

Lathes    824 

Ungar,    G.   A.,    Personal   of    450 

United  States,  Census  of  Manufactures  In  the..     17 
United  States  Electrical  Tool  Co.: 

Ball    Bearing    Grinder .546 

Electrical    Grinder 1117 

United    States   Lathe    &   Machine    Co.: 

Engine   Lathe    82 

Lathe    269 

United    States.    Tungsten    Production    in    the 15 

Universal   Equalizer  Co.: 

Vise-jaw    Attachment 736 

Universal  Joint.   Plank 536 

Universal    Machine    Works: 

Toolpost     Turret 360 

Universal  Mfg.   Co. : 

Quick-operating     Cutter 3.50 

Uptegraff,    R.    E..   Personal   of 1036 

Uranium    High-speed    Steel    Tests 142 

"Use-em-up"    Drill   Socket  Dimensions 252 

U.    S.    Electrical   Mfg.    Co.: 

Grinding  and   Buffing  Stand 1117 

U.    S.    Electro-Galvanizing   Co.: 

Quenching     Machine 275 

U-stakes    for    Piling    Bar   Stock 1057 

Ux.    Russell    R.: 

A  Society  for  Inspectors 910 

Uyuni-Tupiza     Railway 841 


Valley   City  Machine  Works: 

Grinders    and    Buffers 174 

Semi-universal    Milling    .attachment 174 

Valley   Plates   for  Steel    Hoppers.    Finding   True 

Angle  of.     L.   M.    Hamlet 1101 

Vails,    R.    W.,    Personal    of 370 

Value    of    an    Industrial    Plant,    Productive    Ca- 
pacity a   Measure  of.     H.    L.   Gantt 742 

Valve-chamber     Boring     Machine,      Locomotive- 
cylinder     and 736 

Valve    Grinding    Machine.     Brierley 929 

Valve  is  in  ^Equilibrium,  Why  a  Safety 43.t 

Valve.   Metalwood    Pilot-operated 300 

Valve  Sleeve  Multiple  Drilling  Machine,  Lange- 

lier     Motor 81 

Valves,   Grinding  Taper  Plugs  In   Brass 1105 

Valves.  Reseating  Gasoline  Motor.     H.  W.  Hicks    57 

Vanadium.    Decreasing   Value   of 414 

Vanderbeek.    A..    Obituary    of 1036 

Vanishing    Thread    Joint 1004 

Vapor.     Gasoline 616 

V-blocks,     Simplex 726 

Velocities.    Problem    Concerning    Virtual 811 

Vernon  Machine  Co..   Inc.: 

11-inch     Lathe 80 

Vibration.    Natural    Frequency    of 198 

Victor   Endless   Belt   Co.: 

Endless    Fabric    Belt 83 

Victor  Machine  Co.: 

Band     Grinder 275 

Victor  Talking  Machine  Needles  used  as  Divider 

Points.      Fred    C.    Latimer 342 

Victrola,    Governor   for   Regulating  Speed  of. . . .  720 

Virtual    Velocities.    Problem    Concerning 811 

Vise  Adjustable  for  Height.     Harry  B.  Stillman  519 

Vise.    -Mr-operated 447 

Vise,     Holmes    Machine 443 

Vise-jaw    Attachment 7^6 

Vise   Jaws.    Special.      Harry   B.    Stillman 619 

Vise.   Position  of  Anvil  and 810 

Vise  Stop  for  Milling  Machines.     V.   G.  Terry.. 1001 

Vise.    Quick-acting 930 

Vises,    Columbian   Malleable   Iron 926 

Volume   of   Sphere.    Handy   Chart   for   Determin- 
ing.    N.   G.    Near 809 

Volume    of   Steam    at    a    Given    Pressure 62 

Voss.   Walter  C.   Personal  of 278 

Vulcan   Engincerina  Sales  Co.: 

Riveting     Machine 88 

Vulcanite-mounted   Magnifying  Glasses,   To  Pre- 
vent Breaking  of.     R.  C.  Scholz 1103 

■w 

Wadell   &   Bowen   Co.: 

.\dj\istable   Fixture   for  Locating   and   Drilling 

Holes     in     Jigs 516 

Wages.     Wartime 420 

Wagstaft.   G.   W..   Personal  of 630 

Walcott    Lathe    Co.: 

A  20-inch   Lathe  with   Quick-change   Gear 447 

Waldron,   J.   G.,   Personal  of 450 

Wallace.   J.  D.: 

Patternmakers'    Bench    Planer 2i4 

Walls   Tool   Co.,   T.   P.: 

Surface     Plates 929 

Walters,   Ernest  A.: 

Making  a   Sanitary  Trap 19" 

Why  Pressed  Steel  Parts  Break  During  Manu- 
facture        876 

Making    a    Pressed    Steel    Cover 999 

Blanking  and  Folding  Punches  and  Dies 1098 
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IWaltham    Machine    Works: 
Gear-cutting     Machine 632 
I  War,  America  In 814 

War,    Farm   Tractors   Now   and   After   the 1058 

War   on   Metal   Prices,    Effect   of   the 862 

War   Revenue   and  Second-class   Postage   Rates. 

M.    J.    O'Neill 931 

War — What   of   Machinery    Export?   After    the.. 1088 
Wardwell   Mfg.    Co.: 

Hacksaw    Blade   Grinding   Machine 275 

Ware,    B.   B.: 

Isometric   Pick-up   Triangle 177 

Warehouse  of  Hill,  Clark  &  Co.,  Machinery E>48 

M^arfare,    Machinery   in 760 

Warford,  Norman  L.,  Personal  of 368 

Warping,  To  Harden  an  Annular  Disk  without.'.  719 
Warranties,  The  Law  of.     Chesla  0.  Sherlock ..  1059 

Wartime     Wages 426 

Washer,     Balancing 179 

Washers    in    an    Hour,    Making    50,000.      A.    E. 

Sanford  , 337 

Washing  and  Pickling  Metal  Goods,  Machine  for  546 

Washing    Machines,    Saylor    Shell 724 

Washington    Etching    Machine 536 

Waste  of  Metal,   Breaking  Steel  Bars  without..  419 

Waste,     Utilization    of 966 

Watch  Dies,  Compound  Sub-press.     W.  H.  Dun- 
brack     992 

Watch-making    Industry.    U.    S 1067 

Watch,    Silberberg    Motion    Study 788 

Water-packing    Grooves 912 

Water    Power    in    European    Russia 570 

Water  Power  of  Canada 450 

Water,    Short   Rule   for   Calculating   Weight   of.  487 
Water,    Straightening   Heavy  Shafts  with   Cold. 

Thomas    Mason 157 

Water   Through   Pipe,   Discharge  of 254 

Waterville   Iron   Works: 

"Roulsted"   Engine  Lathe 77 

Watson-Stillman  Co. : 

Boiler    Tube    Testing    Machine 734 

Bender    for    Ship    Frames 1117 

Wax    of    Old    Phonograph    Records    for    Making 

Erasures,    Using 224 

Weart,   Spencer,   Personal  of 650 

Weddell,  Ralph  R.: 

Penciling     Drawings 999 

Wedge    Optical    Pyrometer 552 

Weigel,    Albert    P..    Personal    of 1126 

Weigh   Correctly,    Why   the   Scales   didn't 341 

Weighing,    see   also   Balance. 

Weight   of    Iron    Bolts    and    Nuts.      George   W. 

Childs      988 

Weight  of  Water.  Short  Rule  for  Calculating..  487 

Weight     Slide-rule "9 

Weir,  S.  E.,  Obituary  of 744 

Welcome,   S.   B.: 

High-speed   Checking   Reamer   and   Core   Drill  342 

Welded  Tools,   Gale-Sawyer   Electrically 823 

Welded  Tools,   Ready  Electrically 273 

Welder,    Southwark    Universal    Flue 354 

Welding  and  Cutting  Metals,   Thermalene  for. .  532 
Welding,  Electric  Seam-.     Douglas  T.  Hamilton  415 

Welding,    Field  of   Electric   Arc 297 

Welding  of  Iron  and  Steel  exhibited  at  the  New 

York   Electrical   Exposition,    Electric 119 

Welding    Outfit •••••;••  'A' 

Welding  Practlce-2,   Electric  Spot-.     Douglas  T. 

Hamilton     ^ 

Welding,    Steel ■• r"""  S? 

Welding  System   Using  Constant  Current,   Arc.  &47 

Welding,    Unusual   Electric   Butt- 20 

Welding,    Wilson   System   of    Electric 644 

Wells,    Leslie    A.: 

Built-up    Snap    Gages <>" 

Western  Screw  &  Lock-nut  Co.: 

Drake     Lock-nut *" 

Westinghouse    Electric    &    Mfg.    Co.: 

Liquid   Rheostatic   Control   for  A.    C.   Wound- 
rotor     Motors 270 

Noiseless    Gear »" 

Large    Noiseless    Pinion 4w 

Huge    Reversing    Motor 553 

Grinder     Motor 6"^ 

Auto   Starters    "•••.'••••,•.■•■■;:;■;■■  m« 

Motor   Headstock    for   Wood-working    I-athcs..   83b 
Electrically   Heated  Presses   for  Molding   Ma- 

terial     ^ 

Oven    Heater •  • "^J- 

Automatic   Starters   for   Induction   Motors 1114 

Westlund   Co..    Carl   G. : 

Eightcen-lnch    Heavy-duty   Engine   Lathe 546 

Wheatley,    W. : 

Facing    Angles    on    Boring    Mill 510 

Wheel  Dressing  and  Truing.     Howard  W.   Dun- 

Wheel   Grinder,    Putnam   Heavy-duty   Car- 534 

Wheel   Grinding   Machine,    Portable   Band 641 

Wheel   Speeds,    Grinding.      H.   W.    Dunbar 49 

Wheel    Speeds,     Polishing 283 

Wheel,    The    Grinding 1120 

Wheels  and  Axles,   Forced  Fits  of 6- 

Whcels,   Diamond  Tool  for  Truing  Grinding 37 

Wheels,   Grinding  Chilled  Car 344 

Wheels,    How   we   cut   a   few   Sprocket.     Philip 

U.    Kallenberg 245 

Wheels,    Wide-face    Grinding 687 

Whitman,    Conference  with   Gov 1121 

Whitney,    Birthday    of    Amos 1036 

Whitney,    J.    D.: 

(iroup     Insurance 962 

Wilkes   Bros.: 

Single-pun>ose   17-lnch   Lathe 836 

Wiggins,   E.   R.: 

Folding   a    Band   Saw 1003 

Willard.    George   A.,    Personal   of 1126 

WiUemln    Mfg.    Co.: 

Punch    Grinding    Machine 553 

Williams.  C.   G. : 

Loyalty  of   Employers  and  Employes 802 

Heavy-duty     Punch 1102 

Wilson,   A.    H. : 

Piercing  and   Drawing  Gang   Die 621 


Wilson    Wi'lil.'i-    &    Mcliils    (-....     Ini'.: 

SyBtcm    of    Klcclrlo    WoUlliiK 544 

Wlnillass,    The    Chinese 84ri 

Windows  from  Floor,    Height  of.      Kobcrt   Urlm- 

Mhuw      240 

WinHeld   Electric    Welillng    Mnchine    Co.: 

Electric    Riveter 177 

Wlnfrqiilst,    Sven.    IVrsonnl    of 278 

Winter.    Otto    K.: 

Kecesslng   Tool    for   Horizontnl  .liorlng   Mill...  58' 

Ijirge    CounterlMire    for    Spotfiiclng 841 

Wire   and   Metal    Former 838 

Wire  Method.  Measuring  Forming  Tpol  b.v 811 

Wire    Nail   Machines 1^8 

Wire    Straighteners.      Frank    H.    Mayoh 916 

Wire     Straighteners— Correction 1030 

Wisconsin   Electric   Co.: 

Portable     Toolpost     Grinder     with     Extension 

Spindle 300 

nigh-speed     "Dumore"     Grinder 727 

Wismach  &  Co. : 

Gage     Standards 88 

Wlweke.  Charles  P. :  . ;. 

Origination   versus    Imitation    in   Design 519 

Wolfram.    W.    E.,  .  Personal    of 744 

Women   admitted   to  the   British   Iron   ami   Steel 

Institute     288 

Women  and   Girls   in   Machine   Shops -363 

Women    War    Munitions    Workers ^1.% 


Wood,  Common  Salt  or  Presofflng.     Miirif  Mere- 
dith   ; .  A .i; ,'-.86 

Wood.    Jlenry    M.:  >        >^»  T' 

Multiple  Tools   for  thn  La^^. '.<> ) 506 

Wood    &   Safford    Machine  VbrVs:  ' 

Cylinder     Grinder ,.».. ., 3.51 

Wood  Turret  Machine  Co.:,. 
'      -Accuracy   Tests    In   ManiHacturlng    the   Tilted 

Turret     .■^  .  ■ .  ■ ' 1082 

Worcester  Pressed  Steel  flK!    ^ 

Commercializing  CartridS  Case  Manujaeture.     40 
Work-holding     Fixtures     fo>    Blanchard    Surface 

Grinder.      Douglas   T.    IDtmllton > 877 

Work-holding    Flxtnien    for'  Internal    Grinding..     53 
Working   Hours  of   Bullard  Machine  Tool  Co...   118 

Working    Men,    Apartmenta '  for.  ...>.. ., 710 

Workmanship,   The   Item  «.../» , 15 

Workmen.   Threatened   De|rtb  of  SUlled 200 

Workmen's     CompcnsntioM-   Acts.     'lOhcsla      C. 

Sherlock     J  j,. .; ..r: ..... 870 

World's    Gold    Output *....v...j 887 

^Vorm,   Cutting  a  Metric  ^Itch".     Gay.  H.   Gard- 
ner      JK ^ 800 

Worm-gears  and  Spur  Oeafs  by  Grabble  Method, 

Determination  of  Efflci^a'cy  of.     JoHh  S.  Myers  083 
Worm-gearing.    Internal.  LltcginaUjJTrautschold  695 
Worn   Lathe.    Boring  SIraJght    Holes;  <>n   a.      Ed- 
ward    Bwigemann ;. .,. .^. 433 

Wrench,     Plug     ».  ,' -i; 179 

Wright.    H.  .F.,    Personal  >'ol. '.", 650 


Wright  Roller  Bearing  Co.: 

Oageless    Boiler    Bearing 1027 

Wriglcy,   B.   W.: 

Better    Apprentices 55 

Wnest,   Robert,  Personal  of 1030 

Wunsch.   J.   W.: 

Use  of  Diagrams  In  Machine  Design 761 

Zinc   Plating   as   a    Protection   Again^i    (  orro- 

slon     872 

Wunsch,   Joseph   W.,    Personal  of 930 

Y 

Toke   End,   Drill  31g   for   Adjustable.      W     Burr 

Bennett    '. 160 

Tokom  Sales  Co.: 

Air     Compressor 886 

Toung,   A.    H.,    Personal   of 368 

Young,    Arthur  H.,    Personal   of 558 

Youngstown    Foundry    &    Machine    Co.: 

Roll-turning  Lathe   with   Enclosed  Headstu.k.  447 


Zeller.  J.  A.: 

Making  Ferrules  from  Sheet  Steel  or  T.r^iss..  517 
Zeppelins,  Equipment  of  Largest  and  Latest...  505 
Zinc  Plating  as  a   Protection  against  Corrosion. 

J.    W.    Wunscb 872 

Zinc    Plug    Inserting    Machine    805 
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ELIEF  in  the  pos- 
sibility of  keep- 
ing trade  secrets 
has  been  more 
strongly  relied 
upon  in  con- 
ducting various  metallurgical 
operations  than  has  been  the 


As  its  name  implies,  cold-rolled  steel  is  produced  by  rolling  the 
metal  cold,  and  two  noteworthy  advantages  are  obtained  in  this 
way:  First,  the  tendency  to  oxidize  and  form  a  scale,  which  can- 
not be  avoided  when  steel  is  rolled  hot,  is  entirely  overcome  by 
cold-rolling,  so  that  the  steel  may  be  given  what  is  known  as  a 
"bright"  finish.  Second,  the  avoidance  of  oxidation  enables  the 
gage  of  the  steel  to  be  held  within  very  close  limits;  on  the  thicker 
gages  the  limit  of  accuracy  is  within  0.0015  inch,  while  the  thin- 
nest gages  are  guaranteed  to  be  within  0.00025  inch  of  the  specified 
thickness.  Also,  the  process  of  cold-rolling  enables  steel  to  be 
rolled  true  to  gage  as  thin  as  0.003  inch,  which  would  not  be  prac- 
ticable  with    hot   metal    because   of   uneven    heating   and   expansion. 


case  in  many  other  industries.     Progressive  manufacturers  of      on  the  dies.       For  this  reason. 


that  results  in  forming  the 
well-known  scale  with  which 
heated  metal  is  covered.  Those 
who  have  had  experience  in 
the  working  of  sheet  steel 
know  that  this  oxide  scale  is 
exceedingly  hard,  and  that  it 
exerts  a  very  harmful  effect 
cold-rolled  steel  is  in  demand 


the  present  generation  have  generally  acknowledged  the  fact 
that  it  is  exceedingly  difficult,  if  not  impossible,  to  hold  a 
trade  secret  inviolate;  and  recognizing  this  fact,  they  have 
come  to  place  more  reliance  upon  perfecting  every  detail  of 
each  manufacturing  operation,  instead  of  expecting  to  attain 
or  hold  commercial  supremacy  by  the  possession  of  secret 
methods  with  which  competitors  are  unfamiliar.  Reliance  in 
trade  secrets  has  probably  been  responsible  for  the  lack  of 
published  information  concerning  methods  employed  in  the 
manufacture  of  cold-rolled  steel;  at  least  very  little  informa- 
tion has  been  published  on  this  subject,  and,  as  a  result,  the 
following  article  which  describes  the  methods  employed  in  the 
production  of  cold-rolled  strip  steel  at  the  plant  of  the 
Schwartz-Herrmann  Steel  Co., 
Floral  Park,  Somerville,  N.  J., 
should  prove  of  material  in- 
terest to  readers  of  M.vchineky. 
Cold-rolled  steel  possesses 
several  advantages  which  can- 
not be  secured  with  metal 
that  is  rolled  hot.  Most  note- 
worthy of  these  is  the  fact 
that  rolling  the  metal  cold  en- 
ables it  to  be  given  a  so- 
called  "bright"  finish;  that  is 
to  say,  there  is  no  oxide  or 
stains  on  its  surface.  Where 
the  steel  is  rolled  hot,  this  ad- 
vantage cannot  be  obtained, 
because  hot  metal  is  easily  at- 
tacked  by  oxygen   of  the  air 


Fig.    1.     Entering    End    of    Gas    Medium    Furnace    for    annealing    Steel 


for  use  in  the  manufacture  of  various  pressed  steel  products. 
In  addition  to  the  advantage  secured  through  the  absence  of 
scale  in  working  cold-rolled  steel  under  the  punch  press,  the 
possibility  of  rolling  steel  without  forming  any  scale  has  an- 
other important  advantage.  Sheet  metal  produced  in  this 
way  can  be  rolled  very  thin — the  limit  being  about  0.003  inch — 
and  the  thickness  can  be  held  within  close  limits.  It  will  be 
evident  that  this  would  be  utterly  impossible  if  the  metal 
were  at  a  red  heat,  because  the  production  of  scale  would  not 
only  cause  considerable  variation  in  the  gage  of  the  metal, 
but  with  extremely  thin  sheets  it  would  actually  result  in  its 
complete  destruction. 

Raw  Materials  of  the  Industry 

Mills  engaged  in  the  manu- 
facture of  cold-rolled  steel  se- 
cure their  raw  material  in  the 
form  of  hot-rolled  ribbon 
stock  of  thickness  somewhat 
greater  than  that  of  the  cold- 
rolled  steel  which  is  to  be  pro- 
duced. The  treatment  of  this 
material  in  early  stages  of  the 
process  will  differ  according 
to  its  carbon  content.  With 
steel  which  does  not  contain 
over  0.30  per  cent  of  carbon, 
it  is  unnecessary  to  conduct 
a  preliminary  annealing  pro- 
cess; but  steel  with  more 
than  30  points  of  carbon  must 
be  annealed  before  the  rolling 
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Fig.   2. 


Delivery  End  of  Gas  Medium  Furnace — note   Arrangement   of 
Water  Seal 


can  be  started.  For  the  purpose  o£  describing  the  method  of 
manufacturing  cold-rolled  steel  in  this  article,  we  will  assume 
that  the  mill  is  working  on  high-carbon  steel  which  requires  a 
preliminary  annealing  in  order  to  make  it  soft  enough  to  be 
rolled  advantageously.  Three  forms  of  annealing  furnaces  are 
employed  for  this  purpose,  and  the  selection  of  the  particular 
form  of  furnace  to  use  will  depend  upon  the  analysis  of  the 
metal.  These  furnaces  are  known  as  the  "gas  medium"  an- 
nealing furnace,  the  "pot"  annealing  furnace,  and  the  "muffle" 
annealing  furnace.  In  the  muffle  furnace  the  metal  is  heated 
in  contact  with  the  air,  so  that  an  oxide  scale  is  formed  over 
it,  while  in  the  pot  furnace  and  the  gas  medium  furnace  the 
metal  is  protected  from  the  air,  so  that  all  tendency  to  oxidize 
is  avoided.  One  of  the  latter  types  of  furnaces  is  generally 
used,  but  the  muffle  or  "scale"  annealing  furnace  is  employed 
where  the  stock  which  is  to  be  converted  into  cold-rolled  steel 


Fig.   3.     Pot  Annealing  Furnace,   showing  Pot   just  drawn  out 

has  been  treated  in  such  a  way  that  its  surface  has  become 
decarbonized.  With  such  material  the  production  of  a  scale 
on  the  surface  of  the  steel  is  an  advantage,  because  it  removes 
that  part  of  the  metal  from  which  the  carbon  has  been  with- 
drawn. This  will  be  referred  to  in  more  detail  in  connection 
with  the  description  of  the  pickling  process.  In  all  types  of 
furnaces,  the  temperature  employed  varies  from  1150-1300  de- 
grees F.,  according  to  the  carbon  content  of  the  steel. 

Gas  Medium  Furnace 

The  process  of  annealing  steel  in  the  gas  medium  furnace 
consists  primarily  of  raising  its  temperature  to  the  required 
degree  and  then  allowing  the  metal  to  cool  slowly.  This  result 
is  accomplished  by  placing  the  coils  of  ribbon  stock  on  a 
chain  conveyor  which  carries  them  through  the  furnace.  The 
conveyor  is  driven  by  an  electric  motor  which  transmits  power 
through  a  train  of  high  reduction  gearing,  so  that  it  takes 
about  six  hours  for  the  steel  to  pass  through  the  furnace. 
The  conveyor  carries  the  steel  through  a  steel  tube  surrounded 
with  firebrick  in  the  heating  furnace,  which  is  built  around  the 


portion  of  this  tube  in  which  the  heating  of  the  steel  is  con- 
ducted. The  furnace  is  of  simple  construction,  consisting  of 
a  checker  work  of  firebrick  whic'h  is  kept  at  a  red  heat  by 
the  combustion  of  producer  gas;  and  in  order  that  the  furnace 
may  operate  at  the  maxiinuni  economy,  the  draft  in  this 
furnace  is  arranged  in  such  a  way  that  the  gas  and  hot 
products  of  combustion  pass  through  the  furnace  in  a  winding 
course  wliich  has  somewhat  the  form  of  the  letter  S.  In  this 
way  the  gases  leave  the  furnace  at  a  relatively  low  tempera- 
ture, having  given  up  most  of  their  heat  to  the  brick  checker 
work. 

As  the  essential  difference  between  hot-rolled  and  cold-rolled 
steel  is  that  the  latter  is  entirely  free  from  oxide  scale — and 


Fig.  i. 


Pots  of  steel  and  Special  Hoist  for  lifting  them — note  Central 
Hole  in  Pots  to  allow  Heat  to  enter  from  All  Sides 


as  the  method  of  manufacture  is  carried  on  with  the  view 
of  eliminating  scale^it  will  be  evident  that  in  the  preliminary 
treatment  of  the  metal  it  is  desirable  to  avoid  scaling  as  far 
as  possible.  Such  being  the  case,  the  annealing  must  be  con- 
ducted in  an  atmosphere  which  is  free  of  oxygen,  and  this 
result  is  obtained  by  having  the  tube  in  the  annealing  furnace 
filled  with  produced  gas.  This  gas  enters  the  tube  at  one  end 
and  passes  through  to  the  opposite  end,  where  there  is  a 
burner  that  provides  for  consuming  the  gas  as  it  leaves  the 
tube.  It  will  be  seen  from  Fig.  1  that  the  conveyor  tube  rises 
at  a  gradual  angle  until  it  has  passed  through  the  furnace, 
after  which  it  drops  to  the  floor  level,  where  the  end  of  the  tube 
dips  into  a  water  seal  shown  in  Fig.  2.     In  passing  through 


Fig.   5. 


Pickling   Department — Attention  is   called  to   Method   of 
dipping  Steel 
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Fig.  6.     Cold-rolling  Strip  Steel 

the  portion  of  the  tube  contained  in  the  furnace,  the  tem- 
perature of  the  steel  is  raised  to  the  degree  required  by  the 
composition  of  the  steel,  after  which  it  is  carried  along  by  the 
slowly  moving  conveyor,  so  that  its  temperature  is  allowed 
to  drop  very  gradually,  and  this  results  in  annealing  the  steel 
so  that  it  is  soft 
enough  to  be  worked 
under  the  rolls.  The 
steel  is  quite  cold  at 
the  time  it  reaches 
the  water  seal  at  the 
far  end  of  the  tube, 
and  although  it  is 
immersed  in  the 
water  before  leaving 
the  conveyor,  this 
does  not  result  in  the 
production  of  any 
serious  amount  of 
scale  or  rust.  It 
takes  about  six  hours 
for  a  coil  of  steel  to 
pass  through  the 
furnace,  and  the  rate 
of  production  is  from 
15,000  to  20,000 
pounds  in  twenty- 
four  hours.  The  fur- 
nace is  in  operation 
continuously. 

Pot  Annealing- 
Furnace 


In  the  pot  annealing  furnace,  as  in  the  type  of  furnace 
which  has  just  been  described,  the  object  is  to  conduct,  the 
annealing  operation  in  such  a  way  that  there  will  not  be  any 
tendency  to  form  scale  on  the  metal.  In  pot  furnaces,  the  coils 
of  metal  are  placed  in  steel  pots  and  packed  with  fine  iron 
borings,  after  which  the  cover  is  put  on  the  pot  and  the  joint 
sealed  with  fireclay.  The  iron  borings  serve  to  exclude  air 
from  the  pot  and  also  to  assist  in  taking  up  oxygen  from  the 
small  amount  of  air  which  is  left;  in  addition,  they  have  been 
found  to  possess  the  power  of  absorbing  foreign  matter  from 
the  surface  of  the  steel  which  would  otherwise  result  in  the 
production  of  stains  on  the  bright  surface  of  the  cold-rolled 
metal.  Each  of  the  pots  in  which  the  steel  is  annealed  has  a 
capacity  of  1000  pounds  of  steel  coils,  and  they  are  of  the 
form  shown  in  Figs.  3  and  4.  It  will  be  evident  from  these 
illustrations  that  there  is  a  draft  up  through  the  center  of 
the  pot  and  lid,  the  purpose  of  this  construction  being  to  allow 
the  heat  to  reach  the  metal  from  all  sides.  Eight  pots  can  be 
held  in  each  furnace  at  a  time.  It  takes  about  twelve  hours 
to  anneal  the  steel  in  this  furnace,  making  the  capacity  about 
16,000  pounds  of  steel  in  twenty-four  hours. 

The  furnaces  in  which  the  pot  annealing  operation  is  con- 
ducted are  similar  in  form  to  muffle  furnaces  except  that  they 
are  provided  with  doors  at  the  front  and  back.  Gas  and  air 
enter  the  furnace  through  ports  arranged  alternately  all  the 
way  down  one  side.     The  flame  rises  to  the  arch,  from  which 


it  is  deflected  to  the  opposite  side  of  the 
furnace  and  escapes  through  a  similar  series 
of  ports  to  those  through  which  the  air  and 
gas  are  admitted.  Running  along  the  floor 
of  the  furnace  there  is  a  track  for  the  wheels 
of  trucks  on  which  the  annealing  pots  are 
carried.  In  connection  with  the  annealing 
operation,  the  method  of  withdrawing  the 
pots  is  important.  It  has  been  mentioned 
that  there  is  a  door  at  both  ends  of  the  fur- 
nace, and  when  one  pot  has  been  in  the 
furnace  for  the  required  length  of  time,  the 
back  door  is  opened  and  this  pot  is  with- 
drawn and  allowed  to  stand  for  about 
eighteen  hours  in  order  to  allow  the  steel 
to  become  quite  cool  before  the  cover  is 
taken  off.  After  withdrawing  this  pot,  the 
back  door  is  closed  and  the  front  door  of  the 
furnace  is  then  opened  and  a  truck  carrying  a  pot  of  unan- 
nealed  steel  coils  is  pushed  in,  with  the  result  that  all  the 
pots  in  the  furnace  are  moved  toward  the  back.  It  will  be 
evident  from  this  that  the  operation  is  continuous.  Small 
"peep  holes"  in  the  furnace  doors  provide  means  of  viewing 

the  interior  of  the 
furnace  without  open- 
ing the  large  door. 

Muffle  Annealing- 
Furnace 

The  muffle  furnace, 
in  which  the  steel  is 
given  what  the  cold- 
rolled  steel  maker 
designates  a  "scale 
anneal,"  is  of  exactly 
the  same  form  as  the 
furnace  in  which  the 
pot  annealing  opera- 
tion is  conducted; 
but  in  operating  this 
furnace  the  coils  of 
steel  are  placed  on 
trucks  where  they 
are  exposed  to  the 
action  of  an  oxidiz- 
ing atmosphere. 
These  trucks  are 
passed  through  the 
furnace  in  the  same 
way  that  trucks  car- 
rying the  annealing 
pots  are  handled,  and  the  steel  comes  out  coated  with  an  oxide 
scale  which  results  in  removing  a  certain  amount  of  metal 
from  the  surface  of  the  stock  during  the  subsequent  process 
of  pickling.     As  previously   mentioned,   this   method   of  an- 


RoUing  strip  Steel — First  Pass  is  made  through  Mill  in  Background,    and  Second  Pass 
through   Front   Mill 


Fig.    8. 


Splitting  -Wide    Strip   into   Two   Narrow   Strips   and   trimming 
Edges — note  how  Scrap  is  wound  up  on  Upper  Eeel 
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ii£aling  is  only 
employed  in  tlio 
case  of  steel 
which  has  be- 
come decarbon- 
ized at  the  sur- 
face, the  scale 
anneal  serving 
to  remove  the 
decarbonized 
metal.  It  re- 
quires about  2'... 
hours  to  perform 
the  annealinK 
process  in  this 
type  of  furnace ; 
and  after  being 
removed,  three 
hours  are  re- 
quired for  the 
steel  to  cool  suffi- 
ciently to  be  sent 
to  the  pickling  department.  The  rate  of  production  is  about 
the  same  as  that  of  the  pot  annealing  furnace. 

Pickling 

The  preceding  description  of  the  preliminary  annealing 
process  to  which  the  steel  is  subjected  refers  to  metal  con- 
taining not  less  than  0.30  per  cent  of  carbon,  and  after  such 
steel  has  been  annealed,  it  goes  to  the  pickling  department, 
where  it  is  subjected  to  a  treatment  which  removes  all  the 
oxide  scale  that  was  produced  on  the  metal  during  the  hot- 
rolling  operations  by  which  it  was  drawn  out  from  the  ingot 
into  the  form  of  ribbon  stock.  Steel  with  less  than  30  points 
of  carbon  does  not  need  a  preliminary  annealing,  but  goes 
direct  to  the  pickling  department.  From  this  it  will  be  evi- 
dent that,  after  annealing,  high-carbon  steel  is  treated  in  the 
same  way  as  steel  with  a  low-carbon  content,  so  that  the 
following  description  applies  to  both  classes  of  material. 

The  pickling  process  consists  of  immersing  the  rolls  of  steel 
in  vats  of  sulphuric  acid  which  acts  upon  the  metal  and  causes 
the  scale  to  be  removed.  This  acid  is  contained  in  wooden 
vats  which  are  furnished  with  steam  pipes  for  heating  the 
acid  so  that  it  will  act  more  rapidly.  The  acid  consists  of  a 
5  per  cent  solution  of  sulphuric  acid  which  has  a  density  of 
66  degrees  BeaumT'  at  a  temperature  of  60  degrees  F.  In 
pickling,  the  coils  of  steel  must  be  loosened  sufficiently  so 
that  the  acid  can  easily  find  its  way  between  the  surfaces  of 
the  metal.  The  coils  are  supported  on  wooden  frames  which 
are  lifted  by  a  Yale  &  Towne 
electric  hoist  that  runs  on  a 
track  passing  over  the  vats, 
the  arrangement  of  the  trolley 
and  vats  being  shown  in  Fig.  5. 
These  frames  are  dropped  so 
that  their  ends  are  supported 
by  the  sides  of  the  vat  while 
the  metal  is  immersed.  In  the 
case  of  low-carbon  steel,  the 
time  that  the  metal  is  left  in 
the  vat  is  not  important,  as 
it  may  be  immersed  for  as 
long  as  fifteen  minutes  with- 
out being  damaged.  With 
high-carbon  steel,  however, 
great  care  must  be  taken,  as 
it  requires  about  three  or  four 
minutes  to  remove  the  scale, 
while  leaving  the  steel  in  the 
acid  for  a  greater  length  of 
time  will  result  in  withdraw- 
ing carbon  from  the  metal. 
The  removal  of  the  scale  from 
the  steel  is  the  result  of  a 
combined    chemical    and    me- 


Cutting  Bench   and   Shear   ior  cutting   up   Strip   Steel   into   Stock   Lengths 


acid  reacts  with 
the  iron  to  lib- 
erate hydrogen 
gas  which  sets 
up  a  pressure  be- 
tween the  steel 
and  the  scale 
and  results  in 
stripping  off  the 
scale.  It  is  im- 
portant for  the 
stock  to  be  uni- 
formly covered 
with  scale  before 
pickling;  other- 
wise, the  pickled 
stock  will  have  a 
"pitted"  surface 
and,  therefore, 
cannot  be  con- 
verted into  good 
cold-rolled  steel. 
After  the  pickling  operation  has  been  completed,  the  steel 
must  be  washed  immediately  in  order  to  remove  the  acid. 
This  is  done  by  lifting  out  the  wooden  frames  from  the  acid 
vats  and  running  them  along  on  the  hoist  so  that  they  may 
be  dropped  into  similar  vats  filled  with  pure  water  which 
washes  away  the  acid  so  that  further  action  upon  the  steel 
is  prevented.  The  removal  of  the  acid  would  probably  be 
effectually  done  by  washing  in  water,  but  to  make  assurance 
doubly  sure,  the  steel  is  removed  from  the  water  and  plunged 
into  a  vat  containing  a  dilute  solution  of  lime  water.  The 
chemist  has  found  that  lime  has  the  power  to  neutralize  acid, 
but  in  the  case  of  preparing  steel  for  cold  rolling,  the  use 
of  lime  water  has  a  further  advantage.  This  is  due  to  the 
fact  that  when  the  steel  is  removed  from  the  vats  and  given 
time  to  dry,  it  is  coated  with  a  film  of  lime  which  keeps  both 
air  and  moisture  from  coming  into  contact  with  the  metal,  and 
so  prevents  it  from  rusting.  It  requires  a  "boss  cleaner"  and 
three  helpers  to  look  after  a  battery  of  two  acid  vats,  one 
water  tank  and  one  lime  water  vat.  The  output  is  2000  pounds 
of  steel  per  hour. 

Cold-rolling-  Operation 

The  cold  rolling  is  done  in  mills  built  by  the  Rhenische 
Walzmaschinen  Fabrik  of  Coln-Ehrenfeld,  Germany,  shown 
in  Figs.  6  and  7.  Two  sizes  of  mills  are  used  which  have 
rolls  six  and  eight  inches  in  diameter;  and  although  both 
mills  can  be  used  for  many  sizes  of  stock,  it  is  found  economi- 
cal to  distribute  the  work 
among  the  mills  according  to 
its  size.  In  cold  rolling  it 
is  highly  important  to  avoid 
chatter  and  vibration,  as  such 
a  condition  would  be  shown 
by  irregularities  in  the  sur- 
face of  the  product.  This  pro- 
vision is  well  taken  care  of 
by  having  the  power  trans- 
mitted to  the  rolls  through 
herringbone  gears  and  shackle 
bars  which  serve  as  a  doublfe 
precaution  against  vibration 
and  result  in  a  very  uniform 
transmission.  The  rolls  are 
made  of  hardened  chrome- 
vanadium  steel  containing  a 
small  percentage  of  tungsten, 
and  are  carefully  ground  to 
give  them  a  very  smooth  fin- 
ish. While  in  operation  the 
rolls  are  water  cooled  by  a 
continuous  stream  of  water 
that  flows  through  a  pocket 
in    the    center    of    each    roll. 


chanical  action.  The  sulphuric         Fig.  lo.    Special  Multiple  Filing  Machine  for  finishing  Edges  of  Strip  Steel         Those  who  are  familiar  with 
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cold-rolling  mills 
will  know  that 
the  position  of 
the  lower  roll  is 
fixed,  while  the 
upper  roll  may 
be  adjusted  to 
provide  for  the 
production  of 
metal  of  various 
thicknesses.  The 
chief  roller  be- 
comes very  profi- 
cient in  setting 
the  machines  for 
rolling  any  gage 
of  metal  and  is 
able  to  obtain 
very    quickly 

the  required  adjustment.  The  setting  is  made  by  adjusting 
the  rolls  and  testing  the  thickness  of  steel  passed  between 
them  with  a  micrometer;  then,  if  necessary,  further  adjust- 
ment is  made  until  the  desired  result  is  obtained. 

On  the  entering  side  of  the  mill  there  is  a  frame  which  sup- 
ports an  emery  cloth  wiper  through  which  the  steel  runs  in 
order  to  remove  all  foreign 
matter  which  might  result  in 
damaging  the  rolls.  The  mills 
are  set  to  run  in  opposite  di- 
rections, and  arranged  in 
series  so  that  successive 
passes  of  the  metal  may  be 
made  through  adjacent  ma- 
chines until  the  desired  re- 
duction has  been  obtained. 
The  rolls  are  lubricated  with 
a  special  grade  of  oil  known 
as  "Roll  Oil,"  which  is  of 
about  the  same  consistency  as 
cylinder  oil,  but  very  care- 
fully compounded  to  be  sure 
that  it  is  neither  acid  nor 
alkaline,  as  either  condition 
would  spoil  the  "bright"  finish 
of  the  cold-rolled  steel.  After 
each  two  passes  through  the 
mill,  the  steel  must  be  sent  back  to  the  annealing  furnaces  in 
order  to  remove  strains  which  have  been  introduced  through 
the  mechanical  working.  In  cases  where  the  customer  calls 
for  steel  which  is  "soft,"  it  will  be  subjected  to  a  final  anneal- 
ing operation  after  it  has  been  rolled  to  the  required  thick- 
ness.   Where  "half  hard"  stock  is  called  for,  the  steel  receives 


Fig.   11.     Heating  and  Quenching  Baths  for  hardening  Strip  Steel 


one  final  pass 
through  the  rolls 
after  being  an- 
nealed. Other 
customers  may 
order  "hard" 
stock  which  has 
not  been  an- 
nealed, and  their 
r  e  quirements 
will  be  fulfilled 
by  subjecting  the 
steel  to  two 
passes  through 
the  rolling  mill 
after  the  last  an- 
neal i  n  g  opera- 
tion has  been 
performed. 
The  amount  of  reduction  which  can  be  obtained  for  each 
pass  through  the  rolling  mills  depends  upon  the  analysis  of 
the  steel;  with  low-carbon  steel  the  reduction  may  be  as 
great  as  0.022  inch  for  each  pass,  and  this  will  be  gradually 
decreased  until  the  final  pass  will  only  reduce  the  thickness 
of  the  metal  about  0.005  inch.    In  the  case  of  high-carbon  stock, 

the    reduction    at    each    pass 

through  the  mill  is  much  less; 
during  the  preliminary  passes, 
this  will  amount  to  not  more 
than  0.010  inch  for  each  pass, 
while  the  reduction  will  be 
gradually  decreased  until  the 
final  pass  reduces  the  thick- 
ness of  the  metal  by  only  0.003 
inch.  The  degree  of  accuracy 
obtained  in  the  gage  of  the 
metal  is  very  great;  in  the 
thicker  gages  the  variation 
will  not  exceed  0.0015  inch, 
while  in  the  thinnest  gages 
the  limit  of  error  is  reduced 
to  0.00025  inch. 


Tempering  Bath  through  which  Steel  is  drawn  after  leaving 
Quenching    Bath 


Trimming:  the  Edges  and 
Slitting-  Stock 

After  the  rolling  operation 
has  been  completed,  the  sub- 
sequent treatment  of  the  cold-rolled  steel  will  depend  upon 
the  use  for  which  it  is  intended.  For  some  purposes  it  is 
merely  necessary  to  trim  the  edges  so  that  the  stock  is  of  uni- 
form width,  while  in  other  instances  these  edges  must  be  fin- 
ished in  such  a  way  that  they  are  made  quite  smooth.  Then 
for  some  uses,  the  steel  must  be  hardened  and  tempered,  while 


Fig.    13.     Reels   on 


ihich   strip    Steel   is   wound   after   Heat-treating 
Operation  is  completed 


Special  Polishing  Machine  designed  for  applying  High  Finish 
to   Strip   Steel 
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other  purchasers  require  it  to  bo  "dead  soft."  Some  customers 
of  the  cold-rolled  steel  maker  will  also  call  for  steel  with  a 
high  polish,  and  still  others  are  not  particular  about  this 
point.  As  the  production  of  all  these  features  are  important 
departments  of  cold-rolled  steel  manufacture,  they  will  be  de- 
scribed in  the  order  in  which  the,  successive  operations  are 
performed. 

For  trimming  the  edges  of  the  steel  to  reduce  it  to  uniform 
width,  use  is  made  of  a  rolling  mill  fitted  with  rotary  shear 
blades  which  are  set  at  the  required  distance  apart.  The  steel 
is  passed  through  these  blades  from  a  reel  on  which  the  coil 
is  supported;  and  after  being  reduced  to  standard  width,  it 
is  rolled  up  on  another  reel  at  the  opposite  side  of  the  mill. 
At  the  same  time,  a  second  reel  winds  up  the  trimming  from 
the  edges  of  the  stock,  and  this  scrap  is  pressed  into  bales 
and  returned  to  the  mill  where  the  hot-rolled  steel  stock  was 
produced.  The  same  form  of  rotary  shear  is  employed  for 
slitting  steel  when  it  is  desired  to  reduce  stcick  of  one  width 
into  two  or  more  strips  of  lesser  widths.  The  arrangement 
will  be  readily  understood  by  referring  to  Fig.  8,  which  shows 
a  mill  set  up  for  trimming  the  edges  of  the  stock  and  slitting 
it  into  two  narrow  strips. 

Finishing  Edges  of  Stock 

In  those  cases  where  it  is  required  to  have  the  edges  of  the 
strip  steel  brought  to  a  smooth  finish,  use  is  made  of  a  simple 
but  ingenious  multiple  filing  machine  which  provides  for  pro- 
ducing a  smooth  edge  which  may  be  either  square  or  round. 
This  machine  is  shown  in  Fig.  10,  and  consists  of  a  table  which 
supports  a  series  of  cross-slides  made  of  wood  that  are  grooved 
at  both  sides  to  receive  tongues  secured  to  the  table.  The 
ends  of  these  slides  are  provided  with  short  pieces  of  flat 
files,  and  the  slides  at  opposite  sides  of  the  table  are  fitted  with 
springs  which  tend  to  draw  them  together.  In  operation,  the 
coil  of  strip  steel,  supported  by  a  reel  at  one  end  of  the  table, 
is  drawn  between  this  series  of  files  and  then  wound  on  a 
reel  at  the  opposite  end.  It  will  be  evident  that  in  passing 
between  the  files,  the  edges  of  the  steel  are  smoothed  down; 
and  by  having  all  the  files  perpendicular  to  the  plane  of  the 
steel  a  square  edge  is  imparted,  while  arranging  the  files  at  a 
variety  of  different  angles  results  in  rounding  the  edges  of 
the  stock'. 

Cutting  Strips  Into  Stock  Lengths 

After  the  edges  of  the  cold-rolled  steel  have  been  trimmed — 
and  finished  in  cases  where  the  users'  requirements  make  this 
operation  necessary — some  of  the  strip  steel  is  cut  up  into 
standard  stock  lengths.  For  this  purpose  a  measuring  bench 
and  shear  are  arranged  as  shown  in  Fig.  9;  the  coil  of  steel 
is  mounted  on  a  reel  sliown  at  the  extreme  right,  and  the  steel 
is  pulled  between  the  shear  blades  so  that  a  piece  of  the 
required  length  may  be  cut  off,  the  length  being  indicated  by 
a  scale  marked  on  the  bench  for  that  purpose.  With  this  ma- 
chine one  man  and  a  helper  can  very  rapidly  cut  up  steel  into 
any  lengths  which  may  be  required. 

Hardening  and  Tempering 

Purchasers  of  cold-rolled  steel  who  use  the  material  for 
making  springs,  and  for  various  other  purposes,  call  for  steel 
which  has  been  tempered;  and  for  this  purpose  the  cold-rolled 
steel  maker  must  provide  his  mill  with  equipment  for  doing 
this  work.  One  successful  method  of  heat-treatment  is  applied 
as  follows:  The  steel  in  the  form  of  a  coil  is  mounted  on  a 
reel  and  connected  with  a  "leader"  which  provides  for  draw- 
ing it  through  the  heating  and  quenching  mediums  at  the 
proper  speed.  The  steel  is  first  run  through  a  lead  bath  and 
its  temperature  raised  to  about  1450  degrees  F.,  according  to  the 
analysis  of  the  steel,  after  which  it  is  quenched  in  oil;  then 
the  steel  passes  on  through  a  second  lead  bath  which  provides 
for  drawing  the  temperature  at  from  780  to  800  degrees  F., 
after  which  the  metal  is  wound  on  a  second  reel.  A  variable- 
speed  motor  is  used  for  drawing  the  steel  through  the  furnace, 
and  this  motor  transmits  power  througli  a  series  of  herring- 
bone reduction  gears  which  provide  for  drawing  the  steel 
through  at  exactly  the  proper  speed. 

The  lead  bath  is  located  in  the  furnace  shown  at  the  left 


in  Fig.  11,  and  the  oil  bath  in  which  the  steel  is  quenched  is 
contained  in  the  metal  tank  at  the  right-hand  side  of  this 
illustration.  After  passing  through  the  oil  bath,  the  steel  is 
drawn  through  the  tempering  bath  which  is  contained  in  the 
brick  furnace  shown  in  Fig.  12;  this  illustration  also  shows 
the  hardening  and  quenching  baths  at  the  left-hand  side.  When 
the  steel  has  been  tempered,  it  passes  onto  the  reels  shown 
in  Fig.  13,  upon  which  the  coils  of  steel  are  wound  up.  It 
will  be  evident  from  this  illustration  that  provision  is  made 
for  heat-treating  eight  coils  of  steel  simultaneously;  all  the 
reels  shown  in  Fig.  13  are  driven  from  a  single  motor,  power 
being  transmitted  through  a  train  of  high-reduction  herring- 
bone gears  which  provide  for  drawing  the  steel  through  the 
hardening  and  tempering  baths  at  the  proper  speed. 

The  preceding  description  applies  to  the  method  of  heating 
the  thicker  gages  of  steel;  in  the  case  of  the  thinner  gages, 
exactly  the  same  method  and  form  of  equipment  is  employed, 
except  that  the  metal  is  quenched  in  a  lead  bath  which  is  kept 
just  above  the  melting  point,  i.  c,  at  about  630  degrees  F.  This 
results  in  making  the  steel  practically  "glass  hard";  but  it  is 
the  plan  to  employ  an  alloy  of  lower  melting  temperature  in 
order  that  it  may  be  possible  to  have  the  steel  even  harder 
for  those  purchasers  who  demand  such  a  condition.  The  ob- 
ject of  quenching  the  thin  steel  in  a  lead  bath  is  that  it  avoids 
the  tendency  to  crack  and  become  very  crooked,  which  is  a 
constant  source  of  trouble  where  the  steel  is  hardened  in  oil. 

Polishing 
For  certain  purposes  there  is  a  demand  for  cold-rolled  steel 
with  a  high  polish,  and  to  meet  the  requirements  of  such  users 
the  steel  is  taken  from  the  hardening  and  tempering  depart- 
ment and  subjected  to  a  polishing  treatment.  This  is  done 
on  machines  provided  with  a  series  of  rolls  over  which  the 
steel  runs,  one  of  these  machines  being  shown  in  Fig.  14. 
Upon  entering,  it  passes  through  a  box  containing  moist  emery 
powder  wliicli  must  be  extremely  fine,  powder  from  No.  80  to 
No.  100  being  generally  used.  The  steel  carries  away  some 
of  this  emery  with  it,  and  in  passing  over  the  basswood  rolls 
a  rubbing  action  takes  place  wliich  imparts  a  high  polish  to 
the  steel.  Upon  leaving  the  machine,  the  metal  passes  between 
a  series  of  wipers  which  effectually  remove  any  emery  which 
is  left  on  the  metal. 

Conclusion 

In  referring  to  the  desirable  properties  given  to  steel  by  the 
cold-rolling  process,  mention  was  made  of  the  fact  that  cold- 
rolled  steel  is  given  a  "bright"  finish  without  any  rust  or 
oxide  on  the  metal ;  but  in  order  for  the  customer  to  secure  the 
benefit  of  this  high  finish,  great  care  must  be  exercised  in 
packing  the  steel  for  shipment  In  order  to  prevent  it  from 
rusting  while  in  transit.  This  is  done  by  first  wrapping  the 
steel  in  oil  paper  and  then  covering  the  package  witli  a  thick 
layer  of  burlap.  In  the  case  of  coils,  the  oil  paper  is  wound 
around  the  steel  and  then  the  burlap  is  sewed  around  the 
entire  coil;  where  the  steel  has  been  cut  up  into  stock  lengths, 
bundles  of  steel  are  wrapped  in  oil  paper  and  burlap,  and 
then  the  entire  bundle  is  packed  in  a  shipping  box.  In  this 
way  it  is  practically  impossible  for  moisture  to  cause  the  steel 
to  rust  and  lose  its  finish. 

Cold-rolled  strip  steel  is  made  by  the  Schwartz-Herrmann 
Steel  Co.  in  widths  ranging  from  3/8  inch  up  to  4  3/16  inches; 
and  the  thickness  of  the  product  covers  a  range  from  0.003  to 
0.083  inch.  On  the  thicker  gages,  the  steel  is  guaranteed  to 
come  within  0.0015  inch  of  the  specified  thickness;  and  this 
limit  of  error  is  gradually  reduced,  so  that  it  is  possible  to 
furnish  the  thinnest  stock  with  a  guarantee  that  the  error 
in  thickness  does  not  amount  to  more  than  0.00025  inch.  To 
any  experienced  mechanic  it  will  at  once  be  apparent  that  the 
possibility  of  securing  such  a  high  degree  of  accuracy  can  only 
result  through  exercising  absolute  care  in  carrying  out  every 
step  of  the  process  of  manufacture. 


A  novel  use  of  the  phonograph  is  made  in  weighing  ma- 
chines for  speaking  the  weight.  The  weight  is  announced 
in  a  sonorous  voice:  "One  hundred-and-fifty;"  "two-hundred- 
and-three,"  etc. 
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WORK    OF    INSPECTION    ENGINEER    IN    SEEING    THAT    SPECIFICATIONS    ARE    FULFILLED 
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FIT  TO  TAPER  SOCKET 


THE  purpose  of  this  article  is  to  explain  the  work  of  the 
inspection  engineer  who  is  employed  by  the  purchaser 
of  engine  lathes  to  watch  the  process  of  manufacture 
and  inspect  the  finished  machines  to  see  that  all  contract  speci- 
fications are  fulfilled.  Three  general  topics  are  treated,  viz., 
the  form  of  contract  under  which  lathes  are  often  purchased, 
the  work  of  the  inspector  in  investigating  processes  of  manu- 
facture, and  current  practice  in  inspecting  finished  lathes. 
Many  shops  that  are  having  trouble  with  their  lathe  work 
because  of  the  inaccuracy  of  the  machines  may  find  sugges- 
tions for  overcoming  the  difficulty;  and  in  this  connection  it 
cannot  be  too  strongly  emphasized  that  time  and  money  spent 
in  putting  lathes  into  good  working  condition  will  pay  large 
dividends  in  the  form  of  an  improvement  in  the  quality  of  the 
work  produced. 

The  Contract 
The  contract  under  which  lathes  are  purchased  usually 
specifies  make  of  lathe,  size, 
auxiliary  equipment  to  be  fur- 
nished, shipping  dates,  and 
penalty  (if  any)  for  non- 
fulfillment of  any  part  of  the 
contract.  Specifications  are 
also  incorporated  which  call 
for  the  use  of  sound  material, 
first-class  workmanship,  and 
inspection  during  the  process 
of  manufacture  and  before  ac- 
ceptance. It  will  be  noted 
that  these  items  are  very  in- 
definite— especially  the  one 
relating  to  the  quality  of 
workmanship.  The  design  of 
the  lathe  is  not  subject  to  in- 
spection; and  ordinarily  no 
mention  is  made  of  the  maxi- 
mum duty  required  of  the 
lathe  or  the  degree  of  accu- 
racy of  the  work  produced  on 
it.  In  addition  to  seeing  that 
all  terms  of  the  contract  are 
fulfilled,  the  inspector  is 
usually  required  to  Expedite 
delivery  and  to  report  the 
progress  which  is  being  made 
by  the  manufacturer  toward  completing  the  order 
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Different    Forms   of   Test    Bars   used 
on  Lathes 


Relations  between  Inspector  and  Lathe  Builder 

In  the  riiachine  tool  trade,  the  employment  of  an  inspection 
engineer  to  look  out  for  the  interests  of  the  purchaser  is  a 
comparatively  recent  proposition,  and  the  arrival  of  the  in- 
spector at  the  factory  usually  causes  the  employes  to  experience 
mixed  emotions,  none  of  which  are  likely  to  be  pleasant  even 
in  the  case  of  factories  that  build  first-class  tools.  If  he  is 
tactless,  inexperienced  or  dishonest,  he  is  sure  to  cause  trouble 
and  expense,  particularly  in  cases  where  the  machine  tool 
builder  feels  that  his  product  does  not  need  inspection.  There 
is  a  deeper  reason,  however,  for  disputes  arising  through  the 
employment  of  an  inspection  engineer:  this  is  that  there  is 
often  no  recognized  standard  of  accuracy  in  the  shop;  and 
as  there  is  no  maximum  allowable  error  and  no  minimum  limit 
of  accuracy,  it  will  be  evident  that  there  is  plenty  of  room 
for  an  honest  difference  of  opinion.     "Good"  and  "first-class" 
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*  For  other  articles  publishes  in  Machinert  dealing  ivifh  the  stibje 
testing  machine  tools,  see  "Efficiency  Test  of  a  Stockbridge  Shaper."  Mn.v. 
1914;  "Milling  M.ichine  Dynamometer."  November,  Iflin:  "Inspection  Tests 
for  Cincinnati  Gear  Cutting  Machines."  October.  191,3:  "Lo-swing  loathe 
Test  on  Motor  Armature  Shafts."  April.  Wl^:  ".Method  of  Testing  Ijithe 
Spindle  Alignment,"  June.  1912;  "The  Testing  of  Spirit  Levels,"  April, 
1912;  "Aligning  the  Spindles  of  a  Multiple-spindle  Drill  Press."  October. 
1911:  "Testing  a  Cylindrical  Grinder."  July.  1911:  "Machine  Tool  Testing," 
February,   1911:    and   other  articles   there  referred    to. 

■t  Address:     156  Blossom   St.,   Fitchburg,   Mass. 


workmanship  are  purely  relative  terms,  and  are  subject  to  as 
wide  a  range  of  interpretation  as  the  proverbial  "hair"  which 
varies  from  the  eighth  inch  of  the  blacksmith  to  the  fraction 
of  a  thousandth  inch  of  the  toolmaker.  If  the  machine  tool 
builder  has  no  standard  of  reference,  and  his  competitors  have 
none,  a  dispute  is  likely  to  arise  that  is  not  adequately  covered 
by  the  terms  of  the  contract  and  in  which,  according  to  the 
terms,  the  purchaser's  ruling  is  final. 

The  question  of  delivery  is  also  likely  to  cause  trouble,  as 
the  average  shop  is  exceedingly  lax  in  maintaining  manufac- 
turing schedules  and  has  become  accustomed  to  having  the  sales 
department  make  reductions  in  promised  dates  of  delivery 
which  were  originally  quite  short.  The  presence  of  a  pur- 
chaser's representative  in  the  shop  will  be  likely  to  assist  the 
purchaser  in  gaining  prompt  deliveries,  and  this  is  one  of 
the  points  which  must  be  looked  after  by  the  inspector,  al- 
though  he   should   remember   that   the   machine   tool   builder 

has  many  other  customers 
who  are  also  pressing  him  for 
deliveries,  and  he  should  avoid 
taking  an  unreasonable  stand. 
Also,  it  should  be  borne  in 
mind  that  extreme  rapidity 
in  manufacturing  is  likely  to 
result  in  a  proportional  reduc- 
tion in  the  quality  of  work- 
manship, so  that  the  inspector 
should  not  make  the  error  of 
over-emphasizing  the  import- 
ance of  early  delivery.  Be- 
fore leaving  the  question  of 
the  relations  between  the  in- 
spector and  machine  tool 
builder,  attention  should  be 
called  to  the  fact  that  the 
presence  of  an  inspector  in 
the  factory  is  really  a  benefit 
to  the  builder  of  first-class 
machine  tools,  as  it  insures 
the  fulfillment  of  all  of  the 
purchaser's  requirements  be- 
fore shipment  is  made,  and  so 
avoids  the  possibility  of  sub- 
sequent trouble  and  expense. 
Furtliermore,  satisfactory  re- 
ports from  the  inspector  are  often  the  best  possible  form  of 
sales  literature  and  bring  repeat  orders  to  the  machine  tool 
builder  with  no  effort  on  his  part  beyond  the  submitting  of 
quotations. 

The  Inspection 

The  inspection  starts  with  the  receipt  of  raw  materials  in 
the  factory  and  includes  a  constant  observation  of  the  manu- 
facture of  all  parts  in  order  that  defective  workmanship  may 
be  promptly  detected  and  rejected.  Then,  when  the  machine 
has  been  assembled,  tests  are  made  of  the  alignment  of  all 
working  parts  and  correct  operation  of  the  mechanism.  The 
inspector  is  expected  to  make  a  count  of  all  items  before  ship- 
ment and  to  be  sure  that  the  method  of  packing  is  such  that 
there  will  be  no  danger  of  damage  in  shipping. 

Upon  his  arrival  at  the  factory,  the  inspector's  first  step 
will  be  to  make  a  complete  study  of  the  manufacturing  opera- 
tions involved  in  producing  each  machine  in  which  he  is  in- 
terested. This  is  necessary  so  that  he  may  know  how  the  parts 
are  made  and  whether  there  is  possibility  of  trouble  through 
the  use  of  jigs  which  are  likely  to  become  inaccurate  or  opera- 
tions that  depend  upon  the  workman's  judgment.  Particular 
attention  should  also  be  paid  to  the  condition  of  all  the  ma- 
chines used  in  the  factory,  in  order  that  those. that  are  liable 
to  turn  out  defective  work  may  be  watched.    There  are  often 
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Fig.    2. 


Diagram   showing   Method   of   Procedure    in    testing    Alignment   of 
Lathe   Spindle  with  Ways 


places  where  partial  inspections  can  be  made,  which  will  mane 
it  necessary  to  perform  only  an  occasional  final  test  of  such 
parts  in  the  assembled  machine.  Making  a  preliminary  survey 
of  manufacturing  conditions  in  this  way  will  often  enable  the 
inspector  to  predict  accurately  whether  the  order  will  be  fin- 
ished on  time;  and  it  will  also  enable  him  to  form  a  general 
idea  of  the  probable  quality  of  the  finished  lathes,  which  could 
not  be  secured  from  an  inspection  after  all  parts  have  been 
assembled. 

In  testing  the  finished  lathe,  the  following  are  the  most  im- 
portant requirements  that  must  be  fulfilled:  (1)  All  parts 
that  move  on  the  bed  must  travel  in  a  line  exactly  parallel 
to  the  ways  on  the  bed.  (2)  The  axis  of  the  spindle  must  be 
absolutely  parallel  with  the  ways,  regardless  of  whether  the 
machine  is  to  be  used  for  turning  work  between  centers  or 
machining  pieces  supported  by  a  faceplate  or  chuck.  (3)  A 
line  connecting  the  live  and  dead  centers,  for  any  position 
of  the  tailstock,  should  be  parallel  with  the  ways  and  should 
represent  a  continuation  of  the  axis  of  the  spindle.  (4)  The 
carriage  bearings  must  be  accurately  scraped  to  fit  the  ways, 
and  the  carriage  must  move  smoothly  along  the  bed  without 
any  perceptible  play.  (5)  If  the  carriage  is  fitted  with  a  cross- 
slide,  the  slide  must  move  in  a  line  perpendicular  to  the  axis 
of  the  spindle  measured  at  a  point  horizontal  to  the  center 
line  of  the  spindle.  (6)  The  power  must  be  transmitted  with- 
out vibration,  and  the  speed  change  mechanism  must  operate 
easily.     (7)  The  feed  mechanism  must  operate  easily. 

The  castings  are  inspected  before  machining  operations  are 
started  and  all  those  that  show  imperfections  on  working  sur- 
faces are  rejected,  as  experience  has  shown  that  such  defects 
cannot  be  satisfactorily  remedied  by  ordinary  shop  methods. 
If  defects  are  found  in  other  parts  of  a  casting,  and  these  are 
of  such  a  nature  that  they  do  not  impair  its  strength,  the  cast- 
ing may  be  passed  by  the  inspector;  but  he  will  have  to  see 
that  such  defects  are  corrected  before  the  part  is  sent  to  the 
assembling  department.  The  wAys  on  the  bed  are  tested  before 
the  machine  is  assembled,  a  straightedge  and  master  plate 
to  which  the  ways  are  accurately  scraped  being  used  for  this 
purpose.  The  accuracy  of  the  carriage  may  best  be  deter- 
mined by  watching  the  workman  as  he  scrapes  its  bearings 
to  fit  the  ways  on  the  bed,  although  tests  made  of  the  assem- 
bled machine  will  also  expose  any  serious  defects. 

After  the  lathe  has  been  assembled,  and  before  any  of  the 
tests  are  made,  it  should  be  set  up  perfectly  level,  a  sensitive 
spirit  level  being  used  to  test  both  across  and  along  the  ways 
to  see  that  this  requirement  has  been  fulfilled.    Care  should  be 


A  AXIS  OF  SPINDLE. 

B  ECCENTRIC  SOCKET. 

C  SOCKET  OUT  OF  ALIGNMENT  WITH  SPINDLE. 

D  COCKED  OH  ECCENTRIC  THREAD  AND  SEAT  FOR  CHUCKS. 


taken  to  see  that  the  legs  are  firmly  supported  and  that  all 
bearings  have  been  properly  adjusted.  Then  the  fit  of  the  cen- 
ters in  tlieir  sockets  is  tested  with  prussian  blue  to  see  that 
they  seat  themselves  properly.  After  this  has  been  done,  the 
tailstock  is  moved  back  out  of  the  way  and  bar  A,  Fig.  1,  is 
inserted  in  the  spindle  in  place  of  the  center.  Such  a  bar  is 
very  useful  in  making  lathe  tests,  as  it  determines  the  accu- 
racy of  both  the  spindle  and  socket.  After  bar  A  has  been 
put  in  place,  an  indicator  is  mounted  in  the  toolpost  and 
brought  into  contact  with  the  bar,  after  which  the  spindle  is 
slowly  revolved  and  readings  of  the  indicator  are  taken  at 
both  ends  of  the  bar,  as  shown  in  Fig.  2.  In  making  this  test, 
no  variation  should  be  found  at  the  spindle  end  of  the  bar, 
and  at  the  outer  end  the  variation  should  not  exceed  0.00025 
inch. 

In  cases  where  variation  occurs,  the  high  side  of  the  bar  is 
marked  with  chalk;  and  if  the  high  sides  coincide  at  both 
ends  and  the  variations  in  the  readings  are  equal,  it  shows 
that  the  socket  is  eccentric  with  the  axis  of  the  spindle;  if 
different  variations  are  found  at  opposite  ends  of  the  bar,  it 
may  show  that  the  socket  is  out  of  alignment  with  the  spindle. 
In  Fig.  3,  the  condition  of  eccentricity  of  the  hole  is  indicated 
by  line  B,  and  line  C  shows  the  condition  where  the  error  is 
in  the  alignment  of  the  socket.  If  in  making  the  tests  at 
opposite  ends  of  bar  A,  Fig.  1,  the  error  shown  by  the  indicator 
does  not  exceed  the  maximum  allowable  variation,  the  instru- 
ment is  run  along  the  bar  from  A  to  B,  Fig.  2,  first  at  the 
front  of  the  bar  and  then  at  the  top,  as  indicated  at  G  and  D 
in  the  end  view;  and  in  making  this  test  the  variation  should 


Fig.   3.     Conditions  that  may  be  found  in  testing  with  Bar  in  Socket 


Measuring   Tool   used   with  Bars   B   and   0   for   testing   Alignment 
of   Headstock   and   Tailstock 

not  exceed  0.00025  inch.  It  is  assumed  thai  the  test  bar  is 
perfectly  accurate,  but  if  there  is  any  error  in  it,  a  suitable 
allowance  should  be  made.  All  the  bars  shown  in  Fig.  1 
are  hardened  and  accurately  ground  to  size,  and  the  diam- 
eter should  not  vary  over  0.0001  inch  from  end  to  end; 
the  diameter  is  immaterial,  but  the  bars  should  be  tested  for 
straightness  at  frequent  intervals. 

If  the  test  conducted  with  a  bar  mounted  in  the  lathe  spin- 
dle shows  satisfactory  results,  that  is  all  that  is  desired;  but 
when  an  error  is  discovered,  it  is  difficult  to  tell  where  the  in- 
accuracy is  located.  To  determine  the  position  of  the  error, 
bar  B,  Fig.  1,  is  used  to  test  the  accuracy  of  the  alignment  of 
the  headstock  with  the  ways.  One  end  of  this  bar  has  bear- 
ings a  and  b  of  the  same  shape  as  those  of  the  spindle,  while 
the  other  end  is  a  perfectly  true  cylinder.  This  bar  is  hard- 
ened and  accurately  ground  to  size  so  that  it  may  be  mounted 
in  the  headstock  in  place  of  the  spindle.  The  alignment  is 
then  tested  with  an  indicator,  in  the  same  way  as  with  the 
bar  mounted  in  the  spindle,  and  if  more  than  the  allowable 
inaccuracy  is  discovered,  the  headstock  is  scraped  until  the 
error  has  been  corrected  as  shown  by  indicator  tests  made 
at  opposite  ends  of  bar  B.  Fig.  4  shows  a  form  of  tool  that 
will  be  found  convenient  in  making  a  test  with  this  bar;  and 
after  the  headstock  has  been  lined  up  in  this  way,  the  re- 
quired degree  of  accuracy  will  be  obtained. 

When  the  test  made  on  the  bar  mounted  in  the  spindle  bear- 
ings shows  satisfactory  results,  the  lathe  spindle  is  replaced 
and  the  test  repeated  with  the  bar  mounted  in  the  spindle. 
In  cases  where  the  trouble  is  due  to  an  error  in  the  alignment 
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of  the  socket  in  the  spindle,  the  following  method  of  correc- 
tion is  employed:  The  high  points  on  the  bar  are  noted,  to- 
gether with  the  total  variation  of  the  indicator  reading;  and 
one-half  of  this  difference  indicates  the  true  eccentricity  of  the 
socket  with  the  axis  of  the  spindle.  This  point  is  clearly 
brought  out  in  Fig.  2,  where  it  will  be  seen  that  the  desired 
position  for  the  bar  lies  midway  between  the  high  reading  at 
E  and  the  low  reading  at  F.  If  the  spindle  is  parallel  with 
the  ways  (which  has  already  been  determined  by  the  test 
made  with  the  bar  that  fits  in  the  spindle  bearings,  and  by 
scraping  to  remove  any  existing  error),  it  is  possible  to  rebore 
and  ream  the  socket  to  correct  for  the  error  in  alignment  or 
concentricity  which  was  introduced  the  first  time  it  was 
machined. 

After  the  headstock  tests  have  been  made,  the  next  point 
is  to  determine  the  accuracy  of  the  tailstock,  and  on  lathes 
where  the  tailstock  is  adjustable  to  provide  for  taper  turning 
operations,  it  should  first  be  set  exactly  at  the  zero  point.  The 
tailstock  should  then  be  moved  along  the  bed  until  the  centers 
in  the  headstock  and  tailstock  touch  when  viewed  from  above. 
Fig.  5  shows  an  accurate  method  of  observation,  which  consists 
of  putting  a  sheet  of  white  paper  below  the  centers  and  using 
a  magnifying  glass  from  above.  The  tailstock  center  is  usually 
0.0005  to  0.0015  inch  higher  than  the  live  center  to  provide 
compensation  for  wear,  the  amount  depending  upon  the  size 
of  the  lathe.  This  is  a  custom  generally  followed  in  the  trade, 
but  the  increased  use  of  hardened  steel  centers  and  the  care- 
ful attention  which  is  now  paid  to  keeping  them  in  good  condi- 
tion seem  to  indicate  that  it  is  not  so  necessary  as  was  for- 
merly the  case. 


A-A    DENOTES  AXIS  OF  REVOLUTION  WHICH    MU«T  COINCIDE  WITH  LINE  OF 
CENTERS  AND  BE  PARALLEL  TO  WAYS  ON  BED. 
B    DENOTES  LACK  OF  ALIGNMENT  OF  HEAD  SPINDLE. 

C    DENOTES  PATH  OF  CUTTING  TOOL  WHICH  MUST  BE  PARALLEL  TO  WAYS. 
D    DENOTES  LACK  OF  ALIGNMENT  OF  TAIL  SPINDLE. 
E    DENOTES  PARALLELISM  BUT  ECCENTRICITY  OF  TAIL  SPINDLE. 
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Fig.  5.     Testing  Alignment  of  Center 
in  Headstock  and  Tailstock 


Fig.  6.     Same  Test  as  shown  in 
Tailstock  Spindle  fully 


The  tailstock  is  next  moved  back  until  the  centers  just  touch 
with  the  tailstock  spindle  fully  extended  as  shown  in  Fig.  6, 
after  which  the  relative  position  of  the  centers  is  again  viewed 
as  shown  in  Fig.  5.  This  test  serves  as  a  check  upon  the 
alignment  of  the  tailstock  spindle  with  the  ways,  and  after 
it  has  been  completed  the  center  is  taken  out  of  the  tailstock 
spindle  and  replaced  in  another  position  in  which  the  test  is 
repeated  to  prove  that  the  socket  is  in  correct  alignment  with 
the  tailstock  spindle.  In  Fig.  7,  line  D  indicates  the  effect  of 
an  error  of  alignment  of  the  tailstock  spindle,  and  if  trouble 
of  this  kind  is  discovered  it  must  be  corrected  by  rescraping 
the  tailstock  bearings  on  the  bed.  If  the  tailstock  spindle  is 
parallel  with  the  ways,  but  the  socket  is  found  to  be  eccentric 
with  the  spindle  as  indicated  by  line  E,  the  centers  may  be 
brought  into  the  required  alignment  by  reboring  and  ream- 
ing the  hole  in  the  spindle.  Such  an  error  in  a  new  lathe  must 
not  exceed  very  small  limits. 

The  tailstock  is  next  moved  back  to  the  end  of  the  bed  and 
bar  D,  Fig.  1,  is  set  up  between  the  centers,  after  which  the 
indicator  is  mounted  in  the  toolpost  and  readings  are  taken 
along  the  front  and  top  of  the  bar  as  indicated  in  the  end 
view.  Fig.  2.  The  instrument  must  be  carefully  watched  while 
making  these  observations,  and  the  movement  of  the  carriage 
must  be  slow  and  uniform,  so  that  the  effect  of  backlash  will 
not  be  noticeable.  After  making  the  first  test,  the  bar  is 
turned  through  an  angle  of  90  degrees  and  a  second  series  of 
readings  is  taken.  If  the  results  are  satisfactory,  it  proves 
the  accuracy  of  alignment  of  the  outer  ways  with  the  line  of 


Fig.    7.      Conditions   of    Alignment    required    between    Headstock   and    Tail- 
stock  Spindles 

centers.  The  tests  are  then  repeated  with  the  tailstock  spindle 
fully  extended  to  determine  the  actual  error  in  alignment  of 
the  spindle.  If  the  readings  do  not  vary  more  than  0.00025 
inch,  the  lathe  may  be  passed,  although  the  discovery  of  such 
an  error  means  that,  in  turning,  the  maximum  accuracy  of 
the  work  can  only  approach  that  limit  instead  of  true  accuracy. 
It  will,  of  course,  be  evident  that  in  taking  these  readings  al- 
lowance must  be  made  for  the  difference  in  height  between 
the  head  and  tail  centers,  and  for  any  varia- 
tion that  may  exist  in  the  size  of  the  bar. 
The  lead  of  the  screw  is  tested  by  closing 
the  split  nut  on  it  and  measuring  the  move- 
ment of  the  carriage  along  the  bed  with  cali- 
pers. Care  must  be  taken  not  to  reverse  the 
driving  mechanism,  as  this  would  introduce 
apparent  error  due  to  the  effect  of  backlash, 
making  the  results  of  the  test  inaccurate. 
It  is  hard  to  say  what  the  limits  of  accuracy 
of  the  screw  should  be,  but  in  a  lathe  of  fair 
quality  it  does  not  seem  unreasonable  to 
specify  a  maximum  total  error  of  0.010  inch 
over  the  entire  length  of  the  screw,  with  a 
maximum  error  of  0.0015  inch  per  inch  of 
length. 

The  faceplate  is  next  put  on  the  spindle, 
and  it  should  be  a  snug  fit,  although  movable  by  hand.  If 
the  machine  tools  and  jigs  used  were  accurate,  and  if  the  live 
spindle  were  carefully  centered,  turned  and  ground,  the  face- 
plate sliould  be  almost  exactly  perpendicular  to  the  axis  of 
the  spindle.  To  test  this,  the  compound  rest  is  set  at  zero 
and  the  indicator  clamped  at  the  center  height,  after  which 
a  reading  is  taken  right  across  the  faceplate.  The  spindle  is 
then  turned  through  a  quarter  revolution,  and  a  second  read- 
ing is  taken  across  the  faceplate.  If  the  results  of  these  two 
tests  correspond,  it  shows  that  the  faceplate  is  true;   but  if 
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any  discrepancy  is  discovered,  tlic  first  step  is  to  take  oft  tlie 
faceplate  and  look  for  chips,  sharp  edges  left  by  tlie  turning 
tool  or  slight  bruises. 

If  no  such  trouble  is  discovered,  the  faceplate  is  replaced 
on  the  spindle,  taking  particular  care  to  see  that  it  is  accu- 
rately seated,  after  which  the  test  is  repeated;  and  if  the  two 
sets  of  readings  still  fail  to  agree,  a  cut  must  be  taken  across 
the  faceplate.  Many  good  mechanics  claim  that  this  should  be 
done  in  all  cases  where  great  accuracy  is  expected  of  work 
done  on  the  faceplate'.  Before  taking  this  cut,  the  cross-slide 
setting  should  be  tested;  and  this  may  be  done  by  taking  a 
cut  across  the  face  of  a  piece  of  stock  held  on  the  faceplate 
and  testing  this  surface  with  a  straightedge  or  surface  plate. 
Another  method  is  to  make  the  test  with  an  indicator  held 
in  the  toolpost.  If  the  cross-slide  is  accurate,  the  indicator 
reading  obtained  in  traversing  across  the  machined  face  should 
be  uniform.  Still  another  method  is  to  use  a  testing  square 
which  is  placed  in  the  spindle  with  the  blade  in  a  horizontal 
position  as  shown  at  E  in  Fig.  1,  after  which  an  indicator 
reading  is  taken  across  the  blade  of  the  square.  The  square 
is  then  turned  through  180  degrees  and  a  second  reading  is 
taken.  If  the  difference  in  readings  is  the  same  in  both  posi- 
tions, it  shows  that  the  cross-slide  is  perpendicular  to  the 
ways.  It  will,  of  course,  be  evident  that  the  use  of  this  test- 
ing square  is  a  substitute  for  the  method  of  facing  the  piece 
of  work  mounted  on  the  faceplate. 

The  next  step  is  to  test  the  thread  of  the  spindle  nose  with 
a  micrometer,  using  the  three-wire  method.  The  indicator  is 
then  applied  to  the  spindle  at  points  D,  E  and  F  in  Fig.  3. 
Tliis  section  of  the  spindle  is  usually  machined  at  a  different 
setting  than  that  employed  for  grinding,  and  unless  extreme 
care  is  taken  it  may  be  eccentric.  If  an  error  is  discovered,  it 
should  be  corrected  by  lapping.  The  chucks  are  tested  by  grip- 
ping a  ground  cylindrical  bar  and  noting  the  difference  in  the 
indicator  readings  at  opposite  ends  of  the  bar.  The  allowable 
error  depends  upon  the  size  and  quality  of  the  chuck  being 
tested;  and  in  this  connection  it  may  be  mentioned  that  the 
purchase  of  cheap  and  inaccurate  chucks  is  false  economy,  as 
pieces  machined  in  such  chucks  are  likely  to  require  a  lot  of 
subsequent  hand  fitting.  The  taper  turning  attachment  is  tested 
by  mounting  bar  D,  Fig.  1,  between  centers;  the  taper  attach- 
ment is  then  set  for  some  particular  taper  per  foot,  after  which 
indicator  readings  are  taken  for  each  inch  through  a  distance 
of  12  inches.  If  the  taper  attachment  is  accurate,  it  will  be 
evident  that  the  difference  in  readings  will  be  1/12  of  the 
required  taper  per  foot. 

Working  Tests 

It  may  be  possible  for  a  lathe  to  pass  all  the  preceding  tests 
satisfactorily  and  still  produce  inaccurate  work,  so  that  after 
testing  the  alignment  of  all  the  machine  members  it  is  neces- 
sary to  conduct  a  working  test.  For  this  purpose  two  pieces 
are  usually  machined — one  held  "between  centers  and  one  in 
the  chuck  or  faceplate.  In  making  this  test  the  operation  of 
all  parts  of  the  mechanism  should  be  carefully  watched.  The 
bearings  should  be  oiled  and  carefully  watched  during  the  test 
to  see  that  the  lubricant  is  circulated  properly.  Particular 
attention  should  be  paid  to  operating  the  lathe  under  each 
of  the  available  combinations  of  speed  and  feed,  taking  care 
to  see  that  the  clutches  and  gears  operate  smoothly.  Fig.  8 
shows  examples  of  the  type  of  pieces  employed  for  making  the 
two  working  tests.  For  testing  the  operation  of  the  lathe  on 
work  held  between  centers,  piece  .4.  is  first  roughed  out  for  its 
full  length,  a  sufficiently  heavy  cut  being  taken  to  show  the 
power  of  the  lathe.  After  this  has  been  done,  finish  cuts  are 
taken  to  prove  the  accuracy  of  work  produced  on  the  machine. 

Piece  B  is  next  chucked  and  turned.  As  in  the  case  of  work 
mounted  on  centers,  the  roughing  cut  should  be  very  heavy 
to  test  the  power  of  the  lathe,  while  the  finishing  cuts  should 
be  made  with  a  view  of  determining  the  accuracy  of  work 
which  can  be  produced.  In  performing  the  boring  operations, 
the  final  cut  should  first  be  taken  by  running  the  tool  from 
the  outer  to  the  inner  edge  of  the  work;  and  then,  without 
stopping  the  lathe,  the  tool  should  be  fed  in  for  a  distance 
corresponding  to  the  depth  of  the  cut  just  taken.  A  similar 
boring  cut  is  then  taken  while  traversing  the  tool  to  the  outer 


end  of  the  liole.  This  method  equalizes  the  error  due  to  the 
wear  on  the  cutting  edge  and  deflection  of  the  unsupported 
end  of  the  tool.  The  inspector  should  be  thoroughly  familiar 
with  the  limits  of  accuracy  required  in  handling  lathe  work 
on  different  sizes  and  types  of  machines,  and  he  should  not 
demand  greater  accuracy  than  is  actually  required.  The  final 
point  to  be  looked  after  in  conducting  a  working  test  is  to 
look  over  the  machine  carefully  to  see  that  the  bolts  and 
fastenings  are  properly  tightened,  that  all  gear  guards  and 
other  auxiliary  parts  are  in  place,  and  that  all  members  of  the 
mechanism   operate   satisfactorily. 

Packing' 

After  the  machine  has  been  inspected  and  accepted,  it  is 
marked,  and  all  the  equipment  that  goes  with  it  is  sent  to 
the  shipping  room  with  the  lathe.  Here  all  parts  of  the  ma- 
chine that  would  be  likely  to  become  damaged  if  shipped  in 
place  are  removed  and  packed  separately.  The  machine  is 
thoroughly  cleaned  and  all  bright  parts  are  "slushed"  over 
with  a  rust-resisting  compound,  after  which  the  machine  is 
carefully  crated  and  marked  for  shipment. 
*     *     * 

TRANSLATOR'S  PIGEON  ENGLISH 

Catalogues  and  leaflets  describing  machine  tools  are  fre- 
quently published  in  several  languages  to  facilitate  sales  in 
foreign  countries.  The  translations  are  made  by  men  who 
may  be  linguists  of  more  or  less  ability,  but  who  are  seldom 
remarkable  for  their  mechanical  knowledge  and  a  correct  un- 
derstanding of  mechanical  terms.  Hence  the  language  is 
sometimes  rather  strange,  and  although  it  may  express  the 
meaning,  the  wording  leaves  something  to  be  desired.  An 
example  of  this  kind  is  given  in  the  following,  which  is  a 
translation  from  a  catalogue  published  in  three  languages  and 
referring  to  certain  types  of  machine  tools. 

Terms  of  Delivery 

Prices. — They  are  understood  according  to  special  written 
offer  without  packing  loco  neuses. 

Payment. — All  invoices  are  understood  with  2  per  cent 
cash  discount.  Long  credit  according  to  agreement.  Ref- 
erences should  be  given. 

Packing. — Unless  spezial  instructions  are  given,  the  pack- 
ing is  done  carefully  according  to  our  best  judgment. 

Despatch. — The  goods  are  despatched  in  all  cases  for  risk 
and  account  of  the  consignee.  In  the  case  of  free  delivery 
according  to  special  agreement,  the  amount  of  the  freight 
will  be  credited  on  the  invoice  on  presentation  of  the  bill 
of  lading  or  forwarding  note. 

Term  of  Delivery. — The  agreed  term  of  delivery  will  be 
observed  as  far  as  possible.  Defective  material  or  break- 
downs in  the  factory  prolong  the  term  of  delivery.  Mobilisa- 
tion, war  and  events  beyond  the  control  of  man,  disengage 
me  from  the  obligation  of  delivery. 

Claims. — They  are  only  acknowledged  if  made  within 
eight  days  from  the  arrival  of  the  goods  at  their  destination,. 

Guarantee. — Defects  which  have  proved  to  be  due  to 
faulty  construction,  workmanship  or  material,  are  remedied 
free  of  charge  in  my  factory  within  one  year.  The  replaced 
parts  are  my  property.  Other  claims  are  not  acknowledged. 
The  parts  to  be  repaired  or  replaced  should  be  forwarded 
to  my  factory,  carriage  paid. 

Illustration. — They  are  unbinding  because  improvements 
can  give  rise  to  slight  deviation. 

Motor  cars  are  becoming  so  numerous  in  many  American 
cities  that  finding  sufficient  parking  space  in  the  "downtown" 
sections  is  a  serious  problem.  During  business  hours  thou- 
sands of  cars  are  parked  along  the  principal  business  streets 
of  Detroit.  Fortunately,  many  of  the  streets  are  of  sufficient 
width  to  permit  cars  to  be  driven  in  to  the  curb  at  an  angle 
that  permits  any  car  to  be  readily  backed  out  though  other 
cars  are  closely  parked  alongside.  In  other  cities  having  nar- 
rower streets,  traffic  space  is  so  narrow  that  motor  cars  must 
be  drawn  up  closely  paralleling  the  curb.  In  Milwaukee  it 
has  become  necessary  to  take  a  section  off  around  some  of  the 
parks  in  order  to  provide  space  for  cars.  In  time,  it  seems 
that  it  will  be  necessary  for  cities  to  provide  large  central 
areas  for  the  storage  of  motor  cars,  and  where  space  is  at  a 
premium  these  places  may  be  two-  or  three-story  open  side 
structures,  with  ramps  that  permit  easy  access  to  the  upper 
floors. 
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SELECTION  OF  STEEL,  STAMPING  OUT  BLANKS.  CUTTING  TEETH.  HEAT-TREATMENT  AND  ETCHING 

BY  FRANK  M.  SHAWt 


MANY  of  the  contracts  for  shrapnel  and  high-explosive 
shells  which  have  been  placed  in  this  country  during 
the  past  eighteen  months  provided  for  the  payment  of 
bonuses  as  a  reward  for  early  completion,  and  this  led  to  the 
speeding  up  of  every  operation  as  far  as  possible.  Those  who 
are  at  all  familiar  with  the  manufacture  of  shells  know  that 
there  is  a  large  amount  of  cutting  off  to  be  done,  and  as  the 
material  is  a  tough  grade  of  steel,  it  will  be  evident  that  the 
strain  on  the  saws  used  for  this  purpose  is  quite  severe.  This 
has  created  an  unusual  demand  for  circular  saw  blades,  and 
more  particularly  for  those  made  of  high-speed  steel,  which 
are  adapted  for  severe  service  conditions.  Circular  saws  are 
made  from  a  number  of  different  grades  of  steel,  and  each 
of  these  will  be  referred  to  separately. 

Carbon  steel  is  seldom  used  in  the  manufacture  of  circular 
saws  over  12  inches  in  diameter — so  seldom,  in  fact,  that  the 
use  of  this  material  does  not  warrant  discussion.  Low  tungsten 
steels  are  made  from  a  variety  of  different  alloys,  all  of  which 
possess  special  merits  in  the  manufacture  of  saws;  but  a  very 
good  saw — and  one  which  is  preferred  by  many  users — is  made 
from  a  vanadium  steel  that  does  not  contain  any  tungsten. 
Some  of  the  alloys  contain  a  greater 
percentage  of  tungsten  than  others,  and 
the  trade  names  by  which  they  are 
known  usually  designate  the  constitu- 
ent of  the  alloy  which  predominates  or 
the  presence  of  which  must  be  consid- 
ered in  heat-treating.  Thus,  there  are 
manganese-tungsten  steels,  chrome- 
vanadium  steels,  etc.  Each  of  these  al- 
loys requires  a  different  method  of  heat- 
treatment,  and  great  care  must  be  exer- 
cised to  see  that  the  temperature  of  the 
metal  is  raised  to  exactly  the  required 
degree  before  quenching.  If  the  tem- 
perature is  raised  too  high  the  steel  will 
be  damaged,  and  subjecting  it  to  a  sub- 
sequent heat-treatment  will  not  always 
result  in  obtaining  results  as  good  as 
those  which  might  have  been  secured  by 
applying  the  correct  heat-treatment  in 
the  first  place. 

High-speed   steel   is   being   used   to   a 
greater  extent  every  year  in  the  manu- 
facture of  circular  saws.    This  steel  contains  from  8  to  18  per 
cent  of  tungsten  or  its  equivalent  of  molybdenum,  and  comes 
in  various  alloys;  but  tungsten  is  a  constituent  of  most  high- 
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Fig.    1.     Anvil,    Hammers    and   Surface    Plates    used    by    Sawsmiths   in 
Straightening  Plates  from  which  Circular  Saw  Blades  are  made 


Fig.  2.     Tool  used  for  boring  Arbor  Hole  in  Circular  Saw  Blades 

speed  steels  used  in  the  manufacture  of  circular  saws.  Some 
of  the  high-speed  steels  used  for  this  purpose  are  of  the  type 
which  must  be  hardened  by  quenching  in  oil,  while  others  are 
of  the  so-called  self-hardening  variety.  The  writer's  experi- 
ence has  been  that  steels  hardened  in  oil  make  tougher  saws 
than  those  of  the  so-called  self-hardening  type. 

When  the  plates  of  steel  are  received  in  the  factory,  they  are 
In  the  form  of  round  disks,  and  the  first  step  is  to  measure 
them  for  thickness  and  diameter,  after 
which  they  are  placed  in  racks  ready  for 
subsequent  use.  The  plates  of  low 
tungsten  steel  are  0.015  inch  above  the 
required  thickness,  while  high-speed 
steel  plates  are  0.032  inch  too  thick. 
This  allowance  is  provided  to  enable  the 
saws  to  be  ground  to  exactly  the  re- 
quired thickness.  Owing  to  the  higher 
temperature  which  it  is  necessary  to  em- 
ploy in  hardening  high-speed  steel,  it  is 
necessary  to  have  the  blanks  thicker 
than  in  the  case  of  the  low  tungsten 
steels,  because  provision  must  be  made 
for  grinding  away  a  greater  amount  of 
metal  after  the  hardening  operation  has 
been  completed.  The  diameters  of  plates 
of  both  of  these  classes  of  steel  are  % 
inch  over  size  when  delivered  to  the 
factory. 

The  first  operation  involved  in  the 
fabrication  of  these  round  plates  into 
circular  saws  consists  of  flattening  them, 
as  their  shape  is  likely  to  be  very  irregular.  This  is  done  on  a 
special  anvil,  and  use  is  made  of  a  variety  of  hammers  rang- 
ing in  weight  from  3  to  7  pounds.  These  hammers  are  of 
special  shapes  which  experience  has  shown  to  be  best  suited 
for  the  requirements  of  the  work,  several  of  which  are  illus- 
trated in  Fig.  1.  This  flattening  or  straightening  operation 
calls  for  peculiar  skill  that  can  only  be  gained  through  ex- 
perience; the  men  employed  in  this  work  are  known  as  saw- 
smiths.  It  is  an  axiom  of  circular  saw  manufacture  that  the 
less  hammering  done  on  the  hardened  saw  the  better;  in  fact, 
nothing  but  a  peening  hammer  should  be  used. 

In  order  to  cut  the  arbor  hole  in  the  saws  a  i^-inch  pilot 
hole  is  flrst  drilled,  after  which  the  special  tool  shown  in 
Pig.  2.  is  employed  to  cut  the  arbor  hole,  provided  the  size 
of  this  hole  does  not  exceed  2  inches  in  diameter.  As  most 
saws  under  30  inches  in  diameter  have  a  smaller  arbor  hole 
than  this,  there  is  not  enough  boring  to  warrant  making  spe- 
cial tools  for  larger  sized  holes,  and  so  standard  boring  tools 
are  used.  In  the  special  tool  shown  in  Fig.  2,  A  is  the  pilot 
which  enters  the  V^-inch  hole;  and  B  are  the  cutters,  each  of 
which  is  3/32  inch  thick  by  5/8  inch  wide,  and  ground  0.016 
inch  under  the  hole  size.  Holes  exceeding  2  inches  in  diam- 
eter are  machined  with  a  boring  tool  driven  by  a  drill  press. 
In  the  case  of  saws  which  have  driving  holes,  these  are  drilled 
by  setting  up  the  blade  in  a  jig  which  locates  the  holes  in  the 
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desired  positions. 
This  "Jig,  vvliich  is 
sliown  in  Fig.  :>,  is 
of  simple  construc- 
tion and  easily  han- 
dled; it  is  made  of  a 
plate  1  inch  thick  by 
6  inches  in  diameter, 
with  a  boss  A  about 
V*  iiu;h  high  which 
fits  into  the  arbor 
hole  in  the  saw 
blade.  A  -^s-inch  hole 
B  through  the  center 
provides  for  passing 
through  a  bolt  by 
which  the  saw  is 
fastened  to  the  jig. 
The  usual  form  of 
hardened  bushings 
is  furnished  for  lo- 
cating the  holes  in 
the  work.  In  the 
case  of  saws  which 
are  sprocket-driven, 
the  holes  for  the  sprocket  teeth  are  punched  after  the  arbor 
hole  has  been  machined  in  order  to  insure  concentricity,  and 
the  driving  sides  of  these  holes  are  then  filed  around  to  allow 
them  to  mesh  properly  with  the  sprocket.  If  the  corner  is 
simply  filed  off,  the  metal  around  the  hole  is  likely  to  chip  or 
break  away. 

As  the  rim  of  the  steel  plates  is  very  irregular  and  it  is 
inadvisable  to  grind  them  round,  owing  to  the  danger  of  burn- 
ing the  metal,  recourse  is  sometimes  had  to  the  use  of  stamp- 
ing dies  for  trimming  the  blanks  to  size  under  a  power  press. 
A  more  satisfactory  method  is  to  trim  them  up  on  a  gear- 
cutting  macliine  whicli  is  made  to  trim  the  plate  and  cut  the 
saw  teeth  at  the  same  setting  of  the  work.  A  number  of  dif- 
ferent shaped  teeth  are  employed,  the  following  being  those 
most  commonly  used:  (1)  The  V-shaped  tooth  wliich  is  cut  to 
a  sharp  point  or  edge  and  has  its  front  face  either  radial  or 
under-cut.  (2)  The  type  of  tooth  which  has  a  land  at  the  top 
instead  of  being  cut  to  a  sharp  point;  this  style  of  tooth  may 
also  have  its  front  face  radial  or  under-cut,  the  under-cutting 
varying  from  10  to  15  degrees  and  the  width  of  the  land  vary- 
ing according  to  the  pitch  of  the  tooth.  (3)  The  Brown  & 
Sharpe  patent  relieved  tooth 
which  is  the  same  shape  as 
the  otliers  except  that  alter- 
nate teeth  are  cut  away  on 
both  sides  at  the  top  to  one- 
half  the  width  of  the  other 
teeth,  and  made  1/64  inch 
higher.  This  type  of  saw 
makes  tliree  small  chips  in- 
stead of  one  large  one.  (4) 
The  Bryant  type  of  tooth, 
which  Is  used  on  saws  of  very 
heavy  pitch,  the  .saw  being 
driven  by  a  sprocket  which 
engages  the  backs  of  tlie 
teeth.  This  type  of  tooth  is 
ground  about  1/32  inch  thinner 
at  the  back  than  at  the  front, 
the  purpose  being  to  provide 
clearance  for  any  burr  which 
may  be  raised  by  the  sprocket 
teetli.  Examples  of  these  dif- 
ferent types  of  saw  teeth  are 
shown  in  Fig.  4. 

The  practice  of  cutting  saw 
teeth  on  the  gear-cutter  is  far 
superior  to  punching  them,  as 
the  former  method  does  not 
introduce  any  strains  in  the 
metal  and  insures  the  produc- 
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Fig.    4.     Different    Types    of    Teeth    commonly   used    on    Circular    Saws 
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tion  of  teeth  of  abso- 
lutely uniform  pitcli. 
In  cutting  the  teeth 
of  circular  saws  on  a 
gear-cutting  machine, 
the  cutters  are 
generally  made  of 
high-speed  steel,  3'^ 
inches  diameter, 
thickness  varying 
with  pitch.  The  saw 
blanks  are  mounted 
upon  an  arbor  and 
hxated  in  the  proper 
relation  to  the  cutter 
by  means  of  an  in- 
side caliper.  To  ex- 
plain this  location  of 
the  work,  suppose  it 
is  required  to  cut  the 
teeth  of  a  14-inch  cir- 
cular saw  with  an  ar- 
bor hole  1%  inch  in 
diameter;  the  arbor 
on  which  the  work  is 

^614  inches  from  the 


Fig.  6. 


peripiiery  of  the  cutter.  The  same  method  is  used  to  deter- 
mine the  setting  which  will  give  the  proper  depth  of  tooth. 
In  cutting  teeth  in  high-speed  steel  saw  blades,  it  is  necessary 
to  have  a  supporting  plate  at  the  back  of  the  work  to  prevent 
the  metal  from  breaking  out  at  the  back  of  the  teeth;  this 
plate  lias  teeth  cut  in  it  similar  to  the  teeth  that  are  to  be 
cut  in  the  saw  blade.  After  cutting  the  teeth,  any  burr  which 
may  remain  on  the  saws  is  removed,  and  the  saws  are  ready 
to  be  hardened. 

Specially  constructed  heat-treating  furnaces  are  used,  and 
in  conducting  the  heat-treating  operation  great  care  must  be 
taken  to  see  that  the  work  is  brought  to  a  uniform  tempera- 
ture. Oil  is  the  best  fuel  to  use  in  the  heating  furnace, 
although  gas  can  be  employed  with  satisfactory  results  for 
temperatures  up  to  1800  degrees  F.  Saws  made  of  low 
tungsten  steel  require  a  temperature  varying  from  1450  to 
1800  degrees  F.  according  to  the  character  of  the  alloy  and 
the  nature  of  the  quenching  bath  that  is  employed.  High- 
speed steel  saws  are  heated  to 
from  1950  to  2250  degrees  F. 
There  are  a  number  of  differ- 
ent grades  of  quenching  oils 
capable  of  giving  satisfactory 
results;  and  where  whale  oil 
is  used,  beeswax,  rosin  and 
tallow  are  sometimes  added  to 
the  contents  of  the  quenching 
bath.  Oil  of  degras,  common- 
ly known  as  "No.  2  soluble 
quenching  oil,"  gives  very 
good  results,  enabling  the 
saws  to  hold  their  original 
shape  very  well.  In  hardening 
saws  made  of  self-liardening 
steel,  it  is  merely  necessary  to 
heat  the  blades  to  the  re- 
quired temperature  and  then 
clamp  them  between  two 
heavy  plates  to  prevent  dis- 
tortion while  tlie  metal  is 
cooling.  These  plates  are 
mounted  on  a  hydraulic  press 
and  held  together  by  a  pres- 
sure of  sixty  pounds  per 
square  inch.  The  plates  are 
water-cooled.  Low  tungsten 
steel  saws  are  tempered  in  oil 
at  from  350  to  475  degrees  F., 
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according  to  the  nature  of  the  alloy;  and 
high-speed  steel  saws  are  drawn  at  tem- 
peratures ranging  from  450  to  1200  de- 
grees F.  The  idea  of  drawing  the  tem- 
per at  1200  degrees  F.  may  frighten  some 
people,  but  in  the  case  of  certain  steels 
it  will  result  in  producing  a  tougher  saw 
and  one  which  is  quite  as  hard  as  it  would 
have  been  if  the  temperature  had  been 
drawn  at  600  degrees  F. 

After  tempering,  the  saws  are  again 
given  to  the  sawsniith  to  be  straightened, 
the  work  being  done  while  the  metal  is 
still  hot.  It  is  very  important  for  the 
saws  to  be  fairly  flat  at  the  time  that 
they  leave  the  tempering  furnace,  as  the 
work  of  straightening  necessarily  results 
in  the  introduction  of  strains  in  the 
metal.  As  already  mentioned,  a  peening 
hammer  is  used  in  straightening  the  saw; 
this  hammer  is  quite  similar  in  shape  to 
the  hammer  used  for  the  previous 
straightening  operation  e.xcept  that  it  has 
a  sharper  edge.  It  weighs  Si/i  pounds. 
After  straightening,  the  arbor  hole  is 
ground  to  the  correct  size,  a  special 
vertical-spindle  machine  being  used  for 
this  purpose;  and  hardened  and  ground 
gage  plugs  are  used  to  determine  the  accu- 
racy of  its  size.  After  the  saw  has  been 
set  up  on  the  machine,  the  wheel-head  is 
raised  to  bring  the  wheel  into  the  work- 
ing position;  and  an  eccentric  device  gov- 
erns the  position  of  the  wheel  to  provide 
for  grinding  the  hole  to  the  required  size. 
Great  annoyance  and  inconvenience  have 
often  been  caused  by  not  having  the  arbor 
hole  true  to  size;  if  the  hole  is  under  size,  it  cannot  be  ground,  with  V-type  teeth  is  a  relatively  simple  matter.  The  saw  blade 
and  requires  a  great  deal  of  time  to  "stone"  it  up  to  the  re-  is  mounted  on  an  arbor  and  the  machine  is  furnished  with  a 
quired  diameter.     The  exercise  of  some  care  in  grinding  will      suitable  index  wheel  for  accurately  spacing  the  teeth.    A  ma- 
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Fig.   6.     Diarram   showing   Work   done,    Fig. 


Hunter  Grinding  Machine  for  "Land" 
Type  of  Circular  Saw  Teeth 


obviate  much  annoyance  and 
the  loss  of  a  considerable 
amount  of  time  in  this  way. 

The  operation  of  so-called 
"straight"  grinding,  which 
consists  of  grinding  the  saw 
down  to  the  required  thick- 
ness, is  done  on  a  special 
double-wheel  machine  which 
provides  for  grinding  both 
sides  of  the  saw  at  the  same 
time.  The  saw  revolves  on  an 
arbor  and  is  rotated  by  two 
driving  wheels  directly  oppo- 
site the  grinding  wheels 
which  travel  in  opposite  di- 
rections, one  grinding  up  and 
the  other  down.  After  being 
once  more  inspected  by  the 
sawsmiths,  the  saw  blades  are 
ready  to  be  "taper"  or  hollow 
ground.  The  taper  or  clear- 
ance should  be  0.025  to  0.085 
inch  for  the  first  2  Inches  in 
from  the  edge,  and  straight 
from  that  point  to  the  collar. 
The  saw  is  now  mounted  on  a 
test  mandrel  and  rotated  to 
determine  its  true  running 
qualities,  after  which  it  is 
ready  to  be  sharpened.  This 
is  done  on  automatic  ma- 
chines equipped  with  very 
soft  wheels,  as  the  steel  may 
easily  be  damaged  by  burning. 

Sharpening    circular    saws 


Fig.    8.     Cochrane-Bly   Grinder   for   sharpening 
Circular  Saw  Teeth 


B.    &   S.    Relieved    Type   of 


.chine  built  by  the  Nutter  & 
Barnes  Co.,  Hinsdale,  N.  H., 
for  doing  this  work  is  illus- 
trated in  Fig.  5,  and  Fig.  6 
shows  in  diagrammatic  form 
the  conditions  which  must  be 
fulfilled  in  grinding  saw  teeth 
of  this  type.  It  will  be  no- 
ticed that  the  position  of  the 
mandrel  upon  which  the  saw 
is  mounted  is  adjustable  to 
provide  for  obtaining  the  re- 
quired under-cut  for  the  face 
of  the  teeth.  Fig.  7  illustrates 
a  machine  built  by  the  Hunter 
Saw  &  Machine  Co.,  Pittsburg, 
Pa.,  for  grinding  the  tops  of 
saw  teeth  of  the  "land"  type; 
this  is  a  hand-operated  ma- 
chine and  its  operation  will 
be  apparent  to  the  reader 
after  studying  the  illustration. 
It  will  be  obvious  that  the 
grinding  of  circular  saws  with 
the  Brown  &  Sharpe  relieved 
type  of  teeth  calls  for  a  more 
complicated  form  of  machine 
than  is  needed  for  grinding 
the  two  types  of  teeth  to 
which  reference  has  been 
made.  Fig.  8  shows  a  ma- 
chine built  for  this  purpose 
by  the  Cochrane  -  Bly  Co., 
Rochester,  N.  Y.  It  is  pro- 
vided with  three  wheels  and 
is  automatic  in  its  operation. 
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One  wheel  works  In  two  directions,  i.  <•., 
forward  and  sideways;  during  the  for- 
ward motion  it  grinds  the  front  face  of  a 
tooth  to  an  under-cut  angle  of  15  de- 
grees, and  during  the  side  stroke  it 
backs  off  the  laud  at  the  top  of  the  tooth 
to  au  angle  of  5  degrees,  leaving  alter- 
nate teeth  1/64  inch  higher  than  the 
teeth  adjacent  to  them.  This  wheel  is  8 
inches  in  diameter  and  40  grain,  grade 
K;  the  forward  and  sidewise  movements 
are  controlled  by  cams. 

The  other  two  wheels  on  the  piachine 
are  carried  by  a  head  that  is  mounted 
on  a  perpendicular  slide.  While  the 
other  wheel  is  grinding  the  faces  and 
lands  of  two  teeth,  these  wheels  work 
on  the  under  side  of  one  tooth  and  the 
top  of  the  next  tooth  but  one,  in  order 
to  reduce  the  thickness  of  alternate 
teeth  to  one-half  the  thickness  of  the 
full-width  teeth.  It  is  these  narrow 
teeth  which  are  left  1/64  inch  higher 
than  the  full-width  teeth.  The  wheels 
used  for  this  work  are  about  4  inches  in 
diameter,  and  40  grain,  grade  O. 

Fig.  9  shows  in  diagrammatical  form 
the  work  done  by  the  machine  for  grind- 
ing the  Brown  &  Sharpe  relieved  type  of 
saw  teeth.  It  will  be  noticed  that  alter- 
nate teeth  have  either  a  full  line  or  a 
dotted  line  across  them,  and  these  lines 
indicate  the  work  done  by  the  two 
wheels  carried  on  the  head  mounted  on 
a  vertical  slide;  one  of  these  wheels 
grinds  the  relief  at  the  top  of  a  tooth 
as  indicated  by  the  full  line,  and  when 
the  other  wheel  comes  into  action  it 
grinds  the  relief  at  the  bottom  of  the  next  alternate  tooth 
that  is  shown  by  the  dotted  line.  This  idea  will  be  under- 
stood by  referring  to  the  Bro>vn  &  Sharpe  relieved  type  of 
saw  tooth  shown  in  Fig.  4.  Both  wheels  work  on  each 
alternate  tooth  in  order  to  grind  the  relief  at  both  sides,  but 
the  wheels  do  not  work  on  the  same  tooth  simultaneously.  On 
the  Cochrane  &  Bly  machine  the  wheels  grind  on  the  same 
tooth  at  once,  first  the  lower  wheel  and  then  the  upper  one. 

Polishing  and  etching  are  the  last  operations,  the  polishing 
being  done  with  No.  40  Turkish  emery.  The  etching  requires 
considerable  skill  to  secure  satisfactory  results,  and  although 
this  does  not  affect  the  cutting  qualities  of  the  saw,  it  does 
have  a  great  deal  to  do  with  the  appearance  of  the  product. 
The  quickest  and  easiest  method  of  etching  saw  blades  is  to 
use  a  rubbfer  stamp  covered  with  a-  thin  film  of  acid,  which  is 
applied  to  the  saw 
blade  and  allowed  to 
remain  for  a  suffi- 
cient length  of  time 
to  eat  into  the  metal. 
The  trouble  with  this 
method  is  that  it  is 
difficult  to  secure 
clean-cut  edges  on 
the  etched  design, 
particularly  when 
working  on  high- 
speed steel;  and  the 
acid  also  destroys 
the  rubber  stamps 
very  rapidly.  A  more 
satisfactory  method 
is  to  make  a  master 
plate  in  which  is  cut 
the  legend  and  de- 
sign that  it  is  de- 
sired to  etch  on  the 
saw  blade.  Transfers 
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Fiff.   9.     Diagram  showing  Work   done  by  Saw 
Tooth  Grinder  shown  in  Fig.  8 
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Fig.   10.     Form  of  Card  used  for  keeping  Record  of  Circular  Saws 


are  made  from  this  plate  by  first  cov- 
ering the  plate  with  a  paste  made 
by  boiling  3  pounds  of  beeswax  and 
Mi  cup  of  Venus  turpentine,  with  suf- 
ficient spirits  of  turpentine  to  give 
the  required  thickness  and  enough  lamp- 
black to  make  the  paste  quite  visible 
when  it  is  spread  on  the  master  plate. 
After  spreading  it  over  the  master  plate, 
the  surplus  paste  is  wiped  off,  and  a 
piece  of  tissue  paper  is  then  put  over  the 
plate  and  rolled  down  with  a  rubber 
roller.  The  tissue  paper  transfer  is  then 
lifted  off  and  placed  upon  the  saw  in  the 
position  where  the  etching  is  to  be  done, 
and  the  paper  is  removed  by  moistening 
it  with  water.  This  leaves  a  coating  of 
paste  which  forms  the  "resist"  that  pro- 
tects the  metal  surrounding  the  design 
from  the  action  of  the  acid  used  for 
etching.  Shellac  is  also  spread  around 
the  transfer  to  protect  the  saw  from  the 
acid.  Nitric  acid  mixed  with  an  equal 
volume  of  water  is  then  applied  over  the 
transfer  so  that  it  will  attack  the  por- 
tions of  the  steel  which  are  exposed; 
and  after  being  given  a  sufficient  time 
to  etch  the  metal,  the  surplus  acid  is 
neutralized  by  adding  caustic  potash 
solution.  By  this  method  very  good  re- 
sults will  be  obtained.  In  etching  high- 
speed steel  it  is  desirable  to  add  salt  to 
the  50  per  cent  nitric  acid  solution.  The 
saw  is  then  entered  on  a  record  card  sys- 
tem, of  the  form  shown  in  Fig.  10,  and 
sent  to  the  shipping  room.  Heavy  cor- 
rugated cardboards  are  placed  between 
the  saws  when  they  are  packed  for 
shipment,  to  guard  against  the  possibility  of  damage  before 
they  reach  the  customer's  factory. 
*  *  • 
A  manufacturer  of  mechanical  specialties  has  devised  a 
unique  business  card  for  representatives  of  the  company  in 
the  form  of  a  small  two-sheet  card  folder,  measuring  2  by  3 
inches.  This  card,  of  medium  weight  stock,  is  of  soft  gray 
color  and  printed  in  a  brown  of  harmonizing  tone;  it  is  ar- 
ranged for  use  with  the  larger  dimension  vertically.  The  front 
sheet  is  cut  with  a  circular  opening  near  the  top  Just  the  size 
of  a  cent,  and  an  actual  penny  is  affixed  to  the  next  sheet  to 
show  through;  only  the  bright,  new  cent  is  used.  Directly 
below,  on  the  front  sheet,  is  printed,  "It's  Worth  A  Penny  To 
Know."  On  the  second  page,  or  reverse  side  of  the  front 
sheet,  arrangement  is  made  for  indicating  the  name  of  the 

representative,  while 
on  the  third  page  the 
company  name,  ad- 
dress, etc.,  is  print- 
ed; this  latter  comes 
below  the  penny  at- 
tached to  this  sheet 
and  is  covered  by  the 
front  page  of  the 
card  folder.  The 
fourth,  or  outside 
back  page,  carries 
the  company's  trade- 
mark. This  clever 
card  arouses  a  natu- 
ral interest  and  curi- 
osity, and  has  been 
the  means  of  obtain- 
ing many  important 
interviews  for  the 
r  e  p  r  esentati ves, 
otherwise  difficult  to 
procure. 
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TUNGSTEN   PRODUCTION  IN  THE   UNITED 
STATES 

The  tungsten  production  in  the  United  States  during  the 
first  six  months  of  1916  was  about  3290  short  tons  of  concen- 
trates carrying  GO  per  cent  tungsten  trioxide,  according  to  a 
report  made  by  the  United  States  Geological  Survey.  The  out- 
put of  Colorado  was  1505  tons,  valued  at  $3,638,000,  of  which 
the  Boulder  field  furnished  1494  tons.  The  tremendous  rise 
of  prices  caused  by  the  need  of  high-speed  steel  used  in  making 
war  munitions  ordered  by  the  European  governments  caused 
the  great  increase  in  production.  Ores  carrying  60  per  cent 
tungsten  trioxide  brought  about  $66  a  unit  at  the  beginning 
of  the  year.  At  first  the  sudden  demand  created  by  the  orders 
for  war  steel  was  far  ahead  of  the  productive  capacity  of  the 
country.  The  rapid  rise  in  price  starting  last  fall  at  a  time 
when  tungsten  mining  was  at  low  ebb  culminated  in  the  un- 
dreamed maximum  price  mentioned.  As  a  result,  the  pro- 
duction increased  faster  than  the  consumption,  and  soon 
overran  the  demand.  By  the  end  of  June  the  price 
per  unit  of  tungsten  trioxide  had  fallen  to  $25.  The  nor- 
mal price  is  be- 
tween $6  and  $7. 
The  American 
production  and 
imports  of  tung- 
sten amount 
roughly  to  5100 
tons  of  60  per 
cent  c  o  n  c  e  n- 
trates,  valued  at 
$3,278,000.  Al- 
lowing 20  per 
cent  of  the  metal 
losses  in  various 
operations,  it  is 
estimated  that 
between  11,000 
and  12,000  tons 
of  high-speed 
steels  were  made 
during  the  first 
six  months  of 
1916,  in  addition 
to  the  steel  made 
from  tungsten 
saved  from  scrap. 

Fig.   1.     Shelby  Steel   Tubing  after  Bulging 

BULGING  SEAMLESS  STEEL   TUBING 

A  fine  example  of  the  manipulation  which  seamless  steel 
tubing  will  stand  without  heating  is  illustrated  in  the  accom- 
panying halftone.  Fig.  1.  This  shows '  a  piece  of  Shelby 
steel  tubing,  the  original  diameter  of  which  was  6  inches,  and 
the  walls  U  inch  in  thickness.  The  dimensions  of  the  bulged 
end  are  6  inches  in  width  by  9  inches  in  length,  and  the  total 
amount  of  the  bulging  was  done  from  one  side  of  the  tube. 


SHELBY  TUBE 


PUNCH  OR  MANDREL 


Fig.    2.     Shelby   Steel   Tubing   with   Bulging   Mandrel   in   Place 

The  manipulation  of  this  tubing  was  done  by  James  M.  Mc- 
Clellon,  of  Everett,  Mass.,  in  connection  with  some  experi- 
mental locomotive  boilers  he  was  building. 

The  work  was  done  in  a  hydraulic  wheel  press  such  as  is 
used  in  railroad  shops  for  forcing  wheels  on  the  axles.  Eighty- 
flve-ton  pressure  was  required.  Aside  from  the  fact  that  the 
tube  was  not  heated  for  the  operation,  a  remarkable  feature 
of  the  operation  was  that  the  bulging  was  done  without  the 


use  of  a  die.  An  inside  form  or  punch  of  steel  was  made 
that  started  with  a  pilot  51/0  inches  diameter,  and  was  formed 
exactly  to  the  shape  it  was  desired  that  the  bulged  tube  should 
receive.  This  form  was  carefully  smoothed  up,  coated  with 
white  lead,  and  forced  into  the  tube,  leaving  it  just  as  is 
shown  in  the  photograph.  C.  L.  L. 

*  *     • 

THE   ITEM  OF   WORKMANSHIP 

The  Bowman-Blackman  Machine  Tool  Co.,  St.  Louis,  Mo.," 
dealer  in  machine  tools,  steam  hammers,  electric  cranes,  etc., 
has  issued  a  circular  letter  on  the  importance  of  workmanship, 
from  which  the  following  is  taken: 

To  many  people  it  is  not  clear  why  more  money  should 
be  paid  for  one  machine  than  for  another  that  appears  to 
have  an  equally  meritorious  design.  Yet  it  is  a  fact  that 
the  builders  who  get  the  lion's  share  of  the  open,  competi- 
tive machine  tool  business  are  the  ones  who  make  the  high- 
priced  tools.  It  is  a  fact  that  the  steady  buyers  of  tools 
almost  invariably  settle  down  to  using  the  high  priced  lines, 
and  one  reason,  as  we  see  it,  why  the  expensive  makes  give 
enough  better  satisfaction  to  warrant  paying  their  extra 
cost  is  that  they  are  better  on  the  score  of  workmanship. 

In  our  judgment,  there  is  nothing  that  so  much  affects 
the  performance  of  a  tool,  whether  it  be  for  fine  tool-room 
work  or  for  heavy,  gruelling  manufacturing  operations,  as 
the  workmanship  or  the  perfection  of  the  fits.  With  two 
lathes,  for  instance,  of  exactly  the  same  design,  of  which 
one  was  carefully  fitted  and  the  other  carelessly,  the  differ- 
ence in  the  performance  would  surprise  one  who  had  not 
had  this  feature  previously  impressed  on  him. 

There  is  a  great  difference  between  a  bearing  that  is 
merely  snug  and  one  that  is  a  real  fit.  The  former  may 
touch  in  but  a  few  spots  and  have  but,  say,  a  tenth  of  the 
full  area  of  contact.  It  will  thus  wear  out  of  alignment 
about  ten  times  as  quickly.  It  will  pull  harder,  owing  to 
the  unequal  oil  film.  It  will  chatter,  because  between  the 
points  of  contact  its  members  are  unsupported  or  "over- 
hanging." It  will  heat  from  the  pressure  from  heavy  cuts. 
Prom  the  standpoints  of  durability,  power  consumption, 
quality  of  output  and  amount  of  output,  it  will  be  seen  that 
the  point  of  workmanship  in  a  machine  is  vital. 

The  final  fitting  is  one  of  the  most  important  items  of 
expense  in  building  high-grade  tools.  To  illustrate  its 
costliness,  we  mention  that  a  prominent  manufacturer  of 
tool-room  fixtures  makes  a  difference  in  the  price  of  surface 
plates,  between  those  merely  planed  to  a  finish  and  those 
that  are  scraped  to  a  fit,  of  almost  double.  In  other  words, 
the  single  final  operation  of  perfecting  the  fit  in  this  in- 
stance costs  almost  as  much  as  the  material  and  all  the 
preliminary  machine  work  combined. 

*  *     * 

MACHINE  SHOP  PRACTICE  SESSION  A.S.M.E. 
H.  K.  Hathaway,  chairman  of  the  Committee  on  Machine 
Shop  Practice,  has  prepared  the  following  programme  for  the 
machine  shop  practice  section  of  the  American  Society  of 
Mechanical  Engineers  at  the  annual  meeting  in  New  York, 
December  5  to  8: 

"Notes  on  the  Standardization  of  Machine  Tools,"  by 
Carl  G.  Barth; 

"The  Undoing  of  Established  Mistakes,"  by  Wilfred 
Lewis; 

"A  Classification  of  Machine  Shop  Practice  and  a  Pro- 
posed Plan  of  Action  for  this  Committee,"  by  H.  K. 
Hathaway. 

Two  sessions  of  the  machine  shop  section  will  be  held  and 
an  extended  discussion  of  the  papers  is  hoped  for.  The  sub- 
ject of  machine  tool  standardization  is  most  important,  and  it 
is  expected  that  formal  written  discussions  will  be  received 
from  a  number  of  well-known  machine  tool  builders. 

An  unexpected  result  of  workmen's  compensation  laws  en- 
acted in  the  various  states  has  been  the  promotion  of  tem- 
perance. These  laws  are  so  drastic  that  the  employer  has 
often  no  defence  in  cases  of  gross  negligence  where  the  em- 
ploye is  solely  to  blame  for  getting  hurt.  Under  these  con- 
ditions no  employer  can  take  the  risk  of  employing  men 
addicted  to  drink,  and  many  manufacturers  in  states  hav- 
ing compensation  laws  have  been  active  in  promoting  "no 
license."  They  also  refuse  to  hire  men  who  drink  and  dis- 
charge drinking  men.  The  large  steel  mills  have  made  it 
known  that  men  can  retain  employment  only  on  condition 
that  they  abstain  from  drinking  anything  stronger  than 
"Adam's  ale." 
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EXPERIMENTAL  ENGINEERING 

While  much  has  been  said  about  the  adverse  influence  of 
large  corporations  on  the  economic  life  and  industrial  devel- 
opment of  the  nation,  it  must  be  admitted  that  they  have 
many  redeeming  features,  one  of  which  is  the  development  of 
experimental  engineering,  possible  only  in  a  large  organization. 
The  development  of  any  industry  from  an  engineering  stand- 
point will  be  comparatively  slow  and  insignificant  as  long  as 
the  industry  is  carried  on  by  organizations  too  small  to  main- 
tain a  costly  experimental  department;  but  when  through  com- 
bination or  otherwise,  a  large  industrial  unit  has  been  devel- 
oped, it  can  afford  the  cost  of  a  well-equipped  experimental 
department,  where  a  rapid  development  may  take  place.  As 
an  example  may  be  mentioned  the  electrical  industry  in  the 
United  States,  where  remarkably  rapid  strides  have  been  made 
in  the  development  of  new  apparatus,  new  methods,  and  the 
discovery  of  new  principles,  mainly  because  the  leading  con- 
cerns in  this  field  have  been  strong  enough  to  spend  large 
sums  yearly  on  experimental  work.  One  of  them,  for  example, 
maintains  a  staff  of  hundreds  of  high-priced  men,  and  has  a 
large  building  of  imposing  dimensions  set  aside  for  nothing 
but  experimental  work.  As  a  result  of  this  work  many  new 
discoveries  have  been  made,  and  new  industries  have  been 
founded  on  the  basis  of  these  discoveries.  While  it  is  well 
known  to  engineers  that  in  certain  instances  large  corpora- 
tions have  retarded  engineering  progress  by  buying  the  patent 
rights  and  suppressing  new  inventions  which  have  too 
seriously  interfered  with  an  industry  they  have  already  devel- 
oped, it  must  be  admitted  that  these  instances  are,  in  the  case 
of  some  corporations,  at  least,  more  than  compensated  for  by 
the  opportunities  for  research  and  development  made  possible 
by  their  resources  and  facilities  for  experimental  work. 


INTENSIVE   PRODUCTION 

The  scarcity  of  labor,  high  wages  and  high  prices  of  mate- 
rials will  result  in  the  adoption  of  much  more  efficient  meth- 
ods of  production  than  now  generally  prevail.  Machine  tool 
making  has  been  largely  "building"  rather  than  manufactur- 
ing. Lathes,  planers,  shapers,  drilling  machines  and  milling 
machines  have  been  put  through  the  shops  in  comparatively 
small  lots  and  in  a  variety  of  sizes.  There  could  be  little 
of  intensive  methods  of  production  employed,  and  costs  were 


high.  The  big  orders  from  Europe  have  made  possible  the 
manufacture  exclusively  of  one  size  and  kind  of  lathe,  for  in- 
stance, and  some  remarkable  records  have  been  made.  One 
concern  turned  out  400  heavy  simple  turret  lathes  for  projectile 
work,  each  weighing  10,000  pounds,  in  less  than  five  months 
while  carrying  on  its  regular  machine  tool  manufacture.  But 
a  separate  plant  was  used  for  the  special  product  and  the  most 
advanced  methods  of  production  were  employed.  Tools,  jigs 
and  fixtures  were  provided  before  starting  work  and  every 
part  was  manufactured — not  built. 

Another  "builder"  of  lathes  has  devoted  his  comparatively 
small  plant  exclusively  to  the  manufacture  of  one  size  of  en- 
gine lathe  with  astonishing  increase  of  efficiency  and  capacity. 
When  he  was  building  several  sizes  of  lathes  and  putting  them 
through  in  lots,  delays  were  common,  due  to  some  castings 
proving  defective.  A  lot  might  be  held  up  because  two  or  three 
cone  pulleys  had  developed  blowholes  when  machined.  Time 
was  required  to  get  replacements  from  the  foundry.  But  when 
building  one  size  only,  a  few  defective  castings  do  not  neces- 
sarily delay  shipments,  as  the  castings  are  ordered  on  a  weekly 
supply  basis  and  some  of  the  incoming  supply  can  be  taken  to 
flu  out  and  the  replacements  used  later. 

*  *     * 

MODERN   FIXTURE   DESIGN 

The  general  conception  of  a  jig  is  a  holding  means  for  guid- 
ing a  drill  when  drilling  machine  parts  so  that  every  part  will 
be  drilled  alike  and  no  laying  out  will  be  necessary.  A  drill 
jig  is  necessarily  light  when  designed  for  small  parts,  because 
it  must  be  lifted  and  handled  with  the  contained  piece  by  the 
operator. 

This  general  conception  of  the  relation  of  a  jig  to  the  part 
has  been  mistakenly  applied  to  work-holding  fixtures  for 
planers  and  milling  machines.  There  is  no  need  for  lightness 
in  a  fixture  for  holding  castings  on  a  planer;  instead  there  is 
need  for  great  strength  and  rigidity.  The  parts  must  be  ade- 
quately supported  and  firmly  held  if  heavy  cuts  are  to  be  taken. 
The  same  conditions  apply  with  much  greater  force  in  milling. 
The  pressure  of  hogging  milling  cutters  is  much  greater  than 
that  of  hogging  planer  tools.  Fixtures  used  in  the  most  pro- 
gressive motor  car  plants  for  holding  work  on  heavy  milling 
machines  are  remarkable  for  weight  and  rigidity.  A  string 
of  fixtures  filling  the  length  of  the  platen  will  in  some  cases 
weigh  nearly  as  much  as  the  platen  itself. 

The  design  of  the  fixtures  is  such  that  each  casting  is  sup- 
ported on  compensating  plugs,  and  while  firmly  gripped  at  a 
number  of  points,  there  is  no  distortion;  the  chucking  is 
quickly  accomplished  without  leveling  up  and  the  use  of 
blocks,  wedges,  jacks  and  other  common  chucking  accessories. 

*  *     * 

THE  NEED  OF  SKILLED  MEN 
Never  has  there  been  so  great  a  demand  for  machinists, 
machine  operators  and  toolmakers  as  during  the  past  and 
present  year.  The  supply  is  far  short  of  the  demand,  and 
manufacturers  have  been  obliged  to  take  in  farmers,  street- 
car conductors,  bar-tenders,  laborers  and  other  likely  men,  and 
train  them  to  become  operators.  This  has  been  a  costly  and 
unsatisfactory  process.  Out  of  ten  picked  up  from  various 
other  occupations,  two  or  three  may  be  found  to  have  the 
natural  skill  and  aptitude  for  mechanical  work.  The  others 
have  to  be  dismissed  after  they  have  received  costly  instruc- 
tion and  have  spoiled  much  work.  One  concern  estimates  that 
it  has  cost  from  $200  to  $300  per  man  to  get  one  that  was 
worth  keeping. 

The  big  makers  of  motor  cars  depend  on  the  small  concerns 
to  train  their  help.  They  pay  operators  big  wages  during  the 
season  of  heavy  production  and  lay  them  off  when  business 
slackens.  Such  methods  discourage  the  maintenance  of  ap- 
prentice systems  by  the  concerns  that  realize  the  need  of 
training  skilled  men.  They  cannot  afford  to  train  boys  and 
have  them  taken  away  in  the  third  or  fourth  years  of  their 
time  when  they  are  just  beginning  to  repay  some  of  the  cost 
of  the  mechanical  instruction  given. 

The  evil  has  been  serious  for  years,  and  seems  to  be  getting 
worse  instead  of  better.    It  is  a  big  problem  to  be  solved. 
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EDUCATIONAL  PREPAREDNESS  VS. 
INDUSTRIAL  PROGRESS 

W.  H.  DOOLINQ* 

The  vast  armies  and  navies  of  Europe  at  the  present  day, 
together  with  their  enormous  equipments  and  resources,  are 
leading  to  campaigns  of  military  preparedness  on  the  part  of 
this  nation.  The  conclusion  has  been  reached  that  if  we  are 
to  keep  pace  with  the  rest  of  the  mighty  world  powers,  we  must 
be  prepared  to  meet  them  on  a  military  as  well  as  on  a  peace 
basis.  Army  and  navy  experts  are  urging  larger  expenditures 
of  money  for  greater  fighting  forces  and  equipment.  The  enor- 
mous sums  spent  in  waging  war  are  not  productive  of  any 
wealth  to  the  country.  If  such  large  sums  of  money  could  be 
obtained  and  expended  in  the  furtherance  of  industrial  educa- 
tion, the  wealth  and  prosperity  of  the  nation  would  be  mate- 
rially increased.  The  National  Association  of  Manufacturers, 
in  1912,  estimated  the  annual  national  loss  in  human  resources, 
due  to  50  per  cent  of  the  children  leaving  school  in  the  ele- 
mentary grades,  at  $250,000,000.  A  consideration  of  these  fig- 
ures leads  us  to  the  conclusion  that  a  campaign  of  educational 
preparedness  should  be  waged  no  less  vigorously  than  one  of 
military  preparedness,  in  order  that  these  losses  may  be  made 
up  and  the  wealth  and  prosperity  of  the  nation  increased. 

Of  late  years  education  and  industry  have  been  forced  to 
recognize  their  close  relation  to  each  other.  The  phenomenal 
progress  of  industry  has  clearly  outstripped  the  feeble  efforts 
that  education  has  put  forth  to  meet  it,  and,  as  a  result,  we 
have  such  losses  as  cited  above.  It  is  interesting  to  note  the 
slow  progress  of  education  in  contrast  to  that  of  industry. 
Not  so  many  years  ago  the  secondary  schools  of  our  country 
had  but  one  aim  in  view — to  prepare  students  for  higher  insti- 
tutions where  they  would  take  up  one  of  the  professions,  law, 
medicine  or  the  ministry.  Of  the  small  percentage  of  gram- 
mar school  graduates  who  entered  high  school,  a  still  smaller 
percentage  were  annually  graduated.  Only  a  select  few  could 
then  enter  college,  and  there  they  pursued  still  further  their 
classical  studies  leading  to  one  of  the  recognized  professions. 

Meanwhile  the  rise  of  modern  industry  had  begun.  The  old 
apprenticeship  system  had  fallen  into  disuse.  Times  had 
changed  since  the  shoemaker  made  the  entire  shoe  and  cloth 
was  manufactured  in  the  home.  The  invention  of  shoemaking 
machinery,  the  power-loom,  the  cotton  gin,  power-harvester, 
etc.,  called  for  a  division  of  labor,  and  a  great  industrial  change 
took  place.  Large  concerns  grew  up;  large  numbers  of  em- 
ployes were  needed;  a  great  demand  for  managers  and  super- 
intendents arose;  and  these  people  needed  an  education. 
Young  men  were  needed  in  the  shops,  yet  the  employers  had 
no  time,  nor-  could  they  afford  to  teach  them  the  trade  thor- 
oughly, but  simply  gave  them  one  certain  thing  to  do.  In 
other  words,  these  boys  became  mere  cogs  in  the  wheels  of 
industry.  Here  again  education  in  the  schools  ought  to  have 
been  able  to  teach  these  young  men  the  theory  and  practice 
of  the  trades,  and  make  them  more  valuable  to  their  employers. 

But  education  was  unprepared;  it  went  ahead  with  its  classi- 
cal curricula,  ignoring  the  needs  of  its  communities,  training 
the  smaller  proportion  of  the  pupils  to  the  exclusion  of  the 
larger.  After  a  long  search  for  competent  men  on  the  part 
of  employers,  they  thought  that  possibly  in  the  large  amount 
of  material  scrapped  annually  from  the  schools  there  might  be 
some  which  under  proper  treatment  would  prove  valuable. 
Many  pupils  who  had  no  ability  for  book  learning  were  found 
to  have  considerable  manual  dexterity,  coupled  with  a  certain 
ability  to  think  and  think  well  about  mechanical  subjects. 
After  much  opposition,  a  few  courses  relating  to  the  trades 
were  adopted  by  some  high  schools.  Later,  high  schools  and 
schools  devoted  exclusively  to  technical  education  were 
founded.  At  present  we  have  the  manual  training,  technical 
and  trade  schools,  offering  a  variety  of  courses  to  meet  the 
needs  of  this  class  of  pupils.  In  some  schools  part-time  courses 
are  in  use,  whereby  the  pupil  is  enabled  to  spend  part  of  his 
time  in  the  shop  and  part  of  his  time  in  school,  thus  com- 
bining theory  with  actual  shop  practice.  A  gratifying  per- 
centage of  the  scrap  heap  has  been  reclaimed.  These  pupils 
are  doing  good  work  for  their  employers  and  for  themselves. 
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But  there  is  still  a  great  deal  to  be  done.  In  order  that  edu- 
cation may  be  prepared  and  that  the  schools  may  be  as  effi- 
cient as  possible  in  their  teaching  of  technical  subjects,  it  is 
of  utmost  importance  that  they  have  the  hearty  cooperation  of 
the  manufacturers  and  employers  themselves.  Their  good  will 
is  not  enough;  there  must  be  active  participation  of  some 
sort  in  order  that  the  best  results  may  be  obtained.  The  boys 
in  school  are  very  likely  to  think  that  there  is  a  wide  gulf 
separating  them  from  the  actual  industry  they  contemplate 
entering.  This  does  not  mean  that  a  man  must  break  up  his 
shop  organization.  If  he  could  spare  an  hour  or  two  once  in 
awhile  to  give  a  talk  at  the  school,  it  would  do  wonders  toward 
bridging  this  gulf.  He  might  present  to  them  the  problems 
that  are  coming  up  daily  in  his  line  of  work.  This  would  help 
to  keep  both  instructor  and  pupil  in  touch  with  everyday  con- 
ditions and  also  stimulate  their  inventiveness.  Or,  if  a  manu- 
facturer is  unable  to  spare  the  time,  he  might  encourage  visits 
to  his  shop  or  factory  on  the  part  of  the  pupils,  and  delegate  a 
subordinate  to  point  out  and  explain  the  different  processes 
and  machines.  When  he  is  sending  out  catalogues,  he  might 
remember  to  address  a  few  to  the  school  of  his  community,  for 
these  catalogues  are  of  prime  interest  to  the  trade  student. 
These  few  suggestions  may,  of  course,  be  supplemented  by 
others  which  will  occur  to  the  employer,  if  he  endeavors  to 
help  along  the  school  of  his  community. 

In  this  way  he  will  be  helping  himself  by  building  up  better 
material  from  which  to  choose  his  subordinates,  and  helping 
the  great  mass  of  children  who  up  to  this  time  have  been 
handicapped  in  the  struggle  for  existence  by  a  lack  of  training. 
Hearty  and  active  cooperation  of  manufacturers  and  schools 
will  aid  education  to  prepare  for  its  proper  work — to  realize 
its  highest  ideals,  namely,  the  preparation  of  all  children  for 
earning  an  honest  livelihood  in  the  trade  for  which  they  are 
by  nature  and  training  best  fitted. 
*     *     * 

CENSUS   OF  MANUFACTURES  IN   THE 
UNITED   STATES 

A  preliminary  statement  of  the  general  results  of  the  census 
of  manufactures  for  the  United  States,  issued  by  Director 
Sam.  L.  Rogers  of  the  Bureau  of  the  Census,  consists  of  a 
summary  comparing  the  figures  for  1909  and  1914,  by  totals. 
The  figures  are  preliminary  and  subject  to  such  change  and  cor- 
rection as  may  be  found  necessary  from  a  further  examination 
of  the  original  reports.  The  census  of  1914  excluded  the  hand 
trades,  the  building  trades,  and  the  neighborhood  industries, 
and  took  account  only  of  establishments  conducted  under  the 
factory  system.  Statistics  were  not  collected  for  establish- 
ments having  products  valued  at  less  than  $500. 

Compared  with  the  manufactures  census  of  1909,  the  capi- 
tal invested  increased  23.7  per  cent,  or  from  $18,428,270,000  to 
$22,790,880,000.  The  number  of  establishments  increased  from 
268,491  to  275,793,  or  2.7  per  cent;  the  average  capital  per 
establishment  increased  from  $69,000  to  $83,000.  The  value 
of  the  products  increased  17.3  per  cent,  or  from  $20,672,052,000 
to  $24,246,323,000;  the  average  value  per  establishment  was 
$88,000,  an  increase  of  $11,000.  The  number  of  persons  en- 
gaged in  manufactures  increased  7.6  per  cent,  or  from  7,678,578 
to  8,265,426,  but  the  number  of  proprietors  and  firm  members 
decreased  3.1  per  cent,  or  from  273,265  to  264,872.  The  num- 
ber of.  salaried  employes,  however,  increased  22  per  cent,  or 
from  790,267  to  964,217.  The  amount  paid  in  salaries  in- 
creased 37.2  per  cent,  or  from  $938,575,000  to  $1,287,917,000; 
an  average  increase  of  about  $150  a  year  to  each  employe. 
The  number  of  wage  earners  increased  from  6,615,046  to 
7,036,337,  or  6.4  per  cent.  The  amount  paid  in  wages  increased 
from  $3,427,038,000  to  $4,079,332,000,  an  average  increase  of 
about  $70  a  year  to  each  one.  In  1914,  the  greatest  number 
were  employed  during  March  and  April,  and  the  smallest 
number  in  December  and  November;  in  1909  the  greatest  num- 
ber were  employed  in  November  and  December,  and  the  small- 
est number  in  January  and  February.  The  primary  horse- 
power used,  in  1914,  increased  20.7  per  cent,  or  from  18,675,376, 
in  1909,  to  22,537,129,  and  the  value  added  by  the  manufac- 
ture (the  value  of  the  products  less  the  cost  of  materials) 
increased  15.8  per  cent,  or  from  $8,529,261,000  to  $9,878,234,000. 
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ONE  WAY  TO  HIRE  MEN    WHEN  LUBRICATION  WORKED  TOO  WELL  -SOME  COMPETITION    CURING  THE  LATHE 
THAT  WOULDN'T  TURN  STRAIGHT-A  DIFFICULT  MILLING  JOB-THE  UNKNOWN  PLANT 


BY    THE    p'lELD    EDITOR 


"S" 


"And    asked    how    many    fellows    wanted    jobs 
at  $5  a  day" 


,  IT  down  here  a  minute,  Mr.  Field  Editor,  I  want  to 
sliow  you  the  most  exacting  inquiry  that  ever  came  into 
this  office,"  said  the  manager  of  a  gear-cutting  shop. 
And  as  I  settled  into  my  chair,  the  manager  went  through  his 
files  and  pulled  out  an  inquiry  from  a  person  in  Central  Penn- 
^    -  sylvania.      The    in- 

quirer stated  that 
he  was  in  the  mar- 
ket for  gears  for 
special  apparatus 
that  he  was  design- 
ing, and  he  desired 
gears  cut  that 
would  turn  two  cyl- 
inders, one  large 
and  one  small,  at 
such  rates  that 
their  peripheral 
travel  would  be  co- 
incident. So  far  the 
inquiry  was  ordinary,  but  this  critical  inventor  went  on  to 
state  that  the  diameter  of  the  large  cylinder,  as  nearly  as  he 
could  measure  it,  was  1.765633739  inch  and  the  circumference 
was  5.5469  inches.  The  small  cylinder,  he  wrote,  was  0.5625 
inch  in  diameter,  and  1.767175  inch  in  circumference. 

"Say,"  chuckled  the  manager,  "it's  mighty  lucky  for  us  that 
that  chap  couldn't  measure  any  closer!" 

One  Way  to  Hire  Men 

In  traveling  around  the  country  you  hear  of  all  kinds  of 
methods  of  hiring  skilled  mechanics,  especially  in  these  times 
when  men  are  scarcer  than  the  proverbial  hen's  teeth;  but 
I  had  a  "new  one"  called  to  my  attention  by  the  superintend- 
ent of  a  shop  in  Southern  Connecticut  that  is  near  a  mammoth 
arms  plant  noted  for  its  aggressiveness  in  Securing  men. 

"It  sure  was  funny,"  said  the  superintendent.  "That  big 
octopus  plant  has  been  scouring  the  country  for  men  and  get- 
ting some  good  ones,  too,  by  paying  the  highest  wages.  The 
employment  director  got  a  brilliant  idea.  He  thought  that 
some  of  the  toolmakers  he  had  pulled  from  country  shops 
and  who  went  back  to  their  homes  every  week-end  could  be 
induced  to  bring  down  more  of  their  former  shopmates.  So 
that  Saturday  morning  he  tried  his  plan  on  a  man  whom  he 
had  purloined  from  a  shop  in  Western  Massachusetts." 

"And  how  did  the  stunt  work?" 

"Oh,  the  stunt  worked  all  right,"  chuckled  the  superintend- 
ent. "The  toolmaker  came  back  Monday  morning  and  reported 
that  he  had  six  of  his  former  shopmates  down  in  the  employ- 
ment line  waiting  their  turn  to  fill  out  the  blanks.  But  the 
morning  passed  away  without  the  men  arriving  in  the  shop, 
and  the  employment  manager  questioned  the  'procurer,'  who 
was  dumbfounded  to  think  that  his  friends  had  not  shown  up, 
because  he  had  personally  placed  them  in  the  line.  Well,  that 
night  the  man  went  to  his  boarding  house  and  found  his 
former  shopmates  all  sitting  there  as  unconcerned  as  could 
be.  The  explanation  was  simple.  'We  were  standing  in  the 
line  waiting  our  turn,'  one  of  the  men  explained,  'when  an 
automobile  stopped  in  front  of  the  line  and  a  dandy  looking 
chap  with  a  fur  overcoat  stepped  out  and  asked  how  many 
fellows  wanted  jobs  at  $5  a  day.  We  six  chaps  were  sticking 
together,  so  we  immediately  jumped  into  his  machine,  and  he 
took  us  down  to  his  shop,  and  we  landed  some  fine  jobs,  too.'  " 

It  was  certainly  a  new  way  to  get  men  and,  though  question- 
able, was  more  direct  than  the  equally  questionable  method 
that  the  big  company  had  employed  to  get  its  men. 

When  Lubrication  Worked  Too  'Well 

"Say,"  said  the  superintendent,  "did  you  ever  hear  of  a  lubri- 
cant that  did  its  job  too  well?" 


"No,"  said  I,  settling  back  in  the  visitor's  chair  beside  the 
superintendent's  desk;  "I  certainly  didn't  suppose  there  waa 
such  a  thing  as  over-lubrication." 

"Well,  just  turn  around  and  look  at  the  job  on  that  big 
horizontal  boring  mill  out  there,  and  you'll  understand  my 
story  better." 

Following  the  superintendent's  glance,  I  saw  the  horizontal 
boring  mill,  and  two  laborers  were  tugging  at  a  big  fixture 
on  the  table,  presumably  to  turn  it  so  as  to  line  it  up  for  some 
particular  hole  to  be  bored. 

"That  fixture,"  said  the  superintendent,  "weighs  2000  pounds, 
and  the  casting  weighs  another  800  pounds.  You  can  appre- 
ciate that  it  is  a  real  man's  job — or  rather  two  men's  job — to 
turn  that  fixture  every  time  it  is  necessary  to  reset  it  for 
boring  a  new  set  of  holes.  You'll  notice  that  it's  a  box  fixture, 
so  that  perfect  alignment  is  not  necessary,  as  a  universal  joint 
connects  the  machine  spindle  with  the  boring-bar,  but  never- 
theless it  must  be  turned  after  every  pair  of  holes. 

"I  sat  here  one  afternoon  looking  out,  just  as  we  are  now, 
watching  those  two  laborers  turn  that  fixture,  and  it  occurred 
to  me  that  a  little  graphite  and  oil  smeared  on  the  base  would 
make  it  turn  a  whole  lot  easier,  so  we  tried  it  out,  and  sure 
enough  it  could  be  turned  by  one  man  very  easily.  I  came 
back  and  sat  down  and  congratulated  myself  that  there  was 
another  job  well  taken  care  of,  but  I  had  no  more  than  got 
comfortably  started  on  a  long  report  on  "Why  the  Shop  Over- 
head Has  Increased"  when  Tom,  the  boring  mill  hand,  came 
into  the  office  with  the  funniest  look  on  his  face  and  said, 
'I  can't  make  that  darned  fixture  stay  put  anywhere,  even 
when  I  set  those  clamps  up  with  all  my  strength.  That  fixture 
just  seems  to  slip  and  slide  all  over  the  lot  when  the  cut 
starts.' 

"And  Tom  was  right.  I  went  out  there  and  he  hadn't  over- 
stated the  case  at  all.  That  graphite  had  done  its  work  so 
well  that  it  was  impossible  to  get  any  adhesion  between  the 
fixture  and  the  boring  mill  bed,  and  nothing  remained  for  us 
to  do  but  clean  off  the  graphite  and  use  the  fixture  in  the 
same  old  way.  It's  a  strange  thing,  but  this  seems  to  be  a 
case  where  elbow  grease  works  better  than  graphite." 

Some  Competition 

The  problems  encountered  in  a  job  machine  shop  often  form 
the  subjects  of  interesting  discussions.  I  was  visiting  a  shop 
in  a  fair  sized  country  town,  and  the  job  shop  man  was  telling 
how  he  had  lost  a  contract  for  turning  shafts. 

"The  other  fellow  beat  me  to  it  on  price  by  about  50  per  cent, 
and  naturally  lie  got  the  job,"  said  the  shop  man. 

"But  something  is  wrong.  Why  such  a  great  discrepancy  in 
the  two  bids?" 

"That's  easy;  my  competitor  runs  a  little  two-man  shop  out 
on  the  edge  of  the  woods  where  there  is  no  such  thing  as 
rent;  and  it  really  isn't  a  two-man  shop  at  all,  because  he  is 
one  of  the  men  and  his  wife  is  the  other." 

"You  mean  his  wife  runs  a  machine  in  the  shop?" 

"Exactly  that.  On  this  shaft  job  she  centers  the  work  in  a 
drill  press  and 
drills  a  few  cross 
holes  in  the  fin- 
ished work  and  he 
runs  a  lathe.  So, 
everything  consid- 
ered, you  can  see 
how  he  can  figure 
pretty  close." 

"That's  sure  un- 
fair competition,"  I 
said,  rising  to  leave ; 
but  that  chap's  go-  -x'    ''y^^////7 

ing      to      lose      out  "That's  sure   unfair  competition" 
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"All  of  which  goes  to  show  what  a  little  mil- 
placed  matter  will  do" 


somehow  and  some- 
time just  as  sure 
as  I'm  a  foot  high — 
because  he  has  the 
wrong  business 
viewpoint. 

Curing    the    Lathe 
that  Wouldn't 
Turn  Straig-ht 

Many  a  good 
story  comes  from 
the  chair  of  a  hotel 
lobby  long  after 
factory  wheels  have 
stopped  turning. 
There  was  a  good 
lesson  in  the  one 
told  by  old  George  Watson,  the  veteran  salesman  for  a  large 
lathe  manufacturing  company. 

"It  happened  down  in  the  oil  country  where  I  was  setting 
up  half  a  dozen  lathes  in  one  of  those  old  Pennsylvania  shops 
that  were  built  before  the  war.  I  had  one  lathe  set  up  and 
the  operator  was  doing  nicely,  so  I  started  out  to  line  up 
another.  About  the  middle  of  the  afternoon  the  operator  of 
the  first  machine  came  to  me  and  said,  'Would  you  believe  it, 
Mr.  Watson,  my  lathe  that  you  lined  up  so  nicely  has  been 
turning  as  straight  as  a  die  up  to  fifteen  minutes  ago,  but 
now  I  can't  get  a  straight  cut  off  the  darned  thing.  Come 
over  and  see  what's  the  matter.' 

"I  went  over,  and  sure  enough  you  couldn't  make  that  lathe 
cut  straight  to  save  your  life,  but  I  knew  it  had  been  right  all 
the  morning,  so  I  stood  off  to  one  side 
and  looked  for  the  answer.  And  I  found 
it.  Over  at  the  back  of  that  lathe  near 
one  corner  was  a  truck  loaded  with  as 
many  rough  iron  shafts  as  could  be  piled 
on  it.  The  helper  had  left  this  stand- 
ing there  a  half  hour  ago,  and  the  load 
was  too  much  for  that  old  floor,  so 
when  it  sagged,  the  corner  of  the  lathe 
went  with  it.  I  told  them  to  pull  that 
truck  out  of  'speaking'  distance,  and 
the  lathe  came  back  into  line  and 
turned  just  as  prettily  as  you  could 
expect  any  well   behaved   lathe   to   do." 

All  of  which  goes  to  show  what  a  little  misplaced  matter 
will  'do. 

A  Difficult  Milliner  Job 

"I  have  asked  every  mechanical  man  who  has  been  here 
in  the  last  two  weeks  what  his  ideas  would  be  about  tackling 
a  milling  job  that  I  have  on  the  slate,"  said  the  master  me- 
chanic, after  having  finished  a  circuit  of  the  shop.  "You  see, 
the  proposition  is  this.  I  have  these  machine  steel  forgings 
furnished  me  and  they  must  be  milled  all  over,"  and  he  rapidly 
drew  a  little  sketch  on  his  pad. 

"It  would  be  a  nice  little  job  except  for  the  fact  that  the 
radius  of  the  milled  section  tapers  from  one  end  to  the  other. 
And  this  prevents  me  from  making  the  two  cuts  with  a  pair 
of  straddle-milling  cutters.  After  asking  everyone  I  can  think 
of,  I  have  decided  to  make  a  cutter  the  full  length  of  the  work, 
with  bearings  as  large  and  long  as  possible,  and  feed  the  work 
broadside  into  the  cutter.  Then  I'm  going  to  skip  over  to 
the  other  side  and  make  the  same  cut,  and  finish  that  side 
also.  I  don't  like  the  idea  of  running  that  small  diameter 
cutter  up  there  broadside,  but  I  don't  see  any  other  way, 
do  you?" 

"It  seems  to  me,"  said  I,  taking  out  my  pencil,  "I'd  tackle 
that  job  something  like  this:  I'd  have  a  pair  of  fixtures  and 
load  three  of  the  parts  around  each  fixture  so  that  the  parts 
to  be  milled  would  be  around  a  circle  of  the  right  diameter. 
Then  with  a  cutter  on  the  lines  of  a  taper  reamer,  having  a 
long  piloted  bearing,  I'd  take  a  cut  endwise  right  through  the 
work  up  to  a  stop,  and  get  three  pieces  for  every  pass  of  the 
cutter  instead  of  one.     I  haven't  attempted  to  draw  up  the 


fixture,  but  you  can  see  how  the  work  should  be  spaced,  and 
any  of  your  men  can  get  up  a  suitable  fixture." 

"By  George,"  said  the  master  mechanic,  "I  never  thought 
of  that;  and  I'll  tell  you  right  now  that  if  the  fixtures  that 
are  partly  made  don't  work,  I'm  going  to  try  out  your  idea. 
Come  in  again  where  you're  along  this  way.  We'll  always  b« 
glad  to  see  you." 

"Quality  First" 

"See  that  sign,"  said  the  president  of  one  of  the  best' known 
precision  tool  companies  of  the  country.  "Look  around  the 
shop  and  you'll  see  these  'Quality  First'  signs  posted  every- 
where. It's  a  motto  we  want  to  instill  in  the  minds  of  every 
man  connected  with  this  organization,  from  the  sweeper  up. 
The  first  requirement  in  our  work  is  quality.  Quantity  always 
comes  second,  and  only  by  hammering  this  home  in  every 
way  we  can  think  of  can  we  keep  our  men  in  the  right  frame 
of  mind  for  accurate  work." 

And  the  manager  was  right.  Whether  it  was  in  the  grind- 
ing room,  the  lathe  department,  the  planning  department  or 
the  shipping  room,  there  was  a  sign  reading  "Quality  First." 

The  Unknown  Plant 

Lying  close  to  a  railroad  track  in  a  Middle  Western  town 
is  a  plant  of  a  prominent  manufacturer  making  a  special  line 
of  machinery.  The  machinery  is  well-known,  but  the  visitor 
could  not  find  the  factory  without  inquiring  of  practically 
everyone  he  met  on  the  street.  No  name  adorns  this  promi- 
nent plant,  and  after  chasing  through  a  number  of  back  yards, 
over  fences,  railroad  tracks,  through  kitchens,  etc.,  you  finally 
land  in  front  of  an  unpretentious  building  called  the  office. 
Even  the  shape  of  the  building  does  not  indicate  that  it  is 
used  for  a  manufacturing  oflice.  But 
upon  opening  the  door  a  safe  is  detected 
and  the  name  of  the  manufacturer  is 
at  last  learned. 

The  first  impression  of  carelessness 
holds  good;  when  you  once  find  the  of- 
fice, you  are  shown  the  manager,  who 
has  to  take  great  care  in  rising  from 
his  chair  in  order  not  to  disturb  two 
years'  correspondence  packed  on  his 
desk.  One  corner  of  his  desk  is  piled 
a  foot  high  with  telegrams — some  of 
them  at  least  three  years  old.  Letters, 
pieces  of  machinery — parts  long  since 
forgotten — and  ink-wells  of  all  sizes  and  descriptions  clutter 
the  remaining  space.  The  pigeon  holes  in  the  desk  are  also 
filled  to  overflowing,  and  look  as  though  they  had  not  been 
cleaned  out  since  the  incumbent  started  in  business. 

Again  first  impressions  are  borne  out  when  you  are  shown 
into  the  shop.  How  a  manufacturer  can  turn  out  accurate 
machinery  in  such  a  plant  is  almost  inconceivable.  The  plant 
probably  has  grown.  Yes,  it  has.  It  has  been  in  business 
for  at  least  twelve  to  twenty  years,  and  in  that  time  surely 
should  have  grown  some.  But  in  growing  it  has  taken  In 
existing  buildings  and  made  use  of  kitchens,  sheds,  bed-rooms, 
etc.  No  care  has  been  taken  to  see  that  the  floors  of  the  vari- 
ous rooms  have  been  leveled  up  or  that  the  partitions  have 
been  torn  down.  For  instance,  you  will  find  a  boring  machine 
having  its  cutting  end  working  in  the  "dining-room"  and  its 
driving  end  in  the  "bed-room."  The  operator  has  to  go  around 
a  partition  to 
change  his  gears! 
Such  conditions 
make  anything  but 
a  favorable  impres- 
sion upon  the  vis- 
itor to  this  shop. 
But  then — if  it  suits 
the  owner,  I  sup- 
pose it  is  his  busi- 
ness to  run  his 
plant    as    he    sees 

fit;     but    is    it    good  "You  will  tod  a  boring  machine  with  its  cut- 

^  ting  end   working   in   the   dining-room   and 

business?  its    driving   end    in   the   bed-room" 


^^ 
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like  this" 
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UNUSUAL  ELECTRIC   BUTT -WELDING 

At  A  in  the  illustration  Is  shown  a  i/o-inch  diameter  steel 
rod  which  is  approximately  sixteen  inches  long  and  a  short 
Vj-inch  diameter  brass  rod  which  is  about  one  inch  long. 
Above  this  is  shown  the  pin  completely  welded.    This  is  known 


f  ■■     ;  " 

'  ^^. 

' 

A 

G 

B 

^^yfC/f/^'^^^     J 

Interesting  Examples   of   Butt-welding 

as  a  "kicking-pin"  which  is  used  in  a  textile  drying  machine. 
To  complete  one  of  these  kicking-pins,  two  operations  are 
necessary. 

The  first  operation  consists  in  grasping  the  center  of  the 
%-inch  steel  rod  in  the  clamping  electrodes  of  a  Thomson  elec- 
tric welder.  The  electrodes  are  clamped  on  this  rod  a  pre- 
determined distance  apart,  and  the  current  is  turned  on.  After 
the  central  portion  of  the  rod  is  heated  by  electrical  resistance 
to  a  white  heat,  the  electrodes  are  moved  toward  each  other  a 
certain  distance  which  forms  in  the  middle  of  the  rod  a  very 
symmetrical  shoulder  as  shown.  A  second  operation  on  this 
piece  consists  of  welding  the  short  brass  rod  to  the  end  of  the 
long  steel  rod.  This  operation  is  accomplished  without  any 
difficulty,  although  not  without  a  large  burr  being  thrown 
up  all  around.  This  burr  is  subsequently  ground  off,  revealing 
a  very  good  joint  between  the  brass  and  steel  rods. 

At  B  are  shown  two  rods  before  and  after  being  welded  to- 
gether. The  unusual  thing  about  this  operation  is  that  the 
two  rods  are  of  such  different  diameters.  The  shorter  one 
which  is  approximately  %  inch  in  diameter  is  made  of  tool 
steel,  and  the  longer  one  which  is  about  9/32  inch  in  diame- 
ter is  made  of  cold-rolled  steel.  Each  of  these  rods  is  held 
In  an  electrode  clamp,  and  upon  being  brought  together  they 
get  very  hot,  the  smaller  rod  heating  much  faster  than  the 
larger  rod  because  of  its  smaller  cross-section.  Owing  to  its 
tendency  to  heat  faster,  the  small  rod,  when  pressure  is 
brought  to  bear  upon  it,  quickly  flattens  out  on  the  end  to 
such  an  extent  that  the  flattened  portion  has  as  large  a  cross- 
section  as  the  short  rod.  When  this  stage  has  been  reached 
the  rods  are  separated  for  a  short  time,  and  immediately  the 
temperature  of  the  smaller  rod  drops  to  very  nearly  that  of 
the  larger  one.  When  these  rods  have  reached  the  same  tem- 
perature, they  are  again  brought  together  and,  because  of  the 
fact  that  the  cross-sections  are  now  approximately  the  same 
on  the  ends  of  both  rods,  the  tendency  is  for  both  rods  to 
heat  uniformly,  thereby  causing  a  perfectly  good  electric  weld. 
This  operation  also  throws  up  a  large  burr  which  is  removed 
by  grinding. 

*     *     ♦ 

A  few  years  ago  there  was  a  strong  feeling  in  this  country 
that  the  most  important  element  in  any  enterprise  was  the 
financial  element,  and  that  if  there  was  only  money  enough 
available  nothing  else  mattered  much.  This  idea  has  not  held 
good,  for  we  are  beginning  to  realize  that  there  is  an  end  to 
the  largest  bank  account,  and  are  rapidly  coming  to  the  con- 
clusion that  neither  money  nor  organization  will  permanently 
insure  success  without  proper  direction.  It  is  therefore  im- 
perative for  us  to  study  leadership  and  to  find  the  laws  on 
which  successful  administration  is  based. — H.  L.  Oantt,  in  In- 
dustrial Leadership. 


CIRCULAR   FORMING   TOOLS  FOR   NO.   6 
B.    &   S.   SCREW   MACHINE* 

BY   WILLIAM  W.  JOHNSONt 

When  a  large  number  of  circular  forming  tools  are  to  be 
designed,  a  great  deal  of  labor  is  involved  in  computing  the 
different  diameters  separately.  The  usual  method  is  as  follows 
(see  diagram) : 

First,  find  the  value  of  W  in  the  right  angle  triangle  ACD. 
W  =  yfr'  —  h' 
in  which 

r=  radius  of  largest  diameter  of  circular  tool; 

h  =  distance  to  which  the  center  of  the  tool  is  set,  either 
above  or  below  the  center  line  of  the  work. 

Now,  find  the  value  of  r  in  the  right  angle  triangle  ACD. 
r=  V  (W  — c)'-H  h' 
in  which 

c  =  one-half  the  distance  between  the  required  diameters  of 
the  work; 

r  =  the  required  radius  of  the  circular  tool. 

This  method  is  quite  long  and  cannot  be  materially  short- 
ened by  using  a  table  of  squares.  Therefore,  anything  that 
can  be  done  to  aid  in  computing  the  different  diameters  of 
circular  forming  tools  will  be  of  interest.  This  article  will 
give  a  series  of  tables  which  have  been  computed  for  the 
diameters  of  circular  tools,  corresponding  to  variations  of  one- 
thousandth  inch  in  the  radius  of  the  work.  These  tables  are 
applicable  to  the  new  No.  6  Brown  &  Sharpe  automatic  screw 
machine,  the  general  dimensions  of  which  are  given  below. 


Maximum  Diameter  of  Tool — D =4 

Center  of  Tool  Above  Center  of  Work— ft  =     5/16 

Tap,  Left-hand =     3/4  —  12  pitch 

W    =     3/8 


The  maximum  diameter  D  of  forming  tools  for  this  ma- 
chine should  be  4  inches.  To  find  the  other  diameters  of  the 
tool  for  any  piece  to  be  formed,  proceed  as  follows:  Subtract 
the  smallest  diameter  of  the  work  from  the  diameter  of  the 
work  which  is  to  be  formed  by  the  required  tool  diameter; 
divide  the  remainder  by  two;  locate  the  quotient  obtained  in 
the  column  headed  "Length  c  on  Tool/'  and  opposite  the  fig- 
ure thus  located  and  in  the  adjacent  column  read  off  directly 


Notation  used  in  Formulas  for  Forming  Tool  Calculations 


the  diameter  to  which  the  tool  is  to  be  made.  The  quotient 
obtained  which  is  located  in  the  column  headed  "Length  c  on 
Tool,"  is  the  length  c  as  shown. 


•  For  previous  articles  relating  to  circular  forming  tools,  published  In 
Machinert.  see  also  "Calculation  of  Circular  Forming  Tools,"  March,  1911; 
"Circular  Form  and  Cut-oflf  Tools,"  March  and  April,  1910;  "Formulas  for 
Circular  Forming  Tools."  January.  1908;  "ChartR  for  Forming  Tools,"  Octo- 
ber, 1904;  "Straight  and  Circular  Forming  Tools,"  June,  1804. 

t  Address:  12013  Saywell  Ave.,  Cleveland,  Ohio. 
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DIMENSIONS  OP  CIRCULAR  FORMING  TOOLS  FOR  NO.  6  B.   &  S.  AUTOMATIC 

SCRB'W   MACHINE 


Length 
c  on 
Tool 

Required     | 
Diameter 
of  Tool 

Length 
c  on 
Tool 

Iteuuired 
Diameter 
of  Tool        ; 

Length 
c  on 
Tool 

Required 
Diameter 
of  Tool 

Length 
c  on 
Tool 

Required 
Diameter 
of  Tool 

Length 
c  on 
Tool 

Required 
Diameter 
of  Tool 

Lenstn 
c  on 
Tool     1 

Required 
Diameter 
of  Tool 

Length 
con 
Tool 

Uequired 
Diameter 
of  Tool 

0.001 

3.9980 

0.081 

3.8401 

0.162 

3.6803    ; 

0.242 

3.5228 

0.323 

3.3635 

0.404 

3.2045 

0.484 

3.0477 

0.002 

3.9960 

0.082 

3.8381 

0.163 

3.6784 

0.243 

3.5208 

0.324 

3.3615 

0.405 

3.2025 

H 

3.0470 

0.003 

3.9940 

0.083 

3.8361 

0.164 

3.6764 

0.244 

3.5188 

0.325 

3.3596 

0.406 

3.2006 

0.485 

3.0457 

0.004 

3.9921 

0.084 

3.8342 

0.165 

3.6744 

0.245 

3.5169 

0.326 

3.3576 

ii 

3.2001 

0.486 

3.0438 

0.005 

3.9901 

0.085 

3.8322 

0.166 

3.6724 

0.246 

3.5149 

0.327 

3.3556 

0.407 

3.1986 

0.487 

3.0418 

0.006 

3.9881 

0.086 

3.8302 

0.167 

3.6705 

0.247 

3.5129 

0.328 

3.3537 

0.408 

3.1966 

0.488 

3.0398 

0.007 

3.9862 

0.087 

3.8282 

0.168 

3.6685 

0.248 

3.5110 

U 

3.3534 

0.409 

3.1947 

0.489 

3.0379 

0.008 

3.9842 

0.088 

3.8263 

0.169 

3.6665 

0.249 

3.5090 

0.329 

3.3517 

0.410 

3.1927 

0.490 

3.0359 

0.009 

3.9822 

0.089 

3.8243 

0.170 

3.6646 

0.250 

3.5070 

0.330 

3.3498 

0.411 

3.1908 

0.491 

3.0340 

0.010 

3.9802 

0.090 

3.8223 

0.171 

3.6626 

0.251 

3.5051 

0.331 

3.3478 

0.412 

3.1888 

0.492 

3.0320 

0.011 

3.9783 

0.091 

3.8203 

ii 

3.6609 

0.252 

3.5031 

0.332 

3.3458 

0.413 

3.1868 

0.493 

3.0300 

0.012 

3.9763 

0.092 

3.8184 

0.172 

3.6606 

0.253 

3.5011 

0.333 

3.3439 

0.414 

3.1849 

0.494 

3.0281 

0.013 

3.9743 

0.093 

3.8164 

0.173 

3.6586 

0.254 

3.4992 

0.334 

3.3419 

0.415 

3.1829 

0.495 

3.0261 

0.014 

3.9723 

^ 

3.8149 

0.174 

3.6567 

0.255 

3.4972 

0.335 

3.3399 

0.416 

3.1810 

0.496 

3.0242 

0.015 

3.9704 

0.094 

3.8144 

0.175 

3.6547 

0.256 

3.4952 

0.336 

3.3380 

0.417 

3.1790 

0.497 

3.0222 

^ 

3.9692 

0.095 

3.8124 

0.176 

3.6527 

0.257 

3.4933 

0.337 

3.3360 

0.418 

3.1770 

0.498 

3.0202 

0.016 

3.9684 

0.096 

3.8105 

0.177 

3.6508 

0.258 

3.4913 

0.338 

3.3341 

0.419 

3.1751 

0.499 

3.0183 

0.017 

3.9664 

0.097 

3.8085 

0.178 

3.6488 

0.259 

3.4893 

0.339 

3.3321 

0.420 

3.1731 

0.500 

3.0163 

0.018 

3.9644 

0.098 

3.8065 

0.179 

3.6468 

0.260 

3.4874 

0.340 

3.3301 

0.421 

3.1712 

0.501 

3.0143 

0.019 

3.9625 

0.099 

3.8045 

0.180 

3.6449 

0.261 

3.4854 

0.341 

3.3282 

si 

3.1695   i 

0.502 

3.0124 

0.020 

3.9605 

0.100 

3.8026 

0.181 

3.6429 

0.262 

3.4834 

0.342 

3.3262 

0.422 

3.1692 

0.503 

3.0104 

0.021 

3.9585 

0.101 

3.8006 

0.182 

3.6409 

0.263 

3.4814 

0.343 

3.3242 

0.423 

3.1672 

0.504 

3.0085 

0.022 

3.9565 

0.102 

3.7986 

0.183 

3.6389 

0.264 

3.4795 

i4 

3.3227 

0.424 

3.1653 

0.505 

3.0065 

0.023 

3.9546 

0.103 

3.7966 

0.184 

3.6370 

0.265 

3.4775 

0.344 

3.3223 

0.425 

3.1633 

0.''506 

3.0046 

0.024 

3.9526 

0.104 

3.7946 

0.185 

3.6350 

4i 

3.4763 

0.345 

3.3203 

0.426 

3.1614 

0.507 

3.0026 

0.025 

3.9506 

0.105 

3.7927 

0.186 

3.6330 

0.266 

3.4755   , 

0.346 

3.3184 

0.427 

3.1594 

0.508 

3.0006 

0.026 

3.9486 

0.106 

3.7907 

0.187 

3.6311 

0.267 

3.4736 

0.347 

3.3164 

0.428 

3.1574 

0.509 

2.9987 

0.027 

3.9467 

0.107 

3.7887 

ft 

3.6301 

0.268 

3.4716 

0.348 

3.3144 

0.429 

3.1555 

0.510 

2.9967 

0.028 

3.9447 

0.108 

3.7868 

0.188 

3.6291 

0.269 

3.4696 

0.349 

3.3125 

0.430 

3.1535 

0.511 

2.9948 

0.029 

3.9427 

0.109 

3.7848 

0.189 

3.6271 

0.270 

3.4677 

0.350 

3.3105 

0.431 

3.1516 

0.512 

2.9928 

0.030 

3.9408 

A 

3.7841 

0.190 

3.6251 

0.271 

3.4657 

0.351 

3.3085 

0.432 

3.1496 

0.513 

2.9909 

0.031 

3.9388 

0.110 

3.7828 

0.191 

3.6232 

0.272 

3.4637 

0.352 

3.3066 

0.433 

3.1476 

0.514 

2.9889 

s'a 

3.9383 

0.111 

3.7808 

0.192 

3.6212 

0.273 

3.4618 

0.353 

3.3046 

0.434 

3.1457 

0.515 

2.9870 

0.032 

3.9368 

0.112 

3.7789 

0.193 

3.6192 

0.274 

3.4598 

0.354 

3.3026 

t    0.435 

3.1437 

if 

2.9858 

0.033 

3.9348 

0.113 

3.7769 

0.194 

3.6173 

0.275 

3.4578    : 

0.355 

3.3007 

:    0.436 

3.1418 

0.516 

2.9850 

0.034 

3.9329 

0.114 

3.7749 

0.195 

3.6153 

0.276 

3.4559 

0.356 

3.2987 

0.437 

3.1398 

0.517 

2.9831 

0.035 

3.9309 

0.115 

3.7730 

0.196 

3.6133 

0.277 

3.4539 

0.357 

3.2968 

ft 

3.1388 

0.518 

2.9811 

0.036 

3.9289 

0.116 

3.7710 

1    0.197 

3.6113 

0.278 

3.4519 

0.358 

3.2948 

0.438 

3.1378 

0.519 

2.9792 

0.037 

3.9269 

0.117 

3.7690 

1    0.198 

3.6094 

0.279 

3.4500 

0.359 

3.2928 

0.439 

3.1359 

0.520 

2.9772 

0.038 

3.9250 

0.118 

3.7671 

1    0.199 

3.6074 

0.280 

3.4480 

SI 

3.2921 

0.440 

3.1339 

0.521 

2.9753 

0.039 

3.9230 

0.119 

3.7651 

0.200 

3.6054 

0.281 

3.4460 

0.360 

3.2909 

0.441 

3.1320 

•    0.522 

2.9733 

0.040 

3.9210 

0.120 

3.7631 

0.201 

3.6035 

'A 

3.4455 

0.361 

3.2889 

0.442 

3.1300 

0.523 

2.9714 

0.041 

3.9190 

0.121 

3.7611 

0.202 

3.6015 

0.282 

3.4441 

0.362 

3.2869 

,    0.443 

3.1280 

0.524 

2.9694 

0.042 

3.9171 

0.122 

3.7592 

1    0.203 

3.5995 

0.283 

3.4421 

0.363 

3.2850 

0.444 

3.1261 

0.525 

2.9674 

0.043 

3.9151 

0.123 

3.7572 

M 

3.5993 

0.284 

3.4401 

0.364 

3.2830 

0.445 

3.1241 

0.526 

2.9655 

0.044 

3.9131 

0.124 

3.7552 

0.204 

3.5976 

0.285 

3.4382 

:    0.365 

3.2811 

0.446 

3.1222 

0.527 

2.9635 

0.045 

3.9111 

0.125 

3.7533 

0.205 

3.5956 

0.286 

3.4362 

;    0.366 

3.2791 

0.447 

3.1202 

0.528 

2.9616 

0.046 

3.9092 

0.126 

3.7513 

>    0.206 

3.5936 

0.287 

3.4342 

'    0.367 

3.2771 

0.448 

3.1182 

0.529 

2.9596 

A 

3.9075 

0.127 

3.1493 

0.207 

3.5917 

0.288 

3.4322 

0.368 

3.2752 

0.449 

3.1163 

0.530 

2.9577 

0.047 

3.9072 

.0.128 

3.7473 

0.208 

3.5897 

0.289 

3.4303 

0.369 

3.2732 

0.450 

3.1143 

0.531 

2.9557 

0.048 

3.9052 

0.129 

3.7454 

0.209 

3.5877 

0.290 

3.4283 

0.370 

3.2712 

0.451 

3.1124 

Ji 

2.9552 

0.049 

3.9032 

0.130 

3.7434 

0.210 

3.5858 

0.291 

3.4263 

0.371 

2.2693 

0.452 

3.1104 

]    0.532 

2.9538 

0.050 

3.9013 

0.131 

3.7414 

0.211 

3.5838 

0.292 

3.4244 

0.372 

3.2673 

0.453 

3.1084 

!    0.533 

2.9518 

0.051 

3.8993 

0.132 

3.7395 

0.212 

3.5818 

0.293 

3.4224 

0.373 

3.2654 

§1 

3.1081 

0.534 

2.9499 

0.052 

3.8973 

0.133 

3.7375 

0.213 

3.5798 

0.294 

3.4204 

0.374 

3.2634 

0.454 

3.1065 

0.535 

2.9479 

0.053 

3.8953 

0.134 

3.7355 

0.214 

3.5779 

0.295 

3.4185 

}    0.375 

3.2614 

0.455- 

3.1045 

0.536 

2.9460 

0.054 

3.8934 

0.135 

3.7335 

0.215- 

3.5759 

0.296 

3.4165 

1    0.376 

3.2595 

0.456 

3.1026 

0.537 

2.9440 

0.055 

3.8914 

0.136 

3.7316 

0.216 

3.5739 

U 

3.4148 

0.377 

3.2575 

0.457 

3.1006 

0.538 

2.9421 

0.056 

3.8894 

0.137 

3.7296 

0.217 

3.5720 

0.297 

3.4145 

0.378 

3.2555 

0.458 

3.0986 

0.539 

2.9401 

0.057 

3.8875 

0.138 

3.7276 

0.218 

3.5700 

0.298 

3.4126 

0.379 

3.2536 

0.459 

3.0967 

0.540 

2.9382 

0.058 

3.8855 

0.139 

3.7257 

3^ 

3.5685 

0.299 

3.4106 

1   0.380 

3.2516 

0.460 

3.0947 

0.541 

2.9362 

0.059 

3.8835 

0.140 

3.7237 

0.219 

3.5680 

0.300 

3.4086 

i   0.381 

3.2496 

0.461 

3.0928 

i    0.542 

2.9342 

0.060 

3.8815 

A 

3.7225 

0.220 

3.5661 

0.301 

3.4067 

0.382 

3.2477 

0.462 

3.0908 

0.543 

2.9323 

0.061 

3.8796 

0.141 

3.7217 

0.221 

3.5641 

0.302 

3.4047 

0.383 

3.2457 

0.463 

3.0888 

0.544 

2.9303 

0.062 

3.8776 

0.142 

3.7197 

0.222 

3.5621 

0.303 

3.4028 

0.384 

3.2438 

0.464 

3.0869 

0.545 

2.9284 

■^ 

3.8767 

0.143 

3.7178 

0.223 

3.5602 

0.304 

3.4008 

0.385 

3.2418 

0.465 

3.0849 

0.546 

2.9264 

0.063 

3.8756 

0.144 

3.7158 

0.224 

3.5582 

0.305 

3.3988 

0.386 

3.2398 

0.466 

3.0830 

a 

2.9247 

0.064 

3.8736 

0.145 

3.7138 

0.225 

3.5562 

0.306 

3.3969 

0.387 

3.2379 

0.467 

3.0810 

0.547 

2.9245 

0.065 

3.8717 

0.146 

3.7119 

0.226 

3.5543 

0.307 

3.3949 

0.388 

3.2359 

0.468 

3.0790 

0.548 

2.9225 

0.066 

3.8697 

0.147 

3.7099 

0.227 

3.5523 

0.308 

3.3929 

0.389 

3.2339 

'      Ji 

3.0773 

0.549 

2.9206 

0.067 

3.8677 

0.148 

3.7079 

0.228 

3.5503 

0.309 

3.3910 

0.390 

3.2320 

0.469 

3.0771 

0.550 

2.9186 

0.068 

3.8657 

0.149 

3.7060 

0.229 

3.5484 

0.310 

3.3890 

«5 

3.2308 

0.470 

3.0751 

0.551 

2.9167 

0.069 

3.8638 

0.150 

3.7040 

0.230 

3.5464 

0.311 

3.3871 

0.391 

3.2300 

0.471 

3.0732 

0.552 

2.9147 

0.070 

3.8618 

0.151 

3.7020 

1    0.231 

3.5444 

;    0.312 

3.3851 

0.392 

3.2281 

0.472 

3.0712 

0.553 

2.9128 

0.071 

3.8598 

0.152 

3.7000 

0.232 

3.5425 

ft 

3.3841 

0.393 

3.2261 

0.473 

3.0692 

0.554 

2.9108 

0.072 

3.8578 

0.153 

3.6981 

,    0.233 

3.5405 

0.313 

3.3831 

0.394 

3.2241 

0.474 

3.0673 

0.555 

2.9089 

0.073 

3.8559 

0.154 

3.6961 

0.234 

3.5385 

0.314 

3.3812 

0.395 

3.2222 

0.475 

3.0653 

0.556 

2.9069 

0.074 

3.8539 

0.155 

3.6941 

ii 

3.5378 

0.315 

3.3792 

0.396 

3.2202 

0.476 

3.0634 

0.557 

2.9050 

0.075 

3.8519 

0.156 

3.6922 

0.235 

3.5366 

0.316 

3.3772 

;   0.397 

3.2182 

0.477 

3.0614 

0.558 

2.9030 

0.076 

3.8499 

^ 

3.6917 

0.236 

3.4346 

0.317 

3.3753 

0.398 

3.2163 

0.478 

3.0594 

0.559 

2.9010 

0.077 

3.8480 

0.157 

3.6902 

0.237 

3.5326 

0.318 

3.3733 

0.399 

3.2143 

0.479 

3.0575 

0.560 

2.8991 

0.078 

3.8460 

0.158 

3.6882 

0.238 

3.5306 

0.319 

3.3714 

0.400 

3.2124 

0.480 

3.0555 

0.561 

2.8971 

A 

3.8457 

0.159 

3.6862 

0.239 

3.5287 

0.320 

3.3694 

,    0.401 

3.2104 

0.481 

3.0536 

0.562 

2.8952 

0.079 

3.8440 

0.160 

3.6843 

0.240 

3.5267 

0.321 

3.3674 

0.402 

3.2084 

0.482 

3.0516 

ft 

2.8942 

0.080 

3.8421 

0.161 

3.6823 

0.241 

3.5247 

0.322 

3.3655 

0.403 

3.2064 

0.483 

3.0496 

0.563 

2.8932 
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DIMENSIONS  OP  CIRCULAR  FORMING  TOOLS  FOR  NO.  6  B. 

SCREW  MACHINE-Continued 


&   S.   AUTOMATIC 


L«nelb 

COD 

Tool 

Itoqiilrea 
Diameter 
oITool 

Tool 

licmiircd 
Diameter 
of  Tool 

Length 
c  on 
Tool 

Itfciiiiroil 
DiiumMiT 
of  ■\\,n\ 

Length 

C  OQ 

Tool 

Required 
Diameter 
of  Tool 

Length 
Tool 

Required 
Diameter 
of  Tool 

Length 
c  on 
Tool 

Required 
Diameter 
of  Tool 

Length 
c  on 
Tool 

Required 
Diameter 
of  Tool 

0.564 

2.8913 

0.645 

2.7334 

!    0.725 

2.5779 

0.806 

2.4209 

0.887 

2.2648 

0.967 

2.1115 

1.047 

1.9592 

0.565 

2.8893 

0.646 

2.7314 

0.726 

2.5759 

0.807 

2.4190 

0.888 

2.2629 

0.968 

2.1096 

1.048 

1.9573 

0.666 

2.8874 

0.647 

2.7295 

0.727 

2.5740 

0.808 

2.4171 

0.889 

2.2610 

U 

2.1082 

1.049 

1.9554 

0.567 

2.8854 

0.648 

2.7276 

0.728 

2.5721 

0.809 

2.4151 

0.890 

2.2590 

0,969 

2.1077 

1.050 

1.9535 

0.568 

2.8835 

0.649 

2.7256 

0.729 

2.5701 

0.810 

2.4132 

n 

2.2578 

0.970 

2.1058 

1.051 

1.9516 

0.569 

2.8815 

0.650 

2.7237 

0.730 

2.5682 

0.811 

2.4113 

0.891 

2.2571 

0.971 

2.1039 

1.052 

1.9497 

0.570 

2.8796 

0.651 

2.7217 

0.731 

2.5662 

0.812 

2.4093 

0.892 

2.2552 

0.972 

2.1020 

1.053 

1.9479 

0.571 

2.8776 

0.652 

2.7198 

0.732 

2.5643 

ii 

2.4083 

0.893 

2.2533 

0.973 

2.1001 

1.054 

1.9460 

0.572 

2.8757 

0.653 

2.7178 

0.733 

2.5624 

0.813 

2.4074 

0.894 

2.2514 

0.974 

2.0981 

1.055 

1.9441 

0.573 

2.8737 

0.654 

2.7159 

0.734 

2.5604 

0.814 

2.4055 

0.895 

2.2494 

0.975 

2.0962 

1.056 

1.9422 

0.574 

2.8717 

0.655 

2.7139 

H 

2.5597 

0.815 

2.4035 

0.896 

2.2475 

0.976 

2.0944 

1.057 

1.9403 

0.575 

2.8698 

0.656 

2.7120 

0.735 

2.5585 

0.816 

2.4016 

0.897 

2.2456 

0.977 

2.0925 

1.058 

1.9384 

0.576 

2.8678 

§i 

2.7115 

0.736 

2.5565 

0.817 

2.3997 

0.898 

2.2437 

0.978 

2.0906 

1.059 

1.9365 

0.577 

2.8659 

0.657 

2.7100 

0.737 

2.5546 

0.818 

2.3977 

0.899 

2.2418 

0.979 

2.0886 

1.060 

1.9346 

0.578 

2.8639 

0.658 

2.7081 

0.738 

2.5527 

0.819 

2.3958 

0.900 

2.2398 

0.980 

2.0867 

1.061 

1.9327 

U 

2.8636 

0.659 

2.7061 

0.739 

2.5507 

0.820 

2.3939 

0.901 

2.2379 

0.981 

2.0848 

1.062 

1.9308 

0.579 

2.8620 

1    0.660 

2.7042 

0.740 

2.5488 

0,821 

2.3920 

0.902 

2.2360 

0.982 

2.0829 

1t^ 

1.9298 

0.580 

2.8600 

I    0.661 

2.7022 

'    0.741 

2.5469 

0.822 

2.3900 

0.903 

2.2341 

0.983 

2.0810 

1.063 

1.9289 

0.581 

2.8581 

0.662 

2.7003 

0.742 

2.5449 

0.823 

2.3881 

0.904 

2.2321 

0.984 

2.0791 

1.064 

1.9270 

0.582 

2.8561 

0.663 

2.6983 

0.743 

2.5430 

0.824 

2.3862 

0.905 

2.2302 

if 

2.0784 

1.065 

1.9252 

0.583 

2.8542 

0.664 

2.6964 

0.744 

2.5410 

0.825 

2.3842 

0.906 

2.2283 

0.985 

2.0772 

1.066 

1.9233 

0.584 

2.8522 

0.665 

2.6945 

0.745 

2.5391 

0.826 

2.3823 

§1 

2.2278 

0.986 

2.0753 

1.067 

1.9214 

0.585 

2.8503 

0.666 

2.6925 

0.746 

2.5372 

0.827 

2.3804 

0.907 

2.2264 

0.987 

2.0734 

1.068 

1.9195 

0.586 

2.8483 

0.667 

2.6906 

0.747 

2.5352 

0.828 

2.3785 

0.908 

2.2245 

0.988 

2.0715 

1.069 

1.9176 

0.587 

2.8464 

0.668 

2.6886 

0.748 

2.5333 

II 

2.3782 

0.909 

2.2226 

0.989 

2.0695 

1.070 

1.9157 

0.588 

2.8444 

0.669 

2.6867 

0.749 

2.5313 

0.829 

2.3765 

0.910 

2.2206 

0.990 

2.0676 

1.071 

1.9138 

0.589 

2.8425 

0.670 

2.6847 

0.750 

2.5294 

0.830 

2.3746 

0.911 

2.2187 

0.991 

2.0657 

1.072 

1.9119 

0.590 

2.8405 

0.671 

2.6828 

0.751 

2.5275 

0.831 

2.3727 

0.912 

2.2168 

0.992 

2.0638 

1.073 

1.9100 

0.591 

2.8385 

a 

2.6811 

0.752 

2.5255 

0.832 

2.3708 

0.913 

2.2149 

0.993 

2.0619 

1.074 

1.9081 

0.592 

2.8366 

0.672 

2.6808 

0.753 

2.5236 

0.833 

2.3688 

0.914 

2.2130 

0.994 

2.0600 

1.075 

1.9062 

0.593 

2.8346 

0.673 

2.6789 

0.754 

2.5217 

0.834 

2.3669 

0.915 

2.2111 

0.995 

2.0581 

1.076 

1.9044 

Jl 

2.8332 

0.674 

2.6769 

0.755 

2.5197 

0.835 

2.3650 

0.916 

2.2091 

0.996 

2.0562 

1.077 

1.9025 

0.594 

2.8327 

0.675 

2.6750 

0.756 

2.5178' 

0.836 

2.3630 

0.917 

2.2072 

0.997 

2.0543 

1.078 

1.9007 

0.595 

2.8307 

0.676 

2.6730 

0.757 

2.5158 

0.837 

2.3611 

0.918 

2.2053 

0.998 

2.0524 

lA 

1.9005 

0.596 

2.8288 

0.677 

2.6711 

0  758 

2.5139 

0.838 

2.3592 

0.919 

2.2034 

0.999 

2.0504 

1.079 

1.8988 

0.597 

2.8268 

0.678 

2.6691 

0.759 

2.5120 

0.839 

2.3572 

0.920 

2.2015 

1.000 

2.0485 

1.080 

1.8969 

0.598 

2.8249 

0.679 

2.6672 

0.760 

2.5100 

0.840 

2.3553 

0.921 

2.1995 

1.001 

2.0466 

1.081 

1.8950 

0.599 

2.8229 

0.680 

2.6653 

0.761 

2.5081 

0.841 

2.3534 

if 

2.1978 

1.002 

2.0447 

1.082 

1.8931 

0.600 

2.8210 

0.681 

2.6633 

0.762 

2.5062 

0.842 

2.3515 

0.922 

2.1976 

1.003 

2.0428 

1.083 

1.8912 

0.601 

2.8191 

0.682 

2.6614 

0.763 

2.5042 

0.843 

2.3495 

0.923 

2.1957 

1.004 

2.0409 

1.084 

1.8893 

0.602 

2.8171 

0.683 

2.6594 

0.764 

2.5023 

ii 

2.3480 

0.924 

2.1938 

1.005 

2.0390 

1.085 

1.8874 

0.603 

2.8152 

0.684 

2.6575 

0.765 

2.5003 

0.844 

2.3476 

0.925 

2.1919 

1.006 

2.0371 

1.086 

1.8855 

0.604 

2.8132 

0.685 

2.6555 

if 

2.4991 

0.845 

2.3457 

0.926 

2.1900 

1.007 

2.0352 

1.087 

1.8836 

0.605 

2.8113 

0.686 

2.6536 

0.766 

2.4984 

0.846 

2.3437 

0.927 

2.1880 

1.008 

2.0333 

1.088 

1.8818 

0.606 

2.8093 

0.687 

2.6516 

0.767 

2.4965 

0.847 

2.3418 

0.928 

2.1861 

1.009 

2.0314 

1.089 

1.8799 

0.607 

2.8074 

H 

2.6506 

0.768 

2.4945 

0.848 

2.3399 

0.929 

2.1842 

1.010 

2.0295 

1.090 

1.8780 

0.608 

2.8054 

0.688 

2.6497 

0.769 

2.4926 

0.849 

2.3379 

0.930 

2.1823 

1.011 

2.0276 

1.091 

1.8761 

0.609 

2.8035 

0.689 

2.6477 

0.770 

2.4907 

0.850 

2.3360 

0.931 

2.1804 

1.012 

2.0257 

1.092 

1.8742 

if 

2.8028 

0.690 

2.6458 

0.771 

2.4887 

0.851 

2.3340 

0.932 

2.1785 

1.013 

2.0238 

1.093 

1.8723 

0.610 

2.8015 

0.691 

2.6438 

0.772 

2.4868 

0.852 

2.3321 

0.933 

2.1765 

1.014 

2.0219 

lA 

1.8709 

0.611 

2.7996 

0.692 

2.6419 

0.773 

2.4848 

0.853 

2.3301 

0.934 

2.1746 

1.015 

2.0200 

1.094 

1.8704 

0.612 

2.7976 

0.693 

2.6399 

0.774 

2.4829 

0.854 

2.3282 

0.935 

2.1727 

Is^ 

2.0188 

1.095 

1.8685 

0.613 

2.7957 

0.694 

2.6380 

0.775 

2.4810 

0.855 

2.3263 

0.936 

2.1708 

1.016 

2.0181 

1.096 

1.8666 

0.614 

2.7938 

0.695 

2.6360 

0.776 

2.4790 

0.856 

2.3244 

0.937 

2.1689 

1.017 

2.0162 

1.097 

1.8647 

0.615 

2.7918 

0.696 

2.6341 

0.777 

2.4771 

0.857 

2.3225 

il 

2.1679 

1.018 

2.0143 

1.098 

1.8629 

0.616 

2.7899 

0.697 

2.6322 

0.778 

2.4751 

0.858 

2.3205 

0.938 

2.1670 

1.019 

2.0124 

1.099 

1.8&10 

0.617 

2.7879 

0.698 

2.6302 

0.779 

2.4732 

0.859 

2.3186 

0.939 

2.1650 

1.020 

2.0105 

1.100 

1.8591 

0.618 

2.7860 

0.699 

2.6283 

0.780 

2.4713 

U 

2.3179    ' 

0.940 

2.1631 

1.021 

2.0086 

1.101 

1.8572 

0.619 

2.7840 

0.700 

2.6263 

0.781 

2.4693 

0.860 

2.3167    1 

0.941 

2.1612 

1.022 

2.0067 

1.102 

1.8553 

0.620 

2.7821 

0.701 

2.6244 

§i 

2.4688 

0.861 

2.3148 

0.942 

2.1593 

1.023 

2.0048 

1.103 

1.8534 

0.621 

2.7801 

0.702 

2.6224 

0.782 

2.4674 

0.862 

2.3129 

0.943 

2.1574 

1.024 

2.0029 

1.104 

1.8515 

0.622 

2.7782 

0.703 

2.6205 

0.783 

2.4655 

0.863 

2.3109 

0.944 

2.1555 

1.025 

2.0010 

1.105 

1.8497 

0.623 

2.7762 

if 

2.6202 

0.784 

2.4635 

0.864 

2.3090   i 

0.945 

2.1536 

1.026 

1.9991 

1.106 

1.8478 

0.624 

2.7743 

0.704 

2.6186 

0.785 

2.4616 

0.865 

2.3071 

0.946 

2.1516 

1.027 

1.9972 

1.107 

1.8459 

0.625 

2.7723 

0.705 

2.6166 

0.786 

2.4596 

0.866 

2.3052   1 

0.947 

2.1497 

1.028 

1.9953 

1.108 

1.8440 

0.626 

2.7704 

0.706 

2.6147 

0.787 

2.4577 

0.867 

2.3033 

0.948 

2.1478 

1.029 

1.9934 

1.109 

1.8421 

0.627 

2.7684 

0.707 

2.6127 

0.788 

2.4558 

0.868 

2.3013   ! 

0.949 

2.1459 

1.030 

1.9915 

1b\ 

1.8414 

0.628 

2.7665 

0.708 

2.6108 

0.789 

2.4538 

0.869 

2.2994 

0.950 

2.1440 

1.031 

1.9896 

1.110 

1.8403 

0.629 

2.7645 

0.709 

2.6089 

0.790 

2.4519 

0.870 

2.2975 

0.951 

2.1421 

1^ 

1.9891 

1.111 

1.8384 

0.630 

2.7626 

0.710 

2.6069 

0.791 

2.4500 

0.871 

2.2956 

0.952 

2.1402 

1.032 

1.9877 

1.112 

1.8365 

0.631 

2.7607 

0.711 

2.6050 

0.792 

2.4480 

0.872 

2.2937 

0.953 

2.1383 

1.033 

1.9858 

1.113 

1.8346 

0.632 

2.7587 

0.712 

2.6031 

0.793 

2.4461 

0.873 

2.2917 

U 

2.1381 

1.034 

1.9839 

1.114 

1.8327 

0.633 

2.7568 

0.713 

2.6011 

0.794 

2.4441 

0.874 

2.2898 

0.954 

2.1363 

1.035 

1.9820 

1.115 

1.8309 

0.634 

2.7548 

0.714 

2.5992 

0.795 

2.4422 

0.875 

2.2879 

0.955 

2.1344 

1.036 

1.9801 

1.116 

1.8290 

0.635 

2.7529 

0.715 

2.5972    . 

0.796 

2.4403 

0.876 

2.2859 

0.956 

2.1325 

1.037 

1.9782 

1.117 

1.8271 

0.636 

2.7509 

0,716 

2.5953 

ii 

2.4386 

0.877 

2.2840 

0.957 

2.1306 

1.038 

1.9763 

1.118 

1.8252 

0.637 

2.7490 

0.717 

2.5934    i 

0.797 

2.4383    1 

0.878 

2.2821 

0.958 

2.1287 

1.039 

1.9744 

1.119 

1.8233 

0.638 

2.7470 

0.718 

2.5914    i 

0.798 

2.4364 

0.879 

2.2802 

0.959 

2.1268 

1.040 

1.9725 

1.120 

1.8215 

0.639 

2.7451 

U 

2.5899 

0.799 

2.4344 

0.880 

2.2782 

0.960 

2.1249 

1.041 

1.9706 

1.121 

1.8196 

0.640 

2.7431 

0.719 

2.5895 

0.800 

2.4325 

0.881 

2.2763 

0.961 

2.1230 

1.042 

1.9687 

1.122 

1.8177 

li 

2.7419 

0.720 

2.5876 

0.801 

2.4306 

0.882 

2.2744 

0.962 

2.1211 

1.043 

1.9668 

1.123 

1.8158 

0.641 

2.7412 

0.721 

2.5856 

0.802 

2.4286 

0.883 

2.2725 

0.963 

2.1192 

1.044 

1.9649 

1.124 

1.8139 

0.642 

2.7392 

0.722 

2.5837 

0.803 

2.4267 

0.884 

2.2706 

0.964 

2.1172 

1.045 

1.9630 

1.125 

1.8121 

0.643 

2.7373 

0.723 

2.5817 

0.804 

2.4248 

0.885 

2.2686 

0.965 

2.1153 

1.046 

1.9611 

1.126 

1.8102 

0.644 

2.7353 

0.724 

2.5798 

0.805 

2.4229 

0.886 

2.2667 

1 

0.966 

2.1134 

lA 

1.9594 

1.127 

1.8083 
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DIMENSIONS  OP  CIRCULAR  FORMING  TOOLS  FOR  NO.  6 
B.  &  S.  AUTOMATIC  SCREW   MACHINE- Continued 


Length 
c  on 
Tool 

Kequired 
Diameter 
of  Tool 

Length 
c  on 
Tool 

Required        Length 
Diameter           c  on 
of  Tool            Tool 

Heciuired 
Diameter 
of  Tool 

Length 
c  on 
Tool 

Required 
Diameter 
of  Tool 

1.128 

1.8064 

1.147 

1.7709     1.166 

1.7354 

1.185 

1.7000 

1.129 

1.8046 

1.148 

1.7690     1.167 

1.7335 

1.186 

1.6981 

1.130 

1.8027 

1.149 

1.7672     1.168 

1.7316 

1.187 

1.6963 

1.131 

1.8008 

1.150 

1.7653     1.169 

1.7298 

lA 

1.6954 

1.132 

1.7989 

1.151 

1.7634     1.170 

1.7279 

1.188 

1.6944 

1.133 

1.7971 

1.152 

1.7615     1.171 

1.7260 

1.189 

1.6925 

1.134 

1.7952 

1.153 

1.7597       lii 

1.7244 

1.190 

1.6907 

1.135 

1.7933 

1.154 

1.7578     1.172 

1.7241 

1.191 

1.6888 

1.136 

1.7915 

1.155 

1.7559     1.173 

1.7223 

1.192 

1.6870 

1.137 

1.7896 

1.156 

1.7541     1.174 

1.7204 

1.193 

1.6851 

1.138 

1.7877 

1^ 

1.7536     1.175 

1.7185 

1.194 

1.6832 

1.139 

1.7859 

1.157 

1.7522     1.176 

1.7167 

1.195 

1.6814 

1.140 

1.7840 

1.158 

1.7503     1.177 

1.7149 

1.196 

1.6795 

lA 

1.7828 

1.159 

1.7485     1.178 

1.7130 

1.197 

1.6777 

1.141 

1.7821     1.160 

1.7466     1.179 

1.7111 

1.198 

1.6758 

1.142 

1.7802     1.161 

1.7447     1.180 

1.7093 

1.199 

1.6739 

1.143 

1.7784     1.162 

1.7428     1.181 

1.7074 

1.200 

1.6721 

1.144 

1.7765     1.163 

1.7410     1.182 

1.7056 

1.145 

1.7746     1.164 

1.7391     1.183 

1.7037 

1.146 

1.7728     1.165 

1.7372     1.184 

1.7018 

Mnrhinery 

MACHINING  A  BALL  AND  SOCKET  JOINT 

BY   CHESTER  S.  RICKBR* 

On  Paige-Detroit  motor  cars  there  is  a  ball  and  socket  joint 
■which  has  to  be  machined  very  carefully,  as  it  has  heavy  duty 
to  perform.  This  joint  is  located  at  the  forward  end  of  the 
torque  tube  which  is  attached  to  the  rear  axle.  It  serves  a 
double  purpose,  i.  e.,  to  transmit  the  driving  action  and  to  re- 
sist the  torque  or  tendency  of  the  rear  axle  to  rotate  about 
the  axis  of  the  wheels.  At  the  same  time,  it  must  be  free  to 
move  about  its  center  as  the  rear  axle  rises  and  falls,  due  to 
spring  action.  Furthermore,  the  center  of  the  ball  and  socket 
must  be  coincident  with  a  universal  joint  which  the  ball  en- 
closes. The  methods  of  making  these  two  pieces  on  a  Bullard 
vertical  turret  lathe  are  shown  in  the  accompanying  illustra- 


'  Address:  1201  State  Life  Bldg.,  Indianapolis,   Ind. 


tions.  About  fifty  per  hour  is  the  rate  of  production  on  both 
pieces,  although  output  on  the  socket  usually  runs  slightly 
less  because  of  the  additional  work  required  in  facing  off 
the  flange  in  addition  to  machining  the  socket. 

Both  tools  are  designed  on  the  same  principle.  Heavy 
cylindrical  bars  are  mounted  in  the  turret,  the  end  of 
these  bars  being  slotted  to  carry  the  tools.  The  tool  for 
machining  the  socket,  Fig.  2,  is  a  circular  disk  of  slightly 
smaller  diameter  than  the  socket  and  of  suitable  thick-' 
ness  to  just  fit  in  the  slot  in  the  bar.  A  weight  and  cord 
are  used  to  keep  the  tool  out  of  engagement  with  the  work. 
The  cord  is  secured  in  place  by  a  hook,  so  that  it  only  re- 
quires a  second  to  release  it  when  the  turret  has  to  be 
rotated  to  the  next  position.  The  same  is  true  of  the  feed- 
ing device  which  is  hooked  to  the  tool  and  to  the  transverse 
tool-holder.  When  the  tool  has  been  lowered  into  the  work 
until  the  center  is  coincident  with  the  center  of  the  socket, 
the  cross-feed  is  started,  the  work  having  already  been 
started  rotating. 

The  method  of  attaching  the  weight  and  the  feed-bar  is 
most  clearly  shown  in  the  illustration  of  the  ball,  Fig.  1, 
which  also  shows  a  piece  of  work  unfinished,  one  that  is 
semi-finished,  and  one  in  the  chuck  that  is  completely  fin- 
ished. The  "semi-finishing"  tool  is  shown  at  the  left  side 
of  the  turret  in  the  first  position  above  the  tool  which  is 


Fig.   2. 


Bollard  Vertical  Turret  Lathe  tooled  up  for  turning  Socket  of  a 
Ball  and  Socket  Joint 


Fig.    1. 


Ballard  Vertical  Turret  Xathe   tooled  up  for  turning  Ball   of  a 
Ball  and  Socket  Joint 


at  work.  It  shows  very  clearly  the  design  of  the  tool-holder 
and  the  rotary  piece  carrying  the  cutter.  Both  pieces  are 
made  from  malleable  iron. 

*     *     * 

POLISHING  STRAP  SPEEDS 
Several  modifications  of  belt  type  polishing  machines  are 
in  use,  but  they  all  consist  essentially  of  two  flanged  pulleys, 
carrying  a  canvas  belt  coated  with  glue  and  abrasives  on  the 
outer  side.  They  are  often  called  strapping  or  strap  buffing 
machines.  The  straps  or  polishing  belts  run  at  speeds  of  from 
2000  to  2500  feet  per  minute  generally,  and  are  effective  for 
finishing  irregular  surfaces,  especially  on  brass  work.  They 
have  found  a  considerable  field  of  usefulness  in  polishing  sur- 
faces that  are  inaccessible  with  the  polishing  wheel.  Experi- 
ence has  shown  that  the  finer  woven  belts  hold  the  abrasive 
materials  better  than  those  that  are  coarser  woven. — Grits  an& 
Grinds. 
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ELECTRIC  SPOT- WELDING  PRACTICE— 2* 


APPLICATION  OF  ELECTRIC  SPOT-WELDING  MACHINES  TO  VARIOUS  WELDING  PROCESSES 

BY  DOUGLAS  T.  HAMILTONt 


WHILE  the  operation  of  an  electric  spot-welding  machine 
is  comparatively  simple,  there  are  a  number  of  points 
in  <onnection  with  it,  as  well  as  the  preparation  of 
the  material,  that  should   receive  careful  attention.     As  has 

been  previously  ex- 
plained in  the  arti- 
cle which  appeared 
in  the  August  num- 
ber of  Machinery, 
it  is  necessary  to 
vary  the  pressure, 
current  and  time, 
depending  on  the 
thickness  of  the 
stock  and  the  char- 
acter of  the  mate- 
rial being  spot- 
welded.  Another 
point  is  the  clean- 
ing of  the  material 
and  the  prepara- 
tion    of    it     when 


Fig.  1.  Results  of  an  Endeavor  to  separate 
Two  Pieces  of  Slieet  Steel  that  have  been  spot- 
welded — Note  how  Metal  around  Welded  Spot  is 
tearing  away  and  Welded  Spot  remains  Intact, 
forming     one     Sheet     with     the     Lower     Piece 


other  than  the  regular  spot-welding  operations  are  being  per- 
formed. These  points,  together  with  a  description  of  some 
of  the  more  practical  applications  of  a  spot-welding  machine 
to  various  welding  processes,  will  be  covered  in  the  following- 
Preparation  of  Work  for  Spot-welding- 

In  welding  sheet  metal,  the  best  results  can  be  obtained 
when  the  stock  is  clean  and  free  from  scale,  rust  or  dirt. 
The  cleaner  and  better  the  stock  the  easier  it  is  to  weld,  and 
the  less  current  it  takes  to  accomplish  the  work.    It  will  also 


l?4     A        B        C.      D         E        F        G        H         I         J, 


Fig.    2. 


Results   of    Tests    made    to    show    Comparative    Strength   of    Spot- 
welded  and  Riveted  Joints 


he  found  that  when  the  metal  is  clean  and  free  from  scale 
the  electrodes  will  wear  much  longer  than  when  the  stock 
is  dirty.  Electrodes  should  be  kept  clean  and  firmly  held  in 
their  holders.  If  dirt  is  allowed  to  gather  around  the  sockets 
that  hold  the  electrodes,  good  contact  cannot  be  made.  Dirt 
and  grease  as  well  as  scale  are  non-conductors  of  electric  cur- 
rent, and  with  the  low  voltage  employed  in  electric  spot- 
welding  machines,  it  takes  very  little  dirt,  grease  or  scale  to 
make  poor  contact  and  obtain  poor  results.    In  fact,  the  entire 


machine  should  be  kept  clean,  and  if  there  is  undue  heating 
at  any  point,  it  is  a  clear  indication  that  there  is  poor  con- 
tact, and  this  should  be  remedied  without  delay.  Loose  joints 
in  the  machine  mean  that  there  is  poor  contact  and  resultant 
heating  with  a  decrease  in  power.  Care  should  be  taken  to 
see  that  the  bolts  fastening  the  copper  leads  or  secondary  cir- 
cuit to  the  transformer  and  the  copper  blocks  holding  the  elec- 
trodes are  tightened. 

Other  electric  welding  processes  which  can  be  accomplished 
on  a  spot-welding  machine  require  in  most  cases  a  previous 


Machinery 


Fig.   3.     Diagram  illustrating  Various  Processes  of  accomplishing  Electric 
Riveting  on  a  Spot-welding  Machine 

mechanical  preparation  of  the  stock.  Some  of  these  processes 
are  known  as  point-welding,  bridge-welding,  T-welding,  etc. 
The  methods  used  in  preparing  the  stock  for  accomplishing 
these  various  processes  will  be  described  in  the  following. 


•  For   information    on   electric   welding    previously   published    in    Machinery, 
ce  "Electric  Spot  Welding."  August,  1916,  and  other  articles  there  referred  to. 
t  Associate  Editor  of  Machinery. 


TABLE  OF  TIME  AND  POWER    REQUIRED    AND 

COST  OF 

SPOT-WELDING  SHEET  STEEL  AND  IRON 

1 

Steel  Gage 
U.    S.    Standard 

Thickness  in 

Fractions  of 

an  Inch 

III 

hi 
< 

C^  a 
>> 

ll « 

S 

§11 

"la 

r 

28                1/64 

0.0156 

4.0 

5.7 

0.25 

$0.00278 

26                3/160 

0.0187 

5.5 

7.9 

0.30 

0.0045« 

24                1/40 

0.0250 

7.0 

10.0 

0.40 

0.00774 

22                1/32 

0.0312 

8.0 

11.4 

0.50 

0.01110 

20                3/80 

0.0375 

9.0 

12.9 

0.55 

0.01375 

18                1/20 

0.0500 

10.0 

14.3 

0.70 

0.01945 

16                1/16 

0.0625 

12.0 

17.1 

0.85 

0.02840 

14                5/64 

0.0781 

13.5 

19.3 

1.00 

0.03750 

12                7/64 

0.1093 

16.5 

23.6 

1.30 

0.05950 

10               9/64 

0.1406 

19.0 

27.2 

1.70 

0.08950 

9                5/32 

0.1562 

20.0 

28.6 

1.80 

0.10000 

8               11/64 

0.1718 

21.5 

30.7 

2.00 

0.11950 

7                3/16 

0.1875 

22.5 

32.1 

2.10 

0.13100 

6              13/64 

0.2031 

23.5 

33.6 

2.20 

0.14350 

5                 7/32 

0.2187 

24.5 

35.0 

2.35 

0.16000 

4               15/64 

0.2343 

25.5 

36.4 

2.45 

0.17300 

3                 1/4 

0.2500 

26.5 

37.8 

2.60 

0.19100 

1                 9/32 

0.2812 

28.5 

40.7 

2.80 

0.22200 

0                 5/16 

0.3125 

29.5 

42.0 

2.95 

0.24100 

000               3/8 

0.3750 

33.5 

47.8 

3.50 

0.30800 

0 

0000            7/16 

0.4375 

36.5 

52.0 

4.00 

0.40500 

00 

00000          1/2 

0.5000 

39.5 

56.4 

4.45 

0.48800 

9/16 

0.5625 

42.2 

60.3 

4.90 

0.57400 

5/8 

0.6250 

45.0 

64.3 

5.40 

0.67600 

11/16 

0.6875 

47.7 

68.2 

5.84 

0.77300 

3/4 

0.7500 

50.7 

72.5 

6.30 

0.88800 

13/16 

0.8125 

53.5 

76.5 

6.80 

1.01000 

7/8 

0.8750 

56.3 

80.5 

7.25 

1.13500 

1 

1.0000 

62.0 

88.6 

8.20 

1.41300 
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Power  and  Time  Required  lor  Electric  Spot-welding- 
The  power  required  for  operating  an  electric  welding  ma- 
chine depends  on  the  size  of  the  machine,  character  and  thick- 
ness of  the  material  being  welded,  and  the  time  taken  to  make 
the  weld.  In  operating  all  electric  welding  machines  of  the 
resistance  type,  alternating  current  should  be  used  of  either 
220  or  440  volts,  60  cycles.  Where  the  frequency  varies  from 
60,  for  instance  25,  a  special  transformer  adapted  to  this  lower 
frequency  is  necessary.  Voltages  higher  than  450 — up  to  550 
or  600 — are  more  dangerous  to  handle,  and  it  is  advisable  to 
use  a  remote  control  switch  mounted  on  the  wall  at  some 
distance  from  the  machine.  This  prevents  any  possibility  of 
the  operator  coming  in  contact  with  this  dangerous  current 
when  operating  the  welding  machine.  Where  two  or  three 
phase  current  is  available,  only  one  phase  of  the  multi-phase 
system    should    be    used.      Inside    the    welding    machine    and 


Fig.    4.     Diagrram    illustrating:    Processes    of    welding    Screws    to    Sheet 
Tubing,  etc. 

forming  a  part  of  it  is  a  transformer  which  transforms  the 
voltage  from  220  to  440  down  to  three  to  five  volts,  which  is 
the  pressure  used  in  all  "stock"  machines  for  making  the 
average  weld  in  sheet  metal.  This  voltage  is  so  low  that  it 
cannot  be  felt  by  the  bare  hands,  and  explains  why  it  is  abso- 
lutely safe  for  the  operator. 

The  accompanying  table  gives  the  approximate  amount  of 
power  required  for  welding  a  given  thickness  of  sheet  steel  in 
a  given  time.  This  can  be  varied  at  will,  as  the  time  can  be 
shortened  by  increasing  the  power,  or  the  amount  of  power 
can  be  decreased  by  taking  a  longer  time  to  do  the  work.  In 
both  cases  the  cost  of  the  current  will  be  the  same.  lu  this 
table  the  cost  for  current  is  based  on  one  thousand  welds  at  a 
cost  of  one  cent  per  kilowatt-hour.    To  obtain  the  approximate 
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Fig.   6.     Diagram  illustrating  Process  of  uniting  Sheets  to  Studs  and  Bolt 
Bodies   to   Heads 

cost  for  welding  various  thicknesses  of  stock,  multiply  the 
price  given  in  the  last  column  by  the  rate  per  kilowatt  charged 
by  the  local  electric  light  company,  which  will  give  the  cost 
per  one  thousand  welds.  For  example,  suppose  the  material 
being  welded  is  1/16-inch  sheet  steel.  The  power  required 
would  be  12  kilowatts,  time  0.85  second,  and  the  cost  per  one 
thousand  welds,  figuring  on  a  basis  of  eight  cents  per  kilowatt- 
hour,  would  be  22.7  cents. 

Strength  of  Spot-welded  Joints 

One  of  the  chief  advantages  of  electric  spot-welding  is  that 
it  takes  the  place  of  riveting  on  many  classes  of  work,  and 
not  only  does  the  work  more  rapidly,  but  also  more  effectively. 


Fig.  6.     Diagram  illustrating  Processes  used  in  spot-welding  Large  Articles 


Fig.    7.     Siiecial    Toledo    Eluctric    Spot-welder    having    a    Capacity    to    weld 

Two  Plates  each  1'4  inch  Thick  and  applying  Hydraulic  Pressure 

for  operating  the   Upper  Electrode 

For  instance,  an  electric  spot-welded  joint  is  stronger  than  a 
riveted  joint.  The  examples  shown  in  Fig.  2  give  some  idea 
as  to  the  efficiency  of  a  welded  joint  as  compared  with  one 
that  is  riveted.  The  data  pertaining  to  these  tests  are  as 
follows:  The  strip  A  was  spot-welded  in  one  place  and  broke 
at  the  weld  when  a  tensile  pull  of  1625  pounds  was  exerted 
on  it.  The  strip  B  was  spot-welded  in  two  places  and  also 
riveted  in  two  places.  It  broke  at  the  riveted  joint  when  a 
pull  of  1555  pounds  was  reached.  The  strip  C  was  spot-welded 
in  three  places  and  broke  outside  the  weld  when  a  pull  of  2715 
pounds  was  exerted.     It  should  be  noticed  in  this  case  that 
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Fig.   8.     Diagram   illustrating   Principles  of  welding  Thick   to   Thin   Metal 
and  welding   Thick   Sheets  of  Metal 


Electric  Bivetlne:  on  a  Spot-welding'  Machine 

There  are  certain  classes  of  work  where  a  rivet  is  desired, 
and  previous  to  the  adoption  of  the  electric  welding  machine, 
of  course,  the  rivet  was  upset  by  a  riveting  machine.  An  elec- 
tric welding  machine  can  be  used  to  good  advantage  on  this 
work,  however,  because  the  rivet,  instead  of  being  closed  over 
in  a  cold  state,  is  heated  by  the  electrodes  of  the  machine,  and 
hence  makes  a  much  better  joint  that  if  it  were  riveted  over 
cold.  Fig.  3  shows  several  different  methods  of  performing 
electric  riveting  operations.  At  A  is  shown  one  method.  Here 
it  will  be  noticed  that  two  plates  are  to  be  joined  by  a  rivet. 
The  top  plate  is  provided  with  a  larger  hole  than  the  bottom 
plate,  and  the  rivet  is  pointed.  Using  a  combination  of  this 
sort  makes  a  very  strong  joint  because  the  heat  is  localized  at 
the  point  a  which,  when  the  plates  are  pressed  together,  acts 
as  a  junction  point.  The  result  of  a  weld  of  this  character  is 
shown  at  B. 

Still  another  application  of  electric  riveting  is  shown  at  C. 
In  this  case  the  lower  plate  is  provided  with  a  taper  hole  and 
the  rivet  with  square  corners.  Again  the  heat  is  localized  in 
the  lower  plate  at  the  point  &,  and  a  satisfactory  weld  can 
be  accomplished,  as  shown  diagrammatically  at  D. 
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Fig.   9.     Diagram  illustrating  Various  Processes  of  accomplishing  Multiple  Point-  or  Projection-welding   and  Multiple  Electrode   welding 


the  metal  was  elongated  considerably  at  the  point  where  the 
break  took  place.  The  strip  Z>  was  spot-welded  in  three  places 
and  also  had  three  rivets.  It  broke  at  the  riveted  joint  when 
a  pull  of  2055  pounds  was  exerted.  The  strip  E  was  lap- 
welded  and  broke  outside  the  weld  when  a  tensile  pull  of  2720 
pounds  was  reached  on  the  indicator.  Strip  F  was  butt-welded 
and  broke  at  the  weld  when  a  tensile  pull  of  2555  pounds  was 
reached.  Strip  G  was  spot-welded  and  riveted  in  one  place. 
It  broke  at  the  rivet  with  a  pull  of  990  pounds.  The  strip  U 
was  lap-welded  and  broke  at  the  weld  when  a  tensile  pull  of 
2425  pounds  was  reached.  Strip  1  was  spot-welded  in  two 
places  and  broke  at  the  weld  when  a  pull  of  2275  pounds  was 
reached.  Strip  J  is  a  plain  piece  of  hoop  iron,  which  was  not 
welded,  and  broke  when  a  pull  of  2690  pounds  was  reached. 
By  looking  over  these  tests  it  will  be  noticed  that  in  all  cases 
the  electrically  welded  joints  were  stronger  than  the  riv- 
eted ones. 

Another  example  which  illustrates  the  effectiveness  of  a 
Bpot-welded  joint  is  shown  in  Fig.  1.  In  this  case  two  pieces 
of  sheet  steel  of  the  same  thickness  have  been  spot-welded 
at  one  point.  In  endeavoring  to  separate  these  two  pieces  it 
will  be  noticed  that  the  welded  joint  still  held  and  that  the 
metal  around  the  weld  gave  way.  This  is  a  different  test 
from  those  previously  illustrated  in  that  no  tensile  pull  on 
the  joint  has  been  made. 


Flf.  10.    Elsctiio  BlT«tliiK  of  Cream  Separator  bandied  on  a  Toledo 
Eleotrlo  Welder 
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When  it  is  desirable  to  have  both  surfaces  of  the  plates 
smooth,  the  method  shown  at  E  can  be  adopted.  Here  a  double 
cone  rivet  is  interposed  between  the  two  plates,  which  as  illus- 
trated, are  provided  with  holes  equal  in  diameter  to  about 
the  smallest  diameter  of  the  cone-shaped  rivet.  When  the 
current  is  turned  on  and  pressure  applied,  the  rivet  is  "fused" 
and  forms  a  perfect  junction  between  the  two  plates,  as  illus- 
trated at  F. 

A  practical  application  of  electric  welding  is  shown  in 
Fig.  10.  Here  the  machine  is  used  for  welding  a  bracket  to  a 
cream  separator  pail  shell.  The  operator  first  places  the  rivet 
in  the  bracket  and  shell,  then  places  them  on  the  electrode  of 
the  machine,  as  shown,  turns  on  the  current,  and  applies  pres- 
sure. As  soon  as  the  rivet  reaches  a  bright  red  heat  it  upsets 
considerably,  but  owing  to  the  large  size  rivets  used  the  elec- 
trodes are  not  depended  upon  to  completely  upset  the  rivet, 
as  this  would  cause  excessive  wear  of  the  electrodes.  The 
work  is,  therefore,  removed  from  the  machine  as  soon  as  the 
rivet  is  thoroughly  heated  and  smashed  down  with  a  hammer 
on  the  block  shown.  One  operator  by  this  method  can  turn 
out  900  riveted  shells  in  nine  hours. 
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Fig.   13.     Diagram  illustrating  Process  known  as  "Hidge-welding" 

chine  can  be  used  for  performing  welding  operations  by  a 
variety    of    processes.      One    process    which    resembles    butt- 


Figr.     11.     Diagram    illustrating    Principle    of    Machine    employing    Three 

Electrodes  for  welding  Pins  to  Sheet  Steel — Compensation  is  made 

for  Variation  in  Length  of  Pins 
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Fig.  14.     Diagram  illustrating  Principle  employed  in  accomplishing  Process 

known    as    "Bridge-    or    Tie-welding,"    permitting    the    joining    of 

Narrow  Strips  without  decreasing  Length 


Butt-welding-  on  an  Electric  Spot-welding-  Machine 
As  has  been  previously  stated,  the  electric  spot-welding  ma- 


Tig,    12,     Diagram    illustrating   Principle   applied    in   the    spot-welding   of 
Telephone  Transmitter  Magnet  B&ra  without  drawing  the  Temper 


welding  is  shown  in  Fig.  6.  At  A  is  shown  one  method  of 
welding  a  rod  to  a  sheet.  In  order  to  localize  the  current 
at  a  point,  the  rod  is  prepared  with  a  teat  and  a  cup-shaped 
top.  The  teat  first  comes  in  contact  with  the  sheet,  and  as 
this  is  broken  down  by  the  pressure  of  the  electrode  the  ring 
around  the  rod  then  comes  in  contact,  making  a  second  con- 
nection, and  greatly  intensifies  the  resistance  to  the  flow  of 
the  current  so  that  the  rod  can  be  welded  to  the  sheet  with- 
out leaving  practically  any  burr.  Another  modification  of 
this  principle  is  shown  at  B.  In  this  case  the  sheet  instead 
of  the  rod  is  prepared  with  a  teat,  and  the  rod  is  made  with 
a  concave  or  cupped  end.  C  in  this  same  illustration  shows 
still  another  method  which  is  applied  in  this  case  to  a  hexagon 
bolt.  This  application  is  almost  identical  -with  that  shown 
at  A,  except  that  a  bolt  head  instead  of  a  thin  sheet  of  metal 
is  being  welded.  This  method  of  making  cap-screws  econo- 
mizes in  material  and  at  the  same  time  makes  a  strong 
cap-screw. 

Fig.  4  shows  some  additional  examples  of  butt-welding  ac- 
complished on  a  spot-welding  machine.  At  A  is  shown  a 
method  of  welding  a  screw  to  a  rod.    This  can  be  done  very 
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satisfactorily  on  the  spot-welding  machine,  provided 
that^  a  clearance  is  left  at  the  bottom  of  the  screw 
or  at  the  point  a  so  that  the  electrode  contacts  only 
with  the  rim  or  head  of  the  screw.  This  enables  the 
welding  to  be  done  rapidly  and  decreases  the  amount 
of  current  used.  A  somewhat  similar  method  of  weld- 
ing is  shown  at  /}.  Here  a  screw  is  being  welded  to  a 
sheet.  The  process  in  this  case  is  identical  with  that 
shown  at  A,  with  the  exception  of  a  slight  change  In 
the  shape  of  the  upper  electrode. 

Another  modification  of  this  principle  is  shown 
at  C.  In  this  case  the  screw  is  being  welded  to  a 
tube.  There  are  two  points  in  connection  with  this 
method  that  should  be  closely  observed.  In  the  first 
place,  the  screw  must  be  located  in  relation  to  the 
tube  so  that  the  axis  of  the  screw  is  in  line  with  the 
axis  of  the  screw  and  the  upper  electrode.  If  this  is 
not  the  case,  there  will  be  a  slight  deflective  move- 
ment and  a  satisfactory  weld  will  not  be  accom- 
plished. Another  thing  is  that  the  welding  must  be 
done  very  rapidly  to  prevent  "scattering"  the  electric 
current.  In  fact,  the  quicker  the  welding  is  done 
the  better  the  results  obtained. 

Spot-welding'  Largre  Articles 

When  It  is  desired  to  electrically  weld  large  articles  at  a 
very  small  point,  several  different  processes,  as  shown  in 
Fig.  5,  can  be  adopted.  One  process  which  is  shown  at  A 
consists  in  drilling  two  small  holes  through  the  pieces  of  the 
metal  to  be  welded.  When  the  electric  current  is  applied  and 
the  electrodes  are  brought  in  contact  with  the  two  sheets,  the 
current  is  localized  around  the  hole  and  does  not  spread  out 
into  the  material,  as  is  the  case  when  electrodes  are  simply 
brought  down  in  contact  with  the  surface  of  the  material. 
It  also  requires  much  less  power  and  a  shorter  time  to  make 
the  weld.  Still  another  modification  of  this  method  is  shown 
at  B.  Here  one  piece  has  a  hole  drilled  in  it  and  the  other  is 
provided  with  a  projection.  This  still  further  decreases  the 
amount  of  power  required  to  make  the  weld.  The  method 
shown  at  C  is  similar  to  that  at  A  with  the  exception  that 
only  one  piece  is  provided  with  a  hole.  The  method  shown  at 
D  illustrates  the  method  of  welding  a  small  cup  to  a  larger 
one.  In  this  case  it  will  be  noticed  that  the  large  cup  is  pro- 
vided with  a  hole  for  localizing  the  current. 
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Diagram  illustrating  Various  Processes  employed  in  welding  Two 
Sheets  of  Steel  by  means  of  Buttons 


r.    16.     Diagram   illustrating   Principle   of   Design   of   Multiple  Electrode 
Welding  Machines 

Welding:  Thick  to  Thin  Metal 
Little  difficulty  is  experienced  in  welding  two  pieces  of 
sheet  steel  of  the  same  thickness,  but  when  the  thicknesses  of 
the  two  parts  to  be  welded  are  unequal,  difficulty  is  some- 
times encountered  in  obtaining  a  perfect  junction.  The  reason 
for  this  is  that  the  thin  sheet  heats  up  much  quicker  than 
the  thicker  one  and  is  burned  before  the  thick  sheet  reaches  a 
welding  temperature.  One  method  of  satisfactorily  welding  a 
thick  sheet  to  a  thin  one  is  shown  at  A  and  B  in  Fig.  8.  In  or- 
der to  prepare  the  thicker  piece  to  be  welded  to  the  thinner  one, 
a  point  or  projection  is  formed  on  the  lower  surface  of  the 
thick  piece.  This  localizes  the  current,  and  both  pieces— thick 
and  thin — heat  up  at  the  same  time,  so  that  when  pressure 
is  applied  a  perfect  junction  can  be  made. 

Weldingr  Thick  Work 

As  has  been  previously  stated,  the  limit  of  spot-welding  prac- 
tice is  reached  when  the  pressure  necessary  to  bring  the 
sheets  of  metal  into  intimate  contact  is  such  that  upsetting 
of  the  copper  electrodes  takes  place.  C  and  D  in 
Fig.  8  show  a  method  of  applying  mechanical  means 
for  effecting  a  contact  between  the  two  sheets  to  be 
welded.  The  hardened  steel  sleeve  a  is  connected  up 
by  a  toggle  mechanism  to  a  hydraulic  or  air  cylinder. 
To  effect  the  weld,  the  pressure  is  then  applied  and 
the  hardened  steel  sleeve  is  brought  down  in  contact 
with  the  surface  of  the  sheets,  pressing  them  agaipst 
a  lower  electrode  which  preferably  should  be  made 
from  either  a  large  block  of  copper  or  a  similar  mech- 
anism to  the  upper  electrode.  When  the  sheets  have 
been  brought  down  into  intimate  contact,  the  current 
is  turned  on,  and  as  the  electrode  is  held  in  contact 
with  the  sheet  by  means  of  a  very  stiff  spring,  the 
pressure  exerted  by  the  electrode  is  sufficient  to  fuse 
the  sheets  together  when  they  reach  the  proper  tem- 
perature. 

A  practical  application  of  this  principle  in  which 
the  steel  dies  are  dispensed  with  is  shown  in  Fig.  7. 
In  this  case  large  copper  electrodes — the  upper  one 
2Y2  and  the  lower  one  3  inches  diameter— are 
used  to  both  heat  and  press  the  metal  together.  This 
machine  which  has  a  capacity  for  welding  two  strips 
1%  inch  thick  exerts  50  tons,  and  is  operated  hy- 
draulically.  The  slide  carrying  the  upper  electrode 
is  operated  through  a  toggle-joint,  receiving  power 
from  a  hydraulic  ram.  The  maximum  capacity  is 
100  kilowatts. 

Point-  or  Projectlon-weldingr 

There  are  numerous  applications  of  point-  or  pro- 
jection-welding   which    can    be    accomplished    on    an 
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Fig.    17.     Diagram   illustrating   Principles   used   in   emplojring  Process   known   as 
"T-welding"  with  Special  Application  to  the  Manufacture  of  Garden  Bakes 


electric  spot-welding  machine.  The  example  shown  at  A  in 
Fig  8  illustrates  one  of  the  simplest  processes  employed. 
Fig.  12  shows  a  process  which  is  not  as  well  known,  and 
which  has  remarkable  possibilities.  By  the  ordinary  method 
of  performing  electric  spot-welding  operations,  it  is  impossible 
to  join  two  hardened  pieces  without  drawing  the  temper. 
There  are  cases,  however,  where  it  is  desirable  to  secure  a 
good  weld  without  drawing  the  temper,  the  magnet  bars  used 
in  a  telephone  receiver  being  an  example  in  point. 

Those  familiar  with  this  work  know  that  magnet  bars  in 
telephone  transmitters  should  be  as  permanent  as  possible, 
and  for  this  reason  a  special  material  known  as  magnet  steel 
is  used;  this  is  hardened  to  a  glass  hardness.  Formerly  diffi- 
culty was  encountered  in  joining  the  two  bars  of  the  magnet, 
because  of  the  extreme  hardness  of  the  pieces.  The  method 
generally  employed  was  to  drill  holes  through  each  end  of  the 
magnet  and  through  the  spacing  keeper  and  then  rivet  the 
members  together.  This  method  had  the  serious  objection 
that  in  riveting  the  pieces  together  it  was  difficult  to  avoid 
breaking  the  magnets  owing  to  their  extreme  hardness,  so 
that  a  considerable  percentage  of  magnets  were  spoiled  during 
the  final  riveting  operation. 

Electric  welding  has  greatly  simplified  this  problem  by 
uniting  the  three  pieces  rigidly  without  drawing  the  temper 
of  the  magnets.  The  manner  in  which  this  is  accomplished 
is  interesting.  The  spacing  bar  as  shown  at  a  in  Fig.  12  is 
provided  with  knife-shaped  circular  ridges  about  1/64  inch 
high.  The  pieces  are  then  assembled  in  a  fixture  to  hold 
them  in  the  proper  position  and  placed  between  the  electrodes 
of  a  spot-welding  machine  especially  fitted  up  to  provide  an 
amperage  of  about  2000  amperes.  The  electrodes  are  then 
brought  in  contact  with  the  work,  the  current  turned  on  and 
the  weld  made  in  a  fraction  of  a  second.  So  rapidly  is  the 
weld  made  that  the  metal  is  not  annealed;  it  does  not  have 
time  to  heat  up  except  at  the  knife  edge  point  where  the  weld  is 
actually  made.  Practically  no  flash  is  formed  and  the  pieces 
are  rigidly  united. 


manner;  E  where  the  button  method  is  employed; 
and  F  where  three  sheets  are  being  united.  The  dis- 
advantages of  the  button  method  are  that  it  is  diffi- 
cult to  locate  the  buttons  in  the  correct  position  to 
each  other,  and  it  is  much  slower  than  the  other 
processes.  Of  course,  it  requires  no  special  prepara- 
tion of  the  material  previous  to  welding. 

A  modification  of  the  principle  illustrated  at  the 
left-hand  side  of  Fig.  9  is  shown  on  the  right-hand 
side  of  the  same  illustration.  In  this  case,  instead 
of  using  long,  flat  electrodes,  a  series  of  electrodes 
are  employed.  This  process  applies  particularly  to 
the  manufacture  of  sheet  steel  radiators.  G  shows 
how  the  metal  is  prepared  with  points  for  welding 
and  H  shows  the  result  of  the  weld,  i  is  a  modifica- 
tion of  the  process  in  which  only  one  sheet  is  pro- 
vided with  projections. 

Multiple  Electrode  Welding 

In  Fig.  11  is  an  application  of  what  might  be  called 
multiple  point-  or  projection-welding.  In  this  case 
it  is  desirable  to  weld  a  number  of  pins  to  a  sheet, 
and  as  these  pins  generally  vary  in  length,  provision 
must  be  made  for  taking  care  of  this  discrepancy 
so  that  all  pins  will  contact  at  the  same  time.  The 
diagram  illustrates  the  principle  of  the  machine  de- 
signed for  this  purpose.  The  pins  are  located  in  a 
plate  A  which  acts  as  a  cooling  agent  for  conducting 
away  the  heat,  and  is  supported  and  insulated,  as  shown.  The 
pins  rest  in  small  cup-shaped  grooves  in  the  lower  electrodes 
which,  as  will  be  seen,  are  spring  mounted  so  as  to  take  care  of 
any  variation  in  the  thickness  of  the  metal  and  the  length  of 
the  pins.  It  will  be  noticed  that  the  two  side  electrodes  are 
swung  from  a  fulcrum  point,  whereas  the  center  electrode 
as  shown  in  the  sectional  view  to  the  right  is  in  the  form  of 
a  slide. 

The  diagram  shown  in  Fig.  16  illustrates  several  methods 
of  supplying  current  from  the  same  transformer  secondary 
to  several  pieces  engaging  electrodes  in  such  a  manner  that 
the  same  heating  effect  is  produced  in  all  the  pieces  on  which 
the  electrodes  contact.  In  the  case  shown  at  A  the  secondary 
of  the  transformer  is  composed  of  a  heavy  copper  casting  a, 
whereas  b  is  the  primary  and  c  the  laminated  iron  core.    The 
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Multiple  Point-  or  Projection-welding' 

In  electric  welding  comparatively  large  pieces  of  thin  metal 
where  it  is  desirable  to  have  the  pieces  lie  in  close  proximity 
to  each  other,  the  multiple  point  or  projection  method  of 
welding  can  be  employed  with  success.  Some  of  the  processes 
employed  for  this  purpose  are  illustrated  in  Fig.  9.  A  shows 
a  case  where  one  sheet  only  is  provided  with  projections; 
B  where  two  sheets  are  provided  with  projections;  C  where 
projections  are  formed  into  the  sheet  by  milling  it  away; 
D  where  projections  are  formed  In  both  sheets  in  a  similar 


Fig.   18.     Semi-automatic  Machine   built  by  the   National  Eleotric   Welder 
Co.  for  welding  Garden  Bakes 


so 
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terminals  d  and  c  of  the 
secondary  extend  In  op- 
posite directions,  so  that 
the  difference  of  poten- 
tial across  any  pair  of 
electrodes  is  the  same. 
This  will  be  made  more 
clear  by  referring  to  the 
diagram  shown  at  B. 
Here  the  terminal  bars 
extend  in  the  same  direc- 
tion, and  one  of  them  / 
forms  the  terminal  of  a 
secondary  circuit  which 
is  partially  returned  upon 
itself.  In  such  a  con- 
struction, a  difference  of 
potential  exists  across 
each  pair  of  electrodes. 

The  diagram  shown  at 
C  illustrates  t^e  applica- 
tion of  two  primaries  or 
sets  of  primary  coils 
which  act  upon  the  same 
secondary  bar  or  casting 

in  such  a  manner  as  to  give  an  increased  potential  across  the 
bars  due  to  the  fact  that  the  electro-motive  forces  set  up  in 
the  secondary  by  the  primary  act  in  series  to  reinforce  one 
another.  In  this  case  two  laminated  cores  can  also  be  used 
to  advantage.  By  arranging  the  current  carrying  the  sec- 
ondary bars  in  this  manner,  an  equal  potential  force  is  ob- 
tained, so  that  a  satisfactory  weld  can  be  made  by  each  of 
the  individual  electrodes.  D  and  E  show  a  diagram  of  an 
automatic  welding  machine  incorporating  the  multi-electrode 
principle  shown  at  C. 

Ridge- welding- 

Ridge-welding  is  that  process  of  electric  welding  which 
makes  use  of  the  principle  of  forming  ridges  on  the  work 
and  then  generally  placing  these  ridges  at  right  angles  to  each 
other,  forming  a  cross  at  the  point  where  the  weld  is  made. 
This  junction  of  the  two  pieces  localizes  the  heat  directly  in 
line  with  the  axis  of  the  electrodes,  and  makes  rapid  welding 
possible.  Two  examples  of  this  class  of  work  are  shown  in 
Fig.  13.  Example  A  shows  a  rod  being  welded  to  a  narrow 
strip  provided  with  a  ridge  in  the  center.  In  this  case  the 
circumference  or  arc  on  the  rod  acts  in  the  same  manner 
as  a  ridge,  and  by  turning  on  the  current  and  applying  pres- 
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Fig.    19.     Diagram   illustrating   Various 
of   Sheaves 


the   Jdanufacture 


sure  these  two  pieces  can 
be  homogeneously  united, 
as  shown  at  B.  Another 
method  which  makes  use 
of  two  strips,  both  of 
which  are  provided  with 
ridges,  is  shown  at  0. 
The  action  of  welding 
these  two  pieces  together 
is  almost' similar  to  that 
previously  described,  the 
finished  weld  being  shown 
at  D. 

Button-welding 

Another  welding  pro- 
cess which  has  been  used 
with  satisfactory  results 
is  that  known  as  button- 
welding.  In  addition  to 
many  other  uses,  this  can 
be  applied  to  the  welding 
of  very  thick  work  which 
it  would  be  impossible  to 
spot-weld  because  of  the 
fact  that  the  metal  could  not  be  brought  into  close  contact 
without  applying  enormous  pressure.  By  this  method  a  but- 
ton of  metal  of  the  same  material  as  that  being  welded  is 
placed  on  the  top  or  bottom  electrode  or  on  both,  as  the  case 
may  be;  then  the  two  pieces  to  be  welded  are  placed  between 
these  buttons  and  pressure  is  applied  on  top  of  the  button. 
The  current  is  then  turned  on  and  the  buttons  localize  the 
current,  resulting  in  the  metal  being  fused  at  the  point  where 
the  buttons  are  located,  and  when  pressure  is  applied  the 
partially  molten  buttons  are  then  forced  through  the  already 
molten  metal  and  a  perfect  junction  is  made.  Several  process 
applications  are  shown  in  Fig.  15:  A  shows  one  method  where 
two  buttons  are  used;  B,  one  button;  C,  a  case  where  one 
button  is  used  to  perform  a  lap-weld ;  D,  a  combination  of 
button-  and  point-welding;  this  is  a  special  process  and  is 
seldom  used;  E,  a  case  where  a  point  and  one  button  is  used; 
and  F,  buttons  in  the  form  of  rings.  The  example  shown 
at  G  is  one  in  which  pieces  of  wire  are  employed  in  the 
place  of  flat  buttons;  H  is  a  case  where  the  two  pieces  are 
provided  with  projections  fitting  in  each  other  and  a  button 
used  in  addition;  I  represents  a  somewhat  similar  case  to  that 
shown  at  H.  All  of  these  processes  have  not  been  used  in 
practice,  but  represent  possibilities  of  electric  welding. 


Processes   employed 
or   Pulleys 


Fig.  20.     Diagram  illustrating  Principle  of  Construction  of  a  Seml-automatlo  Machine  for  Fleotrlo  welding  Sheaves  for  Window  Frames 
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Bridg-e-  or  Tie-weldingr 
When  it  is  desired  to  unite  two  narrow  strips  so  tliat  their 
ends  abutt  without  overlapping,  this  can  be  accomplished  by 
the  process  known  as  bridge-  or  tie-welding.  Several  applica- 
tions of  this  process  are  illustrated  in  Fig.  14.  One  process 
illustrated  at  A  consists  in  using  a  number  of  small  flat  wash- 
ers, all  of  which  lie  in  the  same  plane  and  are  superimposed 
on  the  plates  to  be  welded,  making  contact  therewith.  When 
the  current  is  turned  on  and  pressure  applied,  these  pieces  are 
fused,  and  make  a  junction  point  between  the  two  strips  of 
metal,  leaving  practically  little  or  no  burr.  B  shows  a  slight 
modification  of  this  process,  using  solid  strips  instead  of  wash- 
ers; C  is  a  combination  of  bridge-  and  point-welding,  the 
bridge  being  provided  with  projections  which  localize  the  cur- 
rent and  effect  quick  heating.  This  process  does  not  give  as 
solid  a  junction  as  those  previously  described.  A  similar 
process  is  shown  at  D  which  has  the  same  objection.  E  is 
still  another  process  which,  while  it  effects  a  junction  between 
the  two  pieces,  does  not  give 
a  strong  joint.  F  is  a  some- 
what similar  process  to  D, 
employing  two  bridges  in- 
stead of  one,  which  has  the 
same  objection  as  the  pro- 
cesses illustrated  at  C  and  D. 


T-w^elding- 

A  process  of  electric  weld- 
ing which  has  a  wide  applica- 
tion in  the  agricultural  field 
is  known  as  T-weldlng.  This 
process  is  used  to  special  ad- 
vantage in  the  manufacture 
of  garden  rakes  and,  as  shown 
in  Fig.  17,  has  many  modifica- 
tions. At  A  is  shown  one 
method  of  effecting  a  weld. 
The  top  part  of  the  rake  is 
provided  with  a  slot  running 
its  entire  length,  and  the 
tangs  which  are  welded  to  it 
are  provided  with  projections 
fitting  in  this  slot.  These 
tangs  are  then  satisfactorily 
•welded  to  the  frame  under  a 
spot-welding  machine.  Still 
another  method  is  shown  at 
B.  In  this  case  the  current 
is  localized  by  providing 
points  by  milling  away  the 
sides  of  the  top  of  the  rake. 
C  shows  still  another  method. 
Here  the  outside  of  the  rake 
is  provided  with  projections 
of  an  area  equal  to  the  lower 
end  of  the  tang,  so  as  to 
equalize  the  heating  effect  of 
the  current  on  the  parts  welded. 

The   method    shown    at   D    i 


Fig.    21,     Special  Electric   Seam   Welding   Machine   built   by   the   TTniversal 
Electric  Welder  Co. 


somewhat  similar  with  the 
exception  that  the  projection  is  formed  by  milling  two  small 
slots  across  the  face  of  the  top  part  of  the  rake.  A  method 
which  is  just  the  reverse  of  that  shown  at  D  is  shown  at  E. 
Here  both  pieces  are  provided  with  projections,  forming  a 
matched  joint.  F  and  G  show  still  other  methods  which  are 
limited  in  their  application  because  of  the  difliculty  of  mak- 
ing the  required  projections.  The  methods  shown  at  J,  K 
and  L  illustrate  the  preparation  of  the  work  for  welding 
and  the  finished  welded  work,  L  showing  how  the  weld  is 
started  and  J  and  K  the  form  of  the  weld.  M  and  N  show  two 
views  illustrating  how  the  electrodes  are  applied  to  the  work 
to  perform  a  weld  as  shown  at  J,  K  and  L,  respectively. 

A  practical  application  of  this  process  of  welding  is  shown 
in  Fig.  18.  In  this  case  the  tangs  of  the  rake  are  made  from 
1/4-inch  round  steel  rods,  which  are  welded  to  a  triangular 
back  1/4  by  7/16  inch.  There  are  fourteen  teeth  in  each  rake 
and   one   operator   produces   375   rakes   in   nine   hours,   or   in 


other  words,  he  makes  5250  welds  in  this  time.  In  operating 
this  machine,  the  tangs  are  placed  in  the  solenoid  A  and  the 
back  is  placed  on  slide  B;  the  machine  then  automatically 
spaces  the  tangs,  sets  and  welds  them  to  the  back  at  the  rate 
previously  mentioned. 

Sheave  Welding 

A  class  of  work  in  which  the  point  or  projection  method  of 
electric  welding  is  used  to  good  advantage  is  the  manufac- 
ture of  sheaves  for  window  sashes.  Two  methods  of  applying 
this  process  are  illustrated  diagrammatically  at  A  and  B  in 
Fig.  19.  In  the  example  shown  at  A,  the  two  halves  of  the 
sheaves  are  prepared  with  projections  which  fit  into  each 
other,  whereas  in  the  case  shown  at  B  one  piece  or  half  is  pro- 
vided with  a  projection  and  the  other  with  a  hole  to  receive 
it.  Usually  this  work  is  carried  on  in  a  semi-automatic  man- 
ner, and  a  special  machine  has  been  designed  for  this  work 
as  illustrated  in  Figs.  20  and  21.    Referring  to  Fig.  20,  it  will 

be  noticed  that  the  machine 
is  provided  with  two  drums  A 
on  which  an  endless  chain  B 
is  carried.  These  drums  are 
rotated  through  suitable 
mechanism,  being  indexed 
around  to  bring  the  pair  of 
sheaves  to  be  welded  in  line 
with  the  welding  electrodes. 
The  sheaves  remain  in  line 
with  the  welding  electrodes 
for  a  sufficient  length  of  time 
for  the  weld  to  be  effected. 
The  various  timing  mechan- 
isms on  the  machine  as  well 
as  the  movement  of  the  lower 
electrode  slide  C  is  controlled 
by  cam  D  driven  by  gears 
from  a  main  driving  pulley  E. 
A  different  electrode  mechan- 
ism from  that  shown  attached 
to  the  machine  is  shown  in 
the  same  illustration  at  F. 
In  this  case  it  will  be  noticed 
that  the  upper  electrode  is  pro- 
vided with  a  spring-operated 
pad  having  a  non-conductive 
surface.  This  is  used  to  pre- 
vent the  work  from  bulging 
in  the  center  when  the  pres- 
sure is  being  applied  to  effect 
a  weld.  The  production  of 
the  machine  shown  in  Figs. 
20  and  21  is  15,000  sheaves  in 
ten  hours. 

The  diagram  shown  at  C  in 
Fig.  19  illustrates  a  method 
of  welding  sheaves  or  small 
pulleys  employing  three  con- 
tacting electrodes.  This  em- 
ploys a  single  transformer  which  permits  of  making  more 
than  one  weld  simultaneously  and  in  which  there  is  an  even 
distribution  of  current  to  each  weld.  The  secondary  consists 
•of  three  terminals,  a,  b  and  c,  one  of  which  c  is  common  to 
the  other  two  and  disposed  equidistantly  between  them,  so 
that  there  wall  be  at  all  times  an  equal  distribution  of  the  elec- 
tric current  through  the  secondary  to  the  welding  terminals. 
A  third  terminal  may  be  connected  to  the  turns  at  the  con- 
nection between  them,  so  that  there  is  a  turn  between  the 
terminals  at  both  ends  of  the  secondary,  and  the  third  termi- 
nal in  this  case  will  have  two  volts  between  this  and  the  other 
two.  By  using  an  apparatus  of  this  kind,  it  is  possible,  as  is 
clearly  seen,  to  confine  the  heating  to  the  contacting  surfaces 
of  the  work.  The  upper  edges  of  the  interposed  electrodes,  of 
course,  conduct  the  current  to  the  junction  of  the  plate  and 
the  center  of  the  sheave  in  such  a  manner  that  the  core  or 
center  is  not  heated  except  on  its  contacting  surfaces  with 
the  plate.    In  this  way  a  satisfactory  weld  can  be  easily  effected. 
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THE  TWO  PRINCIPAL  TYPES  OF  SKEW  BEVEL  UEAES.  THEORY  OF  THEIR  DESIGN  AND  METHODS  OF  CUTTING  TEETH 

BY    RBQINALD    TRAUTSCHOLDt 


ONE  excellent  type  of  gear — the  skew  bevel — has  been 
generally  avoided  by  both  designers  and  machinists: 
by  the  former  on  account  of  the  difficulty  experienced 
in  laying  it  out,  and  by  the  latter  because  of  a  fancied  intricacy 
in  the  method  of  cutting.  The  development  of  bevel  gear 
generators,  as  well  as  greater  familiarity  on  the  part  of  the 
machinist  with  processes  of  milling  and  planing  gear  teeth, 
have  gone  a  long  way  toward  removing  his  antipathy  for  the 
skew  bevel  gear.  There  remains,  however,  the  dislike  of  the 
designer  as  an  explanation  of  the  continued  unpopularity  of 
this  gear,  which  is  also  due  in  part  to  a  slightly  greater  cost 
of  manufacture  than  that  of  the  ordinary  bevel  gear. 

The  shaft  axes  of  skew  bevel  gears  do  not  lie  in  a  common 
plane,  and  the  various  face  and  cutting  angles  do  not  converge 
to  a  common  apex;  in  place  of  a  single  apex,  there  is  a  circle 
of    apexes,    so    that    accurate 


in  mesh  with  the  pinion  converge  to  the  apex  point,  the 
pinion  differing  in  no  respect  from  an  ordinary  bevel  gear 
having  a  center  angle  E'.  As  the  gear  revolves,  the  profile 
planes  of  each  succeeding  tooth  must  also  converge  to  this 
same  point,  so  that  the  gear  really  has  a  circle  of  apex  points, 
having  a  diameter  equal  to  twice  the  offset  of  the  pinion  shaft, 
instead  of  a  common  apex  point  as  in  the  case  of  an  ordinary 
bevel  gear  combination. 

If  it  were  not  for  the  offset  of  the  pinion  shaft,  the  pitch 
diameter  of  the  gear  meshing  with  the  equivalent  pinion  would 
equal  Ali,  and  no  difficulty  would  be  encountered  in  ascertain- 
ing the  number  of  teeth,  etc.,  required  for  both  the  gear  and 
the  pinion,  the  speed  ratio  and  pitch  of  the  combination  being 
known.  The  pinion  of  the  Type  A  skew  bevel  gear  combina- 
tion differs  in  no  way,  as  far  as  pitch  and  number  of  teeth 

are  concerned,  from  such  re- 


mathematical  calculations  of 
the  various  angles  are  com- 
plicated and  involved.  This 
constitutes  the  basis  for  the 
dislike  of  skew  bevel  gears  on 
the  part  of  the  designer. 
However,  very  close  approxi- 
mations of  the  true  angles 
and  diameters  can  be  arrived 
at  by  the  use  of  simple  for- 
mulas, and  these  approxima- 
tions are  as  reliable  from  the 
practical  working  point  of 
view  of  the  shop  as  if  the 
exact  measurements  were 
actually  furnished,  which 
would  indeed  involve  compli- 
cated calculations.  The  con- 
ditions governing  the  ob- 
liquity of  skew  bevel  gear 
teeth  and  the  various  diame- 
ters and  angles  are,  in  real- 
ity, quite  simple;  and  when 
the  basic  principles  have  once 
been  grasped  by  the  designer, 
the  lay-out  of  a  skew  bevel 
gear  combination  presents  lit- 
tle more  difficulty  than  that 
of  an  ordinary  bevel  gear. 

There  are  two  general  types 
of  skew  bevel  gears,  which, 
for  the  sake  of  brevity,  may 
be  referred  to  as  Types  A  and 
B.  In  the  former  a  pinion  of 
the  ordinary  bevel  gear  type  is 
employed,  the  oblique  teeth  be- 
ing confined  to  the  gear,  and 
in  the  latter  the  teeth  are  ob- 
lique in  both  pinion  and  gear. 
In  each  type,  the  pitch  sur- 
face of  the  pinion  is  the  frustum  of  a  figure  generated  by  the 
revolution  of  a  straight  line  about  the  axis  of  the  figure,  the 
generating  line  lying  in  a  plane  parallel  to  a  plane  through 
the  axis,  and  being  neither  parallel  nor  at  right  angles  to  the 
axis,  i.  e.,  the  figure  is  a  hyperboloid  of  revolution. 

Skew  Bevel  Gears— Type  A 

Taking  up  first  the  design  of  skew  bevel  gears  designated 

as  Type  A,  a  typical  lay-out  is  shown  in  Fig.  1,  where  the 

dimension  X  indicates  the  offset  of  the  pinion  shaft.     It  will 

be  evident  that  the  profile  planes  of  the  gear  tooth  actually 

•  For  other  articles  on  the  subject  of  skew  bevel  gearing  published  in 
Machineby,  see  "Generating  the  Skew  Bevel  Gear,"  March,  1913;  "A 
Practical  Form  of  Tooth  for  Skew  lUvel  Gears,"  January,  1913;  and  "The 
6kew  Bevel  Gear  Model,"  January,   1907. 

t  Address:    39  Charles  St.,   New  Tork  City. 
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Fig.   1.     Diagram  showing  Principles  involved  in  Lay-out  of  Type  A  Ske 

Bevel   Gears,    in   which   Ordinary   Bevel  Pinion   meshes   with 

Skew  Bevel  Gear 


quirements  for  an  ordinary 
bevel  gear  combination  of  the 
same  ratio,  but  the  angles  of 
the  pinion  and  possibly  its  face 
width  differ.  The  number  of 
teeth  in  the  gear  must  remain 
the  same  as  that  required  for 
an  ordinary  bevel  gear  of  pitch 
diameter  AB,  in  order  that  the 
speed  ratio  of  the  combina- 
tion may  not  vary,  and  the 
normal  pitch  of  the  skew  bevel 
gear  must  conform  to  the 
circular  pitch  of  the  pinion 
with  which  it  is  to  run.  The 
actual  pitch  diameter  of  the 
skew  bevel  gear  is  consider- 
ably greater  than  its  "equiva- 
lent pitch  diameter,"  AB, 
but  the  number  of  teeth  and 
their  proportions  remain  the 
same,  due  to  their  obliquity. 
This  is  the  secret  of  skew 
bevel  gears,  and  it  is  failure 
to  recognize  this  simple  fact 
that  has  led  to  the  common 
belief  that  skew  bevel  gears 
are  difficult  to  design. 

As  the  oblique  teeth  of  the 
gear  come  in  contact  with,  the 
radial  teeth  of  the  pinion  in 
this  style  of  skew  bevel  gear 
combination,  a  certain  sliding 
action  takes  place.  Referring 
to  Fig.  1  and  the  pitch  lines 
of  the  gear  and  pinion,  the 
outer  end  of  the  pinion  tooth 
first  comes  into  contact  with 
its  mating  gear  tooth  at  point 
G  and  contact  ceases  with  the 
outer  end  of  the  pinion  tooth  in  contact  with  the  gear  at 
point  M,  i.  e.,  the  end  of  the  pinion  tooth  has  slid  on  the 
gear  tooth  from  G  to  M,  which  is  equal  to  the  distance  HO. 
This  sliding  action  is  accentuated  by  any  increase  in  the 
obliquity  of  the  gear  teeth,  which,  in  turn,  varies  with 
the  amount  of  pinion  shaft  offset.  The  normal  pitch  of  the 
gear  IL  obviously  must  conform  to  the  circular  pitch  of  the 
pinion,  while  the  circular  pitch  of  the  gear  MH  is  considerably 
greater  than  the  circular  pitch  of  the  pinion. 

The  various  angles  and  tooth  proportions  of  tl>e  pinion  are 
the  same  as  those  of  any  ordinary  bevel  gear  of  the  same  num- 
ber of  teeth,  pitch,  etc.,  and  of  similar  center  angle;  and  they 
are  easily  calculated  by  the  use  of  the  familiar  formulas  for 
such   gears.     The   calculations   involved   in   laying   out   skew 
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bevel  gears  require  the  use  of  somewhat  different  formulas, 
as  given  in  the  following,  the  derivation  of  which  will  be 
explained  subsequently. 

Notation  for  Skew  Bevel  Gears  -  Type  A 

p  =  diametral  pitch; 

n  =  number  of  teeth  in  pinion; 

=  number  of  teeth  in  gear; 

=  offset  of  pinion  shaft; 

=  angle  of  offset; 

=  pitch  diameter  of  pinion; 

=  equivalent  pitch  diameter  of  gear; 

=  pitch  diameter  of  gear; 

=  outside  diameter  of  pinion; 

=  outside  diameter  of  gear; 

=  circular  pitch  of  pinion; 

=  circular  pitch  of  gear; 

=  center  angle  of  pinion; 

=  face  angle  of  pinion; 

=  cutting  angle  of  pinion; 

=  center  angle  of  gear  (shop  angle) ; 

=  face  angle  of  gear  (shop  angle) ; 

=  cutting  angle  of  gear  (shop  angle); 

:  center  angle  of  gear  (design  angle) ; 

=  face  angle  of  gear  (design  angle) ; 

=  cutting  angle  of  gear  (design  angle) ; 

:  angle  increment  of  pinion; 

:  angle  decrement  of  pinion ; 

:  diameter  increment  of  pinion; 

:  diameter  increment  of  gear; 

:  addendum. 


A': 

A' 

0: 
(I 

D,- 
D  . 
d'  ■ 
D' 
P'  = 
P'  - 
E'  -- 
F'  - 
C- 
E- 
F-- 
C  = 
E"  = 
F"  = 
C"  = 

d"  = 
D"  = 


Formulas  for  Skew  Bevel  Gears-Type  A 


d  = 

=  — 

De 

P 

N 

tan  </> 

P 
2X 

-De 

2X 

sin  <t> 
3.1416D 
P' 

N 

ta.nE' 

d 

tan  J  = 

2  sin  E' 

2.314  sin  E' 


tan  K 


or  for  greater  accuracy: 


F'  =  E'  +  J 

C'  =  E'  —  K 

d        D 

n        N 

d"  =  s  cos  E' 

d'  =  d  +  2d" 

E  =  90—E'  (shop  angle) 

D  —  2X 

tan  E"  = (design  angle) 

D"  =  s  cos  E 
D'  =  D  +  2D" 


D'  =  D  + 


2D"De 


D 


C  —  E  —  K  (shop  angle) 

C"  =  E" (design  angle) 

D 
F  ^  E  +  J  (shop  angle) 

JDe 

F"  =  E"  -\ (design  angle) 

D 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 

(8) 

(9) 
(10) 

(11) 

(12) 
(13) 

(14) 

(14  a) 

(15) 
(16) 


(17) 
(17a) 

(18) 
(18  a) 


Derivation  of  Poregroing  Formulas 
The  formulas  applying  to  the  dimensions  and  angles  of  the 
pinion  are  similar  to  those  for  any  ordinary  bevei  gear,  when 
the  center  angle  of  the  pinion  has  once  been  ascertained. 

The  equivalent  pitch  diameter  /)c  of  the  gear  is  equal  to 
the  number  of  gear  teeth  A'  divided  by  the  diametral  pitch  p. 
The  angle  of  offset  0  is  the  angle  formed  by  the  intersection 
of  a  horizontal  plane  with  a  vertical  plane  through  the  axis 
of  the  gear  shaft  parallel  to  the  pinion  shaft  and  a  vertical 
plane  through  the  gear  shaft  axis  and  point  B  of  tangency 
of  the  pitch  circles  of  the  gear  and  pinion.  Tangent  <t>  equals 
the  offset  X  of  the  pinion  shaft  divided  by  half  the  equivalent 
pitch  diameter  -De  of  the  gear,  or  twice  the  offset  X  of  the 
pinion  shaft  divided  by  the  equivalent  pitch  diameter  Z)e  of 
the  gear. 

The  pitch  diameter  D  of  the  gear  is  then  equal  to  twice  the 
pinion  shaft  offset  X  divided  by  the  sine  of  the  angle  of  offset  0. 
The  circular  pitch  P'  of  the  gear  is  equal  to  the  quotient 
of  its  pitch  circumference  irD  divided  by  the  number  of  teeth  N. 
The  tangent  of  center  angle  E'  of  the  pinion  is  the  quotient 
of  the  pitch  diameter  d  of  the  pinion  divided  by  the  equivalent 
pitch  diameter  B^  of  the  gear. 

The  ordinary  method  of  arriving  at  the  outside  diameter  D' 
of  a  bevel  gear  by  adding  to  its  pitch  diameter  D  twice  the 
diameter  increment  B"  may  also  be  used  in  the  case  of  skew 
bevel  gears  when  the  pinion  offset  X  is  slight,  but  this  method 
is  not  quite  accurate  on  account  of  the  obliquity  of  the  teeth. 
The  greater  the  pinion  shaft  offset  the  smaller,  proportionally, 
does  the  diameter  increment  of  the  gear  become,  and  so  the 
second  formula  for  ascertaining  the  outside  diameter  of  the 
gear,  which  is  based  on  the  arbitrary  assumption  that  the 
decrease  in  diameter  increment  is  proportional  to  the  ratio 
of  the  equivalent  pitch  diameter  .Do  of  the  gear  to  the  actual 
pitch  diameter,  is  more  reliable.  This  relationship  is  not  quite 
accurate  either,  but  any  possible  error  which  might  arise  would 
be  so  slight  as  to  be  quite  immaterial  from  a  practical  stand- 
point. 

The  various  angles  of  the  skew  bevel  gear  evidently  depend 
upon  the  point  from  which  they  are  viewed.  The  tooth  profile 
planes  all  converge  to  the  circle  of  apexes,  fixed  by  the  pinion 
shaft  offset  X.  If,  therefore,  the  angles  are  measured  on  such 
a  profile  on  lines  conforming  to  the  obliquity  of  the  teeth, 
it  is  evident  that  they  will  differ  from  similar  angles  meas- 
ured on  such  planes,  but  on  lines  converging  to  a  common 
point,  i.  e.,  the  apex  of  the  imaginary  cone  of  which  the  figure 
bounded  by  the  pitch  circle  of  the  gear  and  the  circle  of  apexes 
forms  a  frustum.  The  former  set  of  angles,  i.  e.,  those  meas- 
ured to  the  circle  of  apexes,  and  therefore  normal  to  the  pitch 
circle  of  the  gear,  may  then  be  referred  to  as  "shop  angles,"  as 
they  are  employed  in  machining  the  gears;  and  the  latter  set 
of  angles,  i.  e.,  those  measured  on  lines  converging  to  the 
apex  of  the  imaginary  cone,  are  known  as  "design  angles,"  for 
they  are  useful  in  designing  the  gears  and  the  patterns  for 
the  blanks. 

The  shop  center  angle  E  is  evidently  the  complement  ot 
the  center  angle  E'  of  the  pinion,  for  each  tooth  of  the  gear 
must  mesh  exactly  with  the  pinion  teeth  on  the  line  of  contact. 
The  design  center  angle  E"  of  the  gear  is  naturally  half  the 
apex  angle  of  the  imaginary  cone,  of  which  a  frustum  would 
be  the  figure  having  its  larger  base  diameter  equal  to  the 
pitch  diameter  D  of  the  gear,  its  smaller  base  diameter  equal 
to  twice  the  pinion  shaft  offset  A',  and  a  height  equal  to  half 
the  pitch  diameter  d  of  the  pinion.  The  tangent  of  half  this 
apex  angle  of  the  imaginary  cone  reduces  to  the  equation 
given  as  Formula  (14a).  This  angle  is  somewhat  smaller, 
the  amount  depending  upon  the  pinion  shaft  offset,  than 
the  complement  of  the  center  angle  E'  of  the  pinion,  the  shop 
center  angle  of  the  gear. 

The  shop  cutting  and  face  angles  C  and  i"'  of  the  gear  are 
evidently  ascertained  in  a  manner  similar  to  that  employed 
for  arriving  at  such  angles  for  an  ordinary  bevel  gear.  i.  e.,  by 
subtracting  the  angle  decrement  in  one  case  and  adding  the 
angle  increment  in  the  other,  from  and  to  the  shop  center 
angle,  respectively.  To  arrive  at  the  design  cutting  and  face 
angles  C  and  .F  of  the  gear,  however,  the  fact  that  both  the 
angle  increment  and  the  angle  decrement  of  the  gear  are  af- 
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fected  by  the  offset  X  of  the  pinion  sliaft  must  be  taken  into 
consideration,  so  that  subtracting  and  adding  these  angles  to 
the  design  center  angle  K"  of  the  gear  would  not  give  the 
true  design  cutting  and  face  angles.  The  actual  decrement 
and  increment  design  angles  are  so  small,  however,  that  such 
respective  angles  of  the  pinion  modified  by  multiplication  by 
the  ratio  of  the  equivalent  pitch  diameter  D,.  of  the  gear  to 
its  pitch  diameter  D  may  be  taken  as  measuring  the  true  decre- 
ment and  increment  design  angles  for  all  practical  purposes. 
Such  modifications  are  based  on  the  assumption  that  the  de- 
crease in  the  respective  design  angles  is  proportional  to  the 
amount  of  pinion  offset  and  are  included  in  Formulas  (17  a) 
and  (18a). 

Example  in  Desig-n  of  Skew  Bevel  Gears-Type  A 

Kxample. — Required:    A  pair  of  skew  bevel  gears,  8  diametral 
pitch,  96  teeth  in  gear,  20  teeth  in  pinion;  pinion  shaft  offset 
3  inches. 
Pitch  diameter  d  of  pinion: 
20 
d  =  —  =  2.50  inches  (1) 


Equivalent  pitch  diameter  D„  of  gear: 
96 
De  =  —  =12  inches 
8 
Angle  of  offset  <p: 

2X3 
tan  0  = =  0.5000 


(2) 


(3) 


12 
0  =  26  degrees,  34  minutes 
Pitch  diameter  D  of  gear: 
2X3 

-D  = =13.41  inches 

0.4472 
Circular  pitch  P'  of  gear: 

3.1416  X  13.41 

P'  = =  0.4388  inch 

96 
Center  angle  E'  of  pinion: 
2.50 

tan  E'  = =  0.2083 

12 

E'  =  11  degrees,  46  minutes 
Angle  increment  J  of  pinion: 

2  X  0.2039 

tanj  = =  0.0204  (7) 

20 
J  =  1  degree,  10  minutes 
Angle  decrement  K  of  pinion: 

2.314  X  0.2039 
tan  K  = =  0.0236 


(4) 


(5) 


(6) 


20 


(8) 


K  =1  degree,  21  minutes 
Face  angle  F'  of  pinion : 

y  =  11  deg.,  46  min.  -f  1  deg.,  10  min.  =  12  deg.,  56  min.    (9) 
Cutting  angle  C  of  pinion: - 

C  =  11  deg.,  46  min.  —  1  deg.,  21  min.  =  10  deg.,  25  min.  (10) 
Addendums: 

2.50 

s  = =  0.125  inch  (11) 

20 
Diameter  increment  d"  of  pinion: 

d"  =  0.125  X  0.9790  =  0.1227  inch  (12) 

Outside  diameter  d'  of  pinion: 

d'  =  2.50  +  (2  X  0.1227)  =  2.7454  inches  (13) 

Center  angle  of  gear,  E  "shop"  and  E"  "design": 
E  =  9Q  —  n  deg.,  46  min.  =  78  deg.,  14  min.  (shop  angle)    (14) 
13.41  — (2  X  3) 

tan£"  = =  2.9640  (14  a) 

2.50 
E"  =  71  degrees,  21  minutes  (design  angle) 
Diameter  increment  D"  of  gear: 

D"  =  0.125  X  0.2039  =  0.0255  inch  (15) 

Outside  diameter  D'  of  gear: 

D'  =  13.41  -f  (2  X  0.0255)  =  13.461  inches  (16) 

or  for  greater  accuracy: 

2  X  0.0255  X  12 

D'  =  13.41  H =  13.4556  inches, 

13.41 
or,  say,  13.46  inches 


Cutting  angle  of  gear: 
C  =  78  deg.,  14  min.  —  1  deg.,  21  min.  =  76  deg.,  53  min. 

(shop  angle)  (17) 

1  deg.,  21  min.  X  12 

e"  =  71  deg.,  21  min. =70  deg.,     (17  a) 

13.41 
9  min.   (design  angle) 
Face  angle  of  gear: 
F=  78  deg.,  14  min.  +  1  deg.,  10  min.  =  79  deg.,  24  min. 

(shop  angle)  (18) 

1  deg.,  10  min.  X  12 

F"  =  71  deg.,  21  min.  H =  72  deg.,     (18  a) 

13.41 
24  minutes  (design  angle) 

Cutting:  Skew  Bevel  Gears-Type  A 

Skew  bevel  gears  are,  in  reality,  very  little  more  difficult  to 
cut  than  bevel  gears  of  the  ordinary  type,  but  the  distinction 
between  the  shop  angles  and  design  angles  must  be  kept  in 
mind.  Any  machine  suitable  for  cutting  ordinary  bevel  gears 
can  be  employed  in  cutting  skew  bevel  gears  by  making  simple 
adjustments  or  modifications  of  the  machine.  The  pinion  of 
type  A  skew  bevel  gears  is  cut  just  like  any  ordinary  bevel 
gear;  and  it  is  only  in  the  case  of  the  skew  bevel  gear  that 
the  special  machine  adjustments  are  necessary.  The  gear 
blank  is  usually  turned  to  the  required  design  face  angle  in  a 
lathe,  and  it  is  then  mounted  on  the  spindle  of  the  machine 
employed  for  cutting  the  teeth.  The  spindle  of  this  machine 
must  be  offset  from  the  plane  of  travel  of  the  cutting  tool, 
the  cutting  tool  being  dropped  a  distance  X  equal  to  the  off- 
set of  the  pinion  shaft;  and  the  path  of  the  cutting  tool  must 
conform  to  the  normal  profile  planes  of  the  gear  teeth.  That 
is,  the  cutting  tool  must  reproduce  the  action  of  the  engaging 
pinion  tooth  in  the  contact  plane  in  which  the  pinion  and 
gear  mesh. 

Subsequent  operations  are  then  similar  to  those  employed 
in  cutting  ordinary  bevel  gears,  except  that  the  path  of  the 
cutting  tool  is  always  tangent  to  the  gear's  circle  of  apexes, 
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Fif .   2.     Diagram  showing  Principles  involved  in  Lay-out  of  Type  B  Skevr 
Bevel  Gears,  in  whioh  both  Gear  and  Pinion  have  Skew  Teeth 
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represented  by  the  amount  of  spindle  offset,  so  that  the  shop 
angles  must  be  employed  and  not  the  design  angles.  The  ad- 
justments of  the  gear  blank  are  controlled  by  the  circular 
pitch  of  the  gear,  not  its  normal  pitch  which  conforms  to  the 
circular  pitch  of  the  pinion.  When  the  rough  gear  blank  is 
placed  on  the  spindle  of  the  finishing  machine  to  avoid  the 
preliminary  operation  of  facing  the  blank  in  a  lathe  or  other 
machine,  the  shop  face  angle  is  employed,  not  the  design  face 
angle.  This  practice  is  not  to  be  commended,  however,  for 
the  gear-tooth  cutting  machine  is  an  expensive  and  sensitive 
one,  so  that  it  usually  pays  to  perform  the  rough-facing  opera- 
tion on  a  more  rugged  machine. 

Skew  Bevel  Gears- Type  B 
The  second  type  of  skew  bevel  gear  is  illustrated  in  Fig.  2, 
and  although  apparently  more  complicated  than  the  type  which 
has  been  described,  it  is  more  easily  laid  out — at  least,  the 
calculations  required  are  simpler — if  this  type  of  gear  is  not 
less  complicated  to  machine.  The  teeth  in  both  the  gear  and 
pinion  being  cut  askew,  the  cutting  of  such  gears  is  greatly 
simplified  by  making  the  obliquity  of  the  teeth  the  same  in 
both  pinion  and  gear.  The  obliquity  of  the  teeth  being  the 
same  in  the  two  gears,  the  center  angles  of  the  pitch  sur- 
faces are  supplements  of  each  other — see  Fig.  2 — and  are  very 
nearly  the  same  as  the  true  center  angles  of  the  respective 
gears,  the  latter  being  slightly  greater.  The  close  similarity 
between  the  pitch  surface  center  angles  and  the  true  center 
angles  of  the  gears  has  led  to  the  common  practice  of  em- 
ploying the  same  formulas  for  the  angles  of  type  B  skew  bevel 
gears  as  are  used  for  ordinary  bevel  gears,  and  of  making  all 
proportions  of  such  gears  the  same  as  those  of  ordinary  bevels 
of  the  same  pitch,  number  of  teeth  and  ratio.  This  practice 
has  the  advantage  of  involving  only  calculations  with  which 
every  gear  designer  is  familiar,  but  it  is  nevertheless  incor- 
rect. The  angles  are  practically  the  same,  it  is  true,  but  the 
diameters  of  skew  bevel  gears  should  be  somewhat  greater 
than  those  of  similar  plain  bevel  gears  on  account  of  the 
obliquity  of  the  teeth — that  is,  if  the  full  strength  of  the  teeth 
is  to  be  realized. 

The  obliquity  of  the  teeth  being  equal  in  the  two  gears,  the 
circles  of  apexes  are  proportional  to  the  speed  ratio  of  the 
gears.  That  is,  the  radius  of  the  respective  circles  of  apexes 
is  not  equal  to  the  total  offset  of  the  pinion  shaft,  as  is  the 
case  in  type  A  skew  bevel  gears  where  the  obliquity  of  teeth 
is  confined  to  the  gear;  but  the  radius  of  the  circle  of  apexes 
for  each  gear  is  proportional  to  its  diameter,  the  sum  of  the 
two  radii  equaling  the  total  offset.  For  instance,  in  a  pair 
of  skew  bevel  gears  of  this  type  in  which  the  pinion  shaft 
offset  is  3  inches  and  the  speed  or  diameter  ratio  3  to  1,  the 
radius  for  the  apex  circle  of  the  pinion  would  be  3  X  M,  =  0.75 
inch,  and  for  the  gear  3  X  %  =  2.25  inches.  Though  the  for- 
mulas for  the  design  of  type  B  skew  bevel  gears  are  much  the 
same  as  the  well-known  formulas  for  ordinary  bevel  gears, 
their  insertion  here  is  necessary  for  a  comprehensive  under- 
standing of  the  skew  bevel  gear  principle  of  teeth  of  equal 
obliquity  in  the  two  gears,  even  assuming  the  various  angles 
to  be  the  same  as  those  for  similar  ordinary  bevel  gears. 

Notation  for  Skew  Bevel  Gears— Type  B 
The  notation  is  the  same  as  that  for  type  A  gears  with  the 
following  additions: 

y  =  radius  of  circle  of  apexes  for  pinion; 
W  =  radius  of  circle  of  apexes  for  gear; 
X  =  total  offset  of  pinion  shaft  =  7  +  W; 
2/ =  angle  of  offset  for  pinion; 
z  =  angle  of  offset  for  gear ; 
R  =  speed  ratio  =  N/n; 

J"  =  angle  increment;  * 

£^"  =  angle  decrement; 
P"  =  circular  pitch; 
de  =  equivalent  pitch  diameter  of  pinion. 

Formulas  for  Skew  Bevel  Gears— Type  B 

X 
V  = (1) 


D,  = 


tan  y  =  ■ 


2V 


Z)  = 


D. 
2V 


sin  y 
Dn 


N 


P"  = 


3.1416(Z         3.1416D 


tan  E'  =  — 
D 
E  =  90  —  E' 
2  sin  E' 
tan  J"  = 


tan  K" 


n 
2.314  sin  £' 


n 


F'  --•  E'  +  J" 
C'  =  E'  —  K" 
F  =  E  +  J" 
G  =  E~K" 
d        D 

n  N 
d"  =  s  cos  E' 
D"  =  s  cos  E 


P 
d'  =  d  +  2d" 


or  for  greater  accuracy: 


d'  =  d+- 


2d"d, 


D'  =  D  +  2D" 


or  for  greater  accuracy: 
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(3) 

(4) 

(5) 

(6) 

(7) 

(8) 
(9) 

(10) 

(11) 

(12) 
(13) 
(14) 
(15) 

(16) 

(17) 
(18) 

(19) 

(20) 

(21) 


D'  =  D  + 


2Z)"D. 


D 


R  +  1 
W  =  RV 


(2) 


Derivation  of  Poreg-olng-  Formulas 
The  similarity  of  the  formulas  for  type  B  skew  bevel  gears 
and  for  ordinary  bevel  gears  is  so  marked  that  little  explana- 
tion of  their  derivation  is  necessary,  other  than  that  of  the 
equivalent  pitch  diameter  formulas. 

The  equivalent  pitch  diameters  of  ordinary  bevel  gears 
which  would  give  the  same  speed  ratio  as  gears  with  oblique 
teeth  are  not  quite  so  evident  from  Fig.  2  as  the  equivalent 
pitch  diameter  of  type  A  skew  bevel  gears  is  made  from  Fig.  1 ; 
but  it  is  quite  evident  that  the  actual  pitch  diameters  of  the 
gears  with  oblique  teeth  must  be  greater  than  those  of  a 
similar  combination  of  gears  with  straight  (radial)  teeth.  In 
the  case  of  type  A  skew  bevel  gears  it  was  quite  apparent  that 
the  pitch  diameter  D  of  the  gear  depended  upon  the  offset  X 
of  the  pinion  shaft;  so  it  must  follow  that  for  skew  bevel 
gears  of  type  B,  where  the  increase  in  diameter  is  reduced  by 
making  both  the  pinion  and  gear  teeth  equally  oblique,  the 
pitch  diameter  is  also  dependent  upon  the  offset  X  of  the 
pinion  shaft,  i.  e.,  that  proportion  of  the  total  offset  which 
governs  the  obliquity  of  the  teeth.  The  formulas  for  the  actual 
pitch  diameters  must  then  be  similar  to  that  for  the  actual 
pitch  diameter  of  the  type  A  skew  bevel  gear,  the  propor- 
tional offset  governing  the  obliquity  of  the  teeth,  and  its  cor- 
responding angle  of  offset  simply  taking  the  place  of  the 
total  offset  and  its  angle  of  offset  used  in  the  formula  for 
type  A  gears. 

The  circular  pitch  of  both  gear  and  pinion  are  necessarily 
the  same  in  type  B  gears,  but  are  somewhat  greater  than  the 
normal  pitch  which  conforms  to  the  circular  pitch  of  similar 
gears  with  radial  instead  of  oblique  teeth.  The  diameter  in- 
crements of  both  gear  and  pinion  are  actually  somewhat  less 
than  they  would  be  if  the  teeth  were  radial,  so  in  the  formulas 
for  outside  diameters  (the  ones  for  greater  accuracy)  the 
same  modification  is  employed  as  for  type  A  gears. 
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Bxample  In  DeslKTi  o(  Skew  Bevel  Gears -Type  B 
' Exaynplc. — Required:     A    pair    of    skew    bevel    gears    of    B 
diame(ral  pitch,  witli  60  teeth  in  gear  and  15  teeth  in  pinion; 
the  pinion  shaft  offset  to  be  5  inches.     The  diametral  pitch 
corresponds  to  the  normal  pitch  of  the  gears. 
Radius  V  of  circle  of  apexes  for  pinion: 
6 
V  = =1  inch.  (1) 


4  +  1 
Radius  W  of  circle  of  apexes  for  gear: 

TV  =  4  X  1  =  4  inches 
Equivalent  pitch  diameter  D^  of  gear: 
60 
De  =  ^-  =  12  inches 
6 
Angle  of  offset  y  for  pinion: 

2X1 

tan  y  = =  0.1667 

12 
y  =  9  degrees,  28  minutes 
Pitch  diameter  D  of  gear: 
2  X  1.0 

D  = =  12.16  inches 

0.16447 
Pitch  diameter  d  of  pinion: 
12.16  X  15 

d  = =  3.04  inches 

60 
Circular  pitch  P": 

3.1416  X  3.04 
P"  = =  0.6367   inch 


15 
Center  angle  E'  of  pinion: 


.04 


(2) 
(3) 

(4) 

(5) 
(6) 
(7) 
(8) 


tan  E'  = =  0.2500 

12.16 

E'  =  14  degrees,  2  minutes 
Center  angle  E  of  gear: 
£  =  90  —  14  degrees,  2  minutes  =  75  degrees,  58  minutes      (9) 
Angle  increment  J": 

2  X  0.2425 

tanJ"'= =  0.03233  (10) 

15 
J"  =  1  degree,  51  minutes 
Angle  decrement  K": 

2.314  X  0.2425 
tan  K"  = =  0.03741 


15 


(11) 


E"  =  2  degrees,  9  minutes 
Face  angle  F'  of  pinion: 
F'  =  14  deg.,  2  min.  +  1  deg.,  51  min.  =  15  deg.,  53  min.     (12) 

Cutting  angle  C  of  pinion: 
C'  =  14  deg.,  2  min.  — 2  deg.,  9  min.  =  11  deg.,  53  min.     (13) 

Face  angle  F  of  gear: 
F  =  75  deg.,  58  min.  +  1  deg.,  51  min.  =  77  deg.,  49  min.     (14) 

Cutting  angle  C  of  gear: 
C  =  75  deg.,  58  min.  —  2  deg,,  9  min.  =  73  deg.,  49  min.     (15) 
Addendums : 

3.04 

s  = =  0.2027  inch  (16) 

15 
Diameter  increment  d"  of  pinion: 

d"  =  0.2027  X  0.97015  =  0.1967  inch  (17) 

Diameter  increment  D"  of  gear: 

D"  =  0.2027  X  0.24249  =  0.0492  inch  (18) 

Equivalent  pitch  diameter  de  of  pinion: 
15 
de  =  — =  3  inches  (19) 

5 
Outside  diameter  d'  of  pinion: 

d'  =  3.04  +  (2  X  0.1967)  =  3.433  inches  (20) 

or  for  greater  accuracy: 

2  X  0.1967  X  3 

d'  =  3.04  H =  3.428  inches 

3.04 
Outside  diameter  D'  of  gear: 

D'  =  12.16  +  (2  X  0.0492)  =  12.258  inches  (21) 

or  for  greater  accuracy: 

2  X  0.0492  X  12 

D'  ==  12.16  H =  12.257  inches 

12.16 


Machining-  Skew  Bevel  Gears -Type  B 
Skew  bevel  gears,  in  which  the  teeth  of  both  pinion  and 
gear  are  of  equal  obliquity,  should  be  completely  cut  on  one 
machine  with  its  spindle  offset  from  the  plane  of  the  cutting 
tool  a  distance  equal  to  the  radius  of  the  circle  of  apexes  for 
the  gear  being  cut,  the  facing  angle  (shop  angle)  cut  being 
taken  with  the  machine  so  adjusted,  as  well  as  all  the  opera- 
tions of  cutting  the  teeth.  The  angularity  of  the  facing  angle 
thus  cut  is  the  true  angularity  of  the  face  surface — also  of 
the  pitch  surface,  if  teeth  of  equal  depth  are  cut — so  that  the 
true  face  angle  is  the  requisite  amount  greater  than  the  angu- 
larity of  the  face  surface.  The  slight  inaccuracy  of  assuming 
the  radial  line  angles  of  the  gears  to  be  the  same  as  those 
on  lines  normal  to  the  circular  pitch  circumferences  Is  thus 
automatically  corrected.  However,  should  it  be  deemed  ad- 
visable to  perform  the  facing  cut  on  a  lathe,  as  in  the  case  of 
type  A  skew  bevel  gears,  the  face  angles  ascertained  by  For- 
mulas (12)  and  (14)  may  be  safely  used,  unless  the  offset  of 
the  pinion  shaft  should  be  very  pronounced  and  the  speed 
ratio  of  the  gears  also  large,  for  the  slight  error  arising  would 
tend  only  very  slightly  to  throw  the  teeth  out  of  perfect  mesh 
toward  the  inner  edge  of  the  gears,  where  but  a  small  propor- 
tion of  the  power  is  really  transmitted.  The  operations  fol- 
lowing the  facing  of  the  gear  blanks  are  exactly  similar  to 
those  employed  when  finishing  type  A  skew  bevels  and  de- 
mand the  same  care. 

Sliding'  and  Tooth  Proportions  of  Skew  Bevel  Gears 

The  obliquity  of  type  B  skew  bevel  gears  produces  the  slid- 
ing action  referred  to  in  the  discussion  of  type  A  skew  bevel 
gears — though  to  a  lesser  degree — and  this  results  in  both  a 
slight  drawback  and  a  decided  advantage.  The  drawback  is 
due  to  failure  of  the  teeth  to  clear  properly  if  the  common 
14%-degree  involute  tooth  is  used,  but  this  is  overcome  by 
employing  a  more  obtuse  angled  tooth.  In  the  ordinary  in- 
stallation, a  20-degree  involute  tooth  clears  satisfactorily,  and 
this  is  the  type  of  tooth  usually  cut.  In  extreme  cases,  where 
the  offset  of  the  pinion  shaft  is  particularly  pronounced,  an 
even  greater  tooth  angle  might  be  employed  to  advantage,  but 
it  is  very  doubtful  whether  such  need  would  arise  in  any  but 
extremely  freak  gear  combinations.  The  advantage  possessed 
by  skew  bevel  gears  is  their  smooth  and  powerful  action,  as 
compared  with  that  of  common  bevel  gears.  The  sliding  ac- 
tion of  the  teeth  reduces  the  impact  shock,  which  is  the  chief 
disadvantage  of  spur  gearing,  while  the  rolling  action  of  the 
teeth  makes  the  gears  more  powerful  and  reliable  than  spiral 
gears  which  depend  entirely  upon  sliding  action  for  their 
operation.  Skew  bevel  gears  are  really  excellent  power  trans- 
mitteTs  and  deserve  greater  popularity,  particularly  as  they 
are  in  reality  neither  difBcult  to  lay  out  nor  hard  to  machine. 

*  *     * 

BILL  FOR  LEGALIZING  THE  CENTIGRADE 

SCALE 
A  committee  of  the  National  Academy  of  Sciences,  consist- 
ing of  Messrs.  Abbot,  Stratton  and  Marvin  (the  heads,  re- 
spectively, of  the  Smithsonian  Astrophysical  Observatory,  the 
Bureau  of  Standards  and  the  Weather  Bureau),  appointed 
to  consider  the  bill  before  congress  discontinuing  the  use  of 
the  Fahrenheit  temperature  scale  in  government  publications, 
reported  at  the  last  annual  meeting  of  the  academy  in  favor 
of  the  bill,  but  recommended  two  amendments.  One  of  the 
latter  provides  that  "when  in  the  publication  of  tables  con- 
taining several  meteorological  and  climatic  elements  the  use 
of  data  in  centigrade  temperatures  leads  to  manifest  incon- 
gruities, the  chief  of  the  weather  bureau  is  directed  to  publish 
related  data  in  such  units  as  are  necessary  to  make  the  tables 
homogeneous  and  to  secure  international  uniformity  as  far  as 
practicable."  The  other  amendment  would  authorize  the  use 
of  the  absolute  centigrade  scale. 

*  *     * 

Steel  cast  flywheels  running  at  peripheral  speeds  in  ex- 
cess of  4000  feet  per  minute  should  be  double  annealed; 
heavy  steel  gears  should  be  annealed  once,  but  steel  frames 
and  similar  steel  casting  machine  members  seldom  require 
annealing. 
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MACHINERY   POUND   PRICES 

BY  A.   B.  HAZZARD' 

Builders  of  standard  machinery  are  usually  averse  to  hav- 
ing their  products  referred  to  by  a  pound  price.  Manufac- 
turers who  have  designed,  built  and  refined  high-grade  ma- 
chinery have  always  been  greatly  irritated  by  having  a  cus- 
tomer who  has  received  a  quotation,  together  with  weights, 
specifications,  etc.,  refer  to  the  matter  by  quoting  a  price  by 
the  pound.  This  in  an  injustice  to  the  manufacturer  and 
invariably  shows  the  inability  of  the  buyer  and  his  lack  of 
mechanical  knowledge. 

In  the  first  place,  the  average  purchasing  agent  does  not 
buy  large  machinery  often  enough  to  keep  in  touch  with  the 
progress  of  improvements.  It  is  obviously  unfair  to  make 
comparisons  between  machine  tools  of  the  same  type  unless 
the  various  types  of  machines  possess  the  same  degree  of  re- 
finement and  are  provided  with  the  same  improvements.  The 
design  and  relative  efficiency  of  many  types  of  machines  are 
so  varied  that  they  cannot  be  compared  with  any  degree  of 
justice  by  referring  to  one  or  the  other  by  a  pound  price.  A 
universal  milling  machine  having  a  single-pulley  drive  and 
quick-feed  change-gears  cannot  be  compared  by  a  pound  price 

MACHINERY  POUND  PRICES 


Machine    Tools 


Price  per  Pound 


Minimum    Maximu 


Boring  mills,  vertical   (large) i  $0.12 

Drilling  machines,  upright   (plain) 0.20 

Drilling  machines,  radial    (plain,  cone  pul- 
ley drive)    0.14 

Drilling     machines,     radial      (quick-change 

feeds,  motor  drive) 0.18 

Lathes,    engine — standard    type    (cone   pul- 
ley drive)    0.12 

Lathes,  engine — patent  head    (quick-change 

gears)     0.14 

Lathes,  gap   0.15 

Lathes,  turret  chucking  (18  to  24  inches)..  0.15 

Milling  machines,  plain 0.18 

Milling  machines,   universal    (quick-change 

gears)     0.30 

Planers,  regular   0.10 


$0.16 
0.25 

0.18 

0.26 

0.18 

0.24 
0.25 
0.28 
0.25 

0.55 
0.18 


Aeroplanes     |  0.60  2.00 

Aeroplane  motors — six-cylinder   I  1.50  4.75 

Aeroplane    motors — eight-cylinder    2.50  |  5.50 

Air  compressors   0.10  1  0.25 

Automobile  motors — four-cylinder    |  0.32  |  0.60 

Automobile  motors — six-cylinder   I  0.38  |  0.70 

Automobile  radiators    |  0.42  |  0.80 

Barbed  wire  machines j  0.17  I  0.24 

Locomotives    |  0.07  ]  0.12 

Steam  engines,  Corliss  type I  0.08  |  0.14 

Steam  engines,  vertical  marine  type |  0.12  I  O.IS 


with  a  Lincoln  type  milling  machine  having  a  cone  head  and 
belt  feed  of  the  same  working  dimensions,  regardless  of  the 
number  that  are  manufactured.  The  latter  would  cost  prob- 
ably half  the  price  of  the  former,  and  yet  both  would  take 
the  same  size  milling  cutters  and  would  perform  the  same 
operations  in  many  cases.  Yet  the  adaptability  of  the  uni- 
versal machine  to  conditions  which  could  not  be  met  on  the 
Lincoln  type  milling  machine  would  make  any  comparison  by 
a  pound  price  between  the  two  tj'pes  of  machines  an  unfair 
one.  Taking  another  example,  a  6-foot  swing  lathe  will  cost 
over  twice  as  much  as  a  6-foot  vertical  boring  mill,  and  each 
will  have  its  respective  advantages  over  the  other  with  certain 
classes  of  work. 

A  number  of  illustrations  can  be  given  along  these  lines, 
such  as  comparing  a  standard  engine  lathe  with  the  average 
toolmaker's  lathe  designed  for  precision  work.  The  standard 
lathe  will  do  many  pieces  of  good  tool  work,  especially  when 
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handled  by  an  experienced  operator,  and  while  it  cannot  be 
handled  as  quickly  as  the  quick-change  gear  type  of  machine, 
the  class  of  work  produced  compares  very  favorably  with  that 
of  the  higher-priced  machine.  The  same  principles  are  ap- 
plicable to  parts  for  automobiles.  The  frame  must  be  made 
to  suit  the  design,  and  although  a  plain  straight  frame  is 
cheaper  to  make  than  one  with  an  offset  at  the  rear  or  one 
tapered  front  and  back,  the  weight  of  the  two  frames  would 
be  about  the  same.  A  cellular  type  radiator  is  bought  for  its 
efficiency,  while  the  fin  and  tube  type  is  much  cheaper  to 
make,  and  yet  the  weights  of  the  two  would  not  differ  greatly. 
So  with  an  engine,  transmission  or  rear  axle  for  an  automo- 
bile, the  degree  of  refinement  to  which  these  parts  are  sub- 
jected in  the  machining  and  the  improvements  in  design  would 
all  have  an  effect  on  the  pound  price,  and  yet  the  weight  of  a 
cheap  axle  or  other  part  and  the  weight  of  one  of  the  more 
improved  types  might  not  be  very  different. 

The  factory  engineers  who  are  constantly  working  out  the 
different  mechanical  propositions  connected  with  the  machin- 
ing of  the  parts  in  a  motor  car,  and  who  have  to  do  with  jigs, 
fixtures  and  other  devices  for  the  production  of  these  parts, 
are  among  the  few  people  who  can  even  talk  about  pound 
prices  with  any  degree  of  accuracy.  On  this  class  of  work 
it  is  very  difficult  to  make  an  estimate  of  a  price  per  pound, 
because  of  the  variations  in  the  types  of  fixtures  and  their 
requirements  for  accuracy.  A  fixture  might  be  large  and  heavy 
and  weigh  several  hundred  pounds,  yet  it  might  have  very 
little  accurate  work  in  its  manufacture;  while,  on  the  other 
hand,  a  small  fixture  of  little  weight  might  have  many  re- 
finements in  its  design  and  might  require  to  be  very  carefully 
made,  so  that  the  price  per  pound  would  be  extremely  high. 
A  Corliss  engine  of  a  horsepower  corresponding  to  that  of  a 
triple  expansion  vertical  marine  engine  might  perform  the 
same  duty,  yet  could  not  be  compared  to  the  other  by  a  price 
per  pound.  Machined  castings  for  structural  work,  sole  plates, 
furnace  parts,  etc.,  are  very  rough  work,  and  have  therefore 
been  sold  largely  on  a  pound  price  basis. 

When  new  machinery  is  to  be  purchased,  the  factory  engi- 
neer must  carefully  consider  the  class  of  work  and  the  amount 
to  be  done,  as  well  as  the  accuracy,  and  select  a  machine  tool 
of  suitable  type  to  perform  the  required  work.  The  designing 
engineer  who  builds  machinery,  tools  or  engines  generally  esti- 
mates the  weight  and  the  labor  separately  and  adds  the  cost 
of  the  two  together,  finally  converting  the  whole  into  a  pound 
price  for  labor  and  material.  This  is  done  for  his  own  in- 
formation, but  when  completed  and  the  cost  is  turned  over 
to  the  works  manager  and  sales  department,  the  pound  price 
is  entirely  lost.  When  contracts  are  to  be  let  for  large  special 
machinery,  the  large  shops  with  a  heavy  overhead  expense 
often  have  an  advantage  over  the  smaller  factories,  because 
their  equipment  is  more  suited  to  the  handling  of  this  heavy 
work.  When  light  machines  are  to  be  built,  however,  the 
small  shops  can  many  times  build  them  cheaper  because  of 
their  lighter  overhead  expense. 

It  should  be  remembered  that  although  pig  iron  costs  from 
.?16  to  $20  per  ton  and  steel  from  $30  to  $60  per  ton,  this 
does  not  mean  that  any  kind  of  machinery  can  be  made  for 
any  fixed  price  per  pound.  There  are  so  many  factors  that 
enter  into  the  manufacturing  of  any  mechanical  device  that 
there  is  no  good  reason  why  a  price  per  pound  should  be  con- 
sidered in  purchasing.  It  is  of  interest,  however,  to  note  the 
range  in  prices  for  the  various  mechanical  devices,  and  to 
permit  of  making  these  comparisons  the  accompanying  table 
has  been  prepared. 


The  diamond  tool  is  the  most  efficient  means  for  truing  the 
face  of  grinding  wheels  for  precision  work  so  far  discovered. 
The  reasons  are:  (1)  Diamonds  or  bortz  are  harder  than  the 
wheel  to  be  trued.  (2)  They  are  obtainable  in  sufficient  quan- 
tities to  meet  the  demand.  (3)  They  provide  a  means  of  mak- 
ing the  wheel  a  true  cylinder  and  at  the  same  time  provide 
any  kind  of  wheel  service  desired.  (4)  They  lend  themselves 
to  a  reasonably  easy  setting  and  are  conveniently  applied  to 
the  work.  (5)  The  waste  of  the  wheel  is  negligible. — Grits  and 
Grinds. 
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TESTING  SPECIAL  SHELL-BORING  LATHES 

BY  I..  C.  MORROW* 

The  operation  of  testing  various  machine  tools  for  accuracy 
and  the  methods  used  in  aligning  the  parts  are  always  of  in- 
terest. The  special  shell-boring  lathe  illustrated  in  Fig.  1  is 
designed  to  bore  12-inch  high-explosive  shells  having  an  open 
base  and  screwed  adapter.  The  fundamental  features  of  the 
design  are  as  follows:  flat  bed,  two-step  cone,  double  back- 
gears,  bell  chuck  supported  by  steadyrest,  stationary  carriage 
while  boring,  power  traverse  to  carriage  for  running  back  to 
permit  removal  of  shell  after  boring,  movable  boring-bar  with 
feed,  and  link  former  for  nose.  This  machine  is  made  by  the 
Giddings  &  Lewis  Mfg.  Co.,  Fond  du  Lac,  Wis.  Reference  to 
Fig.  1  will  show  the  general  characteristics  of  the  lathe, 
and  a  shell  A  can  be  noted  in  the  chuck  ready  for  boring. 

Method  of  AUg-ning-  Spindle 

Fig.  2  show-s  the  method  of  aligning  the  spindle  when  erect- 
ing the  lathe.    The  disks  A  are  machined  very  accurately,  the 
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Fig.    1.     Special   12-inch   Shell-boring  Lathe 

faces  of  both  disks  and  hubs  being  machined  while  on  the 
arbor.  They  have  a  diameter  equal  to  one-half  the  length  of 
the  base  of  the  headstock.  One  disk  fits  over  the  spindle  nose 
and  is  pulled  up  against  the  shoulder  of  the  spindle  by  a  long 
bolt  (not  shown)  running  through  the  spindle.  The  other  disk 
is  attached  to  a  bar  which  is  supported  on  two  brackets  B, 
which  are  set  on  the  bed.  The  pins  D  bear  against  the  vertical 
surface  on  the  bed,  against  which  the  thrust  of  the  carriage  is 
taken  and  on  which  it  slides.  The  disks  are  brought  together 
and  thickness  gages  tried  between  them  when  testing.  In  this 
way  it  is  easy  to  determine  in  which  direction  the  spindle  Is 
out  of  alignment  and  just  how  much  it  may  be  out.  The  thick- 
ness of  the  gages  which  will  enter  between  the  disks  should 
be  multiplied  by  two,  in  order,  to  find  the  error  in  alignment 
of  the  headstock. 

Method  of  Aligrning  Boring-bar 

Referring  once  more  to  Fig.  1,  it  will  be  seen  that  the  align- 
ment of  the  boring-bar  B  is  quite  important  in  order  that  accu- 
rate  work   may  be   done  by   the   machine.     In   aligning   the 


Yig,  3.     Combination  Boring  and  Tttming  Tool 

boring-bar  an  indicator  is  attached  to  a  stand  of  suitable  form 
(not  shown)  which  rests  on  the  bed  and  has  a  bearing  against 

the  vertical  grinding  surface  as  in  the  case 

of  the  support  B  in  Fig.  2. 

Boring  Steadyrest 

In  order  to  insure  accuracy,  the  steadyrest 
shown  at  C  in  Fig.  1  must  be  bored  in  posi- 
tion, and,  furthermore,  each  steadyrest  must 
be  bored  in  position  on  its  own  lathe.  This 
work  is  accomplished  by  a  special  cutter- 
head  or  boring  head  shown  in  Fig.  3.  This 
cutter-head  is  provided  with  a  tool  0,  which 
is  adjustably  mounted  on  the  carrier  A. 
This  carrier,  in  turn,  is  a  sliding  fit  along 
the  cylinder  B,  which  is  mounted  on  the 
spindle  nose.  The  feeding  mechanism  is 
operated  on  the  star  wheel  principle,  as  indi- 
cated in  the  illustration.  The  steadyrest  is 
shown  out  of  its  true  position  so  that  the 
details    of   the    boring   head    may    be    more 

clearly  apparent.     The  steadyrest  is  supplied  with  a  bushing 

that  may  be  renewed  at  any  time  when  worn. 

Turning  Chuck  Steadyrest  Bearing  Surface 
That  part  of  the  chuck  which  runs  in  the  steadyrest  must 
also  be  turned  in  position,  as  any  error  made  in  fitting  the 
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Fig.    4.     Test   Pieces   used 


determining   Accuracy  of   Actual   Machining 
Operations 


Fig.  2.     Spindle  Allgninc  Tools  used  In  testing  Sbell-borlng  Lathe 


thread  of  the  chuck  to  the  nose  of  the  spindle  would  be  con- 
siderably exaggerated  at  the  outer  end  of  the  chuck.  It  is- 
important,  therefore,  that  the  turning  should  be  done  on  the 
lathe  on  which  it  is  to  be  used,  so  that  accuracy  will  be  as- 
sured. The  same  tool  which  is  used  for  boring  out  the  steady- 
rest is  employed  in  turning  the  bearing  mentioned,  the  tool 
being  clamped  to  the  bed  of  the  machine  for  the  purpose  and 
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the  star  feed  dog  attached  to  the  chuck  to  provide  the  neces- 
sary feed  movement. 

Boring-  and  Testing  Chuclc 

After  the  chuck  and  steadyrest  have  been  applied  to  the 
machine,  it  is  necessary  to  bore  the  inside  of  the  chuck  for  a 
distance  of  about  6  inches  from  the  rear  end,  this  bored  por- 
tion later  receiving  a  bushing  machined  to  the  proper  shape 
to  center  and  support  the  nose  end  of  the  shell.  In  order  to 
know  that  the  boring-bar  is  properly  set  to  bore  this  hole 
straight,  a  test  cylinder  X  shown  in  Fig.  4  is  first  bored.  The 
cylinder  collars  Y  and  Z  must  show  that  the  bore  is  parallel 
or  at  least  that  it  will  not  be  small  on  the  front  end.  Natu- 
rally, the  bore  in  the  chuck  is  tested  for  accuracy  during  the 
machining  process. 

Final  Test 

The  final  test  of  the  machine  is  to  bore  a  shell  in  order  to 
see  that  the  alignment  is  within  the  permissible  limits  of  error 
and  that  the  curve  of  the  nose  on  the  shell  is  properly  formed. 
For  this  purpose  a  cast-iron  test  shell  W  is  used,  this  shell 
having  a  flange  A  which  fits  the  bored  portion  of  the  chuck, 
thus  giving  practically  the  same  support  which  the  forged  shell 
receives.  The  diameters  of  the  collars  B  are  measured  in  order 
to  determine  that  the  straight  bore  is  parallel  and  cylindrical. 
The  curve  on  the  nose  of  the  shell  is  measured  by  an  accu- 
rately made  templet  shown  at  U  in  Fig.  4,  this  templet  having 
two  feet  E  and  F  which  rest  at  the  points  C  and  D  in  the  shell. 
The  amount  of  error  in  the  curve  is  determined  by  thickness 
gages.  By  using  the  test  shell  with  segments  cored  out  as 
shown,  yet  having  the  heavy  collars  as  braces,  a  strong  piece  is 
obtained  to  which  the  templet  may  be  applied  at  any  time  with- 
out sawing  out  a  section.  This  piece  can  be  quickly  bored  and 
may  also  be  rebored  a  great  many  times,  so  that  its  economy 

is  apparent. 

*     *     * 

A.  S.  C.  E.  TO  SHARE   ENGINEERING 
SOCIETIES   BUILDING 

The  American  Society  of  Civil  Engineers  has  voted  to  ac- 
cept the  offer  of  the  United  Engineering  Society  to  become  an 
equal  partner  with  the  three  founder  societies,  the  American 
Institute  of  Electrical  Engineers,  the  American  Institute  of 
Mining  Engineers  and  the  American  Society  of  Mechanical 
Engineers,  in  ownership,  occupancy  and  administration  of  the 
Engineering  Societies  Building  and  all  other  activities  which 
the  societies  may  jointly  undertake.  Thus  is  the  hope  of 
Andrew  Carnegie,  the  donor  of  the  building,  fully  realized — 
that  the  building  should  become  the  home  and  headquarters 
of  the  engineering  profession  in  America. 

Three  stories  will  be  added  to  the  top  of  the  Engineering 
Societies  Building,  and  planned  for  the  extension  of  the 
library  and  for  the  use  of  the  A.  S.  C.  E.  .  The  cost  will  not 
exceed  $250,000.  The  arrangement  with  the  A.  S.  C.  E.  is  to 
permit  it  to  reimburse  the  United  Engineering  Society  for  the 
cost  of  the  enlarged  building,  this  sum  being  substantially  the 
same  as  the  amount  paid  by  the  founder  societies  originally 
for  their  participation  in  the  enterprise.  Thus  all  four  so- 
cieties enter  upon  the  same  basis  and  share  equally  in  all 
respects. 

Ten  years  ago,  when  the  Engineering  Societies  Building 
was  constructed,  the  A.  S.  C.  E.  was  invited  by  Mr.  Carnegie 
to  be  a  founder  society  in  the  building.  The  society  decided 
at  that  time  not  to  accept  the  offer,  however,  but  to  continue 
to  occupy  its  own  house  on  57th  St.,  which  it  had  built  about 
ten  years  earlier. 

At  the  time  of  the  undertaking  of  the  founder  societies, 
there  was  doubt  as  to  the  success,  financially  and  technically, 
of  the  scheme  for  associating  several  societies  in  one  building. 
The  construction  and  dedication  of  the  building  were  looked 
upon  by  some  as  the  first  steps  of  a  severe  trial  of  the  man- 
agement of  the  societies.  Many  questioned  whether  the  three 
participating  societies  in  Mr.  Carnegie's  gift  would  live  to- 
gether in  harmony  and  be  able  to  carry  out  the  plans  sug- 
gested. Some  questioned  the  feasibility  also  of  uniting  the 
three  independent  libraries  of  the  societies  into  one  joint 
library,  useful  to  members  of  any  of  the  three  societies  for 


research  and  consultation.  Some  did  not  see  how  the  housing 
of  the  three  national  societies  and  several  minor  associations 
under  one  roof  would  bring  about  the  desirable  closer  co- 
operation of  the  various  members  of  the  profession  without 
at  the  same  time  causing  some  of  the  organizations  to  be 
"swallowed  up"  by  some  of  the  others. 

The  experience  of  ten  years  has  shown  that  all  these  criti- 
cisms of  the  project  have  become  groundless.  The  financial 
stability  of  the  Engineering  Societies  Building  is  now  fully 
established.  The  building  represents  auMnvestment  of  practi- 
cally $2,000,000.  The  societies  own  it  free  of  all  encumbrance, 
and  have  in  addition  over  $70,000  in  a  separate  reserve  fund 
to  provide  for  depreciation  and  amortization.  Each  society 
has  itself  prospered.  The  American  Society  of  Civil  Engineers 
will  now  pay  about  $225,000  for  the  addition  to  the  building, 
and  each  of  the  four  founder  societies  will  then  hold  an  equity 
in  the  property  of  over  half  a  million  dollars. 

Eighteen  societies,  including  the  three  original  founder  so- 
cieties, now  make  the  building  their  headquarters.  Each  is 
under  its  own  management  absolutely,  and  all  live  in  inde- 
pendence and  harmony.  Frequent  conferences  are  held  in 
matters  pertaining  to  the  welfare  of  the  engineering  profes- 
sion as  a  whole.  With  the  civil  engineers,  the  total  member- 
ship represented  in  the  building  will  be  52,677,  as  shown  by 
the  following  figures  of  present  membership  of  the  resident 
societies: 

American    Society  of  Civil  Engineers 8022 

American  Institute  of  Electrical  Engineers 8308 

American  Institute  of  Mining  Engineers 5597 

The  American  Society  of  Mechanical  Engineers 7149 

Aeronautical  Society  of  America 200 

American   Society   of   Heating  and   Ventilating   Engi- 
neers       705 

American  Gas  Institute 1530 

Association  of  Edison  Illuminating  Companies 73 

American  Institute  of  Aeronautical  Engineers 121 

Empire  Gas  and  Electric  Association 115 

Illuminating   Engineering   Society 1350 

Municipal  Engineers  of  the  City  of  New  York 600 

National  Electric  Light  Association 14,000 

National  Association    of   Engine    and    Boat    Manufac- 
turers        175 

New  York  Electrical  Society 705 

Society  for  Electrical  Development 1128 

Society  of  Naval  Architects  and  Marine  Engineers!.!     900 

Society  of  Automobile  Engineers 1975 

U.  S.  Naval  Consulting  Board ! ! ! ! !       24 

The  joint  library  of  the  United  Engineering  Society  has  in 
ten  years  become  the  greatest  and  potentially  the  most  useful 
engineering  library  in  the  world.  Accessions  are  now  being 
made  at  the  rate  of  three  thousand  annually,  and  the  collec- 
tion amounted,  at  the  time  of  the  last  annual  report  of  the 
library  board,  to  over  62,500  volumes.  At  that  date,  1020  pub- 
lications were  being  received  periodically,  and  current  num- 
bers of  over  1000  periodicals  were  on  file  upon  the  shelves  in 
the  reading  room  so  as  to  be  readily  accessible.  The  consolida- 
tion of  the  valuable  A.  S.  C.  E.  library  with  the  others  will 
enlarge  the  scope  of  the  library  so  that  it  will  become  of  use 
to  any  member  of  the  entire  engineering  profession. — Journal 
A.   S.  M.  E. 

*     *     * 

HARDENING  IN  ELECTRIC  FURNACES 
The  latest  electric  furnaces  cost  about  the  same  to  oper- 
ate as  gas  furnaces  when  the  current  is  3\-i  cents  per  kilo- 
watt and  the  gas  is  80  cents  per  thousand  cubic  feet,  the 
gas  having  about  600  B.T.U.  per  cubic  foot.  One  concern 
having  electric  furnaces  using  current  at  1%  cents  per  kilo- 
watt gets  its  work  hardened  at  a  cost  of  about  one-fourth 
cent  a  pound.  But  even  if  the  cost  were  higher  than  with 
gas  there  is  the  great  advantage  of  perfect  control.  An 
autographic  record  of  the  rise  in  temperature  clearly  indi- 
cates the  critical  point  in  the  curve,  and  when  the  tempera- 
ture has  risen  a  few  degrees  above  as  shown  by  the  re- 
corder the  charge  is  removed.  Thus  the  hardener  has  an 
infallible  guide,  provided  the  pyrometers  are  checked  daily 
and  each  heat  is  recorded.  Inspection  is  checked  against 
these  records  and  each  lot  of  steel  is  tested  before  fixing 
the  temperature  for  quenching.  By  such  exact  methods  do 
modern  plants  insure  that  work  shall  be  uniform  in  hardness. 
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DEVELOPMENT  OF  DIES.  TOOLS  AND  METHODS  FOR  THIS  WORK  BY  THE  WORCESTER  PRESSED  STEEL  CO. 


Tmo  iirst  orders 
retoived  in  this 
country  for  mu- 
nitions were  taken  by 
many  concerns  that 
dill  not  appreciate  the 
difficulties  attending 
the  production  of  this 
class  of  work.  Many 
manufacturers  without 
previous  experience  in 
the  production  of  mu- 
nitions took  orders 
which  proved  very  un- 
satisfactory, while 
others,  after  consider- 
able delay  and  ex- 
pense, were  finally 
able  to  make  dellver- 
aes.  The  number  of 
concerns     that     met 

with  the  anticipated  success  were  few,  and,  as  might  be  ex- 
pected, were  those  that  possessed  special  ability  in  similar 
classes  of  work.  One  of  the  successful  concerns  Is  the 
Worcester  Pressed  Steel  Co.,  Worcester,  Mass.,  which  for  years 
lias  made  a  specialty  of  sheet  metal  stamping  products.  Or- 
ders placed  with  this  firm  for  1,300,000  4.5-inch  British 
howitzer  cartridge  cases  have  been  successfully  filled  in  two 
weeks  less  than  the  time  specified.  This  Is  one  of  the 
few  contracts  for  munitions  let  in  this  country  which  has 
been  completed  ahead  of  the  date  set,  by  far  the  greater  num- 
ber being  long  over-due. 

The  solution  of  the  problems  of  production  was  not  by  any 
means  simple,  and  at  least  one  month's  time  was  taken  to 
analyze  the  proposition  before  any  work  was  started.  When 
the  plan  of  procedure  was  decided  upon,  all  the  dies,  tools  and 
fixtures  were  ready  for  operation  inside  of  six  weeks,  and  in 


^  CONTRACTORS  INITIALS  OR   RECOGNIZED  TRADE  MARK 
^   YEAR  OF  MANUFACTURE 


Fig.    1.     British  4.5-inch  Howitzer  Cartridge   Case 


*  For  information  on  cartridge  case  manufaoturo  previously  published  in 
Machinery,  see  "High-explosive  Shell  Cartridge  Cases,"  December,  1915; 
"Making  Cartridge  Cases,"  April,  191.5:  "Loading  and  Clipping  Cartridges," 
May,   1914.  and  articles  there  referred  to. 


two  months'  time  ship- 
ments for  testing  were 
started.  The  original 
lay-out  was  planned  to 
handle  4000  cartridge 
cases  in  twenty-four 
hours,  and  this  was 
done  without  putting 
up  any  additional 
buildings,  and  with  the 
purchase  of  only  a 
few  special  machines, 
such  as  heading 
presses,  drill  presses 
and  turret  lathes.  In- 
side of  six  months  10,- 
000  cartridge  cases 
were  being  turned  out 
in  twenty-four  hours 
with  the  equipment 
that  was  laid  out  for 
handling  4000.  The  only  reason  why  such  an  increase  was 
made  was  the  systematic  way  in  which  the  work  was  handled, 
as  will  be  explained  later.  Another  remarkable  thing  is  that 
not  one  cartridge  case  has  been  rejected  by  the  government 
inspectors  at  the  proving  grounds  for  failing  on  firing  test, 
and  in  this  plant,  before  the  order  was  finally  completed,  the 
percentage  of  scrap  was  214,  and  it  never  exceeded  6.  Of 
course,  there  are  many  reasons  why  this  proposition  was  so 
successfully  worked  out,  and  in  the  following  a  few  of  these 
will  be  covered,  especially  those  pertaining  to  the  design  and 
construction  of  the  tools  and  the  methods  of  systematically 
routing  the  work. 

Requirements  that  had  to  be  Met 

The  following  are  some  of  the  principal  requirements  and 
specifications  to  which  the  cartridge  case  must  be  made: 
(1)  It  must  be  made  to  certain  dimensions  within  specified 
limits.  (2)  It  must  be  of  a  certain  hardness  both  on  the  head 
and  on  the  walls.     (3)  It  must  have  a  certain  ductility.     (4)  It 
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Fig.  2.     Diagram  illustrating  Sequence  of  Cupping  and  Redrawing  Operations,  showing  Shapes  of  Dies  used  and  Distribution  of  Material 


September,  1916 


MACHINERY 


41 


must  be  capable  of  resisting  an  excess  charge  and  used  for 
firing  three  shots;  that  is,  it  must  be  capable  of  withstanding 
three  firings  without  being  destroyed.  (5)  It  must  be  free 
from  all  surface  imperfections,  such  as  cracks,  flaws,  etc.  An- 
other requirement  demanded  is  that  the  case  during  its  manu- 
facture must  receive  a  certain  number  of  annealings.  In  other 
words,  the  number  of  annealings  must  not  be  less  than  five. 
To  produce  a  cartridge  case  under  these  conditions  is  not 
as  easy  as  it  might  seem,  and 
satisfactory  results  are  possi- 
ble only  by  careful  considera- 
tion of  the  work  that  must  be 
accomplished  and  the  require- 
ments that  must  be  obtained, 
and  making  suitable  provision 
for  meeting  them. 

Method  of  Analyzing' 
Operations 

When  the  Worcester  Pressed 
Steel  Co.  took  the  contract  for 
the  manufacture  of  this  cart- 
ridge case,  it  proceeded  to 
analyze  the  various  opera- 
tions by  the  same  method  as 
would  be  followed  on  any  reg- 
ular contract  work.  The  draw- 
ing of  the  cartridge  ease  was 

carefully  gone  over  and  the  method  of  procedure  outlined. 
The  size  of  the  blank  recognized  as  being  standard  for  this 
particular  case  was  6  inches  diameter,  0.380  inch  thick.  After 
several  experiments,  it  was  found  that  a  6-inch  blank  left  too 
much  scrap,  and  a  blank  5%  inches  diameter  was  decided  upon. 
Another  question  that  had  to  be  settled  was  the  size  and 
shape  of  the  cup.  Upon  referring  to  Fig.  1,  which  shows  a 
drawing  of  the  completed  case,  it  will  be  seen  that  practically 
no  material  is  to  be  taken  from  the  head  of  the  case;  in  fact, 
additional  material  has  to  be  collected  to  form  the  head,  espe- 
cially at  the  corners.  This  means  that  a  comparatively  thick 
blank  has  to  be  drawn  up  into  a  very  shallow  cup  and  then 
the  metal  in  the  walls  stretched  to  the  required  length  with- 
out taking  any  more  material  from  the  corners.  To  meet  this 
condition  it  was  necessary  that  in  no  redrawing  operation 
should  the  punch  bear  on  the  bottom  of  the  cup,  but  should 
hit  the  inside  of  the  cup  so  that  the  metal  was  confined  at  the 
point  where  the  contact  was  made  in  such  a  way  that  no 
material  was  drawn  from  the  base  to  form  the  extended  walls. 
In  other  words,  the  metal  existing  in  the  walls  was  to  be 
stretched  until  the  desired  length  was  attained.  Another  diffi- 
culty was  the  handling  of  such  a  shallow  cup  of  large  diam- 
eter. Great  trouble  was  experienced  in  preventing  the  blank 
from  tipping  to  one  side.  This  was  finally  solved  by  the  use 
of  a  center  in  the  cupping  punch  which,  as  shown  in  Fig.  2, 
centers  the  blank  accurately  when  it  is  being  drawn  through 
the  die  for  the  first  operation.  Of  course  this  die,  not  having 
a  blank  holder,  was  provided  with  a  circular  guide  around  its 


Fig.   3.     Diagram  illustrating  Action  that  takes  place  when  Cup  is  forced 

through  Redrawing  Die — this  illustrates  Relation  of  Cup  to  Die 

before    Second   Redrawing   Operation 


top  face  in  which  the  blank  was  accurately  centered.  Six 
blanks  were  made  before  the  exact  shape  of  the  dies  and 
punches  was  obtained,  and  considering  the  difficulties  encoun- 
tered, this  result  is  remarkable.  One  of  the  greatest  difficulties 
experienced  was  in  getting  the  metal  to  flow  in  the  right 
direction. 

Controlling-  Flow  of  Metal 

Starting  with  the  operations  in  the  order  in  which  they  . 
are  accomplished,  the  follow- 
ing are  a  few  of  the  diffi- 
culties that  were  encountered. 
In  the  first  place,  it  was  found 
that,  owing  to  the  shallow- 
ness of  the  cup  required,  great 
difficulty  was  experienced  in 
keeping  the  blank  from  slid- 
ing and  tipping  during  the 
cupping  operation.  To  over- 
come this  difficulty,  the  first 
cupping  punch,  as  previously 
mentioned,  was  provided  with 
a  teat  as  shown  at  B  in  Fig.  2, 
which  produced  a  correspond- 
ing hole  in  the  blank  and  thus 
centered  it  before  the  actual 
cupping  took  place.  It  was  also 
found  that  the  metal  drew 
much  more  evenly  when  the  blank  was  located  in  the  cupping 
die  with  the  rounded  edge  up. 

After  several  cups  had  been  made  it  was  found  that  the 
thickness  of  the  blank  was  slightly  less  than  that  actually 
required  to  produce  the  case  most  easily.  In  order  to  get  suffi- 
cient material  in  the  base,  the  cupping  punch  was  "domed" 
and  made  considerably  larger  than  the  difference  between  the 
diameter  of  the  die  minus  twice  the  thickness  of  the  metal. 
(This  is  clearly  shown  at  B  in  Fig.  2.)  In  other  words,  the 
thickness  of  the  walls  of  the  cup  was  reduced  to  about  one- 
half  the  original  thickness  of  the  blank.  As  the  cup  was  so 
short  and  the  finished  wall  at  the  top  edge  comparatively 
thin,  sufficient  metal  could  be  gathered  in  this  way  for  re- 
drawing in  order  to  produce  a  case  of  the  required  shape. 
If  more  metal  had  been  used,  considerable  waste  of  stock  would 
have  been  Involved. 

Indenting-  and  Flattening 

In  ordinary  redrawing  operations  it  is  not  usually  necessary 
to  prevent  a  slight  flow  of  metal  from  the  base  of  the  cup.  In 
this  case,  however,  such  a  result  had  to  be  avoided,  and,  in 
fact,  additional  metal  had  to  be  forced  toward  the  lower  edges 
of  the  cup  in  order  to  furnish  sufficient  material  to  produce 
the  thickness  and  shape  of  head  required. 

In  order  to  prevent  the  metal  from  flowing  from  the  bottom 
of  the  cup,  the  indenting  operation  was  made  to  follow  the 
first  cupping  operation.  This,  as  shown  at  C  in  Fig.  2,  was 
accomplished  with  the  cup  inverted  and  the  indenting  punch 


Fig.   i.     Diagram  illustrating  Shape  of  Heading  Punches   and  Flow  of   Metal    in  Head  under  Pressure 
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Fig.   6.     Cupping.  Redrawing  and  Heading  Operations  on  Cartridge  Case 

SO  made  that  it  "squirted"  the  material  to  the  corner,  as  shown 
by  the  arrows,  packing  it  up  considerably. 

It  will  be  noticed  in  this  case  that  the  indenting  punch  re- 
duced the  thickness  of  the  metal  at  point  a  from  0.380  inch 
to  0.265  inch;  and  at  point  b  from  0.380  to  0.250  inch.  This 
resulted  in  the  displacement  of  considerable  material  which 
was  distributed  to  points  c  and  d.  A  reaction  took  place  at 
the  point  c,  so  that  as  soon  as  the  cup  was  removed  from  the 
die  the  material  at  the  point  mentioned  sprung  out  about 
1/32  inch. 

Difficulty  was  also  experienced  in  getting  a  sufficient  amount 
of  material  around  the  primer  pocket,  and  in  getting  the 
proper  location  of  the  indent  for  heading.  In  making  the  lower 
indenting  punch,  the  recess  to  form  the  indent  was  made  with 
a  radius  1/32  inch  greater  than  that  called  for  on  the  drawing. 
This  allowed  this  amount  of  material  to  be  spread  out  in 
heading  so  as  to  harden  the  head  and  give  the  desired 
scleroscope  reading.  The  radius  on  the  inside  corner  was  also 
increased  from  1/2  to  9/16  inch,  which  provided  material  that 
could  be  spread  out  so  as  to  fill  up  the  corners  in  the  final 
heading  operation. 

The  amount  of  work  done  at  this  operation,  however,  was 
not  sufficient  to  distribute  the  required  amount  of  material 
to  point  c,  and  following  the  indenting  operation  a  flattening 
operation  was  accomplished.  This  is  shown  at  D  in  Fig.  2, 
and  was  handled  with  the  cup  in  the  same  manner  as  that 
in  which  it  would  be  redrawn.  Instead  of  forcing  the  cup, 
however,  through  a  die,  which  in  this  case  was  simply  a 
retaining  ring,  it  was  butted  down  against  a  flat,  hardened 
punch.  The  upper  flattening  punch  was  so  made  that  the 
greatest  pressure  exerted  was  directly  in  the  corners,  result- 
ing in  throwing  the  material  down  %  inch  further;  that  is, 
the  point  where  the  radius  joins  the  plain  exterior  surface  of 
the  cup  was  thrown  down  to  this  amount.     These  two  opera- 


Fig.   6.     Shape  of  Case  after  cupping  and  indenting 

tions  were  found  to  give  the  required  amount  of  material  in 
the  corners,  but  in  the  subsequent  operations,  of  course,  care 
was  taken  not  to  disturb  it.  Referring  to  D  in  Fig.  2,  it  will 
be  noticed  that  the  flattening  punch  bears  only  in  the  corner 
and  is  relieved  at  all  other  points. 

Redrawing  Operations 

An  annealing  operation  takes  place  between  the  indenting 
and  flattening  operations,  as  will  be  described  in  detail  later. 
The  cup  is  taken  directly  from  the  flattening  to  the  first  re- 
drawing operation.  In  the  first  redrawing  operation,  shown 
at  E  in  Fig.  2,  it  will  be  noticed  that  the  walls  of  the  cup  are 
extended  very  little  and  it  is  reduced  3.27  per  cent  (see  Table 
II),  which  is  considerably  less  than  usual  in  ordinary  re- 
drawing operations.  Generally  the  reduction  varies  all  the 
way  from  8  to.  20  per  cent,  sometimes  even  more,  depending 
on  the  thickness  and  character  of  the  material.  In  this  case 
it  will  be  noticed  that  the  reduction  is  comparatively  slight. 
The  reason  for  this  is  that  an  endeavor  is  made  to  coax  the 
material  to  flow  upward  without  disturbing  the  material  in 
the  base,  and  especially  at  the  corners.  Reference  to  Fig.  3 
will  show  that  the  punch,  in  starting  to  draw  the  cup,  bears 
only  in  the  corners,  the  pressure  being  greatest  at  a  point 
about  Ys  inch  higher  than  where  the  cup  contacts  with  the 
drawing  angle  in  the  die.  In  this  way  only  the  material  in 
the  walls  of  the  cup  is  extended,  the  thickness  of  the  metal 
In  the  bottom  and  at  the  corners  being  unchanged. 

Considerable  trouble  was  experienced  in  getting  the  cup 
to  draw  correctly  in  this  operation.  In  the  first  die  a  round 
corner  was  tried  similar  to  that  used  for  cupping,  but  it  was 
found  that  the  metal  shot  under  the  punch  and  did  not  leave 
sufficient  material  to  extend  the  walls  to  the  required  length. 
Next  an  entrance  angle  of  15  degrees  was  tried,  but  this  gave 
results  that  were  unsatisfactory.    Finally  the  angle  A,  Fig.  3, 


TABLE  I.   OPERATIONS  ON  BRITISH  4.5-INCH  HOWITZER  CARTRIDGE    CASE 


o 

Operation 

Machine    Used 

Lubricant 

1 

P 

i 

.2  5 
II 

i 

OS 

1 

Cup 

Bliss  12"  stroke 

Lube-a-Tube 

2 

525 

2 

Indent 

1000    ton   Toledo 
knuckle    press 

Lube-a-Tube 

1 

500 

3 

Anneal,    pickle    and    wash 

Rockwell 

1250 

40 

Water 
cooled 

3 

600 

4 

Flatten 

Toledo  8"  stroke 

1 

1100 

5 

First  redraw 

Toledo  8"  stroke 

Lube-a-Tube 

2 

900 

6 

Wash 

Washing  tank 

1 

700 

7 

Anneal,  pickle  and  wash 

Rockwell 

1250 

40 

Water 
cooled 

3 

500 

8 

Second  redraw 

Bliss   12"   stroke 

Lube-a-Tube 

2 

550 

9 

Wash 

Washing   tank 

1 

540 

10 

Anneal,  pickle  and  wash 

Rockwell 

1250 

40 

Water 
cooled 

3 

500 

11 

Third   redraw 

Bliss   12"   stroke 

2 

550 

12 

Wash 

Washing   tank 

1 

540 

13 

Anneal,  pickle  and  wash 

Rockwell 

1250 

40 

Water 
cooled 

3 

500 

14 

Fourth  redraw 

Bliss   12"   stroke 

Lube-a-Tube 

2 

500 

15 

Trim 

Trim.    mach. 

400 

Ifi 

Wash 

Washing   tank 

1 

500 

17 

Anneal,  pickle  and  wash 

Rockwell 

1250 

20 

Water 

3 

500 

18 

Fifth  redraw 

Bliss   12"   stroke 

2 

450 

19 

Trim 

Trim.   mach. 

1 

400 

?.() 

Wash 

Washing    tank 

1 

600 

21 

Head 

13.';0-ton    Toledo 
knuckle  joint  press 



.... 

2 

500 

?.?. 

Trim 

Trim.    mach. 

450 

n 

Pierce  hole 

Toledo  5"  press 

700 

?A 

Taper 

Bliss  6"  stroke 

Lube-a-Tube 

700 

?.?, 

Inspect 

Gages 

500 

26 

Rough-face,    form,   chamfer,    finish-face, 

drill,   back-face,  recess,   tap, 

counterbore    and   trim 

No.    4   Warner 
&    Swa.sey 

Soap  and  water 

70 

?.^ 

Finish-tap 

Snyder    drill    press 

Soap  and  water 

530 

28 

Finish-ream   and   counterbore 

Barnes    drill    press 

Soap  and  water 

530 

2<» 

Back-burr 

Barnes    drill    press 

Soap  and  water 

630 

30 

Inspect 

Gages 

60 

31 

Wash  and  dry 

Soda   tanks 

1 

1200 

32 

Stamp 

Noble  &  Westbrook 

1 

1300 

33 

Pack  100  in  box 

1 

1300 

1      u 
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TABLE  II. 


Operation 


Blank     

Cup    

First  redraw... 
Second  redraw. 
Third  redraw.. 
Fourth  redraw. 
Fifth    redraw.  .. 


5 


.").875 
5.190 
5.020 
4.898 
4.800 
4.725 
4.718 


was  increased  to  20  degrees, 
which  proved  to  be  satisfac- 
tory. This  gave  a  more  abrupt 
angle  which  resulted  in  shoot- 
ing the  metal  upward  instead 
of  downward.  It  was  also 
found  that  the  die  worked 
best  when  the  point  B,  .where 
the  angle  joins  the  straight 
portion  of  the  die,  was  pro- 
vided with  a  very  slight  ra- 
dius, just  sufficient  to  remove 
the  sharp  corner.  "When  this 
point  on   the  die  wore   down 

to  a  radius  of  about  3/32  inch,  the  metal  again  began  to  shoot 
under  the  punch.  After  the  first  redraw  and  before  anneal- 
ing and  pickling,  the  cup  is  washed.  It  is  then  rinsed  in  cold 
water  and  passed  on  to  the  second  redrawing  operation.  This, 
as  will  be  noticed  at  F  in  Fig.  2,  extends  and  thins  the  walls 
of  the  cup  considerably.  The  punch,  as  before,  bears  only  in 
the  corner,  so  as  not  to  disturb  the  material  in  the  base  of 
the  cup.  In  this  case  the  drawing  angle  on  the  die  is  made 
15  instead  of  20  degrees.  There  are  two  reasons  why 
the  angle  was  reduced.  In  the  first  place,  the  percentage  of 
reduction  is  considerably  less;  and  in  the  second  place,  more 
drawing  surface  is  necessary  to  stretch  the  metal  evenly. 

The  shape  of  the  end  of  the  cup  has  a  considerable  bearing 
on  the  angle  required  on  the  edge  of  the  drawing  die.  For 
instance,  the  first  redrawing  die  was  made  with  a  drawing 
angle, of  20  degrees.  Reference  to  Fig.  2  will  show  that  after 
the  flattening  operation  the  radius  was  lowered  over  %  inch; 
that  is,  the  point  where  the  radius  merges  with  the  cylindrical 
part  of  the  body  was  dropped  that  amount  during  the  flat- 
tening operation.  It  was  found  that  a  slight  angle — in  other 
words,  15  degrees — on  the  drawing  die  carried  the  point  of 
contact  up  higher  on  the  case  and  started  out  with  a  smaller 
amount  of  material  to  stretch  than  was  the  case  when  the 
angle  was  greater  or  where  the  leading  part  of  the  die  was 
made  with  a  more  obtuse  angle.  The  die  for  the  third  re- 
drawing operation  is  similar  in  shape  to  that  used  for  the 
second  redrawing  operation,  but  the  reduction  is  slightly 
less  in  this  case,  being  2  per  cent  instead  of  2.43  per  cent. 


DATA   ON   CUPPING  AND  REDRAWING 
OPERATIONS 


0.685 
0.170 
0.122 
0.098 
0.075 
0.007 


4.17 
3.27 
2.43 
2.00 
1.56 
0.148 


1  1/2 

1  7/8 

2  3/4 

3  3/4 

4  1/4 

5  3/16 


ssa 


5.197 
5.02S 
4.906 
4.806 
4.730 
4.722 


0.007 
0.008 
0.008 
0.006 
0.005 
0.004 


In  the  fourth  and  fifth  re- 
drawing operations  two  ob- 
jects are  necessary:  first,  to 
draw  the  walls  of  the  case  to 
the  desired  length  and  tfiick- 
ness;  and  second,  to  obtain 
the  desired  resiliency  in  the 
material.  This  was  obtained 
in  the  following  manner.  The 
case  after  the  fourth  redraw- 
ing operation  was  annealed  to 
a  temperature  of  1250  degrees 
F.  for  twenty  minutes  instead 
of  forty,  as  was  the  case  in  all 
other  annealing  operations,  and  the  same  punch  was  used  for 
the  fifth  redrawing  operation  as  that  used  for  the  fourth, 
the  reduction  being  in  the  die  only.  This  ironed  out  the  case 
to  the  required  thickness  and  length  and  secured  the  desired 
resiliency. 

Heading-  Operations 

The  operation  of  heading  is  accomplished  on  two  different 
types  of  presses — hydraulic  and  knuckle  power  presses.  In 
the  hydraulic  press,  two  heading  operations  are  necessary, 
whereas  in  the  toggle  joint  press  three  blows  are  required  to 
bring  the  head  to  the  desired  shape  and  thickness.  In  Fig.  4 
the  toggle  joint  press  method  of  heading  is  illustrated.  In 
this  case,  it  will  be  noticed  that  the  heading  punches  are  so 
made  that  the  action  is  to  "squirt"  the  metal  toward  the  rim. 
For  the  second  operation,  the  angle  of  slope  on  the  end  of  the 
heading  punch  is  slightly  less  than  the  first,  and  in  the  last 
operation  the  angle  is  forty-five  minutes.  This  makes  a  head 
which  is  slightly  concave,  but  as  it  is  finished  fiush  by  ma- 
chining in  subsequent  operations,  the  concavity  does  not  make 
any  difference.  This  method  of  beveling  the  heading  punches 
is  found  necessary  in  order  to  place  the  metal  at  the  rim. 
The  pressure  required  for  heading  is  1350  tons.  Reference  to 
Fig.  4  will  show  that  the  lower  face  of  the  various  heading 
punches,  with  the  exception  of  the  last,  is  provided  with  an 
annular  groove.  The  object  of  this  groove  is  to  allow  the 
metal  to  pack  up  at  this  point  in  order  to  get  a  smooth  surface 
on  the  under  side  of  the  head  in  the  final  flattening  operation. 
The  flattening  action,  it  will  be  noticed,  is  greatest  between 
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Fig.    7.     First    Operation    on    Cartridge    Case — Cupping — which    is    handled 
in  a  Bliss  12-inch  Stroke  Press  at  the  Rate  of  525  per  Hour 


Fig.    8.     Fifth  Bedrawing   Operation  which  is  handled  in   a   Bliss   12-lnch 
Stroke  Press  at  the  Rate  of  450  per  Hour 
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Fig.    9.     Heading    Cartridge    Case    in    Toledo    1350-ton   Press— Three    Blows 

are  required  to  finish  Case  and  Two  Operators  attend  to  the  Machine, 

One  indexing  the  Punches  and  the  Other  inserting  and  removing 

the   Cases.     Production   is   600   per  Hour 

the  two  radii  a  and  h;  this  tends  to  cause  a  wrinkle  to  be 
formed  on  the  under  surface  located  between  these  points, 
which  is  avoided  by  providing  a  groove  in  the  lower  face  of 
the  upper  punch.  The  shape  and  size  of  this  groove  were  de- 
termined by  experiment,  and  the  dimensions  shown  at  A  and  B 
were  found  satisfactory. 

Seqtuence  of  Cupping-.  Annealing.  Redrawing  and 
Heading'  Operations 
Fig.  5  shows  the  sequence  of  cupping,  redrawing  and  head- 
ing operations  that  were  followed  in  the  production  of  this 
cartridge  case,  and  Table  I  lists  the  sizes  of  the  machines 
used,  lubricant,  furnace,  temperatures  in  degrees  for  anneal- 
ing, time  of  annealing,  cooling  bath,  number  of  operators, 
number  of  helpers  and  production  per  hour.  Table  II  gives 
the  approximate  data  covering  the  dimensions  of  the  dies  used, 
reduction  between  each  redrawing  operation  in  inches  as  well 
as  per  cent,  and  difference  between  the  diameter  of  the  die 
and  the  diameter  of  the  case  produced  by  it,  etc.  This  case 
is  made  from  brass  of  a  composition  about  70  per  cent  copper, 


;iO  per  cent  zinc.  This  percentage  of  zinc  in  the  case  makes 
it  quite  hard  when  passed  through  redrawing  operations;  con- 
sequently there  is  considerable  spring  in  the  material,  and  the 
cup  produced  is  slightly  larger  than  the  hole  in  the  die  tlirough 
wliich  it  is  drawn.  The  diameter,  of  course,  varies  in  different 
cups,  depending  on  the  thickness  of  the  case  previous  to  draw- 
ing and  the  reduction  made.  The  enlargement  of  the  cup  over 
the  die  varies  between  0.002  and  0.00:i  inch  from  the  figures 
given   in   Table   II,  according  to   the  hardness  of  the  metal. 

Annealing,  Pickling  and  Washing 

For  annealing,  110  cups,  approximately,  are  placed  in  trays, 
five  of  which  are  put  in  a  Rockwell  under-fired  furnace, 
burning  fuel  oil  at  the  rate  of  seven  gallons  per  hour.  The 
temperature  of  the  furnace  is  kept  at  12.50  degrees  F.  and  the 
cups  are  allowed  to  anneal  for  forty  minutes,  then  removed 
and  cooled  in  water.  The  furnace  is  so  arranged  that  a  tray 
is  put  in  and  removed  every  eight  minutes.  After  cooling,  the 
cups  are  immersed  in  a  pickling  bath  composed  of  one  part 
sulphuric  acid  to  ten  parts  water.  This  solution  is  kept  at  a 
temperature  of  from  100  to  125  degrees  F.,  and  the  cups  are 
allowed  to  remain  in  it  for  from  four  to  five  minutes.  They 
are  then  removed  and  immersed  in  water  to  remove  all  traces 


Ring    Built-up    Type    of    Heading    Punches — this 
Type   of  Punch   that  proved   Satisfactory 


Fig.    11.     One    Type    of    Conveyor   System   used    which    carries    Cases    from 

Press  to  Machining  Department— Inspector  stands  at  End  of  Chute 

and  gages  Each  Case  as  it  comes  through 

Of  the  acid.     Before  annealing,  all  lubricant  and  dirt  is  re- 
moved from  the  cups  by  immersing  them  in  a  sal-soda  solution. 

Trimming  and  Tapering 

Trimming  of  the  ragged  edge  is  carried  on  between  the 
fourth  and  fifth  redrawing  operations,  after  the  fifth  redrawing 
operation,  and  after  heading.  After  heading,  the  hole  for  the 
primer  is  rough-punched  in  a  punch  press  and  the  body  is 
then  tapered  in  a  separate  die.  The  tapering  is  accomplished 
in  a  simple  die,  and  one  operation  finishes  the  case  to  the 
required  taper.  The  following  operations  consist  in  machining 
the  head,  primer  pocket  and  trimming  off  the  end,  after  which 
several  final  operations,  such  as  tapping  and  reaming,  back- 
burring,  etc.,  are  performed.  The  case  is  then  inspected, 
washed,  dried,  stamped  and  packed.  The  production  for  each 
operation,  as  well  as  the  number  of  operators  and  helpers 
required,  is  given  in  Table  I. 

Drawing  and  Heading  Tools 

Drawing  dies  in  all  cases  are  made  from  solid  blanks  of 
class  "C"  Colonial  steel  which  has  a  carbon  content  of  0.90 
to  1.05  per  cent.  The  blanks,  after  being  machined  to  the  desired 
shape,  are  hardened  in  a  strong  brine  solution— strong  enough 
to  fioat  a  raw  potato.  After  hardening,  the  die  is  allowed  to 
cool  off  in  the  bath,  then  removed  and  drawn  in  oil  at  a  tem- 
perature of  400  degrees  F.  to  remove  the  strains.  After  hard- 
ening, the  die  is  lapped  out  both  on  the  entrance  and  drawing 
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faces  and  is  good  for  producing  anywiiere  from  30,000 
to  40,000  cups  after  eacli  successive  hardening.  The 
first  cupping  die,  however,  produced  in  the  neighbor- 
hood of  50,000  cups  before  it  was  worn  too  large. 
Each  is  hardened  five  successive  times,  and  used  for 
the  next  larger  size,  before  it  is  found  that  the  steel 
develops  cracks  or  other  defects  which  prevent  its 
further  use.  The  punches  are  made  from  a  similar 
grade  of  material  and  are  hardened  and  drawn  in  a 
similar  manner. 

The  heading  die  ring  is  made  of  the  same  grade 
of  steel,  hardened  and  drawn,  whereas  the  upper  and 
lower  heading  punches  are  built  up  in  the  form  of 
rings  varying  from  li-^  to  I14  inch  in  thickness,  as 
shown  in  Fig.  10.  It  was  found  that  the  enormous 
pressure — 1350  tons — was  so  great  that  the  resistance 
of  a  solid  punch  was  not  sufficient  to  withstand 
this  pressure  for  any  length  of  time,  and  it  soon 
upset.  The  theory  advanced  was  that  the  steel  did 
not  harden  completely  through,  and  only  a  scale  of, 
say,  Ys  inch  or  more  of  very  hard  material  would 
form.  This  did  not  offer  sufficient  resistance  to  with- 
stand the  pressure,  and  upsetting  took  place.  With  a  punch  of 
the  ring  form  of  construction,  it  was  possible  to  secure  more 
uniform  hardening,  and  there  was  less  liability  of  upsetting. 


Fig.    13.     Final    Machining    Operations,    consisting    in    finish-reaming,    counter- 
boring,   tapping,   back-burring,   etc.     Production  at  Each   Operation 
is  at  the  Rate   of  530  per  Hour 

that  heading  punches  hardened  and  tempered  in  the  manner 
outlined  will  turn  out  from  50,000  to  100,000  cases.  They  do 
not  wear  in  this  time,  but  sometimes  swell  out,  which  makes 
them  unsuitable  for  use.  One  punch  has  been  used  for  heading 
over  1,000,000  cases  and  is  still  in  good  condition. 

Machining-  Cartridge  Case 

Machining  of  the  cartridge  case  is  performed  on  Warner  & 
Swasey  turret  lathes  and  Bullard  special  cartridge  case,  facing 
and  trimming  machines.  The  operations  performed  on  the 
Warner  &  Swasey  No.  4  screw  machine,  shown  in  Fig.  14,  are 
as  follows:  chuck,  rough-face,  form  and  chamfer,  finish-face, 
drill,  back-face,  recess,  tap,  counterbore,  and  trim  open  end 
with  a  special  trimming  tool.  The  cartridge  case  runs  at  a 
speed  of  400  R.  P.  M.,  except  for  the  forming,  which  is  done  at 
a  slower  speed  with  the  back-gears  thrown  in.  The  feed  for 
finish-facing  is  0.027  inch  per  revolution  of  the  work,  and  the 
production  is  seventy  per  hour  from  each  machine. 

After  these  operations  have  been  performed,  the  primer 
pocket  is  then  finish-reamed,  tapped  and  counterbored  in  drill- 


Fig.   12.     Inspecting  Thread  in  Primer  Pocket  and  gaging 

Some  of  these  sectional  punches  made  stood  up  for  producing 
about  1,000,000  cartridge  cases  and  are  still  in  good  condition. 
Class  "C"  Colonial  steel  was  also  used  for  the  heading  punches. 
This  had  a  carbon  content  varying  from  0.95  to  1.05  per  cent. 
After  machining,  the  sections  of  the  punch  were  heated  in  a 
Hoskins  electric  furnace  to  a  temperature  of  1500  degrees  F. 
which  required  anywhere  from  2^2  to  3  hours.  They  were 
then  dipped  in  a  strong  brine  solution  of  a  consistency  such 
as  to  float  a  raw  potato  and  were  left  in  this  until  cold.  They 
were  then  removed  and  put  in  pure  lard  oil  heated  to  a  tem- 
perature of  700  degrees  F.  After  cooling,  they  were  finally 
drawn  until  the  lard  oil  would  flash  when  placed  on  them. 
This  would  indicate  a  temperature  of  over  400  degrees  F. 
After  this,  the  punch  was  allowed  to  cool  in  the  air. 

It  might  be  of  interest  here  to  note  that  there  is  an  im- 
portant difference  between  the  behavior  of  fixed  and  mineral 
oils  (fixed  means  animal  or  vegetable).  Animal  or  vegetable 
oils  do  not  evaporate  and  no  vapors  are  given  off,  except  possi- 
bly traces  of  moisture,  on  heating  them  until  the  oils  become 
decomposed.  The  vapors  then  given  off  are  products  of  the 
destructive  distillation  of  the  oil,  which  requires  a  fairly  high 
temperature  to  bring  it  about,  and  consequently  the  flashing 
points  of  fixed  oils  are  high — over  400  degrees  F.  On  the  other 
hand,  all  mineral  or  hydro-carbon  oils  evaporate  when  heated, 
and  the  temperature  at  which  suflScient  vapor  is  given  off  to 
cause  a  flash  depends  upon  what  hydro-carbons  are  contained 
in  the  oil.  In  mineral  oils  the  flashing  point  varies  all  the 
way  from  150  to  400  degrees  F.,  and  sometimes  higher,  de- 
pending upon  the  amount  of  hydro-carbon.     It  has  been  found 


Fig.  14.     Machining  Head  and  Primer  Pocket  in  a  Warner 
Hand  Screw  Machine  at  the  Bate  of  Seventy  per 
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ing  iimchines,  as  shown  in  Fig.  13,  in  the  following  order: 
tinigh-tap,  speed  250  R.  P.  M.,  production  530  per  hour;  finish- 
ream  and  counterbore,  speed  200  R.  P.  M.,  production  530  per 
hour;  back-burr  the  primer  hole,  speed  300  R.  P.  M.,  produc- 
tion 530  per  hour. 

For  all  of  these  operations  the  cartridge  case  is  held  in  a 
pneumatic  chuck.  The  cartridge  case  now  passes  on  to  the 
Inspectors  shown  in  Fig.  12,  where  the  thread,  outside  diame- 
ter, etc.,  is  gaged.  If  the  threaded  hole  is  found  to  be  small, 
it  is  hand  tapped.  The  production  is  sixty  per  hour.  The 
case  is  now  washed  in  soda  water  and  rinsed  in  hot  water, 
after  which  it  is  dried  in  sawdust  and  buffed  on  a  buffing 
wheel.  The  next  operation  after  the  cartridge  case  comes 
from  the  government  inspectors  is  to  stamp  it  on  the  head  in 
a  Noble  &  Westbrook  stamping  machine,  shown  in  Fig.  15,  at 
the  rate  of  1300  per  hour.  This  machine  is  also  provided  with  a 
pneumatic  adjustable  holding  device  for  the  work,  which  facili- 
tates the  speed  at  which  the  stamping  is  accomplished.  The 
cartridge  case  is  then  put  onto  a  traveling  chain  and  is  car- 
ried to  a  point  where  it  is  packed  and  boxed,  as  shown  in 
Fig.  16.  The  cartridge  cases  are  packed  in  boxes  holding  100, 
in  a  similar  manner  to  that  used  for  packing  eggs.  The 
l)ox  measures  22  by  26y2  by  19  inches. 

Methods  of  Handling-  Work 

As  was  mentioned  in  the  introductory  part  of  this  article, 
the  Worcester  Pressed  Steel  Co.  planned  to  turn  out  4000  cart- 
ridge cases  in  twenty-four  hours,  and  eventually  turned  out 
10.000  in  this  time.  One  of  the  chief  reasons  why  such  an 
enormous  increase  in  production  was  possible  was  the  efficient 


sist  in  looking  over  the  cases  to  see  if  they  have  any  defects, 
as  well  as  gaging  them  to  determine  if  all  the  dimensions  are 
correct  and  up  to  specifications.  These  inspections  are  made 
both  by  plant  and  government  inspectors.  A  number  of  cart- 
ridge cases  are  selected  for  what  is  called  a  proof  test.  The 
requirements  are  that  six  out  of  every  twelve  hundred  are 
taken  for  a  proof  test.  This  consists  in  loading  the  cases 
three  times,  and  they  must  be  capable  of  resisting  the  enor- 
mous pressure  developed  by  the  smokeless  powder  after  thl-ce 
loadings.  One  of  these  six  cases  is  then  taken  and  put  through 
a  destructive  test.  When  the  government  inspectors  found 
that  the  cases  were  coming  good,  it  was  finally  decided  that 
three  out  of  forty-eight  hundred,  instead  of  six  out  of  twelve 
hundred,  would  be  sufficient  for  this  proof  test.  The  weight 
of  the  finished  case  is  two  pounds,  ten  ounces,  and  the  blank 
weighs  three  pounds,  so  that  only  six  ounces  are  removed  by 
trimming  and  machining.  D.  T.  H. 

*     *     * 

LEGAL  HOLIDAYS 

BY  WILLIAM  PHILIP* 

Have  any  of  the  readers  ever  stopped  to  consider  the  field 
that  is  opened  for  discussion  under  the  above  title?  Has  this 
subject  received  the  thought  and  consideration  which  it 
should  have,  especially  in  some  sections  of  the  country? 

We  have  been  standardizing  and  organizing  and  controlling 
all  sort  of  evils  (actual  and  fancied)  of  modern  industry.  It 
is  my  opinion  that  there  is  room  for  improvement  along  the 
line  of  legal  holidays.  There  is  no  system  or  regulation;  there 
are  a  few  holidays  which  are  celebrated  in  nearly  all  sections, 


Fig.     15.     stamping    Head    in    Noble    &    Westbroolj    Stamping    Machine — 
note   Conveyor  for  bringing   Cases   from   Inspector   to   Machine 

methods  used  in  handling  the  work.  Extensive  use  was  made 
of  conveyor  systems,  several  types  of  which  are  used.  In 
some  cases  only  a  plain  chute"  is  employed,  this  being  the 
method  followed  when  the  operations  are  performed  on  ma- 
chines located  at  close  distances.  Where  the  departments  in 
which  the  various  operations  are  accomplished  are  separated 
by  a  considerable  distance,  chain  conveyors  of  various  types 
are  brought  into  use.  For  instance,  the  final  punch  press 
operation  is  tapering,  and  after  tapering,  the  cartridge  case 
is  simply  put  on  a  conveyor  and  carried  directly  to  the  ma- 
chining department  which  is  in  a  remote  part  of  the  plant. 
Before  passing  on  to  machining,  however,  the  diameter,  length, 
etc.,  of  the  cartridge  case  is  inspected.  The  inspector,  as 
shown  in  Fig.  11,  stands  at  the  termination  of  this  chute  and 
picks  up  each  case  as  it  passes  through,  inspecting  it  at  the 
points  mentioned;  he  then  places  it  in  a  box  ready  for  passing 
on  to  the  various  machining  operations.  Owing  to  the  short 
distances  traveled  between  the  first  and  second  machining 
operations,  trucks  are  used  to  convey  the  box  of  cases  to  the 
various  machines.  After  this,  the  conveyor  system  is  again 
brought  into  use  for  carrying  the  cases  from  the  government . 
inspectors  to  the  stamping  machine,  and  then  from  the  stamp- 
ing machine  to  the  packing  department. 

Inspection  and  Tests 
All  cartridge  cases  receive  two  final  inspections,  which  con- 


Fig.    16.     Packing — note   Belt   Conveyor  for   carrying   Cartridge   Cases   from 
Stamping  Machine   to  Packing  Department 

but  there  are  quite  a  number  of  holidays  that  are  celebrated 
sectionally  or  locally,  sometimes  only  affecting  a  certain  town 
or  city.  For  instance,  if  a  group  of  men  get  together  and 
decide  that  the  town,  city  or  state,  as  the  case  may  be,  is  in 
need  ( ?)  of  another  holiday,  they  get  the  public  officials  and 
executives  to  appoint  committees,  declare  a  legal  holiday,  and 
the  lid   is  off. 

Here  is  where  some  of  the  dissatisfaction  and  confusion  ex- 
ists: Some  establishments  and  plants  recognize  the  holiday, 
others  do  not;  the  employes  who  do  not  get  the  holiday  are 
put  out  about  it,  and  in  consequence  it  fosters  ill-feeling,  and 
even  if  there  is  no  open  rebellion,  the  men  do  not  work  up  to 
their  usual  standard.  Those  employes  who  are  granted  the 
holiday  also  have  a  grievance  if  they  are  on  an  hourly  basis; 
it  means  there  will  be  a  day's  pay  less  the  next  pay  day.  The 
employer,  too,  has  a  grievance;  if  he  grants  the  holiday.  It 
disarranges  his  routine  and  production;  if  he  does  not  grant 
the  holiday,  he  lays  the  foundation  for  dissatisfaction,  and  in 
the  end  it  probably  would  have  been  better  had  he  granted 
the  day  off. 

I  hope  the  time  will  come  when  we  shall  celebrate  holidays 
nationally  and  not  in  certain  sections.  If  it  is  felt  that  more 
holidays  are  needed,  they  should  be  chosen  nationally,  not 
locally;  and  the  closing  of  manufacturing  plants  should  also 
be  general. 


Address:   Box  155,  South  Orange,   N.  J. 
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TREPANNING   HEAVY   CYLINDRICAL 
FORGINGS 


BY  W.   R.  B. 


The  operation  of  trepanning  consists  of  cutting  out  material 
from  the  solid  in  such  a  way  that  the  core  is  left  intact,  a 
comparatively   small   amount   of  material   being   formed   into 


Fig.   1.     Tools  and  Gage   used  with  Bar  shown  in  Fig.   2 


chips  during  the  process  of  trepanning.  In  making  large  guns, 
the  cost  of  material  is  an  important  factor,  and  for  this  reason 
the  process  of  trepanning  is  also  frequently  resorted  to  in 
order  to  save  the  inner  core.  The  process  was  much  more 
prevalent  before  the  invention  of  large  hollow  forgings  for  the 
A-tubes  of  large  guns,  which  extend  from  muzzle  to  breech 
and  contain  the  chamber  and  the  rifling.  Liners  for  the  recoil 
cylinders  of  large  gun  carriages  can  also  be  trepanned  at  a 
profit.  The  first  hollow  gun  forgings  were  made  by  the  Sir 
Joseph  Whitworth  Co.,  Manchester,  England,  this  company 
being  later  absorbed  by  the  Armstrong  Mitchell  Co.,  Newcastle- 
on-Tyne,  England. 


The  water  pressure  pipe  is  held  stationary  in  a  bracket  at  C, 
the  outlet  end  being  three  or  four  inches  from  the  face  of  the 
forging.  The  pressure  should  not  be  less  than  200  pounds 
per  square  inch,  and  an  even  higher  pressure  than  this  will 
be  found  advantageous  in  forcing  out  the  chips  along  the  chan- 
nels E  provided  in  the  tool.  The  tools  used  in  the  cutter-head 
are  shown  in  Fig.  1.  A  set  of  tools  is  made  up  to  each  one 
of  the  different  styles  of  points  shown,  and  after  these  are 
made  they  are  ground  to  fit  the  gage  H. 

By  referring  to  the  group  of  tools  shown,  it  will  be  seen  that 
the  cutting  points  are  so  arranged  as  to  break  the  chip  to 
good  advantage.  This  is  an  extremely  important  point  in  con- 
nection with  work  of  this  kind,  as  it  is  necessary  to  make  the 
chips  of  such  a  size  that  they  will  be  washed  out  through  the 
grooves  provided  for  them  at  E  along  the  outside  of  the  tool 
body.  The  corners  F  are  cut  away  in  order  to  assist  this  ac- 
tion by  leading  the  chips  easily  into  the  grooves.  The  tools 
which  cut  the  outside  and  inside  diameters  must  be  watched 
more  closely  than  the  others,  as  the  former  are  for  sizing  the 
burnishers,  while  the  others  are  to  clear  the  core.  The  shapes 
to  which  the  tools  are  ground  depend  entirely  on  the  kind 
of  material  which  is  being  cut,  but  the  proper  shapes  are  soon 
learned  by  any  man  engaged  in  trepanning.  A  piece  of  rod 
small  enough  to  go  easily  up  the  groove  E  should  always  be  at 
hand  in  case  the  chips  need  "tickling"  to  prevent  their  pack- 
ing into  the  grooves  when  forced  out  by  the  lubricant. 

The  method  of  holding  the  bar  or  cutter-head  must  be  such 
that  the  tension  can  be  adjusted  so  that  it  will  resist  the  cut- 
ting action  without  slipping,  and  yet  will  revolve  before  a 
breakage  occurs  in  the  event  that  any  particularly  hard  cut- 
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Fig.  2.     Trepanning  Bar  for  a  Big  Gun  Tube 


Trepanning  can  be  done  to  advantage  in  a  hollow  spindle 
lathe  having  carriages  to  which  boring-bars  are  applied  and 
which  are  operated  from  each  end  of  the  gun  simultaneously. 
In  the  course  of  general  manufacturing,  many  parts  are  made 
which  can  be  profitably  trepanned,  providing  the  tools  are 
properly  arranged,  instead  of  drilling  out. the  stock  from  the 
solid.  It  is  essential,  however,  that  a  man  be  perfectly  fa- 
miliar with  this  kind  of  work  in  order  to  secure  the  best  re- 
sults, and  it  is  somewhat  difficult  to  find  an  operator  who  is 
an  expert  on  trepanning,  as  many  good  machinists  have  been 
unsuccessful  in  handling  this  kind  of  work.  This  may  have 
been  partly  due  to  the  fact  that  the  operation  of  trepanning  is 
not  by  any  means  a  simple  or  an  easy  one,  and  it  is  necessary 
at  times  to  put  in  some  good  hard  work  as  well  as  practical 
experience  in  order  to  obtain  the  desired  results.  In  addition 
to  this,  there  is  always  a  chance  for  the  operator  to  get  a 
good  "ducking"  from  the  lubricant  when  at  work. 

Trepanning  Cutter-head  and  Bar  for  10'»4-lnch  Holes 

The  cutter-head  and  bar  shown  in  Fig.  2  is  designed  to 
trepan  a  core  about  9%  inches  di- 
ameter and  a  bore  of  10%  inches. 
It  is  obvious  that  the  length  of  the 
bar  is  determined  by  the  work  to 
be  done,  the  one  shown  being  about 
30  feet  long.  The  bar  is  guided  by 
bushings  located  in  brackets  on  the 
bed  of  the  lathe  and  is  fed  forward 
by   the   movement   of  the   carriage. 


ting  is  encountered.  The  inserted  pieces  shown  at  Z>  are  made 
of  lignum  vitae  and  are  used  for  burnishing  the  inside  of 
the  tube.  These  burnishers  are  soaked  in  oil  before  use,  and 
the  longer  they  are  soaked  the  better  will  be  their  action. 
They  should  project  from  their  recesses  about  1/16  inch  be- 
yond the  outside  diameters  of  the  cutters.  They  can  be  raised 
for  repacking  by  means  of  the  chamfered  portion  at  the  end 
and  can  be  easily  replaced  after  the  repacking  has  been 
completed. 

Important  Points  In  Trepanning- 

When  preparing  the  cutter-head  for  its  work  on  a  new  forg- 
ing, a  ring  is  first  made  on  the  face  of  the  work,  each  cutter 
being  carefully  inspected  to  see  that  it  is  taking  the  proper 
amount  of  chip  and  doing  its  share  of  the  work.  This  is  quite 
important,  as  the  breaking  of  the  chips  allows  them  to  be 
washed  out  through  the  grooves  along  the  driving  tube.  The 
outer  edge  of  the  ring  made  in  testing  the  tools  is  jagged 
with  a  cold  chisel  in  such  a  way  that  the  projecting  teeth  will 
form  cutting  edges  to  turn  the  burnishers  to  size. 
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Fig.    3.     Method    used   for   testing   AUgnment   of   Trepanning   Cuts 
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Fig.  3  shows  a  set-tioii  taken  throuKh  the  tube,  and  the 
method  by  which  the  straightness  of  the  bore  can  be  deter- 
mined is  clearly  shown.  A  fine  wire  drawn  tightly  from  E 
to  F  and  striking  continuously  all  along  the  surface  bored 
from  the  face  marked  //  will  clearly  show  the  interruption  at 
the  junction  of  the  two  cuts  which  are  machined  from  each 
end  of  the  tube.  In  the  same  manner  the  wire  when  stretched 
from  D  to  C  shows  that  the  bore  started  from  the  end  G  has 
not  run  straight.  In  order  to  determine  these  points,  the  use 
of  an  incandescent  bulb  on  the  end  of  a  fish-pole  or  something 
of  a  similar  nature  may  be  necessary  in  order  to  throw  the 
light  into  such  a  position  that  the  points  of  contact  and  varia- 
tion in  the  straightness  of  the  wire  can  be  easily  seen  by  the 


Fig.   4.     Construction  of  Trepanning  Bar  for  Small  Work 

operator.  By  determining  these  points  before  the  boring  opera- 
tion, the  centering  of  the  work  for  subsequent  cutting  can  be 
more  easily  accomplished. 

Small  Trepanning-  Tools 

Various  kinds  of  small  trepanning  tools  are  used,  but  there 
is  nothing  better  for  this  purpose  than  a  piece  of  pressed  steel 
tubing  with  inserted  cutters,  as  shown  in  Fig.  4.  The  cutter 
seats  and  tools  for  them  are  easily  made  and  can  be  quickly 
replaced  if  necessary.  It  is  obvious  that  the  tools  should 
always  be  thicker  than  the  tube  in  which  they  are  used.  For 
example,  a  tube  1/8  inch  thick  would  require  tools  to  be  made 
about  3/16  inch  square  in  order  to  give  sufficient  back  clear- 
ance. Small  cutters  of  similar  kind  have  been  made  from  a 
solid  piece  of  tool  steel,  turned  and  drilled  as  required  and 
having  one  cutting  edge  at  the  end  of  a  slot  which  is  provided 
for  the  chips.  This  method  of  making  a  small  trepanning 
tool  is  costly,  as  the  tool  must  always  be  wider  at  the  cutting 
point  and  it  must  be  backed  off  or  have  back  clearance  so  that 
it  will  not  drag,  as  the  life  of  the  tool  depends  entirely  on  the 
cutting  point. 

The  number  of  cutting  points  used  in  any  trepanning  opera- 
tion is  an  important  factor,  as  the  cutting  action  is  much 
better  with  a  number  of  tools  working  at  once  and  the  chips 
are  smaller  and  more  easily  forced  out  along  the  grooves  pro- 
vided for  them.  The  number  of  teeth  should  always  be  pro- 
portional to  the  strength  of  the  bar  and  the  slots  in  which 
they  are  held. 

MAKING  DRILL  JIG  BUSHINGS 

BY   ERIC    LEE' 

We  experienced  considerable-  difficulty  in  securing  drill  jig 
bushings  possessing  the  required  durability,  and  experiments 
conducted  to  determine  the  cause  of  the  trouble  showed  that 
both  the  grade  of  steel  used  and  the  way  in  which  the  bush- 
ings were  made  were  at  fault.  Our  drill  jig  bushings  were  for 
drills  from  1/16  to  5/8  inch  in  diameter,  and  the  jigs  were 
used  for  drilling  holes  in  interchangeable  gun  parts.  The  form 
of  bushing  which  we  use  is  shown  in  the  accompanying  illus- 
tration, and  in  the  following  article  is  outlined  the  method 
of  making  these  bushings  which  we  have  found  to  be  most 
satisfactory. 

For  the  purpose  of  discussion,  we  will  consider  the  making 
of  a  bushing  for  guiding  a  %-inch  drill.  The  stock  was  turned 
down  to  a  diameter  of  %  inch  for  a  sufficient  distance  to 
allow  the  stem  of  the  bushing  to  pass  through  the  wall  of 
the  jig  and  come  within  1/16  inch  of  the  work  to  be  drilled. 
The  piece  to  be  drilled  is  made  of  steel,  and  experience  has 
shown  that  it  is  advisable  to  bring  the  bottom  of  the  bushing 
as  near  the  work  as  possible,  in  order  that  the  drill  may  have 
exactly  the  proper  location  and  insure  interchangeability  of 
parts.    If  the  work  to  be  drilled  had  been  made  of  cast  iron. 
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the  bushing  would  have  been  made  shorter  in  order  to  allow 
more  space  between  the  bottom  of  the  bushing  and  the  work 
for  the  clearance  of  chips. 

In  making  bushings,  when  drilling  a  hole  to  finish  to  a 
diameter  of  y^  inch,  a  No.  31  drill  is  used.  After  drilling  the 
hole,  we  use  a  flat  taper  reamer  to  form  the  bell  mouth; 
and  finally  a  rose  reamer  is  employed,  which  is  made  out  of  a 
piece  of  0.127  inch  drill  rod  turned  down  to  a  diameter  of 
0.1235  inch,  which  leaves  about  0.0015  inch  on  the  side  of  the 
hole  for  lapping.  It  is  important  that  the  hole  be  reamed  as 
smooth  as  possible  in  order  to  cut  down  frictional  resistance 
between  the  drill  and  bushing  to  a  minimum.  The  next  step 
is  to  harden  the  bushing  glass-hard  and  then  test  it  with  a 
plug  gage.  After  the  size  of  the  hole  has  been  ascertained 
in  this  way,  the  bushing  is  put  into  the  chuck  of  a  speed 
lathe  and  lapped  from  the  bell-mouthed  end  A  with  a  split 
copper  lap  charged  with  emery  of  about  120  grade.  The  in- 
side end  B  of  the  bushing  should  be  kept  as  straight  as  possi- 
ble, as  the  formation  of  a  bell  mouth  at  this  end  will  result 
in  danger  of  a  corresponding  inaccuracy  in  the  location  of  the 
drill.  It  is  a  difficult  matter  to  lap  a  bushing  and  prevent  both 
ends  from  being  bell-mouthed,  but  if  the  lapping  is  done  from 
the  bell-mouthed  end,  the  other  end  can  be  kept  much  straighter 
than  if  the  lapping  is  done  from  both  ends. 

Experiments  conducted  to  determine  the  best  ratio  between 
the  diameter  D  of  the  hole  and  the  length  of  the  straight  por- 
tion of  the  bushing  hole  showed  that  the  most  satisfactory 
balance  between  support  for  the  drill  and  reduction  of  fric- 
tional resistance  between  the  drill  and  bushing  was  obtained 
when  the  length  of  the  straight  part  of  the  hole  was  made 
three  times  the  diameter  D.  It  is  of  interest  to  note  that  where 
there  is  a  considerable  amount  of  metal  to  be  lapped  out  of  the 
bushing,  the  best  results  will  be  obtained  by  running  the  lathe 
quite  slowly,  because  the  abrasive  will  cut  more  rapidly  on  a 
low  than  on  a  high  speed.  If  the  bushing  hole  is  of  nearly 
the  desired  size,  the  lathe  is  run  at  high  speed — and  the  same 
applies  when  the  hole  has  been  lapped  to  approximately  the 
required  size — because  under  such  conditions  the  abrasive 
tends  to  polish  the  metal  rather  than  cut  it,  and  so  leaves  a 
fine  smooth  surface  on  the  inside  of  the  bushing. 

The  hole  in  the  jig  in  which  the  bushing  is  located  should 
have  a  smooth  surface  before  the  bushing  is  pressed  into  place. 
It  is  the  practice  in  many  factories  engaged  in  the  manufac- 
ture of  interchangeable  parts  to  require  drills  to  be  a  tight 
fit  in  their  respective  bushings;  in  fact,  some  shops  will  re- 
ject a  bushing  if  the  drill  can  be  inserted  by  hand  without 
the  use  of  pliers.  This  practice  is  entirely  wrong.  If  a  drill 
is  a  snug  fit,  that 
is  quite  sufficient, 
and  if  the  size  of 
the  bushing  is  such 
that  it  requires  the 
use  of  a  pair  of 
pliers  to  push  the 
drill  into  place,  it 
is  evident  that 
either  the  drill  or 
bushing  will  be  un- 
der considerable 
strain  while  in  operation,  which,  of  course,  should  be  avoided. 

As  the  bushing  is  considerably  harder  than  the  drill,  it  is 
reasonable  to  conclude  that  the  drill  is  compressed,  with  the 
result  that  the  holes  are  drilled  under  size  until  the  bushing 
has  been  worn  sufficiently  to  allow  the  drill  to  run  under  nor- 
mal conditions.  If  the  hole  in  the  bushing  is  made  of  a  size 
to  afford  just  a  snug  fit  between  the  drill  and  the  bushing, 
the  chips  will  free  themselves  more  rapidly  and  the  bushings 
will  last  much  longer.  As  extreme  accuracy  is  required  in 
the  drilling  of  interchangeable  parts,  it  is  important  to  pro- 
vide for  the  replacement  of  drill  jig  bushings  in  the  shortest 
possible  time  in  order  to  avoid  unnecessary  delay  in  the 
process  of  manufacture.  This  point  can  be  satisfactorily 
taken  care  of  by  keeping  a  supply  of  various  sizes  of  bush- 
ings which  can  be  substituted  in  the  drill  jigs  as  the  neces- 
sity arises. 


Approved  Design  for  Drill  Jig  Bushing 


September,  1916 


MACHINERY 


49 


GRINDING   WHEEL   SPEEDS 

BY  H.  'W.  DUNBAR" 

There  is  a  popular  notion  that  the  greater  number  of  revo- 
lutions the  grinding  wheel  can  make  the  greater  will  be  the 
production.  This  is  a  mistaken  idea  when  applied  to  machine 
grinding,  although  in  hand  grinding — where  the  act  of  the 
operator  must  be  taken  into  consideration — it  is  usually  true 
that  the  greater  the  speed  of  the  wheel  is,  within  the  recom- 
mended limits,  the  greater  will  be  the  production.  But  if  the 
wheel  were  stronger  or  harder  and  run  at  a  slower  speed,  the 
operator  would  produce  the  same  amount  of  work  if  he  were 
to  use  greater  pressure.  The  speed  of  the  grinding  wheel  must 
be  always  relative  to  its  own  strength  of  particles  and  bonds, 
the  size  of  its  grain,  the  kind  of  material  being  ground,  and 
the  amount  of  force  exerted  by  the  operator  when  hand  grind- 
ing, or  depth  of  cut  or  amount  of  work  done  when  machine 
grinding.  In  cylindrical  and  surface  grinding  the  speed  of 
the  work  and  work-table  are  the  limiting  factors  controlling 
the  amount  of  work  that  can  be  done  per  minute,  whatever 
the  wheel  and  whatever  the  speed  of  it.  So  that  within  the 
range  of  grades  in  wheels  that  is  known  today,  and  the  range 
of  speeds  of  table  and  work  on  the  machine,  and  the  variety 
of  materials  being  ground,  we  can  vary  the  speed  of  the  wheel 
within  very  wide  limits  and  still  accomplish  the  same  amount 
of  work. 

To  illustrate:  a  speed  of  6000  surface  feet  per  minute  is  com- 
monly used  on  wheels  for  cylindrical  grinding  machines,  but 
on  a  very  successful  surface  grinding  machine  4000  surface 
feet  per  minute  removes  an  equal  amount  of  material  in  the 
same  time  as  that  removed  on  the  cylindrical  grinding  machine, 
in  many  cases,  with  the  wheel  revolving  at  6000  feet  per  min- 
ute. In  the  case  of  surface  grinding,  where  the  arc  of  con- 
tact is  so  much  greater  than  in  cylindrical  grinding,  it  be- 
comes necessary  to  use  a  softer  wheel  and  to  adopt  a  slower 
speed  in  order  to  prevent  the  wheel  from  burning.  In  one 
case  it  has  been  found  practical  to  use  as  low  a  surface  speed 
as  2000  feet  per  minute.  "While  it  is  not  physically  possible, 
if  we  could  obtain  the  grains  of  grinding  material  and  a  bond 
of  sufficient  strength,  it  would  not  be  necessary  to  revolve  the 
wheel  at  all.  The  work  could  be  forced  against  the  grains 
which  would  act  just  as  a  planer  tool  does  so  that  the  material 
would  be  removed.  But  inasmuch  as  it  is  not  physically  pos- 
sible to  have  this  strength  of  particles  and  bonds,  the  wheel 
must  revolve  in  order  to  distribute  the  work  over  many  parti- 
cles in  the  same  time.  Hence,  the  softer  or  weaker  the  wheel, 
the  faster  it  must  revolve  if  it  is  not  to  be  worn  away  too 
rapidly;  and  conversely,  the  harder  and  stronger  the  wheel, 
the  slower  it  may  revolve  and  not  be  worn  away  too  rapidly. 

If  it  were  mechanically  practical  to  traverse  the  reciprocat- 
ing table  of  a  surface  grinding  machine  100  to  200  feet  per 
minute,  the  grinding  wheel  that  is  now  used  at  4000  feet  per 
minute  would  do  more  work  in  the  same  time  if  it  revolved 
at  8000  or  9000  feet  per  minute.  But  it  is  neither  mechan- 
ically possible  to  traverse  the  table  at  such  a  speed  nor 
physically  possible  for  such  a  wheel  to  be  revolved  at  that 
speed  with  safety.  Different  kinds  of  material  being  ground 
cause  the  wheel  to  do  more  or  less  work,  and  accordingly 
affect  either  the  speed  of  the  work  or  wheel,  or  the  grain  and 
grade  of  the  wheel.  It  is  immaterial  what  the  grain  and  the 
grade  of  the  wheel  is — within  reason — as  the  speed  will 
always  regulate  the  amount  of  production  or  compensate  for 
the  variation  in  grade  and  grain.  Different  wheels  will  grind 
different  materials  by  using  different  wheel  speeds,  but  the 
speed  of  the  wheel  must  always  be  relative  to  its  own  grade 
and  grain,  the  kind  of  material  being  ground,  and  the  amount 
of  work  being  done;  which  brings  us  back  to  the  same  point 
from  which  we  started,  as  the  whole  question  is  only  a  relative 
one  and  the  wheel  speed  is  only  important  as  it  relates  to  the 
physical  possibilities  of  the  wheel  and  the  amount  of  work 
that  it  can  accomplish.  Do  not  get  the  idea  that  any  wheel 
you  may  have  may  be  revolved  successfully  at  any  speed,  at 
any  time,  with  any  work.  Speed  must  be  relative  to  the  other 
factors.  But  there  is  no  fixed  speed  for  wheels  simply  because 
they  are  grinding  wheels. 


MACHINING  AN  AUTOMATIC  SPRINKLER 
HEAD 
The  following  method  is  suggested  in  response  to  an  inquiry 
for  a  method  of  machining  the  automatic  sprinkler  head  A 
shown  in  the  accompanying  illustrations.  The  inquiry  states 
that  the  use  of  an  automatic  machine  is  not  to  be  considered, 
and  therefore  the  method  of  handling  shown  in  Figs.  1  and  2 
is  applied  to  a  hand  screw  machine. 

First  Setting- 
Operation  1. — The  work  shown  at  A  in  Fig.  1  is  made  of 
brass,  and  it  is  to  be  held  for  the  first  setting  in  a  two-jawed 
chuck  having  special  jaws  B  which  are  grooved  to  receive  the 
arms  on  each  side  of  the  casting,  thus  centering  the  work 
and  providing  a  fixed  longitudinal  location.     The  first  opera- 
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Fig.  1.     Operations  in  First  Setting  of  Sprinkler  Head 

tion,  as  shown  in  the  upper  illustration  in  Fig.  1,  consists  of 
spotting  the  ends  of  the  work  with  a  spotting  drill  of  the 
flat  type,  as  shown  at  D,  and  at  the  same  time  chamfering  the 
end  of  the  piece  in  preparation  for  the  turning  operation,  by 
means  of  the  tool  C  inserted  in  the  holder  E.  A  holder  of  this 
kind  can  be  easily  made  with  a  shank  of  suitable  size  to  fit 
the  turret  hole. 

Operation  2. — This  operation   consists  In   drilling  the  hole 
previously  spotted  with  a  flat  drill  H.  at  the  same  time  turning 
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till'  outside  di- 
ameter with  a 
tool  G  held  in 
the  holder  F. 
This  holder  is 
similar  to  that 
used  in  the  first 
operation. 

Operation  3. — 
In  this  operation 
the  reamer  E  is 
used  to  finish 
the  two  inside 
diameters,  and 
the  face  mill  L 
cleans  up  the 
ends  of  the  cast- 
ing. The  mills 
and  reamers  are 
held  in  a  tool- 
holder  M  located 
in  the  turret. 

Operation  4. — 
This  operation 
consists  of  back- 
facing  the  inner 
surface,  using  a 
special  tool  pro- 
vided with  an 
inserted-blade 
cutter  P,  having 
the  required 
form  X.  This 
tool  is  inserted 
in  the  holder  N 
and  is  so  fitted 
that  it  can  be  Id- 


second  SETTING-OPERATION 


Tig.  2.     Operations  in  Second  Setting  of  Sprinkler  Head 


cated  by  the  shouUler  at  Y.  It  is  held  in  place  by  the  spring 
plunger  Q  which  is  restrained  in  its  movement  by  the  pin  R 
working  in  the  slot  shown.  It  is  advisable  to  cut  away  one 
side  of  the  chuck  a  trifle  in  order  to  enable  the  operator  to 
put  his  fingers  in  and  manipulate  the  cutter  blade  P.  In  operat- 
ing this  back-facing  tool,  the  workman  first  brings  the  turret 
forward  to  a  point  which  permits  the  insertion  of  the  blade; 
after  this,  he  carries  the  turret  back  until  it  has  reached  a  pre- 
determined point,  thus  producing  the  contour  shown  at  X. 
Operation  5. — The  final  operation  on  this  piece  is  the  cutting 
of  the  thread  on  the  end  of  the  piece  by  means  of  the  opening 
die  shown  at  8.  The  opening  die  can  be  set  in  such  a  way 
that  it  will  open  at  the  correct  position  so  that  the  thread  will 
be  cut  to  the  desired  length.  The  thread  may  also  be  cut  by 
means  of  the  regular  die  held  in  a  releasing  die-holder,  and 
satisfactory  results  can  be  produced  by  this  method,  although 
it  requires  a  reversal  of  the  spindle  to  back  the  die  off  the 
work.  This  completes  the  series  of  operations  for  the  first 
setting  of  the  work. 

Second  Setting 

The  method  of  holding  the  work  for  the  second  setting  and 
the  sequence  of  operations  with  the  necessary  tools  are  shown 
in  Fig.  2.  Referring  to  the  upper  illustration,  the  method  of 
holding  is  by  means  of  a  special  arbor  on  which  the  work  A  is 
placed.  The  arbor  is  keyed  at  D  in  the  special  nose-piece  B, 
and  is  drawn  back  into  position  by  the  nut  and  washer  E. 
The  shoulder  C  on  the  arbor  acts  as  a  stop  for  the  finished 
end  of  the  work,  and  the  nose-piece  is  provided  with  driving 
arms  H.  in  which  set-screws  G  are  so  placed  as  to  contact 
against  the  flatted  portion  of  the  work.  These  set-screws  can 
be  provided  with  check-nuts  and  set  up  so  as  to  just  come 
against  the  rough  casting  and  act  as  drivers,  also,  to  a  certain 
extent,  preventing  vibration  in  the  work.  The  work  is  held 
in  place  by  means  of  a  nut  and  a  C-washer  F. 

Operation  7.— The  first  operation  consists  in  spotting  the 
ends  of  the  piece  preparatory  to  drilling,  using  the  flat  drill 
L,  held  in  the  regular  type  of  holder  K. 

Operation  2.— This  operation  consists  in  drilling  the  tapped 


hole  with  the  flat 
drill  M,  which  is 
held  in  a  holder 
like  that  in  the 
previous  opera- 
tion. The  facing 
of  the  ends  of 
the  work  is  done 
by  a  tool  Q  on 
the  cross-slide  of 
the  machine. 
This  may  be 
operated  simul- 
taneously with 
the  flat  drill  by 
turning  the  drill 
in  such  a  posi- 
tion that  the  tool 
can  pass  the  in- 
ner edge  of  the 
work  without  in- 
terference. 

Operation  3. — 
This  operation  is 
simply  tapping 
out  the  previous- 
ly drilled  hole 
with  a  tap  0  held 
in  the  releasing 
tap-holder  shown 
in  the  illustra- 
tion Fig.  2. 

The  tools 
shown  in  the 
series  of  opera- 
tions described 
are  simple  in  de- 
sign and  can  be  manufactured  or  adapted  from  other  tools  of 
similar  kind  with  comparatively  little  work.  The  fixtures  are 
not  difficult  to  make,  and  the  only  operation  requiring  any 
special  care  is  the  back-facing  operation  shown  in  Fig.  1. 
The  production  for  the  first  setting  should  be  about  75  pieces 
per  hour,  assuming  that  a  cutting  speed  of  150  to  200  feet  per 
minute  can  be  used.  The  second  setting  can  be  done  at  the 
rate  of  140  pieces  per  hour,  assuming  a  cutting  speed  of  150 
feet  per  minute.  Much  depends  upon  the  skill  of  the  opera- 
tor in  the  matter  of  production  when  a  hand  screw  machine 
is  used,  and  a  capable  man  may  easily  secure  an  output  con- 
siderably greater  than  that  mentioned  after  he  has  worked 
on  the  job  for  a  sufficient  length  of  time  to  become  thoroughly 
proficient  in  making  the  various  settings  needed  on  this  work. 

A.  A'.  D. 

*     *     * 

LEARNING-  THE  MACHINISTS'  TRADE  IN  SIX 
EASY  LESSONS ! 

Once  in  a  while  there  is  something  of  interest  to  be  learned 
from  a  visit  to  a  second-hand  machinery  dealer.  Not  long  ago 
I  happened  into  the  office  of  a  Connecticut  machinery  dealer 
and  asked  the  customary  question: 

"What's  new?" 

"Have  you  heard  about  our  new  machinists'  school  that  is 
turning  out  machinists  for  $25?"  asked  the  machinery  man. 

"I  should  say  not;  tell  me  about  it." 

"There  is  an  enterprising  Italian  over  on  the  east  side 
who  realizes  the  dearth  of  machinists  and  is  making  a  little 
money  out  of  it.  He  advertised  to  teach  the  machinists'  trade 
in  six  lessons  of  four  hours  apiece  for  the  nominal  sum  of  $25, 
payable  in  advance.  He  had  no  trouble  in  getting  a  class  of 
twenty  men  together,  and  with  the  advance  tuition  fees  bought 
three  cheap  lathes,  a  shaper  and  a  drill  press,  and  they  are 
well  under  way  now.  Don't  ask  me  what  kind  of  machinists 
those  chaps  will  be  after  their  six  easy  lessons.  Some  of  them 
may  be  able  to  put  a  piece  on  centers  and  take  a  roughing  cut, 
but  I  don't  believe  any  of  the  first-class  machinists  of  the  city 
need  worry  about  their  jobs  being  taken  away  by  the  products 
of  this  school."  C.  L.  L. 
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NOTES    ON    THE    MACHINERY    INDUSTRY    IN    GREAT   BRITAIN 


IMPORTATION   OF  MACHINE   TOOLS- GENERAL  INDUSTRIAL  CONDITIONS— TRADE  STATISTICS-WAGES 

BY    ALEXANDER   LUCHARS" 

ENGLAND  presents  much  the  same  appearance  as  before  the  all,  of  the  machine  tools  employed  in  manufacturing  munitions 

war.    There  are  more  women  in  the  fields,  running  "lifts,"  are  subject  to  very  severe  use.    One  lot  of  150  or  more  Ameri- 

as  conductors  ol:  'buses  and  in  many  other  occupations  can    metal-cutting    machines    which    have    been    running    for 

formerly  monopolized  by  men;  fewer  civilians  to  be  seen,  and  twelve  months  or  more,  I  was  told,  had  not  yet  become  ac- 

soldiers,    soldiers    everywhere — all    in    khaki    instead    of    the  quainted  with  a  lubricant  of  any  kind. 

brilliant  colors  we  used  to   see.     The  restrictions   on   "alien  It  is  not  allowed  to  finish  the  rough  parts  of  machine  tools, 

friends"    are    few    and    entirely    reasonable.      Within    certain  They  are  all  painted  a  sort  of  chocolate  color  without  filling 

necessary  limits  they  enjoy  almost  as  much  liberty  as  before  or  finishing.    One  concern  I  visited  affixes  a  plate  to  each  tool 

the  war — which  is  saying  a  great  deal.  now   turned   out,   stating  that   it   was  finished   in   accordance 

There  appear  to  be  no  restrictions  in  regard  to  the  sale  or  with  government  requirements,  so  that  they  may  not  suffer 

consumption  of  food.     The  cost  of  living  has  increased  from  from  future  comparison  with  highly  finished  tools. 

25  to  30  per  cent,  but  the  advance  is  confined  principally  to  Manufacturers   whom   one   would   not   think   of   as   making 

such  commodities  as  have  advanced  almost  as  much  with  us.  war  material  are  busy  on  what  may  be  called  indirect  war 

The  restrictions  on   imports  of  every  kind — but  especially  products.      One    machinery    manufacturer    received    an    order 

machine  tools  and   supplies — are  very  stringent;    but  this   is  from  a  maker  of  string  and  fish  net.  and  doubted  if  permission 

grim  war,  on  which  depends  the  nation's  existence.    The  agent  would  be  given  him  to  fill  it;  but  on  application  to  the  Min- 

of  a  well-known  American  concern  recently  obtained  an  order  istry  of  Munitions  was  told  to  rush  the  order  through,  as  the 

for  six  machines.    He  was  allowed  to  send  an  order  home  for  machine   was   needed   immediately — the   use   was   not   stated, 

one  only,  and  when  that  one  arrived  he  was  not  allowed  to  When   one   considers   the   number   and    variety   of   industries 

deliver  it  to  his  customer,  but  to  an  entirely  different  plant  producing  war  material  of  one  kind  or  another,  including  coal, 

where  it  was  needed  on  government  work.    No  complaint  was  iron  and  gold  mines,  textile  mills,  chemical  works  and   dis- 

made  of  this;  it  was  related  simply  as  a  necessity  of  war  con-  tilleries  now  making  explosives,  clothing,  and  the  great  variety 

ditions.    Another  equally  well-known  American  concern,  mak-  of  material  required  by  the  armies,  the  figures  given  in  the 

ing  machines  urgently  required  in  the  manufacture  of  shells  following  tables  showing  the  comparative  amounts  manufac- 

and  similar  material,  had   completed   a  large,  up-to-date  fac-  tured  during  peace  and  war  years,  including  those  furnished 

tory  soon  after  the  war  broke  out.     The  government  took  it —  by  the  Allies,  do  not  seem  excessive: 

and,  of  course,  paid  for  it — but  the  American  owners  are  prob-  Anuu.ai        Total  ^u"    ioi4 

ably  still  thinking  of  the  profits  they  might  have  made.     All  Average  in         to  March  3i. 

Peace  Year**  1010 

the  machine  tool  manufacturers  are  "controlled"  by  the  Ma-  cioth,  woolen,  worsted,  yds 1,149,000         117,000,000 

chine  Tool   Committee-  of  the  Ministry   of  Munitions,   which  Flannel,  yds..' .' 1,234,000  84,000,000 

directs  how  their  plants  shall  be  employed  and  where  their  Cloth,  cotton,  yds 632,000        194,000,000 

output  shall  go.     This  committee  is  comprised  of  well-known  Boots   pairs. ^^o'nnn  ^Mon'onn 

,  ,  ,,      „      ,  .  Jacket,  service  dress 78,000  11,490,000 

machinery  manufacturers  and   merchants,   all   of  whom   give  Trousers                                                      92,000          11,004,000 

their  entire  time,  and  in  some  cases  that  of  their  executives,  Frocks,  khaki  drill 58,000  1,134,000 

without  any  compensation,  to  the  service  of  their  country.  Trousers,  khaki  drill 73,000  1,167,000 

Immense  factories  continue  to  be  erected  for  the  manufac-  Pantaloons  „.'„„„  A'ooc'nnn 

^    ,^.  .     ^  ■  Greatcoats    34,000  4,836,000 

ture  of  munitions,  and  this  enormous  output  requires  more  Caps,  service  dress 222,000  11,088,000 

machine   tools,    probably   to   replace   those   worn    out;    which  Socks,  pairs 980,000  54,684,000 

accounts  for  the  fact  that  many  of  the  principal  manufacturers  Cardigans  and  jerseys 77,000  7,555,000 

in    that   line   are   still    turning   them    out   instead    of   making  Drawers,  woolen  and  cotton 194,000  23,144,000 

Vests    »,6t)0,uuu 

munitions. 

Controlled  concerns  are  those  whose  product  is  entirely  dis-  Great  Britain  is  at  present  one  vast  workshop  turning  out 

posed  of  by  the  government,  and  they  are  not  allowed  to  sell  war  material.     Although  civilians  continue  to  wear  clothing 

or  deliver  any  portion  of  it  except  under  government  direction.  and  to  consume  or  use  material  of  various  kinds,  industries 

They  are  permitted  first  to  retain  their  average  annual  profit,  that  are  not  connected  directly  or  indirectly  with  the  produc- 

covering  a  period  of  two  years  previous  to  the  war ;  but  on  all  tion  of  war  material  are  inactive,  and  they  may  well  be.  be- 

excess  profits  the  government  takes  80  per  cent,   leaving  20  cause  there  are  very  few  workmen  to  keep  the  wheels  moving. 

per  cent  for  the  manufacturer.     Other  limited  liability  com-  Considerable  business  is  being  done  in  "caterpillar"  tractors, 

panies,    which    include   virtually   all    the   manufacturing   con-  a  development  of  the  American  farm  tractor,  but  many  times 

cerns  except  the  very  smallest,  pay  to  the  government  60  per  heavier,   for  use   in  dragging  heavy   guns   to  the  front— and 

cent  of  their  profits  in  excess  of  6  per  cent  on  their  capital,  sometimes  the  other  way.    Our  manufacturers  might  have  had 

or   an  equivalent   in   another   form   which   virtually   amounts  more  of  this  business.     An  order  has  just  been  issued  sus- 

to  the  same  rate,  the  government  taking  the  position  that  no  pending  the  imports  of  American  motor  trucks,  as  these  are 

one  should  expect  to  make  more  profit  in  time  of  war  than  is  now  being  turned  out  in  sufficient  quantities  by  British  makers, 

allowed    by   the    above    provisions.      In   addition    to    the   per-  Even    the    import    of    parts    necessary    for    repairs    of    these 

centages  deducted  by  the  government,  a  war  income  tax  of  25  vehicles  is  prohibited.    Very  few  automobiles  are  being  made 

per  cent  is  levied  on  all  profits  of  every  kind.  in  Great  Britain,  and  the  prices  of  these  are  naturally  very 

There  were,  on  July  4,  3916  controlled  concerns  in  the  ma-  much  higher  than  before  the  war— the  Rolls-Royce,   a  high- 

chinery,  iron,  steel,  and  other  metal  industries.     How  many  class  car,  sells  for  £1250.    But  for  the  restrictions  on  all  kinds 

uncontrolled   small   manufacturers   are  working   for   the  con-  of  imports  and  on  the  use  of  petrol  (gasoline)  our  automobile 

trolled  firms  no  one  knows.    One  manufacturer  who  had  eight  manufacturers  would  have  an  unusually  large  and  profitable 

others  working  for  him  said  there  were  3000  such  small  con-  field  there  at  present. 

cerns;  but  that  figure  seems  excessive,  as  there  are  only  about  According  to  the  official   figures  furnished  me  on  July  19, 

9000  manufacturers  in  metal,  large  and  small,  in  the  United  there  were  2,468,000  women  employed  in  various  factories  in 

Kingdom.  the  United  Kingdom,  of  whom  265,000  were  employed  in  the 

As  stated  above,  many  machine  tool  builders  are  not  work-  metal  industries.     The  total  number  of  men  employed  in  the 
ing  on  shells  or  gun  work,  but  are  turning  out  their  regular  metal  industries  on  the  same  date  was  1,978,000. 
line  of  machine  tools,  for  which  there  seems  to  be  a  constant  The  percentage  of  women  employed  in  machine  shops  varies 
and  increasing  demand  from  the  government.     Many,  but  not  from  five  to  ninety,  the  smaller  percentage  being  on  heavier 
work.      In    several    shops    turning    out    high-grade    work    the 
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average  is  ten  per  cent.  On  light  munition  work,  such  as 
fQses,  nearly  all  the  employes  are  women.  It  Is  really  aston- 
ishing what  heavy  work  women  can  handle.  All  these  are 
earning  wages  which  they  never  dreamed  of  before,  and  when 
the  war  ends  and  munition  work  is  no  longer  required  except 
in  government  arsenals,  the  return  to  conditions  that  existed 
before  the  war  will  involve  an  industrial  revolution. 

The  war  situation  calls  for  various  adjustments,  some  of 
which  are  not  made  without  considerable  difficulty.  Controlled 
firms  are  permitted  to  build  additions  and  extensions  to  their 
factories  and  to  retain  from  their  excess  profits  the  difference 
between  the  former  cost  and  present  cost  of  building  (which 
is  nearly  double  what  it  was  before  the  war).  Among  the 
advances  in  costs  I  noted  that  the  wood  for  packing-cases  has 
Increased  600  per  cent. 

The  labor  situation  in  Great  Britain  has  developed  in  a 
peculiar  way  since  the  beginning  of  the  war.  When  it  became 
necessary  to  speed  up  the  production  of  munitions,  an  agree- 
ment was  made  between  the  leaders  of  the  various  parties  in 
the  House  of  Commons  that  the  profits  of  manufacturers  ou 
munition  production  should  be  limited  as  before  stated,  and 
that  the  wages  of  the  men  should  not  be  advanced  beyond  the 
prevailing  rate  either  for  day  work  or  piece  work.  To  insure 
a  permanent  supply  of  labor,  the  workmen  are  required  to 
obtain  a  "leaving  card"  before  leaving  their  employers,  with- 
out which  no  one  else  can  employ  them.  These  agreements 
were  enacted  into  law.  But  the  demand  for  labor  on  munitions 
became  so  urgent  that  thousands  of  unskilled,  non-union  work- 
men and  women  were  taken  into  the  munition  factories,  and 
as  they  became  proficient  they  were  able  to  produce  piece 
work  in  much  less  than  the  liberal  time  allowance  provided  by 
the  unions,  and  as  their  efRciency  further  increased,  they 
earned  wages  far  in  excess  of  the  skilled  men,  who  were  gen- 
erally employed  on  special  work,  such  as  toolmaking,  etc.  So 
it  frequently  happens  that  an  unskilled  hand,  after  he  has  six 
to  twelve  months'  experience  in  the  shop,  may  be  earning 
twice  what  the  skilled  toolmaker  is  who  furnishes  him  with 
his  tools  and  sets  them  up. 

The  following  tables  give  basic  rates  of  wages  before  the 
war  and  at  present,  but  under  the  bonus  and  premium  system 
mentioned  hereafter,  actual  earnings  are  very  much  greater 
today : 

BiBMINGHAM  AND  DISTRICT  RATE,   PER  WeEK   OF   53   HoURS 

Pre-War  Present  Time 

£     s.     (I.  £     s.     d. 

Turners    2  0  0  2  3  0 

Fitters    2  0  0  2  3  0 

Drillers  1  14  0  1  17  0 

Planers   2  0  0  2  3  0 

Patternmakers 2  2  0  2  5  0 

Smiths   2  0  0  2  3  0 

Toolmakers    2  0  0  2  3  0 

Scotland — Clyde  District,  per  Hour 

Pre-war  Present  Time 

d.  d. 

Turners   8%  SygtolO 

Planers   SVa  9.33  to  10 

Machine  Drillers  (rate  varies) .  6  to  8%  7  to  91/2 

Fitters    SVa  9V.  to  10 

Smiths   8%to9i4  9%  to  1014 

Toolmakers    Sygtog  gVgtolO 

Patternmakers    9  10 

A  large  proportion  of  all  workmen  are  employed  on  the 
bonus  and  premium  system,  under  which,  with  overtime,  some 
men  make  as  much  as  70s.  per  week.  The  most  skillful  piece 
hands  are  making  from  £5  a  week  up.  An  extreme  case  was 
mentioned  of  a  boy  about  seventeen  years  old  in  the  Birming- 
ham district  who  made  £7  a  week,  but  for  how  many  weeks 
was  not  stated.  Many  exaggerated  statements  are  made  about 
wages  women  earn. 

The  government  order  applying  to  controlled  firms  engaged 
in  the  production  of  arms,  ammunition,  ordnance,  and  In  all 
branches  of  mechanical  engineering  and  shipbuilding,  specifies 
that  the  new  rates  for  women  shall  be:  18  years  and  over,  4^d. 
an  hour;  17  and  under  18,  4d.;  16  and  under  17,  3y2d.;  under 
16,  3d.  Women  and  girl  workers  in  danger  zones  are  to  be 
paid  y2d.  an  hour  in  addition  to  these  rates.  Allowances  for 
processes  which  are  dangerous  or  are  injurious  to  health  will 


be  decided  on  the  merits  of  the  case.  The  same  proportionate 
increase  for  overtime,  premiums  and  bonuses  applies  to  women 
as  to  men. 

Numbers  of  outside  manufacturers  have  gone  into  the  ma- 
chine tool  line — one  large  "boot"  making  concern  having  pro- 
duced a  lot  of  grinding  machines,  and,  of  course,  many  more 
have  gone  into  the  manufacture  of  lathes;  but  this  condition 
will  be  only  transitory.  These  concerns  realize  that  they  are 
not  equipped  to  turn  out  machine  tools  and  cannot  do  so  profit- 
ably against  the  competition  of  manufacturers  who  have  beeii 
in  the  business  for  years  and  have  established  reputations. 
Moreover,  their  articles  of  incorporation  do  not  allow  them 
to  manufacture  anything  except  what  is  specified  therein.  The 
manufacture  of  machine  tools  by  outside  concerns  has  been 
limited  to  such  machines  as  the  greatest  demand  existed  for, 
and  of  the  more  simple  construction.  Milling  machines,  auto- 
matics, turret  lathes  and  other  machines  in  which  difficulties 
of  manufacture  are  considerable,  have  therefore  not  been  taken 
up.  There  are  at  present  no  manufacturers  of  automatics  and 
similar  high-class  machines,  and  only  one  established  manu- 
facturer of  grinding  machines. 

I  believe  that  the  demand  for  high-grade  American  tools  will 
continue  after  the  war,  but  the  cheaper  lines  made  by  Ameri- 
can manufacturers  of  little  reputation,  some  of  whom  have 
lost  that  little  by  their  treatment  of  buyers  here,  will  be  elimi- 
nated. 

•     *     • 

SHELBY  SEAMLESS  STEEL  TUBING  FOR 
BORING -BARS 

It  may  not  be  generally  known  that  seamless  steel  tubing 
can  be  used  to  good  advantage  for  turret  lathe  boring-bars. 
The  T.  L.  Harkins  Machine  Co.,  Boston,  Mass.,  recently  had 
a  large  order  of  boring-bars  in  which  seamless  steel  tubing 
was  employed  with  satisfactory  results.  Fig.  1  shows  the 
tubing  used.  The  bar  is  40  inches  long,  and  it  was  required 
to  be   2Vs   inches   outside  diameter  and   have  a    ^-inch   hole 
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Fig.    1.     Construction  of  Boring-bar  to  be  made 

through  the  center  to  transmit  lubricant  to  the  cutting  point. 
The  end  of  the  tube  was  bored  out  to  receive  a  plug  that  car- 
ried the  tool  head. 

It  is  apparent  that  to  machine  this  bar  from  solid  stock, 
and  especially  to  drill  the  ■'Ji-inch  hole  through  the  entire 
length,  would  be  a  slow  and  difficult  job.  Shelby  steel  tubing 
was  used  for  these  bars,  selecting  a  size  with  a  %-inch  hole 
and  %-inch  walls.  Fig.  2  shows  the  turning  of  these  boring- 
bars;  it  indicates  extreme  toughness  of  the  material,  and  yet 
the  chips  show  that  the  metal  cuts  freely. 

By  using  seamless  steel  tubing  for  these  bars,  time  was 
saved  as  compared  with  machining  from  solid  stock,  and  a 
stronger,  tougher  boring-bar  was  obtained.  C.  L.  L. 


^^^^^^^Vj 
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Fig.    2.     Turning   Tubing— note    Stringy   Chips 
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CHUCKS  AND  OTHER  HOLDING  DEVICES  DEVELOPED  BY  THE  HEALD  MACHINE  CO. 


MANY  interesting  devices  have  been  developed  for  hold- 
ing work  for  internal  grinding,  especially  for  holding 
gears  and  bushings.  In  the  February  number  of 
Machinery  several  devices  for  holding  gears  and  other  classes 
of  work  were  illustrated  and  described.  In  the  following  some 
additional  chucks  and  devices  developed  by  the  Heald  Machine 
Co.,  Worcester,  Mass.,  will  be  reviewed. 

Combination  Collet  and  Adjustable   Jaw^  Chuck 

Fig.  1  shows  a  special  chuck  developed  by  the  Heald  Ma- 
chine Co.  for  holding  bushings,  disks,  gears,  or  similar  work, 
which  has  a  capacity  ranging  from  %  to  8^4  inches  in  diame- 
ter. The  gripping  of  the  work  is  accomplished  by  means  of 
jaws  .4.  which  are  fastened  by  flllister-head  screws  to  the  three 
operating  segments  B  of  the  collet  chuck.  The  collet  chuck 
is  operated  by  a  handwheel  C  attached  to  a  tube  that  passes 
completely  through  the  spindle  of  the  machine  and  screws  into 
the  rear  end  of  the  collet.  This  operating  mechanism  is  pro- 
vided with  a  ball  thrust  bearing.  In  using  this  chuck,  the 
jaws  are  adjusted  to  approximately  the  correct  diameter  and 
are  then  ground  to  run  true.  They  are  so  designed  that  they 
can  be  reversed  for  holding  smaller  sizes  of  work  down  to 
%  inch  diameter.    This  chuck,  on  account  of  having  the  main 


Fig.   3. 


Bevel  Pinion  Chuck  shown  in  Fig. 
Construction 


2.   dismantled  to  show 


has  the  ability  to  handle  an  extremely  wide  range  of  work. 

Chuck  for  Holding-  Bevel  Pinions 

Figs.  2  and  3  illustrate  an  interesting  chuck  which  is  used 
for  holding  small  bevel  pinions.    This  chuck  was  designed  by 
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Fig.    1.     Combination  Collet  and  Adjustable  Jaw  Chuck  for  holding  Bushings,   Gears,  etc. 


collet  made  out  of  a  single  piece  of  alloy  steel,  will  retain  its 
accuracy  longer  than  any  chuck  with  which  the  manufacturers 
have  had   experience  heretofore,   while   at   the   same   time   it 


Fig.   2.     Interesting  Chuck  for   holding  Small   Bevel  Pinions 


one  of  the  largest  automobile  manufacturers  in  the  country 
and  uses  three  tapered  rolls  to  true  up  the  pinion,  working 
from  the  pitch  line.  By  referring  to  Fig.  3,  which  shows  the 
fixture  dismantled,  a  good  idea  can  be  obtained  of  its 
design  and  construction.  The  pinion,  which  is  shown 
at  A,  is  held  in  the  chuck  by  means  of  three  fingers 
that  are  provided  with  adjustable  screws  C.  bearing 
on  the  three  locking  cams  D.  These  three  cams  are 
mounted  on  a  heavy  handwheel  E.  This  handwheel 
was  made  in  these  proportions  with  the  idea  that  the 
starting  and  stopping  of  the  work  to  a  certain  extent 
automatically  clamped  and  released  the  work.  The 
inertia  of  the  wheel  when  starting  tends  to  clamp  the 
work  tighter,  and  the  tendency  of  the  wheel  to  keep 
on  turning  when  the  work-spindle  is  stopped  is  likely 
to  loosen  the  chuck,  so  that  in  actual  operation  the 
designer  figured  that  the  operator  would  be  required 
to  make  almost  no  effort  to  clamp  or  release  the  work 
in  the  chuck.  The  most  objectionable  detail  in  re- 
gard to  the  construction  is  the  amount  the  jaws  pro- 
ject beyond  the  face  of  the  work.  With  this  particular 
pinion,  having  a  short  hole,  it  is  not  a  serious  matter. 
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Fig.   4.     Special  Collet  Chuck  for  holding  Spur  Gears 


but  it  would  take  up  valuable  room  and  make  it  necessary 
to  provide  an  unusually  long  grinding  spindle  if  the  vi^ork 
should  happen  to  be  of  such  a  form  that  a  relatively  long 
hole  was  to  be  finished;  this  would  necessitate  using  an  extra 
long  spindle  to  make  up  for  the  amount  of  space  lost  in 
this  way. 

Special  Collet  for  Holdingr  Spiir  Gears 

In  Figs.  4  and  5  is  shown  a  special  collet  for  holding  spur 
gears.  By  referring  to  Fig.  4,  it  will  be  noticed  that  the 
gear  A  to  be  ground  is  held  by  seven  pins  or  rolls  B,  bearing 
on  the  pitch  circle  of  the  teeth  and  carried  in  a  retainer  ring  C, 
as  illustrated.  In  fitting  up  the  chuck,  the  opening  in  the 
collet  is  finished  true  by  grinding,  and  then  the  outside  is 
trued  up  by  grinding  at  the  point  D.  In  operation,  the  gear, 
together  with  the  rolls  and  retainer  ring,  are  inserted  in  the 
opening  in  the  chuck  and  the  jaws  closed  sufficiently  to  hold 
the  gear  for  grinding,  which  requires  but  a  very  light  grip. 
This  method  of  using  rolls  between  the  teeth  gives  pitch  line 
control  which  seems  to  give  in  every  case  the  best  average 
setting  for  any  gear  to  give  smooth  running  qualities.  If  for 
any  reason  the  chuck  has  to  be  removed  from  the  machine  and 
later  replaced,  its  accuracy  can  be  tested  instantly  by  putting 
an  indicator  on  the  surface  D;  and  if  for  any  reason  the  collet 
has  shifted  so  that  it  does  not  run  true,  it  can  be  made  to 
run  true  by  loosening  the  large  bolts  in  the  rear  and  shifting 
it  slightly  on  the  face- 
plate until  a  true  run- 
ning position  is  obtained. 
The  collet  has  a  felt 
washer  at  E  to  prevent 
grinding  dust  from  get- 
ting into  the  threaded 
portion  where  the  collet 
is  drawn  in.  The  collet 
is  closed  and  opened  by  a 
rod  passing  through  the 
spindle  of  the  machine 
and  operated  by  a  hand- 
wheel  at  the  rear,  similar 
to  the  arrangement  shown 
in  Fig.  1.  This  chuck 
can  be  provided  with  col- 
lets of  various  shapes  for 
holding  gears  of  various 
sizes,  the  collet  for  a 
smaller  gear  being  shown 

^    ,    .      T-i.       _       T-v    rn   TT  rig.  6.     Special  Collet  Chuck  show 

at  A  in  Fig.  5.    D.  T.  H.  "  Grinding 


INCREASE]  IN  COPPER  OUTPUT 

There  has  been  a  steady  increase  in  the  rate  of  copper  out- 
put since  early  in  1915.  The  production  during  the  latter 
half  of  1915  considerably  exceeded  that  of  the  first  half  ac- 
cording to  a  report  of  the  United  States  Geological  Survey. 
During  the  year  the  refineries  produced  from  both  domestic 
and  foreign  ores  a  total  of  1,634,000,000  pounds  of  blister  cop- 
per, of  which  1,388,952,700  pounds  was  produced  from  ores 
mined  in  the  United  States.  The  average  price  for  the  cop- 
per has  been  higher  than  at  any  time  in  recent  years, 
the  average  for  the  first  six  months  of  1916  being  more  than 
twenty-six  cents  a  pound.  The  cost  has  doubtless  increased 
slightly,  as  the  important  copper  companies  have  increased 
the  wages  of  employes.  Many  small  mines  are  operated  that 
could  not  be  profitably  worked  under  normal  conditions,  and 
this,  of  course,  tends  to  increase  the  average  cost  per  pound. 
*     *     * 

Wooden  roof  trusses  of  unusual  dimensions  are  being  built 
in  Europe  according  to  a  patented  method  known  as  "System 
Stephan."  The  wood  is  impregnated  with  a  fireproofing  im- 
pregnation; the  roof  construction  is  much  lighter  than  one 
made  from  steel,  and  spans  up  to  200  feet  have  been  con- 
structed without  any  intermediate  supports.  The  advantages 
claimed  for  this  system  of  roof  construction  are  that  tire  cov- 
ered area,  being  free  from  pillars  and  supports,  can  be  used 

to  better  advantage,  the 
illumination  of  the  cov- 
ered area  can  be  arranged 
more  advantageously,  the 
impregnated  wood  is  more 
fireproof  than  steel,  and 
is  not  affected  by  damp- 
ness, acids,  or  acid  gases, 
and,  in  addition,  the  con- 
struction is  cheaper,  and 
can  be  erected  in  a  shorter 
time  and  with  less  elabo- 
rate hoisting  apparatus 
than  a  steel  construction. 
Up  to  the  present  time 
factory  buildings,  railway 
stations,  and  similar  struc- 
tures with  a  total  floor 
area  of  200  acres  have 
been  covered  by  these 
wooden    roof    trusses    in 

n  in  Fig.  4  in  Use  on  Heald  Internal  ,,  „ 

Machine  northern  Europe. 
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BETTER  APPRENTICES 

BY   B.    W.    WBIGLBY* 

Lately  the  scarcity  of  good  mechanics  has  been  causing 
considerable  embarrassment  to  shop  managers,  and  many  ways 
have  been  devised  to  overcome  it,  but  not  enough  attention 
has  been  given  to  the  real  cause  of  the  trouble,  namely,  the 
failure  of  the  managers  themselves  to  keep  up  the  supply  by 
properly  training  apprentices.  A  first-class  mechanic  cannot 
be  produced  in  a  few  months;  it  takes  years,  and  the  only  way 
to  keep  up  the  number  is  to  keep  training  the  boys. 

The  increasing  tendency  toward  specialization  in  modern 
shop  practice  has  done  much  to  cause  managers  to  slight  this 
department  of  their  works.  As  Jong  as  mechanics  were  avail- 
able, and  especially  if  business  were  at  all  dull,  they  drifted 
along  and  gave  scant  attention  to  the  boys  supposed  to  be 
learning  the  trade.  Now  business  is  better  and  mechanics 
are  at  a  premium — in  some  places  they  cannot  be  obtained 
at  all — and  business  is  suffering  as  a  consequence. 

The  opportunities  in  the  mechanical  trades  for  an  intelli- 
gent and  properly  trained  man  are  as  great  as  in  any  other 
line  of  work  and  greater  than  in  many.  The  more  education 
along  general  lines  that  he  has  had,  the  more  easily  he  will 
be  able  to  see  and  benefit  by  these  opportunities.  This  fact 
seems  to  have  escaped  a  great  many,  and  it  is  quite  rare  these 
days  to  hear  of  a  boy  who  has  had  a  high  school  education 
starting  in  to  learn  the  machinist  trade.  The  majority  of  ap- 
prentices are  boys  who  leave  school  as  soon  as  the  state  laws 
permit,  and  if  they  ever  reach  the  stage  where  they  can  cal- 
culate the  thread  cutting  gears  of  a  lathe,  they  have  attained 
the  height  of  their  ambition. 

The  only  remedy  seems  to  be  to  start  now  what  should  have 
been  started  some  time  ago,  and  give  more  time  and  considera- 
tion to  this  branch  of  the  industry.  A  few  firms  have  a  care- 
fully worked  out  system  of  training  their  apprentices  and  find 
it  profitable,  but  the  majority  give  very  little  attention  either 
to  what  is  taught  or  to  the  class  of  boys  that  are  hired.  The 
boys  are  turned  loose  and  drift  around  the  shop  in  a  haphazard 
way  for  the  required  four  years,  and  if  they  turn  out  to  be 
mechanics,  it  is  because  of  a  natural  aptitude  for  the  work  and 
not  because  any  attempt  has  been  made  to  teach  them.  The 
result  is  that  the  apprentice  system  has  fallen,  to  a  certain 
extent,  into  disrepute  among  boys  who  are  starting  out  to  pre- 
pare themselves  to  earn  a  living.  They  are  told  that  it  is 
impossible  to  learn  a  trade  thoroughly  as  an  apprentice,  and 
the  better  class  seek  an  opportunity  in  some  other  line.  This 
will  have  to  be  corrected  if  it  is  desired  to  keep  up  the  supply 
of  good  mechanics. 

This  training  of  young  mechanics  need  not  necessarily  be 
confined  to  the  large  manufacturing  plants,  but  can  be  car- 
ried out  in  the  smaller  places  as  well.  In  fact,  if  conditions 
are  as  they  should  be,  a  small  shop  doing  a  general  business 
is  one  of  the  best  places  for  a  boy  to  learn  a  trade.  Here 
the  right  kind  of  boy  will  form  acquaintances  that  will  prove 
very  valuable  to  him.  As  soon  as  the  men  understand  that 
the  management  is  making  a  serious  attempt  to  get  a  better 
grade  of  apprentices  and  really  intends  to  teach  them  some- 
thing, they  will  do  their  share,  not  only  in  getting  better 
boys  to  start,  but  also  in  helping  them  after  they  are  started. 
Every  mechanic  who  is  any  good  has  pride  in  his  trade  and 
thinks  that  it  is  just  a  little  better  than  any  other,  and  that 
he  has  to  know  a  little  more  to  hold  his  job  than  the  other 
fellow.  When  he  has  been  shown  that  a  boy  by  starting  as 
an  apprentice  will  really  be  taught  the  trade,  he  will  soon  be 
inducing  the  desirable  boy  to  start. 

The  writer  well  remembers  when  he  started  his  apprentice- 
ship. Being  just  from  high  school,  he  was  older  and  larger 
than  the  other  boys  starting  at  the  same  time,  and  naturally 
was  made  the  butt  of  some  good-natured  chaff.  But  it  was  not 
long  before  the  older  men  saw  that  he  really  wanted  to  learn, 
and  because  of  having  been  to  school  longer,  could  more  easily 
grasp  the  things  told  him.  After  that  it  was  much  easier, 
for  although  there  was  little  systematic  training  of  apprentices 
in  this  shop,  as  in  most  shops  at  that  time,  he  was  taken  in 
hand  by  some  of  the  older  men  and  taught  the  ins  and  outs 


of  the  work  about  as  fast  as  he  could  learn  them.  At  the 
end  of  his  apprenticeship  he  was  frankly  told  by  the  foreman 
that  he  could  do  better  by  leaving  and  seeking  employment 
in  some  other  shop,  as  they  had  a  rule  limiting  the  wage  that 
could  be  paid  a  man  for  the  first  year  after  he  had  served  his 
apprenticeship. 

The  introducing  of  new  and  better  methods  of  handling  the 
apprentice  problem,  and  the  attracting  of  a  higher  grade  of 
boys,  is  a  large  and  important  phase  of  the  manufacturing 
business  today,  and  the  way  it  develops  will  be  watched 
by  many. 

*     *     * 

INDEXING    DRILL    JIG 

The  necessity  for  a  drill  jig  of  the  indexing  type  was  brought 
about  by  a  certain  design  of  flat-belt  motorcycle  drive  pulley. 
This  pulley  is  of  the  flat-belt,  flanged  type,  having  cork  inserts 
over  its  entire  periphery. 

To  the  right  in  the  accompanying  illustration  is  shown  a 
completed  pulley  with  the  cork  Inserts  in  place.  Mounted  on 
the  drill  jig  is  shown  a  pulley  being  drilled.  The  pulley  is  414 
inches  in  diameter  and  has  forty-two  holes,  Y2  inch  deep,  ar- 
ranged in  three  rows  of  fourteen  equally  spaced  around  the 
periphery.  The  drill  jig  is  built  in  such  a  manner  that  it 
will  take  a  large  variety  of  sizes  of  pulleys. 

At  the  left  of  the  jig  is  shown  a  large  drum  which  serves 
as  a  means  of  indexing  the  drill  jig  readily,  and  has  three 
annular  grooves  on  its  periphery,  spaced  the  same  distance 
apart  longitudinally  as  it  is  desired  to  have  the  holes  drilled 
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Pulley  Drill  Jig  in  Operation 

on  the  pulleys.  Directly  in  the  center  of  these  grooves  and 
spaced  equidistantly  around  the  periphery  are  fourteen  tapered 
index  pin  holes.  At  the  base  of  the  drill  jig  is  an  index  pin 
(not  shown),  which  is  tapered  on  the  end  to  fit  the  tapered 
index  hole.  At  the  back  of  this  index  pin  is  a  light  spring 
which  holds  it  constantly  in  contact  with  the  index  drum. 

In  operation,  the  first  row  of  holes  is  drilled.  When  enough 
pressure  is  applied  to  the  drum  to  rotate  it.  the  index  pin, 
being  correctly  tapered,  will  jump  out  and  allow  the  drum  to 
revolve  to  the  next  index  hole.  After  the  first  row  of  holes 
has  been  drilled  in  this  manner,  the  second  row  is  placed  in 
line  with  the  revolving  drill  by  forcibly  sliding  the  index 
drum  and  its  shaft  longitudinally  until  the  index  pin  jumps 
into  the  middle  groove.  In  this  position  the  fourteen  central 
holes  are  drilled  as  before.  To  drill  the  last  row  of  holes 
it  is  only  necessary  to  move  the  index  drum  over  as  in  the 
second  case. 

For  drill  jigs  where  it  is  essential  to  drill  holes  accurately 
spaced  around  the  periphery,  this  form  of  index  drum  and 
pin  might  not  be  accurate  enough.  However,  in  this  case 
and  in  many  other  cases  it  is  sufficiently  accurate.  It  has  the 
advantage  of  being  quickly  indexed,  which  is  not  always  true 
of  the  ordinary  index  pin  that  has  to  be  grasped  by  one  hand 
while  the  other  hand  is  employed  in  rotating  the  fixture.  In 
this  case,  the  right  hand  is  never  moved  from  the  drill  spindle 
lever.  y   g 
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ELECTRICAL  LIMIT   GAGE 

The  following  describes  an  interesting  electrical  limit  gage 
for  testing  time  fuse  firing  pins  of  the  form  shown  at  A  in 
the  accompanying  illustration.  The  dimensions  a  and  b  have 
to  be  tested  for  accuracy,  and  it  was  for  this  purpose  that  the 
electrical  limit  gage  was  designed.  It  will  be  seen  that  the 
gage  consists  of  top  and  bottom  plates  B  and  C;  plate  B  is 
made  of  tool  steel,  hardened  and  ground,  while  plate  C  is  made 
of  machine  steel  and  left  soft.  These  two  plates  are  fastened 
together  by  fillister-head  screws  and  special  nuts,  which  enter 
the  fiber  side  pieces  D  and  E.  The  fiber  is  used  because  it  is  a 
non-conductor  and  thus  provides  for  insulating  the  top  and 
bottom  plates  from  each  other. 

This  gage  is  of  the  "go"  and  "not  go"  type,  and  its  operation 
depends  upon  having  the  work  to  be  tested  close  the  electrical 
circuit  between  the  plates,  which  causes  a  telegraph  sounder 
to  click.  Four  contact  points  F  made  of  spring  steel  are 
soldered  into  the  heads  of  screws  which  provide  for  adjusting 


Electrical  Limit  Gage   for  testing  Time   Fuse   Firing  Pins 

the  height  of  the  contacts.  Lock-nuts  G  are  for  adjusting  the 
contact  points  to  the  proper  height  and  locking  them  in 
position. 

In  using  the  gage,  the  firing  pins  to  be  tested  are  placed  in 
the  front  end  of  slots  H  and  pushed  forward  over  the  contact 
points  F.  If  the  firing  pin  touches  either  of  the  points  it  com- 
pletes the  circuit  and  the  sounder  clicks.  The  first  con- 
tact point  is  adjusted  to  such  a  height  that  if  the  tip  of  the 
firing  pin  touches  it,  it  shows  the  work  is  too  long;  similarly, 
if  the  pin  does  not  touch  the  second  contact  point,  it  is  too 
short.  In  either  case  the  work  will  be  rejected.  It  will  of 
course  be  evident  that  one  of  the  slots  H  provides  for  testing 
dimension  a,  while  the  other  slot  is  used  for  testing  dimen- 
sion 6.  It  is  a  very  easy  matter  to  keep  this  gage  accurately 
adjusted.  Donald  Baker 


THUMB   INDEX   FOR   MACHINERY'S 
HANDBOOK 

In  the  June  number  of  Machinery  an  abbreviated  index  for 
Machinery's  Handbook  was  published,  which  made  me  think 
that  I  would  like  to  pass  along  the  method  I  have  used  for  a 
thumb  index  on  my  handbook  with  success.  The  accompany- 
ing illustration  shows  the  general  scheme  employed  and  the 
abbreviations  which  were  used  on  the  writer's  index  tabs. 
These  index  tabs  can  be  altered  to  suit  individual  needs,  de- 
pending upon  the  class  of  work  on  which  the  user  is  engaged. 
A  chamois  skin   was   purchased   at  a  drug  store  and   pieces 


C^ 


Method  of  indexing  Handbook 

9/16  by  1/4  inch  were  cut  out  of  the  smoothest  part  by  using 
a  cardboard  templet,  after  which  they  were  lettered  as  shown 
with  black  India  ink,  by  spotting  the  ink  on  with  little  dots 
instead  of  in  the  usual  way;  they  were  then  pasted  on  the 
right-hand  pages  of  the  handbook.  Photo  paste  was  used  on 
the  chamois  skin  very  sparingly  and  the  tab  pressed  firmly 
on  the  page  until  it  adhered. 

By  holding  the  back  of  the  book  in  the  left  hand  and  placing 
the  right  thumb  on  the  index  tab,  references  can  be  made  very 
quickly.  The  writer  has  three  reference  books  that  he  has 
indexed  in  this  way,  and  has  found  the  method  convenient 
and  readily  applicable  with  comparatively  small  expense  and 
little  trouble. 

Lyndonville,  Vt.  Earl  W.  Peter.son 

ETCHING   GRADUATIONS   ON   GAGES 

In  the  September,  1915,  number  of  Machinery,  in  an  article 
entitled  "Snapshots  On  the  Road,"  I  noticed  a  short  descrip- 
tion of  a  method  of  etching  nameplates;  and  this  suggested 
the  means  of  overcoming  difficulty  which  we  had  experienced 
in  graduating  gages  of  the  form  shown  in  the  accompanying 
illustrations.  These  gages  were  made  of  i/^-inch  drill  rod, 
and  the  largest  diameter  was  0.490  inch.  There  were  four 
lines  to  be  marked  on  each  gage,  and  it  was  decided  to  grind 
the  graduations  in  the  hardened  gages.  But  when  an  attempt 
was  made  to  handle  the  work  in  this  way,  it  was  found  that 
the  wheel  would  not  hold  a  sharp  edge,  with  the  result  that 
very  poor  lines  were  obtained.  As  the  limit  of  accuracy  re- 
quired on  this  work  was  ±  0.0002  inch,  this  method  was  obvi- 
ously unsatisfactory,  and  we  were  in  search  of  a  more  efficient 
way  of  doing  the  work  when  I  happened  to  see  the  article 
referred  to. 

As  a  result,  we  decided  to  try  etching;  a  thin  coat  of  wax 
was  spread  over  each  gage,  after  which  it  was  mounted  on 


Fig.    1.     Gage   to  be   made   showing   Graduations   at  b,    c,   d  and 
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centers  on  the  milling  machine.  The  marker  held  in  a  fly- 
cutter  shank,  as  shown  in  Fig.  2,  had  its  point  brought  to 
coincide  with  end  a  of  the  gage,  and  it  was  then  a  simple 
matter  to  move  the  table  through  the  required  distance  A, 
Fig.  1,  to  locate  the  marker  for  making  the  first  line  6.  Then 
the  table  was  moved  successively  through  distances  A,  B,  C 
and  D  in  order  to  locate  the  marker  in  the  proper  positions 
for  graduating  lines  6,  c,  d  and  e.     It  will  be  obvious  that  to 


Fig.   2.     Method  of  cutting   Graduations  in   Wax   preparatory   to   etching 


graduate  each  line  in  the  wax,  it  was  merely  necessary  to 
bring  the  pointer  into  contact  with  the  work  and  then  rotate 
the  work  through  one  complete  revolution.  A  mixture  of 
one  part  of  nitric  acid  and  one  part  of  water  was  then  applied 
and  allowed  to  "work"  for  three  or  four  minutes,  after  which 
the  acid  was  thoroughly  washed  off  with  water  and  the  wax 
removed  from  the  work.  The  micrometer  graduations  on  the 
screw  of  the  milling  machine  enabled  the  lines  to  be  spaced 
with  the  required  degree  of  accuracy. 

Bridgeport,  Conn.  Carl  Gotthardt 


STEEL  BALL  DROPPER 

A  steel  ball  1/16  inch  in  diameter  is  not  an  easy  thing  to 
handle,  even  with  the  aid  of  a  suitable  pair  of  tweezers.  Such 
a  diminutive  sphere,  when  removed  from  its  fellows  in  the 
bearing,  seems  to  become  animated  and  determined  to  shoot 
through  space  without  the  impetus  afforded  by  an  explosion; 
and  to  avoid  loss  of  time  and  balls  occasioned  by  dropping  and 
losing  them  in  attempting  to  replace  the  balls  in  the  race 
groove,  we  designed  the  ball  dropper  shown  in  the  accompany- 
ing illustration,  which  proved  to  be  a  very  useful  tool  In 
the  shop. 

The  trigger  and  spring  are  made  of  tool  steel  which  was 
hardened  and  drawn  to  a  blue  color;  the  upper  end  and  screw 
cap  were  turned  from  a  piece  of  %-inch  round  brass  stock. 
The  chute  was  made  of  a  piece  of  1/16-inch  brass  tubing 
which  was  sweated  into  the  upper  end  of  the  ball  reservoir; 
and   the   yoke   for   holding  the   trigger,   pin   and   spring   was 
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soldered  in  place.  Then  all  brass  parts  were  nickel  plated 
to  improve  the  appearance  of  the  tool.  At  the  outlet  from  the 
ball  reservoir,  the  corners  of  the  brass  tube  were  first  made 
with  a  slight  chamfer,  but  this  allowed  the  balls  to  become 
jammed  at  the  entrance  to  the  tube  so  that  they  would  not 
flow  freely;  we  faced  off  the  end  of  the  tube  to  give  a  sharp 
corner,  and  after  this  no  difficulty  was  experienced.  It  will 
be  evident  from  the  illustration  that  only  one  ball  can  be 
released  at  a  time,  a  ball  being  dropped  each  time  the  trigger 
is  pressed  down. 
Bayonne,  N.  J.  William  A.  Hawes 


DRIVE  FOR   BACK  COUNTERBORE 

A  very  satisfactory  way  of  driving  back  counterbores,  back 
face  mills  and  similar  tools  is  shown  in  the  accompanying  il- 
lustration. This  device  is  used  where  the  cutter  must  be  se- 
cured to  the  end  of  the  arbor  after  the  arbor  has  been  passed 
through  the  hole.  Cutter  A,  which  is  a  sliding  fit  on  arbor  B, 
is  turned  down  on  the  back  end  to  a  diameter  just  below  the 
bottom  of  the  flutes,  and  a  dovetail  is  milled  across  each  side. 
This  dovetail  is  cut  so  as  to  register  with  a  similar  dovetai) 
milled  on  the  extension  of  the  arbor.  When  the  cutter  ana 
arbor  are  assembled,  the  complete  dovetail  is  such  as  to  fit 
the  mate  in  cap  C ;  and  tightening  the  thumb-screw  D  holds 


CUTTER  BLANK  AFTER 
MILLING  DOVETAIl\ 


Arrangement  of  Drive  for  Back  Counterbore  or  Back  Face  Mill 

this  cap  in  place.  Thus  the  cap  forms  a  driving  coupling  be- 
tween the  arbor  and  cutter  which  may  be  quickly  slipped  on 
and  off. 

Bridgeport,  Conn.  W.  Burr  Bennett 


FITTING  TAPERS 

In  fitting  taper  parts,  such  as  lathe  centers,  miller  arbors, 
etc.,  it  is  customary  to  rub  chalk,  Prussian  blue  or  red  lead 
on  them  before  trying  them  together,  so  that  the  high  spots 
will  show  bright  after  the  parts  have  been  wrung  together. 
While  chalk  will  answer  the  purpose  on  rough  work,  the  other 
two  are  to  be  preferred  for  finer  work,  but  as  they  are  rather 
mussy  and  inconvenient,  it  may  be  of  interest  to  learn  that 
there  is  a  blue  pencil  on  the  market  used  for  marking  on  glass, 
china,  metal,  etc.  This  is  much  more  convenient  to  use  or 
to  carry,  either  in  the  pocket  or  the  tool  kit,  and  it  will  give 
practically  the  same  results  as  Prussian  blue,  while  the  marks 
made  with  it  leave  just  the  right  amount  of  blue  on  the  work 
without  smearing  or  waste.  The  pencils  I  have  were  made 
by  the  Faber  Co.,  and  as  they  are  a  German  product,  it  may 
be  difficult  to  obtain  them  at  present,  although  they  are  usually 
kept  by  stationery  and  art  supply  stores.  D.  B. 


steel  Ball  Dropper  and  Enlarged  Partial  Cross-section 


RESEATING  GASOLINE  MOTOR  VALVES 

The  illustration  presented  in  connection  with  the  following 
description  shows  a  gasoline  motor  valve  seating  tool  which 
has  been  found  to  give  very  satisfactory  results.  I  have  never 
found  the  method  of  assembling  the  reamer  directly  on  a 
5/16  or  3/8  inch  diameter  stem  to  give  sufl^cient  rigidity  to 
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Insure  obtaininB  a  valve  seat  concentric 
OP  true  with  the  valve  stem  hole  in  the 
guide;  and  1  have  often  ground  valves 
In  which  this  method  was  entirely  use- 
less on  account  of  poor  hand  reaming. 
Valves  can  be  given  a  true  seat  in  a 
very  short  time  and  with  very  little 
grinding  if  the  seats  are  carefully 
reamed  at  the  start;  and  an  advantage 
of  the  tool  shown  in  the  accompanying 
illustration  is  that  the  cutter  revolves 
around  a  large  bearing  surface  which 
is  located  exactly  at  the  center  of  the 
circle  being  reamed. 

It  will  be  seen  that  the  cutter  is 
mounted  on  a  piece  of  steel  tubing 
which  is  turned  down  to  a  shoulder  and 
threaded  to  receive  a  nut  for  clamping 
the  cutter  in  position,  after  being  care- 
fully reamed  to  give  the  tube  a  smooth 
concentric  hole.  The  plug  on  which  the 
tube  turns  can  be  made  of  a  piece  of 
good  close-grained  cast  iron,  and  after 
being  drilled  and  tapped,  a  hole  should 
be  drilled  to  a  depth  of  about  1/8  inch, 
using  a  drill  1/32  or  1/16  inch  larger 
than  the  tap  size;  then  the  end  of  the  plug  is  faced  off  true, 
and  it  also  ought  to  be  ground  to  size  on  the  outside.  The 
form  of  clamping  screw  used  in  the  guide  and  the  method 
of  mounting  are  so  clearly  shown  that  no  description  Is  re- 
quired. Any  suitable  stem  may  be  placed  in  the  top  of  the 
tube  to  accommodate  the  form  of  drive  which  is  to  be  used. 
If  this  joint  is  very  loose  and  simply  held  with  a  large  cotter- 
pin,  very  good  results  will  be  obtained,  as  the  tool  will  be 
given  more  or  lelfe  float  and  thus  be  able  to  center  itself 
readily.  Obviously,  it  is  necessary  to  first  spot-face  the  ends 
of  the  valve  stem  guides  just  enough  to  break  away  the  scale 
and  provide  an  accurate  surface  for  the  bearing  plug  to  rest  on. 

Los  Angeles,  Cal.  H.  W.  Ricks 


Efficient   Type   of  Valve    Seat 
Seaming   Tool 


sition  by  pressure  on  the  handwheel 
which  controls  the  longitudinal  move- 
ment of  the  spindle.  As  the  machine 
spindle  revolves,  the  friction  is  relieved 
l)y  the  ball  bearing  shown,  the  outer 
bushing  remaining  stationary  and  also 
serving  as  a  pilot  for  the  holder.  At 
each  revolution  of  the  spindle,  the  han- 
dle A'  is  given  a  partial  turn  by  means 
of  a  knocker  fastened  to  the  table,  and 
as  the  spindle  continues  to  revolve,  the 
handle  returns  to  its  original  position 
by  the  action  of  gravity,  the  ratchet 
pawl  0  slipping  past  the  teeth  on  the 
ratchet  as  indicated. 

The  depth  of  the  cut  is  gaged  by  the 
end  of  the  tool-holder  block  which  is 
visible,  and  the  chips  drop  out  of  the 
way  through  the  cut  which  can  be  seen 
at  the  rear  of  the  tool  and  holder.  When 
the  proper  depth  has  been  reached,  the 
tool  is  withdrawn  by  reversing  the 
ratchet  pawl  in  the  handle  by  means 
of  the  knurled  portion  Q.  This  method 
is  somewhat  slow,  but  is  not  at  all  com- 
plicated and  the  withdrawal  can  be  ac- 
complished in  a  short  time.  The  bushing  E  is  of  hardened 
steel  and  is  pressed  onto  the  body  to  take  the  wear  from  the 
side  pressure  caused  by  the  cutting  action.  Its  use  also  pre- 
vents the  hole  in  the  casting  from  being  scored.  Prior  to  the 
use  of  the  recessing  tool,  a  roughing  cutter  is  used  to  relieve 
the  work,  so  that  there  is  less  metal  to  remove  in  the  finish- 
ing cut  and  greater  accuracy  is  insured.  There  is  also  less 
wear  and  tear  on  the  tool  itself,  so  that  the  maintenance  cost 
is  reduced  to  a  minimum.  The  illustration  will  make  the 
general  points  in  construction  perfectly  clear  and  the  method 
of  operation  readily  understood. 

Columbus,  Ohio.  Otto  R.  WraTER 


MILLING  DOUBLE-ANGLE  CLUTCH  TEETH 


RECESSING  TOOL  FOR   HORIZONTAL 
BORING    MILL 

The  tool  shown  in  the  accompanying  illustration  was  de- 
signed for  cutting  a  recess  in  the  worm-gear  bearing  in  a 
steel  casting,  the  machine  on  which  the  work  is  done  being  a 
horizontal  boring  mill.  The  recess  is  used  to  locate  and  hold 
a  thrust  washer,  and  the  requirements  of  the  work  are  that 
the  groove  must  be  accurate  in  its  width  and  correctly  located 
from  a  shoulder  31/^  inches  distant. 

Referring  to  the  accompanying  illustration,  the  body  of  the 
tool  A  is  made  of  machine  steel,  and  the  shank  is  held  in  the 
end    of    the    spindle 
bar    by    a    draw -in 
slot  and  wedge.    The 
tool-holder    block    B 

carries    the    tool    C. 

The  block  is  operated 

by  wedge  A', controlled 

by  screw  L  through 

ratchet     handle     'K. 

The  diameter  of  the 

hole  in  which  the  re- 
cess  is  to  be  cut  Is 

0.004     inch     larger 

than     the     hardened 

bushing   D,   and   the 

location  is  insured  at 

the  beginning  of  the 

operation    by    carry- 
ing the  tool  into  the 

bored  hole  until  the 

thrust    washer    F 

comes    against    the 

shoulder    mentioned, 

being  held  in  this  po-  Recessing  Tool  for  Horizontal  Bo 


On  page  190  of  Franklin  D.  Jones'  book  entitled  "Planing 
and  Milling,"  there  is  a  formula  for  determining  the  angle  a 
to  which  the  axis  of  a  clutch  blank  should  be  inclined  while 
milling  the  teeth.  This  formula  is  perfectly  accurate,  but  I 
find  it  more  convenient  to  use  when  reduced  to  the  following 
form: 


\i 


degrees 


cos  a 


tan 


V 


X  cot  cutter  angle 


(1) 


L 

I  have  to  mill  a  number  of  clutches  for  use  on  a  certain 
machine,  but  they  differ  from  the  type  referred  to  by  Mr.  Jones 
in    that    the    teeth    have    a    "double"    angle    as    indicat,ed    in 

the  accompanying  il- 
lustration. Clutches 
with  teeth  designed 
in  this  way  disen- 
gage more  readily. 
In  finding  by  calcula- 
tion the  angle  a  at 
which  the  clutch 
blank  must  be  set 
for  milling,  the  fol- 
lowing equation  is. 
used: 

tan  /3  X  tan  ^3,  X 
cos^  a  +  (tan  |3 
+  tan  (3,)  X 
180  degrees 
cot  ■ 


X    c  0  s    a    • —    1 
=  0  (2) 

Reference  to  For- 
nulla  (2)  in  connec- 
tion with  Fig.  1  will 
make  it  evident  that. 
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for  a  case  where  /3i  =  0, 
the  clutch  is  of  the  type  re- 
ferred to  by  Mr.  Jones,  and 
for  such  a  case  Formula  (2) 
reduces  to  the  form  given  in 
Formula  (1). 

In  designing  these  clutches 
I  generally  make  angle  jS  =  55 
degrees,  and  angle  ft  =  5  de- 
grees, and  for  these  angles 
the  values  given  in  the  ac- 
companying table  have  been 
calculated.  It  will  be  seen 
that  both  the  angle  a  and  the 
value  of  cos  a  are  given  in 
the  table,  the  latter  being  for 
the  purpose  of  determining 
the  drop  of  the  cutter  into  the 
clutch  blank  at  the  rim.  This 
value  is  indicated  by  H  in  the 
illustration,  and  has  the  fol- 
lowing value: 

H  =  D  cos  a 
where  D  =  diameter  of  clutch  blank. 

After  the  teeth  have  been  cut,  the  sharp  edges  are  faced  off 
in  the  manner  indicated,  which  leaves  little  triangular  sur- 
faces for  the  opposing  teeth  to  rest  on  momentarily  while  the 
clutch  is  being  closed  in  case  the  teeth  happen  to  come  point 
to  point  at  the  instant  of  engagement.  If  the  points  of  the 
teeth  are  left  sharp  and  the  clutch  engages  in  this  way,  it  is 
found  that  the  teeth  do  not  slide  easily  on  each  other,  so  that 
the  engagement  of  the  clutch  is  made  rather  difficult. 

Bridgeport,  Conn.  D.  Petri-P.vljiedo 


ENLARGED  VIEW  OF 
CLUTCH  TEETH 


Form   of   Double-angle 


Clutch  Teeth,    and   Method  of  milling  to   insure 
Easy  Engagement 


COMMON   CAUSE   OF   HIGH   ELECTRIC 
POWER  BILLS 

Unsatisfactory  power  bills  are  not  always  the  fault  of  the 
central  station,  neither  are  they  always  the  fault  of  the  con- 
sumer; but  excessively  high  bills  are  sometimes  the  result 
of  an  unfortunate  purchase  of  motors.  While  occurrences  sim- 
ilar to  the  one  here  related  are  frequent,  the  following  is 
probably  the  worst  case  that  ever  came  to  my  attention.  A 
consumer  complained  to  the  electric  company  about  his  bills 
and  added  the  threat  that  if  nothing  could  be  done  in  the 
matter,  he  would  be  forced  to  abandon  central  station  service 
and  resort  to  the  use  of  a  gas  engine  for  his  power.  Natural 
gas  sold  for  thirty  cents  per  thousand  cubic  feet,  and  the  elec- 
tric company  knew  from  past  experience  that  this  was  not  idle 
talk  on  the  part  of  the  consumer. 

The  complaint  was  handed  over  to  a  solicitor  with  orders  to 
investigate.  The  solicitor  called,  as  directed,  and  the  con- 
sumer produced  his  bills  for  the  preceding  year  with  the  re- 
mark, "No  matter  how  good  or  how  slack  business  may  be,  I 
always  get  the  same  old  bill  for  $40."  The  plant  was  an  archi- 
tectural iron  works,  i.  c.  the  company  purchased  I-beams,  chan- 
nels,   angles,    etc.,    drilled    and    cut    them    into    such    lengths 


horsepower  motor  of  stand- 
ard make,  more  or  less  suc- 
cessfully rewound,  was  used 
for  driving  the  whole  plant. 
The  solicitor  asked  the  con- 
sumer to  wait  until  the  next 
day,  so  that  he  could  conduct 
a  test.  This  test  was  made 
as  follows:  The  main  belt  " 
was  removed  and  the  kilowatt 
input  was  observed  when  the 
motor  was  running  free.  The 
belt  was  then  replaced  and 
the  power  necessary  to  drive 
the  motor  and  shafting  was 
noted.  The  machines  were 
then  successively  thrown  on 
(loaded  when  convenient)  and 
readings  taken  of  the  power 
drawn  from  the  line.  The 
following  are  the  results  of 
the  test: 

Motor  running  free  (main  belt  removed),  input.  .3.50  kilowatts 
Motor  plus  lineshafting  and  loose  pulleys,  input.  .3.90 

The  same,  plus  small  blower,  input 4.00 

Last  condition,  plus  Alstatter  Shear  accelerating, 

input    4.20 

Last    condition    with    shear    running,    plus   Bliss 

punch  accelerating,  input 4.10 

Last    condition    with    Bliss    punch    running    and 

emery  grinder  working,  input 4.35 

The  last  figure,  namely.  4.35  kilowatts,  represented  what 
the  customer  called  about  average  operation,  and  when  multi- 
plied by  240,  which  was  the  number  of  working  hours  per 
month,  came  surprisingly  near  to  his  average  monthly  con- 
sumption. One  of  the  most  remarkable  things  about  this  in- 
stallation was  that  for  about  one  hour  and  a  half  each  day, 
immediately  after  the  dinner  hour,  the  fifteen-horsepower 
motor  was  operated  to  drive  a  small  forge  blower,  for  which 
a  one-fourth-horsepower  motor  would  have  supplied  ample 
power.  The  matter  was  laid  before  the  customer,  and  the 
fact  that  he  was  paying  about  80  per  cent  of  his  money  to  turn 
the  motor  and  about  20  per  cent  for  the  energy  which  he  re- 
quired for  producing  his  product  was  plainly  shown  to  him. 
It  was  explained  that  while  he  could  not  escape  paying  some- 
thing to  turn  a  motor,  that  by  trading  in  his  fifteen-horsepower 
motor  and  with  a  slight  additional  investment  he  could  equip 
his  plant  with  small  motors  and  reduce  his  power  bill  suffi- 
ciently to  pay  well  for  his  added  investment. 

I  could  relate  details  of  tests  made  on  numerous  other  in- 
stallations because  of  similar  complaints.  One  of  these  was 
at  an  amusement  park,  where  they  were  using  a  four-kilowatt 
belt-connected  motor-generator  set  to  supply  current  to  a  maxi- 
mum connected  load  of  less  than  one  kilowatt  in  miniature 
lamps,  and  an  average  load  of  about  one-fourth  of  a  kilowatt; 
they  were  paying  about  $35  a  month  and  got  the  benefit  of 
about  $3  or  $4  worth  of  electricity.  In  another  case  a  shop 
was  operating  a  little  one-half-horsepower  forge  blower  with 
a   five-horsepower   second-hand   motor;    the   proprietor   picked 

up     the     motor 


as  were  required, 

and    then    erected  VALUES  OF  a  AND   COS  a  FOR  DIFFERENT  NUMBERS   N  OF  CLUTCH  TEETH 

the  structural 
steel  part  of 
buildings.  An  ex- 
amination of  the 
bills  showed  that 
the  statement  of 
the  consumer  in 
regard  to  their 
amount  was  es- 
sentially correct. 
At  the  sugges- 
tion of  the  solici- 
tor, they  went 
into  the  shop ;  and 
an  inspection  dis- 
closed the  fact 
that    one    fifteen- 
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cheap,  and  it  ran 
the  blower  all 
right.  I  have  seen 
so  many  of  these 
instances  that 
when  a  complaint 
of  this  kind  comes 
in  I  take  a  watt- 
meter along  and 
manage  to  see  the 
consumer  about 
noon,  when  the 
factory  is  shut 
down,  so  as  to 
take  his  no-load 
motor  input. 

A.  G.  Dbubt 
Cincinnati,  Ohio. 
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METHODS  OF  CHECKING  MULTIPLICATION 

On  page  700  of  Ma(  iiim.ui  lor  April,  191G,  under  the  head- 
ing "Methods  of  Checking  Multiplication,"  it  will  be  found 
that  the  prot-ess  mentioned  does  not  give  quite  correct  results 
in  all  cases.  The  following  method,  which  is  taught  in  nearly 
all  English  elementary  schools  in  India,  is  the  quickest  way 
of  proving  multiplication,  and  it  will  be  found  that  it  is  abso- 
lutely correct  in  every  case. 

A'xajnp/e.— Multiply  84,689  by  5214  =  441,568,446.  Add  all 
the  digits  of  the  multiplicand  till  one  digit  is  obtained,  thus: 
8  +  4  +  6-f8  +  9  =  35  =  3  +  5  =  8.  Do  likewise  with  the 
multiplier,  thus:  5  +  2  +  1  +  4  =  12  =  1  +  2  =  3.  Multiply  the 
two  results  and  add  the  digits  till  one  digit  is  obtained: 
8X3  =  24  =  2  +  4  =  6.  Lastly,  add  the  digits  of  the  product 
till  one  digit  is  obtained,  thus:  4+4  +  1+5  +  6  +  8  +  4  + 
4  +  6  =  42  =  4  +  2  =  6,  and  if  the  the  result  agrees  with  the 
result  obtained  by  adding  the  digits  of  the  preceding  multipli- 
cation, the  product  is  correct.  We  get  6  in  both  cases.  Hence 
the  product  is  correct. 

Calcutta,  India.  J.  R.  Ackoy 

ARRANGEMENT  OF  BORDER  LINES 
AND  TITLE 

It  is  my  purpose  to  describe  what  I  have  found  to  be  a 
very  practical  arrangement  in  laying  out  the  border  lines  and 
title  frame  on  drawings;  this  is  often  the  means  of  saving 
space  which  may  be  required  for  showing  certain  views  of 
one  or  more  small  parts,  and  avoids  the  necessity  of  making 
separate  detail  drawings.  The  paper  is  cut  around  the  edge 
about  Ys  inch  from  the  outside  border  line,  and  experience 
has  shown  that  it  pays  to  have  plenty  of  room  between  the 
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Comparison  of  Arrangements  of  Border  Lines  and  Title 

outside  and  inside  border  lines;  we  use  a  space  of  1  inch  on 
our  standard  drawings.  This  prevents  the  blueprints  from 
becoming  badly  finger  marked  along  the  edges  and  avoids  loss 
of  time  through  mechanics  having  to  go  to  the  foremen  or 
draftsman  for  further  information  in  regard  to  an  operation 
on  which  they  are  engaged.  Draftsman 


LINK  FOR  LIFTING  DRIVING  BOXES 

The  device  shown  in  the  illustrations  for  lifting  driving 
boxes  on  and  off  machines  has  been  found  a  very  satisfactory 
means  for  the  purpose  in  the  shops  of  a  large  eastern  rail- 
road. The  link  is  made  of  %  inch  square  wrought  iron,  bent 
to  form  the  large  loop  and  a  ring  at  the  top,  and  welded  to- 
gether. Two  of  the  rings  are  used  in  lifting  a  box,  as  seen 
in  Fig.  2.  The  links  are  made  to  suit  the  length  of  driving 
box,  and  a  %-inch  endless  chain  holds  the  two  links  together. 
The  chain  is  made  of  the  proper  length  to  allow  the  device 
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Fig.  2.     Application  of  Pair  of  Links  to  Driving  Box 

to  be  quickly  put  on  the  box  to  be  lifted  and  to  adjust  itself 
at  about  the  angle  shown  when  the  box  is  being  lifted.  It 
is  impossible  for  the  links  to  slip  in  use,  and  there  is  nothing 
about  the  device  to  get  out  of  order.  L.  K. 


LOCK  FOR   SLIP  BUSHINGS 

It  is  considered  good  practice  to  use  some  sort  of  lock  to 
prevent  slip  bushings  from  rotating  and  creeping  up  on  the 
drill  or  reamer.  This  lock  should  be  fool-proof,  of  few  parts, 
and  sturdy  enough  to  withstand  shop  abuse.  The  accompany- 
ing illustration  shows  a  lock  which  amply  fulfills  the  above 
requirements  and  can  be  used  for  locking  eccentric  bushings. 
It  consists  of  a  pin  milled  out  on  the  end,  supported  in  a  bear- 
ing, and  having  a  lever  pinned  to  the  other  end.  The  milled 
end  of  the  pin  when  in  position  (as  shown  in  section  A-A) 
keeps  the  bushing  from  rotating  and  creeping  upward.  The 
shoulder  which  the  edge  of  the  bushing  strikes  is  off  center 
of  the  pin;  this  tends  to  rotate  the  pin  as  the  bushing  tries 
to  turn  from  drill   friction,  thus  locking  it  tighter.     In  the 


Lock  for  Slip  Bustlings 

illustration,  the  bushing  is  shown  as  tending  to  turn  clock- 
wise, which  would  be  the  condition  when  using  a  right-hand 
drill.  By  lifting  the  lever  to  an  upright  position  the  bushing 
can  be  withdrawn  vertically. 

Bridgeport,  Conn.  W.  Burr  Bennett 


Fig.    1.     Link    for    lifting    Driving    Boxes 


ADJUSTABLE  RADIUS  LATHE  TOOL 

The  accompanying  illustration  shows  an  adjustable  radius 
lathe  tool  made  by  the  writer.  The  tool-holder  B  is  ground 
true  so  that  measurements  can  be  easily  taken  from  it  to 
set  the  tool  to  any  radius  within  its  capacity.  The  body  of 
the  holder  .4  is  made  from  cold-rolled  steel  which  is  finished 
to  size  and  casehardened.    The  end  of  the  holder  carrying  the 
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Adjustable  Radius  Lathe  Tool 

radius  tool  is  formed  as  sliown  and  is  provided  with  the  holder 
mentioned  in  which  the  tool  C  is  secured  by  means  of  the  set- 
screw  D.  The  worm-wheel  E  is  slipped  onto  the  squared-up 
portion  of  the  tool-holder  B.  and  meshes  with  the  worm  at 
the  end  of  the  operating  shaft  G,  the  movement  of  which  is 
controlled  by  the  handle  E.  This  handle  can  be  readily  re- 
moved so  that  the  tool  body  A  can  be  slipped  into  the  holder 
on  a  lathe  carriage.  The  worm  is  %  by  16  inch  and  the 
shaft  is  relieved  in  the  middle  portion  so  that  it  obtains  a 
bearing  only  on  each  end;  that  is,  near  the  handle  and  near 
the  screw.  The  tool  shown  has  been  in  use  in  the  tool-room 
for  the  past  six  months  and  has  given  complete  satisfaction. 
Kenosha,  Wis.  H.  E.  Anderson 


OONVENIENT   PIPE   GAGE 

I  have  often  found,  when  called  upon  to  measure  up  old 
pipe  work,  that  considerable  time  is  lost,  especially  when  a 
number  of  various  sized  pipes  are  involved.  The  accompany- 
ing illustration  shows  a  very  convenient  form  of  pipe  gage 
which  the  writer  has  had  made  and  which  he  has  found  to 
be  a  great  help  whenever  pipe  sizes  of  any  kind  are  to 
be  taken. 

The  following  method  will  be  found  convenient  for  laying 
out  the  gage.     The  two  points  A  and  B  are  laid  out  3  inches 
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Convenient   Pipe   Gage 

apart  on  a  common  center  line,  using  a  piece  of  1/16-inch  brass 
or  copper  sheet  and  scribing  the  line  carefully  upon  it.  With 
the  points  A  and  B  as  centers,  describe  two  circles,  respec- 

STANDARD  IRON  PIPE  SIZES 
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tively,  2.87  inches  and  0.4  inch  in  diameter.  These  circles  rep- 
resent the  outside  diameters  of  the  2i/i-inch  and  %-inch  stand- 
ard pipe  sizes.  Tangents  should  then  be  drawn  to  each  circle, 
as  shown,  and  other  circles  laid  out  on  the  center  line,  using 
the  table  of  pipe  sizes  given  herewith  as  a  guide  for  the  diam- 
eters. Each  circle  must  have  its  circumference  in  the  tangent, 
as  shown  in  the  diagram.  Radii  are  now  drawn  in  each  circle 
perpendicular  to  the  tangent,  which  gives  the  location  of  the 
various  points  of  tangency.  These  points  will  be  the  points 
of  contact  for  pipes  of  similar  size  placed  in  the  gage.  After 
all  the  lines  have  been  located,  an  outline  can  be  shaped 
for  the  gage  similar  to  that  shown  at  C  in  the  illustration. 
After  this,  the  material  can  be  cut  out  with  a  hacksaw  and 
file  and  the  different  pipe  sizes  can  be  stamped  at  their 
proper  locations  with  steel  dies.  It  will  be  found  advisable 
to  cut  notches  between  the  measuring  or  contact  points 
with  a  file  so  that  the  pipe  size  can  be  determined  easily  even 
when  operating  in  a  dark  location.  If  desired,  the  finish  of 
the  tool  can  be  improved  by  polishing  and  nickel-plating.  The 
gage  will  give  any  pipe  size  accurately  from  %  inch  to  2% 
inches  diameter.  The  size  of  the  gage  is  convenient  and  it 
will  readily  slip  into  the  pocket. 

Irvington,  Baltimore,  Md.  B.  Francis  Dashiell 


VALUE  OF  LOGARITHMS  TO  THE 
TOOLMAKER 

The  advice  which  Mr.  Jacobs,  in  MACinxERV  for  July,  gives 
to  the  ambitious  toolmaker  is  very  interesting  to  me,  as  it 
must  be,  I  think,  to  all  of  us  who  have  traveled  the  path  he 
there  maps  out.  I  should  like  to  add  a  bit  of  advice  to  the 
machinist  whose  ambition  goes  one  step  farther — who  wishes 
to  get  a  thorough  knowledge  of  all  the  trigonometry  that  will 
be  of  use  in  his  work,  and  is  not  content  with  the  ability  to 
deal  with  right-angled  triangles.  This  advice  is  that,  before 
he  undertakes  trigonometry,  he  should  thoroughly  master  loga- 
rithms. I  have  had  the  pleasure  of  assisting  many  machinists 
to  acquire  a  practical  working  knowledge  of  trigonometry,  and 
have  invariably  found  that  those  who  can  handle  logarithms 
in  an  efficient,  workmanlike  manner  make  far  more  rapid 
progress  and  with  much  less  wearisome  labor  than  those  who 
lack  this  simple  accomplishment. 

It  is  no  light  task  for  a  man,  after  his  day's  work  in  the 
shop,  to  sit  down  in  the  "College  of  the  Midnight  Lamp"  to  a 
lot  of  problems  which  perhaps  involve  multiplication  by  two 
or  three  trigonometric  functions  and  division  of  the  product 
by  one  or  two  more.  One  who  is  of  mature  age,  and  whose 
school  days  are  far  in  the  past,  is  likely  to  find  the  arithmeti- 
cal labor  wearisome  and  to  feel  that,  though  he  may  be  refresh- 
ing his  grammar-school  knowledge,  he  is  making  but  slow 
advancement  in  trigonometry.  It  is  not  surprising  that  many 
such  students  grow  discouraged. 

If,  however,  one  first  learns  to  use  logarithms  with  the 
same  facility  as  one's  shop  tools,  the  study  of  trigonometry 
presents  a  wholly  different  aspect,  for  the  drudgery  is  elimi- 
nated. Any  number  .of  multiplications  and  divisions  can  be 
performed  simultaneously  by  a  single  addition  of  logarithms, 
and  the  extraction  of  square,  cube  or  any  other  roots  is  a 
mere  matter  of  short  division.  Incidentally,  the  use  of  loga- 
rithms tends  to  greater  accuracy,  as  it  removes  the  ever- 
present  temptation  to  omit,  in  calculations,  all  but  two  or 
three  places  of  decimals.  I  know  that  some  yield,  in  this 
matter,  to  the  lure  of  the  easy  way,  for  I  have  checked  up 
many  a  jig  drawing  some  of  whose  dimensions  were  several 
ten-thousandths  off,  because  the  man  who  figured  them  had 
used  only  two-  or  three-place  functions  in  order  to  lessen  his 
arithmetical  toil. 

Even  if  it  were  difficult  to  get  a  working  familiarity  with 
logarithms,  the  time  and  labor  required  would  be  well  spent, 
but  it  is  a  very  easy  matter.  One  of  Machinery's  twenty-five 
cent  reference  books.  No.  53,  will  give  all  the  essential  in- 
formation, and  if  help  is  needed  to  get  one  over  a  hard  place, 
it  can  be  readily  obtained,  for  every  student,  it  seems  to  me, 
must  have  within  reach  someone  who  has  been  up  against  the 
same  difficulty,  and  who  will  gladly  explain  the  matter. 

New  London,  N.  H.  Gxjy  H.  Gardner 
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HOW  AND  WHY 


QUESTIONS    ON    PRACTICAL    SUBJECTS    OF    GENERAL    INTEREST 


"EFFECTIVE   DIAMETER"   OF   SCREW 
THREADS 

J.  L. — What  does  the  term  "effective  diameter"  mean  applied 
to  screw  threads?  Is  it  the  diameter  of  the  screw  at  the  root 
of  the  thread? 

A. — The  term  "effective  diameter"  means  the  "mean  diam- 
eter" or  "pitch  diameter,"  as  it  is  generally  called  in  America. 
The  term  is  of  British  origin  and  its  application  is  not  ap- 
parent. The  term  "pitch  diameter"  commonly  used  in  America 
is  not  good  either.  The  term  "mean  diameter"  is  correct,  as  it 
means  exactly  what  the  term  implies — that  is,  the  diameter  of 
the  screw  taken  midway  between  the  root  and  outside 
diameters. 


VOLUME  OF  STEAM  AT  A   GIVEN 
PRESSURE 

A.  E.  H. — Is  there  any  way  that  I  can  find  the  volume  occu- 
pied by,  say,  6  pounds  of  dry  and  saturated  steam  at  a  gage 
pressure  of,  say,  100  pounds  per  square  inch,  without  the 
use  of  a  steam  table? 

A. — Rankine's  formula  will  probably  give  results  sufficiently 
exact  for  your  purpose;  this  formula  is: 

IT 

pr^=  475 
where  P=  absolute  pressure  in  pounds  per  square  inch; 

y  =  volume   in  cubic   feet   occupied   by   one   pound   of 
steam. 
The  absolute  pressure  =  gage  pressure  +  pressure  indicated 
by  the  barometer;  if  the  latter  is  not  known,  it  is  customary 
to  call  it  14.7.    In  this  case  we  have: 

P  =  100  +  14.7  =  114.7 

17  17 

pyis=114.7y«  =  475 
Taking  the  logarithm  of  both  sides  of  this  equation: 
17 

Log  114.7  H log  y  =  log  475 

16 

16  16 

Log7  =  —  (log  475  — log  114.7)  =—  (2.67669  —  2.05956)  = 

17  17 
0.58083. 

V  =  3.8092  ^=  number  of  cubic  feet  occupied  by  one  pound 
of  steam  under  the  above  conditions.  The  volume  occupied 
by  six  pounds  is: 

3.8092  X  6  =  22.8552,  say  22.86  cubic  feet 

The  logarithm  of  any  number  (or  quantity)  having  an  ex- 
ponent is  equal  to  the  logarithnj  of  the  number  multiplied  by 
the  exponent;   for  instance,  log  A""  ^  c  X  log  A.  J.  J. 


EXPLANATION  OF  THE  TERM  "FUNCTION" 

C.  O.  T. — Quite  frequently  of  late  I  have  encountered  the 
term  "function";  please  explain  what  it  means. 

A. — The  labor  of  a  mathematical  investigation  is  greatly 
simplified  by  reason  of  numerous  definitions  and  symbols  that 
have  been  universally  agreed  upon.  Among  these,  one  of  the 
most  useful  is  the  term  "function"  and  its  symbol.  The  area 
of  a  circle  may  be  expressed  mathematically  as  A  =  5^i^^  in 
which  TT  =  3.14159  +.  The  quantities  A  and  R  are  called  vari- 
ables, since  their  values  may  be  changed  (varied)  at  will; 
TT  is  called  a  constant,  since  its  value  is  unchangeable.  Note 
that  the  value  of  A  cannot  be  determined  until  some  value 
has  been  assigned  to  R;  hence,  A  is  called  the  dependent 
variable  and  R  is  called  the  independent  variable.  The  entire 
expression  vR'  is  called  a  function,  or,  more  precisely,  a  func- 
tion of  R;  and  since  A  equals  this  expression,  A  is  frequently 
called  the  function  and  R  is  called  the  variable.  We  may  now 
define  a  function  as  any  mathematical  expression  containing 
at  least  one  variable,  provided  that  when  a  definite  value  is 
assigned  to  the  variable,  a  definite  value  results  for  the  func- 


tion. Thus,  x'  -\-  (a  +  x)  (a  —  x)  is  not  a  function,  because  it 
is  equal  to  o^  an  expression  that  does  not  contain  a  variable, 
a  being  a  constant.  The  constants  are  usually  represented  by 
the  first  letters  of  the  alphabet  and  the  variables  by  the  last 
letters,  corresponding  to  the  known  and  unknown  quantities 
in  algebra.  When  we  do  not  wish  to  write  the  expression  for 
the  function,  we  symbolize  it  by  enclosing  the  variable  in 
parentheses,  and  to  further  identify  it,  write  a  letter,  usually 
/  or  0,  before  it.  The  above  function  could  then  be  expressed 
A  =t(r)  or  A  =  <f>{R).  J.J. 


FORCED  FITS   OF  WHEELS   AND   AXLES 

L.  F.  S. — Please  advise  as  to  the  best  modern  practice  in 
making  allowances  for  forced  fits  of  railway  and  street  car 
wheels  and  axles.  I  have  been  working  to  the  old  rule  of 
0.005  inch  plus  0.001  inch  for  each  inch  of  diameter.  With 
these  allowances,  from  eight  to  ten  tons  pressure  per  inch 
diameter  are  required  to  assemble.  Any  reference  that  you 
can  give  will  be  appreciated. 

A. — Authorities  do  not  agree  on  allowances  for  forced  fits  of 
railway  wheels  and  axles,  but  their  disagreement  may  be  more 
apparent  than  real,  ov/ing  to  factors  not  being  considered  or 
mentioned  that  vitally  affect  the  result.  In  the  first  place, 
the  finish  and  truth  of  the  axle  seat  and  the  bore  are  im- 
portant. In  the  October,  1912,  number  of  Machinery  an  arti- 
cle appeared  entitled  "Wheel  and  Axle  Pressed  Fits,"  which 
included  a  table  giving  the  diameters  of  fifty-two  axle  and 
wheel  fits.  The  diameters  of  the  axles  were  given  at  the  out- 
side and  inside  ends  of  the  seat  for  both  wheels,  and  the  bore 
diameters  of  the  wheels  were  given  at  the  inside  and  outside 
ends  also.  These  data  showed  that  the  axle  seats  are  hardly 
ever  of  the  same  diameter  at  both  ends,  and  the  wheel  bore 
diameters  also  vary  from  end  to  end;  variations  of  0.003  or 
0.004  inch  are  common.  Depth  of  cut  and  feed  were  given  with 
these  examples  which,  too,  are  important.  A  coarse  feed  per- 
mits the  use  of  greater  allowance  than  a  fine  feed  and  smooth 
finish.  With  the  depth  of  cut  1/32  inch  and  feed  1/8  inch,  the 
rule  referred  to  by  you  agrees  pretty  closely  with  the  allow- 
ance given  for  an  axle  6  inches  diameter  forced  into  a  cast- 
iron  wheel.  The  allowance  was  0.011  inch  and  the  pressure 
required  was  fifty  tons.  But  with  smooth,  true  axle  seats  and 
wheel  bores,  less  allowances  than  the  rule  calls  for  are  ad- 
visable, about  0.001   inch   per  inch   diameter  being  sufficient. 


COLLAPSING   PRESSURE   OF    PIPE 

O.  J.  R. — In  Merriman's  "Mechanics  of  Materials,"  the  fol- 
lowing formula  is  given  for  the  collapsing  pressure  of  wrought- 
iron  pipe,  in  which  T,  L,  and  D  are  the  thickness,  length  and 
diameter,  respectively,  in  inches,  and  P  is  the  pressure  in 
pounds  per  square  inch: 

72.18 

P  =  9,600,000 • 

LD 
He  gives  as  an  example,  find  T  when  P  =  120  pounds  per 
square  inch,  L  =  72  inches,  Z)  ^  4   inches,  and  the  factor  of 
safetv  =  10.    By  substitution  in  the  formula: 
10  X  120  X  72  X  4 

T'-'"  = =  0.036 

9,600,000 
From  which,  by  the  help  of  logarithms,  he  finds  T  =  0.22 
inch.    Please  show  me  how  to  use  logarithms  to  find  T. 

A. — Taking  the  logarithm   of  both   sides  of  this  equation: 
2.18  log  T  =  log  0.036  =  2.55630 
2.55630 

Log  T  = =  1.33775 

2.18 
T  =  0.21765  =  0.22  inch,  very  nearly 
We  presume  that  your  trouble  lies  in  performing  the  divi- 
sion, which  may  be  done  in  two  ways:    First,  make  the  divi- 
dend entirely  negative  by  subtracting  the  positive  mantissa 
from  the  negative  characteristic  (i.  e.,  add  them  algebraically). 


September,  1916 


MACHINERY 


63 


the  result  being  —  1.44370.     Dividing  tliis  by  2.18,  the  quotient 
is  — 0.66225;  and  in  order  to  get  the  mantissa  positive,  we  add 

—  1  and  +  1  (which  of  course  does  not  change  its  value)  and 
obtain: 

—  1  +  1  —  0.66225  =  —  1  +  0.33775  =  1.33775 
Second,  if  we  add  —  0.18  to  the  negative  characteristic,  it 

becomes  —2.18,  which  is  exactly  divisible  by  the  divisor;  but, 
if  this  be  done,  +  0.18  must  be  added  to  the  mantissa. 
Hence: 

—  2  +(—0.18)+  0.18  +  0.55630        —2.18  +  0.73630 
Log  T  = = = 

2.18  2.18 

—  1  +0.33775  =  1.33775 

The  number  whose  logarithm  is  1.33775  is  0.21765,  or,  say,0.22. 


CENTRIFUGAL   FORCE 

J.  A.  G. — Please  state  what  is  meant  by  centrifugal  force  and 
show  how  the  formula  F  =  0.000341  ivrir  is  derived. 

A. — Whenever  a  body  moves  in  a  curved  orbit,  it  must  be 
continually  acted  upon  by  some  external  force,  since,  other- 
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Figs.  1  and  2.     Diagrrams  illustrating  Meaning  of  Centrifugal  Force 

wise,  according  to  the  first  law  of  motion,  it  would  move  in  a 
straight  line.  If  the  orbit  be  a  circle  and  the  body  attached 
to  a  string,  the  external  force  is  the  pull  exerted  on  the  body 
by  the  string,  the  direction  being  radial;  it  is,  consequently, 
always  perpendicular  to  the  direction  of  motion  of  the  body, 
which,  for  any  point,  is  the  tangent  to  the  circle  at  that  point. 
Thus,  in  Fig.  1,  when  the  body  is  at  M  and  revolving  in  the 
direction  indicated  by  the  arrow,  its  direction  of  motion  is 
along  the  tangent  MN,  and  the  pull  of  the  string  is  along  the 
radial  line  MO,  acting  from  M  toward  O.  The  pull  is  called 
the  centripetal  force,  and  the  reaction,  or  pull  exerted  by  the 
string  on  the  center,  is  called  the  centrifugal  force.  Note  that 
the  centrifugal  force  is  a  reaction  only  and  cannot  produce 
motion.  If  the  string  be  cut  when  the  body  reaches  M,  it  will 
immediately  move  along  the  tangent  MX  with  the  same  velocity 
that  it  had  when  moving  in  the  circle.  Since  the  centripetal 
force  is  always  radial,  it  is  always  perpendicular  to  the  direc- 
tion of  motion,  and  exerts  no  influence  whatever  toward  chang- 
ing the  circumferential  velocity  of  the  body;  it  is  also  a  con- 
stant force,  and  whenever  a  constant  force  acts  on  a  moving 
body,  it  produces,  in  this  case,  a  constant  acceleration  toward 
the  center.  The  body,  however,  always  stays  at  the  same  dis- 
tance from  the  center,  because  the  centripetal  force  is  always 
only  sufficient  to  change  it?  path  from  a  straight  line  to  a 
circle.  Suppose  the  body  to  have  a  velocity  v;  then,  in  a  small 
interval  of  time  t,  it  will  move  from  M  to  N  through  the 
angle  (p.  During  this  time,  it  will  have  a  constantly  accelerated 
motion  toward  the  center,  the  velocity  being  v,  =  at.  in  which 
a  is  the  acceleration.  If  the  body  had  not  been  deflected,  it 
would  have  arrived  at  the  point  N^  in  the  same  time.  Draw 
NjN.  ON,  and  MN ;  then,  if  the  angle  <p  is  minute,  N^N  will 
practically  coincide  with  ON  and  will  be  perpendicular  to  N^M. 
Also,  the  angle  N^MN  will  then  equal  MON  =  <p.  Now  draw 
the  parallelogram  of  velocities.  Fig.  2,  in  which  MNt  ^  v  =  the 
circumferential  velocity  of  the  body,  and  NiN  =  Vi  perpendicu- 


lar to  J/A",.    Therefore,  tan  0  =  —  =  — .   But  when  the  angle  <t> 

V  V 

is  extremely  small,  the  tangent  may  be  considered  equal  to 

at 
the  arc;  hence,  0  =  — .    Letting  R  =  radius  of  circle,  arc  MN  = 

V 

vt      at  v^ 

vt,  and  0  =  —  =  — ;  whence,  o  =  — .     Letting  M  be  the  mass 

R       V  R 

of  the  body  and  F  the  centripetal  force  or  its  equal,  the  cen- 
v'       Mv'       Wv' 

trifugal  force,  F  =  M  X—  = = ,  in  which  W  is  the 

R  R  gR 

weight  of  the  body  and  g  is  the  acceleration  due  to  gravity. 
Taking  g  as  32.16  feet  per  second  per  second,  v  is  in  feet  per 

2iTRn 

second ;    if  n  =  number   of  revolutions   per   minute,   v  = , 

60 
W      /27rRn\ 

and  F  = ( |  =  0.000341  WRir.  J.  J. 

32.16ie\    60 


MOMENT  OF  INERTIA 
W.  B.  D. — Why  is  the  product  Ay-^  called  the  moment  of  inertia? 
A. — According  to  the  first  law  of  motion,  every  body  con- 
tinues in  a  state  of  rest  or  of  uniform  motion  in  a  straight 
line  unless  acted  upon  by  some  external  force  that  compels  a 
change.  Consequently,  if  the  motion  or  direction  of  motion 
is  changed,  it  must  be  due  to  some  external  force  and  work 
must  be  done  on  the  body.  A  rotating  body  is  constantly 
changing  its  direction  of  motion;  therefore,  regardless  of 
whether  or  not  its  angular  velocity  changes,  a  force  must 
act  and  work  must  be  done  if  the  body  continues  to  rotate. 
Referring  to  the  illustration,  let  the  disk  M  rotate  about  the 
axis  through  O;  then  all  particles  M^,  Mj,  etc.,  turn  through 
equal  angles  M^ON,,  M.ON^,  etc.,  =  <p  degrees  during  a  small  in- 
terval of  tirde  t.  If  the  radius  of  the  circle  A,BiA,B,  be  unity, 
arc  AiBj  =  arc  A^B, 


=  etc.  =  <p  = X 

180 
TT  =  angle  in  radi- 
ans.     The    angular 
velocity  of  any  par- 

4> 

tide  is  w  =  — ,  and 

t 
the    angular    accel- 


eration   is    k 


w 


t 


Diagram   illustrating    Significance   of   Term 
Moment  of  Inertia 


in  which  w  is  the 
increase  of  angular 
velocity  in  the  time 
t.  Letting  M,0  —  r„ 
M,0  =  r,.  etc.,  the 
actual  distance 
passed  through  by 
Ml  is  s,  =  0rj ;  by 
M,  is  Si  =  0rj,  etc. 
The  linear  velocity 
of  Ml  is  Vi  =  wri;  of  M.  is  wi'i,  etc.  The  linear  acceleration 
of  If,  is  Oi  =  fcrj ;  of  ilfj  is  o,  =  fcr,,  etc.  The  mass  M  of  the 
whole  body  is  the  sum  of  the  masses  of  the  particles 
Ml  +  M,  +  M,  +  etc.,  which  are  at  distances  from  0  equal  to 
the  radii  r„  n,  ?-3,  etc.,  and  the  forces  with  which  these  parti- 
cles resist  turning  are  Fj  =  AfiO,  =  M^kri-.F^  =  M^kr,;  etc.  The 
moments  of  these  forces  about  0  are  F^ri  =  J/,fer;;  F-Xt  =  AfjfcrJ; 
etc.  Hence,  the  moment  of  the  force  that  turns  the  en- 
tire body  with  the  angular  acceleration  k  is  (see  figure) 
F  X  c  =  Mikr\  +  M.kr\+  etc.  =  fc(Jlf,r;  +  Mjr]  +  M^l  +  etc.). 
Since  the  sum  of  all  the  masses  M,,  M,,  etc.,  is  equal  to  the 
entire  mass  M,  we  may  write  for  the  sum  in  parentheses  the 
single  term  Mr',  and  we  have  /  =  ^Vr' =  ilf,r'  +  Mir;+  3/,r^  +  etc. 
The  quantity  /  is  called  the  moment  of  inertia;  it  is  a  measure 
of  the  force  required  to  rotate  a  body.  M  may  be  replaced  by 
any  quantity  proportional  to  it;  and  since  the  area  of  a  surface 
is  proportional  to  its  mass  or  weight,  we  may  write  for  the 
moment  of  inertia  of  a  surface  /  =  Ar'  =  jl,r;  +  .4.,r=+ A,r'+  etc. 

J.  J. 
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DEFINITION   OF   "SPECIFIC" 

A.  A.  K. — Please  explain  what  is  meant  by  the  word  "specific" 
in  such  terms  as  specific  weight,  specific  pressure,  specific 
volume,  etc. 

■A. — The  specific  weight  of  any  material  is  the  weight  of  a 
unit  of  volume  of  that  material,  as  the  weight  of  a  cubic  foot, 
a  cubic  meter,  etc.;  specific  pressure  is  the  pressure  per  unit 
of  area,  as  the  pressure  per  square  inch,  per  square  centimeter, 
etc.;  the  specific  volume  of  any  material  is  the  volume  of  a 
unit  weight  of  that  material,  as  the  volume  of  a  pound,  a  kilo- 
gram, etc.  It  will  thus  be  seen  that  in  every  case  the  word 
"specific"  implies  comparison  with  a  unit,  as  distinguished 
from  total  weight,  total  pressure,  total  volume,  etc.  Thus, 
specific  resistance  of  wire  is  resistance  of  a  unit  of  length  of 
the  wire.  J.  J. 


LAYING   OUT   A   CURVE   IN   ISOMETRIC 
PROJECTION 

P.  H.  K. — The  diagram  at  X  in  Fig  1  illustrates  a  problem 
which  has  given  me  some  trouble  and  for  which  I  have  been 
unable  to  find  a  solution.  Let  it  be  required  to  draw  in  iso- 
metric projection  the  curve  AGF  in  the  rectangle  ABDG. 
Laying  out  the  isometric  rectangle  shown  at  Y,  I  obtained 
the  form  A'B'D'C,  and  using  the  common  method  of  deter- 
mining the  centers  for  the  arcs,  these  centers  are  found  to  be 
at  the  intersection  of  the  dotted  lines  at  R  and  .S.  With  radii 
equal  to  HA'  and  SF',  respectively,  and  using  the  two  centers 
mentioned,  it  is  seen  that  the  arcs  do  not  become  tangent  to 
each  other  at  E',  but  rather  intersect  and  overlap  each  other 
on  each  side  of  this  point.  I  should  appreciate  a  solution  of 
this  problem,  as  it  seems  to  me  that  as  the  radii  for  the  curve 
shown  in  the  rectangle  X  are  equal,  those  in  the  isometric 
rectangle  should  also  be  equal  and  should  produce  the  required 
curve  in  isometric  projection. 

A. — It  must  be  remembered  that  isometric  drawing  is  not 
true  for  every  condition.  This  is  especially  the  case  in  curves 
or  circles  which  are  tangent  to  each  other  and  which  are  fore- 
shortened like  those  shown.  In  a  great  many  cases  the  method 
used  in  Fig.  1  can  be  applied  to  advantage,  but  when  it  is 
necessary  to  have  an  accurate  delineation,  the  curve  or  curves 
must  be  obtained  by  another  method  called  plotting.  The 
method  shown  at  Fig.  1  can  be  considered  as  an  approximate 
method  which  is  easier  in  its  application  and  is  used  more 
frequently  than  the  other,  although  the  errors  in  delineation 
sometimes  lead  to  complications  in  the  construction  of  draw- 
ings, for  example,  when  drawing  a  sphere,  in  circumscribing 
or  inscribing  a  circle,  or  when  a  portion  of  the  circle  fits  into 
or  joins  some  other  part  or  parts  of  an  irregular  figure. 

In  plotting  the  curves  shown,  a  method  by  ordinates  is  used 
as  follows:  Referring  to  Fig.  2,  the  rectangle  ABDG  is  con- 
structed at  X  and  the  curve  AGF  laid  out  correctly  with 
equal  radii  swung  from  the  centers  at  E  and  B.  Each  com- 
plete arc  of  the  circle  is  divided  into  six  equal  parts,  from 
which  ordinates  H,  I,  J,  K,  L,  0,  N,  and  M  are  erected,  per- 
pendicular to  the  base  of  the  rectangle,  and  from  the  same 
subdivisions  on  the  arc  other  ordinates  H',  I',  J',  K',  L',  and 
P',  K',  0',  J\",  M',  are  drawn  parallel  to  the  base  line.  In  draw- 
ing the  isometric  rectangle  A'B'D'G',  these  ordinate  spacings 
are  laid  out  along  the  lines  E'F'  and  also  along  the  vertical 
lines  A'G'  and  B'D'.    At  the  proper  intersection  of  the  various 


Fig.    2.     Plotting   Tangent   Curves  in  Isometric   Projection 

lines  as  indicated  at  X.  the  curves  are  plotted  so  that  the 
connected  points,  form  the  foreshortened  isometric  curve 
A'G'F'  shown  at  Y. 


Fig.   1,     Incorrect  Method  of  laying  out  Tangent  Curves  in  Isometric 
Projection 


FORCE  OF  IMPACT  OF  BALL  AGAINST 
BAT 

W.  M.  F. — A  cricket  ball  weighing  4%  ounces  (0.28  pound) 
is  bowled  at  a  velocity  (Jf  30  feet  per  second.  What  must  be 
the  force  with  which  the  bat  returns  the  ball,  assuming  that 
the  velocity  of  the  returned  ball  is  30  feet  per  second  and 
that  the  time  of  impact  of  the  ball  against  the  bat  is  1/80 
second?    The  answer  is  15.82  pounds. 

A. — Either  the  answer  is  wrong  or  the  problem  is  not  stated 
correctly,  as  the  following  considerations  show.  The  force 
of  a  blow  is  determined  by  the  following  formula,  ft  =  mv, 
in  which  /  =  force  of  impact,  t  =  time  required  to  bring  body 
to  rest,  m  =  mass  of  body  (in  this  case,  the  ball),  and  v  =  ve- 
locity of  ball,  all  quantities  being  measured  in  similar  units. 
If  the  ball  were  perfectly  inelastic  and  were  thrown  against 
a  solid,  smooth,  stone  wall,  there  would  be  no  rebound  and 
the  entire  time  of  impact  would  be  absorbed  in  bringing  the 

mv        wv 

ball  to  rest.    The  striking  force  would  then  be  /  = = = 

t  gt 
0.28  X  30        1        0.28  X  30  X  80 
; = =  20.9  pounds.    This  force  is 

32.16  80  32.16 

exactly  the  same  as  would  be  required  to  give  the  ball  a  velocity 
of  30  feet  per  second  in  1/80  second,  and  is  the  smallest  possi- 
ble effect  that  could  be  produced  by  a  ball  having  this  weight 
and  velocity.  If  the  ball  were  perfectly  elastic,  it  would  first 
be  flattened  by  the  impact  and  would  then  expand  to  its  origi- 
nal form,  the  time  of  compression  and  of  restitution  being 
equal.  The  time  of  compression  is  the  time  required  to  bring 
the  ball  to  rest  and  equals  1/80  X  1/2  =  1/160  second.  The 
ball  would  bound  back  with  the  same  velocity  it  had  when 
striking,  and  the  force  of  the  blow  would  be  20.9  X  2  =  41.8 
pounds.  Evidently,  the  effect  of  the  bat  is  just  this,  since  it 
returns  the  ball  with  the  same  velocity  it  had  when  striking. 
However,  the  ball  is  not  perfectly  elastic;  hence  it  does  not 
entirely  regain  its  shape  during  contact.  If  we  take  the  index 
of  elasticity  as  0.9,  the  velocity  after  impact  is  30  X  0.9  ^  27 
feet  per  second,  and  the  excess,  30  —  27  =  3  feet  per  second, 
must  be  made  up  by  the  bat  in  1/160  second;  that  is,  the 
0.28  X  3  X  160 

striking  force  must  equal  41.8  -| =  45.97  pounds. 

32.16 
The  time  of  compression  and  the  time  of  restitution  during 
impact  are  assumed  to  be  equal  in  all  cases.  J.  J. 

*     *     • 

We  have  been  informed  by  the  Greenfield  Tap  &  Die  Cor- 
poration that  the  statement  in  the  description  of  the  Green- 
field "gun  tap"  as  to  the  origin  of  the  term  is  incorrect.  It  is 
not  true  that  the  term  originated  because  this  type  of  tap  has 
been  largely  used  in  gun  work,  but  it  owes  its  name  rather 
to  the  fact  that  the  tap  "shoots"  its  chips  straight  ahead  in 
long,  unbroken  curls. 
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MAXIMUM  PRODUCTION   OBTAINED  BY   THE  USE  OP  HIGHLY   SPECIALIZED   MACHINES   AND   EQUIPMENT 

FOR  DRILLING  AND  MILLING  OPERATIONS 


Marhhrfry 


Fig.   1. 


Assembled  View  of  Russian  75-millimeter 
Shrapnel  Fuse 


THE  tremendous  production  required  in  the  manufacture 
of  munitions  has  led  to  the  development  of  many  special 
types  of  machines  for  performing  various  operations  in 
a  minimum  amount  of  time  and  within  the  required  limits  of 
accuracy.  Fuse  parts  are  required  in  great  numbers  for  shrap- 
nel and  high-explosive  shells,  and,  as  a  consequence,  the 
processes  of  manufacture  have  received  the  most  careful  consid- 
eration. Some  of 
the  parts  which 
go  to  make  up 
the  fuse  have  a 
number  of  angu- 
lar holes  drilled 
in  them,  all  of 
which  are  close- 
ly grouped  with- 
in a  small  circle, 
so  that  the  re- 
quirements are 
rather  severe  if 
the  holes  are  to 
be  drilled  simul- 
taneously. Even 
when  the  drilled 
holes  are  not  an- 
gular their  com- 
pactness necessi- 
tates the  spin- 
dles with  which 
they  are  drilled 
to  be  set  in  a  very  small  compass.  It  is  evident  that  in  order 
to  produce  work  of  this  kind  to  the  best  advantage,  it  is  neces- 
sary to  use  machines  capable  of  high  spindle  speeds  and  which 
are  very  nearly  automatic  in  their  action  and  not  likely  to 
get  out  of  alignment.  The  machines  illustrated  and  described 
in  this  article  have  been  developed  by  the  Langelier  Mfg.  Co., 
Providence,  R.  I.,  especially  for  use  in  the  manufacture  of 
fuse  parts.  The  numerous  angular  holes,  powder  passages  and 
wrench  flats  to  be  machined  in  these  parts  can  be  produced 
with  great  rapidity. 

Pig.  1  shows  an  outline  drawing  of  an  assembled  fuse  for 
the  Russian  75-millimeter  shrapnel  shell.  In  this  illustration 
A  is  the  fuse  body,  B  Is  the  graduated  time  train  ring,  C  is 
the  top  time  train  ring,  and  D  is  the  closing  cap.  Some  of  the 
other  p  a  r  t  s  of 
the  fuse  are  not 
shown  in  this  as- 
sembly drawing, 
as  they  form  a 
part  of  the  in- 
side construc- 
tion, but  they 
will  be  men- 
tioned and  shown 
in  detail  in  a 
subsequent  part 
of  the  article. 

Machiningr    Oper- 
ations on  Clos- 
ing Cap 

The  closing 
cap,  shown  in 
detail  in  Fig.  2, 
is  made  from 
aluminum  which 
has  been  die- 
pressed  into  a 
form  that  close- 
ly approximates 
the  finished 
piece.     The  pro- 


SECTION   D-B-E 


Marhincry 


Fig.   2. 


Aluminum  Closing  Cap   used  on 
Shrapnel   Fuse 


Fig.     3.     Details   of  Graduated  Time  Train  Ring  and  Top  Time  Train  Ring  on  Slirapnel  Fuse 


cess  employed  in  die- 
pressing  castings  was 
described  in  Ma- 
chinery, January, 
1916,  in  an  article  en- 
titled "The  Produc- 
tion of  Die-Pressed 
Castings."  After  the 
castings  have  been 
die-pressed  as  men- 
tioned, they  are 
drilled,  counterbored, 
formed,  threaded, 
etc.,  on  horizontal 
screw  machines  prior 
to  the  drilling  and 
milling  operations. 

Duplex  Milling-  Ma- 
chine for  Closing: 
Cap  Wrench 
Notches 

Referring  again  to 
Fig.  2,  it  will  be  seen 
that  the  section 
A-B-C  shows  one  of 
the  wrench  notches 
F.  These  cuts  are  to 
be  milled  on  opposite 
sides  of  the  piece,  as 
indicated  in  the  up- 
per view,  and  the 
machine  shown  in 
Fig.  6  has  been  espe- 
cially designed  for 
this    work,    so    that 

both  slots  are  milled  simultaneously.  Fig.  6  shows  a  view  of 
the  complete  machine,  while  Fig.  4  shows  a  more  detailed 
view  of  the  working  parts.  Referring  to  Fig.  4,  the  closing 
cap  A  is  located  and  held  in  position  by  a  pressure  spindle  B. 
The  head  of  the  spindle  is  formed  to  fit  the  recess  in  the  base 
of  the  cap,  and  no  rotary  location  is  necessary,  because  the 
milling  operation  is  done  prior  to  the  drilling  of  the  angular 
holes.  The  pressure  spindle  is  actuated  by  a  foot-treadle  C. 
Fig.  6,  having  a  link,  lock-toggle  and  segment  gear  connec- 
tion D  to  the 
spindle.  An  ad- 
justable stop  E 
is  so  arranged 
that  the  spindle 
movement  can 
be  easily  adjust- 
ed to  the  proper 
milling  position. 
A  spring  abut- 
ment bar  F.  hav- 
ing a  sliding 
movement  and 
located  between 
the  milling  spin- 
dles, is  used  to 
hold  the  work 
against  the  pres- 
sure spindle 
while  it  is  ad- 
vanced to  and 
from  the  correct 
milling  position. 
The  milling 
spindles  G  run 
in  double  taper 
adjustable   phos- 
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Fig.    4.     Detail   of    Spindle    and    Operating    Mcchanii 
Machine  for  Closing  Cap 


on    Duplex    Milling 


phor-bronze  bearings  in  cross-heads  mounted  adjacent  to  each 
other  on  saddles  that  feed  crosswise  to  the  axis  of  the  spindles 
upon  a  long  slide.  These  spindles  are  fitted  with  ball  thrust 
bearings  and  the  cross-heads  are  adjusted  longitudinally  so 
that  the  mills  can  be  set  to  the  required  cutting  depth.  The 
spindles  are  driven  by  spiral  gears  from  separate  driving 
shafts  on  each  side  of  the  machine,  these  shafts  being  belted 
over  the  idler  pulleys  A'  to  the  countershaft  L  fastened  to  the 
column  at  the  rear  of  the  machine.  The  feed  is  actuated  by 
hand-lever  M  mounted  on  the  end  of  shaft  A'  which  is  located 
lengthwise  at  the  center  of  the  saddle  slide.  The  shaft  has 
short  lengths  of  right-  and  left-hand  threads  of  coarse  pitch 
that  mesh  with  segment  nuts  fastened  to  each  of  the  saddles 
and  cause  the  milling  heads  to  feed  toward  or  away  from  each 
other  in  unison.     Adjustable  stops  limit  the  amount  of  feed. 


To  operate  the  machine,  the  workman  proceeds  as  follows: 
He  locates  the  work  on  the  head  of  the  pressure  spindle  and 
holds  it  until  it  is  brought  into  contact  with  the  abutment 
bar,  after  which  he  advanc'cs  the  work  to  the  milling  position 
by  depressing  the  foot-pedal  and  keeping  it  in  this  position. 
The  milling  is  done  by  moving  the  hand-lever  one-third  of  a 
turn  downward,  which  advances  the  spindles  toward  each 
other,  thus  cutting  the  required  slots  in  the  work.  After  re- 
turning the  hand-lever  to  its  starting  position,  the  operator 
releases  the  foot-pedal  and  holds  his  hand  in  such  a  position 
as  to  catch  the  work  when  it  falls  off  the  end  of  the  work- 


Fig.    6,     Special    Five-spindle    High-speed    Drilling    Machine    for    Shrapnel 
Fuse  Closing  Cap 


Fig.   6.     Special  Duplex  Milling  Machine  for  Wrench  Slots  in  Closing  Cap 

holding  spindle  and  breaks  contact  with  the  abutment  bar. 
The  machine  is  provided  with  belt  tighteners  and  shifters 
and  also  a  pan  of  suitable  form  for  catching  the  chips.  The 
end-mills  are  0.150  inch  in  diameter  and  run  at  a  speed  of 
2500  R.  P.  M.  The  output  is  five  per  minute,  or  3000  per  ten- 
hour  day. 

Five-spindle  Angrular  Drilling-  Machine 

Referring  to  Fig.  2,  five  angular  holes  A  and  E  will  be  no- 
ticed. The  holes  A  are  at  an  angle  of  28  degrees  from  the 
perpendicular,  while  the  hole  E  is  at  28  degrees  from  the 
base  line.  Pig.  5  shows  a  five-spindle  high-speed  drilling  ma- 
chine designed  to  drill  all  these  holes  simultaneously.  The 
work  A  is  located  in  the  drilling  position  by  a  special  jig 
with  five  drill  guide  bushings  that  is  set  on  top  of  a  central 
post  which  is  vertically  adjustable.  The  piece  to  be  drilled  is 
held  on  the  Jig  by  the  pressure  of  plunger  E  which  is  oper- 
ated by  the  foot-treadle  B.  The  four  lower  d^rilling  spindles 
are  located  90  degrees  apart  and  converge  toward  a  common 
center,  while  the  upper  spindle  is  above  the  others  and  mid- 
way between  two  of  them.    The  four  lower  spindles  are  driven 
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through  bevel  gearing  by  the  main  driving 
pulley  C  at  the  left  of  the  machine.  The 
upper  spindle  is  belted  direct  to  the  coun- 
tershaft through  the  pulley  shown.  All  the 
drilling  spindles  are  fed  by  the  spider  hand- 
wheel  F  in  connection  with  a  bevel  gear- 
ing, rack  and  pinion  mechanism  G.  The 
upper  spindle  feed  can  be  disconnected 
from  the  lower  so  that  the  drilling  position 
of  each  can  be  adjusted  independently.  The 
spindles  are  also  provided  with  drill  collets 
that  are  adjustable  longitudinally  for  fine 
adjustments  and  to  make  up  for  the  short- 
ening of  the  drills  caused  by  regrinding. 
An  adjustable  stop  K  is  used  on  the  verti- 
cal feed  rack  for  limiting  the  drilling 
depth. 

The  jig  is  surrounded  by  a  flared  edge 
pan,  and  all  gearing  is  encased  or  covered 
by  suitable  guards  to  prevent  the  chips 
from  falling  onto  the  lower  spindles.  The 
machine  is  driven  by  a  separate  ,counter- 
shaft  running  at  500  R.  P.  M.  and  the 
drills  are  speeded  to  2000  R.  P.  M.  The 
output  of  the  machine  is  ten  pieces  per 
minute. 

Machining:  Operations  on  Top  Time 
Train  Ring- 
Fig.  3  shows  a  detail  drawing  of  the  top 
time  train  ring  at  B  and  the  graduated 
time  train  ring  at  A.  These  two  pieces  are 
both  made  from  tobin  bronze  and  are  ma- 
chined from  the  bar  on  a  multiple-spindle 
automatic  screw  machine.  The  drilling  of 
the  four  No.  39  0.0995-inch  holes  in  each 
of  fhe  time  train  rings  is  done  on  a  No.  2 
Langelier  multiple  drilling  machine  illus- 
trated in  Figs.  7  and  9.  Fig.  7  shows  the 
entire  machine,  while  Fig.  9  shows  a  detail 
of  the  drilling  head  with  the  various  drills 


Fig.    8.     High-spf 

arranged  for  dr 

in  Graduated 


ed   Drilling   Machine 
lling  Radial  Holes 
rime  Train  Ring 


Fig.  9  shows  clearly  the  construction  at 
this  point.  Attention  is  called  to  the  fact 
that  lubrication  of  the  drills  is  controlled 
by  means  of  the  spindle  movement  through 
arm  B  which  actuates  a  valve  through 
plunger  A,  thus  opening  and  closing  the 
supply  pipe  at  predetermined  points  which 
can  be  regulated  to  a  nicety  by  means  of 
the  check-nuts  shown.  The  surplus  lubri- 
cant drains  off  into  the  reservoir  beneath 
the  table,  where  it  is  strained  and  used 
over  again,  being  forced  through  the  pipes 
by  the  pump  D,  Fig.  7.  When  the  output  of 
any  one  of  a  number  of  parts  is  sufficient 
to  keep  a  machine  continuously  in  opera- 
tion, a  machine  and  head  can  be  furnished 
as  a  unit  to  apply  to  this  machine.  If  the 
amount  of  work  to  be  done  is  not  sufficient 
to  keep  one  machine  busy  continuously, 
one  or  more  heads  with  a  different  lay-out 
of  spindles  can  be  made  to  fit  interchange- 
ably on  the  same  machine.  The  drill  heads 
with  their  steadyrests  are  self-contained 
and  may  be  readily  interchanged. 

In  the  construction  of  this  machine  the 
heads  and  drivers  are  made  from  phosphor- 
bronze  and  the  drilling  spindles  are  of  a 
special  steel  which  permits  a  deep  case- 
hardening,  so  that  they  can  be  accurately 
ground  to  size,  thus  leaving  a  hard  bearing 
surface  with  a  tough  but  soft  center.  The 
feed  is  actuated  by  the  hand-lever  E  in  con- 
junction with  a  rack  and  pinion.  The  spin- 
dle pulley  runs  on  sleeves  anchored  in  the 
housing  of  the  machine,  thus  avoiding  pull 
of  the  belt  on  the  main  driving  spindle. 
Loose  perforated  bushings  are  used  in  all 
running  bearings,  thereby  increasing  the 
wearing  surface  and  insuring  a  free  distri- 
bution of  the  oil.    Reference  to  Fig.  7  will 


rig.  7.     Multiple-spindle  Drilling  Machine 
used  on  Graduated  Time  Train  Ring 


in  position  and  the  jig 
in  place  on  the  table.  A 
machine  of  this  type  is 
also  used  for  the  bot- 
tom closing  screw,  the 
percussion  primer  screw 
and  the  percussion 
plunger  (details  of 
which  are  shown  in  Fig. 
17),  the  jigs  being  ar- 
ranged to  suit  the  con- 
ditions, and  the  spacing 
of  the  holes.  The  spin- 
dles also  must  be  ar- 
ranged to  fulfill  the  drill- 
ing requirements.  Re- 
ferring to  Fig.  7,  it  will 
be  seen  that  the  spindle 
head  carrying  the  vari- 
ous drills  is  arranged 
so  that  the  cage  acts  as 
a  flexible  clamp  which 
comes  down  upon  the 
work  after  the  latter  is 
located  in  the  fixture 
shown  on  the  table. 
The  cage  also  is  pro- 
vided with  bushings 
through  which  the  vari- 
ous drills  pass,  thus  in- 
suring their  proper  lo- 
cation. There  are  pro- 
jecting prongs  that  ex- 
actly locate  the  parts  to 
be  drilled  by  pressure 
as  the  head  comes  down. 


will  show  that  the  belt 
can  be  shifted  from  the 
tight  to  the  loose  pul- 
leys by  means  of  the 
operator's  foot,  this  ar- 
rangement being  very 
convenient  in  the  high- 
speed  production  of 
parts.  The  production 
on  the  top  time  train 
ring  B  is  three  pieces 
per  minute,  while  the 
graduated  time  train 
ring  A  can  be  produced 
at  the  rate  of  five  pieces 
per  minute. 

Drillin?   Wrench  Holes 
in  Graduated  Time 
Train  Rings 

Figs.  8  and  11  show, 
respectively,  the  ma- 
chine for  drilling  the 
two  holes  X  shown  in 
Fig.  3,  and  a  detail  view 
of  the  work-table  with 
the  fixture  in  place.  The 
type  of  jig  used  on  this 
machine  is  designed  to 
drill  single  or  double 
holes  in  the  periphery 
of  cylindrical  work  at 
right  angles  to  the  axis. 
The  construction  of  the 
jig  is  simple,  consisting 
of  a  w  o  r  k  -  h  o  1  d  1  n  g 
plunger  A  on  which  the 


.il  of  Machine  shown  in 
Fig.  7 
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piece  is  located;  an  ejector;  and  a  faceplate  Ji  on  which  is 
mounted  a  bushing  plate  C  which  locates  the  drills  correctly 
with  respect  to  the  worlv.  The  Jig  is  of  the  stationary  type, 
being  bolted  to  the  drilling  machine  table.  The  plunger  A 
is  provided  with  a  rack  controlled  by  a  gear  segment  operated 
by  the  foot-lever  D.  The  plunger  is  brought  forward  against 
the  faceplate  B,  thus  securely  clamping  the  work  while  it  is 
being  drilled.  The  plunger  is  returned  to  its  original  position 
by  means  of  a  compression  spring  inside  the  holder,  and  as 
it  returns  a  pawl  engages  a  ratchet  in  the  shaft  which  car- 
ries the  segment,  thus  bringing  into  action  an  ejector  which 
automatically  releases  the  work  at  the  end  of  the  stroke  so 
that  there  is  no  interference  in  loading  the  next  piece. 

Both   the   plunger   and   faceplate  are   used   in   locating  the 


SECTION  A-B-C 


Fig.   10.     Detail  of  Fuse  Body 

work,  the  former  being  provided  with  a  locating  pin  which 
engages  a  working  hole  in  the  ring  while  the  faceplate  is  in- 
tegral with  the  plug  which  fits  the  inside  diameter  of  the  work 
and  locates  it  centrally.  In  operation,  the  work  is  slipped 
loosely  onto  the  plunger  and  turned  about  until  the  pin  and 
working  hole  engage,  when  a  pressure  of  the  foot-lever  brings 
the  plunger  and  work  against  the  faceplate  and  under  the 
drill  spindle,  simultaneously  clamping  the  work.  The  drilling 
Is  accomplished  by  operating  either  the  hand-  or  foot-lever. 
After  drilling,  the  foot-lever  operating  the  jig  is  released  and 
the  work  automatically  ejected.  The  rate  of  production  is 
about  300  pieces  per  hour,  using  a  carbon  drill,  as  the  material 
from  which  the  pieces  are  made  is  bronze.  The  supply  of 
lubricant  is  automatically  controlled,  as  in  the  preceding  in- 
stance, by  the  plunger  which  operates  a  valve  in  the  barrel 
at^;. 

The  holes  y  and  Z  in  the  top  time  train  ring  are  drilled 
one  at  a  time  on  a  No.  2  single-speed  motor  bench  drill,  a 
special  Jig  being  used;  the  net  output  is  about  six  holes  Y 
per  minute  and  three  holes  Z  per  minute.     The  spindles  on 


machines  of  this  kind 
are  driven  directly  by  a 
belt  from  a  1/6-horse- 
power,  ■  alternating-cur- 
rent, 220-volt  Holtzer- 
Cabot  motor,  giving  a 
speed  of  2500  R.  P.  M. 
The  operation  of  the 
machine  is  similar  to 
the  type  that  was  pre- 
viously described. 

The  angular  periphery 
of  the  timing  train  ring 
is  graduated  in  seconds, 
starting  at  zero  and  run- 
ning up  to  21  seconds. 
The  graduating  of  the 
timing  ring  is  done  on 
a  special  marking  ma- 
chine which  was  de- 
scribed in  the  article  on 
shrapnel  manufacture, 
Machinery,  April,  1915. 

Machining'  Operations 
on  Fuse  Body 

The  fuse  body  shown 
in  Fig.  10  is  made  from 
a  hot-pressed  brass 
blank  and  is  machined  on  an  automatic  screw  machine  in 
two  settings.  The  first  series  of  operations,  in  which  the  work 
is  held  by  the  small  end  in  a  collet  chuck,  consists  in  rough- 
forming  the  outer  diameter  and  drilling  out  and  trepanning 
the  inside,  performing  the  various  operations  on  the  inside  of 
the  work  and  finally  cutting  the  thread  on  the  outside.  In 
performing  the  second  series  of  operations  on  the  fuse  body, 
the  work  is  located  by  being  first  screwed  into  a  special  bush- 
ing by  means  of  which  it  is  held  in  the  collet.  The  remainder 
of  the  work  on  the  small  end  of  the  piece  is  now  finished  in 
the  same  type  of  machine  as  that  used  for  the  first  series 
of  operations. 

There  are  several  holes  to  be  drilled  in  an  angular  direction 
in  this  piece  of  work,  the  arrangement  for  drilling  one  of  these 
being  clearly  shown  in  Figs.  12,  13  and  14.  The  machines  used 
for  these  operations  are  of  the  high-speed  ball  bearing  type. 
They  can  hardly  be  termed  special  machines,  as  they  will  not 
become  useless  if  the  present  demand  for  shells  should  sud- 
denly cease. 

Referring  to  Fig.  12,  A  shows  one  of  these  machines  of  the 
si,ngle-spindle  type  arranged  especially  to  drill  the  hole  F  in 
the  work  shown  in  Fig.  10.    This  hole  must  be  drilled  parallel 


Fig.  11.     Detail  showing  Jig  Construction 

for  Wrench  Holes  in  Graduated 

Time   Train  King 


Fig.    12. 


Single-spindle    and    Gang   Drills    used    for    Straight    and    Angular 
Work  on  Fuse  Body   (Work  removed) 
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Fig.   13.     Gang  and  Single-spindle  Drilling 

Machines    for    drilling    Fuse    Body, 

showing   Work   in   Position 


with  the  axis  of  the  fuse 
body  and  at  a  distance 
of  0.560  Inch  from  the 
center  line.  This  ma- 
chine is  almost  identi- 
cal with  the  regular  No. 
1  high-speed  drill  pro- 
duced by  the  Langelier 
Mfg.  Co.,  but  a  jig  C  is 
attached  to  the  sliding 
rods  D  parallel  to  the 
axis  of  the  spindle.  It 
will  be  seen  that  the 
drill  jig  is  thus  located 
directly  underneath  the 
chuck  and  that  the  drill 
runs  in  it  in  a  hardened 
and  ground  bushing.  In 
the  jig,  a  hardened  plug 
E.  having  the  same  di- 
ameter as  the  inside  of 
the  work,  locates  the 
fuse  body  at  the  proper 
center  distance,  and  a 
locating  pawl  (more 
clearly  shown  at  K  in 
Fig.  13),  provided  with 
a  trigger,  engages  a  slot 
in  the  rim  of  the  work, 
thus  insuring  the  correct  location  of  the  drilled  hole.  The 
floor  plate  or  body  of  the  jig  F  is  clamped  to  the  drill 
table  directly  under  and  in  line  with  the  locating  plug,  suffi- 
cient room  being  allowed  between  it  and  the  jig  to  permit 
the  operator  to  work  rapidly  without  interference.  In  load- 
ing, the  spindle  is  brought  to  the  normal  or  upper  position 
shown  in  Fig.  12,  while  the  left  hand  of  the  operator  depresses 
the  trigger  on  the  locating  pawl.  The  work  is  then  placed  on 
the  plug  and  the  trigger  released  while  the  piece  is  twirled 
until  the  pawl  engages  the  slot.  The  spindle  is  now  lowered 
and  the  lower  face  of  the  fuse  body  L  comes  in  contact  with 
the  floor  plate  as  shown  in  Fig.  13.  The  springs  on  the  side 
rods  of  the  jig  hold  the  piece  securely  while  the  spindle  is 
brought  down.  After  the  drilling  operation  has  been  com- 
pleted, the  spindle  is  raised  to  its  normal  position  and  the 
drilled  work  removed. 

The  advantages  of  a  jig  of  this  kind  are  readily  apparent, 
as  the  work  to  be  machined  is  loaded  in  such  a  position 
that  little  trouble  is  likely  to  be  caused  by  chips.  There  are 
no  blind  corners  or  pockets  in  which  the  chips  may  accumu- 
late, so  that  the  cleaning  is 
very  easily  done.  Another 
point  worthy  of  note  in  con- 
nection with  this  method  of 
drilling  is  that  when  the 
work  is  in  place,  the  point  of 
the  drill  is  only  1/16  inch 
from  the  work,  so  that  it  en- 
ters the  piece  almost  immedi- 
ately after  the  work  is 
clamped.  Another  advantage 
lies  in  the  fact  that  the  opera- 
tor wastes  no  time  in  bring- 
ing the  drill  bushings  into 
line  with  the  spindle  after 
loading,  as  is  usual  with  the 
detached  type  of  jig. 

A  machine  of  this  type  can 
readily  be  adapted  to  other 
classes  of  work  by  merely 
constructing  a  jig  suitable  for 
the  piece  to  be  machined  and 
securing  the  jig  to  the  sliding 
rods.  Practically  any  number 
of  holes  may  be  handled  eco- 


Fig.  15.     Uachine  used  for  drilling 
Angular  Hole  in  Fuse  Body 


in  a  circle  and  of  the 
same  radius.  By  remov- 
ing the  jig  and  sliding 
rods  entirely,  the  ma- 
chine may  be  used  as 
a  regular  high  -  speed 
bench  drill.  As  a  mat- 
ter of  fact,  it  is  a  high- 
speed drilling  machine 
which  can  be  readily 
adapted  to  many  kinds 
of  work,  and  the  unit 
construction  of  ma- 
chines and  jigs  which 
can  be  easily  arranged 
to  suit  a  given  condi- 
tion will  appeal  to  any 
manufacturer  having 
large  quantities  of  work 
to  be  machined  at  a 
minimum  of  expense. 
The  machine  shown 
at  B  is  of  the  two- 
spindle  gang  type,  de- 
signed to  handle  work 
requiring  drilling,  coun- 
terboring  or  reaming  at 
one  setting  or  for  drill- 
ing several  holes  having  very  close  center  distances,  so 
that  it  is  not  possible  to  have  two  or  more  spindles  perform 
the  drilling  operations  simultaneously.  If  desired,  one  of  the 
spindles  can  be  slowed  down  for  reaming  or  other  operations 
requiring  a  slower  speed  than  drilling.  In  the  example  shown, 
however,  the  spindles  are  run  at  a  uniform  speed  of  5000 
R.  P.  M.  Reference  to  the  illustrations  will  show  that  the 
machine  is  really  composed  of  three  units,  consisting  of  a  two- 
spindle  gang  drill,  a  bed,  and  a  carriage,  the  latter  combining 
the  features  of  a  jig  in  its  construction.  Should  it  be  desired 
to  use  the  machine  as  a  two-spindle  gang  drill  only,  a  table 
may  be  substituted  for  the  jig  and  slide.  Another  departure 
from  the  usual  practice  lies  in  the  fact  that  both  spindles  are 
operated  by  one  feed  lever,  thus  effecting  a  considerable  saving 
in  time  over  machines  having  independent  feeds  on  both  spin- 
dles. It  has  been  found  that  in  the  majority  of  cases  one 
independent  adjustment  is  sufficient  for  the  reaming  or  coun- 
terboring  operations,  so  that  the  reamer  or  counterbore  can 
be  adjusted  to  the  proper  depth  of  cut  while  the  drill  is  set 
at  a  suitable  height  to  correspond  with  it.  When  it  is  neces- 
sary to  make  accurate  adjustments,  micrometer  collets  or  in- 
dependent stops  can  be  used. 
In  operation,  the  work  is 
loaded  with  the  jig  as  shown 
under  the  left-hand  spindle, 
and  the  first  operation  is  com- 
pleted by  feeding  the  spindle 
down.  After  the  first  opera- 
tion has  been  accomplished, 
the  spindle  is  elevated  and 
the  foot-lever  shown  at  X  in 
Fig.  13  is  pressed  by  the 
operator  so  that  the  jig  is  car- 
ried under  the  second  spindle 
for  the  next  operation.  By 
releasing  the  foot-lever,  the 
carriage  automatically  springs 
back  to  the  first  position, 
pneumatic  buffers  absorbing 
the  shock  as  the  carriage 
strikes  the  stop.  The  stops 
on  each  end  are  adjustable  to 
compensate  for  wear,  and  the 
gibs  on  each  side  of  the  bed 
can  be  adjusted  to  take  up 
the  wear  on   the  carriage  so 


nomically,   provided   they  are 


Fig.    14.     Detail  showing  Construction   of  Jigs   illustrated  in  Fig.    13 


that  it  can  be  correctly  aligned. 
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In  ordinary  process,  when  a  detached  type  of  jig  is  used,  slip 
hushings  are  connuonly  provided  lor  the  jig  where  tools  of  dil- 
ferent  diameters  are  required  to  complete  an  operation.  In  this 
machine,  however,  a  steady  jig  is  provided  for  the  first  spindle, 
which  carries  a  slip  hushing  in  which  the  drill  is  running  all 
the  time  the  machine  is  in  operation.  A  liner  hushing  is  pro- 
vided in  the  jig  proper  so  that  the  slip  bushing  enters  the 
liner  as  soon  as  the  spindle  is  depressed.  When  the  carriage 
is  transferred  to  the  second  station,  the  stops  are  so  arranged 
that  it  comes  to  rest  with  the  drill  hole  directly  under  the 
spindle,  and  it  may  he  readily  seen  that  accurate  results  are 
thus  obtained  without  the  use  of  a  second  slip  bushing.  It 
is  obvious  that  the  liner  bushing  is  made  large  enough  so  that 
the  second  tool  clears  the  skies  by  a  safe  margin. 

Jigs  for  Angular  Hole  In  Fuse  Body 

The  operation  performed  by  the  two-spindle  gang  drilling 
machine  B  is  the  drilling  and  counterboring  of  the  0.081-inch 
hole  G  at  an  angle  of  47  degrees,  15  minutes  from  the  vertical 
center  line,  the  hole  being  required  to  meet  the  0.081-inch  hole 


Fig.    16.     Detail  of   Fixture   shown   in  Fig.   15 

F  previously  drilled  by  the  single-spindle  machine  A.  The 
work  is  located  in  much  the  same  manner  as  on  the  single- 
spindle  drilling  machine,  by  means  of  a  hardened  plug,  while 
a  locating  hole  provides  the  correct  alignment  for  the  two 
holes.  The  method  of  clamping  in  this  instance,  however,  is 
accomplished  in  a  somewhat  different  manner:  the  hand-lever 
C  at  the  front  of  the  jig  operates  a  toggle  joint  which,  in  turn, 
actuates  a  fulcrumed  jaw.  In  clamping,  the  hand-lever  brings 
the  toggle  joint  a  trifle  beyond  the  dead  center,  securely  lock- 
ing the  piece  against  a  floor  plate  which  is  integral  with  the 
locating  plug.  The  counterbore  on  the  second  spindle  enters 
the  drilled  hole  and  counterbores  this  to  a  depth  of  0.100  inch 
and-  to  a  diameter  of  0.125  inch.  In  this  connection  it  is  of 
interest  to  note  that  during  the  automatic  return  of  the  car- 
riage, an  expert  operator  can  remove  the  finished  work  before 
the  carriage  comes  to  rest  at  the  first  station,  so  that  a  mini- 
mum amount  of  time  is  lost  between  the  cuts.  It  must  not 
be  inferred  from  this  that  the  return  movement  of  the  car- 
riage is  slow,  but  the  general  design  is  such  that  the  operator 
has  both  hands  free  at  this  time,  and  can  therefore  handle 
the  piece  very  rapidly.  The  shock  of  the  return  stroke  of  the 
carriage  is  regulated  by  a  pneumatic  buffer,  while  the  auto- 
matic return  of  the  carriage  can  be  adjusted  to  a  slow  or  fast 
rate  of  movement  by  turning  a  drum  that  carries  a  flat  spiral 
spring. 


Fig.    17.     Detail    of    Fuse    Parts. 

(A)    Concussion   Primer,     (B) 

Percussion  Primer  Screw. 

(C)   Percussion  Plunger 


Adaptation   of  Slngle-splndle 
Drilling  Machine  for  Drilling 

an   Angular   Hole   in   the 
Fuse  Body 

Fig.  15  shows  one  of  the 
high-speed  sensitive  drilling 
machines  arranged  with  a 
special  high-speed  jig  for 
drilling  the  hole  //,  Fig.  10, 
in  the  fuse  body.  Fig.  16 
shows  a  construction  draw- 
ing of  the  jig.  The  hole  for 
which  this  jig  is  adapted  is 
0.052  inch,  drilled  at  an 
angle  of  30  degrees  from  the 
vertical  axis  through  the 
flange  of  the  fuse  body. 
Owing  to  the  fact  that  the 
hole  starts  at  an  extremely 

steep  angle,  and  is  located  against  a  floor  plate  and  plug  by 
the  inside  diameter  of  the  work,  it  is  necessary  to  so  design 
the  jig  that  the  bushing  can  be  brought  very  close  to  the  work 
and  at  the  same  time  allow  space  for  loading  and  unloading. 
By  making  the  locating  and  clamping  device  on  the  sliding 
principle  operated  by  a  foot-lever,  segment  and  rack,  this 
difficulty  is  easily  overcome.  The  slide  and  bed  are  scraped 
to  a  bearing  with  gibs  to  compensate  for  wear. 

As  in  all  other  drilling  operations  on  the  fuse  body,  the 
hole  is  located  from  a  notch  in  the  rim  of  the  flange,  the  lo- 
cating pawl  (shown  in  Fig.  16).  engaging  with  this  notch  to 
insure  proper  location.  The  spring  tempered  bar  B  carrying 
a  floating  jaw  C  is  pivoted  to  the  slide  in  such  a  way  that 
when  the  latter  is  brought  under  the  bushings,  the  feathered 
end  of  the  spring  bar  rises  on  a  cam  D  and  brings  the  jaw 
firmly  down  on  the  work,  clamping  it  against  the  floor  plate  E 
while  the  adjustable  stop  F  locates  the  slide  in  the  proper 
place  under  the  bushing.  In  operation,  the  work  is  located 
on  the  plug  with  the  slide  back  and  is  twirled  around  until 
the  locating  pawl  engages,  after  which  it  is  pressed  down 
against  the  floor  plate  by  the  action  of  the  spring  bar  as  the 
slide   is  carried   forward   under  the  spindle.     The   foot-lever. 


Front    View    of   High-speed    Horizontal    Drilling    Machine 
Indexing   Attachment,    used   in   drilling   Concussion   Primer 


September,  1916 


MACHINERY 


71 


Fig.   19.     Rear  View  of  Machine  shown  in  Fig.   18 

being  connected  to  the  rod  G,  operates  the  entire  raechanisra. 
and  as  it  is  released  after  the  drilling  operation,  the  slide 
springs  back  to  the  loading  position,  releasing  the  work  so 
that  the  operator  can  readily  supply  the  jig  with  another  piece. 
The  output  on  this  machine  with  the  mechanism  shown  and 
using  carbon  drills  is  about  350  pieces  per  hour,  and  the  drill 
speed  is  approximately  9000  R.  P.  M. 

Machining  Operations  on  Concussion  Primer.  Percussion 
Plunger,  and  Percussion  Primer  Screw 

*  The  concussion  primer,  percussion  plunger,  and  percussion 
primer  screw  are  made  of  brass  and  are  machined,  prior  to 
drilling,  on  automatic  screw  machines.  Referring  to  Fig.  17, 
A  shows  a  detail  of  the  concussion  primer.  Figs.  18  and  19 
show,  respectively,  the  front  and  rear  views  of  the  high-speed 
light  drilling  and  indexing  lathe  designed  especially  for  drill- 
ing the  four  holes  in  the  piece  mentioned. 

The  drilling  is  done  by  a  light,  sensitive  spindle  A  which  is 
fed  by  a  hand-lever  B  at  the  front  of  the  tailstock.  The  chuck 
end  of  the  sleeve  is  provided  with  a  sliding  steadyrest  C  that 
travels  in  a  guide  B.  In  this  steadyrest  is  a  drill  bushing  A' 
that  supports  and  accurately  starts  the  drill.  In  drilling,  the 
steadyrest  is  fed  up  until  it  comes  to  a  stop  against  the  work 
being  drilled,  while  the  drill  itself  continues  and  performs 
the  drilling  operation.  The  spindle  pulley  runs  on  a  sleeve 
clamped  into  the  rear  end  of  the  tailstock  and  drives  the  drill- 
ing spindle  by  means  of  a  double  keyed  collar  fastened  to  the 
pulley,  insuring  a  sensitiveness  that  is  very  desirable  when 
drilling  small  holes.  The  spindle  is  driven  by  a  1-inch  seam- 
less belt  from  a  countershaft  fastened  to  the  back  of  the  ma- 
chine, in  connection  with  which  a  belt  tightener  is  provided. 

The  headstock  is  a  casting  having  an  extending  slide  upon 
which  the  tailstock  can  be  adjusted  to  its  proper  drilling  posi- 
tion. The  spindle  in  the  headstock  is  provided  with  a  four- 
notch  index  wheel  F  that  is  actuated  through  a  ratchet  and 
pawl  by  means  of  a  hand-lever  G,  so  as  to  bring  each  of  the 
four  holes  in  the  percussion  primer  successively  into  line  with 
the  drilling  spindle.  The  spindle  is  locked  during  the  various 
drilling  operations  by  the  lever  H  shown  in  Fig.  19.  A  trans- 
verse adjustment  to  the  tailstock  makes  it  possible  to  locate  it 
in  any  desired  position,  so  that  holes  can  be  drilled  in  various 
diameters  of  circles.  The  spring  chuck  /  is  controlled  by  a 
sliding  thimble  connection  on  the  left  end  of  the  machine, 
this  spindle  being  actuated  by  the  long  bent  lever  L  which 
passes  underneath  the  table  and  is  connected  by  means  of  a 
link  rod  A'  to  the  foot-pedal  M.     The  chuck   is  closed   by  a 


heavy  compression  spring  when  the  operator  removes  his  foot 
from  the  pedal.  After  being  drilled  the  work  is  automatically 
ejected  by  a  jet  of  compressed  air  provided  through  a  small 
shut-off  valve  that  is  open  only  during  the  interval  that  it 
takes  to  move  the  index  wheel.  The  valve  is  connected  to  the 
rear  end  of  the  spindle  by  a  brass  tube  0.  The  output  on  this 
machine  is  four  completely  drilled  pieces  per  minute,  or  240 
per  hour.  The  drill  size  is  No.  55,  0.052  inch,  and  the  drills 
are  especially  tempered  and  run  at  a  speed  of  6000  R.  P.  M. 

Machining  Operations  on  Percussion  Plunger 

Owing  to  the  fact  that  the  holes  X  and  Y  in  the  percussion 
plunger  C,  Fig.  17,  are  only  0.210  inch  apart,  it  would  be  diffi- 
cult to  drill  them  simultaneously  from  the  same  side  of  the 
piece.  Hence,  the  two-spindle  opposed  drilling  machine  shown 
in  Fig.  21  was  designed.  The  work-holding  fixture  is  in  the 
form  of  a  vise,  the  jaws  of  which  can  be  seen  at  E  in  Fig.  21, 
and  it  is  only  necessary  for  the  operator  to  insert  the  pieces 
to  be  drilled  between  the  jaws.  In  order  to  do  this  the  work 
is  placed  on  the  end  of  the  reciprocating  pressure  plunger  A 
that  slides  in  a  holder  fastened  to  the  air  cylinder  on  the 
front  of  the  machine,  and  that  is  actuated  by  a  foot-pedal  B 
through  a  rack  and  pinion.  As  the  foot-pedal  is  depressed, 
the  work  is  advanced  between  the  vise  jaws  to  its  proper  drill- 
ing position.  The  operator  then  raises  the  feed  lever  C  so 
as  to  feed  both  drilling  spindles  toward  the  piece  from  each 
side  at  the  same  time.  As  the  feed  lever  is  elevated,  an  air 
valve  is  automatically  opened,  letting  compressed  air  at  about 
45  pounds  pressure  per  square  inch  into  an  air  cylinder  F 
fastened  to  the  front  of  the  machine  underneath  the  vise. 
The  upward  movement  of  a  piston  in  this  chamber  causes  a 
U-shaped  yoke  attached  to  it  to  close  the  vise  upon  the  piece 
to  be  drilled.  After  the  drilling  operation  has  been  completed, 
the  return  of  the  feed  lever  causes  the  air  valve  to  exhaust 


Drilling   Machines   that   dxill   Two   Holes   in   Percussion   Plunger 
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Fig.    21.     Duplex   Drilling   Machine   for 
Percussion  Plunger 


the  cylinder  automati- 
cally and  the  vise  jaws 
to  open.  The  foot-pedal 
is  now  released,  causing 
the  pressure  plunger  to 
return  to  its  loading  po- 
sition. The  exhaust  air 
from  the  cylinder  is 
piped  to  blow  away  and 
clear  the  vise  of  chips 
after  the  piece  has  been 
ejected  from  the  vise. 

The  drilling  spindles 
are  belted  over  idler 
pulleys  to  a  driving 
shaft  at  the  rear  of  the 
machine.  All  pulleys 
and  the  driving  shaft 
run  on  ball  bearings. 
In  order  to  avoid  the 
use  of  a  crossed  belt  for 
driving  the  right-hand 
spindle,  a  three-pulley 
construction  Is  used 
that  reverses  the  mo- 
tion' by  driving  from 
the  back  of  the  belt. 
One  of  the  quarter-turn 
pulleys  for  each  acts  as 
a  tightener.  The  method  of  feeding  the  drilling  spindle  is  by 
means  of  the  hand-lever  C,  connected  to  a  shaft  which,  In  turn, 
is  geared  to  a  vertical  slide  at  the  rear  of  the  machine.  This 
slide  carries  two  wedge  cams  that  are  fastened  to  the  inner 
ends  of  feed  yokes,  the  outer  ends  of  which  have  a  clamp  con- 
nection to  the  drilling  spindle,  this  connection  being  used  to 
set  the  spindles  to  their  proper  drilling  positions.  A  stop  is 
provided  for  drilling  to  the  required  depth,  which  is  adjustable 
to  suit  any  normal  condition.  In  this  instance,  the  left-hand 
spindles  that  carry  the  3/16-inch  drill  run  at  2666  R.  P.  M., 
while  the  opposite  spindles,  having  a  No.  48  drill,  run  at  3838 
R.  P.  M.  Under  a  test  an  unskilled  operator  maintained  an 
output  of  five  pieces  per  minute  on  this  machine. 

Drillingr  and  Reaming  Two  Holes  in  Percussion  Plungrer 

The  drilling  and  reaming  of  the  two  holes  in  the  percussion 
plunger  are  performed  on  two  Langelier  No.  2  multiple  drill- 
ing machines  having  special  jig  heads  attached  to  the  spindles 
as  shown  at  C  and  D  in  Fig.  20.    The  tables  are  provided  with 

fixtures  having  rect- 
angular pieces  A  and  B 
which  enter  the  slot  in 
the  work,  and  it  Is  cen- 
tered by  means  of  the 
projecting  points  on  the 
drill  head,  while  it  is 
held  in  place  by  the 
spring  as  in  the  other 
instances.  The  produc- 
tion on  this  piece  is 
about  three  pieces  per 
minute.  The  percussion 
primer  screw  shown  at 
B  in  Fig.  17,  is  drilled 
on  the  same  type  of  ma- 
chine with  a  suitable 
jig.  The  production  on 
this  piece  is  about  four 
pieces  per  minute. 


l-NO.  13-0. 185  HOLE     Y 


NO. 39-0, 1)995   HOLES 

SECTION  X-Y         Machinery 


Fig.  22.     Detail  of  Bottom  Closing  Screw 


Machining  Operations  on 
Bottom  Closing  Screw^ 

The  bottom  closing 
screw  is  also  made  of 
brass  and  is  machined 
complete  from  the  bar 
on  an  automatic  screw 


machine  prior  to  drilling.  A  detail  of  the  piece  is  clearly 
shown  in  F'ig.  22,  in  which  it  may  be  noted  that  there  are  six 
holes  angularly  placed  in  the  piece  and  converging  to  a  com- 
mon center.  These  holes  are  to  he  made  by  a  No.  39  0.0995- 
inch  drill,  and  the  machine  designed  especially  for  doing  this 
work  is  shown  in  Fig.  23.  The  wOrk  is  located  in  the  drilling 
position  by  means  of  a  jig  head  A  that  is  mounted  centrally 
among  the  drilling  heads.  The  inner  terminal  of  travel  of  the 
jig  is  the  drilling  position,  while  the  outer  terminal  is  the 
loading  and  ejecting  position.  This  arrangement  is  made  in 
order  to  facilitate  the  jigging  of  the  work  and  also  to  protect 
the  operator's  hands  from  contact  with  the  drills.  The  travel- 
ing spindle  is  actuated  by  the  operator  through  a  push-treadle 
B  by  means  of  a  rack  and  pinion  connection  to  the  rod  shown. 
The  work  is  held  in  its  correct  position  in  the  jig  'by  an  abut- 
ting spring  plunger  C  that  carries  two  pins  which  enter  the 
No.    30    0.1285-inch    holes    that    have    been    previously    drilled. 


Fig.    23.     Six-spindle    High-spsed    Drilling    Machine    for    drilling    Angular 
Holes  in  Bottom  Closing  Screw 

The  feed  of  the  drilling  spindle  is  actuated  by  the  hand- 
wheel  D  mounted  on  the  end  of  a  pinion  shaft  that  meshes 
with  a  rim  gear  located  inside  the  faceplate  to  which  the  drill- 
ing heads  are  attached.  The  rim  gear  carries  segment  cams 
which  engage  with  roll  levers  that  actuate  the  yoke.  The  spin- 
dles are  driven  by  spiral  gears,  the  drivers  of  each  head  ex- 
tending to  the  rear  and  meshing  with  the  main  spindle  driving 
gear  F.  The  running  thrust  of  the  driver  shaft  is  taken  by 
ball  thrust  bearings. 

The  various  machines  described  and  illustrated  in  this  arti- 
cle form  a  group  which  has  greatly  reduced  the  cost  of  produc- 
tion on  fuse  work,  and  while  some  of  the  machines  have  been 
designed  entirely  for  increasing  the  production  on  the  work 
shown,  others  are  very  similar  to  the  standard  type  of  ma- 
chines built  by  the  Langelier  Mfg.  Co.,  with  special  features 
to  suit  the  particular  cases  shown  throughout  the  article. 


NB^W^  MACHINERY  AND  TOOLS 

THE    COMPLETE    MONTHLY    RECORD    OF    NEW    AMERICAN    METAL -WORKING    MACHINERY 


CLEVELAND  FULL  AUTOMATIC   MOTOR- 
DRIVEN   MACHINE 

There  are  numerous  automatic  screw  machine  operations 
in  which  it  is  desirable  to  make  a  change  of  speed  during  the 
operation,  typical  examples  being  found  in  cutting  off,  form- 


Tig.    1.     Front  View  of  Cleveland   Full   Automatic  Motor-driven   Machine 


ing  parts  from  square  or  hexagon  stock,  drilling,  reaming,  etc. 
To  secure  increased  efficiency  through  the  possibility  of  effect- 
ing such  a  change  in  speed,  an  automatically  controlled  motor 
drive  has  been  developed  for  use  on  Cleveland  automatics  ivith 
provision  for  making  any  required  changes  of  speed  during 
the  performance  of  a  single  operation  or  between  successive 
operations.  It  consists  of  a  controller  box  with  levers  that 
are  actuated  by  cams  on  a  drum,  the  cams  being  set  in  suitable 
relation  to  the  tools  so  that  speed  changes  will  be  made  at  the 
proper  points  in  the  cycle  of  operations. 

The  Cleveland  Automatic  Ma- 
chine Co.,  Cleveland,  Ohio,  has  re- 
cently developed  an  automatically 
controlled  motor  drive  for  use  on 
automatic  screw  machines  of  its 
manufacture,  which  is  the  means  of 
increasing  efficiency  of  operation 
and  rate  of  production.  Figs.  1  and 
2  show  one  of  the  new  machines 
equipped  with  the  automatic  motor 
drive,  from  which  it  will  be  seen 
that  the  design  is  the  same  as  that 
of  the  well-known  Cleveland  auto- 
matic with  the  exception  of  the 
electrical  equipment.  This  consists 
of  a  three-to-one  variable-speed, 
quick-reversing  inter-pole  motor,  di- 
rect connected  by  a  silent  chain  to 
the  spindle  driving  gears.  The 
speed  range  of  this  motor  is  doubled 
by  means  of  two  sets  of  driving 
gears  in  the  spindle  head,  either  one 
of  which  may  be  automatically  en- 
gaged. At  the  other  end  of  the  ma- 
chine is  a  small  constant-speed, 
compound-wound  pilot  motor  which 
■is  direct  connected  by  a  silent  chain 


to  the  feed  driving  mechanism  and  oil  pump  of  the  machine. 
Two  motors  are  used,  because  the  drive  of  the  spindle  is  en- 
tirely independent  of  that  of  the  feed,  which  gives  the  ad- 
vantage of  being  able  to  obtain  any  one  of  a  large  number  of 
different  spindle  speeds  without  in  any  manner  affecting  the 
feed  mechanism  of  the  machine. 
This  is  the  most  important  gain  to 
be  had  in  a  motor-driven  machine 
over  that  of  the  belt  drive,  as  it 
means  the  possibility  of  the  correct 
peripheral  speed  for  each  tooling 
operation  and  therefore  increased 
.  A|k  output. 

1^^^  The    machine    is    controlled    by 

_], — -jm  -iTr— a  means  of  a  -push-button  for  both 
starting  and  stopping.  Directly 
back  of  the  large  motor  is  a  panel 
upon  which  are  mounted  accelerat- 
ing units  for  both  motors,  an  over- 
load relay  coil  for  each  motor,  and 
the  automatic  main  switch.  On  ac- 
count of  the  fact  that  all  the  elec- 
trical equipment  is  wired  as  a  unit, 
one  push-button  controls  the  start- 
ing and  stopping  of  both  motors; 
and  an  overload  on  either  motor  in- 
stantly stops  the  entire  machine. 
No  fuses  are  required  in  any  part 
of  the  apparatus.  Referring  to 
Fig.  2,  at  the  extreme  right-hand 
end  of  this  view  may  he  seen  the 
speed  control  apparatus.  This  is  a 
cast-iron  box  A  containing  thirteen  levers,  eight  of  which  are 
for  the  purpose  of  regulating  the  speed  of  the  variable  motor; 
three  are  for  controlling  the  direction  of  rotation,  either  for- 
ward, reverse  or  stop;  and  two  are  for  shifting  a  clutch  by 
means  of  a  double-acting  solenoid.  Directly  above  the  speed 
box  is  a  cam  drum  B  upon  which  are  mounted  small  adjusta- 
ble cams  which   operate  the  levers  in  the  speed  box  .4. 


Fig.  2.     Opposite  Side  of  Machine,  showing  Arrangement  of  Automatic  Speed    Control 
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Fig.    3.     Plate   on   Speed   Control   Apparatus   that   serves   as   Guide   in 
setting  Cams 

Fig.  3  is  a  diagram  showing  exactly  what  may  be  obtained 
by  means  of  the  meclianism  just  described.  Tlie  arrows  at  the 
top  of  Fig.  3  point  directly  to  the  cams  above  them  on  the 
machine,  showing  which  cam  should  be  used  to  obtain  any 
one  of  the  speeds  or  direction  indicated.  The  speeds  which 
are  obtainable  on  the  2-inch  machine  are  here  indicated,  and 
it  will  be  noted  that  there  are  sixteen  different  speeds  from 
the  lowest,  which  is  50  revolutions  per  minute,  to  the  highest. 


Referring  to  Fig.  1,  it  will  be  noted  that  this  machine  is 
so  designed  that  the  electrical  apparatus  is  out  of  the  opera- 
tor's way,  and  also  that  it  cannot  be  damaged  by  the  large 
quantity  of  oil  and  chips  which  are  always  closely  associated 
with  the  operation  of  automatic  machines.  The  push-button  A, 
Fig.  1,  which  entirely  controls  the  starting  and  stopping  of 
the  machine,  is  in  a  convenient  location  and  is  of  a  type 
which  is  indestructible.  All  the  electric  wiring  is  enclosed 
in  conduits,  part  of  which  are  flexible  in  order  to  allow  of 
adjustment  of  the  position  of  the  motors  to  obtain  the  correct 
tension  on  the  silent  driving  chains. 

With  this  machine  an  operator  has  adjustable  spindle  speeds 
and  also  adjustable  feeds  for  all  tools,  without  the  necessity  of 
making  any  special  cams  for  any  work  within  the  range  of 
the  machine.  There  is  nothing  difficult  about  making  any 
of  the  cam  adjustments,  and  all  cams  are  readily  accessible. 
This  is  one  of  the  great  points  of  the  Cleveland  automatic, 
making  it  possible  to  change  over  quickly  and  easily  from 
one  job  to  another,  and  always  be  sure  of  obtaining  the  cor- 
rect speeds  needed  for  every  tooling  operation,  whether  the 
lots  to  be  run  out  are  small  or  large. 

Notes  on  Tooling- 

When  using  a  forming  tool  on  the  cross-slide  a  very  high 
rate  of  peripheral  speed  may  be  used  while  hogging  off  the 
stock,  and  when  almost  down  to  size  the  speed  and  feed  may 
be  momentarily  lowered,  which  will  have  the  effect  of  pro- 
ducing a  smooth  forming  cut.  In  the  case  of  forming  into 
square  or  hexagon  stock,  a  slow  spindle  speed  may  be  used 
while  the  corners  of  the  stock  are  being  removed  by  the  form- 
ing tool,  and  when  the  tool  gets  past  the  flats  on  the  stock 


TABLE  I.    AVAILABLE  SURFACE    SPEEDS  IN  FEET   PER  MINUTE 


sis 

Speed  of  Spindle  in  Revolutions  per  Minute  for  Contioller 

Positions 

50 

57 

69 

80 

93 

109            127            149 

171 

199 

232 

271 

315 

368 

429               500 

Va 

14.3 

16.5 

19.5 

22.4 

26.1 

30.4 

35.5 

41.5 

48.2 

56.3 

65.5 

1 

14.9 

18.1 

21.0 

24.4 

28.5 

33.3 

39.0 

44.8 

52.2 

60.8 

71.0 

82.8 

96.5 

112.5 

131.0 

IV2 

19.6 

22.4 

27.2 

31.4 

36.4 

42.9 

49.9 

58.6 

67.2 

78.3 

91.3 

106.6 

124.2 

144.6 

168.9 

196.5 

2 

26.2 

29.9 

36.2 

42.0 

47.2 

57.1 

66.5 

78.2 

89.6 

104.2 

121.5 

142.0 

165.5 

193.0 

225.0 

262.0 

2V2 

32.7 

37.3 

45.2 

52.4 

60.9 

71.5 

83.2 

97.5 

112.0 

130.5 

152.0 

177.5 

207.0 

241.0 

281.0 

328.0 

Mnchinrnj   \ 

NOTE  :    Method  of  selectinsf  spindle  speed  -which  should  be  used  t< 
S     X   3.819 
R.P.M.  =  .    S  =  surface  speed 

which  is  500  revolutions  per  minute,  and  that  these  speeds 
step  up  in  regular  progression.  All  these  speeds  may  be  used 
in  either  direction  or  the  spindle  may  be  stopped  dead  if  de- 
sired for  any  purpose,  all  this  being  done  without  in  any  way 
interfering  with  the  feed  control  of  the  machine.  Any  one 
of  the  entire  range  of  speeds  in  either  direction  may  be  tlirown 
into  engagement  at  any  time,  as  the  act  of  tripping  in  any 
speed  automatically  throws  out  the  speed  which  was  previ- 
ously engaged,  and  no  harm  can  come  at  any  time  by  acci- 
dentally engaging  two  or  more  speed  levers  at  the  same  time. 
Fig.  4  is  a  speed  curve  plotted  according  to  the  speeds  shown 
in  Fig.  3;  and  a  diagram  of  the  spindle  drive  is  also  shown 
at  the  left-hand  side  of  Fig.  4.  Table  I  shows  available  sur- 
face speeds  in  feet  per  minute  on  bar  stock  of  y^  to  2%  inches 
diameter.  The  enormous  range  of  surface  speeds  obtainable 
on  one  size  of  machine,  such  as  is  here  shown,  will  be  readily 
appreciated.  Fig.  5  is  a  diagram  of  the  cam  drum  B,  Fig.  2. 
This  drum  is  graduated  into  five  different  spaces  which  are 
numbered  from  1  to  5,  as  indicated.  These  spaces  on  the  cam 
drum  correspond  to  the  numbers  of  the  tool  holes  in  the  turret 
of  the  machine,  so  that  in  setting  up  the  operator  can  tell  at  a 
glance  the  relative  position  on  the  cam  drum  which  would  give 
the  desired  spindle  speed  at  the  time  any  one  of  the  turret 
tools  came  into  operation.  In  the  illustration  accompanying 
Table  II  is  shown  a  piece  made  from  2-inch  hexagon  cold-rolled 
steel,  finished  complete  as  shown  on  this  machine;  the  total 
time  was  three  minutes,  forty-five  seconds.  Another  piece  is 
shown  at  B  made  from  IVs-inch  square  cold-rolled  steel.  The 
time  for  making  this  piece  was  one  minute,  forty-five  seconds; 
and  the  operations  on  this  piece  were  as  shown  in  the  table. 


obtain  surface  speed 
n  feet  per  minute.     D 


feet  per  n 
diameter 


eter  required 


the  peripheral  speed  can  be  increased  to  any  extent  desired. 
The  possibility  of  so  regulating  the  spindle  speed  for  certain 
conditions  is  of  great  value.  In  threading  with  a  tap  or  die, 
a  very  low  peripheral  speed  and  powerful  drive  is  instantly 
available,  and  at  the  end  of  the  threading  operation  the  spindle 
may  be  reversed  at  high  speed  to  back  off  the  tap  f>r  die 
quickly.  The  line  voltage  may  vary  ±  20  per  cent  without  in 
any   manner   affecting  the   relative   speed   necessary   between 
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Fig,   4.     Spindle  Speed  Curves  and   Diagram  showing   Arrangement 
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the  threading  tool, 
which  is  controlled 
by  the  small  pilot 
motor,  and  the  spin- 
dle, which  is  con- 
trolled by  the  large 
variable  -  speed  mo- 
tor. This  is  accom- 
plished by  means  of 
a  special  adjust- 
ment of  the  electri- 
cal apparatus. 

For  drilling  op- 
ei'ations,  excellent 
results  are  obtained 
with  this  machine 
on  account  of  the 
fact  that,  regardless  of  the  diameter  of  the  drill,  a  speed  may 
always  be  picked  out  that  will  be  just  right.  Similarly,  for 
removing  stock  with  a  box-tool,  an  enormous  gain  in  time  is 
made  by  using  a  very  high  peripheral  speed.  The  same  holds 
good  with  reaming  operations.  In  any  case,  a  speed  may 
always  be  selected  to  suit  the  kind  of  material  or  the  amount 
of  stock  desired  to  be  removed  and  still  produce  a  fine  finish. 
For   operations   such 
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Fig.  5.     Divisions  on  Controller  Drum,  showing 

Positions  of  Tools  and  Cross-section 

through  Drum 


TABLE  II.      EXAMPLES   OF   WORK    FOR  WHICH    SPEED  VARIATION  IS 

PARTICULARLY  BENEFICIAL  AND  OPERATIONS  INVOLVED 

IN    PRODUCING  PIECE  B 


Milling 
Forming 

Threading 

Cutting  off 

Idle  movement 

Total 


Time    in    Seconds 


60 

Formed  during 

milling 

12 

14 

19 

1  minute  45  seconds 


as  cross-drilling,  the 
spindle  may  be  in- 
stantly stopped  dead 
and  held  there  for 
any  desired  length 
of  time.  On  account 
of  the  ease  with 
which  the  spindle 
may  be  stopped  and 
started  at  any  mo- 
ment, it  is  stopped 
for  feeding  the  bar 
through  to  the  gage 
stop  when  desired. 

The  cutting-off  op- 
eration, which  usual- 
ly consumes  much 
time  and  is  to  a 
great  extent  a  source 
of  trouble,  is  accom- 
plished with  ease 
and  quickness  on 
this  machine,  and  a 
good    job    is    always 

obtained.   The  reason  

for   this   is  that   the 

peripheral  speed  at  the  point  of  the  cutting  tool  is  held  prac- 
tically constant  at  all  times.  This  is  accomplished  by  throw- 
ing in  one  speed  after  another  as  the  cut-off  tool  approaches 
the  center  of  the  work,  increasing  the  spindle  speed  step  by 
step  until  the  work  is  cut  off.  By  this  means  the  cutting  off 
can  be  accomplished  very  much  more  quickly  than  is  possible 
when  the  spindle  speed  is  held  constant  during  the  entire 
cutting-off  operation.  The  machine  may  be  equipped  with  mo- 
tors for  either  110-  or  220-volt  direct  current. 

This  combination  of  an  adjustable  speed  control  which  en- 
ables the  speed  to  be  varied  during  the  performance  of  any  one 
operation  or  between  successive  operations,  makes  an  un- 
usually efficient  means  of  handling  automatic  screw  machine 
work  when  combined  with  the  adjustable  feed  control  which 
is  a  regular  feature  of  all  Cleveland  automatics.  As  most 
readers  of  Maciiineky  know,  the  rate  of  feed  on  these  ma- 
chines is  governed  by  cams  on  a  feed  control  drum,  two  of 
these  cams  being  provided  for  each  tool  on  the  machine.  By 
making  a  suitable  setting  of  the  cams,  the  rate  of  feed  may 
be  made  uniform  for  the  entire  operation  performed  by  a 
given  tool  or  the  cams  may  be  set  at  different  angles  on  the 
drum  in  order  to  obtain  a  change  of  feed  during  the  per- 
formance of  the  operation.  Combining  the  automatic  adjusta- 
ble speed  control  with  this  feed  control  has  provided  an  equip- 
ment particularly  well  suited  for  handling  all  classes  of  work. 


BLACK   &   DECKER   ELECTRIC   DRILL 

The  important  feature  of  a  portable  electric  drill  which  is 
now  being  made  by  the  Black  &  Decker  Mfg.  Co.,  Baltimore, 
Md.,  is  the  provision  of  a  pistol  grip  and  trigger  switch  con- 
trol, which  is  said  to  greatly  reduce  the  liability  of  breaking 
small  drills.  On  this  tool,  the  switch  is  operated  by  the  index 
finger  of  one  hand  without  requiring  the  grip  on  the  handle 
to  be  released;  as  a  result,  the  operator  is  able  to  maintain  a 
steady  "aim"  at  all  times,  and  when  the  drill  breaks  through 
he  can  cut  off  the  power  without  the  slightest  wavering  of  the 
tool  or  sagging  of  the  weight  which  is  likely  to  cause  a  small 
drill  to  break.  Furthermore,  the  drill  is  so  shaped  and  the 
weight  distributed  with  relation  to  the  position  of  the  grip, 
that  the  tool  is  easy  to  handle  and  control.  The  tool  is  also 
made  as  light  as  possible,  still  maintaining  the  necessary 
amount  of  strength  and  rigidity. 

The  housings  are  cast  from  aluminum  alloy,  and  gears  are 
cut  from  solid  blanks  of  chrome-vanadium  steel  and  heat- 
treated  to  give  them  long  life  and  freedom  from  breakage  while 
in  service.  The  chuck  spindle  is  hardened  and  ground,  and 
runs  in  a  bronze  bushing,  the  end  thrust  being  taken  care 
of  by  a  ball  thrust  bearing.  The  motor  is  of  the  so-called  uni- 
versal type,  adapted  for  use  on  either  alternating-  or  direct- 
current  circuits,  and 
110-  or  220-volt  mo- 
tors can  be  supplied, 
according  to  the  re- 
quirements of  the 
user.  A  forced  draft 
ventilating  system 
provides  for  carry- 
ing a  considerable 
overload  without 
damage  to  the  wind- 
ings; and  the  spin- 
dle is  ground  to  size 
and  runs  in  Norma 
ball  bearings. 

The  commutator 
and  brushes  are 
readily  accessible  by 
removing  four  screws 
which  enable  the  top 
of  the  cover  to  be 
slipped  off.  The  cover 
does  not  carry  the 
armature  shaft  bear- 
ing, this  bearing  and 

the    brushes    being 

carried  by  an  inner 
spider  which  is  protected  from  external  injury  or  strain.  If 
so  desired,  the  drill  may  run  while  the  cover  is  removed  to 
enable  the  operation  of  the  brushes  and  commutator  to  be 
inspected.  When  so  desired,  a  breast  plate  can  be  furnished 
for  use  in  place  of  the  rear  grip.  It  was  previously  stated  that 
these  drills  are  equipped  with  motors  for  use  on  either  110-  or 
220-volt  circuits;  and  drills  with  these  styles  of  motors  are 
made  in  two  sizes  having  capacities  for  drilling  holes  from 
0  to  %  inch  in  diameter  and  from  0  to  V.j  inch  in  diameter. 


Wft 


308 
190-308 


90 
308-500 
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0.012 
0.006 


0.006 


00  p..g 


0.120 
60-160 


21 
120 


28 
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Black  &  Decker  Electric  Drill  with  Pistol  Grip  and  Trigger  Switch  Control 
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Charging   End   of    Hardening    rurnaci-s   with  J>ushers   in   Place.     One   Tempering   Furnace    can   be   seen    at   Extreme   Right,    with    Oil    ftuenching 
Tank  at  Front.     Control  Pulpit  is  shown  at  Left  of  Hardening  Furnaces 


SURFACE   COMBUSTION   SHELL  HEAT- 
TREATING  FURNACES 

These  furnaces  are  used  for  hardening  and  tempering  shells. 
They  are  fired  by  the  Surface  Combustion  Go's  high-pressure 
system,  in  which  gas  at  a  pressure  of  25  pounds  per  square  inch 
is  made  to  inspirate  the  required  amount  of  air  for  its  complete 
combustion.  The  furnaces  are  arranged  in  units  consisting 
of  one  hardening  and  one  tempering  furnace,  and  each  unit 
has  a  capacity  for  heat-treating  5000  shells  in  twenty-four 
hours.  Each  unit  consumes  3300  cubic  feet  of  gas  per  hour, 
and  the  remarkably  high  efficiency  of  32  per  cent  is  obtained, 
this  efficiency  representing  the  percentage  ratio  of  the  heat 
actually  absorbed  by  the  work  to  the  total  amount  of  heat  in 
the  fuel.  It  is  possible  to  arrange  the  inspirator  so  that  com- 
plete combustion  is  obtained,  but  in  order  to  prevent  scaling 
the  work  and  burning  out  the  feed  chutes  of  the  furnaces,  it  is 
found  advisable  to  operate  them  with  a  slightly  reducing  at- 
mosphere— carbon  monoxide  being  present  to  the  extent  of 
from  O.S  to  0.5  per  cent. 

For  use  in  heat-treating  shells  in  the  plant  of  the  Bddystone 
Ammunition  Corporation,  Eddystone,  Pa.,  the  Surface  Com- 
bustion Co.,  Wilbur  Ave.  near  Sunswick  St.,  Long  Island  City, 
N.  Y.,  has  designed  and  installed  the  furnaces  illustrated  and 
described  herewith.  The  installation  consists  of  three  harden- 
ing and  three  tempering  furnaces,  one  hardening  and  one  tem- 
pering furnace  being  under  construction  at  the  present  time, 
while  two  furnaces  of  each  type  are  in  operation.   Each  furnace 


Fig.    2,     Discharge    End   of    Hardening   Furnaces.      Hot    Shells    pushed    out 

into  OU  Quenching  Tank  and  carried  by  Conveyor  to  Drain  Tables, 

then   fed   into    Tempering   Furnaces 


is  approximately  22  feet  long  by  8  feet  wide  by  7  feet  high, 
and  they  are  arranged  in  units  consisting  of  one  hardening 
and  one  tempering  furnace.  Each  unit  is  designed  to  turn  out 
5000  shells  in  a  twenty-hour  working  day,  so  that  full  capacity 
from  the  installation  of  three  units  would  be  15,000  shells  in 
twenty  hours. 

The  furnaces  are  fired  by  the  Surface  Combustion  Co.'s  high- 
pressure  system,  a  process  or  system  whereby  gas  under  pres- 
sure is  made  to  inspirate  all  the  air  necessary  for  complete 
and  perfect  combustion,  maintaining  automatically  constant- 
mixture  proportions  and  eliminating  all  motors,  blowers  and 
air  piping.  It  is  a  one-pipe  system,  and  is  capable  of  very  ac- 
curate control  from  a  central  control  pulpit.  Added  to  these 
advantages  are  the  features  of  surface  combustion  proper. 
580  B.  T.  U.  gas  (a  mixture  of  water  and  coal  gas)  is  sup- 
plied by  the  Philadelphia  Suburban  Gas  &  Electric  Co.  of 
Chester,  Pa.  This  gas  is  delivered  and  metered  under  a  pres- 
sure of  25  pounds  per  square  inch.  The  gas  is  metered  by  a 
rotary  pressure  meter  and  a  Bailey  flow  meter.  The  furnaces 
are  operating  at  an  average  efficiency  of  32  per  cent — a  re- 
markable furnace  efficiency.  Furnace  efficiency  means  the  per- 
centage of  available  heat  units  in  the  fuel  consumed  which  are 
actually  absorbed  by  the  work  being  done,  in  this  case  heat- 
ing steel. 

Each  unit  (one  hardening  and  one  tempering  furnace)''  con- 
sumes an  average  of  3300  cubic  feet  of  gas  per  hour,  turning 
out  240  shells  per  hour.  Therefore  when  all  these  units  are 
running  at  capacity,  9900  cubic  feet  of  gas  per  hour  is  con- 
sumed, and  for  a  day  of  twenty-four  hours,  237,000  cubic  feet 
of  gas,  and  for  300  such  days  approximately  71,000,000  cubic 
feet  of  gas.  While  shells  are  only  turned  out  during  twenty 
hours,  the  furnaces  are  kept  hot  the  entire  twenty-four  hours. 
Cost  of  gas  in  this  case  is  based  on  a  sliding  scale  rate.  The 
approximate  average  rate  for  this  work  is  forty-three  cents 
per  thousand  cubic  feet.  The  hardening  is  done  at  an  average 
temperature  of  1500  degrees  F.  and  the  tempering  (or  draw- 
ing) at  an  average  of  1100  degrees  F.  Each  shell  is  in  each 
furnace  for  a  period  of  approximately  one  hour.  The  shells 
are  3  inches  in  diameter,  and  are  approximately  8%  inches 
long;  they  vary  in  weight  from  8  to  11  pounds. 

Running  through  each  furnace  are  eight  steel  angles  which 
act  as  troughs  to  carry  the  shells.  An  air  cylinder  with  an 
arm  attached  to  the  piston  rod  acts  as  a  pusher;  and  a  man 
stands  in  front  of  the  furnace  and  feeds  shells  into  the  angle 
troughs.  Every  two  minutes  the  pusher  pushes  the  shells 
ahead  the  length  of  a  shell.  This  causes  eight  shells  to  dis- 
charge into  the  oil  quenching  bath  located  at  the  discharge 


September,  1916 


MACHINERY 


77 


Fig.  3.     Discharge  End  of  Tempering  Furnace.     Shells  are  pushed  out  through  Tubes  which  have  Hinged  Covers  to  exclude  Air. 

shown  at  Front  of  Furnaces 


end  of  the  hardening  furnaces,  from  which  they  are  taken 
when  suflSciently  cool  and  fed  into  the  tempering  furnaces  in 
exactly  the  same  manner.    The  furnaces  are  on  a  slight  slope. 

All  the  furnaces  are  controlled  from  a  central  control  pulpit. 
Each  furnace  is  controlled  by  a  single  valve  which  regulates 
the  pressure  supplied,  the  maximum  pressure  being  25  pounds 
per  square  inch  and  the  minimum  5  pounds  per  square  inch. 
The  average  operating  pressure  is  15  pounds  per  square  inch. 
All  pyrometers,  both  indicating  and  recording,  are  also  located 
in  this  pulpit,  which  allows  one  man  to  easily  operate  all  the 
furnaces.  This  feature  also  allows  much  more  accurate  and 
careful  control,  as  evidenced  by  the  practically  straight  line 
pyrometer  charts  which  are  secured  daily.  There  is  also  lo- 
cated in  this  pulpit  the  electric  "flasher,"  which  times  the 
charging  operation.  This  machine  flashes  a  red  light  in  front 
of  each  furnace  every  two  minutes,  which  is  the  signal  for  the 
men  to  operate  the  pushers.  The  furnace  operator  in  the 
control  pulpit,  each  shift,  receives  his  temperature  and  time 
instructions,  and  is  able  to  follow  these  instructions  with  the 
greatest  accuracy  without  moving  a  step.  This  pulpit  is  the 
"brains"  and  heart  of  the  heat-treating  building,  clock,  bells, 
etc.,  all  being  located  there. 

The  furnaces  are  encased  in  cast-iron  casings,  tied  together 
by  heavy  tie-rods  and  mounted  on  concrete  foundations.  The 
heavy  firebrick  linings  are  backed  up  by  "Sil-0-Cel,"  giving 
plenty  of  insulation.  This  cuts  down  the  radiation  losses  and 
protects  the  operators  from  the  heat.  In  hot  weather  this  is  a 
point  which  is  greatly  appreciated  by  them.  The  furnaces  are 
made  as  air-tight  as  possible,  and  to  prevent  cold  air  leaking 
in,  which  would  produce  an  oxidizing  effect  and  by  its  cooling 
action  lower  the  furnace  efficiency,  a  slight  furnace  back  pres- 
sure is  maintained.  The  furnaces  are  so  designed  as  to  de- 
velop and  utilize  the  maximum  amount  of  radiant  heat.  The 
flues  are  arranged  so  as  to  distribute  the  hot  gases  uniformly 
?nd  to  release  them  at  the  lowest  possible  temperature.  The 
Tiardening  furnaces  are  equipped  with  twenty-two  high-pressure 
l)urners,  and  the  tempering  furnaces  with  eighteen  burners. 
All  piping  is  laid  in  conduits  having  removable  covers,  thereby 
eliminating  all  overhead  work.  To  give  an  idea  of  the  sim- 
plicity of  the  system,  the  largest  pipe  used  is  a  2-inch  size. 
Each  burner  is  fed  by  a  V^-inch  pipe  from  a  1-inch  manifold. 

Frequent  flue  gas  analysis  has  shown  oxygen  =  0.0,  carbon 
monoxide  =  0.0,  and  an  average  of  15.2  carbon  dioxide.  This 
shows  that  the  heat  is  generated  with  100  per  cent  eflSciency, 


having  no  excess  air  or  unburned  gases.  For  the  purpose  of 
minimizing  the  scaling  of  the  shells  and  to  lengthen  the  life 
of  the  angle  troughs,  the  furnace  is  operated  with  a  slightly 
reducing  atmosphere — carbon  monoxide  reading  between  0.3 
and  0.5  per  cent.  This  is  done  to  be  on  the  safe  side,  as  an 
oxidizing  atmosphere  would  be  very  injurious  in  this  opera- 
tion. The  "surface  combustion"  principle  was  described  in 
the  May,  1915,  number  of  Machinery  in  an  article  entitled 
"Surface  Combustion  Appliances." 


"ROULSTED"  ENGINE   LATHE 

The  "Roulsted"  20-inch  engine  lathe  illustrated  and  de- 
scribed herewith  is  built  by  the  Waterville  Iron  Works,  Water- 
ville.  Me.;  and  Hill,  Clarke  &  Co.,  Inc.,  156  Oliver  St.,  Boston, 
Mass.,  have  the  sales  agency  for  this  machine.  The  lathe  is 
equipped  with  a  three-step  cone  pulley  and  double  back-gears, 
ajid  it  has  a  semi-quick-change  gear-box.  Figs.  1  and  2  show  a 
lathe  equipped  with  a  compound  rest  and  with  a  turret  tool- 
post,  respectively;  either  of  these  equipments  may  be  fur- 
nished according  to  the  requirements  of  the  shop  in  which  the 
lathe  is  to  be  used. 

The  bed  is  cross-webbed  at  intervals  of  2  feet  and  the  ways 
are  of  the  V-type.     The  headstock  is  bolted  to  the  bed  in  a 


Fig.    1.     "Roulsted"   Engine   Lathe   equipped   with   Compound   Rest 
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rig.   2.     "Koulsted"   Engine   Lathe  equipped    with  Turret   Toolpost 

way  which  secures  absolute  rigidity;  and  the  hollow  spindle  is 
made  of  high-carbon  crucible  steel,  forged  and  heat-treated, 
with  the  hole  bored  from  the  solid  metal  and  reamed  to  size. 
The  outside  of  the  spindle  is  turned  and  ground,  and  the 
spindle  is  carried  in  bronze  bearings  which  are  scraped  and 
fitted  to  both  the  headstock  and  spindle.  End  thrust  is  sup- 
ported by  a  fiber  washer,  and  the  spindle  is  secured  against 
end  play  by  an  adjusting  nut  at  the  end,  which  is  also  used 
in  making  compensation  for  wear.  This  construction  main- 
tains a  positive  position  of  the  spindle  under  the  heaviest  ser- 
vice. An  all-steel  tumbler  gear  reverse  is  provided  in  the  head- 
stock  for  cutting  left-hand  threads  or  for  changing  the  feed; 
and  all  gears  are  thoroughly  guarded  to  avoid  accidents  to 
operators  or  damage  to  the  gearing. 

The  carriage  has  a  full  length  bearing  on  the  vees  and  is 
gibbed  front  and  back,  and  provided  with  a  locking  screw. 
The  cross  vees  and  bridge  are  wide  and  heavy,  and  the  com- 
pound rest  is  graduated  in  degrees  and  securely  gibbed.  The 
apron  is  of  the  double-plate  type  which  provides  ample  bear- 
ings at  both  ends  of  all  shafts;  it  is  firmly  bolted  and  doweled 
to  the  carriage.  All  pinion  shafts  are  made  of  steel  and  are 
integral  with  the  gears,  which  are  cut  from  solid  blanks.  A 
locking  device  is  provided  which  makes  it  impossible  to  en- 
gage the  feed-rod  and  lead-screw  at  the  same  time.  An  apron 
reverse  is  provided  for  all  feeds  which  may  be  operated  inde- 
pendently of  the  reverse  screw  in  the  headstock.  The  carriage 
has  friction  feed  and  the  cross-feed  screw  is  graduated  to  read 
to  0.001  inch. 

The  tailstock  usually  furnished  with  the  lathe  provides  for 
setting  the  compound  rest  at  right  angles  when  the  carriage 
and  tailstock  are  used  close  together  on  the  bed.  The  spindle 
and  screw  are  accurately  fitted,  and  the  tailstock  can  be  set 
over  and  clamped  to  the  bed  in  any  position  for  taper  turn- 
ing operations.  The  semi-quick-change  gear-box  has  all  steel 
gears  which  afford  a  wide  range  of  feed;  and  special  means 
are  provided  for  disconnecting  the  lead-screw  and  feed-rod 
from  the  gear-box  while  the  lathe  is  running.  Change-gears 
are  provided  to  enable  either  extra  fine  or  coarse  thread  or 
rates  of  speeds  to 
be  obtained.  Reg- 
ular equipment 
furnished  with  the 
machine  includes 
a  two-speed  double 
friction  counter- 
shaft, although  a 
one-speed  counter- 
shaft with  a  high- 
speed reverse  may 
also  be  employed 
with  satisfactory 
results;  in  addi- 
tion, the  standard 
equipment  in- 
cludes  a   full    set 


Fig.    3.     Tailstock   End   of    "Roulsted"    Engine    Lathe 

of  change-gears,  large  and  small  faceplates,  toolpost  ring  and 
wedge,  steadyrest  and  wrenches. 

The  principal  dimensions  of  this  lathe  are  as  follows:  swing 
over  bed,  21  inches;  swing  over  carriage,  14  inches;  swing 
over  steadyrest,  8  inches;  capacity  between  centers  for  8-foot 
bed,  3  feet,  9  inches ;  diameter  of  hole  through  spindle,  2  1/16 
inches;  width  of  driving  belt,  4  inches;  ratio  of  double  back- 
gears,  10  to  1  and  3%  to  1;  available  spindle  speeds,  7  to  285 
revolutions  per  minute;  available  gear  feed,  6  to  90  per  inch; 
available  range  of  threads  which  may  be  cut,  2  to  30  per  inch, 
including  414  and  llVa  threads  per  inch;  maximum  travel  of 
compound  rest,  5%  inches;  diameter  of  tailstock  spindle,  2% 
inches;  travel  of  tailstock  spindle,  8  inches;  size  of  tools  used, 
%  by  1%  inch;  weight  of  machine  with  8-foot  bed,  4100 
pounds;   and  weight  per  additional  foot  of  bed,   230  pounds. 


Fig.    1.     Putnam  22-inch   Engine    Lathe   with   Compound   Rest,    Tailstock  and   Back    Rest 


PUTNAM   ENGINE   LATHE 

The  22-inch  engine  lathe  illustrated  and  described  herewith 
is  a  recent  product  of  the  Putnam  Machine  Co.,-  Fitchburg, 
Mass.;  and  Manning,  Maxwell  &  Moore,  Inc.,  119  W.  40th  St., 
New  York  City,  are  the  sales  agents.  It  will  be  apparent  from 
the  illustrations  that  this  machine  is  equipped  with  a  standard 
carriage  and  compound  rest,  tailstock  and  steadyrest;  or  that 
a  turret  may  be  provided  on  the  carriage.  In  other  respects, 
the  two  machines  are  identical. 

The  machines  are  driven  by  a  three-step  cone  pulley  and 
double  back-gears;  and  they  have  universal  feed,  i.e.,  gear, 
screw  and  belt  feed  combined,  operated  instantaneously  with- 
out the  necessity  of  removing  the  feed  belt  or  changing  gears. 
The  spindle  is  made  of  forged  open-hearth  steel,  and  i?  sup- 
ported in  bearings  provided  with  self-oiling  bronze  boxes 
which  maintain  the  precision  of  the  spindle  and  faceplate, 
and  help  to  preserve  true  alignment  of  the  live  and  dead 
centers.  The  lead-screw  is  made  of  special  steel  and  great 
care  is  taken  to  obtain  a  high  degree  of  accuracy  in  cutting 
the  thread.  The  feed  rack  is  made  from  a  forged  steel 
bar  and  is  securely  anchored  to  the  bed;   it  is  1%  inch  face 

width  and  the 
teeth  are  0.524 
inch  pitch. 

The  tailstock 
has  a  liberal  bear- 
ing on  the  ways 
and  is  held  in 
alignment  wjth 
the  head  by  a  vee 
at  the  rear  of  the 
bed,  the  front 
bearing  being  flat. 
The  joint  between 
the  tailstock  base 
and  •  top  is  accu- 
rately scraped  and 
a  wide   tongue   is 
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fitted  into  a 
groove  in  the  tail- 
stock  base  to  keep 
the  spindle  in  per- 
fect alignment 
with  the  head 
spindle.  Provision 
for  setting  over 
the  tailstock  is 
made  by  means  of 
a  screw  and  nut. 
The  carriage  has 
bearings  30 V2 
inches  long  on  the 
outside  raised 
ways,  in  addition 
to  which  it  has 
a  bearing  on  the 

front  inside  flat  way.  All  bearing  surfaces  are  scraped  to  a 
perfect  fit,  and  the  carriage  is  gibbed  both  front  and  rear. 
The  compound  rest  is  fitted  with  a  tool-block  for  carrying 
tools  %  by  114  inch  in  size.  The  apron  is  an  improved  design 
provided  with  large,  powerful  friction  for  lateral  feed  and  an 
eccentric  stud  gear  for  cross  feed.  An  automatic  safety  de- 
vice is  provided,  making  it  impossible  to  engage  the  lead- 
screw  and  feed-rod  at  the  same  time.  All  feeds  are  reversed 
and  controlled  at  the  apron.  The  screw  nut  is  lined  with  bab- 
bitt and  is  5%  inches  long;  it  is  operated  by  a  cam  plate. 
The  range  for  screw  cutting  through  individual  change-gears 
is  from  1  to  16 
threads  per  inch. 
The  regular 
equipment  fur- 
nished with  the 
machine  includes 
one  set  of  tool 
steel  centers,  a 
dog  faceplate  fit- 
ted to  the  nose  of 
the  spindle,  a 
large  standard  cir- 
cular faceplate,  an 
adjustable  three- 
jaw  back  rest,  a 
countershaft  with 
two  friction  pul- 
leys and  wrenches. 

The  swing  over  the  ways  is  221/-.  inches;  swing  over  carriage, 
13%  inches;  swing  over  compound  rest,  13%  inches;  distance 
between  centers  for  10-foot  bed,  5  feet;  cone  pulley  diameters, 
11,  14  and  17  inches  by  4%  inches  face  width;  available  spin- 
dle speeds,  7,  10.8,  16.8,  25.4,  39.3,  60.8,  90.5,  140  and  216  revolu- 
tions per  minute;  size  of  front  spindle  bearing,  4%  by  8% 
inches;  size  of  rear  spindle  bearing,  3  by  5%  inches;  diameter 
of  tailstock  spindle,  2  15/16  inches;  and  weight  of  machine 
with  7-foot  bed,  4100  pounds.    

BRIDGEFORD   PLAIN    TURNING    MACHINE 


Fig.  2.     Putnam  22-inch  Lathe  with  Heavy  Turret  on  Special  Carriage 


steel  gears,  and 
four  instantane- 
ous changes  of 
feed  through  cut 
steel  gears.  The 
main  driving  gear 
is  6%  inches  face 
width.  Both  the 
speed  and.  feed 
change-gears  run 
in  oil.  All  main 
bearings  on  the 
machine  are  lined 
with  bronze  and 
are  self-oiling;  the 
front  spindle  bear- 
ing is  6  by  9 
inches  in  size ; 
and    the    rear    spindle    bearing,    5    by    71,-2    inches. 

This  lathe  is  especially  adapted  for  performing  the  outside 
turning  operation  on  8-,  9.2-  and  12-inch  shells,  and  it  vv'ill  be 
seen  that  two  carriages  are  provided.  The  carriage  nearest 
the  headstock  is  used  for  turning  the  straight  wall  of  the 
shell,  while  the  one  at  the  tailstock  end  is  used  for  forming 
the  nose,  this  carriage  being  run  in  conjunction  with  a  radius 
attachment  which  is  shown  in  the  back  view  of  the  machine. 
Fig.  2.  A  hollow  spindle  is  provided  so  that  an  air  chuck  may  be 
easily  attached;  and  the  machine  has  ample  strength  to  safely 
transmit  thirty  horsepower.    On  a  speed  test  in  turning  8-inch 

shells,  one  user  of 
this  machine 
rough-turned  a 
shell  of  this  size 
in  41/^  minutes. 
The  weight  of  the 
machine  is  15,000 
pounds. 


/V/fi/f/^^fi/' 


Fig.    1.     Front  View  of  Bridgeford  27-iiich  Plain  Turning  Machine 


The  27-inch  by-12-foot  plain  turning  machine  illustrated  and  de 
scribed  herewith 
is  a  recent  prod- 
uct of  the  Bridge- 
ford  Machine  Tool 
Works.  235  Mill 
St..  Rochester,  N. 
Y.  The  machine 
takes  6  feet  be- 
tween centers,  and 
swings  I31/2  inches 
over  the  carriage 
and  27  inches  over 
the  ways.  Three 
instantan  e  o  u  s 
changes  of  spindle 
speeds  are  ob- 
tained through 

sliding      hardened  Fig.  2.     Opposite  Side  of  Bridgeford  Plain  Turning  Machine  shown  in  Fig 


"SPRACO" 
PAINT  GUN 

The  "Spraco" 
paint  gun  recently 
placed  on  the  mar- 
ket by  the  Spray 
Engineering  Co., 
93  Federal  St., 
Boston,  Mass.,  is  a  hand  tool  for  use  in  applying  all  kinds 
of  liquid  protective  coatings  to  various  classes  of  work.  The 
complete  equipment  consists  of  the  paint  gun  proper,  which  is 
connected  by  a  flexible  hose  to  a  portable  unit  containing  the 
paint  tank,  air  dryer  and  strainer,  pressure  control  attach- 
ment and  pressure  gage.  After  the  portable  control  head  has 
been  adjusted  to  meet  the  conditions  of  air  pressure,  thick- 
ness of  paint,  etc.,  the  operator  has  complete  control  of  the 
outfit  by  means  of  a  trigger  on  the  paint  gun.  The  unit  is  fur- 
nished complete,  ready  for  attachment  by  a  single  hose  con- 
nection to  the  compressed  air  supply  which  should  have  a  pres- 
sure of  from   35  to  75  pounds  per  square  inch,  according  to 

the  nature  of  the 
paint  used  and  the 
degree  of  finish 
desired.  The 
equipment  is 
adapted  for  use  in 
shops  or  in  the 
field,  and  may  be 
adjusted  for 
spraying  the 
higher  grades  of 
varnish  or  lacquer 
as  well  as  heavy 
asphaltum  and 
structural  paints, 
producing  finely 
finished  surfaces 
without  streaks. 
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Fig.    1. 


Complete  Portable   Outfit  for  Use   with    "Spraco"   Paint   Gun 
for  spraying  Paint 


There  are  but  two  adjustments  required  in  operating  the 
"Spraco"  gun,  i.  e.,  the  round  cap  at  the  nose  which  screws  out 
or  in  to  regulate  the  amount  of  paint  delivered  by  the  gun, 
and  the  knurled  stem  at  the  rear  which  screws  out  or  in  to 
control  the  amount  of  air  that  is  used.  These  adjustments 
only  have  to  be  made  once  to  regulate  the  proportion  of  air 
and  paint  required  for  any  class  of  work;  then  the  control 
trigger  acts  on  both  the  air  and  paint,  regulating  the  amount 
of  paint  delivered  from  zero  up  to  the  full  amount  for  which 
the  adjustment  has  been  set. 

The  control  head  is  an  important  feature  of  the  apparatus, 
and  consists  of  a  complete  unit  comprising  the  following  parts: 
(1)  A  pressure  gage  showing  the  air  pressure  on  the  main 
supply  line,  and  also  on  the  paint  in  the  tank.  (2)  An  ad- 
justable reducing  valve  by  which  pressure  on  the  paint  may 
be  varied  at  will  so  that  the  action  of  the  gun  is  made  inde- 
pendent of  the  position  of  the  tank,  and  any  form  of  paint 
or  other  material  may  be  fed  to  the  gun  at  suitable  pressure; 
this  adjustable  reducing  valve  also  permits  of  using  any  pres- 
sure less  than  the  main  line  pressure,  which  is  essential  where 
very  high  air  supply  pressures  are  maintained.  (3)  A  com- 
plete air  strainer  and  filter  by  which  a  supply  of  dry,  clean 
air  may  be  obtained;  and  this  filter  may  be  readily  inspected 
and  cleaned  without  the  use  of  tools.  The  complete  control 
unit  is  especially  designed  for  use  with  the  standard  portable 
equipment.  It  may  be  used  separately  when  connection  is 
made  with  a  paint  barrel,  tank"  or  other  container. 

The  pressure  tank  is  designed  to  withstand  full  air  pressure 
if  necessary,  and  is 
made  of  galvanized 
iron  riveted  together. 
A  filling  plug  in  the 
base  permits  of  fill- 
ing or  emptying  the 
tank  without  disturb- 
ing the  control  head. 
Connection  with  the 
air  system  is  made 
by  a  rubber  hose  pro- 
vided w^ith  a  heavy 
braid  covering,  while 
a  flexible  metal  hose 
is  commonly  em- 
ployed for  delivering 
the  paint  supply  to 
the  gun.  Special 
forms  of  this  hose 
can  be  provided  if  re- 


quired. Where  paint  or  other  materials  which  do  not  injure 
rubber  are  used,  a  hose  similar  to  the  air  hose  will  be  found 
satisfactory.  For  shop  use  the  control  head  and  pressure  regu- 
lator are  non-essential,  unless  very  heavy  paint  is  being  used; 
and  under  such  condition  the  gun  may  be  connected  directly 
to  the  air  pressure  line,  using  an  air  regulator  if  the  supply 
pressure  is  excessive  or  if  the  air  is  not  dry  and  clean.  The 
paint  is  placed  in  a  tank  suspended  above  the  work  and  is 
supplied  to  the  gun  by  gravity.  A  suitable  paint  tank  with 
block  and  tackle  for  suspension  can  be  furnished  with  the 
gun  if  so  desired.  The  air  regulator  may  be  supplied  with  a 
filter,  pressure  gage  and  reducing  valve,  providing  a  complete 
air  controlling  apparatus  in  a  single  unit. 

Advantages  claimed  for  this  apparatus  are  that  the  time 
required  to  paint  work  is  reduced  from  50  to  75  per  cent; 
that  the  gun  makes  it  possible  to  reach  surfaces  that  could 
not  otherwise  be  thoroughly  covered;  that  it  is  easily  operated 
and  adjusted  without  the  use  of  tools  and  is  free  from  delicate 
parts;  that  the  design  is  simple  and  the  construction  sufli- 
ciently  rugged  to  withstand  hard  service;  and  that  the  total 
weight  of  the  gun  is  only  a  little  over  one  pound. 


VERNON    11 -INCH   LATHE 

The   Vernon   Machine   Co.,   Inc.,   Worcester,   Mass.,   is   now 
building  the  11-inch  lathe  shown  in  the  accompanying  illus- 


Vernon   Machine   Co.'s   11-inch   Lathe 

tration.  The  machine  is  driven  by  a  four-step  cone  pulley 
and  single  back-gears,  thus  providing  eight  changes  of  spindle 
speed.  The  spindle  is  made  of  high-carbon  steel  and  fini^shed 
to  size  by  grinding;  it  is  carried  in  bronze-lined  bearings 
which  have  ample  oiling  facilities  and  means  of  compensation 
for  wear.     The  end  thrust  of  the  spindle  is  supported  by  a 

step  bolted  to  the  end 
of  the  headstock.  The 
tailstock  is  of  the  off- 
set type  which  al- 
lows the  compound 
rest  to  be  set  parallel 
to  the  bed ;  in  addi- 
tion, the  tailstock  can 
be  set  off  center  to 
provide  for  the  per- 
formance of  taper 
ti'rning  operations. 

The  carriage  has  a 
very  stiff  bridge  and 
long  bearings  on  the 
vees;  it  is  securely 
gibbed  to  the  bed  and 
the  compound  rest  is 
adequately  supported 
by  it.     The  apron  is 


"Spraco"  Paint  Gun  in  Use  painting  a  Pulley 


September,  1916 


MACHINERY 


81 


bolted  to  the  carriage  and  all  gears  in  the  apron  are  liberally 
proportioned  for  the  loads  they  are  required  to  carry.  Positive 
geared  feed  is  supplied  with  each  lathe  and  the  number  of 
changes  that  are  available  is  limited  only  by  the  number  of 
change-gears  obtained  for  use  with  the  lathe.  The  regular 
equipment  furnished  with  each  machine  includes  large  and 
small  faceplates,  center-  and  foUow-rests,  a  countershaft  and 
the  necessary  wrenches  for  making  all  adjustments. 

The  principal  dimensions  are  as  follows:  diameter  of  hole 
through  spindle,  %  inch;  swing  over  ways,  12%  inches;  swing 
over  compound  rest,  7%  inches;  distance  between  centers  for 
5-foot  bed,  33  inches;  change-gears  provided  for  cutting  4  to 
36  threads  per  inch;  width  of  driving  belt,  1%  inch;  and 
weight  of  machine  with  5-foot  bed,  775  pounds. 


LANGELIER    MOTOR   VALVE    SLEEVE 
MULTIPLE   DRILLING   MACHINE 

For  use  in  drilling  at  one  operation  the  twelve  %-inch  oil 
holes  in  the  outer  sleeve  of  a  Willys-Overland  motor  valve, 
the  Langelier  Mfg.  Co.,  Providence,  R.  I.,  designed  the  multi- 


Fig.  1.     Langelier  Multiple-spindle  Machine  for  drilling  Motor  Valve  Sleeves 

pie  drilling  machine  which  is  Illustrated  and  described  here- 
with.    A  similar  machine  was  built  for  use.  in  drilling  four 
%-inch  holes  in  the  inner  sleeve,  and  the  output  of  each  ma- 
chine  is   31 J    sleeves 
per  minute,   or   2100 
per    day.     The    ma- 
chines are  of  exactly 
the  same  design  ex- 
cept   that    one     is 
equipped  with  twelve 
drill    spindles   while 
the    other    has    only 
four  spindles. 

Fig.  3  shows  a 
cross-sectional  view 
through  the  drill  jig 
on  the  machine  for 
drilling  the  outer 
sleeve,  in  which  the 
work  is  shown  in  the 
drilling  position.  Re- 
ferring to  this  illus- 
tration in  connection 
with  the  following 
descri  pt  ion,     the 


Fig.  2.     Close  Viev 


of  Mechanism  with  Drilled  Sle 
withdrawn  from  Jig 


:ve  on  Arbor  after  being 


method   of  operating 


the  machine  will  be  clearly  understood.  Sleeve  A  is  held  and 
located  in  the  drilling  position  by  an  internal  expanding  arbor 
B  mounted  on  tailstock  C  which  slides  upon  ways  in  line  with 
the  axis  of  the  machine.  Expanding  arbor  B  is  opened  or 
closed  automatically  by  means  of  compressed  air;  the  construc- 
tion consists  of  a  split  sleeve  that  is  attached  directly  to  the 
piston  in  the  compressed  air  cylinder;  and  inside  this  sleeve 
there  is  a  fixed  arbor  D  with  a  tapered  end,  that  is  attached 
to  the  cylinder  head.  A  slight  travel  of  the  sleeve  on  this 
tapered  portion  of  the  fixed  arbor  causes  the  sleeve  to  expand 
and  hold  the  work  securely,  extra  movement  being  avoided 
by  a  stop  collar  on  the  sleeve  and  tapered  arbor. 

Admission  of  air  to  the  cylinder  is  controlled  by  a  small 
piston  valve  that  is  attached  to  the  tailstock  C  at  the  rear  and 
operated  by  contact  with  a  fixed  stop  attached  to  the  tailstock 
slide.  The  tailstock  is  shown  in  its  outer  or  loading  position 
in  Fig.  1,  movement  of  the  tailstock  slide  being  secured  by 
means  of  the  handwheel  at  the  front  of  the  machine.  The 
drilling  position  is  obtained  by  the  sleeve  to  be  drilled  coming 
into  contact  with  a  stop  E  located  inside  drill  jig  F;  this  stop 
can  be  adjusted  at  the  left-hand  end  of  the  machine.  The  tail- 
stock  is  also  automatically  locked  when  in  a  drilling  position 
and  is  unlocked  by  the  foot-treadle  shown  at  the  front  of  the 
bed;  this  lock  is  adjustable  and  can  be  set  to  suit  the  require- 
ments of  the  work  being  drilled. 

Drilling  heads  G  are  located  radially  90  degrees  apart  upon 
a  circular  faceplate  H  that  is  mounted  on  column  /  attached 
to  the  bed  of  the  machine.  Drilling  spindles  K  are  driven  by 
spiral  gears,  the  drivers  extending  to  the  rear  and  having 
pulleys  on  their  ends.  The  thrust  is  taken  up  by  ball  thrust 
bearings.  Feed  of  the  drill  spindles  is  operated  by  a  hand- 
wheel  at  the  right- 
hand  side  of  the  ma- 
chine, which  has  a 
spur  gear  connection 
to  a  rim  gear  located 
inside  and  concentri- 
cally with  faceplate 
H.  The  rim  gear  car- 
ries a  segment  feed 
cam  for  each  head, 
that  has  roller  con- 
tact with  the  feed 
yoke  of  each  drill 
head.  These  yokes 
have  a  clamp  connec- 
tion to  the  sleeve  on 
the  outer  end  of  the 
drilling  spindles,  and 
this  clamp  connec- 
tion provides  ready 
means  of  adjusting 
the   feeding   position 


Section  through  Drill  Jig  showing  Arrangement  of  Work-holding  Arbor 
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The  drill  spindles  are  driven  by  pulleys  which  receive  power 
from  an  endless  belt;  the  belt,  in  turn,  is  driven  by  two  large 
drivers  which  are  geared  to  the  main  driving  pulley.  The 
malu  pulley  is  driven  by  belt  from  a  tight  and  loose  pulley 
drive  attached  to  the  bed  of  the  machine.  The  belt  is  shifted 
by  the  hand-lever  located  on  the  bed  of  the  machine.  The 
drilling  jig  has  a  compressed  air  arrangement  that  blows  out 
chips.  The  drill  speed  is  2500  revolutions  per  minute  and  the 
tight  and  loose  pulleys  are  run  at  446  revolutions  per  minute; 
floor  space  ot-cupied  is  4  feet  by  6  feet,  1%  inches;  height  of 
machine   is   5   feet,   9    inches;    and   net   weight,   3500   pounds. 


SILVER  <JANG  DRILLS 

The  Silver  Mfg.  Co.,  Salem,  Ohio,  is  now  manufacturing 
gang  drills  of  the  type  shown  in  the  accompanying  illustra- 
tion with  two,  three  and  four  spindles.  These  machines  are 
made  in  four  styles  with  plain  lever  feed,  lever  and  wheel  feed, 
power  feed  and  automatic  stop,  and  back-gearing.  It  will  be 
seen  that  there  is  a  separate  column  and  table  for  each  spin- 


Fig.  1.     Silver  Three-spindle  Gang  Drill 

die;  the  countershaft  is  driven  by  a  single  belt,  and  an  Individ- 
ual belt  drive  is  provided  for  each  drill  of  the  gang.  Each 
machine  has  one  friction  tapping  attachment,  and  each  spindle 
may  be  equipped  independently  of  the  others. 

The  countershaft  has  the  driving  pulley  placed  at  the  center, 
while  clutches  transmit  power  to  the  cone  pulleys  provided 
for  driving  independent  spindles.  This 
makes  it  possible  to  operate  all  spindles 
at  the  same  time  or  to  operate  any  one 
spindle  independently  of  the  others.  The 
principal  dimensions  of  the  machine  are 
as  follows:  height,  68 14  inches;  diameter 
of  column,  SVi  inches;  diameter  of  round 
table,  16  inches;  size  of  square  table,  16 1^ 
by  16%  inches;  diameter  of  spindle,  1% 
inch;  vertical  travel  of  spindle,  10  inches; 
vertical  travel  of  table,  16  inches;  dis- 
tance from  column  to  center  of  table, 
1014  inches;  distance  from  spindle  to 
base,  41%  inches;  distance  from  spindle 
to  table,  26%  inches;  distance  between 
spindles,  center  to  center,  18  inches;  di- 
ameter of  crown  gear,  5  3/16  inches;  di- 
ameter of  bevel  pinion,  3%  inches;  diam- 
eter of  large  pulley  on  cone,  9i/4  inches; 


Fig.   2.     Countershaft  on  Silver  Four-spindle  Gang  Drill 

diameter  of  small  pulley  on  cone,  4  inches;  width  of  cone 
pulley  belt,  2  inches;  floor  space  occupied,  including  counter- 
shaft, 41%  by  42%  inches  for  two-spindle  machine;  41%  by 
60  inches  for  three-spindle  machine;  and  41%  by  78  inches  for 
four-spindle  machine. 


UNITED   STATES  ENGINE   LATHE 

The  United  States  Lathe  &  Machine  Co.,  Cincinnati,  Ohio, 
is  now  building  the  20-inch  heavy-duty  screw-cutting  engine 
lathe  illustrated  in  connection  with  the  following  description. 
It  will  be  seen  that  this  machine  is  driven  by  a  flve-step  cone 
pulley  from  which  power  is  transmitted  through  single  back- 
gears;  and  a  quick-change  gear-box  provides  for  cutting  from 
1  to  32  threads  per  inch,  including  11^/2  threads  per  inch.  It 
will  be  noticed  that  the  quick  change  in  gears  locks  down- 
ward, thereby  preventing  the  lever  from  working  loose.  The 
back-gear  lever  is  of  a  positive  locking  type  and  is  easily 
operated. 

The  tailstock  is  provided  with  an  easily  accessible  lever  at 
the  front,  and  a  very  short  movement  of  this  lever  instantly 
releases  or  securely  locks  the  spindle  against  the  top,  thereby 
retaining  an  accurate  center  position.  The  legs  are  of  the 
cabinet  type  affording  a  convenient  place  for  the  storage  of 
tools,  etc.  Regular  equipment  furnished  with  the  machine  in- 
cludes large  and  small  faceplates,  a  center-rest,  complete  coun- 
tershaft equipment  and  the  necessary  wrenches  for  making 
all  adjustments.  Extra  equipments  which  may  be  furnished 
include  a  taper  turning  attachment  for  turning  tapers  up  to 
4%  inches  per  foot,  which  travels  with  the  lathe  carriage  and 
is  available  from  center  to  center;  a  center-rest;  and  an  8-,  10- 
or  12-inch  foUow-rest.  The  United  States  Lathe  &  Machine  Co. 
will  also  build  this  lathe  in  a  double  back-geared  type;  and 
it  is  planned  to  build  larger  lathes  of  the  same  design. 


METALWOOD    SHELL    BANDING    PRESSES 

The  accompanying  illustrations  show  two  machines  which 
constitute  recent  additions  to  the  line  of  hydraulic  presses 
built  by  the  Metalwood  Mfg.  Co.,  Leib  and  Wight  Sts.,  Betroit. 
Mich.  The  press  shown  in  Fig.  1  is  for  use  in  compressing 
copper  bands  onto  shells  from  6  to  12  inches.  This  is  the 
familiar  form  of  equipment  in  which  six  rams  operated  by 
hydraulic  pressure  from  a  pump  or  accumulator  converge  onto 
the  copper  band  and  force  the  metal  to  flow  into  the  band  seat. 


United  States  20-inch  Heavy-duty  Screw-cutting  Engine  Lathe 
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Fig.   1.     Metalwood  Shell  Banding  Press  for  Shells  from  6-  to  12-inch  Sizes 

The  machine  shown  in  Fig.  2  was  developed  for  banding 
British  Marlt  IV  and  V  shells.  It  will  be  seen  that  this  press 
is  used  in  connection  with  a  knock-out  plug  that  is  placed  in 
the  base  of  the  press  to  protect  the  shell  from  distortion  or 
collapse  during  the  banding  operation.  This  press  is  operated 
from  an  accumulator  under  a  pressure  of  2500  pounds  per 
square  inch.  The  speed  of  the  ram,  pressure,  and  return  move- 
ment of  the  ram  are  controlled  by  a  Metalwood  single-lever 
quick-operating  valve.  The  press  is  constructed  entirely  of 
steel  and  has  a  constant  pressure  pull  back  from  the  accumu- 
lator line. 

In  operation,  the  shell  is  placed  in  the  die  on  the  revolving 
table    which    is    supported    on    ball    bearings.      The    arbor    is 


Fig.    2.     Metalwood    Vertical    Shell    Banding    Press    for    British    Mark    IV 
and  V  Shells 

dropped  into  the  nose  of  the  shell,  after  which  the  table  is 
swung  around  to  bring  the  arbor  and  shell  into  position  under 
the  ram,  where  the  table  is  held  by  a  latch  which  is  operated 
by  foot-treadle  for  release.  When  the  ram  descends,  the  shell 
is  forced  down  through  the  die  which  results  in  compressing 
the  copper  band  into  its  seat  in  the  shell.  While  the  operation 
of  pressing  one  shell  is  going  on  at  one  end  of  the  table,  the 
other  end  of  the  table  is  unloaded,  after  which  another  shell 
is  put  in  position  in  the  die  ready  to  be  swung  around  to  the 
operating  position. 


FRASER  INTERNAL   AND   SURFACE 
GRINDING    ATTACHMENTS 

In  the  August  number  of  Mac  iii.mhv,  a  description  was  pub- 
lished of  the  universal  grinding  machine  built  by  the  Warren 
F.  Fraser  Co.,  Freeport  St.,  Boston,  Mass.  Mention  was  made 
of  the  fact  that  the  machine  is  adapted  for  performing  internal 
and  surface  grinding  operations,  and  that  the  capacities  for 


Fig.    1.     Fraser  Universal   Grinding   Machine   set   up   for   Internal   Grinding 

work  of  this  kind  are  for  internal  grinding  in  pieces  up  to 
8  inches  in  diameter,  and  for  surface  grinding  on  work  20 
inches  in  length  by  5  inches  in  width.  At  the  time  this  article 
was  published,  illustrations  of  the  internal  and  surface  grind- 
ing attachments  were  not  available,  and  these  equipments  are 
shown  in  the  accompanying  illustrations. 


Fig.    2.     Fraser   Universal   Grinding    Machine    set    up   for    Surface   Grinding 
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SIMONDS  INSERTED-TOOTH  METAL 
SAWS 

The  Simoiuls  Mfg.  Co.,  Fitchburg,  Mass.,  is  now  manufactur- 
ing inserte(l-tot)th  metal  cutting  saws  of  the  type  shown  in  the 
accompanying  illustration.  The  plate  or  body  of  the  saw  is 
made  of  high-carbon  steel  which  is  carefully  heat-treated  and 
flattened  without  hammering;  the  inserted  teeth  are  made  of 
high-speed  steel,  and  the  projection  at  the  front  holds  the 
bottom  of  each  tooth  firmly  on  the  plate  so  that  the  tooth  can- 
not work  up  or  down.  This  makes  it  unnecessary  to  drive  the 
wedge  in  so  hard  as  to  disturb  the  tension  or  distort  the  saw 
plate  in  any  way.  Referring  to  the  plan  view,  it  will  be  seen 
that  alternate  teeth  are  oval  and  square  at  the  point.  The 
oval  teeth  are  slightly  higher  than  the  square  teeth,  and  this 
allows  them  to  cut  a  channel  in  front  of  the  square  teeth  which 


Simonds  Inserted-tooth  Metal  Saw  with  Alternate   Teeth  Oval 
and  Square 

results  in  breaking  the  chips  into  three  pieces  and  allows  them 
to  clear  more  freely.  It  also  avoids  trouble  from  the  material 
becoming  welded  to  the  face  of  the  teeth  and  at  the  side  of 
the  saw.  These  saws  are  made  in  three  sizes,  known  as  Nos.  0, 
1  and  2,  respectively,  and  they  are  made  to  fit  any  type  of 
arbor-driven  machine. 


PUTNAM  42-INOH  ENGINE   LATHE 

In  the  September,  1915,  number  of  Machinery,  mention  was 
made  of  a  42-inch  heavy-duty  engine  lathe,  especially  adapted 
for  machining  large  forgings.  This  machine  was  built  by  the 
Putnam  Machine  Co.,  Fitchburg,  Mass.,  and  recently  this  firm 
has  built  machines  of  similar  design  but  with  certain  modifi- 
cations to  adapt  them  for  turning  and  boring  operations  on 
large  gun  forgings. 

It  will  be  seen  that  the  lathe  is  equipped  with  a  geared  head 
and   direct-connected   motor  drive.     The  arrangement   of  the 


Fig.    2.     Arrangement   of   Gearing   in   Head   of   Putnam   42-inch   Lathe 

gearing  in  the  head  is  shown  in  Fig.  2.  Eighteen  changes  of 
speed  are  provided  by  this  mechanism,  which  are  in  geo- 
metrical progression  and  cover  a  range  of  3.04  to  178.3  revo- 
lutions per  minute.     It  will  be  seen  that  the  sliding  gears  at 


Fig.  3. 


Taper  Attachment  which  has  Range  of  Entire  Distance  between 
Centers 


Fig.    1,     Putnam    42-inch    Engine    Lathe    for    machining    Gun    Forgings 


the  back  of  the  headstock  furnish  six  changes  of  speed,  and 
any  of  these  speeds  may  be  transmitted  to  the  spindle  by  en- 
gaging the  clutch  which  provides  for  securing  the  first  spindle 
gear,  which  otherwise  runs  free  on 
the  spindle.  Six  more  changes  of 
speed  are  provided  by  allowing  the 
first  spindle  gear  to  run  free,  thus 
transmitting  the  drive  through  back- 
gears  to  the  second  spindle  gear. 
The  remaining  six  changes  of  speed 
are  provided  by  transmitting  the 
drive  through  gearing  in  the  position 
shown  in  the  illustration,  connection 
being  made  in  this  case  with  the  gear 
teeth  in  the  faceplate.  A  feature  of 
the  headstock  design  is  that  all 
shafts  and  gears  are  placed  horizon- 
tally in  the  headstock  casting  proper, 
and  they  are  on  the  same  plane  and 
not  in  the  upper  half  or  cover,  so 
that  easy  access  may  be  had  to  all 
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parts  of  the  headstock.  All  bearings  are  capped,  making  it 
an  easy  matter  to  remove  any  shaft  in  case  of  necessity. 
Fig.  3  shows  a  rear  view  of  the  machine  and  clearly  illus- 
trates the  arrangement  of  the  taper  attachment.  No  discon- 
nection of  any  part  is  necessary  in  order  to  engage  or  dis- 
engage the  attachment.  It  can  be  used  for  turning  outside  or 
boring  inside  work,  where  a  taper  is  required,  and  owing 
to  the  fact  that  it  is  bolted  to  the  carriage  with  which  it 
travels,  the  taper  attachment  is  available  for  the  entire  dis- 
tance between  centers.  The  principal  dimensions  of  this  ma- 
chine are  as  follows:  swing  over  ways,  43%  inches;  swing 
over  compound  rest,  22V2  inches;  swing  over  taper  attach- 
ment, 29%  inches;  maximum  distance  between  centers  for 
19-foot  bed,  10  feet,  11  inches;  diameter  of  hole  in  spindle, 
2%  inches;  length  of  carriage  on  bed,  48  inches;  range  of 
longitudinal  feeds,  0.28  to  0.02  inch;  range  of  cross-feeds,  0.28 
to  0.02  inch;  travel  of  tailstock  spindle,  19  inches;  range  of 
taper  attachment,  up  to  10  degrees,  or  4  inches  per  foot;  maxi- 
mum opening  in  center-rest,  18^^  inches;  and  weight  of  ma- 
chine with  19-foot  bed,  29,000  pounds. 


RADIAL  ROLLER  BEARINGS 

For  use  on  heavy  motor  vehicles,  heavy  machinery  and 
journals  subject  to  severe  loads,  the  Ball  &  Roller  Bearing  Co., 
Danbury,  Conn.,  has  introduced  the  radial  roller  bearings 
which  form  the  subject  of  this  description.  These  bearings 
are  suitable  for  use  under  a  wide  range  of  speeds,  and  are 
found  particularly  useful  for 
application  where  space  is  so 
limited  that  there  is  not  room 
for  a  radial  ball  bearing  suffi- 
ciently strong  for  the  load. 
These  bearings  are  furnished 
in  the  two  types  illustrated 
herewith,  one  of  which  is  a  so- 
called  full  roller  type,  while  the 
other  is  provided  with  a  roll 
separator.  In  each  case,  the  in- 
ner race  is  channeled  to  form  a 
groove  or  track  for  the  rollers, 
while  the  outer  race  is  a 
straight  cylinder,  so  that  the 
rollers  are  free  to  take  up  their 
correct  position  in  the  outer 
race.  The  separator  or  roller 
cage  is  made  of  bronze  cast 
metal,  carefully  machined  on 
all  surfaces  and  designed  to 
float  freely  with  the  rollers.  In 
order  to  secure  satisfactory  ser- 
vice from  these  bearings,  it  is 
said  to  be  essential  for  the  tracks  or  paths  of  the  rollers  in  the 
inner  and  outer  races  to  be  perfectly  parallel  with  each  other, 
and  as  a  result  accurate  machining  is  absolutely  necessary. 

It  will  be  obvious  from  the  illustrations  that  side  thrust 
can  under  no  conditions  be  imposed  upon  these  bearings,  even 
to  locate  a  shaft  endwise.  Both  the  inner  and  outer  races 
may  be  made  press  fits,  shoulders  being  frequently  provided 
to  locate  them  in  their  respective  positions;  but  care  should 
be  taken  when  this  is  done  to  see  that  the  bearing  is  not  un- 
duly tightened.  Where  end  thrust  exists,  ball  thrust  bearings 
or  roller  thrust  bearings  must  be  provided  to  take  the  thrust 
load.  Owing  to  their  high  carrying  capacity,  these  radial  bear- 
ings are  suitable  for  use  where  the  conditions  of  service  are 
very  severe;  and  they  can  be  employed  in  place  of  large,  plain 
bearings,  which  would,  of  necessity,  have  to  be  carefully  fitted 
and  scraped.  If  there  is  no  end  thrust  other  than  end  location 
of  a  shaft,  plain  thrust  collars  are  often  sufficient  to  meet  re- 
quirements. 

The  limits  of  accuracy  to  which  these  bearings  are  ground, 
both  as  regards  bore  and  outside  diameter  of  the  rings,  is 
within  0.0003  inch  minus  or  0.0002  inch  plus  the  specified  size. 
The  thickness  of  the  rings  is  ground  to  standard  dimensions 
with  a  limit  of  0.005  inch  in  either  direction.  So  far  as  lubri- 
cation is  concerned,  radial  roller  bearings  should  be  treated  in 
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precisely  the  same  way  as  ball  bearings  and  the  same  lubri- 
cants may  be  used,  except  in  the  case  of  very  high  speeds, 
when  a  mineral  oil  will  be  found  to  give  better  satisfaction. 
In  this  respect,  radial  roller  bearings  have  the  same  advantage 
as  ball  bearings  in  that  they  only  require  the  renewal  of  lubri- 
cant at  long  intervals.  To  protect  them  from  dust  and  mois- 
ture is  absolutely  essential,  and  a  suitable  method  of  guarding 
against  this  is  to  bring  the  housing  down  within  0.004  inch  of 
the  shaft  and  provide  grooves  which  form  oil  pockets,  into 
which  the  grease  finds  its  way  and  makes  a  more  or  less  per- 
fect shield  against  the  admission  of  moisture  or  dirt. 

!     NEW  MACHINERY  AND  TOOLS   NOTES 

Endless  Fabric  Belt:  Victor  Endless  Belt  Co.,  Camden, 
N.  J.  An  endless  fabric  belt  which  is  oil-proof  and  water- 
proof, and  especially  adapted  for  high-speed  drives  on  short 
center  distances.  It  is  claimed  that  these  belts  are  stronger 
than  leather  belts  of  the  same  width  and  thickness. 

Universal  Machine  Tool:  J.  L.  Kunz  Machinery  Co.,  Mil- 
waukee, Wis.  A  machine  designed  for  use  in  small  shops 
where  the  amount  of  one  kind  of  work  to  be  done  is  not 
sufficient  to  warrant  the  purchase  of  a  single-purpose  machine. 
The  machine  may  be  adapted  for  the  performance  of  milling, 
keyseating,  gear-cutting  and  kindred  operations. 

Motor-driven  Grinder:  Ransom  Mfg.  Co.,  Oshkosh,  Wis. 
A  machine  known  as  the  No.  35  grinder  which  is  equipped 
with  two  wheels  18  by  3  inches.  These  wheels  are  protected 
by  guards  constructed  of  tank  steel,  and  are  fitted' with  glass 
eye  shields.  The  spindle  of  the  machine  is  started  or  stopped 
by  the  operation  of  a  foot-treadle  at  the  front  of  the  grinder. 

Lubricant  Pump:  C.  F.  Roper  &  Co.,  Hopedale^  Mass.  This 
company  is  now  building  one-way  and  reversing  lubricant 
pumps  in  three  sizes  which  have  capacities  of  8,  16  and  46 
quarts  per  minute  when  running  at  500  revolutions.  The  de- 
sign is  very  similar  to  that  of  pumps  of  this  company's  man- 
ufacture which  were  referred  to  in  the  May  number  of 
Machinery. 

Tool-holder:  H.  P.  Parrock,  General  Manager,  Lumen  Bear- 
ing Co.,  Buffalo,  N.  Y.  A  tool-holder  in  which  the  bit  is  ma- 
chined to  a  size  slightly  larger  than  a  slot  cut  in  the  shank 
of  the  tool;  to  secure  the  bit  in  place,  the  shank  is  heated  so 
that  the  groove  expands  sufficiently  to  allow  the  bit  to  be 
dropped  into  place;  and  when  the  shank  cools,  the  contraction 
of  the  metal  causes  it  to  secure  a  firm  grip  on  the  cutter. 

High-speed  Steel-tipped  Drill:  Campbell  Mfg.  Co.,  3715 
Wentworth  Ave.,  Chicago,  111.  This  company  is  now  manu- 
facturing a  line  of  drills  with  inserted  high-speed  steel  tips. 
The  tips  are  easily  inserted  or  removed,  and  seven  different 
sizes  of  tips  are  furnished  with  each  size  of  shank.  Either 
straight  or  fluted  shanks  may  be  used,  according  to  the  re- 
quirements of  the  work.    The  tips  are  about  2  inches  in  length. 

Shear  and  Rod  Cutter:  In  the  July  number  of  Machinery 
a  description  was  published  of  the  No.  2  shear  and  rod  cutter 
built  by  W.  M.  &  C.  F.  Tucker,  Hartford,  Conn.  This  machine 
was  of  the  floor  type,  but  to  meet  the  requirements  of  shops 
where  a  considerable  amount  of  light  work  is  to  be  done,  the 
same  machine  has  been  built  in  a  bench  type  adapted  for 
handling  smaller  work.  In  other  respects,  the  design  of  both 
machines  is  the  same. 

Geared-head  Lathe:  Phoenix  Mfg.  Co.,  Eau  Claire,  Wis.  A 
lathe  in  which  the  headstock  is  cast  integral  with  the  bed, 
and  in  which  the  spindle  is  driven  through  duplex  worms  and 
worm-wheels  of  widely  varying  range  with  sliding  gears  to 
obtain  the  required  range  of  speed.  The  lathe  swings  21\(i 
inches  over  the  ways  and  14  inches  over  the  carriage;  capacity 
between  centers  for  a  10-foot  bed  is  5  feet,  1  inch ;  and  weight 
of  machine  is  5750  pounds. 

Engine  Lathe:  Axelson  Machine  Co..  Los  Angeles,  Cal.  A 
16-inch  engine  lathe  driven  by  a  four-step  cone  pulley  and 
single  back-gears.  The  swing  over  the  bed  is  17%  inches,  and 
over  the  carriage,  10 V.  inches;  the  back-gear  ratio  is  9.6  to  1; 
the  available  speeds  range  from  6.67  to  350  revolutions  per 
minute;  and  there  are  thirty-two  changes  of  feed  provided 
by  a  quick-change  gear-box.  With  a  6-foot  bed,  the  weight  of 
the  machine  is  2400  pounds. 

Belt  Tension  Machine:  Tabor  Mfg.  Co.,  Philadelphia,  Pa. 
A  machine  for  use  in  applying  tension  to  new  belts  or  belts 
which  have  been  repaired,  preparatory  to  placing  them  on  the 
pulleys.  The  machine  consists  of  a  pulley  or  drum  over  which 
the  belt  is  placed  and  secured  at  each  end  by  clamps.  The 
bed  is  graduated  to  facilitate  setting  the  clamps  for  any  length 
of  belt  that  is  required  to  be  tensioned,  and  means  are  fur- 
nished for  applying  tension  to  the  belt. 

Dynamic  Balancing  Machine:  Dynamic  Balancing  Machine 
Co.,  Philadelphia,  Pa.  In  the  September,  1915,  number  of 
MAciriNERY  a  description  was  published  of  the  dynamic  bal- 
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Exacting    Grinding    Requirements 


No.  10    PLAIN 

GRINDING  MACHINE 

Capacity  to 

6"  dia.,  20"  long 


demand  dependable  machines  that  are 
easily  controlled,  machines  that  will 
produce  plenty  of  accurate  work  and 
continue  to  produce  it  at  the  lowest  pos- 
sible cost.  Grinding  machines  that 
measure  up  to  this,  meet  with  the  favor 
of  operators,  satisfy  production  men 
and  show  profits  for  owners.  You  will 
find  these  requirements  are  fully  met 
in  the 


BROWN  &  SHARPE 

Nos.  10  and  11  Plain  Grinding  Machines 

Because  they  are  Well  Built  Machines  with  Simple  Control 

Constructed  from  the  most  approved  designs  with  the  characteristic  Brown  &  Sharpe 
thoroughness,  these  machines  have  the  ability,  that  "built  in"  kind,  demanded  in  present- 
day  manufacturing.  Note  the  simple  control  made  possible  by  the  handy  arrangement 
of  the  operating  levers — all  grouped  at  the  front  of  the  machine  within  easy  reach  of 
the  operator — don't  underestimate  the  value  of  this  single  point  control. 

Speed  and  feed  changes  are  easily 
and  quickly  made  by  our  Variable 
Speed  Mechanism,  controlled  by 
three  levers  grouped  around  a  dial 
at  the  left  end  of  the  machine — a 
smooth,  powerful  and  flexible  drive 
with  the  speeds  and  feeds  entirely 
independent.  Consider  what  this 
means  in  setting  up  a  job — the 
right  combination  of  speeds  and 
feeds  for  fast  production  easily  and 
quickly  secured  with  the  setting  up 
time  reduced  to  a  minimum. 

Besides,  these  machines  are  of  the 
self  contained,  single  pulley,  con- 
stant speed  drive  type,  readily 
adapted  to  a  motor  drive — an  ef- 
ficient combination  that  will  show 
the  way  to  lower  grinding  costs. 

Let  us  tell  you  more  about  these 
fast  producers  of  good  grinding. 
Descriptive  circulars  on  request. 

BROWN  &  SHARPE  MFG.  COMPANY 

PROVIDENCE,  RHODE  ISLAND,  U.  S.  A. 


No.  1 1  PLAIN 
GRINDING 
MACHINE 

Capacity  to 
6"  dia.,  32"  long 


"PointsAboutGrinding  Wheels 
And  Their  Selection" 

A  handy  little  50-page  booklet  that  every  grinding 
machine  operator  should  have.  It  explains  the 
characteristics  of  different  abrasives  and  wheels 
and  their  adaptability  to  various  classes  of  work. 
Drop  us  a  postal  for  a  free  copy. 
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Your  Guarantee  of 

Dependable  Small  Tools 

—The  Brown  &  Sharpe  Trade  Mark 


BS 


Safeguard  your  interests  by  using  tools  of  dependable  accuracy — no  one  can 
afford  to  run  the  risk  of  making  costly  mistakes  by  not  using  tools  of  known 
reliability. 

Fulfill  your  requirements  by  selecting  from  the 

BROWN  &  SHARPE  LINE 

— you'll  find  there  1000  varieties  but  only  one  quality — that  the  best. 

That's  why  they  are  so  popular — they  can  be  depended  upon  to  meet  the  most 
exacting  demands. 

Every  step  in  their  manufacture,  from  the  raw  material  to  the  final  inspec- 
tion is  characterized  by  the  painstaking  care  that  has  made  the  Brown  & 
Sharpe  trade-mark  a  mark  of  quality  the  world  over. 

Think  what  this  means — 
no  efforts  spared  to  make 
our  tools  the  best  that 
money  can  buy — no  ques- 
tion as  to  their  reliability. 

Can   you   ask   for  more? 

Remember  that  the  Brown 
&  Sharpe  trade-mark  is 
the  mark  of  quality — of 
dependability  —  of  the 
ultimate  in  fine  precision 
tools. 


Write  for  our  No.  26 
Small  Tool  Catalog — 
Ji.00  pages  describing 
our  line  of  small  tools 
and  cutters  —  free 
upon  request. 


BROWN  &  SHARPE  MFG.  COMPANY 

PROVIDENCE,  RHODE  ISLAND,  U.  S.  A. 
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ancing  machine  which  had  just  been  placed  on  the  market 
by  the  Dynamic  Balancing  Machine  Co.  at  that  time.  Recently 
a  small  machine  has  been  introduced  for  use  in  balancing 
small  motor  armatures,  couplings,  etc.  The  principle  of  opera- 
tion is  the  same  as  that  of  tlie  larger  machine. 

Power  Press  Clutch:  Campbell  Mfg.  Co.,  3715  Wentworth 
Ave.,  Chicago,  111.  In  the  operation  of  power  presses,  the 
average  speed  of  the  flywheel  is  from  80  to  200  revolutions 
per  minute,  but  the  application  of  this  new  clutch  makes  it 
possible  to  employ  speeds  ranging  from  80  to  1000  revolutions 
per  minute.  When  the  clutch  is  used  on  other  types  of  ma- 
chinery, it  will  operate  satisfactorily  and  positively  at  speeds 
ranging  from  500  to  5000  revolutions  per  minute. 

Gage  Standards:  Wismach  &  Co.,  1513  Richard  St.,  Milwau- 
kee, Wis.  These  are  block  gages  with  parallel  lapped  opposite 
sides;  they  vary  in  thickness  by  specific  increments,  given  in 
fractions  of  inches  or  millimeters,  and  two  or  more  blocks  can 
be  wrung  together  to  obtain  what  is  practically  a  solid  gage 
of  any  required  size.  Holders  are  provided  for  the  blocks 
when  they  are  used  for  external  measuring  or  for  measuring 
holes  with  two  half-round  members  furnished  for  that  purpose. 

Portable  Electric  Tools:  Standard  Electric  Tool  Co.,  Cincin- 
nati, Ohio.  This  company  has  added  to  its  line  a  combina- 
tion drilling  and  polishing  machine;  when  used  for  polishing, 
the  wheel  arbor  is  interchanged  with  the  drill  chuck.  The 
tools  are  driven  by  a  one-half  horsepower  motor  adapted  for 
use  on  220  volts,  50  cycle,  three-phase  circuit,  which  runs  at 
950  revolutions  per  minute.  The  feed  reduction  is  obtained 
through  a  gear-box  at  the  lower  end  of  the  motor  case,  which 
provides  a  reduction  of  4  to  1. 

Car  Wheel  Lathe:  NileS  Tool  Works  Co.,  Hamilton,  Ohio. 
An  unusually  heavy  car  wheel  lathe  which  is  provided  with 
central  driving  gears  and  pinions  of  the  herringbone  type. 
The  wheels  are  rolled  onto  the  lathe  on  a  short  hinged  track 
which  makes  connection  with  the  shop  track,  and  an  elevating 
device  is  provided  for  aligning  the  work  with  the  tailstocks. 
For  wheels  on  axles  with  outside  journals,  collapsible  bushings 
fitting  over  the  journals  and  tapered  to  fit  the  tailstock  spin- 
dle are  provided  for  use  on  the  machine. 

Plain  Grinder:  Ram  Engineering  Co.,  Richmond,  Ind.  A 
10-  by  31-inch  plain  horizontal  grinding  machine  which  has 
capacity  for  handling  a  large  range  of  work.  The  cross-feed 
is  operated  by  a  screw  with  a  graduated  collar,  and  a  special 
form  of  nut  is  provided  which  takes  up  all  backlash.  The 
table  is  also  operated  by  a  screw  with  a  graduated  collar  and 
is  furnished  with  adjustable  stops.  The  machine  may  be  pro- 
vided with  additional  accessories,  such  as  universal  headstock, 
table  for  taper  grinding,  internal  grinding  attachment,  face- 
plate, steadyrest,  etc. 

Riveting  Machine:  Vulcan  Engineering  Sales  Co.,  2059 
Elston  Ave.,  Chicago,  111.  A  riveting  machine  built  by  the 
Hanna  Engineering  Works,  for  which  the  Vulcan  Engineering 
Sales  Co.  has  the  sales  agency.  This  is  a  pneumatic  riveting 
machine,  and  in  general  respects  the  design  is  similar  to  that 
of  the  pneumatic  riveter  of  this  company's  manufacture  de- 
scribed in  Machinery  for  March.  The  former  machine  was 
intended  for  riveting  latticed  columns,  while  the  present  ma- 
chine has  been  developed  to  meet  the  requirements  of  riveting 
operations  on  automobile  and  similar  work. 

Engine  Lathe:  Oliver  Machinery  Co.,  Coldbrook  and  Clancy 
Sts.,  Grand  Rapids,  Mich.  An  18-inch  lathe  designed  for  tak- 
ing heavy  cuts  at  high  speed.  A  feature  is  that  all  parts  of 
the  lathe  are  jig  machined,  so  that  replacement  parts  may  be 
substituted  without  the  necessity  of  doing  any  fitting  in  the 
shop.  The  lathe  is  driven  by  a  three-step  cone  pulley  and 
double  back-gears;  and  a  quick-change  gear-box  is  provided 
in  which  thirty-two  changes  of  feed  may  be  obtained  by  oper- 
ating two  levers.  A  taper  attachment  is  provided  which  has  a 
capacity  for  turning  tapers  up  to  4  inches  per  foot. 

Motor-driven  Grinder:  Standard  Machine  &  Electric  Co., 
Indianapolis,  Ind.  This  machine  may  be  equipped  with  a 
motor  for  connection  with  either  alternating-  or  direct-current 
circuits.  The  spindle  carries  two  grinding  wheels  which  may 
be  1%  by  12  inches  or  2  by  12  inches  in  size.  The  wheel  spin- 
dle runs  in  ball  bearings,  and  the  wheels  are  enclosed  to  pro- 
vide for  the  safety  of  the  operator.  An  exhaust  system  is  an 
integral  part  of  the  machine,  and  is  driven  by  the  same  motor 
which  drives  the  grinding  spindle.  The  driving  motor  is 
started  or  stopped  by  means  of  a  foot-treadle  at  the  front  of 
the  machine. 

Automatic  Screw  Machine:  Fitchburg  Automatic  Machine 
Works,  Fitchburg,  Mass.  A  four-spindle  machine  known  as 
the  "Radical"  automatic,  which  combines  a  number  of  inter- 
esting features.  In  working  out  the  design,  particular  atten- 
tion has  been  given  to  the  development  of  a  rigid  construction 
and  a  design  which  is  as  simple  as  possible.  The  claim  is 
made  that  this  machine  contains  only  six  hundred  parts,  while 
other  machines  of  similar  design  have  approximately  twice 
this  number  of  parts.  At  the  present  time  the  "Radical"  auto- 
matic is  built  in  two  sizes  which  have  capacities  for  work 
up  to  1  and  1J.4  inch  in  diameter;  but  it  is  planned  to  build 
three  other  sizes  having  capacities  for  work  up  to  9/16,  1 1/2 
and  2  inches  in  diameter. 


FOREIGN   TRUST  LAWS 

LAWS  REGULATING  COMBINATIONS,  MONOPOLIES.  AND 

PATENTS  IN   GREAT  BRITAIN.  CANADA,  AUSTRALIA 

NEW  ZEALAND  AND  GERMANY 

During  the  past  two  years  the  factors  governing  and  in- 
fluencing the  development  of  foreign  trade  have  been  carefully 
studied  by  both  the  American  manufacturer  and  the  com- 
mercial bodies  of  this  nation.  One  result  of  this  study  has 
been  the  discovery  that  the  trade  of  the  European  countries 
has  been  promoted  largely  through  the  cooperation  of  the  pro- 
ducers, manufacturers,  exporters  and  bankers,  and  that  these 
have  had  the  cooperation  of  the  state.  The  present  indica- 
tions are  that  at  the  close  of  the  war  nations  will  cooperate  to 
meet  the  competition  of  groups  of  nations.  As  the  United 
States  stands  alone  among  the  commercial  nations  of  the 
world,  its  trade  can  be  built  up  and  held  only  by  the  coopera- 
tion of  its  exporters  and  manufacturers.  For  this  reason  the 
Webb  bill  recently  introduced  in  Congress  authorizes  the  co- 
operation of  American  exporters.  In  order  that  the  American 
exporter  may  know  the  conditions  against  which  he  must 
work,  the  Department  of  Commerce  has  issued  a  bulletin  en- 
titled "Trust  Laws  and  Unfair  Competition,"  from  which  the 
following  abstracts  have  been  made: 

Chief  Justice  White,  in  the  Standard  Oil  case,  said  that  the 
.public  outcry  against  monopolies  was  due  to  the  power  that  a 
monopoly  gave  to  one  to  fix  the  price  and  thereby  injure  the 
public,  to  limit  the  production,  and  to  allow  a  deterioration 
of  the  article.  He  then  said  that  so  far  as  the  necessities  of 
life  were  concerned,  laws  were  passed  prohibiting  individuals 
to  deal  under  circumstances  and  conditions  that  created  a 
presumption  that  the  dealings  were  not  simply  the  honest 
exertion  of  one's  right  to  contract  for  his  own  benefit  unac- 
companied by  a  wrongful  motive  to  injure  others,  but  were  the 
consequence  of  a  contract  or  a  course  of  dealing  of  such  a 
character  as  to  give  rise  to  the  presumption  of  an  intent  to 
injure  others  through  the  means,  for  instance,  of  a  monopo- 
listic increase  in  prices. 

The  laws  that  regulate  the  formation  of  combinations,  etc., 
however,  vary  widely  in  various  countries.  The  monopolies 
granted  by  the  English  Crown  became  so  numerous  and  ob- 
noxious that  in  1601  many  of  them  were  abolished  by  Parlia- 
ment, and  in  1640  the  most  of  them  were  declared  void.  At 
present  the  only  law  in  England  affecting  combinations  to  con- 
trol the  market  is  the  common  law.  According  to  this,  any 
member  of  the  community  is  entitled  to  carry  on  any  trade  or 
business  he  chooses,  and  in  such  manner  as  he  thinks  most 
desirable  in  his  own  interests;  and  inasmuch  as  every  right 
connotes  an  obligation,  no  one  can  lawfully  interfere  with 
another  in  the  free  exercise  of  his  trade  or  business  unless 
there  exists  some  just  cause  or  excuse  for  such  interference. 
In  common  law  no  contract  was  ever  an  oflience  merely 
because  it  was  in  restraint  of  trade.  To  make  such  a  contract 
or  combination  unlawful,  it  must  amount  to  a  criminal  con- 
spiracy, as  the  right  of  an  individual  to  carry  on  his  business 
in  the  manner  that  he  deems  best  in  his  own  interests  involves 
the  right  to  combine  with  others  in  a  common  course  of  action. 
The  policy  of  the  English  law  is  to  encourage  competition, 
but  it  apparently  places  no  serious  obstacles  to  combination. 
In  the  interpretation  of  contracts  of  sale  of  property  and  busi- 
ness, the  English  courts,  in  recent  years,  have  given  them 
a  more  liberal  construction  than  have  the  courts  of  the  United 
States  in  those  cases  in  which  the  common  law  has  been  ap- 
plied, and  have  been  willing  to  aid  the  enforcement  of  con- 
tracts of  combinations  in  restraint  of  trade  or  to  control  the 
market  that  in  the  United  States  would  have  been  declared 
against  the  public  policy. 

Canadian  Trust  and  Patent  Laws 
In   Canada  action   may  be   brought  against  a   trust  under 
statutes   in    the   criminal    code,   or   the   customs,   patent   and 
inland  revenue  laws,  or  the  Combines  Investigation  Act.     Ac- 
cording to  the  criminal  code,  it  is  unlawful: 

To  unduly  limit  the  facilities  for  transporting,  producing, 
manufacturing,  supplying,  storing,  or  dealing  in  any  article 
or  commodity;  to  restrain  or  injure  trade  or  commerce  in 
relation  to  any  such  article  or  commodity;  to  unduly  pre- 
vent, limit,  or  lessen  the  manufacture  or  production  of  any 
such  article  or  commodity,  or  to  prevent  or  lessen  com- 
petition in  the  same. 
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Worthy  of 
Any  Motor 
Manufacturers 
Enthusiasm 


The  Constant  Speed  Belted  Motor  Drive  Arrangement 

HERE  is  a  motor  drive  that  is  approved  by  motor  manufac- 
turers because  it  is 'simple,  effective  and  gives  the  motor 
an  equal  chance  with  the  machine.  It  is  the  Cincinnati 
Belted  Motor  Drive.  Any  good  make  of  motor  will  do,  provid- 
ing it  does  not  run  over  1200  r.  p.  m.  Applied  the  Cincinnati  way, 
it  is  placed  at  the  rear  of  the  column,  and  above  the  floor — ac- 
cessible, but  still  out  of  the  way.  -  As  a  direct  connected  drive  it  is 
simplicity  itself — no  gears  or  chains. 

The  drive  is  by  means  of  a  belt,  the  motor  being  mounted  on  a 
swinging  base  so  that  the  belt  partly  supports  it,  and  thus  auto- 
matically maintains  the  correct  tension  without  any  further  at- 
tention from  the  operator.  No  adjustments  to  make,  no  trouble 
or  danger. 


We  would  like  to  go  into  detail 
with  you  on  the  advantages  of 
individual  motor  drive  applied 
to  Cincinnati  Millers.  The  facts 
are  interesting.    Write  us. 


The  Constant  Speed  Chain  Motor    Drive    Arrangement.     We 
can  also  furnish  this  postive  drive  through  reducing  gears  and 


THE 

CINCINNATI 

MILLING 

MACHINE 

CO. 


a    silent    chain,   but   on   account  of    its  simplicity   we   strongly   p<TTVr"T1VlV  A  Tf    OHIO    USA, 
recommend  the  Belted  Motor  Drive.  I^IFN  I^1I>  i>i  A  1  1,  WXllW,  U.C5.A. 
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.  The  patent  law  provides  that  if  a  patentee  doea  not  meet  the 
reasonable  requirements  of  the  public  in  regard  to  patented 
article,  compulsory  licenses  may  be  issued  for  its  manufac- 
ture. If  a  patentee  should  refuse  to  comply  with  an  order  to 
grant  a  license,  the  patent  may  be  declared  void.  The  customs 
law  provides  that  if  the  governor  in  council  should  find  that 
there  is  a  combination  of  manufacturers  or  dealers  of  any 
article  that  is  injurious  to  the  consumers,  he  may  remove  or 
reduce  the  duty  on  the  article,  in  order  to  give  the  con- 
sumers the  benefit  of  reasonable  competition. 

According  to  the  Combines  Investigation  Act,  if  six  citizens 
believe  that  a  combination  is  in  restraint  of  trade,  they  may 
bring  action  and  cause  a  board  to  be  appointed.  Should  this 
board  find  that  the  alleged  condition  exists,  it  may  cause  the 
removal  or  reduction  of  customs  duties,  the  revocation  of  let- 
ters patent,  and  criminal  prosecution.  The  only  proceedings 
brought  under  this  act  were  against  the  United  Shoe  Ma- 
chinery Co.  of  Canada,  when  it  was  found  that  the  leases  of 
this  company  unduly  restricted  competition  in  the  manufac- 
ture, sale,  etc.,  of  shoe  machinery. 

Australian  and  New  Zealand  La-ws 

The  Australian  Industries  Preservation  Act  aims  especially 
at  the  repression  of  monopolies  and  the  prevention  of  dumping. 
It  forbids  contracts  and  combinations  that  will  affect  adversely 
the  commerce  of  Australia  and  other  countries  or  among  the 
different  states.  But  any  person  may  defend  his  act  by  show- 
ing that  the  restraint  was  not  to  the  detriment  of  the  public 
or  that  the  restraint  is  not  unreasonable.  Any  person  who 
monopolizes  or  attempts  or  conspires  to  monopolize  commerce 
with  other  countries  or  among  the  states  is  guilty  of  an  in- 
dictable offense.  Instead  of  proceeding  by  indictment,  how- 
ever, the  attorney-general  may  bring  a  civil  action  for  the 
recovery  of  the  fines  imposed,  without  jury  trial.  The  refusal 
to  deal  with  a  person,  except  under  disadvantageous  con- 
ditions, because  such  person  deals  with  some  other  person  or 
with  persons  not  belonging  to  a  commercial  trust,  is  an  of-, 
fense  in  certain  cases.  A  person  may,  however,  declare  the 
fact  and  purposes  of  the  contract  or  combination  to  the 
attorney-general,  and  await  his  decision.  Any  proceedings 
brought  against  him  before  he  receives  the  attorney-general's 
decision  will  not  hold. 

The  patent  laws  provide  for  the  granting  of  compulsory 
licenses  and  the  revocation  of  letters  of  patent.  Among  other 
things,  the  patentee  is  held  to  be  at  fault  if  he  has  failed  to 
g^ant  licenses  so  that  the  demand  for  the  patented  article  is 
not  fully  met,  or  the  establishment  of  any  new  trade  or  in- 
dustry in  Australia  is  unfairly  prejudiced.  Patentees  are  for- 
bidden to  insert  clauses  in  their  leases,  etc.,  restricting  tlie 
other  parties  to  the  use  of  the  article  patented. 

The  Interstate  Commission  has  very  broad  powers  over  all 
things  connected  with  trade.  In  its  first  annual  report  it 
stated  that  a  combination  existed  among  the  printers  of 
Victoria,  by  which  those  in  the  association  were  given  prefer- 
ential treatment  in  the  purchase  of  supplies.  The  commission 
found  that  while  the  combination  may  not  have  been  illegal, 
it  was  contrary  to  the  intention  of  Parliament,  when  it  passed 
the  Industries  Preservation  Act,  because  it  caused  the  non- 
combination  printers  to  purchase  their  supplies  abroad.  The 
chief  commissioner  suggested  that  the  protective  duties  be  re- 
mitted in  such  cases. 

New  Zealand  has  no  general  laws  forbidding  trusts.  The 
two  more  important  ones  are  restricted  to  agricultural  imple- 
ments, coal,  meat,  flour,  etc.  They  prohibit  the  giving  of  re- 
bates and  make  any  person  who  conspires  to  monopolize  the 
demand  or  supply  of  goods  guilty  of  an  offense,  if  such  mon- 
opoly is  contrary  to  the  public  interest.  These  laws  declare 
that  a  commercial  trust  is  any  association  having  as  one  of 
Its  objects  controlling  or  influencing  the  supply  or  demand  or 
price  of  any  goods  in  New  Zealand  or  elsewhere,  or  creating  or 
maintaining  a  monopoly  in  the  supply  or  demand  of  goods.  In 
one  case  the  court  said:  "If  the  monopoly  or  control  sought 
to  be  obtained  can  only  be  obtained  by  breaches  of  the  law  it 
is  of  such  a  nature  as  to  be  contrary  to  the  public  interest,  al- 
though if  it  could  have  been  obtained  without  breaches  of  the 


law  it  might  not  have  been  contrary  to  the  public  interest." 

According  to  the  New  Zealand  law,  the  governor  may  cause 
licenses  to  be  granted  if  he  is  convinced  that  the  patent  is  not 
being  worked  in  New  Zealand,  that  the  reasonable  require- 
ments of  the  people  cannot  be  supplied,  or  that  any  person  is 
prevented  from  working  or  using  to  the  best  advantage  an  in- 
vention of  which  he  is  possessed. 

Germany's  Trust  Laws 

Germany's  civil  code,  like  England's  common  law,  provides 
that  "the  pursuit  of  an  industry  is  permitted  to  everyone,  in 
so  far  as  exceptions  or  limitations  are  not  imposed  or  per- 
mitted in  this  law."  This  provision,  though,  permits  combina- 
tions to  exist.    The  Imperial  Court  has  said: 

If  in  any  branch  of  industry  the  prices  of  products  sink 
too  low  and  if  the  thriving  operation  of  the  industry  is 
thereby  made  impossible  or  endangered,  the  crisis  which  oc- 
curs is  destructive  not  only  for  individuals,  but  for  the 
social  economy  in  general,  and  it  lies,  therefore,  in  the  in- 
terest of  the  whole  community  that  unduly  low  prices  shall 
not  permanently  exist.  .  .  .  Agreements  of  the  kind 
under  consideration  can  therefore  be  questioned  from  the 
standpoint  of  the  protection  of  the  general  interest  through 
the  freedom  of  industry. 

The  Imperial  Court  has  held  that  a  book  dealers'  combina- 
tion that  fixed  rebates  and  discounts  was  lawful,  and  the 
highest  court  of  Bavaria  has  held  that  a  combination  of  tile 
manufacturers  that  fixed  prices  and  limited  production  was 
not  against  good  morals,  but  rather  both  a  valid  and  a  prudent 
business  arrangement.    The  civil  code,  however,  says: 

Whpever  in  business  affairs,  for  the  purpose  of  compe- 
tition, commits  acts  which  are  repugnant  to  good  morals 
may  be  subject  to  an  action  to  desist  therefrom  and  to  pay 
damages. 

In  the  case  of  potash,  spirits,  beer,  matches,  and  a  few 
other  industries,  the  laws  have  been  so  framed  that  com- 
binations are  favored.  The  general  purpose  of  the  potash 
laws  is  to  regulate  production  and  prices  so  that  there  will  not 
be  an  excessive  competition  between  producers  nor  very  high 
prices  for  the  consumers.  This  condition  was  created  to  con- 
serve the  supply  of  the  material  and  prevent  its  exhaustion 
by  wasteful  mining  or  selling  methods.  Low  prices  in  the 
domestic  market  are  established  by  a  direct  fixing  of  price, 
and  export  sales  are  generally  made  at  higher  prices,  though 
the  export  prices  are  not  uniform.  These  laws,  however,  have 
failed  in  preventing  unfair  competition  or  the  multiplication 
of  mines. 

Both  Germany  and  the  individual  states  have  laws  for- 
bidding the  formation  of  combinations  for  bidding  on  the 
public  contracts.  Combinations  that  restrain  trade  can  also 
be  punished  by  the  provisions  of  the  penal  code.  For  instance, 
the  Imperial  Court  condemned  a  combination  of  powder  manu- 
facturers that  refused  to  supply  dealers  who  would  not 
patronize  it  exclusively,  and  who  also  threatened  Ho  dis- 
continue the  supply  of  a  customer  who  had  purchased  goods 
from  a  competitor.  This  code  also  imposes  penalties  on  those 
who  exploit  the  necessity,  thoughtlessness,  or  inexperience  of 
another  in  order  to  obtain  for  themselves  or  a  third  party  a 
pecuniary  advantage  that  is  greatly  disproportionate  to  the 
service  rendered. 

Because  of  the  conditions  found  to  exist  between  a  tobacco 
firm  and  a  British  American  company,  it  is  said  that  the  fol- 
lowing section  was  to  be  added  to  the  penal  code  just  before 
the  outbreak  of  the  war: 

Participation  in  a  society  whose  existence,  constitution, 
or  purpose  shall  be  kept  secret  from  the  government  or  in 
which  is  promised  obedience  to  an  unknown  superior  or  un- 
conditional obedience  to  a  known  superior  makes  the  mem- 
bers punishable  with  imprisonment  up  to  six  months  and 
the  promoters  and  leaders  of  the  society  with  imprisonment 
from  one  month  to  one  year.  D.  E.  J. 

*     *     * 

Don't  run  the  diamond  across  the  wheel  rapidly  if  you  wish 
a  good  smooth  finish,  as  such  a  procedure  will  cause  the  wheel 
to  be  imperfectly  trued,  and  mottle  marks  are  likely  to  appear 
on  the  work.  On  the  other  hand,  don't  run  the  diamond  too 
slowly  across  the  wheel  if  you  wish  the  surface  broken  up  so 
that  it  will  cut  freely  and  quickly. — Grits  and  Grinds. 
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The  LUCAS 

"PRECISION"  B^  MACHINE 

is  made  in  THREE  SIZES— 


3,  334  and 
41/^  inch 
spindles 
respective- 
ly, of  the 
same  gen- 
eral design 
and  all 
with  the 
well  known 

LUCAS 

Accuracy 

and 
Efficiency 

Send  for 

circulars  or  a 

salesman. 


BROACHING 


When  the  holes  to  be  finished  are  so 
small  that  a  long  draw  broach  pulls 
apart,  or  when  the  amount  of  work 
does  not  justify  investing  in  a  regular 
BROACHING  MACHINE 

The  LUCAS 
Poorer  Forcing  Press 

is  not  only  IDEAL  for  the  work,  but  is 
always  on  hand  for  the  many  other 
jobs  that  gravitate  to  it  soon  after  it 
is  installed. 

Look  it  Up! 
(Don't  be  a  Matthew  Mears.) 


Lucas  MachineTool  Co, 


NOW  AND 
.ALWAYS  OFy 


Cleveland,  0.,U.S.  A. 
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PERSONALS  j 

V.  K.  Cairns,  formerly  with  the  American  Tool  Works  Va>., 
Cincinnati,  Oliio,  has  resisncd,  to  become  sales  manager  of 
the  Cincinnati  Pulley  Machinery  Co.  of  Cincinnati,  manufac- 
turer of  the  "Avey"  drilling  machines. 

Henry  H.  Powell  has  been  appointed  manager  of  the  buying 
department  of  William  P.  Bonbright  &  Co.,  Inc.,  14  Wall  St., 
New  York  City,  taking  effect  September  1.  Mr.  Powell  has 
been  associated  with  N.  W.  Ilalsey  &  Co.  in  a  similar  capacity 
for  ten  years. 

Merritt  H.  Barnes,  formerly  of  the  Boston  office  of  the 
Prentiss  Tool  &  Supply  Co.,  now  Henry  Prentiss  &  Co.,  Inc., 
New  York  City,  machine  tool  dealer,  has  been  transferred  to 
the  Scranton  office  of  the  company.  Mr.  Barnes  will  cover 
the  territory  formerly  handled  by  S.  N.  McFadden,  resigned. 

Frank  G.  Bolles,  formerly  manager  of  the  publication  Inter- 
national Trade,  of  Chicago,  has  been  made  vice-president  of 
R.  Martens  &  Co.,  Inc.,  New  York  City,  and  Petrograd,  Russia, 
and  will  be  in  immediate  charge  of  the  subsidiary  Russia 
Trade  Corporation  of  America,  recently  formed.  This  concern 
will  handle  all  kinds  of  general  merchandise. 


OBITUARIES     . 

John  H.  Allen,  president  of  the  John  F.  Allen  Co.,  New  York 
City,  maker  of  the  original  Allen  riveting  machine,  died  at  his 
summer  home  at  Kattskill  Bay,  Lake  George,  N.  Y.,  aged  fifty- 
seven  years.  Mr.  Allen  succeeded  his  father,  who  founded  the 
business  some  forty-five  years  ago. 

R.  J.  Collins,  who  for  the  past  twelve  years  was  connected 
with  the  Cataract  Refining  &  Mfg.  Co.,  Buffalo,  N.  Y.,  died  at 
his  home  in  Buffalo  July  20.  Mr.  Collins  was  sales  manager 
of  the  cutting  compound  department  for  the  past  six  years, 
and  had  many  friends  among  the  machine  tool  builders 
throughout  the  country.  He  was  well  liked  because  of  his  at- 
tractive personality  and  genial  qualities. 

Charles  Kirchhoff,  for  many  years  editor-in-chief  of  the  Iron 
Age,  died  July  22  at  his  summer  home  near  Asbury  Park, 
N.  J.,  aged  sixty-three  years.  Mr.  Kirchhoff  enjoyed  the  friend- 
ship of  many  prominent  men  in  mining  and  metal  trade  circles. 
He  was  elected  president  of  the  American  Institute  of  Mining 
Engineers  in  1898.  He  took  a  great  interest  in  the  industrial 
safety  movement,  and  was  a  charter  member  of  the  American 
Museum  of  Safety  and  one  of  its  vice-presidents. 


COMING  EVENTS 


September  5-8. — Annu.il  convention  of  the  Travel- 
ing Engineers'  Association  at  Cliicago,  111.  W.  O. 
Thompson,  secretary.  New  York  Central  Car  Shoos, 
E.  Buffalo.  N.  T. 

September  11-16. — Annual  convention  of  the  Ameri- 
can Foundrymen's  Association  and  the  American 
Institute  of  Metals,  Cleveland,  Ohio,  in  the  Cleve- 
land Coliseum.  A.  0.  Bacltert,  secretary-treasurer, 
American  Foundrymen's  Association,  Cleveland,  Ohio. 

September  11-16.— -Exhibition  of  machines,  equip- 
ments and  supplies  for  the  foundry  and  allied  in- 
dustries in  conjunction  with  the  annual  conventions 
of  the  American  Foundrymen's  Association  and 
American  Institute  of  Metals,  at  Cleveland,  Ohio, 
In  the  Coliseum.  C.  E.  Hoyt,  manager,  19-19  W. 
Madison  St.,  Chicago,   111. 

September  26-30. — Second  National  Exposition  of 
Chemical  Industries,  Grand  Central  Palace,  New 
Torls    City. 

September  27-30. — Annual  convention  of  the  Ameri- 
can Electrochemical  Society  in  New  York  City.  One 
of  the  sessions  will  be  devoted  to  made-in-America 
products  of  the  electric  furnace  and  electric  cell. 
Including   copper,    aluminum,    abrasives,    bleach,    etc. 

September  28. — Monthly  meeting  of  the  Rochester 
Society  of  Technical  Draftsmen,  in  Rooms  131-137, 
Sibley  Block,  328  Main  St.,  B.,  Rochester,  N.  T. 
O.  L.  Angevine,  Jr.,  secretary,  857  Genesee  St., 
Rochester. 

September  28-30. — Meeting  of  the  American  Elec- 
trochemical Society  at  Grand  Central  Palace,  New 
York  City.  Secretary,  J.  Malcomb  Muir,  239  W. 
39th  St.,   New  York  City. 

October  11-21.— New  York  Electrical  Exposition  in 
the  Grand  Central  Palace.  New  York  City.  Arthur 
Miller,  director,  Irving  Place  and  15th  St.,  New 
York   City. 

October  24-25. — Annual  convention  of  National  Ma- 
chine Tool  Builders'  Association,  Hotel  Astor,  New 
York  City,  headquarters.  Charles  E.  Hildreth,  gen- 
eral manager,  Worcester.  Mass. 


SOCIETIES,  SCHOOLS  AND 
^  COLLEGES 

Columbia  University,  New  York  City.  Bulletin  an- 
nouncing classes  in  extension  teaching. 

University  of  Utah,  Salt  Lake  Citv.  Bul- 
letin of  the  University  of  Utah,  with  lists  of  stu- 
dents and  calendar  for  1916-1917. 

Carnegie  Institute  of  Technology,  Pittsburg,  Pa. 
General  catalogue  for  1915-1916.  Of  special  interest 
in  this  field  is  the  School  of  Applied  Industries, 
which  offers  three-year  courses  in  building  construc- 
tion, machine  construction,  general  equipment  and 
installation  and  printing;  and  one-year  courses  in 
machine  shop  work,  patternmaking,  foundry,  forg- 
ing, plumbing,  electric  wiring,  sheet  metal  working, 
bricklaying  and  masonry,  mechanical  drafting,  car- 
pentry and  printing.  Four-year  and  two-year  evening 
courses  in  the  same  trades  are  also  given. 

New  York  University.  New  York  City.  Announce- 
ment of  the  cour.ses  of  study  in  the  School  of  Com- 
merce, Accounts  and  Finance  of  the  New  York  Uni- 
versity. The  bulletin  contains  an  article  on  foreign 
trade,  entitled  "American  Commerce  on  the  Of- 
fensive— Men  Needed."  The  School  of  Commerce, 
Accounts  and  Finance  has  organized  a  doTiartment 
of  instruction  which  aims  to  give  students  the  train- 
ing necessary  for  success  in  foreign  trade.  Those 
interested  may  address  inquiries  to  Major  li.  Foster 
secretary  of  the  New  York  University  School  of  Com- 
merce, Accounts  and  Finance,  Washington  Square 
E.,   New  York  City. 


^EW  BOOKS  AND  PAMPHLETS! 

standards  for  Electric   Service.      Circular   No.    .W   of 
the    Bureau   of  Standards.      202   pages,    7   by    10 


inches.      Published   by   the   Department   of   Com- 
merce,  Washington,   D.   C. 

Correction  of  Echoes  and  Reverberations  in  the  Audi- 
torium, University  of  Illinois.  By  F.  R.  Watson 
and  James  M.  White.  20  pages.  6  by  9  inches. 
Published  by  the  University  of  Illinois.  Engi- 
neering Experiment  Station,  Urbana,  111.,  as 
Bulletin   87. 

Electrical  Tables  and  Engineering  Data.     By  Henry 
C.  Horstmann  and  Victor  H.  Tousley.    331  pages, 
iVi    by   6%    inches.      Illustrated.      Published    by 
Frederick  J.   Drake  &  Co.,   Chicago,   111. 
This    collection    of   electrical    data    is    arranged    in 
alphabetical  order,  and  its  scope  is  limited  to  prac- 
tical information  likely  to  be  needed  by  the  working 
electrician.      The    alphabetical    arrangement    is    sup- 
plemented   by    an   index    to    tables,    of   which    there 
are  132. 

The    Slide    Sule.      By    Charles    N.    Pickworth.      124 
pages,    5    by    7    inches.      39    illustrations.      Pub- 
lished  by   the   D.    Van   Nostrand   Co.,    New  York 
City.      Price,    $1. 
This  is  the  fourteenth  edition  of  Pickworth's  well- 
known    practical    manual    for   the    use   of   the    slide 
rule.    This  edition  has  been  revised  where  necessary, 
and  the  contents  have  been   further  extended   to  in- 
clude a  section  dealing  with  the  solution  of  algebraic 
equations   by    the    slide    rule.      This    is   probably   one 
of  the  most  complete  and  thorough  treatises  on  the 
manifold    applications    of    the    slide    rule    available. 
Fundamentals  of  a  Cost  System  for  Manufacturers. 
31    pages.    6    by    9    inches.      Published    by    the 
Federal    Trade    Commission.    Washington,    D.    C. 
The   Federal   Trade   Commission   has   found    that   a 
great    number    of    manufacturers,     particularly     the 
smaller  ones,  have  no  adequate  system  for  determin- 
ing their  costs,  and  therefore  price  their  goods  arbi- 
trarily.    It   is  evident   that   there   must   be  improve- 
ment   in    this    direction    before    competition    can    be 
placed  upon   a   sound  economic  basis.     With   the  ob- 
ject of  aiding  In   the   improvement  of  business  gen- 
erally,    the     commission     has     endeavored     in     this 
pamphlet    to    show    briefly    the    importance    of    accu- 
rate manufacturing  costs  and  the  fundamental  prin- 
ciples underlying  them. 

Industrial    Arithmetic.      By    Nelson    I/.    Roray.      154 
pages,   5  by  7%    Inches.     85  Illustrations.     Pub- 
lished   by    Blakiston's   Son    &    Co.,    Philadelphia, 
Pa.     Price,  75  cents. 
The    manuscript    of    this    book    has   been    used    for 
about  thirty  different  classes  under  several  teachers 
in  the  Industrial  Department  of  the  Dickinson  High 
School.  Jersey  City.  N.  J.,  during  the  past  five  years, 
and  the  success  ol)tained  in  its  use  has  prompted  the 
author  to  publish  it  In  book  form.     The  book  should 
be   especially   suitable   for  trade  schools   and  similar 
institutions,  where  a  teacher  is  present  to  guide  the 
work.      For    home    study    the    Instruction    matter    is 
probably    somewhat    too   abbreviated,    and    needs    the 
supplementary  instruction  of  a   teacher.      For  school 
work,   however,   the  book  is  unusually  complete,   and 
contains    a    great    number    of    exercises    which    will 
force  the  student  to  memorize  the  rules  and  princi- 
ples by   constant   repetition. 

Instruction  Book  on  Oxy-acetylene  Welding  and  Cut- 
ting.    By  H.   Sidney  Smith   and  A.    F.   Brennan. 
45  pages.  6  by  9  inches.     Illustrated.     Published 
by  the  Prest-0-Lite  Co.,   Inc.,   Indianapolis,   Ind. 
Price,   ,'')0  cents. 
This    pamphlet    is    the    fourth    edition    of    the    In- 
struction   book    published    by    the    company    to    help 
users   of    "Prest-O-Litc"    oxy-acetylene   welding    and 
cutting    apparatus    get    best    results.      It    treats    of 
the    nature   of   oxygen    and    acetylene    gases,    and    of 
the    necessary    qualifications    of    the    operator.      Tlie 
construction  of  the  torch  is  descriljed   and   tlie  man- 
agement   of    the    acetylene    regulator.      Illustrations 
show    the   correct   welding   flame   and    how   the   Joint 
should    be    prepared    for    welding.      Prelieating,    re- 
heating and  annealing  are  discussed.     The  book  con- 
tains in  a  small  compass  a  large  rtniount  of  valunlde. 
instructive     matter     for     those     using    oxy-acetylene 
wel<iing  and  cutting  apparatus. 

Electric  Wiring  Diagrams  and  Switchboards.  By  New- 
ton Harrison.  330  pages.  4M!  by  0^4  inches. 
120     illustrations.       Published     by     Norman     W. 


Henley  Publishing  Co.,    New  York   City.     Price, 

$1.50. 
This  is  the  second  edition  of  a  work  first  pub- 
lished in  1906,  which  has  Just  been  revised;  data  OD 
transformers  and  measuring  instruments  have  been 
added.  Practical  every-day  problems  in  wiring  are 
presented,  and  only  arithmetic  is  employed  in  the 
computations.  A  simple  explanation  Is  given  of 
Ohm's  law  with  reference  to  the  wiring  for  direct 
and  alternating  currents.  The  simple  circuit  is  de- 
veloped with  positions  of  mains,  feeders  and  branches, 
and  their  treatment  as  a  part  of  a  wiring  plan  and 
their  employment  in  house  wiring  are  clearly  illus- 
trated. The  book  is  bound  in  flexible  covers  and  is 
well  suited  to  the  needs  of  electricians. 

The  Use  of  the  Slide  Rule.  By  Allan  R.  Cullimore. 
36  pages,  6  by  9  inches.  Illustrated.  Published  by 
Keuffel  &  Esser  Co.,  Hoboken,  N.  J.  Price,  50 
cents. 
The  author  of  this  manual  is  dean  of  the  College 
of  Industrial  Science  of  Toledo  University,  and  un- 
dertook its  preparation  after  recognizing  the  need 
of  a  book  to  meet  the  requirements  of  students  tak- 
ing engineering  and  industrial  courses.  The  text  Is 
based  upon  sets  of  notes  which  were  developed  for 
use  in  classes  consisting  of  engineering  students 
and  men  possessing  more  or  less  practical  experi- 
ence. This  book  is  not  in  any  sense  a  complete 
treatise,  its  aim  being  to  assist  the  slide-rule  user 
to  develop  his  own  ideas  rather  than  to  give  empirical 
rules  for  the  use  of  this  instrument.  Such  rules  as 
have  been  given  are  for  the  purpose  of  training  the 
students  in  the  development  of  processes,  and  the 
author  does  not  recommend  that  they  be  committed 
to  memory. 

Five-figure  Mathematical  Tables.  By  E.  Chappell. 
320  pages,  6  by  9  inches.  Published  by  D.  VaD 
Nostrand  Co.,  New  York  City.  Price,  $2. 
This  Is  an  entirely  new  collection  of  logarithm 
and  similar  tables,  introducing,  in  addition  to  the 
ordinary  logarithm  tables,  tables  of  what  the  author 
terms  "cologs,"  "illogs"  (anti-logarithms),  "lologs" 
(logarithms  of  logarithms),  and  "illologs"  (antl- 
lologs).  In  addition,  of  course,  there  are  the  usual 
tables  of  natural  trigonometrical  functions  and  their 
logarithms.  In  the  preface  the  author  calls  atten- 
tion to  the  fact  that  the  sciences  of  electricity  and 
thermodynamics  present  fundamental  dUFerences 
with  regard  to  the  mathematical  expressions  appear- 
ing in  them,  as  compared  with  those  In  the  older 
sciences  of  mathematics  and  mechanics,  one  funda- 
mental difference  being  that  In  the  newer  sciences 
numbers  are  frequently  raised  to  fractional  powers. 
Consequently,  the  logarithm  tables  of  the  past, 
which  are  especially  useful  when  numbers  are  raised 
only  to  simple  powers,  cannot  be  said  to  reduce  the 
calculations  of  these  new  sciences  to  the  simplest 
possible  forms.  It  is  for  processes  of  Involution  and 
evolution  Involving  fractional  indices  that  the  tabic* 
of  so-called  "lologs"  and  "illologs"  have  been  cal- 
culated. The  "lolog,"  or  logarithm  of  a  logarithm, 
enables  the  value  of  an  expression  such  as  1.765' ■^> 
to  be  found  by  simply  finding  the  logarithm  of  1.29, 
adding  to  It  the  "lolog"  of  1.765.  and  finding  the 
number  corresponding  to  the  "lolog"  tlius  obtained, 
or,  still  simpler,  finding  the  "iUolog"  of  the  sum. 
The  book  gives  explicit  directions  for  the  use  of 
these  various  tables,  which  probably  will  be  found 
useful  to  many  who  have  a  great  deal  of  engineer- 
ing calculation  to  do.  involving  the  raising  of  num- 
bers to  fractional  powers.  A  suggestion  that  might 
be  made  is  that  a  book  of  this  kind,  which  is  fre- 
quently referred  to  and  which  contains  not  less  than 
six  different  classes  of  tables,  should  be  provided 
with  some  kind  of  thuml)  index  or  other  means  for 
rapidly  finding  the  class  of  tables  which  the  user 
wants   at    the   moment. 


Richard  W.  Jefferis  Co.,  Camden,  N.  J.  raider 
Illustrating  and  describing  Jefferis  pressed  steel 
lockers,  wardrobes,  bins  and  shelving  for  modern 
factory   equipment. 
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HAVING  TROUBLE 
IN  GETTING  ENOUGH 

FILES 

DRILLS 

TAPS  AND  DIES 

REAMERS 

MACHINISTS'  TOOLS 
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BOLTS 
SCREWS 

NUTS 
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We  don't  claim  we  can  take  care  of  all  comers 
but  we  do  claim  an  exceptionally  large  stock  of 
these  staples  (all  catalogued  in  our  1100  Page  Book  No.  62) 
and  invite  your  inquiries. 

Many  of  the  largest  concerns  in  the  United  States 
have  found  us  very  handy  during  the  last  6  months. 

Why  not  you? 

HAMMACHER,  SCHLEMMER  &  CO. 

HARPWARE,    TOOLS    AND    SUPPLIES 
4th  Avenue  and  13th  Street  New  York,  Since  1848 
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KoufTel    tc    E»«er   Co.,    127    Kiilton    St.,    Now    York 

CIO'.       •■'■'••>'    ""t    rOvlBlMl    to   July    1,    lOlU,    BUIHTSI'dlQg 

thi-  prKcB  listed  In  tlio  tlilrty-llftb  cdltloD  of  the 
K<"ii(Ti'l  &  Eascr  Ki'iu-nil  cutulogue. 

Intornatlonal  Hacbino  Too!  Co.,  IndlnnnpollB,  Iiid. 
Clnular  of  the  "I^lbby"  bcavj-duty  turret  lathe  In 
railroad  shops,  showing  tyi)liul  locomotive  work 
whKb    the    "Llbby"    lathe    handles   elllelently. 

Eloctrio  Controller  &  Mfg,  Co.,  Cleveland,  Ohio. 
Revised  price  sheet  for  K.  C.  &  M.  automatic  motor 
starters  with  angle  Iron  mounting  and  separate  re- 
sistors, for  non-reversing  direct-current  motors. 

Link-Belt  Co.,  Chicago,  III.  Book  275,  containing 
revised  list  prices  of  link-belt,  sprocket  wheels, 
traction  wheels,  gears  and  malleable  Iron  elevator 
buckets.  These  prices  supersede  those  given  in  cata- 
logue 110. 

United  States  Lathe  &  Machine  Co.,  Cincinnati. 
Ohio.  Leaflet  descriptive  of  the  United  States  20- 
Inch  heavy-duty  screw  cutting  engine  lathe  with 
quick-change  gear  device,  five-step  cone  and  single 
back-gears. 

Bunting  Brass  &  Bronze  Co.,  748  Spencer  St., 
Toledo,  Ohio.  1916  catalogue,  covering  brass  and 
bronze  bearing  bushings,  cored  bars  for  repair  work, 
etc.,  giving  a  complete  list  of  dimensions  and 
prices.  The  book  Is  attractively  bound  In  flexible 
cloth. 

Cadwell-Vernon  Co.,  Inc.,  15  Foote  Ave.,  James- 
town, N.  Y.  Catalogue  of  rolling  machines  for  form- 
ing sheet  metal  beading,  tubing,  etc.;  made  in  four 
sizes  for  handling  stock  from  0.005  up  to  0.065  Inch 
thick.  6  Inches  wide.  Larger  machines  are  built  to 
order. 

Precision  Instrument  Co.,  E.  Fort  and  Beaubien 
Sts.,  Detroit,  Mich.  Leaflet  advertising  the  product 
of  this  company,  which  includes  COj  recorders,  SOj 
recorders,  recording  gages.  Indicating  gages,  draft 
gages,  coal  calorimeters,  gas  calorimeters,  boiler 
testers,   water  meters,   etc. 

IngersoU-Eand  Co.,  11  Broadway,  New  York  City. 
Form  3033  describing  "Imperial"  type  "XPV"  du- 
plex steam-driven  air  compressors;  form  4122.  illus- 
trating and  describing  the  "Leyner"  drill  sharpener; 
and  form  9024,  treating  of  steam  condensing  plants 
of  the   Beyer  barometric   type. 

Vernon  Macliine  Co.,  Worcester,  Mass.  Circular 
of  an  eleven-inch,  four-step  cone  pulley  engine  lathe. 
The  dimensions  of  the  headstock  and  spindle  and 
the  general  construction  are  such  that  the  lathe  is 
suited  to  a  wide  range  of  manufacturing  work  within 
Its  capacity.     Weight  with  five-foot  bed,  775  pounds. 

Phoenix  Mfg.  Co.,  Eau  Claire,  Wis.  Catalogue  of 
Conradson  engine  lathes,  covering  geared-head  en- 
gine lathes,  geared-head  projectile  lathes,  and  geared- 
head  special  lathes,  giving  illustrations  of  each 
type,  together  with  brief  specifications.  Sectional 
drawings  showing  the  construction  of  the  geared 
head  are  Included. 

Spray  Engineering  Co.,  93  Federal  St.,  Boston, 
Mass.  Bulletins  treating  of  the  "Spraco"  system 
for  cooling  condensing  water,  the  Vaughan  flow 
meter,  and  cooling  water  for  ice  plants.  These 
bulletins  describe  in  detail  the  various  devices  dealt 
with,  and  are  of  especial  interest  to  power  plant 
owners  and  operators. 

Ball  &  Boiler  Bearing  Co,,  Danbury,  Conn.  Cata- 
logue 8  on  ball  thrust  bearings,  roller  thrust  bear- 
ings. Journal  rSller  bearings,  annular  roller  bearings, 
anti-friction  bearings  and  cylindrical  rollers,  giving 
dimensions  and  prices.  Tables  of  allowable  loads  on 
chrome  steel  balls  and  conversion  tables  giving  milli- 
meter equivalents  of  fractional  inches  and  decimal 
equivalents  of  fractional  inches  are  included. 

New  Departure  Mfg.  Co.,  Bristol,  Conn.  Sheets 
71  FE  to  74  FE  for  loose-leaf  binder,  illustrating 
and  describing  rotary  screw  water  lifting  mechan- 
ism, isolated  electric  lighting  plant,  ball  bearings 
for  gasoline  locomotive  friction  drive,  and  ball  bear- 
ings in  bench  milling  machines.  A  revised  price 
list  and  description  of  New  Departure  double-row, 
single-row,  radax  and  magneto  type  ball  bearings 
has  been  issued. 

Fozboro  Co,,  Foxboro,  Mass.  Bulletin  104,  illus- 
trating and  describing  the  Foxboro  line  of  indicating 
and  recording  thermometers.  The  bulletin  describes 
clearly  tlie  actuating  principles  and  the  many  marked 
Improvements  which  have  been  embodied  in  the  de- 
sign. Information  has  been  given  and  arranged  in 
such  a  way  as  to  make  it  easy  for  the  prospective 
customer  to  pick  out  a  thermometer  that  will  ex- 
actly meet  his  requirements. 

Hauck  Mfg,  Co,,  140  Livington  St.,  Brooklyn, 
N.  T.  Bulletin  69,  showing  foundry  burners 
for  cupola  lighting,  ladle  heating  and  skin-drying 
molds.  Several  new  features  have  been  incor- 
porated in  the  Hauck  compressed  air  and  hand 
pnmp  burners  for  foundry  service,  which  are  Illus- 
trated and  described  in  this  bulletin.  A  special 
foundry  outfit  equipped  with  interchangeable  burn- 
ers and  nozzles  is  illustrated  on  page  7. 

Austin  Co.,  Cleveland.  Ohio.  Bulletin  Illustrating 
examples  of  manufacturing  buildings  that  have  been 
erected  by  the  Austin  system  In  thirty  to  sixty  days 
from  the  time  of  starting  work.  Standardized  cross- 
eectlons  and  bay  widths  are  employed,  which  means 
that  the  structural  steel  required  can  be  held  ready 


In  fabricating  plants,  and  all  other  materlnls  held 
In  stock  or  under  order.  This  plan  e(iualizes  produc- 
tion and  makes  possible  the  erection  of  flrstclass 
buildiuga  at  low  cost  and  In  quick  time. 

Foote  Bros.  Gear  &  Machine  Co.,  210-220  N.  Car- 
penter St.,  Chicago,  111.  General  catalogue  12 
of  spur,  bevel,  miter,  spiral,  worm  and  internal 
gears,  tractor  gears,  traction  engine  gears,  heavy- 
duty  hardened  gears,  rawhide  pinions,  and  cut  steel 
racks.  The  catalogue  comprises  384  pages,  5Mi  by  8 
inches,  and  is  substontially  bound.  In  addition  to 
the  price  list  of  gears  and  machinery  listed,  a  con- 
siderable amount  of  valuable  technical  information 
relating  to  gearing,  the  strength  of  gear  teeth,  etc., 
is  included. 

Hilliard  Clutch  &  Machinery  Co.,  Elmlra,  N.  Y. 
Catalogue  C  of  Hilliard  friction  clutches  and  fric- 
tion cut-off  couplings.  Illustrating  and  giving  dimen- 
sions of  the  Hilliard  line  of  clutches.  Including  two 
of  the  latest  developments — double  disk  clutches  and 
ball  bearing  sleeve  clutches.  The  ball  bearing  sleeve 
clutch  Illustrated  is  the  Chapman  ball  bearing  sleeve 
in  combination  with  the  Hilliard  clutch  mechanism. 
The  company  has,  however,  completed  a  standard 
design  which  will  permit  the  use  of  any  annular 
bearing  in  connection  with  the  clutch   sleeves. 

Cutler-Hammer  Mfg.  Co.,  Milwaukee,  Wis.  Two- 
color,  eight-page  folder  illustrating  and  describing 
Cutler-Hammer  machine  tool  controllers,  which  was 
distributed  to  master  mechanics  and  master  car 
builders  at  the  annual  June  convention  at  Atlantic 
City.  The  folder  describes  machine  tool  controllers 
in  three  classes,  as  plain  starting,  speed  setting  and 
speed  regulating  controllers.  Five  pages  of  the 
folder  are  devoted  to  large  Illustrations  of  Cutler- 
Hammer  machine  tool  controllers  installed  on  vari- 
ous machine  tools,  and  one  illustration  shows  one 
of  several  hundred  controllers  now  in  use  in  the 
new  plant  of  the  River  Furnace  Co.  at  Cleveland, 
Ohio. 

Greenfield  Tap  &  Die  Corporation,  Greenfield, 
Mass.  Bulletin  containing  a  detailed  description  of 
the  Greenfield  "gun"  tap.  The  characteristics  of 
this  tap  are  shown  by  a  severe  test  to  which  it 
was  subjected  by  a  user.  The  tool  was  used  to  tap 
a  safe  door  made  of  five  plates  of  steel  welded  to- 
gether. Three  of  the  plates  were  chrome-vanadium 
and  two  open-hearth  steel.  The  company  claims  that 
from  twenty-five  to  twenty-eight  holes  was  the  life 
when  a  high-speed  steel  tap  was  used  on  this  job. 
A  "gun"  tap  made  of  carbon  steel  tapped  thirty- 
six  holes  before  it  was  necessary  to  sharpen  it. 
The  book  also  contains  tables  giving  sizes  and  prices 
of  the  "gun"  taps  in  stock. 

Link-Belt  Co.,  Chicago,  111.,  is  issuing  a  book 
entitled  "Personal  Reminiscences  of  James  Mapes 
Dodge,"  written  by  Charles  Piez,  president  of  the 
Link-Belt  Co.  The  book  contains  an  interesting  ac- 
count of  the  life  of  James  Mapes  Dodge,  who  had 
such  an  Important  part  in  American  Invention  and 
engineering  and  in  the  development  and  success  of 
the  Link-Belt  Co.  The  first  part  of  the  book  deals 
with  the  development  of  the  conveying  and  coal- 
storage  business,  in  which  Mr.  Dodge  took  an  active 
part.  The  second  part  of  the  book  discusses  Mr. 
Dodge's  work  in  connection  with  the  Taylor  system 
of  scientific  management,  and  his  wise  adaptation 
of  this  system  to  the  needs  of  the  Link-Belt  Co. 
Mr.  Dodge's  inventions  in  the  power  and  transmission 
field  are  well  known  by  all  mechanical  men. 

S.  K.  F.  Ball  Bearing  Co.,  Hartford,  Conn.  Book- 
let entitled  "Better  Electric  Motors  Equipped  with 
S.  K.  F.  Ball  Bearings."  This  booklet,  which  is 
in  the  nature  of  a  short  treatise  on  the  use  of  ball 
bearings  In  electric  motors,  is  copiously  illustrated 
and  the  matter  is  attractively  arranged.  It  points 
out  how  the  efficiency  and  the  power  factor  of  a 
motor  are  improved  by  the  use  of  ball  bearings 
because  the  air  gap  may  be  reduced  without  danger 
of  the  armature  wearing  down  and  being  stripped 
by  contact  with  the  pole  pieces.  Some  of  the  topics 
of  special  interest  treated  are  "How  Maintenauce 
Charges  are  Reduced  66  per  cent,"  "Motor  Lengths 
Shortened  10  to  27  per  cent,"  "A  Discussion  ot 
Bearing  Sizes,"  "Discussion  of  Gear  Drive  Motors," 
"Applications  of  Motors  to  Machine  Tools,"   etc. 

Lodge  &  Shipley  Machine  Tool  Co.,  Cincinnati, 
Ohio.  Catalogue  of  lathes,  showing  details  of  con- 
struction of  threading  and  feed  gearing,  carriage, 
apron,  tailstock,  taper  attachment,  draw-iu  chuck 
and  collets,  relieving  attachment,  double-nose  spin- 
dle, diameter  stops,  etc.  The  first  general  section 
is  devoted  to  14-inch,  16-lnch,  18-inch,  20-inch,  22- 
inch,  24-inch,  27-inch,  30-inch,  36-inch,  three-step 
cone  double  back-geared  lathes,  which  are  illustrated 
and  specifications  given.  The  selective  head  lathes 
are  made  in  sizes  of  16-inch,  18-inch,  20-inch,  22- 
inch,  24-inch,  27-inch,  36-inch,  42-inch  and  48-inch 
swing.  Examples  of  these  are  illustrated  and  data 
are  given  for  all  sizes.  The  catalogue  includes  ex- 
amples of  multiple  diameter  turned  shafts,  giving 
dimensions,  material  and  time  required  to  turn 
complete. 

TRADE  NOTES 

Beaman  &  Smith  Co.,  Providence,  R.  I.,  has  com- 
pleted a  four-story  reinforced  concrete  addition  to 
its   factory.     This  addition   covers   a   floor  space   of 


40  by  l.'iO  feet,  and  will  be  used  for  olBcai, 
drafting-room  and  pattern  shop. 

Abrasive  Machine  Tool  Co.,  Providence,  R.  I.,  baa 
built  a  factory  in  East  Providence  for  the  manufac- 
ture of  grinding  machines.  The  building  Is  of  rein- 
forced concrete,  on<'  story  high,  BO  by  150  feet, 
with  an  L  20  by  30  feet,  and  is  expected  to  b« 
ready    for   occupancy    October   1. 

Link-Belt  Co.,  Chicago,  III.,  is  enlarging  Its  mal- 
leable foundry  at  Indianapolis  to  meet  the  Increased 
demand  for  link-belt.  The  foundry  extension  will 
Ijc  one  story  high.  70  by  275  feet,  with  a  wing  107 
by  140  feet.  It  will  house  the  company's  fifth  melt- 
ing furnace  and  will  provide  space  for  sixty  molders. 

Grayson  Tool  Co.,  Indianapolis,  Ind.,  has  removed 
to  Its  new  factory  at  Charleston.  W.  Va.  The  fac- 
tory is  a  modern  shop,  200  by  175  feet,  and  will  em- 
ploy about  100  men.  The  firm  will  do  contract  work, 
make  gages  and  manufacture  and  market  the  Gray- 
son single,  duplex  and  triplex  full  automatic  surface 
grinders. 

Diamond  Power  Specialty  Co.,  Detroit,  Mich.,  an- 
nounces that  its  estimate  of  sales  of  "Diamond" 
soot  blowers  for  the  year  beginning  August  1,  191G. 
will  be  sufficient  to  equip  1,000.000  horsepower  of 
boilers  annually.  The  Diamond  soot  blowers  are 
provided  with  insuluminum  parts  that  are  subjected 
to  high  temperature.  This  alloy  has  heat-resisting 
qualities  far  superior  to  iron  and  steel. 

Prentiss  Tool  &  Supply  Co.,  149  Broadway,  Nev» 
York  City,  dealer  in  machine  tools  and  metal- 
working  machinery,  has  been  incorporated  under  th» 
name  of  Henry  Prentiss  &  Co.,  Inc.  The  new  cor- 
poration will  succeed  to  the  business  and  properties 
of  the  old,  but,  with  the  exception  of  the  name, 
there  will  be  no  change,  the  officers,  directors,  gen- 
eral organization  and  business  policy  remaining  th* 
same  as  heretofore. 

Transmission  Ball  Bearing  Co.,  32  Wells  St.,  Buf- 
falo, N.  Y.,  has  found  it  necessary,  owing  to  the 
rapidly  increasing  demand  for  Chapman  ball  bear- 
ings, to  build  and  equip  a  factory  having  a  capacity 
of  three  or  four  times  the  present  output.  The 
company  is  now  in  the  market  for  machinery  and 
equipment  to  handle  a  complete  line  of  shafting 
bearings  and  loose  pulley  bushings,  as  well  as  ma- 
chinery for  manufacturing  the  "Universal"  elevating 
truck. 

Wismach  &  Co.,  1513  Richard  St.,  Milwaukee, 
Wis.,  are  making  rectangular  gage  standards  such 
as  have  formerly  been  imported  exclusively.  Thes* 
gage  standards  are  hardened  by  a  special  process, 
and  their  measuring  surfaces  are  distanced  as  indi- 
cated on  each  gage,  within  limits  of  0.00001  inch. 
They  are  made  in  standard  sets,  but  they  are  also 
furnished  in  sets  of  any  desirable  combination, 
varying  by  fractions  of  inches  as  well  as  of  milli- 
meters. 

R.  Martens  &  Co.,  Inc.,  24  State  St.,  New  York 
City,  announces  that  the  ori^nal  purpose  of  limit- 
ing its  operations  to  the  mechanical  Unes  of  Industry 
will  be  strictly  adhered  to,  but  in  order  to  conserve 
the  enormous  opportunity  for  non-mechanical  lines, 
it  has  created  a  subsidiary  company  under  the  name 
of  Russia  Trade  Corporation  of  America.  The  new 
concern  will  have  a  complete  business  organization, 
and  its  general  offices  will  be  in  the  Maritime  Bldg., 
8-10  Bridge  St.,  New  York  City. 

Hyatt  Roller  Bearing  Co.,  Newark,  N.  J.,  has 
given  the  name  of  industrial  department  to  its  com- 
mercial sales  division  located  in  Newark  with  the 
factory.  The  company  feels  that  the  time  is  rapidly 
approaching  when  the  industrial  world  will  appre- 
ciate the  economy  of  anti-friction  bearings,  as  have 
the  automobile  builders.  For  that  reason,  the  in- 
dustrial department  will  be  prepared  to  meet  condi- 
tions and  advise  regarding  the  use  of  anti-friction 
bearings  for  lineshaft  boxes,  industrial  trucks,  mine 
cars,  machine  tools,  electric  motors,  cement  ma- 
chinery, cranes  and  trolleys,  textile  machinery, 
blowers,   fans  and  conveyors,  etc. 

Ph.  Van  Ommeren  Corporation,  42  Broadwa)^,  New 
York  City,  has  recently  entered  the  New  York  ship- 
ping field  as  a  branch  of  the  business  of  the  old 
Dutch  shipping  house  of  Ph.  Van  Ommeren,  which 
was  established  in  Rotterdam,  Holland,  nearly  a 
century  ago,  and  which  now  has  branches  all  over 
the  world.  The  American  branch  is  Incorporated 
under  the  laws  of  the  state  of  New  York,  and  the 
management  will  be  in  the  hands  of  William  H. 
Scholz,  who  for  the  past  two  years  has  been  at- 
tached to  the  American  legation  at  the  Hague,  act- 
ing as  commercial  adviser.  The  New  York  office  is 
fully  equipped  for  handling  shipments  to  all  parts 
of  the  world. 

Philadelphia  Brass  Co.,  917  Crozer  Bldg.,  Phila- 
delphia, Pa.,  has  been  incorporated  with  a  capital 
of  $101,000  for  the  manufacture  of  brass  rods,  ex- 
truded shapes  and  seamless  tubes.  The  company 
has  purchased  a  seventeen-acre  tract  at  Downingtown, 
Pa.,  near  Philadelphia,  on  which  the  plant  will  be 
erected,  and  it  will  start  on  day  and  night  shifts 
to  fill  orders  on  hand  as  soon  as  erected.  The  di- 
rectors are:  C.  C,  Anthony,  Lewis  Burnham,  Henry 
T.  Coates,  Jr.,  J.  Lloyd  Coates.  Carl  B.  Ely,  E.  B. 
McCarthy  and  Walter  S.  Johnston;  and  the  ofllcers 
are:  Henry  T.  Coates,  Jr.,  president;  William  E. 
Chickerlng,  secretary  and  treasurer;  Walter  S. 
Johnston,  general  sales  manager. 


CLASSIFIED  AND  WANT  ADVERTISEMENTS 

Will  be  found  on  page  285  of  this  issue  and  v/ill  be  run  in 
the  same  relative  position  in  future. 


OCTOBER 


MACHINERY 


19     16 


liBVIOUS  to  the 
adoption  of 
gages  and  in- 
spection  fix- 
tures, the  com- 
ponent parts  of 
mechanisms  were  made  by  fit- 
ting one  to  another.  As  an 
illustration,  we  will  take  a 
gasoline  engine  and  assume 
that  the  cylinders  were  fin- 
ished by  reaming.  The  pis- 
tons would  be  made  approxi- 
mately    to     size     by    caliper 


The  importance  of  gages  and  inspection  methods  in  modern  in- 
terchangeable manufacturing  is  generally  recognized,  and  at  this 
time,  when  manufacturing  industries  are  rapidly  expanding,  a  re- 
view of  gages  and  gaging  methods  is  especially  timely.  The  limit 
system  is  the  foundation  or  basis  of  interchangeable  manufactur- 
ing, and  in  these  articles  the  author  has  undertal<en  to  make  clear 
the  matter  of  limits,  allowances  and  tolerances.  VSrious  types  of 
gages  are  used  to  illustrate.  The  article  takes  up  the  developments 
of  interchangeable  manufacture,  the  limit  system,  advantages  of 
the  limit  system,  difference  between  allowance,  tolerance  and  limit, 
setting  manufacturing  limits  on  interchangeable  parts,  various 
methods  of  establishing  a  system  of  limits,  simple  method  of  estab- 
lishing manufacturing  limits,  allowances  for  various  classes  of  fits, 
establishing  allowances  and  tolerances  for  various  classes  of  fits, 
and  various  methods  of  presenting  manufacturing  limits  on  draw- 
ings. Very  little  data  are  available  on  the  life  of  gages,  and  In 
this  article,  references  are  given  to  records  which  indicate  the 
probable  life  of  gages  on  certain  classes  of  work  and  material,  and 
the  advantages  to  be  obtained  by  giving  manufacturing  tolerances 
on  gages  to  provide  for  wear.  These  data  are  of  much  value  to 
those  who  have  to  estimate  on  large  quantities  of  work,  such  as 
munitions  and  shells  that  are   made   in   great  quantities. 


is  one  of  the  many  examples 
of  interchangeable  manufac- 
ture, it  makes  very  little  dif- 
ference to  the  purchaser,  gen- 
erally speaking,  whether  the 
parts  are  interchangeable  or 
not,  but  it  does  make  a  great 
difference  to  the  manufac- 
turer who  is  desirous  of  re- 
ducing h  i  s  manufacturing 
costs  to  a  minimum.  In  order 
to  accomplish  this  it  is  neces- 
sary to  employ  efficient  gag- 
ing  and    inspection   methods. 


measurements  and  then  fitted 

to  the  bore  of  the  cylinders,  the  cylinders  acting  as  a  gage. 
In  this  way,  of  course,  the  production  of  interchangeable 
parts  is  difficult  if  not  impossible.  The  question  of  having 
each  part  alike  within  given  limits,  however,  has  not  always 
been  considered  practical  or  necessary,  and  the  first  applica- 
tion of  the  interchangeable  system  was  adopted  in  the  produc- 
tion of  rifles,  as  will  be  described  later. 

In  the  past  few  years  the  subject  of  gaging  and  inspection 
methods  has  received  considerable  attention.  This  has  been 
due  more  particularly  to  the  desire  to  reduce  manufacturing 
costs  rather  than  to  have  all  parts  made  interchangeable.  For 
instance,  in  the  manufacture  of  the  modern  automobile,  which 

•  For  articles  on  gaffes  .ind  gaging  previously  published  in  Machinert,  see 
"Fixed  Caliper  Gages  in  Manufacturing,"  May.  1916;  "Plug  and  Ring  Gage 
Allowances."  January,  1916;  "Limit  Gage  with  Ball  Conta<t  Points,"  Janu- 
arj-.  1916;  "High-explosive  Shell  Cartridge  Cases."  necember,  lOl.'S;  "Inter- 
ehaneeability,"  August,  1915;  "Rogers  Taper-end  Plug  Gages."  July.  1915; 
"Ames  Test  Gage,"  June.  1915;  "Taft-Peirce  Tool-room  Specialties,"  June, 
1915;  "Thread  Tool  Gages,"  June,  1915;  "How  We  Came  to  Hare  the  Microm- 
eter Caliper."  June.  1015;  "B.  &  S.  Machinists'  Small  Tools."  May,  1915; 
"Shrapnel  and  Shrapnel  Manufacture — Gaging  Shrapnel  Shells,"  April,  191G; 
"Slocomb  Bench  Micrometer."  March,  1915;  "Limit  Gage  for  Measuring  Re- 
cessed Work,"  January,  1915;  "Slocomb  Direct-reading  Micrometer,"  Decem- 
ber, 1914;  "Thread  Measuring  Tool,"  November.  1914;  "Precision  Method  of 
Measuring  Angles,"  October,  1914;  "Checking  a  Cam-shaft  with  the  Dial  In- 
dicator," August,  1914;  "A  Dial  Comparometer."  August.  1914;  "One-wire 
System  for  Measuring  Threads,"  Julv.  1914;  "A  Gage  Limit  System  for 
General  Work,"  June,  1914;  "The  Use  of  Gages,"  June,  1914;  "Gage  for 
V.  S.  S.  Thread  Tools,"  April,  1914;  "Gaging  Watch  Escapements,"  Febru- 
ary, 1914;  "Test  Gages  for  Automobile  Cylinders,"  January.  1914;  "Measur- 
ing the  Flat  on  V.  S.  and  Acme  Thread  Tools,"  July,  1913;  "Atlas  Ball 
Gages,"  May,  1913;  "A  'Three  Point'  Micrometer  and  Its  Use,"  May.  1913; 
"Fixtures  and  Gages  used  in  Manufacturing  the  Multigraph,"  April,  1913; 
"Measuring  Screw  Threads  by  Means  of  Micrometers,"  January,  1913;  "Ash- 
croft  Thickness  Gage  for  Sheet  Materials,"  November,  1912;  "Making  New 
Departure    Ball    Bearings,"    November,    1912;    "Limits   on    Gearing,"    October, 


SO  that  the  time  spent  by  the 
operator  in  measuring  the  work  will  be  greatly  reduced. 
It  has  also  been  clearly  demonstrated  in  plants  where  the 
interchangeable  system  has  been  properly  applied  that  a 
poorer  grade  of  mechanics  can  be  employed  and  still  turn  out 
interchangeable  parts.  It  requires  the  services  of  a  first-class 
mechanic  to  make  a  number  of  parts  exactly  alike,  without 
a  gaging  system,  but  a  poor  mechanic  can  make  a  large  num- 
ber of  parts  exactly  the  same — within  the  required  limits — • 
and  much  cheaper,  with  a  proper  gaging  and  inspection  sys- 
tem. Hence,  the  chief  advantage  gained  by  interchangeable 
manufacture  is  not  that  all  parts  are  made  alike,  but  that 
production  costs  are  greatly  reduced. 

1912;  "A  Ball  Race  Gage,"  July,  1912;  "Watch  Movement  Manufacture," 
June.  1912;  "Device  for  Testing  and  Measuring  Gears."  April,  1912;  "Taps 
and  Tapping,"  April.  1912;  "The  Manufacture  of  Steel  Balls."  April,  1912; 
■•Table  of  Allowances  and  Limits,"  April.  1912;  "The  Ross  Rifle  and  Its  Man- 
ufacture." January.  1912;  "Plant  Inside  Micrometer  Caliper,"  November, 
1910;  "A  Svstem  of  Gages  for  Small  Parts,"  November,  1910;  "Locating  Work 
by  the  But'ton  Method,"  October.  1910;  "Height  Gages  for  Inspecting."  Sep- 
tember, 1910;  "Depth  Gage  with  Imlicator  Attachment."  September.  1910; 
"Accurate  Gage  Work  in  the  Bench  Lathe,"  May,  1910;  "Ball  Point  vs. 
Anvil  Type  Thread  Micrometers,"  March,  1910;  "An  Electric  Surface  Gage," 
November,  1909;  "The  Manufacture  of  Gages,"  September,  1909;  "Compact 
Form  of  Dial  Indicator,"  August,  1909;  "Gages  for  Accurately  Sizing  Bevel 
Gear  Blanks,"  March,  1909;  "Device  for  Testing  Truth  of  Cut  Gears."  Janu- 
ary, 1909;  "Keyway  Gaging  in  Shafts  and  Hubs,"  Decemlier,  1U08;  "Gage 
for  Testing  the  Planing  of  a  Turret  Machine  Bed."  Scpteml)er.  1908;  "Sensi- 
tive Indicating  Micrometer,"  September,  1908;  "Pack-hardening  Gages,"  June. 
1908;  "Making  Thread  Gages,"  February,  1908;  "Micrometer  .Vttachmcnt  for 
Reading  Ten-thousandths."  February,  1908;  "German  Bevel  Gear  Testing  De- 
vice." February.  1908;  "Testing  the  Lead  of  Taps  and  Screws."  January. 
1908;  "Dial  Gages  for  Accurate  Measurements."  December.  1907;  "Radios 
Micrometer,"  "Measuring  Screw  Thread  Diameters,"  and  "Wells  Bros. 
Standard  and  Limit  Gages,"  September.  1907:  "Micrometer  Heads  for 
Special  Gages,"  September,  1900;  "Gages  for  Bicycle  Work,"  Jane,  1900. 
t  Associate  Mitor  of  MACHiNERr. 
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In  the  following  article,  the  fundamental  principles  govern- 
ing the  setting  of  limits  and  tolerances,  application  of  stand- 
ard and  special  gages,  inspection  fixtures,  etc.,  for  various 
classes  of  work  will  be  dealt  with  in  detail.  In  addition,  sys- 
tems of  handling  work  in  the  most  up-to-date  plants  in  the 
country  will  be  described  in  order  to  illustrate  some  of  the 
fundamental  principles  of  interchangoal)le  manufacture.  The 
methods  of  making  some  of  the  principal  types  of  gages,  such 
as  plain  cylindrical,  plug,  snap  and  thread  gages,  and  other 
inspection  tools,  taking  up  machining,  hardening,  lapping,  etc., 
will  also  be  described. 

Development  of  Interchangreable  Manufacture 

The  original  idea  of  making  parts  interchangeable  is  cred- 
ited to  Ell  Whitney,  a  manufacturer  of  Whitneyville,  Conn.,  a 
small  town  just  outside 
New  Haven.  Mr.  Whit- 
ney first  applied  this 
principle  to  the  produc- 
tion of  firearms  for  the 
United  States  govern- 
ment, with  the  object  of 
being  able  to  replace 
broken  parts  of  firearms 
with  new  ones  when  in 
the  field.  In  1798  Mr. 
Whitney  was  given  a  con- 
tract for  firearms  which 
were  produced  on  the  in- 
terchangeable basis.  The 
lock  of  these  firearms 
was  made  by  employing 
hardened  templets  to 
which  the  parts  were  ac- 
curately filed.  About  the 
same  time  Simeon  North 
adopted  the  principle  of 
interchangeable  manufac- 
ture in  the  production  of 
army  pistols,  and  from 
the  year  1800  on  great 
strides  were  made  in  this 
direction. 

The  first  complete  sys- 
tem of  interchangeable 
manufacture  is  credited 
to  Elisha  K.  Root,  a  New 
England  mechanic,  who 
made  a  complete  system 
of  jigs,  fixtures,  tools  and 
gages  for  use  in  the  Colt 
Armory  at  Springfield.  It 
has  been  stated  that  in- 
terchangeable parts  were 
made  in  Prance  as  early 
as  1717,  but  that  the  sys- 
tem was  not  a  success. 
In  1785,  however,  a  me- 
chanic by  the  name  of 
Le  Blanc  made  rifles  on 
this  basis.  The  method  was  not  generally  adopted,  however. 
In  the  plant  of  Sharp,  Roberts  &  Co.,  Manchester,  England, 
an  interchangeable  system  was  adopted  in  1825,  in  which  tem- 
plets and  gages  were  used  extensively.  The  greatest  advances 
in  the  application  of  this  method  of  production,  however,  have 
been  made  in  the  United  States,  and  as  has  been  previously 
mentioned,  the  chief  advantage  gained  has  been  in  the  gradual 
reduction  of  production  costs.  A  reduction  has  been  effected 
in  some  cases  in  spite  of  the  increase  in  the  cost  of  materials 
and  labor,  as  has  been  clearly  demonstrated  in  the  Ford  Motor 
Co.'s  plant  in  Detroit. 

The  Limit  System 
The  limit  system  which  forms  the  basis  of  interchangeable 
manufacture  is  applied  in  a  variety  of  ways  in  various  manu- 
facturing plants.    In  some  cases  the  limit  system,  as  generally 
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MINUS  LIMIT  ON  HOLE  = 
HOLE=  1.0000  —  0.99975' 

OLERANCE  ON  HOLE=  SUM  OF  PLUS  AND  MINUS 
.IMITE  =  0.  0005" -I- 0. 00025"=  0. 00075" 


Fig.    1.      Diagram    illustrating    Difference 
and 


understood,  is  not  applied  in  its  entirety.  For  instance,  parts 
which  must  go  together  are  made  with  certain  allowances,  but 
no  tolerances  are  given  to  take  care  of  unavoidable  errors  in 
the  manufacture  of  parts.  This  cannot  be  called  a  limit  sys- 
tem, because  no  limits  are  allowed.  Consequently,  a  great  deal 
more  time  and  money  is  spent  in  making  the  parts  than  would 
be  the  case  if  the  complete  system  were  adopted.  In  cases 
where  the  limit  system  is  not  adopted,  the  parts  are  made  to 
direct  measurement,  using  standard  measuring  tools,  and 
unless  great  care  is  taken  and  experienced  workmen  employed, 
considerable  fitting  and  assembling  is  necessary.  With  a  com- 
plete system  of  gaging  and  inspection,  this  fitting  and  as- 
sembling is  practically,  if  not  entirely  done  away  with,  and 
manufacturing  costs  are  thereby  greatly  reduced.  The  advan- 
tages of  the  limit  system  are  not  always  thoroughly  appre- 
ciated, and  in  the  follow- 
ing an  endeavor  will  be 
made  to  explain  some  of 
the  chief  reasons  why 
this  system  should  be 
adopted  where  it  is  de- 
sired to  produce  parts 
cheaply  as  well  as  inter- 
changeably. 

Advantages  of  the  Limit 
System 

The  adoption  of  a  limit 
system  and  the  practice 
of  working  to  limit  gages 
has  many  advantages.  In 
the  first  place,  it  makes 
an  interchangeable  prod- 
uct possible  and  elimi- 
nates the  necessity  of  de- 
pending on  the  judgment 
of  the  workman;  and 
probably  what  is  of  still 
more  importance,  it  re- 
duces the  amount  of 
spoiled  work  to  a  mini- 
mum. The  initial  cost 
required  to  install  the 
system  in  some  cases  is 
heavy,  but  when  it  is  con- 
sidered that  a  properly 
worked  out  limit  system 
greatly  reduces  inspection 
and  manufacturing  costs, 
it  will  be  seen  that  the 
advantages  to  be  gained 
will  much  more  than  off- 
set the  cost  involved. 

In  adopting  a  limit  sys- 
tem for  ordinary  work,  it 
is  necessary  to  take  either 
the  hole  or  the  shaft  as 
a  standard.  When  holes 
are  finished  ^y  grinding, 
it  makes  little  difference 
which  is  decided  upon. 
When  the  hole  in  the  work  is  finished  by  reaming  or  other 
set  tools,  and  can  be  duplicated  in  size  with  reasonable  com- 
mercial accuracy,  it  is  advisable  to  adopt  the  hole  as  a  basis. 
There  are,  of  course,  exceptions  to  all  rules,  and  in  some 
cases  manufacturers  using  considerable  cold-rolled  steel  shaft- 
ing find  that  it  is  preferable  to  use  the  shaft  as  a  basis  in- 
stead of  the  hole.  As  a  general  rule,  howaver,  the  hole  basis 
should  be  adopted. 

Difference  Between  Allowance,  Tolerance  and  Limit 
The    terms    "allowance,"    "tolerance"    and    "limit"    are    fre- 
quently used   interchangeably,  although  as  a  matter  of  fact 
they  represent  different  quantities. 

Allowance  is  the  difference  between  the  diameter  of  the 
shaft  and  the  hole  to  allow  for  various  classes  of  fits,  such  as 
drive,  push,  running,  force,  etc. 


PLUS  LIMIT  ON  SHAFT=  MAX.  MINUS  NOMINAL 
SHAFT=  0.99375"—  0.998o"=  0,00075" 
TOLERANCE  ON  SHAFT=  SUM  OF  PLUS  AND  MINUS 
LIMITS  =0.00075'-}- 0.00075"— 0.00150' 

MacJiinryy 
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TABLE   I.    TOLERANCES  FOR  STANDARD  HOLES    (Nbwall  engineering  go.) 


Nominal  j 

Diameters,  Inches 


0-! 


lA-2  2A-3 


3,\^4 


8A— 9         9A— 10 


lOA-11 


Max.  Limit 
Min.  Limit 
Tolerance 


+  0.00025    +0.00050 

—0.00025   —0.00025 

0.00050        0.00075 


+0.00075+0.00100 

—0.00025—0.00050 

0.00100      0.00150 


+  0.00100    +0.00100+0.001501 

— 0 .  000.^0   — U .  0(1050 — 0 .  OOOoOl 

0.00150'      0.00150      0.00200 


-0.00150 
-0.00075 
0.00225 


+0.00175    +0.00175 

—0.00075   —0.00100 

0. 00250 i      0.00275 


+  0.00175 

—0.00100 

0.00275 


+  0.00200 

—0.00100 

0.00300 


+0.00200 

—0.00100 

0.00300 


Max.  Limit 
Min.  Limit 
Tolerance 


+  0.00050    +0.00075+0.00100 

—0.00050   — O.OOObO — 0.00050 

0.00100       0.001251     0.00150 


+  0.00125+0.001501  +0.00175 

— 0 .  00075—0 .  00075 !  —0 .  00075 

0.002001     0.00225       0.00250 


+  0.00200 

—0.00100 

0.00300 


+  0.00225 

—0.00100 

0.00325 


+  0.00225 

—0.00125 

0.00350 


+0.00250 

—0.00125 

0.00375 


+  0.00250 

—0.00125 

0.00375 


+  0.00275 

—0.00125 

0.00400 


+0.00276 

—0.00150 

0.00425 
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Tolerance  is  the  difference  between  the  maximum  and  mini- 
mum diameters  of  either  the  shaft  or  the  hole  necessary  to 
tolerate  unavoidable  imperfections  in  workmanship. 

Limit  is  the  amount  set  above  or  below  the  nominal  diame- 
ters of  the  shaft  or  the  hole  in  order  to  limit  the  amount  of 
error  that  can  be  tolerated. 

For  example,  suppose  it  is  necessary  to  make  a  shaft  with 
a  good  running  fit  in  a  bushing,  as  illustrated  in  an  exag- 
gerated form  by  the  three  detailed  views  in  Fig.  1.  The  dif- 
ference between  the  nominal  diameters  of  the  shaft  and  hole 
is  0.002  inch,  which  is  known  as  the  allowance.    The  limits  on 


Setting  Manufacturing:  Limits  on  Interchangeable  Parts 
The  setting  of  limits  on  work  which  must  be  made  inter- 
changeable is  of  vital  importance  to  the  present-day  manu- 
facturer. It  is  a  subject  which  does  not  receive  the  considera- 
tion that  it  deserves.  Many  manufacturers  set  the  limits 
much  closer  than  is  absolutely  necessary  to  obtain  interchange- 
ability.  When  a  part  does  not  need  to  be  made  closer  than  to 
±  0.003  inch,  this  limit  should  be  tolerated.  Where  greater 
accuracy  is  necessary  the  limits,  of  course,  should  be  closer. 
In  doing  this,  no  unnecessary  time  is  spent  in  making  parts 
to  closer  limits  than  the  conditions  actually  demand. 


TABLE  II.    TOLERANCES  FOR  RUNNING  FITS   (NEW all  engineebing  go.) 


Nominal 
Diameters,  Inches 


2i'5— 3 


3A-4 


4  A- 5  5A— 6 


6A-7 


8A— 9         9Ai—W        10,'s— 11         Ill's— 12 


Max.  Limit 
Min.  Limit 
Tolerance 


-0 .  00200 1  —0 .  00275—0 .00350 
-0.001001—0.00125—0.00175 
0.00100       0.00150      0.00175 


-0.00425 
-0.00200 
0.00225 


—0.00500 

—0.00250 

0.00250 


-0.00575 
-0.00300 
0.00275 


-0.00650 
-0.00350 
0.00300 


-0.00675 
-0.00350 
0.00325 


-0. 007001 
-0.00350! 
0.00350 


-0.00750—0.00800 
-0.00375—0.00400 
0.00375      0.00400 


—0.0OS25I— 0.00850 

—0.004001-0.00425 

0.004251     0.00425 


Max.  Limit 
Min.  Limit 
Tolerance 


-0.00125 
-0.00075 
0.00050 


-0.00200—0.00250 
-0.00100—0.00125 
0.00100   0.00125 


—0.00300 

—0.00150 

0.00150 


—0.00350 

—0.00200 

0.00150 


-0.00400 
-0.00225 
0.00175 


-0.00450- 
-0.00250- 
0.00200 


-0.00475 
-0.00275 
0.00200 


-0.00500 
-0.00275 
0.00225 


-0.00550—0.00575 
-0.00300—0.00325 
0.00250   0.00250 


—0.00600— 0. 00625 

—0.00325 — 0.00350 

0.002751     0.00275 


Max.  Limit 
Min.  Limit 
Tolerance 


-0.00075 
-0.00050 
0.00025 


-0.001251—0.00150—0.00200—0.00225 
-0 .  00075—0 .  00075—0 .  00100  —0 .  00100 
0. 000501     0.000751     0.00100      0.00125 

! I I 


-0.00250 
-0.00125 
0.00125 


-0.00275 
-0.00125 
0.00150 


-0.00275 
-0.00125 
0.00150 


-0.00300 
-0.00150 
0.00150 


-0.00300 
-0.00150 
0.00150 


-0.00325 
-0.00150 
0.00175 


-0.00350 
-0.00175 
0.00175 


—0.00350 

—0.00175 

0.00175 

Machinery 


the  diameters  of  the  hole  and  shaft,  respectively,  are  —  0.00025 
inch,  +  0.0005  inch,  and  ±  0.00075  inch,  so  that  the  tolerance 
on  the  hole  is  0.00075  inch,  and  on  the  shaft,  0.0015  inch.  For 
nominal  hole  of  1  inch  and  shaft  of  0.998  inch,  this  gives  a  maxi- 
mum hole  of  1.0005  inch  and  a  minimum  shaft  of  0.99725  inch, 
a  difference  of  0.00325  inch;  and  a  minimum,  hole  of  0.99975 
inch  and  a  maximum  shaft  of  0.99875  inch,  a  difference  of 
0.001  inch.  From  this  it  will  be  seen  that  the  "set"  allowance 
between  the  shaft  and  hole  is  what  is  desired,  but  seldom 
obtained. 


For  instance,  many  manufacturers  specify  the  length  of  a 
shaft  in  fractions  of  an  inch  and  do  not  give  any  limits,  with 
the  result  that  the  toolmaker  or  mechanic  endeavors  to  bring 
the  parts  exactly  to  the  size  mentioned.  This  is  a  short-sighted 
policy,  especially  where  1/64  inch  more  or  less  than  the  size 
given  on  the  drawings  would  make  no  practical  difference 
in  the  efficiency  of  the  machine.  Take  also,  for  instance,  gages, 
jigs,  fixtures  or  other  special  tools  used  in  the  production  of 
interchangeable  parts.  It  is  the  practice  of  some  concerns 
not  to  give  any  manufacturing  limits  on  these  tools,  specify- 


TABLE  III.  TOLERANCES  FOR  PUSH,   DRIVING  AND  FORCE  FITS  (new all  engineering  go.) 


Nominal  f. , 

Diameters,  Inches  ' 


5A— 6 


Si's— 7 


7,'s-8 


Push  Pits— Class  P 


Max.  Limit 
Min.  Limit 
Tolerance 


—0.00075 

— 0 

00075 

— 0 

00075 

— 0 

0010 

— 0 

0010 

— 0 

0010 

— 0 

0010 

— 0 

00125 

— 0 

00150 

— 0 

00150 

— n 

00200 

— 0 

00200 

—0.00025 

— 0 

00025 

— n 

00025 

— 0 

0005 

— 0 

0005 

— 0 

0005 

— 0 

0005 

— 0 

00050 

— 0 

00050 

— 0 

00050 

— 0 

00075 

—(I 

00075 

0.0005 

0 

0005 

0 

0005 

0 

0005 

0 

0005 

0 

0005 

0 

0005 

0 

00075 

0 

00100 

0 

00100 

0 

00125 

0 

00125 

—0.00200 

—0.00075 

0.00125 


Driving  Fits — Class  D 


Max.  Limit 
Min.  Limit 
Tolerance 


+  0.000501  +0.00100+0.00150+0.00250 

+  0.00025 !  +0.00075+0.00100+0.00150 

0.00025'      0.00025      0.00050      0.00100 


+  0.00300    +0.00350 

+  0.00200'  +0.00250 

0.00100   0.00100 


+  0.00400 

+  0.00300 

0.00100 


+  0.00450 

+  0.00300 

0.00150 


+  0.00500+0.00550 

+0.00350   +0.00400 

0.00150       0.00150 


+0.00600 

+  0.00450 

0.00150 


+  0.00650 

+  0.00450 

0.00200 


+0.00700 

+0.00500 

0.00200 


Force  Fits— Class  F 


Max.  Limit 
Min.  Limit 
Tolerance 


+0.00100   +0.00200 

+  0.00050    +0.00150 

0.00050       0.00050 


+0.00400 

+  0.00300 

0.00100 


+  0.00600 

+  0.00450 

0.00150 


+0.00800    +0.010001  +  0.01200 

+  0.00600    +0.00800+0.01000 

0.00200       0.00200      0.00200 


+  0.01400 

+  0.01200 

0.00200 


+  0.01600   +0.01800 

+  0.01400   +0.01600 

0.00200       0.00200 


+0.02000+0.02200 

+  0.01800+0.02000 

0.00200      0.00200 


+  0.02400 

+  0.02200 

0.00200 
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ing  that  all  dimensions  should 
be  exact.  Thus  much  unneces- 
sary time  is  consumed  in  mak- 
ing the  tools,  which  even  un- 
der the  most  favorable  condi- 
tions cannot  be  made  exactly 
alike.  Some  go  so  far  as  to 
state  that  a  plug  or  ring  gage 
should  be  made  exact  and 
have  no  limit  of  error  at  all. 
Those  making  such  a  state- 
ment only  hold  themselves  up 
to  ridicule,  as  it  is  practically  impossible  to  make  two  parts 
exact;  a  slight  change  in  temperature  will  easily  move  a  plug 
gage  0.000025  inch.  Several  large  manufacturing  concerns 
have  set  limits  on  work  produced  in  the  tool-room  with  satis- 
factory results,  but,  of  course,  an  experienced  designer  or 
draftsman  is  required  to  set  limits  which  are  reasonable  and 
consistent  with  the  requirements  of  the  tool  being  made. 

Various  Methods  of  Establishing'  a  System  of  Limits 

Many  methods  have  been  evolved  for  establishing  a  system 
of  limits,  and  careful  study  of  this  subject  has  revealed  the 
fact  that  practically  no  two  manufacturers  use  the  same  sys- 
tem of  setting  limits  or  give  the  same  permissible  amount  of 
error  in  manufacturing.  In  some  cases  the  limits  are  stated 
directly  on  the  drawing;  in  others  the  size  of  the  part  is  given 
in  fractions  or  decimals  of  an  inch,  the  method  of  presenting 
the  dimension  being  an  indication  of  the  permissible  limit 
allowed.  In  some  cases  it  is  stated  on  the  drawing  that  where 
dimensions  are  given  in  fractions  of  an  inch,  a  tolerance  of 
1/64  inch  above  or  below  the  dimension  given  is  permissible. 
If  the  dimensions  are  given  to  two  decimal  places,  the  limit 
can  be  ±0.005  inch;  to  three  decimal  places,  ±0.0015  inch; 
to  four  decimal  places,  ±  0.0005  inch;  and  to  five  decimal 
places,  ±  0.0002  inch. 

It  is  a  difficult  matter  to  decide  upon  the  permissible  error 
between  parts,  as  this  depends  entirely  on  the  character  of 
the  work  and  the  conditions 
under  which  the  parts  are  to 
operate.  For  instance,  there 
are  different  classes  of  fits  de- 
sired, such  as  push,  drive, 
running,  slide,  force,  etc.  The 
variation  or  allowance  be- 
tween the  female  and  male 
members  depends  on  several 
factors,  among  which  might 
be  mentioned:  diameter  and 
length  of  hole,  material,  speed, 
load  carried,  etc.  Consequent- 
ly, no  set  rules  can  be  estab- 
lished for  this  work.  Several 
concerns,  however,  have  es- 
tablished limits  derived  from 
practice,  which  with  proper 
judgment  can  be  used  to  good 
advantage.  One  system  which 
has  been  adopted  by  the 
Newall  Engineering  Co.  of 
England  is  given  in  Tables  I 
to  III,  inclusive. 

Simple  Method  of  Establishing- 
Manufactiiring-  Limits 
There  are  several  questions 
to  be  decided  in  setting  limits 
on  parts  which  must  go  to- 
gether. Ignoring,  for  the  pres- 
ent, the  method  used  in  mak- 
ing the  parts,  which,  of  course, 
is  an  important  matter,  the 
two  points  which  should  be 
settled  are,  first,  permissible 
maximum  and  minimum  al- 
lowances between  the  shaft 
and  hole;   and  second,  manu- 
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facturing  limits  or  tolerance 
on  the  hole.  When  these  two 
points  have  been  satisfactorily 
decided  upon,  it  is  a  simple 
matter  to  establish  limits  on 
both  the  hole  and  shaft. 

As  an  illustration,  assume 
that  it  is  necessary  to  obtain 
a  running  fit  between  the 
shaft  and  bushing  shown  in 
Fig.  2,  and  that  the  hole  in 
the  bushing  is  to  be  produced 
by  reaming.  The  first  question  to  decide  is  the  maximum  and 
minimum  allowances.  In  this  particular  case  we  will  say 
that  the  maximum  allowance  is  0.003  inch  and  the  minimum 
0.001  inch.  The  next  question  to  decide  is  the  permissible 
tolerance  on  the  hole.  As  a  standard  reamer  cuts  slightly 
over  size,  we  will  make  the  hole  as  shown  in  Fig.  2,  1.000 
inch  ±  0.0005  inch.  This  gives  a  tolerance  on  the  hole  of  0.001 
inch.  Now,  to  set  the  limits  for  the  shaft,  we  subtract  from 
the  nominal  diameter  of  the  hole,  or  1.000  inch,  the  mean 
allowance,  or  0.002  inch.  This  gives  us  a  nominal  shaft  diam- 
eter of  0.998  inch.  The  limits  can  now  be  set  on  the  shaft, 
in  a  similar  manner  to  the  hole,  thus  giving  a  manufacturing 
tolerance  of  0.001  inch.  By  this  method  of  establishing  limits, 
no  checking  back  is  necessary  and  the  allowances  previously 
set,  of  course,  are  obtained  in  the  product. 

Checking  back,  however,  in  this  case  to  prove  that  our 
assumption  is  correct,  we  find  that  the  largest  hole  is  1.0005 
inch  and  the  smallest  shaft  0.9975  inch,  which  gives  us  an 
allowance  between  these  two  sizes  of  0.003  inch  —  the  maxi- 
mum permissible  allowance.  The  minimum  sized  hole  is  0.9995 
inch  and  the  maximum  shaft  0.9985  inch,  which  gives  us  a 
difference  of  0.001  Inch,  or  the  minimum  allowance  between 
the  hole  and  the  shaft.  The  manufacturing  limits  set  on  the 
work,  of  course,  do  not  affect  the  original  established  allow- 
ances between  the  parts,  and  in  this  way  there  is  no  danger 
of  having  the  minimum  hole  the  same  size  as  the  maximum 

shaft,  which  is  sometimes  the 
case  when  the  manufacturing 
limits  are  set  in  a  haphazard 
manner. 

Allow^ances  for  Various 
Classes  of  Fits 
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Diagram   illustrating   Method    of   setting   Limits   for   Various 
Classes  of  Fits 


In  order  to  provide  for  vari- 
ous classes  of  fits,  such  as 
push,  drive,  force,  etc.,  it  is 
necessary  to  make  certain  al- 
lowances between  the  diame- 
ters of  the  hole  and  shaft.  As 
the  hole  basis  is  taken  to  be 
the  standard  In  most  cases, 
the  size  of  the  hole,  therefore, 
is  the  first  question  to  decide. 
Table  I  gives  two  lists  of  tol- 
erances for  standard  holes 
varying  from  0  to  12  inches 
in  diameter  and  known  as 
classes  A  and  B.  Class  A  is 
preferred  by  some  manufac- 
turers as  manufacturing  lim- 
its, and  class  B  as  inspection 
limits.  In  using  the  hole  as 
a  basis  or  standard,  the  shaft 
is  made  to  suit  the  hole,  de- 
pending on  the  type  of  fit  de- 
sired. In  order  to  make  the 
following  description  clear,  it 
may  be  advisable  to  describe 
what  the  different  classes  of 
fits  mean.  The  classes  of  fits 
used  in  ordinary  practice  are 
as  follows:  running,  push, 
drive  and  force  fits. 

Running  Fit. — Running  fits 
are  divided  into  three  classes 
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or  grades  known  as  classes  R,  S,  and  T.  Class  R  is  used 
principally  for  engine  and  other  work  where  easy  fits  are 
wanted,  and  also  for  shafts  running  in  several  bearings  or  a 
single  bearing  of  unusual  length.  Class  S  is  for  high  speeds 
and  good  average  machine  work,  and  also  for  shafts  running 
in  a  single  bearing  of  ordinary  length.  Class  T  is  for  fine  tool 
work,  sliding  shafts  and  similar  work.  The  limits  given  in 
Table  II  for  running  fits  can  also  be  employed  for  other  than 
revolving  fits  where  it  may  be  advisable  or  necessary  to  limit 
the  manufacturing  error  on  the  parts. 

Push  Fit. — Push  fits,  known  as  class  P,  the  limits  for  which 
are  given  in  Table  III,  are  for  shafts  that  are  forced  into  a 
hole  by  hand  and  that  would  be  free  to  rotate  without  seizing, 
but  not  free  enough  to  rotate  under  anything  but  a  very  slow 
speed.  Usually  there  is  sufficient  friction  between  the  hole 
and  the  shaft  to  prevent  free  rotation.  Push  fits  are  usually 
employed  where  one  member  is  fitted  into  another  and  then 
held  in  place  with  a  key  or  pin. 

Drive  Fit. — Drive  fits,  known  as  class  D,  will  produce  shafts 
that  need  to  be  driven  into  holes  either  with  a  heavy  hammer 
or  with  a  light  arbor  press,  and  are  distinguished  from  push 
fits  in  that  shafts  made  to  the  limits  given  in  Table  III  can 
be  easily  driven  into  a  hole,  but  will  not  be  able  to  rotate  freely. 

Force  Fit. — Force  fits, 
known  as  class  F,  are  for 
shafts  which  require  either 
hydraulic  pressure  to  force 
them  into  the  holes,  or  for 
those  in  which  the  female 
member  must  be  expanded  by 
heating  so  as  to  shrink  it 
onto  the  shaft. 


In  making  a  drive  fit,  it  is  necessary,  of  course,  to  have  the 
shaft  slightly  larger  than  the  hole,  so  that  the  required  amount 
of  grip  on  the  shaft  will  be  obtained.  As  before,  the  hole  is 
made  with  plus  and  minus  limits,  as  shown  at  C  in  Fig.  3.  The 
shaft  is  made  larger  than  the  hole  and  has  a  maximum  limit 
of  +  0.001  inch  and  a  minimum  limit  of  +  0.00075  inch.  This 
produces  a  condition  in  which  the  largest  hole  is  0.0005  inch 
smaller  than  the  largest  shaft,  and  the  smallest  hole  is 
0.00125  inch  smaller  than  the  largest  shaft.  This  insures  in 
all  cases  that  the  parts  will  go  together  with  a  suitable  driv- 
ing pressure. 

The  conditions  for  a  force  fit  are  similar  to  those  for  a 
driving  fit,  with  the  exception  that  a  greater  allowance  is 
made  between  the  diameters  of  the  shaft  and  hole,  respectively, 
in  order  to  obtain  a  tighter  union  between  the  parts.  As 
shown  at  D  in  Fig.  3,  the  shaft  is  made  1.000  X.  oooi^  '°'^^- 
This  gives  an  allowance  between  the  smallest  hole  aind  largest 
shaft  of  0.00225  inch,  and  a  difference  between  the  largest  hole 
and  smallest  shaft  of  0.001  inch. 

Various  Methods  of  Presentingr  Manufacturing  Limits 
on  Drawing's 

In  setting  manufacturing  limits  on  interchangeable   parts, 

various  methods  are  adopted  for  expressing  the  limits  of  error 

to  be  tolerated.     Expressions 


Establishing-  Allowances  and 

Tolerances  for  Various 

Classes  of  Fits 

The  method  used  in  estab- 
lishing allowances  and  toler- 
ances for  a  running  fit  has 
been  previously  described  in 
a  general  way.  We  will  now 
take  a  concrete  example,  illus- 
trated at  A  in  Fig.  3,  using 
the  limits  of  tolerance  given 
in  Tables  I  and  II.  Assum- 
ing the  nominal  hole  to  be 
1.000  inch  diameter  and  using 
class   A   limits,    we   obtain   a 

hole    1  000  +  0.00050   inch 

■  ^-"""—0.00025  111  en. 
This  gives  a  manufacturing 
tolerance  of  0.00075  inch.  The 
diameter  of  the  shaft  is  then 
made  smaller  than  the  hole 
by  making  use  of  the  limits 
given  in  Table  II.  Reference  to  this  table  will  show 
that  the  shaft  is  made  H^^^lfl  inch  less  than  the  nominal 
hole.  This  gives  a  hole  and  shaft  of  the  following  dimensions: 
maximum  hole  1.0005  inch,  minimum,  0.99975  inch;  maximum 
shaft  0.99875  inch,  minimum,  0.99725  inch.  The  difference  or 
allowance  between  the  minimum  hole  and  maximum  shaft  is 
0.001  inch,  and  the  difference  between  the  maximum  hole  and 
minimum  shaft,  0.00325  inch.  The  tolerance  between  the 
maximum  and  minimum  hole  is  0.00075  inch,  and  the  tolerance 
between  the  maximum  and  minimum  shaft,  0.0015  inch. 

In  making  a  shaft  which  must  be  a  push  fit  in  a  hole,  the 
amount  of  tolerance  permissible  on  the  shaft  is  considerably 
less  than  for  an  ordinary  running  fit.  As  indicated  at  B  in 
Fig.  3,  the  tolerance  on  the  shaft  is  made  with  a  minimum 
limit  of  — 0.00025  inch  and  a  maximum  limit  of  — 0.00075 
inch.  This  allows  no  theoretical  difference  between  the  maxi- 
mum shaft  and  minimum  hole;  in  other  words,  the  smallest 
hole  and  the  largest  shaft  are  of  the  same  dimensions,  or 
0.99975  inch  diameter.  The  difference  between  the  largest 
hole  and  smallest  shaft  is  0.00125  inch.  In  this  case  the  ideal 
allowance  desired  between  the  shaft  and  the  hole  is  0.00075 
inch,  which  is  the  difference  between  the  mean  dimensions  of 
the  hole  and  the  shaft,  respectively. 


Fig.  4.     Diagram  illustrating  Two  Methods  of  dimensioning  Drawings 


such  as  plus  and  minus,  low 
and  high,  maximum  and  mini- 
mum are  commonly  used. 
There  are  two  important 
points  to  be  observed  when 
setting  manufacturing  limits 
on  parts.  The  first  is  to  so 
set  these  limits  that  the 
operator  can  clearly  under- 
stand the  drawing,  and  sec- 
ond, to  express  them  in  such 
a  way  that  the  draftsman  who 
checks  up  the  drawing  can 
conveniently  tell  whether  the 
parts  have  been  properly  di- 
mensioned or  not. 

A  practical  example  which 
will  serve  to  illustrate  this 
point  is  shown  in  Fig.  4. 
Here  a  set  of  gears  for  the 
lower  part  of  an  automobile 
transmission  is  shown  in  sec- 
tion, and  to  simplify  the  prob- 
lem the  shaft  a  is  shown  sup- 
ported in  two  fixed  bearings. 
The  four  gears  b,  c,  d  and  e 
are  keyed  to  this  shaft  and 
separated  by  a  spacing  washer. 
The  washer  provides  for  in- 
accuracy of  parts,  and  while  this  practice  is  not  recommended, 
the  example  is  so  simple  that  it  has  been  used  in  place  of  a 
more  complicated  one. 

Reference  to  Fig.  4  will  show  that  two  methods  are  used 
for  dimensioning  the  parts.  As  shown  at  A,  the  minimum  and 
maximum  sizes  or  widths  of  the  gear  shoulders  are  given  and 
the  minimum  and  maximum  distances  between  the  bearings. 
In  presenting  the  dimensions  in  this  manner  it  makes  it  ex- 
tremely difficult  for  the  checker  to  determine  whether  any 
mistakes  have  been  made  in  dimensioning  or  not.  It  requires 
a  careful  addition  of  the  different  dimensions  and  then  check- 
ing to  see  if  the  required  allowance  between  all  the  gear 
shoulders  and  bearing  faces  has  been  provided.  Assuming 
that  the  minimum  allowance  between  all  the  gears  and  bear- 
ing faces  is  0.002  inch  and  the  maximum  allowance  0.005  inch, 
the  method  of  setting  the  limits  on  the  drawing  would  be 
as  follows: 

Inspection  will  show  that  there  are  five  parts,  so  that  the 
total  manufacturing  limits  on  the  gears  should  not  exceed 
0.0025  inch,  as  a  limit  also  has  to  be  provided  for  the  distance 
between  the  bearing  faces.  In  other  words,  there  are  six  di- 
mensions to  take  into  consideration,  allowing  a  limit  of  0.0005 
inch  on  each;  this  totals  0.003  inch,  or  the  difference  between 
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the  maximum  and  minimum  allowances.  As  soon  as  this  ques- 
Jtion  is  settled,  it  is  a  simple  matter  to  place  the  limits  on 
the  different  parts.  For  the  gears,  no  plus  limits  are  tolerated 
and  a  minus  limit  on  each  part  of  0.0005  inch  is  provided.  The 
dimension  given  on  the  drawing  to  represent  the  distance  be- 
tween the  bearing  faces  is  a  nominal  dimension  and  is  equal 
to  the  sum  of  the  gear  shoulders  and  washer.  But  as  a  mini- 
mum allowance  of  0.002  inch  is  necessary,  the  minimum  dis- 
tance between  the  bearing  faces  would  be  the  nominal  dimen- 
sion, or  4.625  inches  +  0.002  inch,  and  the  maximum,  4.625 
inches  -f  0.0025  inch.  To  show  that  this  is  correct,  we  add 
the  nominal  dimensions  on  the  gears  and  washer,  which  equals 
4.625  Inches,  as  the  maximum.  The  minimum  is  4.625  inches  — 
0.0025  inch,  or  4.6225  inches.  The  maximum  distance  between 
the  bearing  faces  is  4.6275  inches,  and  the  minimum,  4.6270 


inches.  This  gives  us  an  allowance  between  the  minimum 
gear  shoulders  and  maximum  bearings  of  0.005  inch,  and 
an  allowance  between  the  maximum  gear  shoulders  and  mini- 
mum bearing  faces  of  0.002  inch. 

Inspection  of  the  two  methods  of  presenting  these  dimen- 
sions at  A  and  B  will  show  that  the  one  Illustrated  at  B  is 
by  far  the  simpler  from  the  standpoint  of  checking  up  the 
drawing.  It  will  be  seen  that  at  B  no  plus  limit  is  allowed 
for  the  gears  and  no  minus  limit  for  the  space  between  the 
bearings.  Hence,  the  checker  can  immediately  see  that  these 
gears  are  to  be  made  with  a  running  fit  between  the  bearing 
faces.  In  the  case  shown  at  A,  this  is  more  difficult  to  ascer- 
tain without  actually  checking  up  the  different  dimensions  and 
ascertaining  the  allowance  between  the  gear  shoulders  and 
bearing  surfaces. 
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Methods  °/  Measurement 


IN  measuring  work,  many  different  appliances  are  used,  the 
kind  of  tool  depending  on  the  accuracy  required.  For 
instance,  in  ordinary  machine  work,  the  bow  caliper  and 
scale  are  used  to  a  large  extent  for  making  diameter  and 
length  measurements.  When  the  work  calls  for  a  greater  re- 
finement, the  micrometer  caliper,  vernier  caliper,  micrometer 
depth  gage,  etc.,  are  applied.  When  still  greater  accuracy  is 
demanded,  standard  measuring  machines  as  well  as  scientific 
measuring  appliances  are  adopted.  For  angular  measure- 
ments, squares,  bevel  protractors  and  templets  are  used. 
The  average  mechanic  is  familiar  with  the  use  of  the  bow 
caliper,  micrometer  caliper, 
vernier,  bevel  protractor,  etc., 
so  that  an  extended  descrip- 
tion of  these  tools  is  not 
necessary  here.  This  subject 
has  also  been  exhaustively 
dealt  with  in  the  pages  of 
Machinery.  Many  mechanics, 
however,  are  not  familiar 
with  the  different  types  of 
standard  measuring  machines 
used  in  gage  manufacture  and 
the  originating  of  the  stand- 
ards by  means  of  which  vari- 
ous tools  are  checked. 

Standard  Unit  of  Length 

The  international  meter  is 
the  fundamental  metric  unit 
of  length  in  the  United  States. 
The   original   standard   is   re- 


Fig,  e.     standard  Beference  Blocks,   Disks  and  End  Measuring  Bods 


tained  by  the  International  Bureau  of  Weights  and  Measures, 
near  Paris,  France.  Several  copies  of  this  primary  standard 
were  made  in  1889  for  the  United  States  and  other  govern- 
ments under  the  direction  of  the  International  Committee  rep- 
resenting the  various  countries  which  support  the  bureau.  The 
Bureau  of  Standards,  Washington,  D.  C,  has  two  copies  of  the 
original  meter;  one — No.  27 — is  kept  sealed  in  a  metal  case  in 
a  fireproof  vault,  and  the  other — No.  21 — is  used  occasionally 
to  verify  the  working  standards.  The  legal  equivalent'  of  the 
meter  for  commercial  purposes  was  fixed  by  law  in  1866  as 
39.370788  inches.    The  United  States  Bureau  of  Standards  was 

authorized  by  executive  order, 
in  1893,  to  derive  the  yard 
from  the  meter  by  the  use  of 
this  relation.  Metric  length 
measures  tested  by  this  bu- 
reau are  standardized  at  20 
degrees  C,  and  standards  in 
the  customary  units  of  yards, 
feet  and  inches  are  made  to 
be  correct  at  62  degrees  F. 

Reference  Standards 

In  order  to  check  up  vari- 
ous measuring  instruments, 
micrometer  calipers,  standard 
and  special  gages,  etc.,  differ- 
ent types  of  reference  rods 
and  blocks  have  been  devised. 
These  are  very  carefully  sea- 
soned and  lapped,  and  are 
usually  supplied  in  sets  vary- 
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ing  from  blocks  of  the  thick- 
ness of  feelers  to  rods  several 
feet  in  length.  Fig.  5  shows 
several  types  of  reference 
blocks,  disks  and  rods.  The 
block  shown  at  A  is  made 
from  steel,  hardened  and 
ground,  with  cylindrical  ends, 
and  is  used  for  setting  mi 
crometers  and  other  adjust- 
able measuring  tools.  B  shows 
another  type  of  block  which 
is  particularly  adapted  for 
setting  the  adjustable  points 
of  limit  gages.  A  disk  type 
of  standard  which  is  used 
principally  for  setting  mi- 
crometer calipers  is  shown  at 
C,  while  a  standard  block  used 
both  for  setting  gages  and  for 
general  tool-room  purposes  is 
shown  at  D.  £  is  a  standard 
end-measuring  rod,  which  is 
made  with  rounded  ends  hav- 
ing a  section  of  a  true  sphere 
with  a  dia,meter  equal  to  that 
for  which  the  rod  is  made  to  measure.  These  rods  are  made 
%  inch  diameter  for  lengths  from  3  to  6  inches,  and  i/o  inch 
diameter  for  lengths  from  6  to  16  inches.  F  shows  another 
type  of  standard  reference  rod,  which  is  made  from  round  steel 
rods,  hardened,  ground  and  lapped  on  the  ends.  To  prevent 
expansion  due  to  handling  when  in  use,  the  center  portion  of 
the  rod  is  fitted  with  a  sleeve  of  insulating  material. 

Johansson  Reference  Blocks 

The  Johansson  system  of  reference  blocks  was  originally 
designed  to  be  used  in  the  tool-room  for  quickly  laying  out 
and  checking  gages  and  fixtures.  Owing  to  the  extreme  accu- 
racy to  which  these  blocks  are  made,  however,  they  are  also 
used  as  references,  both  for  manufacturing  and  inspection 
purposes.  Fig.  6  shows  one  set  of  these  blocks  in  use  in  the 
inspection  department  for  checking  gages  and  fixtures.  The 
combination  consists  of  a  series  of  rectangular  blocks,  which 
are  made  from  "Invar"  steel,  carefully  machined,  seasoned, 
ground  and  lapped  on  all  sides.  The  opposite  sides  of  each 
block  are  parallel,  and  the  distance  between  them  is  equal  to 
the  dimension  stamped  on  them  within  a  maximum  tolerance 
of  0.00001  inch.  These  blocks  are  supplied  in  various  sets, 
set  No.  1,  shown  in  Fig.  6,  comprising  eighty-one  blocks, 
divided  into  four  series.  The  first  series  contains  nine  blocks, 
which  vary  in  thickness  from  0.1001  to  0.1009  inch,  increasing 
by  0.0001  inch  increments.  The  second  series  contains  forty- 
nine  blocks,  which  vary  in  thickness  from  0.101  to  0.149  inch, 
increasing  by  0.001  inch.  The  third  series  comprises  nineteen 
blocks,  varying  in  thickness  from  0.050  to  0.950  inch,  increas- 
ing by  0.050  inch  increments;  and  the  fourth  series  consists 
of  four  blocks,  of  1,  2,  3  and  4  inches.  This  set  gives  all  the 
sizes  from  0.0500  inch  up  to  10  inches.  When  furnished  with 
standard  plugs  and  holder  for  retaining  these  blocks.,  over 
100,000  different  internal 
and  external  gages  are 
obtained.  The  range  can 
be  increased  by  adding 
other  series  of  blocks  up 
to  20  inches,  and  incre- 
ments in  quarter  thou- 
sandths can  be  obtained 
by  adding  two  blocks, 
0.10025  and  0.10075  inch. 

These  blocks  are  gen- 
erally used  by  building 
them  up  to  obtain  the  re- 
quired size,  and  owing  to 
the  almost  perfect  flat- 
ness of  the  surfaces,  they 
can    be    wrung    together 
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with  sufficient  pressure  so 
that  the  total  number  in  the 
set  (eighty-one)  can  be  built 
up.  The  contacting  surfaces 
are  carefully  cleaned  with 
chamois  skin,  and  then  the 
gages  are  slid  over  each  other 
with  a  slight  pressure. 

To  illustrate  how  these 
blocks  are  used  in  combina- 
tion to  get  any  desired  size, 
assume  that  it  is  necessary  to 
measure  3.3625  inches.  This 
can  be  made  up  by  using  four 
blocks:  3.000,  0.140,  0.122  and 
0.1005  inch.  Other  combina- 
tions can  also  be  used  for  the 
size  given.  These  blocks  can 
also  be  extensively  used  for 
setting  and  checking  limit 
gages.  With  the  set  of  eighty- 
one  blocks,  any  limit  gage 
having  a  tolerance  as  small 
as  0.0005  inch,  up  to  about  10 
inches,  can  be  checked,  and 
by    the    addition    of   the    two 

blocks   of  0.10025   and   0.10075   inch,   it  will   be   evident   that 

limits  as  fine  as  0.00025  inch  can  be  verified. 

Bench  Micrometer  Caliper 

One  of  the  simplest  types  of  measuring  instruments,  which 
comprises  the  principle  of  the  micrometer  screw  and  gradu- 
ated sleeve,  is  shown  in  Fig.  7.  This  is  known  as  a  bench 
micrometer  caliper  and  is  used  on  the  bench  for  taking  fine 
measurements  from  0  to  6  inches.  It  is  provided  with  two  in- 
terchangeable measuring  heads,  the  one  shown  on  the  instru- 
ment being  graduated  to  read  to  0.0001  inch  directly  from  the 
thimble,  and  the  other  shown  at  A  being  provided  with  a  ten- 
pitch  screw  and  graduated  to  read  to  0.001  inch.  The  thimbles 
are  4  inches  in  diameter,  and  consequently  have  coarse  gradu- 
ations, enabling  accurate  readings  to  be  quickly  taken.  The 
adjustable  anvil  is  set  by  standard  reference  blocks.  The 
screw  on  the  thimble  has  a  movement  of  1  inch. 

Principle  of  Standard  Measuring  Machines 

Standard  measuring  machines  generally  comprise  both  a 
vernier  scale  and  a  micrometer  screw  and  wheel.  Usually  the 
vernier  scale  is  attached  to  the  bed  of  the  instrument  and 
is  used  for  setting  the  headstock  bracket  carrying  one  anvil; 
the  headstock  also  carries  the  graduated  wheel  operating 
the  spindle  through  a  screw.  There  are  three  important  points 
to  consider  in  designing  a  measuring  machine:  first,  to  pro- 
duce an  accurate  screw,  vernier  and  wheel;  second,  to  secure 
the  proper  proportions  and  rigidity  of  bed;  and  third,  to  pro- 
vide some  means  of  indicating  the  pressure  exerted  on  work 
placed  between  the  measuring  points. 

While  all  three  points  are  highly  important,  the  third  one 
is  probably  the  most  important  and  the  one  that  should  re- 
ceive the  most  careful  attention.     A  measuring  machine  not 

provided  with  a  pressure 
indicating  device  is  only 
of  value  in  the  hands  of 
an  expert,  and  it  is  prac- 
tically impossible  for  two 
men  to  obtain  exactly  the 
same  readings.  Pressure 
indicating  devices  are 
made  in  several  forms, 
such  as  feeler  plugs, 
which  drop  out  from  be- 
tween points  when  a  cer- 
tain pressure  is  reached; 
levels  which  are  inclined 
at  an  angle  when  acted 
upon  by  the  moving  anvil ; 
spring  operated  plungers. 
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Fig.   8.     Brown  &  Sharpe   Measuring  Machine 

in  conjunction  with  a  scale  and  hair  line  microscope;  and 
graduated  glass  tubes  up  which  a  colored  liquid  is  forced  by  the 
pressure  of  a  diaphragm  connected  to  the  movable  anvil. 
These  various  devices  as  well  as  other  of  the  recording 
and  indicating  types  will  be  described  in  connection  with 
several  interesting  machines  in  the  following. 

Brown  &  Sharpe  Measuring-  Machine 

The  measuring  machine  designed  and  used  by  the  Brown 
&  Sharpe  Mfg.  Co.  for  testing  the  accuracy  of  standard  gages 
and  other  tools  that  must  be  finished  to  very  accurate  dimen- 
sions is  shown  in  Fig.  8.  This  machine  belongs  to  that  class 
of  measuring  instruments  in  which  the  measurement  is  made 
by  means  of  a  moving  scale  under  a  microscope,  used  in  con- 
junction with  a  micrometer  screw  and  vernier.  The  most  im- 
portant feature  of  this  machine  is  that  all  measurements 
are  made  directly  from  the  scales,  and  dependence  is  not  placed 
upon  standard  test  pieces  that  have  been  previously  measured 
by  other  means. 

In  construction,  this  measuring  instrument  consists  of  a 
heavy  bed  A  made  of  double  I-beam  section  about  4  feet  long 
and  1%  foot  deep.  The  I-beam  section  combined  with  the 
weight  of  the  bed  gives  this  machine  great  rigidity  to  resist 
any  tendency  to  deflect  when  the  anvils  or  measuring  points 
B  and  C  are  brought  into  contact  with  the  piece  to  be  meas- 
ured. The  carriage  D  on  the  left-hand  side  of  the  bed  sup- 
ports bar  E  which  carries  the  graduated  scale.  This  carriage 
is  moved  by  adjusting  screw  F,  and  clamped  by  the  handle  G. 
Bar  E  is  provided  with  coarse  and  fine  graduations  and  its 
central  portion,  which  carries  the  graduated  scale,  is  cut  away, 
thus  placing  the  scale  in  a  line  with  the  axis  of  the  measuring 
points.  The  guide  H  which  fits  in  a  slot  in  the  lower  surface 
of  the  bar  holds  it  rigidly  in  position. 

The  carriage  /  on  the  right-hand  end  of  the  machine  sup- 
ports the  micrometer  adjustment  J.    This  carriage  is  regulated 
by  an  adjusting  screw  K  and  clamped  by  handles  L.     Meas- 
uring   points    B    and    C    are    integral    parts    of    the 
cylindrical   bar   and   micrometer   screw,   respectively. 
The  slide  M,  supported  parallel  to  the  bar  E  by  the 
uprights  A^   carries  the  microscope   O.     Screw  P  is 
used  to  adjust  the  microscope  along  the  slide.     Up- 
right   Q    holds    the    reading    microscope   R    that    fa- 
cilitates  taking   readings   with   the   micrometer   ver- 
nier. 

The  scale  on  the  bar  .B  is  8  inches  long  and  is  at- 
tached to  a  flat  surface.  It  has  two  lines  of  gradua- 
tions, each  division  being  0.025  inch.  One  line  of 
graduations,  which  is  easily  visible  to  the  naked  eye, 
is  used  for  locating  the  scale  approximately.  The 
other  graduations,  which  are  invisible  to  the  naked 
eye  except  under  favorable  light  conditions,  are  used 
lor  the  exact  reading  of  the  scale  by  means  of  the 
microscope  0.  The  lines  of  these  graduations  are 
0.0001  inch  wide,  being  the  same  width  as  the  hair 
line  of  the  microscope;  thus  the  two  lines  can  easily 
be  brought  to  coincide.  The  machine  can  be  set  to 
measure  distances  up  to  16  inches  long. 


The  micrometer  wheel  J  is  graduated  to  read  to 
0.0001  inch,  and  the  vernier  plate  <S'  used  in  con- 
nection with  the  wheel,  makes  it  possible  to  ob- 
tain readings  as  fine  as  0.00001  inch.  The  wear 
of  the  fnicrometer  screw  amounts  to  practically 
nothing,  inasmuch  as  the  micrometer  readings  are 
only  used  for  short  distances  and  the  wheel  never 
moves  more  than  half  a  turn.  The  accuracy  of 
this  screw  is  also  greatly  increased  by  providing 
it  with  a  bearing  practically  equal  to  its  length. 

Method  of  Taking-  Measurements 

To  measure  an  object,  slide  D  carrying  bar  E 
is  moved  to  the  right  so  that  the  measuring  point 
B  will  touch  the  micrometer  point  C.  The  micro- 
scope O  is  then  set  over  one  line  of  the  scale,  gen- 
erally the  zero  line,  and  the  slide  is  moved  to  the 
left  until  the  nearest  graduation  of  the  required 
size  is  reached.  This  is  indicated  by  bringing  the 
line  of  the  scale  under  the  hair  line  of  the  microscope.  The 
slide  is  then  fastened  by  clamping  handle  G.  Readings  less 
than  0.025  inch  are  indicated  by  the  micrometer  screw  and 
dial  J.  The  object  to  be  measured  is  inserted  between  the 
measuring  points  B  and  C,  and  by  adjusting  the  micrometer 
screw  the  size  can  be  indicated  to  0.00001  inch. 

The  accuracy  of  this  machine  rests  fundamentally  upon  the 
accurate  graduations  on  the  scale  and  the  perfection  of  the 
micrometer  screw.  Among  other  factors  that  contribute  to 
the  accuracy  of  the  machine  are  the  weight  of  the  bed  and 
the  rigidity  of  the  carriages  that  support  the  measuring  in- 
strument. All  bearings  and  wearing  surfaces  are  scraped  ac- 
curately to  reduce  any  possible  error.  The  machine  is  also 
firmly  braced.  As  an  example  of  the  accuracy  of  this  machine, 
it  might  be  mentioned  that  a  pull  of  about  fifty  to  seventy-five 
pounds  on  the  bed  directly  beneath  the  measuring  points  is 
sufficient  to  make  a  plug  %  inch  diameter  drop  out  from  be- 
tween the  measuring  points.  Another  test  which  shows  the 
sensitiveness  of  the  machine  is  placing  the  hand  on  the  bed 
between  the  slides  and  holding  it  there  for  approximately  one 
minute;  the  heat  of  the  hand  causes  the  plug  to  drop  from 
the  measuring  points.  It  is  estimated  that  it  requires  about 
twenty  minutes  for  the  machine  to  reset  itself  and  overcome 
the  influences  exerted  by  the  pull  or  temperature  test. 

Pratt  &  Whitney  Standard  Measuring  Machine 

The  Pratt  &  Whitney  standard  measuring  machine  shown 
in  Fig.  9  employs  what  is  known  as  a  feeler  plug  for  deter- 
mining the  pressure  between  the  measuring  points,  thus  elimi- 
nating the  human  element.  This  machine  consists  of  a  heavy 
cast-iron  bed  provided  with  ways  upon  which  two  heads  are 
mounted.  One  head  A  is  normally  fixed  to  the  bed,  whereas 
the  other  head  B  is  adjustable  and  is  located  along  the  bed 
by  means  of  a  powerful  microscope  C  and  finely  divided  meas- 
uring points  D,  consisting  of  plugs  provided  with  fine  lines 
that  are  spaced  exactly  one  inch  apart.     Each  head  carries  a 


Fig.   9.     Pratt  &  Whitney  Measuring  Ma 
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Fig.   11 


spiudle  or  measuring  point  E  and  F,  and  ihe  parts 
to  be  measured  are  supported  between  these  spindles 
upon  rests,  or  held  in  the  hand  if  very  small.  Meas- 
urements up  to  one  inch  are  obtained  by  means  of  a 
large  graduated  index  wheel  G,  a  scale  and  pointer 
at  H  being  provided  for  approximate  setting.  This 
is  more  clearly  shown  in  Fig.  10,  where  it  will  be 
seen  that  scale  J  has  twenty-five  graduations  repre- 
senting a  movement  of  the  spindle  of  1.000  inch,  and 
pointer  A'  has  a  single  setting  line.  For  measure- 
ments greater  than  one  inch,  the  sliding  head  B  is 
set  by  means  of  a  standard  bar  I  located  at  the  rear 
of  the  machine.  This  bar  carries  a  series  of  plugs  D 
which  are  provided  with  graduations  exactly  one  inch 
apart  and  so  fine  that  they  are  imperceptible  to  the 
naked  eye.  The  screw  of  the  sliding  head  spindle,  by  means 
of  which  the  adjustments  for  fractional  parts  of  an  inch  are 
obtained,  has  twenty-five  threads  per  inch,  and  the  index  wheel 
has  400  graduations.  Therefore,  each  graduation  represents 
1/400  of  1/25  inch,  or  0.0001  inch.  These  divisions  can  easily 
be  split  up  by  estimating  to  at  least  five  points,  making  pos- 
sible the  reading  of  accurate  measurements  to  0.00002  inch 
with  little  difliculty. 

In  order  to  insure  proper  contact  between  the  measuring 
points  of  the  instrument,  the  machine  is  provided  with  an  in- 
dicating device  on  the  fixed  head  A.  This  consists,  as  shown 
in  Fig.  11,  of  two  auxiliary  jaws  L  and  M,  between  which  a 
small  i>4-in*b  diameter  plug  2V'  is  held  by  the  pressure  of  a 
light  helical  spring  which  operates  the  sliding  spindle  to 
which  one  of  the  jaws  is  attached.  The  tension  of  this  spring 
is  so  adjusted  that  when  the  measuring  points  are  not  in 
contact  the  jaws  will  hold  the  plug  A'  by  friction  in  a  hori- 
zontal position,  as  shown  to  the  left  in  Fig.  11.  When  the 
measuring  points  are  in  contact  with  one  another  or  with  the 
work  being  measured,  the  tension  on  this  helical  spring  is 
slightly  reduced  and  the  plug  JV  swings  down  to  a  vertical 
position  between  the  jaws,  as  shown  to  the  right  of  the  illustra- 
tion. Should  there  be  an  excess  pressure  between  the  jaws 
the  plug  would  drop  out.  Hence,  the  contact  for  all  measure- 
ments should  be  just  enough  to  cause  plug  N  to  swing  down 
to  a  vertical  position  and  not  drop  out.  It  is  estimated  that 
the  measurable  difference  between  the  faces  of  the  measuring 
spindles  when  the  feeler  plug  is  in  the  horizontal  and  vertical 
positions  is  1/250,000  inch. 

In  checking  a  measurement,  the  machine  should  first  be  set 
to  the  zero  position  with  the  measuring  points  in  contact. 
This  is  done  by  adjusting  the  screw  of  the  linear  scale  at  the 
top  of  the  head  to  zero  and  setting  the  pointer  of  the  index 
wheel  G  nearly  to  zero.  Then  the  head  is  slid  along  the  bed 
until  the  measuring  faces  are  almost  in  contact.  For  the  last 
adjustment,  screw  0,  Fig.  10,  is  operated  until  the  feeler  plug 
.V.  Pig.  11,  shows  a  tendency  to  move  to  the  horizontal  posi- 


Close  Views  of  Pratt  &  Whitney  Measuring  Machine. 
Feeler  Plug  before  and  after  taking  a  Measuren 


ng  Position  of 


Fig.    10.     Close  View  of  Pratt  &   Whitney  Measuring   Machine,    showing   Grad 
Wheel  and  Vernier  Scale 


tion.  The  head  is  now  clamped  firmly  in  position  and 
the  index  wheel  adjusted  until  the  plug  swings  to  a  verti- 
cal position.  Then  the  adjustable  index  pointer  is  set  to  zero 
and  the  line  in  the  eye  piece  of  the  microscope  is  set  so  that 
it  exactly  coincides  with  the  zero  line  of  the  graduated  refer- 
ence bar  I  at  the  rear  of  the  machine.  The  adjustment  of  the 
line  in  the  eye  piece  is  made  by  means  of  the  screw  P.  The 
machine  is  now  set  to  the  zero  position,  and  when  adjusting 
the  head  for  the  required  measurement,  care  must  be  taken 
not  to  disturb  the  eye  piece  of  the  microscope.  To  measure 
from  zero  to  one  inch,  the  micrometer  screw  can  be  used  di- 
rect, but  for  a  greater  dimension  the  sliding  head  must  be 
located  by  means  of  the  microscope  so  that  the  line  in  the 
microscope  is  set  exactly  on  the  nearest  graduation  on  the 
plugs  on  bar  /.  Assuming  that  it  is  necessary  to  take  a  meas- 
urement of  12.2508  inches,  slide  the  movable  head  B  along 
the  bed  until  the  microscope  is  brought  directly  in  line  with 
the  12-inch  graduation  on  bar  /.  The  screw  is  now  turned 
back  until  the  scale  and  index  wheel  of  the  adjustable  spindle 
show  a  movement  of  0.2508  inch.  As  the  pitch  of  the  screw  is 
1/25  inch,  a  complete  turn  of  the  index  wheel  equals  0.04  inch. 
Hence  for  a  movement  of  0.2508  inch,  the  number  of  turns  of 
the  index  wheel  would  be  0.2508  -^  0.040  =  6.27,  or  six  full 
turns  and  108  divisions.  The  Pratt  &  Whitney  measuring 
machines  are  graduated  for  English  measurements  at  a  stand- 
ard of  62  degrees  F.,  and  in  sizes  from  12  to  144  inches. 

Slocomb  Standard  Measuringr  Machine 

The  type  of  measuring  machine  used  by  the  J.  T.  Slocomb 
Co.  is  shown  in  Fig.  12.  This  machine  is  of  comparatively 
simple  construction,  and  consists  of  a  bed  carrying  two  heads. 
The  heads  are  of  circular  section  and  slide  in  a  V-groove 
in  the  bed,  and  when  set  in  the  required  position  are  clamped 
by  a  C-clamp,  as  shown.  This  machine  is  used  principally 
for  duplicating  measurements  by  using  master  end  measuring 
rods  for  setting.  The  screw  has  a  40-pitch  thread  and  the 
dial  is  5  inches  diameter  and  reads  to  0.0001  inch. 

The  most  interesting  part  of  this  measuring  ma- 
chine is  the  device  for  indicating  the  pressure  exerted 
between  the  measuring  points.  It  is  a  well-known 
fact  that  when  taking  measurements  to  0.0001  inch 
with  an  ordinary  micrometer  it  is  diflScult  to  know 
just  what  pressure  is  being  applied  on  the  work;  and 
two  inspectors  seldom  obtain  the  same  reading.  This 
pressure  indicating  device,  which  is  shown  in  detail 
in  Fig.  13,  eliminates  the  human  factor  in  taking  ac- 
curate measurements.  In  Fig.  13,  A  represents  a 
section  through  the  tailstock  to  which  the  device  is 
attached,  and  B  is  the  plunger  anvil  which  is  retained 
in  bushings.  This  anvil  is  made  a  nice  sliding  fit  in 
the  bushings,  and  is  kept  against  the  front  bushing 
by  means  of  the  spring  C.  The  movement  of  the  anvil 
is  limited  by  means  of  the  pin  F  driven  into  the  collar 
and  working  in  an  elongated  slot  in  the  tailstock  A. 
The  rear  end  of  the  anvil  B  is  pointed  to  an  angle  of 
60  degrees  and  rests  against  a  flat  portion  on  pin 
E  which  is  retained  in  the  lower  end  of  lever  G.  Pin 
E  is  fulcrumed  on  two  cone-pointed  screws,  as  shown 
in  the  view  to  the  left,  and  its  axis  is  located  1/16 
inch  below  the  point  of  the  plunger.  The  ratio  be- 
tween the  short  and  long  arras  of  the  lever  is  0.062 
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Slocomb    Standard    Measuring   Machine 

to  4  inches,  so  that  when  anvil  B  moves  0.0001  inch,  the  top 
part  of  lever  G  moves  about  0.0064  inch.  The  top  part  of 
lever  O  bears  against  the  plunger  of  the  dial  indicator  H,  and 
the  indicator  hand  moves  about  %  inch  when  the  plunger  or 
anvil  B  is  moved  0.0001  inch.  An  interesting  test  made  in  con- 
nection with  this  instrument  showed  that  the  heat  from  three 
fingers  of  the  hand  applied  for  a  few  seconds  to  a  4-inch  end 
measuring  rod,  5/16  inch  in  diameter,  was  sufficient  to  move 
the  hand  of  the  dial  indicator  V4  inch.  In  testing  two  pieces 
with  this  instrument,  the  needle  will  stand  at  zero  when  they 
are  of  the  same  length.  If  the  needle  moves  from  zero,  it 
indicates  that  there  is  a  variation  between  the  length  of  the 
two  pieces. 

Swiss  Standard  Measuring  Machine 

A  measuring  machine  which  differs  somewhat  in  principle 
from  those  previously  described  is  shown  in  Figs.  14  and  15. 
This  maahine  is  built  by  the  Societe  Genevols6,  Geneva, 
Switzerland,  and  comprises  two  hair  line  microscopes  A  and  B. 
Microscope  A  is  used  for  setting  movable  head  G  when  taking 
measurements  of  over  twenty-five  millimeters.  This  microscope 
is  provided  with  cross-hairs  which  are  brought  in  line  with 
the  graduated  marks  on  a  scale  located  at  the  rear  of  the  in- 
strument. This  scale  is  51  centimeters  long  and  is  graduated 
in  millimeters.  Microscope  B  is  used  for  determining  the 
position  of  spring  plunger  D,  which  governs  the  pressure  ex- 
erted on  the  work.  Head  E  is  fastened  rigidly  to  the  base  and 
carries  the  stationary  anvil  F,  which  can  be  adjusted  in  case 
of  wear.  Spindle  D  is  held  in  a  sleeve  H,  the  movement  of 
which  is  controlled  by  a  screw  of  1/2  millimeter  pitch  and 
which  is  attached  to  the  graduated  wheel  /.  Located  behind 
spindle  D  is  a  light  spring  capable  of  exerting  a  pressure  on 
the  work  of  one  pound  per  square  inch. 

In  setting  the  machine  for  measurements  over  twenty-five 
millimeters,  head  C  is  slid  along  the  bed  until  both  anvils  con- 
tact with  sufficient  pressure  so  that  the  line  on  the  sliding 
spindle  is  exactly 
central  between  the 
two  cross-hairs  in  mi- 
croscope B,  the  grad- 
uated wheel  I  at  the 
same  time  being  set 
at  zero.  The  head  is 
now  moved  back  to 
approximately  the 
distance  required, 
using  the  coarsely 
graduated  brass  scale 
at  the  rear,  and  is 
clamped  by  handle  K, 
Fig.  14.  Screw  L  is 
then  adjusted  until 
the  cross-hairs  in  the 
telescope  A  exactly 
coincide  with  the  re- 
quired graduation  on 
the  scale  at  the  rear. 
The  machine  is  now 
set  to  the  dimension 
required.  To  deter- 
mine the  accuracy  of  Fig.  14. 


the  piece  being  measured,  it  is  located  between  the 
measuring  points  and  the  i)osition  of  the  line  in  the 
movable  spindle  noted;  if  this  is  not  exactly  in  the 
center  of  the  two  cross-hairs  in  telescope  B,  wheel  7, 
which  Is  divided  into  500  parts  giving  direct  readings 
to  0.001  millimeter,  is  rotated  until  the  line  is  directly 
in  the  center  of  the  two  hair  lines.  The  amount  that 
wheel  /  has  been  moved  away  from  the  zero  point 
indicates  the  amount  that  the  part  varies  from  the 
required  size  in  thousandths  of  a  millimeter. 

Newall  Measuring-  Machine 

The  measuring  machine  built  by  the  Newall  Engi- 
neering Co.  of  Walthamstow,  London,  England,  is 
particularly  suited  for  general  employment  in  tool- 
rooms and  workshops.  It  permits  of  making  extremely  fine 
measurements,  and  is  simple  in  operation.  The  combined  fea- 
tures of  the  machine  are  such  as  to  entirely  eliminate  the  pos- 
sibility of  making  errors  in  measuring,  and  it  maintains  its 
accuracy  and  requires  only  slight  attention  for  adjustment. 
As  shown  in  Fig.  16,  it  consists  of  a  rigidly  ribbed  bed  A  on 
which  two  slides  B  and  C  are  mounted.  Attached  to  the  bed 
is  a  vernier  scale  D,  providing  for  the  approximate  setting  of 
slide  C.     Slide  C  carries  the  tail  measuring  spindle  /  and  a 


Fig.    13,     Diagram    showing    Pressure    Arrangement    used    on    Slocomb 
Measuring  Machine  shown  in  Fig.    12 

telescope  for  setting  the  position  of  the  slide.  In  addition,  as 
shown  in  Fig.  17,  it  carries  an  indicating  spirit  level  E,  which 
is  one  of  the  most  interesting  features  of  the  machine.  When 
pressure  is  applied  to  the  measuring  anvil  through  the  piece 
being  measured,  this  spirit  level  is  tilted  out  of  the  horizontal 
plane,  due  to  the  backward  movement  of  the  anvil;  the  curva- 
ture of  the  vial  gives 
a  movement  to  the 
bubble  four  thousand 
times  the  movement 
of  the  anvil.  This 
device  is  so  sensitive 
that  the  slightest  ex- 
pansion or  contrac- 
tion of  the  piece  be- 
ing measured,  due  to 
varying  tempera- 
tures, can  be  detect- 
ed, and  it  is  more 
sensitive  than  the 
drop  plug  feeler  em- 
ployed on  some  of 
the  other  measuring 
machines.  The  piece 
to  be  measured  can 
be  supported  between 
the  measuring  points 
for  any  length  of 
time  until  all  parts 
arrive    at    an    even 

Swiss  Type  of  Measuring  Machine  used  In  Plant  of  Wells  Bros.  Co.  temperature. 
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The  headstock  or  slide  B  carrying  the  measuring  wheel 
gives  readings  to  0.00001  inch,  the  graduations  on  the  measur- 
ing wheel  F  being  so  arranged  that  the  indicated  size  can 
be  read  in  decimals  of  an  inch,  the  digits  appearing  in  their 
proper  rotation.  For  example,  as  shown  in  Fig.  18,  if  the 
size  to  be  read  is  0.31254,  the  first  digit  3  is  the  highest  figure 
disclosed  on  the  left-hand  side  of  the  scale  carrying  the  vernier. 
The  second  and  third  digits  1  and  2  are  the  highest  main  gradu- 
ation on  the  measuring  wheel  below  thg  zero  line  on  the  vernier, 
and  the  fourth  digit  5  is  the  highest  sub-division  on  the  meas- 
uring wheel  below  the  zero  line  on  the  vernier,  while  the 
fifth  digit  4  is  that  graduation  on  the  vernier  in  line  with  any 
graduation  on  the  measuring  wheel. 

The  measuring  spindle  has  a  thread  of  the  buttress  form 
cut  especially  deep  to  provide  for  wear,  and  has  a  range  of 
1  inch.  The  threaded  portion  of  the  screw  and  nut  is  equal  to 
three  times  the  length  of  range  stated,  so  that  the  wear  is 
even  and  accuracy  of  pitch  is  maintained.  An  automatic  ad- 
justment is  also  provided  which  maintains  an  even  tension 
on  the  measuring  screw  by  keeping  the  effective  faces  of  the 
screw  and  nut  in  contact.  It  obviates  backlash  and  facilitates 
accurate  reading.  A  knurled  nut  on  the  end  of  the  spindle 
provides  for  the  rapid  movement  of  the  measuring  screw.  This 
is  used  until  suflBcient  pressure  has  been  applied  through  the 
piece  being  measured  to  bring  the  indicating  bubble  into  mo- 
tion.    For  a  sensitive  movement,   a  fine   adjusting   screw   is 
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Fig.  15.     Close  View  of  Machine  in  Fig.  14  showing  Graduated  Wheel  and  Vernier  Scale 


provided  which  is  carried  on  an  arm  that  can  be  clamped 
on  the  measuring  wheel  at  any  point  by  an  eccentric.  This 
screw,  the  thrust  of  which  is  taken  against  the  front  horizontal 
bar,  gives  the  slow  motion  necessary.  The  front  horizontal 
bar  is  also  used  as  a  stop  when  it  is  desired  to  compare  a 
number  of  parts  which  have  been  made  to  close  dimensions. 

Owing  to  the  great  dif- 
ficulty encountered  in 
making  the  pitch  of  a 
screw  absolutely  accurate 
for  its  entire  length,  a 
compensator  arrangement 
is  provided.  This  con- 
sists of  a  secondary  screw 
of  the  same  pitch  as  the 
measuring  screw,  cut  on 
the  rear  end  of  the  spin- 
dle. In  contact  with  this 
screw  is  a  roll  held  in  a 
lever  G,  Fig.  17,  and 
mounted  in  such  a  man- 
ner that  any  undulation 
on  the  crest  of  this  thread 
imparts  through  lever  G 
a  forward  or  backward 
movement  to  the  vernier 
scale  H  which  is  mount- 
ed  on   the   vertical   arm. 


Fig.    17.     Close    View    of   Newall   Machine    showing    Spirit   Level   Indicator 
and  Screw  Compensator 

curacies    in    the    pitch    of    the    thread    are    compensated    for. 

Operation  of  Newall  Measuring-  Machine 

In  setting  this  machine,  the  first  step  is  to  ascertain  the 
amount  of  free  movement  in  the  anvil  /.  This  is  determined 
by  bringing  the  headstock  B  and  tailstock  C  together  so  that 
the  measuring  points  may  contact,  and  then  observing  by 
rotating  the  measuring  wheel  F  forward,  the  number 
of  graduations  passed  in  moving  the  bubble  of  the 
spirit  level  indicator  E  from  its  resting  position.  A 
small  adjusting  screw  is  provided  underneath  the 
rear  end  of  the  vial  for  returning  the  bubble  to  the 
resting  position.  Assuming  that  the  free  movement 
of  this  vial  is  0.01  inch,  the  vertical  arm  carrying 
the  scale  H  and  vernier  is  swung  around  to  a  per- 
pendicular position  or  inclined  a  little  to  the  front 
of  the  machine  if  more  convenient  for  the  operator's 
reading  and  the  measuring  wheel  set  to  read  about 
0.01  inch.  Before  doing  this,  however,  it  is  necessary 
to  see  that  the  measuring  faces  of  the  screw  and 
anvil  are  perfectly  clean  and  that  the  headstock  and 
tailstock  are  securely  clamped  to  the  bed.  Then  the 
measuring  screw  is  advanced  until  the  indicator  bub- 
ble again  reaches  the  measuring  position  and  the 
reading  will  be  somewhere  near  zero.  The  vertical 
arm  is  then  adjusted  so  as  to  get  the  zero  graduation 
on  the  vernier  in  direct  line  with  the  zero  gradua- 
tion on  the  measuring  wheel,  and  the  machine  set 
at  zero.  It  is  advisable,  however,  to  release  the  measuring 
screw  and  advance  it  again  to  check  this  final  setting,  when 
any  slight  inaccuracies  may  be  corrected  by  a  readjustment 
of  the  vertical  arm.  The  machine  should  be  so  set  that  it  is 
as  free  as  possible  from  vibration  and  also  from  the  effects  of 
frequent  changes  of  temperature.    It  is  essential  that  it  should 

not  be  exposed  to  the  di- 
rect rays  of  the  sun. 

The  foregoing  descrip- 
tion relates  to  the  setting 
of  the  machine  for  meas- 
uring pieces  up  to  1  inch. 
For  measuring  pieces 
over  1  inch  and  without 
the  use  of  end  measuring 
rods  for  setting  the  ma- 
chine, the  following 
method  should  be  em- 
ployed. The  tailstock  C 
is  moved  along  the  bed 
to  the  left;  then,  through 
microscope  K  it  is  set  to 
the  nearest  graduation  on 
the  rule  on  the  bed  below 
the  size  to  be  measured, 
the  headstock  being  left 
untouched,  as  when  pre- 
viously   set    to    the    zero 


In    this    way    any    inac- 


Fig.   16.     Newall   Standard  Type  of  Measuring  Machine 


point.      In    all    cases    of 
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miiTosoope  settings,  it  is  advisable  to  clamp  the  tailstock 
slightly  until,  by  means  of  the  sensitive  movement  obtained  by 
the  fine  adjustment  slide,  the  desired  line  on  the  rule  is 
perfectly  central  between  and  parallel  to  the  two  hair  lines  in 
the  microscope;  then  the  tailstock  can  be  firmly  clamped  in 
position.  The  part  to  be  measured  is  held  in  supports  be- 
tween the  measuring  points,  care  being  first  taken  to  be  sure 
that  all  points  of  contact  are  perfectly  clean.  Then  by  ad- 
vancing the  measuring  screw  in  the  same  way  as  has  previously 
been  described  until  the  bubble  of  the  indicator  assumes  its 
central  position,  the  size  of  the  piece  is  read  off  on  the  wheel 
and  vernier.  When  advancing  the  measuring  screw,  the 
knurled  nut  on  the  end  of  the  spindle  is  turned  until  suffi- 
cient pressure  has  been  applied  to  start  the  bubble  from  its 


Fig.    18.     Diagram  illustrating  Method  of  taking  Measurements  on  Newall 
Measuring  Machine 

resting  position.  Then  the  screw  of  the  fine  adjustment  arm 
is  turned,  moving  the  bubble  slowly  to  its  measuring  position, 
which  is  the  critical  point  in  all  operations  of  setting  or 
measuring.  The  sub-divisions  on  the  vial  of  the  indi- 
cator are  intended  for  comparison  only,  but  their 
approximate  value  may  be  determined  by  observation 
and  calculation  if  desired. 

Should  the  alternative  method — setting  to  end  meas- 
uring rods — be  used,  a  rod  of  the  nearest  length  to 
the  size  to  be  measured  is  inserted  between  the  meas- 
uring points  and  the  processes  described  in  connec- 
tion with  setting  to  zero  are  repeated.  The  inaccu- 
racy of  such  end  rods  must  be  known,  and  they  should 
be  regularly  examined  to  detect  any  alterations  in 
length  through  wear  or  temperature  changes.  It  is 
also  imperative  that  all  surfaces  and  working  parts 
of  the  machine  be  kept  clean  and  free  from  oxidiza- 
tion and  dust.  The  lightest  possible  oil  should  be 
used  for  lubrication,  clock  oil  being  preferable,  but 
if  this  cannot  be  obtained,  paraffine  oil  should  be  used 
on  the  measuring  screw.  The  accepted  mean  tem- 
perature at  which  verifications  of  standards  are 
usually  made  is  62  degrees  F.  This  is  the  tempera- 
ture at  which  this  machine  is  tested.  The  rules  used 
on  this  machine  are  made  in  rectangular  sections 
from  invar  steel,  an  alloy  of  nickel  steel,  which  is  non- 
corrosive  and  practically  insusceptible  to  changes  in 
temperature.  This  machine  will  easily  measure  to 
0.000001  Inch  owing  to  the  extreme  sensitiveness  of 
the  spirit  level  indicator. 
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Fig.    19.     Diagram   illustrating   Principle   of   Interferometer 

German  Standard  Measuring  Machine 
A  measuring  machine  that  is  used  in  the  Imperial  Labora- 
tory of  Technical  Tests,  Berlin,  Germany,  and  is  considered 
to  be  absolutely  accurate  within  0.000004  inch,  is  shown  in 
Fig.  20.  The  great  precision  of  this  machine  is  obtained  by 
connecting  a  movable  plunger  to  a  metal  diaphragm,  which 
acts  upon  a  colored  liquid.  This  diaphragm  is  carefully  fitted 
into  a  cylinder,  and  connected  with  the  cylinder  is  a  graduated 
glass  tube.  The  diaphragm  is  so  sensitive  that  even  the  ex- 
pansion of  the  object  being  measured  caused  by  touching  it 
with  the  finger  is  indicated  by  the  height  of  the  liquid.  As 
far  as  possible,  the  temperature  of  the  room  is  kept  at  68 
degrees  F.,  and  a  thermometer  forms  a  necessary  part  of  the 
instrument.  For  gaging  the  work,  an  adjustable  stand  is  used 
which  is  raised  to  hold  the  work,  if  cylindrical,  with  its  axis 
in  perfect  alignment  with  the  measuring  jaws  of  the  machine. 
The  instrument,  in  addition,  carries  a  graduated  wheel  about 
10  inches  in  diameter. 

Method  of  Operating- 

The  chief  use  of  this  machine  is  to  compare  parts  which 
must  be  made  to  standards,  and  it  is  therefore  not  provided 
with  a  vernier  scale.  The  method  of  using  it  is  as  follows: 
The  standard  test  piece  with  which  the  parts  are  to  be  com- 
pared, is  brought  into  contact  with  screw  A  and  plunger  B, 


Fig. 


20.     German    Type    of    Measuring    Machine,    capable    of    taking    extremely 
Close  Measurements 
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being  supported  by  stand 
C.  Graduated  wheel  D  is 
then  set  with  its  zero 
mark  in  line  with  the 
zero  mark  on  arm  E,  and 
the  height  of  the  liquid 
In  tube  F  is  noted.  The 
standard  is  then  removed 
and  the  piece  to  be  com- 
pared with  it  substituted. 
If  the  difference  between 
the  two  pieces  is  minute, 
the  most  accurate  method 
of  determining  it  is  by 
the  height  of  the  colored 
liquid,  which  is  so  gradu- 
ated that  a  difference  in 
diameters  is  easily  calcu- 
lated. It  is  highly  essen- 
tial in  making  accurate 
measurements  that  the 
pieces  being  measured  be 
of  the  same  temperature 
as  the  machine,  and 
hence  they  should  be  al- 
lowed to  remain  between  the  measuring  points  until  this  con- 
dition is  obtained. 

The  Hartman  Automatic  Comparator 

The  Hartman  automatic  comparator  which  is  used  by  the 
International  Bureau  of  Weights  and  Measures,  France,  is 
employed  chiefly  for  comparing  gages,  and  is  not  particularly 
adapted  to  originating  measurements.  It  was  built  to  insure 
exactness  in  the  size  of  gages  of  the  same  type  which  were 
made  by  different  firms,  and  is  employed  largely  for  testing 
gages  used  in  gun  manufacture.  Referring  to  Fig.  21,  which 
shows  a  diagram  illustrating  the  principle  upon  which  this 
machine  is  constructed,  it  will  be  noticed  that  two  end  meas- 
uring rods  A  and  B  are  being  compared  and  are  placed  be- 
tween the  anvils  C  and  D.  The  anvil  C  is  held  stationary  in 
the  tailstock  spindle  E,  and  the  tailstock  is  free  to  slide  along 
the  base,  which  is  graduated  for  a  length  of  1120  millimeters 
(44  inches).  The  anvil  D  can  be  moved  backward  or  forward 
in  the  head  F  by  means  of  the  left-handed  screw  G,  which  has 
a  pitch  of  1  millimeter  (0.039  inch).  The  rotation  of  this 
screw,  instead  of  being  noted  on  a  graduated  sleeve,  is  meas- 
ured by  the  position  of  the  arms  H  which  pass  in  front  of  the 
graduated  chart  I. 

The  length  of  these  arms  is  such  that  they  describe  a  circle 
of  2  meters  (6^^  feet)  in  circumference,  while  the  screw  con- 
nected with  the  head  makes  one  revolution  and  travels  a  dis- 
tance of  0.039  inch.  The  multiplication  of  the  movement  of 
the  handles  as  compared  with  that  of  the  screw  is  one  to  two 
thousand.  By  dividing  a  portion  of  the  circle  on  the  chart 
into  one  thousand  parts  of  2  millimeters  each    (0.078  inch), 


Comparator 


when  one  of  the  arms  has 
moved  that  distance — 2 
millimeters — the  surface 
of  the  screw  will  have 
moved  0.000039  inch. 

In  comparing  the  two 
end  measuring  gages  A 
and  B,  they  are  placed 
automatically,  alternately 
between  the  anvils  C  and 
D,  and  their  lengths  reg- 
istered on  the  chart  / 
by  the  arms  which  prick 
a  hole  as  they  pass.  The 
difference  between  the  lo- 
cation of  these  marks 
gives  exactly  the  differ- 
ence between  the  length 
of  the  rods  in  microns. 
This  instrument  is  en- 
tirely automatic  in  its 
operation.  The  wheel  car- 
rying the  arms  is  rotated 
by  a  motor  which  has 
been    greatly   reduced    in 

speed.     The   gages   to  be   measured   and   supported   are   held 

in  carriers  which  operate  automatically. 

The  Interferometer 

The  interferometer  is  strictly  a  laboratory  measuring  in- 
strument, and  while  it  is  indispensable  for  laboratory  use 
in  the  checking  of  standards,  it  is  of  little  practical  value  to 
the  average  manufacturing  establishment.  The  chief  reason 
for  this  is  that  this  instrument  measures  with  a  degree  of 
accuracy  which  is  much  greater  than  would  be  necessary  in 
the  average  manufacturing  plant.  The  interferometer  is  used 
for  measuring  very  small  distances  and  angles  in  terms  of 
wave  lengths  of  light.  It  has  also  many  other  uses  which 
have  not  a  machine  shop  application.  It  furnishes  the  most 
accurate  known  method  for  testing  the  uniformity  of  a  screw 
or  the  perfection  of  a  straightedge,  and  makes  use  of  the 
phenomenon  known  as  the  interference  of  light.  Light  travels 
in  waves,  and  a  simple  illustration  of  this  is  to  compare  a 
light  wave  to  a  rope  which  is  fastened  at  one  end  and  moved 
up  and  down  rapidly  at  the  other.  In  the  movement  of  the 
rope,  the  distance  from  the  highest  part  of  one  wave  to  the 
highest  part  of  the  next  would  be  a  wave  length,  and  the  dis- 
tance which  the  rope  moves  up  or  down  from  its  middle  posi- 
tion would  be  called  its  amplitude.  In  the  case  of  light  vibra- 
tions, the  amplitude  determines  the  intensity  of  the  light  and 
the  wave  length  determines  the  color.  For  example,  light 
waves  which  are  about  0.00003  inch  long  appear  to  the  eye 
as  red.  The  wave  length  of  red  light  is  therefore  0.00003  inch. 
The  wave  length  of  yellow  light  is  about  0.000023,  blue  light 
0.000018  inch,  whereas  white  light  is  made  up  of  wave  lengths 
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Fif:.    22.     Modification   of   Interferometer  for   testing   Accuracy  of   Screw   Threads 
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of  all  the  primary  colors  from  violet  to  red.  Two  pieces  of 
pVate  glass  held  in  contact  may  be  used  to  demonstrate  the 
interference  of  light.  If  held  at  an  angle  to  the  light,  color 
bands  will  he  noticed  in  circles  and  odd  shapes  throughout 
the  plane  of  the  two  surfaces  in  contact.  These  colors  indi- 
cate measurable  variations  in  the  surfaces  from  a  true  plane. 

Principle  of  the  Interferometer 

The  Michelson  interferometer  which  is  employed  for  precise 
laboratory  measurements  in  the  Bureau  of  Standards  is  shown 
diagrammatically  in  Fig.  19.  Artificial  light  is  used  with  this 
instrument  to  produce  the  different  light  waves,  which  indi- 
cate the  variations  from  truth  of  the  planes  or  other  parts 
being  measured.  Sodium  light,  whose  wave  lengths  are  about 
0.00002  inch,  is  generally  employed.  Referring  to  Fig.  19,  A 
is  a  source  of  light  rays,  rendered  approximately  parallel  by 
the  lens  B,  that  strike  the  glass  plate  C  at  an  angle  of  about 
45  degrees.  Glass  C  is  covered  with  a  semi-transparent  coat 
of  silver  which  transmits  some  of  the  light  rays  to  D  and 
reflects  some  to  E.  These  beams  fall  perpendicularly  on  the 
highly  polished  mirrors  D  and  E  and  are  reflected  back  to  C. 
Some  of  the  rays  are  reflected  from  C,  and  others  are  trans- 
mitted through  C  to  the  observing  telescope  or  to  the  eye  at  F. 
The  rays  which  are  reflected  by  mirror  E  have  to  pass  three 
times  through  plate  C  before  reaching  telescope  F.  A  com- 
pensator plate  G,  is  therefore  put  in  the  path  of  the  other 
rays,  so  that  the  light  reflected  by  D  has  to  pass  twice  through 
G  and  once  through  C  before  it  reaches  the  telescope.  Plates  C 
and  G  are  cut  from  the  same  piece  of  glass  in  order  that  they 
may  be  of  exactly  the  same  thickness,  the  original  piece  of 
glass  having  been  ground  and  polished  until  its  surface  was 
plane  and  parallel  to  within  0.000002  to  0.000005  inch,  accord- 
ing to  the  accuracy  of  the  measurements  to  be  made. 


When  the  paths  of  light  from  C  to  D  and  from  C  to  E  have 
been  fixed  nearly  equal,  the  mirrors  are  so  adjusted  that  the 
color  fringes  will  appear  as  either  horizontal  or  vertical  lines. 
Then  as  one  of  the  mirrors  is  displaced,  the  color  bands  will 
pass  in  succession  before  the  eye  of  the  observer,  who  can 
count  them  as  they  pass  some  point  of  reference,  usually  the 
cross-hairs  in  the  eye  piece  of  a  telescope. 

Construction  of  the  Interferometer 

The  interferometer  is  constructed  in  different  forms,  de- 
pending upon  the  class  of  work  for  which  it  is  to  be  used. 
For  instance,  an  interferometer  which  would  be  used  for 
checking  the  accuracy  of  angles  would  be  constructed  on  a 
different  principle  from  that  used  for  testing  the  accuracy 
of  straightedges  or  screw  threads.  For  testing  the  accuracy 
of  a  screw  thread,  the  interferometer  would  have  a  form  some- 
what like  that  shown  in  Fig.  22.  The  screw  S  to  be  tested 
is  mounted  in  the  bed  T  and  is  used  to  move  the  carriage  U 
carrying  the  mirror  E.  The  mirrors  are  adjusted  so  that  the 
fringes  appear  in  circles.  This  will  happen  when  the  flxed 
and  movable  mirrors  D  and  E,  respectively,  are  equidistant 
from  plate  C  which  divides  the  light,  and  when  the  reflection 
from  mirror  E  in  plate  C  is  exactly  parallel  to  the  face  of 
movable  mirror  E.  The  variation  in  the  pitch  of  the  screw  is 
determined  by  the  number  of  fringes  that  pass  through  mirror 
C.  If  the  number  of  fringes  is  the  same  for  each  turn  or  frac- 
tional part  of  a  turn  of  the  screw,  the  screw  is  accurate. 
But  if  the  number  varies,  the  screw  is  inaccurate,  the  amount 
of  the  inaccuracy  depending  on  the  difference  in  the  number 
of  fringes  cast.  The  method  of  counting  the  fringes  and  test- 
ing the  accuracy  of  the  screw  is  beyond  the  scope  of  this 
article.  It  is  suflScient  to  say  that  by  this  method  inaccuracies 
are  detected  in  a  screw  amounting  to  about  0.0000005  inch. 
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Reference  M^rkii)^^"<^  Inspeciion  Gmes 


A  SATISFACTORY  gaging  system  should  be  built  around 
the  basic  reference  and  limit  snap  and  plug  gages. 
Reference  gages  are  divided  into  three  classes,  as  fol- 
lows: working  gages  for  shop  use;  inspection  gages  for  final 
checking;  and  gages  used  in  testing  and  adjusting  both  work- 
ing and  inspection  gages.  Limit  gages  include  two  classes, 
namely,  allowance  and  tolerance  gages.  Tolerance  gages  pro- 
vide for  reasonable  error  in  workmanship,  whereas  allowance 
gages  take  care  of  the  necessary  difference  in  the  sizes  of  two 
pieces  which  go  together.  It  should  be  understood  in  this 
connection  that  the  female  and  male  gages  are  referred  to 
collectively  and  not  individually.  Allowance  gages  are  again 
divided  into  four  distinct  classes,  depending  upon  the  fit  de- 
sired— whether  running,  push,  drive  or  force. 


Reference  Gagres 

In  addition  to  the  reference  blocks  and  rods  shown  in  Figs. 
5  and  6,  reference  gages  are  made  in  several  other  forms,  the 
most  common  or  conventional  type  being  the  standard  plug 
and  ring  gage  shown  in  Fig.  23.  This  type  of  gage  is  of  little 
or  no  value  in  connection  with  interchangeable  manufacture, 
as  it  is  made  to  one  standard  size  and  can  only  be  used  for 
setting  micrometers,  calipers  and  other  measuring  instru- 
ments. Owing  to  the  great  accuracy  of  this  gage,  it  should 
not  be  used  as  a  working  gage  for  reasons  which  will  be  ex- 
plained later. 

Plug  gages  are  made  to  standard  size  within  very  close  lim- 
its, and  most  manufacturers  guarantee  them  to  be  within 
0.0001   inch  of  standard   size,   although   as   a  matter   of  fact 
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they  are  made  considerably  closer  than  this.  The  tolerance 
is  over  rather  than  under  the  standard,  so  as  to  provide  for 
wear.  The  ring  gage  is  then  made  to  fit  the  plug  and  is  not 
measured.  Theoretically  speaking,  there  is  no  difference  be- 
tween the  diameter  of  the  plug  and  the  diameter  of  the  hole 
in  the  ring,  and  they  are  put  together  only  with  great  diffi- 
culty by  an  experienced  gage-maker.  It  is  done  by  coating 
the  plug  and  the  ring  with  a  film  of  light  oil,  then  getting 
them  into  perfect  alignment  and  with  a  quick  twist  inserting 
the  plug  in  the  ring.  The  plug,  however,  must  be  kept  in 
motion  to  prevent  it  from  "freezing."  If  the  ring  or  the  plug 
is   allowed   to   remain   stationary,   it  will   stick   to   the   other 


Fig.  23.     Beference  Plug  and  King  Gage 

piece  in  a  short  space  of  time,  and  they  can  only  be  separated 
by  force.  One  way  of  separating  them  is  to  hit  the  ring 
quickly  on  the  bench,  and  before  the  molecules  have  a  chance 
to  reset,  immediately  pull  the  plug  out,  using  a  twisting  ac- 
tion.    This,   however,   also   requires   considerable   experience. 

Reference  Limit  Gages 

As  has  previously  been  mentioned,  standard  plug  or  ring 
gages  made  to  one  size  are  of  little  or  no  practical  value  in 
connection  with  Interchangeable  manufacture.  Reference  gages 
should  be  so  made  that  both  the  inspection  and  working  gages 
can  be  checked  up  by  them  from  time  to  time,  to  prevent 
the  limits  changing  due  to  the  wear  of  the  gages.  A  practical 
type  of  reference  plug  and  snap  gage  for  checking  working 
and  inspection  snap  and  plug  gages  is  shown  in  Fig.  24.  Plug 
A  has  nuts  on  each  end  to  facilitate  lapping  and  prevent  its  use 
as  a  working  gage.  The  limits  are  the  same  as  on  the  work- 
ing and  inspection  gages.  As  will  be  subsequently  explained, 
it  is  the  practice  in  some  plants  to  tolerate  wider  limits  on 
inspection  than  on  working  gages.  The  reason  for  doing  this 
is  to  reduce  the  amount  of  spoiled  work,  and  also  provide  for 
the  greater  amount  of  wear  on  the  working  gages.  When  this 
system  is  used,  it  is  necessary  to  provide  two  sets  of  limits, 
one  for  working  and  the  other  for  inspection  purposes.  Ref- 
erence gages  to  check  the  working  and  inspection  gages  should, 
therefore,  be  made  to  take  care  of  this.  The  Johansson  blocks 
can  be  satisfactorily  used  for  this  instead  of  reference  gages. 

As  an  illustration  to  show  how  these  are  used,  we  will  as- 
sume that  the  difference  between  the  "Go"  end  of  the  work- 
ing and  inspection  gages  is  0.0005  inch;  that  is,  the  working 
gage  is  that  amount  larger  than  the  inspection  gage.  The 
reference  snap  gage  B,  Fig.  24,  can  be  used  to  determine  when 
the  working  gage  has  worn  down  this  amount;  as  soon  as  it 
has,  it  is  turned  over  to  the  inspector,  and  the  workman  is 
supplied  with  a  new  gage.  In  this  way  the  workman  is  never 
working  to  the  extreme  limits,  and  the  amount  of  rejected 
work  is  thereby  greatly  reduced. 

Manufacturing-  Tolerances  on  Reference  Gages 

Gages  which  are  to  be  used  as  standards  of  reference  should 
be  made  both  carefully  and  accurately.  The  permissible  manu- 
facturing tolerances  are  dependent  largely  upon  the  class  of 
work  for  which  the  gages  are  to  be  used,  as  well  as  the  per- 
manency of  the  gages.  Some  manufacturers  make  their  ref- 
erence standards  from  a  good  grade  of  machinery  or  tool  steel 
and  leave  them  soft.  The  reason  for  this  is  that  soft  steel 
has  a  lower  coefficient  of  expansion  than  hardened  steel  that 
is  not  carefully  seasoned.  Soft  reference  gages  have  the  one 
objection  that  they  are  subject  to  wear  and  are  easily  dented, 
and  must  be  handled  with  care.  Owing  to  the  comparatively 
high  coefficient  of  expansion  of  carbon  steel  gages,  very  close 
manufacturing   tolerances    are    not    feasible.      Hence    for    the 


finest  reference  gages  invar  steel  should  be  used.  When 
this  material  is  hardened  and  carefully  seasoned,  the  expan- 
sion is  comparatively  low.  The  well-known  Johansson  gages 
are  made  from  this  material  and  are  guaranteed  to  be  within 
a  tolerance  of  0.00001  inch.  As  a  matter  of  fact,  each  indi- 
vidual block  is  held  much  closer  than  this,  as  a  combination 
of  blocks  making  8  inches  is  guaranteed  to  be  accurate  to 
within  0.00004  inch.  This  extreme  accuracy,  however,  is 
greater  than  can  be  ordinarily  expected  in  regular  reference 
gages,  and  as  a  rule  the  manufacturing  tolerances  vary  from 
0.00005  to  0.0001  for  sizes  up  to  1  inch  and  from  0.0001  to 
0.0002  inch  for  sizes  up  to  2  inches. 

This  manufacturing  tolerance  on  the  reference  gage  is  dis- 
tributed so  as  to  take  care  of  the  wear  on  the  working  and 
inspection  gages  which  are  checked  up  by  the  reference  gage. 
For  instance,  the  "Go"  ends  of  a  reference  plug  gage  (A, 
Fig.  24)  which  would  be  used  for  checking  the  "Go"  ends 
of  the  working  and  inspection  gages  would  be  made  to  the 
required  size  minus  the  manufacturing  tolerance.  On  the  ref- 
erence snap  gage  which  would  be  used  for  testing  working 
and  inspection  plug  gages  the  manufacturing  tolerance  would 
be  added  to  the  actual  dimension  required. 

Abuse  of  Standard  Gages 
In  some  manufacturing  plants — fortunately  not  many — it 
has  been  the  practice  to  use  standard  plug  and  ring  gages  as 
working  gages.  In  fact,  this  has  been  done  to  such  an  extent 
that  a  gage  on  which  there  is  no  limit  of  tolerance  is  known 
as  a  "fixed"  gage  and  is  used  sir^ilar  to  a  caliper.  There  are 
two  good  reasons  why  a  standard  plug  or  ring  gage  should 
not  be  used  as  a  working  gage.  In  the  first  place,  these  gages 
are  made  very  carefully  and  to  extremely  close  limits,  and 
if  used  as  a  working  gage,  their  accuracy  would  soon  be  im- 
paired. In  the  second  place,  as  they  are  not  provided  with  a 
working  tolerance,  a  greater  amount  of  time  is  consumed  in 
getting  the  work  so  that  the  plug  will  enter  or  so  that  the 
ring  will  go  over  it  than  would  be  necessary  if  a  regular  limit 
snap  or  plug  gage  were  used.  If  both  the  plug  and  ring  gages 
were  used,  they  could  no  longer  be  considered  as  standard, 
as  both  would  become  larger  from  wear.  Furthermore,  work 
which  is  finished  so  that  these  gages  would  fit  it  would  be 
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rig.   24.     Reference   Limit  Gages  used   in  testing  Limit  Working   and 
Inspection   Gages 

much  more  accurate  than  would  ordinarily  be  necessary,  and 
the  time  spent  in  bringing  it  to  this  degree  of  accuracy  would 
be  wasted.  Therefore,  standard  snap  or  plug  gages  should  not 
be  used  for  other  work  than  setting  micrometers,  calipers,  etc. 

Limit  Working  and  Inspection  Plug  and  Snap  Gages 

The  most  common  forms  of  limit  working  gages  are  illus- 
trated by  the  plug  and  snap  gages  shown  in  Fig.  25.  Of  course, 
the  form  in  which  these  gages  are  made  depends  to  a  consid- 
erable extent  on  the  character  of  the  work  and,  in  some  cases, 
on  the  peculiar  fancies  of  the  designer.  The  two  types  shown 
at  A  and  B,  however,  illustrate  common  forms  of  non- 
adjustable  gages;   other  varieties  will  be  illustrated  and  de- 
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scribed  later.  The  (lil'lereiice  between  the  "Not  Go"  and  "Go" 
ends  on  the  plug  is  the  maximum  error  tolerated  on  the  hole, 
and  the  difference  between  the  sizes  on  the  two  ends  of  the 
snap  gage,  the  niaxinium  tolerance  that  can  be  permitted  on 
the  shaft.  The  difference  between  the  small  end  of  the  plug 
and  the  large  or  "Go"  end  of  the  snap  gage  is  the  maximum 
allowance  betw'een  the  two  parts — shaft  and  hole — and  the 
difference  between  the  large  end  of  the  plug  and  the  small 
end  of  the  snap  gage  is  the  minimum  allowance  between  the 
two  parts. 

Manufacturing  Tolerances  on  Working:  and  Inspection  Gages 

There  seems  to  be  some  disagreement  between  gage  manu- 
facturers as  regards  the  manufacturing  limits  on  plug  and 
snap  gages.  Some  manufacturers  make  all  gages  within  a 
manufacturing  limit  of  ±0.0001  inch.  This  degree  of  accu- 
racy is  not  always  necessary,  and  where  the  work  can  have 
considerable  tolerance,  it  is  desirable  not  to  make  the  gages 
to  very  close  dimensions;  it  would  be  preferable  to  make  the 
plug  gage,  for  instance,  slightly  large,  so  as  to  insure  long 
life.  The  snap  gage  would  be  made  correspondingly  smaller 
for  the  same  reason.  This  practice  is  being  followed  by  one 
prominent  concern  which  has  adopted  a  unique  system  of  plug 
and  snap  gages.  The  manufacturing  limits  on  the  gages  are 
governed  entirely  by  the  limits  on  the  work.  For  instance, 
where  the  work  must  be  held  to  a  limit  of  within  ±  0.0005 
inch,  the  limit  on  the  plug  or  snap  gage  would  be  ±  0.0001 
inch.  Where  the  manufacturing  limit  on  the  work  is  0.002 
inch,  the  limit  on  the  gage  would  be  ±  0.0005  inch.  On 
extremely  accurate  work,  where  a  limit  of  only  0.00025  inch  is 
allowed,  the  gage  must  be  made  to  a  limit  of  ±  0.00005  inch. 
This  means,  of  course,  that  the  life  of  the  gage  is  considerably 
shortened,  and  in  one  instance,  where  the  gage  was  used  for 
work  that  was  ground,  it  was  found  that  the  gage  lasted  only 
one  day. 

Setting-  Manufacturing  Tolerances  on  Working  and 
Inspection  Gages 

As  an  illustration  of  the  point  previously  mentioned,  Fig.  26 

shows  a  plug  and  snap  gage  used  in  producing  a  shaft  and 

hole  that  were  required  to  have  a  good  running  fit.     In  this 

case,  the  maximum  allowance  between  the  largest  shaft  and 

smallest  hole  is   0.003   inch   and   the  minimum   allowance   is 


Fig.  25.     Limit  Working  and  Inspection  Plug  and  Snap  Gages 

0.001  inch.  The  maximum  tolerance  on  the  shaft  is  0.001  inch 
and  the  same  tolerance  is  allowed  on  the  hole.  The  difference, 
therefore,  between  the  "Go"  and  "Not  Go"  sizes  on  the  snap 
gage  is  0.001  inch.  In  manufacturing  the  snap  gage,  the  "Go" 
portion  is  made  to  a  manufacturing  limit  of  0.9985  —  0.0001 
inch  +  0.0000.  This  provides  0.0001  inch  for  wear  before  the 
gage  would  be  worn  down  to  the  size  indicated.  On  the  "Not 
Go"  end,  it  is  not  so  important  whether  the  limit  is  set  plus 
or  minus,  although  it  is  preferable  to  have  it  minus,  which 
would  prevent  work  almost  up  to  the  "Not  Go"  size  from  going 


in.  On  the  plug  the  "Go"  end  is  made  0.0001  inch  large  to 
provide  for  wear,  and  the  "Not  Go"  end  is  made  this  amount 
small.  In  this  way  the  manufacturing  limits  are  set  so  that 
the  life  of  the  gage  will  be  increased  without  affecting  the 
interchangeability  of  the  work. 

Advantages  of  Tool-setting  Gages 

In  working  to  limit  gages,  the  tendency  is  for  the  operator 
to  work  as  close  as  possible  to  the  "Go"  end  of  the  gage  for 
fear  of  spoiling  the  work.  This  results  in  the  parts  going 
together  with  the  minimum  of  freedom.  The  object,  of  course, 
is  to  make  the  parts  to  the  mean  dimensions.     Tool-setting 
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Fig.  26.     Diagram  illustrating  Method  of  setting  Manufacturing  Tolerances 
on  Working  and  Inspection  Gages 

gages  which  generally  consist  of  hardened,  ground  and  lapped 
blocks  are  used  to  set  the  cutting  tools,  and  are  made  to  the 
"mean  dimension."  These  are  used  in  connection  with  a  hard- 
ened and  ground  locating  block  on  the  jig  or  fixture,  and  are 
employed  principally  on  profiling  and  milling  fixtures. 

Life  of  Plug,  Ring  and  Snap  Gages 

The  life  of  a  gage  is  governed  by  many  conditions,  among 
which  might  be  mentioned:  limit  of  tolerance  allowed  for 
wear;  condition  under  which  gage  is  used,  whether  for  manu- 
facturing or  inspecting  purposes;  character  of  material  on 
which  gage  is  used,  whether  brass,  cast  iron,  steel,  etc.;  con- 
dition of  work  on  which  gage  is  used,  that  is,  whether  rough- 
turned,  finish-ground,  lapped,  etc.;  material  from  which  gage 
is  made,  whether  cast  iron,  carbonized  machinery  steel,  tool 
steel,  malleable  iron,  etc.;  condition  of  measuring  surface  on 
gage,  whether  ground  or  highly  finished  and  lapped;  care  used 
in  applying  gage. 

Limits  of  Tolerance  Provided  for  Wear 
As  has  been  previously  mentioned,  limit  gages  are  usually 
made  with  manufacturing  limits  that  increase  the  life  of  the 
gage.  In  other  words,  on  a  plug  gage,  the  "Go"  end  is  made 
with  a  manufacturing  limit  larger  than  the  size  specified  on 
the  gage.  The  amount  of  this  limit,  in  a  general  way,  deter- 
mines the  life  of  the  gage.  As  a  case  in  point,  on  one  ex- 
tremely accurate  piece  of  work  a  limit  of  0.00025  ineh  was 
the  greatest  tolerance.  The  plug  gage  was  therefore  made 
with  a  plus  wear  limit  of  0.00005  inch,  and  as  this  gage  was 
used  in  testing  a  hole  finished  by  grinding,  where  considerable 
grit  and  dirt  accumulated,  its  life  was  only  one  day  of  ten 
hours.  In  other  words,  a  new  gage  had  to  be  furnished  every 
day.  This,  however,  is  an  exceptional  case,  but  it  serves  to 
illustrate  the  necessity  of  setting  manufacturing  limits  on  the 
gage  to  provide  for  wear.  The  greater  the  limits  on  the  work, 
the  larger  can  be  the  permissible  tolerance  for  wear  on  the 
gage,  so  as  to  increase  its  life  as  much  as  possible.  Further- 
more, when  the  "Go"  end  of  a  plug  gage,  for  instance,  is  made 
larger  than  the  lowest  limit  of  tolerance,  the  machine  opera- 
tor is  working  closer  to  the  mean  or  nominal  dimension.  In 
purchasing  gages  most  manufacturers  do  not  give  the  sub- 
ject of  wear  the  attention  it  deserves,  and  generally  hold  the 
gage-maker  right  down  to  the  sizes  given,  which  of  course 
do  not  provide  for  wear.  This  results  in  greatly  increasing 
the  gaging  and  inspection  expense. 

Conditions  Under  Which  Gages  Are  Used 

The  conditions  under  which  a  gage  is  used,  that  is,  whether 
it  is  used  for  manufacturing  or  inspection  purposes,  governs 
to  a  large  extent  the  number  of  pieces  that  can  be  gaged. 
It  is,  therefore,  the  practice  of  some  firms  to  permit  a  larger 
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manufacturing  limit  on  the  working  than  on  the  inspection 
gages,  and  then  interchange  these  gages  as  they  begin  to  wear. 
For  example,  in  one  plant  the  machine  operator  is  given  the 
newest  gage  when  it  is  of  the  plug  variety,  and  the  oldest 
when  of  the  snap  variety  (solid  type),  and  to  keep  close  watch 
on  the  condition  of  the  gages,  this  firm  employs  several  men, 
known  as  "field"  inspectors.  The  duties  of  these  men  are  to 
cover  the  entire  plant,  inspecting  the  gages  and  replacing  those 
that  are  worn  out  by  new  gages  adapted  to  the  work.  When 
a  job  is  turned  in  and  the  gages  and  tools  sent  with  it,  these 
gages  are  not  allowed  to  be  put  in  the  tool  storage  or  supply 
room,  but  are  handed  over  to  the  field  inspectors,  who  <'are- 
fully  go  over  the  gages  before  they  are  stored.  These  field 
inspectors  also  see  that  the  production  and  inspection  depart- 
ments are  supplied  with  the  proper  gages.  In  this  way,  the 
machine  operator  is  always  provided  with  a  gage  with  the 
closest  limits,  and  consequently  the  greatest  amount  of  wear 
is  obtained  from  the  gages.  Gages  wear  much  more  rapidly, 
of  course,  when  used  for  manufacturing  than  when  used  for 
inspection  purposes,  so  that  the  interchange  of  gages  greatly 
reduces  the  amount  of  rejected  work. 

Influence  of  Material  Being  Gagred  on  Life  of  Gages 

The  kind  of  material  being  gaged  also  has  considerable 
bearing  on  the  number  of  pieces  that  can  be  gaged  before  the 
gage  is  worn  beyond  the  required  limits.  Some  materials, 
such  as  cast  iron  and  particularly  aluminum,  have  a  lapping 
effect  and  wear  the  gage  down  much  more  rapidly  than  either 
brass  or  steel.  In  one  plant  where  a  large  number  of  alumi- 
num fuse  parts  are  being  manufactured,  a  careful  inspection 
of  the  gages  proved  that  in  gaging  10,000  aluminum  parts 
the  wear  on  the  gage  was  0.0005  inch.  It  was  also  found 
that  five  times  as  many  brass  parts  could  be  turned  out  with 
the  same  amount  of  gage  wear  as  aluminum  parts;  in  other 
words,  the  same  gage  used  on  brass  would  inspect  50,000  parts 
before  it  was  worn  0.0005  inch.  Cast  iron  has  a  lapping  effect 
somewhat  similar  to  that  of  aluminum,  but  not  so  pronounced. 
In  gaging  cast  iron,  about  20,000  parts  can  be  turned  out  with 
a  wear  of  0.0005  inch  on  the  gage.  The  wear,  of  course,  de- 
pends to  a  considerable  extent  on  the  diameter  of  the  work 
and  the  condition  in  which  it  is  received  when  being  gaged. 

Influence  of  Condition  of  Work  on  Wear  of  Gages 

The  condition  of  the  work — whether  rough  or  smooth — also 
has  a  governing  effect  on  the  life  of  the  gage.  Rough-turned 
work  will  wear  a  gage  down  much  more  rapidly  than  a  ground 
surface,  free  from  grit.  As  an  indication  of  the  life  of  an 
ordinary  snap  gage  on  work  that  is  ground  fairly  smooth,  it 
was  found  in  one  plant  where  a  careful  record  was  kept  that 
35,000  Russian  shrapnel  shells  having  a  ground  surface  could 
be  inspected  with  one  gage  before  it  was  worn  beyond  the 
required  limit.  In  this  particular  gage,  0.002  inch  was  allowed 
for  wear,  so  that  the  gaging  of  35,000  shells  removed  this 
amount  of  material  from  the  surface  of  the  measuring  point 
on  the  gage.  In  this  plant  it  was  also  found  that  solid  snap 
gages  did  not  give  nearly  as  satisfactory  service  as  those 
that  were  made  with  adjustable  points.  The  latter  could  be 
readjusted  every  day  to  a  standard  plug,  and  the  life,  of  course, 
could  thereby  be  greatly  increased.  In  another  plant  where  a 
similar  limit  was  allowed  on  the  gage  and  where  the  work 
was  turned  instead  of  ground,  the  number  of  parts  inspected 
varied  between  8000  and  10,000  before  the  0.002  inch  limit  was 
removed  from  the  surface  of  the  gage.  From  this  it  will  be 
seen  that  ground  work  has  not  nearly  as  abrasive  an  effect 
on  the  gage  surface  as  rough-turned  work.  In  other  words, 
a  gage  can  be  used  for  only  about  one-third  as  many  rough- 
turned  pieces  as  ground  pieces. 

Material  Used  for  Gages 

Gage-makers  differ  to  a  considerable  extent  in  regard  to 
the  material  from  which  gages  should  be  made  and  its  bearing 
upon  the  life  of  the  gage.  There  are  so  many  points  to  take 
into  consideration  in  this  connection  that  it  is  difficult  to 
reach  any  definite  conclusion.  For  instance,  one  point  that 
must  be  considered  is  the  total  number  of  parts  to  be  gaged ; 
another,  the  limits  on  the  gage  which  would  make  it  unneces- 


sary to  inspect  every  part;  still  another,  whether  the  gage  is 
to  be  used  for  reference,  working  or  inspection  purposes.  It 
is  generally  conceded,  however,  that  for  plug  gages  used  for 
manufacturing  purposes,  it  is  preferable  either  to  make  the 
gage  from  a  good  grade  Of  machinery  steel  and  carbonize  it 
or  to  make  it  from  tool  steel  hardened,  seasoned,  ground  and 
lapped.  Gages  are  seldom  left  soft  unless  they  are  used  for 
reference  purposes  or  unless  only  a  few  parts  are  to  be  in- 
spected. It  is  also  the  practice  to  leave  thread  gages  soft; 
this  point  will  be  taken  up  under  a  separate  heading. 

The  type  of  gage  also  has  an  important  influence  on  the 
selection  of  material  from  which  it  should  be  made.  For  in- 
stance, a  solid  snap  gage  is  seldom  made  from  cast  iron,  either 
a  malleable  casting  or  a  steel  forging  being  used.  Most  manu- 
facturers of  solid  snap  gages  make  them  from  drop-forgings, 
when  they  are  used  for  measuring  up  to  3  inches  in  diameter. 
Above  this  size,  the  gages  are  made  from  steel  castings  which 
are  heat-treated,  seasoned,  ground  and  lapped  to  size.  When 
snap  gages  are  provided  with  adjustable  points,  it  is  the  gen- 
eral practice  to  make  the  frame  either  from  malleable  cast- 
ings or  from  cast  iron.  One  prominent  manufacturer  of  snap 
gages  follows  the  practice  of  making  the  frame  from  cast 
iron  of  frail  dimensions.  This  is  done  so  that  in  case  the 
gage  is  dropped  on  the  floor,  the  frame  will  break  rather  than 
distort.  In  this  way  any  chance  of  the  operator  distorting 
his  gage  without  knowing  it  is  eliminated.  The  frame  is  also 
made  of  such  a  shape  that  it  is  impossible  for  the  operator 
to  "peen"  the  gage  to  fit  the  work.  The  difference  between 
the  lives  of  a  solid  snap  gage  made  from  fine-grained  cast 
iron  and  one  made  from  hardened  steel  is  considered  by  many 
gage-makers  to  be  extremely  slight. 

Relation  of  Measuring  Surface  and  Life  of  Gages 

The  condition  of  the  measuring  surface  on  the  gage  is  not 
always  considered  a  vital  factor  affecting  the  life  of  the 
gage.  When  it  is  understood,  however,  that  it  is  practically 
impossible  to  secure  a  perfectly  plane  surface,  the  question 
of  securing  a  smooth  surface  on  the  gage  appears  to  be  of 
greater  importance.  Some  gages,  especially  the  Johansson 
gages,  have  the  property  of  sticking  when  wrung  together 
with  a  force  considerably  greater  than  that  due  to  atmospheric 
pressure  on  the  areas  in  contact. 

This  phenomenon  has  been  attributed  to  molecular  attrac- 
tion, but  investigation  has  shown  that  the  adhesion  is  due  to 
the  presence  of  a  very  thin  liquid  film.  Blocks  made  from 
hardened  steel  were  prepared,  each  weighing  an  ounce  and  a 
half  and  having  surfaces  0.7  square  inch,  polished  flat  to 
within  1/100,000  inch  of  being  a  true  plane.  These  blocks 
were  then  used  to  test  the  adhesive  properties  of  different 
liquids.  The  contact  faces  were  carefully  freed  from  moisture 
and  cleaned  with  alcohol.  When  the  blocks  were  wrung  to- 
gether, they  fell  apart  under  their  own  weight,  but  as  soon 
as  a  film  of  oil  or  other  liquid  was  put  between  them,  a  force 
of  17  pounds  for  Rangoon  oil,  20  pounds  for  lubricating  oil, 
29  for  turpentine,  and  35  for  condensed  water  vapor  was  re- 
quired to  separate  the  blocks.  From  this  test  it  was  proved 
that  it  is  impossible  to  get  perfect  union  between  two  parts, 
and  the  only  reason  that  they  held  together  was  because  of 
the  adhesive  qualities  of  the  lubricant  or  other  liquid.  Any 
machined  surface,  no  matter  how  smooth,  consists  of  humps 
and  hollows  so  that  a  surface  which  is  brought  down  to  the 
closest  approximation  of  a  true  plane  is  one  in  which  there 
would  be  the  greatest  number  of  points  in  a  common  plane. 
It  is  therefore  reasonable  to  assume  that  a  gage  made  with 
a  smooth  measuring  surface  will  wear  much  longer  than  one 
made  with  a  rough  surface.  * 

Care  Used  in  Applying  Gages 

It  has  been  previously  stated  that  gages  used  for  inspection 
purposes  wear  much  longer  than  those  used  as  working  gages. 
One  reason  for  this  is  that  the  inspectors  handle  the  gages 
much  more  carefully  than  the  workmen  do.  In  the  first  place, 
an  inspector  is  seldom  put  on  a  piece-work  basis,  whereas  a 
machine  operator  usually  is.  The  chief  point  with  the  work- 
man is  to  turn  out  as  many  parts  as  he  can  in  the  shortest 
possible  time.     To  show   that  this  is  the   case,   a  prominent 
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concern  made  a  careful  test  of  the  gages  used  by  an  experi- 
•  enced  inspector  and  found  that  in  inspecting  130,000  pieces, 
the  different  gages  were  worn  from  0.0015  to  0.003  inch.  Simi- 
lar Kages  used  for  manufacturing  purposes  were  found  to  wear 
only  one-half  as  long  as  those  used  in  the  inspection  department. 

Life  of  Qa^res  Used  on  Ammunition  Work 

The  production  of  munitions  in  this  country  has  caused 
considerable  attention  to  be  paid  to  interchangeable  manufac- 
ture and  the  use  of  limit  gages.  Parts  for  shells,  fuses,  etc., 
have  been  made  by  several  different  firms  and  then  assembled 
in  a  separate  plant,  so  that  each  part  had  to  be  made  a  dupli- 
cate of  the  other  in  order  to  have  them  go  together  without 
fitting.  This  necessitated  each  plant  being  equipped  with  a 
complete  set  of  limit  working  and  inspection  gages. 

Several  interesting  points  have  come  up  in  connection  with 
the  design  and  use  of  gages,  one  of  which  is  the  length  of  time 
that  a  gage  can  be  used  before  it  is  worn  beyond  the  set  limits 
of  tolerance.  Some  manufacturers  did  not  equip  their  plants 
with  the  necessary  number  of  reserve  gages,  with  the  result 
that  they  had  to  wait  for  a  considerable  length  of  time  to  get 
deliveries  from  gage  manufacturers.  On  account  of  this 
trouble  a  close  record  was  kept  of  the  life  of  various  gages, 
so  that  considerable  data  were  soon  available.  Wells  Bros. 
Co.  of  Greenfield  collected  a  large  amount  of  information  on 
this  subject,  some  of  which  is  presented  in  Table  IV.  The 
number  of  pieces  tested  by  the  various  gages  is  based  on  data 
obtained  from  various  munition  manufacturers  and  represents 
a  safe  estimate  of  the  approximate  life.  It  should  be  noted 
in  this  connection  that  in  very  few  cases  were  the  gages 
provided  with  any  tolerance  for  wear,  so  that  their  life  was 
considerably  shorter  than  would  have  been  the  case  if  a  per- 
centage of  the  manufacturing  tolerance  on  the  work  had  been 
placed  on  the  gage. 

Types  of  Plug  Gages 

Plug  gages  are  made  in  a  variety  of  forms  and  sizes,  de- 
pending largely  on  the  shape  and  size  of  the  work  to  be  meas- 
ured. For  gaging  small  holes,  they  are  generally  made  from 
a  solid  piece  of  steel,  whereas  for  gaging  larger  holes  they 
are  built  up  and  so  constructed  as  to  make  them  easy  to 
handle.  A  reference  standard  plug  gage  of  the  type  shown 
at  A  in  Fig.  27  is  used  chiefly  for  sizes  up  to  1  inch  in  diame- 
ter. For  larger  sizes,  the  gage  generally  has  the  form  shown 
at  B,  and  is  made  of  flat  section  from  either  a  drop-forging 
or  a  steel  casting,  ground  and  lapped  on  the  circular  contour. 
The  gages  shown  at  A  and  B.  respectively,  should  not  be  used 
for  working  or  inspection  gages,  but  merely  for  reference  pur- 
poses. Gages  used  for  working  or  inspection  purposes  should 
be  provided  with  certain  tolerances,  depending  on  the  charac- 
ter of  the  work. 

C  is  a  simple  form  of  limit  plug  gage  for  comparatively  small 
work.  This  consists  of  a, hexagon  handle  provided  with  ta- 
pered holes  in  each  end,  into  which  hardened,  ground  and 
lapped  plugs  are  fitted.  The  "Go"  plug  is  made  considerably 
longer  than  the  "Not  Go"  plug,  to  distinguish  between  them. 
Another  type  of  plug  gage  shown  at  D  is  used  for  work  of 
larger  diameter,  generally  up  to  about  1  inch.  This  gage  also 
has  one  end  longer  than  the  other,  the  longer  being  the  "Go" 
end  of  the  gage.  When  a  gage  of  this  type  is  being  used  on 
a  grinding  machine,  the  operator  does  not  know  how  much 
material  is  to  be  removed  until  the  "Go"  end  enters  the  work. 
For  this  reason,  it  is  the  practice  in  some  plants  to  taper  the 
"Go"  end  of  the  gage  as  indicated  by  the  dotted  lines  a,  mak- 
ing the  end  from  0.005  to  0.010  inch  smaller  than  the  regular 
"Go"  size  or  straight  portion.  This  enables  the  operator  to 
enter  the  gage  into  the  work  practically  after  he  has  taken 
his  first  roughing  cut,  and  he  can  thus  work  much  more 
rapidly;  the  chances  of  grinding  the  hole  too  large  are  also 
reduced,  and  at  the  same  time  the  gage  does  not  have  to  be 
used  so  frequently.  When  a  plug  gage  of  this  kind  is  used, 
it  is  advisable  to  have  the  limit  on  the  "Go"  end  as  close  as 
possible  to  the  mean  dimension  and  have  the  greater  amount 
of  tolerance  on  the  "Not  Go"  end.  The  reason  for  this  is  that 
it  is  easier  for  the  operator  to  work  to  the  "Go"  end  with  this 
type  of  gage,  and  as  it  is  the  mean  dimension  that  is  always 


TABLE  IV.    ESTIMATED   LIFE  OF  GAGES  USED  FOR 
4.7-INCH   HIGH-EXPLOSIVE  SHELLS 


Estimated 

Oiicrutloii 

Type  of  Gage 

Life- 
Pieces    Gaged 

Rough  Blank                                                       1 

Length  of  billet 

Crescent 

100,000 

Diameter  of  billet 

Crescent 

100,000 

Forged  Blank                                                            1 

Diameter  and  length 

Templet,  snap 

10,000 

Cavity 

Plug,  flat 

10,000 

Diameter 

Crescent 

100,000 

Wall  thickness 

Caliper 

50,000 

Length,  total 

Flat  hook 

100,000 

Shell  Body                                                              1 

Trim   base 

Plunger,  depth 

30,000 

Trim  length 

Fixture 

30,000 

Form  nose 

Flat,  profile 

11,000 

Nose  diameter 

Crescent 

100,000 

Nose  diameter 

Ring 

25,000 

Body  diameter 

Crescent 

100,000 

Base   diameter 

Crescent 

100,000 

Band   groove 

Crescent 

100,000 

Base   groove 

Crescent,  special  point 

100,000 

Base   groove 

Flat,   snap 

5,000 

Base    groove 

Flat,  profile 

11,000 

Crimping  groove 

Flat,  profile 

11,000 

Band   groove 

Flat,  profile 

11,000 

Width  band  groove 

Flat,   limit 

25,000 

Base  to  bourrelet 

Flat,  profile 

100,000 

Bore   for   thread 

Limit,  plug 

25,000 

Thread  recess 

Flat,  location 

11,000 

Thread  plug 

Limit 

4,000 

Counterbore 

Limit,  plug 

25,000 

Wall  thickness 

Concentric  special 

50,000 

Band   profile 

Flat,   limit 

11,000 

Base   diameter 

Ring  gage 

25,000 

Diameter  over  band 

Ring  gage 

25,000 

Band                                                                  1 

Cut  length 

Fork,  limit 

100,000 

Wall  thickness 

Fork,  limit 

100,000 

Chamfer 

Flat,  profile 

11,000 

Hole 

Plug,    limit 

25,000 

Base  Plug 

Large  diameter 

Crescent 

100,000 

Thread   diameter 

Crescent 

100,000 

Concentricity  diameter 

Thread   ring 

20,000 

Thread  and  groove 

Crescent 

100,000 

Length  thread  and  head 

Flat,  profile 

11,000 

Counterbore 

Limit,  cylinder  plug 

^25,000 

Thread  bore 

Limit,  cylinder  plug 

25,000 

Thread 

Limit  thread  plug 

4,000 

Thread  and  groove 

Flat,  location 

11,000 

Depth  and  width,  slot 

Special   plug 

25,000 

Outer  thread  diameter 

Crescent,   thread 

100,000 

Iron  oi 

Bronze  Fuse  Hole  Plug 

Head   diameter 

Fork,  limit 

100,000 

Flat  for  wrench 

New  Corey,  limit 

100,000 

Thread  and  groove 

Fork,  special  point 

100,000 

Thread  0.  D. 

Fork,  limit 

100,000 

Concentricity 

Ring,  thread  templet 

20,000 

Length  and  shoulder 

Flat,   limit 

11,000 

Internal  thread  groove 

Flat,   limit 

11,000 

Thread  size 

Fork,  thread 

100,000 

(Alternative)  Die-caSt  Fuse  Hole  Plug                                     1 

Head  diameter 

Fork,  limit 

100,000 

Socket                 1 

Plug,  limit 

25,000 

Thread   diameter 

Fork,  limit 

100,000 

Concentricity 

Ring  thread  templet 

20,000 

Thread   I.  groove 

Fork,  special  point 

100,000 

Length  and  shoulder 

Flat,   limit 

11,000 

Thread  size 

Fork,  thread 

100,000 

Machinery 

October,  1916 


MACHINERY 


113 


desired,  it  is  advisable  to  have  the  limit  here  as  close  as  prac- 
ticable. Say,  for  instance,  that  the  total  tolerance  between 
the  "Go"  and  "Not  Go"  ends  is  0.002  inch;  then  the  limit  on 
the  "Go"  end  should  be  0.00025  inch  below  the  mean  dimen- 
sion and  the  remainder  of  the  tolerance  should  be  on  the  "Not 
Go"  end. 

It  is  the  practice  of  some  manufactifrers  to  make  a  gage 
of  this  sort  single-ended  and  use  the  taper  as  a  limit.  This 
practice  is  not  recommended  for  the  reason  that  if  the  cylin- 
drical part  of  the  gage  enters  the  hole,  it  would  be  too  large. 
Consequently,  it  is  necessary  to  have  the  plug  enter  about 
half  way  up  on  the  taper.  This  does  not  give  the  operator  a 
chance  to  tell  whether  he  has  a  bell-mouthed  hole  or  not. 
Neither  does  it  give  him  a  chance  to  tell  whether  the  hole  is 
truly  cylindrical  or  tapered  unless  he  removes  it  from  the 
chuck  and  tests  both  ends.  It  is  preferable  when  using  a 
gage  with  a  tapered  end  to  have  the  taper  on  the  "Go"  end 
and  the  cylindrical  part  as  close  as  possible  to  the  mean  dimen- 
sion, as  previously  stated. 

When  the  work  has  a  hole  passing  through  it,  the  plug  gage 
is  sometimes  made  of  the 


IT 


O 

1 I 


type  shown  at  E.  This 
gage  has  an  advantage 
over  that  shown  at  D  in 
that  the  "Go"  and  "Not 
Go"  sizes  are  on  the 
same  end  of  the  gage,  so 
the  operator  is  not  likely 
to  use  one  for  the  other. 
In  order  to  facilitate 
grinding  a  hole  to  the  cor- 
rect size,  the  end  of  this 
plug  gage  can  be  tapered 
similarly  to  that  shown 
by  the  dotted  lines  a. 

An  improvement  over 
the  gage  shown  at  E  is 
shown  at  F;  this  gage,  of 
course,  can  only  be  used 
where  the  hole  passes 
completely  through  the 
work.  Here  the  gage  is 
provided  with  three  di- 
mensions, one  the  "Go," 
one  the  "mean"  or  exact 
dimension  desired  and 
the  other  the  "Not  Go." 
In  all  manufacturing, 
especially  on  close  work, 
the  mean  dimension  is 
the  one  desired,  and  hav- 
ing a  gage  made  with  the 
three  sizes,  low,  mean 
and  high  on  one  end,  it 
is  easy  for  the  operator 

to  work  to   extremely   close  limits  with   comparatively   little 
trouble. 

As  a  matter  of  fact,  however,  the  plug  gage  is  not  a  true 
detector  of  all  the  errors  in  the  hole;  for  instance,  a  plug 
gage  will  not  Indicate  whether  the  hole  is  truly  cylindrical 
or  not.  It  merely  tests  whether  the  hole  is  of  the  required 
size  at  a  certain  point,  and  for  the  majority  of  work  this  is 
sufficient.  With  a  plug  gage  made  as  shown  at  G  it  is  possible 
to  tell  whether  the  hole  is  round  or  not  within  the  required 
limit.  The  "mean"  and  "Not  Go"  shoulders  are  ground  flat 
as  shown,  so  that  only  two  points  of  the  circumference  are 
up  to  the  required  size.  By  turning  the  gage  around,  it  is' 
possible  to  determine  the  truth  of  the  hole.  This  gage  has 
been  found  satisfactory  where  an  extra  degree  of  refinement 
Is  necessary  and  where  the  hole  is  not  three-cornered. 

The  gages  shown  from  C  to  G  are  for  Inspecting  small  sized 
holes  up  to  1  Inch  in  diameter.  When  the  holes  are  greater  in 
diameter,  a  built-up  gage  is  preferable  in  order  to  economize  In 
stock.  One  type  of  built-up  gage  is  shown  at  I.  This,  as  will 
be  seen,  consists  of  "Go"  and  "Not  Go"  cylindrical  plugs 
fitted  onto  a  soft  steel   shank  by  simply   having  the  turned 


Fig.  27.     Types  of  Plug  Gagres 


down  end  of  the  shank  slightly  tapered  and  driving  the  rings 
on.  This  is  a  comparatively  cheap  gage  to  manufacture  and 
is  satisfactory  for  the  majority  of  work.  Another  type  of 
built-up  plug  gage  for  large  work  is  shown  at  J.  In  this  case, 
the  handle  is  made  an  easy  fit  in  the  holes  of  the  "Go"  and 
"Not  Go"  plugs;  the  latter  are  fastened  to  the  handle  by  means 
of  screws,  as  shown,  and  are  prevented  from  turning  by 
pins  which  fit  in  a  slot  in  the  hole  in  the  plug.  This  type  of 
gage  is  a  little  more  expensive  to  manufacture  than  the  type 
shown  at  7,  but  there  is  little  danger  of  the  plugs  turning 
around  or  coming  off  while  in  the  work. 

K  shows  a  type  of  plug  gage  for  gaging  very  large  holes. 
The  "Go"  and  "Not  Go"  plugs  are  lightened  by  drilling  six 
holes  around  the  plugs  midway  between  the  outer  circumfer- 
ence and  the  hole.  A  gage  of  this  type  must  be  carefully  hard- 
ened to  prevent  cracking,  and  also  seasoned  to  eliminate  any  in- 
ternal strains  that  might  develop  after  the  gage  had  been 
in  use. 

An  unsuccessful  attempt  to  lighten  a  plug  gage  is  shown 
at  L.  This  type  of  gage  has  many  disadvantages,  one  of  which 

is  the  difficulty  of  hard- 
ening without  springing 
it  out  of  shape.  Also, 
owing  to  the  unequal 
strains  set  up  In  harden- 
ing, which  are  only  par- 
tially removed  by  anneal- 
ing, it  will  not  retain  its 
shape  when  in  use,  and 
soon  becomes  out  of 
round  and  inaccurate.  It 
is  also  affected  conslder- 
a  b  1  y  by  temperature 
changes.  A  plug  gage  of 
this  shape  -which  is  held 
In  the  hand  for  a  few 
minutes  will  be  found  to 
be  out  of  round  about  a 
half  -  thousandth  inch, 
simply  because  of  the 
strains  set  up  and  the 
lack  of  sufficient  support, 
on  the  extreme  outer  end. 
This  gage  is  much  lighter 
than  the  solid  gage,  but 
the  objections  are  so  great 
that  it  is  not  recommend- 
ed, although  it  has  been 
used  to  some  extent. 

A  gage  which  is  made 
in  a  somewhat  similar 
manner,  but  is  so  con- 
structed that  the  strains 
are  equally  divided.  Is 
shown  at  M.  Here  it 
will  be  noticed  that  the  "Go"  and  "Not  Go"  plugs  are  coun- 
terbored,  and  the  mass  of  material  is  in  the  center.  In  hard- 
ening, the  strains  are  more  equally  distributed  throughout  the 
mass,  and  by  careful  annealing  and  seasoning,  can  be  practi- 
cally eliminated.  The  gage  is  also  lightened  by  making  the 
handle  hollow,  as  shown.  This  type  of  construction  is  used 
by  C.  E.  Johansson,  maker  of  the  well-known  Johansson  block 
gages.  The  hollow  handles  allow  the  air  to  pass  through 
the  gage  when  gaging  blind  holes,  and  the  plugs  are  reversible, 
insuring  double  life.  The  measuring  plugs  are  made  of  high- 
carbon  Swedish  crucible  steel,  hardened  clear  through  and 
tempered  and  seasoned.  The  operations  on  these  plugs  con- 
sist In  hand-forging,  roughing  to  shape,  hardening,  rough- 
grinding,  seasoning  for  a  long  period,  and  finally  grinding 
and  lapping.  It  is  also  claimed  by  this  concern  that  making 
gages  from  low-carbon  steel,  casehardened,  is  unsatisfactory, 
due  to  two  causes.  One  is  the  rapid  method  of  seasoning 
generally  followed,  and  the  other  the  constant  pulling  of  the 
hard  case  on  the  soft  core.  Gages  that  are  hardened  all 
through  and  carefully  seasoned  are  not  so  likely  to  change 
as  those  are  are  casehardened  and  improperly  seasoned. 
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Very  large  plug  gages  are  made  of  a  type  somewhat  similar 
to  that  shown  at  li,  except  that  they  are  provided  with  two 
diameters  giving  the  plus  an<l  minus  limits;  or  they  are  made 
of  the  bushing  type  shown  at  1\\  having  an  aluminum  core 
and  handle.  A  gage  made  of  this  type  must  be  carefully 
hardened,  and  seasoned  for  a  considerable  period.  It  is  also 
inadvisable  to  drive  the  sleeve  onto  the  aluminum  core.  A 
preferable  method  is  to  hold  the  sleeve  on  the  aluminum  core 
by  means  of  screws,  as  shown.  This  prevents  distortion  of 
the  ring.  The  ring,  of  course,  should  be  finish-ground  and 
lapped  while  it  is  attached  to  the  aluminum  core,  so  as  to 
prevent  any  liability  of  distorting  it  by  assembling  after 
lapping. 

Another  plug  gage  which  is  comparatively  cheap  to  manu- 
facture, and  also  very  accurate,  is  shown  at  H.  This  consists 
of  two  balls  which  are  electrically  welded  to  a  handle,  as 
shown.  This  gage  has  one  serious  disadvantage,  in  that  its 
life  is  comparatively  short,  owing  to  the  line  contact  which 
it  presents  to  the  work.  There  are  many  other  types  of  plug 
gages  used  in  various  plants,  but  those  shown  in  the  fore- 
going illustrate  the  general  principles  of  construction. 


shown  at  D.  This  gage  is  made  in  two  principal  forms,  one 
being  shown  by  the  full  outline  and  the  other  by  the  dotted 
outline  a.  The  dotted  outline  type  of  gage  is  used  when  the 
diameter  to  be  measured  is  greater  than  1  inch.  Making  a 
gage  to  this  shape  lightens  it  considerably.  A  single-ended 
type  of  limit  gage  is  illustrated  at  E.  This  is  provided  with 
one  flat  jaw  and  on&  having  the  permissible  tolerance  on  it. 
Gages  of  this  kind  are  usually  made  from  drop-forgings  and 
hardened.  F  shows  a  limit  snap  gage  in  which  the  body  Is 
made  from  cast  iron  with  solid  measuring  points  inserted. 
This  gage  is  not  provided  with  any  adjustment,  and  it  is 
necessary  to  renew  the  points  when  they  become  worn.  This 
type  is  used  only  on  very  large  work. 

Another  type  of  limit  gage  having  only  one  jaw,  but  being 
provided  with  adjustable  points,  is  shown  at  G.  The  adjusta- 
ble points  are  prevented  from  turning  in  the  holder  by  means 
of  screws,  as  shown,  the  points  having  a  flat  side  against 
which  the  heads  of  the  screws  rest.  The  anvils  are  adjusted 
in  and  out  by  means  of  the  headless  screws  and  are  clamped 
by  the  screws  passing  through  at  right  angles  to  the  axis  of 
the  anvils.     The  forward  faces  of  these  anvils  are  beveled  to 
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Fig.   28.     Types  of  Snap  Gages 


Types  of  Snap  Gages 

Snap  gages  used  in  general  manufacturing  are  made  in 
three  types,  namely,  solid,  adjustable  and  built-up  gages.  The 
adjustable  type  consists  of  a  frame  having  adjustable  anvils, 
and  the  built-up  type  is  made  from  separate  blocks.  One  type 
of  snap  gage,  which  is  shown  at  A  in  Fig.  28,  is  known  as  a 
standard  or  reference  gage.  This  gage  is  not  provided  with 
any  working  limit  and  is  made  to  standard  size,  being  used 
for  reference  purposes  only.  It  is  usually  made  from  a  high- 
carbon  steel  forging,  carefully  hardened,  seasoned,  ground  on 
the  measuring  faces  and  lapped.  As  has  been  previously 
stated,  the  use  of  this  gage  for  other  than  reference  purposes 
should  be  discouraged. 

A  type  of  gage  which  is  a  combination  of  snap  and  plug 
gages  is  shown  at  B.  This  is  made  and  used  in  the  same  way 
as  gage  A.  C  shows  a  common  type  of  limit  snap  gage  which 
is  made  from  sheet  steel,  varying  in  thickness  from  14  to  \<, 
inch,  depending  on  the  diameter  and  character  of  the  work 
being  gaged.  Snap  gages  of  this  type  should  have  as  wide  a 
bearing  surface  as  possible,  as  this  greatly  increases  their  life. 

Another  type  of  limit  snap  gage  which  is  usually  made  from 
a  forging,  although   sometimes   from  a  malleable  casting,   is 


prevent  marking  the  work.  Usually  on  an  adjustable  snap 
gage  of  this  kind  the  points  are  not  made  absolutely  flat, 
but  are  slightly  convex.  This  insures  that  the  measurement 
is  always  taken  directly  on  the  axis  of  the  plug. 

Still  another  type  of  adjustable  point  measuring  gage  in 
which  all  four  measuring  points  are  adjustable  is  shown  at  H. 
This  type  of  gage  is  the  Johansson  patented  limit  adjustable 
snap  gage.  The  measuring  plugs  are  not  threaded  and  do 
not  turn  in  the  body,  having  an  end  movement  only  which 
prevents  any  possibility  of  their  becoming  cocked,  as  is  the 
case  with  threaded  plugs.  They  consist  of  plain  cylinders  of 
hardened  steel,  with  flats  on  one  side,  and  are  lapped  a  snug, 
sliding  fit  in  the  lapped  holes  in  the  body.  The  ends  which 
come  in  contact  with  the  work  and  the  faces  of  the  adjusting 
screws  are  lapped  square  with  the  axis.  The  flat  surface  on 
the  plugs  and  clamping  screws  prevent  the  plugs  from  turn- 
ing in  the  body  when  adjustments  are  being  made.  The  rear 
end  of  each  adjusting  screw  is  provided  with  a  screwdriver 
slot,  and  the  forward  ends  which  come  in  contact  with  the 
plugs  are  lapped  square  with  the  axis.  These  screws  should 
be  sealed  by  the  inspector  after  the  gage  has  been  set  to  pre- 
vent the  workmen  tampering  with  it.     The  clamping  screws 
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Fig.  29.     Wells  Bros.   Co.'s  Rapid  Inspection  Limit  Snap  Gage 

are  so  arranged  that  they  not  only  clamp  the  plugs,  but  also 
tend  to  force  them  to  a  seat  on  the  adjusting  screws.  The 
body  of  the  gage  is  made  from  an  iron  casting  of  compara- 
tively frail  dimensions,  so  that  if  it  should  be  dropped,  it  is 
more  likely  to  break  than  to  be  distorted.  The  frame  is  also 
provided  with  an  insulated  rubber  grip  to  prevent  the  heat 
of  the  hand  from  affecting  the  accuracy  of  the  gage.  By  hold- 
ing the  gage  with  two  fingers  on  the  insulated  grip,  a  sensi- 
tive touch  can  be  attained,  and  at  the  same  time  the  gage 
will  not  be  distorted  by  the  heat  from  the  hand. 

In  using  double-ended  limit  gages  of  the  type  shown  at  D, 
where  the  "Go"  end  passes  over  the  work,  the  gage  will  soon 
become  inaccurate  unless  handled  carefully,  owing  to  the  ham- 
mer effect  on  the  throat  of  the  gage  when  it  hits  the  work. 
This  causes  a  peening  action  which  gradually  opens  the  jaws. 
Different  devices  have  been  used  for  overcoming  this.  One, 
which  is  shown  at  7,  consists  in  using  a  rubber  pad  fastened 
to  the  throat  of  the  gage,  as  indicated.  This  takes  the  shock 
of  impact  of  the  gage  on  the  work  and  prevents  the  peening 
action.  Another  method  is  shown  at  J,  which  consists  of  in- 
serting a  spring  plunger  in  the  throat  of  the  "Go"  end  of  the 
gage.  The  "Not  Go"  end,  of  course,  need  not  be  made  in 
this  manner,   as   it   is   not  supposed   to   pass   over   the   work. 

Rapid  Inspection  Limit  Snap  Gag-e 

A  type  of  limit  snap  gage  provided  with  an  extension  jaw, 
and  which  can  be  used  either  as  a  working  or  inspection  gage, 
is  shown  in  Fig.  29.  This  gage,  which  is  patented  by  Wells 
Bros.  Co.,  Greenfield,  Mass.,  consists  of  a  frame  carrying  a 
hardened,  ground  and  lapped  anvil  plate  and  two  adjustable 
measuring  points.  For  snap  gages  having  a  capacity  up  to 
1V4  inch,  the  frame  is  made  from  a  drop-forging,  while  for 
larger  sizes  malleable  castings  are  used.  Cast-iron  frames 
were  tried,  but  it  was  found  that  they  did  not  always  break 
when  dropped  on  the  floor,  but  sometimes  became  distorted 
slightly.  Consequently  it  was  decided  to  make  the  frame  from 
either  a  drop-forging  or  a  malleable  casting. 

Referring  to  Fig.  29,  it  will  be  noticed  that  in  the  rear  end 
of  the  frame  is  a  hole  which  is  elongated  on  the  larger  sizes 
to  facilitate  holding;  there  is  also  an  extension  base  .1,  which 
can  be  used  for  holding  the  gage  in  a  stand  when  it  is  desired 
to  use  it  for  inspection  purposes.  The  lower  jaw  carries  a 
hardened,  ground  and  lapped  anvil  B,  which  is  held  in  place 
by  two  screws  as  shown.  This  anvil  greatly  facilitates  the 
location  of  the  gage  on  the  work,  and  makes  rapid  inspection 
possible.  The  measuring  points  C  and  D  for  the  "Go"  and 
"Not  Go"  sizes,  respectively,  are  hardened,  ground  and  lapped 
on  the  circumference  and  ends.  The  plugs  are  adjusted  by 
screws  E  and  F.  and  are  clamped  by  a  bar  G  and  screw  H. 

Built-up  Limit  Snap  Gagres 

In  many  plants,  and  especially  in  those  industries  where  a 
limit  gage  system  is  used  extensively,  considerable  use  is 
made  of  the  built-up  type  of  snap  gage,  one  form  of  which  is 
shown  at  K  in  Fig.  28.  This  gage  consists  of  three  members — 
•one   center    spacing   block    and    two   measuring   blocks.      The 


form  in  which  these  measuring  blocks  are  made  differs  in 
various  plants.  In  some  cases,  one  of  the  measuring  blocks 
is  split  in  half  and  the  limit  provided  by  grinding  down  half 
the  center  block  the  required  amount  for  the  "Not  Go"  end. 
The  other  system  which  is  shown  at  K  consists  in  having  the 
limits  on  one  of  the  measuring  blocks.  This  type  of  gage  is 
comparatively  cheap  to  manufacture,  as  it  can  be  finished  com- 
plete on  the  surface  grinder  and  is  easily  built  up  and  torn 
down  for  different  sizes;  it  is  only  necessary  to  change  the 
center  block  and  the  tolerance  on  one  of  the  side  blocks  to 
adapt  it  for  different  sizes.  A  brass  plate  b  is  fastened  under 
the  head  of  the  screws  to  carry  the  job  number  and  any  other 
necessary  data.  Jt  is  the  practice  in  some  plants  to  put  the 
"Go"  and  "Not  Go"  dimensions  on  this  piece,  so  that  the 
operator  knows  what  dimensions  he  is  working  to.  Usually, 
however,  this  piece  simply  carries  the  job  number,  and  is  sub- 
stituted by  another  when  the  gage  is  built  up  for  a  differ- 
ent size. 

Proportions  for  Built-up  Limit  Snap  Gagres 

Table  V  gives  proportions  for  standard  parts  of  built-up 
snap  gages  of  the  type  shown  at  K  in  Fig.  28.  This  gage,  as 
the  table  shows,  is  made  in  five  sizes.  The  spacing  blocks  are 
made  from  machinery  steel  and  vary  in  thickness  by  1/32 
inch;  that  is,  the  space  between  the  maximum  and  minimum 
sizes  B  and  C  for  each  number  of  gage  is  divided  into  thirty- 
seconds  of  an  inch.  Hence,  eight  spacing  blocks  would  be 
needed  for  gage  No.  2.  These  spacing  blocks  are  casehard- 
ened  and  ground  and  have  the  size  stamped  in  the  clearance 
cut.  The  top  block  a  is  ground  perfectly  parallel,  while  the 
bottom  block  h  is  made  to  provide  for  the  manufacturing  tol- 
erance on  the  work  and  is  stamped  accordingly.  Both  these 
blocks  are  made  from  tool  steel  and  hardened.  When  a  snap 
gage  of  a  certain  size  is  desired,  two  blocks  a  and  b  and  a  spacer 
of  the  required  thickness  are  obtained  from  the  store-room 
and  fastened  together  by  screws  which  are  standardized.  A 
brass  nameplate  carrying  the  piece  and  operation  numbers 
is  put  on,  thus  obviating  the  stamping  of  the  gage  proper; 
when  worn,  the  gage  can  be  taken  apart,  ground,  lapped  and 
put  together  again,  and  used  indefinitely.  The  advantages  of 
this  type  of  snap  gage  for  interchangeable  manufacturing 
are  obvious. 

Taper  Plug:  and  Ring:  Gagres 

The  measuring  of  taper  holes  is  practically  always  a  fitting 
proposition.  In  fitting  taper  parts,  the  points  that  receive 
attention  are  the  degree  of  taper  per  foot  or  inch,  and  the 
relative  longitudinal  positions  of  the  two  parts  which  go  to- 
gether. In  making  a  taper  fit,  the  largest  diameter  of  the 
hole  and  the  largest  diameter  of  the  shaft  must  correspond 
within  certain  limits,  these  limits  being  taken  lengthwise  with 

TABLE  V.  PROPORTIONS  FOR  BUILT-UP  LIMIT  SNAP  GAGES 
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Tig.  30.     Reference  Taper  Plug  and  Ring  Gage 

the  taper.  The  limits  of  tolerance  allowed  on  a  taper  fit  are 
dependent  on  the  degree  of  taper  on  the  melibers,  the  methods 
used  in  holding  the  parts,  and  their  relative  positions.  The 
limits  for  a  taper  fit  are  seldom  less  than  0.010  inch,  longitudi- 
nal dimension,  and  vary  as  much  as  %  inch  on  slight  tapers. 

Reference  Taper  Plug-  and  Ring  Gages 

The  gages  used  for  inspecting  taper  shafts  or  holes  are 
usually  of  a  simple  type,  the  test  being  made  largely  by  apply- 
ing Prussian  blue  to  either  the  plug  or  the  ring;  especially  is 
this  necessary  when  testing  the  degree  of  taper.  Fig.  30  shows 
what  is  known  as  a  standard  or  reference  taper  plug  and 
ring  gage.  The  standard  plug,  as  a  rule,  is  provided  with 
two  or  more  shallow  grooves  to  catch  dust  and  dirt.  The  ring 
is  also  made  with  grooves,  in 
some  cases.  When  a  taper 
plug  is  to  be  made  for  a  stand- 
ard taper,  such  as  the  Brown 
&  Sharpe,  Morse,  Jarno,  etc., 
the  plug  is  made  to  the  exact 
length  specified,  and  the 
largest  and  smallest  diame- 
ters on  the  plug  are  checked 
up  within  limits  very  close 
to  those  given  for  the  differ- 
ent numbers  of  tapers.  The 
same  remarks,  of  course,  ap- 
ply to  the  ring.  When  a  plug 
is  to  be  made  for  other  than 
what  Is  known  as  the  stand- 
ard taper,  the  size  of  the  large 
end  and  the  amount  of  taper 
are  the  only  two  governing 
points. 

Setting  Limits  on  Taper 
Gages 

As  has  been  previously 
mentioned,  the  two  chief 
points  to  consider  in  securing 
a  taper  fit  between  two  parts 
is  the  fit  of  the  taper  and  the 

relative  longitudinal  positions  of  the  parts.  In  most  cases 
the  largest  diameter  is  taken  as  the  standard  size,  but  there 
are,  of  course,  exceptions  to  this  rule,  the  locomotive  standard 
taper  of  1/16  inch  to  the  foot  being  a  case  in  point.  For  aver- 
age machine  work,  however,  the  large  end  of  the  taper  is  the 
point  worked  from,  and  consequently  is  the  end  of  the  gage 
on  which  the  tolerance  is  given. 

As  it  is  seldom  necessary  to  have  a  taper  finish  at  a  shoulder 
on  average  machine  work,  the  tolerance  permitted  between 
two  parts  is,  as  a  rule,  not  held  to  very  close  limits.  There 
are  cases,  however,  when  the  longitudinal  position  of  one  part 
on  another  must  be  held  to  close  limits,  and  when  this  is  so 
great  care  should  be  taken  in  setting  the  limits  of  tolerance. 
Knowing  that  it  is  possible  to  work  to  limits  of  ±  0.001  inch 
on  cylindrical  work,  we  will  assume  that  this  is  also  possible 
on  taper  work.  Knowing  also  the  tolerance  on  the  longitudi- 
nal distance,  we  can  obtain  the  distance  which  governs  the 
positions  of  the  "Go"  and  "Not  Go"  points  for  the  various 
tapers  per  foot  from  Table  VI.  This  table  forms  a  basis  for 
the  location  of  the  limit  points.  For  example,  assume  that 
the  taper  on  a  shaft  and  hole  which  must  go  together  is  % 
inch  to  the  foot,  and  that  these  two  parts  must  be  made  on  a 
strictly  interchangeable  basis  in  large  quantities.  Assume 
also  that  the  relative  longitudinal  position  of  the  two  parts 
is  not  highly  important.  The  question  to  be  settled  is  the 
distance  between  the  "Go"  and  "Not  Go"  points  on  the  male 
and  female  gages,  respectively. 


In  order  to  provide  as  wide  a  limit  as  practicable,  we  will 
assume  that  the  maximum  tolerance  on  the  hole  and  shaft, 
respectively,  is  0.001  inch.  In  other  words,  assuming  that 
the  nominal  size  is  1.500,  the  largest  hole  would  be  1.501  inch, 
and  the  largest  diameter  on  the  smallest  shaft  1.499  inch.  This 
gives  an  allowance  between  the  diameters  of  the  largest  hole 
and  smallest  shaft  of  0.002  inch.  Hence  it  is  necessary  to 
know  what  longitudinal  tolerance  this  represents  in  order  to 
fix  the  limits  on  the  male  and  female  gages.  Referring  to 
Table  VI,  it  will  be  noted  that  for  a  difference  of  0.001  inch 
in  diameter  the  length  of  the  taper  is  0.016  inch;  hence  for  a 
difference  of  0.002  inch  in  diameter  the  length  of  the  taper 
is  0.032  inch.  This  amount  is,  therefore,  the  distance  between 
the  limit  points  on  the  male  and  female  gages.  When  the 
taper  is  slight,  say  0.250  inch  to  the  foot,  the  length  of  the 
taper  for  a  difference  of  0.001  inch  in  diameter  holds  good 
only  when  the  parts  are  put  together  without  pressure. 

Reference  to  Fig.  31,  which  shows  various  types  of  limit 
taper  plug  and  ring  gages,  will  show  how  the  limit  for  longi- 
tudinal position  is  set.  In  the  case  shown  at  B  the  plug  has 
two  lines  on  it,  the  lower  one  of  which  is  the  "Go"  and  the 
other  the  "Not  Go"  position.  The  ring  is  cut  away,  as  illus- 
trated, and  also  has  two  lines 
on  it,  the  lower  one  being 
the  "Not  Go"  and  the  other 
the  "Go"  position.  In  setting 
the  limits  on  the  plug  and 
ring  gages,  respectively,  the 
"Go"  position  on  the  plug 
should  correspond  exactly 
with  the  "Not  Go"  position 
on  the  ring.  In  other  words, 
when  the  ring  is  placed  over 
the  taper  plug,  the  "Not 
Go"  line  on  the  ring  should 
coincide  with  the  "Go"  line 
on  the  plug,  and  the  "Go"  line 
on  the  ring  should  coincide 
with  the  "Not  Go"  line  on  the 
plug.  The  distance  between 
these  two  lines  is  the  longi- 
tudinal tolerance.  Of  course, 
it  is  evident  that  the  mean 
dimension  on  both  the  ring 
and  the  plug  would  be  exactly 
the  same  size. 

The  kind  of  fit  is  governed 
by  the  amount  of  taper  given 
to  the  part.  For  instance,  on 
taper  pins  which  will  not  work  loose,  the  amount  of  taper 
varies  from  1/16  to  1/4  inch  to  the  foot.  For  sockets  which 
are  required  to  drive  cutting  tools,  the  tapers  vary  from  0.500 
to  0.630  inch  to  the  foot.  For  locomotive  frame  bolts,  the 
taper  is  generally  1/16  inch  to  the  foot.  For  arbors  which 
carry  shell  reamers,  etc.,  the  taper  is  %  inch  to  the  foot.  For 
general   automobile  work,  the  accepted  taper  is  1%   inch  to 


Fig.   31.     Different  Types  of  Taper  Plug  and  Ring   Gages 


Adjustable   Taper   Gage   manufactured   by   Taft-Peirce   Mfg.    Co. 
Incorporating  Principle  Ulustrated  at  £  in  Fig.  81 
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the  foot.  When  the 
longitudinal  m  o  v  e  - 
ment  of  two  parts 
that  go  together  is 
not  to  be  greater 
than  0.010  inch,  a 
taper  not  less  than 
11/^  inch  to  the  foot 
is  necessary,  whereas 
if  a  longitudinal  dis- 
tance has  a  toler- 
ance of  1/16  inch,  a 
taper  as  small  as  % 
inch  to  the  foot 
would  be  satisfac- 
tory, when  the  longi- 
tudinal position  is 
the  only  factor  that 
need  be  considered. 

Types  of  Taper  Plug 
and  Ring  Gages 

The  taper  plug 
and  ring  gage  shown 
at  A  in  Fig.  31,  as 
previously  men- 
tioned, is  used  only 
for  reference  pur- 
poses.     B    shows    a 

type  of  taper  plug  and  ring  gage  in  which  the  limit  is  indi- 
cated by  two  lines.  Another  type  of  taper  plug  and  ring 
gage  is  shown  at  C  Here  instead  of  having  the  limit  lines 
on  the  plug  and  ring,  the  two  members  are  milled  down  as 
shown,  the  distance  between  the  two  milled  cuts  being  the 
amount  of  tolerance  on  the  work. 

Another  type  of  limit  plug  and  ring  gage  is  shown  at  D. 
In  this  case  the  plug  consists  of  a  handle  to  which  two  bush- 
ings are  attached,  which  are  ground  to  the  correct  taper.  With 
this  type  of  plug,  it  is  a  comparatively  simple  matter  to  get  a 
correctly  machined  taper  hole  without  the  use  of  Prussian 
blue  or  other  fitting  pastes.  The  taper  in  the  hole  can  oe 
easily  tested  by  the  wabble  of  the  plug,  as  it  rests  in  the 
hole  at  two  points  only,  instead  of  its  entire  length.  A  simi- 
lar idea  is  carried  out  on  the  ring,  which  is  cut  away  and  re- 
lieved in  the  center  as  illustrated. 

In  using  plug  gages  of  the  type  illustrated  at  B  and  C,  diffi- 
culty is  sometimes  experienced,  especially  when  the  taper  is 
slight,  in  getting  the  plug  stuck  in  the  hole.  One  way  of 
eliminating  this  is  to  make  the  plug  as  shown  at  D,  but  prob- 
ably a  more  satisfactory  way  is  to  make  it  as  shown  at  E. 
Here  the  plug  is  slabbed  down  on  both  sides,  which  allows 
free  passage  of  the  air;  this  will  be  found  especially  ad- 
vantageous in  gaging  blind  holes.  The  only  disadvantage  of 
this  plug  is  the  difficulty  of  lapping  it  accurately.  At  the 
right-hand  side  of  the  illustration  at  E  is  shown  a  method 
of  using  two  straightedges  for  testing  a  taper.     This  type  of 
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gage  is  generally  used 
on  the  bench,  being 
mounted  on  a  stand, 
and  is  especially  use- 
ful for  originating 
tapers.  In  connec- 
tion with  two  hard- 
ened and  ground 
rolls,  as  shown  by 
the  dotted  line,  these 
tapered  straightedges 
can  be  set  very  accu- 
rately to  any  degree 
of  taper  desired  and 
used  as  a  standard, 
if  a  standard  plug 
gage  does  not  hap- 
pen to  be  available. 

Measuring  Tapers 
Accurately 

When  great  accu- 
racy is  required  in 
the  measurement  of 
tapers,  the  type  of 
gage  shown  to  the 
right  of  the  illustra- 
tion at  E  in  Fig.  31 
can  be  employed. 
This  gage  is  made 
on  the  disk  principle  of  measurement.  It  will  be  seen  that  if 
two  disks  of  unequal  diameters  are  held  in  contact  or  a  certain 
distance  apart,  lines  drawn  tangent  to  their  peripheries  will 
represent  an  angle  or  taper,  the  degree  of  which  depends  on 
the  relative  diameters  of  the  disks  and  the  distance  they  are 
placed  apart.  Referring  to  E  in  Fig.  31,  we  will  assume  that 
it  is  necessary  to  set  the  gage  to  a  taper  of  %  inch  to  the  foot, 
and  that  the  disk  a  is  1.5  inch  and  b  1.25  inch.  It  is  desired 
to  find  the  distance  c,  or  the  center  distance  between  the 
two  disks. 

Rule: — Divide  the  taper  per  foot  by  24  and  find  the  angle 
corresponding  to  the  quotient  in  a  table  of  tangents;  then 
find  the  sine  corresponding  to  this  angle,  and  divide  the  dif- 
ference between  the  disk  diameters  by  twice  the  sine.  For 
example,  let  a  =  taper  per  foot;  a  =  diameter  of  large  disk; 
6  =  diameter  of  small  disk;  and  c  ^  the  required  center  dls- 
0.75 

tance.     Then  =  0.03125,  which  is  the  tangent  of  1  degree, 

24 
47.4  minutes.    Sin  1  degree,  47.4  minutes  =  0.03123;  1.50  —  1.25 
0.25 

=  0.25  inch,  =  4.002  inch  =  center  distance  c. 

2  X  0.03123 
A  practical  type  of  taper  gage  which  incorporates  the  prin- 
ciple illustrated  at  E  in  Fig.  31,  is  shown  in  Fig.  32.  This 
gage  is  made  up  of  two  adjustable  straightedges  mounted  on  a 
cast-iron  body  having  a  convenient  handle  on  one  side  by 
which  the  gage  may  be  held  or  clamped  when  in  use.     The 
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straiKlitedges  are  made  of  tool  steel,  hardened,  ground  and 
lapped,  and  are  adjusted  either  to  a  standard  taper  gage  or  by 
means  of  disks,  as  previously  mentioned. 

Taper  Pin  Oagre 

A  standard  gage  for  testing  taper  pins  is  shown  in  Fig.  33. 
This  gage  is  made  so  that  it  tests  Nos.  7,  8  and  9  taper  pins. 
It  consists  of  two  straightedges  A  and  B  fastened  to  a  cast- 
iron  base  C.  Located  close  to  the  largest  diameter  of  each 
size  of  pin  is  a  spring  plunger  D  which  is  operated  by  the 
individual  handles  A'.  Lines  F  and  G  for  each  number  indi- 
cate the  minimum  and  maximum  sizes  at  the  large  end  of  the 
pins.  In  being  tested,  the  pins  are  slid  along  the  slot  until 
they  bear  against  the  sides  of  the  straightedge.  If  the  large 
end  passes  the  limit  lines,  they  are  rejected. 

This  subject  will  be  continued  in  the  November  number  of 
M.\c'iiiNEKY,  taking  up  templet  gages,  flush  pin  gages,  height 
gages,  and  indicating  gages  of  the  multiple  lever  and  dial  types. 


WORKING  HOURS  OF  BULLARD  MACHINE 
TOOL  CO. 

An  article  appeared  in  the  June  number  on  the  BuUard 
"Maxi-pay"  plan  and  twenty-four-hour,  three-shift  working 
day,  which  called  forth  an  inquiry  from  H.  Bollinckx,  formerly 
of  Brussels,  Belgium,  but  now  in  Switzerland,  waiting  for  the 
eviction  of  the  German  invaders  to  resume  his  engineering 
activities  in  Brussels.  Mr.  Bollinckx  asked  the  following 
questions,  which  have  been  arranged  in  order  with  the  answers 
kindly  furnished  by  the  Bullard  Machine  Tool  Co. 

1.  At  what  time  does  each  group  of  workmen  begin  work? 
A.— The  three  shifts  report  at  7  A.  M.,  3  P.  M.,  and  11  P.  M. 

2.  What  are  the  hours  of  rest  during  the  eight  hours  of 
employment? 

A. — Assemblers,  erectors,  bench  hands  and  others  are  al- 
lowed fifteen  minutes  for  lunch  on  two  shifts  only — from  10:45 
to  11  on  shift  No.  1,  reporting  at  7  A.  M.,  and  from  7  to  7:15 
on  shift  No.  2,  reporting  at  3  P.  M.  The  men  working  under 
this  arrangement  make  up  eight  hours  by  reporting  fifteen 
minutes  earlier  than  the  machine  operators,  who  eat  their 
lunch  between  cuts.  We  employ  machine  operators  only  on 
the  11  P.  M.  shift.  Therefore,  no  time  out  for  lunch  is  neces- 
sary for  No.  3  shift. 

3.  Does  each  group  enter  some  time  before  the  other  quits 
work  ? 

A. — Each  shift  reports  in  time  to  start  when  the  other  leaves. 

4.  Does  each  group  or  shift  of  workmen  have  its  own  fore- 
men and  sub-foremen? 

A. — Yes;  there  are  foremen  and  sub-foremen  for  each  shift. 

5.  Is  the  pay  for  the  night  workers  higher  than  for  the 
day  workers? 

A. — No;  we  do  not  necessarily  pay  the  night  workers  more 
than  those  working  days. 

6.  Is  it  always  the  same  group  that  works  during  the  night? 
A. — We  have  been  working  the  same  men  at  night,  but  the 

shifts  should  alternate. 

7.  How  is  the  work  handled  which  must  be  continued  by  a 
worker  in  the  following  shift? 

A. — The  foremen  of  each  group  report  early  and  work  over- 
time if  necessary  to  explain  work  that  must  be  finished  by 
men  in  the  following  shifts. 

Much  attention  has  been  given  to  the  perfection  of  platinum 
substitutes  for  use  in  chemical  work.  Although  several  alloys 
are  employed  for  certain  purposes  in  whicli  platinum  was 
formerly  used,  it  does  not  appear  that  any  successful  substi- 
tute has  been  found  for  platinum  for  the  dishes  and  crucibles 
used  in  analytical  work.  These  dishes  must  of  necessity  be 
such  that  they  are  not  affected  by  the  reagent  used.  Recent 
experiments  conducted  by  Prof.  Parr  have  resulted  in  the 
development  of  an  alloy  which  is  resistant  to  nitric  acid.  The 
alloy  was  conceived  with  the  idea  of  combining  elements  of 
positive  and  negative  electric  properties  in  such  a  manner 
that  the  alloy  would  have  a  zero  electric  potential.  The  analy- 
sis of  one  of  the  alloys  made  during  these  experiments  which 
satisfied  the  conditions  required  is  as  follows:  Copper,  6.42; 
manganese,  0.98;  silicon,  1.04;  tungsten,  2.13;  nickel,  60.65; 
aluminum,  1.09;  iron,  0.76;  chromium,  21.07;  molybdenum, 
4.67.  Total,  98.81. — Mineral  Resources  of  the  United  States, 
1915— Part  I. 


CHOOSING   A   TRADE 

BY    K.    H.   JACODS' 

The  young  man  whose  parents  can  afford  to  send  him  to 
college  with  the  object  of  fitting  him  for  a  profession  is  indeed 
fortunate.  Not  everyone,  however,  can  afford  to  spend  from 
$2000  to  $10,000  in  fitting  their  sons  for  life's  struggle  in  the 
business  world,  and,  on  the  other  hand,  many  young  men 
would  rather  not  spend  four  years  of  valuable  time  in  ac- 
quiring theory.  Thus  when  the  average  boy  leaves  high  school, 
he  begins  to  think  seriously  of  the  problem  of  making  a  success 
of  life.  He  joins  the  vast  army  of  those  who,  because  they 
do  not  possess  capital,  are  required  to  exchange  their  labor, 
either  mental  or  manual,  for  the  dollars  of  their  more  fortu- 
nate brethren.  Honest  toil,  no  matter  how  menial,  should  not 
be  disparaged,  but  when  the  boy  chooses  for  himself,  does  he 
always  choose  wisely?  Does  he  select  a  trade  or  calling  that 
offers  him  chances  for  something  better  than  unremitting  toil 
year  in  and  year  out  until  he  is  thrown  in  the  discard  in 
old  age? 

Boys  have  their  hobbies  between  the  ages  of  twelve  and  six- 
teen, and  these  innocent  pastimes  often  exert  a  powerful  in- 
fluence as  regards  their  life  work.  As  in  illustration,  how 
common  it  is  to  see  a  boy  enthused  over  electricity.  What  a 
vast  amount  of  time  he  spends  in  conducting  experiments  and 
poring  over  technical  literature  on  the  subject!  This  is  all 
very  well,  as  it  keeps  him  out  of  mischief,  but  when  he  seri- 
ously considers  becoming  an  electrician,  why  not  point  out 
to  him  that  it  is  an  utter  impossibility  to  climb  to  the  top 
of  the  ladder  in  this  particular  field  without  a  college  degree 
as  an  electrical  engineer?  The  best  he  can  attain  is  a  job  as  a 
lineman  at  $3.50  a  day,  and  mighty  hard  work  at  that. 

As  another  illustration  of  energy  that  is  often  misplaced, 
look  at  the  number  of  boys  infected  with  the  wireless  teleg- 
raphy bacillus.  They  will  barter  almost  anything  for  the 
materials  with  which  to  equip  a  receiving  and  sending  ap- 
paratus, and  it  can  be  said  with  due  credit  to  many  of  them 
that  they  actually  succeed  in  sending  and  sometimes  in  receiv- 
ing messages  with  a  degree  of  proficiency  that  has  more  than 
once  caused  the  federal  authorities  not  a  little  concern.  While 
wireless  telegraphy  is  no  doubt  interesting,  with  a  fair  chance 
for  a  little  melodrama  thrown  in  once  in  awhile,  it  cannot 
truthfully  be  classed  among  the  well  paid  trades.  The  boy 
becomes  a  competent  operator  in  time,  and  there  he  stops.  To 
be  sure,  the  wireless  operator  has  a  comparatively  easy  time, 
as  the  amount  of  actual  labor  he  does  is  almost  nil.  I  re- 
member one  wireless  operator,  a  young  man  of  twenty-one 
or  thereabout,  with  whom  I  became  acquainted  on  one  of  the 
boats  plying  between  Savannah  and  northern  points.  He  con- 
fided to  me  that  his  salary  was  low,  somewhat  less  than  $100 
a  month,  but  he  pointed  with  pride  to  the  fact  that  he  did  not 
have  to  work  hard.  Anyone  could  see  that,  as  his  chief  occu- 
pation seemed  to  be  playing  solitaire  while  he  smoked  an  ex- 
ceedingly strong  cob  pipe  with  a  nonchalant  air.  No  one  can 
be  blamed  for  choosing  a  calling  whereby  he  earns  a  living 
with  little  physical  exertion,  but  why  settle  on  something 
that  will  never  net  more  than  $100  a  month? 

Many  boys  who  are  inclined  to  be  fastidious  choose  callings 
that  enable  them  to  wear  nice  clothes  and  keep  their  hands 
clean.  Drawing  soda  water  and  measuring  ribbon  are  all  very 
well  in  themselves,  but  the  young  man  who  spends  the  best 
years  of  his  life  at  some  simple  work  that  will  never  net  over 
$60  per  month  at  best  will  bitterly  regret  his  choice  in  after 
years.  The  desire  to  wear  good  clothes,  which  in  truth  is 
the  outward  appearance  of  prosperity,  has  led  many  a  youth  to 
accept  a  comparatively  poorly  paid  position  in  preference  to 
choosing  a  well  paid  trade,  and  only  in  later  years,  when 
precious  opportunities  are  factors  of  the  past,  does  he  realize 
his  mistake. 

As  a  practical  illustration  of  this,  the  following  incident, 
which  happened  in  a  busy  New  England  city  of  20,000  in- 
habitants, may  be  of  interest.  The  person  in  question,  a  young 
man  of  twenty-one,  had  just  finished  his  apprenticeship  as  a 
stone  mason.  He  learned  the  trade  of  his  father,  who  had  a 
well  established  business,  and  as  the  son  was  a  skilled  work- 
man,  his   father   had   decided   to   take   him    into   partnership. 
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One  day  the  young  man,  clad  in  overalls,  happened  to  be  walk- 
ing down  the  main  street  of  the  city,  where  he  passed  a  young 
lady  with  whom  he  was  in  love.  They  had  already  decided 
to  marry,  but  preferred  to  wait  until  he  was  in  a  fair  way 
to  succeed  in  business.  The  next  time  he  called  on  the  object 
of  his  affections  she  told  him  that  she  could  never  marry  a 
man  who  wore  overalls,  and  further  informed  him  by  way  of 
an  ultimatum  that  he  must  do  one  of  two  things:  seek  more 
genteel  employment  or  relinquish  his  claim  on  her.  To  make 
a  long  story  short,  he  secured  a  clerkship  at  a  moderate  salary, 
married,  raised  a  family  in  a  state  of  what  is  often  termed 
"genteel"  poverty,  and  now  in  the  afternoon  of  life  his  nose 
is  still  to  the  grindstone,  so  to  speak;  he  must  toil  along  until 
he  dies  in  harness.  It  is  needless  to  state  that  he  would  have 
shown  better  judgment  in  sticking  to  his  trade  and  marrying 
a  woman  who  did  not  object  to  overalls.  As  a  contracting 
mason,  he  could  easily  have  laid  by  a  sufficient  sum,  say 
$15,000  to  $25,000,  upon  which  to  retire.  As  it  is,  he  is  still 
sticking  to  his  "genteel"  position. 

It  is  to  be  regretted  that  the  average  young  man  shuns  well 
paid  trades  because  of  the  actual  labor  involved.  What  is  the 
matter  with  the  yoi^ger  generation;  are  they  afraid  to  bend 
their  backs  or  soil  their  hands?  Ask  the  average  high  school 
boy  of  today  how  he  would  like  to  learn  the  molder's  trade 
and  he  will  look  at  you  aghast.  "Work  in  a  dirty  foundry?" 
he  would  probably  reply.  "I  should  say  not."  It  is  a  com- 
mon belief  that  the  art  of  molding  calls  for  a  strong  back 
and  a  weak  head.  What  a  fallacy!  In  this  day  of  alloy  steels 
and  perfected  foundry  practice,  there  is  hardly  a  trade  that 
calls  for  more  skill  or  actual  technical  knowledge,  and  the 
young  man  who  fits  himself  to  take  charge  of  a  modern  steel 
foundry  will  eventually  fill  a  well  paid  position,  while  his 
schoolmates  who  chose  nice,  clean,  ordinary  work  will  find 
themselves  in  the  same  class  with  the  ex-stone  mason  referred 
to  previously.  I  have  in  mind  two  young  molders  who  some 
time  ago  decided  to  go  into  business  for  themselves.  They 
leased  a  vacant  building  in  one  of  the  Middle  Western  cities 
and  started  a  steel  foundry.  One  looks  after  the  foundry, 
while  the  other  attends  to  the  correspondence  and  sales  end 
of  the  business.  Today  they  are  on  the  road  to  prosperity. 
I  wonder  if  they  would  have  been  as  successful  if  they  had 
chosen  to  clerk  in  a  dry  goods  store.  Ten  or  fifteen  years 
hence,  when  the  average  store  clerk  Is  complaining  about 
the  high  cost  of  living,  these  men  will  be  riding  in  their  high- 
powered  touring  cars,  and  they  will  not  have  to  mortgage  their 
homes  for  the  sake  of  this  luxury  either. 

In  considering  trades  in  general  it  is  doubtful  if  any  offers 
more  opportunities  than  the  machinist's  trade.  This  may 
sound  like  a  sweeping  statement,  but  a  little  thought  will  con- 
vince the  most  skeptical  that  my  theory  is  well  grounded. 
In  speaking  of  a  machinist,  I  do  not  refer  to  a  screw  machine, 
milling  machine,  grinder  or  lathe  hand,  as  these  men,  at  best, 
are  only  operators.  I  refer  to  the  all-around  machinist,  who 
can  prosecute  machine  work  of  all  kinds  from  blueprints.  It 
is  to  be  regretted  that  workmen  of  this  kind  are  getting 
scarcer  as  the  years  go  by,  owing  chiefly  to  the  fact  that 
machine  work  is  rapidly  becoming  specialized.  Indeed,  this 
specialization  has  even  invaded  the  tool-room.  In  place  of  the 
all-around  toolmaker  of  a  decade  ago,  we  have  the  tool  planer 
hand,  the  tool  milling  machine  hand,  the  tool  lathe  hand,  the 
tool  grinder  hand,  and  so  on.  It  is  getting  to  a  point  where 
the  actual  toolmaker  does  little  else  than  lay  out  and  bore 
jigs.  In  that  case  some  one  is  sure  to  inquire:  "What  is  the 
use  of  becoming  an  aHl-around  man?"  It  is  a  fact  that  modern 
shop  practice  has  reached  a  point  where  all-around  men  are 
not  needed  on  actual  production  work,  but  at  the  same  time 
we  must  not  overlook  the  fact  that  there  will  always  be  good 
opportunities  for  the  man  who  understands  all  sides  of  the 
machinist's  trade.  Such  a  man  can  always  find  employment 
at  experimental  or  repair  work — two  of  the  most  interesting 
as  well  as  the  best  paid  branches  of  modern  shop  practice. 
Work  of  this  kind  develops  initiative,  because  the  individual  is 
compelled  to  do  his  own  thinking,  and  when  a  man  has  once 
learned  the  secret  of  thinking  carefully  and  planning  for  the 
future,  even  if  it  is  only  for  a  few  minutes  or  hours  ahead, 
he  has  discovered  the  true  secret  of  success. 


As  an  all-around  machinist,  the  individual  finds  steady  em- 
ployment at  good  wages,  because  the  management  realizes  that 
his  services  are  too  valuable  to  dispense  with,  even  in  mod- 
erately dull  times.  In  summing  up  evidence  to  substantiate 
the  claim  that  the  machinist's  trade  offers  exceptional  in- 
ducements to  the  average  young  man,  we  must  not  overlook 
the  fact  that  it  often  serves  as  a  stepping  stone  to  better  pay- 
ing positions,  among  which  might  be  mentioned  mechanical 
drafting  and  salesmanship.  Of  course  there  is  absolutely  no 
comparison  between  these  two  callings,  but  I  mention  them 
because  it  is  an  undisputed  fact  that  any  number  of  ma- 
chinists have  succeeded  in  these  two  lines  owing  to  their 
previous  shop  training.  The  machinist  makes  an  excellent 
draftsman,  provided  he  has  a  talent  for  drawing  (and  most 
machinists  have),  because  he  understands  how  various  pieces 
can  be  designed  so  as  to  be  produced  economically.  Machinist 
draftsmen  do  not  design  pieces  that  are  impossible  to  mold, 
neither  do  they  create  monstrosities  that  are  impossible  to 
machine,  because  their  practical  experience  has  taught  them 
to  avoid  these  blunders.  They  succeed  at  drafting  because 
they  understand  the  practical  side  of  the  work  from  the 
ground  up,  whereas  the  purely  theoretical  man  gropes  along 
in  the  dark,  to  a  certain  extent  at  least.  In  considering  the 
machinist  as  a  salesman,  it  is  understood,  of  course,  that  he 
should  exercise  his  abilities  in  mechanical  lines.  One  might 
be  an  excellent  machinist,  but  this  fact  would  not  prove  of 
any  value  should  he  try  to  sell  shoes  or  clothing.  Machine 
tools,  shop  accessories,  small  tools,  or  mill  supplies  are  the 
lines  wherein  the  machinist  succeeds,  because  his  practical 
knowledge,  gained  from  actual  experience,  proves  of  untold 
value  in  setting  forth  the  merits  of  his  goods.  Shop  superin- 
tendents admire  practical  knowledge  in  salesmen  who  inter- 
view tliem,  even  if  they  do  not  always  admit  this  to  be  a 
fact,  and  the  man  who  can  answer  mechanical  questions  in 
an  intelligent  manner  stands  a  far  better  show  in  obtaining  a 
satisfactory  hearing  than  the  man  who  has  acquired  his  knowl- 
edge, parrot  like,  from  the  sales  manager,  or  from  reading 
books.  Actual  salesmanship,  or  the  art  of  influencing  the 
purchasing  agent  to  "come  across"  with  an  order,  to  use  a 
common  expression,  can  be  developed  to  a  high  degree,  but  we 
must  also  consider  the  fact  that  selling  methods  have  changed 
in  the  last  fifteen  years,  owing  to  the  fact  that  the  purchasing 
of  goods  is  also  becoming  a  science  in  itself.  The  purchasing 
agent  of  today  is  as  keen  to  ward  off  undue  infiuence  as  the 
salesman  is  to  exercise  it;  thus  the  time  is  rapidly  approach- 
ing when  goods  will  be  sold  strictly  on  their  merits.  There- 
fore it  will  be  seen  that  the  man  who  understands  the  practi- 
cal application  of  mechanical  principles  should  succeed  at 
salesmanship,  provided  he  has  latent  ability  at  selling  and 
understands  the  goods  he  handles. 

Thus  the  machinist's  trade  offers  excellent  opportunities 
for  any  young  man  who  is  compelled  to  work  for  a  living. 
The  art  of  working  metals  is  one  of  the  oldest  and  most  in- 
teresting handicrafts  known  to  man,  and  in  a  large  manufac- 
turing country  like  ours  the  opportunities  for  master  work- 
men are  practically  unlimited.  We  are  inclined  to  point  with 
pride  to  the  remarkable  mechanical  achievements  of  the  last 
half  century,  yet  in  spite  of  all  we  have  accomplished,  the 
machine  industry  is  yet  in  its  infancy,  and  the  young  man 
who  connects  himself  with  the  trade  at  the  present  time  is 
sure  to  reap  the  harvest  in  later  years,  his  success,  of  course, 
being  governed  by  his  individual  application  to  the  various 
problems  that  confront  him. 


The  electric  welding  of  iron  and  steel  will  be  a  feature  ex- 
hibit of  the  New  York  Electrical  Exposition  that  will  be  held 
in  the  Grand  Central  Palace,  October  11  to  21.  The  exhibit 
is  being  arranged  by  the  Arc  Welding  Machine  Co.  of  New 
York  City.  All  grades  of  welding  will  be  done  in  iron  and 
steel,  including  structural  pieces,  plates  and  castings.  Two 
arcs  will  be  in  operation  equipped  with  automatic  control 
which  prevents  the  metal  from  burning  through  drawing  too 
long  an  arc.  The  length  of  the  arc  is  automatically  controlled 
so  that  even  a  comparatively  unskilled  worker  cannot  draw  it 
beyond  the  point  set. 
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DETAILS  OF  CONSTRUCTION   AND  METHODS  OF  OBTAINING  ACCURATE  ANGULAR  WORK 


BY  DONALD  BAKBRt 


THE  method  of  setting  up  or  laying  out  angular  work  of 
various  kinds  most  familiar  to  the  average  mechanic 
is  by  means  of  some  form  of  protractor;  the  accu- 
racy of  this  method  depends  first  upon  the  accuracy  of 
the  instrument  used,  and  second  upon  the  workman's  ability 
to  set  it  to  the  marked  graduations.  When  the  limits  allowed 
upon  the  work  are  not  greater  than  five  to  ten  minutes,  a 
good  protractor  will  usually  answer  all  purposes,  but  for  finer 
work,  such  as  the  laying  out  or  testing  of  accurate  jigs,  fix- 
tures and  gages,  or  the  making  of  sheet  metal  templets  for 
typewriter,  adding  machine  parts,  etc.,  for  experimental  pur- 
poses, or  as  masters  from  which  to  make  tools  and  dies,  an 
instrument  known  as  the  sine  bar  has  come  into  limited  use. 
Its  use  is  limited,  however,  only  because  of  a  lack  of  familiar- 
ity with  it  by  men  who  would  find  a  ready  application  for  it 
were  they  better  acquainted  with  its  convenience  and  adapta- 
bility. The  fact  that  few  workmen  are  able  to  use  simple 
shop  trigonometry  also  tends  to  prevent  the  common  use  of 
the  sine  bar. 

This  article  will  not  deal  with  the  principles  of  trigonometry, 
as  a  knowledge  of  it  is  unnecessary  in  using  a  sine  bar  for 
setting  up  a  piece  of  work  to  a  given  angle.  However,  as  a 
knowledge  of  the  use  of  trigonometrical  functions  is  of  the 
utmost  use  to  the  toolmaker  who  wishes  to  advance  himself, 
and  as  the  process  is,  after  all,  very  simple  and  easy  to 
use,  I  cannot  but  recommend  that  all  who  read  this  article 
will  take  the  few  hours  needed  to  obtain  a  working  knowledge 
of  the  process.  Tables  of  sines,  tangents,  etc.,  with  directions 
for  their  use,  may  be  found  in  any  engineering  handbook,  and 
one  of  the  best  for  the  toolmakers'  use  is  contained  in 
Machinery's  Handbook. 

The  sine  bar  in  its  simplest  form  is  a  plain  bar  of  metal, 
having  a  disk  of  steel  at  each  end.  These  disks  are  of  equal 
diameter  and  their  centers  lie  in  a  line  that  is  parallel  with  the 
edges  of  the  bar  on  which  they  are  mounted.  It  is  customary  to 
clamp  this  bar  to  the  face  of  an  angle-plate  as  shown  In  Fig.  1, 


STANDARD  PLUG 


Fig.    1.     Special  Angle-plate  with  Sine  B.  r  in  Position 

setting  one  of  the  steel  disks  above  the  otlier  an  amount  corre- 
sponding to  the  sine  of  the  angle  desired,  multiplied  by  the  cen- 
ter distance  between  the  disks.  Let  us  assume  that  the  bar 
shown  in  the  illustration  has  the  disks  spaced  five  inches  from 
center  to  center  and  that  it  is  desired  to  set  it  up  to  an  angle 
of  30  degrees  from  the  horizontal.  Referring  to  a  table  of  sines, 
we  find  under  the  column  30  degrees,  0  minutes  the  figure 
0.5000;  multiplying  this  by  5  gives  us  2.500,  or  214  inches, 
which  is  the  height  one  disk  must  be  set  above  the  other. 
The  setting  is  accomplished  by  the  use  of  a  height  gage,  size 


•  For  otier  articles  on  angle  measurement,  see  "Precision  Method  of 
Measuring  Angles,"  October,  1914;  "Disk  and  Square  Method  of  Determining 
Angular  Settings."  October.  1913;  and  "Use  of  the  Sine  Bar  for  Measuring 
Angles,"  January.   1912. 

t  Address:  252  Eighth  Ave.,  Long  Island  City,   N.  Y. 


blocks,  or  other  means  which  will  give  the  required  accuracy. 
When  properly  set,  the  sine  bar  is  clamped  fast  to  the  angle- 
plate  so  that  the  work  can  be  placed  on  top  of  it  and  likewise 
clamped  in  position.  The  work  of  laying  out,  drilling,  grind- 
ing, or  any  other  operation  may  now  be  carried  on  with  the 
assurance  that  the  angular  setting  is  correct. 

Construction  of  a  Sine  Bar 

Fig.  2  shows  a  detail  of  a  sine  bar  somewhat  as  described, 
but  having  a  few  improvements  which  have  suggested  them- 
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Fig.  2.     Detail  of  Simple  Sine  Bar 

selves  to  the  writer  in  his  experience  with  this  type  of  in- 
strument. The  body  of  the  sine  bar  A  can  be  made  of  tool 
steel,  hardened,  or  of  machine  steel,  pack-hardened.  I  prefer 
the  latter,  as  there  is  less  likelihood  of  changes  occurring 
due  to  hardening  strains  which  sometimes  affect  the  accuracy 
of  a  tool  steel  bar  after  it  has  been  made.  The  two  steel  disks 
B  (one  at  each  end)  have  their  centers  exactly  5  inches  apart, 
or  10  inches  apart  for  a  larger  sine  bar.  Other  lengths  may 
be  used,  but  the  5-inch  bar  has  been  found  the  most  convenient 
for  average  small  tool  work.  The  figures  5  and  10,  which 
represent  the  center  distances  of  the  disks,  are  most  convenient 
to  use  in  multiplying  the  figures  taken  from  a  table  of  sines. 
In  the  case  of  the  10-inch  bar,  no  multiplying  is  required 
when  using  the  regular  table  of  sines,  as  it  is  only  necessary 
to  point  off  one  decimal  place  to  the  right  to  obtain  the  re- 
quired figure. 

In  making  a  bar  of  this  kind,  a  piece  of  steel  is  first  planed 
or  milled  for  the  body  A,  and  two  11/16-inch  holes  are 
bored  through  it,  one  at  each  end  approximately  5  inches  be- 
tween centers;  then  the  holes  C  are  drilled,  no  particular  pains 
being  taken  with  these,  as  they  are  only  clearance  holes,  as 
will  be  explained  later.  The  bar  is  now  ready  to  harden, 
after  which  the  two  end  holes  must  be  lapped  out  just  enough 
to  remove  the  hardening  scale  and  two  soft  steel  plugs  pressed 
into  them.  The  surfaces  B  are  next  ground  parallel  with  each 
other  on  a  surface  grinder.  After  grinding,  the  bar  is  strapped 
to  the  faceplate  of  an  engine  lathe  while  one  of  the  soft  steel 
plugs  is  bored  out  to  i^  inch  diameter,  after  which  a  half-inch 
standard  plug  is  placed  in  the  hole  and  a  half-inch  standard 
jig  button  is  fastened  to  the  soft  plug  at  the  other  end.  The 
button  is  then  adjusted  until  its  center  comes  central  with 
the  edges  of  the  bar  and  is  exactly  5  inches  from  the  standard 
plug,  this  dimension  being  easily  determined  by  measuring 
across  the  outside  diameters  or  by  means  of  a  4i/^-inch  space 
bar  placed  between  the  plug  and  the  button.  The  standard 
plug  is  now  removed,  and  the  bar  carrying  the  jig  button  is 
again  taken  to  the  engine  lathe  and  clamped  to  the  faceplate 
while  the  button  is  indicated  until  it  runs  perfectly  true.  It 
is  then  removed  and  a  hole  drilled  and  bored  to  half-inch 
diameter  in  the  usual  manner.  After  the  bar  is  removed  from 
the  lathe,  two  half-inch  standard  plugs  or  their  equivalent 
are  placed  in  the  two  holes  and  the  bar  tested  for  accuracy. 
If  there  has  been  an  error  by  any  chance,  it  is  an  easy  matter 
to  remove  one  of  the  soft  plugs  and  replace  it  with  another. 
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CONSTANTS   FOR  5-INCH   SINE   BAR 


H 

0° 

l" 

2° 

8° 

4" 

6° 

e" 

7° 

8° 

90 

10° 

11" 

12° 

13  o 

14» 

0 

o.oooou 

0.08725 

0.174.50 

0.26170 

0.34880 

0.43580 

0.52205 

0.60935 

0.69585 

0.78215 

0.86825 

0.95405 

1.0393 

1.1247 

1.2096 

1 

.00145 

.08870 

.17.595 

.26315 

.3.5025 

.43725 

.52410 

.61080 

.69730 

.78360 

.86965 

.95545 

.0410 

.1261 

.2110 

2 

.00:^90 

.09015 

.17740 

.26460 

.35170 

.43870 

52555 

.61225 

.69875 

.78503 

.87110 

.95600 

.0424 

.1276 

.2124 

3 

.00435 

.09160 

.17885 

.26005 

.35315 

.44015 

.52700 

.61370 

.70020 

.78630 

.87255 

.95835 

.0438 

.1200 

.2138 

4 

.005SO 

.09310 

.18030 

.26750 

.3,5460 

.44155 

.52845 

.61510 

.70165 

.78790 

.87395 

.95075 

.0452 

.1304 

.2152 

5 

0.00725 

0.09455 

0.18175 

0.26895 

0.35605 

0.44300 

0.52985 

0.61655 

0.70305 

0.78935 

0.87540 

0.96120 

1.0406 

1.1318 

1.2166 

6 

.00875 

.09000 

.18320 

.27040 

.35750 

.44445 

.,53130 

.61800 

.70450 

.79080 

.87683 

.06260 

.0481 

.1332 

.2181 

7 

.010120 

.09745 

.18465 

.27185 

.35895 

.44500 

.53275 

.61945 

.70595 

.70225 

.87823 

.00405 

.0495 

.1346 

.?195 

8 

.01105 

.09890 

.18615 

.27330 

.30040 

.44735 

.53420 

.62090 

.70740 

.79365 

.87970 

.06545 

.0.509 

.1361 

.2209 

9 

.01310 

.10035 

. 18760 

.27475 

.30185 

.44880 

.53565 

.62235 

.70885 

.79510 

.88115 

.06600 

.0523 

.1375 

.2223 

10 

0.014.55 

0.10180 

0.18905 

0.27620 

0.36330 

0.45025 

0.53710 

0.62380 

0.71025 

0.79655 

0.88255 

0.96830 

1.0.538 

1.1389 

1.2237 

11 

.01600 

.10325 

.19050 

.27765 

.36475 

.4.5170 

.53855 

.62520 

.71170 

.79793 

.88400 

.90975 

.0552 

.1403 

.2251 

12 

.01745 

.10170 

.19195 

.27910 

.36620 

.45315 

.54000 

.62665 

.71315 

.79940 

.88340 

.97115 

.0566 

.1417 

.2265 

13 

.01890 

.10015 

.19340 

.28055 

.36765 

.45460 

.54145 

.62810 

.71460 

.80085 

.88685 

.97260 

.0580 

.1431 

.2279 

14 

.02035 

.10760 

t  .19485 

.28200 

.36910 

.45005 

..54290 

.62955 

.71600 

.80230 

.88830 

. 97403 

.0594 

.1446 

.2293 

IS 

0.02180 

0.10905 

0.19630 

0.28345 

0.37055 

0.45750 

0.54435 

0.63100 

0.71745 

0.80370 

0.88970 

0.97.545 

1.0609 

1.1460 

1.2307 

16 

.02325 

.110.55 

.19775 

.28490 

.37200 

.4.5895 

.,54580 

.03245 

.71890 

.80513 

.89115 

.97600 

.0623 

.1474 

.2322 

17 

.02475 

.11200 

.19920 

.28635 

.37345 

.46040 

.54725 

.63390 

.72035 

.80660 

.89260 

.07830 

.0637 

.1488 

.2336 

18 

.02620 

.11345 

.20065 

.28780 

.37490 

.46185 

.54865 

.63530 

.72180 

.80800 

.89400 

.07975 

.0631 

.1502 

.23.50 

19 

.02TG5 

.11490 

.20210 

.28925 

.37635 

.46330 

.55010 

.63675 

.72320 

.80045 

.89543 

.98115 

.0065 

.1516 

.2304 

20 

0.02910 

0.11635 

0.20355 

0.29070 

0.37780 

0.46475 

0.55155 

0.63820 

0.72465 

0.81090 

0.89685 

0.98260 

1.0680 

1.1531 

1.2378 

21 

.03055 

.11780 

.20500 

.29220 

.37925 

.46620 

.55300 

.63965 

.72610 

.81230 

.89830 

.98400 

.0694 

.1545 

.2392 

22 

.03200 

.11925 

.20645 

.29365 

.38070 

.46765 

.55445 

.64110 

.72755 

.81373 

.89975 

.98545 

.0708 

.1559 

.2406 

23 

.03345 

.12070 

.20795 

.29510 

.38215 

.46910 

.  55590 

.64255 

.72900 

.81320 

.90115 

.98685 

.0722 

.1573 

.2420 

24 

.03490 

.12215 

.20940 

.29655 

.38360 

.47055 

.55735 

.64400 

.73040 

.81665 

.90260 

.98830 

.0737 

.1587 

.2434 

26 

0.03C35 

0.1-2360 

0.21085 

0.29800 

0.38.505 

0.47200 

0.5.5880 

0.64540 

0.73185 

0.81803 

0.90405 

0.08970 

1.0751 

1.1601 

1.2448 

26 

.03780 

.12,505 

.21230 

.29945 

.38650 

.47345 

.56025 

.64085 

.73330 

.81930 

.90545 

.99115 

.0763 

.1615 

.2462 

27 

.031)25 

.12650 

.21375 

.30090 

.38795 

.47490 

.56170 

.64830 

.73475 

.82093 

.90690 

.99255 

.0779 

.1630 

.2477 

28 

.04070 

.12800 

.21520 

.30235 

.38940 

.47635 

.56315 

.&4975 

.73615 

.82233 

.90830 

.99400 

.0793 

.1644 

.2401 

29 

.04220 

.12945 

.21665 

.30380 

.39085 

.47780 

.56455 

.65120 

.73760 

.82380 

.90975 

.99.540 

.0808 

.1658 

.2303 

30 

0.O43C5 

0.13090 

0.21810 

0.30525 

0.39230 

0.47925 

0.56000 

0.65265 

0.73905 

0.82525 

0.91120 

0.99685 

1.0822 

1.1672 

1.2519 

31 

.04510 

.13235 

.21955 

.30670 

.39375 

.48070 

.56745 

.65405 

.74050 

.82663 

.91260 

.00825 

.0836 

.1686 

.2533 

32 

.04655 

.13380 

.22100 

.30815 

.39520 

.48210 

.56890 

.65,550 

.74190 

.82810 

.91403 

.99970 

.0830 

.1700 

.2547 

33 

.04800 

.13525 

.22245 

.30960 

.39665 

.48355 

.57035 

.6.5695 

.74335 

.82935 

.91345 

1.0011 

.0864 

.1714 

.2561 

34 

.04945 

.13670 

.22390 

.31105 

.39810 

.48500 

.57180 

.65840 

.74480 

.83100 

.91690 

.0016 

.0879 

.1729 

.2575 

35 

0.05090 

0.13815 

0.22535 

0.31250 

0.39955 

0.48645 

0.57325 

0.6,5985 

0.74625 

0.83240 

0.91835 

1.0039 

1.0893 

1.1743 

1.2.589 

36 

.0.5235 

.13960 

.22680 

.31395 

.40100 

.48790 

.57470 

.66130 

.74770 

.83385 

.91975 

.00.54 

.0907 

.1757 

.2603 

37 

.0.5380 

.14105 

.22825 

.31540 

.40245 

.48935 

.57615 

.66270 

.74910 

.83530 

.92120 

.0068 

.0921 

.1771 

.2617 

38 

.05525 

.142.50 

.22970 

.31685 

.40390 

.49080 

..57760 

.66415 

.75053 

.83670 

.92260 

.0082 

.0935 

.1785 

.2631 

39 

.05670 

.  14.395 

.23115 

.31830 

.40.535 

.49225 

.57900 

.66560 

.75200 

.83815 

.92405 

.0090 

.0949 

.1799 

.2645 

40 

0.05820 

0.14.540 

0.23265 

0.31975 

0.40680 

0.49370 

0.58045 

0.66705 

0.75345 

0.83960 

0.92545 

1.0110 

1.09O4 

1.1813 

1.2660 

41 

.059G5 

.14690 

.23410 

.32120 

.40825 

.49515 

.58190 

.66850 

.75485 

.84100 

.92690 

.0125 

.0978 

.1828 

.2674 

42 

.OGllO 

. 14835 

.23555 

.32265 

.40970 

.49660 

..58335 

.66995 

.75630 

.84245 

.92833 

.0130 

.0992 

.1842 

.2688 

13 

.062.55 

.14980 

.23700 

.32410 

.41115 

.49805 

..58480 

.67135 

.75775 

.84390 

.92975 

.0153 

.1006 

.1856 

.2702 

44 

.06400 

.15125 

.23845 

.32555 

.41260 

.49950 

.58625 

.67280 

.75920 

.84530 

.93120 

.0168 

.1020 

.1870 

.2716 

45 

0.06545 

0.15270 

0.23990 

0.32700 

0.41405 

0.50095 

0.58770 

0.67425 

0.76060 

0.84675 

0.93260 

1.0182 

1.1035 

1.1884 

1.2730 

46 

.06690 

.15415 

.24135 

.32845 

.41550 

.50240 

.58915 

.67570 

.76205 

.84820 

.93405 

.0196 

.1049 

.1898 

.2744 

47 

.06835 

.15,500 

.24280 

.32990 

.41695 

.50385 

.59060 

.67715 

.76350 

.84960 

.935.50 

.0210 

.1063 

.1912 

.2758 

48 

.00980 

.1,5705 

.24425 

.33135 

.41840 

.50.530 

.59200 

.67860 

.76495 

.85103 

.93090 

.0223 

.1077 

.1926 

49 

.07125 

.15850 

.24570 

.33280 

.41985 

.50675 

..59345 

.68000 

.76635 

.85250 

.93833 

.0239 

.1091 

.1041 

:27S6 

50 

0.07270 

0.15995 

0.24715 

0.33425 

0.42130 

0.50820 

0.59490 

0.68145 

0.76780 

0.85390 

0.9.3975 

1.0253 

1.1106 

1.10.55 

1.2800 

61 

.07415 

.16140 

.24860 

.33570 

.42275 

.50960 

.,59635 

.68290 

.76925 

.83335 

.94120 

.0267 

.1120 

.1969 

.2814 

52 

. 07565 

.16285 

.25005 

.33715 

.42420 

.51105 

..59780 

.68435 

.77070 

.85680 

.94200 

.0281 

.1134 

.1983 

.2828 

63 

.07710 

.16430 

.25150 

.33865 

.42565 

.512.50 

..59925 

.68580 

.77210 

.85820 

.94405 

.0296 

.1148 

.1097 

.2842 

54 

.07855 

.16580 

.25295 

.34010 

.42710 

.51395 

.60070 

.68720 

.773.55 

.85963 

.94530 

.0310 

.1162 

.2011 

.2856 

55 

0.08000 

0.16725 

0.25440 

0.34155 

0.42855 

0. .51540 

0.60215 

0.68865 

0.77300 

0.86110 

0.94690 

1.0324 

1.1176 

1.2025 

1.2870 

56 

.08145 

.16870 

.25585 

.34300 

.43000 

.51685 

.603.55 

.69010 

.77645 

.86250 

.94833 

.0338 

.1191 

.2039 

.2884 

67 

.08290 

.17015 

.25730 

.34445 

.43145 

.51830 

.00500 

.09155 

.77785 

.86395 

.94975 

.0333 

.1205 

.2034 

.2890 

58 

.08435 

.17160 

.2,5875 

.34590 

.43290 

.51975 

.60045 

.69,300 

.77930 

.88540 

.95120 

.0367 

.1219 

.2068 

.2913 

59 

.08580 

.17305 

.26028 

.34735 

.43435 

.52120 

.60790 

.69445 

.78075 

.86680 

.93260 

.0381 

.1233 

.2082 

.2927 

60 

0.08725 

0.17450 

0.26170 

0.34880 

0.43580 

0.52265 

0.60935 

0.69585 

0.78215 

0.86825 

0.93403 

1.0395 

1.1247 

1.2096 

1.2941 

H 

15° 

16° 

17° 

18° 

X9° 

20° 

21° 

22° 

23" 

24° 

25° 

26° 

27° 

28° 

29° 

0 

1.2941 

1.3782 

1.4618 

1..5451 

1.6278 

1.7101 

1.7918 

1.8730 

1.9536 

2.0337 

2.1131 

2.1918 

2.2699 

2.3473 

2.4240 

1 

.2955 

.3796 

.4632 

.5464 

.6292 

.7114 

.7932 

.8744 

.9550 

.0330 

.1144 

.1931 

.2712 

.3486 

.4253 

2 

.2969 

.3810 

.4646 

.5478 

.6306 

.7128 

.7945 

.8757 

.9563 

.0363 

.1157 

.1944 

.2725 

.3499 

.4266 

3 

.2983 

.3824 

.4660 

.5402 

.6319 

.7142 

.7959 

.8771 

.9576 

.0376 

.1170 

.1958 

.2738 

.3512 

.4278 

4 

.2997 

.38.38 

.4674 

.5.506 

.6333 

.71.55 

.7972 

.8784 

.9590 

.0390 

.1183 

.1971 

.2751 

.3525 

.4291 

6 

1.3011 

1.38.52 

1.4688 

1.. 5.520 

1.6347 

1.7169 

1.7986 

1.8797 

1.9603 

2.0403 

2.1197 

2.1984 

2.2764 

2.3538 

2.4301 

6 

.3025 

.3803 

.4702 

.5.534 

.6361 

.7183 

.8000 

.8811 

.9617 

.0416 

.1210 

.1997 

.2777 

.3550 

.4317 

7 

.3039 

.3879 

.4716 

.  5347 

.6374 

.7196 

.8013 

.8824 

.9830 

.0430 

.1223 

.2010 

.2790 

.3563 

.4329 

8 

.30.53 

.3893 

.4730 

.5561 

.6388 

.7210 

.8027 

.88.38 

.9643 

.0443 

.1236 

.2023 

.2803 

.3576 

.4342 

9 

.3067 

.3907 

.4743 

.5575 

.6402 

.7224 

.8040 

.8851 

.9657 

.0456 

.1249 

.2036 

.2816 

.3.589 

.4353 

10 

1.3081 

1.3921 

1.4757 

1.5.589 

1.6416 

1.7237 

1.8054 

1.8865 

1.0670 

2.0409 

2.1262 

2.2049 

2.2829 

2.3602 

2.4367 

11 

.3095 

.3033 

.4771 

.5603 

.6420 

.7251 

.8067 

.8878 

.0683 

.0483 

.1276 

.2002 

.2842 

.3614 

.4380 

12 

.3109 

.3949 

.4785 

.5616 

.6443 

.7265 

.8081 

.8892 

.9697 

.0496 

.1289 

.2075 

.2855 

.3627 

.4393 

13 

.3123 

.3963 

.4799 

.5630 

.6457 

.7292 

.8108 

.8919 

.9724 

.0522 

.1302 

.2088 

.2868 

.3640 

.4405 

14 

.3137 

..3977 

.4813 

.5644 

.6471 

.7242 

.8108 

.8919 

.9724 

.0.522 

.1315 

.2101 

.2881 

.36.53 

.4418 

15 

1.3151 

1.3991 

1.4827 

1.. 56.58 

1.6484 

1.7306 

1.8122 

1.8032 

1.9737 

2.0536 

2.1328 

2.2114 

2.2803 

2.3666 

2.4431 

16 

.3165 

.4005 

.4841 

..5672 

.6498 

.7319 

.8135 

.8946 

.9750 

.0,549 

.1341 

.2127 

.2906 

.3679 

.4444 

17 

.3179 

.4010 

.4853 

.5686 

.6,512 

.7333 

.8149 

.8959 

.9764 

.0562 

.1354 

.2140 

.2919 

.3691 

.4456 

18 

.3193 

.4033 

.4868 

.5699 

.652o 

.7347 

.8162 

.8973 

.9777 

.0575 

.1368 

.2153 

.2932 

.3704 

.4469 

19 

.3207 

.4047 

.4882 

.5713 

.6539 

.7360 

.8176 

.8986 

.9790 

.0389 

.1381 

.2166 

.2945 

.3717 

.4482 

20 

1.3221 

1.4001 

1.4896 

1.5727 

1.65.53 

1.7374 

1.8189 

1.8999 

1.9804 

2.0602 

2.1394 

2.2179 

2.2958 

2.3730 

2.4494 

21 

.3235 

.4075 

.4910 

.5741 

.6367 

.7387 

.8203 

.9013 

.9817 

.0615 

.1407 

.2192 

.2971 

.3743 

.4.507 

22 

.32.50 

.4089 

.4924 

.5755 

.6580 

.7401 

.8217 

.9026 

.0830 

.0628 

.1420 

.2205 

.2084 

.3755 

.4520 

23 

.3264 

.4103 

.4938 

.3768 

.6594 

.7413 

.8230 

.9040 

.0844 

.0642 

.1433 

.2218 

.2997 

.3768 

.4332 

24 

.3278 

.4117 

.49.52 

.5782 

.6608 

.7428 

.8244 

.9053 

.9857 

.0655 

.1447 

.2232 

.3010 

.3781 

.4545 

25 

1.3292 

1.4131 

1.4966 

1.5796 

1.6622 

1.7442 

1.8257 

1.9067 

1.9870 

2.0688 

2.1460 

2.2245 

2.3023 

2.3794 

2.4558 

26 

.3306 

.4145 

.4980 

.5810 

.6635 

.74.56 

.8271 

.9080 

.9884 

.0681 

.1473 

.2258 

.3036 

.3807 

.4570 

27 

.3320 

.41.59 

.4993 

.5824 

.6649 

.7469 

.8284 

.9094 

.9897 

.0605 

.1486 

.2271 

.3048 

.3819 

.4583 

28 

..3334 

.4173 

.5007 

..5837 

.6663 

.7483 

.8298 

.9107 

.9911 

.0708 

.1499 

.2284 

.3061 

.3832 

.4596 

29 

.3348 

.4187 

.5021 

.5851 

.6076 

.7496 

.8311 

.9120 

.9924 

.0721 

.1512 

.2297 

.3074 

..3845 

.4608 

30 

1.3.362 

1.4201 

1.5035 

1.5863 

1.6690 

1.7.510 

1.8.325 

1.9134 

1.9937 

2.0734 

2.1525 

2.2310 

2.3087 

2.3858 

.  2.4621 

31 

.3376 

.4214 

..5049 

.5879 

.6704 

.7524 

.8338 

.9147 

.0051 

.0748 

.15,38 

.2.323 

.3100 

.3870 

.4634 

32 

.3390 

.4228 

.5063 

.,5893 

.6718 

.7537 

.83.52 

.0161 

.0964 

.0761 

.15.52 

.  2336 

.3113 

.3883 

.4646 

33 

.3404 

.4242 

.5077 

.,5006 

.6731 

.75.51 

.8.305 

.9174 

.9977 

.0774 

.1563 

.2,349 

.3126 

.3896 

.4659 

34 

.3418 

.4256 

.5091 

.5920 

.6745 

.7.565 

.8379 

.9188 

.9991 

.0787 

.1578 

,2362 

.3139 

.3909 

.4672 

35 

1.3432 

1.4270 

1.5104 

1.5934 

1.6759 

1.7578 

1.8332 

1.9201 

2.00O4 

2.0801 

2.1591 

2.2,375 

2.31,52 

2.3922 

2.4684 

36 

.3446 

.4284 

.5118 

.5948 

.6772 

.7.502 

.8406 

.9215 

.0017 

.0814 

.1604 

,2388 

.3165 

.39.34 

.4697 

37 

.3460 

.4298 

.5132 

.5961 

.6786 

.7605 

.8419 

.9228 

.0031 

.0827 

.1617 

.2401 

.3177 

.3947 

.4709 

38 

.3474 

.4.312 

.5146 

.5975 

.6800 

.7619 

.8433 

.9241 

.0044 

.0840 

.1630 

.2414 

.3190 

.3060 

.4722 

39 

.3488 

.4326 

.5160 

.5989 

.6813 

.7633 

.8447 

.9253 

.00.57 

.08,53 

.1643 

.2427 

.3203 

..3973 

.4735 

40 

1.3502 

1.4340 

1..5174 

1.6003 

1.6827 

1.7646 

1.8460 

1.9268 

2.0070 

2.0867 

2.1656 

2.2440 

2.3216 

2.39^5 

2.4747 

41 

.3510 

.43.54 

.5188 

.6017 

.0841 

.7660 

.8474 

.9282 

.0084 

.0880 

.1670 

.24.53 

.3229 

.3908 

.4760 

42 

.3.530 

.4368 

.5201 

.6030 

.6855 

.7673 

.8487 

.9295 

.0097 

.0893 

.1683 

.2460 

.3242 

.4011 

.4773 

43 

.3.544 

.4382 

.5215 

.6044 

.6868 

.7687 

.8.501 

.9308 

.0110 

.0906 

.1696 

.2479 

.3255 

.4024 

.4785 

44 

.3558 

.4396 

.5229 

.60.58 

.6882 

.7701 

.8514 

.9.322 

.0124 

.0920 

.1709 

.2492 

.3268 

.4036 

.4798 

45 

1.3572 

1.4410 

1.5243 

1.6072 

1.6896 

1.7714 

1.8528 

1.9335 

2.0137 

2.09.33 

2.1722 

2.2.505 

2.3280 

2.4049 

2.4811 

46 

.3586 

.4423 

..52.57 

.6085 

.6909 

.7728 

.8541 

.9349 

.01.50 

.0946 

.1735 

.2518 

.3293 

.4062 

.4823 

47 

.3600 

.4437 

.5271 

.6099 

.6923 

.7742 

.8.5.53 

.9.362 

.0164 

.09.59 

.1748 

.2531 

.3306 

.4075 

.4836 

48 

.3014 

.4451 

.5285 

.6113 

.6037 

7735 

.8.568 

.0376 

.0177 

.0972 

.1761 

.2544 

.3319 

.40,S7 

.4848 

49 

.3628 

.4465 

.5298 

.6127 

.69.50 

.7760 

.8.582 

.9389 

.0190 

.0986 

.1774 

.2557 

..3332 

.4100 

.4861 

50 

1..3042 

1.4479 

1.5312 

1.6141 

1.6964 

1.7782 

1.8395 

1.9402 

2.0204 

2.0999 

2.1787 

2.2.570 

2.3345 

2.4113 

2.4874 

51 

.,30.56 

.4493 

.5326 

.6154 

.6978 

.7796 

.8609 

.9416 

.0217 

.1012 

.1801 

.2.583 

.3358 

.4126 

.4886 

52 

.3670 

.4,507 

.5340 

.6168 

.6991 

.7809 

.8622 

.9429 

.0230 

.1025 

.1814 

.2.596 

.3371 

.4138 

.4899 

53 

.,3684 

.4.521 

..53.54 

.6182 

.7005 

.7823 

.86,36 

.9443 

.0244 

.1038 

.1827 

.2609 

.338.3 

.4151 

.4912 

64 

.3698 

.4,535 

..5.368 

.6196 

.7019 

.7837 

.8649 

.9456 

.0257 

.1052 

.1840 

.2621 

.3.396 

.4164 

.4924 

56 

1.3712 

1.4.540 

1.5381 

1.6209 

1.7032 

1.78.50 

1.8663 

1.9469 

2.0270 

2.1065 

2.1853 

2.26.34 

2.3409 

2.4177 

2.4937 

56 

.3726 

.4.563 

..5395 

.6223 

.7046 

•  .7,S64 

.8676 

.0483 

.0283 

.1078 

.1866 

.2647 

.,3422 

.4189 

.4949 

57 

.3740 

.4.577 

..5409 

.6237 

.7060 

.7877 

.8690 

.9496 

.0297 

.1091 

.1879 

.2660 

.3435 

.4202 

.4962 

58 

.37.54 

.4.591 

.5423 

.6251 

.7073 

.7891 

.8703 

.9510 

.0.310 

.1104 

.1892 

.2673 

.3448 

.4215 

.4975 

59 

.3768 

.4604 

..5437 

.6264 

.7087 

.7905 

.8717 

.9523 

.0323 

.1117 

.1905 

.2686 

■  .3460 

.4228 

.4987 

60 

1.3782 

1.4618 

1.5451 

1.6278 

1.7101 

1.7918 

1.8730 

1.9536 

2.0337 

2.1131 

2.1918 

2.2699 

2.3473 

2.4240 

2.6000 
arhineru 
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Fig.  3. 


Special  Attaclmient  for 
Bar   shown   in   Fig. 


Uso  with  Sino 


after  which  tlie  op- 
erations described 
call  be  repeated  un- 
til the  holes  are  al)- 
Kolutely  correct. 

Making-  the  Disks 

The  disks  used  on 
the  sine  bar  are 
made  of  tool  steel, 
hardened  and 
ground  all  over.  These  disks  are  made  to  the  dimensions 
given  in  Fig.  2,  roughing  them  out  first  on  the  lathe,  allow- 
ing 0.010  inch  on  the  outside  tor  grinding  and  0.002  inch  on  the 
inside  for  lapping.  After  the  disks  have  been  hardened, 
the  center  hole  is-  lapped  out  to  0.250  inch  and  a  short 
piece  of  drill  rod  is  placed  in  the  bench  lathe  chuck  and 
ground  until  the  button  will  just  wring  on  by  hand,  in  which 
position  it  can  be  ground  on  the  outside  with  the  assurance 
that  all  parts  will  run  perfectly  true  with  each  other. 
In  grinding  the  disks,  about  0.0005  inch  is  left  on  the  large 
diameter,  this  amount  being  afterward  lapped  off  to  make  the 
button  perfectly  round  and  bring  it  to  size.  The  buttons  are 
next  forced  into  the  soft  bushings  at  the  ends  of  the  sine  bar, 
the  bar  fastened  to  an  angle-plate  with  one  edge  up,  and  the 
buttons  indicated  until  they  are  level;  the  bar  is  then  ground 
on  one  edge  in  this  position  on  a  surface  grinder.    After  this. 


Fig.  4.     Method  of  Setting  a  Milling  Machine  -Vise  by  the  Use  of  a  Sine  Bar 

the  bar  is  removed  and  the  ground  edge  is  placed  down  on  a 

magnetic  chuck  or  the  bed  of  the  grinder  while  the  other  edge 

is  being  finished.     At  this  point  it  might  be  well  to  give  a 

word    of    caution    to    the    inexperienced    toolmaker;     it    is 

necessary   to   rough   out   all    parts   that   are   to   be   hardened, 

then    harden    and    rough-grind,    and    lay    them    away    for    a 

period  of  six  months  or  so  before  the  final  finishing,  if  the 

most  accurate  work  is  required.    Unless  this  is  done  there  is 

always  a  chance  that  the  parts  may  change  their  shape  in  a 

short  time  sufficiently  to  render  them  more  or  less  inaccurate, 

especially  if  tool  steel  is  used  in  the  construction. 

Method  of  Using-  the 
Sine  Bar 

The  attachment 
shown  in  Fig.  3 
may  be  used  in  any 
place  in  which  the 
regular  bar  can  be 
used,  but  has 
the  other  features 
noted  herewith. 
Screws  may  be 
placed  through  the 
slot  and  hole  to 
clamp  the  attach- 
ment directly  to  a 
piece  of  work  or  to 

Special    Angular    Fixture    for    Tool- 
room Use  the  angle-plate  when 


it  is  desired  to  do  so.  In  order  to  make  settings  more  rapidly, 
I  have  prepared  an  angle-plate  like  that  shown  in  Fig.  1. 
This  plate  has  inserted  in  its  face  a  number  of  hardened, 
ground  and  lapped  bushings,  the  holes  in  which  are  fitted 
to  a  standard  quarter-inch  plug.  In  using  this  plate  in  con- 
nection with  the  sine  bar,  the  bar  is  placed  on  the  plate  and 
the  standard  plug  inserted  through  the  button  and  into  a 
bushing;  then  the  bar  is  set  approximately  to  the  required 
angle  and  lightly  clamped.  The  exact  vertical  height  of  the 
bushing  in  which  the  plug  is  placed  being  known,  it  is  only 
necessary  to  make  one  measurement  in  setting  the  second 
button.  The  more  common  method  without  the  use  of  the 
angle-plate  described  would  be  to  place  a  height  block  under 
the  lower  button  and  adjust  the  second  button  to  the  correct 
height  by  means  of  a 
height  or  surface  gage. 
Another  use  for  the 
sine  bar  having  holes 
through  the  buttons  is 
shown  in  Fig.  4.  This 
is  in  the  setting  of  a 
milling  machine  vise  or 
piece  of  work  on  the 
milling  machine  table 
or   elsewhere,   where   it 

would     be     inconvenient  rig.  6.     Diagram  showing  sine  Bar  Basic 

.         ,  Principles 

to  indicate  the  buttons 

direct.  This  is  accomplished  by  the  use  of  the  attachment 
shown  in  Fig.  3.  This  attachment  is  made  from  3/16- 
inch  B.  &  S.  ground  stock,  machined  to  the  form  shown 
and  hardened  and  ground  on  the  edge  A.  In  this  strip 
is  the  quarter-inch  hole  B  which  is  intended  to  fit  over  a  stud 
placed  in  one  of  the  holes  in  the  sine  bar  button,  while  at  C 
is  an  elongated  slot  which  takes  a  clamping  screw  enter- 
ing the  center  hole  in  the  sine  bar.  In  setting  up  the  bar 
to  a  given  angle,  the  edge  A  is  placed  on  a  surface  plate  and 
the  sine  bar  adjusted  in  the  regular  way  until  the  proper  angle 
is  secured,  after  which  it  is  clamped  into  position  by  the 
screw  which  passes  through  it  and  the  elongated  slot  in  the 
plate.  When  setting  up  a  vise  on  the  milling  machine,  to 
produce  a  certain  angle,  the  sine  bar  is  held  in  the  vise  jaws 
as  shown  in  Fig.  4,  and  the  vise  is  swung  until  the  blade 
passing  by  the  contact  point  of  an  indicator  A  shows  the 
vise  to  be  set  properly. 

Sine  Bar  Principle  Applied  to  an  Angrular  Plate 

Fig.  5  shows  another  application  of  the  sine  bar  principle 
embodied  in  a  convenient  adjustable  angle-plate  for  use  in 
laying  out,  machining  and  inspecting  angular  work.  Two 
hardened,  ground  and  lapped  bushings  are  placed  in  the  posi- 
tion shown  at  A  and  B,  the  center  distance  between  which 
is  preferably  to  be  in  even  inches,  and  their  height  from 
the  base,  when  set 
square  as  shown,  to 
be  equal.  In  set- 
ting up  a  plate  of 
this  kind  to  a  given 
angle,  standard 
plugs  are  inserted 
in  the  two  bush- 
ings and  the  meas- 
urement D  ascer- 
tained  with  a 
height  gage.  After 
this,  the  sine  of  the 

angle,  multiplied  by  Fig.  7.     sine  Bar  applied  to  Simple  Angle-plate 

the  center  distance 

between  the  two  plugs,  is  added  to  the  measurement  D.  and 
the  plug  in  bushing  B  set  accordingly,  after  which  the  setting 
is  preserved  by  clamping  the  two  halves  of  the  angle-plate  by 
bolts  on  each  side  of  the  fixtures,  one  of  these  bolts  being 
shown  at  E  in  the  illustration.  In  order  to  make  the  fixture 
more  convenient,  a  table  of  direct-reading  sines  of  degrees 
can  be  stamped  on  the  surface  C.  and  the  arc  G  may  also  be 
graduated  to  degrees,  while  a  pointer  may  be  placed  on  the 
arm  H  for  setting  to  approximate  angles. 
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CONSTANTS   FOR  5-INCH  SINE  BAR   (Continued) 


H 

30° 

31° 

32° 

33° 

34° 

1   86° 

86° 

37° 

38° 

39° 

40° 

♦1" 

42° 

43° 

44° 

0 

1' .  5000 

2.6496 

2.7232 

2.79.50 

2.8679 

2.9389 

3.0091 

3.0783 

3.1466 

3.2139 

3.2803 

3.3456 

3.4100 

3.4733 

1 

.5012 

"!5704 

.6.508 

.7244 

.7971 

.8090 

.9401 

.0102 

.0794 

.1477 

.2150 

.2814 

.3467 

.4110 

.4743 

2 

.5025 

5777 

.6320 

.7256 

.7984 

.8702 

.9413 

.0114 

.0806 

.1488 

.2161 

.2825 

.3478 

.4121 

.4754 

3 

.5038 

15789 

.6.533 

.7268 

.7996 

.8il4 

.9424 

.0123 

.0817 

.1500 

.2173 

.2836 

.3489 

.4132 

.4764 

4 

.5050 

.5802 

.6543 

.7280 

.8008 

.8726 

.9430 

.0137 

.0829 

.1511 

.2184 

.2847 

.3499 

.4142 

.4774 

5 

2.50C3 

2.. 5814 

2.0557 

2.7293 

2.8020 

2.8738 

2.9448 

3.0149 

3.0840 

3.1522 

3.2193 

3.2838 

3.3510 

3.41.53 

3.4785 

6 

.5075 

.5826 

.6370 

.7305 

.8032 

.8750 

.9460 

.0160 

.0832 

.1534 

.2206 

.2869 

.3521 

.4163 

.4795 

7 

.5088 

.5839 

.6.582 

.7317 

.8044 

.8762 

.9471 

.0172 

.0863 

.1345 

.2217 

.2879 

.3532 

.4174 

.4806 

8 

.5100 

.3851 

.6594 

.7329 

.8050 

.8774 

.9483 

.0183 

.0874 

.1556 

.2228 

.2890 

.3543 

.4185 

.4816 

9 

.5113 

.5864 

.6607 

.7341 

.8068 

.8786 

.9495 

.0193 

.0886 

.1567 

.2239 

.2901 

.3553 

.4195 

.4827 

10 

2.5126 

2.5876 

2.6619 

2.7354 

2.8080 

2.8798 

2.9507 

3.0207 

3.0897 

3.1579 

3.2250 

3.2912 

3  .3364 

3.4206 

3.4837 

H 

.5138 

.5889 

.0631 

.7366 

.8092 

.8809 

.9318 

.0218 

.0909 

.1590 

.2262 

.2923 

.3575 

.4217 

.4848 

12 

.5151 

.5901 

.6644 

.7378 

.8104 

.8821 

.9530 

.0230 

.0920 

.1601 

.2273 

.2934 

.3586 

.4227 

.4858 

13 

.5163 

.5914 

.6656 

.7390 

.8116 

.8833 

.9542 

.0241 

.0932 

.1612 

.2284 

.2945 

.3597 

.4238 

.4868 

14 

.5176 

.5926 

.6668 

.7402 

.8128 

.8845 

.9554 

.0253 

.0943 

.1624 

.2295 

.29.56 

.3607 

.4248 

.4879 

15 

2.5188 

2.5938 

2.6680 

2.7414 

2.8140 

2.8857 

2.9565 

3.0264 

3.09.54 

3.1035 

3.2306 

3.2967 

3.3618 

3.42.59 

3.4889 

16 

.  5201 

.5931 

.6693 

.7427 

.8152 

.8869 

.9577 

.0276 

.0966 

.1646 

.2317 

.2978 

.3629 

.4269 

.4900 

17 

.5214 

.5963 

.6703 

.7439 

.8164 

.8881 

.9589 

.0288 

.0977 

.1658 

.2328 

.2989 

.3640 

.4280 

.4910 

18 

.5226 

.5976 

.6717 

.7451 

.8176 

.8893 

.9600 

.0299 

.0989 

.1669 

.2639 

.3600 

.3747 

.4291 

.4921 

19 

.  5239 

.,5988 

.6730 

.7463 

.8188 

.8903 

.9012 

.0311 

.1000 

.1680 

.2350 

.3011 

.3661 

.4.301 

.4931 

20 

2.5251 

2.6001 

2.6742 

2.7475 

2.8200 

2.8916 

2.9624 

3.0322 

3.1012 

3.1691 

3.2361 

3.3022 

3.3672 

3.4312 

3.4941 

21 

.5264 

.6013 

.6754 

.7487 

.8212 

.8928 

.9630 

.0334 

.1023 

.1703 

.2373 

.3033 

.3683 

.4322 

.4952 

22 

.5276 

.6025 

.6767 

.7499 

.8224 

.8940 

.9(>47 

.0345 

.1034 

.1714 

.2384 

.3(M4 

.3693 

.4333 

.4962 

23 

.5289 

.6038 

.6779 

.7512 

.8236 

.8932 

.96.59 

.0357 

.1046 

.1725 

.2395 

.3054 

.3704 

.4344 

.4973 

24 

.5301 

.60.50 

.6791 

.7524 

.8248 

.8964 

.9671 

.0309 

.  1037 

.1736 

.2406 

.3065 

.3715 

.4354 

.4983 

25 

2.5314 

2.0063 

2.6803 

2.7536 

2.8260 

2.8976 

2. 9082 

3.0380 

3.1069 

3.1748 

3.2417 

3.3076 

3.3726 

3.4363 

3.4993 

26 

.5327 

.6075 

.6816 

.7548 

.8272 

.8988 

.9694 

.0392 

.1080 

.1759 

.2428 

.3087 

.3736 

.4375 

.5004 

27 

.5339 

.6087 

.6828 

.7560 

.8284 

.8999 

.9706 

.0403 

.1091 

.1770 

.2439 

.3098 

.3747 

.4386 

.5014 

28 

.5352 

.6100 

.6840 

.7372 

.8296 

.9011 

.9718 

.0415 

.1103 

.1781 

.2450 

.3109 

.37.58 

.4396 

.5024 

29 

.5364 

.6112 

.6832 

.7584 

.8308 

.9023 

.9729 

.0426 

.1114 

.1792 

.2461 

.3120 

.3769 

.4407 

.5033 

30 

2.5377 

2.6125 

2.6865 

2.7597 

2.8320 

2.9035 

2.9741 

3.0438 

3.1123 

3.1804 

3.2472 

3.3131 

3.3779 

3.4417 

3.5{M5 

31 

.5389 

.6137 

.6877 

.7609 

.8332 

.9047 

.9753 

.0449 

.1137 

.1815 

.2483 

.3142 

.3790 

.4428 

..5056 

32 

.5402 

.6149 

.6889 

.7621 

.8344 

.9059 

.9764 

.0461 

.1148 

.1826 

.2494 

.3233 

.3801 

.4439 

.5006 

33 

.5414 

.6162 

.6902 

.7633 

.8:«6 

.9070 

.9776 

.0472 

.1160 

.1837 

.2505 

.3163 

.3811 

.4449 

.5076 

34 

.5427 

.6174 

.6914 

.7643 

.8368 

.9082 

.9788 

.0484 

.1171 

.1849 

.2516 

.3174 

.3822 

.4460 

..5087 

35 

2., 5439 

2.6187 

2.6926 

2.76.57 

2.8380 

2.9094 

2.9799 

3.0495 

3.1182 

3.1860 

3.2527 

3.3185 

3.3833 

3.4470 

3.5097 

36 

.5452 

.6199 

.6938 

.7669 

.8392 

.9106 

.9811 

.0507 

.1194 

.1871 

.2538 

.3196 

.3844 

.4481 

.5107 

37 

.5464 

.6211 

.6951 

.7681 

.8404 

.9118 

.9823 

.0.519 

.1203 

.1882 

.2530 

.3207 

.3854 

.4491 

.5118 

38 

.5477 

.6224 

.6963 

.7694 

.8416 

.9130 

.9834 

.0530 

.1216 

.1893 

.2561 

.3218 

.3865 

.4502 

.5128 

39 

.5489 

.6236 

.6975 

.7706 

.8428 

.9141 

.984« 

.0542 

.1228 

.1905 

.2572 

.3229 

.3876 

.4512 

.5138 

40 

2.5502 

2.6249 

2.6987 

2.7718 

2.8440 

2.91,53 

2.98.58 

3.0333 

3.1239 

3.1916 

3.2.583 

3.3240 

3.3886 

3.4523 

3.5149 

41 

.5514 

.6261 

.7000 

.7730 

.84.52 

.9163 

.9869 

.0503 

.1251 

.1927 

.2594 

.3250 

.3897 

.4533 

.51.59 

42 

.5527 

.6273 

.7012 

.7742 

.8464 

.9177 

.9881 

.0576 

.1262 

.1938 

.2605 

.3261 

.3908 

.4544 

.5109 

43 

..5539 

.6286 

.7024 

.77,54 

.8476 

.9189 

.9893 

.0388 

.1273 

.1949 

.2616 

.3272 

.3918 

.4554 

.5180 

44 

.5552 

.6298 

.7036 

.7766 

.8488 

.9200 

.9904 

.0,599 

.1285 

.1961 

.2627 

.3283 

.3929 

.4565 

.5190 

45 

2.5564 

2.6310 

2.7048 

2.7778 

2.8.500 

2.9212 

2.9916 

3,0611 

3.1296 

3.1972 

3.2638 

3.3294 

3.3940 

3.4575 

3.5200 

46 

.5577 

.6323 

.7061 

.7790 

.8512 

.9224 

.9928 

.0622 

.1307 

.1983 

.2649 

.3.305 

.3950 

.4586 

..5211 

47 

.5589 

.6.335 

.7073 

.7802 

.8523 

.9236 

.9939 

.0634 

.1319 

.1994 

.2660 

.3316 

.3961 

.4596 

..5221 

48 

.5602 

.6348 

.7085 

.7815 

.8535 

.9248 

.9951 

.0645 

.1330 

.2005 

.2671 

.3326 

.3972 

.4607 

..5231 

49 

.,5614 

.6360 

.7097 

.7827 

.8547 

.9259 

.9963 

.0657 

.1341 

.2016 

.2682 

.3337 

.3982 

.4617 

.,5242 

60 

2.5627 

2.6372 

2.7110 

2.7839 

2.8559 

2.9271 

2.9974 

3.0668 

3.1353 

3.2028 

3.2693 

3.3348 

3.3993 

3.4628 

3,5252 

51 

.5639 

.6385 

.7122 

.7851 

.8571 

.9283 

.9986 

.0680 

.1364 

.2039 

.2704 

.3359 

.4004 

.4638 

.5262 

52 

.5652 

.6397 

.7134 

.7863 

.8583 

.9295 

.9997 

.0691 

.1375 

.20,50 

.2715 

.3370 

.4014 

.4649 

.5273 

53 

.5664 

.6409 

.7146 

.7875 

.8395 

.9307 

3.0009 

.0703 

.1387 

.2061 

.2726 

.3381 

.4025 

.46.59 

.3283 

64 

..5677 

.6422 

.7158 

.7887 

.8607 

.9318 

.0021 

.0714 

.1398 

.2072 

.2737 

.3391 

.4036 

.4670 

.5293 

55 

2.5689 

2.6434 

2.7171 

2.7899 

2.8619 

2,9330 

3.0032 

3.0725 

3.1409 

3.2083 

3.2748 

3.3402 

3.4046 

3.4680 

3,5304 

56 

..5702 

.6446 

.7183 

.7911 

.8631 

.9342 

.0044 

.0737 

.1421 

.2095 

.2859 

.3413 

.40.57 

.4691 

,,5314 

57 

.5714 

.6459 

.7195 

.7923 

.8643 

.9354 

.00,50 

.0748 

.1432 

.2106 

.2770 

.3424 

.4068 

.4701 

.5324 

58 

.5727 

.6471 

.7207 

.7935 

.8635 

.9,365 

.0067 

.0760 

.1443 

.2117 

.2781 

.3433 

.4078 

.4712 

.,5333 

59 

^5739 

.64aH 

.7220 

.7947 

.8667 

.9377 

.0079 

.0771 

.14.54 

.2128 

.2792 

.3445 

.4089 

.4722 

.5345 

60 

2.. 5752  [ 

2 . 6496 

2.7232 

2.79,59  1 
) 

2.8079 

2.9389 

1 

3.0091 

3.0783 

3.1466 

3.2139 

3.2803 
1 

3.3450 

3.4100 

3.4733 

3.3333 

M 

45° 

46° 

47° 

48° 

49° 

50° 

51° 

52° 

53° 

54° 

65° 

66° 

57° 

58° 

59  • 

0 

3.5355 

3.. 5967 

3.6367 

3.7157 

3.7735 

3.8302 

3,8857 

3.9400 

3.9932 

4.0451 

4.0957 

4.1452 

4.1933 

4.2402 

4.2838 

1 

.3363 

.5977 

.6.577 

.7167 

.7743 

.8311 

.8866 

.9409 

.9940 

.0459 

.0966 

.1460 

.1941 

.2410 

.2866 

2 

..5376 

.3987 

.6.587 

.7176 

.7754 

.8321 

.8875 

.9418 

.9949 

.0468 

.0974 

.1468 

.1949 

.2418 

.2873 

3 

..5386 

..5997 

.6597 

.7186 

.7764 

.8330 

.8884 

.9427 

.9938 

.0476 

.0982 

.1476 

.1957 

.2425 

.2881 

4 

.5396 

.6007 

.6607 

.7196 

.7773 

.8.3.39 

.8894 

.9436 

.9967 

.0483 

.0991 

.1484 

.1965 

.2433 

.2888 

5 

3.. 5406 

3.6017 

3.6617 

3.7206 

3.7783 

3.8349 

3.8903 

3.9445 

3.9973 

4.0493 

4.0999 

4.1492 

4.1973 

4.2441 

4.2896 

6 

..5417 

.6027 

.6627 

.7215 

.7792 

.83.58 

.8912 

.94.54 

.9984 

.0.502 

.1007 

.1.500 

.1981 

.2448 

.2903 

7 

..5427 

.6037 

.6637 

.7225 

.7802 

.8307 

.8921 

.9463 

.9993 

.0510 

.1016 

.1.508 

.1989 

.2456 

.2910 

8 

..5437 

.6047 

.6647 

.7235 

.7811 

.8377 

.8930 

.9472 

4.0001 

.0319 

.  1024 

.1317 

.1997 

.2464 

.2918 

9 

..5448 

.6038 

.6657 

.7244 

.7821 

.8386 

.8939 

.9481 

.0010 

.0.527 

.1032 

.1.525 

.2004 

.2471 

.2923 

10 

3.5458 

3.6068 

3.6666 

3.7254 

3.78.30 

3.8395 

3.8948 

3.9490 

4.0019 

4.0336 

4.1041 

4.1.5.33 

4.2012 

4.2479 

4.2933 

11 

..5468 

.6078 

.6676 

.7264 

.7840 

.8405 

.89.58 

.9499 

.0028 

.0.544 

.1049 

.1541 

.2020 

.2487 

.2940 

12 

.3478 

.6088 

.6686 

.7274 

.7850 

.8414 

.8967 

.9308 

.0036 

.0553 

.10,57 

.1549 

.2028 

.2494 

.2948 

13 

.5489 

.6098 

.6696 

.7283 

.78.59 

.8423 

.8976 

.9316 

.0043 

.0.561 

.1066 

.1,557 

.2036 

.2302 

.2935 

14 

.5499 

.6108 

.6700 

.7293 

.7869 

.8433 

.8985 

.9525 

.00.54 

.0370 

.1074 

,1,565 

.2044 

.2510 

.2963 

15 

3.. 5.509 

3.6118 

3.6716 

3.7303 

3.7878 

3.8442 

3.8994 

3.9334 

4.0062 

4.0.578 

4.1082 

4,1,573 

4.2052 

4.2517 

4.2970 

16 

.5519 

.6128 

.6726 

.7312 

.7887 

.8451 

.9003 

.9543 

.0071 

.0.587 

.1090 

.1581 

.2060 

.2525 

.2978 

17 

.5529 

.6138 

.6736 

.7322 

.7897 

.8460 

.9012 

.9532 

.0080 

.0.595 

.1099 

.1589 

.2067 

.2533 

.2985 

18 

.3540 

.6148 

.6743 

.7332 

.7906 

.8470 

.9021 

.9.561 

.0089 

.0604 
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Tables  for  Sine  Bar  Setting 

The  accompanying  tables  are  useful  for  obtaining  the  correct 
setting  of  a  5-  or  10-inch  sine  bar  to  produce  a  given  angle. 
The  method  of  using  the  tables  is  as  follows:  first,  find  the 
angle  desired  in  the  top  row  of  figures  and  then  look  up  the 
minutes  in  the  left-hand  column;  the  desired  reading  will  be 
found  at  the  intersection  of  the  two  columns.  When  used 
for  a  5-inch  sine  bar,  the  figures  may  be  read  direct;  it  used 
for  a  10-inch  bar,  the  readings  must  be  multiplied  by  2  to 
give  the  correct  figure. 

Example: — Referring  to  Pigs.  6  and  7,  let  a  in  Fig.  6  repre- 
sent the  angle  of  20  degrees,  R  the  radius  of  5  inches  or  the 
distance  between  the  centers  of  the  buttons  on  the  sine  bar, 
and  /S  the  vertical  height  to  set  the  center  of  one  button  above 
the  other  in  order  to  get  the  desired  angle.  To  find  the  height 
S  look  under  the  column  headed  "20  degrees"  opposite  0  min- 
utes and  obtain  the  figure  1.7101,  which  gives  dimension  S. 
Fig.  7  shows  a  sine  bar  strapped  to  an  angle-plate  and  set  as 
above,  1  inch  being  added  to  the  measurement  1.7101,  as  the 
lower  button  is  1  inch  above  the  lower  edge  of  the  plate  as 
shown  by  the  dimensions  given. 

Many  other  applications  may  be  made  of  the  principles  ex- 
plained in  this  article,  and  the  tables  will  be  found  useful  in 
obtaining  settings  without  resorting  to  the  use  of  trigonometry. 

MAKING   PHANTOM   VIEWS   OF   MA- 
CHINERY PHOTOGRAPHICALLY 

One  of  the  most  effective  ways  of  illustrating  the  construc- 
tion of  a  machine  is  to  show  it  in  so-called  phantom  views, 
that  is,  with  the  frame  or  containing  box  outlined  while  the 
interior  works  are  in  natural  tones.  The  copy  for  such  illus- 
trations is  generally  worked  up  by  an  artist,  using  the  work- 
ing drawings.  The  process  is  slow,  tedious  and  costly,  and 
for  these  reasons  is  seldom  resorted  to  by  machinery  build- 
ers for  the  purpose  of  illustrating  the  construction  and  opera- 
tion of  their  machines. 

Although  not  much  employed,  there  is  a  simple  and  effective 
photographic  process  for  making  phantom  views  which  is 
quite  feasible  to  use  for  small  machines.  The  principle  is 
simple.  The  machine  or  apparatus  to  be  shown  in  phantom 
view  is  set  up  on  a  surface  plate  completely  assembled.  The 
heights  of  centers  of  shafts  and  other  parts  are  taken  with 
surface  gages,  and  horizontal  distances  are  measured  from 
an  angle-plate,  so  that  when  the  frame  or  box  containing  the 
mechanism  is  removed,  the  latter  can  be  replaced  in  exactly 
the  same  position  as  before. 

A  photograph  is  made  of  the  assembled  mechanism,  or 
rather  an  exposure  is  made  on  the  negative  of  about  one-third 
the  time  required  to  make  the  complete  exposure.     The  lens 
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Fig.   1.     Feed-box  presented  in  Phantom  View  to  show   Construction 


Fig.  2.     Selective  Type  Sliding  Gear  Box  photographed  in  Two  Exposures 
to  show  Internal   Construction 

of  the  camera  is  closed  and  the  machine  is  disassembled.  The 
mechanism  is  then  relocated  on  the  surface  plate  by  means 
of  the  surface  gages  and  measurements  from  the  angle-plate, 
so  that  it  occupies  exactly  the  same  position  with  reference  to 
the  surface  plate,  angle-plate,  and  exposure  on  the  negative 
as  before.  Then  a  second  exposure  is  made  with  a  full  ex- 
posure, so  that  the  interior  mechanism  is  clearly  shown  in 
natural  tones. 

When  the  resulting  negative  is  developed  and  printed,  a 
print  will  be  secured  in  which  the  frame  or  containing  case 
faintly  appears  while  the  internal  mechanism  is  clearly  de- 
fined. It  is  evident  that  the  method  may  be  employed  by 
anyone  familiar  with  interior  photography,  who  has  some 
mechanical  skill  and  the  necessary  means  for  setting  up  the 
machine  and  relocating  the  internal  parts. 

The  accompanying  illustrations,  Figs.  1  and  2,  show  sam- 
ples of  phantom  views  kindly  furnished  for  the  purpose  of 
illustrating  this  article  by  the  Valley  City  Machine  Works, 
Grand  Rapids,  Mich.  Fig.  1  shows  the  case  and  interior  of 
the  single-lever  feed  control  of  a  plain  manufacturing  milling 
machine,  while  Fig.  2  shows  a  selective  type  sliding  gear 
feed  change  box.  Both  these  views  were  reproduced  without 
retouching,  and  hence  show  the  exact  photographic  results 
obtained  by  the  process  described.  It  will  be  observed  in 
Fig.  2  that  the  knob  and  gear  at  the  upper  right-hand  portion 
of  the  view  shows  twice.  This  was  due  to  the  fact  that  in 
making  a  second  exposure,  the  gear  rolled  over  a  short  dis- 
tance out  of  position  before  the  exposure  was  fully  completed. 
This  serves  to  illustrate  the  effect  obtained  by  double  and 
triple  exposures.  This  method  of  making  phantom  views  is 
well  known  to  machinery  photographers  in  general,  but  is 
not  as  well  known  among  the  builders  of  machinery  and 
those  who  have  to  make  illustrated  catalogues  as  it  should  be. 
It  may  be  used  profitably  oftentimes  to  make  difficult  mechan- 
ical constructions  clear,  and  wonderfully  good  results  may  be 
secured  at  a  minimum  cost. 

SECOND  QUEBEC  BRIDGE  DISASTER 

The  engineering  world  was  startled  in  August,  1907,  when 
the  great  cantilever  bridge  building  to  span  the  St.  Lawrence 
River  at  Quebec  fell,  carrying  upward  of  seventy  men  to  their 
death.  '  This  disaster  made  engineers  question  the  formulas 
for  calculating  the  compressive  strength  of  steel  columns,  and 
the  result  was  the  construction  of  a  great  testing  machine 
at  Pittsburg  capable  of  imposing  a  load  of  1,000,000  pounds 
and  structurally  fitted  to  test  the  compressive  strength  of  full 
size  columns.  A  few  years  later  a  second  bridge  was  started 
by  the  Dominion  government,  of  heavier  design,  which  was 
to  cost  $17,000,000.  The  bridge  was  nearly  completed,  and  on 
September  11  the  5000-ton  center  span  was  being  hoisted  in 
place  when  it  fell  into  the  river,  killing  eleven  men.  The 
cause  of  this  latest  disaster  was  due  to  a  failure  of  one  of  the 
corner  supports,  which  threw  twisting  and  eccentric  stresses 
on  the  members,  causing  rupture  and  total  collapse. 
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LAPPING   ARBOR   CENTERS 

The  following  on  lapping  arbor  centers  was  prepared  for  a 
subscriber  who  wrote  as  follows: 

We  have  had   considerable   trouble   lapping   the   centers' 

of  arbors,  and  would  like  to  get  any  data  available  on  an 

easier  or  quicker  method  of  accomplishing  this  work. 

There  are  two  types  of  centers  used  in  arbors.  One  is  the 
straight  vee  or  60-degree  angle  and  the  other  the  rounded 
form  which  gives  a  line  bearing.  Of  these,  the  rounded  form 
shown  at  B  in  Fig.  1  is  preferred  by  some  small  tool  manu- 
facturers. The  reason  that  this  type  of  center  meets  with 
favor  is  that  an  arbor  provided  with  such  centers  can  be  used 
for  either  taper  or  straight  turning  with  satisfactory  results; 
furthermore,  it  will  retain  its  accuracy  for  a  greater  length 
of  time,  as  only  a  line  contact  is  secured  and  it  is  not  so  easy 
for  dirt  to  accumulate  as  in  the  straight  60-degree  center. 

There  are  various  methods  of  lapping  centers,  the  one  used 
being  governed  to  a  certain  extent  by  the  type  of  center  pro- 
vided in  the  arbor.  A  few  methods  of  lapping  are  shown 
in  Figs.  2  and  3.  The  first  method,  shown  in  Fig.  2,  illustrates 
how  the  lapping  can  be  done  in  an  ordinary  speed  lathe.  The 
arbor  to  be  lapped  is  held  on  the  center,  driven  by  a  dog  from 
the  faceplate,  and  is  supported  on  the  outer  end  by  means 
of  a  steadyrest.  The  lap  is  then  held  in 
the  tailstock  center  of  the  lathe  and  is 
moved  back  and  forth  by  hand,  so  as  to 
prevent  it  from  cutting  grooves  in  the 
center.  The  lap  should  be  made  either 
from  box-wood  loaded  with  emery  dust,  or 
from  copper  charged  with  diamond  dust. 
Unless  the  center  has  been  carefully 
formed  before  hardening,  and  the  harden- 
ing has  been  done  in  such  a  way  as  to  pre- 
vent the  center  from  distorting  to  any  ex- 
tent, this  method  of  lapping  is  not  entirely 
satisfactory. 

Another  method  of  lapping  is  illustrated 
in  Fig.  3.  Here  the  work  is  done  in  a 
sensitive  drilling  machine,  by  holding  the 
arbor  in  a  special  fixture  in  an  upright 
position  and  the  lap  in  the  chuck  on  the 
spindle.  The  spindle  is  then  given  an  up 
and  down  movement  to  prevent  cutting 
grooves  in  the  center;  it  is  advisable  to 
cut  grooves  in  the  lap  extending  toward 
the  point  to  assist  the  lapping  compound 
in  spreading  along  the  surface  of  the  lap. 
Cutting  helical  grooves  in  the  lap  also  in- 
creases the  rapidity  with  which  the  work 
is  accomplished. 

A  still  better  method  of  lapping  is  to  use 
a  single-spindle  valve  grinder  in  which  a'  much  more  satis- 
factory oscillating  movement  of  the  lap  can  be  obtained,  a' 
drill  press,  however,  could  be  fitted  up  with  a  device  for  ac- 
complishing the  same  purpose.  By  securing  an  oscillating 
movement  of  the  lap  it  will  be  found  that  the  work  is  accom- 
plished much  more  rapidly  than  when  the  lap  is  withdrawn 
and  inserted  into  the  center  without  any  oscillating  movement, 
and   in  addition   there   is  less  danger   of  scoring  the   center. 

As  has  been  previously  mentioned,  lapping  of  a  center  under 
the  most  favorable  conditions  is  a  tedious  operation,  and  a 
highly  satisfactory  job  cannot  be  obtained  if  the  center  is  at 
all  rough  or  distorted  during  the  heat-treating  operation.     It 
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Fig.  3. 


Two  Types  of  Centers  for  Artors 


Fig.  2.     Method  of  lapping  Arbor  Centers  in  a  Speed  Lathe 

will  be  found  to  be  much  more  satisfactory  to  grind  the  cen- 
ters. Considering  first  that  the  center  is  of  the  60-degree  type 
with  a  straight  surface,  there  are  two  methods  of  grinding. 
That  shown  at  A  in  Fig.  4  is  to  use  a  pencil  wheel  similar  to 
that  used  for  grinding  gear-cutting  hobs,  and  taper  it  down 
on  the  end  to  an  angle  of  60  degrees.  This  wheel  should  be 
rotated  at  a  speed  of  not  less  than  10,000  R.  P.  M.  In  fact, 
the  higher  the  speed  the  better  the  results.  For  this  work, 
therefore,  a  No.  2  universal  cutter  and  tool  grinding  machine 
provided  with  an  internal  grinding  attachment  could  be  fitted 
up.  One  end  of  the  arbor  could  be  supported  and  held  on  the 
driving  center  and  the  other  end  supported  by  a  steadyrest, 
the  pencil  wheel  being  held  in  the  place 
of  the  regular  internal  grinding  wheel 
by  making  a  special  spindle  for  holding  it. 
A  pencil  wheel  of  about  80  to  120  grain, 
grade  O  or  P,  should  be  used.  Of  course, 
the  grade  and  grain  of  wheel  will  be  gov- 
erned largely  by  the  condition  of  the  cen- 
ter. If  the  center  has  been  nicely  finished 
before  hardening,  a  very  fine,  hard  wheel - 
could  be  used  and  good  results  obtained, 
whereas  if  the  center  is  rough  and  con- 
siderable material  is  to  be  removed  in 
grinding,  such  a  wheel  would  not  give  as 
satisfactory  results. 

Still  another  method  of  grinding  an 
angular  center  would  be  to  generate  the 
center  bearing  as  shown  at  B  in  Fig.  4. 
This  also  could  be  done  on  the  same  type 
of  machine  by  simply  setting  the  wheel 
slide  at  the  required  angle.  This  method 
of  grinding  will  give  much  better  results 
than  that  first  mentioned.  The  center  will 
be  generated  and  can  be  made  exactly  to 
a  60-degree  angle;  in  addition,  a  smoother 
surface  will  be  obtained. 

As  has  been  previously  stated,  the 
straight  center  does  not  give  as  satisfac- 
tory results  as  one  which  is  rounded  oft, 
and  for  grinding  this  center  the  pencil  wheel  could  be  formed 
by  a  radius  diamond  truing  device  and  then  brought  in  on 
the  work  the  same  as  in  grinding  a  60-degree  center. 

The  length  of  time  required  for  lapping  or  grinding  a  cen- 
ter depends,  of  course,  to  a  considerable  extent  on  the  method 
used  and  the  finish  required.  Lapping  a  center  in  a  speed 
lathe  is  a  slow  and  tedious  operation;  lapping  in  a  drill  press 
with  an  up  and  down  movement  is  a  little  faster;  whereas  lap- 
ping in  a  valve  grinder  is  faster  still.  To  lap  a  center  cor- 
rectly would  require  anywhere  from  fifteen  minutes  to  a  half 
hour,  depending  on  the  method  used;  whereas  in  grinding  a 
center  by  the  methods  previously  described  the  time  could 
easily  be  cut  to  half  or  probably  less.  To  grind  two  centers 
in  an  arbor  by  the  generating  process  would  require  approxi- 
mately ten  minutes.  To  grind  a  rounded  center  with  a  form 
wheel  would  probably  take  about  the  same  time,  and  if  a 
satisfactory  wheel  were  used  it  would  not  be  necessary  to 
true  the  wheel  up  after  grinding  each  center.  This  method 
of  forming  wheels  to  definite  shapes  for  grinding  is  being  used 
more  and  more,  and  the  grinding  of  tooth  shapes  of  gears 
and  hobs  is  a  good  example  of  the  possibilities  of  form-wheel 
grinding. 

Improvements  are  constantly  being  made,  however,  in  the 


Method  of  lapping  Arbor  Centers 
in  a  Drill  Press 
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Fig.  4.     (A)  Form-grinding  an  Arbor  Center;   (B)  Grinding  an  Arbor  Center 
by  the   Generating  Process 

binders  and  methods  of  manufacture  of'  grinding  wheels,  which 
tend  to  make  possible  the  use  of  formed  wheels  for  grinding 
shapes  that  heretofore  could  not  be  accurately  finished  after 
hardening  with  dispatch.  D.  T.   H. 

*     *     * 

FORM   GRINDING 

It  is  not  necessary  that  the  face  of  the  grinding  wheel  al- 
ways be  straight,  as  it  is  possible  by  the  use  of  special  truing 
fixtures  and  devices  to  shape  the  face  of  the  wheel  in  a  manner 
which  makes  it  possible  to  grind  forms  in  various  kinds 
of  work. 

In  form  grinding,  as  in  form  milling,  it  is  essential  that 
the  shape  be  continuous  and  uniform.  It  is  impossible,  of 
course,  to  grind  under-cuts  or  varying  shapes  in  a  given  form. 
Not  every  shape  can  be  ground,  any  more  than  can  every  round 
piece  of  work  be  finished  by  the  grinding  process.  Sharp 
corners  should  be  avoided,  not  because  of  the  inability  of  the 
truing  device  to  shape  a  sharp  corner,  but  rather  because  the 
small  particles  of  grain  and  bond  of  the  wheel  which  go  to 
form  the  corner  will  not  stand  up  and  grind  long  enough  to 
maintain  such  a  shape.  This  follows  because  there  is  so  much 
work  required  of  so  few  particles  of  wheel  that  naturally  they 
wear  out  and  break  away  very  quickly. 

Still  another  factor,  which  must  be  considered  in  form  grind- 
ing, is  the  varying  depth  of  wheel  face  of  the  shape  being 
ground.  The  wheel  acts  differently,  of  course,  all  along  the 
form,  depending  on  the  distance  that  the  cutting  particles  are 
from  the  center  of  the  wheel,  since  irregular  shapes  in  the 
face  of  the  wheel  cause  the  wheel  to  vary  in  diameter  all  along 
the  width  of  the  form,  and  if  this  variation  in  these  diameters 
amounts  to  enough  to  vary  the  peripheral  speed  of  the  wheel 
materially  at  various  points  in  the  form,  the  wheel  acts  dif- 
ferently, and  a  uniform  finish  or  rate  of  production  cannot 
be  maintained. 

So  that  really  the  limitation  in  form  grinding  is  governed 
by  three  things:  The  capacity  of  the  attachment  in  producing 
varying  shapes,  the  physical  possibility  of  the  grinding  wheel 
to  maintain  a  given  form,  and  the  depth  of  the  hills  and 
valleys  in  the  face  of  the  wheel,  caused  by  the  form,  which 
affect  the  peripheral  speed  of  the  cutting  particles. 

The  wheel  must  be  trued  frequently  on  form  grinding  to 
maintain  the  shape,  especially  where  there  are  abrupt  changes 
in  the  contour,  such  as  sharp  corners,  small  radii  or  deep 
cuts.  Long  sweeping  curves  or  shapes  which  blend  well  into 
each  other  maintain  their  form  more  uniformly  and  for  a 
greater  length  of  time  than  do  the  more  irregular  shapes  with 
sharp  corners  and  angles.'  There  are  probably  a  great  many 
machining  operations  now  performed  by  other  processes  which 


could  be  readily  acc'omplished  by  form  grinding,  effecting  a 
saving  in  cost  and  producing  a  more  accurate  job  with  a  finer 
degree  of  finish.  The  use  of  the  grinding  machine  for  this 
class  of  work  is  increasing  as  people  come  to  realize  the  pos- 
sibilities in  shaping  work  which  re(iuires  accuracy  and  good 
finish. 

Flat  work  ground  on  a  surface  grinding  machine  can  be 
formed  just  as  well  as  round  work  on  a  cylindrical  grinding 
machine.  The  only  difference  in  these  two  methods  of  grind- 
ing is  in  the  manner  of  handling  the  work.  On  the  surface 
grinding  machine  the  work  is  moved  under  the  wheel  on  a 
reciprocating  table;  on  the  cylindrical  grinding  machine  the 
table  cannot  be  moved,  and  the  wheel  with  the  shape  formed 
in  it  must  be  fed  straight  into  the  work. 

One  illustration  of  the  usefulness  of  the  formed  wheel  in 
producing  shaped  parts  is  in  the  crowning  of  pulleys.  The 
<rown  can  be  made  accurate  within  0.001  inch  on  either  diam- 
eter at  the  edges  of  the  pulley,  and  the  height  of  the  crown 
can  be  much  less  than  were  it  turned.  The  amount  of  power 
which  can  be  transmitted  through  a  belt  running  on  pulleys 
crowned  by  a  form  grinding  wheel  is  greater  than  can  be 
transmitted  by  crowned  pulleys  formed  by  ordinary  turning. 
Greater  accuracy,  the  lesser  height  of  the  crown,  and  the  fact 
that  the  face  of  the  pulley  has  a  uniform  curve,  cause  the 
belt  to  adhere  closely  at  every  point  along  the  face  of  the 
pulley. — Howard  W.  Dunbar  in  Grits  and  Grinds. 
*     *     * 

SHORT   TIME  FOR  MACHINERY 

The  South  Carolina  Cotton  Manufacturers'  Association  re- 
cently resolved  to  comply  with  the  attorney  general's  con- 
struction of  the  law  to  the  effect  that  the  legal  hours  of  labor 
in  that  state  apply  to  machines.  The  opinion  applied  specifi- 
cally to  automatic  cotton  looms,  which  it  has  been  the  custom 
to  allow  to  run  during  the  lunch  hour.  Such  slight  attendance 
as  the  machinery  needed  was  given  by  arrangements  allowing 
the  lunch  hour  at  another  time  for  the  few  employes  who  were 
needed  for  that  purpose,  their  hours  not  being  extended  by 
the  duty.  According  to  the  plain  intent  of  the  opinion,  there 
must  be  the  same  hours  for  machines  as  for  wage  earners  in 
South  Carolina.  A  machine  can  work  but  60  hours,  and  two 
men  cannot  be  given  the  work  of  attending  the  same  machine 
for  120  hours.  There  is  a  plain  waste  of  capital  needed  for  the 
larger  number  of  machines,  and  there  is  a  loss  of  work  which 
might  be  given  if  it  were  lawful  to  work  the  existing  machines 
longer  hours.  The  interest  of  the  general  public  does  not  lie 
in  the  creation  of  work  or  multiplication  of  jobs  in  this  man- 
ner, but  in  the  increase  of  product,  and  the  tendency  toward 
lower  prices,  resulting  from  the  best  use  of  the  time  of  both 
men  and  machinery. 

The  case  is  not  singular,  as  it  might  be  thought.  The  same 
question  arose  over  the  automatic  looms  of  the  mills  at  Fall 
River.  There  the  workers  struck,  not  for  shorter  hours  or 
higher  wages  for  themselves,  but  for  a  reduction  of  the  prod- 
uct of  the  machines.  The  case  is  not  exactly  the  one  some- 
times alleged  against  capital,  that  machines  and  patents  are 
held  idle.  There  the  machine  or  the  patent  which  is  best 
adapted  for  the  use  is  employed,  since  it  is  not  reasonable 
to  use  the  worse  when  it  is  possible  to  use  the  better.  Repeat- 
edly it  has  been  shown  that  the  closing  of  factories  and  the  * 
disuse  of  inferior  machinery  or  patents  have  been  followed  by 
an  increase  of  product.  That  is  to  the  interest  of  capital, 
and  therein  the  interest  of  capital  and  that  of  the  consuming 
public  are  identical.  The  matter  of  profit  is  less  important 
than  the  production  of  goods,  and  if  the  production  of  goods 
should  reach  the  sky — as  it  would  not — there  would  be  little 
objection  to  profits  rising  similarly.  But  increase  of  wages 
caused  by  waste  of  capital,  and  resulting  in  decreased  produc- 
tion of  goods,  and  increase  of  prices  through  increase  of  costs, 
are  contrary  to  the  public  interest,  and  not  so  much  to  the 
interest  of  wage  earners  as  labor  leaders  think  and  teach. 
Attorney  General  Peeples'  opinion  ought  to  be  tested  in  the 
courts.  If  it  is  the  law,  it  ought  not  to  be  allowed  to  remain 
the  law.  It  is  necessary  to  draw  the  line  somewhere  regarding 
legislation  only  nominally  in  the  interest  of  labor,  and  actually 
contrary  to  the  interest  of  every  other  portion  of  the  com- 
munity.— Nciv  York  Times. 
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TRUNNION   DRILL  JIG   WITH   MILLING 
ATTACHMENT 

The  trunnion  drill  jig  shown  in  Fig.  1  has  mounted  upon 
it  a  straddle-milling  attachment  for  straddle-milling  two 
bosses  and  cutting  two  oil  slinger  grooves  in  the  lower  half 
of  an  automobile  crank-case.  The  crank-case  is  rigidly  held 
in  adequate  supports  in  the  drill  jig,  so  that  the  light  milling 
operation  can  be  conveniently  performed  at  the  same  time. 
The  use  of  the  jig  for  milling  is  also  desirable,  because  the 
bosses  must  be  in  an  accurate  position  in  relation  to  the  drilled 
holes.  This  drill  jig  was  designed  and  is  giving  satisfactory 
results  at  the  factory  of  the  Knox  Motors  Co.,  Springfield,  Mass. 

In  Fig.  1  the  drill  jig  is  shown  in  the  loading  position.  The 
jig  templet  plate  A  has  to  be  removed  when  the  crank-case  is 
being  loaded  onto  the  trunnion  drill  jig,  as  shown  in  the  illus- 
tration. The  crank-case  is  located  by  setting  the  outline  to 
permanently  located  lines  on  the  face  of  the  jig.  When  the 
correct  position  is  obtained,  the  crank-case  is  firmly  clamped 
by  four  straps. 

After  the  crank-case  is  clamped  into  position,  the  templet 
jig  .4.  is  replaced,  being  held  down  by  the  hand-nut  B  and  lo- 
cated by  a  keyway  in  its  under  surface  and  a  key  in  the  main 
body  of  the  drill  jig.  While  in  the  position  shown  in  Fig.  1, 
the  holes  are  drilled  and  tapped  through  the  templet  jig  A. 
and  this  jig  is  allowed  to  remain  in  place,  acting  as  a  clamp, 
while  the  drilling  and  milling  are  being  done  with  the  jig  in 
the  position  shown  in  Fig.  2.  After  the  completion  of  the 
foregoing  operation,  the  drill 
jig  is  indexed  to  the  position 
shown  in  Fig.  2.  While  in 
this  position,  twenty-two  holes 
are  drilled  in  the  crank-case, 
and  after  these  are  completed 
the  milling  is  done. 

The  milling  attachment  for 
this  drill  jig  consists  of  two 
members  D  and  C.  Part  C 
consists  of  a  body  member  for 
the  milling  attachment.  In  it 
are  cut  vertical  ways  in  which 
the  cutter  carrying  member 
D  travels  up  and  down.  The 
movable  member  D  carries 
a  horizontal  cutter-arbor  hav- 
ing a  gang  of  three  cutters  ./ 
and  G  on  each  end.  In  the 
center  of  this  arbor  is  a  bevel 

gear  which  meshes  with  another  bevel  gear  carried  by  a  verti- 
cal shaft,  the  upper  end  of  which  terminates  in  a  Morse  taper 
shank  E.     The  movable  member  D  is  held  normally  in  the 
upper  position  by  springs. 

In  operation,  the  drill  spindle  is  brought  down  in  contact 
with  the  taper  shank  E  until  it  is  seated  into  the  taper  drill 
socket.  Then  the  drill  spindle  is  rotated,  and  the  milling 
arbor,  of  course,  rotates  also  through  the  bevel  gears.  The 
drill  spindle  is  fed  downward  the  same  as  for  drilling,  and 
in  so  doing  the  entire  member  D  is  lowered  until  the  right- 


Fig.  1.    Trunnion  Drill  Jig  in  Loading  Position,  showing  Templet  Drill  Plate 


Fig.  2.     Jig  in  Drilling  and  Milling  Position,   showing  Milling  Attachment 


One  End  of  Crank-case   before  and  after  drilling  and  milling 

hand  set  of  cutters  G  is  brought  into  contact  with  the  boss 
to  be  milled  at  the  right-hand  side  of  the  crank-case.  The 
cutters  continue  to  be  lowered  until  they  come  against  a  previ- 
ously set  stop,  in  which  position  the  milling  of  the  right-hand 
boss  is  completed. 

To  proceed  with  the  milling  of  the  left-hand  boss,  it  is  neces- 
sary to  loosen  the  straps  that  hold  the  milling  fixture  in  place, 
grasp  the  handles  H  and  lift  the  milling  attachment  over  to 
the  left-hand  side  of  the  drill  jig,  where  there  are  dowel-pins 
which  accurately  locate  it  in  its  correct  relative  position.  The 
operation  is  repeated  in  the  same  way  as  for  the  right-hand 

boss,  except  that  cutters  J  are 
used  instead  of  cutters  G. 
This  milling  attachment  is 
never  removed  from  the  drill 
jig,  except  as  explained,  for 
milling  the  right-  and  left- 
hand  bosses.  The  movable 
member  D  is  moved  up  out 
of  the  way  by  spring  pressure 
when  a  new  crank-case  is  be- 
ing placed  in  the  jig.  It 
would  be  possible,  of  course, 
to  equip  this  drill  jig  with 
two  milling  attachments,  one 
at  each  end,  so  that  it  would 
not  be  necessary  to  move  the 
attachment  from  one  side  to 
the  other,  but  as  the  changing 
of  the  fixture  from  one  side 
to  another  was  such  a  simple 
matter,  it  was  not  deemed  advisable  to  go  to  the  extra  expense 
that  this  would  involve. 

Another  point  worthy  of  mention  is  the  simple  and  efficient 
style  of  index  plug  that  is  employed  on  this  drill  jig.  The 
construction  of  this  index  plug  is  clearly  shown  at  K.  Fig.  2. 
It  consists  of  a  circular  plug  with  a  concentric  slot  cut  in  it, 
the  width  of  which  is  just  the  thickness  of  the  drill  jig  plate. 
When  the  plug  is  in  place  and  the  drill  jig  is  turned  over, 
the  slotted  end  is  made  to  straddle  the  thickness  of  the  drill 
jig  plate  which  securely  and  accurately  holds  the  jig  in  the 
correct  position. 

In  Fig.  3  are  shown  two  views  of  one  end  of  the  crank-case 
before  and  after  drilling  and  milling.  The  exact  nature  of  the 
.•^t raddle-milling  and  groove-milling  is  clearly  shown.  V.  B. 
*  *  * 
It  has  recently  been  announced  that  the  Navy  Department 
intends  to  re-engine  ships  in  the  service  that  are  now  equipped 
with  direct-connected  turbines.  The  first  two  to  be  so  recon- 
structed will  be  the  destroyers  Henley  and  Mayrant.  These 
are  to  be  equipped  with  geared  turbine  units,  for  which  con- 
tracts have  been  placed  with  the  Westinghouse  Machine  Co. 
of  East  Pittsburg,  Pa.  Geared  turbines  have  been  decided 
upon  because  of  the  fact  that  they  are  lighter  and  take  up 
less  space  than  direct-connected  units,  are  much  better  mechan- 
ically because  of  their  small  size,  and  materially  reduce  steam 
consumption  at  all  speeds,  and  especially  at  cruising  speeds. 
This  reduces  the  fuel  consumotion  and  increases  the  steaming 
radius,  which  is  an  important  feature. 
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GAGING   AND   INSPECTION   METHODS 

Modern  developments  in  the  machine  shop  have  reached  a 
point  where  problems  of  gaging  and  inspection  are  no  longer 
left  to  haphazard  systems  evolved  by  this  or  that  man,  but 
are  scientifically  planned  with  a  view  to  insuring  a  high  pro- 
duction with  interchangeability  of  parts.  Many  gages  which 
have  been  used  in  times  past  have  been  of  little  use  because 
they  were  not  designed  in  such  a  way  as  to  show  variations. 
A  "Go"  and  "Not  Go"  gage  is  all  very  well,  but  one  which 
indicates  the  amount  of  variation  in  the  work  at  the  same 
time  is  still  better.  The  present  tendency  is  toward  gages  of 
an  indicating  type  which  give  a  reading  by  means  of  which 
it  can  be  readily  determined  whether  the  tools  are  cutting 
large  or  small;  hence  the  tools  can  be  set  to  correct  any 
error  in  one  direction  or  the  other. 

The  setting  of  tolerances  and  the  determining  of  limits  for 
work  and  inspection  gages  are  of  primary  importance,  requir- 
ing extreme  care,  unerring  judgment  and  wide  knowledge  of 
manufacturing  conditions,  machine  tools  used  and  the  sequence 
of  operations  on  the  work.  -  It  follows,  therefore,  that  meth- 
ods of  gaging  should  go  hand  in  hand  with  tool  design.  In- 
spection methods  have  kept  pace  with  the  progress  in  gaging, 
both  in  the  testing  of  work  in  process  and  finished  work.  The 
daily  and  sometimes  hourly  inspection  of  the  gages  themselves 
and  the  care  used  to  keep  them  in  shape  for  accurate  work 
have  both  been  influential  in  securing  the  results  which  are 
obtained  from  present-day  interchangeable  manufacture.  A 
system  of  gaging  and  inspection  which  does  not  take  into  con- 
sideration the  wear  on  the  gages  and  which  does  not  include 
a  rigid  inspection  of  work  gages  at  frequent  intervals  will  fail 
to  produce  satisfactory  results,  no  matter  how  carefully  the 
original  gages  may  have  been  made. 
*     *     * 

THREAD   MILLING 

Some  valuable  lessons  have  been  learned  by  American  manu- 
facturers as  the  result  of  their  experience  in  making  shrapnel 
and  high-explosive  shells.  One  of  these  is  the  great  efficiency 
of  the  thread  milling  cutter  as  compared  with  the  single-point 
thread  tool  or  taps  and  dies.  Early  in  the  game,  some  of  our 
inexperienced  concerns  tried  to  thread  shrapnel  noses  with 
single-point  tools  or  taps  to  fit  Whitworth  thread  gages.  These 
attempts  were  commercial  failures.  It  was  practically  impossi- 
ble to  hold  single-point  tools  to  the  shape  required  and  get  the 


kind  of  thread  demanded  by  the  inspectors,  and  comparatively 
few  taps  and  dies  will  cut  Whitworth  threads  with  the  accu- 
racy and  speed  required.  , 

Thread  milling  solved  the  difliculties.  The  milling  cutter 
made  to  the  approved  standard  Whitworth  thread  section  holds 
its  shape  and  cuts  rapidly.  A  shell  mouth  threaded  with  a 
milling  cutter  operated  in  a  thread  milling  machine  leaves 
little  to  be  desired  as  regards  accuracy,  shape  and  smoothness 
of  cut.  No  trouble  is  experienced  in  doing  work  that  will  meet 
the  requirements  of  the  inspectors  armed  with  thread  gages 
and  a  critical  disposition. 

Thread  milling  may  be  done  with  efficiency  in  a  first-class 
engine  lathe  equipped  with  a  cutter-head  mounted  on  the  car- 
riage and  provided  with  means  for  driving  the  cutter.  While 
a  makeshift  arrangement  of  this  sort  is  not  to  be  generally 
recommended,  the  results  are  so  highly  satisfactory  that  one 
having  used  thread  milling  equipment  on  manufactured  work 
ordinarily  done  with  single-point  tools  could  hardly  be  tempted 
to  go  back  to  the  old  time-consuming  and  inefficient  way. 

*  *     * 
INTERCHANGEABLE   PLANER   WORK 

One  of  the  lessons  learned  by  some  in  high-pressure  produc- 
tion of  machine  tools  to  fill  war  orders  is  the  economy  of  accu- 
rate machine  work,  especially  planer  work.  Lathe  beds  may 
be  planed  very  accurately  on  first-class  planers  by  skilled 
mechanics,  or  -they  may  be  planed  quite  inaccurately  by  poor 
workmen  on  second-class  machines.  In  the  rush  to  produce 
machine  tools,  the  tendency  was  to  cut  down  the  planer  time, 
with  the  result  that  much  more  time  was  required  on  the  erect- 
ing fioor  to  correct  the  faults  of  planing.  This  obviously  is 
bad  management.  One  hour  spent  on  the  planer  making  a 
job  right  is  as  effective  as  five  hours  spent  by  the  scraper  to 
correct  a  poor  job.  When  skilled  erectors  could  not  be  ob- 
tained, the  value  of  flrst-class  planer  work  became  more  evi- 
dent than  ever. 

A  skilled  workman  on  a  good  planer  can  readily  produce 
plane  surfaces  parallel  and  in  line  with  lateral  dimension  cor- 
rect to  within  one-half  thousandth  inch  limit,  plus  or  minus. 
A  scraping  cut  with  a  planer  tool  to  make  a  surface  true  and 
of  the  required  dimensions  can  be  taken  in  a  fraction  of  the 
time  required  by  a  skilled  fitter  to  remove  the  metal  with  the 
file  and  scraper.  In  fact,  good  planer  work  obviates  the  need 
of  scraping  except  to  remove  the  iron  dust  and  to  harden  the 
surface.  Scraping  is  employed  as  a  means  for  giving  a  beauti- 
ful finish,  but  as  a  corrective  process  in  machine  tool  building 
it  should  not  be  greatly  needed. 

*  *     * 

DIRT   AND   DISORDER  IN   SHOPS 

Nothing  is  more  depressing  to  an  orderly  mind  than  the 
sight  of  dirt  and  disorder  in  a  machine  shop.  A  shop  iq  which 
castings  are  strewn  promiscuously  on  the  floor  mixed  with 
scrap,  chips  and  waste,  and  where  tools  litter  the  work-benches 
and  stands,  is  invariably  associated  with  inefficiency  and 
slovenly  practice.  It  is  true  that  a  machine  shop  is  a  hard 
place  to  keep  clean  and  orderly,  but  the  expense  and  effort 
required  are  well  repaid.  Men  work  better  and  produce  more 
when  employed  in  cheerful  surroundings  where  order  reigns. 
The  subjective  influence  is  invariably  for  the  better.  A  dis- 
orderly shop  indicates  a  disorderly  superintendent  and  begets 
disorderly  habits  in  the  workmen.  A  clean  shop  with  tools 
kept  right  and  castings  neatly  piled  is  potentially  a  safe  shop, 
and  inspires  orderly  methods. 

An  old  shop  need  not  necessarily  look  disreputable.  The 
labor  of  one  man  rightly  directed  will  accomplish  wonders  in 
brightening  the  windows,  banishing  dirt,  sweeping  away  cob- 
webs and  keeping  the  gangways  free  from  obstructions.  A 
patch  of  green  grass  in  front  neatly  trimmed  and  a  few  vines 
trained  to  grow  on  the  broken  walls  will  repay  a  hundred  times 
the  cost.  The  man  who  sneers  at  these  things  as  being  "sissi- 
fied"  and  out  of  place  does  not  appreciate  how  powerfully  they 
appeal  to  the  esthetic  side  of  man's  nature  or  what  a  force 
they  are  in  attracting  desirable  employes.  Clean  up  regularly 
and  keep  the  shop  in  order  is  a  good  rule  to  prevent  accidents 
and  fires  and  to  promote  general  efficiency. 


October,  1916  MACHINERY  129 

NOTES    ON    THE    MACHINERY    INDUSTRY    ON    THE    CONTINENT 


MACHINE  TOOL  BUILDING  IN   FRANCE,  ITALY  AND  SWITZERLAND— WAGES  AND  COSTS  OF  MATERIALS 

BY  ALEXANDER  LUCHARS' 


THERE  are  not  more  than  three  or  four  machine  tool  build- 
ers in  France  at  present — and  at  the  outbreak  of  war 
there  were  only  two  of  consequence.  The  facilities  of 
these  were  totally  inadequate  to  provide  a  fraction  of  the  tools 
required,  so  America  was  virtually  the  only  source  of  supply 
for  machine  tools.  One  of  the  two  plants  referred  to  has  since 
been  taken  over  by  Schneider  &  Cie  for  the  manufacture  of 
special  machinery,  and  the  other,  a  lathe  factory,  is  producing 
shells  principally,  so  that  virtually  no  machine  tools  are  now 
being  made  in  France  or  are  likely  to  be  made  until  the 
war  ends. 

I  have  heard  a  good  deal  about  the  increased  output  and 
great  profits  of  American  machine  tool  factories  on  account 
of  war  orders,  but  nothing  at  home  approaches  an  example 
which  I  found  in  Paris.  A  manufacturer  of  gears  whose  shop 
I  visited  in  July,  1914,  and  who  was  then  employing  about 
fifty  men,  obtained  some  huge  government  contracts  for  shells, 
and  in  connection  with  them  a  trifling  loan  from  the  govern- 
ment of  16,000,000  francs,  which,  with  the  help  of  friends, 
enabled  him  to  enlarge  his  plant,  so  that  he  now  employs 
4500  hands — a  large  proportion  of  whom  are  women.  What 
this  enormous  plant  is  to  produce  after  the  war  is  not  yet 
evident.  The  difficulty  of  obtaining  accurate  information  in 
Europe  is  shown  by  the  figures  given  me  as  to  the  number  of 
hands  employed  by  this  concern.  One  informant  placed  it 
at  12,000,  another  at  10,000  and  a  third  at  8000;  but  careful 
inquiry  showed  that  the  actual  number  was  about  4500.  That 
is  enough,  without  exaggeration.  The  same  statement  applies 
to  figures  on  the  increase  in  the  cost  of  living  in  France.  One 
highly  intelligent  French  business  man  assured  me  that  the 
cost  of  food  had  doubled,  but  I  found  that  the  advance  was 
really  about  30  per  cent.  The  price  of  food  in  restaurants 
has  increased  about  as  much. 

Some  figures  given  me  representing  the  sales  of  American 
machine  tools  in  France  are  worth  mentioning.  The  sales  of 
the  representative  of  one  American  manufacturing  concern 
(not  a  dealer)  during  the  two  years  of  the  war,  in  France  and 
England,  are  said  to  have  been  60,000,000  francs.  The  head 
of  another  firm  which  has  a  number  of  American  agencies 
told  me  it  had  placed  orders  in  America  amounting  to  35,000,- 
000  francs. 

France  is  a  limited  market  for  machine  tools  under  normal 
conditions,  and  our  manufacturers  of  course  should  not  look 
for  a  continuation  of  anything  like  the  business  which  has 
been  passing  during  war  time.  In  general,  they  do  not  ap- 
preciate how  limited  the  market  is  for  machine  tools,  and 
especially  for  large  tools  of  a  special  character,  so  that  when 
they  have  placed  their  agencies  with  a  French  concern  and 
have  not  received  the  amount  of  business  they  looked  for, 
they  have  been  more  inclined  to  blame  the  agent  than  the 
market. 

Munitions  Profits  Dwindling 

The  enormous  profits  made  in  the  manufacture  of  shells 
and  other  war  material  at  the  beginning  of  the  war  have 
dwindled,  and  some  of  the  work  is  actually  being  turned  out 
at  a  loss.  Following  are  the  prices  of  shells  of  the  sizes  most 
largely  used: 

Mm.  Inches  Prices  1914  Prices  Now 

75  2.95  15.00  Fr.  4.35  Fr. 

105  4.13  22.00  12.50 

120  4.73  28.00  12.50 

150  5.9  32.00      •  18.50 

155  6.10  36.00  20.00 

The  above  quotations  are  for  steel  shells,  and  include  ma- 
chining, testing  and  gaging,  but  not  material.  The  following 
table  gives  prices  of  shells  made  of  "semi-steel,"  that  is  cast 
iron  and  scrap  steel: 

Mm.  Indies  Prices  1914  Prices  X<nv 

120  4.73  17.50  Fr.  11.00  Fr. 

155 6JjO 17.50  9.00 
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Some  firms  have  sub-contracts  for  machining  the  120-milll- 
meter  semi-steel  shells  at  3.75  francs  each  and  are  making  a 
profit.  The  price  paid  by  the  government  for  machining  only, 
is  7  francs.  The  price  paid  for  the  chips  from  these  shells 
went,  during  the  first  six  months  of  191G,  from  2.50  francs 
per  100  kilograms  to  8.20  francs  per  100  kilograms,  and  since 
has  dropped  to  about  6.50  francs  per  100  kilograms. 

The  first  contracts  for  forging  the  loose  head  or  ogive  of 
75-millimeter  shells  were  given  covering  a  period  of  about  one 
year,  not  including  heat-treatment,  at  1.85  franc  per  shell 
with  transport  to  and  from  the  shop  paid  by  the  govern- 
ment. Today  shops  offer  to  do  them,  including  heat-treatment, 
at  1.10  franc  per  shell;  and  some  shops  having  a  capacity 
of  at  least  6000  per  day  are  seeking  them  at  65  centimes  each, 
including  the  heat-treatment. 

For  fuses,  16.20  francs  was  paid  for  machining  only,  in 
1914.  Now  the  price  is  6.80  francs.  Detonators,  for  which 
6.57  francs  was  formerly  paid,  are  now  2.20  francs,  includ- 
ing furnishing  the  metal;  and  1.80  franc  without  the  metal. 
Inspection  of  shells  is  much  more  rigid  now  than  ever  before. 
The  prices  have  declined  not  only  on  account  of  competition, 
hut  also  because  the  government  inspectors  saw  the  enormous 
profit  in  the  work  and  gradually  cut  down  the  figures. 

The  first  series  of  3000  75-millimeter  rifled  trench  cannon 
was  placed  at  1200  francs  each  for  machining  only;  total 
labor  cost,  including  jigs,  tools,  etc.,  285  francs  per  cannon 
(based  on  a  series  of  1000  cannon).  The  second  series  was 
placed  at  850  francs,  for  machining  only.  The  labor  cost  was 
325  francs  per  cannon.  This  model  was  more  difficult  to  make, 
as  the  breech-block  was  screwed  on  instead  of  being  forged 
integral  with  the  barrel,  and  there  were  two  copper  slides 
set  in  the  barrel. 

At  the  beginning  of  1915  the  price  for  breech-blocks  of  220- 
millimeter  siege  guns,  machined  after  heat-treatment,  was 
1850  francs  each.  In  November,  1915,  the  price  for  the  same 
piece  was  965  francs.  The  labor  cost  in  each  case  was  about 
200  francs. 

The  first  series  of  breech-locking  rings  of  the  220-millimeter 
gun.  machining  only  and  not  including  heat-treatment,  was 
placed  at  1750  francs  each.  The  second  series  was  placed 
at  1290  francs.  The  pieces  were  made  in  series  of  7  batteries 
(28  pieces).  The  labor  cost,  including  tools,  jigs,  etc.,  was 
about  390  francs.  The  first  series  of  breech-locking  levers  and 
firing  levers  of  the  75-millimeter  gun  (not  including  heat- 
treatment)  was  placed  at  146  francs  for  series  of  300;  second 
series  in  lots  of  1500  at  112  francs;  labor  cost,  including  jigs, 
tools,  etc.,  about  56  francs. 

The  reduction  in  prices  paid  for  shells  in  the  allied  coun- 
tries is  an  indication  that  the  Allies  have  caught  up  with  the 
demand.  After  two  years  of  unparalleled  exertion,  they  ap- 
pear to  have  reached  a  point  that  the  Germans  were  forty 
years  preparing  for.  There  are  other  indications  of  this  con- 
dition besides  the  present  prices  of  munitions.  One  is  the 
enormous  quantities  of  shells  piled  along  the  lines  of  the 
railways  for  miles  in  the  rear  of  the  firing  lines.  Everyone 
knows  that  it  was  the  abundant  supply  of  animunition,  as 
well  as  the  men  and  the  trained  organization,  which  enabled 
the  Germans  to  win  during  the  early  part  of  the  war,  and 
it  is  the  more  than  abundant  supply  of  ammunition,  the  con- 
stantly increasing  supply  of  men  from  Great  Britain  and  the 
close  working  relations  of  the  Allies  that  have  been  turning 
the  tide  of  battle.  A  French  officer  said  that  at  the  beginning 
of  the  war  there  was  no  ammunition  for  the  cannon  they 
had,  and  when  they  obtained  ammunition  they  needed  more 
guns.    Now  they  have  plenty  of  both. 

I  was  told  on  good  authority  that  no  contracts  for  French 
shells  or  rifles  had  recently  been  placed  out  of  France.  The 
large  contracts  placed  in  the  United  States  by  the  French  gov- 
ernment are  said  to  have  been  for  Russia,  for  which  country 
France  has  been  purchasing  enormous  amounts  of  war  mate- 
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.rial  that  is  now  supplementing  the  supplies  that  Japan  has 
been  furnishing,  and  partly  account  for  the  recent  success 
of  the  Russian  armies. 

Wneres  and  Prices  of  Materials  In  France 

Wages  in  France  vary  according  to  location.    The  following 
wages  are  paid  in  a  shop  just  outside  Paris: 

Avprag*  Pa.v  per 
.\viiam'  Tiiy  AviTiiK*'  I'aj'  Month  oil  Basis  of 

1  Kraiu'  per  Hour 


I*osition 


per  Month 


Inspector        0.79  franc  235.08  francs  275.37  francs 

Assistant        0.52     "  155.10       "  187.38 

In  December,  1915,  these  men  were  all  put  on  a  basis  of  one 
franc  per  hour,  to  which-  are  added  the  usual  premiums  and 
bonuses. 

In  the  Department  of  Jura  and  in  that  region  the  maximum 
pay  for  both  men  and  women  is  7.50  francs  per  day  of  ten 
hours.  The  minimum  for  skilled  men  is  7  francs  per  day  and 
tool-room  men  average  10  francs  per  day. 

In  the  Paris  district,  which  controls  the  pay  of  workmen  as 
far  north  as  Dunkirk  and  within  a  radius  of  about  thirty 
miles  in  other  directions,  toolmakers  were  paid  before  the 
war  from  90  centimes  to  one  franc  per  hour,  and  since  the 
war  are  paid  1.80  franc  per  hour.  Lathe  hands  are  now  paid 
from  45  centimes  to  1.40  franc  per  hour.  Some  shops  about 
twelve  miles  out  of  Paris  are  paying  20  centimes  per  hour 
more  to  non-mobilized  men,  while  those  mobilized  are  paid 
the  same  rates  as  in  Paris.  In  Amiens  and  the  region  of 
the  Somme  lathe  hands  are  paid  65  to  70  centimes  per  hour. 
Schneider  &  Cie  at  Creusot  pay  40  to  80  centimes  per  hour, 
and  many  of  the  workmen  are  refugees  sent  there  by  the  gov- 
ernment. There  are  said  to  be  some  80,000  hands  in  the 
Schneider  works  in  different  parts  of  France. 

In  shell  and  fuse  works  the  proportion  of  women  employes 
ranges  from  60  to  80  per  cent.  In  such  works  most  of  the 
employes,  except  foremen  and  toolmakers,  are  usually  women. 
From  these  figures  the  percentage  runs  down  to  10.  Women 
are  generally  paid  wages  varying  from  5  to  6  francs  a  day 
with  a  premium,  which  increases  the  pay  2  or  3  francs. 
The  proportion  of  women  in  some  shops  where  the  work  is 
not  heavy  is  as  low  as  30  per  cent,  and  the  government  is 
trying  to  increase  this  percentage  to  40,  so  that  except  on 
heavy  work  there  will  be  no  shops  employing  over  60  per 
cent  of  men.  I  have  seen  women  employed  turning  out  120- 
millimeter  shells,  but  in  such  cases  they  had  hoisting  appa- 
ratus and  other  appliances  to  help  them  with  handling  heavy 
material.  Others  were  able  to  handle  75-millimeter  shells 
without  any  such  help. 

The  following  table  shows  wages  paid  for  various  occupa- 
tions in  1914: 

Wages  per 

Day  of  8 

Hours,  Francs 

Occupation                                                                                      Min.  Max. 

Adjusteur  de  precision             -  Fitter,  precision  work        10.00  15.00 

"                  ordinaire                Fitter,  ordinary                      7.50  10.00 

Chaudronnier  en  cuivre              Coppersmith                             7.50  12.00 

"                       fer                      Boilermaker                               7.50  12.00 

Chauffeur                                          Stoker                                        7.50  10.00 

Conducteur,  machines-vapeur  Engine  driver                          7.50  10.00 

Calqueur                                            Tracer                                        7.50  10.00 

Dessinateur                                      Draftsman                              10.00  17.50 

"             autographe               Draftsman-copier                  8.00  14.00 

Forgeron  de  precision                  Smith,  precision  work        10.00  15.00 

"                 ordinaire                  Smith                                          7.00  10.00 

Frappeur                                           Smith's  striker                       6.50  8.50 

Fraiseur  de  precision                   Milling  machine  operator    8.00  12.00 

Heliographe                                        Blueprinter                                 6.50  8.50 

Manoeuvre                                        Laborer                                     6.50  8.50 

Photographe                                     Photographer                           8.00  14.00 

Raboteur  de  precision                  Planer  operator                      8.00  12.00 

Tourneur  de  precision                  Turner,  precision  work      10.00  15.00 

"                 ordinaire                 Turner                                       7.50  10.00 

Menuisier  modeleur                       Patternmaker                          8.50  13.00 

On  January  1,  1915,  these  salaries  were  all  increased  by  25  per 
cent.  In  addition  to  that  increase,  workmen  are  paid  for  premiums 
and  overtime. 

Here  are  a  few  changes  in  the  prices  of  material  in  France 
since  the  war: 


1014-15 

34  fr.  per  ton  128  fr.  per  ton 

75  fr.  per  100  kg.      320  to  380  fr. 


1915-16 
Coal 

Machine  oils 
High-speed  steel: 

(American)  7.50  fr.  per  kg. 

(English)  7  fr.  per  kg. 

Mild   steel    (Bar   stock 

up    to    2    in.    dlam.)       38  fr.  per  100  kg.      Jan.,    1916,    68    fr.    per 
Bronze    castings,    first  100  kg 

quality  4.20   fr.   per  kg.        Jan.,  1916, 6.50  fr.  per  kg. 


42  to  56  fr.  per  kg. 
16  to  28  fr.  per  kg. 


Business  and  Engrlneerlner  Conditions  In  Italy 

In  Italy  business  activity  is  divided  into  three  zones  or 
belts.  The  northern  belt,  which  includes  the  manufacturing 
section,  is  very  prosperous — probably  more  so  than  at  any 
other  period  of  its  existence.  In  this  belt  lie  the  large  ma- 
chinery and  automobile  plants,  all  of  wliich  are  turning  out 
munitions;  and  hundreds  of  works  of  all  kinds,  big  and  little, 
are  furnishing  supplies  for  the  army  and  navy.  Because  of 
the  amount  of  money  thus  placed  in  circulation,  and  also  be- 
cause the  northern  belt  is  close  to  the  fighting  line  and  vitally 
interested  in  the  outcome  of  the  war,  all  the  people  there  are 
enthusiastic  for  it.  In  the  middle  belt,  where  there  is  less 
metal  manufacturing,  there  is  less  enthusiasm  for  the  war. 
In  the  southern  belt,  which  is  farthest  from  the  fighting  line, 
and  which  is  almost  entirely  devoted  to  farming  and  kindred 
industries,  business  is  poor,  and  the  war  is  unpopular.  Flour 
mills  are  tied  up  on  account  of  the  scarcity  of  coal  and  Mie 
lack  of  water  to  run  them.  The  farther  south  you  go  the 
less  popular  the  war  is. 

Many  of  the  motors  that  require  oil  for  fuel  are  not  operated 
on  account  of  its  lack,  and  old  steam  engines  are  being  resur- 
rected and  started  up,  although  the  price  of  coal  in  some 
sections  is  almost  prohibitive. 

The  demand  for  war  supplies  has  naturally  created  an  un- 
precedented market  for  all  kinds  of  appliances  needed  in  their 
production,  including  machine  tools,  so  that  other  lines  are 
indirectly  affected  as  in  England.  Before  the  war,  business 
was  poor,  money  scarce,  and  most  of  the  Italian  automobile 
manufacturers,  of  which  there  are  about  a  dozen,  big  and  little, 
were  guessing  hard  about  the  future.  Now  their  production 
is  limited  only  by  the  number  of  hands  and  machines  they  can 
procure.  The  great  plant  of  the  Fiat  Co.  at  Turin  has  been 
extended  until  it  comprises  a  small  city  in  itself,  employing 
from  15,000  to  18,000  hands,  turning  out  shells,  motor  trucks, 
aeroplane  and  submarine  engines,  and  other  war  material. 
The  Isotta  e  Franchini,  the  Bianci  and  other  smaller  automo- 
bile manufacturers  are  running  to  their  full  capacity  on  about 
the  same  class  of  products. 

It  is  said  that  the  Fiat  Co.  plans,  when  the  war  is  over  and 
the  demand  ceases  for  war  material,  to  produce  a  great  variety 
of  small  metal  products  in  general  use,  all  of  which  have  here- 
tofore been  bought  from  Germany,  and  also  to  build  a  low- 
priced  automobile  in  large  quantities.  Probably  when  those 
plans  were  made  they  had  not  heard  of  the  new  Ford  prices. 

The  Ansaldo  works  near  Genoa  is  another  immense  manu- 
facturing establishment,  that  and  the  Fiat  works  being  the 
two  largest  in  Italy.  The  Ansaldo  works  employ  about  16,000 
hands  (more  than  double  the  number  in  1914),  of  whom  about 
1000  are  women.  This  concern  was  founded  by  two  English 
engineers  to  make  and  repair  engines  for  the  Italian  railways, 
and  until  recent  years  the  management  was  associated  with 
Armstrong-Whitworth  of  Elswick  and  conducted  on  the  same 
lines,  having  its  own  steel  plant  and  foundries,  and  building 
warships,  torpedo-boats,  motors,  engines,  cannon  and  machine 
guns,  besides  a  variety  of  railway  material.  It  is  now  under 
Italian  control  entirely  and  has  produced  an  enormous  amount 
of  war  material  for  the  Italian  army. 

Notwithstanding  the  war,  some  progress  in  peaceful  engineer- 
ing works  has  been  made  in  Italy.  Some  300,000-horsepower 
turbo-generators  have  been  installed  along  the  Italian  riviera, 
the  power  from  which  is  carried  long  distances.  The  trains 
through  the  Mont  Cenis  tunnel,  which  until  recently  was  filled 
with  smoke,  are  now  being  operated  by  electricity.  An  inter- 
esting fact  I  noted  was  that  the  construction  of  their  strategic 
railroads  and  much  of  the  engineering  work  by  the  Italian 
army,  including  the  tunnels  under  the  impregnable  San  Sabo- 
tino  mountain,  one  of  the  Gorizia  defenses,  have  been  done  by 
Italians  who  were  trained  in  America.  There  are  said  to  be 
about  300,000  of  them  in  the  Italian  army. 

There  are  several  machine  tool  builders  in  Italy;  two  or 
three  make  lathes  and  one  makes  gear  cutters — none  of  much 
importance.  The  Italians  have  been  only  fairly  large  buyers 
of  machine  tools  in  years  gone  by,  not  having  been  fully  edu- 
cated to  the  advantage  of  using  high-priced  labor-saving  ma- 
chinery, except  in  the  automobile  works.    A  large  part  of  the 
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metal-working  machinery  sold  in  Italy  has  been  bought  from 
Germany  (about  $1,500,000  worth  annually),  and  many  of 
the  large  German  manufacturers  were  represented  in  Italy. 
This  has,  of  course,  all  been  cut  off,  and  will  certainly  not  be 
resumed  during  the  war,  and  perhaps  not  for  some  time  after. 
England  and  America  will  be  called  on  for  the  metal-working 
machinery  required  in  Italy  until  friendly  relations  are  re- 
sumed with  Germany. 

Conditions  in  Svntzerland 

Little  Switzerland,  surrounded  by  four  nations  at  war, 
obliged  to  maintain  a  large  standing  army  and  with  her  prin- 
cipal sources  of  income  cut  down,  occupies  a  position  of  great 
difficulty  and  satisfies  none  of  her  neighbors.  France  and 
Germany  both  claim  that  she  is  trading  with  their  enemies, 
and  her  vise  on  a  passport  immediately  places  the  bearer  under 
suspicion  of  being  one  of  the  spies  with  which  Switzerland  is 
said  to  be  liberally  supplied.  It  is  worth  noting,  by  the  way, 
that  Germany  has  made  up  a  black  list  of  Swiss  firms  who 
supply  her  enemies. 

The  hotel  and  lace  industries  on  which  Switzerland  is  prin- 
cipally dependent  being  virtually  dead,  she  naturally  has 
turned  to  the  production  of  war  material,  which  means  every- 
thing that  is  used  by  an  army,  and  all  such  industries  are 
booming.  The  native  language  in  the  larger  part  of  Switzer- 
land being  German,  a  smaller  part  French  and  a  still  smaller 
part  Italian,  it  might  be  expected  that  the  natural  sympathies 
of  the  Swiss  would  be  divided  in  like  proportion,  but  I  ob- 
served that  they  sold  their  products  impartially  to  any  foreign- 
ers, provided  they  paid  in  Swiss  money.  Foreign  money  is 
taken  at  a  discount  only. 

The  troubles  of  our  manufacturers  over  raw  materials  are 
fly  specks  compared  with  what  the  Swiss  manufacturers  en- 
counter. To  obtain  material  from  England,  which  is  almost 
their  only  source  of  supply,  they  must  first  obtain  one  permit 
from  the  Swiss  over-seas  trust  in  London,  a  second  from  the 
English  war  department,  a  third  from  the  English  ministry 
of  munitions,  and  a  fourth  from  the  French  authorities  for 
permission  to  land  the  shipment  in  France.  Then  their  mate- 
rial must  be  shipped  on  Swiss  railway  trucks,  for  which  they 
obtain  a  fifth  permit  from  the  French  railway  authorities.  In- 
cidentally, If  any  of  this  material  is  used  for  manufacturing 
war  materials  for  an  enemy  country,  the  manufacturers  are 
fined  four  times  the  value  of  the  shipment  and  their  names 
are  stricken  off  the  list  of  licensed  importers. 

There  are  four  or  five  lathe  manufacturers  in  Switzerland, 
and  a  dozen  smaller  machine  tool  builders,  some  of  whom 
build  bench  drills.  The  largest  machine  tool  factory  there 
is  that  of  the  Societe  Suisse  des  Machines  Outils  d'Oerlikon, 
at  Oerlikon,  near  Zurich,  building  lathes,  horizontal  boring 
and  milling  machines  and  vertical  drilling  machines,  but  not 
of  the  highest  grade.  Two  years  ago  they  were  considered 
unimportant;  one  year  ago  they  were  employing  about  300 
hands,  and  now  they  employ  about  500.  They  have  sold  thou- 
sands of  lathes  in  France,  and  probably  other  thousands  in 
Germany,  Austria  and  Italy.  One  French  dealer  told  me  he 
had  bought  over  a  thousand;  but  added,  "Because  we  couldn't 
get  American."    The  French  are  always  polite. 

The  Oerlikon  Machine  Tool  Co.  was  formerly  a  department 
of  the  Oerlikon  Maschiuenfabrik,  a  large  concern  employing 
about  2500  hands,  manufacturing  locomotives,  electrical  plants 
and  appliances,  sand  disintegrators,  turbo  blowers,  train  light- 
ing equipment  and  other  peaceful  material.  This  concern 
makes  no  war  material  and  so  keeps  out  of  trouble. 

The  wages  for  machinists  and  other  metal  workers  in 
Switzerland  are  naturally  less  than  in  the  surrounding  coun- 
tries, and  as  many  of  the  best  workmen  attempted  to  leave 
Switzerland  to  get  the  higher  wages  offered  by  foreign  works, 
an  order  was  issued  by  the  Swiss  war  department  forbidding 
the  granting  of  furloughs  to  any  soldiers — and,  of  course,  all 
able-bodied  men  in  Switzerland  are  soldiers — for  the  purpose 
of  leaving  the  country.  This  made  so  much  feeling  among 
the  workmen  that  strong  pressure  was  brought  to  bear  on 
the  authorities,  and  Switzerland  being  a  republic  where  poli- 
tics have  more  influence  than  in  some  other  countries,  the 
■order  was  modifled. 


THE  DECAY  OF  METALS* 

By  decay  of  metals  Is  meant  changes  of  an  unfavorable  char- 
acter that  take  place  when  in  use  or  in  storage,  especially 
those  that  proceed  completely  through  the  mass  of  the  metal. 
The  simplest  of  these  is  the  disintegration  due  to  molecular 
change  of  the  kind  known  in  chemistry  as  allotropic.  This  is 
especially  observable  in  tin,  which  becomes  unstable  at  64.4 
degrees  F.  and  may  gradually  change  from  a  tough  white  metal 
into  a  gray  powder.  This  condition  is  first  manifested  as 
small  spots  at  which  mounds  of  gray  powder  soon  appear. 
In  a  short  time,  each  spot  becomes  a  hole,  which  rapidly  per- 
forates the  metal.  A  peculiarity  of  this  trouble  is  that  it 
rapidly  spreads  from  one  place  to  another,  like  an  infectious 
disease;  it  is  therefore  known  as  the  "tin  plague."  In  cold 
countries  like  Russia,  the  tin  roofs  of  the  affected  areas  are 
quickly  destroyed  when  the  process  of  decay  is  started.  It 
seems  as  though  the  powder  must  be  carried  by  the  wind,  and 
that  wherever  it  settles  it  starts  the  tin  decaying.  Tin  is  also 
likely  to  undergo  a  molecular  change  at  the  temperature  of 
boiling  water.  This  is  shown  by  the  columnar  structure  that 
is  frequently  found  in  pieces  of  broken  condenser  worms. 
Allotropic  changes  occur  also  in  lead,  especially  lead  sheets 
subjected  to  the  application  of  solutions  containing  lead  salts. 
This  change  does  not  appear  to  be  connected  with  the  impuri- 
ties in  ordinary  lead,  as  it  seems  to  occur  as  readily  with  com- 
mon sheet  lead  and  the  purest  assay  foil. 

Decay  may  also  be  due  to  the  movement  of  gases  dissolved 
in  a  metal.  This  is  the  cause  of  the  brittleness  of  nickel  wires 
used  as  resistances  in  electric  furnaces.  The  heating  of  the 
wire  sets  free  the  dissolved  gases  invariably  contained  in 
nickel.  As  the  cooling  between  two  periods  of  use  is  too  rapid 
for  a  complete  reversal  of  the  process,  a  part  of  the  gas  re- 
mains undissolved  between  the  grains  of  metal.  As  this  alter- 
nate heating  and  cooling  continues,  the  grains  separate  and 
the  wire  crumbles. 

Severe  cold  working  of  a  metal  is  apt  to  produce  the  form 
of  decay  known  as  seasoning  cracking.  Hard  drawn  brass 
rods  and  tubes  occasionally  crack,  both  in  use  and  in  storage, 
when  transferred  to  a  warmer  climate  or  exposed  to  slight 
corrosion.  This  decay  is  due  to  the  existence  of  severe  in- 
ternal stresses  in  the  metal  caused  by  the  unequal  deformation 
of  the  inner  and  outer  layers.  The  cracks  are  commonly  trans- 
verse. While  seasoning  cracking  is  generally  hastened  by  ex- 
posure to  temperatures  above  normal,  heating  sometimes  pre- 
vents this  form  of  decay.  Seasoning  cracking  may  also  be 
caused  by  ammonia  or  other  agents;  when  the  chemical  agent 
acts  rapidly  the  cracking  may  occur  with  almost  explosive 
violence.  Very  hard  drawn  rods  of  brass  or  bronze  will  some- 
times fiy  to  pieces  when  attacked  with  a  solution  of  a  mercury 
salt  or  of  ferric  chloride. 

Sometimes  cracking  is  started  by  superficial  corrosion,  the 
corroding  agent  separating  the  grains  of  the  surface  layer, 
acting  in  the  same  way  as  a  crack.  At  the  same  time  internal 
stresses  may  increase  the  liability  of  corrosion  by  opening  up 
cleavages  in  the  grains,  thus  effecting  a  path  along  which 
the  corroding  agent  may  enter,  even  though  the  stresses  may 
not  have  produced  any  cracks. 

Corrosion  is  accelerated  by  the  contact  of  dissimilar  metals. 
As  a  single  metal  in  the  annealed  and  cold-worked  conditions 
differs  in  its  electrical  properties,  the  contact  of  the  two  favors 
corrosion,  so  that  a  metal  which  is  locally  cold-worked  is  par- 
ticularly likely  to  corrode.  For  this  reason  the  corrosion  of 
a  cold-rolled  metal  takes  place  in  such  a  way  that  the  rolling 
lines  become  clearly  visible,  pitting  or  grooves  appearing  in  a 
direction  parallel  with  that  of  rolling. 

The  corrosion  of  alloys  that  contain  two  or  more  solid  con- 
stituents is  of  a  special  character.  It  usually  starts  in  the 
form  of  minute  pits,  which  are  quite  close  to  the  minute 
masses  of  the  compound  and  parallel  to  them  in  outline.  This 
type  of  decay  is  most  clearly  observable  in  those  alloys  of 
copper  and  zinc  that  consist  of  two  solid  constituents — the 
yellow  metals,  including  muntz  metal,  delta  metal,  manganese 
bronze,  etc. 


•  Abstract  of  paper  read  before  the  Institute  of  Engineers  and  Shipbuililers, 
in  Scotland,   by  Cecil   H.   Desch. 
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BRASS  AND  BRONZE  AIR  CONTAINERS 

S.  1).  Sleeth,  superintendent  of  the  foundries  of  tlie  West- 
inghouse  Air  Brake  Co.,  Wilmerding,  Pa.,  presented  a  paper 
before  the  American  Institute  of  Metals  at  Cleveland,  Ohio, 
September  11-15,  in  which  he  dis<ussed  the  conditions  neces- 
sary for  the  production  of  non-porous  castings  and  gave  the 
constituents  of  three  alloys  for  containers  that  have  to  with- 
stand internal  air  pressure,  like  air  brake  parts,  etc.  Density 
and  strength  are  the  two  qualities  necessary  in  a  metal  suit- 
able for  the  retention  of  air  or  other  gases  under  pressure, 
and  while  strength  may  be  secured  through  proper  design, 
density  is  a  quality  cot  so  easy  to  obtain.  Density  of  a  brass 
or  bronze  casting  is  affected  by  a  number  of  variables,  among 
which  are  the  design  of  the  article  to  be  cast,  the  design  of 
the  pattern  with  reference  to  its  position  in  the  flask,  com- 
position of  the  alloy,  treatment  of  the  metal  in  the  furnaces 
and  temperature  of  the  metal  when  poured. 

All  cross-sections  of  the  part  should  be  of  approximately 
equal  thickness  in  order  to  prevent  draws  of  heavy  portions. 
If  this  is  not  possible,  access  to  all  large  sections  should  be 
provided  for  the  use  of  chills  to  prevent  draws.  If  the  cored 
cavities  are  large,  the  cores  .themselves  will  act  as  chills. 
Fillets  should  be  as  small  as  possible  in  order  that  excessive 
masses  of  metal  shall  not  be  concentrated  at  one  point. 

The  use  of  chills  is  almost  always  necessary.  Chills  should 
be  used  on  all  enlarged  sections  in  close  proximity  to  smaller 
sections  and  connected  thereto.  If  the  sections  are  exception- 
ally large,  sinking  heads  on  top  of  the  large  sections  should 
be  used.  The  molds  should  be  gated  with  a  heavy  upright 
pouring  gate  as  near  the  pattern  as  possible.  The  gate  lead- 
ing from  the  pouring  gate  to  the  pattern  should  be  made  large 
at  the  pouring  gate  and  then  reduced  sharply  into  the  pattern. 
If  it  is  left  large  where  it  joins  the  pattern,  in  all  probability 
it  will  show  a  draw  in  the  casting  at  the  gate.  As  a  rule,  it  is 
better  to  gate  in  a  light  part  of  the  casting  than  in  a  heavy 
portion.  If  a  sinking  head  is  used,  it  should  be  placed  on 
the  heavy  part. 

The  treatment  of  the  metal  in  the  furnaces  is  of  vital  im- 
portance. If  proper  allowance  for  oxidization  on  zinc,  etc., 
is  not  made,  the  alloy  required  will  not  be  produced.  The 
metal  must  be  taken  from  the  furnace  as  soon  as  it  reaches 
the  proper  heat,  for  if  allowed  to  soak  in  the  furnace,  it  will 
take  up  gases,  and  the  castings  made  from  it  may  be  porous. 
In  pouring  certain  packing  ring  mixtures,  the  Westinghouse 
Air  Brake  Co.  considers  the  time  so  important  that  an  alarm 
clock  is  used  to  insure  the  metal  being  poured  at  exactly  the 
right  moment. 

The  temperature  at  which  the  metal  should  be  poured  is 
also  vitally  important;  no  doubt  many  castings  are  lost  due 
to  carelessness  in  this  matter.  If  poured  too  cold,  it  is  almost 
impossible  to  obtain  solid  castings,  especially  at  the  gates.  On 
the  other  hand,  if  poured  too  hot,  castings  may  be  porous 
throughout.  Great  care  must  be  taken  to  see  that  no  aluminum 
is  used  in  the  mixture,  as  a  very  small  percentage  of  aluminum 
will  cause  the  castings  to  leak.  Antimony  and  iron  will  do 
the  same,  but  not  to  so  great  an  extent.  Aluminum  has  a 
peculiar  action  on  the  metal.  The  castings  will  appear  solid 
and  will  not  show  a  draw,  but  when  under  pressure  will  leak 
all  over. 

The  following  compositions  have  been  tried  and  found  satis- 
factory for  air  containers: 

Mitals  No.  1  AUoy  No.  2  Alloy  No.  3  Alloy 

Copper 72.50  82.00  83.00 

Tin  1.75  7.50  11.50 

Zinc    19.25  4.75  4.00 

Lead 6.50  5.75  1.50 

Total 100.00  100.00  100.00 

No.  1  alloy  is  used  for  ordinary  castings,  such  as  cocks,  pis- 
tons, bushings,  etc.  It  is  easily  machined,  but  is  not  suitable 
for  very  high  pressures.  No.  2  and  No.  3  alloys  are  suitable 
for  high  pressures  and  are  harder  to  machine  than  No.  1. 
*  *  * 
The  one-hundredth  anniversary  of  the  making  of  the  first 
Remington  rifle  was  celebrated  in  Ilion,  N.  Y.,  August  29,  30 
and  31.  The  first  Remington  rifle  was  made  by  Eliphalet 
Remington  in  1816  in  his  father's  blacksmith  shop. 


RYERSON   SAFETY-FIRST    CONTEST 

In  the  plant  of  Joseph  T.  Kyerson  &  Son,  Chicago,  111.,  the 
matter  of  safeguarding  the  workmen  in  every  possible  way 
has  been  given  careful  attention.  Machines  have  been  pro- 
vided with  guards;  dangerous  places  have  been  plainly 
marked;  large  instruction  signs  have  been  posted  in  conspicu- 
ous places  as  well  as  safety  bulletin  boards  telling  of  accidents 
and  how  to  avoid  them,  and  not  infrequently  the  men  receive 
further  instructions  and  advice  by  letters  in  their  pay  en- 
velopes; inspections  of  machinery,  equipment,  etc.,  are  made 
every  week.  In  addition,  safety  committees  have  been  ap- 
pointed to  consider  safety  measures  and  enforce  safety  rules. 
The  latest  scheme  adopted  by  this  company  to  stimulate  the 
interest  in  safety  work  is  a  safety-first  contest,  open  to  all 
workmen,  to  be  effective  from  June  1,  1916,  to  May  31,  1917. 
This  contest  is  an  adaptation  of  the  Dodge  plan  and  is  carried 
out  under  the  following  rules: 

Rating   Plan 

Records  are  based  on  the  fewest  number  of  accidents  which 
cause  days  lost  after  the  day  on  which  the  accident  occurs, 
and  also  on  the  fewest  number  of  days  lost  after  the  day  on 
which  the  accident  occurs.  A  standard  of  1000  points  is  set 
up  for  a  perfect  record.  To  attain  this  record,  workmen  or 
departments  must  have  no  accidents  causing  the  loss  of  full 
days.  To  compute  the  standing  of  various  departments  and 
individuals,  the  following  penalties  are  charged: 

Penalties 

For  each  accident  causing  a  full  day's  absence  after  the  day 
of  the  accident,  a  number  of  points  is  deducted  from  1000 
equal  to  the  ratio  of  one  man  to  the  total  number  of  men  in 
the  department.  For  instance,  in  a  department  with  100  men 
this  will  equal  1/100  X  1000  =  10  points. 

For  each  day  lost  on  account  of  accident  after  the  day  of 
the  accident,  a  number  of  points  is  deducted  from  1000  equal 
to  the  ratio  of  one  day's  time  to  the  total  number  of  days  all 
men  work  in  the  department.  For  instance,  in  a  department 
of  100  men  working  twenty-flve  days  per  month,  or  a  total  of 
2500  working  days,  this  will  equal  1/2500  X  1000  =  0.4  point. 
No  department,  however,  will  be  penalized  for  more  than 
thirty  days'  lost  time  on  any  one  accident. 

For  fatal  accidents,  or  accidents  causing  loss  of  fingers,  toes» 
limbs,  eyes,  or  permanent  disability,  a  penalty  of  thirty  days* 
lost  time  is  charged  in  the  month  the  accident  occurs. 

After  all  penalties  for  accidents  have  been  deducted  from 
1000,  and  all  penalties  for  days  lost  have  been  deducted  from 
1000,  the  remainders  will  be  added  and  divided  by  2.  After 
the  results  have  been  considered,  the  rewards,  based  on  the 
records,  are  made  as  follows: 

Rew^ards 

The  department  having  the  highest  record  in  a  month  is 
given  the  guardianship  of  a  prize  pennant,  to  be  held  by  it  for 
one  month,  and  hung  on  exhibition   in  some  suitable   place. 

All  men  who  have  worked  one  year  in  the  department  which 
for  the  year  maintains  the  highest  record  are  rewarded  by 
sixteen  hours'  time  off  with  full  pay,  equal  to  a  Friday  and 
Saturday.  All  men  who  have  worked  in  that  department  less 
than  one  year,  but  nine  months  or  more,  are  rewarded  >i'ith 
ten  hours'  time  off  with  full  pay. 

All  men  not  working  in  the  winning  department  but  who 
have  a  record  of  1000  points  for  the  year,  not  having  had  an 
accident  which  caused  a  full  day's  loss  of  time,  will  be  re- 
warded by  sixteen  hours'  time  off,  with  full  pay,  equal  to  a 
Friday  and  Saturday. 

The  rewards  constitute  either  time  off,  as  described  above, 
or  its  equivalent  in  wages,  whichever  the  management  decides- 
to  be  the  best  arrangement. 

Foremen  of  the  winning  department  for  a  month  are  re- 
warded by  an  addition  of  5  per  cent  to  their  monthly  bonus, 
or  if  they  have  no  schedule,  5  per  cent  of  their  monthly  wages. 

The  foreman  of  the  department  which  wins  the  annual  prize, 
is  rewarded  by  a  prize  to  be  chosen  by  the  executive  committee. 
*     *     * 

Newark,  N.  J.,  which  celebrated  the  250th  anniversary  of  its 
founding  by  Robert  Treat  this  year,  is  so  near  New  York  that 
its  commercial  importance  is  overshadowed.  Comparatively 
few  know  that  it  has  over  6000  manufacturing  concerns  and 
over  250  different  lines  of  industry  employing  over  75,000 
operatives.  The  capital  invested  in  manufactures  approxi- 
mates $160,000,000,  and  the  value  of  the  raw  material  used 
yearly  aggregates  $130,000,000,  the  annual  output  being  valued 
at  $225,000,000.  The  chief  industries  are  leather,  machinery, 
iron  and  steel  goods,  shoes,  corsets,  chemicals,  varnishes,, 
thread,  smelting,  paints,  hardware  and  clothing. 
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THE  high  degree  of  perfection  which  has  been  attained  in 
the  production  and  exhibition  of  moving  pictures  has 
made  going  to  "movies"  a  popular  pastime  for  a  great 
many  people.  This  is  generally  thought  to  be  due  to  the  fact 
that  it  is  such  an  inexpensive  form  of  amusement;  but  low 
cost  would  certainly  fail  to  make  an  appeal  were  it  not  for 
the  fact  that  it  is  possible  to  prepare  films  that  show  the  most 
minute  details  of  all  scenes  with  an  absolute  degree  of  accu- 
racy. Popularity  of  the  "movies"  and  their  ability  to  show 
details  with  absolute  fidelity  have  led  to  their  application  by 
manufacturers  for  a  great  variety  of  purposes,  and  it  is  the 
intention  of  the  following  article  to  describe  a  number  of 
typical  instances,  with  the  view  of  suggesting  a  wider  applica- 
tion of  an  industrial  development  that  has  shown  itself  to  be 
unusually  effective. 

Those  who  have  made  a  study  of  the  application  of  motion 
pictures  in  industrial  work  state  that  the  following  are  re- 
quirements that  must  be  fulfilled  in  order  to  secure  satisfac- 
tory results:  (1)  In  order  to  be  of  technical  value,  the  films 
must  be  specially  prepared  for  the  purpose,  with  a  full  recog- 
nition of  educational  requirements;  and  they  must  comply 
with  the  fundamental  necessity  of  showing  the  process  in  a 
manner  that  will  make  clear  the  exact  nature  of  all  the  details 
involved.  (2)  Pictures  must  be  supplemented  by  a  technical 
explanation  given  by  an  expert  in  the  subject  that  is  being 
illustrated.  (3)  The  film  must  be  shown  under  conditions 
that  will  enable  it  to  be  stopped  as  required,  so  that  in  cases 
where  the  subject  calls  for  fuller  explanation  this  can  be  given. 
(4)  All  views  must  have  a  serious  scientific  or  technical  in- 
terest, as  a  film  prepared  for  the  purpose  of  amusing  or  en- 
tertaining an  average  audience  would  be  quite  unsuitable  for 
the  education  of  technical  students. 

The  Film  as  an  Instructor 

One  of  the  most  obvious  applications  of  motion  pictures  is 
in  the  educating  of  young  men  for  industrial  work,  and  it 
has  been  suggested  that  the  method  could  be  applied  with 
exceptionally  satisfactory  results  in  explaining  the  work  of  a 
trade  to  boys  who  make  application  for  apprenticeship,  in 
order  that  they  may  fully  understand  the  conditions  under 
which  they  will  have  to  work.  Many  such  boys  take  up  a 
trade  without  knowing  in  the  least  whether  it  is  likely  to 
prove  congenial,  and  after  a  few  months  a  number  of  them 


•  Fur  information  relating  to  moving  pifturcs  and  their  indii.strial  applica- 
tion previously  publisbed  in  Machinery,  see  "On  Producing  Mechanical  Moving 
Pictures."  February,  1915:  "How  Moving  Pictures  are  Made."  February.  lOl.'i: 
"Moving  Pictures  of  Automobile  Building,"  March.  1914;  "The  Moving  Picture 
in  the  Machine  Tool  Business."   January,   1914,  and  articles  there  referred  to. 
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become  discouraged  and  look  for  employment  elsewhere.  This 
has  not  only  resulted  in  the  loss  of  valuable  time  for  the  boy, 
but  his  employer  has  also  suffered  a  financial  loss,  as  it  is 
generally  known  that  the  expense  of  training  an  apprentice 
during  the  early  stages  of  his  indenture  amounts  to  much 
more  than  the  value  of  his  work. 

It  is  felt  that  the  motion  picture,  appealing  to  the  eye  as 
it  does,  would  constitute  a  very  satisfactory  means  of  giving 
all  boys  who  make  application  for  apprenticeship  an  adequate 
knowledge  of  just  the  kind  of  work  they  will  be  called  upon 
to  perform,  and  that  the  ones  who  are  likely  to  become  dis-' 
couraged  and  leave  at  an  early  stage  of  their  career  would 
thus  be  prevented  from  starting  upon  a  course  which  would 
result  in  mutual  loss  to  themselves  and  their  employer.  The 
Bureau  of  Commercial  Economics  has  this  subject  under  con- 
sideration, and  if  present  plans  are  completed,  it  is  the  inten- 
tion to  show  "trade  teaching"  films  in  such  places  as  public 
schools,  mission  houses,  settlement  houses  and  other  places 
where  young  men  congregate,  in  order  that  knowledge  of  work- 
ing conditions  in  various  trades  may  become  more  general. 
The  expense  of  preparing  and  showing  these  films  will  be  pro- 
vided by  endowment  funds  and  annuities. 

For  purposes  of  education,  the  use  of  motion  pictures  is  by 
no  means  confined  to  apprentices.  The  Carnegie  Institute  of 
Technology,  Pittsburg.  Pa.,  presents  a  course  in  the  metallurgy 
of  iron  and  steel  by  the  use  of  films  prepared  for  that  purpose; 
and  the  reader  tuay  judge  how  completely  the  subject  is  cov- 
ered by  the  title  of  this  film,  which  is  "From  Iron  Ore  to 
Finished  Steel."  The  first  pictures  show  the  Mesaba  District 
of  Minnesota,  where  many  celebrated  iron  ore  mines  are  situ- 
ated. Mammoth  steam  shovels  are  seen  engaged  in  digging 
ore  which  is  loaded  onto  lake  boats  at  Duluth  and  shipped  to 
various  southern  lake  ports.  After  finishing  the  subject  of 
mining,  the  scene  changes  to  Farrell,  Pa.,  at  the  works  of  the 
United  States  Steel  Corporation,  where  various  steps  in  the 
smelting,  refining  and  rolling  processes  are  clearly  illustrated, 
as  well  as  the  recovery  of  numerous  by-products.  This  is  but 
one  example  of  the  use  of  motion  pictures  in  the  curriculum 
of  technical  institutions,  but  it  illustrates  the  possibilities 
for  this  line  of  work. 

Those  institutions  which  are  engaged  in  the  technical  educa- 
tion of  young  men  are  generally  located  in  industrial  centers, 
and  part  of  the  curriculum  consists  of  making  what  are  known 
as  "inspection  visits"  to  various  industrial  works,  the  idea 
being  to  show  students  the  practical  application  of  processes 
and  manufacturing  methods  which  they  have  studied  in  class- 
rooms and  laboratories.     Where  this  method  is  followed,  the 
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choice  ot  industries  is  naturally  limited  to  those  located  within 
a  •reasonable  distance;  but  in  some  cases  the  alternative  has 
been  adopted  of  preparing  motion  pictures  of  industries  which 
may  be  selected  without  attention  to  their  location,  and  show- 
ing these  pictures  in  connection  with  lectures  delivered  in 
class-rooms,  instead  of  taking  the  students  to  the  factories. 
An  advantage  is  found  in  the  fact  that  the  time  required  in 
going  about  from  one  plant  to  another  is  saved,  and  it  is  also 
said  to  be  easier  to  hold  the  student's  attention  in  a  class-room 
than  in  a  factory.  The  College  of  Mechanical  and  Electrical 
Engineering,  Lexington,  Kentucky,  has  prepared  a  motion  pic- 
ture course  of  this  kind,  which  includes  tlie  following  subjects: 
"Natural  Resources  of  the  Canadian  Rocky  Mountains";  "Con- 
struction and  Operation  of  the  Panama  Canal";  "Electrifica- 
tion of  the  Butte,  Anaconda  &  Pacific  R.R.";  "Motor  Construc- 
tion and  Direct  Motor  Drive";  "Schenectady  Works  of  the  Gen- 
eral Electric  Co.";  "Pittsfield  Works  of  the  General  Electric 
Co.";  "Manufacture  of  Curtiss  Steam  Turbines";  "Mining  Iron 
Ore";  "Making  Wire  and  Wire  Fencing";  "Manufacture  of 
Pipe.  Tubes  and  Pipe  Fittings";  "Use  of  Concrete  in  Road 
Making";  "Manufacture  of  Steel,  Tin  Plate  and  Tin  Products"; 
"America  in  the  Making";  "Playgrounds  and  Welfare  Work  of 
the  Carnegie  Steel  Co.";  "Welfare  Work  in  Mining  Districts." 
The  European  war  has  produced  some  unusual  labor  diffi- 
culties which  have  been  solved  in  part,  at  least,  by  the  appli- 
cation of  motion  pictures.  Crippled  men  have  been  classified 
according  to  their  injuries  and  suitable  employment  found  for 
men  of  each  class.  Then,  in  certain  cases,  motion  pictures 
have  been  used  to  illustrate  the  movements  required  for  per- 
forming the  new  work,  this  having  been  the  means  of  teaching 
the  men  their  new  duties  very  rapidly. 

Studying-  Efficiency  by  Means  of  Motion  Pictures 

Many  manufacturers  have  tried  timing  their  men  on  certain 
operations,  but  In  many  cases  it  has  been  found  difficult,  if 
not  impossible,  to  secure  reliable  data,  as  no  two  mechanics 
work  in  the  same  way.  The  results  obtained  in  timing  two 
mechanics  may  be  equal,  and  yet  the  manufacturer  may  feel 
certain  that  neither  employe  is  turning  out  his  work  in  a 
'short  enough  time;  but  the  evidence  of  the  stop  watch  does 
not  afford  any  means  of  deciding  why  men  are  incompetent. 
The  micro-motion  cinematograph,  on  the  other  hand,  provides 
a  record  which  may  be  taken  to  the  office  of  the  efficiency  engi- 
neer and  studied  at  leisure,  in  order  that  each  move  made  by 
the  workman  may  be  carefully  analyzed  to  show  just  where 
he  is  at  fault.  The  disadvantage  in  making  time  and  motion 
studies  is  that  the  workman  knows  he  is  being  watched;  but  it 
is  probable  that  the  error  from  this  cause  is  about  neu- 
tralized by  taking  observations  on  a  number  of  different  men, 
as  some  will  endeavor  to  make  the  best  possible  showing  with 
the  view  of  improving  their  standing  with  the  firm,  while 
others  will  work  slowly  with  the  idea  of  preventing  an  unduly 
high  piece-work  rate  being  placed  upon  an  operation. 

In  making  a  motion  picture  time  study,  sixteen  separate 
pictures,  or  "frames,"  as  they  are  technically  called,  are  ob- 
tained for  each  foot  of  film;  and  each  picture  represents  an 
exposure  of  1/32  second.  If  the  time  and  motion  study  is  to 
be  conducted  successfully,  two  clocks  should  be  used,  one  of 
which  is  an  ordinary  alarm  clock  and  the  other  a  clock  espe- 
cially constructed  for  the  purpose.  Frank  B.  Gilbreth,  of 
New  York  City,  has  developed  a  special  clock  for  this  purpose 
which  has  only  one  hand  that  covers  the  dial  every  six  seconds. 
With  this  clock,  time  intervals  may  be  noted  down  to  0.001 
minute,  the  dial  of  the  clock  being  subdivided  into  one  hun- 
dred parts.  The  alarm  clock  serves  to  show  the  time  taken 
in  completing  the  job,  while  the  special  clock  enables  each  mo- 
tion to  be  accurately  timed.  These  clocks  are  placed  on  a 
table  or  bench,  so  that  they  may  be  shown  in  the  film  that 
records  the  movements  of  the  workmen,  and  it  is  important 
that  all  tools  and  appliances  should  be  so  placed  that  the  work- 
man will  have  every  advantage  in  making  a  satisfactory 
showing. 

In  conducting  tests  of  this  kind,  the  efficiency  engineer  has 
the  films  developed  and  studies  each  frame  through  a  magnify- 
ing glass,  which  enables  him  to  detect  the  difference  between 
a  necessary  motion  and  one  that  is  useless.     This  is  found 


beneficial  because  each  movement  may  be  thoroughly  studied, 
whereas  if  the  film  were  run  off  on  a  screen  in  the  usual  way 
it  would'  not  be  possible  to  stop  it  at  any  particular  place 
when  it  was  desired  to  study  the  movements. 

Emphaslzingr  Necessity  of  Careful  Packing-  by   Use  of 
Motion  Pictures 

In  developing  export  trade,  it  is  absolutely  necessary  for 
manufacturers  to  pay  careful  attention  to  the  question  of 
packing  their  goods  for  shipment.  This  fact  was  emphasized 
by  Consul  James  Oliver  I^aing  of  Karachi,  who  suggested  that 
motion  pictures  would  afford  many  valuable  object  lessons  in 
bringing  this  point  home  to  American  manufacturers.  To 
quote  Mr.  Laing,  "If  a  single  photograph  of  a  smashed  pack- 
ing case  or  of  a  lighter  full  of  goods  being  landed  brings  the 
story  home  to  a  manufacturer,  a  moving  picture  showing  how 
the  case  came  to  be  smashed  or  how  goods  are  put  into  or 
taken  out  of  the  lighter  would  be  many  times  as  effective." 
Everyone  knows  that  cases  are  sometimes  smashed,  and  a 
single  photograph  merely  shows  the  result,  while  moving  pic- 
tures would  emphasize  the  relation  of  cause  and  effect.  For 
instance,  suppose  a  shipper  of  flour  could  see  a  lot  of  Levantine 
stevedores  swing  a  loop  full  of  sacks  over  the  side  of  a  ship 
and  let  it  down  on  the  run  to  a  flat  boat  bobbining  about  on 
the  waves.  The  sight  of  what  happens  when  the  boat  sud- 
denly rises  to  meet  several  hundred  pounds  of  muslin  sacked 
flour  would  be  an  object  lesson  to  any  shipper.  Similarly,  if 
an  American  furniture  merchant  could  see  a  moving  picture 
of  his  packing  cases  being  dropped  from  a  cart  tail  to  a  stone 
pavement  by  a  gang  of  Maltese  dock  hands,  he  would  appreci- 
ate the  necessity  of  providing  substantial  packing  cases  for 
his  goods. 

How  Motion  Pictures  Can  Assist  the  Sales  Manager 

The  manufacturer  of  heavy  and  cumbersome  machinery  and 
other  products  Is  placed  at  a  decided  disadvantage  in  showing 
his  goods  to  prospective  customers.  His  salesmen  cannot  take 
samples  to  the  customer's  factory  or  office,  and  it  is  difficult, 
if  not  impossible,  to  have  his  product  shown  at  conventions, 
trade  shows  or  similar  gatherings  of  men  whom  he  desires 
to  interest  in  his  product.  For  such  manufacturers,  motion 
pictures  are  a  great  aid  in  improving  selling  efficiency.  Until 
recently  salesmen  in  the  employ  of  manufacturers  of  such 
products  depehded  upon  their  selling  ability  aided  by  photo- 
graphs, drawings  and  data  in  regard  to  the  operation  of  ma- 
chinery or  other  equipment  which  they  were  selling.  Where 
the  "prospect"  wished  to  see  a  machine  in  operation,  it  was 
customary  for  the  manufacturer  to  pay  his  traveling  expenses 
to  visit  the  plant,  but  this  practice  proved  exceedingly  ex- 
pensive and  often  took  much,  if  not  all,  of  the  profit  from  the 
deal.  The  modern  method  is  to  have  the  salesman  provided 
with  films  showing  all  parts  of  the  machine,  the  assembled 
machine  in  operation  and  details  of  the  manner  in  whjch  it 
works.  The  salesman  is  equipped  with  a  small  portable  pro- 
jecting machine  with  which  he  can  show  these  films,  and  in 
this  way  he  is  able  to  show  his  customer  every  detail  of  a 
machine  in  which  he  is  interested.  There  is  no  loss  of  time 
traveling  to  and  from  the  factory,  and  no  danger  of  a  deal 
falling  through  as  a  result  of  salesmen  being  provided  with 
insufficient  information.  Many  American  manufacturers  are 
now  using  this  method  with  extremely  gratifying  results. 

The  Reo  Motor  Car  Co.,  Lansing.  Mich.,  had  a  film  made 
which  serves  three  useful  purposes.  This  picture  shows  manu- 
facturing operations  in  the  company's  factory  and  illustrates 
how  various  important  parts  of  the  car  are  made.  A  private 
motion  picture  theater  has  been  erected  in  the  company's  of- 
fice building,  in  which  this  picture  is  regularly  exhibited  to 
employes — especially  salesmen — in  order  to  keep  these  pro- 
cesses fresh  in  their  minds.  The  result  is  that  they  are  able 
to  talk  with  assurance  that  carries  conviction,  due  to  having 
a  thorough  knowledge  of  the  goods  which  they  have  to  sell. 
This  film  has  also  been  found  valuable  for  sales  demonstration 
purposes,  and  with  certain  minor  changes  has  been  made  suit- 
able for  showing  to  the  general  public. 

Other  motor  car  manufacturers  have  made  considerable  use 
of  moving  pictures.  For  instance,  the  Ford  Motor  Co.,  Detroit, 
Mich.,  had  a  film  developed  to  show  how  a  complete  Ford  car 
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was  assembled  in  two  and  one-halt'  min- 
utes and  driven  away  on  its  own 
power.  The  Fierce-Arrow  Motor  Car 
Co.,  Buffalo,  N.  Y.,  also  uses  a  film 
which  shows  in  a  convincing  manner 
the  power  and  capability  of  its  pleasure 
cars  and  trucks.  As  it  is  not  always 
possible  to  conduct  an  adetjuate  dem- 
onstration of  a  motor  truck  in  the 
street,  this  film  proves  a  valuable  ad- 
junct to  the  sales  organization.  Any- 
one who  contemplates  purchasing  a 
car  at  the  Los  Angeles  branch  of  the 
Studebaker  Corporation  cannot  help 
being 'favorably  impressed  by  the  films 
which  are  shown  in  that  office.  They 
show  the  new  Studebaker  "Six"  climb- 
ing up  Big  U  mountain,  a  location 
which  is  favored  by  Nature  for  the 
purposes  of  motion  picture  producers. 
Everything  goes  well  until  the  car  has 
completed  half  of  its  trip  up  the  in- 
cline; then  it  begins  to  slide  back,  but 
the  wheels  finally  secure  a  grip,  and 
after  raising  a  good  deal  of  gravel  and 
stone,  the  car  completes  its  ascent. 
The  American  Laundry  Machinery  Co. 
recently  developed  a  film  which  shows 
various  operations  in  modern  launder- 
ing, and  this  film  is  offered  free  to  any 
responsible  person  engaged  in  the 
laundry   business. 

Advertising-  with  Motion  Pictures 

More  for  the  purpose  of  advertising 
than  anything  else,  the  Winchester  Re- 
peating Arms  Co.,  of  New  Haven, 
Conn.,  induced  those  two  crack  shots, 
the  Topperweins,  to  demonstrate  their 
wonderful  marksmanship  with  rifies, 
pistols  and  shot  guns  before  the  mov- 
ing picture  camera.  At  the  end  of 
the  film  spectators  are  also  given  a 
number  of  views  in  the  Winchester 
plant,  where  the  well-known  "Red  W" 
line  of  arms  and  ammunition  is  manu- 
factured. 

Where  machinery  manufacturers  re- 
sort to  the  use  of  moving  pictures  in  a 
publicity  campaign,  the  general  prac- 
tice is  to  have  pictures  made  to  show 
processes  involved  in  manufacturing 
the  product  and  finished  machines  en- 
gaged in  the  performance  of  those 
classes  of  work  for  which  they  are  in- 
tended. Such  pictures  show  a  pros- 
pective customer  both  the  care  which 
is  taken  in  manufacturing  the  machine 
and  the  features  of  its  design  whicli 
are  likely  to  prove  of  exceptional  bene- 
fit to  him.  In  such  pictures  no  attempt 
is  ^made  to  introduce  comedy  or  dra- 
matic incidents,  but  an  ingenious 
scenario  writer  can  sometimes  con- 
ceive an  interesting  story  which  is 
worked  into  the  film,  thus  making  it 
more  entertaining  to  the  average  spec- 
tator and  giving  power  to  attract  and 
hold  interest.  In  many  commercial 
undertakings  there  are  interesting 
events  that  can  be  utilized  by  an  ex- 
pert in  producing  films  for  use  in  ad- 
vertising this  system.  It  must  be 
clearly  understood,  however,  that  such 
films  are,  as  a  general  thing,  only  ap- 
plicable for  advertising  machines  like 


Drilling  Operation  on  Maxwell  Cylinder  Block 


Machining  a  Maxv/ell  Crankshaft 


Fig.    6.     Maxwell   Motor  Car  on   the   Road 


automobiles  that  have  a  general  mar- 
ket, and  would  not  be  of  value  in 
advertising  machine  tools  and  other 
forms  of  manufacturing  equipment. 

This  form  of  film  was  recently  used 
by  the  Maxwell  Motor  Sales  Co.  in  car- 
rying on  an  advertising  campaign. 
The  film  started  in  this  company's  fac- 
tory, where  the  spectator  was  shown 
various  steps  in  the  manufacture  of  a 
Maxwell  car;  and  this  section  was  fol- 
lowed by  pictures  showing  a  tour 
through  California,  in  which  a  human 
interest  story  was  cleverly  incorpo- 
rated. This  film  was  shown  in  over 
five  thousand  different  towns  in  Amer- 
ica, Canada,  Australia  and  England, 
and  it  is  estimated  that  it  was  seen 
by  fully  two  million  people.  This  cir- 
culation was  attained  through  coopera- 
tion with  dealers  who  made  arrange- 
ments with  local  moving  picture  thea- 
ters and  presented  free  tickets  to  all 
who  desired  to  make  use  of  them.  The 
dealers  reported  that  these  films 
proved  to  be  of  great  assistance  in 
"boosting"  sales,  and  that  they  were 
the  means  of  finding  many  new  cus- 
tomers. 

Another  important  use  of  moving 
pictures  is  at  various  trade  shows.  It 
is  a  common  practice  for  machinery 
manufacturers  to  ship  heavy  ma- 
chinery to  such  exhibitions  and  hire 
the  required  amount  of  floor  space  to 
show  it  in  operation.  This  is  an  ex- 
pensive matter,  as  it  calls  for  shipping 
charges,  rent  for  floor  space  and  trav- 
eling expenses  of  men  sent  to  erect 
and  operate  the  machines.  But  even 
when  all  this  trouble  and  expense  have 
been  taken,  the  result  obtained  is  often 
unsatisfactory,  owing  to  lack  of  space, 
inadequate  facilities,  etc.  -  To  over- 
come these  difficulties,  motion  pictures 
are  now  being  used  as  a  substitute, 
and  the  results  are  highly  satisfactory. 
In  all  buildings  where  such  exhibitions 
are  held,  electric  light  is  available,  and 
it  is  an  easy  matter  to  construct  a  tem- 
porary dark-room  in  which  pictures 
can  be  exhibited.  Films  used  in  this 
way  can  be  made  to  show  a  manufac- 
turer's product  to  the  best  advantage, 
and  so  he  is  certain  of  showing  pros- 
pective customers  the  best  results 
which  they  can  hope  to  secure  from 
the  use  of  his  machine. 

Cost  of  Producing'  Industrial  Motion 
Pictures 

The  production  of  good  films  of  in- 
dustrial motion  pictures  means  a  great 
deal  more  than  merely  obtaining  a 
batch  of  explanatory  views.  The  first 
step  taken  by  the  manufacturer  who 
desires  to  obtain  the  best  possible  re- 
sults is  to  secure  the  services  of  a 
reputable  motion  picture  producer. 
The  term  "reputable"  is  used  inten- 
tionally, as  there  are  many  producers 
who  are  none  too  scrupulous,  and  who 
make  a  regular  practice  of  charging 
for  superfluous  "footage,"  which  is  des- 
ignated as  "padding"  in  the  motion 
picture  industry.  The  extra  cost  of 
such  material  is  not  represented  merely 
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by  the  extra  cost  which  the  manufacturer  has  to  bear,  as  the 
introduction  of  such  views  in  his  films  detracts  greatly  from 
the  interest,  and  so  robs  him  of  much  of  the  publicity  value 
which  he  would  otherwise  secure.  The  great  thing  is  for  the 
films  to  have  a  continuous  snappy  action,  for  if  it  is  unduly 
drawn  out,  the  spectator  is  likely  to  lose  interest.  If  material 
for  one  reel  is  strung  out  to  occupy  two  reels,  it  simply  means 
that  an  audience  is  bored  for  forty  minutes  instead  of  being 
entertained  for  twenty  minutes.  In  making  all  films  there 
is  sure  to  be  a  certain  amount  of  useless  material  introduced, 
but  such  views  are  cut  out  of  the  films  before  they  leave  the 
producer's  laboratory. 

It  goes  without  saying  that  moving  pictures  are  intended  to 
be  shown  quite  rapidly,  and  if  the  film  Is  burdened  with  a 
mass  of  explanatory  matter,  it  requires  greater  mental  con- 
centration to  absorb  the  idea,  and,  consequently,  the  value  of 
the  advertising  is  lessened.     For  this  reason,  the  fewer  and 


plan  is  to  have  the  representative  of  a  reputable  film  producer 
call  at  your  plant  in  order  that  you  may  explain  your  views 
and  show  him  just  what  phases  of  the  work  you  desire  to  have 
covered.  With  this  information  in  hand,  he  will  proceed  to 
lay  out  a  film,  and  if  it  is  planned  to  introduce  some  form  of 
story,  it  will  also  be  necessary  to  draft  the  scenario  in  which 
one  or  more  scenes  will  be  allowed  for  each  process  of  manu- 
facture, according  to  its  relative  importance.  A  "scene"  is 
understood  to  refer  to  any  portion  of  the  film  which  can  be 
made  without  moving  the  camera,  and  for  unimportant  details 
five  feet  of  film  may  be  made  to  suffice,  while  the  showing 
of  important  processes  may  require  as  much  as  fifty  feet  of 
film.  Where  sub-titles  are  used,  each  word  requires  about  one 
foot  of  film,  so  that,  in  addition  to  being  unsatisfactory  for  the 
reasons  already  referred  to,  it  will  be  seen  that  the  introduc- 
tion of  many  sub-titles  involves  considerable  expense. 

A  competent  camera  man  commands  from  $10  to  $20  a  day. 


Tig.  6.     Fire  DriU 


Fig.  7.     Motion  Study 


Figs.  8  and  9.     Drawing  and  Straightening  Shelby  Tubing 


Fig.   10.     Power  Plant 


shorter  the  sub-titles  used  in  a  film  the  better  the  picture 
will  be.  It  is  well  to  bear  in  mind  that  it  is  what  a  spectator 
sees — not  what  he  reads — that  leaves  a  lasting  impression; 
and  so  motion  picture  producers  should  aim  to  convey  the  re- 
quired ideas  by  the  action  in  the  film  wherever  this  is  possi- 
ble, instead  of  showing  "cut-ins"  which  explain  the  idea  in 
words.  Advertising  experts  usually  agree  that  the  use  of 
moving  pictures  is  not  a  paying  proposition  as  regards  direct 
returns  secured  for  the  expenditure;  but  their  use  in  creating 
a  demand  for  a  new  product  is  said  to  be  highly  satisfactory. 
Of  course,  this  is  another  case  in  which  the  statement  applies 
solely  to  the  advertising  of  products  vphich  have  a  general 
market;  in  the  case  of  machine  tools  and  other  classes  of  manu- 
facturing equipment,  the  use  of  moving  pictures  should  be 
confined  to  showing  machines  to  those  who  are  likely  to  be- 
come purchasers,  and  here  the  efficiency  of  the  method  is  natu- 
rally much  higher. 

In  starting  to  prepare  a  film  for  publicity  purposes,  the  best 


and  is  paid  for  time  when  weather  conditions  delay  the  work 
of  production,  so  the  producer  will  include  this  item  when 
making  his  estimate.  Lighting  conditions  in  a  plant  may  be 
unsuitable  for  photographic  purposes,  and  In  such  cases  the 
producer  will  have  to  figure  on  installing  a  portable  electric 
lighting  outfit  for  doing  his  work.  The  producer  must  also 
figure  on  the  cost  of  raw  materials,  waste  footage  of  film,  the 
work  of  developing  negatives  and  printing  positives,  ofllce 
expenses  and  overhead,  to  all  of  which  he  must  add  his  own 
legitimate  profit.  Taking  these  items  into  consideration,  the 
average  cost  of  an  industrial  film  is  in  the  neighborhood  of 
$1  a  foot,  or  $1000  for  a  reel  of  average  length.  This  only  in- 
cludes the  work  of  producing  and  developing  the  negative,  ten 
cents  a  foot  being  charged  for  each  positive  that  is  made. 
Whether  more  than  one  positive  will  be  needed  depends  upon 
circumstances,  but  if  the  film  is  to  be  shown  in  various  parts 
of  the  country  at  the  same  time,  it  will  be  necessary,  of  course, 
to  arrange  for  a  number  of  positives. 
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The  time  required  to  complete  the  actual  work  of  "filming" 
is  frequently  of  the  utmost  importance,  as  delays  caused  in 
the  rate  of  production  in  busy  factories  may  be  more  important 
than  the  actual  cost  of  making  the  film.  The  shortest  possi- 
ble time  in  which  a  camera  man  can  record  1000  feet  of  film 
is  eighteen  minutes,  but  this  does  not  allow  for  a  single  stop. 
Let  us  suppose  the  camera  man  is  to  show  fifteen  separate 
details  for  a  one-reel  picture,  and  that  seven  of  these  details 
are  to  be  taken  in  the  plant  with  the  aid  of  a  portable  arc 
light  to  provide  the  necessary  illumination.  This  means  that 
he  has  to  set  his  camera  in  fifteen  different  positions,  but  as 
he  will  frequently  run  a  "close-up"  as  well  as  a  full  scene  of 
each  process,  it  will  be  seen  that  it  is  necessary  to  make  thirty 
stops.  He  is  trying  to  give  good  service  and  knows  that  if 
he  hurries  unduly  and  "shoots"  the  scene  without  planning 
the  method  of  securing  the  best  results,  the  final  effect  is 
likely  to  be  extremely  crude. 
If  a  single  scene  is  unsatisfac- 
tory, it  can  be  retaken;  but 
if  fifty  feet  of  film  is  involved 
in  this  scene,  it  means  an  ex- 
tra outlay  of  about  $50.  Based 
on  the  experience  of  those 
who  have  been  making  indus- 
trial films  for  some  time,  it 
is  safe  to  say  that  five  min- 
utes for  each  scene  is  about 
the  average  time  that  camera 
man  should  take,  so  the  mak- 
ing of  a  one-reel  film  should 
occupy  about  li/4  hour. 

Making  films  for  the  com- 
edy or  dramatic  photoplay  is 
more  involved  and  expensive 
than  for  the  work  which  has 
just  been  described.  The  first 
essential  is  to  secure  a  good 
story,  and  based  on  his  expe- 
rience as  a  scenario  writer, 
the  author  is  prepared  to  say 
that  a  fee  of  $100  is  not  un- 
usual for  this  part  of  the 
work.  The  writer  of  indus- 
trial motion  picture  scenarios 
must  have  a  keen  apprecia- 
tion of  advertising  value  and 
the  ability  to  develop  a  dra- 
matic incident  to  the  maxi- 
mum of  its  possibilities.  Af- 
ter the  idea  has  been  devel- 
oped, a  cast  of  actors  and  a 
talented  director  must  be  em- 
ployed to  produce  a  play,  if  it 
is  to  have  a  distinct  profes- 
sional touch.  It  is  probable 
that  the  interior  of  the  plant 
cannot  be  used  for  some  of 
the  scenes,  and  this  will  in- 
cur the  expense  of  fitting  out 
a  studio  to  resemble  the  plant's 

interior.  The  cost  of  producing  such  photoplays  naturally 
varies  with  the  different  conditions  which  are  encountered, 
but  all  the  essentials  mentioned  should  be  provided  at  a  cost 
somewhere  between  $1.25  and  $3  per  foot.  This  works  out  at  a 
cost  of  $1250  to  $3000  for  producing  a  negative  for  a  reel.  When 
a  negative  has  once  been  produced  it  is  always  available  for 
use,  but  it  is  a  mistake  to  permit  a  "print" — which  is  another 
name  for  a  positive — to  remain  in  constant  use  for  more  than 
six  months,  for  after  that  period  it  generally  enters  the 
"rainy"   stage,  when  it  no  longer  leaves  a  good   impression. 

Equipping:  a  Private  Motion  Picture  Theater 

There  are  several  conditions  which  may  make  it  desirable 
ror  a  manufacturer  to  have  a  motion  picture  theater  in  his 
own  plant.  It  nas  already  been  mentioned  that  some  manu- 
facturers— particularly    builders    of    automobiles — find    it    de- 


Tig.    12.     Bessemer    Converters   used   in   refining   Steel 


Fig.    13.     Making    Shelby    Seamless    Steel    Tubing 


sirable  to  show  moving  pictures  for  the  benefit  of  their  em- 
ployes and  of  prospective  customers.  Then  there  are  many 
factories  that  assist  their  employes  in  the  maintenance  of 
club  rooms  in  the  factory,  and  there  are  few  forms  of  enter- 
tainment that  will  be  more  appreciated  than  good  motion  pic- 
tures. In  either  case,  one  of  the  first  requirements  is  to  pro- 
vide a  room  in  which  pictures  can  be  shown  to  the  best  ad- 
vantage. In  selecting  space  which  can  be  converted  into  a 
satisfactory  photoplay  theater,  the  following  points  should 
be  borne  in  mind.  First,  the  room  should  be  lofty,  well  venti- 
lated and  large  enough  to  comfortably  accommodate  the  full 
number  of  people  who  are  likely  to  be  present.  Second,  it 
should  be  free  from  all  such  obstructions  as  pillars  and  other 
supports.  Third,  it  should  be  on  the  ground  floor,  as  fire 
regulations  in  many  states  prohibit  giving  motion  picture 
shows  on  the  upper  fioors  of  a  building.    Fourth,  there  should 

be  at  least  four  exits,  which 
must  open  outward  in  order 
to  conform  with  fire  laws. 
Fifth,  it  is  advisable  to  divide 
the  rows  of  seats  into  sec- 
tions, so  as  to  provide  two 
aisles,  one  at  each  side;  and 
these  aisles  should  be  not  less 
than  three  feet  wide. 

If  the  building  is  construct- 
ed of  wood,  this  does  not 
necessarily  make  it  unsuit- 
able; but  in  order  to  guard 
against  fire  riske,  the  walls 
and  ceiling  should  be  covered 
with  some  form  of  fireproof 
material,  such  as  metal  ceil- 
ing. It  is  essential  for  the 
chairs  or  benches  to  be 
fastened  to  the  floor  as  a 
precaution  against  congestion 
in  the  event  of  a  fire  panic; 
and  it  is  customary  to  allow 
a  floor  space  of  four  and  one- 
half  square  feet  for  each  per- 
son. Before  installing  a  pri- 
vate theater,  the  best  plan  is, 
to  go  over  the  details  of  in- 
stallation with  a  representa- 
tive of  your  fire  insurance 
company,  as  ordinary  fire  in- 
surance policies  can  hardly  be 
expected  to  cover  this  special 
risk.  In  various  parts  of  the 
country,  fire  underwriters  in- 
sist upon  the  projection  ma- 
chine being  enclosed  in  a  fire- 
proof booth,  so  that  if  there 
is  an  outbreak  of  fire,  it  will 
not  spread  to  other  parts  of 
the  building.  This  involves 
an  expense  of  about  $65,  but 
the  protection  provided  is  well 
worth  the  investment.  The 
booth  is  generally  constructed  of  galvanized  iron  and  made 
large  enough  to  give  the  operator  plenty  of  room  to  work; 
it  is  shipped  in  parts  and  may  be  easily  set  up  with  nuta 
and  bolts. 

The  following  outlines  the  best  forms  of  projecting  machines: 
and  gives  their  approximate  costs:  (1)  The  Edison  "Kineto- 
scope"  may  be  safely  recommended,  because  it  can  be  easily 
manipulated  with  little  experience  and  stands  up  well  under 
hard  service;  it  is  made  in  two  models,  one  of  which  sells  for 
$155  and  the  other  for  $250.  (2)  The  distinguishing  feature 
of  the  "Cameragraph"  No.  6-A  is  that  it  is  provided  with  a 
special  device  which  lessens  danger  from  fire;  this  machine 
costs  $250.  (3)  The  "Simplex"  has  many  desirable  features 
in  its  construction,  which  include  simplicity  of  design  and 
protection  against  fire  hazards;  the  cost  is  $300.  (4)  The 
"Edengraph"    is   noteworthy   on   account   of   the  fact   that   it 
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produces  perfect  projection  wlieii  operated  by  an  experienced 
attendant,  several  special  features  being  provided  that  are 
not  found  on  other  machines;  the  selling  pri<e  is  $250. 
(5)  The  "Motiograph"  is  popular,  owing  to  its  durability  and 
to  the  broad  guarantee  which  is  given  to  the  manufacturers 
of  this  machine.  In  addition,  there  are  several  miniature  ma- 
chines on  the  market,  but  their  use  is  limited  because  of  the 
fact  that  it  is  only  possible  to  obtain  satisfactory  results  when 
the  picture  is  thrown  on  a  small  screen  located  close  to  the 
machine.  They  are  intended  for  use  at  home  or  for  the  use 
of  traveling  salesmen.  Among  a  number  of  satisfactory 
equipments  of  this  type,  the  following  may  be  mentioned: 
(1)  Bang's  "Home  Kntertaiuer,"  which  costs  $70.  (2)  The 
"Baby  Simplex,"  constructed  on  the  same  principles  as  stand- 
ard machines  and  which  is  simple  to  operate;  excellent  results 
are  obtained  with  the  five-  by  seven-foot  screen  located  twenty 
feet  from  the  machine;  the  cost  is  $65.  (3)  The  "Pathescope," 
which  throws  a  picture  six  feet  on  a  screen  three  by  four  feet 
in  size;  this  instrument  has  been  approved  by  the  National 
Board  of  Fire  Underwriters. 

In  operating  a  projecting  machine  it  is  necessary  to  use 
electric  arc  carbons,  and  these  may  be  bought  to  best  advan- 
tage in  cases  containing  1000.  After  providing  the  machine, 
the  next  point  is  to  furnish  a  suitable  screen  on  which  to  pro- 
ject the  pictures.  In  the  byegone  days,  a  bed  sheet  or  table 
cloth  was  used,  but  there  are  now  special  screens  that  give 
far  more  satisfactory  results.  Among  these  may  be  mentioue;! 
the  Silver  Fiber,  which  is  superior  to  cloth  screens  in  that 
no  clouds  or  other  defects  appear  on  the  film.  The  Silver 
Fiber  screen  and  curtain  are  attached  to  a  frame  that  may 
be  easily  placed  in  position;  the  material  is  sold  at  fifty  cents 
a  square  foot,  $20  being  charged  for  the  frame.  Next  comes 
the  employment  of  a  skillful  operator  to  run  the  machine, 
for  if  the  film  flickers  or  gets  out  of  focus,  the  audience  is  more 
than  likely  to  become  disgusted  and  leave  before  the  entertain- 
ment has  been  completed. 

A  regular  motion  picture  operator  commands  a  salary  of 
from  $15  to  $25  a  week  for  an  eight-hour  day.  A  manufac- 
turer may  have  a  man  in  his  employ  who  is  well  versed  in 
electrical  work,  and  it  is  often  possible  to  have  him  taught 
the  fundamentals  of  operating  a  motion  picture  machine,  so 
that  he  will  be  able  to  combine  this  with  his  regular  work. 

In  selecting  a  suitable  lens,  the  size  of  the  room,  type  of 
projecting  machine,  length  and  height  of  screen,  and  distance 
from  operating  booth  to  screen  must  be  taken  into  considera- 
tion. It  is  false  economy  to  purchase  a  cheap  lens;  and  when 
ordering  a  lens  the  details  just  referred  to  should  be  given, 
in  order  that  the  order  may  be  filled  intelligently.  The  pic- 
ture should  be  focussed  exactly  in  the  center  of  the  screen  to 
avoid  the  necessity  of  having  spectators  compelled  to  sit  in  an 
unnatural  position.  The  standard  speed  at  which  pictures 
are  projected  is  sixteen  "frames"  per  second,  and  there  are 
sixteen  of  these  frames  to  each  foot  of  film.  The  operator 
should  be  provided  with  a  tool  outfit  which  will  include  cement 
for  mending  broken  films,  flies  for  sharpening  carbons,  an  out- 
fit of  reels,  and  machine  oil  for  lubricating  all  bearings  and 
other  running  parts  of  the  machine.  Most  motion  picture  ma- 
chines are  operated  by  electric  light,  but  in  those  cases  where 
electricity  is  not  available,  calcium  carbide  may  be  used  to 
generate  acetylene  gas  for  the  purpose.  An  acetylene  gen- 
erating outfit  can  be  bought  for  $35,  and  it  is  important  to 
note  that  the  gas  can  be  generated  without  provision  of  forced 
pressure;  the  generator  can  be  put  in  operation  in  five  minutes 
and  has  a  capacity  of  generating  gas  with  a  candlepower  of  700. 

Selection  of  Suitable  Films 

"Where  a  motion  picture  theater  is  provided  in  a  factory 
to  furnish  entertainment  for  employes  during  the  evenings, 
too  much  attention  cannot  be  paid  to  the  selection  of  those 
films  that  are  likely  to  prove  most  entertaining.  Out  of  the 
large  number  of  films  which  are  available  every  week,  it  is 
quite  possible  to  select  those  which  will  provide  a  satisfactory 
program;  and  while  there  are  both  good  and  bad  photoplays, 
the  good  ones  predominate  to  such  an  extent  that  the  selection 
is  an  easy  matter.  It  is  also  important  to  note  that  the  same 
film  is  of  uniform  quality,  regardless  of  whether  it  is  shown 


in  New  York  City  or  in  a  small  village  in  some  rural  com- 
munity; there  are  no  second-rate  companies  in  the  movies 
which  are  sent  on  the  road.  It  is  important,  however,  to 
note  that  films  should  be  changed  at  regular  intervals,  for 
the  spectator's  interest  cannot  be  held  by  a  film  which  he 
has  seen  before.  In  most  towns  there  is  a  film  exchange  from 
which  the  films  may  be  rented,  and  while  the  average  feature 
commands  from  $50  to  $100  a  day  when  it  first  appears,  the 
price  eventually  drops  to  about  $10.  Films  may  be  obtained 
at  a  considerably  lower  cost  than  the  last  figure  mentioned, 
but  they  are  not  of  a  quality  which  will  produce  the  same 
enjoyment  as  films  which  show  the  work  of  superior  talent. 
*     *     * 

SELF-ANNBALING  OF  BRASS 
It  is  a  familar  fact  that  hard  drawn  brass  when  held  in 
storage  for  any  considerable  length  of  time  shows  a  decided 
tendency  to  lose  its  hardness  or  spring  temper.  In  a  few  cases 
where  the  temperature  has  been  abnormally  high,  these 
changes  have  come  about  in  a  comparatively  short  time.  In 
many  Instances  where  brass  wire  had  been  employed  because 
of  its  hardness  or  spring  temper,  it  became  quite  useless, 
although  it  had  not  been  in  active  service,  but  was  held  in 
storage.  In  some  lines  of  work  where  brass  springs  are  used, 
the  present  tendency  is  to  discard  the  brass  and  use  steel 
springs  which  do  not  exhibit  changes  due  to  age. 

W.  Arthur  of  the  Frankford  Arsenal,  Philadelphia,  pointed 
out  in  a  paper  presented  at  the  annual  meeting  of  the  Ameri- 
can Institute  of  MetaVs,  September  11-15,  in  Cleveland,  Ohio, 
that  in  the  manufacture  of  cartridge  cases,  self-annealing  and 
seasoning  cracking  must  be  taken  into  consideration.  It  is  often 
necessary  to  store  ammunition  for  a  number  of  years.  Any 
deterioration  due  to  age  becomes  a  matter  of  grave  concern. 
Since  the  walls  of  the  cartridge  case  must  be  made  quite  thin 
owing  to  weight  requirement,  it  is  necessary  to  leave  them 
with  a  hard  drawn  temper.  The  internal  pressure  to  which 
they  are  subjected  is  very  great.  The  necks  of  the  cases  must 
hold  the  bullet  securely,  and  the  head  must  not  allow  the 
primer  to  loosen.  Any  expansion  of  the  case  in  firing  would 
probably  result  in  its  sticking  in  the  chamber  of  the  gun.  In 
the  case  of  machine  guns  this  is  a  serious  matter. 

Illustrations  were  shown  of  cartridge  cases  that  had  cracked 
while  in  storage;  in  one  case,  the  head  had  cracked  off  entirely, 
while  in  another  a  longitudinal  crack  extended  from  the  head 
one-third  the  length  of  the  case.  The  significance  of  season- 
ing cracking  and  self-annealing  is  serious,  and  it  should  re- 
ceive the  best  attention  of  metallurgists.  It  is  to  be  hoped 
that  the  near  future  will  bring  forth  data  that  will  enable 
users  of  brass  who  have  difficulties  of  this  sort  to  cope  with 
them  more  intelligently. 

Electrochemical  and  electrometallurgical  products  entej*  into 
almost  every  phase  of  our  industrial  life,  and  their  manufac- 
ture has  been  increasing  by  leaps  and  bounds.  The  chief  prod- 
ucts made  by  the  aid  of  the  electric  current  are  aluminum, 
phosphorus,  silicon,  sodium,  graphite,  chlorine,  oxygen,  hydro- 
gen, ferro-alloys,  copper,  titanium,  vanadium  and  other  al- 
loys, calcium  carbide,  carborundum  and  other  abrasives, 
caustic  soda,  caustic  potash,  sodium,  peroxide,  chloride  of 
lime  or  bleaching  powder,  carbon  bisulphide  and  muriatic 
acid.  According  to  a  report  issued  by  the  United  States  Bu- 
reau of  Census,  the  value  of  electrochemical  products  has  in- 
creased from  $18,450,000  in  1909  to  $29,600,000  in  1914,  an 
increase  of  over  $11,000,000.  This  does  not  include  iron  and 
steel  made  in  the  electric  furnace,  which  also  falls  under  this 
class.  The  extent  to  which  we  are  dependent  on  electrochem- 
ical products  is  little  realized.  The  manufacture  of  these 
products  has  been  steadily  increasing,  but  today  the  supply  is 
far  short  of  the  demand,  due  in  many  instances  to  the  inability 
to  obtain  permission  from  the  government  to  use  more  power 
at  Niagara  Falls,  the  great  electrochemical  center.  Of  thirty- 
six  establishments  reporting  in  1914  the  manufacture  of  electro- 
chemical products,  eighteen  were  located  in  New  York,  four 
in  Michigan,  three  in  California,  two  each  in  Pennsylvania  and 
West  Virginia,  and  one  each  in  several  other  states.  Most  of 
the  plants  in  New  York  state  are  at  or  near  Niagara  Falls. 
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SYSTEM  OP  MAKING   DRAWINGS  OF  TOOLS  AND  KEEPING   RECORDS  OF  TOOLS  MADE 


BY  C.  A.   KUHN- 


IN  all  large  factories  doing  considerable  tool  work,  as  in  the 
automobile  line,  there  are  many  tool  drawings  which  are  of 
similar  design  but  of  varying  dimensions.  These  tool  draw- 
ings are  principally  of  small  tools,  such  as  reamers,  taps, 
arbors,  gages,  etc.  Various  methods  are  in  use  to  prevent  a 
duplication  of  drawings  and  at  the  same  time  provide  the 
shop  with  adequate  information  for  manufacturing  the  tools. 
One  of  the  most  simple  of  these  in  common  use  is  to  have  a 
large  sheet,  showing  at  the  top  a  drawing  of  the  tool  wanted, 
with  letters  designating  the  various  dimensions,  as  shown  in 
Fig.  1.  The  tabulations  are  filled  in  with  all  the  necessary 
dimensions  and  give  complete  information  as  to  sizes;  then, 
when  an  order  is  issued  for  any  tool  shown  on  the  drawing. 


sent  to  the  tool-room  as  a  working  drawing.  The  confusion 
caused  by  the  use  of  the  previously  mentioned  system  is  elimi- 
nated when  this  method  is  used,  but  the  other  disadvantages 
remain,  with  the  additional  fault  that  mistakes  are  likely  to 
be  made  in  copying  the  entries  on  the  print.  These  could  be 
prevented,  of  course,  by  checking,  but  this  entails  additional 
work.  Again,  on  some  of  the  tools  it  is  necessary  to  note  an 
exceptional  treatment,  such  as  hardening,  grinding,  polishing, 
etc.  To  mark  this  on  the  master  sheet  would  require  a  foot- 
note or  something  similar.  In  making  out  the  blocked-in 
prints,  these  notes  are  sometimes  ignored,  resulting  in  an  in- 
correct tool.  Another  drawback  to  the  system  is  that  it  is 
necessary  to  search  for  a  desired  entry,  owing  to  the  fact  that 
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Fig.   1.     Tabulated  Drawing  for  Limit  Plug  Gage 


the  entire  sheet  is  blueprinted  and  all  entries  are  crossed  out 
except  those  required. 

This  method,  however,  has  its  disadvantages,  one  of  which 
is  that  in  a  short  time  the  sheet  becomes  so  crowded  with 
figures  that  a  draftsman,  in  looking  it  over,  may  pass  by  the 
dimension  wanted  and  make  an  additional  entry  through  fail- 
ure to  note  the  original.  Another  difficulty  is  that  a  drafts- 
man cannot  picture  in  his  mind's  eye  just  how  the  tool  will 
look  when  completed.  This  is  a  serious  fault,  which  has  re- 
sulted in  several  freakish  and  unworkable  tools  being  made. 
The  tabulations  also  confuse  the  toolmakers  and  are  objection- 
able to  most  of  them. 

Another  system  in  vogue  is  to  use  the  master  tabulated  sheet 
shown  in  Fig.  1  in  the  tool  designing  department  only,  and  a 
blocked-in  blueprint  in  the  tool-room.  Then  when  an  order  is 
issued  for  the  tool-room,  the  various  dimensions  are  copied 
from  the  master  tabulated  sheet  and  entered  on  the  corre- 
sponding blank  spaces  shown  in  Fig.  2.     This  print  is  then 


'  Chief  Tool  Designer,  Pierce-Arrow  Motor  Car  Co.,   Bviffiilo.   N.  Y. 


the  entries  are  recorded  in  the  order  of  issuing  them  and  not 
according  to  size,  which  is  obviously  the  information  needed 
by  the  drafting-room  in  looking  up  data  for  any  new  work. 

In  order  to  eliminate  all  the  objections  and  at  the  same  time 
maintain  a  correct  record  of  tools  of  this  kind,  the  following 
system  has  been  established  in  one  of  the  country's  largest 
automobile  factories  with  good  results.  An  individual  tracing, 
as  shown  in  Fig.  3,  is  made  of  each  tool,  and  although  this 
may  seem  unnecessary,  it  is  really  not  as  big  a  proposition  as 
it  appears,  as  most  of  the  drawings  are  very  simple.  In  the 
lower  right-hand  corner  above  the  drawing  number  of  the 
individual  sheet,  the  number  of  the  master  sheet  is  recorded. 
The  important  dimensions  (which  are  usually  the  diameter 
or  length),  as  well  as  the  number  of  the  individual  drawing 
and  the  distinguishing  mark  of  the  tool,  are  entered  on  a  slip 
of  paper  and  placed  in  a  Rand  visible  file  (see  Fig.  4),  lyhich 
is  used  as  a  permanent  record. 

The  construction  of  the  panel  units  in  this  file  is  such  that 
the  celluloid  tubes  can  be  readily  moved  about  and  replaced 
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Fig.   2.     Common  Tjrpe   of  Blocked-in  Drawing  for  Use   in   Shop 

or  removed  entirely,  as  desired.  The  units  used  are  hung  on 
rings  erected  on  a  central  standard.  These  rings  have  a  num- 
ber of  holes  in  which  the  hinges  of  the  panel  units  swing. 
The  rings  can  be  changed  and  larger  ones  substituted,  so 
that  more  panels  can  be  used  when  necessary,  and  expansion 
can  thus  be  readily  taken  care  of  as  the  index  grows.  The 
file  at  present  consists  of  forty  sheets,  in  connection  with  the 
standard  for  the  index.  The  method  of  making  the  entries  is 
extremely  simple,  as  they  can  be  made  in  less  than  a  minute 
on  the  typewriter  and  are  easily  read.  The  slips  are  filed 
in  order  of  size,  so  that  any  entries  can  be  found  in  a  minimum 
amount  of  time.  Should  an  entry  be  cancelled,  it  is  a  slight 
matter  to  remove  the  slip  and  advance  all  remaining  entries 
to  fill  the  vacant  space.  This  system  works  out  very  satisfac- 
torily without  having  any  of  the  disadvantages  incident  to 
the  method  mentioned  in  the  foregoing,  and  being  capable  of 
expansion,  it  may  be  continued  indefinitely. 

Doubtless  the  writer  may  be  criticized  to  some  extent  for 
advocating  a  separate  drawing  for  each  piece  of  work;  in 
defense  of  this,  the  following  statement  is  made.  It  has  been 
found  by  experience  that  in  order  to  have  tools  made  that 
are  suitable  for  manufacturing  a  certain  part,  it  is  necessary 
for  the  draftsman  to  make  an  individual  drawing  of  each, 
in  order  to  obtain  the  correct  proportions.  This  necessitates 
at  least  a  pencil  drawing  to  scale,  from  which  the  dimensions 
may  be  transferred  to  the  master  sheet.  To  make  a  tracing 
of  this  tool  drawing  does  not  require  more  than  an  hour  or  so. 
In  a  factory  the  size  of  the  one  using  the  system  referred  to, 
the  number  of  orders  for  these  so-called  tabulated  tools  is 
so  large  that  the  amount  of  time  consumed  in  entering  the 
dimensions  on  a  blocked-in  print  would  soon  be  considerably 
greater  than  that  required  to  make  a  tracing.  These  tracings 
are  checked  and  placed  in  a  file  so  that  they  can  always  be 
used  for  reference.  There  is  also  an  added  advantage  if  some 
existing  tool  is  to  be  used,  as  this  can  be  easily  determined 
by  reference  to  the  tracing.  This  is  more  apparent  on  manu- 
facturing than   on  inspecting  tools,   but  as  the  system   men- 
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tioned  covers  106  different  types,  something  equally  satisfac- 
tory for  all  must  be  used,  which  requirements  are  filled  by 
this  system. 

•  *  * 
Parts  of  machines  that  are  under  bending  stress  when  In 
use  and  that  must  fit  adjacent  parts,  should  be  fitted  when 
possible  under  the  same  conditions  as  when  in  use.  For 
instance,  the  tool  clapper  of  a  planer,  though  usually  a 
heavy  cast-iron  block,  is  appreciably  distorted  when  the  four 
clamping  bolts  are  set  up  tightly  on  a  tool.  If  the  clapper 
were  made  to  fit  closely  in  the  box  with  no  stress  on  the 
clamping  bolts  it  would  probably  stick  when  a  tool  was 
fixed  in  place.  Hence  the  desirability  of  first  clamping  a 
piece  firmly  on  the  clapper  before  scraping  the  sides. 
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Fig.   3.     Simple  Drawing  of  Plug  Gage 


Fig.   4.     One  Unit  of  Permanent  Filing  System  used  for  Tool  Work 
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MACHINE   TOOL   BUILDING   CHART 

There  are  several  ways  of  keeping  track  of  the  conditions  of 
production  in  the  shop  when  building  machines  in  lots.  But 
no  matter  how  good  a  system  is  employed,  it  is  desirable  to 
have  some  graphic  means  of  showing  the  daily  progress  to  the 
superintendent  or  general  manager.  The  board  or  chart  that 
shows  graphically  progress  and  delays  from  day  to  day  of 
operations  acts  as  a  spur  on  the  manager,  who,  in  turn,  is 
likely  to  stimulate  the  activity  of  the  men  and  thus  bring  the 
lagging  work  up  to  date. 

The  accompanying  chart  shows  the  plan  of  a  large  black- 
board installed  in  the  office  of  C.  L.  Libby,  superintendent  of 
the  International  Machine  Tool  Co.,  Indianapolis,  Ind.,  to  fa- 
cilitate the  production  of  the  Libby  turret  lathes.  At  the  left 
of  the  chart  are  the  principal  operations  arranged  substan- 
tially in  the  order  in  which  they  are  generally  done.  These 
consist  of  casting,  planing,  drilling  caps,  milling  ends,  boring, 
surface  scraping,  drilling,  fitting  hood,  scraping  carriage  and 
apron,    scraping    cross-slide,    scraping   to    test    bar,    surfacing 


ten  have  been  milled  on  the  ends,  nine  have  been  bored,  and 
so  on.  If  one  of  the  castings  develops  serious  defects  after 
being  planed,  drilled,  milled  or  bored,  it  is  rejected  and  the 
space  on  the  casting  line  is  erased  until  a  new  casting  has 
been  obtained  to  fill  its  place. 

It  will  be  noticed  that  the  last  operation  that  has  been  filled 
in  is  No.  16,  "reaming  for  the  drive-shaft,"  and  this  has  been 
done  on  one  machine  only.  No  operations  have  been  completed 
on  the  succeeding  line.  The  general  contour  of  the  fiUe'd-in 
spaces  approximates  that  of  a  45-degree  right-angle  triangle. 
When  the  operations  go  through  practically  in  the  order 
planned  and  everything  follows  without  serious  hitch,  this 
plan  of  progression  is  carried  on  throughout.  In  other  words, 
the  operations  completed  will  be  about  in  the  order  indicated 
by  the  diagonal  line,  and  as  the  operations  on  a  lot  are  com- 
pleted they  flow  off  the  sheet  at  the  lower  right-hand  corner, 
shipping  being,  of  course,  the  last  job. 

Mr.  Libby  posts  himself  each  day  on  the  conditions  of  work 
in  the  plant,  then  returns  to  his  office  and  with  chalk  fills 
in  the  squares  of  the  operations  completed.    By  this  operation. 
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Production    Chart    used    by   International    Machine    Tool    Co.    to    record  Prorresa  in  building  Machine  Tools 


bosses,  fitting  boxes,  scraping  in  spindles,  reaming  and  scrap- 
ing back-shaft,  reaming  for  drive-shaft,  fitting  quadrant  and 
gears,  assembling  headstock,  testing  on  block,  assembling  car- 
riage and  apron,  assembling  turret,  putting  on  pan,  putting 
on  pump,  adjusting  small  parts,  fitting  splash  guard,  boring 
turret,  painting,  final  testing,  and  shipping.  At  the  top  are 
the  serial  numbers  of  the  turret  lathes  being  put  through. 

Now  suppose  that  a  lot  of  twenty-four  lathes  is  going  through 
the  shop.  The  first  action  is  getting  the  castings  from  the 
foundry,  and  the  chart  shows  that  eighteen  castings  have  been 
delivered,  eighteen  of  the  squares  of  the  chart  having  been 
chalked  in.  The  chart  also  shows  that  twelve  of  the  castings 
have  been  planed,  eleven  have  been  drilled  for  the  cap-screws. 


he  impresses  on  his  mind  the  condition  of  work  in  the  plant 
and  at  the  same  time  makes  a  record  for  reference  during 
the  day.  The  record  also  acts  as  an  incentive  to  everyone 
connected  with  the  production  department;  when  one  of  the 
foremen  comes  into  the  general  manager's  office  and  sees  the 
conditions  of  the  chart  wherever  his  department  is  concerned, 
he  is  likely  to  spurt  up  if  that  section  shows  perceptible  lag- 
ging behind  the  general  ideal  contour  of  the  operation  sheet. 
Another  feature  of  the  management  of  the  International 
Machine  Tool  Co.'s  plant  is  a  shop  "thermometer"  placed  over 
the  gallery  in  the  machine  shop  where  it  can  be  seen  by  all. 
This  thermometer  registers  the  monthly  production  and  indi- 
cates the  possible  bonus  to  be  earned.     The  average  produc- 
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tlon  of  machines  is  between  twenty-flve  and  thirty  monthly. 
Should  the  production  for  three  months  average  thirty  a 
month,  or  ninety  for  the  thirteen  weeks,  the  shop  bonus  would 
be  $4000.  It  drops  quickly  to  $1600  when  the  production  falls 
to  seventy-eight. 

The  shop  bonus  plan  stimulates  cooperative  work;  instead 
of  some  of  the  heads  of  departments  being  at  sword's  points 
and  trying  to  "do"  one  another,  they  feel  that  they  must 
work  for  the  common  good  if  the  shop  is  to  earn  the  highest 
possible  bonus  in  the  three  months'  period. 


URANIUM   HIGH-SPEED   STEEL   TESTS 

The  Standard  Alloys  Co.  of  Pittsburg,  Pa.,  has  submitted 
tests  of  uranium  high-speed  steel  lathe  tools  made  under  the 
direction  of  the  Standard  Chemical  Co.  on  a  commercial  scale 
in  a  number  of  large  shops  in  the  Pittsburg  district.  The 
effect  of  uranium  in  high-speed  steel  alloys  is  claimed  to  be  a 
remarkable  increase  in  cutting  efficiency  and  durability.  The 
following  report  of  tests  of  uranium  high-speed  steel  in  com- 
parison with  regular  high-speed  steel  in  common  use  is  given 
below.  The  tools  marked  A,  B,  C  and  D  are  made  of  regular 
high-speed  steel,  while  those  marked  Ua,  Ul,  U2,  etc.,  are  made 
of  uranium  high-speed  steel.  The  regular  high-speed  steel 
tools  were  all  made  from  the  larger  sizes  of  bars,  while  the 
largest  uranium  tool  measured  only  1  by  2  inches. 


Depth 

Length  Turned 

Tool 

Feed,  in 

Speed,  Feet 

of  Cut, 

before  Grinding 

-.vmbol 

Inches 

per  Minute 

in  Inches 

Tool,  in  Inches 

Material,  Locomotive  Axle,  0.40  Per  Cent  Carbon 
Ua  3/32  103  3/8  5 

A  3/32  103  3/8  2 

Material,  Locomotive  Crankpln,  0.40  Per  Cent  Carbon 


Ua  1/16  74  5/8 

A  1/16  74  5/8 

Ua  1/16  64  5/8 

A  1/16  64  5/8 

Material,  12-inch  Shaft,  0.50  Per  Cent  Carbon 

Ul  1/16  75  1/4 

B  1/16  75  1/4 

D  1/16  75  1/4 


Material,  8-inch  Shaft,  0.40  Per  Cent  Carbon, 


17 
4 
1 

Inches  Long 
178^ 
7/8 


Ul  1/16  51  5/8 

C  1/16  35  5/8 

Material,  6-inch  Shaft,  0.40  Per  Cent  Carbon 
Ul  1/32  75  5/8  18 

U2  1/32  75  5/8  24= 

B  1/32  75  5/8  11 

Material,  10-inch  Shaft,  0.40  Per  Cent  Carbon 
U4  1/16  60  to  65  5/8  8 

U2  1/16  65  5/8  7  1/2' 

Material,  12-inch  Shaft,  0.40  Per  Cent  Carbon 
Ul  3/64  55  5/16  16 

U5  3/64  55  5/16  15 

B  3/64  ,    55  5/16  2  1/2 

Material,  12-inch  Forging,  0.40  Per  Cent  Carbon 
U8  1/16  45  5/8  to  3/4  87* 

U8  1/16  to  1/10  38  15/16  127= 

U8  1/16  60  11/16  12 

The  uranium  high-speed  steels  used  in  the  foregoing  tests 
have  a  uranium  content  ranging  up  to  1.02  per  cent. 
*     *     * 

It  has  been  estimated  that  a  tunnel  under  the  English  Chan- 
nel can  be  constructed  for  $80,000,000.  Its  advocates  claim 
that  of  the  2,000,000  passengers  who  crossed  the  channel  in 
both  directions  during  the  year,  at  least  65  per  cent,  or  about 
1,300,000  would^  use  the  tunnel.  So  if  each  were  charged  10s. 
($2.40),  the  income  from  this  source  would  be  $3,120,000  a 
year.  Adding  to  this  $325,000  for  the  transportation  of  bag- 
gage, $200,000  for  postal  service,  and  $4,000,000  for  freight 
traffic,  the  total  revenue  would  be  $7,645,000.  Allowing  for 
running  expenses  $2,000,000  per  annum,  this  would  leave 
$5,645,000  as  the  annual  net  earnings. 

'The  tool  wa8  run  over  the  shaft  twice  and  the  depth  was  changed  to  %  Inch 
on  the  second  cut. 

2Spee<l  Increased  to  90  feet  per  minute  after  cutting  13  inches;  ran 
11  inches  further  without  breaking  down. 

•The  speed  was  increased  to  80  feet  per  minute  after  running  4  inches, 
and  the  tool  traveled  3^.4  inches  further  before  l)rcaking  down. 

•The  tool  waff  working  most  of  the  time  with  the  nose  in  scale. 

"The  cutting  time  was  three  hours,  and  after  cutting  10.5  inches  the  speed 
was  increased  to  e.'j  feet  per  minute.  The  tool  continued  to  cut  for  22  Inches 
before  breaking  down. 


GRADUATING  ON  THE  GEAR  SHAPER 

The  fact  that  the  I'Y'llows  gear  shaper  built  by  the  Fellows 
Gear  Shaper  Co.,  Springfield,  Vt.,  may  be  used  effectively  for 
graduating  circles  is  not  generally  known,  and  the  practice 
of  the  Cleveland  Machine  Tool  Co.,  Cleveland,  Ohio,  which 
uses  a  Fellows  gear  shaper  for  graduating  the  circles  of  the 
circular  attachment  provided  for  the  Cleveland  horizontal 
boring  machine,  will  be  of  general  interest. 

Fig.  1  shows  a  regular  Fellows  gear  shaper  set  up  for  grad- 
uating the  periphery  of  a  30-inch  Cleveland  circular  table.  The 
graduation  marks  required   are  three  in   number,  a   full   line 


Fig.   1.     Graduating  Circular  Table  with  a  Fellows  Gear  Shaper 

being  used  for  the  degree  markings,  which  are  designated 
0,  5,  10,  15,  20,  25,  etc.;  the  intermediate  degrees  are  marked 
with  shorter  lines,  while  the  half  degrees  are  marked  with 
still  shorter  lines.  , 

Fig.  2  shows  the  cutter  used  for  graduating.  For  this  case 
the  cutter  is  made  with  forty  teeth  and  has  a  diameter  of 
1.667  inch.  The  diameter  of  the  table  to  be  graduated  is  30 
inches,  the  ratio  of  the  two  diameters  being  as  1  to  18.  The 
number  of  graduations  required  on  the  periphery  is  720;  there- 
fore, the  graduating  cutter  must  be  geared  to  rotate  eighteen 
times  while  the  work  revolves  once.  Fig.  2  shows  how  the 
cutter  is  made:  the  long  lines  for  the  degrees  marked  0,  5,  10, 
15,  etc.,  extend  clear  to  the  end  of  the  cutter;  the  intermediate 
degree  line  teeth  are  ground  off  so 
that  the  length  cut  is  about  two- 
thirds  of  that  of  the  marked  degrees, 
while  the  half  degrees  are  ground 
back  still  further. 

In  operation,  the  cutter  works  ex- 
actly the  same  as  though  cutting 
teeth,  except  that  no  tooth  curves 
are  generated.  The  teeth  in  the  cut- 
ter are  sharp  vees,  and  the  depth  of 
cut,  of  course,  is  only  a  few  thou- 
sandths inch.  This  method  of  grad- 
uating circles  is  efficient,  the  time 
being  only  about  one-fourth  that  required  when  cutting  the 
same  graduation  on  a  milling  machine.  Moreover,  the  opera- 
tion  is   automatic,   practically   no   attendance   being   required. 


Fig.   2.     Cutter  used  for 
graduating  on    Shaper 
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IN  dealing  with  the  ordering,  making,  distributing  and  ac- 
counting of  all  such  special  tools  as  jigs  and  fixtures,  the 
problem  of  the  maintenance  supplies  and  tool  service  de- 
partment is  somewhat  different  from  that  encountered  in 
handling  standard  commercial  tools,  although  the  basic  prob- 
lem is  the  same.  As  in  the  case  of  commercial  tools,  the  point 
of  primary  importance  is  to  see  that  all  shops  are  kept  sup- 
plied with  the  tools  which  they  require  without  any  delay  in 
delivery.  "What  was  said  in  regard  to  the  work  of  the  depart- 
ment in  handling  standard  tools  applies  equally  to  the  work 
of  dealing  with  special  tools,  in  so  far  as  commercial  con- 
siderations are  concerned.  It  is  obvious  that  the  work  of  the 
department  must  be  carried  on  along  the  most  economical 
lines,  and  that  care- 
ful records  must  be 
kept  of  all  tools  to 
see  that  they  are  not 
lost  or  damaged 
while  in  use.  The 
chief  distinction  be- 
tween the  work  of 
the  maintenance  sup- 
plies and  tool  service 
department  in  han- 
dling special  tools 
and  commercial  tools 
is  that  the  former  is 
largely  a  problem  of 
toolmaking,  while 
the  latter  is  a  ques- 
tion of  purchasing 
tools  under  the  most 
advantageous  terms. 
The  following  article 
outlines  the  work  of 
the  department  in  the 
ordering,  making,  dis- 
tributing and  account- 
ing of  special  tools. 


The  first  inst.iUment  of 
this  article  appeared  in 
the  June,  1910,  number  of 
Machi.nert. 
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In  order  to  explain  the  operation  of  the  system  which  is 
used,  it  will  doubtless  be  the  best  plan  to  start  from  the  point 
where  the  engineering  department  has  approved  the  design  of 
a  part  for  an  automobile  of  a  new  model,  and  has  authorized 
the  making  of  tools  for  use  in  its  manufacture.  The  authoriza- 
tion of  the  engineering  department  for  the  making  of  all  spe- 
cial tools  is  issued  on  one  of  the  forms  reproduced  in  Fig.  2. 
One  copy  is  sent  to  the  office  of  the  tool  engineer,  accompanied 
by  a  set  of  drawings  of  the  new  car  part,  and  it  is  his  work 
to  design  all  special  tools  which  will  be  required  in  manu- 
facturing this  part.  The  first  step  taken  by  the  tool  engineer 
is  to  compare  the  new  part  with  the  car  part  which  it  super- 
sedes, in  order  that  use  may  be  made  of  any  special  tools 

by  making  certain 
changes  in  their  con- 
struction. The  points 
governing  the  deci- 
sion as  to  whether 
old  tools  are  to  be 
made  over  or  whether 
it  is  necessary  to  de- 
sign entirely  new 
tools  for  the  purpose 
are  details  of  the 
work  of  the  tool  engi- 
neer which  do  not 
properly  come  with- 
in the  scope  of  the 
present  article. 

In  any  case  a  com- 
plete set  of  tool  draw- 
ings will  be  made, 
the  method  of  pro- 
cedure being  for  the 
tool  engineer  to 
study  the  part  to  be 
machined,  decide 
upon  the  methods  of 
machining  to  employ, 
and  then  make  rough 
sketches  of  the  tools 
which    are    followed 


Diagram  showing  Relationship   of  Maintenance   Supplies   and   Tool   Service   Dopartment 
to   Other  Departments    of   Factory   of  Cadillac  Motor  Car  Co. 
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of  tool  order  numbers  with  their  classifications,  which  is  sent 
to  the  time  office  for  its  guidance  in  classifying  time  tickets 
and  material  orders.  The  fourth  copy  of  the  tool  order  is  then 
sent  to  the  foreman  of  the  department  which  will  make  the 
car  part  that  requires  the  use  of  the  special  tool  in  its  manu- 
facture, this  memorandum  merely  serving  as  a  notice  to 
the  foreman  that  his  future  tool  requirements  are  being 
cared  for. 

When  the  tool  engineer  decides  that  a  tool  should  either  be 
made  or  changed  for  use  in  machining  a  certain  part,  and  has 
written  a  tool  order  covering  same,  an  entry  is  made  on  a 
permanent  record  which  is  kept  on  cards  of  the  form  shown 
in  Fig.  4.  It  will  be  seen  that  this  form  is  laid  out  with  spaces 
at  the  top  for  the  number  of  the  part  that  the  special  tools 
are  used  to  manufacture,  and  the  name  of  this  part;  the  part 


Fig.   2.     Form  used  by  Engineering  Department  in   authorizing  making  of 

Tools   for  Use   in  manufacturing   Car  Parts  of   a  New  Model; 

Size  8  by  5  Inches;  One  Copy  on  Blue  Stock 

by  the  draftsmen  in  making  the  final  tool  drawings.  The  deci- 
sion as  to  whether  new  tools  are  to  be  made,  or  the  construc- 
tion of  existing  tools  modified  to  meet  the  new  requirements, 
will  govern  the  procedure  of  the  tool  engineer  in  issuing  or- 
ders for  tool  drawings.  The  form  which  he  uses  is  shown  in 
Fig.  3,  and  reference  to  this  illustration  will  make  it  evident 
that  provision  is  made  for  ordering  new  drawings  or  making 
changes  in  existing  drawings  by  either  crossing  out  the  word 
"make"  or  "change,"  so  that  the  order  will  meet  the  require- 
ments of  existing  conditions. 

The  tool  order  is  made  out  in  quadruplicate.     The  first  and 
second  copies  are  sent  to  the  drafting-room,  and  the  first  copy 
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Fig.   5.     Form  used  by  Drafting-room  in  keeping  Record  of  Drawings   and 

Blueprints  of  Tool  Drawings;   Size  5  by  3  Inches;   One   Copy  on 

Yellow  stock 

number  serves  as  the  key  by  which  the  permanent  record  card 
is  filed.  The  lower  space  on  this  form  is  laid  out  with  sections 
for  the  operation  numbers,  the  names  of  the  operations,  the 
tool  order  numbers  on  which  the  tools  were  made,  the  tool 
drawing  numbers  and  descriptions  of  the  tools.  A  brief  con- 
sideration will  make  it  evident  that  this  card  represents  an 
outline  of  the  machining  operations  performed  on  the  part  in 
question,  and  a  list  of  all  tools  used  in  handling  the  work, 
so  that  by  referring  to  this  permanent  record  the  tool  engineer 
is  able  to  give  information  in  regard  to  all  operations  and 
tools  which  he  has  recommended  for  use  in  any  given  case.  A 
similar  record,  though  less  complete  than  that  kept  by  the  tool 


Fig.  3.     Form  used  by  Tool  Engineer  in  ordering  Tool  Drawings  and  Tools; 
Size  8  by  6  Inches;  Four  Copies  on  White,  Blue,  Yellow  and  Ked  Stock 

remains  with  the  work  until  the  tools  have  been  completed. 
The  second  copy  is  a  drafting-room  memorandum  which  repre- 
sents the  authority  of  this  department  to  make  the  tool  draw- 
ings; and  after  such  drawings  have  been  completed  the  memo- 
randum is  filed  for  future  reference.  The  third  copy  is  the 
tool  engineer's  memorandum  of  the  transaction;  this  copy  is 
kept  in  his  "drafting-room  file"  until  the  drawings  have  been 
completed,  after  which  it  is  transferred  to  the  "tools  being 
made  file"  until  the  work  has  been  finished.  The  fourth  copy 
of  the  tool  order  is  sent  to  the  office  of  the  maintenance  sup- 
plies and  tool  service  department,  where  it  is  classified  under 
the  proper   account;    and   the  job   is   then   entered  on  a  list 
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Fig.  4.     Form  used  by  Tool  Engineer  in  maintaining  Permanent  Record  of 

Machining  Operations  and  Tools  on  all  Car  Parts;  Size  10  by  8  Inches; 

One  Copy  on  White  Stock 
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Fig.   6.     Form  used  by  Drafting-room   in  ordering  Patterns   and   Castings; 

Size  8  by  5  Inches;  Five  Copies  on  Pink,  Green,  White,  Yellow 

and  Blue  Stock 

engineer,  is  maintained  by  the  drafting-room  for  the  purpose 
of  locating  the  tool  drawings  for  tools  used  in  manufacturing 
any  given  part.  At  the  time  the  first  and  second  copies  of  the 
tool  order  are  received  in  the  drafting-room,  a  card  is  made 
out  for  the  drafting-room  file  on  a  form  shown  in  Fig.  5.  These 
cards  are  filed  by  the  part  number,  and  when  an  inquiry  is 
made  in  regard  to  tool  drawings,  this  file  enables  the  drawings 
to  be  located  without  delay. 
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Ordering  Patterns  and  Castings 
It  will  be  obvious  that  the  making  of  such  special  tools  as 
Jigs  and  fixtures  will  call  for  the  use  of  a  variety  of  patterns 
and  for  castings  made  from  these  patterns.  Ordering  these 
patterns  and  castings  is  part  of  the  work  of  the  drafting-room, 
the  orders  being  issued  as  soon  as  a  decision  has  been  reached 
in  regard  to  the  final  design  of  the  tools.  The  form  used  by 
the  drafting-room  in  ordering  patterns  and  castings  is  shown 
in  Pig.  6,  five  copies  of  this  form  being  required.  The  first  of 
these  is  a  drafting-room  copy  which  is  kept  in  a  temporary  file 
until  the  patterns  and  castings  have  been  completed,  after 
which  it  is  transferred  to  a  permanent  file  where  it  is  avail- 
able for  future  reference.  The  second  and  third  copies  are 
sent  to  the  pattern  shop,  and  the  first  of  these  represents  an 
order  for  making  the  patterns.  The  third  copy  is  also  kept  In 
the  pattern  shop  until  the  work  has  been  completed,  and  at 
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print"  record  book 
with  a  notation  of 
the  tool  order  num- 
ber. The  tool  order 
book  is  ruled  in 
such  a  way  as  to 
provide  spaces  to 
show  tool  order 
number,  tool  num- 
ber, date  on  which 
the  order  was  re- 
ceived by  the  main- 
tenance supplies 
and  tool  service  de- 
partment, quantity 
required,  foundry 
order  number,  blue- 
print number,  pur- 
chase order  number 
if  ordered  from  an 
outside  firm,  sym- 
bol number  of  car 
part  on  which  tool 
operates,  descrip- 
tion of  tool  and  by 
whom  made,  as  well 
as  date  completed. 
The  blueprint  record  book  shows  the  sheet  number  of  the  blue- 
print,  with   all   order  numbers  pertaining  to  that  print. 

After  the  entries  have  been  made  in  the  tool  order  record 
book  and  the  blueprint  record  book,  the  tool  order.  Fig.  3, 
with  one  complete  set  of  blueprints,  is  turned  over  to  a  stenog- 


]ig.  Fixlutes,  Punches  and  Dies,  MUST  be 
turned  in  for  inspection  aher  being  mach- 
ined and  BEFORE  bushings  or  dies  are 
pressed  in.  All  parts  must  be  inspected  be- 
fore assembling,  or  before  being  hardened  as 
ihe  case  may  be. 

If   in   doubt   of   any  figures    or   details, 
consult  foreman  at  once. 

CADILUC  MOTOR  CAR  CO. 


Fig.   9.     rorm  pasted  on  Backs  of   Blueprints 

constituting  Order  to  Cadillac  Tool-room 

to  make  Tools;  Size  3  by  4V4  Inches; 

One  Copy  on  White  Stock 


Fig.  7.     Form  used  by  Maintenance  Supplies  and  Tool  Service  Department 

to  authorize  ordering  of  Special  Tools  made  by  Outside  Concerns; 

Size  8  by  5  Inches;  Five  Copies  on  Yellow,   Fink,  Blue, 

White  and  Green  Stock 

this  time  it  is  sent  on  to  the  foundry  with  the  patterns,  the 
form  representing  an  order  to  the  foundry  to  make  the  re- 
quired castings.  The  fourth  copy  of  the  form  is  sent  to  the 
maintenance  supplies  and  tool  service  department,  where  it  is 
placed  in  a  "current  file"  until  the  castings  are  received  on  a 
shipping  order,  after  which  they  are  delivered  to  the  tool  de- 
partment. The  fifth  copy  is  sent  to  the  tool-room,  the  purpose 
being  to  notify  the  foreman  of  this  department  that  the  cast- 
ings have  been  ordered  for  making  the  tools;  and  as  soon  as 
the  castings  are  received,  the  memorandum  is  destroyed. 

When  the  necessary  drawings  for  a  tool  order  have  been 
completed  in  the  drafting-room,  the  first  copy  of  the  tool  order, 
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Fig.    8.     Form    used    by    Receiving    Department    in    recording    Keceipt    of 

Tools  from  Outside  Firms  and  Castings  from  Foundry;   Size  8'/j  by  6 

Inches;   Three  Copies  on  White  Stock 

Fig.  3,  is  returned  to  the  tool  engineer,  who  decides  who  shall 
make  the  tools  called  for.  When  a  decision  has  been  reached, 
he  makes  a  notation  on  the  order  form  in  the  space  provided 
for  that  purpose  and  forwards  the  form,  accompanied  by  two 
sets  of  blueprints  of  the  tool  drawings,  to  the  tool  order  clerk 
in  the  maintenance  supplies  and  tool  service  department.  The 
tool  order  clerk  makes  an  entry  in  a  "tool  order"  record  book 
by  order  number,  and  also  records  the  blueprint  in  a  "blue- 


Fig.  10.     Form  used  by  Tool-room  Foreman  in  ordering  Materials  required 
for  making  Tools;  Size  6  by  4  Inches;  One  Copy  en  Yellow  Stock 

rapher  who  writes  a  "T-requisition"  on  the  purchasing  de- 
partment if  the  tool  is  to  be  ordered  from  an  outside  firm; 
and  in  all  cases,  the  stenographer  makes  a  complete  set  of 
record  cards  to  be  used  as  permanent  records  when  the  tool 
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Fig.    11.     Form  used  by   Tool-room   Foreman   in   reporting   Labor    Charges 

on  Tools  to  Cost  Accounting  Department;   Size  6  by  4  Inches; 

One  Copy  on  Blue  Stock 
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Fig.    12.     Form   used   by   Cost   Accounting   Department   in   recording   Labor 

and   Material   Charges  on   Tools;    Size   6  by  4  Inches; 

One  Copy  on  Green  Stock 

has  been  completed,  as  outlined  in  detail  in  subsequent  para- 
graphs. This  set  of  record  cards  consists  of  those  shown 
in  Figs.  12,  and  14  to  22.  These  cards,  with  the  exception  of 
the  one  shown  in  Fig.  12,  are  filed  in  what  is  known  as  the 
"shop  box  file"  and  are  cross-indexed  by  tool  and  part  symbol 
numbers,  until  the  tool  has  been  finished,  at  which  time  they 
are  distributed  to  various  permanent  record  files  as  explained 
later.  The  card  shown  in  Fig.  12  is  filed  by  the  tool  order  num- 
ber in  what  is  called  the  "cost  file,"  and  all  time,  material 
and  invoices  pertaining  to  that  particular  tool  order  are  posted 
thereon  from  time  to  time. 

Ordering  Tools  Made  by  Outside  Shops 

The  Cadillac  Motor  Car  Co.  has  adopted  the  commonly  used 
plan  of  having  certain  classes  of  work  done  by  outside  shops, 
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RETURN  THIS  ORDER  WITH  PARTS 

Fig.   13.     Form  used  by  Tool-room  Foreman  in  ordering  Heat-treatment  of 

Tools;  Size  6  by  SVi  Inches;  Three  Copies  on  White,  Pink 

and  Blue  Stock 

and  some  of  the  tool  work  is  handled  in  this  way.  The  variety 
of  cases  which  are  dealt  with  naturally  introduces  a  number  of 
different  conditions,  but  it  frequently  happens  that  castings 
for  a  jig  or  fixture  will  be  made  in  the  Cadillac  foundry,  and 
these  castings  will  then  be  sent  out  for  use  in  making  the  re- 
quired tools.  For  the  purpose  of  discussion,  this  condition 
will  be  assumed  in  describing  the  method  of  procedure  which 
is  followed.  In  connection  with  the  article  describing  the 
practice  in  the  purchase  of  standard  commercial  tools,  it  was 
mentioned  that  the  maintenance  supplies  and  tool  service  de- 
partment has  jurisdiction  over  all  purchases  of  tools  and  other 
manufacturing  supplies,  the  plan  being  for  this  department  to 
make  recommendations  which  are  followed  by  the  purchasing 
department  in  the  actual  issuing  of  orders.  We  will  assume 
that  it  is  required  to  order  an  outside  firm  to  make  a  jig  for 


drilling  3/16-  and  1/4-inch  holes  in  a  given  part,  and  that  the 
casting  for  this  drill  jig  is  to  be  furnished  by  the  Cadillac 
company.  The  maintenance  supplies  and  tool  service  depart- 
ment will  proceed  by  issuing  a  "T-requisition"  to  the  purchas- 
ing department,  calling  upon  it  to  order  this  work  done,  and 
the  firm  which  is  to  do  the  work  will  be  specified  for  the 
guidance  of  the  purchasing  department. 

Fig.  7  shows  the  memorandum  which  is  made  out,  and  refer- 
ence to  this  illustration  will  show  that  in  addition  to  a  de- 
scription of  the  tool  required,  a  notation  is  also  made  of  the 
fact  that  the  casting  is  to  be  furnished  by  the  Cadillac  com- 
pany. Five  copies  of  this  form  are  required.  The  first  is  sent 
to  the  purchasing  department,  where  it  is  used  in  issuing  a 
regular  purchasing  order.  The  second  copy  is  held  in  a  "tem- 
porary file"  on  the  desk  of  the  tool  order  clerk  in  the  main- 
tenance supplies  and  tool  service  department,  and  when  the 
order  has  been  filled,  this  form  is  stamped  "Filled,"  initialed 
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Fig.    14.     Form   used  by   Inspectors   in   reporting   Results   of   Inspection  of 
New  Tools;  Size  6  by  4  Inches;  One  Copy  on  White  Stock 

by  the  clerk,  and  filed  for  future  reference.  The  third  copy 
goes  to  the  inspector  in  the  maintenance  supplies  and  tool 
service  department  to  serve  as  a  reminder  that  the  tool  is 
coming  through  and  must  be  inspected  in  due  course.  After 
the  inspection  has  been  made  and  the  tool  found  to  be  up  to 
specifications  in  every  way,  this  inspector's  copy  is  destroyed 
and  a  permanent  inspection  card  placed  on  file.  The  fourth 
copy  is  sent  to  the  foreman  of  the  department  in  which  the 
tools  are  to  be  used,  to  serve  as  a  further  notification  to  him 
that  his  requirements  are  being  cared  for.  The  fifth  copy  is 
used  by  the  tool  "chaser"  whose  duty  it  is  to  follow  up  each 
order  and  see  that  it  is  progressing  satisfactorily.  When  the 
tools  are  delivered  to  the  factory,  the  receiving  department 
makes  out  a  receiving  slip,  using  the  form  shown  in  Fig.  8, 
and  the  tools,  together  with  this  form,  are  sent  to  the  inspector 
in  the  maintenance  supplies  and  tool  service  department.  This 
slip  is  signed  and  returned  to  the  receiving  room,  where  it 
serves  as  a  receipt  for  the  tools  which  have  been  delivered  to 
the  inspector.     When  the  tools  have  been  delivered,  the  tool 


ENTERED 
In  Office    6-^f/^ 


LIMITS 


Tool  No.    lf^f:Z'(!P  i 


Received  from  DEPARTMENT  43  A 
Amount Z      Part  No.n?.^^)^/-^ 


^..^U^^^^S/J^Jj^ 


4fy^^.?     F^Dept.  No.  .^y/^^L 
Signed     Xl^^^'OrU:'!  rl/l. 
Return  when  signed  to  Dept.  AAit.  AJ,Zi 


Fig.   15.     Form  used  by  Maintenance  Supplies  and  Tool  Service  Department 

in  obtaining  Eeceipt  from  Tool  Supply  Rooms  for  New  Tools; 

Size  6  by  4  Inches;  One  Copy  on  Blue  Stock 
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chaser's  interest  in  them  ceases,  and  as  soon 
as  he  has  been  assured  of  the  fact,  he  can 
destroy  his  copy  of  the  T-requisition  slip. 

It  should  be  noticed  that  on  the  right-hand 
side  of  the  form  shown  in  Fig.  7,  a  column  is 
provided  to  show  the  account  to  which  the  tool 
is  to  be  charged,  and  in  this  column  is  a  nota- 
tion of  the  tool  order  number.  This  is  shown 
for  the  guidance  of  the  book-keeping  depart- 
ment, to  insure  the  invoice  being  forwarded  to  the  maintenance 
supplies  and  tool  service  department  to  have  the  price  O.K.'d, 
classified  and  posted  on  the  cost  card,  Fig.  12,  which  is  filed 
in  the  maintenance  supplies  and  tool  service  department — by 
tool  order  number  before  the  tool  is  completed,  and  by  tool 
number  after  it  has  been  completed. 

Making-  Tools  in  Cadillac  Tool-room 

The  description  given  in  the  preceding  paragraphs  refers 
to  a  case  where  it  was  decided  to  have  the  tool  made  by  an 
outside  firm;  and  it  will  be  recalled  that  in  issuing  the  order 
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Fig.  17,     Form  used  by  Maintenance  Supplies  and  Tool  Service  Department 

in  reporting  to  Shop  Foreman  on  Delivery  of  Kew  Tools  to  his  Tool 

Supply  Eoom;   Size  6  by  4%   Inches;  One  Copy  on  Blue   Stock 
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Fig.  19.     Form  used  by  Maintenance  Supplies  and  Tool  Service  Department 

in  keeping  Card  File  of  Tools  by  Tool  Number;  Size  6  by  4  Inches; 

One  Copy  on  Green  Stock 

from  which  the  material  was  drawn,  the  department  to  which 
it  was  delivered,  and  the  accounts  which  are  to  be  credited 
and  debited,  together  with  spaces  for  noting  the  tool  order 
number,  etc.  The  clock  number  of  the  man  to  whom  the 
material  is  to  be  delivered  is  noted  on  the  slip,  which  is  signed 
by  the  foreman  of  the  tool-room.  These  requisition  slips  are 
left  in  the  store-rooms  in  exchange  for  the  material,  and  at 
intervals  of  one-half  hour  they  are  gathered  up  by  one  of  the 
messengers  who  make  regular  rounds  in  such  a  way  that  the 
slips  will  reach  the  cost  accounting  department  in  not  less 
than  one  and  one-half  hour  after  they  were  left  in  the  store- 
room. In  the  space  at  the  middle  of  the  form,  notations  are 
made  as  to  the  quantity  and  kind  of  material  drawn  out;  the 
price  of  this  material  is  entered  on  the  slip  by  the  cost  ac- 
counting department,  and  the  slip  is  then  forwarded  to  the 
cost  clerk  in  the  maintenance  supplies  and  tool  service  depart- 
ment, who  posts  them  on  the  cost  card.  Fig.  12. 

Reports  of  labor  charges  on  tools  made  in  the  factory  are 
also  submitted  to  the. cost  clerk  for  use  in  calculating  the 
total  value  of  the  tool.  For  the  purpose  of  reporting  the  labor 
costs  on  each  job,  the  foreman  of  the  department  in  which 
the  work  is  done  turns  in  daily  time  tickets  of  the  form  shown 
in  Fig.  11.     At  the  top  of  these  tickets,  the  names  and  time- 


for  making  the  tool,  the  maintenance  supplies  and  tool  service 
department  sent  a  "T-requisition"  to  the  purchasing  depart- 
ment, making  use  of  the  form  shown  in  Fig.  7.  But  it  does 
not  always  happen  that  tools  are  sent  out  to  be  made;  in  many 
cases  the  work  is  done  in  the  tool-room  maintained  by  the 
Cadillac  Motor  Car  Co.,  and  when  handled  in  this  way  the 
method  of  procedure  is  slightly  different.  Instead  of  issuing 
orders  to  the  purchasing  department,  as  soon  as  the  tool  order 
and  drawings  have  been  received  in  its  office,  the  maintenance 
supplies  and  tool  service  department  proceeds  by  entering  the 
proper  tool  order  numbers  on  gummed  labels  shown  in  Fig.  9 
and  pasting  one  of  these  labels  on  the  back  of  each  tool  draw- 
ing. The  drawings  are  then  sent  out  to  the  foreman  of  the 
tool-room,  and  their  receipt  is  regarded  as  an  order  to  proceed 
with  the  making  of  the  tools.  The  way  in  which  castings 
have  been  handled  has  already  been  described,  and  it  will  be 
assumed  that  the  castings  are  avail- 
able for  use  in  the  tool-room.  The 
first  copy  of  the  tool  order.  Fig.  3, 
is  sent  to  the  tool  department  and 
kept  with  the  work  until  completed, 
after  record  cards  have  been  made 
by  the  stenographer,  as  previously 
explained. 

Other  materials  required  for  mak- 
ing the  tools  are  ordered  by  the  tool- 
room foreman  on  requisition  slips  of 
the  form  illustrated  in  Fig.  10.  It 
Fig.  18.  Form  used  in  ^^'^  ^®  ^^^vl  that  the  requisition  is 
reporting  Completion  of         dated,  and  that  there  are  spaces  on 
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ing  Department  the   form   for   noting  the   store-room 


PART    MAKE 

1 

1           Part  No. 

_^^«i.  _  ^JUJy^  'kft^^d.^S^ 

aJxjuiA^               iZJZ^lU- 

V 

1 

. 

1 

1 

"1      i 

■IJ.--        ■    • 

FOR  LOCATION— SEE  TOOL  CARD 

I 

Fig.  20.     Form  used  by  Maintenance  Supplies  and  Tool  Service  Department 

in  keeping  Card  File  of  Tools  by  Part  Number;  Size  6  by  4  Inches; 

One  Copy  on  Red  Stock 

clock  numbers  of  the  employes  are  recorded,  together  with  the 
numbers  of  the  departments  in  which  they  are  employed  and 
the  date.  In  the  space  at  the  bottom  of  the  form  a  record  is 
kept  of  all  labor  costs  to  be  charged  against  the  tool  order, 
and  each  day  these  time  tickets  are  sent  to  the  time  office 
to  be  classified  under  their  proper  account,  according  to  the 
list  furnished  by  the  maintenance  supplies  and  tool  service 
department.  The  rates  are  then  extended  and  the  slips  are 
forwarded  to  the  cost  clerk  in  the  maintenance  supplies  and 
tool  service  department,  where  the  data  are  entered  on  the 
cost   cards   shown   in   Fig.   12,   after   which   the  time  tickets. 
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Fig.   21.     Form  used  by  Tool  Supply  Rooms  in  keeping  Card  File  of  Tools 
by  Tool  Number;  Size  6  by  3  Inches;  One  Copy  on  Green  Stock 

Fig.  11,  are  returned  to  the  time  office.  The  clerk  who  attends 
to  the  maintenance  of  the  cost  records  is  under  the  jurisdic- 
tion of  the  cost  accounting  department,  although  he  works  in 
the  office  of  the  maintenance  supplies  and  tool  service  depart- 
ment. In  addition  to  recording  labor  costs  in  the  manner 
referred  to,  it  will  also  be  evident  that  the  costs  of  all  mate- 
rials entering  into  the  construction  of  the  tools  are  entered  on 
this  card,  data  for  the  purpose  being  taken  from  the  material 
requisition  slips  shown  in  Fig.  10. 

With  these  data  at  hand,  the  cost  accounting  clerk  is  able 
to  figure  the  total  cost  and  valuation  of  the  tool.    On  the  oppo- 
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Issuing  Orders  for  Heat-treatment  of  Tool  Parts 
When  it  is  necessary  to  heat-treat  parts  of  tools,  an  order 
must  be  issued  for  doing  this  work,  and  in  issuing  such  orders 
use  is  made  of  the  form  shown  in  Fig.  13.  This  form  is  made' 
out  in  triplicate,  the  first  and  second  copies  being  sent  to  the 
hardening  department  with  the  work,  and  the  third  copy  being 
kept  in  the  office  of  the  maintenance  supplies  and  tools  service 
department  until  the  parts  have  been  returned.  The  first 
copy  of  the  memorandum  is  returned  with  the  work,  and 
the  second  copy  filed  in  the  heat-treating  department  as  a 
record  of  the  work  done;  the  first  and  third  copies  of  the 
memorandum  are  then  destroyed.  In  charging  heat-treatment 
against  the  cost  of  the  tool,  it  will  of  course  be  evident  that 
use  is  made  of  the  time  ticket  shown  in  Fig.  11  for  reporting 
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Fig.   24.     Form  used  by  Tool  Supply  Booms  in  keeping  Record  of  Work- 
men's Tool  Checks;  Size  6  by  3  Inches;  One  Copy  on  White  Stock 

labor  charges  to  the  cost  accounting  department;  and  the  ma- 
terial expense  requisition  shown  in  Fig.  10  is  used  when  order- 
ing materials  for  the  process  of  heat-treatment. 

How  Records  of  Special  Tools  Are  Kept 

When  all  work  on  the  tool  order  has  been  completed,  the 
finished  tool  with  the  first  copy  of  the  tool  order.  Fig.  3, 
and  the  blueprints  of  the  tool  drawings  are  given  to  the  special- 
tool  inspectors  in  the  maintenance  supplies  and  tool  service 


SEE  TOOL  CARD 


Fig.   22.     Form  used  by  Tool   Supply  Rooms  in  keeping  File  of  Tools  by 
Part  Number;  Size  5  by  3  Inches;  One  Copy  on  White  Stock 

site  side  of  the  card  shown  in  Fig.  12,  there  is  a  form  which 
provides  for  maintaining  a  record  of  the  number  of  tools  of 
each  particular  type  which  are  on  hand  in  the  factory,  and 
should  it  happen  that  one  of  these  tools  is  worn  out  or  broken, 
or  if  another  tool  of  the  same  type  is  added  to  the  supply,  a 
notation  is  made  to  that  effect  so  that  information  is  avail- 
able for  the  purpose  of  taking  inventory.  Similarly,  if  a  tool 
is  made  outside,  the  invoice  is  forwarded  from  the  book- 
keeping department  to  the  cost  accounting  department  to  be 
posted  on  the  cost  card. 


TOOL  SUPPLY  ROOM  No 

Report  of  Special  Tools  for  week  ending 
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Fig.    23. 


Form   used  by  Tool   Supply   Rooms   in   making  Weekly 
Size  8  by  6  Inches;  One  Copy  on  Yellow  Stock 
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Fig.    25.     Form   used   by   Shop   Foremen   in   authorizing   Tool   Supply  Room 
to  deliver  Tools  to  Men;  Size  6Vi  by  4  Inches;  One  Copy  on  Green  Stock 

department.  These  inspectors  are  practical  toolmakers  and 
mechanics  of  wide  experience,  and  are  provided  with  all  the 
latest  improved  tools  necessary  to  make  an  exhaustive  and 
thorough  inspection  of  all  special  tools  used  to  produce  parts 
for  Cadillac  motor  cars.  When  they  have  finished  making  the 
inspection,  they  report  their  findings  on  an  inspection  card, 
shown  in  Fig.  14,  and  pass  the  card,  tool  and  drawings  to  the 
clerk  whose  business  it  is  to  see  that  the  finished  tool  is  de- 
livered to  the  tool  supply  room  connected  with  the  depart- 
ment in  which  the  tool  is  to  be  used.  When  this  clerk  receives 
the  tool,  he  immediately  stamps  the  tool  order  form,  Fig.  3, 
"Completed"  and  gives  it  to  the  tool  order  clerk  who  records 
it  as  completed,  and  then  forwards  the  form  to  the  tool  engi- 
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neer.  When  he  has 
disposed  of  the  tool 
order,  the  clerk 
takes  out  the  set  of 
record  cards  which 
have  been  filed  in 
the  "shop  box"  and 
takes  from  them 
the  card  shown  in 
Pig.  15,  known  as 
the  "receipt  card," 
also  the  tag  shown 
in  Fig.  16  which  is 
used  on  the  tool 
check  board  to  indi- 
cate the  hook  as- 
signed to  the  tool,  and  delivers  them  to  the  man  in  charge  of 
the  delivery  of  tools.  A  notice,  Fig.  17,  is  also  sent  at  this 
time  to  the  foreman  who  will  use  the  tool.  The  remainder  of 
the  set  of  cards  are  held  on  the  clerk's  desk  until  the  receipt 
card  is  signed  by  the  man  in  the  tool  supply  room  and 
returned. 

When  the  receipt  card  is  signed  and  returned,  it  is  attached 
to  the  remainder  of  the  sets  of  cards  and  given  to  the  finished- 


^Tiine  written ^- 

•Tiine  wanted-  ^  - 

Time  fioiihed  in  Tool  Di- 
Recclved  /"    ^  ' 


Tool-  Supply  Room 

Tool  Noc^O:^^ 
is  in  good  condition 

Release  Check  wheajurnet 
Signed 

Received  at  window  and  checked  by 


Fig,    26.     Form    used    by    Shop    Foremen    in 

authorizing  Tool   Supply  Koom   to  return 

Checks   in   Exchange   for  Tools;    Size 

4   by  2%   Inches;   One   Copy   on 

White   Stock 


To  TOOL   DEPT— ORDER   NO 
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Fig.    27.      Form    used    by    Shop    Foremen    in    ordering    Repair    of    Broken    or 
Worn  Tools;  Size  7  by  4'^   Inches;   One   Copy  on  White  Stock 

tool  record  clerk,  whose  duty  consists  of  taking  the  card  shown 
in  Fig.  18  and  forwarding  it  to  the  cost  clerk,  which  consti- 
tutes a  notice  that  the  tool  has  been  completed  and  that  he 
may  close  his  cost  card,  and  file  it  for  inventory  purposes. 
The  record  clerk  next  takes  the  cards  shown  in  Figs.  19  and 
20,  which  are  known  as  the  "tool"  and  "symbol"  cards,  re- 
spectively, and  files  them  in  separate  flies;  the  tool  card  is 
filed  by  the  tool  number  and  the  symbol  card  by  the  symbol 
number  of  the  motor  part,  thus  constituting  an  effective  cross- 
indexed  file.  The  inspection  card  and  the'  blue  receipt  card, 
Figs.  14  and  15,  are  filed  together  in  a  file  labeled  for  that 
purpose.  The  cards  shown  in  Figs.  21  and  22  are  given  to  a 
clerk  who  makes  daily  trips  to  each  of  the  tool  supply  rooms, 
and  files  them  in  filing  cabinets  for  the  convenience  of  the 


man  in  the  tool  supply  room.  When  the  tool  was  delivered  to 
the  tool  supply  room,  an  entry  was  made  in  the  "incoming" 
record  book,  which  is  checked  by  the  clerk  who  puts  the  carda 
in  the  tool  supply  room  files.  Also,  the  tag  shown  in  Fig.  16 
was  placed  on  the  check  board  for  convenience  in  checking 
the  tool  to  a  workman;  and  the  placing  of  this  tag  is  later 
verified  by  the  man 

in  charge  of  main ^ 

taining  the  check 
boards  and  the 
checks   in   order. 


Foreman's  Copy 

Transfer  Subdivision— Dept.  No.  D-28 


Weekly   Reports    of 

Conditions  in  Tool 

Supply  Rooms 


^//Ti/cc 
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It  will  be  recalled 
that  when  the  new 
tools  were  com- 
pleted and  sent 
down  to  the  tool 
supply  room,  a  re- 
ceipt. Fig.  15,  was 
obtained  for  them. 
At  the  same  time 
an  entry  of  the  re- 
ceipt of  the  tools 
was  made  in  the 
"incoming"  book 
which  is  kept  in 
each  tool  supply 
room,  and  the  small 
tag  shown  in  Fig. 
16  was  hung  on  a 
hook  on  the  check 
board  ready  for  a 
tool  check  to  be  put 
over  it  when  the 
tof^l  is  sent  out  to 
the  shop.  Then  on  the  following  day,  a  clerk  went  down 
to  enter  the  tools  on  the  card  file  in  the  tool  supply  room  and 
to  see  that  other  parts  of  the  work  were  properly  looked  after. 
Similarly,  other  entries  are  made  in  the  "outgoing"  book  at  the 
time  that  tools  are  sent  up  to  the  tool-room  for  repair  or  when 
permanent  transfers  of  tools  are  made  from  one  department  to 
another.  Once  a  week  the  tool  supply  room  attendant  exam- 
ines these  books  in  order  to  find  out  just  how  conditions 
stand.  He  examines  both  the  "incoming"  and  "outgoing" 
books,  and  also  makes  sure  that  spaces  have  been  provided 
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Fig.    29.     Form   used    by   Foremen   in   ordering 

Eeplacement  Parts   for   Special   Tools   sent 

for  when  Parts  are  ready  to  be  put  in 

Place;    Size    S'i    by    SVi    Inches; 

Four  Copies  on  White,  Pink, 

Blue    and    Yellow    Stock 
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Temporary  Transfer  for  Repairs 

TOOL  NAME 


<y     NOMINAL  SIZE. 
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TRANSFER  Subdivision— Dept.  No.  D-28 


Fig.    28.     Form    used   by   Tool    Supply   Rooms   in   recording    Temporary 

Transfer  of  Tools  for  Repair;  Size  5  by  3  Inches;  Three  Copies 

on  Yellow,   White  and   Salmon  Stock 


Fig.    30.     Form    used    by    Tool    Supply    Rooms    in    making    Semi-monthly 

Reports  of  Special  Tools  sent  out  tor  Repair;  Size  SVi  by  5>4  Inches; 

One  Copy  on  Yellow  Stock 

on  the  check  board  for  all  new  tools  delivered  to  the  tool 
supply  room,  and  that  these  tools  have  been  properly  entered 
on  the  card  file.  The  results  of  this  inspection  are  entered 
on  a  form  shown  in  Fig.  23,  and  the  report  is  sent  to  the 
maintenance  supplies  and  tool  service  department.  In  cases 
where  any  discrepancies  are  discovered,  an  investigation  is 
immediately  started  to  find  the  cause  of  the  trouble  and  to 
take  steps  to  correct  it. 
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Fig.  31.     Form  used  by  Maintenance  Supplies  and  Tool  Service  Department 

in  sending  Cost  Accounting  Department  Data  on  Discarded  Tools 

for  Use  in  Adjustment  of  Accounts:  Size  6  by  4V2  Inches: 

One   Copy  on  Dun   Stock 

Checking-  Tools  Out  to  the  Factory 

We  have  now  followed  through  the  process  of  toolmaking 

to  the  point  where  the  finished  tools  have  heen  delivered  to 

the  tool   supply  room,   regardless   of  whether   the  work   was 

done  by  an  outside  concern  or  in  the  tool-room  in  the  Cadillac 

factory.    It  will  also  be  remembered  that  a  report,  Fig.  17,  was 

sent  to  the  foreman  who  will  have  use  for  the  tools,  advising 

him  that  they  are  in  his  tool  supply  room  and  available  for 

use.    These  tools  are  checked  out  to  the  men  against  the  usual 

form  of  tool   checks,  and   for  the   purpose   of  explaining  all 

parts  of  this  tool  system,  we  will  assume  that  the  new  tools 

will   first  be  used  by  an  employe  who  has  just  been  hired. 

Before  this  man  can  obtain  any  tools  from  the  tool-room  he 

must  be  provided  with  a  set  of  tool  checks,  the  number  given 

him  usually  being  fifteen.    The  new  man  is  taken  to  the  tool 

supply   room    by   his   foreman    and    supplied   with    checks,    a 
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Fig.  32.     Form  used  by  Maintenance  Supplies  and  Tool  Service  Department 

in  keeping  Card  File  of  Sets  of  Tools  used  for  Specified   Operations; 

Size  6  by  4  Inches:  One  Copy  on  White  Stock 

record  of  the  number  given  to  him  being  made  on  the  card 
file  maintained  for  this  purpose.  The  cards  are  ruled  with  a 
form  which  provides  spaces  for  the  name  and  time  clock  num- 
ber of  the  workman,  the  tool  supply  room  number  from  which 
he  will  obtain  tools,  and  the  department  number  in  which  he 
is  employed.  One  of  these  cards  is  shown  in  Fig.  24,  and  it 
will  be  seen  that  at  the  right-hand  side  spaces  are  provided 
for  recording  the  number  of  checks  with  which  the  workman 
is  provided.  From  time  to  time,  special  conditions  may  make 
it  necessary  for  a  man  to  have  more  checks  given  him;  and, 
in  other  cases,  the  number  of  checks  which  he  has  may  be  re- 
duced. In  either  case,  the  addition  or  deduction  is  noted  on 
the  form,  and  the  balance  entered  in  the  right-hand  column 
reserved  for  that  purpose.  All  of  these  checks  must  be  ac- 
counted for  before  the  workman  can  obtain  his  final  pay  when 
leaving  the  employment  of  the  company. 

When  a  workman  is  assigned  to  a  new  job  the  first  thing 


he  must  do  is  to  make  application  to  his  foreman  for  the 
tools  that  he  will  require.  If  the  foreman  finds  that  the  man 
is  calling  for  the  proper  tools,  he  makes  out  an  order  on  a 
form  shown  in  Fig.  25,  specifying  the  tools  which  are  to 
be  given  to  the  workman  by  the  attendant  in  the  tool  supply 
room  in  exchange  for  the  proper  number  of  tool  checks.  These 
checks  are  hung  on 
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the  check  board  in 
the  usual  way. 
After  the  workman 
has  finished  with 
the  tools,  he  will 
desire  to  return 
them  to  the  tool 
supply  room  and 
get  his  checks  back, 
but  as  the  attend- 
ant in  this  room  is 
not  a  skilled  me- 
chanic, the  work- 
man is  required  to 
first  take  the  tools 
to  his  foreman,  and 
have  him  see  that 
they  have  not  been 
damaged  before 
they  are  returned. 
After  the  foreman 
has  examined  the 
tools  and  found 
their  condition  sat- 
isfactory, he  fills  in 
a  form  shown  in 
Fig.  26,  stating  that 
the  tools  are  in 
good  condition  and 
that   the   attendant 

in  the  tool  supply  room  is  authorized  to  return  the  workman's 
tool  checks  in  exchange  for  the  tools  which  he  is  returning. 

Repair  of  Special  Tools 

When  the  special  tools  used  in  any  of  the  shops  have  be- 
come worn  or  damaged  in  such  a  way  that  they  are  no  longer 
capable  of  giving  satisfactory  service,  they  are  returned  to 
the  tool-room  for  the  purpose  of  making  the  necessary  repairs. 
The  decision  as  to  whether  or  not  the  tools  require  repairing 
will  be  made  by  the  foreman  of  the  department  in  which  they 
are  used.  When  a  tool  is  sent  from  the  tool  supply  room  to 
the  tool-room  to  have  such  repairs  made,  it  will  be  evident 
that  an  order  must  be  issued  for  doing  the  work,  and  also 
that  the  tool  supply  room  must  have  a  record  showing  what 
tools  have  been  sent  out  for  repairs.  Fig.  27  shows  the*  form 
of  order  made  out.  In  the  upper  half  of  this  card  it  will  be 
evident  that  spaces  are  provided  for  not  only  recording  the 
date  on  which  the  work  was  sent  out  and  the  date  when  the 
tool  will  again  be  needed  in  the  factory,  but  also  for  specify- 


TRANSEkR-SUB-DIVISION— 43idM/-.i.'^ 
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Fig.    33.     Form   used   by   Shop   Foremen   i: 

authorizing  Tool  Supply  Room  to  deliver 

Sets   of   Tools   to   Men;    Size    5',4    by   8 

Inches;    Two    Copies    on    White    and 

Buff  Stock 
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Fig.  34.     Form  used  by  Maintenance  Supplies  and  Tool  Service  Department 

in  authorizing  Temporary  Transfer  of  Tools;  Size  8 '4  by  5Vi  Inches: 

Four  Copies  on  White,   Yellow,   Blue   and  Pink   Stock 
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CHECK  No. 


Has  Drawn  From . 


Tool  Supply  Room  No^-^ 


Returned 


Figr.    35.     Form    used   by   Tool    Supply   Rooms   in    reporting   Withdiii.vai    u. 

Tools  by  Men  employed  in  Departments  not  regularly  served; 

Size  5  by  3  Inches;  One  Copy  on  Yellow  Stock 

ing  the  exact  time  of  day  in  each  case.  This  is  an  important 
matter,  because  It  may  frequently  happen  that  damage  done 
to  a  tool  of  which  there  is  no  reserve  in  stock  will  result  in 
holding  back  production  until  repairs  have  been  made.  In 
repairing  special  tools,  all  work  is  done  on  a  "blanket"  order. 
No.  4923,  and  the  insertion  of  this  number  in  the  space  pro- 
vided for  the  purpose  shows  immediately  that  the  job  con- 
sists of  repairing  a  special  tool.  In  the  lower  half  of  this  form 
it  will  be  noticed  that  spaces  are  provided  for  entering  the 
name  and  number  of  the  tool,  together  with  the  number  of 
the  part  on  which  it  operates.  Under  the  heading  "Remarks," 
the  necessary  instructions  are  given  to  indicate  the  nature  of 
the  repair  that  must  be  made. 

It  has  been  pointed  out  that  when  tools  have  been  sent 
out  for  repair  it  is  necessary  for  the  attendant  in  the  tool 
supply  room  to  keep  a  record  of  the  matter  in  order  that  he 
may  not  be  called  upon  to  deliver  tools  which  are  not  in  his 
possession.  For  the  purpose  of  keeping  this  record,  use  is 
made  of  a  form  shown  in  Fig.  28,  this  form  being  made  out  in 


parts  for  the  tool  made  in  advance,  so  that  it  is  only  necessary 
to  send  the  tool  up  to  the  tool-room  for  a  long  enough  period 
of  time  to  have  the  new  parts  put  in  place.  For  instance, 
suppose  it  is  found  that  the  bushings  in  a  drill  jig  have  be- 
come slightly  worn  and  ought  to  be  replaced.  The  most  obvi- 
ous method  would  be  to  send  the  jig  up  to  the  tool-room  where 
(he  bushings  would  be  made  and  put  into  place;  but  this 
would  involve  having  the  jig  out  of  the  shop  for  a  considerable 
length  of  time,  and  production  would  be  seriously  delayed  by 
following  such  a  course.  The  method  actually  employed  con- 
sists of  sending  an  order  to  the  tool-room,  giving  the  number 
of  the  tool  and  the  number  of  the  blueprint  of  the  tool  draw- 
ing, together  with  a  statement  of  what  parts  need  to  be  re- 
placed. The  tool-room  then  proceeds  to  make  these  parts, 
and  when  they  are  finished  and  ready  to  put  into  place  it  sends 
for  the  tool.  In  this  way  the  tool  is  only  out  of  the  shop 
for  a  short  length  of  time  and  the  delay  occasioned  is  not 
serious.    Fig.  29  shows  the  form  used  in  ordering  tool  repair 


^WWH 


f?: 


NO  _^^^.Z^^ 


OPERiTCC 


.N    /^ y'^/O  -  !^ /  <^i^:    ^^'■/  ■" 


TOOL  NAME 


MARK  TOOL  Accordingly 

■■/'.  ^ 


'//■ 


Fig.  37.     Form  used  by  Maintenance  Supplies  and  Tool  Service  Department 

in  ordering  Supplementary  Marking  of  Tools;  Size  5  by  3  Inches; 
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Fig.  36.     Form  used  by  Maintenance  Supplies  and  Tool  Service  Department 

in  authorizing  Permanent  Transfer  of  Tools;  Size  6  by  4  Inches; 

One  Copy  on  Buff  Stock 

triplicate.  The  first  two  copies  are  sent  with  the  tool  to  the 
maintenance  supplies  and  tool  service  department;  and  the 
first  copy  goes  on  with  the  tool  to  the  foreman  of  the  tool- 
room in  which  the  repair  is  to  be  made,  while  the  second 
copy  is  filed  in  the  office  of  the  maintenance  supplies  and  tool 
service  department.  The  third  copy  of  the  form  is  kept  on 
file  in  the  tool  supply  room,  where  it  serves  as  a  record  of 
the  fact  that  the  tool  has  been  sent  out  for  repairs.  When  the 
tool  is  returned  to  the  tool  supply  room,  the  card  on  file  is 
signed  and  sent  to  the  maintenance  supplies  and  tool  service 
department,  where  it  replaces  the  second  copy  of  the  form, 
being  placed  in  a  permanent  file  to  record  the  repair  work. 

Makingr  Repair  Parts  for  Special  Tools 

When  a  tool  is  in  constant  use  in  the  factory,  a  serious  delay 
is  caused  by  sending  it  out  for  repair,  and  such  a  procedure 
is  avoided  just  as  far  as  possible.  One  way  in  which  trouble 
from  this  source  is  largely  overcome  consists  of  having  repair 


parts  of  this  nature,  this  form  being  made  out  in  quadrupli- 
cate. The  first  and  second  copies  are  sent  to  the  foreman  of 
the  tool-room  and  serve  as  his  order  for  making  the  parts  in 
question.  The  third  copy  is  filed  in  the  maintenance  supplies 
and  tool  service  office  until  the  job  has  been  done,  and  the 
fourth  copy  is  sent  to  the  foreman  of  the  department  who 
placed  the  order  for  parts,  to  notify  him  that  his  order  is 
being  executed.  These  orders  are  all  numbered,  and  all  time 
and  material  is  charged  against  that  order  number  in  the  same 
manner  as  described  in  connection  with  the  new  tool  orders. 

Semi-monthly  Report  on  Special  Tool  Repairs 

In  describing  the  work  of  repairing  special  tools,  it  will  be 
recalled  that  stress  was  laid  upon  the  importance  of  the  time 
taken  in  doing  the  work.  As  a  serious  delay  in  the  factory 
is  likely  to  result  where  the  time  taken  for  repairing  special 
tools  is  unduly  long,  it  is  important  to  check  up  the  time 
actually  required  for  tool  repairing  to  see  that  there  is  no  un- 
necessary loss  of  time.    Semi-monthly  inspections  of  the  work 
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Fig.    38.     Form    used   by    Stock   Department   in   orderiner   Manufacture    of 

Replacement  Parts  for  Service  Departments;  Size  8  by  5  Inches; 
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of  the  tool  repair  department  are  conducted  for  this  purpose,  and 
the  conditions  found  are  reported  on  the  form  shown  in  Fig.  30. 

Discard  of  Worn  Out  Tools 

As  long  as  tools  are  in  good  working  order  they  are  charged 
against  the  maintenance  supplies  and  tool  service  department; 
but  as  soon  as  they  are  broken  or  worn  out  this  department 
is  credited  with  the  amount  formerly  charged  against  it,  and 
a  corresponding  charge  is  made  to  the  department  in  which 
the  tools  were  used.  When  the  usefulness  of  a  tool  is  de- 
stroyed from  either  of  these  causes,  it  becomes  necessary  to 
make  an  adjustment  of  accounts,  and  data  to  form  the  basis 
of  this  adjustment  are  supplied  on  a  form  shown  in  Fig.  31. 
Referring  to  this  illustration,  it  will  be  seen  that  at  the  left- 
hand  side  of  the  form,  spaces  are  provided  for  the  number  of 
the  department  to  which  the  value  of  the  tool  is  to  be  charged, 
and  also  for  the  numbers  of  the  accounts  which  are  to  be 
credited  and  charged  with  the  cost  of  the  tool.  The  space  at 
the  right-hand  side  of  the  form  is  filled  in  with  a  complete 
description  of  the  tool,  a  statement  as  to  whether  it  was  worn 
out  or  broken,  and  with  information  which  is  used  at  the  time 
an  inventory  is  taken. 

Sets  of  Tools  for  Special  Operations 

There  are  certain  classes  of  operations  which  require  the 
use  of  a  considerable  number  of  tools,  and  if  a  workman  were 
required  to  have  each  tool  out  on  a  separate  check,  it  would 
involve  the  necessity  of  supplying  each  of  the  men  with  an 
unnecessarily  large  number  of  checks.  To  avoid  trouble  aris- 
ing from  this  cause,  and  also  to  simplify  the  method  of  han- 
dling tools,  the  expedient  has  been  adopted  of  keeping  such 
sets  of  tools  in  separate  numbered  boxes.  This  makes  it  pos- 
sible for  the  entire  set  of  tools  to  be  delivered  to  a  workman 
against  a  single  tool  check,  thus  greatly  simplifying  the  work 
of  the  tool  supply  room.  For  the  purpose  of  recording  sets  of 
tools  of  this  kind,  use  is  made  of  cards  of  the  form  shown 
in  Fig.  32.  One  side  of  each  of  these  cards  carries  a  list  of 
all  special  tools  required  for  the  operation,  and  on  the  other 
side  of  the  card  there  is  a  list  of  all  the  standard  commercial 
tools  that  are  needed.  It  will  be  noticed  that  at  the  top  nota- 
tions are  made  of  the  number  of  the  part  for  the  manufacture  of 
which  the  tools  are  required,  and  the  box  number  In  which 
the  set  of  tools  is  contained.  The  cards  are  filed  numerically 
by  part  number. 

Drawing  Out  Sets  of  Tools 

The  practice  of  allowing  a  workman  to  draw  out  a  com- 
plete set  of  tools  on  one  check  is  only  followed  in  cases  where 
the  number  of  tools  required  for  a  single  operation  exceeds 
eight,  and  where  the  workman  is  looking  after  more  than  one 
operation.  When  a  man  is  assigned  to  a  job  of  this  kind,  he 
must  get  an  order  from  his  foreman  for  the  tools  that  he  will 
require  in  doing  the  work,  and  such  a  tool  order  is  made  out 
on  the  form  shown  in  Fig.  33.  This  order  is  made  in  duplicate, 
the  first  copy  being  held  by  the  foreman  and  the  second  copy 
sent  to  the  tool  supply  room,  where  it  is  filed  in  the  same 
envelope  with  the  workman's  tool  check  and  the  copy  of  the 
transfer  order  shown  in  Fig.  34. 

Drawing'  Tools  from  Tool  Supply  Room  of  Another  Department 
In  the  factory  of  the  Cadillac  Motor  Car  Co.  there  are 
thirty  tool  supply  rooms,  and  each  of  these  rooms  is  supposed 
to  deliver  tools  and  supplies  to  specific  departments,  the  idea 
being  clearly  shown  in  diagrammatical  form  in  Fig.  1.  Charts 
are  made  out  and  blueprints  of  them  posted  throughout  the 
factory,  showing  those  departments  to  which  each  tool  supply 
room  is  supposed  to  deliver  materials  and  tools.  But  the  rule 
in  this  connection  is  flexible,  as  it  may  happen  that  some  de- 
partment in  the  factory  has  urgent  need  for  tools  or  supplies 
which  are  not  in  its  proper  tool  supply  room  at  the  time  they 
are  required.  When  such  a  condition  arises,  a  foreman  may 
send  his  man  to  an  adjacent  supply  room  with  an  order  for 
the  tools  which  he  needs.  Delivery  will  be  made  on  such  an 
order,  but  the  attendant  in  the  tool  supply  room  from  which 
the  tools  are  withdrawn  will  fill  out  one  of  the  forms  shown 
in  Fig.  35  and  deliver  it  to  the  tool  supply  room  which  should 


properly  have  handled  the  transaction,  advising  of  the  delivery 
of  the  tools  to  one  of  the  departments  served  by  this  tool  sup- 
ply room.  The  purpose  of  sending  this  form  Is  two-fold:  in 
the  first  place,  it  serves  to  remind  the  attendant  in  the  tool 
supply  room  that  his  stock  of  a  given  tool  is  out  and  must  be 
replenished;  and  in  the  second  place,  it  advises  that  men  from 
departments  which  properly  come  under  his  jurisdiction  have 
been  drawing  tools  from  another  tool  supply  room.  Should  it 
happen  that  there  was  no  necessity  for  withdrawing  tools  in 
this  way,  the  attendant  in  the  tool  supply  room  will  imme- 
diately take  the  matter  up  with  the  department  foreman,  so 
that  the  continuance  of  this  irregular  practice  may  be  stopped. 

Permanent  Transfer  of  Tools 

Occasionally  a  readjustment  of  the  work  in  the  factory 
calls  for  the  permanent  transfer  of  special  tools  from  one  tool 
supply  room  to  another,  and  where  this  procedure  is  necessary, 
a  record  of  the  transaction  is  made  on  a  card  of  the  form 
shown  in  Fig.  36.  Reference  to  this  illustration  will  show 
that  the  card  bears  the  date  and  tool  number,  together  with 
the  number  of  the  tool  supply  room  from  which  the  tool  was 
taken,  and  also  the  number  of  the  room  to  which  it  was  de- 
livered. At  the  bottom,  spaces  are  provided  for  a  complete 
description  of  the  tool.  This  transfer,  when  signed,  constitutes 
authority  for  removing  the  tools  from  one  tool  supply  room 
to  the  other,  and  also  for  changing  the  location  on  the  tool 
card  in  the  maintenance  supplies  and  tool  service  office,  after 
which  it  is  filed  by  tool  number. 

Marking  Additional  Part  Numbers  on  Special  Tools 

All  the  special  tools  used  in  the  shops  of  the  Cadillac  Motor 
Car  Co.  are  marked  with  a  tool  number,  and  also  with  the 
part  number  of  the  piece  upon  which  they  operate.  So  far, 
the  matter  is  quite  simple;  but  when  motor  cars  of  a  new 
model  are  brought  out,  there  will  be  a  considerable  number 
of  special  tools  which  can  be  used  without  alteration  of  any 
kind.  But  in  order  to  bring  the  records  up  to  date,  it  is  neces- 
sary not  only  to  add  the  part  number  of  the  new  piece  upon 
which  the  tool  operates,  but  also  to  correct  all  records  to  show 
this  addition.  When  the  engineering  department  has  decided 
upon  a  change  of  model  and  the  work  of  providing  the  neces- 
sary tool  equipment  has  been  finished  by  the  tool  engineer, 
reports  are  sent  to  the  maintenance  supplies  and  tool  service 
department;  and  a  form  shown  in  Fig.  37  is  made  out  and 
given  to  the  record  clerk  who  adds  the  part  number  to  all 
record  cards,  and  then  gives  the  notice  to  the  toolmaker  who 
sees  that  the  tools  are  properly  marked.  Only  such  tools  as 
are  required  for  use  on  the  model  being  manufactured  are 
kept  in  the  tool  supply  rooms.  A  tool  storage  is  maintained 
in  which  are  kept  all  obsolete  tools.  The  bins  in  the  storage 
room  are  numbered,  and  the  location  of  each  tool  is  carried 
on  the  tool  record  card  filed  in  the  maintenance  supplies  and 
tool  service  office.  When  it  becomes  necessary  to  use  obsolete 
tools  for  making  service  repair  parts,  they  are  transferred 
temporarily  to  the  tool  supply  room  and  returned  to  the 
storage  room  when  the  work  has  been  done.  The  reason  for 
this  is  that  it  would  be  undesirable  to  obstruct  the  tool  supply 
room  with  tools  that  are  only  used  occasionally. 

Manufacturing  Obsolete  Parts  for  Purposes  of  Replacement 

As  all  owners  of  motor  cars  know,  and  as  anyone  will  readily 
understand  by  giving  the  matter  brief  consideration,  it  is 
necessary  for  automobile  builders  to  maintain  service  depart- 
ments in  order  to  supply  repair  parts  for  obsolete  models  of 
motor  cars  which  are  still  in  use.  A  supply  of  such  parts  is 
kept  on  hand  in  the  various  service  stations;  and  when  the 
supply  of  any  part  is  found  to  be  running  low,  an  order  is 
sent  in  for  additional  parts  of  the  same  type.  For  manufac- 
turing each  part  of  the  current  model  of  a  motor  car,  it  is 
usually  necessary  to  provide  a  number  of  tools  of  the  same 
type;  but  when  the  car  for  which  parts  are  used  becomes 
obsolete,  one  of  the  special  tools  of  each  type  will  be  set  aside 
for  the  purpose  of  manufacturing  replacement  parts,  while  the 
remainder  of  the  tools  will  either  be  changed  to  adapt  them 
for  use  in  the  manufacture  of  parts  of  the  current  model,  or 
else  they  will  be  discarded.    A  decision  in  this  regard  is  made 
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by  the  tool  engineer,  whose  experience  enables  him  to  decide 
whether  it  would  be  cheaper  to  modify  the  design  of  tools  or 
to  make  new  ones. 

When  one  of  the  service  departments  sends  in  an  order  for 
replacement  parts,  the  stock  department  issues  an  order  for 
these  parts,  making  use  of  the  form  shown  in  Fig.  38.  This 
form  is  then  sent  to  the  maintenance  supplies  and  tool  service 
department,  which  refers  to  its  card  file  of  tools — the  form 
shown  in  Fig.  19 — which  gives  a  complete  list  of  the  tools 
used  in  the  manufacture  of  this  part.  The  location  of  these 
tools  in  the  storage  rooms  is  then  looked  up,  and  all  of  this 
information  is  noted  on  the  back  of  the  form.  An  inquiry  is 
then  made  of  the  foreman  of  the  department  in  which  the 
parts  are  to  be  made  in  regard  to  when  he  will  be  ready  to 
do  the  work,  and  on  that  day  the  tools  are  delivered  to  his 
tool  supply  room  on  a  temporary  transfer  form  shown  in 
Pig.  34.  This  form  is  made  out  in  quadruplicate,  and  the 
trucker  takes  three  copies  with  him  when  he  goes  to  get  the 
tools  and  transfer  them  from  the  storage  room  to  the  tool 
supply  room,  where  the  first  copy  is  signed  as  a  receipt  for 
the  tools  and  returned  to  the  maintenance  supplies  and  tool 
service  department  to  be  filed  with  the  second  copy  of  the 
form  that  was  held  as  a  memorandum  of  the  transfer.  The 
third  copy  is  sent  to  the  foreman  of  the  department  in  which 
the  tools  are  to  be  used,  serving  as  a  memorandum  to  advise 
him  that  the  tools  have  been  transferred  to  the  tool  supply 
room.  The  fourth  copy  is  left  in  the  tool  supply  room,  and 
when  the  tools  are  checked  out  to  the  workman,  this  copy, 
together  with  the  tool  check,  is  put  in  an  envelope  bearing 
the  symbol  number  of  the  part  for  the  manufacture  of  which 
the  tools  are  required.  This  envelope  is  kept  in  the  tool  sup- 
ply room  until  the  box  of  tools  is  returned,  when  the  check 
is  given  back  to  the  workman  and  the  fourth  copy  destroyed. 

Conclusion 

The  reader  who  is  familiar  with  the  performance  of  manu- 
facturing operations  on  a  scale  such  as  that  which  exists  in 
the  factory  of  the  Cadillac  Motor  Car  Co.  will  be  impressed 
by  the  fact  that  although  means  are  provided  for  accurately 
recording  all  transactions  involved  in  the  ordering,  making, 
distributing  and  accounting  of  special  tools,  the  system  has 
been  worked  out  in  such  a  way  that  there  is  no  unnecessary 
complication.  To  the  casual  reader,  it  may  appear  that  the 
use  of  so  many  forms  must  inevitably  lead  to  confusion;  but 
the  filling  in  and  transmission  of  many  of  these  forms  are 
merely  incidental  to  the  making  and  distributing  of  tools,  and 
only  a  very  small  clerical  force  is  required' to  look  after  all 
routine  work  of  the  maintenance  supplies  and  tool  service  de- 
partment. The  benefits  resulting  from  this  system  have  made 
it  quite  evident  to  the  management  of  the  Cadillac  Motor  Car 
Co.  that  the  expense  involved  in  its  installation  and  main- 
tenance has  been  offset  many  times  by  the  saving  in  lost  and 
damaged  tools,  and  the  elimination  of  unnecessary  delays  in 
the  process  of  manufacture  which  has  resulted  through  having 
the  entire  tool  problem  placed  under  the  jurisdiction  of  a 
central  ofiBce. 

*     *     * 

ADVANTAGE   OF  BALL  BEARINGS 
FOR  ELECTRIC   MOTORS 

A  new  booklet  issued  by  the  S.  K.  F.  Ball  Bearing  Co.  of 
Hartford,  Conn.,  points  out  the  advantage  of  ball  bearings  for 
electric  motor  armatures.  The  bearing  adjustment  remaining 
constant,  keeps  the  rotor  in  the  center  of  the  magnetic  field. 
This  permits  the  motor  manufacturer  to  employ  air  gaps  with 
clearances  so  slight  that  they  could  not  be  considered  on  mo- 
tors having  the  plain  type  of  bearings.  On  induction  motors 
a  narrow  air  gap  is  of  vital  importance  in  the  improvement 
of  the  machine  efficiency  and  the  motor  power  factor.  Plain 
bearings  after  a  period  of  service  wear  down,  the  amount 
varying  with  the  load  and  service  conditions.  This  wear,  if 
long  continued,  finally  permits  the  armature  to  touch  the  pole 
pieces,  resulting  perhaps  in  a  stripped  armature.  But  with 
ball  bearings  the  armature  is  supported  centrally  and  with 
practically  no  variation-  of  position  during  the  life  of  the 
motor.  Thus  the  use  of  ball  bearings  improves  motor  efficiency 
and  reduces  the  mechanical  friction  losses. 


LOCATING  BOARD  FOR  PLANT  OFFICIALS 

The  accompanying  illustration  shows  a  clever  and  simple 
device  for  locating  men  in  a  large  plant,  whose  work  calls 
them  into  a  number  of  different  departments  for  a  certain 
portion  of  the  day.  At  first  thought,  to  one  who  is  familiar 
with  the  modern  electric  call  system,  this  device  may  appear 
rather  crude.  However,  it  is  being  used  very  effectively  in 
the  large  and  splendidly  equipped  paper  goods  factory  of 
Robert  Gair  Co.,  Brooklyn,  N.  Y.  In  this  instance,  the  board 
is  placed  just  outside  the  office  of  J.  E.  Jones,  mechanical 
engineer,  and  directly  in  the  path  of  his  seven  assistants 
whose  names  are  given  on  the  board.  As  the  function  of  the 
mechanical  engineer  and  his  assistants  is  to  keep  the  entire 
mechanical  equipment  of  this  large  factory  in  repair,  as  well 
as  to  design  and  install  new  equipment,  it  is  necessary  for 
them  to  spend  a  great  deal  of  their  time  outside  the  office. 
When  they  are  out,  it  is  essential  to  be  able  to  locate  them 
on  a  moment's  notice,  and  it  was  for  this  reason  that  the 
locating  board  was  devised. 

The  principle  of  this  board  is  extremely  simple,  requiring 
but  brief  description.  At  the  bottom  is  a  tray  containing  eight 
compartments,  each  of  which  corresponds  to  the  eight  men 
in  the  department.    In  each  compartment  is  a  supply  of  plugs 


Board  for  locating  Men  in  a  Factory,  showing  Three  Men  "plugged  out" 

of  different  colors  to  represent  the  different  men.  Starting 
with  Mr.  Jones'  compartment  and  reading  to  the  right,  the 
colors  of  the  plugs  are  as  follows:  red,  white,  black,  green, 
brown,  yellow,  mahogany,  and  a  combination  of  yellow  and 
black.  The  holes  are  arranged  in  rows  with  a  man's  name 
at  the  top  of  each  vertical  row,  and  a  department  name  at 
the  right  of  each  horizontal  row. 

By  inspecting  the  illustration,  it  will  be  seen  that  Mr.  Jones 
is  going  first  to  the  carpenter  shop,  then  to  the  finishing  de- 
partment, and  then  to  the  main  office.  Mr.  MacMahon  is 
going  to  the  finishing  department  and  then  to  the  ink  room. 
Mr.  Flick  is  going  from  the  embossing  room  to  the  label  cut- 
ting department.  As  the  man  goes  out  the  door,  he  slips  plugs 
into  the  respective  departments  that  he  intends  to  visit.  As 
he  returns  to  the  office  he  pulls  out  the  plugs  and  returns  them 
to  the  compartment  bearing  his  name. 

The  device  might  be  made  somewhat  more  effective  by  hav- 
ing a  flat  top  on  the  head  of  several  of  the  plugs  with  suc- 
cessive numbers  stamped  thereon.  By  this  method  a  man 
could  indicate  the  sequence  of  his  visits  by  placing  the  num- 
bered plugs  in  the  relative  order  in  which  he  expects  to  make 
his  visits.  It  might  also  be  a  good  provision  to  include  a 
row  of  holes  horizontally  labeled  "Absent."  In  this  case  when 
a  man  expected  to  be  away  from  his  work  for  an  entire  day, 
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he  could  place  a  plug  iu  the  "Absent"  column  the  night  be- 
fore, or  whenever  he  was  about  to  leave  the  factory,  he  might 
do  likewise. 

Several  applications  of  the  principle  involved  in  this  board 
may  suggest  themselves  to  the  reader.  A  board  of  this  nature 
ought  to  lend  itself  readily  to  the  repair  department  of  a 
large  shop.  As  a  man  starts  out  for  a  certain  department  to 
spend  anywhere  from  an  hour  to  a  whole  day  on  a  certain 
repair  job,  he  might  plug  himself  out  on  the  board  and  make 
it  a  simple  matter  for  the  foreman  to  locate  him  at  any  time 
during  the  day.  Thus  the  inefficient  method  of  walking 
around  the  factory  trying  to  locate  a  man  and  the  loss  of  time 
involved  can  be  done  away  with.  V.  B. 

*     *     * 

PRESS-ROOM  LUBRICANTS 

BY  G.  R.  SMITH' 

One  of  the  chief  factors  of  power  press  work  is  the  use  of 
the  right  lubricant  for  the  right  work.  I  have  found  a  con- 
dition existing  in  many  manufacturing  plants  that  arises 
either  through  a  false  idea  of  economy  or  lack  of  study  of 
existing  conditions  with  a  view  to  bettering  them.  While  to 
the  manufacturer  with  a  small  "now  and  then"  class  of*  pro- 
duction it  might  seem  like  needless  expenditure,  and  no  doubt 
would  be  in  his  case,  to  those  who  have  a  steady  run  on  a 
certain  class  of  work  it  is  a  point  not  to  be  lost  track  of.  The 
lubrication  of  power  press  tools  working  on  all  kinds  of  opera- 
tions and  all  kinds  of  materials  should  be  made  a  careful  study, 
as  the  life  of  the  tools  and  machine,  as  well  as  the  quality  of 
work  produced,  is  more  dependent  on  this  factor  than  almost 
any  otlier  entering  into  this  mode  of  manufacturing.  From 
long  years  of  experience  and  careful  study  of  certain  condi- 
tions, I  will  endeavor  to  state  a  few  rules  and  recipes  that 
have  given  marked  success  and  may  be  of  great  help  to  some 
others  in  a  like  field. 

The  practice  of  placing  a  barrel  of  machine  oil  in  the  press 
room  and  using  it  for  all  purposes,  such  as  for  oiling  ma- 
chines, as  a  drawing  lubricant,  as  cutting  and  forming  oil, 
etc.,  is  one  of  the  great  steps  in  false  economy.  The  composi- 
tion of  machine  oil  makes  it  especially  adaptable  for  use  on 
machines  as  a  lubricant  in  journals,  between  collars,  on  ways, 
in  shaft  boxes,  etc.,  but  its  composition  also  renders  it  very 
poor  for  cutting  and  drawing.  Machine  oil  placed  on  small 
quick-action  piercing  punches  and  dies  permits  heating  the 
steel  and  drawing  the  temper  of  the  punch,  causing  the  metal 
to  flake  off  the  stock  and  cling  to  the  punch  or  drawing  die. 
This  produces  rough,  scratched  work,  and  is  generally  bad 
when  used  in  this  way.  A  foreman  has  trouble  with  the  tools, 
and  wonders  why  the  punches  will  not  stand  up,  why  they 
heat  so  easily  and  draw  the  temper,  why  the  work  is  so  rough, 
burred  and  scratched,  especially  on  drawn  shell  work — when  it 
is  directly  traceable  to  the  use  of  machine  oil  in  a  service  it 
was  never  designed  to  fill. 

One  of  the  best  lubricants  for  cutting  and  punching,  and  in 
many  cases  for  drawing  also,  is  a  good  grade  of  lard  oil.  This 
perhaps  is  a  little  more  expensive  than  machine  oil,  but  it  is 
obvious  that  machine  oil  can  never  take  its  place  in  this  field. 
Lard  oil  cools  the  punches  and  places  them  in  a  better  condi- 
tion to  perform  their  function;  and  it  is  really  an  admirable 
press-room  lubricant  on  all  kinds  of  work,  while  on  the  other 
hand  it  is  very  poor  for  oiling  purposes  around  machinery. 
As  a  drawing  solution  for  light  brass  and  copper  shells  it  has 
no  equal,  and  in  many  cases  works  as  well  on  light  steel  shells. 
I  have  also  used  it  with  marked  success  in  broaching  and  lap- 
ping operations. 

For  heavy  drawing  work  there  are  a  number  of  lubricants 
on  the  market,  all  of  more  or  less  value  on  certain  classes  of 
work.  One  of  the  cheapest  as  well  as  most  effective  drawing 
solutions  is  a  soap,  oil  and  water  emulsion.  This  is  composed 
of  equal  parts  of  hard  soap,  lard  oil  and  warm  water,  the  hard 
soap  being  dissolved  in  the  warm  water  first  and  the  lard  oil 
stirred  in  after.  This  is  one  of  the  best  drawing  solutions 
available  for  light  brass  and  copper  shell  work,  its  only  dis- 
advantage being  on  work  that  has  to  stand  any  length  of  time 
between  operations,  the  alkali  in  the  soap  having  a  tendency 
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to  corrode  the  brass;  but  on  work  where  each  operation  is  car- 
ried along  to  completion,  this  mixture  will  be  found  very 
satisfactory. 

For  heavy  steel  shell  work  I  have  used  a  mixture  of  dry 
white  lead  and  lard  oil  of  about  the  thickness  of  heavy  paint 
with  remarkable  success.  The  drawing  solution  that  I  would 
prescribe  for  heavy  and  light  steel  shell  work  alike  is  a  mix- 
ture of  lard  oil  and  precipitated  chalk.  After  a  thorough  mix- 
ing, this  should  stand  over  night  to  allow  it  to  "jelly"  or 
grow  softer,  as  it  were;  in  fact,  the  longer  it  stands  the  better 
it  gets,  and  for  use  it  can  be  mixed  to  the  right  thickness  to 
secure  the  desired  results.  The  principle  involved  in  shell 
drawing  is  to  furnish  a  lubricant  heavy  enough  and  of  the 
right  nature  to  produce  a  film  that  will  enter  between  the 
sides  of  the  shell  and  the  dies,  thus  lessening  wear  on  the 
die  and  flaking  of  the  metal  resulting  in  scratches  on  the  sides 
of  the  shell.  These  scratches  are  a  grave  defect  on  shells  that 
are  redrawn  two  or  more  times,  as  they  cause  the  shell  to 
split  or  crack  open  on  the  redraw.  When  shells  are  annealed 
between  operations,  and  the  best  results  are  desired,  an  acid 
pickle  should  be  prepared  to  remove  the  scale.  This  is  gen- 
erally of  the  same  composition  as  the  "bright  dip"  or  the 
"firing  off"  that  is  used  in  the  plating  room.  The  lubricant 
that  is  used  should  be  kept  clean  and  free  from  dirt,  scale  and 
sediment,  even  if  straining  is  resorted  to,  as  drawing  solutions 
must  be  clean  to  do  the  best  work.  In  very  heavy  boiler- 
plate punching,  blanking  and  cutting  I  have  used  cylinder  oil 
with  success.  This  is  a  very  heavy  oil,  almost  a  grease,  and 
gives  very  good  results. 

Non-metal  materials  require  a  varied  assortment  of  lubri- 
cants to  gain  the  maximum  efficiency.  In  blanking  and  pierc- 
ing mica  parts,  gasoline  or  kerosene  is  used,  preferably  gaso- 
line. The  mica  dust  collects  and  clogs  the  stripper  parts  and 
piercing  punches,  and  gasoline  used  freely  washes  away  this 
dust  and  adds  to  the  life  and  effectiveness  of  the  tools.  In 
the  blanking  of  celluloid  and  other  camphor  gum  composi- 
tions of  a  like  nature,  I  have  used  nothing  but  clean  water. 
Some  of  these  compositions  do  not  stick  to  the  tools  at  all, 
while  others  are  very  troublesome.  If  the  water  is  not  ef- 
fective, a  very  little  lard  oil  on  the  punch  once  in  a  while 
will  be  of  value.  Leather,  cloth  and  felt  I  have  always  blanked 
dry,  and  on  felt  I  work  on  one  thickness  only,  with  the  punch 
entered  deep  in  the  die,  as  this  material  will  cause  the  tools 
to  shear  unless  great  care  is  taken.  On  rawhide  and  horn- 
flber  parts,  I  have  used  wood  alcohol  successfully.  Wood  alco- 
hol also  softens  the  rawhide  for  forming  and  cupping,  dries 
very  quickly,  and  does  the  material  no  harm  whatever.  Fibers, 
as  a  general  rule,  can  be  cut  dry,  but  in  some  cases  lubrication, 
or  rather  washing  out  of  the  dies  with  gasoline,  is  required 
occasionally.  Gasoline  is  very  effective  in  this  instance  and 
does  the  fiber  no  harm.  Glass  blanks  can  be  pierced  success- 
fully by  laying  them  in  turpentine  and  then  piercing  on  a 
quick-action  press.  A  press  having  a  speed  of  1000  revolu- 
tions per  minute  or  more  is  required.  The  Campbell  Mfg.  Co. 
of  Chicago,  111.,  has  brought  out  a  clutch  that  will  operate  a 
power  press  having  a  greater  speed  than  3000  revolutions  per 
minute. 

Wood  of  certain  kinds  can  be  successfully  pierced  and  em- 
bossed by  first  steaming  or  boiling,  the  work  being  done  on  a 
slow-action  press  with  a  long  dwell,  such  as  is  used  for  card- 
board forming.  Foils,  light  tin,  paper  and  cardboard,  tapes 
and  cambrics  I  have  always  cut  and  blanked  dry.  Cork  can 
be  successfully  broached  and  turned  by  wetting  first  in  good 
clean  gasoline,  the  turning  tool  being  emery,  or  stone  of  a 
like  nature.  In  all  classes  of  power  press  work,  suitable  lubri- 
cation and  preparation  of  the  material  is  the  cardinal  point. 
*  *  * 
A  simple  demonstration  of  the  difference  between  the 
frictional  resistance  of  a  bearing  with  an  unbroken  oil  film 
and  one  in  which  the  film  is  broken  can  be  made  with  a 
glass  bottle  fitted  with  a  ground  glass  stopper.  Oil  the 
stopper  and  press  it  lightly  into  the  bottle;  it  can  be  turned 
very  easily,  but  if  more  pressure  is  applied  the  oil  is  squeezed 
out  and  the  opposing  surfaces  come  into  intimate  contact, 
with  the  result  that  the  stopper  can  be  turned  only  by  the 
exertion  of  considerable  force. 
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PRECISION   GEAR  CENTER   GAGE 

The  accurate  measuring  of  gear  centers  is  not  easily  accom- 
plished without  the  aid  of  special  tools,  but  the  simple  form 
of  gage  illustrated  and  described  herewith  enables  this  work 


that  a  firm  specializing  in  the  manufacture  of  small  tools 
could  get  up  a  useful  combination  to  meet  the  requirements 
of  automobile  factories  and  other  firms  that  have  a  lot  of  work 
of  this  kind  to  do.  Inspector 


Fig.    1.     Precision  Gage  for  measuring  Distance  between  Gear  Centers 

to  be  done  quite  rapidly.  The  method  of  procedure  is  as  fol- 
lows: Assume  that  center  distance  A,  Fig.  1,  is  equal  to  one- 
half  the  sum  of  diameters  of  collars  B  and  C.  Arbor  D  of 
gage  C  fits  Into  one  hole,  and  the  small  diameter  of  gage  B 
fits  into  the  other  hole  at  ^.,  Referring  now  to  Fig.  2,  which 
shows  angular  spacing  of  dil- 


UNUSUAL  GEAR  REPAIR  JOB 

At  the  Wentworth  Institute,  a  few  years  ago,  we  were  given 
the  job  of  repairing  the  sliding  gear  transmission  of  a  car 
that  was  no  longer  manufactured.  The  teeth  of  one  of  the 
gears  shown  in  the  accompanying  illustration  had  been 
stripped  off,  making  the  gear  of  no  further  use,  and  in  order 
to  put  it  in  condition  we  employed  the  following  method  with 
satisfactory  results.  An  arbor  was  squared  on  the  milling  ma- 
chine centers  to  just  fit  the  hole  in  the  sliding  gear;  and  the 
damaged  gear  was  then  mounted  on  this  arbor  and  the  teeth 
ground  off  on  a  plain  grinding  machine  so  that  the  diameter 
of  the  gear  was  reduced  to  a  point  about  14  inch  below  the 
bottom  of  the  teeth.  Then  a  ring  made  of  3Vi  per  cent  nickel 
steel  had  twenty-eight  6-pitch  teeth  cut  in  it  instead  of  twenty- 
six  teeth,  which  had  been  the  number  in  the  original  gear, 
this  increase  in  diameter  plus  14  inch  previously  mentioned 
giving  a  total  thickness  of  9/32  inch  for  the  ring  at  the  bot- 
tom of  the  teeth.  This  ring  was  then  heat-treated  and  ground 
out  to  a  diameter  0.0035  inch  smaller  than  the  gear  on  which 
it  was  to  be  pressed.     In  the  accompanying  illustration,  the 

part  of  the  original  gear  on 


-Hh-0.005  " 


ferent  radii  on  gage  B  and 
the  difference  of  these  radii, 
we  will  assume  that  F  repre- 
sents the  zero  or  datum  point 
from  which  center  distances 
are  measured. 

It  will  be  evident  that  if 
we  turn  graduated  collar  B 
through  an  angle  of  36  de- 
grees, 51  minutes,  in  a  clock- 
wise direction,  the  center  dis- 
tance is  +0.001  inch;  simi- 
larly, if  the  point  of  contact 
is  located  a  similar  distance 
on  the  other  side  of  datum 
line  F,  we  obtain  —  0.001 
inch.  If  the  measurement  of 
collar  B  is  continued  through 
an  angle  of  90  degrees,  the 
center  distance  will  be  +  0.005 

or  — ■  0.005  inch,  according  to  the  direction  in  which  the  collar 
is  moved;  and  for  intermediate  points  the  amount  of  eccen- 
tricity and  whether  it  is  plus  or  minus  will  be  determined 
by  the  magnitude  and  direction  of  movement  of  the  collar. 
The  maximum  eccentricity  of  0.005  inch  is  far  in  excess  of 
that  actually  found  in  practice,  and  to  obtain  a  more  accurate 
gage  the  maximum  eccentricity  may  be  reduced;  for  instance, 
making  0.003  inch  the  maximum,  would  mean  that  the  grad- 
uations on  dial  B  could  be  placed  further  apart  so  that  the 
gage  would  read  within  0.0005  inch  of  accurate. 

The  graduated  collar  should  be  made  a  standard  for  other 
center  distances  by  simply  increasing  or  decreasing  the  diame- 
ter of  the  plain  collar.  For  instance,  suppose  it  is  required 
to  measure  a  center  distance  of  5  inches  and  you  have  a  grad- 
uated collar  3  inches  diameter;  it  would  be  necessary  to  use  a 
plain  collar  2  inches  diameter.  Similarly,  if  you  desire  to 
measure  a  center  distance  of  7  inches  with  this  graduated 
collar,  it  would  be  necessary  to  use  a  plain  collar  4  inches  in 
diameter.  By  making  a  series  of  plain  collars  for  use  in  con- 
nection with  the  more  expensive  graduated  collars,  a  universal 
outfit  could  be  obtained  at  moderate  cost.     It  would  appear 


Fig.   2.     Close  View  of   Graduations   on   Collar  B 


which  the  ring  was  pressed 
is  shown  white;  and  a  pres- 
sure of  five  tons  was  required 
to  force  it  into  place. 

At  the  joint  between  the 
ring  and  the  old  gear,  three 
holes  were  drilled  to  receive 
drill  rod  keys  3/16  inch  in 
diameter,  and  particular  care 
was  taken  to  drill  each  key- 
way  at  the  bottom  of  the  cen- 
ter of  a  tooth  in  order  to 
weaken  the  ring  as  little  as 
possible.  The  steel  was  quite 
hard,  but  it  was  found  possi- 
ble to  drill  it  with  a  drill  hav- 
ing no  rake,  very  slight  clear- 
ance and  run  at  slow  speed, 
using  a  mixture  of  lard  oil 
and  turpentine  as  a  lubricant. 
Even  then,  considerable  patience  was  required  to  complete 
the  job,  but  when  the  keys  were  driven  into  place  a  very 
satisfactory  result  was  obtained.  The  mating  gear  was  re- 
paired in  the  same  way,  except  that  the  number  of  teeth  was 
decreased  by  2  instead  of  increased  as  in  the  preceding  case. 
After  being  in  service  for  two  years  we  took  the  gears  out, 
cleaned  them,  and  took  the  photograph  that  is  reproduced  here- 
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with.  The  gears  run  nicely,  and  the  faces  of  the  teeth  now 
h^ve  a  good  polish;  so  far  as  we  can  see,  they  are  just  as  good 
as  if  they  had  been  cut  from  solid  blanks.  Although  this 
method  of  making  the  repair  called  for  some  careful  work,  it 
was  much  cheaper  and  quicker  than  making  a  new  set  of  gears. 
Boston,  Mass.  Lkioh  J.  Rouoeus 


TO   DIVIDE   A  MIXED   NUMBER   BY   2 

To  divide  a  mixed  number  having  an  odd  whole  number  by 
2,  subtract  1  from  the  odd  number  and  divide  by  2;  then  add 
the  numerator  and  denominator  of  the  fraction  and  use  the 
sum  for  the  numerator  of  the  quotient,  and  multiply  the  de- 
nominator of  the  original  fraction  by  2  to  obtain  the  denomina- 
tor of  the  quotient.  For  example,  divide  3  7/8  by  2;  subtract- 
ing 1  from  3  and  dividing  by  2,  gives  1;  adding  7  and  8  equals 
15;  and  multiplying  8  by  2  equals  16.  The  quotient  is  1 15/16. 
Some  readers  of  Machinery  may  appreciate  this  simple  rule 
for  dividing  an  odd  mixed  number  by  2,  as  it  can  be  done 
mentally  by  anyone  at  all  proficient  in  figures. 

Cleveland,  Ohio.  A.  Steinicke 


IMPROVEMENT  IN  HOOK  BOLT  DESIGN 

Many  engineers  will  not  consider  the  use  of  a  hook  bolt  if  a 
bolt  can  be  employed  with  some  form  of  head,  and  yet  the 
tool  designer  must  at  times  resort  to  this  type  of  clamping 
device  in  order  to  obtain  the  results  desired.  A  hook  bolt  of 
the  ordinary  type  fails,  owing  to  the  fact  that  it  has  no  sup- 
port in  opposition  to  the  point  where  it  is  clamped,  and  hence 
as  the  pressure  is  applied,  it  becomes  more  or  less  bent  with 
use  and  therefore  does  not  clamp  the  work  tightly;  further- 
more, it  binds  more  or  less  in  the  hole.  The  bolt  shown  in  the 
accompanying  illustration  is  designed  to  overcome  the  defects 
mentioned.  The  diameter  of  the  body  A  may  or  may  not  be 
as  large  as  the  nut  over  the  corners,  as  the  collar  C  takes  the 
load.  The  nature  of  the  work  determines  the  diameter  at  B 
and  the  necessary  clearance. 

It  is  always  well  to  so  design  the  bolt  that  it  will  come  as 
close  to  the  work  as  possible,  always,  however,  bearing  in 
mind  that  if  used  on  rough  castings  an  allowance  for  varia- 
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tion  should  be  made;  whereas,  if  used  for  finished  castings 
the  bolt  may  come  very  close  to  the  finished  edge  of  the  work. 
The  handle  shown  at  D  is  used  for  turning  the  hook  and  for 
locating  it  in  a  fixed  relation  to  the  work.  A  nut  and  washer 
are  equally  satisfactory  without  the  handle.  Applications  of 
this  design  may  be  made  to  various  classes  of  work,  and  it 
can  be  adapted  to  many  conditions  where  it  would  be  difficult 
to  use  other  methods  of  clamping.  Inspector 


SQUARING  UP  WORK  ON   A  SURFACE 
GRINDER 

Grinding  small  pieces  square  on  the  surface  grinder  is  often 
a  difficult  matter,  as  it  is  seldom  one  can  find  an  absolutely 
square  block  or  angle  plate  against  which  to  clamp  the  piece 
to  be  ground,  and,  of  course,  a  small  error  on  work  of  this 
kind  multiplies  rapidly  as  the  piece  is  turned  from  side  to 
side.  In  order  to  have  something  that  could  be  relied  upon, 
and  also  that  would  be  light  and  easily  carried  in  a  tool  kit, 
the  following  arrangement  was  devised,  as  here  illustrated. 
This  consists  of  the  three  cylindrical  pieces  A,  shown  in  de- 
tail at  the  left  of  the  illustration,  made  of  tool  steel  and 
hardened,  ground  and  lapped  perfectly  parallel,  having  the 
ends  square  with  the  sides.  One  end  was  bored  out  for  the 
sake  of  lightness,  while  the  other  was  tapped  out  to  receive 
a  screw  for  fastening  it  to  the  plate  B.    This  plate  can  be  of 
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Method  of  squaring  up  Work  on   Surface   Grinder 

any  convenient  size,  and  only  requires  to  be  ground  parallel 
on  its  faces  and  the  holes  drilled  and  counterbored  in  it  to 
receive  the  screw. 

In  use,  the  cylinders  or  buttons  are  first  secured  to  the  plate 
with  screws,  and  then  the  work  clamped  against  them  as 
shown,  in  which  position  it  is  ready  to  be  placed  on  the  surface 
grinder  and  ground.  The  accuracy  of  the  work  depends  upon 
the  plate  B  being  ground  perfectly  parallel,  and  also  upon 
the  accuracy  with  which  the  buttons  are  made.  The  latter, 
however,  should  not  cause  any  great  difficulty  if  care  is  taken 
in  first  grinding  the  cylinders  parallel  (this  can  be  easily 
tested  with  a  good  micrometer),  and  then  grinding  the  bot- 
toms square  with  the  sides  at  the  same  setting.  To  determine 
their  truth,  they  should  be  tried  out  with  a  square  after  fasten- 
ing to  the  plate,  and  if  out  of  true  a  little,  they  may  be  care- 
fully lapped  on  the  ends  until  perfectly  square. 

Long  Island  City,  N.  Y.  Donald  Baker 


"MADE-IN-AMERICA"  DRAWING  PENCILS 

We  often  hear  the  remark,  "The  manufacturers  of  this  coun- 
try should  go  after  some  of  the  trade  in  Latin  America  and 
other  countries  formerly  controlled  by  the  different  nations 
now  at  war."  But  how  about  the  trade  of  the  same  manufac- 
turing countries  with  us?  Have  we  captured  all  the  trade 
possible  in  articles  commonly  imported?  I  think  not,  and 
will  cite  one  article  indispensable  to  engineering  provisions — 
the  common,  everyday  drawing  pencil. 

"Koh-I-Noor"  is  a  pencil  name  familiar  to  engineers,  archi- 
tects and  draftsmen  from  the  day  they  enter  the  office  or  class- 
room; in  fact,  with  many  it  has  become  a  sort  of  fetish.  They 
would  not  consider  using  any  other  make  of  pencil;  they  have 
always  used  that  kind,  so  why  change?  This  perhaps  was 
all  very  well  when  this  make  of  pencil  could  be  readily  ob- 
tained, but  shortly  after  the  beginning  of  the  European  war 
the  supply  of  "Koh-I-Noor"  pencils  grew  less  and  less,  and  the 
price  advanced  from  30  to  60  per  cent. 
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For  the  past  five  months  I  have  been  using  several  kinds 
of  donaestic  drawing  pencils  and  have  yet  to  notice  any  de- 
fects that  would  cause  me  to  believe  that  the  imported  pencil 
is  superior  to  the  "Made-in-America"  pencils.  Perhaps  some 
readers  have  found  defects  that  I  have  not  seen,  but  I  do  not 
doubt  that  if  defects  were  found  and  the  users  had  sufficient 
interest  to  make  them  known  to  the  manufacturers,  we  would 
soon  be  able  to  obtain  the  very  best  grades  in  domestic  draw- 
ing pencils.  Users  then  would  have  the  satisfaction  of  know- 
ing that  they  are  using  a  "Made-in-America"  product. 

South  Orange,  N.  J.  William  Philip 


QUICK  DIE  JOB 

Tools  were  nearly  completed  for  the  production  of  copper 
shells  for  percolator  bodies  similar  to  that  shown  at  A;  the 
shells  had   been   blanked   and   drawn   straight   ready   for  the 
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Copper  Shell  for  Percolator  Body  and  Punch  and  Die  for  forming  it 

forming  operation,  which  is  usually  accomplished  by  spinning. 
A  special  spinning  chuck  and  roller  are  required  for  every 
variety  of  form  spun,  and  in  this  instance,  seemingly  on  ac- 
count of  the  bulge  in  the  form  being  deeper  than  ordinary, 
th«  spinning  tools  could  not  be  made  to  perform  the  operation 
satisfactorily,  but  fractured  the  shells  before  the  chuck  and 
roller  could  be  brought  together  close  enough  to  start  the 
form  properly.  Previous  delays  had  made  the  delivery  of 
samples  of  the  goods  over-due,  and  something  had  to  be  done 
quickly  to  help  the  job  along. 

The  tool  department  foreman  believed  that  the  spinning 
tools  would  work  satisfactorily  if  the  form  were  previously 
started,  and  therefore  had  a  punch,  die  and  plug  made  from 
maple  wood.  At  the  first  trial  the  shell  did  not  expand, 
but  collapsed  and  cracked  open.  To  prevent  this  the  me- 
chanic on  the  job  tried  putting  a  piece  of  soft  vulcanized 
rubber  (cut  from  such  a  piece  as  is  used  under  compound 
dies)  into  the  shell  before  placing  it  on  the  wooden  plug.  The 
result  of  the  next  trial  was  even  better  than  had  been  hoped 
for;  the  shells  were  formed  so  perfectly  that  spinning  after- 
ward was  not  really  necessary.  They  were  spun  a  little,  how- 
ever, to  sharpen  up  the  corner  A. 

To  operate,  it  was  necessary  to  withdraw  the  die  (which  was 
not  fastened  down)  from  under  the  punch,  take  out  the  fin- 
ished shell,  plug  and  rubber,  reload  with  another  straight 
shell  and  push  the  die  back  in  place  against  two  straps  which 
acted  as  locating  stops.  Enough  shells  were  formed  for  the 
samples  required  and  cast-iron  parts  were  ordered  to  replace 
the  ones  of  wood.  The  time  consumed  from  the  starting  of  the 
wooden  die  until  the  first  satisfactory  shell  was  formed  was 
three  hours  and  thirty  minutes. 

Bayonne,  N.  J.  Willi.\m  A.  Hawes 


STRAIGHTENING   HEAVY   SHAFTS   WITH 
COLD   WATER 

It  is  not  generally  known  that  it  is  possible  to  straighten 
heavy  shafts  with  cold  water.    I  had  a  connecting-rod  8  inches 


in  diameter  by  15  feet  long  on  which  a  new  end  had  been 
forged;  and  when  I  tried  this  rod  on  the  lathe  centers,  it  was 
found  to  be  about  %  inch  out  of  true.  I  had  it  heated  to  a 
red  heat  and  straightened  it  quite  true;  but  after  the  shaft 
had  cooled  down  to  a  black  heat  it  "went  back"  suflBciently 
to  show  an  error  of  14  inch.  After  experimenting  for  a  little 
while  I  found  that  by  pouring  cold  water  on  the  "full"  side 
of  the  bend  while  the  hot  shaft  was  rotating  slowly,  I  was 
able  to  get  a  perfectly  straight  rod.  The -same  method  will  be 
found  useful  in  straightening  heavy  piping  or  for  similar 
straightening  jobs. 

Toronto,  Ont.,  Canada.  Thomas  Mason 


ACCURATE  LATHE   CHUCK 

The  jaws  of  the  average  lathe  chuck  seldom  have  a  bearing 
for  their  full  length  on  the  piece  of  work  which  they  are 
holding,  and  therefore  cannot  be  depended  upon  to  hold  work 
perfectly  square.  They  may  work  fairly  well  while  new,  if 
they  have  been  perfectly  fitted,  but  they  soon  wear,  and  the 
looseness  between  the  jaws  and  the  chuck  body  allows  them 
to  become  bell-mouthed  when  tightened  on  a  piece  of  work. 
The  need  of  a  chuck  which  could  be  easily  kept  true  led  to 
the  design  shown  in  the  accompanying  illustration,  which 
shows  a  set  of  auxiliary  jaws  fitted  to  a  bench  lathe  faceplate. 
A  is  the  faceplate  in  which  have  been  cut  the  shallow  grooves 
B  that  the  jaws  C  slide  in.  D  is  the  strap  which  holds  the 
jaws  in  place  and  carries  the  adjusting  screw  E.  The  strap 
is  held  to  the  faceplate  by  screws  that  enter  tapped  holes,  as 
indicated,  spaced  to  allow  for  shifting  the  strap  to  different 
positions  as  shown. 

The  illustration  is  clear  enough  to  show  the  principle,  but 
it  is  well  to  note  that  the  chuck  jaws  and  strap  are  hardened 
and  ground  on  all  wearing  surfaces  or  points  of  contact,  while 
the  grooves  in  the  faceplate  are  either  scraped  or  ground  on 
the  surface  grinder  until  they  are  perfectly  parallel  with  the 
surface  of  the  faceplate,  as  strap  D  must  bind  suSiciently  on 
the  jaws  so  that  when  the  screws  are  drawn  down  tight  the 
jaws  will  be  a  tight  sliding  fit.  Special  jaws  for  holding  odd 
shaped  or  thin  pieces  can  be  easily  made  up,  while  any  wear 
on  the  jaw  faces  can  be  remedied  by  regrinding  on  a  surface 


Accurate  Lathe  Chuck 

grinder.  While  designed  originally  for  use  on  a  bench  lathe 
faceplate  for  holding  pieces  that  had  to  be  turned,  bored  or 
ground  accurately,  there  is  no  reason  why  the  same  principle 
cannot  be  applied  to  heavier  work.  It  would  prove  cheaper 
and  more  accurate  than  the  regular  chucks  on  a  large  variety 
of  work. 

Long  Island  City,  N.  Y.  Donald  Bakeb 
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MEASURING   ANGLES 

In  tlie  July  miiiiber  ot  Mac'1iim:uy,  b\  B.  Jacobs  offers  a 
metliod  for  measuring  angles  that  he  thinks  is  better  than  the 
one  described  by  me  in  the  May  number.  Mr.  Jacobs  overlooks 
several  important  points.  The  method  I  describe  requires  the 
use  of  a  straightedge  to  produce  one  of  the  sides  of  the  angle 
and  a  pair  of  dividers  to  describe  an  arc  and  space  it.  Mr. 
Jacobs'  method  requires  a  scale,  two  measurements,  a  geo- 
metrical construction,  and  a  table  of 
natural  tangents.  Moreover,  for  an- 
gles between,  say,  75  and  105  degrees, 
it  is  practically  impossible  to  obtain 
•accurate  results,  since  the  point  of 
intersection  C  cannot  be  located  with 
any  degree  of  exactness.  (See  illus- 
tration, which  shows  the  construc- 
tion for  an  angle  of  76  degrees,  the 
tangent  of  which  is  4.01.  Also  see 
last  sentence  of  the  answer  to  the 
preceding  question  in  the  May  num- 
ber, which  deals  with  the  problem  of 
dividing  a  right  line  into  any  number 
of  equal  parts.)  Further,  great  care 
will  have  to  be  exercised  to  draw  BC 
perpendicular  to  AB.  If  it  is  desired 
to  use  a  table,  the  following  method 
is  to  be  preferred  to  that  of  Mr. 
Jacobs':  with  any  convenient  ra- 
dius, say  5  inches,  describe  the  arc 
BD;  measure  the  chord  BD;  then, 
A        BD         BD 

sin  — •  = = .     Since  an  arc 

2  2AB  10 
always  intersects  its  radius  at  right 
angles,  the  points  of  intersection  can 
be  readily  determined  in  all  cases. 
For  angles  less  than  45  degrees,  Mr. 
Measuring  Angles  Jacobs'  method  will  give  accurate  re- 

sults, though  probably  not  as  accurate 
as  the  method  described  by  me.  J.  J. 


TURNING  PULLEYS  MOUNTED  ON 
CENTER  PLUGS 

Pulleys  and  similar  parts  are  usually  turned  on  an  arbor; 
but  work  of  this  kind  can  be  handled  on  two  center  plugs 
which  are  a  snug  fit  in  the  hole,  as  shown  in  the  accompany- 
ing illustration;  and  very  satisfactory  results  will  be  obtained 
in  this  way.  The  center  plugs  are  provided  with  a  small  recess 
under  the  shoulder  so  that  they  may  be  pried  out  with  a 
screwdriver. 

Miami,  Ariz.  H.  B.  Savage 
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COMBINED   BLANKING,   DRAWING,   FORM- 
ING  AND   PIERCING   DIE 

The  mufHer  cup  shown  in  Fig.  1  is  finished  complete  as 
shown  in  one  operation  by  means  of  the  combination  blank- 
ing, drawing,  forming  and  piercing  die  shown  in  Fig.  2,  in 
a  single  -  action  press. 
The  operation  is  as  fol- 
lows: When  the  blank- 
ing punch  descends,  it 
enters  the  blanking  die, 
the  blank  being  held 
firmly  by  the  drawing 
ring  against  the  bottom 
of  the  blanking  punch 
in  order  to  prevent 
wrinkles  in  the  metal. 
The  pins  shown  are 
used  to  transfer  the 
pressure.  As  the  down- 
ward movement  contin- 
ues, the  blank  is  drawn 
between  the  bore  of  the 
blanking  punch  and  the 
drawing  punch.  As  it 
reaches  the  end  of  the 
stroke,  the  rim  is 
formed  between  the  re- 
cess in  the  blanking 
punch  and  the  tapered  shoulder  on  the  drawing  punch;  holes 
are  pierced  by  punches  located  in  the  punch-block,  as  clearly 


Fig. 


Automobile  Muffler  Cup 


Fig.    2.     Combined   Blanking,    Drawing,    Forming   and   Piercing   Die   for 
Automobile  Muffler  Cups 

indicated  in  the  illustration.    A  spring  stripper  is  used  on  this 
work  and  a  knock-out  is  kept  in  line  with  the  piercing  punches 
by  a  Whitney  key. 
Norfolk  Downs,  Mass.  W.  L.  Jones 


Center  Plugs  used  for  turning  Pulleys  on  Centers 


GEARING  FOR  ROLL  FEED 

A  roll  feed  is  shown  in  the  August  number  of  MACni.\ERf 
on  page  1053,  which  I  think  could  be  improved  upon  by  elimi- 
nating the  train  of  spur  gears  connecting  the  two  sets  of  rolls. 
Instead  of  using  the  train  of  spur  gears,  I  would  have  con- 
tinued the  horizontal  shaft  across  to  the  second  set  of  rolls, 
and  connected  them  by  another  pair  of  bevel  gears  similar  to 
the  first  pair. 

A  better  location  for  the  horizontal  shaft  would  be  at  the 
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back,  provided  the  conditions  would  permit,  and  this  would 
result  in  easier  access  to  the  dies.  I.  L.  C. 

An  important  principle  in  machine  design  is  touched  on  by 
I.  L.  C.  in  the  foregoing.  In  all  cases,  wherever  possible,  power 
for  driving  a  series  of  rolls  or  other  machine  elements  should 
be  conveyed  by  shafts  rather  than  by  trains  of  spur  gears. 
The  reason  is  that  with  a  train  of  spur  gears  frictional  re- 
sistance is  cumulative,  and  in  long  trains  it  may  become  so 
great  that  the  mechanism  as  a  whole  is  inoperative.  Another 
objection  to  trains  of  spur  gears  in  such  situations  is  that 
lost  motion  is  also  cumulative  and  may  become  prohibitive 
if  the  train  is  long.  With  a  longitudinal  shaft,  however,  fric- 
tional resistances  are  proportional  directly  to  the  number  of 
units  driven,  and  lost  motion  is  no  more  for  ten  than  for  one 
set  of  elements. — Editor. 


GRINDING   CHUCK  JAWS 

The  article  by  R.  Gordon  Edjell  in  the  August  number  of 
Machineey  on  truing  up  the  jaws  of  scroll  chucks  reminded 
the  writer  of  a  very  satisfactory  method  of  grinding  chuck 
jaws  which  is  in  use  in  the  tool-room  where  he  is  employed. 
Having  had  considerable  trouble  in  producing  a  good,  true 
job  by  other  means,  it  occurred  to  the  writer  that  the  desired 
result  could  be  reached  by  gripping  a  cylindrical  piece  A. 
shown  in  the  accompanying  illustration,  in  the  chuck  with  a 
fair  pressure,  lightly  soldering  each  jaw  to  the  face  of  the 
chuck,  and  then  driving  piece  A  carefully  out  of  the  jaws. 
This  leaves  all  the  steps  open  and  free  to  be  ground  by  a  tool- 
post  grinder  on  the  carriage,  the  jaws  being  left  in  the  posi- 
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Suggestion  for  grinding  Chuck  Jaws 

tion  in  which  they  grip  the  work,  and  produces  accurate  sur- 
faces on  the  jaws.  After  grinding,  the  solder  can  be  easily 
scraped  from  the  surface  of  the  chuck.  If  preferred,  the  jaws 
could  be  soldered  to  a  small  brass  or  steel  angle  instead  of 
in  the  joint,  which  would  facilitate  removal  of  the  solder. 
Aurora,  111.  Coewin  Lamoreaux 


LAYING   OUT  DIAGONAL  STRIP  IN 
RECTANGLE 

In  the  July  number  of  Machinery,  J.  J.  gives  a  solution 
to  the  problem  of  finding  the  length  of  the  longest  rectangle 
3  inches  wide  that  can  be  laid  out  in  a  rectangle  24  by  40 
inches.     This  problem  has  been  solved  from  time  to  time  in 
various  ways,  but  it  is 
thought   that    the    fol- 
lowing trigonometrical 
solution  will  be  found 
to  be  the  shortest 
method.   Using  the  no- 
tation given  in  the  ac- 
companying     illustra- 
tion, we  have: 
AB  =  m  sin  <f> 
BD  =  X  cos  0 
and  AB  +  BD  =  p 
Then 
m  sin  0  +  a;  cos  4>  =  p(l) 

AC  =  m  cos  i>,  CD^  = 

DCi  =  X  sin  <f>,  and 

AG  +  CD,  =  q. 


Laying  out   Diagonal   Strip   in   Rectangle 

Then  X  sin  <p -{- m  COS  (j>  =  q  (2) 

Solving  Equations  (1)  and  (2)  for  sin  <p  and  cos  0,  we  get: 
pm  —  gx  qm  —  px 


sin  0  = 


■  gx                       qm  ■ 
and  cos  *  ^ 


m-  —  x'  m^  —  ai' 

Squaring,   adding,   and  making  sin=  0  +  cos^ 0  =  1,  we  get: 


pm  —  qx 


m'  —  x^ 


+ 


qm,  —  px 


h 


Expanding,  clearing  of  fractions  and  reducing,  we  obtain: 
x'  —  (p'  -\-  q'  —  2m')  x^  +  ipmqx  —  (p'  +  g'  —  m')  m'  =  0 
With  p  =  40,  q  =  24,  and  m  =  3,  we  get: 

.T'  —  2194ar'  +  11520X  —  19503  =  0 
Solving  this  equation  by  Horner's  method,  we  find  x  =  44.07637 
inches,  the  length  of  the  diagonal  strip. 
Cleveland,  Ohio.  William  W.  Johnson 


GRINDING  NARROW  PARALLEL  STRIPS 

In  the  August  number,  "Server"  writes  in  "Grinding  Parallel 
Strips,"  "Why  did  not  my  foreman  tell  me  if  the  present 
method  represents  common  practice?"  The  reason  the  fore- 
man did  not  tell  "Server,"  in  all  probability,  is  simply  that 
he  did  not  know.  I  have  found  that  most  foremen  and  tool- 
makers  know  very  little  about  surface  grinding.  They  do 
not  know  what  kind  of  wheel  to  use  on  their  work;  they 
generally  use  any  wheel  that  is  on  the  machine.  The  best 
wheel  for  a  Brown  &  Sharpe  surface  grinder  for  general  use 
is  a  Norton  wheel,  46G,  7-  by  %-inch  face. 

When  grinding  narrow  parallel  strips  it  is  not  necessary  to 
solder  them  together  as  described  in  the  August  number.  Put 
a  parallel  about  %  inch  narrower  than  the  strips  in  front  of 
them  on  a  magnetic  chuck,  and  on  each  side  if  they  will  not 
stand  up.    Then  you  can  grind  as  many  as  the  chuck  will  hold. 

When  grinding  jig  bushings  or  punches,  if  it  is  necessary  to 
grind  on  parallels,  one  of  the  parallels  should  be  placed  on  the 
outer  side  of  the  chuck;  this  will  hold  a  good  deal  better  than 
when  both  are  put  in  the  center.  A.  Grinder 
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Suggested  Improvement  in  Method  of  truing  Chuck  Ja 


TRUING   JAWS   OF   SCROLL   CHUCK 

On    page    1077    of    the    August   number    of    Machinery,    R. 
Gordon   Edjell   describes   a  method   of  truing  the  jaws   of  a 

scroll  chuck,  and  I 
think  a  little  further 
comment  on  the  sub- 
ject will  be  of  interest 
to  many  readers.  The 
retruing  of  scroll 
chucks  is  generally  oc- 
casioned by  the  jaws 
becoming  worn  at  the 
front;  other  portions 
of  the  chuck  and  jaws 
also  become  worn  or 
strained,  with  the  re- 
sult that  they  grip  a 
piece  in  the  manner  il- 
lustrated at  A. 

One  of  the  most  im- 
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portant  rules  for  an  internal  lapping  job  of  this  sort  is  to  keep 
the  lap  moving  in  and  out  continually  while  lapping.  The 
only  manner  in  which  this  could  be  done,  still  preserving  Mr. 
Edjell's  principle,  would  be  by  means  of  the  bar  and  bushing 
mentioned.  The  bushing  should  slide  on  the  bar.  It  is  a 
fact  that  unless  a  reciprocating  motion  is  imparted  to  the 
lap,  it  will  speedily  become  grooved;  also.  It  will  become 
worn  more  at  those  points  where  the  most  lapping  is  done. 
If  the  Jaws  of  the  chuck  are  as  badly  worn  as  some  I  have 
seen,  grinding  should  be  resorted  to. 

Mr.  Edjell's  objection  to  grinding  is  that  the  jaws  will  be 
slack  during  this  process.  This  slackness  may  be  removed 
as  shown  at  B  and  C.  A  steel  ring  may  first  be  placed  as 
shown  at  B,  while  the  exposed  portion  of  the  jaws  is  ground 
true.  If  the  wheel  is  too  large  to  admit  passing  through  the 
hole  in  the  ring,  it  may  be  removed  from  the  spindle,  the 
ring  placed  over  the  spindle,  and  the  wheel,  spindle,  etc., 
moved  into  the  chuck,  the  ring  being  gripped  as  shown  at  C 
and  the  untrued  portion  of  the  jaws  finished. 

Newark,  N.  J.  Gustave  A.  Remacle 


DRILL   JIG  FOR   ADJUSTABLE   YOKE   END 

In  automobile  nomenclature,  the  part  shown  at  X  in  the 
illustration  is  known  as  an  adjustable  yoke  end.  Even  the 
simplest  motor  car  employs  many  such  parts,  and  it  will  there- 
fore be  understood  that  jigs  for  drilling  these  yoke  ends  must 
be  designed  with  a  view  to  high  production.  The  accompany- 
ing illustration  shows  a  jig  used  for  drilling  the  hole  H  in 
six  yoke  ends  at  the  same  time  by  means  of  a  multiple-spindle 
drill  head.  Although  complicated  in  detail,  this  jig  functions 
very  rapidly. 

It  is  required  that  the  hole  H  be  practically  concentric  with 
the  round  end,  so  the  piece  is  located  in  a  V-block,  between 
the  two  pins  Y,  shown  in  the  upper  view  where  the  plate  is 
broken  away.  The  locating  is  accomplished  by  pushing  the 
yoke  end  between  the  V-blocks  Y  and  the  flat  steel  springs  S. 
The  bushing  plate  T  and  the  entire  clamping  assembly  is  re- 
moved at  this  time  to  make  the  jig  accessible.  After  the  parts 
have  been  placed  in  position  in  the  jig,  the  bushing  plate 
and  assembly  are  put  back  in  place,  and  as  the  pin  C  enters 
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the  slot,  it  is  pushed  down  to  the  bottom  of  the  socket  K  and 
locked  by  turning  the  knob  M  clockwise.  The  bushing  plate 
is  brought  to  the  right  position  by  registering  with  the  pin  E, 
which  location  also  brings  the  lower  buttons  of  the  equalizer 
bars  B  directly  over  the  yoke  ends.  Turning  the  nut  L  clock- 
wise by  means  of  the  removable  handle  F  brings  it  against 
the  spherical  seat  of  the  clamp  plate  2V  which,  in  turn,  com- 
presses the  helical  spring  G  and  brings  the  equalizer  bars 
against  the  work.  The  handle  F  is  then  removed  and  the  work 
drilled.  Reversing  the  process  and  rapping  the  base-plate  D 
against  the  drill  table  releases  the  work.  The  function  of  the 
helical  spring  G  is  to  keep  the  plate  A'  against  the  nut  L  so 
that  a  small  movement  of  the  handle  F  will  permit  of  un- 
clamping  the  plate.  A  hardened  steel  plate  A  is  provided  for 
a  seat  on  which  the  work  rests.  It  should  be  noted  that  the 
slot  in  the  yoke  end  is  milled  out  in  an  operation  following 
the  drilling. 

Bridgeport,  Conn.  W.  Bubb  Bennett 


OIL-GROOVE   CUTTING  TOOL 

If  many  bearings  having  the  same  inside  diameter  are  to 
be  grooved  for  oil  with  a  straight  groove  as  shown  in  the 
accompanying  illustration,  a  tool  must  be  designed  especially 
for  this  purpose.  This  tool  has  a  number  of  advantages  over 
the     type     of    tool 


which  has  a  special 
feeding  device  for 
obtaining  the  cor- 
rect depth  of  groove, 
the  most  important 
of  these  advantages 
being  that  no  spe- 
cial machines  or 
fixtures  are  neces- 
sary for  the  opera- 
tion. The  tool- 
holder  A  is  slotted 
out  to  receive  the 
grooving  tool  B. 
This  tool  is  pivoted 
on  the  pin  C  so  that 
it  can  move  freely. 
The  work  is  so  lo- 
cated on  the  fixture 
base  that  the  bush- 
ing D  is  directly 
above  it.  The  bar 
from  which  the  tool 
is  made  is  formed 
at  E  and  F  so  that 
as  it  strikes  the 
edge  of  the  bushing 
it  is  carried  into 
the  work  and  out 
again  as  the  tool  travels  downward.  A  light  arbor  press  of 
the  hand  type  can  be  used  for  the  operation  with  excellent 
results.  The  diagram  shown  at  the  right-hand  portion  of  the 
illustration  shows  the  method  of  plotting  the  cam  surfaces  E 
and  F  to  produce  the  desired  result  on  the  inside  of  the  bush- 
ing. Lines  drawn  from  the  center  0'  to  the  angle  a  intercept 
ordinates  for  the  cam  at  any  position  of  the  tool. 
Avenel,  N.  J.  Adalbert  O.  Alexay 
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DrUl  Jig  for  Adjustable  Yoke  End 


POLISHING  FIXTURE  FOR  SHELL    NOSES 

In  the  manufacture  of  shrapnel  shells  there  are  two  meth- 
ods of  finishing  the  nose  of  the  shell  after  hardening.  The 
specifications  call  for  a  polished  nose,  and  one  method  is  to 
grind  these  shells  on  centers,  using  a  form  wheel.  The  other 
consists  in  finishing  this  surface  by  polishing  on  a  leather 
faced  wheel  that  has  been  set  up  with  fine  emery.  It  will  be 
appreciated  that  to  hold  the  shell  by  hand  steadily  and  turn 
it  evenly  while  polishing  is  not  an  easy  job.  To  facilitate 
this  operation  one  of  the  large  shell  manufacturers  has  built 
the  device  shown  in  the  accompanying  illustration  that  takes 
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Support  for   Shells  when  polishing 

care  of  this  operation  very  well.  Incidentally,  this  type  of  fix- 
ture can  be  employed  to  good  advantage  on  cylindrical  work 
of  any  diameter,  whether  shells  or  any  other  product. 

The  polishing  head  and  wheel  are  no  different  from  the 
usual  type  of  polishing  apparatus.  The  fixture  consists  of  a 
pair  of  angle-iron  strips  that  are  mounted  on  a  ball  and  socket 
base,  attached  to  the  floor  under  the  machine.  These  angle-iron 
strips  are  strapped  together,  and  just  below  the  axis  of  the 
wheel  is  the  shell  holder.  The  shell  holder  or  cradle  consists 
simply  of  two  sets  of  friction  rolls  on  which  the  shell  is  laid. 
At  the  top  is  a  hinged  plate  that  is  thrown  over  the  shell  and 
used  as  a  brake.  The  operator  grasps  the  handle  and  applies  a 
slight  pressure  against  the  wheel.  This  causes  the  shell  to 
turn  slowly  and  polishes  the  surface,  as  the  wheel  surface 
travels  much  faster  than  the  shell.  For  reaching  the  different 
parts  of  the  curve,  the  entire  fixture  is  rocked  on  its  axis. 
The  hinged  brake  above  is  for  the  purpose  of  retarding  the 
rotation  should  a  shell  obtain  too  much  momentum,  and  it  is 
operated  by  hand  pressure. 

After  polishing  a  few  shells,  the  operator  becomes  dexterous 
in  its  manipulation,  and  production  is  far  in  excess  of  that 
obtained  when  working  free-hand.  C.  L.  L. 


CLOCK  TROUBLES 

A  watchmaker — a  good  one — bought  a  regulator  of  high 
grade  and  price,  set  it  up  with  pride  and  joy,  but  found  that 
the  time  it  kept  was  fiardly  up  to  seventy-five-cent  watch 
standard.  Careful  and  prolonged  study  of  its  eccentricities 
revealed  that  its  performance  was  in  cycles.  It  did  well  for  a 
certain  length  of  time,  and  then  for  a  shorter  period  it  gained, 
again  was  righteous  for  a  season,  and  so  on.     It  seemed  to 


the  watchmaker,  as  a  reasoning  being,  that  this  indicated 
trouble  in  the  "great  wheel"  (the  first  in  the  train,  which 
carries  the  drum  for  the  cord),  but  careful  inspection  failed 
to  find  the  "bug"  either  there  or  elsewhere  in  the  movement. 
Finally,  a  friend  was  summoned  who  was  supposed  to  be  clock- 
wise; he  looked  where  no  one,  not  even  the  inspector  at  the 
maker's  factory,  had  looked  before,  and  found  that  the  pulley 
on  top  of  the  weight  was  out  of  square  with  its  arbor,  so  that 
at  one  point  in  its  revolution  it  rubbed  against  its  housing. 
That  was  all. 

Another  watchmaker  set  out  to  build  a  clock  that  should 
be  an  exact  replica  of  a  fine  astronomical  one  which  he  had 
been  employed  to  clean,  all  the  dimensions,  etc.,  of  which  he 
had  noted  for  this  purpose.  A  toolmaker  friend  bored  all  the 
holes  in  the  plates  with  the  utmost  attainable  accuracy, 
roughed  out  the  staffs  from  drill  rod  and  hardened  them. 
Mr.  Watchmaker  ground  them  all  over,  jeweled  every  pivot 
hole  in  the  plates,  put  in  sapphire  pallet  stones,  and,  in  short, 
did  everything  he  knew  to  get  a  perfect  job.  I  never  have  seen 
a  finer  piece  of  work.  Yet  when  it  was  set  in  motion  it  proved 
unreliable,  keeping  nearly  perfect  time  for  four  or  five  days, 
then  showing  a  different  rate  for  the  rest  of  the  week.  To  be 
sure,  the  owner  might  wind  the  clock  twice  a  week,  and  thus 
get  good  results,  but  you  and  I  know  how  unsatisfactory  this 
would  be  to  a  man  who  had  made  what  he  intended  for  a 
masterpiece.  After  worrying  over  the  problem  for  some  weeks, 
he  put  it  up  to  his  toolmaker  friend,  knowing  he  had  had  a 
good  deal  to  do  with  fine  clocks.  The  advice  he  received 
seemed  to  him  absurd,  but  he  tried  it,  and  found  to  his  great 
surprise  that  the  trouble  was  entirely  cured.  This  "senseless" 
advice  was  to  insert  a  plate  of  glass  between  the  path  of  the 
weight  and  the  plane  of  motion  of  the  pendulum.  After  being 
convinced  of  the  successful  working  of  this  device,  the  reason 
was  explained  to  him. 

In  copying  his  model  he  had  made  one  slight  change,  re- 
ducing the  depth  of  the  movement  in  order  to  make  it  fit  a 
fine  case  that  he  owned.  This  brought  the  weight,  at  the  lower 
end  of  its  course,  quite  near  the  swing  of  the  pendulum  bob, 
and  the  weight,  interfering  with  the  air  currents  set  in  mo- 
tion by  the  bob,  had  affected  the  rate  of  the  pendulum.  When 
I  was  first  taught  this  point,  many  years  ago,  I  was  skeptical 
till  experiment  showed  me  its  correctness.  Later,  by  chang- 
ing the  insertion  of  the  cord  into  the  drum,  so  that  the  weight, 
at  its  low  point,  was  farther  from  the  bob  by  the  drum's  length, 
he  was  able  to  dispense  with  the  glass.  As  indicating  the 
excellence  of  workmanship  in  this  case,  I  may  mention  the 
fact  that  the  weight,  though  made  large  for  the  sake  of  ap- 
pearance, was  a  hollow  affair,  weighing  only  a  trifle  over  one- 
half  pound. 

In  still  another  instance  a  costly  clock  of  foreign  manu- 
facture had  one  rate  for  the  first  two  or  three  days  of  the 
week  and  another  for  the  later  days.  Through  faulty  design 
the  drum  was  so  small  that  the  cord,  when  fully  wound,  made 
one  complete  layer  on  the  drum  and  part  of  a  second.  A  new 
drum,  with  the  necessary  alteration  in  the  weight  to  com- 
pensate for  the  increased  leverage,  removed  the  trouble.  I 
think  this  fault  is  never  found  in  an  American  clock.  In 
justice  to  American  makers,  I  wish  to  say  that  the  instance 
mentioned  in  the  June  number  of  Machinekt  is  the  first  case 
I've  ever  known  of  a  'scape  or  other  train  wheel  being  out  of 
center  in  a  Yankee  clock.  Even  in  Europe,  where  they  are 
subjected  to  scathing  criticism,  it  is  universally  admitted  that, 
with  all  their  faults,  American  movements  are  faultless  in 
truth  of  wheels  and  correctness  of  "depthing"  (the  center  dis- 
tances between  wheels). 

I  know  of  a  fine  imported  mantel  clock,  a  beautiful  piece  of 
mechanism,  jeweled,  with  "Brocot  visible"  escapement,  gold- 
plated  'scape  wheel  of  hardened  steel,  ruby  pallet  stones,  etc., 
which  cost  in  its  marble  case,  over  $100  at  retail.  This  clock 
ran  well  for  nearly  a  year,  was  then  cleaned  and  ran  six 
months.  It  was  found  that  its  escape  wheel  was  0.006  inch 
out  of  center.  The  hole  was  ground  true,  a  bushing  inserted, 
and  all  was  well.  Of  course,  0.006  inch  isn't  much,  and  the 
movement  ran,  in  spite  of  it,  till  it  got  a  bit  dirty. 

New  London,  N.  H.  Guy  H.  Gardner 
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QUESTIONS    ON    PRACTICAL    SUBJECTS    OF    GENERAL    INTEREST 


RAKE   OF   SHEAR   BLADES 

D.  E.  T. — What  is  the  inclination  or  rake  of  the  upper  blade 
in  a  'power  shear? 

Answered  by  the  Long  &  AUstatter  Co  .  Hamilton.  Ohio 

A. — It  is  not  feasible  to  make  all  shear  blades  with  the  same 
rake;  but  we  generally  give  %  inch  to  the  foot  for  cross- 
cutting  bars,  and  as  near  this  as  possible  for  splitting  plates. 
But  the  variation  in  thickness  of  material  and  the  length  of 
sheet  to  be  cut  requires  the  blade  to  be  set  at  different  rakes 
in  order  to  adapt  the  machine  to  the  desired  capacity.  Some- 
times we  do  not  give  more  than  V2  inch  rake  to  the  blade,  and 
if  it  is,  say,  ten  feet  long,  this  requires  a  stroke  of  five  inches. 
If  the  sheet  is  very  wide  and  we  cannot  get  the  amount  of 
rake  to  the  blade  owing  to  the  length  of  knives,  we  are  obliged 
to  use  a  larger  and  heavier  machine,  because  there  is  more 
work  to  be  done  at  one  stroke  of  the  slide. 


CASTING  BRASS   NUTS  ON   FEED-SCREWS 

T.  M. — We  are  using  a  large  number  of  brass  nuts  for  the 
cross-feed  screws  of  our  cutting-off  lathes  on  shell  work.  The 
screws  are  1%  inch  outside  diameter,  4  inches  in  length  and 
4  threads  per  inch,  square  thread.  Two  nuts  are  used  in  each 
machine  on  right-  and  left-hand  threads.  We  are  cutting  the 
nuts  in  a  lathe,  but  they  do  not  give  satisfactory  service. 
I  worked  for  a  company  in  England  where  all  the  brass  nuts 
were  cast  on  their  own  screws,  and  they  made  a  good  hard- 
service  nut.  Can  you  furnish  information  on  the  subject  and 
tell  what  kind  of  coating  should  be  put  on  the  screws  before 
casting  the  nuts?  Should  the  screws  be  heated  before  pour- 
ing the  metal  around  them?  The  hard  skin  secured  by  casting 
the  nut  on  the  screws  makes  a  good  wearing  nut,  and  I  am 
desirous  of  getting  information  on  the  process. 

The  inquiry  is  referred  for  answer  to  any  reader  having  had 
experience  with  this  class  of  work. 


THE   MATTER  OF   PERCENTAGES 

L.  A.  B. — I  noticed  a  statement  in  the  August  number  to  the 
effect  that  the  output  had  been  increased  over  400  per  cent. 
I  was  taught  that  100  per  cent  of  anything  was  the  whole  and 
it  was  impossible  to  have  any  more.  I  have  run  across  the 
same  statement  in  newspapers,  magazines,  technical  books, 
etc.,  which  has  made  me  wonder  if  the  basis  of  percentage 
had  been  changed.  Will  you  please  enlighten  me  on  the 
subject? 

A. — It  is  quite  correct  to  state  that  the  output  had  been 
increased  400  per  cent  provided  it  was  five  times  the  original 
output.  If  the  output  wei-e  quadrupled,  the  percentage  of  in- 
crease would  be  300  per  cent;  if  it  were  tripled,  200  per  cent, 
and  if  it  were  doubled,  100  per  cent.  The  error  in  statement 
of  percentages  to  which  you  refer  doubtless  applied  when 
they  were  matters  of  decrease.  For  Instance,  if  the  cost  of 
doing  a  job  were  cut  in  half,  it  would  not  be  correct  to  say 
that  it  was  decreased  200  per  cent.  Obviously  the  cost  could 
be  cut  only  100  per  cent,  and  then  the  cost  would  be  nothing. 
If  the  cost  is  cut  in  half,  the  decrease  is  50  per  cent;  if  it  is 
cut  to  one-third,  the  decrease  is  66  2/3  per  cent,  etc. 


KILOVOLT-AMPERE 

S.  B. — What  is  the  meaning  of  the  term  "kilovolt-ampere" 
as  used  in  connection  with  various  electrical  machines?  The 
writer  always  has  known  of  electrical  machines  as  rated  in 
kilowatts,  but  has  recently  seen  a  number  of  catalogues  in 
which  the  rating  is  in  kilovolt-amperes. 

Ans^jpered  by  E.  A.  Lof 

A.— The  term  kilovolt-amperes  (KVA),  equal  to  1000  volt- 
amperes,  expresses  the  apparent  power  in  a  circuit,  i.  e.,  the 
product  of  the  effective  values  of  the  current  and  the  voltage, 
IE,  in  a  reactive  circuit.  The  term  kilowatt  (KW),  equal  to 
1000  watts,  on  the  other  hand,  expresses  the  true  power, 
IE  X  cos  0,  and  is  the  reading  obtained  by  a  wattmeter  ap- 


plied to  the  circuit.  The  ratio  of  the  watts  to  the  volt-amperes 
is  called  the  power  factor.  For  example,  assume  an  alternating- 
current  generator  supplying  a  load  of  800  kilowatts,  the  power 
factor  of  which  is  80  per  cent.  The  true  rating  of  such  a 
generator,  or  the  one  on  which  the  capacity  of  the  prime  mover 
should  be  based,  would  be  800  kilowatts,  while  the  apparent 

800 
rating  of  the  generator  would  be  — —  =  1000  kilovolt-amperes. 

0.80 
To  avoid  any  misunderstanding,  the  rating  usually  appears  as 
follows:  1000  KVA  (800  KW,  0.8  power  factor).  For  direct- 
current  generators,  however,  the  rating  is  always  given  in 
kilowatts,  inasmuch  as  such  machines  always  operate  on  non- 
inductive  load. 

The  rating  of  a  synchronous  machine  is  usually  determined 
by  its  permissible  temperature  rise  caused  by  the  current. 
This  rise  increases  with  increasing  load  and  with  decreasing 
power  factor.  Thus,  for  a  given  kilovolt-ampere  output,  the 
total  heat  losses  are  larger  for  low  than  for  high  power  fac- 
tors, the  difference  being  due  to  the  heat  generated  by  the 
increased  field  current  which  is  required  to  overcome  the  arma- 
ture reaction  and  maintain  the  given  current  and  terminal 
voltage. 


PEAUCELLIER'S    COMPOUND   COMPASS 

T.  L.  M. — In  the  August  number  of  Machineet,  Frederic  R. 
Honey  describes  several  linkages  for  producing  straight  lines; 
have  these  ever  been  used  in  practice?  Where  can  I  obtain 
more  information  regarding  these  and  other  linkages? 

A. — Both  the  first  and  second  forms  of  linkage  described 
by  Mr.  Honey  have  been  used  on  the  walking  beams  of  pump- 
ing engines  or  for  similar  purposes;  and  either  form  could 
be  used  on  a  steam-engine  indicator,  provided  the  weight  of 
the  moving  parts  were  sufficiently  reduced.  One  of  the  most 
interesting  applications  is  found  in  the  compound  compass — 
a  very  useful  instrument  for  any  drafting-room,  and  one  that 
the  writer  has  used  with  good  results.  Referring  to  the  ac- 
companying illustration,  link  oD  is  equal  in  length  to  dis- 
tance oA.  A  graduated  scale,  to  which  is  attached  a  vernier 
for  accurate  setting,  is  placed  between  A  and  D,  the  edge  of 
the  scale  coinciding  with  the  line  AE.  The  end  0  of  link  oD 
can  be  moved  along  this  scale  to  the  right  or  left  of  point  0, 
which  is  the  zero  mark  on  the  scale.  At  joint  E,  there  is  an 
arrangement  for  holding  a  pen  or  pencil  point;  and  when 
the  end  0  is  at  the  zero  mark,  the  pencil  at  E  wifl  describe 
the  straight  line  FO.  When  0  is  at  any  point  to  the  right  of 
the  zero  mark,  as  0',  the  pencil  will  describe  an  arc  of  a 
circle,  as  HEI,  tangent  to  FG  at  E ;  and  when  0  is  to  the  left 
of  the  zero  mark,  as  0",  the  pencil  will  describe  an  arc  of  a 
circle,  as  JEE,  which  is  also  tangent  to  FG  at  E.    By  means 


Diagram  iUustrating  Principle  of  Feaucellier's  Compound  Compais 
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of  a  simple  formula,  the  position  of  o'  or  o"  may  be  calculated, 
whereby  the  resulting  arc  may  be  of  any  radius  desired.  The 
instrument  is  chiefly  employed  when  arcs  of  large  radii  are 
to  be  drawn  and  a  beam  compass  is  inconvenient  to  use.  A 
full  description  of  this  and  other  linkages  is  given  in  Weis- 
bach's  "Machinery  of  Transmission"  (Wiley);  it  is  also  fully 
treated,  together  with  many  of  its  modifications,  in  "Linkages," 
by  J.  D.  C.  De  Roos,  in  No.  47  of  Van  Nostrand's  Science 
Series.  The  latter  work  is  of  great  interest  to  those  mathe- 
matically inclined,  as  it  shows  how  the  linkage  may  be  modi- 
fied to  find  the  roots  of  numbers  and  equations,  and  to  de- 
scribe conic  sections  and  other  curves.  J.  J. 


FIFTH   ROOTS   OF   NUMBERS 

A.  H.  M.- — In  the  August  number  of  Machixery,  you  give  a 
small  table  to  be  used  in  connection  with  finding  the  fifth  root 
of  numbers.  Please  show  me  how  the  values  in  the  third 
column  are  found;  I  think  this  would  be  useful  to  know  when 
finding  other  roots  by  the  same  method. 

A. — Referring  to  page  1085  and  using  the  same  values  for 
the  letters,  r  =  the  root  to  be  found;  w,  ^  the  given  number; 
n  =:  the  index  of  the  root;  a;  =  an  approximate  value  of  the  root. 

Then  r  =  I f-n  —  l)— •    If  the  values  in  the  third  column 


be  called  the  limiting  values  for  the  first  approximate  value  of  x, 

(n  — Dap-'MaJ  +  l)""-' 

and   be   represented   by   L,   then   L  = . 

(x  +  D'-'  —  x'-' 
For  example,  if  a;  =  2  and  n  ^  5,  n  — ^1^4,  and  a;  +  1  =  3. 

-  4  X  2«  X  3« 

Substituting  in  the  formula  for  I/,  L  = =  79.7,  the 

3*  — 2* 
same  value  as  in  the  table.    For  cube  root,  n  =  3  and  n  —  1  =  2. 

2  X  4'  X  5' 

For  X  ^  4,  say,  a;  -|-  1  =  5,  from  which  L  = =  88.9. 

5'  — 4' 
The  values  of  L  for  the  cube  root  corresponding  to  x^l,  2, 

3   9,  10,  are  2.67,  14.4,  41.1,  88.9,  164,  271,  418,  610,  853. 

It  is  not  advisable  to  use  more  than  three  figures  for  L.    J.  J. 


SIGN   OF  A  BENDING  MOMENT 

A.  J.  E. — I  notice  that  the  sign  of  the  bending  moment  for  a 
simple  beam  is  always  positive,  or  +,  and  for  a  cantilever  it 
is  negative,  or  — ;  why  is  this,  and  what  is  meant  by  the  nega- 
tive sign? 

A. — Fig.  1  represents  a  heavy  beam  of  rectangular  cross- 
section,  supported  at  both  ends  as  shown,  thus  representing 
to  all  intents  and  purposes  a  simple  beam  uniformly  loaded. 
Let  c  be  the  center  of  gravity  of  the  beam;  then  all  the  weight 
may  be  considered  as  concentrated  at  this  point,  and  the  ef- 
fect produced  by  this  weight  is  a  bending  of  the  beam  as  indi- 
cated in  the  illustration  (greatly  exaggerated).  The  dotted 
line  (a&  in  A  and  bd  in  B)  represents  the  neutral  surface; 
and  when  the  beam  lies  on  a  horizontal  plane,  this  neutral 
surface  is  horizontal;  the  neutral  surface  always  passes 
through  the  center  of  gravity  of  the  cross-section.  An  exami- 
nation of  Fig.  1  shows  that  all  longitudinal  fibers  of  the  beam 
above  the  neutral  surface  are  in  compression,  due  to  bending, 
and  all  below  the  neutral  surface  are  in  tension,  while  those 
in  the  neutral  surface  are  neither  shortened  nor  lengthened — 
their  lengths  remain  unchanged.  Referring  to  Fig.  2,  which 
represents  a  beam  fixed  at  one  end  only,  i.  e.,  a  cantilever,  an 
exactly  opposite  effect  is  produced;  here  the  fibers  above  the 
neutral  surface  are  in  tension,  and  those  below  are  in  com- 
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Fig.  2.     Diagram  showing  Opposite  Condition  of  Cantilever  Beam  subjected 
to  Bending 

pression.  Since  the  bending  moments  are  measures  of  the 
effects  just  described,  it  is  customary  to  call  the  bending  mo- 
ment of  a  simple  beam  positive,  and  of  a  cantilever,  negative. 
The  negative  sign  has  no  significance  in  so  far  as  it  affects 
calculations  pertaining  to  the  strength  of  beams;  but  it  is 
useful  and  necessary  in  connection  with  investigations  re- 
lating to  restrained  and  continuous  beams.  It  will  also  be 
noticed  that  the  upper  surface  of  the  beam  in  Fig.  1  is  con- 
cave, while  in  Fig.  2  it  is  convex;  this  is  another  reason  for  the 
opposite  signs  of  the  bending  moments.  J.  J. 


Fig.  1.     Diagram  showing  Condition  of  Simple  Beam  subjected  to  Bending 


CUTTING   A   SEMI-STEEL   GEAR   ON   A 
MILLING  MACHINE 

T.  W. — Kindly  give  me  an  idea  of  what  would  be  considered 
fair  time  to  allow  in  cutting  the  teeth  on  a  semi-steel  spur 
gear  of  the  following  dimensions,  giving  the  feeds  and  speeds 
which  could  be  used  on  a  No.  3  Cincinnati  milling  machine: 
gear  sizes,  12.25  inches  outside  diameter,  2-inch  face,  96  teeth, 
8  pitch  involute,  whole  depth  of  tooth,  0.270  inch,  bore  1.25  Inch. 

A.- — The  material  specified  as  semi-steel  may  vary  greatly 
in  hardness,  so  that  it  is  difficult  to  give  a  definite  feed  and 
speed  for  this  material  without  knowing  its  composition. 
Assuming,  however,  that  the  material  is  such  that  it  can  be 
cut  at  a  speed  of  about  60  feet  per  minute  for  the  roughing  cut, 
with  a  normal  amount  of  feed,  the  proposition  would  work  out 
about  as  follows.  The  method  used  in  setting  up  the  gear  it- 
self is  of  considerable  importance,  as  its  diameter  is  such  that 
unless  it  is  properly  supported  a  certain  amount  of  chatter 
will  be  apparent  and  the  speed  must,  therefore,  be  reduced, 
so  that  considerable  loss  of  time  will  result.  The  accompany- 
ing illustration  indicates  a  method  which  can  be  used  for 
setting  up  a  piece  of  work  of  this  kind  so  that  chatter  will  be 
avoided.  The  work  A  is  held  on  an  arbor  which  is  supported 
on  centers  by  the  index  head  and  suitably  dogged,  as  indicated. 
A  collar  C  can  be  used  to  support  the  portion  of  the  gear 
which  is  being  cut,  so  as  to  take  the  thrust  of  the  cut  and 
prevent  chatter.  The  important  point  is  to  obtain  a  backing 
against  which  the  cutter  may  work  to  its  full  capacity.  In 
order  to  make  a  good  commercial  job,  it  would  be  necessary 
to  take  two  cuts  on  each  tooth,  the  first  cut  roughing  out  to 
within  about  0.010  to  0.015  inch  of  the  finished  depth  of  tooth 
and  the  final  cut  bringing  the  work  to  the  exact  size. 

The  number  of  divisions  or  teeth  to  be  cut  being  96,  it  will 
be  necessary  to  use  differential  indexing  to  obtain  the  proper 
division.     The  following  settings  would  produce  the  desired 

9 
result:  index  circle,  21;  number  of  turns  of  crank,  — ;  grad- 

21 
uation  on  sector,  85;  gear  on  worm,  28;  gear  on  spindle,  32; 
idlers:  No.  1  hole,  24;  No.  2  hole,  44.  The  time  necessary 
for  setting  up  the  machine  would  vary  considerably  and  will 
not  be  taken  into  consideration  in  the  estimate  of  time  given 
herewith,  for  the  reason  that  the  number  of  gears  to  be 
machined  is  not  known;  hence,  it  would  not  be  fair  to  consider 
the  setting-up  time  in  connection  with  this  piece  of  work. 
The  estimated  time  for  the  operation,  assuming  a  cutting  speed 
as  mentioned  and  both  roughing  and  finishing  cuts  on  the 
teeth,  is  given  herewith:  diameter  of  rough  stocking  cutter, 
2%  inches;  cutting  speed  (rough),  60  feet  per  minute;  revo- 
lutions of  cutter  per  minute,  SO;  feed,  4  Inches  per  minute; 
indexing  gear  and  running  back  table  for  the  cut  on  each 
tooth,  15  seconds. 
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In  determining  the  amount  of  travel  necessary  for  the  cutter 
in  cutting  each  tooth,  it  will  be  found  that  nearly  3  inches 
is  needed  to  complete  the  cut,  taking  into  consideration  the 
approach  of  the  cutter  to  the  work  when'  the  latter  is  in  the 
rough  state.  At  a  feed  of  4  inches  per  minute  and  a  distance 
to  travel  of  3  inches,  3/4  minute  would  be  necessary  to  cut 
each  tooth;  the  indexing  and  running  back  of  the  table  after 
each  tooth  has  been  cut  is  estimated  to  be  15  seconds,  which 
gives  a  total  time  necessary  for  cutting  each  tooth  of  exactly 
one  minute.  Hence,  as  there  are  96  teeth  to  be  cut,  it  will 
take  96  minutes  to  make  the  roughing  cut  on  the  gear. 

For  certain  classes  of  work,  a  roughing  cut  might  be  all 
that  is  necessary,  but  in  the  majority  of  cases  a  finishing  cut 
will  be  found  advantageous.  In  finishing  the  work,  the  time 
consumed  would  be  as  follows:  cutting  speed,  80  feet  per 
minute;  revolutions  of  cutter  per  minute,  106;  feed,  6  inches 
per  minute;  allowance  for  indexing  and  running  back  the 
table  after  each  tooth  is  cut,  15  seconds.  The  actual  length 
of  time  necessary  to  make  the  cut,  therefore,  is  1/2  minute, 
which,  added  to  the  15  seconds  allowed  for  indexing  and  run- 
ning back  the  table,  makes  3/4  minute  for  each  tooth.  Hence, 
96  X  3/4  =  72  minutes.  As  the  time  for  the  first  or  roughing 
operation  was  found  to  be  96  minutes,  and  the  second  operation 
of  finishing  takes  72  minutes,  the  total  time  necessary  for  one 


Set-up  of  Gear  on  Milling  Machine 

gear  will  be  96  -|-  72  =  168  minutes,  or  2  hours,  48  minutes, 
the  total  time  necessary  for  cutting  one  gear  of  the  size  men- 
tioned. It  must  be  remembered  that  there  is  no  setting-up 
time  taken  into  consideration  in  this  estimate,  nor  is  there 
any  allowance  made  for  replacing  the  roughing  cutter  by  the 
one  used  for  finishing.  The  time  given  in  the  estimate,  there- 
fore, may  be  considered  to  be  only  the  actual  machining  time 
with  the  incidental  time  necessary  to  perform  the  required 
movement  of  the  table  and  index  head.  A  man  familiar  with 
the  machine  and  one  well  versed  in  this  class  of  work  might 
be  able  to  make  the  necessary  changes  in  the  machine  and 
set  it  up  for  the  work  in  about  an  hour's  time. 


INSCRIBING   POLYGONS   IN   CIRCLES 

W.  W.  N. — Is  there  any  rapid  and  accurate  method  for  in- 
scribing a  regular  polygon  in  a  given  circle?  I  want  a  general 
method,  if  possible. 

A. — All  general  methods  of  inscribing  a  regular  polygon  in  a 
circle  are  necessarily  approximate,  since,  otherwise,  it  would 
be  possible  to  square  the  circle,  trisect  an  angle,  and  do  other 
things  that  mathematicians  have  proved  could  not  be  done. 
The  following  construction  is  rapid,  and  is  the  best  that  is 
known  to  the  writer;  it  is  also  sufficiently  accurate  to  meet 
practically  every  need  of  the  draftsman.  Draw  two  diameters, 
AjB  and  CD,  at  right  angles  to  each  other.  Produce  one  of  the 
diameters,  as  CD,  and  with  one  end  of  the  other  diameter, 
as  A,  as  a  center  and  a  radius  equal  to  the  diameter,  describe 
an  arc  cutting  CD  produced  in  E.  Divide  the  diameter  AB 
into  as  many  equal  parts  as  the  polygon  has  sides,  and  through 
E  and  F  (F  is  the  second  division  point  from  A),  draw 
EF  cutting  the  circle  at  G.     Then  the  chord  GA  is  one  side  of 


the  polygon,  very  near- 
ly. For  method  of  di- 
viding AB,  see  the  May 
number  of  Maohineuy, 
page  803.  It  is  not  neces- 
sary, of  course,  to  draw 
in  all  the  points  of  divi- 
sion, since  only  one,  the 
point  F,  is  needed.  The 
figure  shows  how  a  reg- 
ular polygon  of  nine 
sides  may  be  inscribed. 
This  construction  is  very 
accurate  when  the  number  of  sides  exceeds  nine  or  ten;  hence, 
if  great  accuracy  is  required,  and  the  number  of  sides  is  less 
than  nine  or  ten,  it  is  better  to  inscribe  a  polygon  of  twice  or 
three  times  the  number  of  sides  required.  The  desired  polygon 
can  then  readily  be  drawn.  J.  J. 
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Inscribing  a  Regular  Polygon  in  a  Circle 


TO   FIND   AREA    OF    ANY   PLANE  FIGURE 

A.  F.  W.— Will  you  please  give  me  a  rule  or  method  for 
finding  the  area  of  any  plane  figure,  no  matter  what  its  shape? 

A. — The  two  rules  that  are  most  frequently  used  for  finding 
the  area  of  a  plane  figure  are  the  so-called  trapezoidal  rule 
and  Simpson's  rule;  the  latter  is  more  accurate,  but  the  former 
is  a  trifle  easier  of  application.  An  actual  example  will  make 
the  process  clear.  Referring  to  the  diagram,  find  the  area 
included  between  the  arcs  ABC  and  AGC.  First  draw  a  line, 
either  within  or  without  the  figure,  but  extending  its  entire 
length;  in  this  case,  tlig  line  AC  will  be  the  most  convenient. 
Divide  this  line  into  any  even  number  of  equal  parts,  say  ten, 
and  through  the  points  of  division,  draw  perpendiculars  to 
AC ;  these  perpendiculars  are  called  ordinates.  The  ordinates 
are  lettered  h,,,  hi,  h^  . . . .  Tiw,  the  end  ordinates,  ho  and  h^,  being 
equal  to  0  in  this  case.  Measure  the  ordinates  very  carefully; 
add  those  which  have  odd  subscripts  (as  h,,  h^,  etc.)  and 
multiply  the  sum  by  4;  add  those  which  have  even  subscripts 
(as  h.,  h„  etc.,  but  not  including  the  end  ordinates)  and  multi- 
ply the  sum  by  2;  add  the  two  products  and  the  two  end  ordi- 
nates, multiply  the  sum  by  the  distance  between  any  two  con- 
secutive ordinates,  and  divide  the  product  by  3;  the  result  is  the 
area  by  Simpson's  rule.  Expressed  as  a  formula,  the  rule  becomes 
d 

ho  +  h,o-j-4(hi  +  h,  +  h,  +  h,  +  h,)  +  2(h,  +  ht  +  h,+ 


■h,)\ 


A  =  - 
3 

in  which  d  =  the  distance  between  any  two  consecutive  ordi- 
nates =  AC  -f- 10,  in  this  case.  As  measured  by  the  writer, 
the  area  is  A  =  0.499  -^  3  [0  +  0  +4  (0.83  +  1.73  +  2  +  1.73  + 
0.83)  -f  2  (1.37  -f  1.93  +  1.93  +  1.37)  ]  =  6.93  square  inches. 

By  the  trapezoidal  rule,  measure  the  ordinates  half  way  be- 
tween the  equal  division  points  (as  ab,  cd,  etc.),  find  their  sum, 
and  multiply  it  > 

by  d,  the  dis- 
tance between 
two  consecu- 
tive ordinates. 
As  measured 
by  the  writer, 
A  =  0.499  (0.45 
+  1.12  + 1.56 -f 
1.84  +  1.98  + 
1.98  +  1.84  + 
1.56  +  1.12  + 
0.45)  =  6.94 
square  inches. 
By  calculation, 
A  =  6.93  square 
inches.  Had 
the  figure  been 
ABCDHE,  AE 
and  CD  being 
parallel  to  O'O, 

and  the  radius  OH  =  3.5  inches,  the  area  by  Simpson's  rule 
would  be  9.79  square  inches;  by  the  trapezoidal  rule,  9.84 
square  inches;  and  by  calculation,  9.78  square  inches.  By  the 
trapezoidal  rule,  AC  may  be  divided  into  any  number  of  equal 
parts,  but  Simpson's  rule  requires  an  even  number.  J.  J. 


Diagram  for  finding  Area   of  Any  Plane  Figure 


NB'W  MACHINERY  AND  TOOLS 

THE    COMPLETE    MONTHLY    RECORD    OF    NEW    AMERICAN    METAL -WORKING    MACHINERY 


BAKER  HEAVY-DUTY  DRILLING  AND 
BORING    MACHINE 

This  machine  is  noteworthy  because  of  its  exceptional  size. 
The  maximum  distance  from  base  to  spindle  is  ^S'V^  inches; 
distance  from  center  of  spindle  to  face  of  frame,  22  inches; 
total  height  of  machine,  with  the  spindle  in  its  highest  posi- 
tion. 13  feet,  5%  inches;  over-all  width,  60  inches;  and  net 
weight,  18,000  pounds.  The  drive  is  through  a  single  pulley 
and  back-gears  to  the  speed-box,  eight  changes  of  speed  being 
available,  covering  a  range  from  3.5  to  87  revolutions  per 
minute.  Twelve  changes  of  feed  are  provided  which  cover  a 
range  from  0.005  to  0.032  inch  per  revolution  of  the  spindle. 
An  interesting  feature  of  construction  is  the  liberal  use  which 
has  been  made  of  ball  bearings,  twelve  sets  of  bearings  being 
used  in  each  machine. 

Constant  effort  made  by  progressive  manufacturers  to  in- 
crease their  rates  of  production  has  resulted  in  great  progress 
in  the  design  of  machine  tools  intended  for  operation  at  high 


Fig.    1.     Left-hand    Side    of   Baker   Drilling   Machine,    showing    Speed-    and 
Feed-boxes  and  Control  Levers 

speed.  To  meet  the  demand  for  drilling  and  boring  machines 
having  sufficient  power  and  productive  capacity  to  work  at 
high  speed  on  cast  steel  and  forgings,  Baker  Bros.,  Toledo, 
Ohio,  have  added  to  their  line  the  heavy-duty  high-speed  drill- 
ing machine  which  forms  the  subject  of  this  article.  Refer- 
ence to  Figs.  1  and  2  will  show  that  it  is  of  the  vertical  type 
with  a  column  of  box  section  which  carries  the  spindle,  feed- 
box  and  speed-box;  this  column  is  bolted  to  a  heavy  base  cast- 
ing which  extends  out  to  the  front,  forming  a  table  in  which 
seven  114-iiich  T-slots  are  cut.  A  hole  is  also  bored  in  the 
center  of  the  table  to  form  a  support  for  boring-bars,  in 
addition  to  which  the  base  carries  pockets  for  cutting  fluid. 
No  other  table  is  required  for  handling  those  classes  of  work 
for  which  this  machine  is  adapted. 

Power  is  supplied  by  a  6-inch  double  belt  which  runs  over 
tight  and  loose  pulleys,  24  inches  in  diameter,  that  rotate  at 
400  revolutions  per  minute.  The  machine  is  started  and 
stopped  by  shifting  lever  A,  Fig.  3.  From  pulley  shaft  D.  Fig.  4, 
power  is  transmitted  through  back-gears  mounted  on  the  frame 
to  a  speed-box  shown  in  Fig.  3,  which  is  mounted  at  the  side. 


Fig.   2.     Right-hand  Side  of  Baker  Drilling  Machine,   showing  Hand  Feed. 
Feed  Trip  and  Rapid  Traverse 

The  double  back-gears  provide  two  speed  changes,  and  four 
changes  are  provided  in  the  speed-box.  Power  is  transmitted 
from  the  back-gears  to  the  speed-box  through  2-pitch  bevel 
gears,  and  in  this  connection  it  may  be  mentioned  that  the 
back-gears  E  and  F  are  5/7-pitch  stub-tooth  steel  gears  which 
are  hardened  and  ground.  Lever  C.  Fig.  3,  is  used  for  shift- 
ing the  back-gears,  and  lever  B  operates  through  an  H-control 
to  give  the  four  speed  changes  through  sliding  gears  in  the 


Fig.   3.     Close   View   of   Speed-box  with   Cover  removed  to   show  Gearing 
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speed-box.  These  are  4/5-pitch  stub-tooth  steel  gears,  which 
are  hardened  and  ground,  and  supported  on  steel  shafts  simi- 
larly heat-treated.  From  the  foregoing  it  will  be  evident  that 
two  levers  provide  eight  changes  of  speed,  which  are  3.B,  5.5, 
8.5,  13,  23,  36,  56  and  87  revolutions  per  minute.  All  shafts  in 
the  speed-box  are  mounted  on  S.  K.  F.  ball  bearings,  of  which 
twelve  sets  are  used  in  each  machine. 

From  the  speed-box  power  is  transmitted  to  the  spindle 
through  2-pitch  bevel  gears  and  a  driving  shaft  to  spur  gears 
mounted  at  the  top  of  the  machine.  The  spur  pinion  on  this 
vertical  shaft  is  a  2-pitch,  16-tooth  gear  of  5  inches  face  width 


Fig.  4.     Arrangement  of  Drive  from  Pulley  Shaft  through  Back-gears 

meshing  with  an  80-tooth  main  driving  spindle  gear.  The  teeth 
of  this  gear  are  cut  in  a  steel  shrouding  bolted  to  a  cast-iron 
hub  by  six  %-inch  bolts.  These  gears  are  enclosed  in  an  oil- 
proof  housing  and  run  in  grease.  The  spindle  is  of  forged 
open-hearth  steel  containing  0.60  per  cent  carbon;  the  maxi- 
mum diameter  is  10  inches  and  the  minimum  diameter,  7 
inches.  It  is  driven  from  the  main  driving  gear  through  two 
114-inch  tool-steel  feather  keys  located  180  degrees  apart;  and 
the  end  of  the  spindle  is  slotted  4  inches  wide  by  1  inch  deep 
to  provide  for  driving  the  tools.  Owing  to  the  extraordinary 
size  of  the  spindle,  standard  tapers  are  not  large  enough,  and 
so  a  special  taper  is  employed.  The  hole  is  9  inches  deep  by  4 
inches  in  diameter  at  the  bottom  of  the  taper  and  tapers  0.625 


inch  per  foot.  The 
shank  of  the  driv- 
ing tool  is  held  in 
place  by  a  pin  1 
inch  in  diameter, 
and  at  the  end  of 
the  taper  a  drift 
hole  IVi  inch  in  di- 
ameter is  bored 
through  the  spindle 
instead  of  employ- 
ing the  customary 
slotted  drift  hole. 

The  spindle 
thrust  is  taken  by 
ball  thrust  bear- 
ings located  at  the 
top  and  bottom  of 
the     spindle     quill. 

The    balls    are    of    a  ^'^'  ®-     ^"°eement  of  Feed  Trip  Mechanism 

special  alloy  steel;  in  the  bottom  bearing  they  are  IVi  inch 
in  diameter,  while  %-inch  balls  are  used  in  the  top  bearing. 
The  spindle  quill  is  10  inches  in  diameter,  and  it  is  made  of 
cast  steel  and  ground  to  size.  Vertical  feed  is  obtained  through 
a  rack  and  pinion,  the  rack  teeth  being  milled  from  the  solid 
quill,  which  has  %-pitch  stub  teeth  and  provides  a  maximum 
vertical  feed  motion  of  27  inches.  Traverse  of  the  spin- 
dle   is   effected    by   turning   a   six-handled    capstan    by   hand. 


Alarhinny 


Fit.  6.     Close  View  of  Feed  Trip  UeohaniBm  in  Place  on  Machine 


Fig.  7.     Close  View  of  Machine  in  Operation  and  Typical  Example  of  Work 

The  quill  is  prevented  from  rotating  with  the  spindle  by  two 
guide  bars  cast  integral  with  the  quill.  In  addition  to  pre- 
venting rotation,  these  guide  bars  carry  the  spindle  counter- 
balance cables  which  support  weights  inside  the  frame  of  the 
machine.  An  idea  of  the  size  of  the  spindle  will  be  obtained 
from  the  fact  that  the  counterbalance  weighs  1650  pounds. 
On  smaller  drilling  machines  built  by  Baker  Bros,  the  quill 
carries  the  feed  trip  band,  but  on  the  present  machine  the  feed 
band  must  necessarily  be  omitted  because  of  clearances  in  de- 
sign. An  interesting  tripping  mechanism  is  employed  for  the 
automatic  trip. 

Power  is  transmitted  from  the  vertical  driving  shaft  and 
thence  through  a  bevel  gear  and  pinion  to  the  feed-box.  Four 
positions  of  a  drive  key  with  change-gears  provide  twelve 
changes  of  feed,  which  are  0.005,  0.006,  0.007,  0.008,  0.010,  0.012, 
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0.014,  0.016,  0.019,  0.023,  0.027  and  0.032  inch  per  revolution 
of  the  spindle.  Any  number  of  other  feeds  may  be  obtained 
by  providing  additional  change-gears.  From  the  feed-box  a 
shaft  is  carried  through  the  frame  of  the  machine  to  connect 
with  the  feed  worm  and  trip,  and  Fig.  6  shows  the  arrange- 
ment of  this  trip  mechanism,  to  which  reference  has  already 
been  made.  Dial  gear  N  operates  from  feed  pinion  shaft  0  and 
is  of  sufficient  size  so  that  one  revolution  more  than  covers 
the  27  inches  of  vertical  feed  to  the  spindle.  Within  the  dial 
gear — mounted  and  clamped  in  position  by  four  bolts  P — there 
is  an  adjustable  dial  plate  graduated  in  divisions  of  1  inch 
over  a  feed  range  of  0  to  27  inches.  Trip  stud  Q  may  be  set 
at  any  point  on  this  dial  plate,  the  trip  stud  being  carried  in  a 
T-slot  cut  in  the  dial  plate.  As  stud  Q  feeds  around,  it  strikes 
the  trip  plunger  B,  which  releases  lever  S,  thus  tripping  the 
feed  worm  out  of  mesh  with  the  worm-gear  and  releasing  the 
feed.  A  safety  stop  T  is  provided  which  is  set  so  that  the 
feed  is  always  tripped  before  the  guide  bars  in  the  spindle 
quill  strike  the  top  of  the  lower  spindle  bearing.  By  loosen- 
ing bolts  P  the  dial  plate  can  be  set  at  any  convenient  point 
for  the  operator  to  set  trip  stud  Q. 

The  principal  dimensions  of  the  machine  are  as  follows: 
maximum  distance  from  top  of  base  or  table  to  face  of  spindle, 
48  inches;  minimum  distance  from  top  of  base  or  table  to 
face  of  spindle,  21  inches;  distance  from  center  of  spindle  to 
face  of  frame,  22  inches;  height  of  machine  with  spindle  in 
highest  position,  13  feet,  SVz  inches;  over-all  width  of  single- 
spindle  machine,  60  inches;  and  net  weight  of  machine,  18,000 
pounds. 


CONTROL  MECHANISM  FOR  ANDERSON 
DIE  FORMER 

In  the  October,  1915,  number  of  Machinery  a  description 
was  published  of  the  die  forming  machine  which  had  just  been 
placed  on  the  market  by  the  Anderson  Die  Machine  Co.,  590 
Water  St.,  Bridgeport,  Conn.  The  general  features  of  design 
were  the  same  as  those  of  the  machine  shown  in  the  illustra- 
tions accompanying  the  present  article,  but  recently  an  im- 
proved form  of  control  mechanism  has  been  developed,  which 
enables  greater  accuracy  to  be  obtained  in  finishing  the  sides 
of  a  die  or  similar  piece  of  work  than  was  possible  with  the 
original  machine.  The  chief  object  of  this  device  is  to  make 
it  possible  to  machine  straight  surfaces  in  the  die  and  have 
these  surfaces  at  any  desired  angle  to  other  surfaces  in  the  die. 

Referring  to  Fig.  1,  which  shows  a  plan  view  of  the  ma- 
chine, if  will  be  seen  that  there  is  a  dovetail  A  along  one  side 
of  the  table,  on  which  is  carried  a  block  B.  Secured  to  this 
block  is  a  guide  C  that  slides  over  the  table  surface  as  the 
position  of  block  B  is  changed  by  turning  knurled  nut  D. 
Guide  C  is  held  at  right  angles  to  the  edge  of  the  table  and  is 
grooved  to  support  rod  E,  the  position  of  which  may  be  changed 
by  turning  knurled  nut  F.     Block  G  rides  on  the  outside  of 


Fig.   2.     Anderson  Die  Forming  Machine  with  Flexible   Shaft  Connection 
to  Tool 

guide  C  and  supports  die-holding  clamp  H  in  the  manner  illus- 
trated. Block  G  and  die-holder  H  are  secured  to  adjustable 
rod  E  by  inserting  pin  J  in  one  of  the  holes  in  this  rod;  and 
it  will  be  noticed  that  set-screws  provide  for  locking  block  B 
to  dovetail  slide  A,  and  block  G  to  slide  C,  respectively. 

It  will  be  evident  that  when  a  die-block  has  been  set  up  in 
holder  H  and  set-screws  loosened  so  that  blocks  B  and  G 
are  free  to  move  on  their  respective  guides,  a  suitable  adjust- 
ment of  screw  D  or  F  provides  for  feeding  the  die-block  up  to 
the  cutter  ready  for  taking  a  cut  of  the  desired  depth.  After 
this  preliminary  setting  has  been  made,  the  cut  is  taken  by 
sliding  block  B  on  dovetail  A  or  block  G  on  guide  C,  as  the 
case  may  be.  After  taking  a  cut  in  this  way,  the  work  is 
brought  back  to  the  starting  point,  after  which  the  knurled 
screw  is  manipulated  to  feed  the  work  to  the  cutter,  ready 
for  taking  a  second  cut,  and  so  on  until  the  operation  has 
been  completed. 


Plan   View   of   Anderson   Die   Former,    showing   Arrangement   of 
Controlling  Mechanism 


HYDRAULIC  BRIQUETTING  PRESS 

The  accompanying  illustration  shows  a  new  hydraulic  press 
recently  brought  out  by  the  Hydraulic  Press  Mfg.  Co.,  84 
Lincoln  Ave.,  Mount  Gilead,  Ohio.  The  press  is  used  for 
briquetting  metal  borings,  turnings,  etc.,  so  that  they  may  be 
remelted  without  the  loss  of  valuable  constituents  and  with- 
out oxidizing;  and  it  also  puts  the  material  in  a  convenient 
form  for  handling.  This  press  is  of  the  four-rod  inverted 
cylinder  type,  and  is  built  in  three  different  sizes  with  pres- 
sure capacities  of  1000,  750,  and  300  tons,  respectively.  The 
illustration  shows  the  1000-ton  press. 

The  briquet  forming  mechanism  of  these  presses  is  capable 
of  quickly  forming  a  briquet  of  uniform  density.  This  is  ac- 
complished by  placing  the  material  in  a  floating  mold  sup- 
ported by  four  springs.  When  the  pressure  is  applied  from 
above,  the  friction  of  the  material  on  the  sides  of  the  mold 
causes  it  to  move  down  over  a  stationary  plunger  which 
projects  into  the  mold  from  below.  Pressure  is  thus  applied 
on  the  bottom  as  well  as  on  the  top  of  the  material,  and  a 
briquet  of  uniform  density  is  obtained. 

After  being  formed,  the  briquet  is  ejected  from  the  mold 
by  pressure  of  the  main  ram  applied  upon  the  briquet  with 
the  lower  plunger  removed,  the  hitter  being  effected  by  a  sim- 
ple movement  of  a  controlling  lever.  The  briquet  then  falls 
through  to  the  base  of  the  press,  whence  it  is  removed  by  a 
conveyor.  On  the  1000-  and  750-ton  presses,  hydraulic  push 
cylinders  lift  the  floating  mold  while  the  lower  die  is  with- 
drawn or  returned  to  place.  A  collar  surrounding  the  lower 
die  is  held  against  the  mold  by  a  spring  to  close  up  all  clear- 
ance between  the  mold  and  the  lower  die  in  the  300-ton  press. 

The  press  here  illustrated  is  provided  with  a  surge  tank, 
the  base  of  which  is  located  higher  than  the  main  cylinder. 
By  a  simple  movement  of  the  valve  lever,  the  plunger  drops 
to  the  material  in  the  mold  and  the  main  cylinder  is  filled 
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with  fluid  by  suc- 
tion caused  by  low- 
ering the  ram  as 
well  as  by  action  of 
gravity  on  the  fluid. 
Thus  the  first 
stroke  of  the  pump 
initiates  the  pres- 
sure upon  the  ma- 
terial. After  com- 
pleting the  pressing 
operation,  the  main 
ram  is  returned  by 
means  of  the  auxil- 
iary ram  located  at 
the  extreme  top  of 
the  press,  and,  as 
will  be  readily  seen, 
this  action  returns 
the  fluid  to  the 
surge  tank. 

Every  operation 
of  these  presses  is 
controlled  by  con- 
veniently located 
levers.  The  station- 
ary plunger  project- 
ing into  the  mold 
from  below  is  dis- 
placed and  replaced 
by  a  lever  near  the 
operating  valve. 
The  presses  are  sol- 
idly built,  steel  be- 
ing used  through- 
out. The  strain  rods 
are  made  of  heat- 
treated  forged  steel,  and  they  have  solid  heads  and  collars. 
The  main  ram  is  guided  in  its  travel  by  babbitted  bearings 
working  upon  the  strain  rods  and  by  a  long  bearing  in  the 
throat  of  the  cylinder;  the  floating  mold  is  also  guided  by 
babbitted  bearings.  The  collars  located  on  the  center  of  the 
strain  rods  prevent  the  floating  mold  from  ascending  too  high. 


MCI""")' 


Hydraulic  1000-ton  Briquetting  Press  for  Metal 
Borings  and  Turnings 


HA  WES  BELT  POLISHING  LATHE 

The  "Safety  First"  No.  12  vertical  polishing  machine  which 
forms  the  subject  of  the  following  description  is  a  recent  prod- 
uct of  C.  L.  Hawes,  Ashtabula,  Ohio.  It  will  be  seen  that  the 
base  is  designed  along  similar  lines  to  that  of  the  Hawes 
grinder  and  polisher;  but 
two  pulleys  have  been 
substituted  in  place  of 
the  grinding  wheels,  and 
overhead  works  furnished 
to  support  two  upper  pul- 
leys for  carrying  two  end- 
less polishing  belts.  Pro- 
vision is  made  for  main- 
taining the  required  belt 
tension  by  means  of  two 
small  handwheels  that  en- 
able the  upper  pulleys  to 
be  raised  to  take  up  any 
slack  that  develops  in  the 
belts.  These  polishing 
belts  may  be  from  %  to 
2^2  inches  in  width,  and 
the  pulleys  may  be  run 
at  speeds  up  to  4000  revo- 
lutions per  minute.  The 
illustration  shows  a  belt- 
driven  machine,  but  pro- 
vision may  be  made  for 
the  application  of  electric 
motor    drive,     in    which 


Hawes  No.    12   "Safety  First"   Vertical  Polishing  Machine 

case  a  two-horsepower  constant-speed  motor  is  employed.  The 
floor  space  occupied  by  the  machine  is  36  by  24  inches.  The 
machine  is  6  feet  high  and  weighs  approximately  1000  pounds. 


Cleveland   Cutter  Relieving  Machine   for  giving  Straight.   Side  or  End  Relief  to  Teeth 


CLEVELAND   CUTTER  RELIEVING 
MACHINE 

The  Cleveland  Milling  Machine  Co.,  18511  Euclid  Ave.,  Cleve- 
land, Ohio,  is  now  building  the  cutter  relieving  machine  illus- 
trated and  described  herewith.  This  machine  has  been  de- 
veloped for  the  special  purpose  of  relieving  formed  cutters  up 
to  13%  inches  in  diameter  with  any  number  of  teeth  from  one 
to  twenty-eight,  inclusive,  and  any  even  number  of  teeth  from 
twenty-eight  to  forty-two,   inclusive,   giving  straight,  side  or 

end  relief  on  all  cutters 
that  come  withii  the  ca- 
pacity of  the  machine. 
It  will  be  noted  from  the 
illustration  that  box-type 
construction  has  been 
adopted  for  all  large 
members,  including  the 
base,  bed,  headstock  and 
tailstock,  in  which  the 
metal  is  generously  dis- 
tributed in  both  the  walls 
and  webs  to  provide  am- 
ple strength. 

Power  is  provided  by  a 
14-inch  pulley  which  car- 
ries a  3-incli  belt  and 
runs  at  460  revolutions 
per  minute.  From  this 
pulley  the  drive  is 
through  a  set  of  reverse 
gears  to  a  tumbler  pin- 
ion, from  which  five  se- 
lective spindle  speeds  are 
obtained,  the  drive  being 
transmitted    through    a 
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worm-wheel  of  large  diameter, 
mounted  directly  upon  the  spindle. 
The  machine  can  be  started,  stopped 
or  reversed  by  manipulating  a 
single  hand-lever.  The  spindle  is 
machined  from  a  high-carbon  steel 
forging  and  is  3^^  inches  in  diame- 
ter at  the  largest  point.  It  runs 
in  solid  tapered  phosphor-bronze 
bearings,  provided  with  means  of 
compensating  for  wear.  The  taper 
hole  in  the  spindle  is  No.  10  Brown 
&  Sharpe,  and  the  spindle  is  bored 
to  accommodate  a  1-inch  draw  bolt. 
The  tailstock  sleeve  is  2%  inches 
in  diameter  and  is  bored  No.  10 
B.  &  S.  taper;  it  has  a  maximum 
adjustment  of  7  inches  by  means  of 
a  handwheel.  Alignment  of  the  tail- 
stock  is  maintained  through  one  90- 
degree  V-way  at  the  back  of  the 
bed,  the  flat  bearing  at  the  front 
being  2  inches  wide  by  15  inches  In 
length.  The  tailstock  may  be  locked 
in  any  desired  position  by  two 
clamping  bolts  located  in  front  of 
the  tailstock.  The  rear  carriage 
bearing  is  3  inches  wide  and  the 
front  bearing  6  inches  wide;  the 
carriage  is  gibbed  longitudinally  to 
the  front  bearing  and  the  apron  is 
cast  Integral  with  the  carriage. 
The  carriage  is  provided  with  a 
maximum  longitudinal  adjustment 
of  13  inches,  which  is  obtained  by 


"Production"    Hand   Surface 
Machinery 


Grinder   built   by   New   Jersey 
Exchange 


operating  a  handwheel.     Each   complete   single   turn   of  this 
wheel  gives  a  longitudinal  carriage  movement  of  1  inch. 

A  single  throw  cam  giving  relief  from  0  to  %  inch  is  car- 
ried by  a  cam  slide  swivel  plate  which  is  adjustable  to  any 
degree  desired.  Tapered  gibs  are  provided  for  taking  up  wear 
on  all  slides.  The  forming  tool  may  be  quickly  positioned 
in  the  proper  relation  to  the  cutter  by  means  of  a  double 
adjustable  toolpost  graduated  to  0.001  inch.  Corrugated  ad- 
justable wedges  on  top  of  the  toolpost  provide  for  adjusting 
the  amount  of  stock  that  is  ground  off  the  forming  tool  from 
%  to  %  inch.  This  cutter  relieving  machine  may  be  motor- 
driven,  if  desired,  in  which  case  a  three-horsepower  constant- 
speed  motor  is  mounted  on  top  of  the  headstock.  The  weight 
of  the  machine  is  approximately  7000  pounds. 


"PRODUCTION"   HAND  SURFACE  GRINDER 

The  "Production"  hand  surface  grinder  which  forms  the 
subject  of  the 
following  de- 
scription is  a  re- 
cent product  of 
the  New  Jersey 
Machinery  Ex- 
change, 21  Me- 
chanic St.,  New- 
ark, N.  J.  In  de- 
signing, an  ef- 
fort was  made  to 
make  this  ma- 
chine as  simple 
as  possible  and 
Etill  adapt  it  for 
grinding  and  fin- 
ishing flat  sur- 
faces on  punches, 
dies  and  ma- 
chine parts.  By 
referring  to  the 
accompanying  il- 
lustration,  it 
will  be  seen  that 


Cincinnati   Planer  for  machining  9.2-incb   Russian    Howitzer   Barrels 


the  spindle  is  carried  by  a  vertical 
slide  which  has  a  maximum  move- 
ment of  7  inches  and  is  operated 
by  a  handwheel  that  has  a  dial 
graduated  to  0.001  inch.  The  spin- 
dle is  carried  in  taper  bearings 
and  is  provided  with  means  of 
compensating  for  all  ordinary  wear. 
Longitudinal  and  transverse 
movements  are  provided  for  the 
table,  the  latter  being  operated  by  a 
handwheel  fitted  with  a  dial  gradu- 
ated to  0.001  inch,  which  is  similar 
to  the  vertical  feed.  Longitudinal 
movement  of  the  table  is  obtained 
by  means  of  a  hand-lever  so  propor- 
tioned that  a  quick  and  accurate 
movement  is  obtained  for  the  work. 
The  slides  for  both  these  move- 
ments have  liberally  proportioned 
bearing  surfaces  and  are  fitted  with 
gibs  to  compensate  for  wear.  The 
slides  are  so  designed  that  it  is  im- 
possible for  grit  to  find  its  way 
into  the  bearings.  This  grinder  is 
driven  by  a  countershaft  with  a 
weighted  idler  pulley  which  main- 
tains a  constant  belt  tension.  For 
average  classes  of  work  a  counter- 
shaft speed  of  400  revolutions  per 
minute  is  recommended. 

The  principal  dimensions  of  the 
"Production"  hand  surface  grinder 
are  as  follows:  size  of  table,  15  by  5 
inches;  maximum  traverse  of  table, 
8  inches;  maximum  cross-feed,  6  inches;  maximum  vertical 
adjustment  of  spindle  slide,  7  inches;  maximum  distance  be- 
tween wheel  and  table,  6  inches;  size  of  grinding  wheel,  6 
inches  in  diameter  by  Vz  inch  face  width;  width  of  driving 
belt.  111;  inch;  diameter  of  countershaft  tight  and  loose  pul- 
leys, 41/2  inches;  width  of  countershaft  driving  belt,  2  inches; 
speed  of  countershaft,  400  R.  P.  M.;  and  weight  of  machine, 
435  pounds. 

CINCINNATI   GUN   BARREL  PLANER 

The  Russian  9.2-inch  howitzers  have  a  projecting  guide  ex- 
tending along  each  side  of  the  barrel,  which  allows  the  barrel 
to  move  back  in  the  carriage  to  absorb  recoil.  The  presence 
of  these  guides  makes  it  impossible  to  turn  the  barrels  on  a 
lathe,  and  to  provide  for  machining  them  the  Cincinnati  Planer 
Co.,  Cincinnati,  Ohio,  has  built  a  number  of  special  48-  by  48- 
inch  by  18-foot  planers,  one  of  which  is  shown  in  the  accom- 
panying illustra- 
tion.  These 
planers  are 
driven  by  a  re- 
versible motor 
drive  coupled  di- 
rect to  the  ma- 
chine. The  how- 
itzer barrels  are 
first  turned  on 
the  outside  wher- 
ever the  project- 
ing guides  do  not 
interfere,  and 
one  end  is  also 
turned  to  fit  the 
chuck  while  a 
plug  center  is 
put  in  the  oppo- 
site end  to  align 
the  work  prop- 
erly. After  this 
has  been  done 
the    barrel    is 
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mounted  between  centers  on  the  planer  table  and  completely 
finished  between  the  projecting  guides  which  are  also  planed 
while  the  gun  barrel  is  set  up  on  the  planer. 

It  will  be  seen  that  the  front  center  or  headstock  is  pro- 
vided with  an  expansion  chuck  which  is  part  of  the  spindle, 
on  which  a  large  worm-wheel  is  mounted  at  the  opposite  end. 
The  worm  that  engages  this  wheel  is  keyed  on  a  shaft  that  has 
a  ratchet  lever  mounted  at  its  outer  end;  and  this  ratchet 
lever  engages  a  tappet  fastened  at  the  side  of  the  bed  to  pro- 
vide for  revolving  the  gun  barrel  for  the  next  stroke  after 
each  cut  has  been  completed.  The  cross-rail,  which  has  a  slid- 
ing fit  on  the  housings,  is  provided  with  two  brackets  bolted 
under  the  rail  and  further  held  by  a  clamp  on  both  the  out- 
side and  inside.  A  roller  is  mounted  on  each  of  these  brackets 
at  the  lower  end,  and  projects  over  the  side  of  the  table  to 
engage  a  cam,  the  contour  of  which  corresponds  exactly  to 
that  which  is  required  on  the  gun  barrel. 

The  operation  of  this  machine  differs  but  little  from  that  of 
a  standard  planer  except  for  the  feed  and  taper  attachment. 
The  table  is  started  on  its  cutting  stroke  in  the  regular  way, 
and  the  cross-rail,  instead  of  maintaining  a  fixed  position,  is 
guided  by  rollers  contacting  with  the  forming  cams  on  the 
table  to  cause  the  cross-rail  to  rise  and  fall  as  the  table  passes 
under  it,  thereby  giving  the  required  taper  form  to  the  work. 
At  the  end  of  the  return  stroke  the  ratchet  lever  on  the  worm- 
shaft  strikes  the  tappet  at  the  side  of  the  bed,  causing  the 
lover  to  rotate  through  an  arc  and  give  the  worm-wheel  the 
necessary  movement  to  revolve  the  work  through  an  angle 
corresponding  to  the  required  feed.  It  will  be  noted  that  this 
combination  of  two  motions,  i.  e.,  turning  the  gun  on  center 
at  the  end  of  each  stroke  and  raising  or  lowering  the  cross- 
rail  while  the  table  is  in  motion,  causes  the  tool  to  plane  both 
a  circular  cross-section  and  a  tapered  longitudinal  section  for 
the  gun  barrel.  When  planing  the  straight  rectangular  recoil 
guides  the  cross-rail  is  raised  a  little  so  that  the  rollers  are 
clear  of  the  cams  and  bolted  fast  to  the  housings;  the  ratchet 
lever  is  also  disengaged  and  the  feed  obtained  through  the 
regular  feed  gears  at  the  end  of  the  cross-rail. 


HOLMES   FILING   MACHINE 

The  Holmes  Mfg.  Co.,  Shelton,  Conn.,  is  the  manufacturer 
of  the  filing  machine  shown  in  the  accompanying  illustrations. 
A  noteworthy  feature  of  the  design  is  that  variable-speed 
drive  is  provided-  by  a  friction  disk  and  wheel  best  shown  in 
the  rear  view  of  the  machine  illustrated  in  Pig.  2.  An  Old- 
ham coupling  is  employed  to  make  connection  between  the 
driving  motor  and  shaft  on  which  the  friction  wheel  is  carried, 
as  can  be  seen  in  the  illustrations. 

Another  noteworthy  point  is  that  plain  files  can  be  used  in 
the  machine,  making  it  unnecessary  to  obtain  files  with  spe- 
cial shanks.     General  practice  in  the  design  of  die  filing  ma- 


Fig.  2.     Rear  View  of  Holmes  Filing  Machine,  showing 
Variable-speed  Drive 


chines  has  been  followed  by  providing  means  of  tilting  the 
table  to  enable  the  necessary  clearance  to  be  filed  in  dies.  In 
addition,  special  means  have  been  furnished  to  enable  the 
filing  of  punches  to  be  performed  in  an  expeditious  manner. 
This  is  done  by  having  the  bar  at  the  back  of  the  machine, 
which  supports  the  upper  end  of  the  file,  sufficiently  heavy  so 
that  a  short  file  can  be  given  plenty  of  support  by  simply  hold- 
ing it  at  the  upper  end.  In  this  way  a  punch  may  be  placed 
on  the  table  and  the  file  set  so  that  it  is  able  to  file  down  close 
to  a  shoulder,  as  when  filing  the  shank  of  a  punch.  This  ma- 
chine has  four  take-up  bearings,  and  the  stroke  can  be  regu- 
lated from  0  to  11^  inch.  The  machine  is  portable,  and  can  be 
carried  to  the  work. 


Tig.  1.     Front  View  of  Filing  Machine  built  by  Holmes  Mfg.   Co. 


FITCHBURG  8-INCH  "LO-SWING" 
LATHE 

The  general  features  of  design  of  this  machine  are  similar 
to  those  of  the  luell-known  Fitchburg  "Lo-swing"  lathes,  but 
the  present  machine  is  of  much  larger  size,  having  a  capacity 
for  handling  work  up  to  8  inches  in  diameter  by  84  inches  in 
length.  Machines  with  longer  beds  can  be  built  to  meet  spe- 
cial requirements.  Connection  between  the  feed-rod  and  car- 
riage is  made  by  an  Oldhajn  coupling  which  makes  the  car- 
riage entirely  independent  of  accuracy  of  alignment  of  the 
feed-rod.  The  drive  is  through  a  single  20-inch  pulley  which 
runs  continuously,  and  no  countershaft  is  required;  the  driv- 
ing pulley  is  provided  with  a  clutch  operated  by  a  shipper  bar 
extending  the  full  length  of  the  machine.  A  pump  is  provided 
for  supplying  lubricant  to  all  tools  through  supply  pipes  and 
thence  through  individual  tubes  to  the  cutting  points  of  the 
tools.  Under  test  in  turning  spindles  from  50-point  ^carbon 
steel,  the  machine  removed  19.31  cubic  inches  of  metal 
per  minute. 

The  Fitchburg  Machine  Works,  Fitchburg,  Mass.,  have  re- 
cently brought  out  a  "Lo-swing"  lathe  of  much  larger  capacity 
than  previous  types,  and  with  different  operating  mechanism, 
although  the  machine  has  been  designed  after  the  "Lo-swing" 
principle,  i.  e.,  that  of  turning  different  diameters  and  tapers 
with  multiple  tools  operating  simultaneously.  The  machine 
shown  in  Fig.  1  handles  work  up  to  8  inches  in  diameter  and 
will  take  shafts  84  inches  in  length  or  less,  but  machines  with 
longer  beds  can  be  furnished  to  meet  special  requirements. 

Bed  and  Carriage  Construction 

Fig.  2  illustrates  the  carriage  mechanism  and  the  bearings 
of  the  carriages  upon  the  bed.  It  is  one  of  the  "Lo-swing" 
principles  to  place  the  carriages  on  the  ways  on  front  of  the 
bed,  and  the  tailstock  and  steadyrest  on  the  back  ways,  thus 
permitting  the  carriages  to  pass  both  tailstock  and  steadyrest 
without  interference.  As  may  be  seen  in  this  illustration,  the 
carriages  are  mounted  on  single  heavy  double-angle  ways  and 
each  carriage  is  gibbed  at  the  bottom  to  provide  for  taking  up 
wear.  An  important  feature  of  the  carriage  construction  is  the 
entire  independence  from  alignment  with  the  feed-rod  that  may 
be  seen  passing  through  the  two  carriages  at  the  front  of  the 
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Fig.    1.     Front    View    of    Fitchburg    S-inch    "Lo-swing"    Lathe 


machine  in  Fig.  1.     Connection  between  the  feed-rod  and  car- 
riages is  made  through  an  Oldham  coupling. 

The  feed  driving  gear  is  a  double  spur  gear,  and  for  for- 
ward movement  of  the  carriage  the  right-hand  section  meshes 
directly  with  a  sliding  gear  E  on  the  worm-shaft  F.  For  re- 
verse movements  of  the  carriage,  the  drive  is  through  the  left- 
hand  section  of  gear  D  into  the  intermediate  pinion  G   (best 


Lever  Q  is  for  throwing  the 
worm-box  and  worm  into  mesh 
through  the  bellcrank  and  link 
shown;  and  the  worm  is  thrown  out 
of  mesh  by  pressing  lever  R  in 
either  direction.  In  operation, 
when  the  carriage  reaches  the  lo- 
cation of  a  feed  trip  dog,  the  worm- 
box  is  disengaged  by  the  throwing 
over  of  lever  S  that  allows  the 
worm-box  to  drop.  After  it  has 
dropped  the  carriage  may  be  moved 
a  small  amount  by  hand  until  it 
comes  up  solidly  against  the 
positive  stop-screw  K  which  ab- 
solutely limits  the  carriage  travel. 
Reversal  of  the  carriage  is  secured 
by  sliding  lever  V  along  in  the  di- 
rection desired  to  operate  the  car- 
riage, and  this  lever  may  be  oper- 
ated without  stopping  the  feed.  Lubrication  of  the  carriage 
mechanism  is  through  oil  tubes  leading  from  the  front  of  the 
carriage  to  all  the  principal  bearings. 

Tailstock  and  Steadyrest 

As  may  be  seen  in  Fig.  1,  the  tailstock  is  of  extremely  heavy 
design  and  it  operates  on  the  back  ways  of  the  machine,  being 
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shown  in  Fig.  2)  and  then  into  the  worm-shaft  pinion  E. 
Worm-shaft  F  carries  a  single  right-hand  steel  worm  H  that 
meshes  with  bronze  worm-wheel  I  on  the  capstan  shaft  J.  The 
familiar  type  of  worm-box  construction  is  used,  permitting  of 
engaging  or  disengaging  the  feed  by  dropping  the  worm  from 
the  worm-wheel,  when  stops  on  the  stop-rod  shaft  trip  the 
feed  or  when  the  feed  is  tripped  by  a  hand-lever. 

On  the  forward  end  of  capstan  shaft  J  is  pinion  M  meshing 
with  a  large  spur  gear  on  the  rack 
pinion  shaft;  and  on  the  right-hand 
end  of  this  rack  shaft  is  a  pinion 
that  meshes  with  the  rack  on  the 
under  side  of  the  bed  of  the  ma- 
chine, as  may  be  seen  in  Fig.  1. 
The  carriages  are  provided  with 
locks  to  hold  them  stationary  while 
necking  in  for  shoulders  on  shafts. 
The  carriage  tool-holders  are  not 
shown  in  Fig.  2,  but  two  are  shown 
on  each  carriage  in  Fig.  1.  These 
hold  tools  of  %  by  lH  inch  and 
may  be  independently  adjusted  to 
or  from  the  work  and  longitudin- 
ally on  the  carriage.  This  is  one  of 
the  standard  "Lo-swing"  principles. 


Arrangement  of  Carriage  Mechanism  on  Fitchburg  8-inch  "Lo-swing"  Lathe 

entirely  independent  of  the  carriages  which  may  pass  it  with- 
out interference.  The  tailstock  spindle  is  17  Va  inches  long  and 
is  operated  by  a  handwheel.  The  end  of  the  tailstock  is  fitted 
with  a  No.  4  Morse  taper  center.  The  tailstock  spindle  may 
be  clamped  in  any  desired  position  with  a  hand-lever.  The 
steadyrest,  used  in  turning  shafts  of  small  diameter  under 
heavy  cuts,  clamps  on  the  back  ways  and  is  fitted  with  roller 
supports. 


Fig.   3.     Opposite  Side  of  Fitchburg   "Lo-swing"   Lathe  shown  in   Fig.    1 
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Driving:  Mechanism  ot  Headstock 

The  drive  is  through  a  single  20-inch  or  24-inch  pulley,  as 
desired,  which  runs  continuously.  No  countershaft  is  required, 
as  the  pulley  runs  free  on  the  driving  shaft  and  is  clutch-op- 
erated when  it  is  desired  to  start  the  machine.  A  long  shipper 
bar  may  be  seen  running  the  full  length  of  the  machine,  and 
it  is  through  this  means  that  the  clutch  is  operated.  The 
clutch  is  toggle-operated  and  the  drive  is  secured  by  clamping 
the  loose  driving  pulley  between  flanges  that  are  keyed  to  the 
driving  shaft.  This  drive  or  pulley  shaft  is  of  large  diameter 
and  runs  in  bronze  bearings.  Six  spindle  speeds  are  available 
from  the  pulley  shaft,  three  being  obtained  from  the  pinion 
on  the  pulley  shaft  and  three  from  the  clutch  gear.  When 
the  drive  is  through  the  pinion,  the  clutch  gear  is  disengaged; 
and  when  the  drive  is  through  the  clutch  gear,  the  latter  is 
locked  to  a  clutch  plate  keyed  to  the  pulley  shaft. 

Referring  to  Fig.  1,  the  various  levers  for  operating  the  feed 
and  speed  changes  may  be  seen.  The  two  upper  levers  are  for 
the  six  spindle  speeds.  The  left-hand  lever  operates  a  clutch 
on  the  spindle  giving  three  speeds  according  to  its  location  to 
the  right,  left  or  center.  The  right-hand  lever  operates  the 
pulley  shaft  clutch  gear,  and  this  has  two  positions,  right  or 
left,  thus  compounding  the  speeds  to  give  the  six  spindle 
speeds.  Referring  to  Fig.  4,  the  various  combinations  of 
the  clutch  levers  are  shown  at  the  left,  and  the  resulting 
speeds  that  may  be  given  to  the  spindle  are  shown.    The  spin- 
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Fig.  4.    Plate  showing  Lever  Positions  and  Available  Speed  and  Feed  Changes 

die  runs  in  adjustable  bronze  bearings  with  roller  end  thrust, 
and  carries  on  the  front  end  the  "Lo-swing"  balanced  driver. 
The  speed  gears  in  the  headstock  all  run  in  oil. 

Feed  Changing'  Mechanism 

The  feed  is  taken  from  a  spur  gear  at  the  extreme  left-hand 
end  of  the  spindle,  which  operates  through  an  idler  gear  and 
then  through  a  gear  on  the  upper  feed  shaft.  This  upper  shaft 
has  three  feed  gears  of  different  diameters  that  may  be  meshed 
alternately  with  a  three-step  shoulder  gear  sliding  on  the 
lower  feed  shaft,  thus  giving  three  feeds  to  the  lower  feed 
shaft.  The  lower  feed  shaft  has  a  three-step  shoulder  gear  at 
the  right-hand  end,  and  this  gear  may  be  meshed  with  any 
one  of  three  gears  on  the  intermediate  feed  shaft,  making  a 
total  of  nine  feed  changes  that  may  be  given  the  intermediate 
shaft.  This  intermediate  shaft  is  coupled  directly  to  the  main 
feed-rod  at  the  front  of  the  machine. 

The  nine  variations  of  feed  for  the  feed-rod  are  shown  at 
the  right-hand  side  of  Fig.  4.  This  illustrates  the  position  of 
the  two  levers  for  securing  any  rate  of  feed  from  0.166  inch 


Fig.    5.     Tooling  used  for   turning   Spindles   on    Fitchburg   Lathe 

per  revolution  to  0.010  inch  per  revolution  in  geometrical  pro- 
gression. These  two  levers  are  the  ones  shown  at  the  lower 
part  of  the  headstock  in  Fig.  1. 

Lubrication 

The  pump  for  supplying  the  lubricant  to  the  cutting  points 
of  the  carriage  tools  is  located  in  the  base  of  the  head  and  is 
operated  by  bevel  gearing  from  the  end  of  the  pulley  shaft. 
Thus  lubrication  is  provided  for  the  tools  whenever  the  ma- 
chine is  in  operation.  Lubricant  comes  through  the  supply 
pipes  to  each  carriage  and  thence  through  individual  tubes  to 
the  cutting  points  of  the  tools. 

An  interesting  set-up  is  the  turning  of  a  steel  spindle  for  a 
lathe,  shown  in  Fig.  5,  that  illustrates  the  character  of  the 
work  that  the  machine  can  do.  This  shaft  is  36 1/^  inches  long 
and  is  made  of  fifty-point  carbon  steel.  At  the  first  setting 
five  tools  are  employed,  the  first  of  which  takes  a  cut  1  inch 
deep,  the  second  %  inch  deep,  the  third  %  inch  deep,  the 
fourth  3/16  inch  deep,  and  the  fifth  3/16  inch  deep.  When 
all  five  tools  on  this  operation  are  at  work,  as  shown  in  Fig.  5, 
a  total  depth  of  cut  of  1%  inch  is  being  taken,  which  means 
removing  314  inches  stock  from  the  diameter.  As  the  out- 
side stock  diameter  is  6i/i  inches  and  the  finished  diameter 
is  3  inches  at  the  small  end,  it  is  obvious  that  the  diameter 
is  being  reduced  by  314  inches  when  all  five  tools  are  cutting. 
The  shaft  is  turned  at  45  revolutions  per  minute,  and  the  feed 
is  55  turns  to  the  inch.  19.31  cubic  inches  of  metal  is  removed 
per  minute,  finishing  the  shaft  complete  for  grinding,  except 
the  head,  at  one  operation  in  forty-two  minutes. 


DE   MOOY  BENCH   DRILLING  MACHINE 

The  De  Mooy  Machine  Co.,  1833  E.  55th  St.,  Cleveland,  Ohio, 
has  recently  placed  on  the  market  the  10-inch  sensitive  drill- 
ing machine  illus- 
trated and  described 
herewith.  This 
machine  has  a 
plain  spindle  bear- 
ing and  is  adapted 
for  spindle  speeds 
up  to  1300  revolu- 
tions per  minute.  It 
will  be  seen  in  the 
illustration  that 
the  column  and  base 
are  cast  integral, 
the  casting  being 
of  box  section  and 
composed  of  high- 
grade  gray  iron. 
The  belt  shifter  is 
attached  to  the  cone 
shaft  bracket  and 
may  be  shifted  to 
conform  to  the 
angle  at  which  the 
machine  is  driven. 
The  table  and  pul- 
ley bearing  sleeves 

are     ground     to     in-  De    Mooy    Sensitive    Bench    Drilling    Machine 
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Fig.    1.     Hisey-Wolf    Bench    Grinder    built    with    One-half-horsepower    and 
One-horsepower  Motors 

sure  axicurate  fits.     This  machine  has  been  designed  with  the 
view  of  mailing  all  parts  as  simple  as  possible. 

These  bench  drilling  machines  are  built  in  two  sizes,  known 
as  Nos.  1  and  2,  respectively.  The  principal  dimensions  of 
the  No.  1  machine  are  as  follows:  maximum  distance  from 
spindle  to  table,  7%  inches;  maximum  vertical  movement  of 
spindle,  2^4  inches;  maximum  vertical  movement  of  table, 
6  inches;  diameter  of  table,  8Vi  inches;  distance  from  center 
of  spindle  to  frame,  5^4  inches;  drilling  capacity,  for  holes 
up  to  5/16  inch  in  diameter;  size  of  tight  and  loose  pulleys, 
4  inches  in  diameter  by  li/^  inch  face  width;  speed  of  driving 
pulley,  550  revolutions  per  minute;  height  of  machine,  24 
inches;  floor  space  occupied,  21  by  9  inches;  and  net  weight 
of  machine,  60  pounds.  The  principal  dimensions  of  the  No.  2 
machine  are:  maximum  distance  from  spindle  to  table,  12 
inches;  maximum  vertical  movement  of  spindle,  3^4  inches; 
maximum  vertical  movement  of  table,  7  inches;  diameter  of 
table,  11%  inches;  distance  from  center  of  spindle  to  frame, 
7%  inches;  drilling  capacity,  for  holes  up  to  Vz  inch  in 
diameter;  size  of  tight  and  loose  pulleys,  5  inches  in  diam- 
eter by  1%  inch  face  width;  speed  of  driving  pulley,  550  revo- 
lutions per  minute;  height  of  machine,  34  inches;  floor  space 
occupied,  26  by  13  inches;  and  net  weight  of  machine,  110 
pounds.  The  No.  1  machine  has  a  taper  spindle  to  fit  a  small 
drill  chuck,  while  the  No.  2  machine  has  a  No.  1  Morse  taper 
hole  in  the  spindle. 


HISEY-WOLF  ELECTRIC   GRINDERS 

The  accompanying  illustrations  show  bench  and  floor  grind- 
ers which  constitute  a  recent  addition  to  the  line  of  machines 
built  by  the  Hisey-Wolf  Machine  Co.,  Cincinnati,  Ohio.  It 
will  be  apparent  from  the  illustrations  that  the  machines 
shown  in  Figs.  1  and  3  are  of  essentially  the  same  design 
with  the  exception  of  the  fact  that  Fig.  1  shows  a  bench  type 
machine  while  in  Fig.  2  a  similar  head  has  been  mounted  on 
a  column  to  make  a  floor  type  of  machine.  These  grinders 
are  built  with  i/^-horsepower  and  1-horsepower  motors  for 
either  alternating  or  direct  current.  In  the  alternating-cur- 
rent type,  i/^-horsepower  machines  run  at  3400  R.P.M.,  and 
the  1-horsepower  machines  at  1750  R.P.M.  In  the  direct-cur- 
rent type,  i^-horsepower  machines  are  adapted  for  speeds  of 


3000  R.P.M.,  and  the  1-horsepower  machines  2100  R.P.M.  With 
the  exception  of  height  and  weight,  the  principal  dimensions  of 
both  bench  and  floor  type  machines  are  the  same.  For  the 
i^-horsepower  machines  these  dimensions  are  as  follows:  size 
of  grinding  wheels,  8  inches  diameter  by  %  inch  face  width; 
diameter  of  spindle  at  wheel  mounting,  %  inch;  and  distance 
between  wheel  centers,  16  5/16  inches.  For  the  1-horsepower 
machine,  the  principal  dimensions  are:  size  of  grinding 
wheels,  10  inches  diameter  by  1  inch  face  width;  diameter  of 
spindle  at  wheel  mounting,  %  inch;  and  distance  between 
wheel  centers,  21%  inches.  The  direct-current  machines  are 
furnished  with  110-  or  220-volt  motors,  and  the  alternating- 
current  machines  with  110-volt,  60-cycle,  ten-phase  or  220-volt, 
60-cycle,  one-,  two-,  or  three-phase  motors. 

Fig.  2  shows  a  "Hisey"  five-horsepower  floor  grinder  which  is 
provided  with  combination  wheel  guards  as  part  of  the  stand- 
ard equipment.  These  guards  are  of  steel  construction  and  the 
flanged  outside  cover  adds  greatly  to  the  strength  of  the  guard 
and  prevents  escape  of  dust.  The  grinder  has  an  automatic 
starter  operated  by  means  of  a  quick-acting  switch  which  per- 
mits the  machine  to  be  operated  by  an  inexperienced  work- 
man, as  throwing  the  current  on  or  off  is  automatically  con- 
trolled to   insure  protection  of  the  motor.     The  starter  and 


Fig.    3.     Same   Machine   shown   in   Fig.    1   mounted   on   Column 

control  switch  are  mounted  in  the  base,  but  each  is  a  separate 
unit  and  easily  accessible.  If  desired,  automatic  speed  regu- 
lation can  be  provided  for  the  direct-current  grinder. 

These  grinders  are  provided  in  two  types  for  connection 
with  alternating-  and  direct-current  circuits.  The  direct- 
current  machine  is  furnished  with  motors  for  connection  with 
115-  to  230-volt  current,  while  the  alternating-current  grinder 
is  made  in  four  styles,  all  of  which  are  provided  for  connection 
with  220-volt  current,  60-cycle,  two-  or  three-phase,  or  25-cj'cle, 
two-  or  three-phase.  The  direct-current  grinders  run  at  1100 
R.  P.  M.,  the  60-cycle  alternating-current  grinders  run  at  1140 
R.  P.  M.,  and  the  25-cycle  alternating-current  machines  at 
1450  R.  P.  M.  The  principal  dimensions  of  all  machines  are 
as  follows:  diameter  of  spindle  at  wheel  mounting,  I14  inch; 
distance  between  wheel  centers,  43  inches;  size  of  base,  23  by 
40  inches;  height  from  bottom  of  base  to  center  of  spindle, 
35  inches;  and  net  weight,  1550  pounds. 


Fig.    2.     Hisey-Wolf    Five-horsepower   Floor   Type    Grinder 


CARROLL   &   JAMIESON   RELIEVING 

ATTACHMENT 

The  Carroll  &  Jamieson  Machine  Tool  Co.,   257  Davis  St., 

Batavia,  Ohio,  is  now  making  a  relieving  attachment  for  use 

on  the  Carroll  &  Jamieson  14-inch  lathes.     This  attachment, 
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of  damaging  the  motor.  In  the  present  machine  the  manner 
in  which  the  motor  is  encased  also  insures  keeping  it  free 
from  dirt  and  grease. 


Carroll  &  Jamieson  Relieving  Attachment 

which  provides  for  indexing  for  2,  3,  4,  5,  6,  7,  8,  9,  10,  11, 
12,  14  and  16  teeth,  may  be  used  for  relieving  cutters,  ream- 
ers and  other  tools  with  these  numbers  of  teeth.  The  reliev- 
ing attachment  is  mounted  on  top  of  the  gear-box;  it  is  secured 
in  place  by  two  screws  and  engages  with  a  gear  on  the  spindle. 
A  special  compound  rest  top  and  swivel  Is  furnished  with  the 
attachment,  which  will  fit  any  of  the  Carroll  &  Jamieson 
14-inch  lathes. 


VALLEY  CITY   GRINDERS   AND  BUFFERS 

In  the  motor-driven  grinders  and  buffers  which  have  re- 
cently been  added  to  the  line  of  machines  built  by  the  Valley 
City  Machine  Works,  Grand  Rapids,  Mich.,  the  most  notice- 
able feature  of  design  is  that  the  motor  is  enclosed  in  the 
base.  This  gives  all  the  advantages  of  the  self-contained  motor- 
driven  machine  with  belt  connection  to  the  spindle,  and  the 


VaUey  City  Grinder  with  Driving  Motor  fully  enclosed  in  Base 

added  advantage  of  thorough  protection  for  the  motor.  The 
machines  are  built  in  two  sizes,  the  larger  of  which  is  shown 
in  the  accompanying  illustration,  which  is  suitable  for  a 
grinder  head  carrying  wheels  up  to  18  Inches  in  diameter; 
and  this  machine  is  provided  with  a  base  having  ample  room 
to  accommodate  a  five-horsepower  motor.  Bases  are  provided 
to  carry  different  sizes  of  Valley  City  grinder  heads  according 
to  the  requirements  of  the  work. 

The  motor  Is  mounted  on  a  pivoted  base  at  right  angles  to 
the  grinder  spindle  which  is  driven  by  a  quarter-turn  belt. 
Tension  of  this  belt  is  regulated  by  means  of  an  adjustment 
screw  at  the  base  of  the  machine.  It  is  claimed  that  the 
motor-driven  machine  with  belt  connection  to  the  spindle 
possesses  an  advantage  over  a  machine  with  direct-connected 
motor  drive  in  that  all  shocks  are  absorbed   without  danger 


VALLEY   CITY   SEMI-UNIVERSAL   MILLING 
ATTACHMENT 

The  Valley  City  Machine  Works,  Grand   Rapids,   Mich.,   is 
now  building  a  semi-universal  milling  attachment  for  use  in 


Fig.  1.     Semi-universal  Valley  City  Milling  Attachment  in  Vertical  Position 

connection  with  the  No.  li/^  milling  machines  of  its  manu- 
facture. This  attachment  enables  the  operator  to  get  closer 
to  angular  cuts  and  still  have  a  rigid  support.  Provision  is 
made  for  swinging  the  attachment  clear  under  the  over-arm, 
and  it  may  be  reversed  If  necessary.  The  hole  through  the 
spindle  is  accessible  when  the  spindle  is  in  a  vertical  posi- 


I 


Fig.  2.     Semi-universal  Valley  City  Milling  Attachment  in  Inclined  Position 
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tioii,  as  the  spindle  of  the  attachment  Is  offset  from  the  mill- 
ing machine  spindle.  Power  for  driving  the  attachment  is 
transmitted  through  a  splined  arbor,  coarse-pitch  miter  gears, 
an  intermediate  ball  bearing  shaft  and  a  pair  of  heavy  steel 
spur  gears.  The  spindle  of  the  attachment  rotates  in  the  same 
direction  as  that  of  the  milling  machine  and  has  a  No.  10 
taper.  A  clamp  base  is  furnished  with  the  attachment,  which 
is  bored  to  fit  the  spindle  box  and  secured  to  the  column  with 
screws.  This  attachment  may  be  applied  to  other  makes  of 
milling  machines   with   slight  modifications. 


FOSTER  GEARED-HEAD  SCREW  MACHINE 

The  Foster  Machine  Co.,  Elkhart,  Ind.,  has  recently  devel- 
oped an  all-geared  head  for  its  No.  5  screw  machine,  which 
gives  the  advantage  of  instantly  obtainable  speed  changes 
and  high  power,  owing  to  the  high  belt  speeds  that  can  be 


Fig.   1,     All-geared  Head  for  Foster  No.   5  Screw  Machine 

employed.  This  geared  head  is  a  complete  unit  made  to  fit 
the  standard  Foster  No.  5  screw  machine;  the  cone  pulley 
of  the  standard  back-geared  machine  is  replaced  by  a  three- 
gear  cluster  mounted  on  a  sleeve  journaled  to  the  spindle,  and 


PrJ  ■  \  — "  JH 
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Fig.  3.     Arrangement  of  Gearing  in  Head  of  Foster  Screw  Machine 

this  gear  cluster  is  arranged  to  engage  a  triple  sliding  gear 
cluster  mounted  on  a  shaft  located  above  the  spindle.  This 
shaft  is  journaled  in  bronze-bushed  bearings  carried  by  the 
main  head  casting,  and  the  sliding  gear  cluster  is  operated  by 
a  rod  and  hand-lever. 

On  the  same  shaft  •  with  the  gear  cluster  are  two  friction 
gears  provided  with  a  cone  type  of  friction  arranged  to  engage 
either  gear.  The  purpose  of  this  friction  is  to  stop,  start  or 
reverse  the  machine,  one  of  the  gears  being  engaged  by  a 
reversing  idler  mounted  beneath  the  main  driving  pinion, 
which  is  mounted  on  the  pulley  shaft  that  is  also  journaled 
in  bronze-lined  bearings  held  by  the  main  head  casting.  All 
this  gearing  is  illustrated  in  Fig.  3,  which  shows  the  cover 
removed  from  the  head  to  show  the  construction.  The  revers- 
ing friction  clutch  is  operated  by  the  lower  of  two  horizontal 
levers  shown  at  the  front  of  the  head  in  Fig.  1.  Attention  is 
called  to  the  three  conveniently  located  speed-changing  levers. 


Fig.  2.     Rear  View  of  Geared-head  Machine,   showing  Motor  Drive 


Fig.    4.     Close   View   of   Cross-slide    on    Foster   Screw   Machine 

the  vertical  one  of  which — shown  in  Figs.  1  and  4 — is  for  oper- 
ating the  friction  clutch  mounted  on  the  spindle,  the  arrange- 
ment being  the  same  as  that  used  on  the  cone  type  of  Foster 
screw  machine. 

A  2%-lnch  belt  carried  by  a  10-inch  pulley  is  employed  for 
driving  the  geared-head  machine;  the  pulley  runs  at  900  revo- 
lutions per  minute,  giving  a  belt  speed  of  2350  feet  per  minute, 
at  which  speed  a  single  belt  working  under  ordinary  shop 
conditions  has  a  capacity  for  delivering  6.2  horsepower.  The 
reversing  friction  in  the  head  is  powerful  enough  to  pull  a 
still  heavier  load  without  damage,  and  the  power  rating  just 
given  is  conservative,  although  greatly  in  excess  of  actual  re- 
quirements of  the  machine,  as  a  two-horsepower  motor  is  em- 
ployed for  the  general  run  of  work.  When  work  of  an  un- 
usually heavy  character  is  to  be  handled,  it  may  be  advisable 
to  use  a  three-horsepower  motor. 

Fig.  2  shows  a  machine  equipped  with  a  two-horsepower  Gen- 
eral Electric  motor  mounted  on  the  leg.  The  motor  runs  at 
1800  revolutions  per  minute,  and  this  high  belt  speed  makes 
it  possible  to  employ  a  high-speed  motor  of  small  size.  The 
value  of  this  feature  will  be  appreciated  by  those  experienced 
in  the  selection  of  motors  for  similar  applications,  as  the  cost 
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of  the  motor  is  relatively  low  iiiul  the  amount  of  space  occu- 
.  pied  reduced  to  a  minimum.  Attention  is  called  to  the  effi- 
cient method  of  guarding  the  belt  at  both  the  motor  and  ma- 
chine pulleys.  When  so  desired,  the  machine  can  be  driven 
Willi  equally  satisfactory  results  through  a  plain  tight  and 
loose  pulley  countershaft. 

Fig.  1  shows  a  machine  pcjuipped  with  a  three-jaw  geared 
scroll  chuck  which  swings  clear  of  the  cut-off  slide;  and  Fig.  4 
shows  the  application  of  a  collet  type  automatic  chuck,  the 
capacity  of  which  on  the  Foster  No.  5  screw  machine  is  for 
work  up  to  1  13/16  inch  in  diameter.  The  scroll  chuck  is 
"1/^  inches  in  diameter  and  the  swing  over  the  cut-off  slide 
is  Si/i  inches.  The  cut-off  slide  and  carriage  are  plainly  shown 
in  Fig.  4;  hand  longitudinal  and  power  cross  feed  are  pro- 
vided with  four  changes  of  feed.  Six  changes  of  speed  are 
available  in  the  geared  head,  which  are  in  geometrical  pro- 
gression and  cover  a  range  of  from  34  to  466  revolutions  per 
minute.  These  changes  and  the  proper  lever  movements  to 
obtain  them  are  indicated  on  a  speed  chart  mounted  on  the 
liead  of  the  machine,  as  shown  in  Fig.  1. 


OTT   PLAIN   GRINDING  MACHINE 

The  Ott  Grinder  Co.,  32  N.  Clinton  St.,  Chicago,  111.,  is  now 
manufacturing  the  No.  8  plain  grinding  machine  shown  in 
the  accompanying  illustrations,  which  has  a  capacity  for  han- 
dling work  up  to  5  inches  in  diameter  by  12  inches  long.  The 
machine  is  equipped  with  automatic  feed  and  provided  with  a 
wheel  10  inches  in  diameter  by  I'/i  inch  face  width.  It  is 
especially  adapted  for  the  manufacture  of  duplicate  straight 
cylindrical  or  tapered  parts,  the  dimensions  of  which  are 
required  to  come  within  close  limits. 

The  wheel  spindle  is  made  of  alloy  steel,  hardened,  ground 
and  lapped;  the  bearings  are  lined  with  bronze,  provided  with 
means  of  adjustment  and  furnished  with  ample  facilities  for 
lubrication  by  means  of  large  self-feeding  oilers.  The  auto- 
matic cross-feed  can  be  set  to  feed  at  either  or  both  ends  of 
the  table  traverse  and  is  automatically  thrown  out  when  the 
work  is  ground  to  size.  The  table  drive  is  through  worm 
and  worm-wheel  which  insures  a  smooth  uniform  travel. 
Automatic  travel  is  controlled  by  quickly  adjustable  dogs,  and 
the  table  handwheel  is  disconnected  during  the  time  that 
power  table  travel  is  employed.     The  swivel  table  turns  on  a 


Fig. 


View  of  ott  No. 
Machine 


8  Plain  Grinding 


large  central 
stud  which  is 
hardened  and 
ground,  and 
clamps  are  pro- . 
vided  at  both 
ends  for  secur- 
ing the  table  in 
the  desired  po- 
sition. The 
headstock  is  ar- 
ranged for  both 
dead  and  live 
center  drive 
through  a  sin- 
gle pulley,  and 
slides  on  V  and 
flat  ways.  The 
tailstock  also 
slides  on  V  and 
flat  ways,  and 
both  headstock 
and  tailstock 
are  fastened  by 
a  hook  bolt. 

For  use  in 
the  perform- 
ance of  wet 
grinding  opera- 
tions, ample  fa- 
cilities are  pro- 
vided for  deliv- 
ering a  copious 

flow  of  water  from  a  tank  cast  in  the  bed,  which  is  provided  with 
a  settling  pan  that  is  easily  removed  for  cleaning.  The  pump 
is  of  simple  construction  and  requires  no  priming  or  packing. 
A  universal  back-rest  for  use  on  these  machines  has  both  verti- 
cal and  horizontal  movements,  and  is  capable  of  delicate  ad- 
justment. Adjustable  set  collars  are  provided  for  maintain- 
ing the  size  of  the  work.  Regular  equipment  furnished  with 
the  machine  includes  one  10-  by  li/4-inch  grinding  wheel,  one 
universal  back-rest,  one  wheel  truing  device  with  a  diamond, 
one  center  grinding  attachment,  one  set  of  work  dogs,  over- 
head works,  water  guards,  and  the  necessary  wrenches  for 
making  all  adjustments. 

The  principal  dimensions  of  this  machine  are  as  follows: 
diameter  of  headstock  and  tailstock  spindles,  li/^  inch;  diame- 
ter of  work-carrying  centers,  11/16  inch.  No.  2  Morse  taper; 
number  of  work  speeds,  four;  range  of  work  speeds,  130  to 
390  revolutions  per  minute;  size  of  front  grinding  wheel 
spindle  bearing,  1%  inch  diameter  by  3%  inches  in  length; 
size  of  rear  grinding  wheel  spindle  bearing,  li/^  inch  jn  diam- 
eter by  3%  inches  in  length;  size  of  grinding  wheel  spindle 
pulley,  4  inches  in  diameter  by  2%  inches  face  width;  capac- 
ity of  grinding  wheel  guard,  for  wheels  up  to  10  inches  in 
diameter  by  2  inches  face  width;  number  of  grinding  wheel 
speeds,  two;  available  grinding  wheel  speeds,  2250  and  3200 
revolutions  per  minute;  number  of  table  traverse  speeds,  four; 
range  of  table  traverse  speeds,  34  to  120  inches  per  minute; 
minimum  automatic  cross-feed,  0.0002  inch;  maximum  auto- 
matic cross-feed,  0.004  inch;  size  of  countershaft  tight  and 
loose  pulleys,  10  inches  in  diameter  by  4  inches  face  width; 
speed  of  countershaft  tight  and  loose  pulleys,  375  revolutions 
per  minute;  power  required  to  drive  the  machine,  3  horse- 
power; floor  space  occupied,  31  by  68  inches;  swivel  table 
graduated  to  angle  of  15  degrees;  capacity  for  taper  grinding, 
up  to  3  inches  per  foot;  and  net  weight  of  machine,  1500 
pounds. 


Fig.  1.     ott  No.  8  Plain  Grinding  Machine 


BLACK  &  DECKER  SHELL  BORING  HEAD 

The  Black  &  Decker  Mfg.  Co.,  Baltimore,  Md.,  has  recently 
developed  and  placed  on  the  market  a  boring  head  especially 
designed  to  meet  the  requirements  of  shops  engaged  in  the 
manufacture  of  shells.  These  heads  are  of  the  inserted-blade 
type,  and  are  customarily  furnished  in  pairs,  one  of  which  is 
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for  the  purpose  of 
rough-boring  the  wall 
and  bottom  of  a  shell, 
while  the  other  is 
employed  for  finish - 
ins  the  same  sur- 
faces. Each  head  has 
three  blades,  two  of 
which  are  for  work- 
ing on  the  side  wall. 
while  the  third  is  a 
nosing  cutter  for  fin- 
ishing the  bottom. 
The  side  wall  blades 


Black   &   Decker  Roughing   and 


are  set  180  degrees  apart  and  the  nosing  blade  is  set  half  way 
between  or  at  right  angles  to  them.  It  will  be  seen  from  the 
accompanying  illustration  that,  the  rear  of  the  nosing  blade 
overlaps  the  side  blades,  and  in  the  case  of  the  finishing  head 
all  blades  are  cylindrically  ground  in  place  to  insure  obtain- 
ing the  proper  contour,  thus  obviating  leaving  a  shoulder  in 
the  shell  at  the  junction  of  the  bottom  of  the  side  wall. 

These  heads  are  economical  in  their  use  of  high-speed  steel, 
as  the  design  has  been  worked  out  in  such  a  way  that  the 
blades  employed  are  of  the  minimum  cross-section  that  is  re- 
quired for  machining  the  work  for  which  these  tools  are  in- 
tended; and  the  blades  can  be  lined  out  and  reground  a 
number  of  times  before  discarding  the  small  weight  of  steel 
contained  in  the  stubs.  This  eliminates  the  large  source  of 
waste  incident  to  the  use  of  solid-blade  boring  heads  when 
working  to  the  close  limits  required  in  munition  work.  Each 
blade  is  thoroughly  backed  up  and  supported  by  the  metal  of 
the  head,  and  an  effective  wedge  and  screw  system  of  clamp- 
ing makes  it  unlikely  that  a  blade  will  loosen  or  chatter  while 
in  service.  Provision  is  also  made  for  the  unobstructed  flow 
of  (hips  back  from  the  blades,  and  for  the  flooding  of  blades 
with  lubricant  under  pressure,  that  is  carried  through  a  central 
lead.  All  heads,  clamps  and  screws  are  casehardened,  and 
the  shanks  are  accurately  ground  to  fit  the  turret. 


WINFIELD   ELECTRIC   RIVETER 

The  Winfield  Electric  Welding  Machine  Co.,  Warren,  Ohio, 
is   now   building   a   type   R-4   semi-automatic   electric   riveter, 

which  is  illustrated  and  de- 
scribed herewith.  This  ma- 
chine is  said  to  be  noise- 
less in  operation,  operate 
rapidly  and  produce  per- 
fect work.  It  has  a  ca- 
pacity for  handling  rivets 
up  to  %  inch  in  diameter 
and  is  equipped  with  a 
11/^ -horsepower  Crocker- 
Wheeler  motor,  a  10-K.W. 
transformer,  and  a  50- 
ampere  Cutler-Hammer  re- 
mote control  solenoid 
switch.  The  drive  is 
through  noiseless  rawhide 
gears,  and  a  six-step  self- 
contained  regulator  pro- 
vides for  controlling  the 
amount  of  current  used. 

In  operating  this  ma- 
chine, the  work  with  the 
rivet  in  place  ready  to  be 
headed  is  placed  between 
riveting  electrodes,  with 
the  rivet  head  resting  in  a 
depression  in  the  lower 
electrode.  The  upper  elec- 
trode is  then  brought  into 
contact  with  the  rivet  by 
means  of  a  hand-lever,  and 
current  is  applied  by  oper- 
ating a  push-button  located 

Fig.  1.    Front  View  of  Winfield  Electric  =        r 

Eiveter  in   the   end   of   this   lever. 


When  the  tempera- 
ture of  the  rivet  has 
been  raised  to  the  re- 
quired degree,  a  foot- 
treadle  is  depressed, 
releasing  the  clutch 
and  causing  the  slide 
to  further  depress 
the  upper  electrode, 
which  results  in  up- 
setting and  forming 
a  head  on  the  ri^t. 
This  machine  is  so 
designed  that  differ- 
ent gages  of  metal  and  variations  in  thickness  of  material  are 
taken  care  of  by  a  large  rubber  bumper;  and  the  clutch  is 
especially  designed  to  make  it  impossible  for  the  machine  to 
operate  more  than  once  each  time  the  foot-treadle  is  depressed. 
The  floor  space  occupied  by  the  riveter  is  30  inches  by  46 
inches;  the  height  of  the  machine  is  90  inches;  and  it  weighs 
approximately  1800  pounds. 


Finishing   Shell  Boring  Heads 


MORRIS   22-INCH   LATHE 

The  Morris  Machine  Tool  Co.,  Cincinnati,  Ohio,  is  now 
building  a  22-inch  engine  lathe,  the  design  of  which  is  similar 
to  that  of  the  16-inch  lathe  of  this  company's  manufacture 
which  was  illustrated  and  described  in  the  November,  1911, 
number  of  Machinery.  The  principal  dimensions  of  the  ma- 
chine are  as  follows:  swing  over  bed,  23%  inches;  swing  over 
carriage,  IS^^  inches;  size  of  front  spindle  bearing,  3%  inches 
in  diameter  by  6  inches  in  length;  diameter  of  hole  through 
spindle,  2  inches;  diameter  of  cone  pulley  steps  on  double 
back-geared  lathe,  liy2,  12%  and  14  inches  by  414  inches  face 
width;  and  weight  of  machine,  approximately  4.500  pounds. 
These  lathes  are  built  with  single  or  double  back-gears  and 
with  quick-  or  semi-quick-change  feed-box. 


WARE 


ISOMETRIC    PICK-UP 
TRIANGLE 

R.  B.  Ware,  101  Northampton  Ave.,  Springfield,  Mass.,  is 
now  manufacturing  the  isometric  pick-up  triangle  illustrated 
and  described  herewith.  At  the  center  of  the  triangle  there 
is  a  convenient  pick-up  handle,  which  consists  of  a  knuckle 
joint  which  is  raised 
sufficiently  above 
the  surface  of  the 
triangle  to  enable  it 
to  be  easily  grasped 
between  the  thumb 
and  finger.  This 
knuckle  joint  fits  in 
a  slot  cut  in  the  tri- 
angle and  pops  up 
on  either  side 
through  pressure 
applied  by  a  music 
wire  spring.  If  the 
handle  is  raised  on 
one  side  of  the  tri- 
angle and  this  side 
is  then  put  down 
on  the  drawing  pa- 
per, the  pick-up 
handle  will  imme- 
diately be  pressed 
into  the  hole,  after 
which  the  spring 
forces  it  up  at  the 
opposite  side.  Sim- 
ilarly, the  triangle 
can  be  placed  be- 
tween the  leaves  of 
a  book;  or  it  can 
be  packed  up  with-  ,     ,.        ,  ™.  ^  ,,  „. 

Fig.  2.     Side  View  of  Winfield  Riveter  show 

out   occupying   any  in  Fig.  1 
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Isometric  Pick-up  Triangle  made  by  K.  B.  Ware 

more  space  than  an  ordinary  triangle,  because  In  such  a  case 
the  pick-up  handle  is  held  in  the  slot.  This  handle  saves  a  lot 
of  time  in  picking  up  the  triangle. 

By  skillful  manipulation  this  triangle  can  be  used  for  cross- 
sectioning  drawings,  although  it  is  not  especially  recommended 
for  this  work.  For  cross-sectioning, 
the  hypotenuse  of  the  triangle  is 
placed  against  the  T-square  or  other 
guide  and  pressure  is  applied  on  the 
two  small  brass  retaining  pins  by  one 
finger.  After  drawing  a  line,  the 
knuckle  joint  is  pushed  down  flat, 
while  pressure  is  still  applied  on  the 
retaining  pins,  thus  causing  the  tri- 
angle to  move  into  position  for  draw- 
ing the  next  line.  The  spaces  ob- 
tained in  this  way  will  be  about  1/16 
inch  apart  on  the  long  side  of  the 
triangle,  and  about  1/8  inch  apart 
on  the  short  side. 

In  addition  to  the  pick-up  device, 
it  will  be  seen  that  the  triangle  is 
furnished  with  a  number  of  ellip- 
tical shaped  holes  which  are  of 
isometric  proportion  and  far  more 
convenient  to  use  than  marking 
around  the  outside  of  templets.  The 
long  axes  of  these  holes  are  parallel 
to  the  hypotenuse  of  the  triangle,  and 

lie  in  the  correct  angle  for  isometric  drawing.  All  holes  are 
beveled  on  both  sides,  so  that  the  size  drawn  from  them  can 
be  varied  by  tipping  the  pencil  in  or  out;  this  beveling  of 
the  sides  of  the  holes  also  avoids  blotting  if  a  ruling  pen  is 
used.  The  holes  are  convenient  for  rounding  the  ends  of 
shafts,  in  which  the  short  diameter  is  placed  on  the  center 
line  and  the  desired  outline  easily  drawn.  In  addition,  hexa- 
gonal shaped  holes  are  provided  for  dra>ving  in  the  head  of 
bolts  and  the  outline  of  nuts  in  plan  view. 


Fig.   1.     Clark  Industrial  Truck  with  Platform  lowered 


long  as  100  feet  if  required,  bo  that  the  recording  gage  can  be 
placed  at  this  distance  from  the  point  where  temperature  is 
to  be  measured,  tlius  permitting  application  of  the  thermom- 
eter in  numerous  processes  where  it  is  desirable  to  keep  a 
constant  record  of  temperature  on  a  chart.  Some  features 
of  this  thermometer  are  as  follows:  A  Seth  Thomas  clock 
wliicli  revolves  the  chart  is  mounted  directly  on  the  front 
plate  which  supports  the  chart,  thus  assuring  alignment  of 
the  clock  and  chart  plate.  Clips  that  hold  the  chart  in  posi- 
tion are  mounted  on  the  door  so  that  when  this  door  is  swung 
aside  the  clips  are  swung  away  from  the  chart,  permitting  its 
easy  replacement  witliout  interference.  A  device  is  furnished 
which  automatically  raises  the  chart  pen  from  the  chart  when 
the  door  is  opened  and  also  automatically  lowers  it  into  posi- 
tion when  this  door  is  closed.  A  similar  instrument  is  made 
in  the  indicating  type  where  it  is  desired  to  indicate  tempera- 
ture on  a  dial  instead  of  recording  it  on  a  chart.  These  ther- 
mometers are  furnished  with  a  number  of  different  types  of 
bulbs,  with  either  threaded  connection  for  insertion  in  mains 
and  pipes,  or  with  lead  coating  to  withstand  the  action  of 
certain  chemicals  and  acids. 

CLARK   TRANSFER   TRUCK 

One  of  the  latest  additions  to  the  line  of  elevating  trucks 
manufactured  by  the  George  P.  Clark 
Co.,  Windsor  Locks,  Conn.,  for  use 
in  transporting  material  around  in- 
dustrial plants,  is  the  type  WN  truck 
which  has  a  capacity  for  loads  up  to 
2500  pounds.  This  truck  is  con- 
structed entirely  of  metal,  the  frame, 
axles,  rods  and  handle  being  made  of 
steel,  while  the  wheels  are  made  of 
cast  iron  and  provided  with  roller 
bearings.  The  handle  is  attached  to 
a  swivel  designed  in  such  a  way  that 
sharp  corners  can  be  easily  turned. 
These  trucks  are  made  in  ten  differ- 
ent styles;  six  trucks  have  capacities 
for  loads  up  to  1000  pounds  and  are 
made  in  various  dimensions,  making 
them  suitable  for  use  in  connection 
with  loading  platforms,  the  maxi- 
mum size  of  which  covers  a  range 
from  32  by  32  to  42  by  32  inches  in 
size.  The  four  remaining  styles  of 
this  type  of  truck  have  capacities  for 
handling  loads  up  to  2500  pounds  in 
weight  and  are  suitable  for  use  in  connection  with  loading 
platforms,  the  maximum  size  of  which  covers  a  range  from 
32  by  32  to  52  by  38  inches  in  size. 


BROWN   RECORDING   THERMOMETER 

A  recording  thermometer  suitable  for  measuring  tempera- 
tures up  to  800  degrees  P.  or  425  degrees  C.  is  one  of  the 
latest  additions  to  the  line  of  instruments  manufactured  by 
the  Brown  Instrument  Co.,  Philadelphia,  Pa.  Its  operation 
is  governed  by  the  expansion  of  gas  with  change  of  tempera- 
ture, and  in  order  to  apply  this  principle  a  bulb  of  copper 
containing  nitrogen  gas  under  pressure  is  connected  with  a 
recording  instrument  by  a  small  copper  tube  protected  by 
flexible  steel  tubing.  The  recording  instrument  has  a  helical 
spring  somewhat  similar  to  that  used  in  pressure  gages,  and 
the  expansion  of  gas  in  the  bulb  exerts  pressure  which  is 
conveyed  by  the  connecting  tube  to  this  helix,  causing  an 
expansion  according  to  the  magnitude  of  pressure  exerted. 
The  helix  is  direct-connected  to  a  recording  arm  which  marks 
a  record  on  the  chart. 

This  type  of  instrument  can  be  furnished  with  tubing  as 


Fig.   2.     Clark  Industrial  Truck   with  Platform  elevated 
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BOYER  PEDESTAL  RIVETER 

The  Boyer  pedestal  riveter  shown  in  the  accompanying 
illustration  is  a  recent  product  of  the  Chicago  Pneumatic 
Tool  Co.,  1060  Fisher  Bldg.,  Chicago,  111.,  and  is  designed  for 
use  in  riveting  small  parts  that  can  be  conveniently  handled 
on  a  stationary  machine.  The  design  has  been  worked  out  in 
such  a  manner  that  the  machine  is  operated  by  a  foot-lever, 
leaving  both  of  the  operator's  hands  free  to  handle  the  work. 
The  yoke  consists  of  a  crucible  steel  frame  mounted  in  'the 
end  of  a  pipe  column,  all  of  which  is  supported  on  a  cast-iron 


Boyer  Pedestal  Riveter  built  by  Chicago  Fneumatic 
Tool  Co. 

base  which  has  anchor  bolt  holes  to  provide  for  fastening  it 
securely  to  the  floor.  The  standard  yoke  has  a  gap  of  8  inches 
and  a  reach  of  11  inches,  but  special  yokes  may  be  furnished  of 
any  required  dimension  for  handling  larger  work. 

Where  it  is  desirable  to  handle  more  than  one  size  of  rivet, 
a  special  dolly  may  be  supplied,  that  will  accommodate  four 
different  sizes  of  rivets.  This  dolly  is  so  designed  that  it  may 
be  used  in  very  close  corners.  The  riveter  head  is  a  standard 
Boyer  riveter  1  1/16  by  3,  1  1/16  by  4,  or  1  1/16  by  5  inches, 
and  is  held  in  a  clamp  which  permits  of  its  being  adjusted  to 
compensate  for  wear  on  the  dies  or  variation  in  length  of 
rivets.  The  net  weight  of  the  machine  equipped  with  a  1  1/16- 
by  3-inch  riveter  is  approximately  173  pounds. 


CORRECTION 
An  error  appeared  in  the  description  of  the  Metalwood 
presses  made  by  the  Metalwood  Mfg.  Co.  of  Detroit,  Mich.,  in 
the  September  number.  The  function  of  the  knockout  press 
shown  in  Fig.  2  is  knocking  or  pushing  the  plug  out  of  the 
bottom  of  British  shells  after  the  band  has  been  set.  The 
plugs  are  inserted  to  prevent  the  shells  being  distorted  in  the 
banding  operation. 

I     NEW   MACHINERY  AND  TOOLS   NOTES    [ 

L  __     _ 

Plug  Wrench:  Holden-Morgan  Co.,  Ltd.,  Toronto,  Ontario, 
Canada.  A  wrench  especially  designed  for  screwing  in  the 
base  plugs  of  shells,  although  it  could  be  used  for  other  classes 
of  work.  The  shell  is  held  in  a  clamp  and  the  plug  is  driven 
in  by  a  mechanically  operated  wrench. 

Jointer  and  Planer:    Globe  Inventing  Co.,  4877  N.  Hermitage 


Ave.,  Chicago,  111.  A  combination  bench  planer  and  jointer 
in  which  the  thickness  gage  over  the  table  can  be  set  at  any 
recjuired  height  up  to  4  inches,  or  it  can  be  set  to  plane  work 
on  any  angle  up  to  15  degrees.  The  table  can  be  lifted  and 
swung  back  for  convenience  when  adjustment  of  the  knives 
has  to  be  made. 

Rail  Punching  Machine:  Covington  Machine  Co.,  Covington, 
Va.  A  machine  developed  for  use  in  punching  the  bolt  holes 
in  the  ends  of  two  light  rails  at  the  same  time.  It  is  intended 
for  use  where  the  material  handled  does  not  weigh  more  than 
forty  pounds  per  yard,  this  type  of  rail  being  used  principally 
for  industrial  and  mine  railroads,  and  for  the  third  rail  of 
electrified  lines. 

Balancing  Washer:  Munriing-Loeb  Co.,  Matawan,  N.  J.  A 
slotted  washer  intended  for  use  in  quickly  bringing  polishing 
wheels  into  balance.  The  washer  is  placed  in  such  a  way 
that  the  heavy  end  counterbalances  the  weight  of  the  wheel 
which  is  off  center,  thus  making  it  unnecessary  to  resort  to 
the  practice  of  tacking  pieces  of  lead  to  the  sides  of  wheels  or 
driving  in  pieces  of  metal  or  nails. 

Portable  Electric  Drill:  Electro  Magnetic  Tool  Co.,  Chicago, 
111.  A  machine  in  which  the  gears  are  made  of  steel,  case- 
hardened  and  heat-treated  to  provide  the  required  strength  and 
durability.  These  gears  run  on  bronze  shafts  immersed  in 
grease  in  a  separate  gear  case;  and  the  thrust  is  carried  by  a 
ball  thrust  bearing.  The  motor  is  air  cooled  by  a  ventilating 
fan  on  the  spindle,  and  the  spindle  and  chuck  are  offset  so  that 
the  tool  will  reach  into  close  corners. 

Weight  Slide-rule:  Hornyak  &  Kelly,  5526  Walton  Ave., 
Philadelphia.  Pa.  This  device  was  especially  designed  to  meet 
the  requirements  of  estimators  in  figuring  the  weights  of  ma- 
chine shop  materials.  The  dimension  scales  are  graduated 
in  inches  and  fractions  thereof,  and  the  weight  scales  in 
pounds  and  tenths  of  pounds.  The  weights  of  regular  and  ir- 
regular shaped  pieces  made  of  various  metals  and  otlier  com- 
monly used  materials  are  rapidly  and  accurately  obtained  by 
the  aid  of  this  instrument. 

Planer  Belt  Shifter:  Cincinnati  Planer  Co.,  Cincinnati,  Ohio. 
This  is  an  improved  form  of  the  planer  belt  shifting  mechan- 
ism previously  used  by  the  Cincinnati  Planer  Co. ;  the  shifting 
cam  is  entirely  enclosed  by  a  cover  bolted  to  the  overhanging 
arm,  which  eliminates  trouble  from  belt  scrapings,  grit  and 
dirt  usually  found  on  top  of  the  planer  shifting  mechanism. 
The  upper  belt  guide  is  provided  with  a  sliding  bearing  on  the 
over-arm  bracket,  which  relieves  the  fulcrum  stud  from  the 
downward  pressure  of  the  belt. 

Roller  Bearing:  Delvante  W.  Crossland,  1608  Claus  Spreckels 
Bldg.,  San  Francisco,  Cal.  A  roller  bearing  in  which  there  is 
no  sliding  friction;  the  load  bearing  rollers  are  made  of 
parallel  solid  hardened  steel,  so  that  the  bearing  can  be  heavily 
loaded  without  fear  of  failure.  The  bearing  is  provided  with 
separating  rollers  that  contact  with  the  main  rollers  in  such 
a  way  that  no  roller  in  the  bearing  can  revolve  without  every 
other  roller  revolving.  The  separating  rollers  space  the  main 
rollers  equally  upon  the  journal,  but  do  not  contact  with  it. 

Boring  Tool:  Clark  Machinery  Co.,  1302  Ontario  St.,  Cleve- 
land, Ohio.  The  features  of  this  tool  are  simplicity  of  con- 
struction and  the  ease  with  which  it  may  be  adjusted  to  the 
exact  size  and  position  required.  Adjustment  is  made  by  worm 
and  worm-wheel  actuated  by  a  wrench  which  makes  it  un- 
necessary to  tighten  the  tool  after  adjustment  and  eliminates 
the  necessity  of  loosening  and  tightening  screws  in  making 
adjustment.  The  tool  is  made  in  five  sizes,  and  all  parts  sub- 
ject to  wear  are  hardened  to  give  them  the  required  durability. 

Sandblast  Nozzle:  \V.  F.  Stodder,  218  S.  Geddes  St.,  Syra- 
cuse, N.  Y.  A  sandl)last  nozzle  operating  on  the  injector  prin- 
ciple and  designed  primarily  for  cleaning  castings  or  other 
parts  in  a  foundry  or  similar  shop.  This  sandblast  may  also 
be  used  for  removing  scale  from  boiler  tubes  and  boilers, 
and  for  removing  rust  and  paint  from  structural  steel,  iron 
bridges,  etc.  In  this  nozzle  the  sand  travels  slowly  through 
the  hose,  so  that  there  is  little  wear;  and  an  advantage  claimed 
for  the  nozzle  is  tliat  there  is  no  sand  tank  which  has  to 
be  filled. 

Combination  Disk  Grinder  and  Saw  Table:  Globe  Inventing 
Co.,  4877  N.  Hermitage  Ave.,  Chicago,  III.  The  arbor  of  this 
machine  is  so  arranged  that  it  is  adapted  for  carrying  either 
an  abrasive  wheel  covered  with  abrasive  cloth  or  paper,  or  a 
circular  saw.  Provision  is  made  for  mounting  thin  abrasive 
wheels  on  the  arbor  so  that  high-speed  and  hardened  steel  can 
be  ground.  The  table  tilts  to  any  angle  or  can  be  raised  or 
lowered  at  the  back;  it  is  provided  with  two  adjustable  angle 
rests  that  can  be  locked  in  any  position  by  thumb-screws. 

Munitions  Parts  Assembling  Machines:  Berggren  &  Pear- 
son Machine  Co.,  New  York  City.  A  battery  of  machines  de- 
signed for  assembling  the  bursting  box  for  the  contact  detona- 
tor of  3-inch  Russian  shells.  The  battery  consists  of  six  ma- 
chines so  arranged  that  the  two  opposite  machines  assemble 
the  same  part  of  the  work  and  are  driven  by  the  same  belt. 
All  the  machines  are  mounted  on  a  table  12  feet  long  by  30 
inches  wide;  leaving  ample  room  between  the  operators  for 
loading  and  unloading  the  trucks  which  are  rolled  up  to  the 
assembling  table. 
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.  Extensible  Coupling  for  Mill  Drives:  CuUci-lIanimer  Clutch 
Co.,  Milwaukee,  Wis.  An  extensible  couplinR  tor  use  in  con- 
nection witti  herringbone  gear  drives  on  rolling  mills,  designed 
to  eliminate  trouble  resulting  from  end  thrusts  or  any  con- 
straint which  does  not  leave  the  gears  perfectly  free  to  align 
themselves  proporlv  The  use  of  this  coupling  between  the 
driving  motor  and  herringbone  pinion  provides  for  transmit- 
ting the  necessary  power,  leaving  the  pinion  tree  to  align  itself 
with  the  gear,  and  unaffected  by  any  end  thrust  caused  by 
lateral  motion  of  the  shaft. 

Rail  Breaking  Machine:  Covington  Machine  Co.,  Covington, 
Va.  A  machine  for  breaking  rails,  the  weight  of  which  does 
not  exceed  100  pounds  per  yard  of  length.  This  machine  is  of 
the  open-throat  type  and  was  designed  as  a  substitute  for  the 
closed  machine  similar  to  a  guillotine  shearing  machine.  It 
breaks  the  rail  with  a  single  stroke  of  the  plunger,  and  as 
the  shock  is  somewhat  severe,  special  attention  was  paid  to 
the  design  of  the  main  bearing  for  the  eccentric  shaft.  A  cast 
steel  block  is  used  to  support  the  bearing  which  is  relied  upon 
to  save  the  main  frame  from  unnecessary  wear. 

Welding  Outfit:  Thermalene  Co.,  Chicago  Heights,  111.  A 
new  method  of  torch  welding  in  which  oxygen  and  a  gas 
known  as  "thermalene"  are  employed.  This  gas  was  discov- 
ered by  Karl  Prederich  Linus  Wolf  of  Zurich,  Switzerland,  and 
is  handled  in  this  country  by  the  Thermalene  Co.  It  is  claimed 
that  this  gas  possesses  a  low  inflammability  and  that  danger 
from  its  explosion  is  almost  negligible.  The  Thermalene  Co. 
manufactures  a  portable  outfit  consisting  of  thermalene  gen- 
erator and  the  other  equipment,  mounted  on  a  truck  so 
that  it  may  be  conveniently  moved  from  one  place  in  the  shop 
to  another. 

Internal  Thread  Millers:  Holden-Morgan  Co.,  Ltd.,  Toronto, 
Ontario,  Canada.  An  internal  thread  milling  machine  de- 
signed for  threading  the  nose  or  base  of  shell  bodies.  The 
shell  is  held  in  a  hollow  spindle  which  is  driven  by  means  of 
a  bronze  worm-wheel.  At  the  rear  of  the  spindle  there  is  a 
ring  which  operates  the  trip  trigger,  automatically  disen- 
gaging the  drive  after  the  work  has  been  completed  by  one 
revolution  of  the  spindle.  Two  types  of  these  machines  are 
built,  which  are  known  as  the  heavy  and  light  styles.  The 
light  style  has  a  leg  base  construction,  but  in  other  respects 
the  design  of  both  machines  is  the  same. 

Engine  Lathe:  Oliver  Machinery  Co.,  Coldbrook  and  Clancy 
Sts.,  Grand  Rapids,  Mich.  A  heavy-duty  26-inch  engine  lathe 
on  which  the  headstock  is  heavily  ribbed  and  provided  with 
a  long  bearing  on  the  bed.  The  front  spindle  bearing  is  6V2 
by  10  inches  in  size  and  the  rear  bearing  414  by  7  inches.  The 
headstock  is  of  the  single-pulley  geared  type  and  there  are 
two  changes  of  speed  provided  from  the  countershaft,  giving 
a  total  range  of  twelve  speeds  from  8  to  300  revolutions  per 
minute.  There  are  thirty-two  changes  of  feed  ranging  from 
0.013  to  0.333  inch  per  revolution;  and  thirty-two  changes  of 
threads  ranging  from  1  to  24  threads  per  inch. 

Surface  Grinder  and  Sander:  Globe  Inventing  Co.,  4877  N. 
Hermitage  Ave.,  Chicago,  111.  A  bench  machine  designed  for 
use  in  finishing  up  any  size  of  surfaces  and  shapes  on  wood, 
metal  and  other  material.  Any  required  abrasive  cloth  can 
be  quickly  attached  to  the  roller  by  loosening  three  screws,  and 
two  kinds  of  abrasive  cloth  can  be  put  on  the  roller  at  the 
same  time,  each  covering  half  of  the  roller.  The  guide  can 
be  quickly  set  to  the  required  height  over  the  abrasive,  and 
it  can  be  set  at  any  angle  up  to  15  degrees.  The  table  can 
also  be  lowered  or  raised  at  either  side,  and  it  can  be  lifted 
and  swung  up  to  the  back  while  replacing  worn  out  abrasive 
cloth. 

Shell  Plug  and  Socket  Millers:  Holden-Morgau  Co.,  Ltd., 
Toronto,  Ontario,  Canada.  One  machine  was  designed  pri- 
marily for  the  performance  of  operations  on  shell  plugs,  al- 
though it  could  be  adapted  for  external  threading  on  other 
classes  of  work.  On  this  base-plug  miller  the  piece  is  chucked 
by  means  of  a  device  which  may  be  adapted  for  handling  dif- 
ferent types  of  work,  and  the  thread  is  completely  milled  at 
one  revolution  of  the  work-spindle.  Opening  and  closing  of 
the  chuck  are  controlled  by  a  handle  conveniently  placed  at  the 
side  of  the  machine.  The  socket  miller  is  adapted  for  milling 
outside  threads  on  fuse  sockets,  nose  pieces,  and  fuse  bodies; 
and  this  machine  is  provided  with  a  chucking  device  especially 
adapted  for  holding  these  parts. 

Horizontal  Tapping  Machine:  H.  E.  Harris  Engineering  Co., 
1041-1055  Broad  St.,  Bridgeport,  Conn.  A  horizontal  tapping 
machine  on  which  the  forward  and  reverse  drives  are  accom- 
plished by  a  friction  cone  consisting  of  leather  contacting  with 
cast  iron.  The  leather  forms  a  cushion  to  give  an  easy  and 
sensitive  though  powerful  grip  under  slight  pressure.  The 
forward  friction  is  thrown  into  action  by  a  slight  pressure 
on  the  end  of  the  tap  applied  by  pushing  up  the  hole  in  the 
work  against  it.  When  the  work  has  been  tapped  to  the  re- 
quired depth  and  the  spindle  in  the  tailstock  comes  into  con- 
tact with  a  stop,  the  cone  friction  is  automatically  released 
by  the  action  of  the  tap  drawing  into  the  work;  and  the  rota- 
tion is  then  reversed  to  back  out  the  tap  by  drawing  the  work 
away  from  the  tap. 


GEAR  TESTING  MACHINE 
The  machine  here  illustrated  and  described  is  the  out- 
growth or  evolution  of  a  previous  machine,  designed  and 
built  l)y  Wilfred  Lewis  for  the  use  of  the  American  Society 
of  Mechanical  Engineers'  committee  on  standards  for  in- 
volute gears.  This  was  referred  to  in  a  paper  presented 
at  the  American  Society  of  Mechanical  Engineers'  joint 
meeting  with  the  Institution  of  Mechanical  Engineers  at 
Birmingham  in  1910,  and  a  later  design  was  presented  again 
to  the  American  Society  of  Mechanical  Engineers  in  June, 
1914. 

Prof.    Charles    R.   Richards,    in   charge   of   the    Department 
of  Mechanical  Engineering  of  the  University  of  Illinois,  be- 
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Fig.   1.     Improved  Gear  Testing  Machine  built  for  University  of  Illinois 

came  interested  in  the  problems  which  the  latter  machine 
was  designed  to  solve,  and  ordered  one  for  his  mechanical 
laboratory.  Before  work  was  begun  upon  it,  however,  he 
noticed  that  no  means  had  been  provided  to  measure  the 
power  consumed,  and,  to  make  the  machine  more  compre- 
hensive in  its  scope,  Wilfred  Lewis  agreed  to  add  this  fea- 
ture, which  had  been  one  of  the  chief  considerations  in  the 
first  machine.  The  present  machine  has,  therefore,  been 
made  to  combine  the  means  for  controlling  and  measuring 
the  pressure  on  gear  teeth  in  action,  with  a  later  construc- 
tion designed  to  measure  the  power  consumed. 

The  former  machine,  which  was  described  in  the  Ameri- 
can Society  of  Mechanical  Engineers'  Transactions  for  1914,* 
had  a  cast-iron  frame  or  base,  designed  to  rest  upon  a  solid 
foundation.  This  construction  has  been  taken  bodily  and 
mounted  upon  two  horizontal  axes,  one  of  which  coincides 
with  the  axis  of  the  driving  shaft  while  the  other  is  a  knife- 
edge  resting  upon  portable  platform  scales,  as  shown  in 
Figs.  1  and  2.  A  stand  has  been  introduced  to  encircle  the 
driving  shaft  and  carry  a  foot  down  through  an  opening  in 
the  main  frame  of  the  machine.  This  foot  rests  upon  a 
block  of  stone  or  concrete  represented  in  the  illustrations 
by  a  wooden  box,  and  it  will  be  understood  that  the  shaft 
bearings  are  carried  in  this  stand  on  ball  bearings.  On  the 
other  side  of  the  machine,  caps  for  the  main  bearings  have 
been  extended  to  carry  the  knife-edge  as  shown.  The 
weight  of  the  whole  machine  is  therefore  divided  between 
these  two  supports  at  a  certain  distance  apart,  depending 
upon   the   size   of   the   pinions   used. 

When  driven  in  one  direction,  the  load  on  the  scales  is 
increased,  and  when  driven  in  the  other  direction  it  is  de- 
creased by  the  driving  torque,  as  measured  by  the  arm  of 
the  couple  between  supports.  Fluid  pressure  is  admitted 
to  either  side  of  the  load-piston  through  a  three-way  cock, 
as  shown,  and  the  pressure  resulting  on  the  gear  teeth  is 
shown  by  the  gages.  It  will  be  seen  that  this  pressure  can 
be  readily  reversed  while  the  gears  are  running,  and  with  a 
suitable  countershaft  or  motor  attached  to  the  driving  shaft 

•  This  paper  was  published  in  (he  Septoniber,   1914,  niuulM-r  <it  MAcniNnnr. 
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the  direction  of  motion  can  also  be  reversed.  With  eighty 
pounds'  fluid  pressure  in  the  load  cylinder,  the  working  load 
on  the  gear  teeth  becomes  about  5000  pounds,  and  this  is 
expected  to  break  test  gear  teeth  in  cast  iron,  four  per  inch 
and  1  inch  face  or  thereabouts  at  some  speed  to  be  deter- 
mined. 

The  effects  of  various  lubricants  on  the  friction  load  can 
also  be  studied  and  the  effects  of  wear  at  different  speeds 
and  loads.  When  breaking  loads  are  approached,  the  test 
gear  can  readily  be  enclosed  by  a  frame  attached  to  a  flange 
around  the  main  casting  so  that  broken  teeth  will  not  be 
thrown  off  to  endanger  the  operator.  No  danger  of  a  gen- 
eral   smash-up    is    to   be   expected,    however,    because    the   re- 


Fig.   2.     Opposite   Side   of   Gear   Testing   Machine   shown  in  Fig.    1 

maining  teeth  will  continue  to  mesh  properly  no  matter 
how  many  may  be  broken.  Of  course  the  improvised  founda- 
tion and  the  supporting  stand  on  scales,  as  shown  in  the  illus- 
trations, will  be  replaced  by  substantial  substitutes  when  the 
machine  is  placed  in  service. 

*     *     * 

MACHINING   OPERATIONS   ON   RUSSIAN 
MILITARY  RIFLE  STOCK* 

Several  large  plants  in  this  country  are  at  present  engaged 
in  the  manufacture  of  the  Russian  military  rifle  stock;  the 
equipment  for  this  work  varies  to  some  extent  in  the  different 
shops.  One  plant  has  an  equipment  which  has  been  laid  out 
along  original  lines  with  results  that  have  been  found  highly 
satisfactory.  The  average  time  required  with  standard  equip- 
ment to  turn  out  the  Russian  military  rifle  stock  is  I'/i  man- 
hour,  and  in  the  plant  referred  to  it  is  9/10  man-hour  per 
stock,  with  a  total  daily  production  based  on  6.500  stocks  and 
operating  on  two  shifts. 

Many  of  the  machines  used  for  this  work  are  novel  in  their 
application  to  the  production  of  military  rifle  stock-s.  One  of 
the  interesting  machines  used  is  that  for  bandsawing  the  out- 
line. The  stock  is  held  in  a  fixture  which  locates  it  from  the 
top  and  front  end,  and  when  it  is  clamped,  the  stop  at  the 
front  end  automatically  drops  away.  This  fixture  is  held  on  a 
table  which  moves  forward  while  the  front  end  of  the  stock 
is  cut  off  to  length  and  the  butt  end  milled  to  the  required 
outline.  The  table  is  then  returned  to  another  stop  and  a 
special  profiling  cutter  is  brought  into  operation  to  profile 
the  outline  for  the  butt  plate  on  the  top  and  rear  end.  A  lever 
is  then  operated,  bringing  into  play  a  tool  that  hollow-mills 
the  diameter  at  the  front  end  and  drills  one  hole  in  the  butt 
to  act  as  a  driving  point  while  turning.  This  machine  is 
made  by  McKnight  &  Sons,  Fitchburg,  Mass.,  and  produces 
fifty  stocks  per  hour. 

In  rough-  and  finish-turning  the  fore  end,  a  radical  departure 


*  For  methods  of  manufacture  and  equipment  used  in  the  production  of 
military  rifles,  see  "The  Military  Rifle,"  published  in  the  April,  May  and 
June  numbers  of  Machinery. 


is  made  from  the  old  practice  of  performing  this  operation 
in  the  stock  turning  lathe.  In  this  case,  the  work  is  done  in 
a  fore-end  stock  turning  machine  built  by  Olney  &  Warrin, 
in  which  the  stock  is  located  by  the  ends  and  top,  and  the 
work  is  brought  up  to  a  set  of  cutters  of  the  proper  form  and 
of  a  length  sufficient  to  turn  the  entire  fore  end  at  one  setting. 
The  rough  and  finish  cuts  are  taken  at  one  setting  by  having 
the  work  make  two  revolutions,  feeding  in  to  the  second  stop 
for  the  second  cut.    The  production  is  three  stocks  per  minute. 

In  turning  the  butt  end,  use  is  made  of  a  stock  turning  ma- 
chine of  the  Blanchard  type,  but  instead  of  using  one  tool 
with  a  number  of  cutters  inserted  in  the  periphery,  two  tools 
are  used,  each  of  which  cuts  one-half  the  length  to  be  turned; 
these  tools  are  a  special  form  of  saw  which  is  very  easily  kept 
in  shape,  and  is  greatly  superior  to  the  old  type  of  turning 
tool.    The  production  is  twelve  stocks  per  hour. 

For  inletting,  it  is  the  practice  to  perform  the  various  cuts 
separately,  limiting  the  number  of  cutters  in  each  operation 
and  utilizing  more  machines  so  as  to  reduce  the  operation  to 
the  simplest  form  possible  and  obtain  a  greater  output  from 
each  machine.  The  machines  are  much  less  complicated  and 
cost  considerably  less  than  those  equipped  with  six,  eight  or 
ten  cutter-spindles. 

In  the  Russian  stock  there  is  a  mortised  opening  %  inch 
by  2'i  inches,  and  the  regular  practice  is  to  make  this  open- 
ing on  an  inletting  machine.  For  this  work  a  special  machine 
has  been  hu  It  by  the  New  Britain  Machine  Co.,  similar  to  that 
used  for  m  r-tising  wood  level  blocks,  made  by  the  Stanley 
Rule  &  Level  Co.  This  machine  has  a  table  fixture  on  which 
Ihe  stock  is  placed,  and  it  is  provided  with  a  feed  mechanism 
that  operates  in  a  vertical  plane.  The  head  of  the  machine 
is  arranged  to  carry  a  chain  cutter;  this  cutter  comprises  a 
chain  with  links,  the  outer  faces  of  which  are  formed  with 
cutting  edges  and  which  is  arranged  to  be  driven  by  a  sprocket 
and  pass  over  a  guide  bar  that  gives  it  the  proper  tension  and 
position.  The  production  of  this  machine  is  four  stocks  per 
minute.  D.  T.  H. 

*     *     * 

FIFTH  ANNUAL  CONGRESS  OF  NATIONAL 
SAFETY  COUNCIL 

The  fifth  annual  congress  of  the  National  Safety  Council, 
an  employers'  organization  formed  for  the  purpose  of  estab- 
lishing a  clearing  house  of  information  on  accident  preven- 
tion, sanitation,  health  conservation,  etc.,  will  be  held  in  De- 
troit, October  17,  18,  19  and  20.  The  importance  of  conserving 
the  human  element  is  voiced  by  a  prominent  manufacturer 
who  recently  said: 

I  believe  we  are  fast  approaching  the  time  when  it  will 
be  no  longer  possible  to  make  any  such  revolutionary  econ- 
omies in  industry  as  were  brought  about  by  the  invention 
of  the  steam  engine,  the  application  of  electricity  and  the 
development  of  steel  making.  I  believe  the  next  great  field 
of  economy  lies  along  the  line  of  conserving  the  human 
equipment  of  our  plants. 

Chemical  section,  foundry  section,  iron  and  steel  section, 
mining  section,  public  utility  section,  steam  railroad  section 
and  health  service  section  meetings  will  be  held,  at  which 
papers  on  various  matters  concerning  the  prevention  of  acci- 
dents, promotion  of  health  and  sanitation,  etc.,  will  be  pre- 
sented by  experts  in  the  various  lines  represented.  It  is  ex- 
pected that  about  140  speakers  will  take  part. 
«     *     * 

MONUMENT  TO  JOHN  ERICSSON 
On  August  31  President  Wilson  signed  a  bill  introduced  in 
Congress  for  the  erection  of  a  mouuniont  to  Capt.  John 
Ericsson,  the  well-known  engineer  who  designed  the  Monitor. 
which,  during  the  Civil  War,  turned  the  naval  power  in  favor 
of  the  North.  The  monument  will  be  erected  at  Washington, 
D.  C.  A  number  of  members  of  the  Ameri<an  Society  of. 
Mechanical  Engineers  were  active  in  securing  the  passage  of 
the  bill,  because  they  considered  the  nation  ought  to  erect  a 
monument  commemorating  this  great  engineer.  It  is  the 
first  time  that  Congress  has  made  an  appropriation  for  the 
erection  of  a  monument  to  any  citizen  who  has  not  held  high 
political  office,  and  the  first  time  that  a  monument  has  been 
erected  to  an  engineer  at  public  expense. 
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B.  &  S.  Plain  Grinding  Machines 

Smooth^  efficient  operation  that  counts 
on  your  production  records 


■f.: 


Built  for  Heavy 
Manufacturing  Grinding 

No.  12  Capacity  to  8"  diameter,  36"  long. 
No.  14  Capacity  to  10"  diameter,  48"  long. 
No.  16  Capacity  to  10"  diameter,  72"  long. 

Also  two  smaller  sizes  in  plain 
machines  arid  a  full  line  of 
Universal,  Tool,  Cutter  and 
Surface  Grinders. 


Pittsburgh   Office 

Room  2538 

Henry  W.  Oliver  Bldg. 

Pittsburgh,  Pa. 

Orders  and  inquiries  ad- 
dressed to  this  new  office  will 
receive  prompt  attention. 


You  can  get  with  these  machines  the  steady  production  that 
is  necessary  to  keep  your  grinding  output  balanced  with  the 
rest  of  your  shop  in  these  busy  days. 

Week  after  week,  and  month  after  month,  they  will  produce 
consistently  and  at  the  fastest  practical  rates  work  that  will 
come  up  to  your  most  exacting  standards  for  accuracy  and 
finish. 

There  are  good  reasons  for  this  ability.  Here  are  a  few : 
Rugged  support  of  working  parts.  The  stability  required  in  machines 
for  heavy  manufacturing  is  there.  An  examination  of  the  bed,  wheel 
stand,  and  other  parts  will  reveal  ample  thickness  of  metal  and"  strong 
bracing  at  points  of  greatest  stress.  But  careful  calculations  have 
eliminated  unnecessary  weight  that  would  tend  to  make  the  machines 
clumsy  and  slow  to  operate. 

Bearings  carefully  aligned.  Having  bearings  properly  supported,  cor- 
rectly designed  as  to  size,  and  then  accurately  aligned  is  responsible 
for  the  reliability  of  these  machines  in  long  continued  service. 

Just  the  right  combination  of  speeds  and  feeds  is  always  at  your  dis- 
posal— no  excuse  for  using  a  combination  that  will  not  give  the  very 
fastest  production  consistent  with  the  finish  required. 
You  should  know  more  about  these  and  other  features  such  as  the 
Automatic  Cross  Feed,  Universal  Back  Rests,  etc.  Write  us  for  a 
descriptive  circular  of  the  machine  best  suited  to  your  work.  (See 
list  of  capacities  above  at  left.) 


Brown  &  Sharpe  Mfg.  Company^ 

OFFICES;  20  Vesey  St.,  New  York.  N.  Y.;  G54  The  Bourse,  PlilladelpUia.  Pa.;  OL'O-G.10  Washington  Blvd..  Chicago,  111.;  305  Chamber  of  Commerce  Bldg., 
Rochester.   N.  Y.:    Hoom  419,   University  Block,  Syracuse.   N.  Y.;   Itoom  2.538,   Henry   W.    Oliver   Bldg.,    Pittsburgh,    Pa. 

HEPEESENTATIVES : .  Carey  Machinery  &  Supply  Co.,  Baltimore,  Md.;  The  E.  A.  Kinsey  Co.,  Cincinnati.  O..  Indianapolis,  Ind.;  PaciBc  Tool  &  Supply  Co..  San 
Francisco,  Cal.;  Strong,  Carlisle  &  Hammond  Co.,  Cleveland,  O.,  Detroit,  Mich.;  Colcord-Wright  Machinery  &  Supply  Co.,  St.  Louis,  Mo.;  Periue  Machinery 
Co.,   Seattle,    Wash;   Portland   Machinery   Co.,   Portland,   Ore. 
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B.  &  S.  Standard  Gauges 

Work  does  not  go  to  the  scrap  pile 
if  it  conforms  to  these  gauges 


Every  day  you  are  making  standard  sizes  in  your  grinding 
department.  How  do  you  measure  this  work  to  insure 
against  too  high  a  percentage  of  spoilage  from  wrong  setting 
up  of  machines? 

It  is  a  costly  error  that  is  discovered  by  an  inspector  after 
hundreds  of  pieces  have  been  ground.  Figured  in  dollars  and 
cents  it  represents  not  only  the  actual  cost  of  the  work  spoiled 
but  the  cost  of  a  delay  in  production  that  retards  deliveries 
and  makes  dissatisfied  customers. 

A  set  of  Brown  &  Sharpe  Standard  Gauges  or  a  box  of 
Standard  Reference  Discs  in  your  shop  tool  rooms  will  help 
wonderfully  in  maintaining  correct  sizes. 

Both  discs  and  gauges  are  made  from  the  best  tool  steel, 
hardened,  ground  and  lapped  to  exact  size,  with  large  meas- 
uring surfaces  to  prevent  wear.  They  are  furnished  singly 
or  in  sets. 

A  copy  of  our  No.  27  Catalog  should  be  in  your  reference  file. 
It  describes  our  full  line  of  standard  and  limit  gauges  and 
other  useful  tools  for  shop  tool  rooms. 


Vovidence,  Rhode  Island,  U.S.A. 

CANADIAN  AGENTS:     The  Canadian   Fairbanks-Morse   Co.,   Ltd.,  Montreal,   Toronto.   Winnipeg,  Calgary,   VaBcouver,  St.  John,  Saskatoon. 

FOREIGN  AGENTS:  Buck  &  Hickman,  Ltd..  London,  Birmingham,  Manchester,  Sheffield.  Glasgow;  F.  G.  Kretschmer  &  Co  Frankfort  a  M  Germanv 
V.  T.(iwener,  Copenhagen,  Denmark:  Stockholm,  Sweden;  Chrlatiania,  Norway:  Fenwick  Freres  &  Co.,  Paris,  France:  Turin  Italy  Zurich  Swltzerlind' 
Barcelona,   Spain;   The  F.    W.   Home  Co.,   Tokio,   Japan;   L.   A.  Vail,   Melbourne,   Australia;   P.  L.  Strong.   Manila,   P.   I.  ^uricn,   owiueriana, 
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LAWS  OF  FOREIGN   COUNTRIES   RELATING  TO  BUSINESS* 


UNFAIR  COMPETITION  AND  TRUST  LAWS  OF  VARIOUS  COUNTRIES  AND  INTERNATIONAL 
AGREEMENTS  AFFECTING    THEM 


IN  most  countries,  the  laws  governing  tlie  formation  of 
monopolies  and  unfair  competition  are  based  on  the  laws 
of  France.  These  laws  are  chiefly  found  in  the  general 
codes  which  were  enacted  shortly  after  the  French  Revolu- 
tion. The  principal  provision  of  the  penal  code  makes  it 
possible  to  punish  by  imprisonment  and  fine  anyone  who  shall 
effect  the  advance  or  decrease  of  price  of  any  merchandise 
or  public  securities  (above  or  below  the  prices  that  natural 
and  free  competition  would  have  fixed)  by  the  circulation  of 
false  reports,  by  offers  of  higher  prices,  or  by  agreement  not 
to  sell  or  to  sell  only  at  a  certain  price.  Court  decisions  show 
that  the  circumstances  of  each  case  affect  its  standing. ,  The 
court  decided  that  it  was  illegal  for  all  the  important  iodine 
manufacturers  to  combine:  to  divide  the  field  that  supplied 
the  raw  material;  to  fix  the  quantities  to  be  purchased  in 
each  field  and  the  prices  to  be  paid  therefor;  or  to  sell  their 
entire  output  through  a  syndicate  that  would  fix  the  price 
and  other  conditions  of  sale.  But  when  those  producing  about 
two-thirds  of  the  phosphate  of  the  Somme  region  combined 
to  sell  their  products,  fix  the  prices,  etc.,  the  court  decided 
that  the  combination  was  legal  because  it  did  not  include 
more  than  two-thirds  of  the  production  and  there  was  com- 
petition from  other  parts  of  France  and  from  Belgium. 

The  Belgian  as  well  as  the  French  criminal  codes  provide 
that: 

Every  person,  who  with  the  purpose  of  compelling  the 
increase  or  decrease  of  wages,  or  of  interfering  with  the 
free  operation  of  industry  or  of  labor,  shall  have  committed 
violence,  proffered  insults  or  threats,  adjudged  fines,  pro- 
hibitions, Interdictions,  or  any  proscription  whatever,  either 
against  those  who  labor  or  against  those  who  employ 
labor,  shall  be  punished  with  imprisonment,  etc. 
The  combinations  of  employers  and  of  laborers  for  the  pur- 
pose of  fixing  the  price  and  the  conditions  of  labor  are  legal, 
though  subject  to  restriction.  In  one  instance  a  court  said: 
Although  employers  and  laborers  have  the  right  to  com- 
bine in  order  to  fix  the  price,  the  conditions  of  labor,  etc., 
the  use  of  this  right  is  limited  and  the  abuse  of  it  is  re- 
pressed by  the  laws  which  protect  the  laborer  and  his 
work.  It  is  permitted  to  trade  unionists  to  make  by-laws 
which  govern  the  members  of  the  union  and  which  author- 
ize the  expulsion  of  a  member  who  disobeys  them,  but 
in  advising  third  parties  of  this  expulsion  with  the  threat 
that  they  will  be  exposed  to  disagreeable  consequences  in 
case  they  take  the  excluded  person  into  their  service,  the 
secretary  of  the  union  attacked  the  freedom  of  the  latter; 
and  he  ought  to  compensate  the  damage  caused  by  that 
illicit  act. 

When  a  Belgian  association  of  dealers  in  druggists'  sup- 
plies tried  to  "quarantine"  a  dealer  for  non-observance  of  the 
regulations  of  the  association,  although  he  was  not  a  member 
and  had  no  agreement  with  it,  the  court  held  that  the  defendant 
was  not  permitted  to  "resort  to  practices  to  induce  all  or  a 
certain  number  of  manufacturers  to  refuse  to  sell  to  the 
plaintiff  or  to  sell  only  at  a  price  that  made  it  impossible  to 
resell  at  a  profit."  While  the  court  held  that  there  was  ground 
for  an  action  of  damages,  it  referred  the  case  to  an  accountant 
to  determine  what  damages  may  have  been  sustained  by  the 
plaintiff. 

The  civil  code  of  Austria  says  that  unpermitted  companies 
have  no  rights  either  against  their  members  or  against  others 
and  that  they  are  incapable  of  acquiring  such  rights.  The 
code  then  defines  these  as  follows:  "Unpermitted  companies 
are  those  which  are  forbidden  by  the  political  laws  or  which 
are  clearly  repugnant  to  security,  public  order,  or  good  morals." 
The  highest  court  in  Hungary,  however,  declared  the  com- 
bination legal  when  several  contractors  agreed  to  regulate 
their  participation  in  bidding  on  public  contracts,  including 
provisions  as  to  prices  and  conditions  and  penalties  for  breach 
of  that  agreement.    The  court  said : 

If  those  engaged  in  a  branch  of  business  combine  to 
hinder  the  offer  of  cut  prices  which  endanger  the  economi- 
cal operation  of.  the  industry  in  order  thereby  to  maintain 


•  An    alistiiirt    from    the    bulletin    issued    by    the    Department    of    Commerce, 
entitled   "Trust  Laws  and  Unfair  Competition." 


a  reasonable  price  for  their  work,  an  agreement  pursuing 
such  an  end,  and  not  fixed  for  too  long  a  period  (it  was 
five  years  in  this  case),  can  be  regarded  as  inconsistent 
neither  with  the  interest  of  the  participants  nor  with  that 
of  the  public  nor  as  repugnant  to  good  morals.  *  *  *  A 
combination  which  seeks  to  avoid  a  crisis  injurious  both 
to  the  contractor  and  to  the  party  employing  him  serves 
also  the  interest  of  the  public. 

The  Italian  civil  code  contains  the  following  provision: 
"Whatever  act  of  a  person  causes  damage  to  another  obliges 
him  by  the  fault  of  whom  it  happens  to  compensate  the  dam- 
age." But  the  courts  have  held  that  it  is  legal  for  associations 
to  regulate  the  prices,  etc.,  and  for  producers  to  combine  to 
prevent  injurious  competition  and  to  maintain  remunerative 
prices.  A  special  law,  also,  provides  that  should  a  combina- 
tion of  shippers  refuse  to  transport  emigrants  at  rates  ap- 
proved by  the  government,  their  licenses  shall  be  withdrawn. 
Italy  has  also  established  a  compulsory  cartel  of  the  sulphur 
producers,  as  well  as  a  commission  for  the  promotion  of  the 
citrus  products  industry.  Among  other  things,  this  commis- 
sion advances  money  to  the  producers  of  citrus  products  and 
sells  the  products,  a  minimum  selling  price  being  fixed 
each  year. 

While  the  civil  code  of  Russia  provides  that  no  contract 
shall  be  repugnant  to  the  laws,  to  good  morals,  or  to  public 
order,  the  Russian  government  has  encouraged  the  formation 
of  several  cartels.  The  decisions  of  the  courts,  however,  are 
not  legal  precedents;  they  rather  follow  the  administrative 
policy.  The  Russian  government  has  insisted  on  the  forma- 
tion of  a  monopoly  for  the  development  of  its  sugar  industry; 
Sweden,  for  its  iron;  Roumania,  for  its  petroleum;  Greece, 
for  its  currants;  Brazil,  for  its  coffee;  and  Mexico,  for  its  sisal 
fiber. 

Japan's  commercial  code  is  modeled  after  the  German  code; 
it  states  that: 

If  a  business  association  acts  contrary  to  public  order  or 
good  morals,  the  court  may  dissolve  it  on  the  application  of 
the  attorney-general,  or  by  exercising  its  executive  power. 
If  a  representative  of  a  foreign  business  association  es- 
tablishing a  branch  office  in  Japan  commits  any  act  con- 
trary to  the  public  order  or  good  morals  during  the  man- 
agement of  the  business  of  the  association,  the  court  may 
upon  the  application  of  the  attorney-general  or  by  its  own 
executive  power  order  the  branch  office  closed. 
In  China,  a  person  who  "unduly  depresses  or  raises  prices 
to  suit  his  own  convenience  entails  a  penalty  of  eighty  blows 
and  the  undue  profit  arising  therefrom  is  treated  as  theft." 

Unfair  Competition 

Unfair  competition,  according  to  some  French  law  books,  is 
"an  act  committed  in  bad  faith  with  a  view  of  producing  con- 
fusion between  the  products  of  manufacturers  or  of  two  mer- 
chants, or  which  without  producing  contusion  causes  discredit 
upon  a  rival  establishment." 

In  European  countries,  it  relates  generally  to  unfair  prac- 
tices to  injure  a  competitor;  the  effect  on  the  consumer  is  not 
generally  considered  except  as  it  concerns  a  competitor.  The 
present  tendency,  though,  seems  to  be  to  have  a  general  provi- 
sion in  the  civil  code  that  is  applicable  to  the  ever  varying 
forms  of  unfair  practices,  while  several  specific  laws  make  the 
more  easily  defined  or  more  obnoxious  practices  illegal  and 
impose  the  penalties.  These  special  laws  are  enacted  espe- 
cially where  international  treaties  are  concerned  or  where 
reciprocity  provisions  regarding  the  protection  granted  for- 
eigners are  incorporated  in  the  statutes.  Austria,  Denmark, 
Greece,  Spain,  Portugal,  and  some  of  the  Swiss  cantons  are 
modeled  after  the  laws  of  Germany.  This  code  provides  a 
special  law  against  specific  kinds  of  unfair  competition,  which 
contains  also  a  provision  of  general  application.  German 
jurists  generally  hold  that  unfair  competition  constitutes  a 
violation  of  the  rights  which  every  individual  has  to  his  physi- 
cal and  intellectual  property.  Since  1910,  many  of  the  German 
cities  have  established  boards  of  arbitration  for  settling  con- 
tests  on    account   of   unfair    competition.      These   boards    are 
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Cincinnati  Gauging  and 
Inspection  Methods 

Intel-changeability  of  machine  parts  is  a  very  flexible  term.  Even  the  parts  of  agri- 
cultural machinery  are  interchangeable,  which  shows  that  this  word  may  mean 
much  or  little.  In  machinery  construction  it  must  be  used  in  connection  with 
stated  or  known  accuracy  limits.  The  limits  to  which  parts  of  Cincinnati  Millers 
are  made  vary  from  .001"  on  some  parts  to  .00025"  on  others,  and  in  many  cases  no 
tolerance  is  allowed.  When  such  parts  are  made  interchangeable,  the  gauging  and 
inspection  methods  must  be  rigid. 


Gauging  Unit  Mechanisms — Our  unit  sys- 
tem of  construction  demands  diflferent 
gauging  methods  from  those  usually  em- 
ployed. Figure  1  shows  a  set  of  gauges 
for  testing  the  alignment  of  the  splined 
shafts  in  milling  machine  knees.  This  is 
tested  by  two  indicators,  one  reading  on  the 
top  and  the  other  on  the  side  of  a  master 
shaft,  inserted  in  the  knee.  Before  making 
the  test,  these  indicators  are  set  to  the 
master  gauges,  shown  on  top  of  case.  This 
gives  us  a  permanently  accurate  method  of 
testing,  which  shows  us  more  closely  than 
any  fixed  or  snap  gauge  can  do  whether  a 
shaft  is  parallel  and  in  its  proper  position,  or 
in  wind  and  out  of  position. 


The  Testing  Gauges  for  Our  Dividing  Head 
Tailstocks — These  tailstocks  consist  of  four 
parts,  all  of  which  slide  into  each  other  ac- 
curately. These  parts  are  manufactured  in 
lots  of  fifty.  They  are  absolutely  interchange- 
able in  the  machining  stage,  and  can  be 
pushed  together  without  any  hand  work. 
The  final  scraping,  which  merely  removes  the 
loose  iron,  serves  to  give  them  a  snug  slid- 
ing fit. 


Fig.   2 


These  are  only  two  examples  out  of  many  hundreds  which  we  use.  You  are  welcome 
to  inspect  these  things  in  our  factory  at  any  time. 

Let  us  send  you  our  catalog  showing  the  full  line  of  Millers 
made  by  these  methods. 

THE  CINCINNATI  MILLING  MACHINE  COMPANY 

CINCINNATI,  OHIO,  U.  S.  A. 


186 


MACHINERY 


October,  1916 


.  t'oriiuui  by  mercantile  associations  anil  do  away  with  much 
of  the  expensive  and  long  litigation.  They  also  oft'er  speedy 
relief  from  the  offense  and  avoid  much  distasteful  publicity. 
These  boards  also  have  an  enlightening  influence  on  the  busi- 
ness world  regarding  fair  and  lawful  competition.  They 
have  been  especially  useful  in  cases  where  the  decisions 
of  the  Imperial  Court,  in  conformity  with  the  letter  of  the  law, 
were  not  broad  enough  and  did  not  keep  pace  with  the  progress 
of  current  business  methods  and  customs. 

According  to  the  French  jurists,  the  relation  between  a  busi- 
ness man  and  his  customers  constitutes  a  commercial  prop- 
erty right,  and  whoever  knowingly  injures  it  commits  an  un- 
lawful act  and  makes  himself  liable  for  damages.  They  hold 
that  the  cardinal  principle  of  unfair  competition  is  intent  to 
injure,  and  they  make  a  careful  distinction  between  unfair 
and  unlawful  competition,  based  on  the  existence  or  non- 
existence of  wrongful  intent.  It  is  unlawful  and  not  unfair 
competition  where  a  person,  in  good  faith,  commits  a  legal 
wrong  or  injures  another  through  negligence  or  carelessness. 
But  both  the  French  and  the  German  codes  agree  that  the 
deciding  and  controlling  viewpoint  for  legislative  suppression 
of  unfair  competition  is  not  the  protection  of  the  public  or 
consumers,  but  the  protection  of  fellow  tradesmen  or  com- 
petitors. In  France,  actions  to  enjoin  unfair  practices  and 
to  recover  damages  because  of  them  are  conducted  before  the 
tribunals  of  commerce.  These  tribunals,  of  which  there  arc 
214,  are  composed  of  merchants,  and  are  chosen  by  the  mer- 
chants of  the  district  in  which  they  reside.  Appeals  can  be 
taken  from  them  to  the  court  of  appeals. 

British  laws  governing  unfair  competition,  like  the  laws 
of  the  United  States,  are  based  largely  on  the  common  law. 
While  decisions  show  that  it  is  sometimes  legal  for  a  person 
to  persuade  another  to  break  a  contract,  business  competition 
or  competition  between  union  and  non-union  labor  is  not  a 
justification  for  that  action.  For  instance,  when  a  labor  union 
tried  to  force  contractors  to  comply  with  its  demands  by  re- 
fusing to  work  on  supplies  purchased  from  dealers  who  sold 
to  them,  thus  causing  them  to  break  their  contracts  with 
these  dealers,  it  was  held  that  the  dealers  injured  could 
recover  damages  from  the  members  of  the  union.  A  similar 
decision  was  given  by  the  House  of  Lords  in  the  case  of  a 
union  that  induced  some  persons  to  break  their  contracts  to 
buy  from  a  man  who  refused  to  discharge  some  non-union 
men;  in  this  case,  the  union  also  induced  some  of  the  em- 
ployes to  break  their  contracts  with  the  man  and  leave  his 
employ.  It  was  held  that  some  mine  owners  could  recover 
damages  from  a  union  that  caused  the  employes  to  refuse  to 
work  on  certain  days  in  violation  of  their  contracts. 

Under  the  Australian  laws,  unfair  competition  is  presumed 
if  the  defendant  is  a  member  of  a  commercial  trust;  that  is, 
any  form  of  combination  to  restrict  competition.  The  laws 
make  every  attempt  to  restrict  competition  or  to  procure  a 
monopoly  prima  facie  evidence  of  unfair  competition.  They 
also  term  as  unfair  any  competition  that  will  probably  result 
in  inadequate  remuneration  for  Australian  labor,  thus  making 
indirect  injury  to  the  employes  of  a  competitor  prima  facie 
evidence  of  unfair  competition.  In  order  to  prevent  dumping, 
the  Australian  law  states  that  competition  is  unfair: 

If  the  methods  of  importation  are  considered  unfair,  or 
if  the  importer  has  purchased  the  goods  imported  at  prices 
below  the  cost  of  production,  or  if  such  goods  are  being 
sold  at  such  prices  that  the  importer  will  not  receive  a 
fair  profit  on  the  basis  of  their  foreign  market  value  or  sell- 
ing value,  if  sold  in  the  country  of  production,  allowance 
being  made  for  freight  charges  to  Australia  and  customs 
duties.  But  in  determining  whether  the  competition  is  un- 
fair, regard  must  be  had  to  whether  the  Australian  industry 
is  reasonably  efficient  and  up-to-date. 

International  Agreements 
Since  the  formation  of  the  International  Congress  for  the 
Protection  of  Industrial  Property,  in  Paris,  in  1878,  most  of 
the  nations  of  the  world  have  signed  the  following:  "All  the 
contracting  countries  agree  to  assure  to  the  members  of  the 
union  an  effective  protection  against  unfair  competition." 
The  Imperial  Court  of  Germany  has  held  that  even  though 
an  American  company  had  no  branch  office  in  Germany,  the 
company  was  entitled  to  protection   under  the  terms  of  this 


agreement.  Hut  it  also  held  that  where  a  British  concern 
had  been  denied  the  exclusive  use  of  a  trade  term  in  its  own 
country,  it  did  not  have  the  exclusive  right  to  the  name  in 
Germany. 

In  its  eighth  conference  in  Budapest,  in  January,  1914,  the 
Middle  European  Economic  Association  formulated  plans  for 
making  more  uniform  the  laws  relating  to  unfair  competition 
in  the  various  countries.  It  was  also  recommended  that  the 
several  governments  enact  "uniform  legislation  for  the  sup- 
pression of  such  unfair  practices  as  false  advertisements  re- 
garding quantity  and  quality,  misappropriation  and  misuse  of 
distinguishing  marks  for  the  purpose  of  enticing  customers, 
disparaging  competitors,  betrayal  or  other  violation  of  trust, 
or  spying  out  business  and  trade  secrets."  In  the  Sixth  In- 
ternational Congress  of  Chambers  of  Commerce  and  Commer- 
cial and  Industrial  Associations,  which  was  held  in  Paris  in 
June  of  that  year,  it  was  recommended  "that  every  nation 
should  make  an  effort  to  stop  corruption  and  corruptive  prac- 
tices that  affect  not  only  the  countries  where  they  are  carried 
on,  but  also  international  commertte."  It  was  also  recom- 
mended that  prohibited  acts  should  be  made  punishable  as  a 
<rime  by  the  penal  code  of  each  country,  but  that  civil  "prose- 
cution should  be  allowed,  so  that  the  victims  of -bribery  could 
procure  compensation  for  injuries  sustained.  D.  E.  J. 


PERSONALS  I 

O.  Ericsson,  manager  of  the  export  department  of  Nielsen  & 
Winther,  Ltd.,  Copenhagen,  Denmark,  has  come  to  America 
for  the  purpose  of  buying  machinery  and  tools. 

A.  L.  Buiwitt  of  Petrograd,  Russia,  has  been  given  full 
chaige  of  the  New  York  office  of  the  Russian  Metal  Trading 
Co.  (Iznosskoff,  Suckau  &  Co.),  149  Broadway,  New  York  City. 

Robert  K.  Greaves,  formerly  Boston  manager  for  H.  Boker  & 
Co.,  Inc.,  has  been  made  Western  manager  for  the  company, 
with  offices  and  warerooms  at  217-223  N.  Desplaines  St.,  Chi- 
cago, 111. 

Lester  G.  French,  assistant  secretary  of  the  American  So- 
ciety of  Mechanical  Engineers  and  formerly  editor  of  Ma- 
chinery, who  underwent  a  serious  operation  in  July,  has  re- 
turned to  his  duties  restored  to  health. 

Albert  V.  Brouillette,  for  some  time  assistant  to  the  chief 
efficiency  engineer  of  the  Remington  Arms-Union  Metallic 
Cartridge  Co.,  Uion,  N.  Y.,  is  now  connected  with  the  New 
England  Westinghouse  Co.,  Springfield,  Mass. 

Arthur  H.  Halloran,  a  well-known  electrical  man,  has  been 
appointed  Pacific  Coast  representative  for  the  Society  of  Elec- 
trical Development.  His  headquarters  will  be  in  the  Crossley 
Bldg.,  San  Francisco,  Cal.  Mr.  Halloran  will  represent  the 
society  in  California,  Arizona,  Nevada,  Utah,  Idaho,  Oregon 
and  Washington. 

Franklin  G.  Hubbard,  chief  engineer  of  the  mechanical  de- 
partment of  the  Western  Electric  Co.,  Hawthorne,  111.,  has  re- 
signed to  become  a  stockholder  and  director  of  the  H.  E. 
Harris  Engineering  Co.  of  Bridgeport,  Conn.  Mr.  Hubbard 
has  been  elected  vice-president,  and  will  have  thfe  factory 
under  his  supervision. 

Swan  F.  Anderson  has  disposed  of  his  interest  in  the  Rockford 
Tool  Co.,  Rockford,  111.,  and  with  his  brothers,  H.  E.  Anderson 
and  A.  L.  Anderson,  has  started  the  Anderson  Mfg.  Co.  The 
Anderson  brothers  are  expert  mechanics,  and  they  will  make 
dies,  tools,  fixtures  and  special  machinery  to  order.  They 
have  acquired  a  modern  plant  and  are  equipped  for  doing  high- 
grade  work. 


OBITUARIES 


William  Bunting,  president  of  the  Bunting  Brass  &  Bronze 
Co.,  Toledo,  Ohio,  and  an  authority  on  non-ferrous  alloys, 
died  August  26,  aged  sixty-six  years.  He  was  born  in  Belfast, 
Ireland.  He  served  a  seven  years"  apprenticeship  to  the  brass 
molding  trade  in  Belfast,  and  was  made  foreman  two  years 
after  serving  his  apprenticeship.  He  came  to  America  in  1880, 
taking  a  position  in  Chester,  Pa.;  from  there  he  moved  to 
Salem,  Ohio,  to  take  charge  of  the  brass  foundry  of  the  Buckeye 
Engine  Co.  Later  he  moved  to  Mansfield,  Ohio,  where  he  was 
associated  with  the  Ohio  Brass  Co.  as  general  superintendent 
and  director  of  the  company.  Mr.  Bunting  remained  with  the 
Ohio  Brass  Co.  for  sixteen  years,  during  which  time  the  com- 
pany grew  from  a  small  concern  to  its  present  large  size.  He 
resigned  in  1907  to  start  the  Bunting  Brass  &  Bronze  Co.  at 
Alliance,  Ohio.  In  1910  the  business  of  the  company  outgrew 
the  plant  at  Alliance  and  a  new  plant  was  erected  in  Toledo, 
Ohio — the  present  location  of  the  company.  For  the  past  nine 
years  Mr.  Bunting  has  had  his  three  sons  associated  with  him 
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One  of  our  NEW  customers,  who  has  recently  put  a 


LUCAS  "PRECISIOISI" 

Milling  Machine 


Boring, 
Drilling 
and 


into  service,  says:  "The  more  I  use  it  the  better 
I  like  it.  If  we  get  into  any  trouble  with  THAT 
machine,  it  will  be  our  own  fault." 


We  have  firmly  resisted  every  temptation  to  "rush"  our 
product  which  would  inevitably  result  in  lowering 
QUALITY.  The  "PRECISION"  is  made  wholly  in  our 
own  factory,  and  a  machine  bought  NOW  will  be  made 
with  the  same  care  as  in  normal  times,  and  will  be  just 
as  good  as  any  "PRECISION"  ever  was,  unless  we  find 
some  way  to  make  it  better. 


Lucas  MachineTool  Co., 


NOW  AND 
.ALWAYS  OF 


Cleveland;  0.,U.S.  A. 
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lu  business,  namely,  W.  H.  Bunting,  superintendent;  C.  E. 
Bunting,  secretary  and  treasurer;  and  J.  N.  Bunting,  sales 
manager.  The  business  will  be  continued  by  the  three  sons. 
Mathlas  Pfatischer,  consulting  engineer  of  the  Electro  Dy- 
namic Co.,  Bayonne,  N.  J.,  died  in  Roselle,  N.  J.,  September  10. 
Mr.  Pfatischer  was  an  electrical  engineer  and  inventor.  He 
invented  the  electric  steering  gear  with  which  several  Russian 
battleships  and  one  or  two  United  States  cruisers  are  equipped 
and  also  the  transatlantic  liner  Finland.  He  designed  and 
engineered  the  entire  electrical  equipment  of  the  St.  Louis  and 
St.  Paul,  which  included  several  novel  electrical  features,  such 
as  the  electric  ship  telegraph,  propeller  shaft  electrical  revolu- 
tion  indicators   and   electric   rudder   indicator.     He   was   the 


originator  of  the  plan  of  running  wires  in  conduits  aboard 
steamships,  etc.  He  was  instrumental  in  developing  a  single- 
phase  alternating-current  motor,  about  eighteen  years  ago, 
which  has  proved  successful  and  is  known  today  as  the  Wag- 
ner A.  C.  motor.  In  1904  he  invented  the  inter-pole  variable- 
speed  motor  which  revolutionized  the  design  of  direct-current 
motors,  and  in  1908  he  was  awarded  the  John  Scott  medal  by 
the  Franklin  Institute  for  this  invention.  Mr.  Pfatischer  was 
a  member  of  the  American  Institute  of  Electrical  Engineers, 
Electric  Power  Club,  the  Technical  Society  of  New  York, 
Franklin  Institute  and  the  Elektrotechnische  Verein  Society 
of  Berlin,  Germany.  He  was  with  the  Electro  Dynamic  Co. 
for  twenty-seven  years. 


COMING  EVENTS 


October  11-21. — New  Tork  Electrical  Exposition  in 
the  Granil  Central  Palace.  New  York  City.  Arthur 
Miller,  director,  Irving  Place  and  15th  St.,  New 
York  City. 

October  17-20. — Fitth  annual  congress  of  the  Na- 
tional Safety  Council  at  Detroit,  Mich.  W.  H. 
Cameron,  secretary  and  treasurer.  Continental  and 
Commercial    Bank    Bldg.,    Chicago,    111. 

October  24-25. — Annual  convention  of  National  Ma- 
chine Tool  Builders'  Association,  Hotel  Astor.  New 
York  City,  headquarters.  Charles  E.  Hildreth,  gen- 
eral manager.    Worcester,   Mass. 

October  24-27. — Postponed  annual  convention  of 
the  Traveling  Engineers'  Association,  Chicago,  111., 
Hotel  Sherman,  headquarters.  W.  O.  Thompson, 
secretary,  general  offices  N.  T.  C.  K.  R.,  Cleveland, 
Ohio. 

October  26. — Monthly  meeting  of  the  Rochester 
Society  of  Technical  Draftsmen,  in  Rooms  131-137, 
Sihley  Block,  328  Main  St.,  E.,  Rochester,  N.  Y. 
O.  L.  Angevine,  Jr.,  secretary,  857  Genesee  St., 
Rochester. 

November  16-18. — Open  conference  of  the  Effi- 
ciency Society  in  New  York  City.  Willis  B.  Rich- 
ards, chairman,  and  M.  L.  Havey,  secretary,  52 
Broadway,   New  York  City. 

January  6-13. — National  Automobile  Show  in  Grand 
Central  Palace,   New  York  City. 


!     SOCIETIES,  SCHOOLS  AND 
[  COLLEGES 

Michigan  College  of  Mines,  Houghton,  Mich.  Year 
book  for  1915-1916,  with  announcement  of  courses 
for  1916-1917. 

Hebrew  Technical  Institute,  Stuyvesant  and  9th 
bts..  New  York  City.  Catalogue  for  1916,  contain- 
ng  calendars  for  1916  and  1917.  Courses  of  instruc- 
tion cover  English,  mathematics,  applied  science, 
mechanical  drawing,  woodworking,  wood  carving, 
metal  working,  engineering  and  forging,  instrument 
making  and  electricity.  There  are  also  evening 
classes  in  toolmaking,  instrument  making,  die  mak- 
ing, pattern  making,  machine  work,  cabinet  making 
and  mechanical  drawing. 

The  Swedish  Engineering  Convention  in  the  United 
states,  1915. — Proceedings  of  the  convention,  con- 
taining a  general  review  of  the  engineering  and 
social  activities,  and  the  papers  read  at  the  Swedish 
Engineering  Convention  which  was  held  in  Chicago, 
September,  1915.  The  papers  were:  "Development  of 
the  Swedish  Industries,"  by  A.  J.  Korner;  "By-prod- 
•  uets  of  the  Steel  Industry,"  by  A.  G.  Witting;  "Scien- 
tific Management  and  its  Practical  Application,"  by 
A.  N.  Engblom;  "Natural  Resources  and  the  Indus- 
trial Possibilities  of  Sweden,"  by  H.  F.  Sandelin; 
"Panama  Canal,  its  Construction  "and  Electrical 
Operation,"  by  E.  A.  Lof.  The  proceedings  also  con- 
tain a  list  of  the  290  members  of  the  convention. 

EW  BOOKS  AND  PAMPHLETS 


^^El^ 


Kailroad    Master    Scales — Specifications    and    Toler- 
ances.     Preliminary   Issue,    May  20,   1916.     Pub- 
lished by  the  Bureau  of  Standards,  Washington, 
D.  C,  in  mimeograph  form  for  limited  distribu- 
tion. 
Dyke's   Automobile   Gasoline  and   Gas  Engine  Ency- 
clopedia.    824   pages,   6%   by   9%    Inches.     2370 
illustrations.      Published    by    A.    L.    Dyke,    Roe 
Bldg.,   St.   Louis.    Mo.     Price,   $3. 
This  book  Is  of  the  fifth  edition,   revised  and  en- 
larged,   containing   366   charts   with    dictionary   and 
Index.     It  treats  of  the   construction,  operation   and 
repairing  of   motor   cars   and   gasoline   engines,    and 
Is  in    truth   an   encyclopedia   of   information    for    the 
motorist.      It    deals    with    the    different    types    of 
drives,    steering,    springs,    brakes,    axles,    clutches, 
change    speed    gears,    engines,    valve    timing,    firing 
order,     carburetion,     cooling,     lubrication,     ignition, 
magnetos,    electric   starters    and    generators,    wiring, 
lighting,    storage   batteries,    car   operation,    rules   of 
road,   Insurance,    tires   and    tire   repairing,   etc. 
Practical   Safety  Methods   and  Devices.     By   George 
A.  Cowee.     434  pages,  C  by  9  inches.     128  illus- 
trations.     Published    by    D.    Van    Nostrand    Co., 
New  Tork  City.     Price,  $3  net. 
Gradually   the   safety   movement   is   coming   to   be 
regarded  as  an  engineering  matter  in  industrial  or- 
ganizations.    Conceived  with  altruistic  sentiment,  it 
remained    for    engineers    to    design    and    build    ma- 


chinery free  from  dangerous,  unguarded  moving 
I>art3,  to  organize  means  and  methods  of  handling 
materials,  and  arrange  shops,  mills,  and  factories 
with  a  view  to  promoting  production  with  the  mini- 
mum danger  to  life  and  limb.  This  work  deals 
with  the  organization  of  safety  committees,  build- 
ings and  fire  hazards,  fire  drills,  organization  of 
fire  brigades,  boilers,  engines,  elevators,  electricity, 
power  transmission,  machine  tools,  grinding  ma- 
chinery, woodworking  machinery,  common  machines, 
handling  and  storing  material,  construction  work, 
railroading,  mining  and  quarrying,  explosives,  etc. 
Rules  for  foremen  and  general  rules  are  included. 
A  chapter  is  given  on  sanitation,  illumination,  heat- 
ing and  ventilating,  and  another  on  welfare  work, 
and  still  another  on  occupational  diseases.  The 
concluding  chapter  is  devoted  to  first  aid  to  the 
injured.  The  work  is  a  very  creditable  production, 
well  printed  and  illustrated.  It  should  receive  fa- 
vorable attention  of  general  managers,  superintend- 
ents, foremen  and  others  responsible  for  the  safe 
management  of  shop,  mill  and  factory  workers. 
Oxy-acetylen'e  Welding.  By  S.  W.  Miller.  287 
pages.  6  by  9  inches.  192  illustrations.  Pub- 
lished by  the  Industrial  Press,  New  York  City. 
Price,  $2.50. 
Ten  years  ago  the  oxy-acetylene  method  of  weld- 
ing and  cutting  metals  was  hardly  more  than  a 
laboratory  process,  but  in  the  course  of  these  few 
years  it  has  become  one  of  the  most  important  of 
"the  methods  in  the  metal-working  industries.  Much 
has  been  published  relating  to  this  process,  but 
a  great  deal  of  that  which  has  been  placed  on 
record  in  the  past  has  been  descriptive  of  odd  Jobs. 
It  is,  therefore,  believed  that  the  present  volume, 
dealing  in  a  more  systematic  manner  with  the 
principles  and  practice  of  the  art  of  oxy-acetylene 
welding,  will  be  of  considerable  value  to  those  en- 
gaged in  the  metal  trades.  The  information  here 
presented  on  the  subjects  of  oxy-acetylene  welding 
and  cutting  has  been  mainly  furnished  by  S.  W. 
Miller,  proprietor  of  the  Rochester  Welding  Works, 
whose  wide  experience  in  the  practical  application 
of  the  process,  and  whose  success  in  the  work, 
vouch  for  the  reliability  of  the  information  here 
placed  on  record.  The  experience  of  the  author  in 
the  oxy-acetylene  welding  field  has  been  unusually 
extensive,  but  having  been  mostly  on  repair  work, 
he  has  written  especially  for  those  engaged  in  a 
similar  line.  A  great  deal  of  the  work  done  with 
the  oxy-acetylene  welding  torch  is  on  repairs,  and 
while  there  are  also  a  great  many  applications  of 
it  in  manufacturing  work,  such  applications  are 
more  or  less  special  in  each  case,  and  sometimes 
require  a  great  deal  of  experimenting  before  suc- 
cess is  attained.  The  general  principles  here  pre- 
sented, however,  apply  eqnaUy  to  repair  and  manu- 
facturing work.  This  volume  describes  the  equip- 
ment required  for  oxy-acetylene  welding  and  cut- 
ting, deals  in  detail  with  methods  used  in  welding 
cast  iron,  malleable  iron,  steel,  copper,  brass, 
bronze,  and  aluminum,  and  gives,  in  addition, 
special  attention  to  the  welding  of  sheet  metal, 
tank  welding,  boiler  repairs,  etc.,  as  well  as  to  the 
subject  of  lead-burning,  which  is  a  special  kind 
of  autogenous  welding. 

Automatic  Screw  Machines.  By  Douglas  T.  Hamil- 
ton and  Franklin  D.  Jones.  342  pages,  6  by  9 
inches.  150  illustrations.  Published  by  the 
Industrial  Press,  New  York  City.  Price,  $2.50. 
This  book  deals  with  five  distinct  branches 
of  automatic  screw  machine  practice.  It  covers 
the  design  and  construction  of  different  well-known 
types  of  single-  and  multiple-spindle  machines,  the 
tool  equipment  used  for  various  classes  of  work, 
the  methods  of  adjusting  or  setting-up  machines 
made  by  different  manufacturers,  the  design  of 
screw  machine  cams,  and  the  application  of  ma- 
chines of  this  type  to  both  typical  and  unusual 
operations.  The  descriptions  of  machines  are  con- 
fined principally  to  the  important  fundamental  fea- 
tures of  the  desigo,  and  deal  especially  with  those 
mechanisms  which  control  parts  that  must  operate 
automatically  and  in  accordance  with  the  nature 
of  the  work  being  produced.  The  machines  illus- 
trated were  selected  as  representative  types,  each 
embodying  important  developments  in  screw  ma- 
chine design.  The  various  types  of  tools  used  for 
turning,  boring,  recessing,  threading,  knurling, 
etc.,  are  described  and  the  methods  of  applying 
these  tools  are  illustrated  by  practical  examples. 
Different  attachments  are  also  described,  such  as 
are  commonly  used  for  slotting  screw-heads,  milling, 
cross-drilling,  and  automatically  feeding  separate 
castings  or  forgings  to  the  machine  from  a  mag- 
azine. Information  on  the  adjustment  and  set- 
ting-up of  screw  machines  is  given  to  supplement 
the  general  descriptions  and  show  just  what 
changes  are  necessary  when  a  machine  must  be 
arranged  for  producing  different  parts.  In  deal- 
ing with  the  subject  of  cam  design,  the  exact 
method    of    hiying    out    a    set    of    cams    for    a    given 


oi)eration  has  been  described  in  detail,  in  order 
to  clearly  indicate  the  fundamental  principles  in- 
volved. This  treatise  is  intended  especially  for 
the  users  of  screw  machines  and  the  designers  of 
tools  and  auxiliary  equipment,  and,  in  order  to 
make  it  of  greater  practical  value  to  the  men  re- 
sponsible for  the  economical  operation  of  these 
machines  and  the  production  of  parts  which  con- 
form to  required  standards  of  accuracy,  many  dif- 
ferent classes  of  work  and  a  large  variety  of 
standard  and  special  tools  have  been  described  in 
detail. 


Chicago  Pneumatic  Tool  Co.,  1060  Fisher  Bldg., 
Chicago,  111.  Bulletin  E  43  descriptive  of  the  Dunt- 
ley   universal  electric  hammer  drill. 

Aberthaw  Construction  Co.,  Boston,  Mass.  Pre- 
liminary report  of  the  Aberthaw  investigation  of 
the   effects  of   vibration   in   structures. 

Standard  Tool  Co.,  Cleveland,  Ohio.  Catalogue  22. 
containing  revised  price  list  of  taps  and  dies,  which 
supersedes  the  prices  given  in  catalogue  20. 

Searchlight  Co.,  415  Karpen  Bldg.,  Chicago,  111. 
Circular  advertising  Searchlight  oxy-acetylene  weld- 
ing equipment  and  illustrating  repairs  made  by 
this  equipment. 

Rhodes  Mfg.  Co.,  Hartford,  Conn.  Catalogue  of 
Uhoiles  vertical  and  horizontal  shapers  built  in  two 
sizes,  3^4-inch  vertical  and  7-inch  horizontal,  belt- 
and   motor-driven. 

Link-Belt  Co.,  S9th  St.  and  Stewart  Ave.,  Chi- 
cago, 111.  Bulletin  of  "silent  chain"  drives  illus- 
trating chain  drive  covers  for  protecting  chains  and 
preventing  accidents. 

Ott  Grinder  Co.,  32  N.  Clinton  St.,  Chicago,  lU. 
Circular  giving  specifications  for  the  Ott  No.  8 
plain  grinding  machine  with  a  capacity  of  5  by  12 
inches  and  wheel  10  by  1>4   inch  in  size. 

Do  Mooy  Machine  Co.,  1833  H.  55th  St.,  Cleveland, 
Ohio.  Circular  of  the  De  Mooy  sensitive  drilling 
machine  made  in  two  sizes,  having  maximum  drill- 
ing   capacities    of    5/16    and    1/2    inch,    respectively. 

Manufacturers'  Appraisal  Co.,  Cleveland,  Ohio. 
Booklet  of  scientific  appraisals  covering  the  ap- 
praisal of  machine  shops,  automobile  plants,  fac- 
tories,  etc.     Copies  will  be  sent  free  upon   request. 

Montgomery  &  Co.,  104  Fulton  St.,  New  York 
City.  "Odds  and  Ends"  No.  4,  devoted  to  jewelers' 
tools  chiefly,  many  of  which  are  used  by  machinists, 
especially  toolmakers  doing  the  finer  classes  of  work. 

National  Machinery  Co.,  Tiffin,  Ohio.  National 
Forging  Machine  Talk  No.  14  describes  the  making 
of  clutch  flange  and  drive  shaft  forgings  for  auto- 
mobile service  on  National  heavy-pattern  forging 
machines. 

Nelson-Blanck  Mfg.  Co.,  Detroit,  Mich.  ^  Circular 
giving  specifications  for  the  Nelson  two-spmdle  ad- 
justable drill  head,  which  is  made  in  four  sizes, 
with  capacities  for  drilling  Vi,  13/32,  %  and  2y8- 
inoh   holes. 

De  La  Vergne  Machine  Co.,  1172  E.  138th  St.,  New 
York  City.  Circular  advertising  the  single-cylinder 
De  La  Vergne  oil  engine,  type  FH,  and  comparing 
its  operation  with  that  of  primitive  pumps  in  use 
in    China    today. 

Searchlight  Co.,  415  Karpen  Bldg.,  Chicago,  111. 
Catalogue  12  giving  specific  information  on  the  weld- 
ing and  cutting  of  metals  by  the  oxy-acetylene 
process,  and  illustrating  the  Searchlight  equipment 
for  welding  and  cutting. 

Henry  &  Wright  Mfg.  Co.,  Hartford,  Conn.  Cata- 
logue of  Henry  &  Wright  drilling  machines,  with 
from  one  to  eight  spindles.  These  machines  are 
made  in  two  sizes  of  8  and  12  inches,  and  will  drive 
drills   of    %    and    1V4    inch    diameter. 

New  Jersey  Machinery  Exchange,  21  Mechanic  St., 
Newark,  N.  J.  Circular  of  the  "Production"  hand 
surface  grinder.  The  machine,  which  has  a  platen 
5  by  15  inches  and  a  traverse  of  8  inches,  uses 
grinding  wheels  H  inch  by  3  inches. 

Clarage  Fan  Co.,  Kalamazoo,  Mich.  Catalogue  of 
Clarage  multi-blade  fans,  containing  capacity  tables 
for  the  various  sizes  and  styles,  taken  from  actual 
performance  tests,  made  with  temperature  of  70 
degrees  F.   and  barometric  pressure  of  29.92  inches. 

Excelsior  Needle  Co.,  Torrington,  Conn.  Cata- 
logue descriptive  of  the  Dayton  swaging  machine, 
illustrating  its  construction  and  some  of  the  work 
for  which  it  Is  adapted.  Dimensions  and  capaci- 
ties of  the  various  machines  included  in  the  line 
are  given. 

Stow  Mfg.  Co.,  Binghamton.  N.  Y.  Bulletin  100, 
illustrating    and    describing    Stow    electric    motors. 
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If  Boasting  A  Bit 

Is  Pardonable 


1915  and  1916  have  done  much  for  us  in  the  way  of  new 
customers.  We  have  added  more  new  names  to  our  books 
than  the  total  of  many  previous  years ;  and  names  of  the 
highest  possible  quality. 

Due  in  part  to  good  business  generally,  but  in  a  very 
large  measure  due  to  our  exceptionally  large  stocks ;  large 
both  as  to  quantity  and  variety! 

While  it  is  common  knowledge  that  certain  classes  of 
staples  (notably,  in  the  tool  line,  drills  and  files)  are 
alarmingly  scarce,  yet  our  output  has  more  than  doubled 
our  biggest  years. 

In  placing  your  orders  for  a  general  line  of  factory  needs, 
particuarly  your  wants  in  the  way  of  screws,  bolts,  nuts, 
rivets,  etc.,  and  all  manner  of  machinists,'  carpenters' 
and  hand  tools  in  general,  it  might  be  well  to  consult  our 
large  catalogue  and  correspond  with  us  before  "signing 
up"  elsewhere.  You  can  easily  judge  if  the  comparison 
be  favorable. 


HAMMACHER,  SCHLEMMER  &  CO. 

HARDWARE,  TOOLS  AND  SUPPLIES 
New  York,  Since  1848  4th  Avenue  and  13th  Street 
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.  nulletln  101  of  electric  tools,  Including  portable 
arlll9,  burrcrs  nnd  grinders,  "Gee  Whiz"  ninohliics, 
errowdrlvors,  etc.  Bulletin  102  of  flexible  shafting, 
lllnstrntlng  various  appllontlona. 

Foxboro  Co.,  Koxboro,  Mass.  Rulletlns  Ori,  97,  08, 
101,  102  and  103.  treating  of  Foxboro  Indlcatlns 
gases,  counters  and  oloiks;  syphon  nnd  mercurial 
gaires;  recording  gages;  radial  planlmeter;  mechan- 
ical and  electrical  time  recorders;  recording  hygrome- 
ters or  wet  and  dry  bulb  thermometers,  respectively. 

Brown  &  Sharpo  Mfg.  Co.,  Providence,  R.  I. 
Catalogue  27  of  small  tooLs.  comprising  micrometer 
calipers,  steel  rules,  machinists'  squares,  combina- 
tion squares,  bevel  protractors,  straightedges,  ver- 
nier calipers,  screw  pitch  gages,  surface  gages, 
thickness  gages,  standard  reference  disks,  limit 
gages,  wire  gages,  indicators,  spring  calipers,  mill- 
ing   cutters,    etc. 

Simonds  Mfg.  Co.,  Fitchburg,  Mass.  Booklet  en- 
titled "How  to  Pile  a  Hand  Saw,"  containing  In- 
formation pertaining  to  the  construction  and  oper- 
ation of  hand  saws  and  the  correct  method  of  filing, 
as  well  as  suggestions  on  the  care  of  hand  saws. 
Some  of  the  Simonds  hand  saws  are  Illustrated, 
for  wliich  dimensions  and   prices  are  given. 

W.  S.  Ilockw«U  Co.,  50  Church  St..  New  York 
City.  Catalogue  31.  treating  of  fuel  oil  appliances 
and  the  fundamental  principles  which  govern  the 
handling  and  burning  of  fuel  oil.  The  catalogue 
illustrates  installations  of  oil-flred  furnaces,  as  well 
as  the  line  of  Rockwell  oil  and  gas  burners,  fuel 
oil  pumps,  blowers,  oil  strainers,  air  pressure  gages, 
etc. 

New  Jersey  Foundry  &  Machine  Co.,  90  West  St., 
New  York  City.  Catalogue  88,  describing  the  line 
of  hand  and  electric  cranes,  monorails,  trolleys, 
hoists,  etc.,  made  by  this  company.  Tables  con- 
taining prices  are  also  included.  The  book  illus- 
trates a  number  of  installations  of  cranes  and  other 
overhead  carrying  devices  in  various  manufacturing 
plants. 

Munning-Loeb  Co,,  Matawan,  N.  J.  Booklet  of 
the  "Safety"  buff,  polishing  and  grinding  wheel 
balancing  washer,  which  does  away  with  the  hazard- 
ous method  of  balancing  by  attaching  pieces  of  lead, 
nails  and  screws  to  the  light  side  of  a  wheel,  and 
enables  the  operator  to  balance  a  wheel  perfectly 
in  a  very  short  time.  Copy  of  the  booklet  will  be 
sent  free  upon  request. 

Lincoln  Electric  Co.,  Cleveland,  Ohio.  Catalogue 
of  Lincoln  Induction  motors  for  two-  or  three-phase 
alternating  current.  The  bulletin  describes  in  de- 
tail the  rotor  and  stator  construction,  waterproof 
and  dustproof  insulation,  and  other  features.  Illus- 
trations show  a  number  of  applications  of  these 
motors  in  chemical  and  paint  factories,  wood-work- 
ing plants,  bakeries,  provision  and  packing  plants, 
foundries,   metal-working  plants,   etc. 

Cincinnati  Chamber  of  Commerce,  Cincinnati, 
Ohio,  has  begun  the  publication  of  "0  Cincinnat- 
lan"  in  Portuguese  for  distribution  in  Brazil,  Por- 
tugal and  the  Portuguese  possessions  with  a  view 
of  advertising  Cincinnati  and  her  industries.  The 
first  number  is  profusely  illustrated  with  views  of 
Cincinnati's  buildings,  streets,  parks,  bridges,  etc. 
The  new  publication  is  in  charge  of  A.  S.  Wilson, 
manager  of   the    foreign    trade   department. 

Detroit  Tool  Co.,  Detroit,  Mich.  Catalogue  of 
semi-automatic  drilling  machines  and  pumps.  These 
horizontal  drilling  machines  are  designed  specifically 
for  drilling  small  holes  in  small  work.  They  are 
equipped  with  five  spindles  and  are  made  in  two 
sizes,  the  No.  1  machine  being  designed  for  very 
small  high-speed  work,  and  the  No.  2  machine  for 
a  little  larger  work.  Some  of  the  work  drilled  on 
these  machines  is  illustrated,  and  includes  valves, 
small  screws,  keys,  cotter-pins,  etc.  A  table  gives 
the  diameter  and  depth  of  hole,  material  drilled, 
and   pieces  turned  out  per  hour. 

Buckeye  Engine  Co.,  Salem,  Ohio.  Catalogue  of 
power  presses  formerly  made  by  the  Cleveland  Ma- 
chine &  Mfg.  Co.  The  catalogue  gives  dimensions 
for  this  line  of  presses  as  well  as  for  the  Cleveland 
shears,  bending  rolls,  dies,  etc.  The  Cleveland 
presses  are  built  in  many  types  and  sizes,  classified 
as  follows:  open-back  inclinable  presses,  punch 
presses,  straight-sided  single  crank  presses,  straight- 
sided  double  crank  presses,  gap  frame  single  crank 
presses,  gap  frame  double  crank  presses,  horning 
presses,  wiring  presses,  screw  presses,  knuckle  joint 
presses,  cam  drawing  presses,  toggle  drawing  presses, 
and    notching   presses. 

Fitchburg  Automatic  Machine  Works,  Fitchburg, 
Mass.  New  catalogue  devoted  to  the  "Radical"  au- 
tomatic multiple-spindle  screw  machine.  Tlie  book 
contains  illustrations  of  the  pan,  bed,  tool-head, 
cylinder  and  cross-slide  carriage,  indexing  mech- 
anism, spindles,  cams,  gage  stops,  spindle  gear- 
box, oil  system  and  tools,  together  with  the  nec- 
essary descriptive  matter  of  the  salient  features 
of  construction.  The  make-up  of  the  book  repre- 
sents a  departure  from  the  conventional  form  of 
catalogue.  It  is  bound  in  imitation  wood  covers 
and  printed  on  brown  paper,  with  display  type  In 
green.  The  illustrations  are  printed  separately 
and   pasted   on    the   pages. 

Imperial  Brass  Mfg.  Co.,  1224  W.  Harrison  St., 
Chicago,  111.  "Imperial"  welding  and  cutting  band- 
book  treating  of  oxy-acetylene  and  oxy-hydrogen 
welding  and  carbon   burning.     This  handbook   Is  dis- 


tributed free  to  purchasers  of  Imperial  equipment, 
and  to  all  others  the  price  Is  $1.  The  book  descrlbei 
the  principles  of  welding  and  the  operation  of  the 
"Imperial"  welding  outfit.  The  allowance  for  •!- 
panslon  nnd  contraction  in  welding  Is  taken  up,  as 
well  as  preheating  agencies,  regulation  of  the  flame, 
pre|)nring  tlie  work  for  welding  by  beveling  or  cham- 
fering, and  other  essential  data.  The  welding  of 
difl'ercnt  kinds  of  metal  is  treated  and  Information 
is  given  on  figuring  costs.  The  "Imperial"  oxy- 
acetylene  equiimient.  Including  welding  and  cutting 
torches  and  oxy-acetylene  regulators.  Is  Illustrated. 
The  book  shoiibl  be  of  considerable  value  to  all 
users   of   oxy-acetylene    equipment. 

Diamond  Chain  &  Mfg,  Co.,  240  W.  Georgia  St., 
Indianapolis,  Ind.  Catalogue  of  roller  chain  and 
sprockets,  which  also  comprises  a  treatise  on  chain 
driving.  A  new  form  of  sprocket  tooth  known  as 
the  "Diamond  tooth  form"  for  roller  chain  sprockets 
has  been  developed  by  the  company,  and  the  ad- 
vantages of  this  tooth  are  set  forth  In  the  new 
catalogue.  It  is  claimed  that  this  new  tooth  form 
results  in  quieter  action  and  longer  life  for  both 
chain  and  sprocket.  The  catalogue  treats  of  the 
design  of  roller  chains  and  sprockets,  and  gives 
formulas  for  the  calculation  of  chain  lengths,  cen- 
ter distance  for  chain  with  no  slack,  pitch  diame- 
ters, outside  diameters,  horsepower,  chain  velocity, 
sprocket  speed,  chain  pull,  maximum  allowable  pitch 
and  maximum  allowable  revolutions  per  minute.  A 
table  of  useful  data  for  Diamond  chain  drives  is 
also  Included.  The  problem  of  the  selection  of 
proper  chain  and  sprockets  for  given  conditions  Is 
worked  out  and  discussed,  illustrating  the  formulas 
in  a  clear  manner.  This  book  will  be  sent  without 
charge  to  engineers,   designers  and  officials. 

Hendey  Machine  Co.,  Torrington,  Conn.  Catalogue 
of  Hendey  engine  lathes,  describing  in  detail  the 
various  parts,  including  the  quick-change  gear  equip- 
ment, tie  bar  headstock,  spindle  and  bearings, 
double-wall  safety  type  apron,  carriage  reversing 
mechanism,  automatic  stop  for  carriage,  etc.  These 
lathes  are  submitted  to  careful  tests  before  ship- 
ment, and  Illustrations  show  testing  the  alignment 
of  the  spindle,  testing  cross-slide  alignment,  test- 
ing tailstock  spindle  and  testing  the  lead-screw. 
Specifications  are  given  for  lathes  of  12-,  14-,  16-. 
18-,  20-  and  24-inch  sizes.  Geared-head  lathes  of 
the  same  sizes  are  also  Illustrated  and  specifications 
given.  In  order  to  meet  the  demands  of  foreign 
trade,  the  company  provides  all  sizes  of  its  lathes 
with  metric  pitch  lead-screw  and  special  gearing 
when  ordered.  The  catalogue  also  illustrates  vari- 
ous operations  performed  by  means  of  the  relieving 
attachment,  among  which  are  relieving  spiral  fluted 
hobs  and  taps,  relieving  form  cutters,  inside  reliev- 
ing, relieving  sides  of  angular  cutters,  relieving 
counterbores,  etc.  Definite  information  for  deter- 
mining pitch  of  spiral,  selecting  gears,  etc.,  for 
these  operations  is  included.  Tool-room  equipment 
for  use  with  Hendey  lathes  is  illustrated,  and  the 
line  of  geared-head  lathes  equipped  with  electric 
motor  drive  is  also  shown.  "This  catalogue  is  un- 
usually comprehensive,  well  illustrated,  and  con- 
tains   much    valuable    information    for    lathe    users. 


TRADE  NOTES 


L      -..  

Chicago  Nut  Co.  has  moved  into  its  new  building, 
located  at  2513-2539  W.  20th  St.,  Chicago,  111.,  to 
which  address  all  mail  should  be  sent. 

Brown  &  Sharpe  Mfg,  Co.,  Providence,  R.  I.,  has 
opened  an  office  in  Pittsburg,  Pa.,  In  the  Henry  W. 
Oliver  building.     J.  F.  Lyon  is  in  charge. 

Greenfield  Tap  &  Die  Corporation,  Greenfield, 
Mass.,  manufacturer  of  screw  cutting  tools  and 
machinery,  gages  and  reamers,  has  discontinued  Its 
store  in  Detroit,  Mich. 

Elgin  Tool  Works,  Elgin,  111.,  makers  of  the 
Elgin  precision  bench  lathe  and  special  machinery, 
will  erect  a  large  addition  to  their  plant  at  once, 
which  will  double  the  present  capacity. 

Munning-Loeb  Co.,  Matawan.  N.  J.,  manufac- 
turer of  electro-plating  and  buffing  apparatus  and 
supplies,  has  removed  Its  New  York  office  from  417 
Canal  St.  to  the  Taylor  Bldg.,  39  Cortlandt  St.  The 
office  is  in   charge  of  G.   C.    Backus. 

Sleeper  &  Hartley,  Inc,  Worcester,  Mass.,  states 
that  the  heavy  spring  coiler  which  was  illustrated 
and  described  in  the  July  number  of  Machinery 
was  shipped  to  France,  and  was  sold  through  Edgar 
Bloxham,   12  Rue  Du  Delta,  Paris. 

Eockford  Iron  Works,  Rockford,  111.,  makers  of 
pun<-li  presses,  have  completed  a  large  addition  to 
their  machine  shop,  which  more  than  douljles  the  pres- 
ent capacity.  It  is  hoped  that  this  additional  fa- 
cility will  enable  the  company  to  catch  up  with 
its    orders. 

New  Britain  Machine  Co.,  New  Britain,  Conn., 
gave  an  outing  to  its  employes  at  Cosey  Beach, 
Conn.,  September  19.  In  addition  to  paying  all  ex- 
penses of  the  excursion,  including  transportation, 
dinner,  music,  prizes,  etc.,  the  company  allowed 
the  men  their  regular  day's  pay.  An  attractive 
program  was  printed  covering  all  events  and  giving 
the   names  of  competitors,   etc. 

Sub-On  Mfg.  Co.,  Inc.,  87-97  Brayton  St.,  Bufl'alo, 
N.  Y.,  has  changed  its  name  to  the  Ellis-Smith 
Mfg.    Co.,    Inc.     The   management   and   sales   policy 


will  be  changed  In  no  way.  The  change  of  nam* 
was  made  because  the  original  name  no  longer  ap- 
plies to  the  products  now  nmnnfactured  by  th* 
company,  which  are  automobile  turntable  Jacks,  tow- 
ing trucks  and  valve  reseating  tools. 

Crockor-Wheelor  Co.,  Ampere,  N.  J.,  announce* 
that  its  San  Francisco  district  office  has  been  re- 
moved from  the  Crossley  building,  619  Mission  St,, 
to  the  ground  floor  of  87  New  Montgomery  St.  A 
large  assortment  of  motors,  generators  and  trans- 
formers will  be  carried  In  stock  for  the  convenlenc* 
of  liuyers  of  electrical  equipment  on  the  Pacific 
coast.     W.   K.    Brown   is  district  manager. 

Steel  Improvement  Co.,  Cleveland,  Ohio,  baa  pnr- 
cibased  tiic  plant  of  the  Forest  City  Forge  Co.  Th* 
two  compank-s  will  lie  reorganized  under  the  nam* 
of  the  Steel  Improvement  &  Forge  Co.,  and  th* 
manufacture  of  automolille  forglngs  will  be  added 
to  the  heat-treating  business.  The  officers  are  W. 
E.  Byrns,  president:  George  H.  Chandler,  vice- 
president;  W.  C.  Whyte,  secretary;  and  R,  R. 
Abbott,  engineer. 

Westinghouse  Electric  &  Mfg.  Co.,  East  Pitts- 
burg, Pa.,  has  recently  received  an  order  from  the 
Pennsylvania  Railroad  Co.  for  a  20.000-K.W.,  11,000- 
volt,  2o-cycIe,  turbine  unit,  complete  with  a  24,000- 
square  foot  surface  condenser  and  auxiliaries.  This 
turbine  is  for  installation  in  the  railroad  company's 
Long  Island  City  power  house  which  supplies  power 
for  the  operation  of  the  Pennsylvania  terminal  and 
the    Long    Island    railroad. 

J.  N.  Lapointe  Co.,  N»w  London,  Conn.,  gave  an 
outing  to  its  employes  August  26,  in  which  over 
200  of  the  workmen  and  also  other  guests  partici- 
pated. Early  in  the  day,  a  large  American  flag 
was  presented  to  the  president,  J.  N.  Lapointe,  by 
the  employes,  the  presentation  being  made  by  J.  L. 
Wheeler.  Mr.  Lapointe  promised  the  employes  that 
at  the  completion  of  the  four-story  addition  now 
being  built  on  Pequot  Ave.,  the  flag  would  decorate 
the  new  building  on  appropriate  occasions. 

Imperial  Brass  Mfg.  Co.,  1224  W.  Harrison  St., 
Chicago,  111.,  manufacturer  of  oxy-acetylene  ap- 
paratus, reducing  valves  and  brass  specialties,  has 
begun  the  construction  of  an  addition  that  will 
increase  the  floor  space  75,000  square  feet,  mak- 
ing the  total  floor  space  of  the  plant  150.000  squar* 
feet.  The  new  building,  like  the  old,  will  be  of 
heavy  mill  construction,  and  will  be  located  on  th* 
site  adjoining  the  present  plant,  corner  Harrison 
St.  and   Racine  Ave.,   near  the  "Loop"  district. 

Sutherland  Tool  Co.,  723  Ann  Arbor  St.,  Flint, 
Mich.,  is  the  new  name  of  the  Flint  Tool  Salvage 
&  Machine  Co.  The  company  specializes  in  re- 
cutting  milling  cutters  without  annealing  them. 
The  change  of  name  was  made  because  of  the  con- 
fusion arising  from  the  similarity  of  name  to  that 
of  another  concern  engaged  in  the  same  work.  Th© 
Sutherland  Tool  Co.  has  removed  its  cutting  depart- 
ment, which  has  been  run  in  connection  with  the 
machine  shop,  to  a  new  shop  recently  completed. 

Armstrong  Bros,  Tool  Co,,  313  N,  Francisco  Ave., 
Chicago,  111.,  is  building  a  steel  and  brick  addi- 
tion to  its  drop-forging  department  50  by  70  feet 
and  a  reinforced  concrete  fireproof  building  60  by 
130  feet,  four  stories,  to  be  used  for  finished  stock 
warehouse,  shipping  department  and  offices.  These 
buildings,  with  the  new  machinery  and  equipm«it 
to  be  installed,  will  largely  increase  the  company'* 
facilities  for  taking  care  of  its  rapidly  increaslnr 
business.  The  constantly  growing  demand  for 
Armstrong  tool-holders  has  made  the  increase  of 
facilities  imperative. 

Brennan  Engineering  Co.,  36  W.  Randolph  St., 
Chicago,  111.,  has  been  incorporated  under  th* 
name  of  Brennan  Wahl  Co.,  as  mechanical,  struc- 
tural and  chemical  consulting  engineers,  and  will 
act  as  manufacturers'  sales  and  purchasing  agents 
for  machinery  and  allied  products.  The  president 
is  Daniel  A.  Brennan,  patent  attorney  and  de- 
signer of  labor-saving  machinery.  Henry  R.  Wahl, 
the  secretary-treasurer,  was  formerly  \;onstructioD 
engineer  with  the  St.  Joseph  Lead  Co.,  and  Andrew 
G.  Schneider,  the  vice-president,  was  formerly  man- 
ager of  the  Sherardlzing  Co.,   of   Chicago. 

Gronkvist  Drill  Chuck  Co.,  20  Morris  St.,  Jersey 
City.  N.  J.,  has  moved  to  the  fifth  floor  of  the 
Locomobile  building,  22  W.  61st  St.,  New  York 
City.  In  the  new  quarters  the  concern  will  have 
more  space  to  meet  the  requirements  of  its  grow- 
ing business  in  the  manufacture  of  gages.  The. 
company  has  recently  been  Incorporated  for  $100,- 
000,  and  is  now  known  as  the  Swedish  Gage  Co,, 
Inc.  The  officers  of  the  company  remain  the  same, 
and  there  will  be  no  change  in  the  product  or 
policies.  The  new  name  was  adopted  as  beinf 
more  suitable  to  the  business  than   the  old. 

H.  E.  Harris  Engineering  Co.,  Bridgeport,  Conn., 
announces  that  Franklin  G.  Hubbard,  chief  engi- 
neer of  the  mechanical  department  of  the  Western 
Electric  Co.,  Hawthorne,  111.,  has  become  a  stock- 
holder and  director  and  has  been  elected  vice-presi- 
dent. Harry  E.  Harris  will  devote  his  entire  time 
to  engineering  work  and  the  commercial  end  of  the 
business.  In  addition  to  the  engineering  business 
connected  with  the  company's  special  machine  tool 
and  gage  work,  it  makes  taps,  dies,  thread  gages, 
ring  and  plug  gages,  the  Harris  precision  tappiof 
machine,  automatic  grinders  and  notching  mi- 
chines. 
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CLASSIFIED  AND  WANT  ADVERTISEMENTS 

Will  be  found  on  page  329  of  this  issue  and  v/ill  be  run  in 
the  same  relative  position  in  future. 
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Mechanical  Die-5inkin 


stances  of  this  kind  are  found  in  the  cut- 
lery, hardware  and  other  trades;  and  the 
manufacture  of  such  series  of  products 
naturally  calls  for  the  making  of  dies  for 
each'  individual  part.  Formerly,  it  was 
necessary  for  all  these  dies  to  he  made  by 
hand,  and  the  expense  involved  was  an 
important  item  in  the  cost  of  production. 

For  many  years  the  reducing  type  of  die- 
sinking  machine  built  by  the  Keller  Me- 
chanical Engraving  Co.,  70  Washington  St., 
Brooklyn,  N.  Y.,  was  used  exclusively  for 
more  or  less  ornamental  work — in  making 
embossing  dies  for  silverware,  dies  used 
in  the  manufacture  of  builders'  hardware, 
and  similar  products.  Recently  it  has  been 
found  that  the  same  principle  of  die  cut- 
ting can  be  used  to  advantage  in  making 
series  of  dies  for  the  manufacture  of  these 
complete  lines  of  work  of  the  same  design 
but  of  different  sizes. 

This  machine  works  from  a  model  of 
larger  size  than  that  of  the  die  to  be  pro- 
duced, and  any  desired  ratio  may  be 
obtained  between  the  size  of  the  model  and 
the  work.  When  this  die-sinking  machine 
is  employed,  it  is  merely  necessary  to  make 
a  single  large  model,  which  may  be  used 
for  producing  a  series  of  different  sizes  of 
dies;  after  the  model  has  been  completed, 
the  personal  equation  is  eliminated,  the 
work  being  reduced  to  a  simple  manufac- 
turing process  without  any  of  the  technical 
details  of  die-sinking,  such  as  laying  out 
the  work,  constant  measuring,  etc.  The 
machines  work  more  rapidly  than  the  most 
skillful  die-sinker,  and  a  high  degree  of  ac- 
curacy may  be  obtained.  All  manufac- 
turers who  require  considerable  numbers 
of  dies  experience  difficulty  in  securing  the 
necessary  number  of  die-sinkers  to  handle 
their  work.  It  takes  a  mechanic  of  the 
highest  order  to  make  a  really  good  die- 
sinker,  and  men  possessing  the  required 
ability  are  more  than  likely  to  find  an  op- 
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HERE  are  many  lines  of  manu- 
facture in  which  the  drop- 
hammer  or  power  press  is 
used  to  produce  a  series  of 
parts  of  the  same  design  but 
of    a    variety    of    sizes.     In- 


An  article  in  the  September,  1915, 
number  described  the  uses  of  the  du- 
plicating type  of  die-sinking  machine 
in  the  production  of  drop-forging  dies. 
This  is  the  type  of  die-sinking  machine 
generally  employed  for  making  dies 
used  for  mechanical  products.  The  re- 
ducing type  of  die-sinking  machine  has 
been  identified  largely  with  the  pro- 
duction of  dies  used  in  the  manufac- 
ture of  artistic  and  ornamental  work, 
such  as  silverware,  coins,  medals,  etc. 
The  duplicating  machine  has  many  Im- 
portant uses  in  making  silverware  dies 
In  addition  to  the  purposes  for  which 
it  was  originally  designed,  and  In  the 
same  way  it  has  been  found  that  the 
reducing  machine  may  be  used  for 
making  dies  employed  In  the  manu- 
facture of  other  products  than  those 
with  fine  ornamental  details  In  their 
design.  Typical  examples  are  found  In 
the  manufacture  of  cutlery,  builders' 
hardware  and  die-pressed   products. 


portunity  for  better  paid  employment  in 
other  fields  of  activity;  hence,  the  demand 
for  die-sinkers  is  normally  in  excess  of 
the  supply. 

Making  Patterns  for  Drop-forging  Dies  and 
Other  Plain  Dies 
The  first  step  in  producing  dies  for  use 
in  the  manufacture  of  a  given  product  is 
to  make  a  model  which  can  be  used  on  the 
die-sinking  machine  for  making  the  vari- 
ous dies  that  are  required.  Figs.  2  and  3 
show  examples  of  work  for  which  it  is 
necessary  to  make  a  series  of  dies  of  the 
same  design  but  of  different  sizes  in  order 
to  provide  for  the  manufacture  of  a  com- 
plete line  of  work,  and  these  illustrations 
show  very  clearly  the  requirements  which 
must  be  met  in  making  models.  In  the 
case  of  the  work  shown  in  Fig.  2,  the  pre- 
liminary model  would  be  made  of  wood, 
from  each  half  of  which  a  plaster  cast 
would  be  made;  and  a  metal  cast  made 
from  this  mold  would  be  used  as  a  model 
on  the  machine.  The  object  of  making  the 
intermediate  plaster  cast  is  to  bring  the 
metal  model  made  from  this  mold  back  into 
the  same  condition  as  the  wooden  model, 
i.  e.,  in  relief  or  intaglio,  as  the  case  may 
be.  In  certain  cases,  however,  the  model 
can  be  made  directly  from  metal.  This  is 
work  which  can  be  handled  by  any  pattern- 
maker. In  the  case  of  door  plates,  as 
shown  in  Fig.  3,  similar  methods  are  em- 
ployed; but  for  work  of  similar  character, 
it  is  often  advantageous  to  make  the  model 
from  sheet  metal  laminations.  These  are 
cut  out  so  that  the  profile  of  each  piece 
follows  the  outline  of  the  work  at  that 
level,  and  when  the  different  laminations 
are  assembled,  they  form  a  model  which 
can  be  used  on  the  machine  without  the 
necessity  of  making  a  casting.  After  the 
model  has  been  completed,  the  personal 
equation  is  practically  eliminated  from  the 
process  of  die-sinking,  as  the  use  of  the 
machine  reduces  it  to  a  simple  manufactur- 
ing operation. 

Cutting  Lettering  and  Numbering 
Punches 

An  important  application  of  this  method 
of  die  cutting  is  in  the  making  of  steel 
lettering  and  numbering  punches.    For  this 
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Fig. 


work  the  model  is  customarily  arranged  as 
shown  in  Fig.  4,  i.  e.,  it  consists  of  the  let- 
ters of  the  alphabet  or  figures  arranged  in 
a  circle;  and  the  steel  blanks  i'or  the  punches 
are  also  carried  in  a  fixture  designed  to  hold 
them  in  a  circle  so  that  the  complete  set 
may  be  cut  at  once.  A  finished  set  of  punches 
of  this  kind  is  also  shown  in  Fig.  4.  In  this 
work  the  possibility  of  making  punches  of 
various  sizes  from  the  same  model  is  of  par- 
ticular importance  because  a  whole  series 
of  sizes  of  punches  can  be  made  from  one 
model,  thus  effecting  a  considerable  saving 
in  the  cost  of  production.  Models  for  work 
of  this  kind  may  be  made  in  various  ways, 
but  one  of  the  simplest  methods  is  to  secure 
a  set  of  printer's  type  faces  of  the  desired 
style  and  group  these  in  a  circle  as  shown 
in  Fig.  9,  so  that  the  required  plaster  and 
bronze  casts  may  be  made  from  them. 

In  addition  to  making  lettering  and  numbering  punches,  the 
reducing  machine  may  also  be  used  to  advantage  in  making 
dies  required  for  the  production  of  a  great  variety  of  name  and 
number  plates  used  on  machinery  and  for  many  other  pur- 
poses. An  exam- 
ple of  this  kind 
is  shown  in  the  il- 
lustration Fig.  9. 

Making  Punches 
and  Dies  for  Sheet 
Metal  Products 

At  the  left  in 
Fig.  6  is  shown 
a  highly  deco- 
rated part  which 
is  stamped  with 
machine  cut  dies 
instead  of  being 
engraved  by 
hand,  which  was 
the  original 
method  of  pro- 
cedure. The  de- 
sign is  embossed 
from  a  sheet 
metal  blank,  and 
attention  is 
called  to  the  fact 
that  both  the 
male  and  female 
dies  are  cut  on 
the  machine 
from  models  pro- 
duced   from    a 

single  wax  model.  The  possibility  of  making  both  halves  of  a 
die  in  this  way  is  of  particular  importance  in  making  dies  for 
many  classes  of  sheet  metal  work,  as  it  does  away  with  the 
necessity  of  raising  a  force  from  the  die. 


Fig.  2.     Scissor  Forgings  made  in  Dies  cut    on    Reducing    Machine    from    Two    Models 


of   Door   Plates   made   in   Dies    cut   on   Reducing   Machine   by   the   TTse   of   a 
Single  Model 

Advantages  of  Having  Model  Larger  Than  Work 
In  all  classes  of  die  cutting  done  on  the  reducing  machine 
several  advantages  are  secured  through  having  the  model  of 
larger  size  than  the  die  which  it  is  required  to  cut.    Important 

among  these  is 
the  fact  that  ex- 
treme accuracy 
is  easily  ob- 
tained, because 
any  discrepancy 
in  the  model  is 
minimized  in 
making  the  re- 
duction; also  in 
making  a  model 
of  relatively 
large  size,  it  is 
often  possible  to 
work  to  better 
advantage  than 
in  producing  a 
model  of  the 
same  size  as  the 
work.  This  ap- 
plies to  both 
plain  mechanical 
work  and  orna- 
mental work. 

The  tracer 
point  is  made 
larger  than  the 
cutting  ^tool  in 
the  same  pro- 
portion that  the 
model  is  larger  than  the  work,  and  in  cases  where  the  pat- 
tern is  extremely  deep  or  narrow  the  tracer  runs  over  a  large 
model  more  easily  than  it  would  if  the  model  were  made  the 
same  size  as  the  work.  A  case  in  point  is  seen  in  the  model 
that  was  used  in  making  dies  employed  in 
the  manufacture  of  horseshoe  calks,  a  plas- 
ter cast  of  such  a  die  being  shown  at  the 
right  in  Fig.  6.  It  will  be  evident  from  the 
illustration  that  this  die  is  of  considerable 
depth  as  compared  with  the  distance  across 
the  opening,  and  it  will  also  be  noticed  that 
the  sides  of  the  die  are  relatively  steep.  By 
having  the  model  several  times  larger  than 
the  work  and  using  a  rotating  tracer  point 
and  a  five-degree  cutting  tool,  very  satisfac- 
tory results  were  obtained. 

Keller  Reducing  Machine 

A  front  view  of  the  reducing  machine  is 
shown  in  Fig.  1,  and  by  referring  to  this 
illustration  in  connection  with  the  following 
description,  the  operation  of  the  machine 
will  be  readily  understood.     Two  revolving 
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Fig.    1.     Keller  Reducing   Type   of   Die-sinking   Machine 
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Figr.  4.     Models  used  in  making  Lettering  Punches  and  a  Finished  Set  of  Punches 


faceplates  A  and  B  are  provided  on  the  machine,  and  the  en- 
larged model  is  secured  to  faceplate  A  while  the  block  in  which 
the  die  is  to  be  cut  is  carried  by  faceplate  B.  Bar  C  carries  a 
tracer  point  at  D,  which  moves  over  the  face  of  the  model, 
and  a  rotary  cutting  tool  at  E,  which  cuts  the  die.  This  bar  C 
is  carried  by  a  double-pivoted  support  at  its  left-hand  end, 
which  allows  the  bar  to  swing  in  and  out  as  the  tracer  point 
moves  over  the  con- 


Operation  of  Die-sinking'  Machine 
In  order  to  present  a  comprehensive  de- 
scription of  the  way  in  which  the  machine 
operates,  it  will  first  be  necessary  to  enter 
into  a  somewhat  more  detailed  description  of 
its  mechanical  features  than  that  previously 
given.  It  will  be  seen  that  two  motors  are 
employed.  The  motor  which  drives  the  ro- 
tary cutting  tool  (and  rotates  the  tracer 
point  in  cases  where  the  use  of  a  rotating 
tracer  point  is  required  to  run  over  a  model 
where  there  are  abrupt  changes  in  contour) 
is  mounted  on  a  bracket  clamped  to  the  end 
of  bar  C.  This  mounting  of  the  motor  is 
necessary  in  order  that  swinging  of  the  bar 
may  not  result  in  variations  of  the  belt  ten- 
sion, which  would  seriously  impair  the  free 
movement  of  the  bar  C  and  the  driving  efficiency  of  the  belt. 
The  second  motor  is  mounted  at  the  left-hand  end  of  the  ma- 
chine, and  is  used  to  drive  the  faceplates  A  and  B,  and  to 
actuate  the  feed  mechanism  which  moves  the  tracer  point  and 
cutting  tool  from  the  center  out  toward  the  periphery  of  the 
pattern  and  work,  respectively.  The  two  faceplates  are 
driven  by  worms  on  the  horizontal  shaft  F,  which  mesh  with 

the   worm- wheels 


tour  of  the  revolving 
model,  and  also  per- 
mits the  bar  to  swing 
in  a  vertical  plane  as 
the  tracer  point  and 
tool  are  fed  down 
from  the  center  of 
the  model  toward  the 
periphery.  It  will,  of 
course,  be  evident 
that  the  cutting  tool 
moves  in  or  out  from 
the  work  as  the 
tracer  point  passes 
over  low  or  high 
spots  on  the  model, 
and  that  this  action, 
in  conjunction  with 
the  rotation  of  the 
work  and  feeding  of 
the  tool  from  the 
center  to  the  periph- 
ery, results  in  the  re- 
production of  the 
model  in  the  die- 
block.  To  make  the 
in  and  out  movement 
of  bar  C,  caused  by 

the  contact  between  the  tracer  point  and  work,  as  easy  as 
possible,  the  right-hand  end  of  bar  C  is  supported  by  a  roller. 
The  relative  size  of  the  work  and  the  model  is  determined  by 
the  ratio  of  the  distances  of  the  cutting  tool  and  the  tracer 
point  from  the  pivot  about  which  the  bar  C  swings.  Faceplate 
A  occupies  a  fixed  position  in  relation  to  bar  C,  while  face- 
plate B  may  be  adjusted  to  provide  for  obtaining  the  required 
size  for  the  work.  At  the  back  of  the  ma- 
chine there  is  a  scale  divided  into  1000 
spaces,  and  the  center  about  which  faceplate 
A  rotates  is  located  at  a  distance  of  1000 
units  of  length  from  the  pivotal  support  of 
bar  C.  Then  by  setting  faceplate  B  at  the 
required  distance  from  the  pivotal  support, 
the  work  may  be  produced  in  a  given  pro- 
portion to  the  size  of  the  model.  By  re- 
versing the  positions  of  the  work  and  model, 
i.  e.,  placing  the  model  on  faceplate  B  and 
the  work  on  faceplate  A,  an  enlargement 
can  be  made  instead  of  a  reduction.  This 
practice  is  sometimes  followed  when  it  is  de- 
sired to  make  model  enlargements  in  plaster 
or  wax. 


Fig. 


shown  at  G  and  H. 
To  provide  for 
feeding  the  tool  out 
from  the  center  to  the 
periphery  of  the 
work,  horizontal 
shaft  F  transmits 
power  to  a  vertical 
shaft  which  runs 
down  through  the 
gear-case  /.  This 
case  contains  an  ar- 
rangement of  back- 
gears  which  may  be 
engaged  for  slow 
feed  motions,  or  the 
drive  may  be  carried 
direct  for  operating 
on  work  -where  a  fast 
feed  can  be  employed. 
Below  the  gear-case, 
there  is  a  disk  J 
which  carries  two  ad- 
justable crankpins  to 
which  the  links  K 
are  connected.  The 
crankpins  may  be  ad- 
justed on  disk  J 
with  relation  to  the  center  of  rotation  so  that  any  desired 
throw  is  obtained.  Links  K  make  connection  with  a  vertical 
feed-screw  which  lowers  the  bracket  that  supports  the  right- 
hand  end  of  bar  C.  Links  K  have  an  oscillatory  motion,  so 
that  on  the  forward  stroke  one  of  the  links  rotates  the  screw, 
while  the  other  link  rotates  the  screw  during  the  return 
stroke.     By  setting  the  crankpins  on  disk  J  at  the  required 


Model-making  Department  of  Keller  Mechanical  Engraving  Co. 
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Sheet  Metal  Product  where  Male  and  Female  Die  were  made  from  Same  Wax  Model; 
and  Work  where  Depth  of  Die  made  Enlargement  of  Model  an  Advantage 
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"distance  from  the 
center,  a  suitable 
rate  of  feed  may  be 
obtained  for  the  work 
being  liandled. 

In  cases  where  the 
design  to  bo  cut  is 
round  or  square,  it  is 
feasible  to  have  the 
tracer  point  follow  a 
continuous  spiral  in 
passing  over  the 
work.  In  other  cases 
the  work  may  be  of 
oblong  or  irregular 
outline,  so  that  the 
tool    would    only    be 

cutting  during  part  of  each  revolution,  and  to  have  the  face- 
plate revolve  continuously  on  such  work  would  result  in  the 
loss  of  much  time.  To  avoid  this,  stops  are  provided  at  the 
back  of  faceplate  B,  which  trip  a  switch  governing  the  re- 
versing motor  at  the  left-hand  end  of  the  machine,  which 
drives  the  faceplates  and  feed  mechanism.  This  causes  the 
direction  of  rotation  to  reverse  after  the  tracer  point  has 
passed  over  the  model,  so  that  it  immediately  starts  back  in 
the  opposite  direction,  with  the  result  that  there  is  no  loss  of 
time.  The  tracer  point  and  tool  are  fed  out  from  the  center 
of  the  model  and  work  at  a  uniform  rate,  but  it  will  be  evi- 
dent that  the  cutting  speed  would  increase  considerably  as  the 


Fig.  7.     Houghing,   Intermediate  and  Finishing  Cutters  and   Tr 


Fig.  7.  In  each  case 
the  form  of  the  tracer 
point  is  the  same  as 
that  of  the  tool  used 
in  connection  with  it, 
but  it  varies  in  size 
in  the  same  propor- 
tion as  the  model 
and  the  work.  After 
the  finishing  cut  has 
been  taken,  all  that 
is  required  is  to  go 
over  the  die  by  hand 
to  clean  up  any 
rough  spots  and  re- 
move all  tool  marks. 
The  dies  produced 
are  extremely  accurate,  and  not  only  avoid  loss  of  time  due  to 
the  failure  of  drop-forgings  to  fit  in  fixtures  used  for  subse- 
quent operations,  but  also  reduce  machining  time  by  cutting 
down  the  amount  of  metal  to  be  removed  to  a  minimum. 

Repairing  Worn  Dies  and  Replacing-  Broken  Ones 

In  addition  to  the  advantages  secured   through  using  ma- 
chine made  dies,  to  which  reference  has  already  been  made. 


Points 


Fig.    8.     Camera-obscura  used   in   reducing  Drawings   to  Required   Size 

tool  moved  out  from  the  center  toward  the  periphery  of  the 
work  if  the  speed  of  rotation  were  maintained  uniform.  To 
prevent  this„  a  variable-speed  mechanism  is  provided  which 
automatically  reduces  the  speed  as  the  cutter  moves  out  from 
the  center,   so   that  a  uniform   cutting   speed   is   maintained. 

Cutting  Tools  and  Tracer 
Points 

When  the  model  and  die- 
block  have  been  set  up  on  the 
machine,  and  the  position  of 
faceplate  B  has  been  adjusted 
to  produce  work  of  the  re- 
quired size,  the  machine  is 
ready  for  operation.  It  is 
usually  necessary  to  take 
roughing,  intermediate  and 
finishing  cuts  in  order  to  com- 
plete the  work.  The  roughing 
out  or  "hogging"  cut  is  gen- 
erally taken  with  an  ordinary 
end-mill,  while  the  intermedi- 
ate and  finishing  cuts  are 
taken  by  special  cutters,  ex- 
amples of  which  are  shown  in 


Fig.    10.     Use  of  Templet  and   Sweeping  Gage   for  forming  Edge  of  Model 


Fig.  9.     Examples  of  Lettering  done  in  Dies  made  on  Machine 

mechanical  die-sinking  is  the  means  of  enabling  dies  to  be  re- 
paired very  rapidly.  In  case  a  die  has  become  too  deep,  it  is 
set  up  on  the  machine  and  a  cut  is  taken  over  the  top  face  to 
remove  an  amount  of  metal  slightly  in  excess  of  the  error  in 
depth  of  the  die.  Then  a  finishing  cut  is  taken,  using  the 
regular  model  to  guide  the  cutting  tool.  Dies  made  of  good 
steel  can  be  annealed  and  refinished  in  this  way  two  or 
three  times. 

Mechanical  Production  of  Dies 
In  making  embossing  dies  used  in  the  manufacture  of  silver- 
ware and  other  products  where  there  is  a  great  deal  of  fine 
decorative  work  in  the  design,  it  would  be  impracticable  in 
many  cases  to  make  a  model  of  the  same  size  as  the  work. 
For  dies  of  this  kind,  the  reducing  machine  Is  extremely  use- 
ful, because  the  model  can  be  made  large  enough  to  enable  all 
details  of  the  design  to  be  of  sufficient  size  so  that  they  can  be 
accurately  produced;  and  then  this  model  can  be  used,  with  a 
proper  setting  of  the  machine,  to  enable  the  desired  degree 
of  reduction  to  be  obtained.  The  machine  is  very  accurate, 
and  if  a  powerful  magnifying  glass  is  used  to  look  at  small 
work   of  intricate   design,   which   has  been   produced   from   a 

large  model,  it  will  be  found 
that  each  detail  shows  up 
with  almost  absolute  pre- 
cision. It  was  for  handling 
work  of  this  nature  that  the 
reducing  machine  was  origi- 
nally developed,  and  its  ap- 
plication in  making  dies  for 
use  in  the  manufacture  of 
silverware,  etc.,  is  well  known 
in  that  trade.  But  there  are 
many  readers  of  Machinery 
who  have  never  had  an  op- 
portunity of  visiting  plants 
engaged  in  such  lines  of  man- 
ufacture, and  they  will  doubt- 
less be  interested  in  the  fol- 
lowing description  of  the  way 
embossing  dies  are  produced. 
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Fig.   11. 


Making  the  Drawing  for  the 

Model  from  which  Dies 

are    Produced 

In  making  a  model  for  an 
embossing  die  wliich  is  to  be 
produced  on  the  Keller  re- 
ducing machine,  it  will  be  ob- 
vious that  the  first  step  is  to 
make  a  drawing.  Where  there 
is  any  appreciable  amount  of 
intricate  detail  on  the  work, 
it  is  advantageous  to  make 
this  drawing  of  considerable 
size,  and,  in  fact,  this  is  de- 
sirable in  most  cases.  After 
the  preliminary  drawing  has 
been  completed,  it  will  be  re- 
quired to  make  a  drawing  of 
the  actual  size  of  the  model, 
and  for  doing  this  part  of  the 
work  an  ingenious  application 
of  the  camera-obscura  princi- 
ple has  been  made  in  the 
Keller  factory.  This  arrange- 
ment is  shown  diagrammati- 
cally  in  Fig.  8.  Its  essential 
features  consist  of  a  model 
board  A  upon  which  the  origi- 
nal drawing  is  tacked  up;  a 
fixed  screen  B  in  which  a  lens 
is  mounted;  and  a  ground- 
glass  screen  G  upon  which  the 
image  of  the  drawing  is  pro- 
jected. The  entire  outfit  is 
housed  in  a  room  with  light- 
proof  walls,  and  the  walls  of 
the  room  at  the  front  of 
screen  B  are  painted  white, 
this   part  of  the  room   being 

illuminated  by  a  flaming-arc  light.  Behind  screen  B,  the  walls 
of  the  room  are  painted  dead  black  to  cut  off  reflected  light 
as  far  as  possible.  Ground-glass  screen  C  is  mounted  on  a 
truck  on  which  the  operator  sits,  and  the  position  of  this 
truck  in  relation  to  screen  B  may  be  adjusted  by  turning  a 
handwheel.  Model  board  A  is  also  mounted  on  wheels,  and 
the  distance  X  from  this  board  to  screen  B  can  also  be  ad- 
justed by  means  of  a  cord  which  runs  over  a  set  of  pulleys 
and  extends  back  within  reach  of  the  operator. 

In  order  to  get  any  definite  relation  between  the  size  of  the 
original  drawing  and  the  size  of  the  image  which  is  pro- 
jected on  the  ground-glass  screen  C,  it  is  merely  necessary  to 
adjust  distances  X  and  Y  so  that  the  ratio  of.X  to  y  is  equal 
to  the  ratio  between 
the  size  of  the  draw- 
ing and  the  required 
size  of  the  image. 
For  instance,  suppose 
it  is  desired  to  ob- 
tain an  image  6 
inches  high  from  a 
drawing  which  is  24 
inches  high.  The  set- 
ting will  be  in  the  fol- 
lowing proportion: 
Jf       24        4 


Y  6  1 
Hence  model  board 
A  will  be  located  at  a 
distance  of  4  feet 
from  screen  B,  and 
ground-glass  screen 
C  will  be  at  a  dis- 
tance of  1  foot  from 
screen  B.  As  a  mat- 
ter of  fact,  this  cal- 


ImpressioDS   from   Spoon- 
Spoons  for  Distribution 


handle  Dies  used  in  making  Souvenir 
in  Moving  Picture   Theaters 


Fig.    12.     Finishing   Dies   by   Hand   to   remove   Tool   Marks 


culation  is  not  made,  because 
the  operator  adjusts  the 
model  board  A  and  screen  0 
until  the  desired  size  of 
image  is  obtained,  which  he 
determines  with  a  ruler.  To 
make  the  working  drawing,  it 
is  then  only  necessary  to  se- 
cure a  sheet  of  tracing  paper 
in  place  on  the  ground-glass 
screen  C  and  make  a  tracing 
of  the  required  size,  which  is 
used  in  laying  out  the  model. 
The  Keller  Mechanical  En- 
graving Co.,  does  an  extensive 
business  in  making  various 
types  of  dies,  and  the  arrange- 
ment for  making  the  draw- 
ings described  in  the  preced- 
ing paragraph  is  ideal  for  any 
shop  which  has  a  large 
amount  of  work  to  do.  Such 
an  outfit  occupies  consider- 
able space,  however,  and  is 
naturally  somewhat  costly  to 
make.  As  a  result,  many 
shops  will  find  it  more  desira- 
ble to  use  some  simple  method 
of  reducing  the  scale  of  draw- 
ings, which  will  give  perfectly 
satisfactory  results,  although 
more  time  may  be  required 
lor  doing  the  work.  The  fa- 
miliar pantograph  device  used 
in  drafting-rooms  will  be 
found  to  be  satisfactory. 

Making-  the  Preliminary 
Wax  Model 
After  the  working  drawing 
has  been  finished,  the  next  step  in  the  production  of  the  model 
consists  of  reproducing  the  design  in  wax.  The  method  of 
procedure  will  necessarily  be  governed  by  the  character  of 
the  work,  but  numerous  labor-saving  devices  and  short-cuts 
have  been  developed  to  reduce  the  amount  of  time  required 
to  a  minimum.  For  instance,  it  sometimes  happens  that  mod- 
els are  to  be  made  for  a  series  of  dies,  all  of  which  are  of  the 
same  outline;  and  it  may  also  happen  that  the  edges  of  all  of 
these  models  are  to  be  of  a  given  form.  A  rapid  method  of 
handling  such  work  is  to  make  a  sheet-metal  templet  of  the 
shape  of  the  base  of  the  model  and  a  "sweeping  gage"  for  form- 
ing the  edge,  which  is  moved  around  the  base  of  the  templet 
as  shown  in  Fig.  10.     The  wax,  from  which  the  preliminary 

model  is  made,  is 
placed  upon  the  tem- 
plet and  worked  up 
into  approximately 
the  desired  shape, 
after  which  the 
sweeping  gage  is  run 
around  the  periphery 
of  the  templet,  cut- 
ting away  enough  of 
the  wax  to  bring  the 
edge  of  the  model  to 
the  required  form. 

After  this  has  been 
done,  the  modeler 
can  proceed  to  work 
from  his  drawing  to 
finish  the  model.  For 
the  benefit  of  those 
who  are  not  familiar 
with  the  work  of 
modeling,  it  may  be 
said  that  the  work  is 
done  by  hand  with  a 
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Fig.   13. 


variety  of  small  spatulas  and 
engraving  tools;  it  consists 
essentially  of  hand-carving, 
and  very  exact  results  may  be 
obtained.  For  instance,  the 
Keller  factory  has  recently 
been  working  on  a  set  of  dies 
to  be  used  in  making  souvenir 
spoons  to  be  distributed 
among  the  patrons  of  moving 
picture  theaters.  These  spoons 
have  the  likenesses  of  differ- 
ent "movie"  actors  engraved 
on  their  handles,  impressions 
of  these  dies  being  shown  in 
Fig.  11.  Photographs  of  the 
actors  were  sent  to  the  fac- 
tory and  the  modelers  worked 
direct  from  these  photographs, 
producing  models  which  were, 
in  every  sense,  as  true  to  life 
as  the  photographs.  It  will 
be  obvious  that  the  wax  model 
is  too  soft  for  use  on  the  ma- 
chine, and  in  order  to  make  a 
model  which  will  stand  up  un- 
der actual  working  conditions, 
a  plaster-of-paris  cast  is  pro- 
duced from  the  wax  model; 
this  plaster  cast  is  then  used 
to  make  a  bronze  cast,  which 
is  the  model  that  is  actually 
used  on  the  reducing  machine. 

In  casting  the  bronze  model,  great  care  must  be  taken  to  avoid 
all  defects  which  are  likely  to  appear  in  castings;  but  where 
the  necessary  precautions  are  observed,  the  bronze  cast  is 
ready  for  use  on  the  machine  without  requiring  any  apprecia- 
ble amount  of  mechanical  or  hand  treatment. 

The  description  of  the  method  of  making  models  would  be 
Incomplete  without  referring  to  the  way  in  which  models  of 
the  same  design  but  of  different  proportions  are  made  up 
from  the  same  wax  model.  This  is  frequently  done  in  the 
case  of  symmetrical  designs  and  saves  the  expense  of  making 
a  new  model  in  wax.  For  the  purpose  of  discussion,  suppose 
that  it  is  required  to  make  a  part  similar  to  any  of  the  sym- 
metrical designs  shown  in  Fig.  3,  but  that  a  different  ratio 
of  width  to  length  is  required.  The  size  of  the  model  is  im- 
material, as  the  required  reduction  can  be  obtained  by  making 
the  proper  setting  of  the  machine,  but  the  proportions  must 
be  correct.  In  such  cases,  the  expedient  has  been  adopted  of 
cutting  the  plaster  cast  through  the  center  and  removing  the 
necessary  amount  of  material  so  that  the  required  ratio  be- 
tween the  width  and 
length  is  obtained. 
The  halves  of  the 
plaster  cast  are  then 
stuck  together  again 
and  this  cast  is  used 
in  making  a  bronze 
model  for  use  on  the 
machine.  While  this 
seems  like  a  make- 
shift method,  it  gives 
very  satisfactory  re- 
sults and  saves  all 
the  labor  incident  to 
the  production  of  a 
new  wax  model. 

In  making  dies  for 
decorative  work,  a 
certain  amount  of 
latitude  is  allowed  in 
setting  the  machine 
to  obtain  the  desired 
effect.  For  instance, 
in  making  a   set  of 


Store-room  equipped  with  Vertical  Racks  on  -which  are  stored 
Plaster  Casts  from  All  Dies  made  in  Shop 


embossing  dies,  it  may  appear 
that  too  much  relief  is  being 
obtained  to  give  the  desired 
appearance  to  the  work.  In 
such  a  case,  adjusting  the 
longitudinal  position  of  'face- 
plate B,  Fig.  1,  on  the  machine 
bed  would  result  in  chang- 
ing the  relief,  but  this  would 
also  make  a  corresponding 
change  in  all  other  dimen- 
sions of  the  work,  which 
would  be  out  of  the  question. 
To  overcome  this  difficulty,  an 
adjustment  has  been  provided 
which  permits  of  changing 
the  position  of  the  center  of 
oscillation  about  which  bar  C 
swings  in  a  horizontal  plane 
without  moving  the  center  of 
vertical  oscillation.  This  en- 
ables a  greater  or  lesser 
amount  of  relief  to  be  ob- 
tained on  the  work  without 
making  it  necessary  to  change 
the  other  dimensions. 

Conclusion 

In  Machinery  for  Sep- 
tember, 1915,  an  article 
entitled  "Mechanical  Produc- 
tion of  Drop-forging  Dies"  ex- 
plained the  use  of  the  Keller 
automatic  profiling  machine  used  for  this  purpose.  Readers 
of  this  article  will  recall  that  the  machine  referred  to  is  used 
for  producing  work  from  a  model  of  the  same  size  as  the  work. 
The  advantages  of  the  reducing  machine  in  making  a  series 
of  different  sizes  of  dies  from  a  single  model  and  in  handling 
work  where  there  is  a  great  deal  of  fine  detail  in  the  design 
have  been  explained  in  the  present  article;  but  there  are  rela- 
tively few  classes  of  work  handled  on  the  automatic  profiling 
machine  which  cannot  be  done  with  almost  the  same  facility 
on  the  reducing  machine.  For  this  reason,  manufacturers 
who  desire  to  use  their  machines  for  a  variety  of  work,  but 
who  do  not  have  enough  work  to  keep  one  or  more  machines 
of  each  type  busy,  will  find  that  the  reducing  machine  is  best 
suited  to  their  requirements. 

*     «     * 

EXPLOSIONS 
An  explosion  is  almost   certain  to  be  very   serious.     Like 
nearly  every  accident,  explosions  are  the  result  of  not  tliinking 

or  knowing  what  will 
happen.  Here  are 
some  things  that 
cause  explosions  in 
shop  work:  (1)  Pour- 
ing hot  metal  on  a 
wet  spot.  When  hot 
metal  strikes  any 
liquid  a  violent  explo- 
sion takes  place.  (2) 
Sparks  flying  from  a 
welding  machine  into 
a  small  can  of  gaso- 
line. Always  keep 
gasoline  well  away 
from  sparks  or  fire 
of  any  kind.  (3) 
Turning  gas  on  in  a 
furnace  too  long  be- 
fore lighting.  Be  ab- 
solutely sure  you 
know  how  to  light  a 
furnace     before     at- 


Fig.   14.     Reducing  Machines  in  Operation  at  Plant  of  Keller  Mechanical  Engraving  Co. 


tempting  to  do  so. 
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MAKING  A  SANITARY  TRAP 

BY  ERNEST  A.  ■WALTERS' 

The  making  of  a  sanitary  trap  tube  is  one  of  the  many  diffi- 
cult operations  encountered  in  tube  working,  and  must  there- 
fore be  developed  with  care,  judgment  and  patience  until  the 
proper  tools  have  been  found  for  making  a  particular  piece  of 
work.  Referring  to  Fig.  1,  B,  C  and  D  show  the  sequence  of 
operations  on  the  tube  A,  which  is  made  from  16  gage  seam- 
less brass  tubing.  The  first  work  on  the  piece  is  cutting  it  to 
length  in  an  ordinary  tube  cutter  and  then  bending  in  two 
separate  operations,  after  which  the  piece  is  finished  by  put- 
ting it  through  an  opening-up  die  and  driving  balls  made  from 
high-speed  steel  through  the  tube  with  a  hardened  tool  steel 
plunger.     The  first  five  balls  used  to  open  the  tube  at  the 
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Fig.  1.     Various  Steps  in  bending  Pipe  for  Sanitary  Trap 

radius  which  has  collapsed  during  the  previous  bending  opera- 
tion vary  from  ^  to  1%  inch  in  diameter. 

First  Bending  Operation 

Fig.  2  shows  the  bending  die  used  in  the  ■  first  operation, 
which  is  that  of  bending  the  tube  to  the  form  shown  at  B  in 
Fig.  1.  A  is  the  punch  shoe  and  B  the  die  shoe,  both  of  which 
are  made  of  cast  iron.  Proper  alignment  is  insured  by  the 
guide  pins  C  piloted  in  the  guide  pin  bushings  D.  The  punch 
E  is  dovetailed  in  the  shoe  A  and  is  held  in  place  by  fillister- 
head  screws  F.  The  die  G  is  made  in  sections,  seated  in  the 
shoe  B,  and  secured  by  the  screws  H  and  pins  /.  The  pressure 
pad  J  receives  the  proper  tension  from  the  springs  K  on  the 
rods  L,  which  is  transferred  to  the  plate  M  that  moves  up  and 
down  on  the  guide  pins  N  and  supports  the  pressure  pad.  Care 
must  be  exercised  to  put  the  proper  tension  on  the  pad  J  in 
order  to  prevent  the  tube  from  collapsing  at  the  bending  point. 
The  hole  0  is  for  fastening  the  punch  shank  in  the  press  ram. 
The  tube  is  shown  in  place  at  X  ready  for  the  bending  operation. 

Second  Bending:  Operation 

Fig.  3  shows  the  method  of  bending  the  tubing  for  the  sec- 
ond operation  in  which  it  is  shaped  to  the  form  shown  at  C 
in  Fig.  1.  The  punch  shoe  A  is  made  of  cast  steel  and  the  die 
shoe  B  of  cast  iron.  The  die  and  punch  are  aligned  by  guide 
pins  C  in  bushings  D.  Punch  E  is  made  from  hardened  tool 
steel  and  is  secured  by  the  screws  F.  The  bending  die  is  made 
in  sections  of  hardened  tool  steel  which  are  held  in  position 
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Fig.    2.     First   Bending   Punch   and   Die 

by  screws  G  and  pins  H.  Pressure  pad  I  is  supported  by  pins  J 
which  rest  on  the  plate  K  and  are  given  proper  tension  by 
the  rubber  buffer  L  held  in  place  by  the  bolt  M  and  adjusted 
by  the  nut  Q.  P  shows  the  tube  in  place,  ready  for  the  bend- 
ing operation. 

Third  Bendingr  and  Opening  Operation 

The  third  operation  on  the  piece  is  shown  in  Fig.  4,  in  .which 
the  tube  is  formed  as  shown  at  D  in  Fig.  1.  In  this  case  A 
is  the  tool  steel  hardened  punch,  and  B  the  cast-iron  die  shoe. 
The  die  X  is  made  from  tool  steel  and  hardened.  The  die  sec- 
tions are  opened  and  closed  by  means  of  the  cam  lever  C,  as- 
sisted by  the  spring  D  in  the  die  and  the  pin  F.  The  chute  E 
carries  the  discharged  balls  G  into  a  separator  placed  at  the 
end  of  the  tube  so  that  they  automatically  arrange  themselves 
in  position  for  the  operator  to  handle  when  opening  the  next 
piece.  The  upper  view  shows  the  tube  in  position  with  the 
balls  G  being  driven  through  the  first  radius  by  the  ram  operat- 
ing the  plunger  A. 

It  is  obvious  that  the  tube  D  in  Fig.  1  must  be  opened  grad- 
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Fig.   3,     Second  Bending  Punch  and  Die 
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Fig.  4.     Method  of  opening  up  Pipe  after  bending 

ually,  and  therefore  the  balls  used  in  this  operation  are  made 
in  step  sizes.  Before  forcing  the  balls  through  the  tube,  the 
tube  is  dipped  in  a  solution  of  water,  oil  and  soap,  thoroughly 
mixed,  after  which  it  is  placed  in  the  die  as  shown  in  Fig.  4. 
This  die  is  closed  by  means  of  the  cam  lever  C,  and  the  first 
five  balls,  arranged  in  the  order  shown,  are  quickly  dropped 
into  the  tube,  the  plunger  forcing  them  into  the  position  shown 
in  the  upper  view.  It  will  be  seen  that  the  punch  advances 
the  balls  past  the  first  radius  in  the  tube,  so  that  it  gradually 
commences  to  open;  as  the  plunger  is  withdrawn  on  the  re- 
turn stroke  of  the  ram,  five  more  balls  1/32  inch  smaller 
than  the  inside  of  the  tube  are  deposited  in  the  tube,  and  the 
punch  descends,  driving  the  first  five  balls  through  the  second 
radius,  which  is  thus  gradually  opened.  This  process  is  re- 
peated with  four  more  balls  1/32  inch  smaller  than  the  tube, 
which  drive  the  large  sized  balls  completely  through  the  tube 
and  bring  it  up  to  size.  The  completed  tube  can  then  be  re- 
moved and  another  inserted  in  its  place. 
*     *     * 

CASTING  BRASS  AROUND  STEEL  TUBING 

To  cast  a  perfect  brass  casting  around  a  piece  of  steel  tubing 
without  injury  to  the  tubing  and  in  a  manner  which  insures 
a  tight  connection  between  the  two  is  the  unusual  operation 
described  in  the  following.  This  casting,  an  enlarged  view  of 
which  is  shown  in  Fig.  2,  is  a  control  lever  fitting  on  the 
handle-bar  of  a  motorcycle.  After  being  machined  as  shown, 
it  forms  a  foundation  on  which  to  attach  the  several  control 
levers  of  the  motorcycle.  The  cast-iron  mold  shown  in  Fig.  1 
is  made  in  two  parts,  one  of  which  is  stationary,  and  the  other 
movable  to  permit  of  the  removal  of  the  casting  when  cooled. 
The  movable  half  of  the  mold  is  operated  by  a  long  hand- 
lever  which,  in  turn,   is  attached  to  other  levers  forming  a 


toggle  link  action.  Some  ingenuity  was  used  in  making  the 
mold.  Originally  a  model  of  the  casting  was  made  of  plaster 
and  attached  to  a  piece  of  tubing.  Around  the  model  was 
cast  the  mold  in  cast  iron.  They  were  then  smoothed  up  on 
the  inside. 

In  operation,  the  movable  mold  is  drawn  back  by  the  hand- 
lever,  one  of  the  handle-bar  tubings  is  placed  in  the  mold,  and 
the  mold  is  closed.  Following  this,  the  mold  is  heated  to  a 
red  heat  by  the  inverted  torch  shown.  The  handle-bar  tube 
is  also  heated  to  a  red  heat.  Two  small  crucibles  of  the  type 
shown  are  constantly  kept  in  a  furnace  with  just  enough 
molten  brass  in  each  crucible  for  the  casting.  Two  men  are 
generally  employed  on  the  operation,  and  after  it  is  once 
started,  one  of  the  crucibles  is  heating  while  the  other  is 
being  poured.  The  molten  brass  is  poured  through  a  small 
hole  at  the  top  of  the  mold. 

Cooling  takes  place  almost  immediately.  The  part  of  the 
handle-bar  tubing  which  comes  directly  under  the  brass  cast- 
ing is  previously  roughed  with  a  file  so  that  a  surface  will 
be  afforded  for  clinging.  The  machining  operations  on  the 
castings  consist  of  drilling,  counterboring  and  tapping. 

It  was  in  1912  that  this  fixture  was  first  made  and  tried 
out  at  the  Schickle  Motor  Co.,   Stamford,  Conn.,  and   it  has 


Fig.   1.     Pouring  Brass  for  Control  Lever  Casting 


Fig.  2.     Machined  Casting  showing  Portion  of  Handle-bar 

been  successfully  used  ever  since.  Over  a  period  of  approxi- 
mately four  ten-hour  days,  two  men  have  made  360  castings 
with  ease,  including  the  setting  up  and  the  removal  of  all 
the  apparatus. 

Applying  the  casting  in  this  manner  gives  a  firm  foundation 
for  the  control  levers  and  constitutes  a  simple  way  of  perform- 
ing an  otherwise  difficult  job.  V.  B. 
*     *     * 

NATQRAL  FREQUENCY  OF  VIBRATION 
The  Aberthaw  Construction  Co.  of  Boston,  Mass.,  has  pub- 
lished a  pamphlet  entitled  "The  Effect  of  Vibration  on  Struc- 
tures," which  is  a  preliminary  report  of  an  extensive  investi- 
gation carried  on  by  Walter  B.  Snow  for  the  Aberthaw  Con- 
striiction  Co.  Reference  is  made  to  the  natural  frequency  of 
vibration  of  structures  as  follows: 

Every  part  of  a  building — beams,  floors,  columns,  walla, 
etc.,  in  fact  the  entire  building  itself — has  its  natural  pitch 
of  periodic  number  of  vibrations  which  will  result  when  it 
is  set  in  motion.  If  the  cause  be  intermittent  and  of  a  dif- 
ferent frequency  from  that  of  the  structural  features,  the 
result  will  be  a  breaking  up  of  vibrations  except  for  those 
intervals  when  they  get  in  step;  then  the  natural  action 
will  be  exaggerated. 

The  effect  of  coincidence  between  the  natural  frequency 
of  vibration  of  a  floor  and  that  of  its  source  of  disturbance 
is  well  illustrated  by  the  following  experience  in  connection 
with  the  testing  of  a  small  engine  upon  a  floor  of  timber 
construction.  At  a  speed  of  about  550  revolutions  per  min- 
ute, the  intensity  of  the  floor  vibration  was  so  great  that  it 
was  impossible  to  work  in  the  drafting-room  located  on  the 
same  floor  more  than  100  feet  away.  But  this  effect  entirely 
disappeared  when  the  speed  was  either  increased  or  de- 
creased about  50  revolutions  per  minute.  When  the  dis- 
turbing force  is  represented  by  a  number  of  machines  run- 
ning at  practically  the  same  speed,  the  effect  may  be  like 
that  of  dancers  upon  a  floor  or  soldiers  marching  over  a 
bridge,  and  prove  most  destructive  to  the  entire  structure 
or  most  disordering  to  its  contents  or  occupants  if  the  step 
time  coincides  with  its  natural  pitch. 
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ORIGINATION  VERSUS  IMITATION 
IN  DESIGN 

BY  R.  H.  MoMlNN  ' 

The  writer  received  his  first  instruction 'iu  mechanical  draw- 
ing from  a  man  employed  as  designer  by  a  large  manufacturer. 
This  teacher's  answer  to  the  question  as  to  how  a  person  could 
most  easily  become  a  successful  designer  was,  "Imitate  other 
designs."  The  thought  of  being  obliged  to  become  an  imitator 
was  quite  disappointing,  so  he  secretly  resolved  not  to  follow 
this  counsel.  Later,  when  attending  a  technical  college,  the 
writer  thought  that  when  he  entered  upon  commercial  work 
he  would  be  able,  using  the  fundamental  principles,  to  develop 
with  great  freedom  new  mechanisms  for  any  desired  end.  Dur- 
ing nine  or  ten  years  of  practical  experience,  however,  he  has 
had  cause  to  modify  seme  of  his  early  views. 

Given  the  task  of  designing  a  machine  to  accomplish  a  cer- 
tain result,  an  early  reluctance  to  study  and  imitate  known 
designs  of  that  class  of  machines  was  partly  due  to  a  desire  to 
accomplish  the  same  result  by  means  not  used  before  because 
of  the  personal  satisfaction  which  comes  from  originating. 
It  was  also  due  to  a  sort  of  sentimental  disinclination  to  will- 
fully copy  the  work  of  others  as  closely  as  is  legally  allowable. 
This  attitude  was  perhaps  rather  inconsistent  in  view  of  the 
fact  that  everything  learned  up  to  that  time  was  the  result 
of  other's  work — all  by  instruction  or  from  books;  nothing  by 
original  investigation  in  new  fields.  But  he  had  pictured  the 
work  of  the  mechanical  engineer  to  be,  for  the  most  part, 
that  of  an  inventor,  and  thought  that  to  study  and  try  to 
remember  the  maximum  possible  number  of  mechanisms  used 
in  various  fields  would  operate  against  the  cultivation  of  the 
inventive  instinct. 

Because  of  such  opinions  the  writer  failed  to  study  books 
and  current  technical  literature  at  the  time  when  a  man  is 
perhaps  best  fitted  to  get  the  most  out  of  reading  with  the 
least  expenditure  of  energy — that  is,  when  just  out  of  school, 
for  he  has  then  a  more  intimate  knowledge  of  mathematics 
than  he  will  ever  have  again.  A  great  many  engineering  grad- 
uates make  the  same  mistake  by  thinking  they  are  through 
with  books  and  assuming  that  their  main  advancement  thence- 
forth will  come  automatically  from  practical  experience.  But 
just  at  this  time  a  varied  reading  of  technical  literature,  prop- 
erly chosen,  can  greatly  increase  a  person's  rate  of  advance- 
ment; for  it  is  largely  the  lack  of  knowledge  of  minute  details 
of  design  and  manufacture  which  causes  men  fresh  from  school 
to  be  considered  inexperienced.  For  this  reason,  technical 
schools  should  use  text-books  which  are  thoroughly  up-to-date, 
so  that  the  student  may  be  drilled  in  the  fact  that  he  is  study- 
ing not  only  principles  but  their  embodiment  in  examples  of 
the  best  American  practice  down  to  the  smallest  details. 

One  learns  in  a  technical  school  the  fundamental  principles 
of  chemistry,  physics,  mechanics,  mathematics,  and  drawing, 
but  becomes  acquainted  in  a  comparatively  small  degree  with 
the  practical  application  of  these  sciences  to  machine  parts. 
When  later  the  graduate  is  required  to  design  a  machine  to 
accomplish  a  certain  result,  he  must,  if  working  independently, 
choose  between  the  alternatives  of  using  only  his  knowledge 
of  basic  principles  and  the  few  machine  elements  with  which 
he  is  acquainted  as  the  basis  for  design,  or  of  finding  out  what 
others  have  done  in  some  similar  machine. 

Theoretically,  perhaps,  the  fewer  machine  details  with  which 
the  inexperienced  man  is  familiar,  the  wider  opportunity  there 
is  for  developing  his  resourcefulness  in  design.  But  when  a 
person  enters  commercial  work,  the  cultivation  of  his  in- 
genuity must  be  incidental  to  his  main  activities.  It  takes 
more  time  and  money  to  develop  devices  when  one  starts  with 
a  knowledge  of  a  comparatively  few  simple  mechanical 
forms,  so  that  financial  considerations  demand  that  one  learn 
as  many  as  possible  of  the  details  which  are  applicable  to  the 
■work  at  hand.  The  shapes  of  apparently  minor  machine  de- 
tails are  determined  by  principles  discovered  in  actual  manu- 
facture and  operation.  If  a  man  does  not  know  the  approved 
forms  of  the  details  of  the  machine  he  is  designing,  he  prob- 
ably knows  only  a  few  of  the  principles  involved.  Certain 
forms  come  to  be  looked  upon  as  good  practice  in  a  certain 
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line,  and  if  these  are  adhered  to  the  machine  is  easier  to  sell 
than  one  which  contains  something  strikingly  original,  but  the 
successful  operation  of  which  will  possibly  be  doubted. 

Even  if  one  thinks  his  design  for  a  new  machine  to  be  largely 
original,  he  seldom  compounds  it  out  of  purely  single  ele- 
ments, but  is  usually  unconsciously  making  many  adaptations 
from  combinations  he  has  seen,  however  limited  his  knowledge 
may  be.  He  gains  no  more  credit  for  being  an  unintentiojial 
imitator  than  for  being  a  conscious  iipitator.  He  may  have 
given  good  training  to  his  inventive  faculties  by  working  out 
a  few  entirely  new  mechanisms,  but  the  result  of  his  work 
will  probably  not  be  so  successful  as  if  he  had  incorporated  as 
many  previously  proved  combinations  as  were  possible  mechan 
ically  and  legally.  It  is  certainly  unwise  for  the  man  just  out 
of  school  to  draw  mainly  upon  what  he  has  learned  there  and 
upon  his  imagination  for  his  designs.  From  the  basic  mechan- 
isms given  in  his  text-books  he  can,  perhaps,  reason  correctly 
concerning  the  operation  of  modifications,  but  he  can  make  a 
great  gain  in  efficiency  if  he  stores  his  mind  with  all  the  de- 
signs he  can  observe  in  practice  and  technical  literature. 

There  are  comparatively  few  positions  that  offer  to  the  de- 
signer the  opportunity  to  use  or  develop  his  inventive  faculties 
in  sufficient  degree  to  attain  maximum  advancement  through 
knowledge  gained  during  his  work  alone.    About  all  most  po- 
sitions offer  is  an  opportunity  for  one  to  use  and  cultivate  an 
ingenuity  for  adaptation  from  known  designs  in  his  own  or 
other    fields.      This    requires    observation    and    absorption    to 
qualify  one  as  a  designer  more  than  it  does  the  ability  to  origi 
nate.     A  knowledge  of  the  details  of  construction  of  a  wide 
variety  of  machines  will  enable  a  person  to  adapt  parts  of 
them  to  other  purposes,  to  modify  them  to  suit  special  condi- 
tions, or  to  duplicate  them  if  required,  even  if  the  designer 
has  not  come  into  contact  with  them.    He  can  do  this  in  much 
less  time  than  when  he  knows  only  the  fundamental  principles 
of  mechanics,  in  relation  to  the  machine  he  is  called  upon  to 
design,  and  is  obliged  to  rely  upon  his  inventive  faculties  for 
working  out  the  details.    Employers  advertise  -for  men  experi- 
enced in  a  certain  line  far  more  often  than  they  advertise  for 
men  capable  of  originating  new  devices.     Before  one  is  asked 
what  can  be  developed  for  a  certain  purpose,  he  is  asked  what 
others  have  done.    The  more  ideas  of  actual  tested  mechanisms 
a  man  can  bring  the  better  the  employer  likes  it.     Even  an 
able    designer,    acquainted    only    with    the    general    appear- 
ance   of    a    lathe    and    unfamiliar    with    the    details    of    con- 
struction,   who   should    attempt   to   design    one   without   first 
making  a  study  of  the  machine,  would  undoubtedly  produce 
the  same  comparatively  inferior  tool  as  the  early  designers. 
The  writer  thought  that  the  ability  to  originate  was  the 
most  necessary   qualification   for   success   in   the  engineering 
world ;  but  now  believes  that,  in  most  positions,  a  qualification 
which  is  of  more  value  to  one's  employer,  and  consequently 
more  lucrative  to  oneself,  is  having  such  an  intimate  knowl- 
edge of  machine  construction  in  many  fields  that  it  is  rarely 
necessary  to  originate.     If  a  designer  can  modify  and  adapt 
to  his  needs  some  combination   of  elements  previously  used 
and  known  to  have  worked  successfully,  he  has  made  a  com- 
mercial gain,  even  if  he  has  not  made  as  great  a  scientific  gain 
as  if  he  had  spent  more  time  and  money  in  evolving  a  new 
combination  of  elements.     Also,  if  a  designer  is  not  familiar 
with  the  ground  already  covered  in  his  field,  he  will  probably 
retrace  the  steps  of  others  and  believe  the  combination  he  is 
developing  is  new.     It  should  be  possible,  when  one  is  thor- 
oughly acquainted  with  a  certain  line  of  industry,  to  avoid  the 
tendency  to  duplicate  designs  which  he  knows,  if  it  be  neces- 
sary.    But  he  is  more  likely  to  avoid   duplication   than  the 
man  who  knows  nothing  of  the  field,  however  prolific  the  latter 
may  be  of  ideas  which  he  thinks  have  been  unused.     Where 
there  is  one  position  in  which  the  ability  to  originate  new 
forms  or  mechanical  combinations  is  the  prime  requisite,  there 
are  possibly  one  hundred  draftsmen's  or  engineers'  positions 
demanding  a  knowledge  of  the  employer's  product,  acquaint- 
ance with  the  design   of  some  machine  which  he  wishes  to 
build,    and    experience   in    production,    erecting   or   operation. 
Therefore  much  of  a  designer's  training  should  consist  in  be- 
coming acquainted  with  machinery  used  in  all  fields,  in  order 
to  modify  and  adapt  known  combinations  to  the  work  in  hand. 


MANY  different  types  of  gages  have  been  devised  for  test- 
ing surfaces,  measuring  shoulder  distances,  and  deter- 
mining the  amount  of  eccentricity  or  the  truth  of  cylin- 
drical parts.  The  ordinary  plug  or  snap  gages,  while  exten- 
sively used  in  interchangeable  manufacture,  do  not  indicate 
the  amount  of  error  that  exists  in  the  part;  they  simply  de- 
termine whether  the  parts  are  small  or  large.  The  solid  pro- 
file gage  has  a  similar  disadvantage  in  that  it  does  not  show 
how  much  the  profile  of  the  part  is  out;  on  the  other  hand, 
properly  designed  indicating  gages  can  be  so  applied  that  any 
error  in  the  part  can  be  determined  with  a  reasonable  degree 
of  accuracy.  Gages  built  on  this  principle  are  now  being  used 
with  satisfactory  results  in  the  manufacture  of  munitions, 
automobiles,  balls  and  ball  bearings,  typewriters,  adding  ma- 
chines, and  many  other  products  which  are  made  by  the  inter- 
changeable system  of  manufacture.  In  the  following,  different 
types  of  gages  working  on  the  indicating  principle  will  be  Illus- 
trated and  described. 

Templet  and  Profile  Gag'es 

Templet  and  profile  gages  which  are  generally  made  from 
sheet  steel  are  used  for  measuring  shoulder  distances,  profiles 
of   irregular   shape,   and   angles   on   parts.     These   gages   are 
usually  comparatively  cheap  to  manufacture,  and  in  most  cases 
are  sufficiently  accurate  for  the  work  they  are  intended  to  in- 
spect.    Take,  for  instance,  the  gaging  of  the  over-all  length 
of  a  shaft  as  shown  at  A  and  B  in  Fig.  1.    For  work  of  this 
kind  a  templet  gage  can  be  satisfactorily  employed.    It  should 
be  made  as  shown  at  B,  however,  rather  than  as  shown  at  A. 
The  reason  for  this  is  that  there  is  less  liability  of  the  opera- 
tor's springing  the  gage  by  forcing  the  work  into  it.     In  the 
type  shown  at  B,  work  which 
will  enter  the  "Go"  end  of  the 
templet  cannot   be   forced   as 
easily  into  the  "Not  Go"  size 
as   in   the   type   shown   at   A. 
On  the  other  hand,   the  type 
shown  at  A.  when  used  with 
care,  has  the  advantage  that 
there  is   less  liability   of  the 
operator's  fitting  the  work  to 
the  "Not  Go"  end,  instead  of 
to  the  "Go"  end. 

Another  case  where  a  com- 
bination gage  can  be  used 
with  satisfactory  results  is 
shown  at  C.  In  this  case  the 
templet  controls  the  shape  of 
the  head  as  well  as  its  thick- 
ness. Although  more  than 
one  point  is  being  tested  by 
this  gage,  the  work  is  not 
usually    required    to    be   very 

^  For  information  on  gages  and  gag- 
ing previously  published  in  Machinery, 
see  "Gaging  and  Inspection  Methods" 
in  the  October  number,  and  articles 
there  referred  to. 
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accurate,  and  a  templet  gage  of  this  nature  is  satisfactory. 
Reference  to  this  Illustration  will  show  that  the  work  on  the 
"Go"  end  should  bear  all  over  on  the  gage,  whereas  on  the 
"Not  Go"  end  it  will  not  go  completely  down  into  the  slot. 
Where  the  thickness  of  the  head  from  a  shoulder  is  the  only 
point  that  is  necessary  to  hold  accurate,  a  gage  of  the  swing- 
ing arm  type  is  much  more  satisfactory  than  the  templet  form. 
This  matter,  however,  will  be  dealt  with  more  fully  later. 

A  simple  templet  for  testing  work  of  angular  shape  is  shown 
at  D  in  Fig.  1.  In  this  case  the  templet  is  used  to  test  the 
diameter  of  the  screw  and  the  thickness  and  angle  of  the  head. 
For  accurate  work,  too  many  points  are  being  tested,  but  for 
the  average  run  of  flat-head  screws  a  templet  gage  of  this  type 
gives  satisfactory  results.  When  greater  accuracy  is  required 
on  work  of  this  shape,  a  progressive  gage  covering  each  indi- 
vidual point  would  be  the  most  satisfactory  one  to  employ. 
Another  application  of  the  templet  system  of  gaging  in 
the  production  of  shoulder  shafts  is  shown  at  A,  B  and  C 
in  Fig.  3.  At  A  is  shown  a  templet  which  is  used  for  con- 
trolling the  shoulders  of  one  end  of  the  shaft — for  the  first 
operation;  at  B  is  shown  the  gage  for  controlling  the  length 
of  the  shoulders  on  the  opposite  end  of  the  shaft — for  the  sec- 
ond operation;  whereas  at  G  is  shown  the  gage  used  by  the 
inspector  for  covering  the  entire  length  of  the  shaft.  It  is 
much  more  satisfactory  to  supply  the  workman  with  a  gage 
of  the  type  shown  at  B  for  the  second  operation  than  it  is  to 
supply  him  with  the  type  shown  at  C.  The  latter  should  only 
be  used  by  the  inspector  for  the  reason  that  as  long  as  the 
work  goes  in  this  gage  it  is  satisfactory.  If  it  does  not  go  in 
the  gage,  it  is  unsatisfactory.  This  gage  is  therefore  given  as 
wide   a   permissible   tolerance    as    possible.      For    the   second 

operation,  as  shown  at  B,  the 
shoulder  a  would  be  controlled 
by  the  end  b  of  the  gage. 
When  the  length  of  certain 
shoulders  is  required  to  be  ac- 
curate, this  system  of  inspec- 
tion is  not  recommended,  and 
a  limit  gage  as  described  later 
should  be  employed. 

A  form  of  templet  gage 
which  is  used  extensively  in 
the  manufacture  of  engine 
lathes  and  other  similar  ma- 
chine tools  is  shown  at  D. 
This  gage  is  used  for  testing 
the  angle  on  the  ways  of  the 
lathe  oa  which  the  carriage 
operates,  and  at  the  same 
time  for  determining  if  the 
center  distance  is  correct.  Ex- 
tremely accurate  results  are 
obtained  by  means  of  this 
templet  gage  in  the  hands  of 
an  experienced  operator. 
Either  a  feeler  or  thin  piece 
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both  the  angle  and  the  center 
istance  of  the  ways.  When 
lemplet  gages  of  this  shape 
are  accurately  made  and  care- 
fully applied,  satisfactory  re- 
sults are  obtained. 

Another  application  of  the 
templet  system  for  testing  the 
arc  of  a  circle  is  shown  at  E 
and  F.  In  this  case  the  part 
being  tested  is  a  ring  for  a 
ball  thrust  bearing.  At  E  the 
curve  on  the  lower  surface  is 
being  tested  with  a  templet, 
whereas  at  F  two  knife-edge 
shaped  disks  are  used  to  test 
the  center  distance  of  the  race- 
way.   Inaccuracy  of  the  work 


Fig.   2.     A  Built-up  Type  of  Profile  Gage  for  Russian   Shrapnel  Shells 


is  indicated  by  light  showing  between  the  gage  and  work,  but 
the  gage  does  not  determine  how  much  the  work  varies  from 
the  size  or  shape  required.  For  this  purpose,  an  indicating 
gage  should  be  used  in  preference  to  the  templet  form. 

An  application  of  the  templet  form  of  gage  to  curve  and 
length  measurements  is  shown  at  G.  In  this  case  the  piece 
being  tested  is  the  ogive  or  nose  end  of  a  shell.  Two  points 
are  tested:  one  is  the  shape  of  the  nose,  and  the  other  the 
location  of  the  lower  end  of  the  bourrelet.  It  might  be  men- 
tioned in  passing  that  the  bourrelet  is  the  cylindrical  por- 
tion on  the  head  end  of  the  shell  which  rests  in  the  gun  and 
is  formed  by  the  termination  of  the  ogive  and  the  beginning 
of  the  reduction  on  the  body,  this  being  allowed  to  facilitate 
manufacture  and  also  prevent  the  shell  from  bearing  for  its 
entire  length  in  the  bore  of  the  gun.  In  this  case  it  will  also 
be  noticed  that  the  templet  is  so  made  that  it  can  be  used  in 
connection  with  the  limit  system  of  manufacture,  having  two 
lines  on  it,  one  indicating  the 


wears,  any  one  of  the  four 
strips  is  moved  inward,  cor- 
rectly placed,  and  then  the 
dowel  holes  are  re-reamed  for 
a  slightly  larger  dowel-pin. 

Limit  System  Applied  to  the 
Gaging-  of  Shoulder  Distances 
Fig.  4  shows  a  gaging  de- 
vice for  inspecting  shouldier 
shafts,  that  works  on  the  limit 
principle.  This  gage  consists 
principally  of  a  base  A  carry- 
ing a  V-block  B  in  which  the 
work  is  clamped  by  means  of 
a  strap  C  and  tlie  swinging 
bolt  D.  The  relative  locations 
of  the  two  shoulders  is  deter- 
mined by  two  levers  E  and  F, 


minimum  and  the  other  the 
maximum  position  of  the 
bourrelet.  The  position  de- 
sired is,  of  course,  between 
these  two  points. 

Built-up  Templet  Gag-e 

A  built-up  templet  or  profile 
gage  which  was  made  to  su- 
persede one  made  from  5/32- 
inch  sheet  steel  is  shown  in 
Fig.  2.  This  is  used  for  the 
anal  inspection  on  a  3-inch 
Russian  shrapnel  shell.  Work 
ivhich  passes  through  it  is 
satisfactory,  while  work 
(vhich  will  not  pass  through 
it  is  rejected.  The  gage  is 
provided  with  legs  which  sup- 
port the  outline  plates  at  a 
iistance  from  the  surface 
plate  equal  to  the  radius  of 
:he  shell.  In  construction,  it 
consists  of  a  base  made  from 
nild  stock  5/16  inch  thick 
ivith  a  clearance  hole  of  ap- 
proximately rectangular 
shape.  On  one  side  of  this 
jaseplate  are  screwed  and 
ioweled  four  strips  of  hard- 
ened tool  steel  which  form  the 
rage  proper.  It  is  also  pro- 
nded  with  six  bumper  pieces 
ittached  to  the  lower  side  of 
;he  gage  body.  These  bump- 
;rs  are  tapered  back  so  as  to 
'orm  a  bell-mouth  and  locate 
;he  shell  approximately  as  it 
is  about  to  enter  the  gage. 
When  the  profile  of  the  gage 
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respectively,  which  carry  limit  buttons  of  the  form  shown  at  G. 
These  levers  are  fulcrumed  on  one  side  of  the  gage  on  a  pin  H, 
and  fit  in  slots  in  the  hardened,  ground  and  lapped  block  /. 
In  using  this  gage,  the  work  is  put  into  the  V-block,  and  the 
operator  holds  it  with  one  hand  while  he  moves  down  lever  F 
with  the  other  hand  until  the  shoulder  J  on  the  work  con- 
tacts with  the  "Go"  limit  on  the  plug  held  in  lever  F.  The 
swinging  strap  C  is  then  clamped  by  means  of  bolt  D.  holding 
the  work  rigidly  in  position.  The  operator  then  brings  down 
lever  E  and  tests  the  location  of  the  second  shoulder  in  rela- 
tion to  the  first.  In  this  way  shoulder  shafts  can  be  held 
within  very  close  limits  when  necessary.  If  the  limits  were 
very  close,  it  would  be  possible  for  the  operator  to  spring  the 
"Not  Go"  surface  on  the  plugs  past  the  work,  but  as  in  practi- 
cally all  gaging  devices  the  sense  of  touch  is  necessary,  there 
is  no  reason  why  an  operator  should  apply  greater  power 
when  he  has  the  leverage  to  do  so  than  is  necessary  to  bring 

the  measuring  surfaces  on  the 
gage  in  contact  with  the  work. 

Progressive  or  Combination 
Gages 

Gages  which  are  used  for 
inspecting  a  number  of  points 
on  one  particular  piece  are 
generally  termed  combination 
or  progressive  gages.  One  type 
of  gage  which  illustrates  this 
principle  is  shown  in  Fig.  5. 
In  this  case  the  gage  is  being 
used  for  testing  the  body, 
over-all  length,  head,  slot  and 
thread  of  a  fillister  screw. 
The  only  part  on  which  a 
limit  of  tolerance  is  provided 
is  the  thread.  This  is  tested 
in  a  "Go"  and  "Not  Go" 
threaded  bushing  inserted  in 
the  templet.  Gages  of  this 
kind  have  one  marked  disad- 
vantage in  that  as  soon  as 
any  one  position  or  point  on 
the  gage  becomes  worn,  with 
the  exception  of  the  threaded 
bushings,  the  entire  gage  has 
to  be  destroyed.  For  work 
such  as  screws  which  do  not 
require  to  be  extremely  accu- 
rate, this  gage  gives  fairly 
good  results  and  is  quite  ex- 
tensively employed.  When  the 
work  demands  greater  accu- 
racy, however,  separate  gages 
should  be  provided  for  testing 
each  particular  point.  This 
necessitates  a  more  costly  out- 
lay, but  when  very  accurate 
work  is  essential,  the  cost  of 
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Diagram    illustratinir   Application    of   Limit    System   to    gaging   of 
Shoulder  Shafts 


Progressive  Gagring'  of  Cartridg:e  Chamber  in  Rifle  Barrel 
Another  example  which  could  come  under  the  class  of  pro- 
gressive gaging  is  shown  in  Fig.  7.  This  illustrates  the  tools 
and  gages  used  in  machining  and  inspecting  the  cartridge 
chamber  of  a  rifle  barrel.  Those  experienced  in  this  work 
know  that  it  is  not  an  easy  problem  to  produce  a  perfectly 
chambered  rifle,  and  it  requires  both  a  high  degree  of  work- 
manship and  a  complete  and  practical  gaging  system  for  its 
accomplishment.  The  chart  shown  in  Fig.  7  illustrates  the 
counterbore,  roughing  and  finishing  reamers,  and  also  the 
roughing  and  finishing  gages  used  for  machining  and  gaging 
the  chamber  in  a  0.303  Ross  military  rifle.  At  first  glance  it 
would  appear  that  there  is  an  excess  of  gages  used;  however, 
this  is  not  the  case,  as  the  following  explanation  will  show. 
The  manner  in  which  these  tools  and  gages  are  used  is  as 
follows:    The  chamber  is  first 


gage  to  the  work.  When  a  considerable  number  of  points  on 
the  work  require  gaging,  and  especially  wlien  the  work  is 
quite  large,  it  is  necessary  to  have  a  large  gage  of  the  type 
shown  in  Fig.  5,  which  is  rather  bulky  to  handle.  On  the 
other  hand,  in  gaging  work  like  the  cartridge  chamber  in  a 
rifle  barrel,  shown  in  Fig.  7,  where  a  large  number  of  gages 
are  required,  it  necessitates  lifting  up  and  putting  down  each 
gage  once  for  each  barrel  inspected.  A  method  of  progressive 
gaging  which  can  be  applied  with  particularly  satisfactory 
results  to  screw  machine  products,  such  as  the  bicycle  wheel 
hub  shown  in  Fig.  6,  is  illustrated  diagrammatically  in  Fig.  8. 
Here  the  gage  consists  of  a  large  cast-iron  plate,  the  top  sur- 
face of  which  is  carefully  machined  and  preferably  finished 
by  grinding.  It  will  be  seen  that  various  types  of  gaging 
points,  plugs,  swinging  members,  etc.,  are  attached  to  the  top 
surface  of  this  plate. 

Diameters  A.  B,  C,  D,  E,  and  heights  F,  G,  H,  I  and  J,  Fig.  6, 
can  be  gaged  in  a  satisfactory  manner  as  shown  in  Fig.  8.  For 
instance,  for  gaging  the  diameters  .1  and  B,  four  sets  (two 
each)  of  carefully  hardened  and  ground  blocks  are  fastened  to 
the  plate,  the  first  two  blocks  in  each  set  being  known  as  the 
"Go"  sizes,  through  which  satisfactory  work  will  pass,  and  the 
second  set  as  the  "Not  Go"  sizes,  through  which  work  of  the 
required  size  will  not  pass.  When  it  comes  to  the  gaging  of 
the  hole  diameters  C,  D  and  E,  ordinary  plugs  are  fastened  to 
the  surface  plate,  one  being  made  to  go  in  the  hole  and  the 
other  not  to  go  in.  For  gaging  the  depth  of  the  counterbore  F, 
the  work  is  placed  on  a  spring  plug,  as  indicated  in  the  section 
of  the  end  view  of  the  fixture.  Here  the  lower  face  of  the 
work  rests  on  a  swinging  arm,  and  in  doing  so  forces  down  the 
spring-operated  plunger.    When  the  work  is  correct,  this  slips 

over  the  "Go"  block,  but  will 
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roughed  out  with  a  counter- 
bore M  and  then  gaged  at  the 
mouth  and  in  the  bore  with 
the  gage  A,  to  see  that  the 
counterbored  hole  is  of  the  ex- 
act diameter  and  is  concentric 
with  the  bore  in  the  barrel. 
(It  is  necessary  that  this 
point  be  carefully  determined, 
because  any  eccentricity 
would  be  difficult  to  correct  in 
the  following  operations.)  The 
chamber  is  now  reamed  with 
a  roughing  reamer  N  and  gaged  with  the  gage  B.  The  reamer 
shown  at  0  is  then  used  for  finish-reaming  the  taper  and  neck 
and  also  for  roughing  the  cone  diameter.  It  would  be  impossi- 
ble to  make  one  gage  so  that  it  would  act  as  a  detector  for  all 
the  various  diameters  finished  by  this  reamer,  and  this  inspec- 
tion operation  requires  the  use  of  gages  C,  D,  E  and  F,  the  limit 
lines  on  which  should  come  flush  with  the  end  of  the  barrel 
when  the  reamer  is  of  the  correct  size  and  is  inserted  to  the 
proper  depth. 

This  finishes  the  rough-reaming  and  respective  gaging  opera- 
tions, after  which  every  part  of  the  chamber  is  again  finished 
with  finishing  reamers  and  gaged.  The  operations  accom- 
plished by  the  reamers  P  to  T,  inclusive,  are  inspected  with 
the  gages  G  to  K,  inclusive,  which  are  made  so  that  a  slight 
change  in  diameter  can  be  noted  by  shaking  the  gage.  The  ream- 
ers U  and  V  and  the  gage  L  are  used  for  machining  and  gaging 
the  lead  to  the  rifling  grooves.  The  lead  may  be  briefly  de- 
fined as  the  conical  funnel  which  leads  from  the  chamber  to 
the  bore.  If  the  chamber  ended  abruptly  at  the  beginning  of 
the  rifling  grooves  in  the  bore  of  the  barrel,  the  sharp  ends  of 
the  lands  would  cut  strips  out  of  the  nickel  jacket  case  of  the 
bullet  and  the  latter  would  fly  to  pieces  when  it  left  the  muzzle 
of  the  rifle.  The  lead,  therefore,  must  be  concentric  with  the 
chamber  and  bore,  or  else  the  bullet  will  be  likely  to  wobble  or 
tumble  after  it  leaves  the  muzzle.  Hence  all  points  along  the 
chamber  must  be  concentric  with  the  bore,  and  the  progressive 
system  of  gaging  is  necessary  to  obtain  the  desired  accuracy. 

Progressive  Gaging:  of  Screw  Machine  Products 

The  two  previous  examples  of  progressive  or  combination 
gages  illustrate  the  types  in  which  it  is  necessary  to  apply  the 


■mm> 


OVERALL  LENGTH 


Ua.Iuiiny 


Progressive   Type    of    Templet    Gage   for   inspecting   Fillister-head 
Screvfs 


not  go  over  the  "Not  Go" 
block.  For  gaging  the  height 
of  the  shoulder  G,  the  work  is 
let  down  into  the  swinging 
arm  instead  of  on  a  plug,  and 
the  work  itself,  instead  of  a 
hardened  plug,  passes  over  the 
"Go"  block  when  correct,  and 
not  over  the  "Not  Go"  block 
when  too  long.  For  the  gag- 
ing of  the  height  H,  a  similar 
scheme  to  that  used  for  gag- 
ing the  height  F  is  adopted. 
For  gaging  the  height  I  and  also  the  taper,  the  plug  is  made 
with  a  tapered  shoulder  and  the  work  rests  on  this  taper  and 
is  guided  near  the  bottom  only  by  a  shoulder  on  the  stud.  In 
this  v^ay,  the  height  and  diameter  of  the  taper  are  controlled. 
For  the  over-all  length,  the  work  is  simply  passed  under  a 
height  block;  it  goes  under  the  "Go"  block,  but  will  not  enter 
the  "Not  Go"  block. 

The  facility  with  which  work  can  be  handled  in  this  manner 
is  remarkable.  For  instance,  an  experienced  operator  could 
gage  all  the  ten  points  noted  on  this  particular  part  in  from 
eight  to  ten  seconds,  and  when  the  tolerances  on  the  work 
are  from  0.003  to  0.005  inch,  this  type  of  gaging  is  sufficiently 
accurate.  It  is  especially  advantageous  for  the  inspection  of 
work  which  after  being  turned  out  on  the  screw  machine  or 
turret  lathe  is  heat-treated  and  then  must  be  flnished  by  grind- 
ing. The  grinding  tolerances,  of  course,  can  be  provided  for 
on  this  rough  inspection  gage.    Where  a  greater  refinement  is 


Fig.  6.     Bicycle  Wheel  Hub 


which  can  be  successfully  inspected  by  Method 
shown  in  Fig.  8 
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lecessary  on  the  work,  accurate  gages  can  be  fastened  at  fre- 
[uent  intervals  to  the  top  surface  of  the  plate  and  the  gaging 
if  the  parts  accomplished.  For  instance,  it  would  be  a  simple 
iroblem  to  attach  any  type  of  indicating  gage  to  a  plate  in 
his  manner  and  thus  bring  all  the  gages  for  any  certain  piece 
ogether,  so  as  to  eliminate  the  necessity  of  lifting  the  gage  to 
he  work  or  moving  from  one  place  to  the  other  along  a  bench. 
I'his  principle,  of  course,  works  out  very  successfully  when 
he  work  is  comparatively  light,  clean  and  free  from  burrs. 
In  designing  a  gaging  fixture  of  this  type,  it  is  desirable  to 
;eep  the  work  on  the  surface  plate  as  much  as  possible, 
^his  feature  has  been  adopted  because  it  is  simpler  to  slide 
he  piece  along  the  plate  than 
t  is  to  keep  lifting  it  up  from 
oint  to  point.  Of  course 
here  are  cases  where  this  is 
oipossible,  but  the  aim  in 
iew  should  be  to  eliminate 
s  far  as  possible  any  feature 
.rhich  would  tend  to  tire  the 
aspector.  Another  advantage 
f  this  type  of  gage  is  that 
iris  can  be  satisfactorily  em- 
loyed  for  the  work. 

Principles  of  Indicating 


shoulder  on  the  flush  pin  midway  between  the  plus  and  minus 
limits.  While  0.005  inch  can  be  seen  with  the  naked  eye,  it 
can  be  detected  more  rapidly  with  the  finger,  so  that  this 
type  of  gage  is  known  as  the  flush  pin  or  touch  type  of  gage. 
The  sense  of  touch  is  much  more  accurate  than  most  people 
appreciate,  and  as  a  matter  of  fact,  it  is  possible  to  detect  dif- 
ferences as  small  as  0.0003  inch. 

Another  type  of  gage  which  depends  for  its  accuracy  on  the 
sense  of  touch  or  feel  is  shown  in  Pig.  10.  This  gage  is  used 
for  testing  the  position  of  the  milled  groove  on  the  under  side 
of  a  bolt  sleeve  for  a  military  rifle.  The  sleeve  proper  is  held 
in  a  flxture  on  hardened  and  ground  plugs  A,  B  and  C.    Plug  A 

is    provided    with    a    knurled 
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Indicating  gages  may  be 
ivided  into  three  distinct 
lasses;  namely,  those  em- 
loying  the  sense  of  touch, 
liose  depending  on  sight,  and 
liose  on  hearing.  These  three 
ifferent  classes,  of  course, 
re  subject  to  considerable 
ubdivision,  but  the  main 
rinciples  involved  remain  the 
ame.  Gages  which  employ 
tie  sense  of  touch  are  known 
s  flush  pin  or  feeler  gages; 
tiose  employing  the  sense  of 
ight  are  multiplying  lever  or 
ial  indicating  and  microme- 
sr  gages;  whereas  those  de- 
ending  on  the  sense  of  hear- 
ng  can  be  grouped  into  those 
mploying  some  means  of  in- 
icating  by  sound  when  the 
art  is  of  the  required  size, 
ension,  etc.  A  common  type 
f  gage  employing  this  princi- 
le  is  an  electric  gage,  in 
?hich  a  bell  is  rung  if  the 
iece  is  0.  K. 

Indicating-  Gages  Employing 
Sense  of  Touch 
The  most  common  form  of 
Qdicating  gage  employing  the 
ense  of  touch  is  the  flush  pin 
ype  of  gage  shown  in  Fig.  9. 
leference  to  this  illustration 
?ill  show  that  the  gage  con- 
ists  of  a  base  A  carrying  a 
racket  B  and  a  measuring 
pindle  or  flush   pin   C.     The 

orward  end  of  bracket  B  is  machined  to  circular  shape  and 
3  provided  on  its  top  surface  with  a  step  equal  in  height 
0  the  permissible  tolerance  on  the  work — in  this  case  0.005 
nch.  The  lower  end  of  spindle  C  is  made  sufliciently  large 
0  seat  on  the  counterbored  seat  in  the  work.  The  distance 
rom  the  lower  face  of  this  enlarged  portion  to  the  reduced 
houlder  on  the  spindle  is  such  that  when  work  within 
he  required  limits  is  being  tested,  the  counterbored  seat  in 
he  work  will  lift  the  spindle  up  sufficiently  to  bring  the 
houlder  on  spindle  C  either  flush  with  the  upper  or  lower 
houlder  on  the  boss  on  bracket  B  or  midway  between  these 
oints.      Of    course,    the    desired    condition    is    to    have    the 
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rig.  7.     Tools  and  Gages  used  in  macMning  Cartridge  Chamber  in  Military 
Bifle  Barrel,  Illustrating  Another  Method  of  Progressive  Gaging 


head  and  is  made  a  good  fit 
in  the  hardened  and  ground 
sleeve  E.  Plug  B  is  made 
with  a  tapered  shank  and  is 
held  in  a  hardened  and  ground 
taper  sleeve  by  a  stud  and  nut 
as  shown.  The  sleeve  F  is 
provided  with  a  shoulder 
which  abuts  against  the  cast- 
iron  boss  on  the  base  D. 
Plug  C  is  tapered,  fitting  a 
hole  in  the  handle  of  the  bolt 
sleeve,  and  is  driven  into 
reamed  holes  in  the  boss  on 
the  casting.  The  inspection 
is  done  by  means  of  what  is 
known  as  a  rocker  block, 
which  is  made  from  steel, 
hardened,  ground  and  lapped. 
This  block  works  on  the  hard- 
ened and  ground  block  G 
fastened  by  screws  and  dowels 
to  the  casting  D,  which  acts 
as  a  measuring  surface  for 
the  rocker  gage.  The  rocker 
gage  or  block  H  has  three 
bosses  on  the  sides,  two  of  the 
bosses  on  each  side  acting  as 
supports,  while  the  other  boss 
is  made  lower  than  the  sup- 
porting bosses  an  amount 
equal  to  the  tolerance  allowed 
on  the  work.  This  gage  is 
also  used  for  testing  the 
height  of  the  shoulder  /  on 
the  bolt  sleeve,  the  rocker  H 
being  located  on  the  hardened 
and  ground  block  J  in  a.  simi- 
lar manner  to  that  previously 
described.  In  applying  this 
rocker,  it  is  laid  on  the  hard- 
ened and  ground  surfaces  on 
the  flxture  and  then  moved 
forward  to  see  if  it  will  pass 
over  the  work.  The  "Go"  end 
passes  over  the  work  and  the 
"Not  Go"  does  not,  if  the  work 
is  satisfactory. 

A  flush  pin  gage  which  is 
used  for  determining  the 
depth  of  a  slot  in  a  rifle  part 
is  shown  in  Fig.  11.  In  this  case  the  slot  A  in  the  part  is 
inspected  by  two  flush  pins  B  and  C  which  are  held  in  a  swing- 
ing member  D  in  the  bracket  E.  Swinging  member  D  carries 
a  hardened  and  ground  locating  plug  F  which,  when  in  posi- 
tion for  gaging,  comes  in  contact  with  a  hardened  and  ground 
plug  G  in  the  base  of  the  gage.  These  two  pins  insure  that 
the  swinging  member  is  always  brought  to  the  same  position. 
Then  by  feeling  the  height  of  the  flush  pins  in  the  swinging 
member,  the  depth  of  the  slot  is  tested ;  the  piece  being  gaged 
is  held  on  the  base  of  the  gage  on  dowel-pins,  and  is  ejected 
after  being  tested  by  means  of  handle  H  through  an  eccen- 
tric movement. 
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Fig.   8.     Progressive  Type  of  Gage  particularly  adapted  for  inspecting   Screw  Machine  Products 


Indicating-  Gages  Employing-  Sense  of  Sight 
Indicating  gages  employing  the  sense  of  sight  can  be  roughly 
divided  into  five  general  classes,  viz.,  those  of  the  multiplying 
lever  type;  those  of  the  needle  and  dial  indicating  type;  those 
employing  a  micrometer  screw;  those  using  the  cross-hair 
microscope  in  connection  with  the  micrometer  screw;  and 
those  employing  the  reflection  of  light  rays. 

The  average  gage  constructed  on  the  multiplying  lever  prin- 
ciple, when  used  for  fine  measurements,  has  several  disad- 
vantages, chief  among  which  is  the  weight  of  the  moving 
parts.  This  can  be  largely  compensated  for,  however,  by  the 
correct  proportioning  and  arrangement  of  the  levers  so  as 
to  balance  the  weight  of  the  various  parts.  When  set  by  a 
master  and  used  simply  as  a  means  of  comparison,  the  multi- 
plying lever  indicating  gage  can  be  satisfactorily  employed 
on  a  large  range  of  work. 

Needle  and  dial  indicating  gages  are  made  in  several  differ- 
ent types,  the  type  employing  a  train  of  gears  for  accomplish- 
ing the  multiplying  movements  of  the  needle  being  the  most 
common.  This  form  of  indicator  has  several  objections  which 
might  be  summarized  as  fol- 
lows: 

1.  Backlash  in  the  gears 
due  to  wear. 

2.  Fluctuation  of  the  indi- 
cating needle. 

3.  Lack  of  brake  or  dash- 
pot  to  eliminate  fluctuation  of 
the  needle. 

4.  Unequal  wear  of  moving 
parts — especially  gears. 

As  a  rule,  a  gage  of  this 
type  is  used  on  one  size  of 
work  for  weeks  at  a  time, 
■with  the  result  that  those  por- 
tions of  the  gears  constantly 
in  mesh  wear  down  much 
more  rapidly  than  the  remain- 
ing or  unused  portions.  This 
unfits  the  gage  for  anything 
but  comparative  measure- 
ments, and  it  must  be  cor- 
rected and  set  frequently  by 
means  of  master  blocks. 

The  fluctuation  of  the  in- 
dicating needle  is  one  of  the 
most  annoying  features  of 
this  type  of  gage.  It  is  due, 
of  course,  to  the  unbalanced 
action  of  the  parts  and,  as 
previously  mentioned,  to  back- 
lash in  the  gears.     For  rapid 
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Tig.  9.     Simple  Indicating  Gage  of  Flush  Pin  Type 


inspection,  a  gage  in  which  the  needle  continually  fluctuates 
is  of  little  or  no  value,  and  it  has  been  suggested  by  inspectors 
that  a  brake  or  dash-pot  be  provided  in  order  to  eliminate  this 
objectionable  feature.  The  computing  scale  is  a  good  example 
of  a  measuring  instrument  employing  a  dash-pot,  and  a  similar 
arrangement  adapted  to  an  indicating  gage  of  the  needle  type 
would  greatly  increase  its  usefulness.  Unequal  wear  of  the 
moving  parts  is  also  a  factor  which  should  receive  careful 
consideration.  The  number  of  parts  employed  in  a  gage  of 
this  type  should  be  reduced  to  a  minimum,  so  as  not  only  to 
simplify  its  construction,  but  also  to  decrease  the  chances  tor 
wear  and  consequent  inaccuracy.  As  will  be  explained  later, 
other  types  of  needle  indicating  gages  have  been  devised  which 
do  not  have  the  objections  previously  mentioned. 

The  micrometer  caliper  is  a  type  of  gage  which  depends 
both  on  sight  and  touch  for  its  accuracy.  The  micrometer 
screw  has  been  applied  to  many  different  types  of  gages,  and 
as  will  be  subsequently  described,  this  type  of  gage  has  certain 
advantages  for  work  which  cannot  be  measured  by  any  other 
means  or  which  is  inaccessible  to  a  regular  snap  or  plug  gage. 

The  micrometer  screw,  of 
course,  furnishes  an  accurate 
means  of  inspecting  work,  but 
it  is  necessary  that  a  gage  of 
this  type  be  frequently 
checked  up  to  see  that  the 
screw  is  not  worn  and  that 
the  measuring  points  of  the 
gage  are  parallel  with  each 
other. 

The  cross-hair  microscope  in 
connection  with  the  microme- 
ter screw  provides  one  of  the 
most  accurate  methods  of  in- 
specting small  articles,  such 
as  type,  thread  gages,  ball 
races,  fly-cutters,  etc.  The 
number  of  industries,  how- 
ever, employing  this  instru- 
ment is  not  nearly  as  great  as 
its  adaptability  would  seent 
to  warrant.  For  many  classes 
of  work  the  accuracy  which 
can  be  obtained  by  this 
method  is  much  greater  than 
that  which  would  ordinaril}^ 
be  required. 

For  extremely  accurate 
work,  gages  employing  the  re- 
flection of  light  rays  have 
been  developed.  These,  how- 
ever, are  not  extensively  used 
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Fig.   10.     Example  of  Feeler  Block  Type  of  Gage 


and  have  only  been  adopted  where  extreme  accuracy  is  neces- 
sary and  where  a  large  number  of  parts  must  be  inspected  in 
a  certain  time.  The  light  ray  presents  a  rapid  means  of  ascer- 
taining inaccuracies  as  small  as  0.0001  inch,  which  can  be  read 
off  from  a  screen  with  marvelous  rapidity.  For  such  work,  a 
highly  developed  inspection  and  gaging  system  is  necessary. 

Multiplying-  Lever  Indicating'  Gages 

Multiplying  lever  indicating  gages  are  made  in  so  many 
types  that  it  is  impossible  to  cover  them  all  here.  An  endeavor 
will  be  made,  however,  to  deal  only  with  principles  of  con- 
struction and  operation.  Fig.  12  shows  a  common  form  of 
multiplying  lever  indicating  gage  which,  in  this  case,  is  being 
used  for  testing  the  depth  of  the  powder  groove  in  the  ring 
for  a  combination  time  and  percussion  fuse.  The  gage,  as  will 
be  seen,  consists  of  a  base  A  provided  with  a  dovetail  groove 
in  which  the  work-holder  B  is  free  to  slide.  A  stud  C  in  the 
rear  end  of  the  base  acts  as  a  pivot  for  the  swinging  arm  D, 
the  latter  carrying  the  indicating  needle  E  and  plunger  F. 
The  fulcrum  point  of  pointer  E  is  so  placed  in  relation  to  the 
section  which  contacts  with  plunger  F  that  a  multiplying  move- 
ment of  40  to  1  is  obtained;  that  is,  the  lengths  of  the  tw3 
arms  X  and  Y  are  in  this  ratio.  To  insert  the  work  under 
the  measuring  plunger,  arm  D  is  raised,  its  upper  movement 
being  stopped  by  the  fillister-head  screw  G.  For  this  arrange- 
ment it  will  be  noted  that  a  single  multiplying  lever  is  used. 

There  are  several  objections  to  this  gage.  In  the  first  place, 
the  necessity  of  raising  arm  D  to  insert  the  work  makes  it 
possible  for  dirt  to  collect  under  the  seat,  and  thus  cause  the 
gage  to  read  incorrectly.  It  is  also  unsuited  for  very  accurate 
work  because  of  the  small  multiplying  movement  of  the  lever, 
which  gives  only  0.025  inch  between  each  graduation  on  the 
scale  for  each  0.001  inch  variation  in  t^e  work. 

Multiplying  Lever  Gage  for  Internal  Work 

Another  multiplying  lever  indicating  gage,  which  is  used 
for  measuring  internal  work 
in  this  case,  and  is  pro- 
vided with  two  multiply- 
ing levers,  is  shown  in  Fig. 
14.  Reference  to  this  illus- 
tration will  show  that  the 
gage  comprises  a  sleeve  A. 
inside  of  which  is  fitted  a 
member  B  milled  out  to  re- 
ceive the  two  multiplying 
levers  C  and  D.  The  gage  is 
provided  with  three  contact 
points,  only  one  of  which — 
point  E — is  movable,  the 
other  two  being  adjustably 
held  in  the  sleeve  A.  A  coil 
spring,  as  shown,  keeps  the 
forward  end  of  lever  C '  in 
contact  with  the  lower  end 
of  contact  point  E  and  an- 
other spring  keeps  the  for- 
ward end  of  lever  D  in  con- 
tact with  the  rear  end  of 
lever    C.      In    this    way    the 


Fig.   11.     Flush  Pin  Type  of  Gage  employing  a  Swinging  Arm 


point  constantly  follows  any  irregularities  in  the  work  which 
are  indicated  on  the  dial  F.  On  the  exterior  of  sleeve  A  is  a 
bushing  G,  which  can  be  moved  back  and  forth.  The  func- 
tion of  this  bushing  is  to  keep  the  axis  of  the  gage  parallel 
with  the  center  of  the  work  as  nearly  as  possible,  the  sleeve, 
of  course,  being  pushed  back  and  forth,  depending  on  the 
distance  from  the  face  of  the  work  that  the  measurement  is 
being  taken. 

This  gage  has  several  objections:  One  is  the  small  multi- 
plying movement  which  can  be  obtained;  another  is  the  fact 
that  two  springs  working  against  each  other  are  employed; 
and  a  third  is  the  unbalanced  weight  of  the  moving  parts.  In 
a  gage  built  on  the  multiplying  lever  principle,  the  multipli- 
cation should  not  be  less  than  60  to  1,  100  to  1  being  prefer- 
able. This  provides  for  a  movement  of  the  indicating  needle 
of  approximately  1/16  inch  for  each  0.001  inch  variation  in  the 
work.  In  the  case  of  a  multiplication  of  100  to  1,  the  space 
between  each  graduation,  representing  variations  in  the  work 
of  0.001  inch,  would  be  0.100  inch,  which  is  still  better. 

Simple  Type  of  Multiplying  Lever  Indicating  Gage 

A  multiplying  lever  indicating  gage  which  can  be  used  for 
accurate  work  is  shown  by  the  diagram  Fig.  13.  This  gage 
comprises  two  levers,  which  provide  for  a  multiplying  move- 
ment of  240  to  1;  that  is,  variation  in  the  work  of  0  001  inch 
would  cause  a  movement  of  0.240  inch  of  the  upper  end  of 
needle  A.  Segment  B  is,  therefore,  provided  with  gradua- 
tions 0.024  inch  apart,  which  is  equal  to  a  variation  of  0.0001 
inch  in  the  work.  The  connection  between  levers  A  and  C  is 
by  means  of  a  rack  tooth,  and  lever  A  is  counterweighted,  as 
shown  at  D.  making  a  spring  unnecessary.  One  objectionable 
feature  of  this  gage  is  the  relation  of  the  lower  surface 
of  the  upper  or  movable  anvil  to  the  center  line  of  lever  C. 
For  accurate  readings,  the  measuring  point  should  be  in  line 
with  the  axis  X — Y.  As  this  gage,  however,  is  only  used  for 
comparative  measurements,  and  set  by  a  master,  this  objec- 
tion does  not  seriously  affect 
its  other  advantages,  which 
are  simplicity  of  construction 
and  magnification. 

The  Hirth  Minimeter 

A  multiplying  lever  indicat- 
ing gage  which  comprises 
some  very  valuable  features 
from  the  standpoint  of  both 
accuracy  and  construction  is 
shown  in  Figs.  15  and  16. 
This  gage  is  now  being  used 
extensively  by  various  con- 
cerns in  this  country,  and  can 
be  adapted  to  almost  any 
class  of  work  by  simply  ar- 
ranging suitable  stands  for 
holding  the  measuring  gage 
proper.  It  is  handled  in  this 
country  by  the  Norma  Co.  of 
America,  New  York  City. 
Fig.  16  shows  a  sectional 
view  through  this  gage,  illus- 
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tratiiig  its  working  uioi'haiiism.  Tlie  principle  upon  wliidi 
this  gage  works  is  the  introduction  of  a  long  lever  arm  A, 
which  also  serves  as  an  indicating  needle,  and  a  short  arm, 
the  length  of  which  is  determined  by  the  distance  between 
the  two  knife-edges  B  and  C.  The  bearing  points  of  these 
knife-edges  may  be  varied  in  order  to  provide  adjustment 
for  the  apparatus. 

One  of  the  advantages  of  this  device  is  that  it  eliminates 
the  necessity  for  lubrication  and  overcomes  the  disadvan- 
tage of  play  on  dead  centers.  As  indicated  in  Fig.  16,  a  light 
spring  D  holds  the  lever  against  the  knife-edge  and  returns 


Fig.   12.     Common  Form  of  Multiplying  Lever  Indicating  Gage 

it  to  its  normal  position  after  measuring.  A  finger  or  pin  E, 
bearing  against  the  lower  knife-edge,  gives  contact  with  the 
work  to  be  measured.  Movement  of  this  pin  causes  the 
pointer  A  to  swing  over  the  scale  F  by  displacing  one  knife- 
edge  in  relation  to  the  other.  The  arc  is  graduated  in  differ- 
ent minimeters  to  give  readings  to  0.001  or  0.0001  inch.     The 

entire  mechan- 
ism is  enclosed 
in  a  tube  and 
the  upper  part 
is  provided  with 
an  opening 
which  permits 
the  graduating 
scale  to  be  seen 
and  the  indica- 
t  i  o  n  s  of  the 
pointer  to  be 
read  off.  The 
measuring  in- 
strument proper 
can  be  mounted 
in  different  hold- 
ers, as  will  be 
described    later. 

Principles  of  Dial 
Indicating-  Gag-es 

The  chief  dif- 
ference between 
a  dial  indicating 
gage  and  a  mul- 
tiplying lever 
indicating    gage 

Fig.    IS.     Diagram  illustrating  Principle  of   Multi-  is     the     SUbstitu- 

plying   Lever   Gage    employing    Two    Arms 

connected   by    a   Rack   Tooth  tion    of    a   gradu- 
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Fig.   14.     Multiplying  Lever  Indicating  Gage  for  Internal  Work 

ated  dial  for  a  graduated  segment,  and  the  provision  for  mak- 
ing the  needle  travel  one  or  more  times  around  the  dial,  in- 
stead of  just  covering  the  segment  of  a  circle.  The  dial  is 
usually  graduated  so  as  to  give  readings  to  0.001  or  0.0001 
inch.  In  the  dial  indicating  type,  as  mentioned,  some  means 
must  be  provided  for  giving  one  or  more  rotations  to  the  in- 
dicating needle,  and  for  this  purpose  gears  are  generally  em- 
ployed. In  the  multiplying  lever  indicating  type,  however, 
no  gears  are  necessary,  as  the  pointer  moves  over  an  arc  of 
a  circle  only  and  does  not  make  a  complete  revolution.  For 
the  average  run  of  work,  especially  in  the  inspection  depart- 
ment, the  multiplying  lever  indicating  gage,  when  correctly 
designed,  is  much  superior  to  the  dial  type.  For  instance, 
the  type  shown  in  Figs.  15  and  16,  which  is  linown  as  the 
Hirth  minimeter,  has  been  found  to  be  one  of  the  most 
accurate  indicating  instruments  on  the  market.  In  the  fol- 
lowing, a  description  will  be  given  of  some  of  the  principal 
features  used  in 
gages  of  the  indi- 
cating needle  and 
dial    principle. 

The  Ames  Dial  In- 
dicator 
In  Fig.  17  is 
shown  a  n  Ames 
dial  indicator  at- 
tached to  a  simple 
holder  and  used  for 
measuring  the 
depth  of  the  pow- 
der groove  in  a 
ring  for  a  combi- 
nation time  and 
percussion  fuse. 
The  holder  consists 
simply  of  a  cast- 
i  r  o  n  block  ma- 
chined on  the  bot- 
tom and  top  sur- 
faces and  carrying 
a  hardened  and 
ground  plug,  which 
supports  the  fuse 
ring  being  meas- 
ured. The  bracket 
forming  an  inte- 
gral part  with  this 
block  is  machined 
to  receive  the  spin- 
dle of  an  Ames  dial 
indicator.  As  has 
been  previously 
mentioned,  a  dial  indicator  should  not  be  depended  upon 
when  used  on  one  job  for  any  length  of  time;  it  is  always 
advisable  to  provide  a  setting  block,  as  shown  in  the  illus- 
tration at  A  to  check  up  the  instrument  periodically.  A 
spring  keeps  the  measuring  pointer  in  contact  with  the  work 
and  it  is  lifted  by  means  of  lever  B. 

Dial  Indicators  Employingr  a  Train  of  Gears 

The  internal  mechanism  of  a  dial  indicator  which  is  oper- 
ated by  a  train  of  gears  is  illustrated  in  Fig.  18;  it  consists 
of  a  spindle  A  which  works  in  hardened  and  lapped  bushings 


Fig.    15.     Hirth    Minimeter    mounted    in    Stand 
Suitable    for   Average   Run   of   Work 
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inserted  in  tlie  case  containing  tlie  measuring  meclianism. 
The  measuring  spindle  A  is  moved  up  and  down  by  means  of 
a  handle  B,  to  which  it  is  connected  by  link  C  and  collar  D. 
When  spindle  A  is  raised,  the  rack  teeth  cut  in  it  mesh  with 
a  pinion  E,  which  transmits  motion  to  the  gear  F,  pinion  G 
and  needle  H.  Gear  /  is  interposed  to  reduce  the  backlash. 
The  dial  is  divided  into  one  hundred  equal  spaces,  and  each 
graduation  corresponds  to  a  movement  of  the  spindle  of 
0.001  inch.  The  table  J  is  adjustable,  and  a  plate  K  for  hold- 
ing the  work  to  be  measured  is  attached  to  it  by  screws.  The 
stud  on  which  table  J  is  held  is  screwed  into  a  babbitt  bush- 
ing L,  the  latter  being  clamped  on  the  stud  by  the  screw  M, 
the  babbitt  being  poured  in  after  the  stud  is  put  in  place. 
Another  type  of  dial  indicator  which  has  a  greater  multi- 
plying movement  than  that  shown  in  Fig.  18  is  illustrated  in 
Fig.  19.  This  gage  is  used  for  measuring  such  work  as  bal- 
ance staffs,  pinions,  etc.,  for  watches.  It  is  provided  with  a 
dial  having  two  hundred  graduations  laid  off  on  its  face.  The 
work  to  be  measured  is  placed  between  the  jaws  A  and  B, 
which  are  separated  by  forcing  in  rod  C  to  which  jaw  B  is 


Fig.    16.     Diagram   illustrating   Principle    of    Hirth    Minimeter   shown    in 
Fig.   15 

attached.  Held  on  this  rod  by  a  screw  is  a  rack  D,  which 
meshes  with  a  pinion  E  having  forty  teeth.  Pinion  E  is  con- 
nected to  segment  gear  F  (the  whole  number  of  teeth  in  which 
should  be  225),  which  meshes  with  pinion  G  attached  to 
needle  J.  Jaw  B,  which  is  held  by  a  screw  to  rod  C,  has  a 
slot  cut  in  its  rear  end  which  fits  a  flattened  stud  H,  thus  pre- 
venting the  jaw  from  tilting.  One  complete  revolution  of 
needle  J  around  the  dial  gives  a  corresponding  movement  be- 
tween the  jaws  A  and  B  of  0.080  inch,  so  that  the  space  be- 
tween each  graduation  of  the  dial  represents  a  movement  of 
the  jaw  of  0.0004  inch.  The  working  mechanism  of  the  gage 
is  enclosed  in  a  case  and  supported  on  a  stand  7,  as  shown. 
A  still  more  sensitive  dial  indicating  gage  or  comparator  is 


Fig.    17.     Ames  Dial  Indicator  used  as  Depth  Gage 

shown  in  Fig.  20.  This  gage  also  employs  the  pinion  and  gear 
feature,  and  is  so  arranged  that  one  revolution  of  the  needle 
around  the  dial  represents  a  movement  of  the  anvil  or  meas- 
uring spindle  of  0.010  inch;  as  the  dial  is  divided  into  one 
hundred  equal  spaces,  this  means  that  the  space  between  each 
graduation  is  equal,  theoretically,  to  0.0001-inch  movement  of 
the  anvil.  Actually,  of  course,  the  movement  of  the  needle 
varies  somewhat  over  different  parts  of  the  dial.  The  work- 
ing parts  consist  of  a  lever  A,  fulcrum  screw  B.  plunger  D. 
fan  gear  E  and  pinion  G.  The  gage  operates  as  follows: 
When  brought  in  contact  with  the  work,  plunger  D  is  moved 
and  the  flange  on  this  plunger  moves  the  short  end  of 
lever  A  with  which  it  is  kept  in  contact  by  the  action  of 
spring  J  on  the  segment  gear  and  the  spiral  spring  on  the 
plunger.  In  this  way  a  uniform  contact  is  maintained  be- 
tween the  long  end  of  lever  A  and  the  pin  C,  and  also  between 
the  flange  of  the  plunger  and  the  short  end  of  lever  A.  The 
movement  of  lever  A  causes  the  required  movement  of  the 
segment  gear,  which  turns  "the  pinion  and  the  pointer. 

Dial  Indicator  with  Worm  for  Rotating-  Needle 
An  indicating  gage  of  the  dial  type  in  which  a  train  of 
gears  is  dispensed  with  is  shown  in  Fig.  21.  This  indicator, 


Fig.    18.     Sectional   View   showing   Construction  of  Dial   Indicator  operated 
by  Gears 
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Fig.  19.     Dial  Gage  of  the  Caliper  Type 

which  is  made  by  H.  A.  Lowe,  Cleveland,  Ohio,  employs  a 
worm  in  place  of  a  train  of  gears  for  conveying  the  rotary 
movement  to  the  indicating  needle.  As  shown  in  the  illus- 
tration, this  gage  consists  principally  of  a  body  A  milled  out 
on  one  side  to  receive  the  indicating  lever  B,  which  is  at- 
tached, as  shown  in  the  sectional  view,  to  the  forward  end 
of  the  body  A.    The  forward  end  of  this  lever  is  provided  with 
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Fig.   20.     Eial   Test  Indicator  giving   Readings   to  0.0001   Inch 

a  friction  joint,  which  allows  the  contact  point  to  be  moved 
around  through  180  degrees  to  any  required  position,  thus 
greatly  increasing  the  usefulness  of  the  instrument.  The 
rear  end  of  lever  B  is  provided  with  a  projection  fitting  in 
the  groove  in  worm  C.  This  worm  is  held  in  somewhat  the 
same  way  as  a  staff  in  a  watch,  and  on  its  extreme  upper  end 
it  carries  an  indicating  needle  D.     The  needle  is  retained  at 


zero  by  means  of  the  flat  spring  K  and  a  hairspring  F.  The 
dial  G  is  divided  into  twenty-five  equal  parts,  the  distance 
between  each  graduation  representing  a  movement  of  the 
lever  B  of  0.001  inch.  The  dial  is  so  arranged  that  it  can  be 
turned  around  to  bring  the  zero  point  in  line  with  the  needle 
when  the  latter  is  at  rest.  In  this  instrument  the  objection- 
able feature  of  backlash  is  avoided,  and  it  has  been  found 
both  reliable  and  sensitive.  A  plate,  not  shown,  covers  the 
internal  mechanism  by  fitting  in  a  dovetail  groove  in  the  side 


Fig.   21.     Lowe  Dial  Test  Indicator 

of  the  body  and  is  held  in  place  by  a  screw.  By  the  addition 
of  several  arms,  etc.,  this  device  can  be  used  for  various 
purposes. 

Dial  Indicator  of  the  Caliper  Type 

Another  dial  indicating  gage  which  does  not  depend  for  its 
magnifying  movement  on  a  train  of  gears  is  shown  in  Fig.  22. 
In  this  gage  the  hand  A,  which  travels  around  the  dial,  is 
operated  by  means  of  a  fusee  chain  that  is  wound  around  the 
spindle,  to  which  the  hand  is  fastened  and  is  connected  to  the 
movable  jaw  lever  B.  A  hairspring,  not  shown,  surrounds  the 
lower  end  of  the  spindle  to  which  the  hand  is  attached  in  such 
a  way  as  to  pull  the  indicator  hand  toward  zero  and  keep  the 
chain  wound  up  as  far  as  the  caliper  jaw  will  permit.  The 
jaws  are  separated  by  pushing  the  button  C  to  the  right, 
which  operates  the  long  lever  B  attached  to  the  movable  jaw. 

Micrometer  Indicating  Gages 

An  indicating  gage  which  is  capable  of  wide  application  is 
the  micrometer  type  of  gage.  This  generally  consists  of  a 
micrometer  spindle  held  in  a  suitable  frame,  which  as  a  rule 
also  supports  the  work  and  enables  measurements  to  be  taken 
at  several  points  when  desired.  A  simple  application  of  the 
micrometer  type  of  gage  is  shown  in  Fig.  23;  this  is  used  for 


Fig.   22.     Dial  Indicator  of  Caliper  Type 
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measuring  the  diameter  of  a  military  rifle  bolt  at  the  root  of 
the  spiral  ribs.  It  consists  principally  of  a  frame  A  holding 
a  split  sleeve  B  and  a  micrometer  spindle  C.  The  sleeve  B  is 
held  on  a  conical  plug  D  by  a  nut  and  is  split  so  that  it  can  be 
made  to  fit  snugly  in  the  hole  in  the  bolt.  To  lay  off  the  man- 
ufacturing limits  on  the  gage,  the  master  plug  E  is  placed  on 
sleeve  B,  and  the  measuring  point  F  is  brought  in  contact 
with  it.  This  master  plug  E  is  also  used  for  checking  up  the 
gage  at  frequent  intervals. 

Another  interesting  type  of  micrometer  indicating  gage  is 
shown  in  Fig.  24.  This  is  used  for  testing  the  location  of  the 
guide  in  a  receiver  for  a  military  rifle.  The  receiver  is  held 
in  a  gaging  fixture,  being  located  by  plugs  fitting  in  both  ends. 
The  upper  surface  of  the  fixture  is  provided  with  hardened 
and  ground  parallel  strips,  on  which  the  micrometer  gage  is 
located,  as  shown.  The  gage  consists  of  a  base  A  provided 
with  a  lug  which  fits  against  the  hardened  and  ground  meas- 
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Fig.   23.     Micrometer  Type  of  Indicating  Gage  used  for  testing  Eifie  Part 

uring  blocks  on  the  stand.  A  cone  pointed  and  threaded  spin- 
dle B  extends  downward  through  the  center  of  the  body  of  the 
gage  and  actuates  a  measuring  finger  C.  This  finger  is  held 
by  means  of  a  flat  spring  D,  shown  in  the  lower  view,  which 
fits  in  the  slot  in  the  flnger  and  also  in  the  base  of  the  gage. 
A  cap  E  is  fastened  to  the  stem  of  the  gage  by  two  screws,  as 
shown,  to  prevent  the  finger  C  from  dropping  out.  The  spin- 
dle B  is  provided  with  forty  threads  per  inch  and  is  pinned 
to  a  thimble  F.  The  graduations  on  this  thimble  are  laid  out 
after  the  gage  has  been  assembled  and  set  by  means  of  a 
master. 

A  somewhat  similar  micrometer  gage  is  shown  in  Fig.  25. 
This  gage,  however,  is  used  for  testing  the  distance  from  the 
center  of  the  receiver  to  the  bottom  of  the  bolt  sleeve  guide 
slots.  A  stand  similar  to  that  used  with  .the  gage  shown  in 
Fig.  24  is  used  with  this  gage  for  holding  the  work ;  this  gage 
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Fig.    25.     Another   Micrometer   Gage   for   testing   Bolt   Guide   in   Military 
Rifle  Beceiver 

is  of  practically  the  same  construction  as  that  shown  in  Fig. 
24  except  that  the  spindle  is  provided  with  a  head  which  acts 
as  a  measuring  point.  A  standard  reference  block  is  provided 
for  use  in  setting  the  spindle  when  it  becomes  worn  or 
inaccurate. 

There  are,  of  course,  many  other  applications  of  the  microm- 
eter spindle  to  accurate  gaging,  but  the  examples  presented 
here  show  some  of  the  principles  involved  which  are  subject 
to  considerable  modification. 

Three-point  Indicating-  Gages 

In  machining  work  which  is  eccentric  or  unbalanced,  con- 
siderable difficulty  is  sometimes  experienced   in   producing  a 
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Tie.   24.     Micrometer   Gage   for  testing  Location  of  Bolt  Guide   Groove   in 
Military  Eifle  Receiver 


Fig.  26.    Three-point  Dial  Indicating  Device  for  testing  Crankshaft  Bearings 

truly  cylindrical  hole  or  bearing,  due  to  play  in  the  machine 
bearings  or  other  causes.  When  the  forces  opposed  to  each 
other  are  so  unbalanced  that  a  three-cornered  effect  is  pro- 
duced, the  ordinary  two-point  measuring  instrument  will  not 
detect  the  error  that  exists.  The  only  way  of  successfully 
measuring  the  work  to  find  whether  it  is  truly  cylindrical  or 
not  is  to  employ  a  three-point  measuring  instrument.  Sev- 
eral devices  have  been  made  for  this  purpose,  one  of  which 
is  the  ordinary  micrometer  provided  with  a  special  two-point 
anvil,  the  third  point  being  formed  by  the  spindle  of  the 
micrometer. 

Another  device  which  employs  a  dial  indicator  is  shown  in 
Fig.  26.  This  is  used  for  measuring  the  crankpins  of  auto- 
mobile crankshafts  and,  as  shown  in  the  illustration,  consists 
principally  of  two  blocks  A  and  B  hinged  at  the  point  C.  The 
upper  block  B  is  machined  on  one  end  to  receive  the  spindle 
of  the  dial  indicator,  which  is  held  in  place  by  means  of  the 
screw  D.     In  use,  the  indicator  is  swung  open,  slipped  over 
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the  work  and  then 
brought  down  in  contact 
with  it,  so  that  the  spin- 
dle rests  on  the  upper 
surface  of  the  block  A. 
It  is  then  possible  to  tell 
whether  the  bearing  is 
out  of  round  or  of  the 
correct  diameter.  The 
gage,  of  course,  is  set  to 
the  zero  point  by  means 

of  a  master  plug  made  to  the  same  diameter  as  the  crankpin. 
The  three-point  indicator  illustrated  in  Fig.  26  has  one  dis- 
advantage in  that  it  is  comparatively  slow  to  operate  and  is 
rather  bulky  to  handle.  An  improvement  over  this  device, 
which  has  three  points  located  30  degrees  apart,  is  shown  in 
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Fig.    27. 


Three-point    Dial   Indicator   for    testing   Crankpin   Bearings,    which   can   be 
applied   while   Work  Is  in  Uotion 


nected  by  means  of 
lever.  Fastened  to 
rolls,  against  which 
straight  while  it  is 
adjustable  for  wear, 


ment,  the  Hirth  mini- 
meter,  which  has  pre- 
viously been  described, 
is  here  used  for  internal 
gaging.  The  special 
holder  is  fitted  around 
tlie  body  of  the  lower 
portion  of  the  indicator, 
and  carries  one  adjusta- 
ble and  two  rigid  points, 
the  former  being  con- 
a  lever  to  the  spindle  of  the  indicating 
the  bracket  of  this  attachment  are  three 
the  work  is  pressed,  and  which  keep  it 
being  tested.  The  two  rigid  points  are 
and   all   three   points  are  provided   with 


Fig.  28.     Hirth  Minimeter  fitted  up  for  Use  as  an  Internal  Gage 

Fig.  27.  This  device  is  also  used  for  testing  the  crankpin 
bearings  of  a  crankshaft  and  is  so  constructed  that  it  can  be 
used  very  rapidly.  In  fact,  it  can  be  applied  to  the  work 
while  the  latter  is  in  motion.  It  comprises  a  main  holder  A 
formed  at  the  forward  end  to  hexagonal  shape  and  carrying  two 
hardened,  ground  and  lapped  blocks,  as  shown.  The  rear 
end  of  the  holder  is  provided  with  a 
hook  to  facilitate  gripping  in  the  hand. 
The  dial  indicator,  as  illustrated,  is 
fastened  to  this  holder,  and  coming 
into  contact  with  the  spindle  of  the 
indicator  is  a  special  spindle  B  passing 
through  two  bearing  supports  in  the 
holder  proper.  In  use,  this  instrument 
is  set  to  the  desired  diameter  by  means 
of  a  master  and  then  can  be  applied 
directly  to  the  work  while  the  latter  is 
in  motion  and  the  reading  taken  off  on 
the  dial  indicator.  For  many  classes 
of  work  this  type  of  instrument  will  be 
found  to  be  much  superior  to  the  mi- 
crometer caliper  in  that  it  is  quicker 
to  operate  and  can  be  used  in  connec- 
tion with  the  limit  system  of  manu- 
facture. 

Three-point  Indicators  for  Internal 
Work 

The  indicating  devices  shown  in  Figs. 
26  and  27  are  used  for  external  meas- 
urements. Fig.  28  shows  a  device 
which  can  be  used  for  internal  work. 
By    the    addition    of    a    simple    attach- 


Fig. 


Fig.   29.     Ames   Gas  Engine   Cylinder   Gage 

ball  points.     With  this  device  it  is  possible  to  tell  whether 
the  hole  is  of  the  correct  size,  or  is  out  of  round,  tapered,  etc. 

Ames  Gas  Engine  Cylinder  Gage 

A  three-point  dial  indicating  gage  designed  particularly 
for  testing  the  bore  of  automobile  cylinders  is  shown  in  Fig. 
29.  The  illustration  shows  the  gage  in- 
serted in  the  standard  ring  which  is 
used  for  setting  the  needle  at  zero; 
this  ring,  of  course,  has  a  diameter 
equal  to  that  of  the  cylinder  it  is  de- 
sired to  test.  The  base,  holding  the 
Ames  dial  indicator,  forms  two  points, 
B  and  C,  and  the  plunger  of  the  indi- 
cator forms  the  third  point  A.  With 
this  device  it  is  possible  to  tell  whether 
the  cylinder  is  large  or  small,  out  of 
round   or   tapered. 

Another  three-point  gas  engine  cylin- 
der gage  of  simple  construction  is 
shown  in  Fig.  30.  This  gage  comprises 
a  standard  dial  test  indicator,  which  is 
attached  to  a  frame  by  a  thumb-nut,  as 
shown.  In  this  frame,  which  is  made 
of  cast  iron,  are  set  three  buttons  A, 
two  on  one  side  and  one  on  the  other, 
giving  a  three-point  bearing.  The  bear- 
ing points  are  set  about  120  degrees 
apart,  and  two  of  the  opposite  points 
and  the  plunger  of  the  dial  gage  are 
set  in  the  same  plane,  the  third  being 
set    lower    a    distance    equal    to    about 


Gas    Engine    Cylinder    Gage    having   a 
Three-point  Bearing  on  Its  Base 
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one-third  of  the  cylinder  diameter.  The  dial  gage  is  provided 
with  a  slip  ring,  so  that  the  pointer  may  be  set  to  zero  no 
matter  what  its  position  may  be.  In  using  this  instrument, 
it  is  pushed  into  the  cylinder,  dial  first,  from  the  head  or 
compression  end,  assuming  that  the  cylinder  head  is  detach- 
able. Then,  with  the  aid  of  an  electric  flash  light,  the  oper- 
ator or  inspector  may  easily  watch  the  variations  in  the  cylin- 
der diameter.  The  instrument  should  be  shoved  through  the 
cylinder  slowly,  care  being  taken  to  have  all  three  corners 
bearing  on  the  cylinder  bore.  If  it  is  desired  to  use  this  in- 
strument as  a  micrometer,  it  can  be  set  by  a  standard  ring. 

Pratt  &  Whitney  Star  Gages 

A  type  of  gage  which  was  developed  especially  to  meet  the 
demand  for  a  convenient  and  accurate  instrument  for  gaging 
the  bores  and  jackets  of  guns  of  all  sizes,  from  the  one- 
pounder  rapid-fire  gun  up  to  the  largest  caliber,  is  shown  in 
Fig.  31.  This  gage  consists  principally  of  a  body  A,  in  which 
three  measuring  heads  are  held  (four  can  be  used  if  de- 
sired); these  heads  are  radially  adjustable,  having  tapped 
holes  in  the  outer  end  to  which  various  measuring  points  of 
any  suitable  length  can  be  attached.  The  radial  adjustment 
of  the  points  is  controlled  by  a  central  wedge  or  cone,  which 
may  be  moved  longitudinally,  and  the  heads  are  fitted  so  that 
they  may  rotate  freely  when  gaging  the  rifling  of  a  gun  or 
may  be  locked  for  regular  work.  The  body  of  the  gage  Is 
made  of  seamless  drawn  steel  tubing,  provided  with  means 
for  readily  coupling  and  uncoupling  to  produce  any  desired 


Fig.   33.     Centering  Device   used  with  Pratt   &  Whitney  Star   Gages 

The  operating  head  shown  to  the  left  in  Fig.  31  is  made 
with  a  sliding  member  connected  to  the  jointed  rod  by  which 
the  wedge  in  the  measuring  head  is  given  its  longitudinal 
movement.    The  operating  lever  shown  is  provided  to  give  the 
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Fig.  31.     Pratt  &  Whitney  Star  Gage  with  Three-point  Measuring  Head 


length.  The  tubular  body  A  is  graduated  throughout  its 
entire  length  in  quarter  inches.  This  is  essential  when  it  is 
desired  to  make  a  record  of  the  condition  of  the  bore  by  taking 
measurements  at  regular  intervals. 


Supports  used   for  steadying   Pratt   &   Whitney   Star   Gage 
used  in  Long  Lengths 


necessary  delicacy  of  movement,  and  also  facilitates  the  oper- 
ation of  the  gage.  The  scale  and  vernier  shown  at  B  enables 
the  variations  from  the  required  diameter  of  bore  to  be  read 
at  a  glance.  For  each  diameter  of  bore  to  be  gaged,  a  standard 
ring  is  usually  furnished  for  setting  the  gage.  Suitable  sup- 
ports hold  the  standard  ring  concentric  with  the  measuring 
head  when  the  points  are  brought  in  contact  with  it,  and  then 
the  vernier  is  adjusted  so  that  the  zero  lines  coincide.  For 
the  smaller  gages  the  vernier  gives  readings  to  0.0005  inch, 
and  to  0.001  inch  on  the  larger  sizes. 

When  gaging  bores  of  considerable  length,  it  is  necessary  to 
support  the  gage  and  to  keep  it  from  sagging,  which  would 
introduce  a  small  error  in  measurement.  Therefore,  supports 
such  as  shown  in  Fig.  32  are  used.  These  are  set  in  the  bore 
of  the  gun  being  measured  and  the  gage  is  slipped  through  the 
hole  A.  The  legs  of  the  supports  are  then  adjusted  so  that  the 
gage  is  held  central  with  the  bore  of  the  gun.  A  centering 
device,  as  shown  in  Fig.  33,  is  also  provided  when  desired. 
This  consists  of  a  central  hub  with  three  graduated  radial 
arms,  upon  which  are  mounted  sliding  jaws  that  project  into 
the  bore;  one  of  the  jaws  is  provided  with  a  screw  adjustment 
for  binding  the  device  in  the  bore.  The  central  hub  has  a  slot 
at  the  top  to  receive  the  gage  tube  which  rests  on  two  rollers 
permitting  the  gage  to  move  freely  without  danger  of  marring 
the  surface  of  the  tube. 
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DRAW   TOOLS   FOR   AUTOMOBILE 
SIDE   RAILS 

BY  P.   BALDUS' 

A  common  form  of  automobile  side  rail  is  shown  in  Fig.  1, 
and  the  tools  used  in  its  production  are  indicated  in  detail 
in  Pig.  2.  Work  of  this  kind  is  frequently  done  on  a  very 
heavy  type  of  hydraulic  press  or  on  one  of  the  heavier  types 
of  drawing  presses.  Referring  to  Fig.  2,  it  will  be  seen  that 
the  back  die  walls  A,  B,  C  and  the  front  die  walls  H,  I  and  J 


Address:  928  Right  St.,  Mlhvnukec,  Wis. 


Fig.   4.     Detail  of   Adjustable   Punch 


Tig.  1.     Automobile  Side  Rail  of  Ordinary  Design 


LX      \      \      nil 


Fig.  2.     Construction  of  Dies  for  Automobile  Side  Eail  shown  in  Fig.  1 


DRAW  EDGES  FOR  CROSS 
AND  SIDE  BAR   DIES 

THICKNESS 
OF  STOCK 

RADIUS  "R" 
OF  DIE 

}4" 

^"        • 

ih" 

?s" 

^"and  over 

y/ 

Fig.  3.     Proper  Radius  for  Drawing  Edges  of  Cross  and  Side  Bars 


are  made  of  cast  iron,  well  ribbed  to  withstand  the  pressure 
to  which  they  are  subjected.  The  back  die  walls  are  fastened 
with  screws  O  to  a  die  shoe  D.  which  is  also  made  of  cast  iron. 
The  clamps  A'  and  screws  A'  are  used  for  holding  the  front  die 
walls  securely,  adjustability  for  these  walls  being  secured 
through  the  screws  L  which  are  locked  by  the  nuts  M.  The 
number  of  clamps  and  screws  necessary  to  hold  the  front  die 
walls  depends  somewhat  upon  the  size  of  the  work.  The  punch 
sections  E,  F  and  G  are  made  of  cast  steel  and  lined  up  by 
keys  at  S  as  indicated. 

Fig.  4  shows  an  adjustable  punch  section  as  used  by  the 
A.  O.  Smith  Co.,  Milwaukee,  Wis.  This  punch  consists  of  a 
punch-holder  T,  punch  lining  V  and  shim  U.  These  three  parts 
are  screwed  together  with  the  screws  W.  It  is  evident  that 
this  construction  permits  the  punch  to  be  used  for  many  dif- 
ferent sizes  of  side  rails  by  merely  changing  the  shim  V  so 
that  the  punch  will  fit  the  new  rail.  The  knock-out  P,  Fig.  2, 
is  made  of  machine  steel  and  is  operated  by  knock-out  rods. 
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When  drawing  the  metal  across  the  edges  of  the  die,  the 
thickness  of  the  metal  makes  considerable  difference  in  the 
size  of  the  radius  which  can  be  used  to  advantage.  The  dia- 
gram and  table  shown  in  Fig.  3  give  the  proper  draw  edge 
radius  for  the  various  thicknesses  of  stock  in  common  use. 
*     *     * 

WATCHING  THE   METERS 

In  the  September  number  of  Machinery  an  article  was  pub- 
lished on  "Common  Cause  of  High  Electric  Power  Bills,"  and 
it  seems  to  me  that  a  few  more  causes  might  be  added  to  those 
already  given.  The 
high  cost  of  electric 
power  is  due  in  many 
cases  to  uneconomi- 
cal methods  and  un- 
scientific lay-outs. 
Even  without  instru- 
ments, a  shop  man- 
agement can  check 
up  on  losses  which 
occur  so  slowly  as  to 
be  unnoticed.  The 
meter  is  the  check. 
Running  idle  for  a 
short  period  once 
every  six  months  and 
taking  a  meter  read- 
ing will  show  whether 
the  shafting  is  get- 
ting out  of  line  or  is 
"pulling  harder." 
Shutting  off  motors 
promptly  and  not 
starting  until  ready 
will  effect  quite  a 
saving.  Overtime 
work  increases  a  bill. 


Fig.  1.    Westinghouse  Reversing  Planer  Motor,  20  H.  P.,  260  to  1000  R.  P.  M.,  driving  a  48  by  12 
by  12  Betts  Planer 


REVERSING  PLANER  MOTORS 

BY  C.  C.  GRAY' 

Planers  do  not  operate  economically  for  all  jobs,  and  even 
on  a  single  kind  of  work  a  change  in  cutting  tools  or  in  the 
hardness  of  the  metal  often  makes  a  change  in  cutting  speed 
desirable.  For  instance,  when  cutting  chilled  castings  it  is 
necessary  to  operate  the  planer  for  the  roughing  cut  at  a 
low  speed  and  for  the  finishing  cut  at  a  higher  speed.  This 
cannot  be  accomplished  with  belt-driven  planers  except  by 
means  of  complicated  speed-changing  devices,  and  such  de- 
vices will  only  per- 
mit a  few  speed 
changes  to  be  made. 
Furthermore,  with  a 
belt  drive,  the  coun- 
tershafts and  belts 
run  much  of  the  time 
while  the  planer  is 
doing  no  work;  i.  e., 
between  jobs  and 
while  setting  up 
v/ o  r  k  .  Direct-con- 
nected reversing 
planer  motors  with 
automatic  control 
permit  a  flexibility 
of  speed  adjustment 
which  cannot  be 
equalled,  and  which 
is  only  limited  by  the 
number  of  control 
steps  provided;  the 
cutting  and  return 
speeds  of  the  planer 
can  be  promptly  ad- 
justed to  the  maxi- 
mum speed  permissi- 


In  one  shop,  light  and   power  meters  are   read   "before  and      ble  for  any  job.   The  operating  expenses  of  a  machine  tool  can  be 


after,"  and  this  amount  is  added  to  the  bill  just  as  for  any 
other  material.  The  same  thing  is  done  with  the  gas;  in  fig- 
uring the  cost  of  a  job  that  requires  the  use  of  a  gas  furnace 
or  forge,  the  charge  for  so  many  cubic  feet  is  added.  This  is 
as  it  should  be,  for  no  shop  charging,  say,  seventy  cents  per 
hour  can  afford  to  throw  in  thirty  cents  per  hour  for  gas. 
Fuses  may  greatly  increase  an  electric  bill.  Overloaded  mo- 
tors, underfused  circuits,  and  careless  workmen  are  responsi- 
ble for  this  loss.  When  the  writer  was  visiting  a  planing  mill, 
he  was  shown  a  ten-horsepower  motor  driving  an  exhaust 
blower  that  gave  continual  trouble  with  blown  fuses.  Besides, 
the  motor  ran  too  hot  all  the  time,  so  the  mill  owners  had 
decided  to  replace  it  with  a  larger  size.  A  study  of  conditions, 
however,  showed  that 
while  the  motor  was 
overloaded,  the  blow- 
er was  not,  so  it  was 
recommended  that 
the  speed  of  the 
blower  be  reduced 
one-third.  This 
change  proved  to  be 
the  solution  to  the 
problem,  and  a  sub- 
stantial saving  was 
effected  in  the  power 
bill.  The  writer  be- 
lieves that  many 
blowePs  in  planing 
mills  and  pattern- 
shops,  and  many 
grinder  exhaust  sys- 
tems could  be  run 
slower,  for  the  reason 
that  it  is  common  to 
install  o  v  e  r  -  s  i  z  e 
blowers.       D.  A.  H. 


Fig.  2.    Westinghouse  Reversing  Planer  Motor,  50  H.  P.,  250  to  1000  R.  P.  M.,  driving  a  48  by  24 
by  20  Cincinnati  Planer 


listed  under  four  heads,  viz.,  interest  and  depreciation  on  ma- 
chine; cost  of  power;  miscellaneous  expense;  and  supervision 
and  clerical  work.  The  hourly  cost  of  operating  various  sizes 
of  planers,  as  determined  by  data  compiled  in  a  shop  using  a 
number  of  these  machines,  is  indicated  in  the  accompanying 
table.  The  item  of  miscellaneous  expense  includes  general 
repairs,  storage,  haulage,  tool-room  charges,  and  the  interest 
and  depreciation  on  cost  of  buildings  and  auxiliary  apparatus. 
The  figures  are  based  on  2800  hours'  annual  operation.  In 
practical  operation,  reversing  motor  equipments  have,  in  most 
cases,  increased  the  output  of  planers  by  33  per  cent  or 
more,  thus  reducing  by  that  amount  both  the  labor  charge 
and  the  machine  overhead  charges. 

The  economies  ef- 
fected by  the  use  of 
reversing  planer 
equipments  all  tend 
toward  increased  pro- 
duction at  a  lower 
cost.  The  advan- 
tages may  be  classed 
as  given  below,  and 
it  will  be  apparent 
that  each  item  has  a 
definite  bearing  on 
increased  production, 
which  is  the  result 
desired. 

1.  Adjustment  of 
speeds.  Production  is- 
increased  because 
the  maximum  speed 
is  readily  obtainable 
by  a  simple  opera- 
tion of  adjusting  the 

*  Address:  Westinghouse 
Electric  *  Mfg.  Co..  East 
rittsburg.  Pa. 
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HOURLY  OPERATING  EXPENSE  OF  STANDARD  PLANERS 
WITHOUT  REVERSING  MOTOR  EQUIPMENT 


Width   ot 
Planer, 
Inches 

Interest 
and  De- 
preciation 

Cost    of 
Power 

.Miscell. 
aneous 
Expense 

Supervision 

and  Clerical 

Work 

Total 

Miichiue 

Hour  Hate 

36 
48 

$0.04 
0.12 

$0.03 
0.02 

$0.49 
0.59 

$0.25 

0.30 

$0.80 
1.03 

56 

0.09 

0.04 

0.69 

0.35 

1.17 

60 

0.18 

0.04 

0.70 

0.35 

1.27 

84 

0.19 

0.04 

1.05 

0.53 

1.81 

120 

0.28 

0.04 

1.26 

0.64 

2.22 

120  heavy 

0.82 

0.06 

2.04 

1.13 

4.05 

130 

0.22 

0.06 

2.68 

1.35 

4.31 

168 

0.60 

0.06 

2.79 

1.42 

4.87 

168  heavy 

0.97 

0.06 

3.89 

2.14 

7.06 

Mni'Mncrt, 

field  rheostat.    This  applies  equally  to  the  cutting  and  return 
strokes,  independently  of  each  other. 

2.  Time  saved  in  setting  up  work.  This  saving  is  accom- 
plished because  all  the  movements  of  the  planer  are  under 
accurate  control  of  the  operator  at  all  times.  After  the  work 
is  properly  located  on  the  platen,  by  simply  pressing  a  button 
in  the  pendant  switch,  the  platen  may  be  "inched"  along  and 
the  tool  located  at  its  proper  position  with  the  minimum 
amount  of  time  and  attention  from  the  operator,  whereas  with 
belt-driven  planers  the  operator  must  manipulate  a  belt-shift- 
ing device  until  the  work  is  properly  located  under  the  cut- 
ting tool,  so  that  it  can  be  set  at  the  right  angle  and  position 
in  the  toolpost. 

3.  Elimination  of  time  and  power  losses  due  to  belt  slip- 
page. On  belt-driven  planers  there  is  a  certain  amount  of  belt 
slippage  at  the  end  of  the  cutting  and  return  strokes.  This 
cuts  down  the  number  of  strokes  per  minute,  because  it  is 
Impossible  to  keep  the  belts  tight  enough  to  prevent  slippage. 
Also,  power  is  lost  at  these  t'nies.  In  contrast  to  this,  with 
the  reversing  planer  equipment  the  motor  is  directly  coupled 
to  the  planer  mechanism,  thus  eliminating  all  loss  of  time  and 
power  which  is  an  objection  to  the  belt-driven  planer;  the 
motor  reverses  at  the  end  of  each  stroke  and  is  immediately 
stopped  and  accelerated  in  the  reverse  direction  at  the  greatest 
possible  speed.  Further,  there  is  no  slow-down  due  to  belt 
slippage  under  heavy  load.  This  is  a  very  important  point, 
as  it  becomes  quite  troublesome  when  the  machines  are  carry- 
ing heavy  overloads.  If  belts  are  tight  enough  to  prevent  slip- 
page, their  life  is  so  short  that  the  upkeep  and  maintenance 
charges  on  the  planer  equipment  are  almost  prohibitive.  Thus 
the  time  and  power  losses  due  to  belt  slippage,  countershafting 
and  tight  and  loose  pulleys  are  eliminated.  On  heavy  planers 
this  is  particularly  important,  since  the  repairs  cost  consider- 
able and  the  belting  is  very  expensive.  Furthermore,  the  elimi- 
nation of  time  required  to  make  these  repairs  is  an  important 
point,  as  the  machine  is  out  of  production  service  while  these 
repairs  are  being  made.  This  point  in  itself  highly  recom- 
mends the  reversing  planer  equipment. 

4.  Saving  in  power  requirements.  While  the  cost  of  power 
in  proportion  to  maintenance  charges,  labor,  interest  and  de- 
preciation is  small,  it  is  a  point  which  should  be  considered. 
The  power  required  in  connection  with  reversing  planer  equip- 
ments has  been  found  by  actual  test  to  be  materially  less  than 
on  a  belt-driven  equipment  doing  the  same  work. 

The  motor  which  is  a  part  of  the  reversing  planer  equipment 
illustrated  in  Figs.  1  and  2  has  been  designed  after  a  thorough 
study  of  the  requirements  of  planer  drive.  The  armature  of 
the  motor  is  designed  with  a  very  small  diameter,  which  re- 
duces the  flywheel  effect  to  a  minimum,  and  it  is  this  charac- 
teristic which  permits  the  equipment  to  reverse  in  minimum 
time  and  enables  the  planer  to  take  care  of  short-stroke  work 
without  distress  on  the  part  of  motor  or  control.  Perfect  com- 
mutation is  secured  under  all  conditions  of  operation.  The 
control  equipment  consists  of  a  controller,  a  master  switch 
and  a  pendant  switch.  The  controller  is  mounted  at  any  con- 
venient place  near  or  on  the  planer.  The  pendant  switch  is 
usually  placed  over  the  platen  so  that  it  can  be  held  in  the 
operator's  hand  while  he  is  observing  the  cutting  operations 
or  measuring  the  work.     The  master  switch   is  mounted   on 


the  planer  bod  and  is  tripped  by  dogs  attached  to  the  platen. 

When  the  "run"  button  on  the  pendant  switch  is  pressed, 
the  motor  starts  and  automatically  accelerates  to  a  speed  cor- 
responding to  the  setting  of  the  control.  When  the  end  of  the 
stroke  is  reached,  the  master  switch  is  tripped  and  the  motor 
stopped  by  dynamic  braking  and  immediately  started  in  the 
reverse  direction,  accelerating  to  the  proper  speed.  This  cycle 
is  repeated  over  and  over  again  until  the  "stop"  button  on  the 
pendant  switch  is  pressed.  The  cutting  and  return  speeds 
can  be  adjusted  independently  and  within  wide  limits,  so  that 
the  speed  can  be  used  which  gives  the  maximum  production 
for  any  length  of  stroke,  depth  of  cut,  or  weight  of  platen. 
For  the  average  planer  the  platen  speed  can  be  adjusted  be- 
tween the  limits  of  25  and  50  feet  for  the  cutting  stroke  (motor 
speed,  250  to  500  revolutions  per  minute)  and  between  50  and 
100  feet  per  minute  for  the  return  stroke  (motor  speed,  500 
to  1000  revolutions  per  minute). 

The  equipment  illustrated  employs  dynamic  braking  for  stop- 
ping at  the  end  of  each  stroke.  Since  the  current  used  for 
the  dynamic  braking  is  generated  by  the  motor  itself  and  not 
taken  from  the  line,  a  minimum  amount  of  power  is  required 
for  the  operation  of  the  planer.  Oscillograph  records  show 
that  the  maximum  currents  drawn,  both  at  the  time  of  dynamic 
braking  and  at  the  instant  of  reversal,  do  not  exceed  I14  times 
full  load  current  of  the  motor,  so  that  there  can  be  no  objec- 
tion  to  putting  a  reversing   planer   equipment   on   any  shop 

circuit. 

*  *     * 

STATISTICS  OP  STEAM  RAILWAYS 
Statistics  of  the  steam  railways  in  the  United  States  for 
the  year  ended  June  30,  1915,  as  given  in  a  report  of  the  In- 
terstate Commerce  Commission,  show  the  following  figures. 
The  roads  covered  by  this  report,  which  does  not  include 
switching  and  terminal  companies,  represent  257,569.32  miles 
of  line  operated,  including  11,279.64  miles  used  under  trackage 
rights.  The  aggregate  mileage  of  railway  tracks  of  all  kinds 
was  391,141.51  miles.  These  figures  show  an  increase  of 
3933.20  miles  over  those  given  for  1914.  There  were  65,099 
locomotives  in  service  on  the  various  railways.  The  total  num- 
ber of  cars  of  all  classes  in  service  was  2,507,977,  assigned  as 
follows:  passenger  service,  55,705;  freight  service,  2,356,338; 
company  service,  95,934.  The  roads  covered  by  the  report 
are  divided  into  three  classes:  Class  1  roads  are  those  having 
annual  operating  revenues  above  $1,000,000;  Class  II  roads 
are  those  having  annual  operating  revenues  from  $100,000  to 
$1,000,000;  and  Class  III  roads  are  those  having  annual  operat- 
ing revenues  below  $100,000.  Class  I  and  Class  II  roads, 
operating  224,858.89  miles  of  line,  reported  1,409,342  as  the 
average  number  of  employes  in  their  service  during  the  year. 
The  total  wages  paid  during  the  year  by  roads  of  the  same 
classes,  operating  224,371.01  miles  of  line,  were  $1,164,844,430. 
The  number  of  passengers  carried  on  Class  I  and  Class  II 
roads  in  1915  was  976,303,602,  as  compared  with  1,053,138,718 
in  1914.  The  operating  revenues  of  railways  in  the  United 
States  were  $2,956,193,202,  or  $11,538  per  mile  of  line  operated. 
The  operating  expenses  were  $2,088,682,956,  or  $8152  per  mile 

of  line  operated. 

*  *     * 

PLATINUM  SUBSTITUTES 

A  substitute  for  platinum  must  satisfy  the  following  condi- 
tions: Its  melting  point  must  be  well  above  1200  degrees  C; 
it  must  not  be  affected  by  chemical  compounds  formed  in  its 
application;  nor  should  it  oxidize  at  a  soldering  temperature; 
it  must  possess  sufficient  strength  to  resist  deformation  and 
at  the  same  time  be  sufliciently  pliable  to  be  worked  to  the 
desired  shape;  its  coefficient  of  expansion  must  be  low;  it 
should  readily  unite  with  gold,  silver  ard  other  metals,  and 
their  solders;  its  cost  should  be  low  as  compared  with  plati- 
num. In  the  electrical  industry  platinum  has  largely  been 
replaced  by  tungsten,  molybdenum  and  nickel-chrome  alloys. 
Various  alloys  have  been  perfected  to  meet  different  condi- 
tions under  which  platinum  was  formerly  used.  One  of  the 
latest  is  a  copper-jacketed  nickel-steel  wire,  having  an  outside 
coating  of  platinum.  This  wire  is  said  to  have  a  coefficient 
of  expansion  which  is  such  that  in  feeding  an  incandescent 
lamp  a  tight  joint  is  assured. 
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CHART  FOR  SELECTING  RAWHIDE 
PINIONS 

BY  N.  O.   NEAR 

Fig.  1  shows  a  chart  which  will  be  found  useful  in  selecting 
rawhide  pinions  to  replace  metal  pinions  that  have  proved 
unsatisfactory  in  service.  It  is  used  by  simply  laying  a 
straightedge  across  the  chart  three  times,  which  solves  the 
problem  without  the  necessity  of  doing  any  figuring.  For  ex- 
ample, suppose  it  is  desired  to  replace  a  noisy  metal  pinion 
with  a  quiet-running  rawhide  pinion,  and  it  is  desired  to  find 
out  whether  a  given  pinion  is  strong  enough  to  transmit  the 
power  from  a  seven-horsepower  motor;  the  pitch  diameter  of 
the  metal  gear  is  4  inches,  the  circular  pitch  %  inch,  the 
face  width  4  inches,  and  the  motor  runs  at  1000  revolutions 
per  minute.  The  dotted  lines  drawn  across  the  chart  illus- 
trate the  way  in  which  the  problem  is  solved.  From  4  on 
column  A  for  the  pitch  diameter,  lay  the  straightedge  across 
to  0.5  on  column  C  for  the  circular  pitch,  and  locate  the  point 
of  intersection  of  this  line  with  column  B.  Then  from  4  on 
column  E  for  the  face  width,  lay  the  straightedge  across  to 
1000  on  column  O  for  the  number  of  revolutions  per  minute, 
and  locate  the  point  of  intersection  of  the  straightedge  with 
column  F.  Now  lay  the  straightedge  across  from  the  point 
of  intersection  on  column  B  to  the  point  of  intersection  on 
column  F,  and  the  point  where  the  straightedge  cuts  column  D 
for  the  horsepower  transmitted  will  show  the  capacity  of  the 
rawhide  pinion;  in  this  case  it  is  found  to  be  9.4  horsepower, 
which  is  more  than  sufficient  to  transmit  the  power  developed 
by  the  seven-horsepower  motor.  It  will  be  evident  that  where 
a  pinion  of  wider  face  is  required,  the  chart  will  show  in- 
stantly that  such  is  the  case,  and  the  danger  of  employing  an 
unsatisfactory  pinion  is  eliminated.  Knowing  any  three  fac- 
tors given  in  columns  A,  C,  E  and  G,  the  fourth  one  can  be 
quickly  found. 

It  is  not  a  difficult  matter  to  construct  an  alignment  chart 
directly  from  a  slide-rule;  an  alignment  chart  is  a  logarithmic 
chart,  and  a  slide-rule  is  a  logarithmic  rule.  Fig.  2  shows  the 
principle  of  construction  well  enough  to  enable  any  reader 
who  has  a  slide-rule  or  table  of  logarithms  to  develop  a  similar 
chart  of  his  own.  Column  A  is  a  direct  copy  of  the  1  to  10 
scale  of  a  slide-rule,  as  is  also  column  C.  On  my  drawing  I 
placed  the  lines  three  inches  apart  and  parallel.     Exactly  in 
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the  middle  between 
these  two  lines,  I  erect- 
ed column  B,  and  on  it 
copied  the  1  to  100  scale 
from  the  slide-rule,  and 
placed  it  in  such  a  posi- 
tion that  the  chart  is 
nothing  more  nor  less 
than  a  multiplication 
table.  The  dotted  line 
drawn  across  the  chart, 
for  example,  shows  that 
2  X  3  =  6;  or  the  same 
dotted  line  would  indi- 
cate that  6  -^  2  =  3,  or 
6  -^  3  =  2,  as  the  case 
might  be.  By  copying 
all  the  small  lines  from 
the  slide-rule,  the  an- 
swer can  be  read  more 
accurately,  where  frac- 
tional numbers  are  to 
be  divided  or  multiplied 
by  fractional  numbers, 
as  in  the  case  of  the 
"rawhide  chart,"  Fig.  1. 
Now,  suppose  it  should 
be  desired  to  make  a 
chart  from  the  formula: 
PV 

=  H.P. 

550 
where  P  =  pressure     in 
pounds; 


Fig.    2.     Diagram    showing    Principle    of 
Construction  of  Chart  shown  in  Fig.  1 


1,     Chart   that   facilitates   making   Calculations   for   checking   up 
Kawhide  Finions  substituted  for  Cast-iron  Pinions 


y  =  velocity  in  feet  per  second; 
H.P.  =  horsepower. 
Proceed  as  above  by  erecting  columns  A  and  C.  If  the  pres- 
sures range  from  1000  pounds  up,  insert  the  figures  1000,  2000, 
etc.,  instead  of  1,  2,  3,  etc.  And  if  the  velocities  range  from 
10  feet  per  second  up,  do  the  same  with  the  column  that  is 
to  designate  the  velocity — either  column  A  or  C.  Then  lay  a 
straightedge  across  the  chart  connecting  two  points,  and  fig- 
ure what  the  middle  column  should  read.  That  is.  If  P  =  ll 
pounds,  and  V  =  100  feet  per  second,  H.P.  will  equal  2.  The 
1  to  100  scale  of  the  slide-rule  is  then  copied  onto  column  B 
in  such  a  way  that  2  falls  upon  the  point  of  intersection  with 
the  straightedge,  and  the  chart  is  correctly  made.  In  case 
it  is  desired  to  multiply  H.P^  by  some  other  figure,  this  is 
easily  done  by  extending  the  chart  and  adding  more  columns, 
the  same  principle  being  followed  as  before.  The  "rawhide 
chart,"  Fig.  1,  is  a  good  example  of  this,  four  figures  being 
multiplied.    I  divided  the  multiplying  process  into  two  groups, 

as  follows:  ,      ,„„ 

2X3X4X5  =  120 

6      X     20      =120 

The  constant  in  the  rawhide  formula  used  was  cared  for  in 
the  manner  explained.  To  be  sure,  all  of  these  scales  cannot 
be  copied  from  a  common  slide-rule,  but  with  the  aid  of  a 
pair  of  proportional  dividers  it  is  easily  done.  The  1  to  100 
scale  on  the  slide-rule,  for  example,  is  a  one-half  reduction 
of  the  1  to  10  scale.  In  case  the  range  of  figures  should  be 
such  that  we  would  need  a  1  to  10  scale  on  column  A,  and  a 
1  to  100  scale  on  column  C,  it  is  plain  that  a  1  to  1000  scale 
would  be  needed  on  column  B;  but  column  B  would  not  then 
fall  exactly  in  the  center,  as  on  this  multiplication  chart:  it 
would  fall  at  a  "third  distance."  That  is,  the  distance  AB 
would  be  two  inches,  and  distance  BC  would  be  one  inch. 
Column  A  would  then  be  a  full-size  scale;  column  C  a  half- 
size  scale;  and  column  B  a  third-size  scale.  Proportional  dis- 
tances would  be  as  follows:  SO  =  1;  AB  =  2,  and  AC  —  3. 

After  studying  this  brief  description  of  the  method  of  mak- 
ing charts  and  application  to  the  "rawhide  chart,"  little  diffi-- 
culty  will  be  experienced  in  making  a  similar  chart  on  some 
other  subject.  Unless  logarithms  and  the  slide-rule  are  un- 
derstood, it  will  be  difficult  to  make  charts  of  this  kind;  but 
understanding    these    subjects,    as    I    believe    all    readers    of 
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Machinkuy  do,  further  details  will  be  unnecessary.  Should 
it  be  desired  to  study  the  subject  more  fully  I  would  recom- 
mend J.  B.  Peddle's  book,  "Construction  of  Graphical  Charts," 
or  Lionel  S.  Marks'  new  "Mechanical  Engineers'  Handbook," 
which  gives  a  good  brief  summary  of  nearly  all  methods  of 
constructing  graphical  charts,  including  the  one  here  described. 
«     *     « 

CATALOGUE   INDEXING 

When  anyone  picks  up  a  catalogue  for  the  purpose  of  looking 
up  some  matter  presumably  contained  therein,  he  naturally 
looks  for  the  subject  in  which  he  is  interested  according  to 
the  alphabetical  arrangement  in  which  it  would  most  likely 
be  found.  For  example,  if  a  man  were  looking  for  information 
on  the  subject  of  milling  machines  of  the  Lincoln  type,  he 
would  first  look  under  the  heading  "Milling  Machines,  Lincoln 
Type,"  which  should  be  found  under  "M."  If  the  machine 
were  not  found  under  this  alphabetical  arrangement,  due  to  a 
faulty  method  of  indexing,  one  would  look  next  under  "L"  for 
"Lincoln  Type  Milling  Machine."  Failing  to  find  it  under 
either  of  these  heads,  the  next  step  would  be  to  seek  for  the 
machine  itself  by  looking  through  the  pages  of  the  catalogue. 

Now  an  index  is  for  one  purpose  and  one  only,  and  that  is 
to  give  a  seeker  after  knowledge  the  knowledge  that  he  seeks, 
and  unless  it  is  arranged  so  as  to  give  the  seeker  this  informa- 
tion, it  is  without  value  as  an  index.  There  are  a  number  of 
ways  in  which  the  index  to  a  catalogue  can  be  arranged  so 
that  the  information  contained  therein  will  be  conveniently 
accessible.  There  are  other  ways  in  which  the  information 
can  be  so  classified  that  the  only  method  of  finding  anything 
is  to  look  entirely  through  the  index  until  the  part  wanted 
is  discovered.  As  a  general  thing,  the  preparation  of  cata- 
logues is  under  the  supervision  of  the  sales  or  publicity  depart- 
ment or  the  advertising  department  of  the  factory.  The  view- 
point of  any  one  of  these  departments,  in  regard  to  the  cata- 
logue itself,  is  that  it  should  be  first,  last  and  all  the  time,  a 
medium  by  means  of  which  the  particular  merits  of  the  ma- 
chines can  be  exploited.  Under  these  circumstances  the  index 
naturally  receives  scant  attention,  and  in  some  cases  it  is  even 
left  out  altogether.  When  a  manufacturer  is  advertising  only 
one  line  of  tools  and  has  prepared  a  catalogue  containing  a 
very  few  pages,  the  index  is  not  of  great  moment,  because  it 
takes  little  time  to  look  through  and  find  the  information. 
On  the  other  hand,  a  manufacturer  who  makes  several  differ- 
ent types  of  machines  in  a  number  of  sizes,  together  with  at- 
tachments of  various  kinds  used  in  connection  with  these  ma- 
chines, should  use  every  effort  to  make  the  index  of  his  cata- 
logue both  comprehensive  and  convenient  for  reference.  Under 
these  conditions,  there  would  seem  to  be  little  excuse  for  an 
index  which  does  not  fulfill  these  requirements. 

A  catalogue  is  not  infrequently  found  in  which  the  index 
is  arranged  by  page  numbers  entirely,  no  attention  being  paid 
to  alphabetical  arrangement.-    For  example: 

Page 

Milling  Machines,  Single-spindle 3 

Milling  Machines,  Duplex 7 

Single-spindle  Profiling  Machines 14 

and  so  on  right  through  the  catalogue.  Now  it  is  evident  that 
where  there  is  no  alphabetical  sequence  anyone  looking  for 
any  particular  type  of  machine  must  go  through  the  whole 
index  in  order  to  find  it. 

Another  index  of  a  type  which  is  to  be  deplored  is  one  in 
which  the  indexing  is  not  done  under  the  proper  letters.  For 
example,  "Hand  Milling  Machine"  might  be  found  under  "H," 
which  would  be  all  right  providing  there  were  a  cross  refer- 
ence to  it  under  "M"  for  "Milling  Machine,  Hand."  Then  again, 
there  is  the  type  of  index  in  which  there  is  an  attempt  at 
alphabetical  arrangement,  but  where  other  data  such  as 

No.  5  Milling  Machine 

No.  6  Milling  Machine,  or 

Universal  Milling  Machine 
come  before  the  head  under  which  the  machine  properly  should 
be  indexed. 

Many  manufacturers  of  the  present  day  are  issuing  their 
catalogues  in  the  form  of  leaflets,  each  one  of  which  contains 
information  on  a  certain  type  of  machine.  No  doubt  this  is  an 
excellent  arrangement  from  the  viewpoint  of  economy,  and  it 


is  also  very  good  for  anyone  wanting  information  on  one  par- 
ticular thing.  It  is  then  unnecessary  to  look  through  an  entire 
catalogue  to  find  the  machine  desired,  as  all  necessary  data 
will  be  found  in  the  leaflet.  Going  a  step  further,  however, 
these  leaflets  are  sometimes  bound  together  to  form  a  cata- 
logue, a  printed  page  or  two  being  added  for  an  index.  When 
this  is  done,  the  index  page  serves  no  other  purpose  than  to 
indicate  the  kind  of  machines  contained  within  the  outside 
covers,  so  that  if  anything  is  wanted  a  search  through  the 
pages  must  be  made  to  find  it. 

It  would  seem  that  the  index  to  any  catalogue  should  be  of 
sufficient  value  to  take  a  little  trouble  with  it  in  order  to 
make  it  as  comprehensive  as  possible,  so  that  it  would  not  be 
necessary  to  search  through  the  book  to  find  any  desired  in- 
formation. As  a  suggestion,  the  following  is  offered  in  the 
hope  that  it  may  prove  useful  to  those  engaged  in  the  prepara- 
tion of  catalogues: 

1.  Arrange  index  alphabetically  according  to  the  princi- 
pal name  of  the  machine  tool  or  other  mechanism. 

2.  Cross  index  under  as  many  heads  as  may  be  con- 
sistent with  the  commonly  accepted  name  of  the  mechanism. 

3.  Place  the  index  either  in  the  front  of  the  catalogue  or 
at  the  back — not  in  the  middle. 

4.  When  a  number  of  leaflets  are  bound  together  to  form 
a  complete  catalogue,  either  have  the  entire  group  of  leaflets 
paged,  with  an  index  in  the  front,  or  put  a  table  of  contents 
in  the  front  and  place  colored  inserts  between  the  various 
sections  so  that  they  can  be  easily  distinguished. 

Any  advertising,  sales,  or  publicity  manager  will  find  it  of 
advantage  to  look  into  the  manner  in  which  a  new  catalogue 
is  being  indexed  and  endeavor  to  arrange  it  so  that  it  may  be 
of  some  real  use  to  a  customer  rather  than  a  source  of  annoy- 
ance. A.  A.  D. 
*     *     * 

FINISHING   HANDWHEELS   BY  MILLING 

In  the  manufacture  of  contract  machinery  at  the  plant  of 
the  C.  H.  Cowdrey  Machine  Co.,  Fitchburg,  Mass.,  a  regular 
job  is  the  machining  of  large  numbers  of  handwheels.  These 
particular  wheels  are  8  inches  diameter,  and  the  rim  is 
IVs  inch  diameter.  The  ordinary  way  of  finishing  the  rims 
of  these  wheels  is  to  mount  them  on  arbors  in  the  lathe  and 
turn  off  the  exterior  with  a  radius-turning  attachment. 

The  accompanying  illustration  shows  how  these  handwheels 
are  finished  in  this  factory  by  milling  on  a  vertical  milling 
machine.     By  mounting  these  wheels  on  the  rotary  table  of  a 


Finishing  Handwheels  on  a  Vertical  Miller 

vertical  miller  and  inserting  a  concave  cutter  in  the  spindle, 
they  are  finished  at  one  revolution  of  the  table.  About  1/16 
inch  of  metal  is  removed  from  the  surface,  and  when  the  cast- 
ings run  uniform  fifty  wheels  may  be  milled  before  it  is  neces- 
sary to  grind  the  cutter.  The  result  is  a  better  piece  of  ma- 
chining, and  the  operation  requires  less  attention  from  the 
workman  than  when  done  by  the  old  method.  C.  L.  L. 

*  *  * 
The  wax  of  old  phonograph  records  may  be  used  with  satis- 
faction on  tracing  cloth  when  erasures  are  necessary.  The 
wax  rubbed  over  the  erased  portion  gives  the  paper  a  gloss 
and  finish  similar  to  the  original  surface  and  prevents  the 
ink  spreading  in  the  lines. 
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MEANS  AND  METHODS  OF  FORMING,  CONVEYING  AND  TREATING  WIRE  SPR)NGS  IN  A  MODI  EN  PLANT 


BY  E.  F.  LAKE' 


Fig.  1.     Roller  Conveyor  on  which  Coils  of  Wire  are  brought  into  Shop 

WHEN  the  Detroit  Wire  Spring  Co.,  of  Detroit,  Mich., 
moved  into  its  new  building  last  November,  it  started 
to  manufacture  the  seat  and  back  springs  for  motor 
cars  by  methods  that  have  eliminated  hand  labor  to  a  great 
extent.  Gradually  other  places  were  found  where  savings  in 
labor  cost  could  be  effected,  and  now  this  firm  is  manufactur- 
ing at  a  minimum  cost  of  production.  For  several  years 
manufacturing  was  conducted  in  buildings  that  were  not 
adapted  for  improved  methods;  and  during  this  period  L.  A. 
Young,  president  of  the  company,  had  conceived  many  ideas 
that  were  awaiting  the  proper  time  to  be  given  a  practical 
application.  When  the  company  outgrew  its  old  quarters,  it 
built  and  equipped  an  entirely  new  plant  from  the  ground  up. 
This  gave  Mr.  Young  an  opportunity  to  exercise  his  inventive 
genius  to  a  marked  degree,  and  the  apparatus  that  was  in- 
stalled completely  changed  the  process  of  producing  such 
springs.  This  lowered  the  cost  of  production  to  such  an 
extent  that  it  is  the  talk  of  the  spring-making  industry. 

Fig.  1  shows  about  half  of  the  second  floor  of  this  new 
shop,  and  it  is  here  that  production  may  be  said  to  start  on 
seat  and  back  springs  for  automobiles,  or  cushion  springs  for 
any  other  use.  As  this  firm  manufactures  all  the  cushion 
springs  used  by  the  Ford  Motor  Co.,  one  might  think  that  the 
latter  has  had  an  influence  on  the  Detroit  Wire  Spring  Co.  as 
regards  the  application  of  conveyor  systems  for  handling 
work.  After  investigating  the  appliances  in.  this  shop,  how- 
ever, it  will  be  seen  that  Mr.  Young  has  advanced  beyond  the 
achievements  of  the  Ford  Motor  Co. 

In  Fig.  1  is  shown  how  the  coils  of  spring  wire  enter  the 
shop  and  are  delivered  at  the  various  stations,  where  they  are 
manufactured  into  springs  by  the  coilers  and  knotters.  These 
coils  are  loaded  onto  an  elevating  conveyor  at  the  freight  car 
on  a  track  outside  the  building.  This  raises  them  to  the 
second  story  and  drops  them  onto  the  roller  conveyor  shown 
in  the  illustration.  The  colls  then  enter  the  building  at  A. 
After  that  they  travel  down  over  the  rollers,  as  can  be  seen,  and 
are  dropped  into  chutes  at  the  different  points  marked  B. 
These  chutes  deliver  the  coils  to  the  floor  just  back  of  the 
coiling  machines,  which  can  be  seen  at  the  left  running  in  a 
long  row  through  the  center  of  the  building. 

The  roller  conveyor  can  be  switched  open  at  five  different 
points  to  allow  the  wire  to  pass  through  chutes  to  the  floor. 
Coils  are  needed  at  three  other  points  below  the  lowest  switch  in 
the  rollers,  but  at  these  stations  the  rollers  are  so  low  that  the 
wire  coils  can  easily  be  lifted  off  and  thus  switches  are  not 
needed.  This  roller  conveyor  is  approximately  200  feet  long 
and  serves  one-half  of  the  shop,  which  is  400  feet  long  and  80 


feet  wide.  Fig.  2  shows  how  the  roller  bed  is  broken  to  allow 
the  wire  to  slide  down  chutes  to  the  floor.  Directly  under- 
neath at  C  is  shown  the  reel  of  the  coiling  machine,  on  which 
the  wire  coil  is  placed  to  be  made  into  springs.  As  the  coiling 
machines  form  a  line  along  one  side  of  the  columns  and  the 
conveyor  follows  the  other  side,  the  coils  of  wire  drop  to  the 
floor  within  three  feet  of  the  spot  where  they  are  to  be  used. 

Fig.  3  shows  a  close  view  of  one  of  the  coiling  machines  as 
it  is  set  up  ready  for  work  and  just  about  to  cut  off  a  spring 
which  has  been  coiled.  These  coiling  machines  are  manufac- 
tured by  the  Frank  Wells  Machine  Co.,  of  Kenosha,  Wis.  The 
spring  wire  in  the  coils  is  placed  on  reel  C  and  passes  into  the 
machine  through  guide  D  and  rollers  E.  Guide  D  has  a  set- 
screw  to  govern  the  tension  of  the  wire,  the  same  as  the  thread 
on  a  sewing  machine.  The  diameter  of  the  coils  of  the  spring 
is  governed  by  the  wire  passing  through  clamp  F,  which 
moves  up  or  down  toward  a  given  center  or  away  from  it. 
This  movement  is  caused  by  lever  G,  which  rides  on  cam  H. 
Thus,  cam  H  is  the  only  part  of  the  machine  that  has  to  be 
changed  for  making  different  kinds  of  springs.  Each  size 
and  shape  must  have  its  own  cam,  but  to  change  these  it  is 
only  necessary  to  manipulate  one  nut,  shown  on  the  side  of 
the  cam. 

The  only  limit  to  the  size  and  shape  of  springs  that  can  be 
coiled  is  in  the  limitations  of  these  cams,  which  are  located 
where  they  can  be  given  a  larger  diameter  than  would  ever 
be  required  for  springs  of  this  kind.  When  the  spring  has 
the  correct  number  of  coils,  tool  I  is  tripped  and  cuts  off  the 
wire.  The  operator  of  such  a  machine  only  has  to  place  the 
coil  of  wire  on  the  reel,  start  it  feeding  into  the  machine,  and 
grab  the  springs  as  fast  as  they  are  cut  off.  He  then  bunches 
them  and  puts  them  in  the  pan  of  truck  J.  This  sounds  easy, 
but  the  men  are  kept  exceedingly  busy  and  are  paid  by  the 
piece.  After  watching  them  for  a  while  one  wonders  how 
they  can  handle  so  many  pieces  and  keep  it  up  for  ten  hours 
every  day.  At  many  of  these  coilers  troughs  are  arranged  so 
the  coilers  can  slide  the  springs  to  the  knotting  machines, 
where  the  second  operation  is  performed.  One  coiling  machine 
usually  turns  out  enough  work  for  two  knotting  machines. 

In  Fig.  4  is  illustrated  one  of  the  knotting  machines.  At  K 
is  shown  a  sample  of  the  spring  that  the  pan  contains,  in  the 
shape  in  which  it  is  left  by  the  coiler.  Coiled  springs 
would  not  be  very  successful  if  they  were  left  in  this  condi- 
tion, for  when  used  in  seats  the  ends  would  be  likely  to  get  as 
many  cuss  words  as  the  boy  with  the  bent  pin.  Hence,  ma- 
chines were  invented  for  looping  each  end  of  wire  around  the 
coil  below,  so  they  would  not  cut  through  the  upholstering. 
These  loops,  or  knots,  tied  in  each  end  of  the  wire  spring,  are 
shown  on  the  spring  at  L.  The  operator  of  the  machine  first 
places  the  spring  in  the  position  shown  at  M,  and  the  lower 
coil  is  then  gripped  by  jaw  ?v'.    Cam  0  controls  its  movements 


*For  previous  articles  on  spring  manufacture,  see  "Automobile  Cushion 
Springs"  in  the  August,  1916,  number  of  Macbinert.  and  other  articles  there 
referred  to. 

^Address:  352  Belvidere  Ave.,  Detroit,  Mich. 


Fig.  8.     Close  View  of  Chute  down  which  Coils  drop  from  Conveyor  to  Floor 
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Fig.  3.     Close  View  of  CoUer  with  Spring  ready  to  be  cut  off 

and  also  the  movements  of  those  parts  of  the  machine  that  tie 
the  knots.  When  the  knots  are  tied,  the  operator  merely 
drops  the  springs  into  a  hole  in  the  floor  at  P,  and  they  pass 
through  chutes  to  the  workmen  on  the  floor  below.  The 
knotting  machines,  which  are  fed  by  the  coiling  machines, 
form  a  line  through  the  center  of  the  shop  only  a  few  feet 
away  from  the  coilers.  Approximately  one-half  the  length  of 
the  shop  is  taken  up  by  these  two  rows  of  coilers  and  knotters. 

In  Fig.  5  are  shown  the  chutes  through  which  the  springs 
come  from  the  knotting  machines  on  the  floor  above.  There 
are  106  of  these  chutes;  half  are  on  the  side  here  shown, 
while  the  remainder  are  placed  to  the  left,  back  to  back  with 
these  chutes.  They  occupy  the  center  of  the  shop,  length- 
wise. An  operator  sits  at  the  machine  in  front  of  each  pair 
of  chutes  and  takes  the  springs  from  them  to  form  them  into 
what  are  called  "strips."  To  make  these  strips,  sheet  metal 
ribbons  are  bent  to  a  U-shape  like  those  shown  at  Q.  One 
of  these  is  clamped  to  each  side  of  four  springs,  and  the  whole 
is  long  enough  to  give  the  completely  assembled  spring  its 
desired  width.  One  strip  that  has  just  been  formed  is  shown 
in  the  first  machine,  and  others  can  be  seen  on  the  rack  and 
floor.  These  strips  are  passed  over  the  rack  at  S  to  other 
workers,  who  assemble  them  into  full-size  seat  springs.  When 
the  strips  are  made  faster  than  the  assembler  can  handle 
them,  they  are  stored  underneath  the  rack,  as  shown  at  T. 

Fig.  6  shows  the  benches  where  large  seat  springs  for  Ford 
cars  are  assembled.  The  assembler  starts  with  a  foundation 
frame  like  that  at  U,  which  is  in  two  pieces.  These  pieces 
are  made  by  passing  band  iron  or  strip  steel  through  rolling 
machines  that  form  it  into  a  shape  similar  to  channel  iron. 
When  these  two  pieces  are  riveted  together,  they  form  a  foun- 
dation frame  that  gives  the  completed  seat  spring  its  size 
and  shape.  The  first  work  of  the  assembler  is  to  fasten  the 
strips,  consisting  of  four  springs  each,  to  this  frame.  First 
the  two  end  strips  are  located  as  shown  at  V,  and  then  the 


I 

^ 

Fig.   4.     Knotting  Machine  that  secures  Ends  of  Wire  to  Spring  Coils 

center  strips  are  filled  in  as  illustrated  at  W.  After  that  the 
wire  frame  shown  hanging  on  the  column  at  R,  Is  clamped 
to  the  top  of  each  coil  spring  around  the  outside  of  the  assem- 
bled seat  spring.  The  ends  of  this  frame  are  welded  together 
to  make  it  continuous. 

The  next  operation  is  to  fasten  all  the  individual  springs  to 
this  wire  top  frame  with  specially  bent  wires  that  pass  from 
side  to  side  of  the  assembled  springs.  Next,  similar  bent  wires 
are  run  lengthwise  of  the  seat  spring  and  are  clamped  to  both 
sides  of  each  coil  spring,  and  to  the  wire  frame  at  both  outer 
ends.  The  final  operation  is  to  clamp  the  centers  of  all  the 
coil  springs  together.  To  do  this,  hoop  iron  or  band  steel  is 
cut  to  length  and  bent  into  shapes  that  hook  over  and  are  bent 
around  the  center  coils  of  the  springs  that  are  nearest  together. 
Thus  each  spring  is  securely  fastened  at  the  top,  bottom  and 
center  to  each  spring  on  its  four  sides.  ■  This  keeps  them  in 
their  correct  position.  Thus,  when  one  spring  is  compressed 
it  gets  support  from  all  the  other  springs  in  the  assembled 
seat;  and  the  more  it  is  compressed  the  more  support  it  will 
get.  The  reason  for  binding  all  the  individual  coils  together 
so  firmly  is  to  prevent  them  from  working  loose  from  the  hard 
usage  an  automobile  seat  gets  when  the  car  is  traveling  over 
rough  roads.  You  will  know  what  that  means  if  you  have  ever 
taken  a  ride  that  bounced  you  up  in  the  air  until  your  head 
struck  the  top,  which  drove  you  back  into  the  seat  so  hard  that 
it  flattened  every  coil  spring,  to  say  nothing  of  your  bones. 

In  Fig.  7  is  shown  the  overhead  trolley  system  that  passes 
over  the  assembling  benches  and  conveys  the  seat  spring 
through  the  japanning  department  and  on  to  the  shipping 
room.  When  the  springs  are  assembled,  they  are  hung  on 
hooks  suspended  from  gas  pipe  carriers,  like  those  shown  at  Y. 
With  bolts  X,  these  are  hung  to  four-wheeled  roller-bearing 
trolleys  that  travel  inside  the  tracks.  As  will  be  seen,  single- 
track  Z  passes  in  front  of  the  chutes  and  branches  curve  out 
from  this  to  run  over  the  assembling  benches,  with  a  switch 


Fig.   6.     Forming  Springs  into  Strips  ready  for  asaembllng  into  Frapiei 


Fig.   6.     Benches  on  which  Seat   Springs  for  Ford  Cars   are  assembled 
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Fig.  7.     Conveyor  System  for  carrying  Springs  to  Japanning  Department 

at  each  branch.  These  branches  merge  into  one  track  again, 
next  to  the  wall  on  the  right,  and  at  the  far  end  this  curves 
into  the  japanning  room,  which  is  at  the  other  side  of  this 
wall.  In  front  of  the  chutes  will  be  seen  the  strip  makers 
and  in  the  center  the  assemblers. 

With  the  methods  of  manufacture  used  in  the  old  shop  it 
took  approximately  two  and  one-half  men  to  make  as  many 
springs  as  are  made  in  the  new  shop  by  one  man.  The  great- 
est saving  in  labor  was  effected  at  this  point;  but  the  japan- 
ning methods,  described  later,  ran  a  close  second,  and  impor- 
tant improvements  in  efficiency  were  made  in  the  back  springs 
department,  now  located  on  the  third  floor  of  the  building. 
Here  one  can  readily  realize  the  saving  in  labor  by  observing 
how  the  coilers  pass  the  coiled  springs  to  the  knotters;  the 
knotters  drop  them  through  a  hole  in  the  floor  (Fig.  4)  into 
chutes;  the  strip  makers  pick  them  out  of  these  chutes  on  the 
floor  below,  Fig.  5,  make  them  up  into  strips,  and  pass  them 
over  racks  to  assemblers;  the  assemblers  complete  the  seat 
springs,  Fig.  6,  and  hang  them  on  hooks  overhead,  while  one 
man  pushes  the  loads  into  the  japanning  room. 

When  the  loads  of  springs  enter  the  japanning  room  they 
roll  onto  a  loose  piece  of  track  under  the  hoisting  apparatus, 
which  lowers  them  into  the  japan  dip  tank,  as  shown  in  Fig.  8. 
The  springs  enter  the  japan  room  on  the  track  level  shown  at 
A,  and  the  four  posts  B  act  as  guides  for  the  hoisting  appa- 
ratus, so  that  the  loose  piece  of  track  can  be  brought  into 
alignment  with  the  two  different  levels  at  A  and  C.  This 
view  shows  one  load  of  springs  as  it  is  being  lowered  into  the 
japan.  When  coated  with  japan,  the  load  is  raised  back  to 
one  of  the  two  track  levels,  and  the  springs  travel  over  a 
drain  board  some  thirty  or  forty  feet  long,  where  the  excess 
japan  flows  off.  The  japan  is  thinned  with  naphtha,  and  if 
this  draining  were  not  done  the  japan  would  be  likely  to  catch 


Fig.    8.     Arrangement   of   Japan  Dipping  Tank   for  Assembled   Springs 

fire  from  the  heat  in  the  baking  oven.  After  that,  the  spring 
loads  are  rolled  into  the  japan  baking  oven  D,  shown  at  the 
far  end  of  the  illustration. 

This  company  had  a  serious  explosion  with  gas-flred  japan- 
ning ovens  in  the  old  shop,  which  ripped  apart  the  oven  and 
blew  out  one  side  of  the  shop.  Hence,  it  was  decided  to  use 
fuel  oil  for  heating  the  oven  in  the  new  shop.  Incidentally, 
the  saving  in  fuel  bills  is  something  over  $200  per  month — 
with  fuel  oil  at  the  war  price  of  5I/2  cents  per  gallon.  How 
dangerous  the  japan  baking  proposition  is,  if  the  work  is  not 
drained  properly,  and  the  baking  done  in  an  oven  that  is  not 
constructed,  fired  and  vented  correctly,  is  shown  by  the  fact 
that  electric  heaters  exploded  the  japan  fumes  in  an  electric 
oven  used  in  Detroit  and  nearly  caused  the  death  of  the  oven 
tender,  who  remained  unconscious  for  two  days.  It  also 
caused  so  bad  a  fire  in  this  works  that  the  management 
decided  to  throw  out  the  electric  plant  and  not  do  any  more 
japanning. 

Fig.  9  shows  the  opposite  end  of  the  japan  baking  oven, 
where  the  springs  are  pulled  out  and  sent  into  the  shipping 
room.  Alleyway  /  is  where  the  oil  burners  are  located  for 
heating  the  ovens.  These  burners  are  of  the  megaphone  type 
and  shoot  the  flames  into  10-inch  pipe  coils.  The  spent  gases 
leave  these  pipe  coils  through  sheet  metal  pipe  J,  which  con- 
veys them  to  a  central  stack.  It  will  be  seen  that  four  tracks, 
on  two  different  levels,  carry  the  springs  through  the  oven; 
and  the  door  of  one  compartment  stands  open,  ready  to  pull 
out  the  springs.  The  springs  seen  in  the  oven  seem  to  occupy 
a  very  small  part  of  the  space,  but  they  flll  the  oven  much 
more  completely  than  this  view  would  indicate,  the  illusion 
being  due  to  the  fact  that  the  springs  were  some  ten  feet  back 
from  the  door.  The  two  different  track  levels  are  shown  at  F 
and  G.    Two  tracks  F  switch  into  one,  and  the  springs  travel 
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over  tliis  directly  into  tlie  shipping  room;  tracks  G  are  merged 
into  one  by  switch  II.  This  track  curves  into  the  shipping 
room,  which  is  located  just  to  the  right  of  this  view.  There 
the  work  is  raised  to  the  track  F  level,  and  from  there  on  all 
the  work  travels  over  the  same  tracks. 

Most  spring  makers  consider  that  450  degrees  F.  is  the  best 
temperature  for  the  japan  baking  ovens.  They  claim  the 
work  of  coiling,  knotting,  etc.,  sets  up  strains  in  the  wire, 
which  this  temperature  will  relieve.  While  the  wire  is  sup- 
posed to  be  hardened  and  tempered  properly  before  it  leaves 
the  wire  manufacturer,  they  say  it  must  be  drawn  again  at 
450  degrees  F.  to  prevent  breakage  of  the  springs  after 
they  are  coiled.  This  temperature  has  proved  to  be  the  best 
for  drying  out  the  japan  and  producing  a  very  hard  coat.  It 
may  be,  however,  that  the  japan  makers  have  made  their 
japans  fit  this  temperature  on  account  of  the  necessity  of 
tempering  the  steel.  However  that  may  be,  these  two  things 
are  accomplished  by  heating  the  springs  to  450  degrees  F. 
while  the  japan  is  being  baked. 

In  Fig.  10  is  shown  the  apparatus  that  brings  the  work 
from  lower  track  level  G  up  an  incline  to  the  level  of  track  F. 
An  electric  motor  moves  a  conveyor  chain  around  two  sprocket 
wheels,  one  of  which  is  shown  at  2'.  When  the  load  of  springs 
reaches  the  position  marked  0,  the  hooks  on  this  conveyor 
chain  grip  the  load  and  haul  it  up  the  incline,  as  shown  at  P. 
At  switch  S  the  springs  from  both  the  upper  and  lower  levels 
are  switched  onto  one  track;  and  from  here  onward  they 
are  either  unloaded  to  be  crated  for  shipment  in  freight  cars 
or  loaded  directly  into  motor  trucks  to  be  carted  to  various 
shops  in  Detroit.  The  empty  spring  carriers  are  then  sent 
over  track  R  back  to  the  assemblers,  where  they  are  reloaded 
for  another  trip.  None  of  this  apparatus  is  very  high  in  first 
cost  or  cost  of  upkeep.  Thus  one  can  readily  see  that  such 
costs  are  soon  paid  by  the  reductions  made  in  the  payroll. 
*     *     * 

PAROL  CONTRACTS  IN  THE  SHOP 

BY  ERIC  LEE' 

The  rapid  development  of  machinery  and  machine  parts, 
the  keen  competition  of  the  market,  and  the  scarcity  of  skilled 
labor  have  often  brought  the  management  of  machine  shops 
face  to  face  with  untold  difficulties.  Oftentimes  it  is  essential 
that  fixtures  or  jigs  be  made  for  certain  operations  on  produc- 
tion work  within  a  time  limit.  In  many  shops  the  work  of 
making  such  fixtures  or  jigs  is  let  out  to  the  workman  by 
what  is  known  as  simple  or  parol  contracts.  Under  this  sys- 
tem one  of  the  workmen  agrees  to  do  the  work  for  a  certain 
sum,  and  the  firm  usually  agrees  to  pay  him  his  regular  wages 
and,  if  the  bid  is  in  excess  of  this  amount,  the  balance  of 
the  bid. 

The  method  of  putting  these  contracts  into  the  works  is 
somewhat  as  follows:  Contract  sheets  and  the  blueprints  of 
the  mechanical  device  to  be  made  are  sent  to  the  shop  fore- 
man, who  gives  them  to  the  workmen  whom  he  thinks  can 
do  the  work.  These  study  the  blueprints,  put  their  bids  in 
sealed  envelopes,  and  return  the  prints,  together  with  their 
bids,  to  the  foreman.  The  bids  and  blueprints  are  then  sent 
to  the  planning  otfice  and  compared  with  the  estimate  which 
has  been  made  out  by  the  works  estimator.  If  the  bids  are 
too  high,  the  blueprints  are  again  sent  into  the  shop  and  other 
workmen  asked  to  make  bids  for  the  work. 

The  advantages  claimed  for  this  method  are:  rapid  execu- 
tion of  work,  decrease  in  supervision  required,  and  reduced 
cost  of  labor.  Among  the  disadvantages  are:  inferior  work- 
manship, excessive  wear  of  machinery  and  tools,  dissension 
among  workmen,  and  higher  cost  of  shop  production. 

In  regard  to  the  first  advantage  claimed,  it  may  be  said  that 
while  the  work  is  done  rapidly,  the  workmanship  is  frequently 
poor.  As  a  result,  an  unsatisfactory  jig  or  fixture  must  be 
used  because  there  is  not  time  to  make  another.  Less  super- 
vision is  required  because  a  man  building  a  jig  or  fixture 
by  contract  will  stick  fast  to  his  work,  and  should  he  have 
any  men  or  apprentices  working  for  him,  he  will  so  plan  the 
work  that  the  men  and  boys  are  not  at  any  time  idle.  He 
will  see  that  one  piece  follows  another,  and  that  while  some 
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work  is  in  the  hardening  shop  there  will  be  other  material 
to  work  upon.  He  will  also  see  that  each  piece  is  milled, 
ground,  slotted,  drilled  or  tapped  properly;  and  that  the 
proper  screws,  studs,  dowels,  etc.,  have  been  assigned  to  him. 

The  cost  of  labor  is  frequently  decreased  because  apprentices 
are  called  upon  to  use  more  of  their  ability,  and  work  is  given 
to  them  that  would  be  given  to  a  journeyman  if  the  work  were 
done  by  the  day  instead  of  by  contract.  Besides,  the  contractor 
uses  more  ingenuity;  he  tries  to  devise  some  way  to  do  this 
or  that  operation  more  quickly.  For  instance,  he  thinks  out 
whether  he  can  better  rough-mill  six  pieces  at  a  time  with  a 
gang  mill  or  take  each  piece  and  finish  it  separately;  he  deter- 
mines whether  it  would  be  more  profitable  to  make  a  tem- 
porary jig  for  certain  parts  or  to  lay  out  each  part  individ- 
ually. If  a  similar  jig  or  fixture  had  been  made  before,  he 
will  try  to  remember  what  work  of  the  other  contractor  should 
be  copied  and  what  work  should  be  avoided. 

The  plan  has  the  disadvantage  that  the  work  turned  out  is 
often  of  an  inferior  quality.  A  man  who  forms  the  habit  of 
rushing  work  gets  careless  and  slovenly,  easing  his  conscience 
with  the  expression,  "There's  nothing  particular  about  that; 
it  will  pass  inspection  all  right."  To  inspect  a  complicated 
fixture  requires  considerable  time  for  taking  down  and  re- 
building. If  a  fixture  is  inspected  and  rejected  two  or  three 
times,  the  cost  of  inspection  should  be  considered  dead  loss. 

Another  disadvantage  is  the  excessive  wear  of  machinery 
and  tools.  Machinery  has  come  to  the  scrap  pile  too  soon 
through  machine  parts  being  made  by  contractors.  One  con- 
tractor, when  spoken  to  about  the  abuse  of  a  new  Brown  & 
Sharpe  milling  machine,  retorted,  "What  spoils  this  machine 
helps  to  buy  another."  When  busy,  the  contractor  frequently 
forgets  to  lubricate  the  machine  until  some  trouble  arises. 
The  cost  of  machine  tools  is  a  considerable  item,  and  with 
the  rush  a  mill  or  cutter  is  easily  broken,  a  splining  tool 
snapped,  a  drill  burnt,  or  a  tap  or  reamer  put  out  of  business. 
In  addition,  special  cutters  are  often  used,  and  the  cost  of 
making  special  cutters  is  well  known. 

Contracts  also  cause  dissensions  among  the  men.  The  con- 
tractor may  tie  up  a  number  of  the  machines  to  the  disadvan- 
tage of  his  fellow  workmen.  Besides,  he  may  leave  the  ma- 
chines dirty,  for  he  can  make  money  on  his  contract  only  by 
getting  the  work  out  at  an  early  date. 

Contract  work  increases  the  shop's  production  costs,  for  the 
contractor  on  a  rush  job  has  the  privilege  of  breaking  down 
the  men's  work  because  he  needs  that  lathe  or  this  milling 
machine,  when  perhaps  it  has  taken  two  hours  to  set  the 
machine  up  for  the  day-work  job.  Then  again,  the  time  taken 
by  three  or  more  men  estimating  upon  one  contract  should 
be  considered,  as  well  as  the  extra  clerical  help  involved. 

All  manufacturers  are  striving  for  maximum  production 
with  minimum  cost,  and  many  workmen  have  the  best  interest 
of  the  employers  at  heart.  Experience,  however,  teaches  that 
jigs  and  fixtures  cannot  be  made  hastily.  One  of  the  safe- 
guards of  good  work  is  time,  and  oftentimes  the  good  results 
are  worth  the  additional  time  expended.  It  is  comforting  to 
know  that  the  shop  is  working  in  perfect  harmony.  Each  man 
is  only  capable  of  a  limited  amount  of  work,  and  a  good  fore- 
man knows  where  that  limit  lies,  and  is  keenly  alive  to  the 
urgency  of  each  particular  case,  so  that  by  proper  supervision 
he  can  speed  up  deliveries,  unhampered  by  the  trouble  of  carry- 
ing on  individual  contract  work  in  the  shop. 
«     *     * 

About  the  time  when  the  low-priced  automobile  became  so 
popular  that  everybody  bought  at  least  one,  a  gentleman 
down  in  Alabama  who  had  some  capital  laid  by  and  nothing 
of  a  commercial  nature  to  engage  his  time  and  energies  de- 
cided to  re-enter  commerce.  After  casting  about  for  somo 
time,  he  fixed  upon  the  buggy  business  as  an  attractive  ven- 
ture, and  accordingly  bought  an  outfit  for  a  buggy  factory. 
A  friend  across  the  border,  in  Tennessee,  heard  of  the  new 
enterprise  and  was  moved  to  write  the   proprietor  a  letter. 

"Dear  Charley" — he  wrote — -"I  hear  you  are  going  to  make 
buggies.  I  wish  you  good  luck.  But  I  would  like  to  make 
a  suggestion:  If  the  buggy  business  should  grow  slack,  why 
not  do  over  your  plant  and  go  in  for  the  manufacture  of 
flintlock  muskets?" — Saturday  Evening  Post. 
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PROBABLE  CONDITIONS  OF  THE  MACHINE  TOOL  MARKET  AFTER  THE  WAR-RUSSIAN  TRADE  OPPORTUNITIES 

BY  ALEXANDER  LUCHARS' 


AMERICAN  manufacturers  are  interested  in  the  uses  to 
which  the  European  machine  tool  and  munition  plants 
will  be  put  after  the  war.  Most  of  the  latter,  not  espe- 
cially constructed  for  munition  work,  will  return  to  their 
former  products;  but  some  will  take  up  the  production  of 
machine  tools  and  supplies,  and  of  course  the  former  will  con- 
tinue in  their  present  lines  with  extensions,  as  is  the  custom 
with  European  manufacturers.  Their  weakness  is  the  lack 
of  specialization,  caused  by  their  generally  limited  markets. 
The  English  machine  tool  manufacturers  are  wide  awake  to 
the  fact  that  they  have  neglected  the  European  market,  and 
they  quote  the  German  export  figures  of  more  than  $15,000,000 
in  machine  tools  in  1913  against  their  own  export  figures  of 
$3,750,000.  When  the  war  broke  out  they  found  that  most 
of  the  machine  tools  in  their  factories  were  of  foreign  origin, 
and  they  are  firmly  resolved  to  change  this  policy.  The  pro- 
duction of  British  machine  tools  has  acquired  a  strong  im- 
petus through  the  war  demands.  Manufacturers  there  have 
accumulated  considerable  profits  in  spite  of  the  heavy  taxes, 
and  a  fund  of  practical  experience  as  well,  which  they  will  not 
fail  to  utilize  in  producing  tools  for  their  own  and  other 
European  markets. 

Besides  the  productive  capacity  of  the  machine  tool  plants 
of  Great  Britain  we  must  also  consider  those  in  neutral  coun- 
tries like  that  at  Oerlikon,  Switzerland,  and  of  A.  S.  Nielsen 
and  Winther,  Copenhagen,  Denmark,  said  to  employ  one  thou- 
sand hands.  These  and  others  like  them  are  war  develop- 
ments and  will  continue  in  the  same  line  of  product.  They 
probably  will  endeavor  also  to  improve  the  quality  of  their 
product  so  as  to  approach  that  of  the  best  American  manu- 
facturers, which  is  everywhere  recognized  as  the  standard. 
There  will  be  no  market  in  Europe  for  cheap  American  ma- 
chine tools,  but  there  will  be  for  high-grade  tools  of  reputa- 
tion, such  as  milling  machines,  automatics,  turret  lathes  and 
other  highly  specialized  tools,  some  of  which  are  not  now 
made  in  Europe  at  all,  or  if  they  are,  not  in  sufficient  quanti- 
ties to  keep  the  cost  low  and  the  quality  high.  I  believe  that  a 
home  market  is  necessary  to  insure  the  successful  manufac- 
ture of  such  products,  and  the  American  specialist  who  can 
keep  his  own  costs  down  by  producing  in  large  quantities 
should  be  able  to  undersell  the  manufacturer  in  a  limited 
market,  even  if  the  latter  is  protected  by  tariffs  and  freight 
charges.  This  condition  can  be  met  and  overcome  by  a  con- 
tinued advance  in  our  manufacturing  methods,  and  by  an  in- 
crease in  our  ability  to  give  better  value  in  such  products  than 
can  be  obtained  in  Europe. 

Women  will  continue  to  be  employed  In  the  European  ma- 
chinery industries:  first,  because  their  efficiency  has  been  a 
revelation  to  employers;  second,  because  they  have  never  yet 
left  an  occupation  in  which  they  secured  a  foothold;  and  third, 
because  many  of  them  will  be  obliged  to  support  crippled  hus- 
bands and  kinspeople,  and  the  state  will  not  countenance  any 
effort  to  thrust  them  out  of  the  shops  under  such  conditions. 
High  prices  for  all  commodities,  in  my  opinion,  will  continue 
to  prevail;  and  with  the  reduced  labor  supply,  wages  will  not 
decrease.  Unless  there  is  a  period  of  general  unemployment 
they  may  even  go  higher.  This  general  Increase  in  costs  should 
bring  production  costs  nearer  those  of  American  manufac- 
turers, and  with  improved  methods  our  manufacturers  should 
be  able  to  compete  more  nearly  on  a  cost  equality  with  those 
of  Europe. 

There  is  no  hostility  toward  Americans  except  in  Germany 
and  Austria;  but  the  national  and  industrial  policies  of  Great 
Britain  and  her  Allies  are  shaped  to  confine  their  purchases  of 
war  material  and  of  every  other  kind  to  home  products  when- 
ever possible,  for  the  purpose  of  reducing  their  adverse  trade 
balances  and  to  keep  the  business  at  home.  The  Ministry  of 
Munitions  is  endeavoring  to  reduce  the  orders  for  machinery 
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and  material  placed  in  the  United  States,  and  when  that  is 
not  practicable,  to  reduce  the  prices  being  paid.  The  recent 
contract  clause  which  provides  for  cancellation  after  Septem- 
ber 1  is  made  to  provide  for  control  over  both.  An  order  re- 
cently issued  by  the  same  authority  requires  "the  most  rigid 
economy  in  the  use  of  skilled  labor  and  material,  and  that 
no  machine  tools  be  purchased  for  carrying  out  government 
contracts  unless  it  is  impossible  to  use  existing  machines." 
In  certain  cases  orders  that  have  been  placed  for  tools  have 
lately  been  cancelled,  and  the  work  for  which  they  were  in- 
tended has  been  transferred  to  other  firms  who  have  facilities 
for  doing  it  without  purchasing  additional  equipment.  These 
measures  indicate  the  close,  rigid  and  economical  control  which 
is  now  being  exercised  by  the  British  government  over  the 
purchase  of  all  kinds  of  war  material.  The  period  of  waste 
and  enormous  profits  is  past. 

This  policy,  in  my  opinion,  will  continue  to  be  enforced  by 
all  the  European  nations,  and  will  affect  our  exports  of  ma- 
chine tools  after  the  war;  but  we  can  hardly  criticize  them 
when  we  have  made  so  many  millions  out  of  their  necessities 
during  the  past  two  years. 

It  is  thought  in  Great  Britain  that  government  control  of 
the  railways  will  be  continued  after  the  war,  as  it  has  worked 
out  very  satisfactorily;  but  it  should  be  remembered  that 
the  British  railroads  are  being  run  by  their  former  experienced 
managers,  who  are  working  together  in  friendly  cooperation, 
with  all  competition  and  wasteful  duplication  of  service  elimi- 
nated, and  with  the  help  of  the  government's  autocratic  power 
they  have  accomplished  wonders.  When  these  men  are  re- 
placed with  a  bunch  of  politicians,  the  results  may  be  different, 
as  they  were  in  France  before  the  war. 

Russia  is  now  being  widely  exploited  as  an  unlimited  mar- 
ket for  American  products,  and  a  number  of  statements  have 
lately  been  published  describing  the  opportunities  for  Ameri- 
can manufacturers  to  establish  plants  in  that  country.  This 
is  doubtless  practicable  for  industries  like  that  of  the  Interna- 
tional Harvester  Co.  or  the  Singer  Sewing  Machine  Co.,  for 
whose  products  there  is  an  expanding  market;  but  there  is  no 
opening  in  Russia  at  present  for  the  manufacture  of  machine 
tools  and  supplies,  because  the  demand  is  too  limited.  Russia 
has  vast  natural  resources,  principally  agricultural;  also  great 
mineral  wealth  and  some  manufacturing.  Metal  manufactur- 
ing has  been  undertaken  there  only  to  a  limited  extent  and 
its  growth  will  be  slow,  for  while  Russia  will  develop  greatly 
after  the  war,  if  no  revolution  intervenes,  its  expansion  will 
be  along  lines  that  will  not  immediately  benefit  our  manufac- 
turers of  machine  tools.  Russia  will  buy  from  Germany  very 
soon  after  the  war  closes.  The  feeling  between  them  is  less 
bitter  than  between  any  other  two  "enemy"  countries.  Ger- 
many makes  many  cheap  products  that  Russia  needs  and  can- 
not get  elsewhere  at  as  low  prices  and  in  the  forms  desired, 
and  Germany  pursues  a  commercial  policy  of  granting  long- 
time payments  instead  of  demanding  cash,  as  our  manufac- 
turers must  until  banking  connections  are  much  better  than 
at  present.  Thousands  of  Germans  have  married  in  Russia, 
and  there  are  many  influential  native  Russians  with  German 
names  and  affiliations,  so  that  while  the  German  influence 
will  probably  not  predominate  as  before  the  war,  it  will  con- 
tinue to  be  powerful,  socially  and  politically,  and  will  be  ex- 
erted to  help  Germany  commercially. 

Americans  are  more  popular  in  France  than  elsewhere  in 
Europe,  because  they  have  been  permitted  to  take  a  more 
active  part  in  the  war  relief  work  there  than  in  any  other 
country.  There  are  any  number  of  American  hospitals  in 
France  sustained  by  American  money  and  operated  by  Ameri- 
can workers;  and  as  everyone  knows,  there  are  thousands  of 
Americans  actively  employed,  not  only  in  war  relief  work, 
but  in  the  French  army.  This  and  other  well  known  causes 
have  embittered  the  Germans  against  America,  and  we  shall 
have  difficulty  in  re-establishing  our  commercial  relations  with 
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Germany.  The  antagonism  in  that  country  against  the  differ- 
ent nations  may  be  rated  about  as  follows:  (1)  British,  (2) 
American,  (3)  Japanese,  (4)  French,  (5)  Russian.  As  the 
European  demand  for  machine  tools  has  been  confined  to  those 
used  for  munition  work,  it  was  rather  difficult  to  get  informa- 
tion about  new  machines  which  might  be  profitably  exported 
from  this  country.  There  seems  to  be  a  market  for  relieving 
lathes,  for  tool  grinders  known  in  England  as  the  Lumsden 
pattern  (which  are  of  a  somewhat  similar  type  to  those  made 
by  Gisholt  and  Sellers  for  grinding  lathe  and  planer  tools), 
for  "capstan"  attachments  for  engine  lathes,  and  for  spur  gear 
grinders. 

There  are  numerous  cases  where  machine  tools  employed  on 
munition  work  have  been  worn  out  or  broken  up  by  bad  usage, 
but  I  think  that  is  the  exception  rather  than  the  rule,  and 
that  the  percentage  of  such  machines  will  not  be  large.  The 
amount  of  machine  tools  necessary  to  re-equip  plants  that  have 
been  destroyed  or  stripped  by  the  Germans  is  difficult  to  esti- 
mate. On  the  Eastern  front  the  amount  will  be  small,  because 
there  are  few  machine  shops  there;  in  Belgium,  if  reports  are 
correct,  it  will  be  quite  large.  How  many  will  be  replaced 
from  equipment  that  will  pass  out  of  use  when  the  war  ceases 
is  a  question.  If  the  present  British  policy  in  regard  to  the 
purchase  of  machines  is  carried  out  generally,  none  will  be 
bought  that  can  be  replaced  from  "stock."  The  French  and 
British  governments  are  working  in  close  cooperation  on  all 
such  details.  A  considerable  portion  of  the  losses  in  the  fight- 
ing area  of  France,  outside  of  large  cities,  will  be  confined 
to  building  material  and  household  furniture;  and  the  recon- 
struction, for  a  time  at  least,  will  be  of  inexpensive  character, 
similar  to  the  buildings  now  being  shown  in  the  Tuileries 
Gardens  on  the  Place  de  la  Concorde  in  Paris.  The  number 
of  machine  tools  required  in  the  cities  in  that  part  of  France 
will  be  considerable,  but  hardly  suflicient  to  greatly  increase 
the  exports  from  this  country  in  view  of  the  possible  way 
in  which  accumulated  material  will  be  handled. 

It  is  almost  as  difficult  to  answer  the  inquiry  as  to  our 
moral  and  business  standing  with  European  countries  as  to 
say  when  the  war  will  end.  The  reputation  of  our  well  known, 
reliable  manufacturers  is  just  as  high  as  ever;  but  some  new- 
comers in  the  machine  tool  field,  and  others  who  should  know 
better,  have  injured  the  American  reputation  by  failing  to 
keep  their  promises  and  by  delivering  machines  which  should 
never  have  left  their  shops — with  all  due  allowance  for  labor 
and  material  troubles  here.  It  surely  pays  in  the  long  run 
to  so  deal  with  a  customer  that  he  will  wish  to  continue  the 
business  relation;    but  some  of  our  manufacturers  have  not 

followed  that  policy. 

*     *     * 

From  time  immemorial,  manuscripts,  plans  and  drawings 
have  been  rolled  or  folded  with  the  back  or  blank  side  out. 
The  reason,  of  course,  is  that  it  seems  desirable  to  cover  the 
face  of  a  drawing  and  protect  it  from  injury.  The  disadvan- 
tage of  the  practice  is  that  a  drawing  rolled  with  the  face  in- 
side is  difficult  to  straighten  out  and  use.  It  will  curl  up  when 
lying  on  a  table  for  a  long  time  after  being  released.  It  was 
pointed  out  some  years  ago  that  it  is  better  practice  to  roll 
drawings  with  the  face  out.  Then  when  they  are  released  and 
laid  on  the  table  face  up  the  tendency  to  curl  lifts  the  center 
rather  than  the  edges.  The  result  is  that  the  drawing  soon 
straightens  out  and  lies  flat.  In  view  of  this,  it  was  suggested 
that  the  practice  of  publishers  of  magazines  be  changed  so 
that  the  magazine  be  rolled  or  folded  for  mailing  with  the 
front  cover  page  out.  Machineby  was  one  of  the  first  publica- 
tions to  adopt  the  plan,  and  now  the  practice  is  becoming  gen- 
eral. Many  of  the  large  publications,  such  as  the  Saturday 
Evening  Post,  the  Ladies'  Home  Journal,  etc.,  are  rolled  with 
the  front  cover  oiit.  A  magazine  so  rolled  may  be  laid  on  the 
table  after  removing  the  wrapper  and  in  a  few  hours  it 
straightens  out  and  lies  flat.  Of  course  the  same  action  would 
take  place  if  rolled  the  other  way,  provided  the  magazine  was 
laid  down  with  the  back  cover  up,  but  the  universal  tendency 
of  everyone  after  tearing  off  the  wrapper  of  a  magazine  is  to 
lay  it  down  with  the  front  cover  up.  By  simply  reversing  the 
process  of  rolling,  the  general  practice  is  made  to  counteract 
automatically  the  defect  caused  by  rolling  or  folding. 


CASTING   AND   MACHINING   MALLEABLE 
IRON   PARTS 

BY   H.   W.  JOHNSON' 

Malleable  iron  is  a  material  with  which  all  experienced 
mechanics  have  had  to  work,  although  shops  engaged  in  the 
manufacture  of  pipe  fittings,  agricultural  implements  and 
hardware  are  probably  the  largest  users.  The  production 
of  small  hardware  parts  and  pipe  fittings  presents  some  of 
the  most  intricate  problems  which  the  foundry  encounters; 
but  such  parts  are  comparatively  easy  to  handle  in  the  ma- 
chine shop,  owing  to  their  small,  compact  form,  which  does 
away  with  trouble  from  distortion.  Large  quantities  of  thin, 
crooked  malleable  iron  parts  are  used  in  the  construction  of 
all  classes  of  agricultural  implements,  but  more  particularly 
on  harvesting  machinery;  these  parts  have  numerous  lugs  and 
bolting  surfaces,  none  of  which  are  machined,  but  which  are 
required  to  bear  a  definite  relation  to  each  other  and  to  cer- 
tain holes  drilled  in  the  work.  From  the  standpoint  of  pro- 
duction cost,  it  is  desirable  to  drill  out  cored  holes  rather 
than  to  drill  from  the  solid,  and  this  still  further  complicates 
the  problem,  as  the  cored  holes  have  to  be  brought  into  the 
proper  relation  to  each  other  in  order  that  they  may  "clean 
up"  properly  when  drilled. 

Among  the  difficulties  commonly  met  with  in  the  production 
of  malleable  iron  parts,  the  following  are  worthy  of  special 
attention:  (1)  Variations  in  thickness  due  to  poor  or  irregu- 
lar ramming,  excessive  rapping  or  careless  pouring  of  the 
metal.  (2)  Variations  in  length  due  to  excessive  rapping  or 
unequal  shrinkage.     (3)  Warping  due  to  uneven  shrinkage  in 


Fig.    1.     Malleable   Iron  Casting   with  Tliree   Cored  Holes   to  be   bored 

the  original  hard  iron  casting  or  to  poor  packing  in  the  boxes 
in  which  the  heat-treatment  is  conducted.  Variations  in 
thickness  are  usually  such  that  they  can  only  be  corrected  by 
machining,  the  cost  of  which,  in  most  cases,  would  be  pro- 
hibitive. Occasionally,  however,  a  casting  can  be  hamniered 
down  at  the  working  point  by  means  of  an  operation  per- 
formed under  the  drop-hammer  with  a  die  made  to  concen- 
trate the  effect  of  the  blow  at  the  important  points  on  the 
work.  A  case  in  point  is  the  knife  head  of  a  mowing  machine, 
in  which  the  knife  is  guided  by  a  flange  about  %  inch  wide 
by  %  inch  thick  and  4  or  5  inches  long.  This  flange  runs  in  a 
groove  and  must  not  be  too  thick.  Where  trouble  is  expe- 
rienced with  the  casting,  the  steel  die  used  on  the  drop-hammer 
sizes  the  head  casting  very  nicely. 

When  castings  are  too  thick  to  allow  of  the  performance 
of  the  sizing  operation  of  the  kind  referred  to,  trouble  due  to 
lack  of  uniformity  in  size  can  often  be  avoided  by  selecting 
the  proper  locating  points  when  designing  jigs  or  fixtures,  if 
room  has  been  provided  for  the  excess  stock  to  overhang 
where  it  will  do  no  harm.  The  mowing  machine  knife  head 
will  serve  as  a  further  example  to  illustrate  this  point.  In 
sizing  the  work  to  correct  an  error  in  thickness,  the  width 
must  be  neglected.  In  this  piece  a  row  of  rivet  holes  is 
drilled  to  rivet  the  head  to  the  knife,  the  work  being  located 
in  the  jig  from  the  rear  or  guiding  edge,  so  that  the  excess 
width  overhangs  on  the  front,  where  ample  clearance  has 
been  provided.  This  point  is  one  that  must  be  carefully 
watched  by  every  designer  if  he  expects  to  secure  uniformly 
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satisfactory  results  in  designing  parts  for  whicli  malleable 
iron  castings  are  used. 

Variations  in  length  can  sometimes  be  corrected  if  the 
casting  has  a  curved  section,  into  which  excess  stock  can  be 
forced  or  from  which  a  small  "draw"  can  be  obtained  with- 
out interfering  with  the  usefulness  of  the  casting.  This  is 
done  by  means  of  dies  which  will  be  described  in  a  subse- 
quent paragraph.  A  triangular  casting  with  a  cored  hole  in 
each  corner,  as  shown  in  Fig.  1,  would  be  hopeless  if  the  cored 
holes  had  to  be  bored  out  clean  with  a  definite  distance  be- 
tween centers;  but  by  changing  the  design  to  the  form  shown 
in  Fig.  2,  any  ordinary  error  could  be  corrected  by  an  opera- 
tion performed  under  the  drop-hammer.  If  such  a  change  is 
not  allowable,  the  only  alternative  would  be  to  dispense  with 
the  cored  hole  in  boss  A  and  elongate  the  boss  to  provide  the 
required  compensation  for  variation  in  length;  the  hole  would 
then  be  drilled  from  the  solid  metal  to  give  the  required  dis- 
tance between  centers.  The  cost  of  production  would  be 
greatly  increased  by  such  a  practice,  because  a  twist  drill 
running  in  solid  metal  cannot  be  depended  upon  to  cut  to 
size,  while  a  three-lipped  drill  working  in  a  cored  hole  will 
do  uniformly  good  work.  In  other  words,  the  drilling  of 
holes  from  the  solid  would  cost  more  in  itself,  and  it  would 
also  be  necessary  to  ream  them  in  order  to  insure  accuracy 
of  size. 

All  ordinary  errors  due  to  warping  can  usually  be  corrected 
by  "dropping"  the  malleable  iron  castings  in  cast-iron  dies. 
If  it  is  only  necessary  to  bring  the  casting  back  to  form  in 
one  plane  the  problem  is  a  simple  one,  as  a  pair  of  dies  parted 
on  the  horizontal  center  line  of  the  casting  will  give  the  de- 


Fig.  2.     Casting  to  replace  the  One  shown  in  Fig.   1,  with  Curved  Arms  to 
compensate  for  Errors  in  Center  Distance 

sired  result.  Should  it  happen  that  the  casting  requires  con- 
siderable correction  in  a  sidewise  direction,  as  well  as  up  and 
down,  the  dies  will  have  to  be  made  in  such  a  way  that  the 
lower  die  is  provided  with  a  substantial  wall  which  is  a  close 
fit  around  the  important  points  on  the  work,  but  cut  away  to 
provide  clearance  for  gates,  etc.  The  upper  die  should  come 
down  inside  without  touching  this  wall,  and  provide  pressure 
to  give  the  desired  form  to  the  work.  Such  a  die  is  well  suited 
to  the  requirements  of  forming  a  piece  of  work  of  the  kind 
shown  in  Fig  2,  and  it  will  not  only  form  the  castings,  but  will 
also  correct  errors  in  length  and  width. 

In  designing  a  lower  die  for  sizing  a  piece  of  this  kind,  the 
bosses  on  the  work  should  be  made  to  fit  snugly  in  the  pockets 
in  the  die,  but  the  webs  should  receive  only  a  flat  blow,  the 
dies  being  designed  to  allow  them  to  give  in  a  sidewise  direc- 
tion to  compensate  for  correction  which  must  be  made  in  the 
length  and  width  of  the  work.  If  the  bosses  are  longer  on 
one  side  than  on  the  other,  the  longest  side  should  be  placed 
underneath,  because  driving  the  bosses  down  into  the  pockets 
ir  the  lower  die  results  in  providing  the  necessary  correction 
in  center  distance.  The  bosses  must  be  given  plenty  of  side 
clearance  in  the  top  die  to  allow  for  the  usual  looseness  of 
the  head  in  the  average  drop-hammer  found  in  malleable  iron 
foundries,  otherwise  they  are  likely  to  be  badly  dented  at  the 
corners. 

The  angle  at  which  the  work  is  struck  is  a  very  important 
matter,  and  the  patternmaker  who  makes  the  patterns  for  the 
die  will  have  to  turn  his  sample  piece  until  he  has  found  a 


position  In  which  all  important  points  will  be  adequately  sup- 
ported by  the  bottom  die,  and  at  the  same  time  receive  a  fair 
blow  from  the  top  die.  If  one  side  of  the  casting  is  much 
stiffer  than  the  other,  the  stiffer  side  should  be  placed  in  such 
a  position  that  it  will  receive  the  heaviest  part  of  the  blow. 
Some  pieces  of  work  have  so  much  spring  that  treatment 
under  the  drop-hammer  has  relatively  little  effect  on  them, 
and  the  best  that  can  be  done  with  such  pieces  is  to  use  a 
heavy  hammer  with  a  relatively  low  lift,  so  that  a  slow, 
"soggy"  blow  is  delivered  without  any  rebound.  HeJiting  the 
work  before  hammering  will  help  to  make  the  blow  of  the 
hammer  effective,  but  this  is  likely  to  damage  the  metal. 

In  machining  malleable  iron  castings,  the  use  of  plenty  of 
cutting  compound  is  of  the  utmost  importance,  as  a  copious 
flow  should  be  delivered  to  the  work  at  all  times.  In  drilling 
holes  in  solid  metal,  a  moderate  feed  should  be  used  with  all 
the  speed  that  the  drill  will  stand;  and  for  drilling  cored  holes 
with  a  three-lipped  drill  a  cutting  speed  of  about  65  feet  per 
minute  with  a  feed  of  from  0.030  to  0.065  inch  per  revolution 
will  be  found  to  give  satisfactory  results.  In  reaming  holes, 
the  best  results  will  be  obtained  with  a  speed  of  about  30  feet 
per  minute  and  the  heaviest  feed  that  can  be  employed.  When 
facing  operations  are  performed  with  sweep  cutters,  a  flat 
blade  should  be  used,  which  is  set  at  an  angle  of  15  degrees 
top  rake  and  a  little  ahead  of  the  center  to  afford  a  shearing 
action.  With  plenty  of  lubricant,  such  a  cutter  will  work 
rapidly  and  produce  a  good  finish.  For  hollow-milling,  the 
cutter  requires  a  top  rake  of  8  degrees  and  a  clearance  of  3 
degrees,  with  the  teeth  cut  far  enough  ahead  of  the  center  to 
provide  a  free  curling  chip.  Tapping  and  threading  operations 
may  be  satisfactorily  performed  in  malleable  iron  if  plenty 
of  lubricant  is  used;  holes  to  be  tapped  should  be  slightly 
larger  than  in  the  case  of  steel,  as  the  tool  will  produce  a 
good  full  thread  under  such  conditions. 

In  general,  it  will  be  found  that  malleable  iron  will  hug  the 
tool  closely  and  finish  to  practically  the  size  of  the  tool  if 
plenty  of  lubricant  is  used;  but  if  it  is  attempted  to  run  the 
tools  dry,  their  action  is  likely  to  be  erratic,  one  hole  coming 
large,  the  next  small,  and  vice  versa.  Jigs  and  fixtures  must 
afford  support  close  to  the  cutting  tools,  owing  to  the  springy 
nature  of  the  iron;  and  facing  and  counterboring  tools  ought 
to  be  equipped  with  roller  pilots  to  avoid  scoring  the  bored 
holes  in  which  they  run.  Cored  holes  can  be  drilled  with 
three-lipped  spiral  drills  within  a  limit  of  ±  0.002  inch,  using 
feeds  and  speeds  which  afford  a  high  rate  of  production.  The 
drill  should  be  one-third  of  the  total  tolerance  larger  than  the 
small  limit  allowed  on  the  work;  for  instance,  to  drill  a  7/8- 
inch  hole  on  which  the  limits  are  0.875  and  0.879  inch,  the 
drill  would  be  made  0.8763  inch. 

*     *     * 

S.    A.    E.    STANDARDIZES   AUTOMOBILE 
NAMES 

The  Society  of  Automobile  Engineers  has  sent  out  the  re- 
sults of  six  months  standardization  work,  which  has  for  its 
purpose  the  establishment  of  precise  and  expressive  terms  for 
motor  car  parts  and  accessories.  There  are  many  advantages 
in  having  uniform  names  of  car  parts.  The  motor  car  user 
would  find  it  much  easier  to  make  replacements  if  there  were 
general  agreement  as  to  the  use  and  meaning  of  terms.  The 
manufacturer  would  benefit  for  the  same  reason  and  the  en- 
tire industry  would  welcome  a  list  of  names  that  will  remedy 
the  present  chaotic  condition  in  which  each  maker  seemingly 
uses  a  different  terminology. 

The  list  of  names  recommended  by  the  Society  of  Automo- 
bile Engineers  was  developed  through  the  combined  efforts  of 
engineering  and  service  representatives  of  a  number  of  lead- 
ing motor  car  manufacturers.  Over  six  hundred  separate 
names  of  the  more  important  parts  are  given.  No  attempt 
was  made  to  list  minor  parts,  the  names  of  which  are  well  un- 
derstood. Definitions  are  included  for  axles,  brakes  and 
bodies  for  which  uses  vary.  The  names  of  bodies  particularly 
are  in  need  of  standardization  because  of  the  wide  variety  of 
names  used  by  different  makers.  The  term  "engine"  is  rec- 
ommended rather  than  "motor"  to  avoid  confusion  with  elec- 
tric motors  used  for  starting  the  engines  installed  on  cars. 
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RULES  FOR  CRANE  OPERATION 

Traveling  cranes  are  an  indispensable  feature  of  modern 
plants.  Their  capacity  for  lifting  and  conveying  parts  and 
materials  is  practically  unlimited,  but  unfortunately  their 
operation  is  attended  by  many  dangers.  Crane  men  and  chain 
men  become  careless,  and  green  men  on  the  floor  are  likely 
to  give  wrong  signals  or  signals  that  may  be  misunderstood. 
F.  B.  Prescott  of  the  Boston  &  Montana  Reduction  Works  rec- 
ommends in  the  Anode  the  following: 

1.     That  there  be  established  through  the  safety  bureau 

uniform  traveling  crane  signals  to  come  into  effect  in  all 

industrial  establishments. 


CHANGE-GEAR   TABLES   FOR   SCREW 
CUTTING 

BY  MARTIN  H.   BALL' 

In  December,  1910,  I  contributed  an  article  to  Macuineby 
dealing  with  the  subject  of  cutting  fractional  screw  threads, 
and  giving  tables  of  the  different  available  ratios  for  change- 
gears  furnished  with  lathes  having  lead-screws  with  four,  five 
and  six  threads  per  inch.  These  tables  made  it  easy  to  de- 
termine the  ratio  of  different  combinations  of  gears  without 
taking  the  time  to  make  calculations,  but  in  the  present  article 
the  process  has  been  carried  a  step  further.  In  this  case  the 
arrangement  of  the  tables  is  the  same  except  that  the  pitch 


TABLE  I.    PITCHES  OBTAINED  USING  LEAD-SCREW  WITH  THREE  THREADS  PER  INCH 


Number  of  Teeth  in  Spindle  Gear 


21 


,2916 
,2692 
.250 
,2333 
,2187 
,1944 
,175 
,1458 
,125 
,1093 
,0972 
0795 
,0760 
,0730 
0673 
0625 


24 


26 


0.3809 


3076 

2857 

2666 

250 

2222 

200 

1666 

1428 

125 

1111 

0909 

0869 

0833 

0769 

0714 


.4126  0 
,3611  0 
0 

,3095  . 

,2888l0 

.2708J0 

,2407  0 

,216610 

,18050 

,1547i0 

,1354|0 

,12030 

,0984:0 

,0942  0 

,0902 

,0833 

,0773 


.4444 


3589 


3111 
2916 
2592 
2333 
1944 
1666 
1458 
1296 
1060 
1014 
0972 
0897 
0833 


30 


4761 
4166 
3846 
3571 


3125 

2777 

250 

2083 

1785 

1562 

1388 

1136 

1086 

1041 

0961 


32 


5079 
4444 
,4102 
,3809 
3555 


0892  0 


2962 
2666 
2222 
1904 
1666 
1481 
1212 
1158 
1111 
1025 
0952 


36 


5714 

500 

4615 

4285 

400 

375 


300 

250 

2142 

1875 

1666 

1363 

1304 

125 

1153 

1071 


40 


6349 
5555 
5128 
4761 
4444 
4166 
3703 


2777 
2380 
2083 
1851 
1515 
1449 
1388 
1282 
1190 


48 


7619 

6666 

6153 

5714 

5333 

500 

4444 

400 


2857 

250 

2222 

1818 

1739 

1666 

1538 

1428 


64 


72 


88 


.88881. 0158 
.7777  0.8888 
.71790 
.6666  0 
.6222  0 
.5833  0 
.5185,0 
.4666  0 
.3888  0 

0 

.2916  . 

.2592  D. 

.2121  0 

.20280 

.1944i9. 

.1794i0 

.166610 


.8205 
.7619 
.7111 
.6666 
.5925 
.5333 
.4444 
.3809 


.2962 
.2424 
.2318 
.2222 
.2051 
.1904 


1428 

000 

9230 

8571 

800 

750 

6666 

600 

500 

4285 

375 


2727 

2608 

250 

2307 

2142 


3968  1 


2222 
1282 
0476 
9777 
9166 
8147 
7325 
6111 
5232 
4583 
4069 


92 


3188 
3052 
2820 
2619 


460 

2777 
1794 
0952|1 


96 


0222 
9583 
8518 
7666 
6388 
5476 
4791 


425910 


3484 


3194 
2948 

2738 


5238 

3333 

2307 

1428 

0666 

000 

8888 

800 

6666 

5714 

500 

4444 

3636 

3478 


3076 

2857 


104 


112 


,6504 
4444 
3333 
2380 
1555 
,0833 
9629 
,8666 
,7222 
6190 
5416 
4814 
3939 
3768 
3611 


0.3094 


.7777 
.5555 
.4358 
.3333 
.2444 
.1666 
.0370 
.9333 
.7777 
.6666 
.5833 
.5185 
.4242 
.4057 
.3888 
.3589 


Afackinery 


2.  That  men  be  appointed  crane  chasers  who  are  well  in- 
formed on  such  signals. 

3.  That  every  man  aspiring  to  the  position  of  either 
traveling  crane  operator  or  signal  man  shall  pass  an  exami- 
nation in  signaling  among  the  other  requisites  for  his  office. 

Mr.  Prescott  points  to  the  uniform  signals  used  by  shifting 
crews  on  railways  the  country  over,  and  states  that  uniformity 
is  equally  desirable  in  the  operation  of  traveling  cranes.  All 
railways  put  their  engineers  and  firemen  through  official  ex- 
amination, and  these  men  are  not  generally  better  paid  than 
crane  operators.  The  number  of  traveling  cranes  in  use  and 
men  operating  and  attending  them  makes  the  subject  of  gen- 
eral importance  in  the  industrial  world.  The  recommenda- 
tion in  regard  to  the  operation  of  cranes  and  the  establish- 
ment of  a  uniform  code  of  signals  should  meet  with  general 
approval  by  industrial  works  managers  generally. 
*     *     * 

The  oxide  on  high-speed  steel  melts  at  a  temperature  of 
about  1250  degrees  C.  (2300  degrees  F.)  which  is  the  ap- 
proximate temperature  for  hardening.  A  skilled  hardener 
can  observe  the  oxide  melting  and  thus  determine  with 
fair  accuracy  the  proper  hardening  heat. 


of  the  lead-screw  has  been  taken  into  consideration,  so  that 
the  number  which  appears  at  the  intersection  of  vertical  and 
horizontal  lines  through  any  two  gears  represents  the  pitch 
of  the  screw  that  will  be  obtained  by  using  those  two  gears 
on  the  lead-screw  and  spindle  of  the  lathe. 

To  illustrate  the  use  of  these  tables,  we  will  assume  that  it 
is  required  to  cut  a  worm  to  drive  a  worm-wheel  having  teeth 
of  10  diametral  pitch.  Referring  to  Table  IV,  which  gives  the 
relation  between  the  diametral  pitch  of  worm-wheels  and  the 
corresponding  pitch  of  worms  which  mesh  with  them,  we  find 
the  pitch  of  a  worm  to  mesh  with  a  worm-wheel  of  10  diametral 
pitch  is  0.314  inch.  Next  referring  to  Table  III,  which  gives 
the  pitches  obtainable  with  change-gears  on  a  lathe  with  a  lead- 
screw  having  five  threads  per  inch,  we  find  that  the  use  of  a 
55-tooth  gear  on  the  spindle  and  a  35-tooth  gear  on  the  lead- 
screw  provide  for  cutting  a  screw  with  a  lead  of  0.31^2  inch. 
The  error  resulting  through  the  use  of  this  gear  combination 
is  only  0.0002  inch,  which  is  not  great  enough  to  give  any 
trouble  except  in  cases  where  great  accuracy  is  necessary. 

As  a  further  example  of  the  use  of  the  tables,  suppose  that  a 
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TABLE  11.    PITCHES  OBTAINED  USING  LEAD-SCREW  WITH  POUR  THREADS  PER  INCH 


Number  of  Teeth  in  Spindle  Gear 


105    I    112 


0.2142  . 
0. 187510 
0.166610 
0.150  0 
0.14280 
0.1359  0 
(0.125  (O, 
0.1153':0 
O.lOTllO 
0.100 
0.0937 

0 .  ass2 

O.OS33 

0.075 

0 .  0681 

0.0652 

0.0625 

0.0576 

0.0.571 

0.0535 


857  0 
...  0 
222 
0.200 
O.liXM 
0.1818 
145810.1666(0. 
,134010.1538 
.125  |0.1428 
.1166)0.1333 
.1093  0.12; 


375 
3214 

2812 

225' 


0.4166  ( 
0.3571 
0.3125 
0.2UT 


1590  ( 


0875 
0795 
0760 
0729 
0673 
,0666 
0625 


0.1176 
0.1111 
O.lOO 
0.0909 
0.0809 
0.0833 
0.07C9 
0.0761 
0.0714 


380 
0.22 
1875  0.2083  ( 
17.30  0.1023  I 
1607  0.1785  ( 
150    0.1066  I 
14060.1562 
1323  0.1470  ( 


.125 

.1125 

.1022 

.0977 

.0037 

.  0865 

.08,57 

.0803 


0.1388 ( 
0.12 
0.1136 
0.1086  I 
0.1041 
0.0901 
0.09.52  ( 
0.0892  1 


.4375 ( 
.375 
.3281  I 
.2916  ( 
.2625 ( 


.2187 

.2019 < 

.1875 

.175 

.1640 

.1544 

.1458 

.1312 

.1192 

.1141 

.1094 

.1009 

.100 

.0»37 


.4583 

.3928 

i.3437 

.3055 

.275 

.2619 

.2291 
.2115 ( 
1.1064  I 
.1833 ( 
.1718  ( 


.1195  I 
.1145 
.1057  I 
.1047 i 
.0982 


0.500 

1.4285 
1.375 
1.3333 
1.300 

(.2857 
1.2727 

•  12307 

>.2142 

1.200 

1.1874 

1.1764 

1.1666 

(.150 

1.1363 

1.1304 

1.125 

1.1153 

1.1142 

1.1071 


0.5416 

0.4642 

0.4062 

0.3610 

0.325 

0.3095 

0.2954 

0.2708 

6!  2.32  i 

0.2162 

0.2031 

0.1911 

0.1805 

0.1625 

0.147 

0.1413 

0.13.54 

0.12r 

0.1238 

0.1160 


1.58330 
1.500  0 
1.4375  0 
.3888  0 
1.350  , 
1.3333  0. 
.3181  0. 
1.2916  0. 
.2092  0. 

0. 

1.2333  .. 
.2187  0. 
1.20,58  0. 
i.1944  0. 
.175  0. 
1.1,590  0. 
1.1,521  0. 
.14.58  0. 
1.1346  0. 
1.1333  0. 
.125  ,0. 


625  I 
5357  I 
4087  ( 
4166  ( 
.375  ( 
3571  ( 
3409  ( 
3125  ( 
2884  < 
2678  ( 

( 

2343 
2205  ( 
2083  ( 
1875  ( 
1704  ( 
16.30  ( 
1562  ( 
1442  I 
1428  I 
1339  ( 


.500  ( 
.4444  ( 
.400  1 
.3809  ( 
.3636  ( 
.3,333  ( 
.3076 ( 
.2857 ( 
.2606  ( 

( 

.2352 
.2222  ( 
.200  ( 
.1818  ( 
.17,39  ( 
.1666  ( 
.1.538  ( 
.  1,523  ( 
. 1428 ( 


1.7083 

1.6071 

1.5312 

1.4722 

1.425 

1.4047 

.3863 

.3540 

.3269 

1.3035 

.2833 

.2656 

!2,36i 
i.2125 
.1931 

.184 


0.750 

0.6428 

0.5625 

0.500 

0.450 

0.4285 

0.4090  1 

0.375 

0.3461 

0.3214 

0.300 

0.2812 

0.2647 


0.225 
0.2045  1 
0.19.56 
0(0.1875  ( 
1634  0.1730  1 
1619  0.1714  I 
1517  0.1607 


1.8333  ( 
.7142  I 
.625 
•.55,55  I 
1.500 
1.4761  ' 
.4,545 
.4166  ( 
.3,846  < 
.3571 
.3.333 
.3125  1 
.2941 
.2777  I 


.2083 ( 
.1923  ( 
.1904  ( 
.1785  ( 


.6111 
.550 
.5239 
.500 
.4583 
.4230 
.3928 
.,3666 
.3437 
.3235 
.30.55 


0.6388  1 
0.575  ( 
0.5476  ( 
0..5227  ( 
0.4791  ( 
0.4423  ( 
0.4107  ( 
0.3833  ( 
0.3593  ( 
0.,3382( 
0.3194  ( 
0.2875  ( 
0.2613  ( 

( 

0.2395  . 
i 0.2211  ( 
;  0.2190  ( 
I  0.20.53  ( 


.600 
.5714  ( 
.5454  1 
.500 
.4615 ( 
.4285  ( 
.400 
.375 
.3522  I 
.3333  I 
.300 


.2307 
.2285  ( 
.2142  ( 


.0833 
.9285 
.8125 


..5416' 

.500 

.4642 

.4333 

.4062 

.3823 

.3611 

.325 

.29,54 


.0937 
1.9375 
1.8203 
1.7277 
.6ri62 
.625 
1.5905 
.5468 
.5048 
.4687 
.4375 


1.1666 
1.000 
0.875 
0.7777 
0.700 
0.6666 
0.636.'' 
0.5833 
0.5,384 
0.500 
0.466«; 


0.3888 
0.3.50 
0.3181 
0.3043 
0.2916 
0.269i 
0.2666 
2343 
Mnrhlnirv 


.3645 
.3281 
.2982 
.2853 
.2734 
.2,524 
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lathe  were  available  which  had  a  lead-screw  with  three  threads 
per  inch  and  that  the  work  to  be  done  consisted  of  cutting  the 
threads  of  a  worm  with  a  lead  of  0.524  inch  to  mesh  with  a 
worm-wheel  having  teeth  of  6  diametral  pitch.  This  work 
could  be  done  by  using  an  88-tooth  gear  on  the  spindle  and  a 
112-tooth  gear  on  the  lead-screw,  with  compound  gears  intro- 
duced between  them  having  a  ratio  of  2  to  1.  It  will  be  evident 
that  the  ratio  0.262  found  in  Table  I  is  equal  to  the  result  ob- 
tained by  dividing  the  desired  ratio  of  0.524  by  2;  hence,  it  is 
necessary  to  compound  the  gears  on  the  lead-screw  and  spindle 
with  gears  having  a  ratio  of  2  to  1.  Similarly,  the  ratio  of  the 
gears  compounded  with  gears  on  the  lead-screw  and  spindle 


METHODS    OF    HEAT-TREATING    MACHIN- 
ERY  STEEL   GAGES 

In  manufacturing  solid  gages  of  the  plug  or  ring  variety, 
most  gage-makers  experience  diflSculty  in  overcoming  warpage 
of  the  material.  Machinery  steel  generally  comes  out  of  the 
fire  after  carburizing  considerably  distorted  and  shrunk,  and 
in  order  to  prevent  this  manufacturers  have  endeavored  to 
treat  it  in  various  ways.  One  method  is  to  anneal  it  previous 
to  machining.  This  has  been  tried  with  more  or  less  satis- 
factory results,  but  it  does  not  entirely  eliminate  the  possi- 
bility of  the  gage  shrinking  during  the  quenching  operation. 


TABLE  III.    PITCHES  OBTAINED  USING  LEAD-SCREW  WITH  FIVE  THREADS  PER  INCH 


Number  of  Teeth  in  Spindle  Gear 


20 


20!.. 

25|0. 
300. 

350. 
400, 

45  0. 

46  0, 
50|0. 
55,0. 

60:0, 

650, 
70  0, 

75  0, 
80  0. 


90 
100 
110 


160 

133 

1142 

1000 

0888 

0869 

080 

0727 

0666 

0615 

0571 

0533 

050 

0444 

040 

0363 


25    30 


35 


40 


45    46 


50 


.250  10. 

0, 

,1666!.. 
,1428j0. 
,12500. 
lllllo. 
,108710, 
100  0, 
09090, 
,08330, 
,07690, 
,0714|0, 
,0666[0 
,0625  0, 
,0555!o 
,050  lo, 
0454'0, 


300 
240 

1714 

1500 

1333 

1304 

120 

109 

100 

0923 

0857 

080 

075 

666 

060 

0545 


0.350 
0.280 
0.2333 


0.175 

0.1555 

0.1521|0 

0.140  |0 

0.1272[0 

0.1166i0 

0.107610 

0.100  |0 

0.093310 

0.0S75|0 

0.0777{0 

0.070  |0 

0.063610 


,400  10 
,320  0 
,2666,0 

,2285(0, 

|o, 

,1777 
1739 
160 
1454 
1333 
123 
1142 
,106610 
,100  |0, 


450 
360 
300 

2571 
225 


0888 

080 

0727 


1956 

180 

1636 

150 

1384 

1285 

120 

1125 

100 

090 


460 

368 

3066 

2628 

230 

2044 


184 

1672 

1533 

1415 

1314 


500 
400 
3333 

2857 
250 
2222 
2173 


122610 


081810 


115 
1022 
092 
0836 


1818 

1666 

1538 

1428 

1333 

125 

1111 

100 

0909 


55 


550 

440 

3666 

3142 

275 

2444 

2172 

220 


1833 

1692 

1571 

1466 

1375 

1222 

110 

100 


60 


600 

480 

400 

3428 

300 

2666 

2608 

240 

2181 


0.650 

0.520 

0.4333 

0.3714 

0.325 

0.2888 

0.2826 

0.260 

0.2363 

0.2166 


1846 

1714 

160 

150 

1333 

120 

1099 


0.1857 

0.1733 

0.1625 

0.1444 

0.130 

0.1181 


70  I  75 


80 


700 

560 

4666 

400 

350 

3111 

3043 

280 

2545 

2333 

2153 


1866 
175 
1555 
140 


750 

600 

500 

4285 

375  10, 

333310, 

326  10, 


.300 

.2727 

.250 

.2307 

.2142 


1875 
1666 
150 
127210.1363 


800 

640 

5333 

4571 

400 

3555 

3480 

320 

2909 

2666 

2461 

2285 

2133 


90    100 


900 

720 

600 

5142 

450 

400 

3913 


360  0 


3272 

300 

2769 

2571 

240 

225 


1777 

160  0.180 

145410.1636 


.000 

.800 

.6666 

.5714 

.500 

.4444 

.4347 

.400 

.3636 

.3333 

.3076 

.2857 

.2666 

.250 

.2222 


110 


0.1818 


1.100 

0.880 

0.7333 

0.6285 

0.550 

0.4888 

0.4782 

0.440 

0.400 

0.3666 

0.3384 

0.3142 

0.2933 

0.275 

0.2444 

0.220 
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may  be  reversed  in  order  to  get  a  thread  of  finer  lead.  Gears  of 
other  ratios  may  be  compounded  into  the  train,  but  the  use  of 
such  gears  is  not  as  simple,  and  should  be  avoided  wherever 
possible.  The  gears  shown  in  Tables  I,  II  and  III  are  those 
most  commonly  found  on  lathes  fitted  with  lead-screws  having 
three,  four  and  five  threads  per  inch. 

*        *        r 

POLISHING  WHEEL  SPEEDS 
The  nature  of  the  work  to  be  polished  determines  to  some 
degree  the  proper  speed  of  the  polishing  wheels.  But  for  ordi- 
nary operations,  it  is  the  practice  to  run  at  a  peripheral  speed 
of  about  7500  feet  per  minute.  If  the  speed  of  the  wheel  is 
too  low,  the  work  tends  to  tear  the  polishing  material  from 
the  wheel,  and  consequently  the  work  suffers  in  quality  and 
the  wheel  has  to  be  set  up  oftener.  But  if  the  diameter  of 
the  wheel  and  the  dimensions  of  the  work  are  small,  good 
results  can  be  obtained  with  lower  wheel  speed.  Loose  muslin 
wheels  used  for  buffing  are  operated  at  peripheral  speeds  of 
from  8000  to  10,500  feet  per  minute. — Grits  and  Grinds. 

TABLE  IV.    THREADS  PER  INCH  AND  PITCH  IN  INCHES  ; 

DIAMETRAL   PITCH  OF  WORM-WHEEL  AND 

PITCH  OF  WORM  IN  INCHES 


Pitch  in 
Inches 

Diametral 
Pitch    ot 
Worm- 
wheel 

s 

.illl 

Sis. 

2 

0.500 

11/4 

2.5133 

20 

0.050 

12 

0.262 

3 

0.333  1/3 

11/2 

2.0944 

22 

0.045  5/11 

14 

0.224 

4 

0.250 

1  3/4 

1.7952 

24 

0.041  2/3 

16 

0.196 

5 

0.200 

2 

1.571 

26 

0.038  6/13 

18 

0.175 

6 

0.166  2/3 

2  1/4 

1.396 

27 

0.037  1/27 

20 

0.157 

7 

0.142  6/7 

2  1/2 

1.257 

28 

0.035  6/7 

22 

0.143 

8 

0.125 

2  3/4 

1.142 

30 

0.033  1/3 

24 

0.131 

9 

0.111  1/9 

3 

1.047 

32 

0.031  1/4 

26 

0.121 

10 

0.100 

3  1/2 

0.898 

34 

0.029  7/17 

28 

0.112 

11 

0.090  10/11 

4 

0.785 

36 

0.027  7/9 

30 

0.105 

111/2 

0.0S6  22/23 

5 

0.628 

38 

0.026  6/19 

32 

0.098 

12 

0.083  1/3 

6 

0.524 

40 

0.025 

36 

0.087 

13 

0.076  12/13 

7 

0.449 

42 

0.023  1/3 

0 

0.079 

14 

0.071  3/7 

8 

0.393 

44 

0.022  8/11 

8 

0.065 

15 

0.066  2/3 

9 

0.349 

48 

0.020  5/6 

16 

0.0625 

10 

0.314 

50 

0.020 

18 

0.055  5/9 

11 

0.286 

■.•::: 

.  il 
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A  prominent  manufacturer  of  gages  employs  the  following 
method  of  heat-treating  machinery  steel  gages:  First  they 
are  rough-machined  all  over  to  within  approximately  one- 
sixteenth  inch  of  the  finished  size.  Then  they  are  heated  in 
an  ordinary  muflle  furnace  to  1400  degrees  F.,  and  quenched 
in  oil,  the  same  as  in  hardening  tool  steel.  Owing  to  the  low 
carbon  content  of  open-hearth  steel — between  0.15  and  0.20  per 
cent — the  steel  does  not  harden  sufficiently  to  prevent  free  cut- 
ting. After  quenching  in  oil,  the  gages  are  allowed  to  cool  off. 
Then  they  are  finish-machined  all  over  to  within  the  desired 
limit  and  packed  in  bone  dust  for  pack-hardening.  The  boz 
in  which  the  gages  are  packed  is  then  placed  in  the  furnace, 
heated  to  a  temperature  of  1500  degrees  F.,  and  allowed  to  re- 
main for  not  less  than  an  hour,  the  exact  time  depending  on 
the  depth  of  penetration  desired.  After  the  box  has  been  in 
the  furnace  for  the  correct  length  of  time,  it  is  removed,  and 
the  gages  are  quenched  in  oil,  cleaned  off  and  ground  to  the 
finished  size.  This  method  has  proved  satisfactory,  resulting  in 
practically  no  losses  from  shrinkage;  the  gages  can  be  ma- 
chined to  within  very  close  limits  of  the  finished  dimensions, 
and  then  pack-hardened  without  danger  of  warping  beyond  the 
amount  left  for  finish-machining.  In  several  gages  that 
were  carefully  measured  after  carburizing  it  was  found  that 
they  had  not  shrunk  0.0001  inch. 

It  is  general  practice  to  make  large  cylindrical  plug  or 
thread  gages  from  rings  and  mount  them  on  a  hollow  handle 
in  order  to  lighten  the  weight.  In  making  thread  gages  of 
this  type,  trouble  has  been  experienced  in  preventing  warpage 
of  the  rings,  and  owing  to  the  time  required  to  lap  down  large 
plug  gages,  these  are  generally  machined  within  close  limits 
of  the  finished  diameter,  from  0.0005  to  0.002  inch  being  left 
for  lapping.  Where  this  email  amount  had  been  left  for  lap- 
ping, the  ring  shrunk  in  some  cases  so  that  the  gage  would 
not  clean  up,  and  in  order  to  avoid  this  trouble,  the  following 
method  was  tried:  After  the  gage  had  been  finish-machined, 
the  hole  was  fitted  with  a  cast-iron  plug  which  was  made  a 
fairly  good  drive  fit.  The  gage  with  the  plug  inserted  was 
packed  In  bone  dust,  heated  to  1500  degrees  F.,  and  quenched 
in  oil.  A  gage  carburized  in  this  manner  did  not  shrink  0.0001 
inch,  which  is  quite  remarkable,  considering  the  usual  shrink- 
age of  machinery  steel. 
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MAKING   LIMIT   GAGES 

BY   P.   B.  JACOBS' 

Limit  gages  must  be  classed  as  essential  to  the  modern  man- 
ufacturing plant,  for  without  them  it  would  be  impossible 
to  maintain  a  satisfactory  working  standard  and  at  the  same 
time  allow  a  slight  variation  from  the  specified  size,  thus  sav- 
ing many  pieces  that  otherwise  would  go  to  the  scrap  heap 
or  back  to  the  production  department  to  be  refinished.  There 
are  many  varieties  of  gages,  ranging  from  the  expensive  and 
intricate  ones  used  in  rifle  and  sewing  machine  manufacture 
to  the  rough  templets  found  in  the  boiler  shop.  The  object 
of  this  article,  however,  is  to  describe  some  of  the  eflBcient, 
economically  constructed  limit  gages  that  are  used  in  the 
production  of  automobile  parts. 

Perhaps  the  most  important  factor  toward  rapid  production 
of  the  work  in  question  is  the  setting  of  limits  between  which 
the  dimensions  may  vary,  it  being  obvious  that  if  an  attempt 
should  be  made  to  hold  every  dimension  within  0.0001  inch  of 
standard  size,  the  production  would  suffer.  A  manufacturer 
who  had  adopted  this  practice  would  build  one  car  while  his 
more     practical     competitors 


Fig.   3.     Form  of  Lap  used  for  lapping  Plug  Gages 

that  the  hole  to  be  tested  is  7/8  inch  and  that  a  variation  of 
0.0005  inch  is  allowed;  0.0003  inch  over  size  and  0.0002  inch 
under  size.  In  this  case  the  long  end  of  the  gage  should  be 
0.8748  inch,  marked  "Go,"  while  the  short  end  is  0.8753  inch, 
marked  "Not  Go." 

A  form  of  limit  gage  called  a  two-step  gage  is  illustrated  at 
y  in  Fig.  1.  This  arrangement  is  popular  with  many  tool  de- 
signers because  the  hole  can  be  tested  without  withdrawing 
the  gage  to  insert  the  other  end,  which  would  be  necessary  if 
using  plugs  of  the  type  shown  at  X.    This  gage  presents  one 

decided  objection,  however,  as 


would  produce  a  number  of 
cars  in  the  same  amount  of 
time.  Thus,  where  efficient 
production  is  imperative,  the 
limits  should  be  as  liberal  as 
possible  —  otherwise  valuable 
time  is  wasted,  not  only  in 
the  production  department, 
but  through  attempting  to 
keep  several  thousand  special 
tools  up  to  an  unnecessary  de- 
gree of  accuracy.  On  the 
other  hand,  the  limits  must 
not  be  too  liberal;  otherwise 
the  completed  cars,  after  be- 
ing put  in  service,  would 
soon  sound  more  like  agricul- 
tural machinery  than  automo- 
biles. The  limits  should  be  es- 
tablished by  a  committee  com- 
posed of  the  chief  engineer, 
the  chief  draftsman,  the  shop 
superintendent,  the  produc- 
tion engineer  and  the  fore- 
man toolmaker.  By  this 
method  every  important  point 
that  might  affect  production, 
or  result  in  unsatisfactory 
work,  will  be  considered. 

A  simple  form  of  limit  gage  for  testing  a  hole  is  shown  at  X 
in  Fig.  1.  Manufacturing  standards  for  the  principal  dimen- 
sions of  limit  gages  are  slightly  different  in  various  factories, 
but  the  following  system  will  be  found  satisfactory.  A  is 
always  3/8  inch,  B  4  inches,  C  one  and  one-half  times  the  diam- 
eter of  the  hole  to  be  gaged,  D  1/16  inch  smaller  than  E  and  F, 
which,  of  course,  are  determined  by  the  work  to  be  inspected. 
The  portion  between  the  ends  is  knurled,  and  two  flats  are 
milled  on  opposite  sides.  These  are  for  the  purpose  of  stamp- 
ing the  part  number  and  the  gage  sizes.     Let  it  be  assumed 
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(A)    Limit  Plug  Gage  for  Large  Work. 
Depth  Limit  Gage 
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Two  Types  of  Limit  Plug  Gages  for  Small  Work 


it  is  impossible  to  tell  what 
portion  of  the  gage  is  bearing 
on  the  work  in  cases  where 
the  hole  is  slightly  tapered. 
Notwithstanding  this  objec- 
tion, these  gages  are  frequent- 
ly used  by  up-to-date  concerns. 
For  testing  comparatively 
large  work  it  is  not  practica- 
ble to  use  either  of  these 
gages  on  account  of  the  ex- 
cessive weight  involved.  In 
cases  of  this  kind  it  is  a  bet- 
ter plan  to  make  the  gage  as 
shown  at  A  in  Fig.  2,  with  a 
handle  having  a  disk  forced 
on  against  a  shoulder  at  each 
end.  The  disks  are,  of  course, 
hardened  and  ground,  while 
the  handle,  which  can  be  a 
piece  of  cold-rolled  steel,  is 
left  soft.  This  is  an  economi- 
cal gage  to  maintain,  as  only 
the  "Go"  end  wears  rapidly. 
Thus  the  gage  is  cheaply 
brought  up  to  standard  by 
substituting  a  new  disk  in 
place  of  the  one  that  is  worn 
under  size. 
Fig.  2  illustrates  at  B  a  modification  of  gage  A  for  testing 
the  depth  of  a  hole  In  cases  where  the  shoulder  must  be  within 
a  certain  distance  from  the  face  of  the  work.  As  an  illustra- 
tion, suppose  it  were  necessary  to  maintain  a  limit  of  0.002 
inch  in  the  depth  of  a  hole  one  inch  deep,  allowing  for  0.001 
inch  variation  either  way;  it  will  be  seen  that  part  of  the  top 
of  the  "Go"  end  of  the  gage  is  ground  away  at  C.  The  exag- 
geration in  the  drawing  is  for  the  purpose  of  showing  the 
principle  clearly.  This  ground  portion  D  should  measure 
0.999  inch  and  is  marked  "Go,"  while  the  remainder  of  the 
disk  E  measures  1.001  inch  and  Is  marked  "Not  Go."  In  using 
the  gage,  a  scale  or  other  convenient  straightedge  is  passed 
over  the  disk  after  it  is  inserted  In  the  work.  If  it  passes 
over  the  low  portion  and  at  the  same  time  strikes  the  re- 
mainder of  the  disk,  the  work  is  within  the  established  limits. 
If  the  straightedge  passes  over  both  portions  of  the  disk,  the 
hole  is  too  deep,  and  if  it  strikes  both  portions,  the  hole  Is 
not  deep  enough. 

Many  manufacturers  persist  in  making  gages  of  a  good  grade 
of  tool  steel,  which  is  a  waste  of  expensive  material  and  high- 
priced  labor — a  still  greater  factor;  also  it  must  be  remem- 
bered that  tool  steel  is  a  material  that  requires  considerable 
time  for  machining.  To  be  sure,  a  good  grade  of  tool  steel  is 
to  be  preferred  to  a  poor  quality,  which  might  harden  In  spots 
only.     But  why  use  tool  steel  at  all — simply  because  grand- 


(B)    Combined  Plug  and 
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father  did?    In  this  age  of  rapid  production  it  has  been  dem- 
onstrated time  and  again  that  ordinary  machine  steel  carbon- 
ized to  a  depth  of  1/16  inch  will  give  entire  satisfaction  on 
the  work  in  question,  as  it  can  be  made  extremely  hard  at 
slight  cost. 

The  lathe  work  on  the  gages  described  is  a  simple  operation 
for  a  tool-room  lathe  hand  and  requires  no  comment  here,  ex- 
cept to  state  that  the  pieces  should  be  recentered  before  hard- 
ening. The  reason  for  this  is  that  heavy  roughing  cuts,  to- 
gether with  the  operation  of  knurling,  distort  the  centers  to  a 
certain  extent,  and  this  is  sure  to  cause  trouble  in  the  grind- 
ing operation.  To  insure  further  accuracy  the  centers  should 
be  lapped  after  hardening  to  remove  the  fire  scale. 

Grindingr  and  Lapping  Gages 

There  are  three  kinds  of  material  used  for  gage  grinding, 
viz.,  emery,  corundum  and  artificial  alumina  abrasives,  the 
last  being  variously  known  to  the  trade  as  aloxite,  alundum, 
etc.  Some  years  ago  all  grinding  wheels  were  termed  emery 
wheels,  as  indeed  they  are  today  by  the  uninformed.  Genuine 
Naxos  emery,  however,  will  always  be  used  to  a  certain  extent 
on  very  fine  work,  owing  to  the  fact  that  it  gives  a  high  finish. 
To  be  sure,  emery  wheels  are  comparatively  slow  cutting,  but 
as  gage  work  is  an  exacting  operation  at  best,  the  extra  time 
spent  in  the  grinding  operation  is  often  overlooked  by  the 
manufacturer  who  desires  the  best  finish  possible.  Corundum 
wheels  are  often  used  for  the  work  in  question  with  excellent 
results,  as  corundum  is  really  a  high-grade  emery  in  that  it 
contains  more  alumina  and  less  impurities  than  the  best  grades 
of  emery.  In  selecting  corundum  wheels,  care  must  be  exer- 
cised to  obtain  only  first  quality  goods,  as  poor  corundum 
makes  a  very  unsatisfactory  wheel.  Both  emery  and  corun- 
dum are  natural  products. 

The  artificial  alumina  abrasives  are  faster  cutting  than  the 
natural  ones,  and  for  this  reason  and  because  they  are  readily 
obtained  from  almost  any  reliable  mill  supply  house,  they 
are  extensively  used  for  work  of  this  kind.  These  wheels  can 
be  run  safely  at  high  peripheral  speeds,  6000  to  7000  feet  per 
minute,  whereas  emery  and  corundum  wheels  should  never, 
under  any  circumstances,  be  allowed  to  exceed  5500  feet  per 
minute  surface  speed. 

To  state  definitely  the  exact  grit  and  grade  of  wheel  to  be 
used  for  gage  grinding  is  an  impossibility,  as  the  conditions 
vary  so  greatly.  As  a  general  thing,  however,  grits  60  to  80 
and  grades  K  to  N  are  used.  In  selecting  aloxite  wheels  it 
must  be  borne  in  mind  that  their  grade  scale  is  the  reverse 
of  the  ones  commonly  used.  As  an  illustration,  an  alundum 
wheel  in  J  grade  is  quite  soft,  while  an  aloxite  wheel  in  the 
same  grade  is  several  grades  harder.  Full  and  sufl5cient  in- 
formation on  this  point  is  given  in  Machinery's  Handbook. 

Gage  grinding  differs  but  little  from  any  cylindrical  grind- 
ing operation,  except  that  extreme  care  must  be  used  in  sizing 
the  work  to  leave  just  the  right  amount  for  lapping,  for  while 
0.0001  inch  is  of  little  consequence  in  grinding,  it  often  proves 
a  large  amount  to  remove  by  lapping  in  cases  where  the  work 
already  has  a  mirror-like  finish.  The  correct  amount  to  leave 
for  lapping  depends  on  the  grit  and  smooth  cutting  qualities 
of  the  wheel  used.  It  is  evident  that  a  60  grit  wheel  will 
leave  deeper  marks  in  the  work  than  a  70  or  80  grit  wheel. 
Again,  a  wheel  that  is  properly  dressed  leaves  a  smoother 
finish  than  one  that  has  simply  been  roughed  up.  In  general, 
from  0.0002  to  0.0003  inch  is  sufficient  allowance  for  lapping. 

It  is  imperative  that  a  slight  amount  should  be  left  for  lap- 
ping after  grinding,  no  matter  what  kind  of  wheel  is  used; 
otherwise  the  friction  between  the  work  and  the  gage  will 
soon  wear  the  latter  slightly  under  size.  This  is  because  any 
piece  of  ground  work  (no  matter  how  fine  a  wheel  has  been 
used)  always  shows  Innumerable  scores  and  high  spots  when 
examined  under  a  microscope.  The  high  portions  would  soon 
wear  away  after  the  gage  is  put  in  use,  and  the  object  of 
lapping  is  to  wear  the  high  spots  away  and  bring  the  gage 
to  a  mirror-like  finish,  which  will  resist  wear  for  a  pompara- 
tively  long  time.  There  are  several  methods  used  for  lapping 
cylindrical  gages,  the  most  crude  and  unsatisfactory  being  to 
polish  them  with  fine  emery  cloth.  This  Is  poor  practice  at 
best,  and  it  is  never  resorted  to  by  the  toolmaker  who  under- 


stands his  business  or  prides  himself  on  his  work.  Another 
method  is  to  use  a  wooden  clamp  not  unlike  the  polishing 
clamps  used  for  finishing  shafting  some  years  ago.  Lard  oil 
and  rouge  are  used,  and  good  results  are  possible  in  the  hands 
of  an  expert  workman,  as  the  rouge  has  not  enough  abrasive 
action  to  remove  much  more  than  the  actual  high  spots.  Great 
care  must  be  taken  while  grinding  to  leave  just  the  correct 
amount  for  lapping  if  this  methqd  is  employed,  for  after  the 
actual  high  spots  are  removed  the  rouge  cuts  the  finished  sur- 
face very  slowly  indeed.  The  writer  recalls  spending  an  entire 
afternoon  in  removing  0.0002  inch  from  a  gage  1  inch  in 
diameter  and  3  inches  long  in  a  certain  instance  where  it 
was  desired  to  reduce  a  gage  that  had  previously  been  finished. 

The  most  practical  method  is  to  use  a  cast-iron  lap  and 
carefully  washed  flour  emery  mixed  with  lard  oil.  A  lap  of 
this  kind  can  be  easily  made  as  shown  in  Fig.  3.  It  consists 
of  any  convenient  piece  of  open-grained  gray  iron  with  a  hole 
bored  in  one  end  to  receive  the  work.  The  extra  length  serves 
as  a  handle.  Laps  of  this  kind  should  be  split  and  provided 
with  a  screw  for  taking  up  wear,  as  a  lap  to  do  good  work 
s^iould  fit  the  piece  snugly.  The  lapping  operation  should  not 
be  hurried  unduly,  as  this  procedure  will  sometimes  result  in 
an  under  sized  gage;  and  while  there  is  always  a  chance  of 
saving  a  gage  that  is  a  little  over  size,  one  that  is  under 
size  is  an  absolute  loss.  The  work  should  be  washed  in  gaso- 
line before  calipering  and  then  cooled  in  water  that  has  stood 
in  a  bucket  long  enough  to  acquire  the  temperature  of  the 
room  through  radiation.  Otherwise  a  very  slight  error  will 
be  apparent  even  though  the  work  may  be  done  by  a  com- 
petent workman. 

Gages  made  by  the  above  methods  are,  of  course,  not  abso- 
lutely accurate  when  compared  with  the  famous  Johansson 
gages.  However,  they  are  accurate  enough  for  regular  com- 
mercial work,  and  as  they  can  be  made  at  low  cost,  no  great 
expense  is  involved  when  they  go  to  the  scrap  box  after  being 
worn  to  the  point  of  uselessness. 

*  *     * 

BABBITTED    MACHINERY    CONSTRUCTION 

There  is  a  general  prejudice  against  the  use  of  babbitted 
bearings  in  high-grade  machines,  although  they  are  widely 
used  in  so-called  low-grade  machinery,  and  give  long  and 
satisfactory  service  when  properly  cared  for.  The  prejudice 
apparently  arises  from  the  fact  that  a  babbitt  bearing  is  soft 
and  is  easily  ruined.  But  on  the  other  hand,  a  babbitt  bearing 
properly  proportioned  for  the  load  it  is  to  carry,  and  constantly 
lubricated,  will  last  as  long  as  the  best  bronze  under  similar 
conditions.  This  fact  is  appreciated  by  those  who  know  how 
dependable  a  babbitted  bearing  is  when  so  proportioned  that 
the  load  pressure  does  not  break  down  the  oil  film. 

Babbitted  bearings  have  the  important  advantage  of  being 
easily  made  by  mechanics  provided  with  ordinary  limited  means, 
and  in  case  of  failure  they  can  be  readily  replaced.  Another  ad- 
vantage of  babbitted  bearings,  well  known  years  ago  but  which 
has  been  lost  sight  of  in  the  development  of  modern  meth- 
ods of  manufacture,  is  that  a  machine  can  be  erected  with 
shafts  in  parallel  and  accurately  located  without  expensive 
boring  and  other  machining  processes.  With  an  equipment  of 
babbitting  jigs,  it  is  feasible  to  use  castings  from  the  foundry 
with  practically  no  machining  preparation  and  build  machines 
with  dependable  bearings  in  line  and  accurately  located.  We 
are  likely  to  look  scornfully  upon  such  mechanical  products 
as  being  unworthy  of  an  up-to-date  shop,  but  in  the  effort  to 
produce  machine  parts  of  mathematical  precision,  we  may  have 
neglected  methods  proved  by  long  experience  to  be  dependable, 
and  which  under  certain  conditions  are  superior  to  modern 
methods. 

The  best  method  of  building  machinery  depends  upon  the 
conditions  of  use,  accuracy  required  and  number  of  machines 
to  be  built.  When  the  refinement  is  not  great  and  the  num- 
ber to  be  made  is  small,  babbitted  bearings  may  well  be  con- 
sidered favorably. 

*  *     * 

The  annual  index  of  Machinery,  Volume  22,  which  con- 
cluded with  the  August  number,  will  be  sent  to  any  reader 
on  request. 
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CHARACTERISTICS  AND  CAPACITY  OF  COMMON  TYPES 

BY  JAMBS  CHAN' 


TWO  types  of  steam  hanmiers  are  iu  general  use,  namely, 
single-  and  tlouble-frame  hammers,  either  of  which  may 
be  of  the  open-frame  oi'der.  Open-frame  hammers  are  not 
provided  with  guides  to  keep  the  ram  and  the  upper  die  in 
alignment  with  the  anvil  and  lower  die;  they  have,  however, 
a  much  heavier  piston-rod,  either  of  round  section  with  one 
flat  side  to  keep  it  from  turning,  or  of  hexagonal  form  work- 
ing through  a  long  gland  of  corresponding  shape.  While  the 
alignment  of  open-frame  hammers  is  not  as  perfect  as  those 
provided  with  guides,  the  former  can  be  used  for  a  much 
wider  range  of  work  owing  to  the  fact  that  they  are  accessible 
on  three  sides,  having  no  guides  to  come  in  the  way  of  irregu- 
lar shaped  forgings,  and  the  operator  has  an  unobstructed 
view  of  the  work.  The  more  common  type  of  steam  hammer 
with  guides  is  not  so  convenient  for  the  majority  of  work, 
but  is  better  suited  to  making  duplicate  parts  in  quantities, 
as  special  dies  can  be  kept  in  almost  perfect  alignment. 

The  single-frame  steam  hammer  shown  in  Pig.  1  differs  but 
slightly  from  most  of  the  others  of  this  type  in  general  use. 
It  is  built  to  run  automatically  and  the  hammer  will  continue 
to  strike  the  same  force  of  blow  as  long  as  the  steam  pressure 
remains  the  same  after  the  throttle  valve  is  opened  and  the 
controlling  lever  set  in  its  quadrant.  The  length  of  stroke 
and  the  force  of  the  blow  can  be  increased  or  diminished 
within  certain  limits  after  the  controlling  lever  has  been  set, 
by  changing  the  position  of  the  throttle  lever  to  admit  more 
or  less  steam  to  the  cylinder.  The  automatic  attachment  on 
steam  hammers  performs  the  same  function  as  the  eccentric 
movement  on  a  plain  slide  valve  engine,  opening  and  closing 
the  ports  that  admit  steam  to  the  cylinders,  the  difference 
being  that  the  ports  of  a  steam  hammer  are  opened  and  closed 
by  a  reciprocating  instead  of  a  rotary  mechanism.  On  the 
back  of  the  ram  inside  the  frame  there  is  a  shoe  or  slide  upon 
which  a  cam  lever  attached  to  the  fulcrum  of  the  controlling 
lever  works,  a  short  lever  on  the  end  of  the  fulcrum  shaft 
being  attached  to  the  valve  stem  by  a  connecting-rod  at  the 
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back    of    the    hammer    for    the    purpose    of    controlling    the 
vertical  movement  of  the  valve. 

Keeping  up  Efficiency 

The  efficiency  of  this  type  of  hammer  depends  to  a  consider- 
able extent  upon  the  correct  setting  of  the  valves.  When  the 
valve  is  adjusted  so  that  the  hammer  (when  running  auto- 
matically) will  take  just  sufficient  steam  at  the  lower  port  to 
raise  the  ram,  and  will  open  the  top  port  to  its  full  capacity 
with  the  shortest  possible  travel  of  the  valve,  the  hammer 
will  work  at  its  maximum  efficiency  and  will  hold  pieces 
firmly  between  the  dies  by  throwing  the  throttle  wide  open 
and  setting  the  controlling  lever  at  the  lowest  point  of  the 
quadrant.  After  a  certain  amount  of  service,  steam  hammers 
frequently  get  into  such  a  condition  that  they  will  not  hold 
pieces  firmly  between  the  dies  on  account  of  lost  motion 
through  wear  of  the  various  working  parts  that  connect  the 
controlling  lever  with  the  valve  stem.  The  reason  for  this 
is  that  the  valve  does  not  rise  high  enough  to  completely  close 
the  exhaust  opening.  The  remedy  for  a  condition  such  as  this 
is  to  shorten  the  valve  stem,  which  is  adjustable,  in  order  to 
compensate  for  wear  on  the  connecting-rod  and  levers. 

While  most  steam  hammers  in  general  use  are  constructed 
to  run  automatically,  this  does  not  mean  that  all  of  them  can 
be  used  without  an  operator,  as  only  the  smaller  sizes,  say 
from  250  to  600  pounds'  capacity,  can  be  used  to  advantage 
with  a  foot-lever  connected  with  the  throttle  valve.  A  man 
doing  small  work  can  use  the  foot-lever  without  inconvenience 
after  the  controlling  lever  has  been  set  for  the  desired  force 
of  blow,  but  he  is  obliged  to  have  the  free  use  of  both  feet 
when  doing  heavier  work,  and  this  usually  calls  for  a  wider 
variety  of  blows  than  can  be  had  through  a  purely  automatic 
system  of  control. 

Capacity  of  Steam  Hammers 

It  is  a  difficult  matter  to  state  definitely  the  capacity  of  a 
hammer  as  regards  the  size  of  work  which  it  can  handle  to 


Fig.   1.     Single-frame  Steam  Hammer 


Fig.  2.     Double-frame  Steam  Hammer 
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advantage;  there  are  so  many 
conflicting  factors  which  af- 
fect the  situation  that  it  is 
Impossible  to  give  anything 
like  a  rating  that  will  cover 
all  conditions.  The  following 
data*,  which  are  given  out  by 
a  well-known  builder  of  steam 
hammers,  may  be  safely  used 
as  a  basis  for  estimating  the 
size  of  hammer  needed  for  a 
given  piece  of  work: 

Diameter  of  Stock      Size  of  Hammer, 
(Round  or  Square)  Pounds 

31/2  inches  250  to  350 

4  inches  350  to  600 
4%  inches  600  to  800 

5  inches  800  to  1000 

6  inches         1000  to  1500 
One    of   the    most    common 

mistakes  made  in  selecting  a 
steam  hammer  is  getting  one 
which  is  too  light  for  the 
work  on  which  it  is  intended 
to  be  used.  When  a  light 
hammer  is  used  to  draw  down 
heavy  stock  to  smaller  size, 
the  effect  of  the  blows  does 
not  penetrate  to  the  center  of 
the  material,  and  as  a  consequence  the  outside  is  drawn  more 
than  the  inside.  When  this  happens,  it  will  be  easily  dis- 
cernible by  examining  the  pieces,  which  will  be  found  to  be 
concave  on  the  end.  When  the  hammer  is  of  sufficient  size, 
the  ends  of  the  pieces  drawn  down  will  be  convex,  showing 
that  the  effect  of  the  blows  has  penetrated  to  the  center  of 
the  work. 

If  it  were  possible  to  operate  steam  hammers  at  all  times 
with  a  full  stroke  and  steam  pressure  at  100  pounds  per  square 
inch,  it  would  be  comparatively  easy  to  give  a  rating  for  the 
different  sizes,  but  as  the  variation  in  both  steam  pressure  and 
length  of  stroke  must  be  taken  into  consideration,  the  prob- 
lem is  more  difficult.  It  will  be  readily  seen  that  when  a  full 
length  stroke  of  the  hammer  can  be  used  in  working  under  a 
full  head  of  steam,  the  results  both  from  momentum  and 
steam  expansion  are  very  much  greater  in  proportion  than 
when  a  short  stroke  is  used.  Some  of  the  information  given 
out  by  the  manufacturers  of  steam  hammers  is  rather  mis- 
leading to  those  not  familiar  with  forging  work.  For  exam- 
ple, an  occasional  forging  may  be  made  on  a  much  smaller 
hammer  than  would  be  used  for  making  the  same  piece  in 
large  quantity  production.  While  forgings  such  as  a  6-inch 
pinion  or  a  short  shaft  can  be  made  on  an  800-  or  1000-pound 
hammer,  one  of  1500-pound  weight  would  be  required  to  pro- 
duce the  same  pieces  in  large  quantities.  To  get  the  maxi- 
mum output  of  6-inch  axles  which  must  be  forged  from  much 
heavier  stock  than  the  dimensions  imply,  a  hammer  from  6000 
to  8000  pounds'  capacity  will  be  required.  From  the  foregoing 
it  will  be  seen  that  the  selection  of  a  hammer  is  dependent 
largely  upon  the  work  for  which  it  is  intended,  and  judgment 
must  be  used  in  regard  to  production  and  other  factors 
mentioned. 

Double-frame  hammers  differ  from  those  described  only  in 
the  shape  of  the  frame,  which  is  made  in  the  form  of  an  arch, 
the  sides  of  which  act  as  guides  for  the  ram,  the  anvil  being 
in  the  center,  as  will  be  noted  by  referring  to  Fig.  2.  The 
open-frame  steam  hammer  shown  in  Fig.  3  is  a  machine  that 
merits  more  attention  than  has  generally  been  given  to  it, 
owing  to  the  fact  that  hammers  of  this  type  are  to  be  found 
to  some  extent  in  nearly  all  factories  where  the  making  of 
Torgings  forms  an  important  part  of  the  work. 

This  hammer  is  simple  in  construction,  as  it  has  fewer 
working  parts  than  any  other  machine  of  the  same  kind.     By 


Fig.   3.     Open-frams  Steam  Hammer  with  Foundation  Details 


'The  rule  given  in  Machineht's  Handbook  for  the  rating  of  steam  ham- 
mers is:  "Multiply  the  area  of  the  piece  to  be  forged  in  square  inches 
by  80";  the  result  is  the  required  falling  weight  in  pounds.  For  example,  a 
forging  4  inches  square  would  require  a  falling  weight  of  4  ~.  4  ■  80  =  1280 
pounds.  This  rule  gives  the  weight  considerably  heavier  than  that  recom- 
mended in  the  foregoing,  and  may  perhaps  be  excessive  for  many  conditions 
of  ordinary   service. — Editor. 


referring  to  the  illustration,  it 
will  be  seen  that  it  is  pro- 
vided with  only  one  lever, 
which  performs  the  double 
duty  of  opening  the  throttle 
and  controlling  the  stroke. 
The  first  movement  of  the 
lever  upward  opens  the  throt- 
tle and  also  the  lower  port  to 
the  cylinder,  which  admits 
the  steam  to  raise  the  ram. 
Thus  it  will  be  seen  that  the 
lever  and  ram  work  in  unison 
and  that  when  the  lever  is 
raised,  the  piston  and  ram 
rise,  while  for  the  downward 
stroke  the  lever  is  lowered, 
although  not  to  the  extreme 
end  of  the  guide  in  which  it 
travels. 

A  hammer  of  this  kind  can- 
not be  operated  automatically, 
but  this  is  an  advantage  in 
some  ways,  because  after  a 
blow  has  been  struck,  the  ram 
will  not  start  on  the  return 
stroke  until  the  lever  has  been 
raised.  This  prevents  rebound 
and  a  second  short  stroke  which  often  follows  a  full  blow 
delivered  by  hammers  having  an  automatic  attachment  when 
attended  by  a  poor  operator.  Another  feature  of  this  hammer 
is  the  absence  of  safety  buffers  which  are  intended  to  prevent 
the  piston  rising  too  far  in  the  cylinder.  This  is  taken  care 
of  automatically  by  a  number  of  small  ports  near  the  top  of 
the  cylinder,  which  are  arranged  so  as  to  admit  just  sufficient 
steam  to  act  as  a  cushion.  The  piston  when  raised  beyond  a 
certain  point  moves  automatically  until  the  steam  pressure 
under  it  has  been  released.  The  operation  of  steam  hammers 
is  a  knack  acquired  by  practice,  and  young  boys  generally 
become  the  most  expert  in  this  work.  Science  does  not  enter 
into  the  operation  in  any  way. 

In  conclusion,  a  little  may  be  said  in  regard  to  foundations. 
While  most  steam  hammer  manufacturers  send  out  drawings 
and  specifications  to  cover  this  part  of  the  subject,  the  nature 
of  the  ground  upon  which  the  hammers  are  to  be  installed 
should  always  be  taken  into  consideration.  In  sand  or  clay 
soil  it  is  advisable  to  have  the  foundation  of  concrete  up  to 
within  6  inches  of  the  anvil  base  and  covered  with  a  wooden 
cushion  to  bring  it  up  to  its  full  height.  When  a  rock  bottom 
is  found,  the  pier  of  crossed  timbers  usually  specified  will  give 

satisfaction. 

*     *     * 

GRO\\;^TH    OF    STE3EL   PIPE    AND    TUBE 
INDUSTRY 

In  no  branch  is  the  growth  of  the  steel  industry  so  apparent 
as  in  the  manufacture  of  pipes  and  tubes.  Between  the  years 
1887  and  1905  this  growth  was  steady  from  almost  nothing 
to  a  tonnage  that  required  938,198  tons  of  skelp.  Since  then 
the  growth  has  been  more  erratic,  yet  in  the  next  ten  years 
the  demand  for  skelp  grew  to  2,037,266  tons.  This  growth 
was  due  partly  to  the  reduction  in  the  demand  for  wrought 
iron,  but  mostly  to  the  increased  use  to  which  pipes  and  tubes 
have  been  put.  Instead  of  being  utilized  mainly  for  the  con- 
veyance of  water  and  steam,  they  are  now  employed  in  the 
manufacture  of  agricultural  implements,  automobiles,  bed- 
steads, building  columns,  refrigerating  machinery,  hospital 
furniture,  dry  kiln  apparatus,  ornamental  fences,  flag  poles, 
wheelbarrows,  work  benches,  elevator  grain  spouts,  playground 
apparatus,  signal  towers,  lunch  counter  stools,  etc.  Still  the 
popularity  of  the  steel  product  over  wrought  iron  is  shown 
by  the  steady  decrease  in  the  use  of  the  latter.  In  1905, 
wrought  iron  pipe  manufacturers  required  452,797  tons  of 
skelp  and  made  31.05  per  cent  of  the  pipes  and  tubes;  in  1910 
they  required  only  350,578  tons  of  skelp,  for  their  share  of  the 
market  had  fallen  to  19.02  per  cent;  in  1915,  this  had  fallen 
to   11.4   per   cent   and   they   used   but    262,198    tons   of   skelp. 
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STORAGE   OF  ENERGY 

BY  QBORQE  P.   PEARCE 

In  physical  problems,  the  storage  and  release  of  energy  fre- 
quently plays  a  more  important  part  than  is  generally  realized. 
Take  a  carpenter's  chisel,  for  instance;  the  one  with  a  long 
wooden  handle  cuts  better  than  the  one  with  a  short,  stubby 
handle  under  similar  blows  from  the  mallet.  But  how  many 
have  considered  that  the  reason  is  due  to  the  actual  increase 
in  energy  that  can  be  stored  in  the  longer  handle  and  released 
as  a  "push"  for  a  longer  time  at  the  cutting  edge?  It  gives 
more  of  a  paring  cut  and  less  of  a  blow.  The  machinist  using 
a  two-pound  mallet  could  deliver  just  as  much  energy  to  the 
chisel  end  of  a  wooden-handled  cold  chisel  as  when  striking 
steel  with  steel,  but  he  would  not  be  able  to  chip  as  much 
metal.  The  reason,  of  course,  is  that  the  wooden  handle  will 
absorb  the  energy  of  the  blow  which  would  otherwise  be  in- 
stantly delivered  at  the  cutting  edge.  The  energy  so  absorbed 
is  expended  in  rebounding  the  hammer,  not  in  cutting  the 
metal.  The  stiff  chisel  absorbs  very  little  energy,  it  practi- 
cally all  being  expended  in  cutting. 

If  a  shaft  is  swung  at  the  end  of  a  rope  and  caused  to  hit 
something  "end  on,"  it  will  deliver  a  tremendous  blow,  be- 
cause the  steel  shaft  is  in  such  a  shape  and  condition  that  it 
cannot  absorb  much  energy,  and  so  it  has  to  deliver  it  in- 
stantly. But  if  the  shaft  is  turned  sideways  or  coiled  like  a 
helical  spring,  it  will  no  longer  deliver  the  same  smashing 
blow,  although  the  amount  of  energy  involved  is  precisely  the 
same.  The  shaft  can  now  store  more  energy  and  parts  with 
it  over  a  longer  period  of  time;  it  gives  more  of  a  push  and 
less  of  a  blow.  In  one  instance,  it  was  impossible  to  speed  up 
some  automatic  machines  until  the  counterweights,  which 
held  the  slides  against  the  cams,  were  replaced  with  springs. 
Gravity  could  not  deliver  energy  fast  enough  to  the  slides  to 
keep  them  in  contact  with  the  cams. 

A  mild  steel  bar  in  direct  tension  does  not  make  a  good 
spring,  because  it  does  not  absorb  and  return  much  energy; 
in  fact,  it  will  take  up  and  restore  from  5  to  8 14  foot-pounds 
of  energy  only  per  pound  of  steel.  Spring  steel  will  take  up 
30  foot-pounds  per  pound  in  direct  tension  at  80,000  pounds 
working  stress.  A  shaft  in  torsion  is  sometimes  used  as  a 
spring;  for  instance,  in  some  self-closing  screen  doors,  because 
steel  stressed  under  these  conditions  will  absorb  about  46  foot- 
pounds per  pound  of  material.  Helical  springs  are  used  be- 
cause when  the  steel  Is  so  placed  it  is  capable  of  absorbing 
88  foot-pounds  per  pound  of  spring.  But  the  energy  absorbed 
is  the  same  for  a  shaft  or  helical  spring  at  the  same  working 
stress.  A  good  rule  to  remember  when  determining  the  size 
of  spring  required  for  any  purpose  is:  "Divide  the  foot-pounds 
of  energy  to  be  absorbed  by  88" ;  the  result  will  be  the  approxi- 
mate weight  of  the  spring  in  pounds. 

Years  before  Professor  Langley  made  his  flying  machine,  a 
Frenchman  made  simple  toys,  which  were  driven  by  twisted 
elastic  bands,  that  would  fly  fifty  feet  or  more.  These  simple 
toys  could  fly  because  it  is  possible  to  store  considerable  energy 
in  rubber;  in  fact,  it  is  superior  to  the  finest  tempered  steel 
spring  in  this  respect,  for  almost  3000  foot-pounds  per  pound 
can  be  absorbed  and  delivered. 

The  flywheel  is  generally  looked  upon  as  an  ideal  device  for 
the  storage  of  power,  but  a  cast-iron  wheel  reaches  its  limit 
at  about  640  foot-pounds  per  pound.  The  energy  of  a  good 
steel  flywheel,  however,  will  run  up  to  around  3200  foot-pounds 
per  pound.  The  energy  of  ordinary  flywheels  sinks  into  in- 
significance, though,  when  compared  with  that  stored  in  the 
rim  of  a  DeLaval  steam  turbine  disk,  where  it  may  reach 
31,000  foot-pounds  per  pound.  The  most  efficient  electric 
storage  batteries  cannot  equal  this,  as  they  reach  their  limit 
at  approximately  22,000  to  30,000  foot-pounds  per  pound,  and 
many  commercial  batteries  on  the  market  do  not  exceed  3200 
foot-pounds  per  pound  of  weight. 

Ordinary  air,  when  highly  compressed,  say  around  2000 
pounds  per  square  inch,  is  capable  of  delivering  50,000  foot- 
pounds per  pound,  and  is  used  for  storage  purposes  in 
compressed-air-driven  mine  locomotives.  But  it  is  inferior  to 
steam,  which  will  deliver  240,000  foot-pounds  of  energy  per 
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pound  when  expanded  from  250  down  to  2  pounds  pressure 
per  square  inch  absolute. 

If  it  is  desired  to  obtain  still  more  energy  per  pound,  it  can 
be  found  in  fuels.  Carbon,  together  with  the  necessary  air 
to  burn  it,  will  deliver  a  little  more  than  900,000  foot-pounds 
per  pound  of  mixture.  Fuel  oil,  with  air,  will  give  985,000 
foot-pounds.  Gunpowder  has  stored  in  it  1,000,000  foot-pounds 
per  pound,  while  hydrogen  and  air  give  1,362,000  foot-pounds, 
and  hydrogen  and  oxygen  mixed  in  the  proportion  of  1  to  8 
give  5,365,000  foot-pounds  of  energy. 

This  may  seem  to  be  the  limit,  and  it  is  a  hard  figure  to 
beat,  but  there  are  everyday  occurrences  which  are  not  much 
thought  of  and  yet  which  represent  much  more  energy  than 
this.  A  common  shooting  star,  which  is  seen  almost  any  clear 
night,  should  average  about  seven  miles  per  second — the  ve- 
locity of  a  body  falling  from  a  very  great  distance  upon  the 
earth.  These  meteors  give  up  to  the  earth  and  atmosphere 
20,000,000  foot-pounds  per  pound.  Meteors  certainly  have  tre- 
mendous possibilities,  but  the  old  earth  itself  in  its  revolu- 
tion around  the  sun  has  in  every  pound  of  its  mass  kinetic 
energy  of  149,000,000  foot-pounds.  But  this  force,  enormous 
as  it  is,  sinks  into  insignificance  if  some  of  the  physicists 
are  correct  in  their  estimate  of  1,400,000,000,000,000  foot-pounds 
as  the  total  contained  energy  in  one  pound  of  radium.  This 
agrees  closely  with  the  theory  of  ultimate  velocity  of  material 
particles.  Electrons  have  been  observed  having  a  velocity  of 
50,000  miles  per  second,  which  gives  a  kinetic  energy  of 
108,000,000,000,000  foot-pounds.  According  to  the  electro- 
magnetic theory  of  light,  the  maximum  velocity  which  a  ma- 
terial particle  may  have  is  186,000  miles  per  second,  which 
means  a  kinetic  energy  of  14,995,000,000,000,000  foot-pounds 
per  pound. 

DANGERS  OF  HORSEPLAY 
Many  serious  accidents  happen  in  machine  shops  as  the  re- 
sult of  practical  jokes,  fooling  and  horseplay.  A  shop  mes- 
senger was  passing  through  a  shop  carrying  a  small  can  of 
gasoline.  A  would-be  "Smart  Aleck"  working  at  a  lathe  turned 
around  and  knocked  the  can  from  the  messenger's  hand,  spill- 
ing the  gasoline  onto  his  clothing.  He  happened  to  be  near 
a  lighted  torch  and  the  gas  caught  fire,  causing  serious  burns 
of  the  messenger's  arms  and  hands  before  the  flames  could 
be  extinguished.  The  result  was  two  weeks  in  the  hospital  and 
scars  that  will  remain  through  life. 

Throwing  objects  to  attract  attention  or  to  annoy  is  espe- 
cially dangerous  practice.  Serious  injuries  often  result,  espe- 
cially if  the  missiles  strike  the  eyes.  To  prevent  horseplay 
without  inflicting  needless  hardship  is  the  problem  of  every 
shop  management.  One  of  the  best  ways  of  keeping  men  out 
of  mischief  is  to  keep  them  busy.  The  man  who  is  always  busy 
does  not  concern  himself  about  his  neighbors'  business,  nor 
does  he  indulge  in  unseemly  and  rude  remarks,  yhe  ill- 
disciplined  shop  is  generally  one  that  is  poorly  managed  as 
regards   the   distribution   of  work   and   constant   employment 

of  the  men. 

*     *     * 

NEW  RAILWAY  STATION  IN  LEIPSIC 
The  new  central  station  in  Leipsic,  which  the  German  rail- 
way authorities  completed  in  December,  1915,  is  the  largest 
and  one  of  the  most  convenient  and  luxurious  railway  termi- 
nals in  Europe.  Its  construction  was  planned  approximately 
thirty  years  ago,  and  work  on  it  has  been  going  on  since  1901. 
The  entire  structure  covers  an  area  of  168,000  square  feet, 
the  main  building  having  a  front  984  feet  long,  and  two  wings, 
each  295  feet  wide.  The  train  shed  is  785  feet  long  and  con- 
tains twenty-six  tracks.  It  is  covered  by  a  high  roof  of  steel 
and  glass  built  in  the  form  of  six  arches. 

It  has  been  asserted  that  the  Leipsic  station  is  the  largest 
in  the  world.  It  Is  probably  the  largest  in  Europe,  but  it  is 
doubtful  if  it  is  as  large  as  the  Grand  Central  or  the  Pennsyl- 
vania station  in  New  York.  The  station,  although  perhaps 
the  busiest  station  in  Germany,  is  not  as  busy  as  some  of  those 
elsewhere  in  Europe,  notably  the  Gare  St.  Lazare  in  Paris — the 
busiest  in  the  world — and  the  Liverpool  St.  station  in  London, 
both  of  which  handle  twice  as  much  trafflc  as  the  busiest 
American  station — the  South  station  in  Boston. 


WHEN  jigs  and  fixtures  are  used  in  manufacturing  ma- 
chine tool  parts,  the  well-known  advantages  of  inter- 
changeability  and  higher  rates  of  production  are  ob- 
tained; and  the  feature  of  interchangeability  of  parts  is  of 
exceptional  importance  when  the  machines  are  of  a  class  ex- 
tensively used  in  both  domestic  and  foreign  industries.  But 
despite  the  benefits  secured  through  the  use  of  suitable  manu- 
facturing tools,  there  are  many  factories  engaged  in  building 
machine  tools  which  still  rely  upon  expert  workmanship  and 
hand  fitting  to  control  dimensions  of  parts,  instead  of  using 
jigs  and  fixtures  that  would  not  only  insure  a  higher  degree 
of  accuracy  than  could  be  obtained  by  the  best  work  done  by 
hand,  but  would  also  effect  a  material  increase  in  rates  of 
production.  Visitors  to  the 
plant  of  the  Fitchburg  Auto- 
matic Machine  Works,  Fitch- 
burg, Mass.,  who  are  given  an 
opportunity  of  making  a  care- 
ful study  of  the  methods  em- 
ployed in  manufacturing 
"Radical"  automatics  will  be 
impressed  by  the  exception- 
ally simple  design  of  these 
machines  and  the  small  num- 
ber of  parts,  as  well  as  by  the 
complete  equipment  of  jigs 
and  fixtures  that  has  been 
provided  to  insure  accuracy 
in  the  fitting  of  all  important 
parts.  It  is  the  purpose  of 
the  present  article  to  describe 
a  part  of  this  company's  man- 
ufacturing practice,  the  aim 
being  to  show  what  excellent 
results  may  be  obtained 
through  the  use  of  jigs  and 
fixtures  in  machine  tool  shops. 

Machining-  Operations  on 

the  Bed 
In  conducting  subsequent 
machining  operations  on  the 
bed,  the  carriage  ways  are 
used  as  locating  points,  and 
the  first  operation  consists  of 
setting  up  the  bed  casting  in 
a  planer  fixture  and  planing 
the  ways.  After  this  has  been 
done,  the  casting  is  trans- 
ferred to  a  Universal  boring 
machine,   on  which   the   cam- 


Fig.   1.     Finished  Bed  of 


Tig.  2.     Aluminum  Pattern  which  produces  Perfect  Pan  Castings 


shaft  bearing  holes  are  bored  in  the  proper  relation  to  the 
ways,  and  when  this  operation  has  been  completed  both  the 
ways  and  cam-shaft  bearing  holes  are  used  as  locating  points. 
The  bed  casting  is  next  set  up  in  a  boring  mill  fixture,  in 
which  it  is  located  from  and  rests  on  the  planed  ways;  and 
this  fixture  provides  for  rough-boring  all  holes  in  the  tool 
knee  and  the  driving  shaft  bearing  holes,  and  for  finishing 
the  gage  stop  hole.  After  this,  the  indexing  lever  holes  are 
drilled  through  a  jig  in  which  the  work  is  located  from  the 
cam-shaft  bearing  holes.  The  jig  used  for  drilling  the  holes 
in  the  bosses  through  which  the  threading  mechanism  rods 
pass  locates  the  work  from  the  finished  tool  knee  holes  and 
the  planed  ways;   and  a  similar  jig  provides  for  drilling  and 

reaming  all  the  speed  gear- 
box holes.  Another  jig  pro- 
vides for  locating,  drilling  or 
boring  and  reaming  all  holes 
in  the  bed  required  for  bolt- 
ing and  pinning  the  worm 
bracket,  feed  gear-box,  driv- 
ing shaft  bracket,  and  oil 
pump  bracket  to  the  bed;  and 
the  saving  of  time  effected  by 
machining  all  these  holes  at 
a  single  setting  of  the  work 
is  obvious. 

Early  experience  in  casting 
the  pan  for  "Radical"  auto- 
matics showed  that  trouble 
was  experienced  from  shrink- 
age cracks  and  rough  sur- 
faces when  molding  was  done 
from  a  wooden  pattern;  and 
to  overcome  this  difficulty  an 
aluminum  pattern  was  made, 
which  is  filed  and  polished  so 
that  the  surface  is  extremely 
smooth.  This  pattern,  which 
is  shown  in  Fig.  2.  may  be 
lifted  from  the  sand  without 
any  trouble,  and  molds  made 
from  it  produce  perfect  cast- 
ings. A  simple  drill  jig  is 
provided  for  drilling  the  holes 
in  the  bed  feet,  pan  and  pan 
feet,  which  are  required  for 
bolting  the  bed  to  the  pan  and 
the  pan  to  the  floor.  Construc- 
tion of  this  jig  follows  fa- 
miliar practice  in  tool  design. 


'Radical"   Automatic  ready  to  go  to  Assembling 
Department 
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Fig.    3.     Planer   Fixture    in    which    Carriage    is   held    while    planing   Ways, 
Cross-slide  Lever  Bosses  and  Other  Surfaces  on  Under  Side 

Machining:  Operations  on  the  Carriag-9 
Fig.  3  shows  a  planer  fixture  in  which  the  carriage  is  held 
for  planing  the  under  side.  "While  held  in  this  fixture  the 
ways  are  first  machined,  and  accuracy  in  this  part  of  the  work 
is  of  great  importance;  because  the  ways  are  used  as  locating 
points  for  subsequent  operations,  as  previously  mentioned.  In 
addition,  the  cross-slide  lever  bosses  are  planed  and  all  other 
finished  surfaces  on  the  under  side  of  the  carriage  are  taken 
care  of  at  the  same  setting.    For  the  performance  of  these  pre- 


Fixture  mounted  on  Swivel  Base  to  provide  for  planing  Bearing 
for  Taper  Gib  in  Cross-slide 

surfaces  are  planed  with  the  exception  of  the  bearings  for 
the  cap.  The  work  is  located  from  the  main  ways  to  provide 
for  locating  the  cross-slide  exactly  at  right  angles  to  them; 
and  it  will  be  seen  that  the  upper  part  of  the  fixture  swivels 
on  the  base,  graduation  marks  being  provided  at  one  corner 
to  enable  the  fixture  to  be  moved  through  an  angle  of  one 
degree  in  order  to  plane  the  taper  for  the  cross-slide  gibs. 
Jacks  are  provided  to  give  adequate  support  for  the  work  at 
all  points.    All  planing  operations  on  top  of  the  carriage  can 


Fig.    5.     Fixture   held    on    Tapered    Base    to    provide    for    planing    Carriage 
Cap   Bearing   at   Required  Angle 

liminary  machining  operations  on  the  carriage,  the  rough  sur- 
face of  the  casting  is  used  as  the  locating  point,  the  work 
being  supported  by  screws  which  are  clearly  shown  in  the 
illustration;  and  four  set-screws  at  each  side  of  the  fixture 
provide  for  holding  the  work  down  with  the  assistance  of 
strap  clamps. 

When  the  machining  of  the  under  side  of  the  carriage  has 
been  completed,  the  casting  is  transferred  to  the  planer  fixture 
shown  in  Fig.  4,  in  which  the  work  is  held  while  all  the  top 


Fig,    6.     Triple   Based   Fixture    used   for   drilling,    boring    and    reaming   All 
Holes  in   Carriage   at  Single   Setting 

be  performed  in  the  fixture  shown  in  Fig.  4,  with  the  excep- 
tion of  planing  the  cap  bearings  which  are  located  at  an>  angle. 
For  handling  this  part  of  the  work,  the  casting  is  transferred 
to  a  fixture  shown  in  Fig.  5,  which  has  a  tapered  base  for  hold- 
ing the  work  at  the  required  angle.  As  in  the  previous  case, 
the  work  is  located  from  the  planed  carriage  ways. 

The  next  operation  on  the  carriage  consists  of  drilling, 
boring  and  reaming  all  holes,  and  a  fixture  shown  in  Fig.  6 
has  been  developed  for  this  purpose  which  enables  the  entire 


Fig.   7.     Fixture   used   on   Heald   Planetary   Grinder   for   grinding   Cylinder 
Bearing   in    Carriage 


Example    of    Multiple-purpose    Drill   Jig   used    In   performing 
Four  Operations 
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Fixture 


job  to  be  done  at  a  single  set- 
ting. It  will  be  seen  that  this 
fixture  has  three  finished 
bases  at  A,  B  and  C,  which 
are  slotted  to  provide  for  lo- 
cating the  fixture  over  a  strip 
on  the  table  of  the  Universal 
boring  machine  on  which  this 
operation  is  performed.  The 
work  is  located  from  the 
planed  main  ways,  and  this 
illustration  shows  a  special 
piloted  boriug-bar  used  for 
roughing  out  the  two  cylinder 
bearings  in  the  carriage. 

Grinding  Cylinder  Bearing's 

in  Carriage 
A  Heald  planetary  grinder 
is  used  for  finishing  the  two 
cylinder  bearings  in  the  car- 
riage, and  while  performing 
this  operation  the  work  is 
held    in   a   fixture   illustrated 

in  Fig.  7.  The  table  is  removed  from  the  grinding  machine 
to  enable  this  fixture  to  be  mounted  directly  upon  the  bed. 
As  in  the  case  of  the  previous  operation  when  the  cylinder 
bearing  was  bored,  the  work  is  located  from  the  main  ways 
and  strapped  down  on  tKe  finished  locating  surface  on  the  fix- 
ture. Before  being  placed  in  this  fixture,  the  planed  ways  of 
the  carriage  are  carefully  scraped  to  fit  a  perfectly  accurate 
master  bed  in  order  to  eliminate  the  slightest  error  in  locating 
the  work,  as  limits  of  accuracy  on  this  operation  are  ±  0.00025 
inch.  After  finish-grinding  the  cylinder  bearing,  the  ends  of 
the  cylinder  housing  on  the  carriage  are  ground  to  accurate 
dimensions.  The  final  grinding  operation  on  the  carriage  con- 
sists of  grinding  an  index-pin  hole.  A  fixture  provided  for  this 
purpose  locates  from  the  ground  face  of  the  cylinder  housing 
and  scraped  ways  of  the  carriage;  this  fixture  is  bolted  to  the 
table  of  a  Heald  planetary  grinder  which  finishes  the  hole 
within  a  limit  of  accuracy  of  0.00025  inch. 

Grinding  Operations  on  Cylinder 

The  two  outside  bearings  of  the  cylinder  which  run  in  the 
carriage  bearings  are  ground 
to  an  accuracy  of  0.00025  inch 
on  a  grinder  especially  devel- 
oped for  this  purpose  by  the 
Universal  Grinding  Co.  A 
Heald  planetary  grinder  is 
employed  for  grinding  the 
spindle  bearings  in  the  cylin- 
der and  for  grinding  the 
index-pin  bushing  holes.  The 
spindle  hole  and  correspond- 
ing index-pin  hole  are  located 
at  ri^t  angles  to  each  other, 
but  the  grinding  of  both  sets 
of  holes  is  completed  in  the 
fixture  shown  in  Fig.  9.  The 
spindle  bearing  holes  are 
ground  first,  after  which  the 
fixture  is  turned  through  an 
angle  of  90  degrees  and  the 
cylinder  is  reversed  end  for 
end  in  the  fixture,  so  that  the 
index-pin  holes  come  opposite 
a  cut-away  section  of  the  fix- 
ture and  may  be  reached  by 
the  spindle  of  the  planetary 
grinder.  It  will  be  evident 
that  the  work  is  located  by  a 
gage  plug  which  fits  in  the 
ground  spindle  holes,  as 
shown  in  this  illustration,  and 
the  work  is  located  in  the  fix- 
ture from  the  finished  end  and 


id  on  Heald  Grinder  for  finish-grinding  Spindle  Bearings 
and  Index-pin  Bushings   in   Cylinder 


Fig.   10.     Universal  Cam   Cutting  Machine  for  making  Cams  used  on 

"Radical"  Automatics 


periphery.  The  spindle  holes 
are  ground  within  a  limit  of 
0.0005  inch,  both  as  regards 
diameter  of  holes  and  spacing 
between  them;  the  lock-pin 
bushings  are  also  held  within 
the  same  limits. 

Multiple-purpose  Drill 
Jig 
Factories  engaged  in  manu- 
facturing a  large  number  of 
different  parts  that  are  re- 
quired to  be  interchangeable 
often  find  the  expense  of  jig 
and  fixture  storage  a  consider- 
able item  in  their  cost  of  pro- 
duction, even  where  no  diffi- 
culty is  experienced  in  keep- 
ing track  of  these  tools.  Obvi- 
ously, it  is  an  advantage  to 
reduce  the  number  of  jigs  and 
fixtures  as  much  as  possible, 
**and  this  can  often  be  done  by 
making  multiple-purpose  tools.  A  good  example  of  this  kind 
is  illustrated  by  Fig.  8,  which  shows  opposite  sides  of  a  drill 
jig  used  for  four  distinct  machining  operations  on  the  parts 
of  this  machine.  This  jig  is  used  for  drilling  the  index  gear 
holes  in  rear  of  cylinder,  independent  gage  stop  spider,  spider 
holes  in  front  of  cylinder,  and  wedge  stop  holes  in  rear  of 
cylinder.  All  these  operations  are  performed  in  parts  closely 
related  to  the  cylinder,  and  as  the  holes  are  distributed  over 
areas  of  about  the  same  size,  it  was  found  feasible  to  provide 
a  single  jig  for  handling  them.  Not  only  is  the  cost  of  tools 
reduced  in  this  way,  but  such  a  practice  in  tool  design  is  the 
means  of  materially  reducing  the  amount  of  storage  space 
required  for  jigs  and  fixtures.  Tool  designers  in  many  fac- 
tories where  a  lot  of  special  equipment  is  needed  for  handling 
the  work  would  do  well  to  give  this  point  careful  considera- 
tion in  working  out  their  designs.  In  this  way  it  would  fre- 
quently be  found  possible  to  so  group  the  operations  that  one 
tool  could  be  made  to  serve  for  two  or  more  purposes. 

Fig.  10  shows  a  universal  cam  cutting  machine  used  for  pro- 
ducing the  different  forms  of  cams.     It  will  be  seen  that  the 

work  is  supported  on  centers 
in  a  headstock  and  tailstock 
carried  by  table  A  which  is 
supported  on  slide  B.  The  ar- 
rangement of  the  drive  to 
milling  cutter  C  and  the 
means  for  transmitting  mo- 
tion to  the  rotary  feed  mech- 
anism are  clearly  shown  in 
this  illustration,  spur  gear  D 
being  mounted  on  the  head- 
stock  spindle  to  rotate  the 
work.  In  addition  to  this 
rotary  movement  for  feeding 
the  work  up  to  milling  cutter 
C,  provision  must  be  made  for 
securing  the  required  longi- 
tudinal movement  to  obtain 
the  required  cam  outline;  and 
this  is  secured  by  means  of 
wheel  E,  on  which  are  mount- 
ed cam  strips  that  engage 
with  a  roller  secured  to  the 
end  of  table  A.  As  wheel  E 
rotates,  contact  of  the  cam 
strips  with  this  roller  results 
in  imparting  the  necessary 
lateral  movement  to  the  table 
to  secure  the  required  outline. 
The  roller  is  held  in  contact 
with  the  cam  by  a  counter- 
weight attached  to  the  table. 
Wheel  E  and  the  cam  strips 
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Fig.   11.     A,   Shaper  Fixture  for  Lead  Cams;  B,   Drill  Jig  fo 


Lead  Cams:   C,    Boring   Fixture   for   Lead    Can 
Jig  for  Lead  Cam  Hubs 


Hubs;    D,    Die   Cam   Testing   Fixture;    E,    Drill 


carried  by  it  are  so  designed  that  these  strips  may  be  set  at 
different  angles  to  provide  for  cutting  the  various  forms  of 
cams  that  are  required.  The  cutter-head  which  supports  mill- 
ing cutter  C  is  mounted  on  slide  F.  and  to  provide  for  cutting 


cams  of  various  diameters  the  position  of  this  head  may  be 
regulated  so  that  milling  cutter  C  is  at  the  required  distance 
from  the  line  of  centers  on  which  the  work  is  mounted  when 
set  up  on  the  machine. 


Fig.   12. 


A,  Drill  Jig  for  Cross-slide;  B,  Drill  Jig  for  Index  Lever  Bearing   on  Bed;   C,  Drill  Jig  for  Adjusting  Nut  for  Spindle  Rear  Bearing;   D,   Drill 
Jig  for  Lock  Bolt  Cam;  E,  Drill  Jig  for  Chuck  Operating  Slide  and  Shoe;  F,  Drill  Jig  for  Cylinder  Carriage   Gib 
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Fig.   13.     A,   Drill  Jig  for  Index  Levers;   B.  Drill  Jig  for  Clamping  Screws   for   Carriage    and   Cap:    C.    Drill   Jig   for   Cross-sUde    Stop;    D,    Drill   Jig   for 
Cross-slide  Cam  Fork  Bearing  and  Hole  for  Lock  Bolt   Spring;   E.   Drill   Jig   for  Gear-box   Pawl   Holder;    F,    Drill   Jig   for   Clutch    Shifter  Arm; 

G,   Drill  Jig  for  Feed  Chuck  Arm 


Jig-s  and  Fixtures  for  All  Important  Parts 
The  preceding  description  has  covered  in  a  general  way  the 
manner  in  which  the  machining  operations  are  conducted  on 
the  hed,  carriage,  spindle  cylinder  and  other  parts.  Lack  of 
space  precludes  the  possibility  of  presenting  a  complete  de- 
scription of  all  manufacturing  methods,  but  it  may  be  men- 


tioned that  wherever  the  accuracy  of  machine  parts  has  an 
important  bearing  upon  the  perfection  of  the  product,  such 
parts  are  manufactured  in  jigs  and  fixtures  so  that  their  accu- 
racy is  insured.  Figs.  11  to  14,  inclusive,  show  miscellaneous 
examples  of  jigs  and  fixtures  provided  for  machining  various 
parts,  and  the  captions  which  accompany  these  illustrations 


Fig.  14.    A,   Drill  Jig  for  Index  Segment  Bracket;  B,   Drill  and  Facing  Jig  for  Ends  of  Cross-slide  Spider:  C,  Drill  Jig  for  Index  Levers;  D.   Drill  Jig  for 
Index  Segment  Bracket:  E,  Drill  Jig  for  Cam-shaft  Gear-box;  F,  Drill  Jig  for  Cam-shaft  Gear-box  Bolt  Holes 
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i      Re.  15.     A,  Width  Gage  for  Ways  of  Bed;  B,  Gage  for  Lead  Cams;  C,  Cam-shaft  Worm  and  Gear  Testing  Fixture;  D.   Gage  for  locating  Index  Bracket 
j  Faces  from   Ways;   E,    Locating   Gage   for  Ways  of  Chuck   Operating    Slide;    F,    Gage   for   Gear-box,    Table    and   Ways;    G,    Gage   used    with 

Boring  Fixture;  H,  Center  Gage  used  in  planing  Beds;  I,   Gage  for  Cylinder  Carriage  Cap  Bearing;   J.   Gage  for  Cylinder  Cap  Bearing 


give  a  brief  explanation  of  the  purpose  for  which  each  tool 
is  used,  which  will  be  sufficient  for  any  experienced  mechanic. 

Inspection  and  Gaging 

As  in  all  cases  of  manufacturing  when  a  high  degree  of 
accuracy  is  required,  it  is  necessary  to  take  great  care  in 
inspection,  and  for  use  in  handling  this  work  the  Fitchburg 
Automatic  Machine  Works  have  provided  a  complete  set  of 
gages  and  testing  fixtures,  miscellaneous  examples  of  which 
are  shown  in  Figs.  15  and  16.  As  it  is  not  within  the  scope 
of  this  article  to  deal  exhaustively  with  the  manufacture  of 
each  part  of  the  machine,  no  detailed  description  of  these  gages 
will  be  given;  but  from  the  illustrations  and  captions  which 
accompany  them,  the  reader  will  be  able  to  gain  a  compre- 
hensive idea  of  the  manner  in  which  all  parts  are  inspected 
and  tested  for  accuracy.  Johansson  limit  and  snap  gages  are 
used  in  inspecting  and  gaging  work;  and  a  complete  set  of 
Johansson  block  gages  is  used  in  making  jigs  and  fixtures, 
testing  micrometers,  etc.,  so  that  provision  is  made  for  obtain- 
ing the  maximum  degree  of  accuracy.  When  this  care  is  taken 
In  manufacturing  and  testing  all  parts  before  they  are  assem- 
bled, the  user  of  the  finished  machines  is  insured  of  satisfac- 
tory service;  and  he  also  has  the  advantage  of  being  able  to 
order   duplicate  or  replacement   parts   for  equipment   he   has 


in  use  with  the  assurance  that  such  parts  will  go  in  place 
when  they  are  applied  without  requiring  fitting  and  realign- 
ment. E.  K.  H. 


NEEDLESSLY  HEAVY  RAILWAY  EQUIPMENT 
Henry  Ford,  the  Detroit  motor  car  manufacturer,  struck  the 
nail  on  the  head  when  he  criticized  the  useless  dead  weight 
of  railway  cars.  The  railways  of  the  United  States  are  gen- 
erally equipped  with  cars  made  of  low-grade  materials,  and  as 
a  consequence  millions  of  tons  of  dead  weight  are  hauled  for 
which  no  compensation  is  received.  This  useless  weight  re- 
quires the  expenditure  of  power  and  wears  out  the  track  and 
road  bed  needlessly.  Mr.  Ford  stated  that  the  railway  com- 
panies could  improve  efficiency  by  cutting  down  the  weight  of 
their  equipment,  asserting  that  there  is  no  greater  waste  in 
this  country  today  than  in  the  use  of  steel.  Great  weights  in 
railway  equipment  are  unnecessary  and  make  for  increased 
labor.  The  railway  companies  use  steel  having  a  tensile 
strength  of  about  60,000  pounds  per  square  inch,  whereas  they 
might  just  as  well  use  steel  having  a  tensile  strength  of 
200,000  pounds  at  very  little  Increased  cost.  The  use*  of  the 
higher  grade  of  steel  would  provide  larger  capacity  cars  with 
less  dead  weight. 


Tig.   16.     Miscellaneous   Collection  of  Plug   and   Ring   Gages  used   in   testing  Parts  of  "Radical"  Automatics 
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"MATERIALIZED"  TABLES 

In  view  of  the  fact  that  it  is  much  easier  to  judge  strength, 
size,  etc.,  from  the  real  article  than  from  pictures  or  tables, 
it  is  convenient  to  have  samples  of  all  small  articles,  such  as 
machine  screws,  cotters,  taper  pins,  spring  steel,  sheet  steel, 
small  shafting  and  rods,  wire,  etc.,  conveniently  mounted  in 
some  handy  place  in  the  drafting-room. 

It  has  proved  handy  to  mount  them  on  cardboard  in  the 
manner  shown  in  the  illustration,  which  secures  them  in  a 
definite  position,  and  at  the  same  time  allows  them  to  be  han- 
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Hand7  Chart  for  Drafting-rooms 

died  if  a  little  slack  is  left  in  the  string.  Metal  eyelets  should 
be  used  where  the  string  passes  through  the  cardboard,  and 
In  the  corners  for  hanging  it  up.  A  string  is  put  through  the 
first  eyelet,  tied  to  the  article  to  be  fastened,  through  the  next 
eyelet,  across  the  back  of  the  cardboard  to  the  next  eyelet, 
when  it  is  again  brought  to  the  front  of  the  board  and  tied  to 
the  article  to  be  shown.  This  process  is  continued  until  the 
end  of  the  cardboard  is  reached,  when  every  alternate  sample 
will  have  been  fastened  to  the  board.  The  string  is  then  re- 
turned to  the  other  end  of  the  board  in  a  similar  manner  and 
the  remaining  articles  are  fastened  in  place.  Any  information 
often  made  use  of  may  be  noted  directly  under  the  article  to 
which  it  refers.  For  instance,  the  size  and  number  of  machine 
screws,  diameter  of  screw,  diameter  of  head,  height  of  head, 
diameter  of  tap  and  free  drills,  etc. 

Harvey,  111.  G.  G.  Stevenson 


FITTING   TAPERS 

I  do  not  agree  with  the  method  of  fitting  tapers  described 
by  D.  B.  in  the  September  issue  of  Machinery.  It  is  all  right 
for  the  lathe  hand  if  the  tapers  are  to  be  finished  on  a  grinder, 
but  I  have  used  a  method  of  fitting  the  finest  taper  fits  that 
does  not  require  the  use  of  a  special  blue  pencil  or  any  mark- 
ing material  whatever.  The  majority  of  mechanics  think  they 
cannot  get  along  without  some  kind  of  blue  crayon,  as  it  shows 
up  well  on  brass  and  can  be  seen  better  on  steel  and  cast  iron 
than  white  chalk,  but  it  is  really  unnecessary.  My  method  of 
fitting  tapers  such  as  arbors  and  shafts  to  drill  chucks  and  the 
endless  category  of  machine  tool  spindles  is  as  follows: 

After  the  taper  has  been  turned,  leaving  an  allowance  for 
filing,  I  take  a  piece  of  new  emery  cloth  and  make  scratches 
lengthwise  around  the  work.  Then,  when  trying  the  fit,  the 
bearing  can  be  easily  seen  in  the  dull  spots  made  by  rubbing 
the  internal  and  external  surfaces  together. 

Winchester,  N.  H.  Wilbub  Hatfield 


With  reference  to  the  method  of  fitting  tapers  described  in 
the  September  number  of  Machinery,  the  writer  would  say 
that  rubbing  Prussian  blue  or  other  color  on  the  parts  and 
wringing  them  together  serves  quite  well  when  both  surfaces 
are  newly  machined  and  true.     But  if  one  member  has  been 


used,  or  if  a  reamer  used  in  the  external  member  was  not 
perfect,  wringing  gives  misleading  indications. 

The  writer  has  found  the  use  of  strips  of  paper  satisfactory 
in  all  cases.  The  paper  may  be  of  almost  any  kind,  but  a  thin 
grade  of  writing  paper  is  preferable.  As  the  strips  should  be 
used  lengthwise  of  the  work,  they  should  have  the  same  taper 
and  should  be  about  one-twentieth  of  the  circumference  in 
width.  If  there  is  just  a  trace  of  oil  left  on  the  taper  member, 
the  results  are  more  easily  read. 

When  the  tapered  members  have  been  carefully  put  in  their 
correct  position,  with  the  strips  of  paper  between  them,  the 
strips  being  placed  equal  distances  apart  when  more  than  one 
is  used,  the  tapered  parts  are  lightly  tapped  together.  After 
they  have  been  separated  by  tapping  (not  by  wringing),  a 
delicate  and  perfect  record  of  both  surfaces  will  appear  on  the 
surfaces  of  the  paper.  The  objection  to  wringing  such  surfaces 
together  is  that  any  projection  is  likely  to  appear  as  a  circular 
ridge,  which  it  often  is  not,  and  a  depression  of  the  internal 
surface  may  not  appear  at  all.  Such  paper  prints  of  the  con- 
dition of  taper  surfaces  may  be  kept  as  permanent  records. 

Wilkinsburg,  Pa.  William  S.  Rowell 


HOW  WE  CUT  A  FEW  SPROCKET  WHEELS 

There  were  a  number  of  nine-tooth  sprockets  for  a  half- 
inch  roller  chain  to  be  cut.  The  tool-room  did  not  contain  a 
regular  sprocket  cutter,  and  the  number  of  sprockets  required 
was  too  small  to  warrant  the  expense  of  a  cutter,  so  a  5/16- 
inch  convex  cutter  A  and  a  nine-pitch  No.  8  gear-cutter  B  were 
mounted  on  a  milling  machine  arbor,  as  shown  in  the  accom- 
panying illustration.  By  making  the  length  of  spacing  collar  C 
such  that  the  distance  between  the  centers  of  A  and  B  was  an 
even  number  of  inches,  the  work  of  making  the  settings  was 
greatly  simplified,  as  it  was  then  possible  to  move  the  cross- 
slide  an  even  number  of  turns. 

After  the  convex  cutter  A  was  set  central  with  the  dividing- 
head  spindle  and  the  cross-feed  dial  set  at  zero,  the  table  was 
moved  over  and  the  gear-cutter  B  centered;   its  position  was 


Method  of  setting  Milling  Machine 

then  noted  on  the  dial.  The  table  was  then  set  back  so  that 
the  convex  cutter  A  was  in  line  with  the  dividing-head  spin- 
dle, the  sprocket  blanks  were  placed  between  the  centers,  and 
the  nine  gashes  cut  to  the  proper  depth. 

When  all  the  blanks  were  cut,  the  table  was  again  moved  so 
that  the  gear-cutter  B  was  in  line  with  the  spindle.  The  cor- 
ners of  the  teeth  were  then  formed  to  the  proper  shape  by 
setting  the  table  slightly  off  center  in  direction  B  and  rotating 
the  blank  in  the  direction  shown  by  the  arrow  F,  to  bring  one 
side  of  the  tooth  against  the  cutter.  The  amount  of  this  offset 
was  found  by  experiment.    As  soon  as  the  complete  cut  had  been 
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taken  around  the  blank,  the  table  was  dropped  so  the  blank 
would  clear  the  cutter.  The  table  was  the!i  offset  a  like 
amount  in  the  direction  K  on  the  opposite  side  of  the  cen- 
ter, and  the  blank  rotated  in  the  direction  of  the  arrow  G 
to  trim  the  opposite  side  of  the  tooth.  The  depth  at  which 
the  gear-cutter  was  set  was  determined  by  experiment,  as  it 
depends  on  the  amount  the  blank  is  set  off  center. 

While  this  description  may  seem  rather  long  and  compli- 
cated, the  process  is  simple  and  the  settings  are  quickly  made, 
and  if  a  little  care  is  exercised  the  work  produced  will  equal 
that  done  by  a  regular  sprocket  cutter.  If  a  record  of  the 
various  settings  is  kept,  it  is  possible  to  duplicate  the  work 
and  make  the  settings  very  rapidly. 

Brooklyn,  N.  Y.  Philip  H.  Kallenberg 


HANDY  T-SQUARE  PROTRACTOR 

In  some  lines  of  drafting  a  protractor  is  constantly  required. 
The  accompanying  illustration  shows  one  which  is  quite  satis- 
factory in  that  it  is  always  at  hand,  and  is  not  conveniently 
"lendable."  It  is  also  sufficiently  accurate  if  put  on  carefully. 
When  used  in  combination  with  triangles,  any  desired  angle 
can  be  obtained,  either  vertical  or  horizontal.  The  figures 
down  the  center  of  the  blade  and  the  lines  running  to  them 
represent  the  angles,  and  the  other  figures  and  lines  near  the 
margin  represent  the  tapers  in  inches  and  quarter  inches  per 


Handy  T-square  Protractor 

foot.  The  corners  A  of  the  head  of  the  T-square  should  be 
rounded  before  the  marks  are  put  on,  to  avoid  wearing  and 
making  the  protractor  inaccurate. 

An  accurate  lay-out  of  the  required  angles  and  tapers  is  first 
made  on  drawing  paper  by  the  use  of  a  good  protractor  or 
by  trigonometry.  Then  while  the  lay-out  is  still  fastened  on 
the  drawing-board,  the  T-square  is  set  to  the  lines  of  the  lay- 
out, and  by  means  of  a  straightedge  and  a  scratch-awl  the 
angles  and  tapers  are  transferred  to  the  blade,  each  mark 
coinciding  with  the  edge  of  the  drawing-board.  After  the 
marks  are  put  on,  the  figures  are  stamped  and  inked. 

Sarnia,  Ontario,  Canada.  John  Burkam 


TOOLMAKER'S   TEST   INDICATOR 

While  there  are  a  number  of  different  styles  of  test  indi- 
cators on  the  market,  some  of  the  best  designs  are  in  use  only 
by  the  designers  or  their  immediate  acquaintances.  The  indi- 
cators shown  in  Fig.  1  at  A  and  B  were  designed  by  Warren 
Dunbrack  and  have  been  used  on  the  fine  tool  and  die  work 
at  the  factories  of  both  the  Waltham  Watch  Co.  and  the 
Howard  Watch  Works.  The  various  points  used  on  these 
instruments  are  contained  in  a  boxwood  holder  shown  at  D. 

While  this  indicator  was  designed  for  very  small  and  accu- 
rate work,  it  can,  of  course,  be  used  for  any  purpose  for  which 


Fig.    1.     Toolmaker's    Test   Indicators 

an  accurate  indicator  is  adapted,  but  for  average  tool  work  an 
instrument  of  heavier  construction  is  to  be  preferred,  as  it  is 
stronger  and  more  easily  handled.  Since  the  original  was 
made,  several  others  like  it  have  been  made,  as  well  as  some 
of  twice  the  size,  like  that  shown  at  B  in  Fig.  1,  for  heavier 
work.  These  indicators  have  all  proved  to  be  very  satisfac- 
tory tools. 

In  the  essential  principle  of  multiplying  levers,  this  indi- 
cator differs  little  from  many  others,  but  the  construction 
which  permits  indicating  a  piece  of  work,  both  on  its  inside 
and  outside  diameters  and  also  on  its  face  without  disturb- 
ing the  setting  of  the  tool,  and  the  movable  dial  which  allows 
its  use  in  close  corners,  are  well  worth  a  description.  The 
details,  with  the  dimensions  of  the  small  sized  tool,  are  given 
in  Fig.  3,  for  the  benefit  of  any  who  may  wish  to  make  up  an 
indicator  for  personal  use.  For  making  the  larger  size  it  is 
only  necessary  to  multiply  the  dimensions  given  by  2,  except 
in  the  case  of  the  pin  which  controls  the  multiplication  of  the 
levers.  This  is  best  placed  farther  away  from  the  pivot  so  as 
to  make  the  instrument  less  sensitive,  as  the  extreme  multi- 
plication of  levers  is  not  needed  on  average  work. 

Referring  to  Fig.  2,  A  is  the  body  of  the  tool,  made  in  one 
piece  from  drill  rod,  B  is  the  indicating  dial  segment,  C  the 
indicating  pointer,  and  D  the  multiplying  lever  which  swings 
on  pivot  E  and  carries  the  three  indicating  points  F,  G.  and 
H.  At  J  are  shown  two  flat  springs  carried  by  a  stud  K  which 
is  a  light  drive  fit  in  the  body  A.  L  is  a  screw  having  an 
eccentric  pin  turned  on  one  end.  This  screw  is  used  to  adjust 
the  normal  position  of  the  pointer  C  which  is  controlled  by 
the  pin  M  passing  through  it  and  the  slot  in  the  multiplying 
lever  and  between  the  two  springs  J.  These  springs  are  under 
constant  tension,  which  keeps  them  in  contact  with  the  pin  M 
and  also  with  the  eccentric  pin  on  the  end  of  screw  L;  so  that 
turning  the  screw  to  the  right  or  left  will  throw  the  pointer 
to  either  side  of  the  dial,  according  to  which  side  of  a  piece  of 
work  is  being  indicated  when  the  full  swing  of  the  pointer  is 
wanted    in    one    direction.      The    pivot   P   which    carries   the 
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Fig.  2.     Toolmaker's  Test  Indicator  Assembled 
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pointer  has  a  bearing  in  a  bushing  at  one  end  and  in  a  screw 
at  the  other,  contained  in  the  head  R.  The  screw  and  bushing 
are  made  as  shown  in  Fig.  3  at  Z  and  8,  respectively,  being 
hardened  and  the  edges  nicely  rounded  over  and  given  a  high 
polish  at  the  pivot  bearing. 

The  head  R.  Fig.  2,  is  fastened  securely  to  the  body  A  by  a 
pointed  set-screw  T.  The  dial  S  is  a  friction  fit  in  the  body 
of  the  tool,  and  to  maintain  this  friction  two  cuts  are  made 
in  the  body  as  shown  at  W,  the  body  afterward  being  hardened 
and  drawn  to  a  spring  temper.  X  shows  part  of  the  holder 
which  is  merely  a  piece  of  drill  rod  bored  out  to  slip  on  the 
body  and  then  split  and  held  to  a  proper  friction  fit  by  the 
screw  shown.  This,  in  combination  with  the  holder  0  (see 
Fig.  3),  allows  the  tool  to  be  turned  to  any  position  when  once 
set  up  in  the  lathe,  and  as  all  parts  of  the  holder  are  a  light 
friction  fit  there  is  little  danger  of  the  tool  becoming  damaged 
by  an  accidental  blow  or  by  undue  pressure  being  applied  to 
some  part  of  it,  as  it  would  readily  turn  out  of  the  way.  Points 
of  different  kinds  and  sizes  can  be  made  up  to  suit  different 
conditions,  and  as  pressure  may  be  brought  to  bear  on  either 


If  the  conditions  of  work  are  such  that  there  are  particles  of 
emery  or  flying  chips  that  might  get  in  the  eyes,  glasses  or 
goggles  should  be  used  as  a  protection. 

If  the  eye  becomes  injured  or  a  foreign  body  gets  into  it, 
it  is  not  the  part  of  wisdom  to  have  a  fellow  workman  attend 
to  it,  but  it  is  far  better  to  seek  skilled  aid  at  once.  Many 
men  who  have  some  defect  of  vision  neglect  to  secure  suitable 
glasses  on  account  of  the  bother  of  wearing  them,  or  with  the 
idea  that  they  may  outgrow  the  defect.  It  is  undeniable  that 
glasses  are  troublesome,  but  so  are  many  things  which  we 
never  think  of  doing  without  for  that  reason.  The  defects  of 
vision  that  one  outgrows  or  that  tend  to  recover  spontaneously 
are  few  in  number.  In  the  majority  of  cases  the  trouble  either 
increases  or  the  constant  effort  to  see  with  impaired  vision 
induces  eye  strain,  with  all  its  uncomfortable  and  sometimes 
serious  consequences.  It  is  far  wiser  to  consult  some  reliable 
optician  who  may  be  recommended  by  your  family  physician, 
and  get  from  him  the  lenses  needed  to  correct  your  vision. 

Some  factories  require  the  use  of  goggles,  but  even  then 
many  men  foolishly  omit  this  precaution.    Let  us  suppose  that 
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Fig.   3.     Details  of  Toolmaker's  Test  Indicator 


side  of  any  of  the  three  indicating  points,  there  is  hardly  any 
position  in  which  this  indicator  cannot  be  used. 

For  indicating  center-punch  marks  in  a  piece  of  work  swung 
«n  the  lathe  faceplate  or  otherwise,  a  spring  center  V  (Fig.  3) 
is  used.  This  differs  from  the  usual  spring  center  in  having 
a  disk  X,  which  is  a  friction  fit  on  the  body  ['.  This  disk  per- 
mits the  indicator  to  be  placed  parallel  with  the  body  instead 
■of  having  to  be  swung  around  at  an  angle,  which  is  sometimes 
necessary,  thus  throwing  the  tool  out  of  adjustment  so  that 
an  exact  reading  cannot  be  obtained  from  the  indicator  dial. 

Long  Island  City,  N.  Y.  Donald  Baker 


CARE   OF   THE   EYES   IN   MECHANICAL 
WORK 

There  are  a  few  points  in  connection  with  caring  for  the 
eyes  of  men  engaged  in  mechanical  work,  which  are  of  suffi- 
cient importance  to  warrant  their  being  stated  specifically. 
The  man  whose  eyes  are  in  first-class  condition  does  not 
need  glasses,  of  course;  but  one  who  has  difficulty  of  any 
kind    due    to    impaired    eyesight,    should    always    wear    them. 


a  particle  of  steel  or  other  foreign  material  enters  a  man's 
eye  and  he  goes  to  a  physician  or  to  a  skilled  attendant  in  the 
hospital  or  first-aid  room  which  many  of  the  larger  shops  now 
provide  for  the  care  of  injured  employes.  The  foreign  matter 
is  extracted  with  a  carefully  sterilized  instrument,  and  possi- 
bly a  little  mild  antiseptic  solution  is  dropped  into  the  eye. 
These  precautions  make  it  certain  that  no  infectious  matter  is 
carried  into  the  eye  by  the  instrument,  and  that  anything  of 
this  kind  accompanying  the  particle  is  rendered  harmless. 

On  the  other  hand,  if  a  fellow  shopman  is  called  upon  to 
remove  the  steel,  emery  or  other  matter,  the  chances  are  that 
he  will  whittle  a  bit  of  wood  to  a  point  with  the  same  knife 
with  which  he  cleans  his  finger  nails  and  cuts  his  tobacco,  not 
infrequently  moistening  with  saliva  the  tool  thus  made.  It  is 
true  that  even  this  rude  instrument  may  not  affect  the  delicate 
covering  of  the  eye  ball,  and  yet  there  are  frequent  cases  when 
it  does  so.  I  might  quote  startling  statistics  showing  the  aver- 
age number  of  hours'  work  lost  by  the  man  whose  eye  has 
been  infected  by  "toothpick  treatment,"  but  this  is  probably 
unnecessary,  as  everyone  today  knows  something  of  the  won- 
derful results  in  general  surgery  of  antiseptic  treatment  and 
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can  readily  see  the  need  of  giving  every  possible  chance  to  so 
delicate  an  organ  as  the  eye. 

In  writing  this  article  I  wish  to  be  understood  as  casting 
no  aspersions  on  the  skill  of  the  man  in  the  shop  who  enjoys 
the  well-earned  reputation  as  an  extractor  of  chips  from  his 
friends'  eyes.  I  have  known  more  than  one  such  man  to  whose 
manipulation  I  would  submit  my  own  eye  with  as  much  con- 
fidence as  to  any  occulist  ij  the  workman's  instruments  and 
hands  were  properly  sterilized.  Anonymous 


LATHE  EQUIPPED   FOR  HEAVY  SCREW 
CUTTING 

The  Zeh  &  Hahnemann  Co.,  Newark,  N.  J.,  uses  Colonial 
"Red  Star"  steel  for  the  screws  used  in  its  percussion  type 
of  power  presses.  These  screws  are  cut  on  a  lathe  as  shown 
in  the  accompanying  illustration,  and  owing  to  the  severe 
nature  of  this  work  a  great  deal  of  trouble  was  experienced 
through  the  breaking  of  teeth  on  the  first  pinion  of  the  change- 
gears  used  to  transmit  motion  to  the  feed-screw.  To  overcome 
this  difficulty  the  lathe  on  which  this  work  is  done  was 
equipped  with  a  special  drive  shown  in  the  illustration,  which 
makes  connection  with  the  change-gears  by  means  of  a  shaft 
extending  across  the  front  of  the  headstock.  At  the  right- 
hand  end  of  this  shaft  there  is  a  pinion  which  meshes  with 
the  back-gear  in 
front  of  the  head- 
stock,  the  teeth 
of  which  are  of 
coarser  pitch 
than  those  of 
the  change-gears, 
and  by  having 
the  pinion  mesh 
with  them,  suffi- 
cient strength  is 
provided  to  avoid 
trouble  from 
breakage.  At  the 
left-hand  end  of 
this  shaft  con- 
nection is  made 
with  the  change- 
gears,  and  as  the 
gear  at  this 
point  is  of  con- 
siderable size, 
the  strain  on  the 
gear  teeth  is  suf- 
ficiently reduced 
to  avoid  trouble 
from    broken 

gears.  Equipped  in  this  way  the  lathe  has  been  giving  very 
satisfactory  service  without  any  of  the  trouble  formerly 
experienced.  E.  K.  H. 


Lathe  equipped  for  cutting  Screws  for  Zeh  &  Hahnemann  Percussion  Power    Presses 


MAGNIFYING   EYEGLASSES 

Those  whose  work  necessitates  the  use  of  a  magnifying 
eyeglass,  such  as  the  familiar  rubber-mounted  glass,  often 
known  by  its  French  name  "loupe,"  are  sadly  aware  of  its 
most  exasperating  characteristic — the  tendency  of  the  inner 
surface  of  the  lens  to  become  clouded  by  moisture  at  the  exact 
instant  when  unobscured  vision  is  most  needed.  Various  expe- 
dients have  been  tried  to  overcome  this  difficulty.  Some  per- 
sons have  smeared  the  lens  with  glycerine,  but  it  is  doubtful 


Fig.   1.     Spectacles  with  Magnifying  Wafer 


Fig.   2.     Skeleton  Loupes 

if  anyone  did  this  more  than  once  or  twice.  Some  drill  holes 
for  ventilation  in  the  rubber,  which  answers  fairly  well  if  the 
holes  are  sufficiently  large  and  numerous. 

Prominent  among  the  memories  of  former  days  is  that  of  a 
toolmaking  friend  who  proudly  wore  an  unsteamable  glass  of 
his  own  devising  and  construction.  Its  body  was  of  No.  18 
brass  spring  wire  formed  into  a  frustum  of  a  cone  by  winding 
it  around  a  taper-shank  drill  socket.  To  its  base  he  attached 
a  ring  to  be  grasped  by  the  muscles  about  the  eye,  and  at  its 
other  end  was  placed  a  ring  that  encircled  the  lens.  It  was  a 
success  as  far  as  non-steaming  qualities  went,  but  its  weight 

compelled  him  to 
twist  h  i  s  face 
into  a  hideous 
shape,  and  the 
relaxation  of  the 
facial  muscles 
caused  by  a  mo- 
ment's forgetful- 
ness  would  send 
the  glass  career- 
ing along  the 
floor,  hotly  pur- 
sued  by  its 
owner.  He  later 
cured  the  device 
of  its  wander- 
lust by  tying  to 
it  a  piece  of 
stout  twine,  the 
other  end  of 
which  he  fas- 
tened  to  the 
shoulder  strap  of 
his  apron. 

Those  who 
have  normal  eye- 
sight can  use  a 
spectacle  or  "nose  pincher"  frame,  one  side  of  which  is  empty 
while  the  other  carries  a  lens  of  four  or  five  inches  focal  length. 
This  is  a  very  convenient  arrangement,  but  manifestly  unsuited 
to  one  who  has  to  wear  glasses  for  defective  vision.  These  peo- 
ple have  troubles  of  their  own.  Some  of  them  use  what  the 
optical  trade  calls  a  "grab  front";  that  is,  a  frame  holding  a  lens 
and  having  two  prongs  by  which  it  is  attached  to  the  wearer's 
spectacles.  Others  mill  or  file  a  slot  in  the  mounting  of  the 
ordinary  loupe  so  that  it  can  be  hung  on  their  glasses.  They 
usually  add  a  pair  of  small  springs  after  a  few  loupes  have 
fallen  off  and  been  broken.  Still  others  have  a  "wafer,"  like 
those  in  bifocal  glasses,  .cemented  to  the  inner  surface  of  one 
spectacle  lens  near  its  outer  margin,  as  shown  in  Fig.  1,  but 
this  plan  has  the  objection  that  it  is  possible  to  look  through 
the  wafer  only  by  going  through  great  contortions. 

One  man  brought  to  the  shop  a  contrivance  which  he  confi- 
dently regarded  as  the  acme  of  perfection.  The  lens  was 
carried  by  a  hinged  arm  attached  by  a  ball-and-socket  joint  to 
a  strap  encircling  the  forehead,  like  the  mirror  with  which  the 
physician  reflects  light  into  a  man's  mouth  when  he  desires 
to  inspect  the  "department  of  the  interior."  This  was  very 
convenient,  as  the  lens  could  be  brought  down  to  the  line  of 
vision  when  required  and  turned  up  above  the  front  of  the 
head  when  not  in  use.     One  of  his  shopmates,  foreseeing  the 
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Figs.   1  and  2.    Diagrams  showing  Relative  Conditions  of  Illumination  obtained  with  Windows  placed  near  Floor  and  Higher  up  in  Wall 


inevitable,  advised  the  others  to  offer  no  criticisms,  but  pa- 
tiently await  results.  One  day,  as  summer  advanced  and  the 
sun  shone  brightly  on  the  bench  where  the  proud  owner  of 
the  "doodad"  was  at  work,  its  genial  rays  were  brought  to  a 
focus  by  the  lens  and  ignited  his  hair.  He  worked  placidly 
on,  merely  expressing  wonder  that  some  folks  smoked  such 
malodorous  tobacco,  until  the  process  of  combustion  reached 
his  scalp.  Then  a  swift  motion  of  his  right  arm  sent  the  once 
fondly  cherished  "doodad"  flying  through  the  open  window. 

The  writer  does  not  know  who  devised  the  arrangement 
shown  at  A,  Fig.  2.  Though  designed  to  hang  on  one's  glasses, 
as  at  B,  it  can  be  held  equally  well  in  the  usual  manner.  It 
is  called  a  skeleton  loupe  and  may  be  had  in  focal  lengths  from 
one  to  four  inches  from  any  watchmaker,  as  all  wholesale 
jewelry  houses  have  them  in  stock. 

New  London,  N.  H.  Guy  H.  Gardner 


HEIGHT  OF  WINDOWS    FROM  FLOOR 

Fig.  1  shows  the  conditions  of  illumination  when  a  window 
is  placed  near  the  floor,  and  Fig.  2  shows  the  conditions  when 
a  window  of  the  same  size  is  placed  at  a  greater  height  from 
the  floor.  In  each  case  arc  AB  represents  the  total  direct 
illumination  which  can  come  through  the  window;  and  DE 
and  FO  in  each  diagram  represent  walls  of  the  same  height 
which  cut  off  a  certain  amount  of  light.  It  will  be  apparent 
that  with  a  window  placed  high  up  the  amount  of  light  ob- 
structed by  both  the  nearby  and  the  distant  wall  is  less  than 
where  the  window  is  placed  near  the  floor.     These  diagrams 


also  illustrate  a  fact  which  should  be  quite  apparent,  namely, 
that  a  nearby  wall  cuts  off  more  light  than  one  at  some  dis- 
tance from  the  window. 

In  placing  windows  in  a  factory  building  it  naturally  makes 
a  great  deal  of  difference  w-here  the  light  is  needed.  Thus,  in 
Figs.  3  and  4,  with  unobstructed  windows,  we  see  that  win- 
dows placed  near  the  floor  favor  illumination  on  benches,  etc., 
that  are  near  the  wall,  while  windows  at  a  greater  height  from 
the  floor  give  poor  illumination  at  points  near  the  wall,  but 
improve  the  general  illumination  throughout  the  shop.  In 
Figs.  3  and  4  the  single  cross-hatched  areas  obtain  direct  light 
from  the  sun  during  only  a  portion  of  the  day,  and  the  double 
cross-hatched  areas  never  obtain  direct  illumination. 
New  York  City.  Robert  Grimshaw 

While  the  above  deductions  are  correct,  modern  practice 
in  factory  construction  favors  the  use  of  an  abundance  of 
windows  extending  for  almost  the  height  of  the  room,  so  that 
advantage  is  taken  of  the  full  amount  of  natural  illumination 
which  is  available  at  any  time  of  the  day. — Editor 


EXTRACTING  A  HARDENED    BUSHING 
FROM   A  FIXTURE 

Recently  it  was  found  necessary  to  extract  a  hardened 
bushing  from  a  fixture,  and,  as  there  was  no  way  of  driving  it 
from  the  back,  the  work  was  accomplished  by  using  a  common 
square  nut  and  a  cap-screw.  The  nut,  shown  in  Fig.  1,  was  a 
little  larger  across  diagonal  corners  than  the  diameter  of  the 
hole  into  which  the  bushing  was  driven.  It  was  first  turned 
down  so  that  its  diameter  A,  Fig.  2,  was  a  little  less  than  the 
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Figs.  3  and  4.    Positions  receiving  Direct  Light  All  Day,  during  Part  of  Day  and  at  No  Time  with  Low  and  High  Windows 
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Method  of  extracting   Rings  or  Bushings  from  Holes 

outside  diameter  of  the  bushing.  Then  a  part  was  turned 
down  to  the  diameter  B  of  the  hole  in  the  bushing.  The 
thickness  C  of  the  lip  thus  formed  was  such  that  the  lip  could 
pass  beneath  the  bushing,  as  shown  in  Fig.  4.  The  nut  was 
cut  in  two  by  a  tool  that  was  a  little  wider  than  the  width 
of  one  of  the  lips  C  and  the  two  opposite  lips  were  filed 
flush  with  the  smaller  part,  as  shown  at  D  in  Fig.  3.  Both 
halves  E  were  then  placed  in  the  bushing  F.  Fig.  4,  and 
the  insertion  of  a  cap-screw  G,  Fig.  5.  spread  the  halves  of  the 
nut  apart,  causing  the  lips  to  catch  under  the  bushing;  as  the 
screw  was  turned,  the  bushing  was  forced  out  of  the  hole. 
Troy,  N.  Y.  A.  M.  Aldrich 


DIEMAKER'S   KINK 

The  device  illustrated  at  X  in  Fig.  1  is  a  valuable  addition 
to  a  diemaker's  kit.  It  is  used  for  locating  the  piercing  holes 
in  die-blocks  and  for  locating  the  piercing  plungers  in  the 
punch  pad ;  it  will  also  be  found  especially  useful  on  that  class 
of  dies  known  as  pillar  sub-press  dies,  shown  in  outline  at  Y. 
The  tool  X  consists  of  the  body  .-1  made  of  hardened  tool  steel, 
in  which  a  center  hole  is  lapped,  the  bottom  B  and  edge  C 
being  ground  true  and  square  with  the  hole.  B  is  a  hardened 
and  ground  pin,  the  ends  of  which  must  be  ground  true  with 
the  body  and  which  should  have  an  included  angle  of  about 
€0  degrees.  This  pin  should  be  an  easy  sliding  fit  in  the  body 
of  the  tool.  To  use  the  device  for  locating  the  centers  of 
piercing  holes  in  die-blocks,  templets  or  other  work,  it  is 
placed  on  the  work,  lightly  clamped  in  the  approximate  posi- 
tion of  the  hole  and  then  adjusted  accurately  by  the  use  of  a 


micrometer  depth  gage  or  other  measuring  tool  of  suitable 
nature,  as  indicated  in  Fig.  2.  After  being  located  in  position, 
the  center  pin  is  put  in  place  with  the  sharp  pointed  end  down 
and  lightly  tapped  with  a  hammer  on  the  top  to  make  a  center 
in  the  work,  which  can  afterward  be  used  as  a  locating  point. 
A  convenient  form  of  parallel  damp  for  use  with  this  tool  is 
illustrated  in  Fig.  2.  One  end  is  forked  to  fit  over  the  shoulder 
on  the  body  of  the  tool,  while  the  screws  K  tor  adjusting  the 
clamps  are  placed  well  back  from  this  end  to  allow  plenty  of 
room  for  the  work  to  enter  the  clamp  when  center  locations 
are  some  distance  from  the  edge  of  the  work.  In  locating 
centers  for  the  piercing  punches  in  the  punch  pad,  the  die 
and  punch  pad  are  first  put  in  place  in  the  sub-press  or  holder; 
then  the  tool  is  located  in  position  over  the  piercing  hole  in 
the  die  by  entering  the  center  pin  into  the  piercing  hole,  as 
shown  at  Y  in  Fig.  1.  This  method  obviously  locates  the  tool 
exactly  central  with  the  hole,  as  the  tapered  sides  of  the  pin 
are  self-centering,  and  the  body  of  the  tool,  resting  on  the  die 
face,  holds  the  center  pin  square  with  it;  it  is  only  necessary 
then  to  lower  the  punch  pad  until  it  rests  on  the  center  pin, 
which  will  make  a  sufficient  impression  on  the  punch  pad  from 
which  to  work.  Care  must  be  taken,  however,  to  see  that  the 
force  used  is  not  so  great  as  to  cause  the  hardened  pin  to 
damage  the  edges  of  the  piercing  hole  in  the  die.  This  might 
easily  occur  if  the  punch  pad  and  its  holder  were  allowed  to 
drop  onto  the  pin.     If  anything  more  than  a  light  impression 
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Method   of   locating   Hole   by  Use  of  Centering  Plug,    Parallel 
Clamp  and  Depth  Gage 


Fig.    1.      (X)    Centering   Plug   for   transferring   Holes;    (Y)    Application  of 
Plug  to  a  Punch  and  Die  Job 


is  desired,  the  best  method  is  to  let  the  punch  pad  down  until 
it  just  holds  the  pin  in  place  and  then,  working  from  the  back 
of  the  die,  a  rod  can  be  placed  against  the  opposite  end  of  the 
pin  through  the  die  clearance  hole,  after  which  a  light  tap  of 
the  hammer  will  do  the  work. 

In  making  this  tool,  the  body  was  first  roughed  out  on  the 
lathe,  the  center  hole  being  reamed;  it  was  hardened  and  then 
the  hole  was  lapped  out,  after  which  it  was  ready  to  be  ground 
on  the  face  and  diameter.  To  make  sure  that  all  the  parts 
were  square  and  accurate,  we  first  took  a  piece  of  drill  rod 
and  placed  it  in  the  bench  lathe  chuck  in  which  it  was  turned 
to  within  0.002  of  3/8  inch;  then  it  was  finished  by  grinding 
until  we  could  just  wring  the  body  onto  it.  In  this  position 
the  body  was  ground,  first  on  the  bottom  and  then  on  the 
diameter,  the  diameter  D  being  ground  so  that  the  dimensions 
came  in  even  figures,  in  this  case  1.500  inch,  for  ease  in  figur- 
ing when  setting  to  given  centers  with  the  aid  of  micrometers. 
In  making  the  center  plug,  a  piece  of  drill  rod  was  used  with 
the  ends  turned  to  60  degrees,  after  which  the  parts  were 
hardened  and  tempered  and  the  body  lapped  until  it  was  a 
snug  fit  in  the  part  A.  Then  with  the  plug  in  place  in  A,  with 
one  end  projecting,  it  was  strapped  in  placed  on  the  faceplate 
of  a  bench  lathe  and  the  body  A  indicated  until  it  ran  true, 
after   which    the   ends   were   ground,    using    the   bench    lathe 
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grinder.  The  other  end  was  finished  in  a  similar  manner, 
but  the  extreme  end  or  point  was  blunted  off  slightly  so  that 
a  light  hammer  could  be  used  on  it  when  occasion  required. 
After  the  ends  were  finished  in  the  manner  destribed,  the  pin 
was  removed  from  the  body  and  the  outside  lapped  until  it 
became  an  easy  sliding  fit  on  the  body.  The  tool  was  then 
ready  for  use,  and  has  been  found  most  convenient. 

Long  Island  City,  N.  Y.  Don.\i,d  Bakek 


BOX   TRUCK 

In  the  accompanying  illustration  is  shown  a  box  truck 
which  is  being  adopted  in  many  factories  for  transporting 
work  step  by  step.  This  truck  is  easily  made,  light  and  dur- 
able, and  allows  of  much  faster  work  by  machine  operators; 
it  is  also  a  potent  factor  in  the  "safety  first"  movement,  and 
does  away  with  the  necessity  of  looking  here  and  there  for 
boxes  and  barrels  to  put  the  work  in,  which  are  generally 
driven  full  of  nails,  wire  and  ragged-edged  tin  binders. 

This  box  is  made  of  3/4-inch  pine  or  other  cheap  lumber, 
planed  on  both  sides,  with  a  six-inch  caster  wheel  at  each 
corner;  the  boards  on  one  side  are  removable,  allowing  the 
operator  to  reach  the  work  conveniently  when  the  box  is  not 
full.  When  necessity  requires,  these  trucks  can  be  picked  up 
by  the  crane  and  stacked  one  on  another  in  tiers.  They  are 
easily  moved  about  the  room  even  when  heavily  loaded.    The 


Box  Truck  for  carrying  Loose  Material  and  Small  Parts 

illustration  really  needs  no  explanation,  as  manufacturers 
can  quickly  see  its  advantage  over  the  box,  barrel  and  pan 
system  of  transportation. 

Pittsfield,  Mass.  G.  R.  Smith 


TOOL  FOR  RE-CENTERING   AXLES 

For  use  in  re-centering  axles  I  developed  the  tool  shown  in 
the  accompanying  illustrations,  which  enables  this  work  to  be 
done  much  more  rapidly  than  by  other  methods  in  common 
use.  Fig.  2  shows  the  tool  in  operation,  and  in  Fig.  1  the 
cutting  tool  is  illustrated  and  an  enlarged  view  is  shown  of 
the  point  of  the  tool  in  order  to  give  a  clear  idea  of  its  form. 
It  will  be  evident  from  the  latter  illustration  that  this  tool 
drills  the  center  out  to  a  greater  depth  and  countersinks  it  at 
a  single  operation;  also,  that  the  shank  of  the  tool  is  made  to 
fit  an  air  motor  by  which  it  is  driven. 

The  entire  tool  is  supported  by  a  clamp  A.  Fig.  2,  which  is 
secured  to  the  axle  journal;  and  this  clamp  is  slightly  rounded 
on  the  under  side  in  order  to  have  it  fit  properly  on  the  work. 
The  clamp  is  held  in  place  by  34-inch  bolts,  and  proper  loca- 
tion of  the  feed-screw  on  the  air  motor  is  obtained  by  lining 
up  the  tool  with  the  axle  by  means  of  a  square  B.  By  the 
use  of  this  tool  it  is  much  easier  to  re-center  an  axle  than  to 
lift  it  up  on  a  horizontal  boring  mill  or  drill  press,  where  it 
is  frequently  necessary  to  center  one  end  and  then  turn  the 


Fig-.   1.     Close  View  of  Ee-centering  Tool  and  Enlarged  View  of  Point 

axle  around  to  center  the  opposite  end;  and  when  the  condi- 
tion of  the  axles  is  such  that  about  half  of  them  have  to  be 
re-centered  before  they  can  be  set  up  on  the  lathe,  this  tool  is 
the  means  of  saving  a  great  deal  of  time.  M.  K. 


FLOOR  PLANS  IN  MACHINE  CATALOGUES 

A  large  manufacturing  plant  had  a  serious  fire,  and  while 
most  of  the  machines  and  equipment  were  destroyed,  some 
were  saved  or  repaired  and  placed  in  another  building  until 
the  damaged  buildings  could  be  reconstructed.  As  all  the 
plant  lay-outs,  drawings,  etc.,  were  destroyed,  it  was  necessary 
to  get  out  entirely  new  sets  of  floor  plans,  speed  charts,  etc. 
This  was  some  work,  for  before  any  information  could  be  ob- 
tained from  the  manufacturer,  it  was  necessary  to  find  where 
and  when  a  machine  was  bought,  its  size,  and  its  serial  num- 
ber, which  was  stamped  in  different  places  on  different  makes 
of  machines. 

This  work  would  have  been  much  easier  if  the  machine 
tools  and  equipment  were  designated  as  are  automobiles;  for 
instance,  Blank  &  Co.  16-inch  engine  lathe,  "1906  Model,"  or 
Blank  &  Co.  16-inch  engine  lathe,  "Model  H."  Then  if  the 
catalogue  showing  "Model  H"  contained  a  floor  plan  drawn 
to  small  scale,  but  giving  all  such  data  as  feeds,  speeds,  sizes 
of  pulleys,  horsepower  required,  etc.,  that  would  be  useful 
when  moving  the  equipment,  it  would  be  of  much  more  value 
than  a  catalogue  containing  the  tables,  etc.,  that  are  usually 
found  therein. 

South  Orange,  N.  J.  William  Philip 

*     *     * 

The  United  States  Civil  Service  Commission  will  hold  ex- 
aminations November  14  for  an  electrical  and  mechanical  engi- 
neer to  fill  a  position  in  the  Bureau  of  Yards  and  Docks,  Navy 
Department,  Washington,  D.  C,  at  $12.48  per  day.  The  duties 
of  the  position  cover  the  expert  maintenance  and  supervision 
of  the  operation  of  all  navy  yard  power  plants,  embracing  the 
economical  production,  distribution  and  utilization  of  electric 
power  for  manufacturing,  pumping  dry  docks,  charging  sub- 
marines, for  ships  undergoing  repairs;  compressed  air  for 
manufacturing;  steam  for  power  and  central  heating,  etc. 
Technical  education  will  have  a  weight  of  forty  points  and 
experience  and  fitness  of  sixty  points. 


Fig.  2.     Air-operated  Tool  for  Use  in  re-centering  Axles 


HOW  AND  WHY 


QUESTIONS    ON    PRACTICAL    SUBJECTS    OF    GENERAL    INTEREST 


J 


WEIGHT   OF   THE   GRAIN 

A.  C.  G. — Will  j'ou  kindly  advise  whether  or  not  the  unit 
of  the  grain  is  the  same  in  apothecary  as  in  avoirdupois 
weight? 

A. — The  grain  was  originally  the  weight  of  a  plump  kernel 
of  wheat,  and  is  the  same  in  apothecary,  avoirdupois  and  troy 
weights.  

FORM   OR  FORMED  MILLING  CUTTER 

G.  T.  Co. — Which  is  the  preferable  usage,  "form"  milling 
cutter  or  "formed"  milling  cutter? 

A. — The  consensus  of  opinion  seems  to  favor  "form"  milling 
cutter,  the  reason  being  that  the  cutter  is  generally  referred 
to  with  its  product  in  mind,  the  same  as  a  gear-cutter.  Strictly 
speaking,  the  usage  should  depend  upon  whether  the  charac- 
teristic of  the  cutter  itself  is  meant  or  that  of  its  product,  but 
in  order  to  avoid  confusion  authorities  seem  to  have  agreed 
to  use  "form"  instead  of  "formed." 


PROBLEM  IN  ALGEBRA 

J.  G.  K. — Given  the  two  simultaneous  equations,  x'  +  y  =  7, 
and  X  +  y^  =  5,  can  the  values  of  x  and  y  be  found  without 
solving  an  equation  of  a  degree  higher  than  the  second? 

A. — We  do  not  know  of  any  way  of  finding  x  and  y  without 
solving  an  equation  of  the  fourth  degree.  The  method  used 
by  the  writer  would  be  to  find  the  value  of  x  in  the  second 
equation,  substitute  it  in  the  first  equation,  thus  obtaining 
yi  —  102/2  +  t/ +  18  =  0;  solving  this  by  Horner's  method, 
y  =  1.6384  +.     Then  x  =  5  —  1.6384=  =  2.3157.  J.  J. 


ANNEALING  GERMAN  SILVER  OUPS 
P.  J.  Y. — I  have  been  having  trouble  with  "ten  per  cent" 
German  silver  drawn  into  cup  shape  and  then  redrawn.  We 
undertook  to  anneal  the  cups  in  a  Stewart  muffle  gas  furnace, 
but  the  sides  cracked.  We  have  tried  placing  the  cups  in  all 
positions  and  have  mauled  the  sides  before  placing  them  in 
the  furnace,  but  they  always  crack  before  they  get  black.  The 
size  of  the  cup  is  6  inches  diameter  at  the  bottom,  and  the 
height  of  the  sides  is  2V2  inches.  The  temperature  of  the  fur- 
nace is  kept  between  1100  and  1300  degrees  F.  What  is  the 
proper  temperature  for  annealing  German  silver,  and  what 
formula  produces  a  German  silver  best  suited  for  drawing 
purposes? 

The  questions  are  submitted  to  readers  who  have  had  ex- 
perience in  working  German  silver. 


ANNEALING  HARD   CASTINGS 

P.  J.  McK. — I  would  like  to  know  of  any  methods  that  we 
could  use  to  drill  hard  cast  iron.  We  have  tried  drilling  with 
turpentine  as  a  lubricant,  but  without  results,  and  have  also 
tried  heating  the  castings  to  a  dark  red,  allowing  them  to  cool 
in  a  dying  fire. 

A. — The  best  advice  we  can  give  you  in  regard  to  the  treat- 
ment of  hard  castings  is  to  throw  them  into  the  scrap  heap. 
Usually  the  time  and  trouble  taken  to  save  a  hard  casting 
costs  more  than  a  new  one.  However,  it  is  often  possible  to 
anneal  hard  castings  so  that  they  may  be  easily  machined. 
Heat  the  castings  to  a  temperature  of  1500  to  1600  degrees  P., 
pack  in  an  iron  box  filled  with  air-slaked  lime  and  let  cool 
slowly.  The  time  required  for  cooling  will  vary  from  twenty- 
four  to  forty-eight  hours,  depending  on  the  size  and  mass  of 
the  castings.  Sometimes  very  hard  castings  may  be  drilled 
successfully  with  a  forged  flat  drill,  using  turpentine  as  a 
lubricant.  The  speed  should  be  slow — not  more  than  eight 
or  ten  feet  peripheral  speed  per  minute. 


"USE-EM-UP"  DRILL  SOCKET  DIMENSIONS 
W.  L.  M. — Will  you  kindly  give  me  the  dimensions  of  the 
"Use-em-up"  drill  sockets?    That  is,  the  type  with  a  flat  milled 
on  the  side  of  the  shank  and  with  the  socket  made  to  fit. 


A.  —  The  dimen- 
sions of  "Use-em-up" 
drill  sockets  made 
by  the  American 
Specialty  Co.  of 
Chicago,  111.,  are 
given  in  the  accom- 
panying table  for 
Nos.  1  to  5,  inclu- 
sive. The  data  are 
given  in  terms  of 
width  of  flat  at  the 
large  and  small 
ends,  and  the  diam- 
eter of  the  shank  at 
the  large  end  where 
dimension  A  is 
measured.  It  should  be  understood  that  the  flat  is  milled 
parallel  to  the  axis  of  the  drill.  When  the  cutter  has  been 
sunk  at  A  to  give  the  required  width  of  flat  the  width  B 
is  bound  to  be  right,  provided  the  taper  of  the  shank  is  correct, 
and  the  index  centers  are  set  for  parallel  work. 


Dimensions  of   "Tlse-em-up"   DriU   Sockets 
of  Five  Sizes 


ODD  OR  EVEN  REAMER  FLUTING 

p.  J.  V. — Kindly  advise  me  whether  or  not  it  is  a  fact  that 
odd  lipped  tools  such  as  reamers  of,  say,  five,  seven  or  nine 
flutes,  make  smoother  and  truer  finishes  than  those  with  six, 
eight  or  ten  flutes.  One  of  my  toolmakers  maintains  that  odd 
lipped  tools  of,  say,  five  to  seven  cutting  edges  produce  the 
best  finishes,  but  I  maintain  that  when  the  stock  to  be  re- 
moved is  not  excessive  and  when  a  six-flute  reamer  does  not 
give  the  desired  smoothness  of  cut,  then  one  of  double  the 
number  of  flutes,  or  more  if  necessary,  will  do  the  work,  in  all 
cases  keeping  an  even  number  of  flutes  for  grinding  and  meas- 
uring purposes.    If  odd  lipped  tools  are  superior,  why  are  they? 

A. — It  is  undoubtedly  true  that  an  odd  number  of  teeth  in 
a  reamer  favors  smoother  work  than  an  even  number.  The 
reason  for  this  is  as  follows:  In  a  reamer  having  an  even 
number  of  teeth,  any  ridge  or  hard  spot  in  the  work  tends  to 
push  the  tooth  away  at  that  point  and  the  action  is  trans- 
mitted diametrically  across  the  reamer  to  the  opposite  side 
of  the  hole.  Now,  if  the  reamer  has  an  odd  number  of  teeth 
the  effect  is  transmitted  across  the  hole  to  two  teeth  instead 
of  one  and  is,  therefore,  less  than  if  concentrated  on  one  tooth. 
In  other  words,  the  irregularities  are  not  see-sawed  back  and 
forth  across  the  hole  by  the  action  of  the  teeth  as  much  with 
an  uneven  number  of  teeth  as  with  an  even  number.  The 
average  manufacturer,  however,  prefers  reamers  with  an  even 
number  of  teeth  because  of  the  difficulty  of  measuring  those 
with  an  odd  number  of  teeth.  Reamers  which  have  an  even 
number  of  teeth,  but  in  which  the  spacing  is  broken  up  so  that 
it  is  irregular,  can  be  made  to  ream  a  hole  as  true  as  an  odd- 
toothed  reamer.  The  difficulties  met  with  in  grinding  can  be 
overcome  by  applying  a  method  like  that  shown  in  the  April 
number  of  Machinery  on  page  694,  under  the  heading,  "Cali- 
pering  Five-Flute  Reamers." 


POSITIVE   CHARACTERISTICS   OF   LOG- 
ARITHMS 

C.  p.  W. — Why  do  tables  giving  the  logarithms  of  trigo- 
nometric functions  always  print  8  or  9  for  the  characteristics 
of  the  functions,  with  the  exception  of  the  cotangents,  secants, 
and  cosecants? 

A. — When  logarithms  were  first  invented  (about  1614),  they 
were  applied  to  the  trigonometric  functions.  Computers  at 
that  time  were  rather  shy  about  using  negative  numbers,  and 
to  avoid  these,  10  was  added  to  the  negative  characteristics, 
thus  making  them  positive  for  practically  every  case  that 
would  ordinarily  arise.  The  tables  first  computed  contained 
many  errors,  which  were  gradually  eliminated  by  the  publica- 
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tion  of  other  tables  based  on  the  first  set,  and  which  copied 
the  preceding  ones  closely.  This  practice  (together  with  a 
slightly  increased  difficulty  in  setting  up  negative  character- 
istics) probably  accounts  for  the  present  appearance  of  most 
tables.  In  many  of  the  tables  and  textbooks,  positive  char- 
acteristics are  used  even  in  ordinary  logarithmic  computation, 
when  decimals  are  involved,  although  in  most  American  works, 
they  are  used  only  in  connection  with  trigonometric  functions. 
The  practice  of  adding  10  (or  even  20,  in  some  cases)  is  very 
awkward  and  clumsy,  and  is  one  that  the  writer  does  not 
recommend.  The  writer  (in  common  with  many  authors  and 
computers)  always  changes  the  positive  characteristic  to  its 
negative  equivalent  before  using  the  logaritam.  There  are  a 
few  tables  in  which  negative  characteristics  are  printed  in 
connection  with  the  logarithms  of  the  trigonometric  functions, 
and  it  is  to  be  hoped  that  this  practice  will  become  universal. 
It  may  be  remarked  that  the  negative  characteristic  can 
always  be  found  by  subtracting  the  positive  characteristic 
from  10;  thus,  log  sin  1  degree,  20  minutes  =  8.36689  =  2.36689. 
Since  the  cotangents  of  angles  less  than  45  degrees  and  the 
secants  and  cosecants  of  all  angles  are  greater  than  1,  the 
characteristics  of  the  logarithms  of  these  functions  are  posi- 
tive or  are  0.  J.  J. 


ILLUSTRATION    OF    THE    FIRST    LAW   OF 
MOTION 

T.  M.  Y. — Referring  to  the  illustration,  which  represents  a 
wagon,  suppose  a  cord  to  be  attached  to  one  of  the  wheel 
spokes  at  A ;  a  pull  on  the  cord  will  make  the  wagon  move  in 
the  direction  indicated  by  the  arrow.  Suppose,  however,  the 
cord  had  been  attached  to  one  of  the  lower  spokes  at  B  and 
pulled  in  the  direction  indicated  by  the  arrow;  in  what  direc- 
tion would  the  wagon  move,  and  why? 

A. — The  wagon  will  move  in  the  same  direction  in  either 
case;  that  is,  in  the  direction  of  the  pull.  It  is  rather  sur- 
prising, when  the  experiment  is  tried  with  a  bicycle  or  wagon 
and  the  cord  is  attached  as  shown  at  B,  to  see  the  end  of  the 
cord  at  B  apparently  moving  backward  instead  of  forward,  as 
most  persons  expect  it  to  do.  This  is  a  good  example  of  the 
correctness  of  the  first  law  of  motion,  which  may  be  stated 
as  follows:  Every  body  continues  in  a  state  of  rest  or  of  uni- 
form motion  in  a  straight  line,  unless  acted  upon  by  some 
external  force  that  compels  a  change.  Note  particularly  that 
the  acting  force  must  be  external.  In  this  case,  the  pull  is  an 
external  force;  hence,  if  it  is  sufficiently  great  to  overcome 
the  resistance  to  motion,  the  wagon  must  move,  and  (in  accord- 
ance with  the  second  law  of  motion)  it  must  move  in  the 
direction  in  which  the  force  acts.  Consequently,  it  makes  no 
difference  where  the  cord  is  attached,  whether  to  the  hub,  the 
rim,  a  spoke,  or  to  the  wagon  body,  the  wagon  must  move  in 
the  direction  of  the  pull.  Moreover,  the  end  B  of  the  cord 
does  not  move  backward.  It  appears  to  move  backward  on 
account  of  its  circular  motion;  but,  if  the  end  P  moves  six 
inches  the  end  B  will  also  move  six  inches  in  the  same  direc- 
tion, provided  the  cord  is  not  stretched.  In  the  case  of  a  loco- 
motive, the  force  exerted  by  the  steam  is  an  internal  force, 
so  that  there  is  apparently  a  violation  of  the  first  law  of  mo- 
tion. However,  it  will  be  noted  that  the  only  reason  that  a 
locomotive  moves  is  because  of  the  friction  between  the  driv- 
ers and  the  rails.  If  there  is  not  sufficient  friction,  the  wheels 
will  simply  revolve  and  the  locomotive  will  remain  stationary. 

J.  J. 


LENGTH  OF  HOLE  IN  FLOOR  FOR 
FLYWHEEL 

C.  A.  F.— A  flywheel  is  16  feet  in  diameter  (outside  meas- 
urement) and  the  center  of  its  shaft  is  3  feet  above  the  floor;  how 
long  must  the  hole 
in  the  floor  be  to  let 
the  flywheel  turn? 
Please  show  how 
this  may  be  found. 

A.  — The  condi- 
tions are  as  repre- 
sented in  the  illus- 
tration. The  line 
AB  is  the  floor  level 
and  is  a  chord  of 
the  arc  ADB;  it  is 
parallel  to  the  hori- 
zontal diameter 
through  the  center 
O.  CD  is  a  verti- 
cal diameter  and  is  perpendicular  to  AB.  It  is  shown  in 
geometry  that  the  diameter  CD  bisects  the  chord  AB  at  the 
point  of  intersection  E.  Now,  one  of  the  most  useful  the- 
orems of  geometry  is  that  when  a  diameter  bisects  a  chord, 
the  product  of  the  two  parts  of  the  diameter  is  equal  to  the 
square  of  one-half  the  chord;  in  other  words,  AE'^=ED  X  EC. 
If  AB   is   represented   by    L   and    OE   by   o,   ED  =  r  —  a   and 

/^ 
EC  =  r  -\-  a,   in    which   r  =  the   radius    OC;   hence,    (  — 

V  2 

(r  —  a)  (r  +  a)=r=  — o^   and   L  =  2Vr'  —  a'.     Substituting 

the  values  given,  L  =  2  V  8'  —  i'  =  14.8324  feet  =  14  feet,  10 

inches.     The  length  of  the  hole  should  be  at  least  15  feet,  to 

allow  for  clearance.  J.  J. 
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Method  of  finding  Length  of  Hole  in  Floor  for 
a  Flywheel 


EXPRESSING   ANGLES   IN   CIRCULAR 
MEASURE 

p.  P.  C. — Please  explain  what  is  meant  by  the  term  "radian" 
and  why  angles  are  sometimes  measured  with  this  unit  instead 
of  in  degrees,  minutes,  and  seconds. 

A. — In  geometry,  the  measuring  unit  for  angles  is  the  right 
angle;  in  practical  trigonometry,  angles  are  measured  in  de- 
grees, minutes,  and  seconds;  in  what  is  called  analytical  trigo- 
nometry, the  measuring  unit  is  the  radian.  The  first  two  of 
these  measures  are  concerned  only  with  the  angle  itself  or 
with  a  part  of  a  revolution;  as  a  consequence,  no  linear  unit 
can  be  used  in  comparing  one  angle  with  another,  and  both 
measures  are  called  angular  measures.  In  certain  formulas 
and  in  mathematical  investigations,  it  is  advisable  to  have  a 
linear  measure  for  comparing  or  denoting  angles,  and  in  such 
cases  the  arc  is  used  instead  of  the  angle.  Now,  a  semi- 
circle of  a  radius  r  has  a  length  equal  to  wr;  but  since  this 
line  is  rather  long  to  use  as  a  unit  of  arc  measurements,  it  is 
customary  to  use  that  part  of  the  semicircle  which  is  equal 
in  length  to  the  radius.  It  will  readily  be  perceived  that  the 
angle  which  this  arc  subtends  is  constant;  in  other  words, 
the  angle  will  be  the  same  whatever  the  radius.  The  value  of 
this  angle  in  angular  measure  is  readily  found.  Thus,  since 
the  semicircumference  subtends  two  right  angles,  or  180  de- 

180       X 

grees,  and  its  length  is  nr,  we  have  the  proportion  =  — , 

Trr  r 
from  which  x  =  57.29577951  +  degrees  =  57  degrees,  17  min- 
utes, 44.8  seconds,  very  nearly.  Hence,  if  an  angle  is  given  in 
degrees,  minutes,  and  seconds  and  it  is  desired  to  find  its 
value  in  radians,  reduce  the  minutes  and  seconds  to  a  decimal 
of  a  degree,  and  divide  the  angle  by  57.29578  or  multiply  it 


by 


IS 


0.0174532925  +.    As  an  example  showing  the  use  of 


Diagram  illustrating  First  Law  of  Motion 


circular  measure  in  a  formula,  the  area  of  a  sector  is  equal 
to  the  product  of  one-half  the  arc  by  the  radius;  if  the  central 
angle  is  V  radians,  the  length  of  the  arc  is  rV ;  the  area  of  the 
sector  is  A  =  ^rT  X  r  =  %  r'F.  By  substituting  v  =  %V, 
A  =  r'v,  a  very  convenient  and  simple  form.  When  angular 
measure  is  used,  A  —  0.0174532925  +  r'v,  when  v  is  in  degrees. 

J.  J. 
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DRAWING   A   CIRCULAR   ARC   THROUGH 
TWO    GIVEN  POINTS 

T.  S.  B. — Will  you  please  show  me  how  to  draw  a  circular 
arc  through  two  given  points  when  the  radius  of  the  arc  is 
known  and  the  center  falls  without  the  drawing? 

A. — There  are  a  number  of  ways  in  which  this  may  be  done, 
but  the  writer  prefers  the  following  construction.  Let  A  and  B 
be  the  given  points  and  let  r  be  the  given  radius.  Calculate  the 
height  CH  of  the  arc,  using  the  formula  h  =  r — V?"^  —  c\  in 
which  r  =  the  radius  and  c  =  one-half  the  distance  between 
the  two  points,  or  AC  in  the  illustration.    Draw  AB  and  bisect 


Diagram  showing  how  Circular  Arc  may  be  drawn  through  Two  Given  Points 

it  at  C;  draw  the  perpendicular  CD  and  lay  off  CH  =  h.  With 
A  and  B  as  centers  and  a  radius  equal  to  AB,  describe  the 
arcs  BI  and  AG.  Draw  AHE  and  BHF,  intersecting  the  arcs 
BI  and  AG  in  E  and  F,  respectively.  Using  the  spacing  di- 
viders, lay  off  Fl  toward  A  and  its  equal  El  toward  /;  draw 
Al  and  BI,  and  mark  the  point  of  intersection  a.  Lay  off  F2 
and  E2,  draw  A2  and  B2,  and  mark  the  point  of  intersection  b. 
Proceed  in  this  manner  until  a  sufficient  number  of  points  have 
been  located;  these  points  are  all  situated  on  the  required  arc, 
which  may  be  drawn  through  the  points  by  means  of  an  ir- 
regular or  adjustable  curve.  The  distances  F-1,  1-2,  2-3,  etc., 
may  be  equal  or  unequal,  but  the  corresponding  arcs  on  AG 
and  BI  must  be  equal;    for  example,  E5  must  equal  F5,  etc. 

J.  J. 


DISCHARGE    OF    WATER    THROUGH     PIPE 

A.  C.  T. — About  one-half  mile  from  our  shop  is  a  large 
spring;  we  wish  to  tap  this  spring  and  lead  the  water  to  the 
shop  through  a  1%-inch  pipe;  how  many  gallons  of  water 
per  minute  will  be  obtained?  The  difference  of  level  between 
the  spring  and  the  tank  is  about  60  feet. 

A. — There  are  many  formulas  for  calculating  the  discharge 
of  water  through  a  pipe;  some  of  them  are  quite  complicated, 
and  all  are,  and  must  of  necessity  be,  approximate.  It  is  im- 
possible to  derive  a  formula  that  will  fit  any  case.  The  pipe, 
or  conduit,  is  made  of  various  materials,  and  the  friction  of 
the  moving  water  varies  greatly  with  the  material  of  which 
the  pipe  is  composed.  Even  for  a  particular  material,  the 
discharge  will  not  be  the  same  for  a  pipe  that  has  been  in  use 
a  long  while  as  for  a  new  pipe.  The  impurities  carried  by  the 
water  stick  to  the  pipe,  causing  it  to  become  foul;  this  reduces 
the  diameter  and  discharge,  and  also  alters  the  resist- 
ance due  to  friction.  If  the  slope  is  not  gradual  and  even, 
air  will  accumulate  at  different  points;  this  also  reduces  the 
discharge,  since  the  area  of  the  cross-section  at  those  points 
is  less.  Bends,  especially  those  of  short  radius,  reduce  the 
velocity  and,  consequently,  the  discharge.  Contractions  and 
enlargements,  likewise,  exert  a  deterrent  effect.  As  a  result 
of  the  examination  and  comparison  of  a  large  number  of  ex- 
periments, the  following  formula  has  been  derived;  it  is  sim- 
ple in  form,  is  said  to  give  good  results,  and  is  admirably 

/h 
adapted   to   logarithmic   computation:    v  =  0.0757cd '    (  — 

\l 
in  which  v  =  velocity,  in  feet  per  second ;  d  =  diameter  of  pipe, 
in  inches;   /!,  =  head,  in  feet;   ?  =  length  of  pipe,  in  feet;  and 


(■  —  a  constant  the  value  of  which  depends  on  the  material  of 
which  the  pipe  is  composed.  For  new,  smooth,  wrought-iron 
pipe,  laid  straight  and  without  bends,  c  may  be  taken 
as  160.  Since  the  actual  internal  diameter  of  a  IV^-inch 
pipe   is   1.61   inch,    the   velocity   of   discharge   in   the   pipe   is 

/   60   \« 
V    -  0.0757  X  160  X  1.61*  x  ( )   =  2.508    feet    per    second. 

\  2040  / 
The     number     of     cubic     feet     per     minute     discharged     is 
60  X  2.508  X  0.7854  X  1.61* 

=  2.127;    2.127X7.48  =  16   gallons 
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per  minute. 


J.  J. 


STRESS   ON   PULLEY   AXLE 


S.  J.  C. — In  the  accompanying  diagram  a  pulley  is  shown 
rigidly  fastened  to  a  support  at  a  height  AF  =  9  feet  from  the 
floor.  A  rope  passing  over  the  pulley  has  one  end  attached 
to  a  staple  -S  at  a  distance  of  8  feet  from  F,  and  to  the 
other  end  is  attached  a  weight  P  of  50  pounds.  What  is  the 
total  force  acting  on  the  pulley  axle?  I  claim  that  it  is  50 
pounds,  the  same  as  the  weight,  but  a  friend  says  that  it  is 
more  than  that;  which  of  us  is  right? 

A. — Your  friend  is  right,  as  a  little  consi'deration  will  show. 
Referring  to  the  view  at  the  right,  one  weight  Q  of  50  pounds 
exactly  balances  the  other  weight  P  of  50  pounds;  and  since 
the  pulley  supports  both  weights,  the  total  force  (or  stress) 
on  the  axle  is  50  +  50  =  100  pounds.  Suppose,  now,  that  one 
of  the  weights  were  removed  and  that  the  free  end  of  the 
rope  were  fastened;  then,  in  so  far  as  the  stress  on  the  axle 
is  concerned,  the  conditions  would  be  exactly  the  same  as 
before,  provided  the  two  parts  of  the  rope  were  parallel.  Thus, 
suppose  the  weight  Q  were  removed;  the  weight  P  tends  to 
fall  and  pull  the  rope  along  with  it.  But  this  is  resisted  by 
fastening  the  free  end  of  the  rope.  As  a  result,  P  acts  down- 
ward and  the  reaction  acts  upward;  on  the  other  side,  P  acts 
upward  and  the  reaction  acts  downward.  The  reaction  in  the 
second  case  corresponds  in  every  respect  to  the  force  Q;  hence, 
the  total  stress  on  the  axle  is  100  pounds,  as  before. 

Under  the  conditions  shown  in  the  left-hand  view,  a  part 
of  the  reaction  of  the  staple  tends  to  pull  the  pulley  away 
from  the  perpendicular,  and  the  stress  on  the  axle  is  less 
than  the  sum  of  the  stresses  in  the  two  parts  of  the  rope. 
To  find  what  this  stress  is,  draw  a  line,  as  AB.  parallel  to 
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Stress  on  Pulley  Axle 

the  part  G  of  the  rope,  and  make  it  of  a  length  that  will  rep- 
resent 50  pounds;  draw  AC  parallel  to  H8,  the  other  part  of 
the  rope,  and  make  it  of  the  same  length,  also  representing 
50  pounds;  complete  parallelogram  ACDB,  and  draw  diagonal 
AD;  this  measured  to  the  same  scale  as  AB  gives  the  stress 
on  the  axle  and  shows  the  direction  in  which  it  acts.  By 
producing  AB  and  drawing  DE  perpendicular  to  it,  ED  repre- 
sents the  force  tending  to  pull  the  pulley  from  the  perpendicu- 
lar, and  AE  represents  the  downward  force  on  the  axle.  As- 
suming the  pulley  to  be  1  foot  in  diameter,  the  writer  obtained 
in  this  manner  the  following  values:  AD  =  94.25  pounds; 
AA' =  88.75  pounds;  and  ED  =  21.15  pounds.  By  calculation, 
AD  =  94.19,  AE  =--  88.72,  and  ED  =  31.64.  J.  J. 
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MACHINE  DEVELOPED  FOR  CUTTING  HEAVY  GEARS  AND  PINIONS 


THE  well-known  advantages  possessed  by  properly  cut 
herringbone  gears  as  compared  with  the  standard  type 
of  cut  spur  gears  or  cut  spur  gears  with  staggered 
teeth,  have  led  to  an  increasing  demand  for  herringbone 
gears.  In  order  to  secure  the  full  benefit  resulting  from  the 
use  of  this  type  of  gear,  however,  it  is  absolutely  necessary 
for  the  cutting  to  be  done  on  a  machine  capable  of  produc- 
ing accurate  work.  For  rolling  mill  equipment  it  is  often 
desirable  to  use  herringbone  gears  of  very  coarse  pitch  be- 
cause slight  inaccuracies  in  alignment,  which  are  unavoid- 
able in  mill  practice,  do  not  exert  such  a  detrimental  effect 
upon  their  operation  and  life.  In  cutting  coarse  pitch  gears 
of  this  kind  excellent  results  are  obtained  by  planing  the 
teeth,  and  there  is  no  limit  to  the  pitch  of  gear  that  can  be 
cut  in  this  way. 
To  meet  the  re- 
quirements of 
this  work  the 
Mesta  Machine 
Co.,  Pittsburg, 
Pa.,  has  devel- 
oped a  planer 
type  of  herring- 
bone gear  cutter 
which  it  is  the 
purpose  of  the 
following  article 
to  describe. 

In  comparing 
the  design  of 
this  machine 
with  that  of 
other  herring- 
bone  gear 
planers,  the  most 
noticeable  fea- 
tures a  re  :  (1) 
That  the  posi- 
tion of  the  gear 
blank  remains 
fixed  while  the 
tools  are  made 
to  follow  helical 
paths  required 
to  finish  ele- 
ments   of    the 

tooth  faces.  (2)  That  the  carriages  which  support  the  cutting 
tools  occupy  a  fixed  transverse  position  on  the  machine,  while 
the  headstock  and  tailstock  that  support  the  work  are  moved 
transversely  to  obtain  the  required  setting  for  planing  teeth 
in  gears  of  various  sizes.  It  is  claimed  that  greater  accuracy 
can  be  obtained  by  holding  the  work  stationary  and  having 
the  tools  follow  helical  paths  determined  by  the  angles  of  the 
teeth,  because  the  gears  cut  on  this  machine  are  large  and 
heavy,  and  would  gather  considerable  momentum  if  it  were 
attempted  to  rotate  them  for  cutting  herringbone  teeth  while 
the  cutters  were  following  paths  parallel  to  the  axis  of 
the   gear. 

In  the  operation  of  this  machine  one  side  of  a  tooth  is 
planed,  after  which  the  machine  is  stopped  and  the  tools 
are  backed  out  to  the  starting  position  by  hand;  the  work 
is  next  indexed  so  as  to  bring  the  corresponding  side  of  the 
next  tooth  into  proper  relation  with  the  tools,  after  which  the 
work  is  locked  in  place  and  the  tools  started  cutting.  This 
procedure  is  continued  until  all  of  the  teeth  have  been  cut 
on  one  side,  and  in  this  connection  it  may  be  mentioned  that 
either  the  upper  or  lower  sides  of  the  teeth  may  be  cut  first. 
After  the  work  has  been  indexed  through  one  complete  revo- 
lution, i.  e.,  after  all  the  teeth  have  been  cut  on  one  side,  it  is 
necessary  to  adjust  the  setting  to  bring  the  opposite  side  of 


Fig. 


the  first  tooth  into  proper  relation  with  the  cutting  tools. 
In  securing  this  result,  the  work  is  brought  into  approximate- 
ly the  desired  position,  after  which  a  very  light  cut  is  taken 
and  the  tooth  tested  with  a  gage  to  ascertain  the  amount  of 
metal  which  must  still  be  removed  in  order  to  reduce  it  to 
the  desired  thickness.  Several  trial  settings  will  be  made  in 
this  way  and  light  cuts  will  be  taken,  gaging  the  tooth  after 
each  cut,  until  the  desired  setting  of  the  work  has  been  ob- 
tained ;  then  cutting  and  indexing  operations  will  take  place 
alternately — as  in  the  case  already  explained  for  cutting  the 
first  side  of  the  teeth — until  the  gear  has  been  indexed  through 
another  complete  revolution,  which  finishes  the  cutting  of- 
the  teeth. 

In  order  to  describe  just  how  the  machine  operates,  it  will 

probably  be  best 
to  explain  the 
conditions  which 
must  be  fulfilled 
in  cutting  the 
side  of  one  tooth 
and  the  mechani- 
cal means  pro- 
vided for  this 
purpose.  The 
conditions  im- 
posed in  planing 
herringbone  gear 
teeth  on  the 
Mesta  machine 
are  as  follows: 
(1)  The  tools 
must  f  ol  1  o  w 
paths  which  con- 
form to  the  helix 
angles  of  corre- 
sponding teeth 
at  each  side  of 
the  gear .  (2) 
The  position  of 
the  tools  must 
be  kept  in  con- 
stant relation  to 
the  faces  of  the 
teeth,  i.  e.,  the 
tools  must  be 
held  normal 
to  the  tooth  profiles  at  all  times.  (3)  Compensation  must  be 
provided  for  curvature  of  the  teeth  due  to  their  angularity. 
(4)  After  completing  each  stroke  the  tools  must  be  fed  in 
toward  the  axis  of  the  gear.  (5)  The  position  of  the  tools 
must  be  constantly  adjusted  so  that  the  desired  involute  profile 
is  obtained  for  the  teeth. 

The  way  that  a  reciprocating  motion  is  imparted  to  the 
tool  carriages,  and  the  manner  in  which  the  tools  are  made  to 
follow  paths  corresponding  with  the  helix  angles  of  the  teeth 
are  clearly  shown  in  Fig.  2.  Referring  to  this  illustration, 
a  thirty-five  horsepower  Westinghouse  electric  motor  which 
drives  the  machine  is  shown  at  A.  This  motor  is  of  the  re- 
versing type  and  transmits  power  through  bevel  pinions  B  to 
lead-screw  C,.  reversal  of  the  drive  taking  place  at  such  inter- 
vals that  the  desired  length  of  stroke  is  imparted  to  the  cut- 
ting tools.  It  will  be  seen  that  the  tool  carriages  run  on  in- 
clined ways  D  which  are  set  at  angles  to  correspond  with  the 
required  helix  angles  for  the  gear  teeth.  In  making  this 
setting  the  stand  which  supports  the  driving  motor  is  raised 
by  elevating  screws,  which  results  in  raising  the  inner 
ends  of  the  inclined  ways  D  on  which  the  tool  carriages 
reciprocate.  When  this  setting  has  been  obtained,  screws  E 
are  manipulated  in  order  that  supports  F  under  the  outer  ends 
of  the  tool  carriage  ways  may  be  moved  sufficiently  to  obtain 
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the  required  angular  sotting,  which  Is  ascertained  through 
tlie  use  of  a  bevel  protractor  and  spirit  level.  Teeth  with  helix 
angles  ranging  from  12  to  23  degrees  can  be  cut. 

In  referring  to  conditions  that  must  be  fulfilled  In  planing 
herringbone  gear  teeth,  mention  was  made  of  the  necessity 
of  maintaining  a  constant  relation  between  the  position  of  the 
cutters  and  the  tooth  profiles,  i.  e.,  the  tools  must  be  kept  nor- 
mal to  the  tooth  faces.  Provision  is  made  for  securing  this 
result  by  rocking  the  tool-holders  on  shafts  G  so  that  a  con- 
stant relation  is  maintained  as  each  tool  passes  over  the  gear 
tooth  that  it  Is  cutting.  Fastened  to  each  of  the  inclined  ways 
over  which  the  tool  carriages  run  there  is  a  rack;  and  secured 
to  each  of  the  carriages  there  is  a  cross  shaft  with  a  pinion 
at  its  outer  end  that  meshes  with  one  of  these  racks.  At  the 
opposite  end  of  the  shaft  there  is  a  worm  which  meshes  with  a 
worm-wheel  segment  on  the  tool-holder,  as  shown  in  Fig.  3; 
and  it  will  be  evident  that  as  the  carriage  moves  back  and 
forth,  engagement  of  the  pinion  H  with  the  rack  results  In 
rotating  the  cross  shaft,  worm  and  worm-wheel  segment,  and 
thus  rocking  the  tool-holder  about  shaft  G.  In  this  way  com- 
pensation is  provided  for  the  "wind"  of  the  gear  teeth  due  to 
their  angularity,  and  a  constant  relation  is  maintained  between 
the  planing  tools  and  tooth  profiles.  The  tool-holders  are 
rocked  through 
an  angle  shown  at 
DEP  in  Fig.  4. 

In  planing  her- 
ringbone gear 
teeth  it  is  also 
necessary  to  make 
compensation  for 
curvature  due  to 
angularity  of  the 
gear  teeth,  i.  e., 
in  passing  across 
the  gear  face,  cen- 
ter A  of  each 
tooth,  Fig.  4,  is 
higher  than  either 
end  by  an  amount 
BG.  In  setting  up 
the  machine  each 
tool  is  located  at 
a  central  point  A 
and  it  will  be  evi- 
dent that  means 
must  be  provided 

to  make  the  tool  follow  the  curved  path  of  the  teeth,  the  amount 
of  adjustment  necessary  varying  according  to  the  diameter,  helix 
angle  and  face  width  of  the  gear  which  is  being  planed.  The 
method  by  which  this  compensation  is  secured  is  illustrated  in 
Fig.  3.  Referring  to  this  illustration  it  will  be  seen  that  arm 
I  carries  link  J,  and  as  arm  K  rocks  up  and  down,  link  L, 
which  connects  arm  K  and  shaft  M  with  link  J,  swings  in 
•  and  out  relative  to  arm  K  due  to  the  comparatively  short 


Fig.    2.     Mechanism    for    securing    Keoiprocatlngr    Movement    of    Carriages    on    Paths    corresponding 
to   Helix   Angle   of   Teeth;   also   Means  of   obtaining  Cross-feed   and  Involute   Tooth  Profile 


Fig.   3.     Mechanism  provided   to  keep  Tools  Normal   to   Tooth  Profiles   and 
to  compensate  for  Curvatiirp  9f  Teeth  due  to  Angularity 


Fig.    4.     Diagram    showing    Conditions    that    must    be    fulflUed    in    planing 
Herringbone   Gear  Teeth 

length  of  link  J.  This  relative  motion  is  transmitted  by  means 
of  block  N  and  screw  O  to  tool-holder  P.  The  tool  is  at  the 
center  of  shaft  G  when  in  the  central  position  so  that  the 
working  of  arm  E  does  not  affect  the  position  of  the  tool. 

On  each  of  the  tool  carriages  there  is  a  compound  tool-block 
Q  fitted  with  horizontal  and  vertical  slides.  The  horizontal 
slides  are  used  for  feeding  the  tools  in  toward  the  axis  of 
the  gear,  this  feed  motion  being  actuated  at  the  end  of  each 
return  stroke  of  the  tool  carriages.    The  manner  in  which  this 

result  is  obtained 
is  shown  in  Fig.  2; 
lever  R  is  of  bell- 
crank  form,  the 
lower  portion  not 
being  shown. 
When  the  car- 
riage approaches 
the  limit  of  its  re- 
turn motion,  this 
lever  comes  into 
contact  with  block 
S,  which  is  se- 
cured to  the  feed- 
rod.  Further 
movement  of  the 
carriage  results  in 
lever  R  pushing 
block  S  and  the 
feed-rod  over,  thus 
turning  a  feed- 
screw that  oper- 
ates the  horizon- 
tal slide  of  tool- 
block  Q  by  means  of  a  ratchet  and  pawl  mechanism  shown 
at  T.  Adjustment  is  provided  to  vary  the  amount  of  feed 
according  to  the  requirements  of  the  work.  In  addition  to  the 
horizontal  slide,  each  tool-block  Q  is  furnished  with  a  vertical 
slide  to  which  is  secured  roller  U  which  runs  in  contact  with 
templet  V.  As  ratchet  mechanism  T  feeds  the  tool  in  toward 
the  axis  of  the  gear,  roller  U  rides  over  templet  V  and  causes 
the  tool  to  be  raised  by  movement  of  the  vertical  slide;  and 
as  templet  V  corresponds  to  an  involute  tooth  curve  of  the 
required  pitch,  it  will  be  evident  that  this  results  in  securing 
the  desired  contour  for  the  gear  teeth. 

Indexing  of  the  work  is  done  by  means  of  the  large  worm- 
wheel  shown  at  the  left-hand  end  of  the  machine,  this  wheel 
being  driven  by  a  worm  that  receives  power  from  an  inde- 
pendent flve-horsepower  motor.  The  design  of  the  index  mech- 
anism is  essentially  the  same  as  that  used  on  other  forms 
of  gear  tooth  planers,  so  that  a  detailed  description  is  not 
called  for;  but  in  this  connection  it  may  be  mentioned  that 
indexing  is  effected  through  the  familiar  arrangement  of  dif- 
ferential gears  and  a  locking  bolt  which  drops  into  place  to 
secure  the  work  against  further  movement  when  it  has  been 
brought  into  the  desired  position  ready  for  cutting  a  tooth. 
After  indexing  has  been  completed  the  operator  starts  main 
driving  motor  A,  Fig.  2,  to  set  the  machine  in  operation,  and 
when  the  cutting  of  the  tooth  has  been  completed  and  the  tool- 
heads  have  been  backed  out  to  the  starting  point,  the  first 
step  is  to  release  the  lock  bolt  on  the  index  mechanism,  which 
is  done  by  pulling  a  pendant  cord  which  hangs  down  at  the 
front  of  the  switchboard  at  the  left-hand  end  of  the  machine. 
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Then  the  switch  governing  the  indexing  motor   is  closed  in 
order  to  start  this  motor  running  to  index  the  work. 

The  gear  blanks  in  which  teeth  are  cut  on  this  machine  are 
steel  castings  in  which  the  teeth  are  cast  to  approximately  the 
desired  form  so  that  it  is  merely  necessary  to  finish  them  on 
the  machine.  Those  experienced  in  the  production  of  steel 
castings  know  that  particular  attention  must  be  paid  to  pro- 
vision of  means  to  take 
up  shrinkage.  Gear 
blanks  are  usually  cast 
in  halves  and  unusual- 
ly large  shrink  heads 
are  provided  so  that 
there  will  be  ample 
metal  to  drop  down  into 
the  mold  as  the  metal 
shrinks  in  cooling. 
These  castings  are 
planed  on  the  joint  be- 
tween the  two  halves, 
and  the  halves  are  then 
secured  together  with 
bolts  and  shrink  keys, 
after  which  the  work  is 
ready  to  be  set  up  on 
the  machine.  The  first 
operation  consists  of 
taking  a  roughing  cut 
with  a  square  nose 
tool,  which  removes  ex- 
cess metal  from  the 
tooth  spaces.  After  this 
has  been  done  a  finishing 
cut  is  taken  according 
to  the  method  already 
described,  and  in  taking 
this  cut  a  pointed  tool 
is  employed,  guided  in 
the  same  manner. 
The  diameter  of  gears  which  can  be  cut  is  limited  only  by 
the  pit  capacity;  and  at  present  the  machine  is  so  arranged 
that  gears  up  to  22  feet  in  diameter  can  be  accommodated,  but 
this  could  easily  be  increased  should  the  necessity  arise. 
The  maximum  face  width  of  gears  which  can  be  cut  is 
5  feet,  6  inches.  An  idea  of  the  accuracy  obtained  may 
be  gathered  from  the  fact  that  during  each  cutting  stroke  the 
tool  follows  a  true  helix  within  limits  of  0.0005  and  0.001  inch. 
Errors  due  to  deformation  of  the  tool  and  support,  and  to 
wear  of  working  surfaces  are  exceedingly  small  because  all 
parts  of  the  machine  were  so  designed  that  they  are  of  ample 
size.  The  machine  occupies  a  floor  space  of  26  feet  by  26  feet, 
and  weighs  approximately  150,000  pounds.  E.  K.  H. 

•  •  • 
The  Ford  Motor  Co.  of  Detroit  made  $59,994,118  profit  for 
the  year  ending  July  31;  it  built  upwards  of  500,000  cars, 
the  selling  price  of  which  was  $206,867,347.  The  company  em- 
ploys 49,870  men  in  all  its  plants,  and  of  these,  36,626  receive 
$5  or  more  a  day.    More  than  27,000  are  employed  in  Detroit. 


Fig.    5.     Large    Herringbone    Gear    whicli 
had   Teeth  planed  on   Machine 


Fig.  6.     Herringbone  Pinions  for  RoUing  Mill  Service 


MODERN  POWER  DEVELOPMENTS 

In  an  interesting  address  delivered  before  the  American  So- 
ciety of  Swedish  Engineers,  271  Hicks  St.,  Brooklyn,  on  "Power 
and  Its  Application  in  Modern  Industries,"  Dr.  C.  P.  Steinmetz, 
chief  consulting  engineer  of  the  General  Electric  Co.,  Schenec- 
tady, N.  Y.,  pointed  out  that  the  main  difference  between  our 
present  civilization  and  that  of  a  hundred  or  a  thousand  years 
ago  is  that  in  those  days  man  depended  entirely  upon  his 
immediate  surroundings,  whereas  today,  through  the  facilities 
of  transportation,  he  can  command  the  energy  and  the  ma- 
terials of  the  whole  world  at  any  point  within  the  reach  of 
the  systems  of  transportation.  Apart  from  passenger  traffic, 
the  speaker  pointed  out  that  the  means  of  transportation 
served  two  purposes:  (1)  that  of  transporting  materials — 
that  is,  the  things  actually  used  by  mankind  for  com- 
fort and  pleasure;  and  (2)  the  transportation  of  potential 
energy.  Coal,  peat,  etc.,  is  not  transported  as  a  material,  but 
simply  because  of  its  potential  energy.  Coal  is  transported 
not  because  it  is  wanted  in  itself,  but  simply  that  it  may  be 
burned  as  soon  as  possible  upon  its  arrival,  thereby  liberating 
the  potential  energy  tied  up  in  it  and  producing  power.  With 
the  progress  of  engineering,  still  simpler  means  of  transport- 
ing energy  than  carrying  coal  have  been  invented,  the  electric 
current  making  it  possible  to  cheaply  transmit  energy. 

Not  only  is  electrical  energy  more  easily  transported  than 
any  other  known  form  of  energy,  but  one  of  the  greatest  ad- 
vantages of  electricity  is  that  it  can  be  used  in  small  quantities 
with  almost  the  same  efficiency  as  when  used  in  large  quan- 
tities. A  motor  of  one-eighth  horsepower  is,  practically  speak- 
ing, as  efficient  as  one  of  10,000  horsepower.  It  is  true  that, 
expressed  as  a  percentage,  the  larger  motor  is  more  efficient; 
but  comparatively  speaking,  the  difference  is  slight.  With 
steam,  gas  or  oil  engines  there  is  no  such  comparison.  The 
large  steam  or  gas  engine  is  highly  efficient,  but  an  engine 
of  one-eighth  horsepower  would  be  exceedingly  inefficient. 
Imagine,  if  you  can,  a  little  boiler  with  its  furnace  placed 
on  the  office  desk,  and  pipes  leading  to  a  small  engine  with  a 
flywheel  belted  to  a  pulley  mounted  on  the  shaft  of  an  ordi- 
nary desk  fan.  The  arrangement  would,  of  course,  be  impossi- 
ble, but  with  the  electric  motor  it  is  a  simple  matter  to  trans- 
mit power  efficiently  to  drive  a  desk  fan. 

It  was  also  pointed  out  that  in  the  modern  development  of 
electric  power  the  country  is  covered  with  a  power-distributing 
network,  which,  on  a  map,  might  be  likened  to  the  network 
of  railroads  some  fifty  years  ago— isolated  systems  that  were 
only  here  and  there  connected  to  complete  trunk  lines;  so, 
today,  the  electric  systems  are  not  yet  connected  into  one 
complete  network,  and  just  as  the  railroads  In  the  early  days 
had  different  gages,  so  these  systems  are  now  of  different 
cycles  and  the  power  from  one  is  not  directly  interchangeable 
with  the  power  from  another.  In  the  near  future,  however, 
sixty  cycles  will  predominate  for  electric  power  transmission 
systems.  The  systems  can  then  be  linked  up,  and,  in  the 
case  of  the  temporary  failure  of  one  system,  power  from  other 
systems  can  be  turned  into  it  and  the  industries  dependent 
upon  the  electric  power  will  not  be  inconvenienced.  There 
are  hydro-electric  power  stations  today  that  are  able  to  pro- 
duce electric  power  at  the  source  as  cheaply  as  0.15  cent  per 
kilowatt-hour,  and  power  is  being  sold  to  consumers  as  cheaply 
as  0.62  cent  per  kilowatt-hour.  The  reason  why  power  in 
cities  is  so  much  more  expensive  than  power  near  hydro- 
electric plants  in  the  country  is  that  the  distributing  systems 
in  the  cities  require  an  outlay  of  capital  so  much  greater  in 
proportion  to  the  power  actually  consumed  that  the  charges 
for  interest  and  depreciation  are  much  higher  than  the  cost 
of  the  power  itself.  Hence,  it  is  difficult  to  compare  kilowatt 
rates  in  cities  with  those  in  the  country  near  power  plants. 
*     *     • 

An  indication  of  the  widespread  interest  in  engineering  cir- 
cles as  to  our  future  commercial  and  engineering  relations 
with  South  American  countries  is  given  by  the  fact  that  180 
out  of  231  students  entering  Stevens  Institute  of  Technology 
this  fall  have  elected  to  study  Spanish  instead  of  French  or 
German.  This  is  a  most  remarkable  increase  in  proportion 
over  other  years  at  Stevens  in  favor  of  Spanish. 


258 


MACHINERY  November,  1916 

SEMI-AUTOMATIC  SHELL  MAKING  MACHINES 


EQUIPMENT  FOR  MACHINING  BRITISH  18-POUNDER  HIGH-EXPLOSIVE  SHELLS 


ASHEIvL  making  equijpient,  cousisting  of  two  semi- 
automatic machines  capable  of  turning  out  a  completed 
IS-pounder  British  high-explosive  shell  in  six  minutes, 
has  been  built  by  the  Manitoba  Shell  Co.,  St.  Boniface,  Mani- 
toba. One  of  the  machines  performs  the  operations  on  the 
interior  of  the  shell,  and  the  other,  the  operations  on  the 
exterior.  In  other 
words,  when  the 
shell  leaves  these 
two  machines  it  is 
completed  and  ready 
to  have  the  band 
pressed  on.  It  re- 
quires only  two  op- 
erators to  attend  to 
the  two  machines, 
and  their  production 
is  equal  to  that  of 
eleven  ordinary  ma- 
chines equipped  with 
special  attachments 
for  handling  the  vari- 
ous operations.  All 
lubricating  pipes  and 
stop-cocks  are  opened 
and  closed  automati- 
cally as  required. 
Every  tool-holder  has 
an  adjusting  mechan- 
ism graduated  to 
0.001  inch  for  adjust- 
ing the  tools  to  depth.  The  "internal"  machine  is  provided 
with  eight  work-holding  spindles  and  the  required  number  of 
opposed  tool  spindles  for  boring,  reaming,  facing,  threading, 
etc.,  whereas  the  "external"  machine  is  provided  with  six 
spindles  for  performing  all  the  operations  on  the  exterior  of 
the  shell. 

Construction  and  Operation  of  Semi-automatic  Machine  for 

Performing  Interior  Operations 
A  front  view  of  the  machine  for  performing  the  operations 
on  the  interior  of  the  shell  is  shown  in  Fig.  1,  and  a  longitudi- 
nal section  of  the  machine  is  shown  in  Fig.  2.  All  the  move- 
ments of  this  machine  receive  power  from  a  twenty-seven- 
horsepower  motor  located  at  the  left-hand  end  on  a  bracket. 
This  motor,  through  suitable  gearing,  rotates  and  indexes  the 


Tig.  1.     Semi-automatic  Shell  Making  Machine  for  performing  Operations  on  Interior  of  British 
18-pounder  High-explosive   Shells 


head  carrying  the  eight  work-holding  chucks  for  the  shell, 
and  at  the  same  time  operates  a  cam  drum  for  controlling  the 
longitudinal  movement  of  the  various  boring,  reaming,  facing, 
tapping  and  recessing  bars  or  spindles.  The  chucks,  of  course, 
are  independently  rotated  by  gearing  in  a  somewhat  similar 
manner  to  the  spindles  of  a  multiple-spindle  automatic  screw 

machine  and  are  pro- 
vided with  two  speed 
changes,  for  drilling 
and  tapping,  respec- 
tively, which  are  ef- 
fected by  means  of  a 
pin  clutch.  The  speed 
of  the  work  can  be 
varied,  depending  on 
the  hardness  of  the 
material,  three 
changes  in  the  driv- 
ing motor  being 
available,  and  is  con- 
trolled electrically,  as 
will  be  subsequently 
explained.  The  ro- 
tating head  has  one 
idle  position,  which 
is  indicated  in  Fig.  1 
as  No.  1,  for  loading 
the  work.  When  in 
this  position,  the 
chuck,  of  course, 
does   not   rotate. 


Referring  to  the  diagram  Fig.  3,  the  sequence  of  operations 
accomplished  on  this  machine  is  clearly  outlined.  After  the 
shell  has  been  located  in  the  chuck,  the  set-screws  shown  in 
Figs.  1  and  2  are  tightened,  centering  the  shell  and  at  the 
same  time  holding  it  rigidly  in  position.  A  stop  (not  shown 
in  the  illustrations)  is  used  to  push  the  shell  up  against 
and  locate  it  so  as  to  distribute  the  amount  of  material  to 
be  removed  from  each  end.  The  machine  is  started  and  stopped 
by  operating  handle  F,  Fig.  1.  The  first  position,  as  indicated, 
is  the  loading  and  unloading  position,  the  work-holding  chuck 
remaining  idle  so  that  the  operator  can  insert  and  remove 
the  work  without  stopping  the  other  movements  of  the  ma- 
chine. In  the  second  position,  the  blank  is  operated  on  from 
both  ends,  the  work  rotating  at  139  R.  P.  M.    The  first  opera- 
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Fig.  2.     Longitudinal  Section  of  Machine  shown  in  Fig.   1,  illustrating  Method  of  driving,  etc. 
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FIRST  POSITION— IDLE 


LOADING  AND  UNLOADING 
BILLET 


1  A r 

URTH— 139  R.P.M.  I  \  ^ 

X.      ^ — ^- 


— 4TH   OP. -1.859    DRILL,    6   I 


:^ 


FIFTH  — 139  R.  P.  k 


SEVENTH— 67  P.P. 


£ 


1-67  R.P.M.         11     I 


Machiufry 


Hence  the  third  position  is  not  used  for  any  of  the  machining 
operations. 

In  the  fourth  position,  the  work  is  still  rotating  at  139 
R.  P.  M.,  and  it  is  operated  upon  at  one  end  only  by  a  drill 
1.859  inch  diameter,  which  advances  3  inches  farther  than  the 
first  drill,  thus  extending  the  hole  in  the  nose  end  of  the  shell 
to  6  inches.  In  the  fifth  position,  the  work  is  still  rotating 
at  the  same  speed,  and  all  the  operations  are  performed  from 


Fig.    3.     Diagram   snowing   Sequence   of   Operations   performed   on   Machine 
shown  in  Fig.  1 

tion  consists  in  drilling  a  hole  1.895  inch  diameter,  3  inches 
deep  in  the  nose  end;  and  the  second  and  third  operations 
consist  in  facing  off  the  base  end  and  rough-boring  the  pocket 
for  the  base  plug.  In  the  third  position,  no  operations  are 
accomplished  for  the  reason  that  this  position  is  inaccessible. 


.^                       1 

t, 

FIRST  POSITION -IDLE    'j^ 

LOADING  AND  UNLOADING  SHELL 
AS  RECEIVED  FROM   MACHINE   NO.  1 

SECOND               3.375" 

A 

------- 

THIRD                    3.32" 

i 

2N0  OPEK.-SECONO   COT  ON 

FOURTH              3.2S8" 

3»0   OPEB.-FimSH    BODY 

FIFTH 
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SIXTH 

1 
1 

1 
1 

---;—--- 

ilailnnay 

Fig.  4. 


Diagram  illustrating  Sequence  of  Operations  performed  on  Machine 
shown  in  Fig.  7 


the  open  end.  The  fifth  operation  consists  in  finishing  the 
1.859-inch  hole,  which  is  now  extended  to  a  depth  of  8.72 
inches;  and  the  sixth  operation  consists  in  roughing  the  radius 
at  the  bottom  of  the  pocket.  In  the  sixth  position,  the  seventh 
operation  consists  in  finishing  the  base  end  with  a  roughing 


Fig.    6.     Close    View   of   Machine    shown    in    Fig.    1,    illustrating    Operating 
Lever  and  Overload  Alarm  Signal 


Close  View  of  Machine  shown  in  Fig.  1.  illustrating  Fourth,  Fifth, 
Sixth  and  Seventh  Operating  Positions 
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reamer,  the  work  being 
rotated  at  67  H.  P.  M.  On 
the  opposite  end  of  the 
shell,  the  eighth  opera- 
tion consists  in  couuter- 
borlng  the  nose;  the 
ninth  iu  rough-reaming 
to  1.872  inch  diameter; 
the  tenth,  in  finishing  the 
radius  on  the  nose;  and 
the  eleventh  in  roughing 
the  fuse  end  angle  and 
diameter  of  the  fuse  re- 
cess. In  the  seventh  po- 
sition, the  work  is  still 
rotating  at  67  R.  P.  M. 
and  the  thread  is  cut  in 
both  ends.  Reference  to 
li'ig.  2  will  show  that  the 
two  collapsible  taps  are 
operated  by  opposed  spin- 
dles, which  are  in  line 
with  each  other.  The  twelfth  operation,  therefore,  consists 
in  tapping  the  nose,  and  the  thirteenth,  in  tapping  the  hole 
in  the  base  end  for  the  base  plug.  In  the  eighth  position, 
the  work  is  still  rotating  at  67  R.  P.  M.,  and  the  fourteenth 
operation  consists  in  counterboring  the  seat  for  the  base  plug; 
while  the  fifteenth  operation  is  recessing  the  base  seat.  The 
sixteenth  operation  consists  in  finishing  the  bore  with  a  reamer 
1.885  inch  diameter;  the  seventeenth  in  finishing  the  radius 
at  the  bottom  of  the  pocket;  the  eighteenth  in  finishing  the 
fuse  end  angle;  and  the  nineteenth  in  making  the  recess  in 
the  open  end.  This  finishes  the  operations  on  the  shell  and 
brings  it  to  the  unloading  position.  It  should  be  understood, 
of  course,  that  it  requires  one  complete  revolution  of  the  work- 
spindle  head  to  finish  all  the  operations  on  the  ends  and  in- 
terior of  one  shell,  and  during  this  time  nineteen  drilling, 
facing,  chamfering,  reaming  and  threading  operations  are  per- 
formed upon  it. 

Owing  to  the  impracticability  of  using  the  third  position, 
it  is  necessary  in  several  positions  to  use  two  tools  working 
from  the  same  end.  In  the  second  position  the  hole  for  the 
base  plug  is  both  drilled  and  counterbored.  In  order  to  ac- 
complish this,  adjustable  arm  B  is  provided,  as  shown  in  Fig.  5, 
which  brings  the  boring  tool  into  position  after  the  drill  has 
cleared.  Reference  to  Fig.  3,  of  course,  will  show  that  the 
hole  in  the  nose  of  the  shell  is  over  four  times  as  deep  as  the 
one  in  the  base,  so  that  sufficient  time  is  allowed  both  to  drill 
and  counterbore  the  hole  in  th§  base.  It  should  also  be  noted 
that  in  the  sixth  position  it  is  necessary  to  use  two  tools, 
which  cannot  be  operated  at  the  same  time.  Therefore,  an 
adjustable  feed-rod  P  is  provided  for  bringing  the  base  facing 
tool  into  operation  when- 
ever the  roughing  reamer 
is  clear  of  the  hole.  It 
is  also  necessary  to  use 
two  tools  in  both  the  sev- 
enth and  eighth  positions. 
As  shown  in  Fig.  6,  an 
adjustable  arm  is  pro- 
vided in  the  seventh  po- 
sition for  bringing  the 
base  tap  into  operation 
whenever  the  nose  tap  is 
clear.  It  is  evident,  of 
course,  that  both  taps 
cannot  work  at  the  same 
time,  because  both  are 
right  -  handed.  The  ad- 
justable arm  D  is  used  to 
bring  the  base  recessing 
tool  into  operation  in  the 
eighth  position  when  the 
base  reamer  is  clear  of 
the  hole. 

As  shown  in  Fig.  5,  the 


Front  View  of  Semi-automatic  Machine  for  machining  Exterior  of  British 
18-pounder  High-explosive  Shell 


lever  A  is  the  locking  and 


Fig.    8.     Hear   View   of    Machine    shown   in    Fig.    7,    illustrating    Operating    Cams, 
Tool-holderg,  etc. 


unlocking  device  for  the 
spindle  carrier  drum,  the 
latter  being  rotated  by 
the  gear  E,  which  indexes 
the  head  Z  one  -  eighth 
revolution  upon  the  com- 
pletion of  each  operation. 
Fig.  5  also  shows  the  de- 
vices used  at  R  for  set- 
ting the  various  tools  to 
depth.  The  rod  carrying 
these  levers  is  provided 
with  an  adjustable  collar 
so  that  the  different  tools 
can  be  set  by  these  stops 
in  the  desired  position. 
Another  point  that  has 
not  been  mentioned  is  the 
automatic  electric  alarm 
S.  Should  the  cutting 
toolii  strike  a  hard  shell 
so  that  the  power  neces- 
sary to  force  the  tools  into  the  work  is  greater  than  that  re- 
quired under  ordinary  conditions,  this  alarm  electrically  oper- 
ates the  rheostat  on  the  motor  and  reduces  its  speed.  The  ma- 
chine can  also  be  so  set  that  it  automatically  reverts  to  the 
previous  speed  when  softer  material  is  encountered.  The  con- 
struction of  the  electric  alarm  device  for  controlling  the  ma- 
chine when  hard  spots  are  encountered  is  shown  at  K  in 
Fig.  1.  This  device,  as  will  be  noticed,  is  connected  with  the 
various  spindles,  the  successful  operation  of  which  would  be 
affected  by  the  tools  striking  hard  spots  in  the  material.  The 
application  of  electrical  means  for  controlling  the  movements 
and  working  capacities  of  machines  is  being  more  generally 
adopted  as  the  advantages  to  be  derived  from  this  method  of 
control  are  becoming  recognized.  In  this  case  the  machine 
automatically  accommodates  itself  to  the  hardness  of  the  stock. 
Lubrication  is  pumped  into  all  the  tools,  as  illustrated  in  Fig.  2, 
so  that  they  are  kept  cool. 

Semi-autoraatic  Machine  for  Performing'  Operations  on 

Exterior  of  Shell 

The  machine  for  performing  the  operations  on  the  exterior 

of   the   British    18-pounder   high-explosive   shell    is   shown    in 

Figs.  7  and  8.     This  machine  differs  in  principle  from  that 

illustrated  in  Fig.  1  in  that  it  is  not  of  the  double-end  type, 

as  all  the  work  is  done  on  the  exterior  and  not  on  the  ends 

and  interior  of  the  shell.     Also,  it  is  only  provided  with  six 

spindles  or  "lathes"  instead  of  eight  work-holding  positions. 

In  principle,  the  machine  consists  of  a  large  central  drum 

carrying  six  tailstocks  and  six  headstocks.     The  work  to  be 

finished   is  held  on  special   arbors  located  by  the  headstock 

and   tailstock.     The   cutting   tools   are   carried   by   operating 

slides  that  receive  motion 
from  a  drum  cam  which 
brings  the  various  cut- 
ting tools  into  action  on 
the  work.  These  tool- 
holders  are  also  moved 
longitudinally,  the  work 
remaining  stationary,  ex- 
cept for  rotating  and  be- 
ing indexed  around  to  the 
various  tool  positions. 
The  machine  is  driven  by 
a  fifteen-horsepower  mo- 
tor by  a  single  belt.  Gears 
were  at  first  used  for 
driving  the  machine  from 
the  motor,  but  it  was 
found  that  the  belt 
worked  much  better.  All 
the  mechanism  of  the  ma- 
chine is  uncovered  and 
is  operated  from  cams 
and  rockers  as  described 
in  a  preceding  part  of  the 
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The  first  two  cuts,  as  outlined  in  the  diagram  Fig.  4,  are 
made  with  four  cutters  on  each  "lathe";  the  third  has  one 
tool  and  finishes  the  entire  length.  Reference  to  Figs.  7  and  8, 
which  show  front  and  rear  views  of  the  machine,  will  give 
an  idea  of  its  construction.  The  machine  is  driven  from  the 
main  driving  pulley  B  through  a  friction  gear  (not  shown), 
which  stops  the  rotation  of  the  "lathe"  at  the  loading  point. 
0  is  a  counterweight  for  the  locking  device  which  is  used 
when  the  head  is  indexed  into  the  various  positions;  the  index- 
ing is  accomplished  by  the  pinion  P,  which  transmits  motion 
to  the  large  gear  Just  beneath  it  and  is  operated  by  a  cam 
sleeve  to  rotate  the  drum  carrying  the  lathe  heads  one-sixth 
revolution  at  the  completion  of  each  cut.  The  machine  is 
started  and  stopped  by  operating  the  lever  M  located  directly 
in  front  of  the  machine.  The  various  tools  are  brought  into 
and  out  of  contact  with  the  work  by  means  of  sliding  wedges 
D,  as  shown,  which,  in  turn,  receive  power  from  the  large 
drum  R  carrying  cams  for  operating  the  various  tools. 

Rod  E  governs  the  depth  of  travel  of  the  driving  band 
recessing  tool,  and  it  will  be  noticed  that  it  also  receives  mo- 
tion from  drum  R.  The  shaft  F,  on  the  other  hand,  is  a  rocker 
for  the  under-cutting  tool  for  the  band  groove,  and  as  shown  in 
Fig.  8,  also  receives  power  from  cam  R.  G  is  a  feed-rod  for 
the  wave  cutting  tool  and  is  operated  in  the  same  way  as  the 
other  tools,  fl^  is  a  raising  rod  for  the  wedge  bar  D,  and  J  is 
a  rocker  acting  on  the  final  finish  cutting  tool,  the  result  of 
which  is  shown  diagrammatically  in  Fig.  4.  Most  of  the  other 
details  of  the  machine  do  not  differ  materially  from  the  stand- 
ard type  of  automatic  screw  machine  or  chucking  lathe.  The 
principle,  of  course,  as  a  whole  is  quite  unique.  The  produc- 
tion on  this  machine  is  one  shell  every  three  minutes,  so  that 
with  material  of  the  correct  physical  properties  it  is  possible 
to  turn  out  a  complete  shell,  finishing  both  the  interior  and 
exterior  on  the  machines  shown  in  Figs.  1  and  7,  respectively, 
in  six  minutes,  or  at  the  rate  of  ten  an  hour.  D.  T.  H. 

•     *     « 

NATIONAL  MACHINE  TOOL  BUILDERS' 
ASSOCIATION   CONVENTION 

The  fifteenth  annual  convention  of  the  National  Machine 
Tool  Builders'  Association  was  held  in  New  York  City,  Octo- 
ber 24  and  25,  at  the  Hotel  Astor.  The  meeting  was  called 
to  order  by  J.  B.  Doan,  president,  following  which  was  the 
usual  routine  business,  including  reports  of  committees.  J.  H. 
Drury,  chairman  of  the  Membership  Committee,  reported  that 
the  following  concerns  had  applied  for  membership:  Fitch- 
burg  Grinding  Machine  Co.,  Fitchburg,  Mass.;  Sipp  Machine 
Co.,  Paterson,  N.  J.;  W.  W.  &  C.  F.  Tucker,  Hartford,  Conn.; 
Simplex  Machine  Tool  Co.,  Hamilton,  Ohio;  Nutter  &  Barnes 
Co.,  Hinsdale,  N.  H. ;  Cincinnati  Grinding  Co.,  Cincinnati,  Ohio. 
Mr.  Doan,  in  his  presidential  address,  discussed  the  machine 
tool  trade  and  the  probable  condition  of  business  following 
the  European  war  as  follows: 

A  special  feature  of  this  association  is  the  good  fellow- 
ship of  its  members.  Good  fellowship,  in  the  deeper  sense 
of  binding  men  together  by  the  powerful  ties  of  mutual 
self-interest  and  profound  friendship,  is  a  most  valuable 
element  in  the  development  of  every  industry.  Men  have 
learned  that  cooperation  is  one  of  the  necessities  of  busi- 
ness success.  By  combining  our  wisdom  we  learn  better 
methods  of  manufacture;  we  learn  that  there  is  some  bet- 
ter system  of  business  than  merely  trying  to  cut  the  throat 
of  a  competitor,  and  we  find  that  the  concentrated  rays  of 
business  friendship,  like  concentrated  sunbeams,  will  melt 
the  coldest  and  hardest  markets.  In  other  words,  coopera- 
tion and  the  exchange  of  business  ideas  teach  us  to  manu- 
facture more  scientifically,  to  keep  costs  more  accurately, 
and  to  market  our  product  more  successfully.  So  let  this 
membership  get  together,  abandon  business  suspicion,  and 
build  up  business  confidence. 

There  never  was  a  time  when  these  fundamental  laws  of 
success  were  so  essential  to  business  men.  We  are  living 
in  the  most  momentous  days  of  history,  and  are  witnesses 
of  the  results  which  follow  when  national  suspicion  be- 
comes national  fear,  and  national  fear  turns  to  national 
hatred,  leading  to  international  destruction.  We  in  Amer- 
ica, enjoying  as  we  do  the  privilege  of  living  as  a  people 
without  internal  hatreds,  without  internal  suspicions,  with- 
out deep  internal  antagonisms,  do  not  yet  realize  the  great- 
ness of  these  privileges.  Such  associations  as  ours  keep 
alive  In  our  country  the  great  spirit  of  national  trust  and 


national  cooperation.  We  come  from  coast  to  coast,  from 
North  to  South,  and  meet  with  a  common  language  and  a 
common  purpose.  Let  this  unity  increase  and  grow,  and 
in  the  midst  of  this  unity,  do  not  fail  to  observe  the  horror 
that  overwhelms  nations  and  peoples  who  do  not  enjoy  it. 

As  far-seeing  business  men  living  in  these  historic  days, 
there  are  three  elements  of  profound  influence  on  the 
future  which  I  would  suggest  that  we  consider  deeply. 
First,  the  effect  of  the  international  war  in  Europe  on  our 
future,  both  at  home  and  abroad.  Second,  the  effect  of  the 
enormous  business  expansion  which  has  come  about  in  this 
country  as  a  result  of  the  war,  both  in  the  enlargement  of 
old  machine  tool  factories  and  the  addition  of  new  ones; 
and  third,  the  effect  of  whatever  changes  in  national  laws 
may  be  made  after  the  forthcoming  election. 

None  but  those  who  are  blind  and  deaf  can  fail  to  com- 
prehend that  there  will  be  terrific  effects  following  the  end- 
ing of  the  European  war.  Those  effects  follow  all  wars, 
as  they  follow  floods,  hurricanes  and  earthquakes.  Even 
small  wars  leave  an  aftermath  of  physical  and  financial 
upheaval  and  distress.  There  will  be  debts  to  stagger  the 
imagination,  and  there  will  be  an  instantaneous  disappear- 
ance of  certain  business  demands  created  by  war.  Peace 
will  return  to  the  industries  of  Europe  approximately 
20,000,000  men,  supplemented  by  many  women  workers. 
The  man  who  does  not  realize  these  conditions  is,  in  my 
opinion,  due  for  a  rude  shock.  It  will  be  a  time  for  wise 
heads  to  acquire^  and  use  greater  wisdom  than  they  ever 
before  possessed.  No  one  can  accurately  forecast  that 
future.     It  is  all   in  the  second  act  of  the  great  tragedy. 

We  do  know  that  after  the  Civil  War,  much  as  the  South 
had  need  of  everything  under  heaven,  the  South  staggered 
on  in  poverty,  unable  to  buy  freely  for  more  than  a  quarter 
of  a  century.  Europe  will  be  in  need  of  everything;  but 
the  wherewith  to  buy,  what  about  that?  For  Europe  is 
blowing  up  its  capital  at  the  rate  of  the  cost  of  a  Panama 
Canal  every  week. 

In  the  United  States  there  has  been  immense  business 
development  during  the  last  two  years.  Old  machinery  has 
been  put  in  shape  for  work  and  new  machinery  has  been 
built  with  break-neck  speed.  New  buildings  have  been 
erected  and  expansion  has  been  the  order  of  the  day  in  the 
machine  tool  industry  along  with  others.  Our  demand  has 
been  due  to  the  enormous  call  for  machinery  and  supplies 
of  every  kind  from  Europe.  We  might  picture  business  in 
America  as  a  great  forge  made  white  hot,  as  the  demand 
from  Europe  has  blown  upon  it  like  a  mighty  bellows.  The 
anvils  have  rung,  the  workers  have  toiled,  and  still  the 
cry  has  been  for  more,  more.  But  this  Hercules  of  war 
will  grow  weary.  The  giant  bellows  will  lose  their  force. 
Will  there  then  be  a  sufficient  demand  to  keep  all  busy? 
America  wants  and  needs  all  the  prosperity  it  can  get;  so 
in  the  midst  of  unprecedented  prosperity  let  us  not  forget 
to  prepare  for  other  days. 

In  the  days  that  are  to  come  we  need  to  enlarge  our 
vision  and  build  up  the  friendliest  possible  relations  with 
other  nations.  In  building  up  that  business,  the  funda- 
mental principle  still  holds.  Tell  exactly  what  your  ma- 
chine is  when  you  try  to  sell  it,  and  make  it  exactly  as  you 
have  agreed  to  make  it  before  you  ship  it.  We  want  no 
soft  spots  in  machine  tools,  no  matter  where  they  go.  We 
are  going  to  meet  these  different  nations  in  the  future,  not 
merely  on  foreign  soil,  but  perhaps  on  ours.  It  may  be 
surprising  to  those  who  have  not  followed  the  statistics 
to  know  that,  notwithstanding  that  practically  all  Europe  is 
at  war,  we  imported  from  the  world  during  the  fiscal  year 
ending  in  1916  goods  valued  at  the  astounding  total  of 
$2,197,000,000.  This  would  have  had  a  tremendous  effect 
upon  American  industries  and  workmen  if  it  were  not  offset 
in  a  measure  by  war  orders.  It  will  tax  the  ingenuity  of 
Americans  to  meet  that  competition  of  the  future.  America 
is  in  a  condition  of  the  fat  and  well  favored  today.  The 
old  adage  was  "a.  lean  hound  for  a  long  race."  We  will  have 
to  race  with  a  lean  and  hungry  hound  after  this  war,  so  let 
us  prepare  for  it. 

We  represent  an  industry  that  is  fundamental  in  the 
world,  more  fundamental  today  than  ever  before.  The 
struggle  of  the  world  has  become  one  of  machinery  against 
machinery.  If  we  did  not  know  it  before,  the  European 
war  has  taught  us  this  fact.  The  nation  with  the  largest 
and  most  powerful  machinery,  and  the  most  of  it,  wins. 
It  is  still  true,  as  Napoleon  said,  that  "God  fights  on  the 
side  of  the  heaviest  artillery."  Our  lathes,  our  turret  ma- 
chines, our  planers,  our  milling  machines,  our  fine  mechan- 
ical devices  of  every  nature  are  the  war  weapons  of  civiliza- 
tion. We  represent  a  great  industry.  We  manufacture  the 
mechanism  which  keeps  men  always  at  the  topmost  point 
of  civilized  development.  It  is  an  honor  to  be  a  machine 
tool  builder.  It  is  a  great  honor  to  be  a  builder  of  good 
machine  tools.  It  is  more  than  an  honor;  it  is  a  national 
responsibility,  as  it  never  was  before,  that  the  machine  tool 
builders  of  America  should  be  the  builders  of  the  best  ma- 
chine tools.  Let  us  be  worthy  of  that  responsibility. 
Concluded  on  page  275. 
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RUSSIA,  THE  AWAKENED   LAND 

During  the  past  two  years  Russia  has  attracted  more  atten- 
tion commercially  than  any  other  nation,  largely  because  of 
its  immense  purchases  of  all  kinds.  Suddenly  cut  off  from 
its  accustomed  sources  of  supply,  this  nation,  which  owns  one- 
seventh  of  the  land  surface  of  the  earth,  found  itself  con- 
fronted with  the  problem  of  finding  new  markets  in  which 
it  could  buy,  and  to  avoid  a  recurrence  of  this  condition 
Russia  began  preparations  for  the  development  of  its  natural 
resources. 

While  the  empire  has  an  area  of  8,505,957  square  miles,  or 
two  and  a  half  times  the  area  of  the  United  States  with  all 
its  possessions,  it  is  sparsely  inhabited;  the  people  for  the 
most  part  till  the  soil,  raise  live  stock,  or  are  nomads.  Only 
13  per  cent  of  the  population  of  Eastern  Russia  live  in  cities; 
23  per  cent  of  that  of  Russian  Poland;  12.9  per  cent  of  that 
of  the  Caucasus;  11  per  cent  of  that  of  Siberia;  13.5  per  cent 
of  that  of  Central  Asia;  and  14.6  per  cent  of  that  of  Finland. 
In  natural  resources  Russia  is  perhaps  one  of  the  richest  coun- 
tries in  the  world.  The  Ural  Mountains  are  said  to  contain 
about  every  known  metal;  while  the  Altai  and  Caucasian 
Mountains,  as  well  as  other  parts  of  the  empire,  are  veritable 
storehouses  of  minerals.  Though  the  metallurgical  industry 
has  been  carried  on  with  such  indifference  that  at  the  begin- 
ning of  the  present  century  many  blast  furnaces  and  factories 
were  torn  down  to  avoid  payment  of  the  zemstvo  taxes,  so 
great  is  the  mineral  wealth  of  the  country  that  in  1911  Russia 
ranked  first  in  the  production  of  platinum;  second  in  the  pro- 
duction of  petroleum,  asbestos,  and  manganese  ores;  fifth  in 
the  production  of  gold;  seventh  in  tlie  production  of  copper 
and  asphalt;  and  eighth  in  the  production  of  iron.  It  produced 
nearly  all  of  the  world's  supply  of  platinum  and  approximately 
one-fifth  of  the  supply  of  petroleum.  The  iron  ores  from  South 
Russia  are  said  to  be  the  finest  in  Europe,  some  of  the  ore 
analyzing  70  per  cent  iron.  The  gold  ores  found  in  the  Urals 
also  supply  much  of  the  wolfram,  osmium,  tantalum  and 
iridium  used  in  the  manufacture  of  electric  lamps. 

Several  reasons  have  been  given  for  the  poor  development 
of  the  nation's  resources.  Among  the  first  is  the  sparsely  set- 
tled condition  of  the  country  and  the  poor  transportation 
systems.  Owing  to  the  marshy  character  of  a  large  part  of 
Eastern  Russia  and  the  lack  of  road-building  materials,  good 
roads  are  almost  unknown;  in  fact,  much  of  the  marketing 
is  done  when  the  ground  is  frozen  and  sleds  can  be  used.  Yet 
so  extensive  a  waterways  system  was  developed  early  in  the 
last  century  that  by  means  of  canalized  rivers  and  the  1225 
miles  of  artificial  canals,  the  Baltic  and  Black  Seas,  and  the 
Caspian,  Baltic  and  White  Seas  were  connected.  Concessions 
have  been  granted  for  the  building  of  many  other  canal  sys- 
tems. The  Ob-Yenisei  waterway  system,  in  Siberia,  is  nearly 
3650  miles  long.  In  proportion  to  its  population  and  area  the 
railway  mileage  of  Russia- is  small.  The  first  railroads  were 
built  very  slowly  and  were  located  so  as  to  augment  the  trans- 
portation systems  in  existence  and  not  as  competing  lines, 
with  the  result  that  they  were  not  placed  in  many  cases  where 
they  aided  in  the  development  of  the  country.  About  two- 
thirds  of  the  lines,  and  those  most  of  the  important  ones, 
are  owned  by  the  government. 

Because  most  of  the  people  follow  agricultural  pursuits,  and 
also  because  of  the  inadequate  systems  of  transportation,  the 
buying  and  selling  has  been  done  at  long  intervals.  This  has 
caused  the  holding  of  fairs  at  whicli  the  people  gathered  in 
immense  numbers.  It  has  been  estimated  that  16,000  of  these 
fairs  are  held  annually,  and  that  their  sales  exceed  $500,000,000. 
Of  course  many  of  these  are  small  and  only  of  local  interest, 
but  some  are  of  national  importance  and  are  known  through- 
out the  world.  Prom  30  to  50  per  cent  of  the  furs  found  in 
the  London  and  Leipsic  markets  were  formerly  bought  at  the 
Irbit  fair. 

The  greatest  factor  in  this  tardy  growth  of  the  nation  is 
now  said  to  be  the  Germanic  influence,  which  has  dominated 
the  Russian  government  since  the  days  of  Peter  the  Great. 
The  Germans  have  secured  the  greater  part  of  Russian  trade 
through  this  influence  and  through  their  willingness  to  adapt 
their  methods  to  Russian  conditions.    In  a  recent  issue,  Engi- 


neering of  London  told  of  two  brothers  who  bought  and 
quietly  worked  a  small  farm  in  Siberia  until  they  had  gained 
the  confidence  of  those  living  in  the  surrounding  region.  Then 
they  offered  to  teach  better  farming  methods  to  all  who  would 
pay  them  a  certain  percentage  of  the  increase  in  the  crops, 
and  the  machinery  necessary  for  the  success  of  their  methods 
they  sold  on  three  yearly  installments.  With  the  extra  depth 
of  soil  turned  over  by  the  machine  plow,  the  risk  incurred  by 
the  brothers  was  small  and  the  profits  were  so  large  that  they 
were  able  to  retire  to  Germany  at  the  end  of  a  few  years. 

Germany's  dominance  in  the  year  1913  is  shown  by  the  fact 
that  of  the  $18,747,730  worth  of  machinery  bought  by  Russia, 
Germany  sold  $14,626,050,  while  the  United  States  sold  only 
$211,342;  of  cast-iron  products  Germany  sold  $1,366,837,  and 
the  United  States  $20,553;  of  manufactures  of  copper  alloys 
Germany  sold  $4,708,065,  the  United  States  $15,136;  of  tin- 
plate  manufactures,  Germany  sold  $2,653,491,  the  United  States 
$15,631;  of  metal-working  machinery,  Germany  sold  $5,488,934, 
the  United  States  $244,405;  of  dynamos  and  electrical  motors, 
Germany  sold  $4,431,762,  the  United  States  $14,180;  of  parts 
of  machinery  and  apparatus,  Germany  sold  $6,966,330,  the 
United  States  $601,254;  of  electrical  appliances,  Germany  sold 
$3,196,215,  the  United  States  $51,576;  of  motor  cars  and  trucks, 
Germany  sold  $7,102,264,  the  United  States  $300,760. 

It  has  been  estimated  that  German  firms  sold  to  Russia  about 
two  and  one-half  times  as  much  American  machinery  and  ma- 
chine tools  as  was  imported  direct  from  the  United  States. 
A  good  part  of  this  was  sold  at  the  Nizhni  Novgorod  fair  and 
paid  for  at  the  fair  the  following  year;  the  American  firms, 
however,  were  paid  cash  in  New  York.  So  well  developed  was 
the  German  credit  information  service  that  the  losses  of  one 
firm  in  the  last  twenty  years  are  said  to  have  been  less  tlian 
two  per  cent.  English  firms  usually  require  a  one-third  pay- 
ment with  the  order,  one-third  when  the  goods  are  shipped, 
and  one-third  when  the  goods  are  received. 

The  true  reason  for  the  slow  growth  of  Russia  seems  to  have 
been  a  lack  of  fuel  and  of  capital.  While  the  country  has 
many  large  coal  deposits,  some  of  it  is  of  an  inferior  quality 
and  much  that  is  of  good  quality  has  been  inaccessible.  Rail- 
roads are  being  built  to  these  deposits,  so  that  it  is  thought 
the  fuel  supply  will  be  sufficient  for  a  long  time  to  come. 
Plans  are  being  made  for  the  conservation  of  this  supply  by 
making  as  wide  a  use  as  possible  of  the  water  power,  of  which 
there  is  an  abundant  supply. 

The  Russian  markets  are  increasing  in  size  and  importance 
and  are  demanding  better  articles  than  two  years  ago.  During 
the  war  several  ports  have  been  developed  and  new  ones  have 
been  built,  necessitating  the  construction  of  new  railroads, 
some  through  territory  that  heretofore  has  been  inaccessible. 
Existing  roads  have  also  been  extended  and  in  some  cases  re- 
built, and  with  the  increase  in  the  manufacturing  plants  of 
all  kinds  the  people  have  more  ready  money  than  ever  before. 
Wages  have  been  increased  in  some  cases  nearly  a  hundred 
per  cent,  and  in  consequence  the  people  are  adopting  a  higher 
plane  of  living.  Factories  of  many  kinds  are  being  planned 
and  built,  some  under  the  direct  supervision  of  American,  Eng- 
lish, Swedish  and  other  engineers.  The  choice  of  these  men, 
who  will  largely  determine  the  equipment  that  will  be  adopted, 
is  often  dependent  on  the  source  of  the  capital  furnished  for 
the  factory. 

One  mistake  that  is  being  made  in  the  published  descrip- 
tions of  the  Russian  conditions  is  to  speak  of  the  changes  that 
are  taking  place  as  "rapid."  Nothing  with  which  the  people 
of  Russia  have  to  do  is  rapid — quite  the  reverse.  The  intro- 
duction of  modern  methods  of  manufacture,  the  use  of  labor- 
saving  machinery,  the  adoption  of  comforts  such  as  we  have 
in  America  and  a  voice  in  their  own  government  will  all  be 
matters  of  education,  and  they  will  be  slow;  but  they  are 
all  coming.  D.  E.  J. 

•     *     * 

The  smoother  the  point  of  the  diamond  used  for  truing 
diamond  wheels,  the  smoother  will  be  the  finish  on  the  work. 
Don't  think  of  the  diamond  as  a  means  of  sharpening  the 
wheel,  but  rather  as  a  means  for  correcting  inequalities  of 
the  surface. — Grits  and  Grinds. 
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WESTINGHOUSE     RIFLE    BARREL    DRILL- 
ING AND    REAMING   MACHINES 

Both  the  drilling  and  reaming  machine  have  capacity  for 
handling  twelve  rifle  barrels  simultaneously  and  the  work  is 
held  in  a  vertical  position  on  both  machines.  This  is  the 
means  of  securing  several  important  advantages,  among  which 
particular  attention  is  called  to  economy  of  floor  space.  One 
of  these  twelve-spindle  machines  occupies  the  same  amount  of 
room  as  an  ordinary  rifle  barrel  drilling  or  reaming  machine 
which  works  on  two  barrels  simultaneously.  Each  spindle  on 
the  drilling  machine  is  driven  by  an  independent  variable- 
speed  motor,  and  an  automatic  electric  switch  provides  for 
stopping  the  spindle  should  a  drill  stick  or  become  dull.  On 
the  reaming  machine  feed  is  provided  by  counterweights,  so 
that  the  rate  of  feed  may  be  automatically  adjusted  to  accom- 
modate varying  conditions  in  the  size  of  bore,  hardness  of 
material,  etc. 

A  radical  departure  from  the  conventional  method  of  drill- 
ing and  reaming  rifle  barrels  has  been  made  in  the  machines 
shown  in  Figs.  1  and 
2,  which  have  been 
designed  by  the  New 
England  Westing- 
house  Co.,  and  are 
now  at  work  in  its 
East  Springfield. 
Mass.,  plant.  These 
machines  differ  from 
standard  rifle  barrel 
drilling  and  reaming 
machines  in  several 
important  respects: 
First,  they  are  de- 
signed to  handle  the 
barrels  vertically  in- 
stead of  horizontal- 
ly; second,  twelve  in- 
stead of  two  barrels 
are  handled  by  each 
machine;  third,  each 
spindle  on  the  barrel 
drilling  machine  is 
driven  by  a  separate 
variable-speed  motor ; 
fourth,  one  machine 
occupies  exactly  the 
same  floor  space  as 
the  standard  ma- 
chine, which  has  a 
capacity  for  only  two 
instead  of  twelve  bar- 
rels; fifth,  on  the 
drilling  machine  an 
automatic  electric 
switch  instead  of  a  mechanically  operated  clutch  is  provided 
for  stopping  the  machine  should  a  drill  stick  or  become  dull; 
and  sixth,  on  the  barrel  reaming  machine,  the  feed  is  by  coun- 
terweights instead  of  a  positive  screw,  thus  automatically  ad- 
Justing  the  rate  of  feed  to  suit  varying  conditions  in  the  size 
of  bore  and  hardness  of  metal. 

Rifle  Barrel   Drilling:  Machine 

Reference  to  Fig.  1  will  show  that  the  rifle  barrel  drilling 
machine  consists  of  an  upright  frame  standing  on  a  base  of 
rectangular  section  and  carrying  twelve  individual  units,  com- 
prising a  variable  speed  motor,  headstock,  tailstock,  drill  guide, 
carriage  and  controller,  the  controller  being  located  at  the  rear 
of  the  machine.  All  these  members,  with  the  exception  of  the 
motor  and  headstock,  are  carried  on  twelve  uprights.     In  the 


Fig.  1.    Westinghouse  Rifle  Barrel  Drilling  Machine  that  works  on  Twelve  Barrels  simultaneously 


machine  shown,  these  uprights  are  ul  sijuaro  section,  which  in 
the  later  models  now  being  built  will  be  changed  to  circular 
section  to  facilitate  machining  and  assembling. 

In  operation,  the  rifle  barrel  to  be  drilled  is  held  in  and 
rotated  by  the  headstock,  a  female  driving  chuck  or  center 
with  sharp  projections  contacting  with  the  machined  taper  on 
the  muzzle  end  of  the  barrel.  This  chuck  is  connected  directly 
to  the  motor  shaft.  The  lower  center  in  the  tailstock  is  held 
upward  by  a  stiff  spring,  thus  insuring  that  the  barrel  is 
always  held  up  in  the  chuck  with  the  same  pressure,  and 
at  the  same  time  providing  for  linear  expansion  of  the  barrel 
due  to  heating  while  it  is  being  drilled.  The  carriage  is  fur- 
nished with  the  standard  type  of  oil-tube  barrel  drill  and  is 
fed  upward  by  a  lead-screw  that  receives  power  from  the  motor 
through  a  train  of  gears,  worms  and  worm-wheels. 

The  oil  is  pumped  up  through  the  drill  from  an  oil  "line" 
in  which  the  pressure  registers  about  800  pounds  per  square 

inch.  The  oil  and 
chips  pass  down 
through  the  exterior 
flute  in  the  drill  and 
shank,  and  are  car- 
ried off  through  a 
"by-pass"  pipe  which 
is  part  of  the  tail- 
stock  casting.  This 
pipe  extends  to  the 
rear  of  the  machine 
and  empties  into  a 
trough  in  which  the 
chips  are  separated 
from  the  oil,  which 
returns  to  the  pump. 
Each  spindle  is  au- 
tomatically stopped 
when  the  drill  breaks 
through  at  the  muz- 
zle end  of  the  barrel 
by  a  dog  which  oper- 
ates the  starting  and 
stopping  handle.  An 
interesting  feature  in 
connection  with  this 
machine,  which  elim- 
inates the  splashing 
of  oil  when  the  drill 
breaks  through,  is  a 
"by  -  pass"  arrange- 
ment consisting  of 
angular  holes  in  the 
lower  section  of  the 
headstock  casting. 
This  "by-pass"  conveys  oil  from  the  drill  to  a  pipe,  which,  in 
turn,  carries  it  to  a  trough  behind  the  machine.  In  this  way, 
the  machine  is  kept  clean  and  free  from  oil. 

Another  feature,  which  relates  more  particularly  to  the  elec- 
trical equipment,  is  the  provision  made  for  stopping  the  ma- 
chine automatically,  should  the  drill  become  dull  or  stick  and 
thus  consume  more  power  than  would  ordinarily  be  required. 
This  consists  of  an  electric  switch,  comprising  an  overload  coil 
which  is  connected  in  series  with  the  armature,  and  is  so  ar- 
ranged that  any  excess  current  passing  through  the  armature 
will  operate  the  coil  and  through  it  the  switch,  thus  automati- 
cally stopping  the  machine.  This  overload  coil  can  be  very 
accurately  adjusted  to  suit  conditions  of  steel,  etc.  A  starting 
rheostat  is  also  provided  which  enables  work  speeds  varying 
from  1200  to  2400  revolutions  per  minute  to  be  obtained. 
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Fig.    2.     Westinghouse    Twelve-spindle   Rifle    Barrel    Keaming   Machine 

This  vertical  rifle  barrel  drilling  machine  has  been  found  to 
combine  a  number  of  valuable  features.  In  the  first  place,  it 
brings  the  line  of  action  of  gravity  parallel  with  the  axis  of 
the  drill,  which  tends  to  produce  a  truer  hole  and  also  helps 
to  keep  the  drill  clear  of  chips.  In  addition,  it  permits  of  the 
arrangement  of  a  greater  number  of  spindles  in  such  a  position 
that  one  man  can  easily  attend  to  twelve  spindles,  enabling 
him  to  secure  a  very  high  rate  of  production.  The  other  ad- 
vantages previously  enumerated  clearly  prove  that  this  ma- 
chine represents  a  considerable  advance  in  the  art  of  deep- 
hole  drilling. 

Rifle  Barrel  Reaming-  Machine  ' 

In  the  rifle  barrel  reaming  machine  shown  in  Fig.  2,  advan- 
tage is  also  taken  of  the  vertical  principle  of  handling  the 
work.  Reaming  on  vertical  machines  comprises  several  im- 
portant advantages  over  the  horizontal  method.  In  the  first 
place,  twelve  spindles  occupy  exactly  the  same  floor  space  as 
two  spindles  of  a  horizontal  machine,  and  present  the  spindles 
in  compact  form,  so  that  they  can  be  attended  to  by  one  opera- 
tor. In  the  second  place,  lubrication  of  the  reamer  is  more 
easily  accomplished,  resulting  in  the  production  of  holes  free 
from  rings  and  other  defects. 

There  are  several  other  advantages  incorporated  in  this  ma- 
chine, among  which  are  the  following:  First,  the  barrels  are 
swung  from  universal  joints,  enabling  the  reamers  to  follow 
the  drilled  holes  accurately.  Second,  the  feed  is  by  counter- 
weights—not positive — so  that  it  automatically  adjusts  itself 
to  agree  with  the  amount  of  work  being  done  by  the  reamers. 
For  instance,  if  there  is  more  material  to  be  reamed  out  of  a 
hole  than  is  normally  the  case,  the  machine  will  feed  more 
slowly;  and  if  the  reamer  strikes  a  hard  spot  In  the  barrel, 
the  feed  will  slow  up  to  accommodate  itself  to  this  condition. 
Third,  the  machine  can  be  used  either  for  push  or  pull  ream- 
ing. This  is  accomplished  by  changing  the  direction  of  driv- 
ing rotation  of  the  belt  on  the  cone  pulley  at  the  left-hand  end 
of  the  machine,  and  by  changing  the  location  of  the  counter- 
weights. 

The  feed  for  the  reamers,  as  previously  mentioned,  is  ob- 
tained by  means  of  counterweights  which  are  placed  on  cross- 
heads  or  at  opposite  ends  of  the  cables,  depending  upon 
whether  the  push  or  pull  method  is  being  used.    These  cables 


run  over  pulleys  that  are  mounted  on  friction  clutches  so  ar- 
ranged that  they  can  be  made  to  work  in  either  direction. 
The  weights  can  also  be  adjusted  to  give  any  rate  of  feed  that 
is  found  most  satisfactory  for  the  steel  being  machined  and 
the  amount  of  material  being  removed.  All  twelve  spindles 
are  driven  from  one  longitudinal  shaft  running  the  entire 
length  of  the  machine,  which,  in  turn,  is  operated  from  a  coun- 
tershaft located  on  the  floor. 


GLEASON   SPIRAL   BEVEL   PINION 
ROUGHER 

The  standard  Gleason  spiral  bevel  gear  generator  is  adapted 
for  roughing  and  finishing  gears  of  this  type;  but  manufac- 
turers of  spiral  bevel  gears  in  quantity  found  need  for  a 
machine  to  rough  out  their  pinions  cheaper  and  faster  than 
could  be  done  on  the  regular  finishing  machine;  and  to  meet 
this  requirement  the  Gleason  Works,  Rochester,  N.  Y.,  have 
brought  out  the  spiral  type  bevel  pinion  rougher  which  is 
illustrated  and  described  herewith.  Pinions  roughed  out  on 
this  machine  are  finished  on  the  standard  spiral  bevel  gear 
generator  illustrated  and  described  in  the  April,  1914,  number 
of  Machinery. 

This  pinion  roughing  machine  is  universal,  i.  e.,  it  is  adapted 
for  roughing  either  right-  or  left-hand  spiral  work,  and  it  is 
fully  automatic  in  operation.  The  construction  is  simple,  mak- 
ing it  easy  to  oil  and  adjust  all  parts.  The  positive  index 
mechanism  is  actuated  by  the  generating  roll  of  the  work- 
spindle;  and  for  spacing  teeth  a  notched  dial  is  used,  which 
has  the  required  number  of  divisions.  A  cam  mounted  directly 
on  the  cutter  sleeve  drives  the  positive  feed.  The  cutter  is 
driven  through  a  pair  of  internal  gears,  the  driving  pinion 
being  integral  with  the  pulley  shaft.  All  other  drives,  includ- 
ing the  pump  drive,  are  taken  from  this  shaft;  all  bearings  are 
furnished  with  ample  oiling  facilities  and  the  gears  are  thor- 
oughly guarded. 

The  cutters  used  on  the  machine  are  of  the  same  type  as 
those  used  on  the  finishing  machine  and  are  interchangeable 
from  one  machine  to  the  other.  Adjustments  for  setting  to 
the  required  spiral  angle  can  be  easily  and  quickly  made,  and 
the  cutter  is  set  permanently  to  the  root  angle  and  needs 
to  be  adjusted  only  as  it  wears  or  when  a  new  cutter  is  re- 
quired. The  same  mandrels  are  used  on  both  roughing  and 
finishing  machines  and,  like  the  cutters,  they  are  interchange- 
able. Attachments  furnished  with  the  machine  include  one 
index  dial,  one  set  of  feed  change-gears,  one  cutter  gage,  one 
oil  pump  and  connections,  one  countershaft  and  the  necessary 
wrenches  for  making  all  adjustments. 

The  principal  dimensions  of  this  machine  are  as  follows: 


Gleason   Spiral   Bevel  Pinion   Roughing  Machine 
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longest  cone  distance  of  any  gear  that  can  be  cut,  7%  inches; 
shortest  cone  distance  of  any  gear  that  can  be  cut,  0;  extreme 
ratio  of  any  bevel  pinion,  8  to  1;  maximum  pitch  angle,  26  de- 
crees, 34  minutes;  minimum  pitch  angle,  7  degrees,  7  minutes; 
greatest  pitch  diameter  of  8  to  1  ratio,  1%  inch;  greatest 
pitch  diameter  of  2  to  1  ratio,  6Vi  inches;  maximum  diametral 
pitch,  2%;  longest  face,  1/3  cone  distance;  cutter  speed,  130 
feet  per  minute;  fastest  time  in  which  one  tooth  can  be  cut, 
19  seconds;  slowest  time  in  which  one  tooth  can  be  cut,  90  sec- 
onds; diameter  of  driving  pulley,  16  inches;  width  of  driving 
belt,  4  inches;  diameter  of  tight  and  loose  pulleys,  12  inches; 
speed  of  countershaft,  300  R.  P.  M.;  taper  hole  in  spindle. 
No.  14  B.  &  S. ;  horsepower  required  to  drive  machine,  5; 
floor  space  occupied,  53  by  58  inches;  height  of  machine,  60% 
inches;  and  net  weight,  approximately  5000  pounds. 


OLIVER    SAWING,  FILING    AND    LAPPING 
MACHINE 

In  the  December,  1915,  number  of  Machinery,  a  description 
was  published  of  a  sawing,  filing  and  lapping  machine  which 
had  just  been  placed  on  the  market  by  the  Oliver  Instrument 
Co.,  1168  Cass  Ave.,  Detroit,  Mich.  Recently  the  same  com- 
pany has  introduced  an  improved  type  of  the  same  machine 
which  provides  for  releasing  the  collet  in  the  lower  ram  by 
means  of  a  wrench  similar  to  that  used  in  the  Jacobs  drill 
chuck,  instead  of  requiring  the  use  of  a  spanner  wrench,  as 
was  formerly  the  case.  The  design  of  the  over-arm  has  also 
been  improved  by  providing  means  for  holding  a  saw  in  the 
upper  ram,  this  being  accomplished  by  the  use  of  a  clamp 
instead  of  a  collet.  A  holder  for  files  and  oilstones  has  been 
devised  in  which  any  standard  file  can  be  used  by  cutting  it 
off  to  suitable  length.  This  makes  it  possible  to  use  up  the 
entire  file,  instead  of  merely  working  at  one  spot.  This  same 
holder  can  be  adapted  for  receiving  oilstones  which  are  made 
in  various  shapes  and  sizes.  An  extra  h'old-down  is  furnished 
for  use  when  the  over-arm  is  not  in  place.  Other  features  of 
the  machine  are  the  same  as  those  described  in  the  December, 
1915,  number  of  Machinebt. 


LANDIS;  SET-SCREW   THREADING 
MACHINE 

The  Landis  Machine  Co.,  Waynesboro,  Pa., has  recently  placed 
on  the  market  threading  machines  equipped  with  special  car- 
riages for  threading  hollow  safety  set-screws.  While  these 
machines  were  primarily  designed  for  this  purpose,  they  may 
be  employed  for  threading  stock  where  there  is  a  continuous 
thread  and  a  similar  method  of  holding.  The  carriages  proper 
are  stationary  and  support  two  spindles  which  have  a  free 
horizontal    movement.      These    spindles    are    brought    to    the 


threading  die -heads 
by  means  of  weights 
which  are  attached 
by  chains  to  levers 
operating  the  spin- 
dles. These  weights 
exercise  a  continu- 
ous force  upon  the 
spindles  in  the  direc- 
tion of  the  die-heads, 
making  it  unneces- 
sary for  the  operator 
to  feed  the  stock  for- 
ward for  the  thread- 
ing operation. 

The  heads  of  the 
spindles  are  bored 
and  fitted  with  man- 
drels for  holding  the 
set-screws,  and  a  col- 
lar is  placed  on  the 
rear  of  each  spindle, 
making  it  adjustable 
for  cutting  any  de- 
sired length  of 
thread.  For  the 
threading  operation, 
the  set-screw  is 
placed  on  the  man- 
drel and  the  spindle 
automatically  forces 
it  into  the  die-head. 
When  the  screw  is 
threaded,  it  remains 
in  a  tube  which  extends  through  the  spindle  from  the  face 
of  the  threading  die-head  to  the  rear  of  the  machine.  The 
subsequent  threading  of  screws  forces  the  finished  pieces 
through  the  tube,  where  they  drop  into  a  receptacle  placed  at 
the  rear  of  the  machine. 

These  machines  may  also  be  used  for  threading  standard 
bolts  by  attaching  automatic  opening  and  closing  attachments 
for  the  die-heads.  When  standard  bolts  are  threaded,  the 
heads  of  the  spindles  on  the  carriages  are  fitted  with  bolt 
sockets  for  the  various  diameters  within  the  range  of  the 
machine.  These  machines  are  equipped  with  Landis  all-steel 
die-heads,  which  employ  long-life  chasers. 


Moluie    Traversing-head    DiiUing    Machine 


Landis  Hollow  Safety  Set-screw  Threading  Machine 


MOLINE   TRAVERSING-HEAD   DRILLING 
MACHINE 

The  accompanying  illustration  shows  a  single-spindle 
traversing-head  drilling  machine  which  has  recently  been 
added  to  the  line  of  machines  built  by  the  Moline  Tool  Co., 
Moline,  111.  Instead  of  mounting  the  spindle  in  a  quill  which 
is  fed  by  a  rack  and  pinion,  the  entire  head  is  traversed  by  a 
double  rack  and  pinion,  the  spindle  running  in  long  bronze 
bushings  with  means  of  compensating  for  wear.  Attention  is 
also  called  to  the  fact  that,  instead  of  drawing  the  spindle 
through  the  gear  and  subjecting  the  keys  to  considerable  strain 
while  traversing,  the  spindle  driving  gear  is  mounted  directly 
on  the  spindle  and  traversed  along  a  wide  faced  pinion  which 
is  supported  on  a  shaft  that  runs  in  bronze-bushed  bearings. 
This  long  pinion  is  driven  by  steel  and  bronze  spiral  gearing. 

Between  the  spiral  pinion  and  cone  pulley  shaft  there  are 
change-gears  by  which  practically  any  range  of  speeds  can  be 
obtained.  As  shown,  the  machine  is  equipped  with  belt  feed; 
but  gear-box  feed  can  be  provided  if  desired.  The  spindle  may 
be  furnished  with  a  short  nose  and  a  hollow  to  accommodate  a 
knock-out  rod;  or  it  may  be  provided  with  the  nose  extending 
far  enough  out  from  the  bearings  to  afford  space  for  a  knock- 
out slot.  The  spindle  nose  may  also  be  threaded  for  a  chuck 
if  desired.  The  countershaft  is  mounted  on  the  column;  and 
the  machine  is  equipped  with  a  pump  and  lubricant  pipe  as 
part  of  the  regular  equipment. 

The  principal  dimensions  of  this  drilling  machine  are  as 
follows:   distance  from  center  of  spindle  to  face  of  column. 
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10  inches;  maxi- 
mum distance 
from  table  to  spin- 
dle, 34  inches; 
maximum  dis- 
tance from  spin- 
dle to  floor  plate 
(when  provided), 
46  inches;  work- 
ing face  of  table, 
15  by  24  inches; 
number  of  T-slots 
in  table,  3;  maxi- 
mum vertical  ad- 
justment of  table, 
15  inches;  maxi- 
mum travel  of 
head,  18  inches;  diameter  of  spindle  in  lower  bearing,  2  15/16 
inches;  size  of  tight  and  loose  pulleys,  12  inches  diameter  by 
5  inches  face  width;  size  of  steps  on  cone  pulley,  8,  10  and  12 
inches  diameter  by  3  inches  face  width;  countershaft  speed, 
500  R.  P.  M. ;  available  speeds  with  two  sets  of  change-gears, 
from  20  to  200  revolutions  per  minute. 


Fig.    1.     Warren    Hydraulic    Lathe    for    External    Machining    Operations   on  Shell  Forgings 


have  a  component 
motion  downward 
which  will  force 
the  tool  into  the 
forging  and  finally 
result  in  cutting  off 
the  excess  metal. 

In  operating  the 
machine,  spindle  A 
is  started  in  its 
backward  position, 
the  shell  forging 
having  been  firm- 
ly clamped  on  the 
arbor  —  an  opera- 
tion requiring  less 
than  ten  seconds, 
powerful  hydraulic 
small  valve,  and 


WARREN   HYDRAULIC   LATHE 

This  machine  is  a  rather  interesting  modification  of  the  hy- 
draulic lathes  already  built  by  the  Lombard  Governor  Co., 
Ashland,  Mass.,  for  the  rapid  production  of  3-,  5-  and  9-inch 
high-explosive  shells.  As  is  the  case  with  previous  machines, 
spindle  A,  that  is  9  inches  in  diameter  and  about  4  feet  long, 
is  mounted  in  two  long  bearings  B  and  C,  which  are  cast  in- 
tegral with  frame  D  of  the  machine.  The  rear  end  of  spindle  A 
is  enlarged  to  10  inches  in  diameter  and  forms  a  revolving 
piston  in  rear  bearing  C. 

Oil  under  pressure  is  supplied  by  small  pump  E,  through 
pipe  F,  to  act  against  the  revolving  piston  at  the  end  of  spin- 
dle A  in  such  a  way  as  to  hold  the  spindle  rigidly  as  regards 
axial  motion  without  interfering  in  any  way  with  its  rotation; 
and  this  body  of  oil  at  all  times  takes  the  whole  thrust  of  the 
spindle.  A  needle  valve  provides  convenient  means  for  per- 
mitting oil  to  enter  slowly  behind  the  end  of  spindle  A,  and 
this  moves  the  whole  spindle  forward;  in  this  way  an  accurate 
and  infinitely  adjustable  axial  feed  for  the  spindle  is  provided. 
A  tool  steel  arbor  G  extends  from  the  front  end  of  the  spindle 
into  the  shell  forging;  and  expanding  pins  in  the  arbor,  which 
are  set  out  by  the  hydraulic  diaphragm  H,  provide  a  satisfac- 
tory method  of  clamping  the  forging  firmly  on  the  arbor. 

Two  hydraulic  turning  tool-holders  on  opposite  sides  of  the 
arbor,  one  of  which  is  shown  at  K,  carry  tools  1  inch  wide  and 
2  inches  deep,  which  are  used  for  roughing  out  the  cylindrical 
portion  of  the  shell.  Drill  L  and  facing  tools  M  are  mounted 
in  a  heavy  swinging  arm  (see  Fig.  2),  which  can  be  thrown 
down  and  locked  central  with  the  main  spindle  of  the  machine. 
These  tools  are  used  in  this  particular  shell,  which  is  the 
Italian,  for  perforating  the  closed  end  with  a  214-inch  hole 
and  facing  this  end  to  length.  For  the  purpose  of  cutting  off 
excess  metal  at  the  open  end  of  the  forging,  a  traveling  cutting- 
ofi!  tool-holder  Ts!  is  provided,  that  moves  on  inclined  ways  O, 
being  driven 
from  the  main 
spindle  of  the 
machine  by 
heavy  connect- 
ing rods  P.  In 
carriage  N  is 
mounted  a  heavy 
parting  tool.  It 
is  evident  that  as 
main  spindle  A 
moves  forward, 
carriage  N  will 
move  at  the  same 
rate,  but  on  ac- 
count of  inclined 
ways  0  the  cut- 

tlng-off  tool   will  Fig.   2.     Warren   HydrauUc  Lathe 


The  spindle  is  started  into  rotation  by 
clutch  R,  which  is  operated  instantly  by 
then  by  opening  another  valve  the  turning  tools  mounted  in 
holders  K  are  fed  into  the  work.  As  soon  as  this  has  been 
accomplished,  the  forward  axial  movement  of  spindle  A  be- 
gins; then  the  turning  tools  which  divide  the  length  of  the 
shell  into  halves  begin  to  remove  metal  from  the  outside.  Very 
soon  the  cutting-off  tool  begins  to  penetrate  the  forging,  and 
these  three  tools  continue  to  work  until  the  front  end  of  the 
forging  strikes  drill  L.  Then  the  rate  of  feed  is  slightly  re- 
duced as  the  drill  cuts  through  the  closed  end  and  the  facing 
tools  M  finish  this  surface,  which  is  6  inches  in  diameter,  to 
the  correct  length.  When  spindle  A  reaches  its  extreme  for- 
ward position  an  adjustable  stop  S  strikes  an  automatic  re- 
versing valve  and  the  spindle  immediately  returns  to  its  initial 
position,  having  finished  the  following  operations  on  the  forg- 
ing: (1)  Rough-turning  the  outside  22  inches  long;  (2)  cut- 
ting off  the  open  end  to  length;  (3)  perforating  the  closed  end 
with  a  2%-inch  hole;  (4)  facing  the  closed  end  to  dimensions. 
It  will  be  observed  that  all  these  operations  are  taking  place 
continuously,  and  at  one  time  six  tools  are  cutting  simul- 
taneously. The  metal  in  Italian  shell  forgings  is  exceedingly 
tough  and  hard,  and  only  the  very  best  high-speed  steel  or 
stellite  tool  points  will  stand  up  for  more  than  one  or  two 
shells  without  resharpening,  but  the  economy  of  production 
of  this  hydraulic  lathe  is  said  to  be  most  remarkable.  In  a 
test,  all  of  the  operations  described  were  performed  within  a 
time  interval  of  ten  minutes  and  forty  seconds,  which  is  one- 
third  of  the  shortest  time  required  on  ordinary  power  feed 
machines,  such  as  heavy  lathes,  drills  and  cutting-off  ma- 
chines, for  doing  the  same  work.  About  thirty  horsepower  is 
required  to  drive  one  of  these  lathes.  The  operating  oil  pres- 
sure is  in  the  neighborhood  of  200  pounds  per  square  Inch. 
Cutting  compound  is  supplied  to  all  the  tools,  and  the  ma- 
chine as  a  whole,  including  the  extended  arbor  G,  ie  so  stiff 
that  it  operates  almost  without  vibration  and  does  not  require 
any  special  foundation.  Four  of  these  lathes  have  been  fur- 
nished to  the  Driggs,  Seabury  Ordnance  Co.,  Sharon,  Pa. 


MOLINE    DUPLEX    DRILLING  MACHINE 

One  of  the  latest  additions  to  the  line  of  machinery  built 

by  the  Moline 
Tool  Co.,  Moline, 
111.,  is  the  du- 
plex drilling  ma- 
chine shown  in 
the  accompany- 
ing illustration. 
This  machine 
has  a  capacity 
for  driving  drills 
up  to  1  inch_  in 
diameter,  and 
when  so  desired, 
gears  on  the  ma- 
chine  can  be 
changed  to  pro- 
vide for  running 

showing  DriU   and  End   Facing  Tools  One  Spindle  faster 
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than  the  other 
when  it  is  desired 
to  use  two  drills 
of  different  sizes. 
Both  heads  are 
driven  from  a  cen- 
tral driving  shaft ; 
and  the  bed  is 
cast  in  such  a  way 
that  the  top  is 
solid  at  the  center 
to  protect  the 
mechanism  from 
chips;  an  oil  tank 
is  also  cast  inte- 
gral with  the  bed. 
Each  spindle  is 
provided  with 
three  changes  of  feed  which  are  independent  of  each  other, 
and  three  changes  of  speed  are  available.  The  machine  is 
equipped  complete  with  a  pump  and  piping  for  connection  with 
the  oil  tank  in  the  bed. 

The  principal  dimensions  of  this  machine  are  as  follows: 
length  of  bed,  7  feet;  minimum  distance  between  spindles, 
4  inches;  maximum  distance  between  spindles,  30  inches;  bore 
of  spindles.  No.  4  Morse  taper;  distance  from  spindles  to  bed, 
6  inches;  width  of  bed,  10  inches;  and  capacity,  for  driving 
drills  up  to  1  inch  in  diameter. 

MULLINER  ENGINE   LATHE 

The  Mulliner  Machine  Tool  Co.,  Inc.,  541  S.  Clinton  St., 
Syracuse,  N.  Y.,  is  now  manufacturing  12-  and  14-inch  sizes 
of  the  quick-change  gear  lathe  shown  in  the  accompanying 
illustration.  The  bed  is  ribbed  transversely  with  heavy  double- 
walled  cross  girths,  and  the  bed  castings  are  made  in  a  way 
which  produces  a  hard,  close-grained  metal.  This  provides  a 
harder  metal  on  the  shears  than  in  the  carriage  bearings,  so 
that  wear  is  largely  confined  to  the  carriage  where  compensa- 
tion can  be  made. 

The  headstock  spindle  bearings  are  provided  with  means  of 
compensating  for  wear;  and  the  front  and  rear  journals  are 
adjustable  independently  of  each  other.  These  bearings  are 
of  the  ring-oiling  type  and  receive  lubricant  from  large  oil 
reservoirs.  The  spindle  is  made  from  a  crucible  steel  forging 
and  is  accurately  ground  to  size.  The  double-walled  construc- 
tion has  been  adopted  for  the  apron  in  order  to  take  advantage 
of  the  outboard  bearings  provided  for  all  studs  and  shafts. 
Full  surface  contact  is  provided  between  the  swivel  and  bottom 
slide  of  the  com- 
pound rest;  and  the 
rest  is  clamped  to 
the  cross-slide  by 
two  bolts.  Full 
length  tapered  gibs 
with  end  screw  ad- 
justment are  fur- 
nished for  slides  of 
both  the  cross  and 
compound  rests. 

Cone  gears  of  the 
quick  -  change  gear 
mechanism  are  cut 
with  improved 
Brown  &  Sharpe  20- 
degree  involute  cut- 
ters, which  form  a 
pointed  tooth  that 
is  slightly  rounded 
at  the  top.  This  is 
a  very  satisfactory 
form  of  tooth  to 
use  in  a  tumbler 
gear  mechanism,  as 
it  permits  of  In- 
stantaneous engage- 


Duplex  Drilling  Machine  built  by  Moline  Tool  Co 


ment  of  gears 
without  clashing. 
The  quick-change 
gear  mechanism 
gives  thirty-seven 
changes  of  threads 
and  feeds,  which 
are  shown  on  an 
index  chart  mount- 
ed on  the  quick- 
change  gear  -  box. 
In  addition,  provi- 
sion is  made  for 
applying  extra 
change  -  gears  by 
means  of  an  auxil-' 
iary  quadrant  lo- 
cated at  the  end 
of  the  bed,  which  carries  gears  connecting  the  head  with  the 
quick-change  gear  mechanism.  This  arrangement  permits  the 
use  of  such  extra  change-gears  as  are  necessary  to  cut  all 
special  or  metric  threads. 

The  regular  equipment  furnished  with  these  lathes  includes 
compound  rest,  steadyrest,  thread  chasing  dial,  large  and  small 
faceplates,  a  countershaft  and  the  necessary  wrenches  for 
making  all  adjustments.  The  principal  dimensions  of  the 
12-inch  lathe  are:  swing  over  bed,  12%  inches;  swing  over 
carriage,  7i^  inches;  ratio  of  gearing  in  head,  10  to  1;  cone 
pulley  steps,  2%,  41/2,  6%  and  7%  inches  in  diameter  by  1% 
inch  face  width;  diameter  of  hole  through  spindle,  15/16  inch; 
range  for  screw  cutting,  1%  to  80  threads  per  inch;  range  of 
feeds,  6  to  320  per  inch;  capacity  between  centers  for  6-foot 
bed,  40  inches;  and  net  weight  of  machine  with  5-foot  bed, 
1990  pounds.  The  dimensions  of  the  14-inch  lathe  which  differ 
from  those  of  the  12-inch  machine  are  as  follows:  swing  over 
bed,  1414  inches;  swing  over  carriage,  8%  inches;  ratio  of 
gearing  in  head,  8^/2  to  1;  cone  pulley  steps,  3%,  5%,  6%  and 
8%  inches  in  diameter  by  2  inches  face  width;  diameter  of 
hole  through  spindle,  1  inch;  capacity  between  centers  for 
6-foot  bed,  36  inches;  and  net  weight  of  machine  with  5-foot 
bed,  2100  pounds. 


Engine  Lathe  built  in  12-  and  14-inch  Sizes  by  Mulliner  Machine  Tool  Co. 


G.   E.    TIME-LIMIT   OVERLOAD   RELAY 

The  single-pole  time-limit  circuit  closing  overload  relay  illus- 
trated and  described  herewith  is  of  simple  and  rugged  con- 
struction. It  is  particularly  applicable  to  those  systems 
where  extreme  accuracy  in  timing  is  required  for  tripping 
two  or  more  air  or  oil  circuit  breakers  selectively.     Operating 

or  characteristic 
curves  for  the  vari- 
o  u  s  time  -  current 
settings  are  entire- 
ly separate  and  dis- 
tinct at  even  the 
heaviest  overloads 
and  never  become 
instantaneous;  and 
heaviest  overloads 
do  not  disturb  the 
form  of  curve  nor 
cause  vibration  of 
the  moving  parts. 
The  relay  operates 
within  a  period  of 
time  which  varies 
inversely  with  the 
lower  current  val- 
ues and  approaches 
a  definite  minimum 
time  for  the  higher 
current  values.  Con- 
sequently, the  relay 
will  do  the  work 
ordinarily  required 
of  time-limit  relays 
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that  operate  within  a  definite  time  and  tliose  tliat  operate  in  a 
time  that  is  reduced  as  the  current  values  increase. 

The  relay  is  designed  for  use  in  the  secondary  of  current 
transformers.  The  normal  load  rating  is  five  amperes;  but 
by  means  of  a  current  tap  plate  and  a  metal  tap  plug  portions 
of  the  relay  winding  are  cut  out  so  that  the  relay  may  be 
set  to  operate  at  four,  five,  six,  eight  and  ten  amperes.  Pos- 
itive operation  is  obtained  at  any  setting  throughout  this 
range.  The  contacts  are  closed  on  overload  by  rotation  of  a 
disk  actuated  by  a  U-shaped  driving  magnet  with  shading 
coils  on  the  pole  pieces.  No  tripping  current  is  carried 
through  the  revolving  parts.  When  the  contacts  have  been 
closed  they  are  firmly  held  in  that  position,  until  tripping 
occurs,  by  the  armature  of  a  holding  coil  connected  in  series 
with  the  contacts,  the  trip  coil  of  the  air  or  oil  circuit 
breaker  and  an  auxiliary  switch  which  opens  when  the  breaker 
is  tripped.  This  insures  current  on  the  trip  coil  continuously 
until  the  circuit  breaker  opens,  and  prevents  flashing  at  the 
contacts,  which,  as  an  additional  precaution,  are  of  high  heat- 
resisting  metal  and  non-corrosive,  making  them  practically 
indestructible.  The  current  closing  capacity  is  extremely 
high  for  a  relay  of  this  type  and  ample  for  directly  tripping 
any  one  circuit  breaker  made  by  the  General  Electric  Co. 

Temperature  errors  are  minimized  by  a  compensating  device 
which  is  part  of  the  relay;  and  bearings  are  of  the  jewel  type 
used  in  G.  E.  watthour  meters,  so  that  the  friction  is  small 
and  will  not  vary.  The  values  given  in  vertical  columns  1  to  10 
on  the  index  plate  are  the  time  delays  which  will  be  obtained 
with  different  degrees  of  overload  represented  in  the  "Times 


G.  E.  Type  I,  Form  A  Time-limit  Overload  Eelay 

Current  Tap  Setting"  column  at  the  extreme  right  and  left 
sides  of  the  index  plate.  The  factors  appearing  in  the  "Times 
Current  Tap  Setting"  columns,  when  multiplied  by  the  current 
tap  settings,  represent  actual  secondary  current  values. 

To  obtain  a  given  current  setting  it  is  only  necessary  to 
insert  the  metal  tap  plug  in  the  current  tap  plate  at  the  de- 
sired current  marking.  Time  settings  are  obtained  by  moving 
a  small  lever  in  front  and  near  the  top  of  the  relay,  to  the 
graduation  mark  representing  the  column  in  which  the  de- 
sired time  appears.  The  relay  is  being  furnished  in  two 
styles,  for  25-  and  60-cycle  circuits,  respectively.  The  principle 
of  operation  and  inherent  characteristics  are  the  same  in  both, 
and  the  relays  themselves  differ  only  in  slight  details  of  con- 
struction. This  relay  is  known  as  Type  I,  Form  A  and  is  being 
manufactured  by  the  General  Electric  Co.,  Schenectady,  N.  Y. 


GLOBE   COLLET   CHUCK 

The  collet  chuck  shown  in  the  accompanying  illustrations 
takes  the  place  of  the  usual  type  of  draw-in  collet  chucks  made 
for  use  on  engine  lathes.  Fig.  1  shows  the  parts  of  this  chuck, 
and  in  Fig.  2  the  headstock  of  an  engine  lathe  is  shown  with 
the  collet  chuck  in  place  in  the  spindle.  It  will  be  evident 
from  these  Illustrations  that  instead  of  the  operator's  having 
to  go  to  the  rear  of  the  lathe  to  tighten  or  release  the  collet, 
he  is  able  to  do  this  at  the  nose  of  the  spindle,  making  it  un- 


rig. 1.     Farts  of  Collet  Chuck  made  by  Globe  Engineering  Co. 

necessary  to  leave  the  regular  operating  position.  This  saves 
a  considerable  amount  of  time.  It  will  be  seen  that  this  chuck 
takes  the  place  of  a  center  in  the  spindle;  on  small  lathes  a 
No.  3  Morse  taper  center  is  usually  furnished,  and  on  lathes 
swinging  from  16  to  20  inches  a  No.  4  Morse  taper  is  furnished. 
The  body  of  the  chuck,  as  well  as  the  nose-piece,  is  made  of 
steel  which  is  heat-treated  and  ground;  and  the  collet  is  made 
of  tool  steel  that  is  tempered  in  oil,  and  it  is  split  back  about 
three-quarters  of  the  way  from  both  ends,  so  that  when  tight- 
ened on  a  bar  by  means  of  the  handwheel  the  chuck  grips  for 
the  full  length  of  the  collet. 

In  order  to  attach  this  collet  chuck  to  the  lathe  it  is  neces- 
sary to  remove  the  spindle  center  and  substitute  the  taper 
end  of  the  chuck.  Next  remove  the  nose-piece  on  which  the 
handwheel  is  mounted  and  place  the  collet  in  the  body  of  the 
chuck,  and  after  this  has  been  done,  screw  the  nose-piece  back 
into  place.  These  collet  chucks  are  made  in  two  sizes  by  the 
Globe  Engineering  Co.,  412  Traction  Bldg.,  Cincinnati,  Ohio. 
The  principal  dimensions  of  the  No.  0  chuck  are:  taper  of 
shank.  No.  3  Morse;  capacity  for  round  stock,  up  to  %  inch 
in  diameter;  capacity  for  hexagonal  stock,  up  to  ^  inch; 
capacity  for  square  stock,  up  to  7/16  inch;  diameter  of  hand- 
wheel,  5  inches;  and  distance  chuck  projects  beyond  spindle, 
214  inches.  The  principal  dimensions  of  the  No.  1  collet  chuck 
are:  taper  of  shank.  No.  4  Morse;  capacity  for  round  stock, 
up  to  %  inch  in  diameter;  capacity  for  hexagonal  stock,  up 
to  5/8  inch;  capacity  for  square  stock,  up  to  9/16  inch;  diam- 
eter of  handwheel,  6  inches;  and  distance  chuck  projects  be- 
yond lathe  spindle,  2i/4  inches. 


PORTER-CABLE   TAPER  ATTACHMENT 

The  Porter-Cable  Machine  Co.,  Syracuse,  N.  Y.,  has  devel- 
oped the  taper  attachment  illustrated  and  described  herewi'th, 
for  use  on  its  manufacturing  lathe.  Like  the  machine  for  use 
on  which  it  was  developed,  this  attachment  is  essentially  a 
manufacturing  device,  and  consists  of  a  double  cross-slide  with 
the  upper  tool-rest  H  controlled  by  a  hand  screw,  and  the  lower 
auxiliary  slide  E  controlled  by  the  taper  form  or  wedge  A. 


Fig.  2.     Globe  CoUet  Chuck  in  Use  on  Lathe 
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Fl?.    1.     Taper  Attadunent  for  Forter-Cable  Maoufacturiiig  Lathe 

Auxiliary  slide  E  has  a  projecting  portion  C  which  Is  ma- 
chined to  form  a  seat  for  swivel  shoe  D  that  bears  against  the 
nclined  surface  of  wedge  A.  The  straight  side  or  base  of  this 
\edge  bears  against  block  B,  which  is  rigidly  fastened  to 
he  carriage;  and  there  is  a  concealed  compression  spring 
vhich  tends  to  force  slide  E  toward  the  operator  so  that 
iwivel  block  D  is  always  in  contact  with  wedge  A.  It  will 
)e  noted  that  this  is  the  same  direction  as  the  thrust  of  the 
vork  against  the  tool,  so  that  a  smooth,  uniform  cut  and  true 
aper  is  obtained  on  the  work;  and  duplicate  pieces  can  be 
iroduced  indefinitely. 

A  bracket  F  is  provided,  which  is  bolted  to  the  end  of  the 
athe  and  forms  a  clamp  for  adjustable  rod  G.  Wedge  A 
ind  bearing  blocks  B  and  D  are  hardened  and  ground;  and 
he  substitution  of  one  wedge  for  another  of  different  taper 
inly  takes  a  moment,  as  the  taper  block  A  is  attached  to 
od  G  by  a  single  cross-pin.  This  taper  attachment  is  self- 
ontained  in  the  carriage  and  is  very  rigid,  all  possibility  of 
pring  being  eliminated.  Wedges  may  be  made  of  any  desired 
aper  for  the  work;  and  in  making  these  wedges  advantage 
hould  be  taken  of  the  simple  expedient  of  milling  a  groove 
.cross  the  small  end  of  the  wedge,  as  shown  in  Fig.  2,  to  form 
,  point  which  can  be  measured  with  the  same  accuracy  as  the 
irge  end  of  the  wedge. 


NEW   BRITAIN   STACKING   TOTE  BOXES 

Numerous  improved  features  have  been  incorporated  in  the 
Jew  Britain  stacking  tote  boxes  which  are  made  from  No.  16 
age  steel  and  electrically  welded  throughout,  no  rivets  being 
sed.  Handles  are  made  of  No.  14  gage  stock,  folded  double 
nd  punched  to  afford  hook  hold  for  dragging  the  boxes  along 
tie  floor.  It  is  believed  the  size  adopted  (20  by  12  by  6  inches) 
nil  best  meet  average  requirements,  being  in  length  and  ca- 
acity  about  the  limit  for  comfortable  one-man  handling, 
'he  sides  slope  inward  just  enough  to  provide  support  for  the 
ox  above  and  are  folded  onto  the  ends.  Yet  the  deviation 
f  the  sides  from  square  is  so  small  that  rectangular  work  can 
e  packed  in  as  conveniently  as  irregular  pieces.  A  %-inch 
elvage  around  the  edge  of  the  box  increases  its  stiffness. 

The  ends  extend  1  inch  above  the  sides  and  are  folded  over 
nto  the  selvaged  edge  of  the  sides  where  the  latter  lap  onto 
tie  ends;  these  raised  ends  are  bent  outward  sufficiently  to 
ermit  the  box  above  to  slip  between.  Spot-welded  to  the  bot- 
Dm  and  slightly  shorter  than  the  box  are  two  half-round  run- 
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ners.  These  are  carefully  beveled  on  the  ends  and  so  placed 
that,  when  the  box  is  in  the  stacking  position,  they  are  in 
contact  with  the  edges  of  the  box  below,  thus  opposing  any  ten- 
dency of  the  sides  to- spring  in  under  heavy  weights.  The 
upper  corners  of  the  ends  are  cut  off  at  a  45-degree  angle, 
and  embossed  pieces  are  spot-welded  to  the  lower  corners  of 
the  ends  parallel  with  the  upper  corners  and  in  such  a  posi- 
tion as  to  act  as  guides  in  bringing  the  box  to  the  stacking 
position.  These  guides,  in  conjunction  with  the  runners,  also 
serve  to  prevent  any  sidewise  shifting  of  the  boxes  while 
being  trucked. 

In  dragging  a  box  over  the  floor  these  runners  present  only 
line  friction  and  remove  wear  and  tear  from  the  bottom  of  the 
box,  thus  making  for  longer  life.  As  a  result  of  this  feature, 
the  New  Britain  stacking  box  lends  itself  to  storage  in  racks 
better  than  the  average,  because  it  will  slip  into  and  out  of 
the  rack  with  greater  ease.  Owing  to  the  small  bearing  sur- 
face and  the  firmness  of  the  stacking  feature,  it  has  been 
found  that  a  stack  of  five  or  six  loaded  boxes  can  be  dragged 
along  the  floor  with  remarkably  slight  effort.  By  reason  of 
the  raised  ends  generous  space  is  provided  above  the  handle 
for  a  card  holder,  in  which  position  it  more  readily  indicates 
the  contents  of  the  box  and  is  less  likely  to  become  soiled. 

No  more  care  is  required  to  stack  these  boxes  than  to  nest 
ordinary  nesting  boxes,  since  it  is  only  necessary  to  bring  one 
box  approximately  over  another  and  let  it  drop.     The  raised 


New  Britain  Stacking  Tote  Boxes 

ends  and  embossed  guides  automatically  bring  it  to  its  proper 
position.  The  boxes,  when  stacked,  are  securely  held  and 
can  be  trucked  any  distance  over  uneven  floors  without  danger. 
In  fact,  in  order  to  become  unstacked,  a  box  must  be  jarred 
or  raised  up  1  inch;  otherwise,  it  will  settle  back  to  its  stack- 
ing position  automatically.  As  further  indicating  the  security 
of  the  stacking  feature,  a  stack  of  ten  boxes  can  be  tilted  to 
an  angle  of  almost  45  degrees  before  buckling.  These  boxes 
are  made  by  the  New  Britain  Machine  Co.,  New  Britain,  Conn. 


Method  of  milling  Slot  in  SmaU  End  of  Wedge  to  facilitate 
measuring 


UNITED   STATES   LATHE 

In  the  September  number  of  Macuixeby  a  description  was 
published  of  the  20-inch  lathe  which  had  just  been  placed  on 
the  market  by  the  United  States  Lathe  &  Machine  Co.,  Cincin- 
nati, Ohio.  The  machine  referred  to  is  equipped  with  a  five- 
step  cone  pulley  and  single  back-gears.  Recently  the  same 
firm  has  brought  out  the  machine  shown  in  the  accompanying 
illustration,  which  is  of  similar  design  except  that  it  is  driven 
by  a  three-step  cone  pulley  and  double  back-gears.  It  will  be 
seen  that  simplicity  of  design  and  strength  of  all  parts  are 
predominant  features  of  this  machine,  which  insure  ease  of 
operation  and  long  life.  The  feature  of  having  the  quick- 
change  gears  locking  downward,  which  was  described  in  con- 
nection with  the  previous  article,  has  also  been  applied  on  the 
present  machine.  The  general  features  of  construction  are 
the    same    for    both    single    and    double    back-geared    lathes. 
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United  States  Double  Back-geared  Lathe 

The  principal  dimensions  are  as  follows:  swing  over  bed,  20% 
inclres;  swing  over  rest,  12%  inches;  swing  over  carriage,  14^4 
inches;  maximum  capacity  between  centers,  56  inches;  hole 
through  spindle,  1  9/16  inch  diameter;  diameter  of  tailstock 
spindle,  2%  inches;  traverse  of  tailstock  spindle,  9  inches; 
compound  rest  travel,  4%  inches;  capacity  for  thread  cutting, 
from  1  to  32  threads  per  inch;  and  weight  of  lathe  with  eight- 
foot  bed,  4600  pounds. 


pawl  fitting  a  rack  cast  in  the  bed  mid- 
way between  the  vees.  The  front  vee- 
bearing  is  of  a  broad,  low-angle  type,  per- 
mitting the  use  of  a  gib  at  the  front  edge 
on  the  under  side  and  affording  a  guide 
to  the  carriage  of  the  same  width  as  the 
vee.  Both  headstock  and  tailstock  are 
carried  on  the  rear  vee. 

The  lead-screw  is  splined  to  act  as  a 
feed-rod,  and  the  friction  is  liberally 
proportioned  and  controlled  by  a  large 
handwheel.  Double  wall  construction 
has  been  adopted  for  the  apron.  In  ad- 
dition to  the  type  illustrated,  this  lathe 
can  be  furnished  with  a  housing  cover- 
ing the  entire  top  of  the  headstock  to 
support  a  motor,  where  individual  motor 
drive  is  employed;  and  owing  to  the  in- 
creased power  provided  and  the  elimination  of  belt  trouble,  the 
use  of  motor  drive  is  recommended.  This  lathe  swings  30^ 
inches  over  the  vees  and  18i/4  inches  over  the  bridge;  it  is  built 
with  any  length  of  bed  up  to  30  feet,  and  with  a  minimum 
length  of  bed  the  machine  weighs  approximately  18,000  pounds. 


HOUSTON,  STANWOOD   &   GAMBLE 
HEAVY-DUTY   LATHE 

The  Houston,  Stanwood  &  Gamble  Co.,  Cincinnati,  Ohio,  is 
now  building  a  30-inch  heavy-duty  standard  engine  lathe  which 
is  illustrated  and 
described  here- 
with. This  ma- 
chine is  driven 
by  a  three-step 
cone  pulley  and 
double  back- 
gears  which 
have  ratios  of 
3.55  to  1  and 
12.5  to  1.  The 
cone  pulley  steps 
are  16.4,  18.2  and 
20  inches  in  di- 
ameter by  6% 
inches  wide,  and 
under  the  usual 

countershaft  speeds  of  243  and  129  revolutions  per  minute, 
eighteen  changes  of  speed  are  obtained.  These  speeds  are  as 
follows:  8.3,  10.2,  12.7,  15.7,  19.4,  24,  29.5,  36.3,  45,  55.5,  68.7, 
84.6,  105,  129,  159,  196,  243  and  300  revolutions  per  minute. 
The  range  for  thread  cutting  is  as  follows:  14,  12,  11,  10,  9,  8, 
7,  6,  51/2,  5,  41/2,  4,  3%,  3,  2%,  21/2,  2^,  2,  1%,  IVa,  1%,  1%,  li/g 
and  1  per  inch.  The  available  feeds  are  as  follows:  56,  48,  44, 
40,  36,  32,  28,  24,  22,  20,  18,  16,  14,  12,  11,  10, 
9,  8,  7,  6,  51/2,  5,  4%  and  4  per  inch. 

All  gears  used  in  this  lathe  are  made  of 
steel  and  the  important  bearings  are  bronze 
bushed.  The  front  spindle  bearing  is  8  by  10 
inches  in  size  and  the  rear  spindle  bearing 
4%  by  8  inches  in  size;  a  hole  21,^  inches  in 
diameter  extends  through  the  spindle,  and  a 
faceplate  30  inches  in  diameter  is  screwed 
onto  the  spindle  nose.  Centers  used  on  this 
machine  are  No.  6  Morse  taper.  The  tail- 
stock  is  of  the  set-over  type  to  provide  for 
the  performance  of  taper  turning  operations, 
and  the  tailstock  spindle  is  4i/4  inches  in 
diameter  and  it  has  a  travel  of  12  inches. 
Four  bolts  provide  for  clamping  the  tail- 
stock,  and  attention  is  called  to  the  fact  that 
the  rear  bolts  are  as  accessible  as  the  front 
bolts.  In  addition  to  this  method  of  clamp- 
ing, the  tailstock   is  held   in  position  by  a 


Heavy-duty  Standard  Engine  Lathe  built  by  Houston,   Stanwood  &   Gamble 


LIQUID   RHEOSTATIC   CONTROL   FOR 
A.   C.  WOUND-ROTOR  MOTORS 

The  extensive  use  of  electric  motor  drive  for  hoists,  dredges, 
and  similar  applications  brought  to  the  fore  the  necessity 
for  a  controller  for  large  wound-rotor  induction  motors  which 
would  give  wide  and  accurate  speed  variation,  positive  time 
limit   acceleration,   and   allow   the  motor   to   run   at   reduced 

speeds  for  long 
periods.  To  meet 
these  conditions 
the  Westing- 
house  Electric  & 
Mfg.  Co.,  East 
Pittsburg,  Pa., 
designed  the 
liquid  type  of 
control  which  is 
illustrated  in  the 
accompanying 
halftone.  Fig.  1. 
A  liquid  con- 
troller consists 
essentially  of  a 
primary  panel 
and  a  liquid  rheostat.  The  primary  panel  is  made  up  of  me- 
chanically interlocked  magnetic  contactors  for  starting,  stop- 
ping, and  reversing  the  motor;  oil  circuit  breakers  which 
entirely  disconnect  the  motor  from  the  line  in  the  event  of  an 
overload;  a  fuse  knife  switch  for  pump  motor;  and  a  low- 
voltage  relay  for  the  protection  of  the  operator  and  apparatus 
against  voltage  failure.     The  secondary  control  consists  of  a 


rig.  1.     Westinghouse  Liquid  Hheostatio  Controller  for  A.  C.  Wound-rotor  Motors 
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Fig.  2. 


Switchboard  Panel  used 
Kbeostat 


ith  Liquid 


liquid  rheostat  com- 
plete with  brass  or 
wrought -iron  cool- 
ing coils  for  vary- 
ing the  resistance 
in  the  motor  sec- 
ondary, a  pump  and 
pump  motor  switch 
for  the  circulation 
of  the  electrolyte, 
and  a  master  switch 
for  the  control  of 
the  equipment.  For 
plugging  service  a 
single  lever  H-slot 
device  and  two 
overload  relays  are 
used.  The  two  over- 
load relays  are 
mounted  on  the 
primary  panel  and 
protect  the  motor 
from  overloads 
when  running,  but 
are  short-circuited 
when  plugging  the 
motor.  "When  oper- 
ating under  these 
conditions  the  circuit  breaker  is  set  to  protect  the  motor 
against  exceptional  overloads  and  short  circuits  on  the  motor, 
but  too  high  to  trip  out  in  ordinary  plugging  service. 

In  the  type  of  control  shown,  the  depth  of  the  liquid  in 
which  the  electrodes  are  immersed  is  varied.  This  principle 
insures  smooth  acceleration  and  close  speed  regulation  of  the 
motor,  as  an  infinite  number  of  steps  can  be  obtained  by 
gradually  varying  the  depth  of  the  liquid.  It  eliminates  ob- 
jectionable jerks  and  sudden  strains  in  both  the  cable  and 
equipment  when  starting  loads  of  great  inertia.  The  con- 
struction and  operation  of  the  control  is  so  simple  that  even 
an  inexperienced  operator  can  obtain  good  results,  and  main- 
tenance costs  are  low,  since  the  electrodes  are  practically  the 
only  parts  requiring  renewal,  and  these  infrequently.  It  is 
of  especial  value  for  heavy-duty  reversing  service  when  start- 
ing is  frequent  and  the  motor  is  run  at  reduced  speeds.  It  is 
furnished  for  any  primary  voltage  and  frequency,  and  for 
either  two-  or  three-phase. 

As  shown  in  Fig.  3,  the  three  secondary  phases  of  the 
motor  are  each  connected  to  a  set  of  electrodes  suspended  in 
the  electrode  tank.  The  operating  lever  is  attached  to  an 
arm  just  above  the  master  switch;  and  when  the  lever  is  in 
the  "off"  position  the  electrolyte,  which  is  a  solution  of  sodium 
carbonate  (sal  soda),  is  at  its  lowest  level.'  When  the  operat- 
ing lever  is  moved  from  the  "off"  position  the  contactors  in  the 
primary  circuit  are  operated  by  the  master  switch  and  the 
weir  raised.  The  electrolyte,  which  is  circulated  continuously 
by  the  pump,  rises  as  the  weir  is  raised;  and  this  immerses 
the  electrodes  more,  decreases  the  resistance  in  the  rotor  cir- 
cuit, and  speeds  up  the  motor.     By  adjusting  the  position  of 


the  weir  the  resistance  in  the  rotor  circuit  is  changed  and 
the  speed  of  the  motor  regulated. 

A  regulating  valve  in  the  pump  discharge  or  intake  pipe 
prevents  the  liquid  from  rising  in  the  electrode  tank  at  a  rate 
greater  than  that  for  which  the  valve  is  adjusted.  So  the 
lever  may  be  moved  directly  to  the  "full  on"  position  while 
the  liquid  will  rise  at  the  rate  determined  by  the  valve  set- 
ting. The  weir,  however,  is  of  such  a  size  and  design,  that 
the  electrolyte  will  flow  through  the  lower  compartment  speed- 
ily enough  to  take  care  of  plugging  when  that  is  practiced. 

For  plugging  service  the  single  lever  H-slot  device  and 
the  two  overload  relays  afford  a  positive  protection  against 
the  wrong  operation  of  the  lever.  To  prevent  over-travel  in 
hoist  work,  either  single-  or  double-pole  limit  switches  can 
be  furnished;  and  when  the  hoists  are  used  for  lowering,  an 
over-speed  device  is  desirable.  Cam  limit  switches  form 
another  means  of  protection,  safeguarding  against  accidents 
due  to  carelessness  on  the  part  of  the  operator.  These  consist 
of  a  number  of  switches  operated  by  means  of  cams  mounted 
on  a  hexagonal  shaft  connected  to  the  driving  motor  or  the 
driven  mechanism  through  a  chain  and  sprocket  or  through  a 
worm-gear. 


Arranfement    of    Component    Farts    in    Westinghouse    Bheostatic 
Control  for  A.  C.  Wound-rotor  Motors 


MARTIN   HAND   MARKING   MACHINE 

The  Martin  Machine  Co.,  Greenfield,  Mass.,  has  recently 
added  to  its  line  of  marking  machines  the  No.  6  hand-operated 
machine  shown  in  the  accompanying  illustration.  This  is  par- 
ticularly adapted  for  use  in  marking  trade  names,  sizes  or 
patent  marks  on  round  or 
flat  surfaces  of  such  tools  as 
drills,  taps,  dies,  etc.,  and 
will  mark  any  material  in 
which  an  impression  can  be 
made.  Attention  is  called  to 
the  simplicity  of  the  design, 
which  reduces  probability  of 
the  machine  getting  out  of 
order.  Particular  attention 
has  been  paid  to  provid- 
ing ample  strength  in  the 
handle  and  foot-treadle  parts 
to  avoid  trouble  from  break- 
age. The  pinion  which  moves 
the  slide  is  made  of  steel 
and  is  exceptionally  wide  to 
insure  strength  and  durabil- 
ity. Both  table  and  slide  are 
furnished  with  gibs  to  af- 
ford compensation  for  wear, 
and  roller  bearings  are  pro- 
vided on  the  slide  to  reduce 
friction.  The  travel  of  the 
slide  is  regulated  by  a  stop 
and  screw,  and  the  height  of 
the  table  is  adjusted  by 
means  of  a  screw  and  nut 
in  order  to  increase  or  de- 
crease the  depth  of  marking. 

If  the  product  to  be 
marked  has  a  flat  surface,  it 
is  held  in  a  suitable  fixture 
mounted   on   the   table,   and 

by  depressing  the  foot-treadle  the  table  is  raised  to  the  desired 
height.  The  die  held  in  a  holder  attached  to  the  slide  is  then 
brought  into  contact  with  the  work  by  means  of  a  lever  which 
forces  the  slide  across  to  permit  the  die  to  roll  the  desired 
impression  in  the  work.  After  completion  of  its  stroke,  the 
die  is  returned  to  the  starting  point  by  a  spring  in  back  of  the 
holder.  When  marking  round  surfaces  on  taps,  drills,  etc.,  a 
flat  die  is  attached  to  the  slide  and  the  work  is  allowed  to  roll 
on  the  table  as  the  die  comes  into  contact  with  it.  Adjust- 
ments are  provided  when  using  round  or  flat  dies  so  that  the 
proper  character  on  the  die  comes  into  contact  with  the  work 
at  a  stated  point;  and  screw  stops  govern  the  amount  of  travel 
after  contact  has  been  made,  giving  a  clear  cut  from  beginning 
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to  end  of  the  work.  The  principal  dimensions  of  this  machine 
B^e  as  follows:  maximum  travel  of  slide,  6  inches;  maximum 
adjustment  of  table,  6  Inches;  floor  space  occupied,  20  by  20 
inches;  and  weight  of  machine,  370  pounds. 


BETTS  CRANK  BLOTTER 
The  Betts  Machine  Co.,  Wilmington,  Del.,  has  recently  com- 
pleted what  is  believed  to  be  one  of  the  largest  crank-driven 
Blotters  ever  built  in  this  country,  the  machine  having  a  maxi- 
mum stroke  of  30%  inches.  This  slotter  was  built  for  installa- 
tion at  the  plant  of  the  Pennsylvania  Steel  Co.,  Steelton,  Pa., 
which  is  a  subsidiary  of  the  Bethlehem  Steel  Co. 

The  fifteen-horsepower  driving  motor  is  bolted  to  the  side 
of  the  frame,  and  in  addition  to  the  three  to  one  variable-speed 
motor  drive  there  are  two  geared  speed  changes.  The  cutter- 
bar  has  ten  changes  of  speed  and  the  return  stroke  is  made  at 
an  increase  of  speed  of  2%  to  1.  The  bar  is  furnished  with  a 
vertically  adjusted  guide  and  relief  tool  apron. 

The  feeds  are  positive  and  self-acting  in  all  directions,  the 
feed  motion  taking  place  at  the  upper  end  of  each  stroke.    At- 


Crank  Slotter  with  30%-inch  Stroke  built  by  Betts  Machine  Co. 

tention  is  called  to  the  simplicity  of  the  design  and  the  con- 
venience of  operation,  all  handles,  etc.,  being  located  so  that 
the  operator  has  full  control  of  the  machine  from  one  position 
where  he  is  able  to  watch  the  action  of  the  cutting  tool.  The 
compound  table  has  adjustment  longitudinally  and  vertically 
and  supports  a  revolving  table  which  may  be  secured  in  any 
position  by  corner  clamps.  This  table  is  graduated  and  so 
arranged  that  the  worm  may  be  disengaged  for  ready  adjust- 
ment of  the  work.  The  principal  dimensions  of  the  machine 
are  as  follows:  distance  from  frame  to  front  of  cutter-bar,  48 
inches;  capacity  for  slotting,  to  center  of  100-inch  circle;  dis- 
tance from  table  to  under  side  of  frame,  42  inches;  diameter 
of  round  table,  54  inches;  maximum  longitudinal  traverse,  64 
inches;   and  maximum  transverse  traverse,  52  inches. 


ROCHESTER  BALL   THRUST   BEARING 

The  Rochester  Ball  Bearing  Co.,  Inc.,  203  State  St.,  Roches- 
ter, N.  Y.,  has  recently  placed  on  the  market  a  line  of  ball 
thrust  bearings  which  possess  certain  individual  features  of 
design.  Among  these  may  be  mentioned  the  fact  that  solid 
brass  ball  retainers  are  used,  as  this  company's  experience 
has  led  to  the  belief  that  the  greatest  strength  and  durability 
are  obtained  with  this  form  of  construction.    These  Rochester 


Medium-weight  Rochester  Ball  Thrust  Bearing 

ball  bearings  are  usually  made  with  round  race  grooves,  al- 
though V-groove  bearings  are  regularly  made  for  use  on  in- 
stallations where  the  speed  is  high  and  the  service  required 
of  bearings  relatively  light.  Thrust  bearings  for  heavy  duty 
are  made  with  the  familiar  form  of  self-aligning  spherical  seat 
washers.  The  accompanying  illustration  shows  medium- 
weight  bearings  of  large  size,  and  in  this  connection  it  may 
be  mentioned  that  retainers  of  small  bearings  are  not  scal- 
loped. 


OTT   NO.    1    UNIVERSAL    GRINDER 

In  the  February,  1912,  number  of  Machinery,  mention  was 
made  of  a  No.  1  universal  grinding  machine  which  had  just 
been  placed  on  the  market  at  that  time  by  the  Modern  Tool 
Co.,  Erie,  Pa.  Recently,  the  Ott  Grinder  Co.,  32  N.  Clinton  St.,. 
Chicago,  111.,  has  taken  over  the  manufacturing  rights  on  this 
machine,  and  before  placing  it  on  the  market  several  note- 
worthy improvements  have  been  made  in  the  design.  Among- 
these  the  following  may  be  mentioned:  The  swivel  table  ad- 
justing mechanism  has  been  simplified,  allowing  the  table  tc> 
be  swung  around  at  right  angles  to  handle  work  for  which 
such  a  setting  is  necessary.  The  design  of  the  tailstock  spin- 
dle clamping  device  and  the  headstock  spindle  bushing  have 
also  been  improved.  The  internal  fixture  has  been  somewhat 
changed,  and  the  work-rests  are  now  provided  with  both  verti- 
cal and  horizontal  adjustment  and  set-collars  for  maintaining 
constant  dimensions  on  duplicate  work.  The  design  of  the 
countershaft  has  also  been  somewhat  simplified. 

The  principal  dimensions  of  this  machine  are  as  follows: 
normal  range,  5  by  16  inches;  swing  over  table  without  water 
guards,  4  inches;  swing  over  table  water  trough,  5i^  inches; 
swivel   table   graduated   to   6   degrees;    capacity   for  grinding- 
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tapers,  up  to  2^ 
inches  per  foot; 
diameter  of 
wheel  spindle,  1 
inch;  diameter 
of  grind  in  g 
wheel,  8  inches; 
face  width  of 
grinding  wheels, 
%  and  %  inch; 
minimum  reduc- 
tion by  power 
cross-feed,  0.0002 
inch ;  maximum 
reduction  by 
power  cross-feed, 
0.004  inch ;  avail- 
able work  speeds, 
133,  178,  254  and  363  revolutions  per  minute;  range  of  table 
speeds,  from  34.5  to  121  inches  per  minute;  horsepower  re- 
quired to  drive  machine,  2;  floor  space  occupied,  31  by  68 
inches;  and  net  weight,  1400  pounds. 


Heavy-duty  Shell  Boring  Lathe  built  by  W.  &  B.  Douglas 


DOUGLAS  HEAVY  BORING  LATHE 

In  the  April  number  of  Machinery  mention  was  made  of 
a  heavy-duty  lathe  which  had  just  been  placed  on  the  market 
by  W.  &  B.  Douglas,  Middletown,  Conn.  This  was  a  manu- 
facturing machine  primarily  adapted  for  turning  high-carbon 
steel  forgings  at  maximum  speed.  Recently  the  same  firm  has 
introduced  a  heavy  boring  lathe  for  performing  internal  opera- 
tions on  shells  from  8  to  12  inches  in  diameter.  The  bed, 
headstock  and  change-gear  mechanism  of  both  machines  are 
similar,  but  the  boring  lathe  is  equipped  with  a  pot  chuck, 
special  tailstock  for  operating  a  traversing  boring-bar,  and  a 
steadyrest  for  supporting  this  bar,  the  arrangement  being 
shown  in  the  accompanying  illustration. 

The  principal  dimensions  of  the  Douglas  boring  lathe  are 
as  follows:  length  of  bed,  13  feet;  swing  over  ways,  26% 
inches;  diameter  of  spindle,  6  inches;  diameter  of  hole  through 
spindle,  2  inches;  dimensions  of  boring-bar,  5^4  inches  square 
by  74  inches  long;  maximum  travel  of  boring-bar,  58  inches; 
maximum  distance  from  faceplate  to  face  of  tailstock,  90 
inches;  maximum  distance  from  faceplate  to  face  of  steady- 
rest,  81  inches;  available  feeds  per  revolution  of  spindle,  1/64, 
1/32,  1/16  and  1/8  inch;  ratio  of  gearing,  20  to  1;  and  size  of 
cone  pulley  steps,  15  and  18  inches  in  diameter  by  8  inches 
face  width. 


all  times  through 
the  cast-iron 
sleeve.  The  feeds 
are  automatic, 
and  six  changes 
of  feed  are  pro- 
vided through 
gearing,  cover- 
ing a  range  from 
1/128  to  9/32 
inch  per  revolu- 
tion; the  spindle 
may  be  fed  in 
either  direction 
without  revers- 
ing its  rotation. 
It  will  be  seen 
that  the  machine 
is  equipped  with  a  compound  table,  the  bottom  table  being 
6  feet  long  and  elevated  by  two  screws,  worm-wheels  and 
worms  which  are  driven  by  power.  This  table  carries  a  saddle 
which  has  a  movement  parallel  to  the  main  spindle.  The 
saddle  carries  a  cross  table  24  by  36  inches  in  size,  which  also 
has  a  horizontal  movement  at  right  angles  to  the  spindle. 
These  tables  can  be  lowered  until  the  top  table  is  25  inches 
from  the  center  of  the  spindle,  and  by  removing  the  upper 
tables,  which  are  6i/4  inches  thick,  this  distance  is  increased 
to  31^4  inches.  In  addition,  a  circular  table  may  be  provided, 
as  shown  in  the  illustration,  for  handling  work  where  it  is 
necessary  to  bore  holes  at  different  angles  without  resetting. 
The  circular  table  is  graduated  through  a  full  circle  and  may 
be  moved  by  hand  to  any  required  angle.  This  table  rests  on 
top  of  the  rectangular  table,  to  which  it  is  secured  by  corner 
clamps. 

For  machining  both  ends  of  a  casting  at  one  time,  an  extra 
or  right-hand  facing  head  may  be  provided  which  can  be  ar- 
ranged to  clamp  on  a  boring-bar  or  to  fit  a  hole  in  the  steady- 
rest  yoke.  The  illustration  shows  a  machine  which  is  equipped 
with  a  threading  attachment  arranged  to  give  suitable  feeds 
to  the  boring  spindle  so  that  threads  of  different  pitch  can  be 
cut  in  pump  valve  seats  and  similar  work  after  it  has  been 
bored.  Threading  is  done  with  a  tool  of  the  chaser  type. 
For  milling,  a  power  feed  mechanism  can  be  provided  for 
the  top  rectangular  table  and  also  for  the  circular  table.  The 
illustration  shows  a  machine  equipped  with  electric  motor 
drive,  but  the  same  type  of  machine  is  also  built  for  cone 
pulley  drive. 


BETTS   HORIZONTAL  BORING,   DRILLING 
AND   THREADING   MACHINE 

The  Betts  Machine  Co.,  Wilmington,  Del.,  has  recently  com- 
pleted a  combination  horizontal  boring,  drilling  and  threading 
machine  for  use  on  the  U.  S.  S.  Dixie.  The  machine  is  ar- 
ranged with  General 
Electric  variable- 
speed  motor  drive, 
giving  speeds  from  7 
to  260  revolutions 
per  minute.  The  spin- 
dle is  made  of  steel 
and  is  3%  inches  in 
diameter;  it  has  a 
regular  movement  of 
24  inches,  and  provi- 
sion may  be  made  for 
a  traverse  of  48 
inches  when  re- 
quired. Quick  move- 
ment by  hand  is  pro- 
vided through  a  rack 
and  pinion.  The  spin- 
dle may  be  driven  in 
either  direction  and 
has  a  full  bearing  at 


Combination  Boring,  Drilling  and  Threading  Machine  built  by  Betti  Kachine  Co. 


READY   ELECTRICALLY    WELDED    TOOLS 

The  Ready  Tool  Co.,  550  Irj.nistan  Ave.,  Bridgeport,  Conn.,  is 
now  manufacturing  a  line  of  arc-  and  butt-welded  tools  in  which 
a  cutter  of  either  stellite  or  high-speed  steel  is  electrically  weld- 
ed to  a  machine  steel  shank.  This  enables  all  of  the  cutter  to 
be  used  up — a  condition  of  exceptional  importance  at  this  time 

when  the  cost  of 
these  materials  is  so 
far  above  normal.  In 
Fig.  1  the  tools  have 
stellite  cutters,  and  in 
the  case  of  the  upper 
tool  shown  in  this  il- 
lustration particular 
attention  is  called  to 
the  fact  that  the  stel- 
lite is  welded  onto 
the  shank  at  such  an 
angle  that  both  front 
and  side  clearance  is 
provided.  This  is  an 
important  matter, 
because  stellite  is 
made  as  a  casting, 
and  in  sharpening 
the  tool  it  is  merely 
necessary    to    grind 


274 


MACHINERY 


November,  1916 


Tool  marked  with   "Nasitra'' 

of  wood.  Manufacturers  who  have  a  large  number  of  carbon 
or  high-speed  steel  products  to  mark  should  find  this  com- 
pound very  useful. 


Fig.    2.     Tool-holder   Cutter  with  High-speed 
Steel    butt-welded   to   Machine    Steel 


Fig.  1.     Keady  Tools  with  Stellite  Cutters  arc-  and  butt-welded  to  Machine 
Steel  Shanks 

the  top  face,  thus  leaving  the  surface  metal  intact  on  the 
sides,  experience  having  shown  this  to  be  considerably  harder 
than  the  interior  metal.  Also  the  cut  is  made  with  the  grain 
of  the  stellite,   which   is   an   important   feature,   because   the 

material  is  stronger 
with  than  across 
the  grain.  The 
shank  is  machined 
with  a  projection  at 
the  front  that  forms 
a  base  upon  which 
the  stellite  cutter 
is  supported  in  ad- 
dition to  being 
welded  to  the 
shank,  thus  insur- 
ing a  full  support 
right  under  the 
nose  of  the  tool. 
The  lower  tool 
shown  in  Fig.  1  has  the  stellite  butt-welded  to  the  shank. 
Fig.  2  illustrates  the  way  in  which  high-speed  steel  is  butt- 
welded  to  machine  steel  in  order  to  form  a  tool-holder  cutter 

that  will  allow  all 
the  high-speed  steel 
or  stellite  to  be  uti- 
lized. Stellite  could 
not  be  used  in  this 
butt-welded  form, 
and  if  it  is  desired 
to  use  it,  a  section 
must  be  arc-welded 
to  the  front  of  the 
cutter  by  the  new 
process.  In  all 
cases,  the  welding 
of  either  high-speed 
steel  or  stellite  is 
so  perfectly  done 
that  the  joint  shows 
a  complete  fusion; 
and  the  welding  is  done  so  rapidly  that  it  is  claimed  the  high- 
speed steel  cutters  are  not  heated  sufficiently  to  affect  the  re- 
sults obtained  by  the  heat-treatment.  In  addition  to  the 
straight  forms  of  tools  shown,  off-sets  of  all  shapes,  and  also — 
what  is  very  desirable — cutting-off  blades  with  stellite  tips  are 
being  made  by  the  company  for  handling  work  on  lathes, 
boring  mills  and  screw  machines. 


A,  Butt-welded  Tool:  B  and  C, 
Arc-welded  Tools 


"NASITRA"    MARKING   FLUID 

The  Artisan  Chemical  Supply  Co.,  Box  395,  Detroit,  Mich., 
Is  now  manufacturing  a  fluid  compound  known  as  "Nasitra" 
for  use  in  marking  metal  products.  "Nasitra"  is  especially 
adapted  for  marking  products  made  of  those  grades  of  steel 
commonly  used  in  the  manufacture  of  tape  measures,  gages, 
scales,  etc.  It  is  used  without  requiring  the  metal  to  be  first 
coated  with  paraffin,  wax  or  soap,  the  only  requirement  being 
that  the  surface  of  the  metal  to  be  marked  must  be  perfectly 
clean.    Then  the  fluid  is  applied  with  a  pen  or  sharpened  piece 


CORRECTION  OF  ^WEIGHT,  BAKER  DRILL- 
ING MACHINE 
A  misleading  statement  appeared  at  the  conclusion  of  the 
description  of  the  Baker  heavy-duty  drilling  and  boring  ma- 
chine in  the  October  number,  as  regards  the  weight.  The 
weight  of  the  three  assembled  machines  with  a  common  floor 
plate,  as  illustrated,  is  66,000  pounds.  The  weight  of  18,000 
pounds  given  was  the  estimated  weight  of  a  single-spindle 
machine. 


I     NEW   MACHINERY  AND  TOOLS   NOTES 

Adjustable  Male  Gage:  Nils  E.  Larson,  Chicago,  111.  An 
adjustable  male  gage  which  has  the  body  made  of  steel  and 
adjustment  of  the  measuring  points  provided  by  means  of  a 
wedge  actuated  by  a  knurled  nut. 

Sine  Bar:  Model  Tool  &  Gage  Co.,  187  John  St.,  Bridge- 
port, Conn.  A  tool  known  as  the  "Simplex"  sine  bar  which 
can  be  used  in  conjunction  with  a  table  of  natural  sines  and 
cosines  for  the  accurate  determination  of  angles.  It  measures 
5  inches  from  center  to  center  of  the  disks  and  forms  a  useful 
addition  to  the  toolmaker's  kit. 

Combination  Drawing  Tool:  Two  Rivers  Drawing  Tools 
Co.,  Two  Rivers,  Wis.  A  combination  drawing  instrument  de- 
signed to  save  time  in  laying  out  hexagonal  and  other  forms 
in  the  use  of  the  isometric  system.  The  instrument  can  be 
quickly  handled  and  covers  a  wider  range  than  would  be 
thought  to  be  the  case  before  the  draftsman  has  had  experience 
in  its  use. 

File  Handle:  Strong-Hold  Mfg.  Co.,  307  Arch  St.,  Phila- 
delphia, Pa.  A  wooden  handle  of  ordinary  form  which  is 
drilled  to  receive  the  file  tang.  Two  saw  slots  crossing  each 
other  at  right  angles  pass  axially  through  the  tang  hole.  The 
ferrule  is  in  the  shape  of  a  helical  spring;  and  when  it  is 
driven  into  the  handle,  it  closes  the  slots  and  gives  an  elastic 
grip  on  the  file  tang. 

Precision  Square:  Simplex  Tool  Co.,  Woonsocket,  R.  I.  A 
square  made  of  hardened  steel  and  accurately  ground  to  a 
fine  edge  on  two  sides  and  flat  on  opposite  sides.  The  flne 
edges  in  contact  with  the  work  are  claimed  to  enable  the  de- 
tection of  an  error  less  than  0.0001  inch  in  3  inches.  >  Holes 
are  provided  in  the  square  to  afford  an  efficient  finger  grip  for 
every  method  of  applying  the  square  to  the  work. 

Patternmakers'  Bench  Planer:  J.  D.  Wallace,  527  Van  Buren 
St.,  Chicago,  111.  A  small  bench  machine  adapted  to  meet  the 
requirements  of  patternmakers  and  other  woodworkers.  It 
will  take  heavy  cuts  in  hard  wood  as  well  as  soft,  and  the 
finish  produced  is  entirely  free  from  knife  marks.  A  guard  pro- 
vides for  the  protection  of  the  operator;  and  the  planer  is  driven 
by  a  motor  that  takes  power  from  an  ordinary  lamp  socket. 

Offset  Boring  Head:  Reliance  Tool  Co.,  134  Eliot  St.,  Bos- 
ton, Mass.  This  boring  head  consists  of  two  essential  parts, 
which  are  two  eccentric  bushings,  one  within  the  other.  The 
hole  in  the  outer  bushing  is  bored  0.050  inch  off  center,  and 
the  hole  in  the  inner  bushing  which  supports  the  cutter-bar 
is  also  off  center.  By  adjusting  these  two  bushings  in  rela- 
tion to  the  center,  the  required  amount  of  offset  may  be 
obtained. 

Oilstone  Grinder:  Oliver  Machinery  Co.,  Coldbrook  and 
Clancy  Sts.,  Grand  Rapids,  Mich.  An  oilstone  grinder  devel- 
oped for  use  in  quickly  sharpening  all  kinds  of  knives  and 
tools.  Two  grades  of  oilstones  are  provided,  one  for  rapid 
abrasion  and  the  other  for  putting  a  keen  edge  on  the  tool. 
Kerosene  oil  is  used  on  the  wheels  and  is  liberally  applied,  a 
special  device  being  provided  which  prevents  the  oil  from 
being  thrown  by  centrifugal  force. 

Sensitive  Drilling  Machine:  Cincinnati  Pulley  Machinery 
Co.,  Covington,  Ky.  A  machine  with  a  base  24  by  26  inches 
in  size  in  which  T-slots  are  cut  to  provide  for  holding  heavy 
castings;   and  in  addition,  the  machine  has  a  round  table  24 
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Inches  in  diameter  that  can  be  swung  out  of  the  way  when 
the  lower  base  is  used.  The  maximum  distance  from  spindle 
to  round  table  is  18  inches,  and  the  maximum  distance  from 
spindle  to  lower  base  is  42%  inches. 

Quenching  Machine:  U.  S.  Electro-Galvanizing  Co.,  1  Park 
Ave.,  Brooklyn,  N.  Y.  A  machine  that  enables  hardening, 
pickling,  cleaning  and  drying  of  shells  to  be  performed  con- 
tinuously. In  operation,  the  shells  come  from  the  furnace  at 
a  red  heat  and  are  dumped  into  a  perforated  receiving  tank 
which  is  partially  immersed  in  water  so  that  the  shells  are 
quenched.  They  then  pass  on  through  successive  tanks  and 
compartments  in  which  are  performed  the  other  operations. 

Hand  Screw  Machine:  Stenotype  Co.,  Indianapolis,  Ind.  A 
turret  hand  screw  machine  fitted  with  a  three-step  cone  pulley, 
which  is  covered  by  a  guard  that  serves  the  additional  pur- 
pose of  forming  a  well  and  tying  the  front  and  rear  spindle 
bearings  together.  The  headstock  is  cast  integral  with  the 
bed,  and  a  cut-off  slide  is  provided  with  gibbed  bearings.  This 
machine  swings  13%  inches  over  the  bed  and  6  inches  over 
the  cut-off  slide;  the  capacity  is  for  handling  bar  stock  up  to 
1  inch  in  diameter. 

Air-operated  Hammer:  Buffalo  Foundry  &  Machine  Co., 
Buffalo,  N.  Y.  A  steam  forging  hammer  arranged  to  be 
driven  by  compressed  air.  The  compressor  used  in  connec- 
tion with  this  hammer  can  be  equipped  for  plain  belt  drive 
direct  from  an  individual  motor  that  forms  part  of  the  com- 
pressor equipment.  The  receiver  tank  can  be  placed  in  either 
a  vertical  or  horizontal  position  at  any  convenient  location 
near  the  hammer  and  compressor,  according  to  the  require- 
ments of  individual  cases. 

Band  Grinder:  Victor  Machine  Co.,  Albany,  N.  Y.  An 
abrasive  band  grinder  for  use  in  the  performance  of  surface 
grinding  operations.  The  abrasive  band  is  jointless  and  is 
drawn  over  the  table  by  the  main  driving  pulley.  A  band 
tension  pulley  takes  up  slack,  and  quadrants  are  provided  for 
adjusting  the  pulley  centers  to  allow  for  unequal  stretch  in 
the  band.  The  band  may  be  rapidly  put  on  the  machine  or 
removed  without  requiring  the  aid  of  tools.  This  machine  is 
built  for  the  Selson  Engineering  Co.  of  New  York  City. 

Cutting-off  Machine:  Etna  Machine  Co.,  Toledo,  Ohio.  A 
machine  adapted  for  cutting  off  solid  or  tubular  stock  up  to 
6  inches  in  diameter.  It  is  equipped  with  a  geared  head 
which  provides  four  changes  of  spindle  speed,  and  the  ma- 
chine is  adapted  for  operation  at  from  100  to  110  feet  per 
minute  cutting  speed  of  the  tool.  Drive  is  provided  by  either 
a  constant-speed  motor  or  by  a  single  pulley  and  belt  from 
the  lineshaft;  and  control  is  furnished  by  a  friction  clutch 
having  a  lever  located  within  easy  reach  of  the  operator. 

Geared  Speed  Reducer:  Foote  Bros.  Gear  &  Machine  Co., 
Chicago,  111.  An  equipment  known  as  the  IXL  speed  trans- 
former which  is  adapted  for  machine  tool  application,  and  was 
especially  designed  for  use  in  places  where  dust  and  grit  are 
likely  to  cause  trouble.  The  reducer  is  of  the  double  differen- 
tial type  in  which  the  first  part  is  non-planetary  and  the  sec- 
ond section  planetary.  It  is  claimed  that  this  mechanism  elimi- 
nates the  objectionable  feature  of  having  the  first  set  of  idlers 
fastened  to  a  flat  plate  and  rotating  on  the  high-speed  shaft. 

Hand  Screw  Machine:  Turner  Machine  Co.,  Danbury, 
Conn.  A  hand  screw  machine  in  which  the  spindle  is  mounted 
in  phosphor-bronze  lined  bearings  which  are  grooved  and  pro- 
vided with  sight-feed  oil  cups.  The  stock  feed  is  operated  by  a 
conveniently  placed  lever;  and  the  cut-off  rest  is  fitted  with  a 
locating  clamp  furnished  with  an  adjustable, stop  and  screws, 
and  equipped  with  a  rack  and  pinion  operating  lever.  The 
two  toolposts  have  step  wedges  to  provide  adjustment  for 
height.  This  machine  was  built  for  the  Macnab  Machinery  Co. 
of  New  York  City. 

Air-operated  Arbor  Press:  Hanlffln  Mfg.  Co.,  Chicago,  111. 
An  air-operated  machine  intended  to  increase  production  and 
eliminate  fatigue  caused  by  performing  heavy  pressing  opera- 
tions by  hand.  The  downward  stroke  is  steady,  while  the 
upward  stroke  is  made  at  fast  speed.  The  arbor  has  a  stop 
collar  which  enables  the  downward  stroke  to  be  set  to  a  defi- 
nite stop,  so  that  duplicate  operations  can  be  performed  semi- 
automatically.  The  press  is  made  in  two  sizes;  the  No.  1  has  a 
maximum  capacity  from  base  to  arbor  of  16  inches,  and  the 
No.  2  has  a  maximum  capacity  from  base  to  arbor  of  23  inches. 

Lathe  Milling  and  Grinding  Attachment:  Edward  N.  Moor, 
765  Kingston  Ave.,  Oakland,  Cal.  A  universal  milling  and 
grinding  attachment  which  is  capable  of  handling  all  classes 
of  work  that  can  be  done  on  centers  or  on  the  faceplate  of  a 
)athe.  The  device  is  attached  by  a  bolt  passing  through  its 
column  to  the  carriage,  or  to  the  compound  or  plain  cross- 
slide;  and  the  interchanging  of  spindles  for  grinding  or  mill- 
ing is  accomplished  by  releasing  and  tightening  two  nuts  on 
the  sleeve.  The  attachment  may  be  used  to  the  right  or  left, 
in  front  or  behind  the  column,  and  at  any  elevation  or 
angle,  so  that  it  is  fully  universal. 

Hacksaw  Blade  Grinding  Machine:  Wardwell  Mfg  Co., 
Cleveland,  Ohio.  In  the  July,  1914,  number  of  Machinery  a 
description  was  published  of  a  model  A-2  hacksaw  blade  sharp- 


ening machine  of  this  company's  manufacture.  The  present 
model  H  machine  is  of  very  similar  design,  being  adapted  for 
sharpening  the  blades  of  power  hacksaw  machines.  This 
grinder  is  automatic  in  operation  and  saws  can  be  fed  through 
at  the  rate  of  sixty-five  teeth  per  minute.  This  means  that 
from  fourteen  to  eighteen  blades  18  inches  in  length  can  be  re- 
sharpened  in  an  hour;  and  the  adjustment  is  so  perfect  that 
as  little  as  0.0005  inch  can  be  removed  from  the  teeth. 

Cold  Saw:  Newton  Machine  Tool  Works,  Inc.,  Phila- 
delphia, Pa.  A  small  sized  cold  saw  adapted  for  handling 
round  stock  up  to  5%  inches  in  diameter.  In  many  respects 
the  design  of  this  machine  is  similar  to  that  of  previous  types 
of  cold  saws  built  by  this  company;  the  present  machine  is 
provided  with  geared  feed  in  place  of  friction  feed.  This 
cold  saw  is  of  the  spindle-driven  type,  the  spindle  revolving  in 
capped  bearings  and  being  driven  by  spur  gears  which  receive 
power  from  a  worm  and  worm-wheel.  The  worm  is  fitted  with 
a  roller  thrust  bearing  and  the  worm-wheel  is  made  of  solid 
bronze.  The  saw  blade  is  20  inches  in  diameter  and  may  be  of 
either  the  solid  or  inserted-tooth  type. 

Disk  Grinder:  Pioneer  Dustless  Disk  Co.,  Syracuse,  N.  Y. 
A  motor-driven  disk  grinder  especially  adapted  for  use  in 
wood  and  metal  pattern  shops,  although  it  could  be  used  with 
satisfaction  on  many  other  classes  of  disk  grinding.  The 
most  noteworthy  feature  of  the  machine  is  the  provision  of  a 
self-contained  vacuum  dust  removing  system  which  collects 
dust  as  fast  as  it  is  formed  and  carries  it  away  from  the 
machine  through  an  exhaust  pipe  into  a  sack  or  out  of  the 
window.  The  back  of  the  disk  is  made  in  the  shape  of  a  fan, 
and  a  guard  encloses  the  whole  back  of  the  disk  and  lower 
portions  of  the  front  part  of  the  disk,  thus  forming  a  complete 
exhaust  system  so  that  there  is  practically  no  dust  permitted 
to  accumulate  on  the  work. 

Horizontal  Rail  Drilling  Machine:  Newton  Machine  Tool 
Works,  Philadelphia,  Pa.  A  five-spindle  horizontal  rail  drill- 
ing machine  which  was  designed  to  provide  for  drilling  holes 
on  close  centers  and  to  afford  ample  driving  power.  The  ma- 
chine is  furnished  with  a  two-spindle  head  and  a  three-spindle 
head;  the  position  of  the  center  spindle  in  the  three-spindle 
head  is  fixed,  and  the  two  outside  spindles  are  adjustable  by 
means  of  an  operating  screw;  both  spindles  in  the  two-spindle 
head  can  be  located  within  one  inch  of  the  center  line  of  the 
fixed  spindle  in  the  three-spindle  head,  thus  making  possible 
the  drilling  of  holes  within  one-inch  center  distance  from  each 
other.  The  range  of  spindle  adjustment  on  the  three-spindle 
head  is  from  4  to  10%  inches  between  centers.  On  the  two- 
spindle  head  the  range  of  adjustment  is  from  4  to  19  inches 

between  centers. 

*     «     • 

N.  M.   T.  B.  A.   CONVENTION 

Continued  from  page  261. 

Frank  F.  Dresser  of  Worcester,  Mass.,  counsel  for  the  Ameri- 
can Steel  &  Wire  Co.,  delivered  a  scholarly  and  exhaustive 
address  on  health  insurance,  in  which  he  reviewed  the  pro- 
posed health  compensation  or  insurance  law  of  twenty-two 
states  and  pointed  out  some  of  the  difficulties  and  dangers 
attending  the  establishment  of  compulsory  health  insurance, 
quoting  from  the  experience  of  Germany,  Great  Britain  and 
other  countries.  Mr.  Dresser  advocated  sickness  prevention 
as  being  preferable  to  health  insurance,  both  as  regards  the 
welfare  of  the  worker  and  the  welfare  and  prosperity  of  the 
employer  and  community  as  a  whole. 

On  Tuesday  afternoon  and  the  following  forenoon  the  time  of 
the  members  was  given  over  mainly  to  committee  meetings  on 
lathes,  gear-cutting  machines,  boring  machines,  grinding  ma- 
chines, hand  screw  machines,  planing  machines,  milling  ma- 
chines, shaping  machines,  vertical  drilling  machines,  turret 
lathes  and  radial  drilling  machines.  The  committee  meetings 
Wednesday  forenoon  were  suspended  to  hear  a  talk  by  Alex- 
ander Luchars,  publisher  of  M.\chineby,  on  machine  tool  con- 
ditions observed  in  Europe  during  his  visit  to  Great  Britain, 
France,  Italy  and  Switzerland  last  summer. 

Wednesday  afternoon  James  A.  Emery  of  the  National  Asso- 
ciation of  Manufacturers,  Washington,  D.  C,  addressed  the 
convention  on  the  subject  "Industry  and  Politics."  He  pointed 
out  the  danger  of  rising  labor  costs  and  decreasing  labor  effi- 
ciency that  will  confront  American  manufacturers  in  the  com- 
petitive struggle  for  world-trade  which  will  inevitably  follow 
the  close  of  the  war. 

The  officers  of  the  association  were  re-elected  as  follows: 
J.  B.  Doan,  president;  D.  M.  Wright,  first  vice-president;  A.  H. 
Tuechter,  second  vice-president;  C.  S.  Taylor,  secretary;  A.  E. 
Newton,  treasurer.  The  spring  convention  will  be  held  at 
Cincinnati,  Ohio,  May  21  and  22. 
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The  work  produced  is  excellent, 

shop  men  everywhere  will  tell  you  this. 

B.  &  S.  Universal  Milling  Machines 

in  the  tool  rooms  and  on  the  manufacturing  floors  of  hundreds  of  shops  are  turning  out 
work  of  high  quality  where  the  requirements  demand  a  fine  degree  of  accuracy.  Besides 
being  adapted  for  tool  room  work  such  as  milling  jigs,  fixtures,  etc.,  they  fulfill  the  de- 
mand of  the  manufacturing  floor  for  handling  accurate  work  rapidly.  And  bear  in 
mind  that  these  are  machines  for  heavy  as  well  as  light  work — note  the  proportions  of 
the  one  shown  above. 

If  your  requirements  are  for  accurate  milling,  either  of  the  tool  room  or 

manufacturing  variety,  write  us  for  full  information  regarding 

these  machines — we  will  gladly  give  it. 

BROWN  &  SHARPE  MFG.  CO., 

OFFICES:  20  Viesey  St.,  New  York,  N.  T.;  652-654  The  Bourse,  Philadelphia,  Pa.;  626-630  Washington  Blvd..  Chicago,  111.;  305  Chamber  of  Com- 
merce Bldjr..   Rochester,   N.  T. ;    Room  419,   Dniverslty  Blocli,   Syracuse,   N.    Y. ;  2538  Henry  W.  Oliver  Bldg..  Pittsburgh,  Pa. 

HXPEESENTATIVES:  Carey  Machinery  &  Supply  Co.,  Baltimore,  Md.;  The  E.  A.  Kinsey  Co..  Cincinnati,  O.,  Indianapolis,  Ind.;  Pacific  Tool  it 
Supply  Co.,  San  Francisco,  Cal.:  Strong,  Carlisle  &  Hammond  Co.:  Cleveland,  O.,  Detroit,  Mich.;  Colcord-Wrlght  Machinery  &  Supply  Co.,  St. 
Louis.   Mo.;   Perine  Machinery  Co.,  Seattle,   Wash.;   Portland  Machinery  Co.,  Portland,  Ore. 
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Put  them  on  your  heavy  milling 
and  take  deep,  coarse  cuts. 

Brown  &  Sharpe  Milling  Cutters 

take  the  heavy  cuts  in  tough  material  with  unusual  free  cutting  action,  and  with 
minimum  grinding  and  consumption  of  power.  In  every  one  you'll  find  correct  design 
and  high  quality — the  result  of  our  fifty  years'  experience  in  manufacturing  cutters. 
And  the  rigid  inspection  which  every  cutter  must  pass  before  it  leaves  our  works  as- 
sures the  customer  that  each  one  is  up  to  our  high  standard — a  protection  of  the  repu- 
tation of  your  work  and  ours. 

Use  Brown  &  Sharpe  Cutters  and  get  the  benefit  of  the  interesting  figures  they 

show  on  milling  costs.     Our  complete  line  of  cutters  is  listed  in  our 

Small  Tool  Catalog.     Have  you  a  copy  ? 

Vovidence,   Rhode  Island,  U.  S.  A. 

CANADIAN  AGENTS:     The   Canadian   Fairbanks-Morse   Co.,   Ltd.,   Montreal,    Toronto,    Winnipeg,    Calgary,    VancouTer,    St.    John,    Saskatoon. 
FOEEIGN   AGENTS:      Back  &  Hickman,   Ltd.,   IX)ndon.    Birmingham,   Manchester,    Sheffield,    Glasgow;    F.    G.    Kretschmer    &    Co.,    Frankfort.    a.M., 
Germany;    V.    Lowener,    Copenhagen,    Denmark,    Stockholm,    Sweden,   Chrlstiania.      Norway;     Schuchardt     &     Schutte,      Petrosrad.      Russia:     Penwlck 
Freres    &    Co.,     Paris,     France;     Liege,     Belgium;    Turin,     Italy;    Zurich,   Smtzerland ;   Barcelona,  Spain;   F.   W.  Home,   Tokio,   Japan;   L.  A.   Vail, 
Melbourne,   Australia;   F.  L.   Strong,  Manila,   P.   I. 
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Carl  L.  Svensen  has  opened  an  evening  school  of  drafting 
under  the  name  of  the  Ohio  Technical  Drawing  School,  in 
Columbus,  Ohio. 

G.  F.  Oliver,  for  the  past  year  on  the  engineering  staff  of 
the  Hopkins  &  Allen  Arms  Co.  of  Norwich,  Conn.,  has  been 
appointed  night  superintendent  of  the  plant. 

P.  W.  Gilbert,  assistant  sales  manager  of  the  Standard  Weld- 
ing Co.,  Cleveland,  Ohio,  for  the  past  five  years,  has  been  made 
sales  manager  following  the  resignation  of  H.  A.  Flagg. 

Benton  G.  L.  Dodge,  who  for  some  years  has  had  charge  of 
the  advertising  and  publicity  work  of  the  Standard  Welding 
Co.,  Cleveland,  Ohio,  has  been  made  manager  of  sales  promo- 
tion. 

B.  D.  Gray,  manager  of  the  Hess-Bright  Mfg.  Co.,  Philadel- 
phia, Pa.,  has  been  elected  president,  succeeding  P.  E.  Bright. 
Mr.  Bright  will  continue  to  act  as  chairman  of  the  board  of 
directors. 

H.  W.  Dow  has  been  made  sales  manager  of  the  Nordberg 
Mfg.  Co.,  Milwaukee,  Wis.  Mr.  Dow  has  been  associated  with 
the  company  in  the  engineering  and  sales  departments  for  the 
past  twelve  years. 

Walter  C.  Voss,  formerly  in  charge  of  the  Cleveland  district 
of  the  Standard  Welding  Co.,  Cleveland,  Ohio,  has  been  put 
in  charge  jointly  with  Ted  Palmer  of  the  Detroit  office,  follow- 
ing the  resignation  of  Charles  B.  Miller. 

William  R.  King,  formerly  of  the  E.  S.  Jackman  Co.,  agent 
in  the  Pittsburg  territory  for  the  Firth-Sterling  Steel  Co.,  has 
become  associated  with  William  K.  Stamets,  machine  tool 
dealer,  Jenkins  Arcade  Bldg.,  Pittsburg,  Pa. 

B.  M.  W.  Hanson,  vice-president  and  works  manager  of  the 
Pratt  &  Whitney  Co.,  Hartford,  Conn.,  has  been  appointed  mem- 
ber of  the  board  appointed  by  Secretary  Baker  of  the  war  de- 
partment to  investigate  the  machine  gun  situation. 

James  Cran,  a  well-known  contributor  to  Machineby  on 
forge  work  and  kindred  topics,  has  taken  a  position  with  the 
De  Laval  Separator  Co.,  Poughkeepsie,  N.  Y.,  where  he  will 
have  charge  of  the  forging  and  heat-treating  departments. 

Donald  Baker,  assistant  superintendent,  Liberty  Fuse  & 
Arms  Corporation,  Long  Island  City,  N.  Y.,  and  a  contributor 
to  Machinery,  has  resigned  his  position  to  become  tool-room 
foreman  of  the  Williams  Mfg.  Co.,  Ltd.,  Montreal,  Canada. 

B.  A.  Quayle,  who  for  years  has  had  charge  of  the  Chicago 
office  of  the  Standard  Welding  Co.,  Cleveland,  Ohio,  and  who 
was  one  of  the  first  salesmen  employed  by  the  company,  has 
been  made  general  representative,  with  headquarters  at  Cleve- 
land. 

Sven  Wingquist  of  Gothenburg,  Sweden,  inventor  of  the 
S.  K.  F.  ball  bearing,  visited  the  new  American  factory  of  the 
S.  K.  F.  Ball  Bearing  Co.  at  Hartford,  Conn.,  in  September. 
Mr.  Wingquist  is  president  of  the  Swedish  company  and  trustee 
of  the  American  company. 

P.  H.  Reardon  has  resigned  his  position  as  president  of  the 
General  Machinery  &  Supply  Co.,  San  Francisco,  Cal.,  having 
disposed  of  his  Interest  to  his  associates.  Joseph  A.  Buckley 
succeeds  Mr.  Reardon  as  president.  A.  L.  Green  is  vice-presi- 
dent and  H.  F.  Jurs,  manager. 

Thomas  Crowther  of  T.  Crowther  &  Co.,  170  Oliver  St.,  Bos- 
ton, Mass.,  machinery  merchants,  has  sold  out  his  interest  in 
the  company,  and  has  started  another  business  in  the  same 
line,  which  will  be  known  as  the  Thomas  Crowther  Co.  The 
address  of  the  new  concern  is  19  Pearl  St.,  Room  24,  Boston, 
Mass. 


Frederick  W.  Hoefer,  president  of  the  Hoefer  Mfg.  Co.,  Free- 
port,  111.,  died  September  28,  aged  sixty-two  years. 

James  H.  Anthony,  for  many  years  employed  by  the  Brown  & 
Sharpe  Mfg.  Co.,  Providence,  R.  I.,  died  at  his  home  in  Provi- 
dence, October  7,  aged  seventy-six  years. 

E.  W.  Tucker,  traveling  engineer  salesman  for  the  AUis- 
Chalmers  Mfg.  Co.,  Milwaukee,  Wis.,  and  formerly  with  the 
E.  P.  Allis  Reliance  Works,  died  October  5,  following  a  long 
illness,  aged  sixty-seven  years.  He  was  born  in  Milwaukee 
and  enlisted  during  the  Civil  War,  serving  until  its  close, 
when  he  followed  the  profession  of  a  civil  engineer  for  a  time. 
He  later  became  associated  with  the  E.  P.  AlUs  Reliance 
Works,  and  was  a  confidential  co-laborer  with  the  late  Edwin 
Reynolds.  Mr.  Tucker  was  a  large-hearted  man,  having  many 
friends  in  the  organization  and  in  the  engineering  field;  he 
traveled  over  the  country — from  Maine  to  California — and 
was  well  known.    He  leaves  a  widow  and  one  daughter. 

Samuel  N.  Trump,  president  of  the  Trump  Bros.  Machine  Co., 
Milwaukee,  Wis.,  died  at  his  home  in  Wilmington,  Del.,  Octo- 


ber 5;  the  following  day  he  would  have  been  eighty-one  yeara 
old.  Although  bofn  in  Baltimore,  he  began  his  manufacturing 
career  in  Port  Chester,  N.  Y.,  where  he  Joined  his  brother,  C. 
Newbold  Trump,  who  was  engaged  in  the  manufacture  of 
machinery.  In  1873,  the  two  brothers  and  Christian  Frederick 
moved  from  Port  Chester  to  Wilmington,  Del.,  where  they 
started  the  establishment  that  six  years  later  was  organized 
as  the  Trump  Bros.  Machine  Co.,  with  C.  Newbold  Trump  as 
president,  Samuel  N.  Trump,  vice-president,  and  Christian 
Frederick,  superintendent.  After  the  death  of  C.  Newbold 
Trump,  in  1912,  Samuel  Trump  was  elected  president,  George 
R.  Hoffecker,  vice-president  and  treasurer.  Christian  Frederick, 
general  manager  and  secretary,  and  William  Frederick,  super- 
intendent, which  is  the  present  organization.  Mr,  Trump, 
however,  had  not  taken  a  very  active  part  in  the  management 
for  several  years,  having  practically  retired  from  business 
about  ten  years  ago.  Mr.  Trump  was  a  director  of  the  Wil- 
mington Trust  Co.,  and  for  some  time  was  president  and  gen- 
eral manager  of  the  Arnoux  Electric  Co.,  the  predecessor  of 
the  Wilmington  Electric  Co.,  and  was  largely  responsible  for 
its  development.  He  was  also  at  one  time  a  member  of  the 
board  of  education,  and  it  was  largely  through  his  influence 
that  the  manual  training  system  was  introduced  into  the 
schools  of  Wilmington.  He  is  survived  by  a  widow,  four  sons, 
and  two  daughters. 

ROBERT  C.   McKINNEY 

Col.  Robert  C.  McKinney,  chairman  of  the  board  of  directors 
of  the  Niles-Bement-Pond  Co.,  died  at  his  home  in  Belle  Haven, 
Conn.,  October. 3,  aged  sixty -four  years,  after  an  illness  of  more 
than  two  years,  the  result  of  a  nervous  breakdown.  He  was 
born  in  Troy,  N.  Y.,  at  a  time  when  that  community  was 
especially  distinguished  by  manufacturing  interests  associated 
with  machinery,  stoves  and  ranges,  and  other  iron  and  steel 
products.  His  father,  Robert  McKinney,  appears  to  have 
been  identified  there  with  certain  lines  of  hardware  manufac- 
ture, and  in  1861  he  became  a  member  of  a  firm  of  hardware 
manufacturers  in  Cincinnati,  Ohio,  to  which  city  he  therefore 
moved.  Later,  two  of  his  sons  established  a  manufacturing 
company  at  Hamilton,  Ohio,  so  that  young  McKinney  early 
acquired  a  knowledge  of  the  business  of  manufacturing.  Rob- 
ert C.  McKinney  was  educated  in  the  grammar  and  high 
schools  of  Cincinnati,  graduating  from  the  latter  when  eighteen 
years  of  age.  Having  a  strong  bent  for  mechanics,  he  entered 
the  mechanical  engineering  department  of  Cornell  University 
in  the  early  seventies.     After  leaving  the  university,  he  was 
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CINCINNATI  VERTICALS 


Unusual  Spindle  Power, 

Heat  Treated  Alloy  Steel  Hardened  Gearing. 
Massive  Spindle  Head  Construction. 
Handy — Can  mill  around  a  rectangle  without 
stopping  feed  or  speed. 

These  are  some  reasons  why  you  should  use  Cincinnati  Verticals 

THE  CINCINNATI  MILLING  MACHINE  CO. 

CINCINNATI,  OHIO,  U.  S.  A. 
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employed  in  the  (iraftinK-rooni  and  office  of  Cope  &  Maxwell, 
manufacturers  of  steam  pumping  machinery  in  Hamilton.  The 
plant,  business,  and  machinery  of  this  firm  he  later  pur- 
chased, when  tlie  International  Steam  I'ump  Co.  was  formed. 
At  this  time  Hamilton  had  already  gained  considerable  dis- 
tinction as  a  manufacturing  center  and  a  producer  of  machine 
tools.  In  1877  Mr.  McKinney  became  associated  with  the 
Niles  Tool  Works,  which  was  then  one  of  the  most  important 
builders  in  the  United  States  west  of  Philadelphia.  Two  years 
later  he  was  made  secretary  of  the  company  and  a  short  time 
afterward  treasurer  and  general  manager.  In  this  position 
he  showed  marked  ability  as  an  organizer  and  mechanical 
engineer,  and  a  thorough  knowledge  of  manufacturing.  Later 
in  life  he  was  recognized  throughout  the  nation  as  one  of 
the  foremost  organizers  of  big  business.  So  well  did  he  fill 
the  positions  of  treasurer  and  general  manager,  that  though 
the  country  was  just  recovering  from  the  effects  of  the  panic 
of  1873,  the  business  grew  so  rapidly  that  it  became  neces- 
sary to  reorganize  and  increase  the  capital  to  $2,000,000.  It 
was  during  this  period   that  he  gained  the  title  of  Colonel 


by  service  on  the  staff  of  Governor  Bushnell  of  Ohio.  The 
first  step  in  the  formation  of  the  Niles-Beraent-Pond  Co.  was 
taken,  in  1898,  by  purchasing  the  Pond  Machine  Tool  Works, 
of  Plainfield,  N.  J.  The  purchase  of  the  Bement-Niles  Co.  of 
Philadelphia,  and  the  J'hiladelphia  Engineering  Works  soon 
afterward,  was  followed  by  the  organization  of  the  combina- 
tion in  1899.  This  company  is  now  one  of  the  largest  in  the 
world  and  produces  machine  tools  for  all  purposes,  electric 
traveling  cranes,  small  tools,  rifle-making  machinery,  etc.  It 
has  since  acquired  the  Pratt  &  Whitney  Co.  of  Hartford,  Conn., 
the  John  Bertram  Co.  of  Dundas,  Ontario,  and  the  Ridgway 
Machine  Co.  of  Ridgway,  Pa.  Col.  McKinney  always  took  an 
active  interest  in  the  civic  and  religious  life  of  his  city,  but 
refused  to  seek  an  election  as  Congressman  from  a  desire  to 
devote  all  his  energies  to  the  business  he  had  so  active  a  part 
in  building  up.  He  was  a  member  of  several  clubs,  the  Ameri- 
can Society  of  Mechanical  Engineers,  and  the  Machinery  Club 
of  New  York,  of  which  he  was  at  one  time  president.  He  is 
survived  by  his  wife  and  a  daughter,  Mrs.  Sanford  Ethrington, 
of  New  York. 


COMING  EVENTS 


November  15-18. — Anminl  meeting  of  tlie  Elec- 
tric Power  Club  at  Hot  .Springs,  Va.  Homestead 
Hotel,  headquarters.  O.  H.  Rotli,  secretary-treas- 
urer,, 1440  W.  Adams  St.,  Chicago. 

November  16-18. — Open  conference  of  the  Effi- 
ciency Society  in  New  York  City.  WUlis  B.  Rich- 
ards, chairman,  and  M.  L.  Havey,  secretary,  52 
Broadway,    New    Yorlj    City. 

November  30. — Monthly  meeting  of  the  Rochester 
Society  of  Technical  Draftsmen,  in  Rooms  131-137, 
Sibley  Block,  328  Main  St.  E.,  Rochester,  N.  T. 
O.  L.  Angevine,  Jr.,  secretary,  857  Genesee  St., 
Rochester. 

December  5-8, — Annual  meeting  of  the  American 
Society  of  Mechanical  Engineers  in  New  York  City. 
Engineering  Societies'  Bldg.,  29  W.  39th  St., 
headquarters.      Calvin    W.    Rice,    secretary. 

January  6-13. — National  Automobile  Show  in  Grand 
Central  Palace,  New  York  City. 

I     SOCIETIES,  SCHOOLS  AND 
j^  COLLEGES 

Engineering  Society  of  Bufifalo,  Buffalo,  N.  Y. 
Program  of  the  meetings  for  the  season,  compris- 
ing papers  on  motion  study,  aeronautics,  graphite, 
four-cylinder  engines,  highway  bridge  floors,  non- 
ferrous  alloys,  pure  science  applied  to  engineering, 
standardization,  industrial  education  and  appren- 
ticeship. W.  J.  Gamble,  247  Rano  St.,  Buffalo, 
N.   Y.,   is  the  secretary. 

Ohio  Technical  Drawing  School,  1.348%  N.  High 
St.,  Columbus,  Ohio,  was  opened  October  3  by  Carl 
Jj.  Svensen.  The  school  offers  an  evening  course 
in  drafting,  and  its  purpose  is  to  furnish  an  oppor- 
tunity for  draftsmen,  machinists,  patternmakers, 
molders  and  others  engaged  in  mechanical  lines  to 
study  drawing  as  a  means  to  increase  their  value 
and  obtain  better  pay.  The  addition  of  courses  in 
mechanism,  mechanics,  strength  of  materials,  and 
machine  design  is  planned  in  tlie  near  future. 
Catalogues  and  blueprints  are  requested  from 
manufacturers. 

jNEW  BOOKS  AND  PAMPHLETS: 

A  System  of  Accounts  for  Retail  Merchants.  19 
pages,  6  by  9  inches.  Published  by  the  Federal 
Trade  Commission,  Washington,  D.  C. 

Health  Conservation  at  Steel  Mills.  By  J.  A. 
Watkins.  36  pages,  6  by  9  inches.  Published 
by  the  Department  of  the  Interior,  Bureau  of 
Mines,  Washington,  D.  C,  as  Technical  Paper 
No.   102. 

Specific  Gravity  Studies  of  Illinois  Coal.     By  Merle 
L.  Nebel.     49  pages,  6  by  9  inches.     Illustrated. 
Puldished    by    the    Engineering    Experiment    Sta- 
tion, University  of  Illinois,   Urbana,  111.,  as  Bul- 
letin No.  89.     Price,  30  cents. 
International  System  of  Electric  and  Magnetic  Units. 
By   J.    H.    DeUinger.      32   pages,    6   by   9  inches. 
Published     by     the     Department     of     Commerce. 
Washington,    D.    C,    as   Scientific    Paper   of    the 
Bureau  of  Standards  No.  292. 
Dry    Preparation    of    Bituminous    Coal    at    Illinois 
Mines.      By   E.    A.   Holbrook.    133   pages,    6   by  9 
inches.       Illustrated.       Published     by     the     En- 
gineering    Experiment     Station,     University     of 
Illinois,    Urbana,    111.      Price,    70  cents. 
Automobilist's  Pocket  Companion  and  Expense  Rec- 
ord.     By  Victor  W.  Page.     169  pages,  5  by  7% 
Inches.      Published   by   Norman   W.    Henley  Pub- 
lishing Co.,   New  York  City.     Price,   $1. 
This    book    contains    blank    forms    for    the    keeping 
of   expense    accounts    by    motor    car   owners.      About 
thirty-five    pages    are    devoted    to   useful    information 
for  motorists  on  Inbricating  oil,  care  of  storage  bat- 
teries, tires,   road   troubles,   etc. 

The   Model   T   Ford   Car.     By  Victor  W.   Page.     300 

pages.    5    liy    7    inches.      Illustrated.      Published 

by    Norman    W.     Henley    Publishing    Co.,     New 

York  City.     Price,   $1. 

This  la  the  1917  edition  of  a  book  for  owners  of 

Ford    automobiles.       It    treats    of    the    construction, 

operation  and  repair  of  Ford  cars  in  a  non-technical 

but    thorough    manner.      Over    100    especially    made 


drawings    and    photographs    are    used    to    illustrate 
the  text. 

How     to     Make     Low-pressure     Transformers.       By 

F.    E.    Austin.      22    pages,    4%    l>y    TV*    inches. 

Illustrated.     Published   by   Prof.    F.    E.   Austin, 

Hanover,    N.    H.      Price.   40  cents. 

The  increasing  popularity  of  this  book   has   made 

a    third    edition    necessary.      The    additional    matter 

in    the    new    edition    covers    a    simple    form    of    core 

construction,    instructions    to    amateurs    for    making 

a    core    for  a    small    transformer   without   disks,    and 

the  utilization  of  discarde3  tin  cans  as  transformer 

cores. 

Electric    Units    and    Standards.      68   pages,    6   by   9 
inches.     Published   by   the   Department  of   Com- 
merce,   Washington,    D.    C,    as   Circular   of   the 
Bureau   of   Standards   No.    60.      Price,    15   cents. 
The    publication    gives    comprehensive    and    up-to- 
date   information  regarding   the  units  and   standards 
in    terms   of   which    electric    and    magnetic    measure- 
ments   are    made.      It    includes    the    history    of    the 
units    and     the    evolution    of    the     definitions    upon 
which    the    laws    on    electrical    standards   are    based. 
The    laws   of    this   and   other   countries   are   given. 
Examples    in    Alternating    Currents.       Vol.     I.       By 
Prof.  F.  E.  Austtn.     223  pages,  5  by  7%  inches. 
Illustrated.     Published    by    Prof.    F.    E.    Austin, 
Hanover,    N.    H.      Price,    $2.40. 
This    work,    previously   noted   in    Machinery,    has 
passed   into  the   second  edition  and   new  matter  has 
been    added.      The    success    of    the    work    made    the 
publication   of    the    second    edition    necessary.    While 
not    designed    for    a    textbook,    it    is    being    used    as 
such    by    students    of    electrical    science.      The    title 
expresses   the   nature  of   the   work    clearl.v,    it   being 
de\oted    to    a    demonstration    of    the    principles    of 
alternating     currents     by     the    use    of     many     well- 
chosen  examples. 

Electric  Motors — Direct  and  Alternating.     By  David 
P.  Moreton.     241  pages,  4%   hy  6Vi   inches.     Il- 
lustrated.     Published    by    Frederick    J.    Drake    & 
Co.,    Chicago,    111. 
This   book   is  of  a   convenient   pocket   size,    and   is 
intended   for  the   practical   man.      It   deals  with   the 
fundamental    principles    of    electrical    and    magnetic 
circuits    in    the    first    three    chapters.      Chapter    four 
treats  of  the  common  methods  of  measuring  current, 
pressure,    resistance,    and    power,    and    chapters    five 
and  nine  are  devoted  to  armature  windings  for  both 
direct-  and  alternating-current  motors.    Chapters  six, 
seven  and  eight  are  devoted  to  the  different  types  of 
direct-current   motors,    and  chapters  ten,    eleven   and 
twelve    treat    of    the    different   types   of   alternating- 
current  motors. 

Handbook  of  Machine  Shop  Electricity.  By  C.  B. 
Clewell.  401  pages,  4  by  6%  inches.  lUus- 
'  trated.  Published  by  McGraw-Hill  Book  Co., 
I  Inc.,  New  York  City.  Price,  $3  net. 
J  This  book  was  written  to  supply  the  need  for  a 
[convenient  electrical  reference  book  adapted  to  the 
{machine  shop.  The  contents  are  grouped  under 
ten  main  headings,  as  follows:  Abbreviations.  Ter- 
i  minology  and  Units;  Circuits;  Costs;  Communica- 
tion and  Distant  Control;  Current  Supply,  Gener- 
ators and  Transformers;  Electrochemical,  Solder- 
ing and  Welding  Applications;  Heating  and  Mag- 
[netic  Apparatus;  Lamps  and  Shop  Lighting;  Meas- 
luring  Instruments  and  Measurements;  Motors  and 
Applications.  The  book  is  printed  on  thin  paper 
and  bound  in  flexible  cloth,  to  make  it  of  con- 
venient thickness  and  form  to  carry  in  the  pocket 
for    ready    reference. 

Hendricks'  Commercial  Register  of  the  United 
States.  1890  pages,  Ty^  by  10  Inches.  Puijlished 
l)y  .S.  E.  Hendricks  Co.,  Inc.,  New  York  City. 
Price,  $10. 
Tlie  twenty-fifth  annual  edition  of  Hendricks' 
Commercial  Register  of  the  United  States  for  buy- 
ers and  sellers,  which  has  Just  been  issued,  rounds 
out  a  quarter  of  a  century  of  usefulness  for  this 
well-known  publication.  The  work  is  especially  de- 
voted to  the  interests  of  the  architectural,  contract- 
ing, electrical,  engineering,  hardware,  iron,  mechani- 
cal, mill,  mining,  quarrying,  railroad,  steel  and  kin- 
dred industries.  It  contains  al)ont  3.50,000  names 
and  addresses,  with  upward  of  45.000  business  classi- 
fieations.  Lists  are  included  of  producers,  manu- 
facturers, dealers  and  consumers,  listing  all  prod- 
ucts from  the  raw  material  to  the  finished  article, 
together  with  the  concerns  handling  these  products 
from  the  producer  to  the  consumer.  An  indication 
of  the  scope  of  the  work  is  the  fact  that  the  index 
alone  contains  149  pages,  covering  over  50.000  trade 
references.  A  new  feature  is  the  listing  of  trade- 
names, brands,  titles  of  identification,  etc..  to  which 


202  pages  are  given.  This  section,  printed  on  pink 
paper,  furnishes  ready  reference  for  purchasing 
agents  and  prospective  b\iyers  to  distinctive  prod- 
ucts manufactured  b.v  the  firms  listed. 
Modern  Shop  Practice.  Editor-in-chief,  Howard  M. 
Raymond.  In  six  volumes.  Vol.  I,  345  pages; 
Vol.  II,  375  pages;  Vol.  Ill,  347  pages;  Vol. 
IV,  327  pages;  Vol.  V,  365  pages;  Vol.  VI,  377 
pages.  Page  size,  5>,i  by  8  inches.  Published 
by  the  American  Technical  Society,  Chicago, 
in.  Price  of  set,  $15.80. 
A  general  reference  work  on  machine  shop  prac- 
tice and  management,  productive  manufacturing, 
metallurgy,  welding,  toolmaking,  tool  desigo,  die 
making  and  metal  stamping,  foundry  work,  forg- 
ing, patternmaking,  and  mechanical  drawin^f.  The 
first  volume  deals  principally  with  measuriilg  tools 
and  gages,  the  use  of  hand  tools  in  connection  with 
assenililing  and  fitting,  and  general  methods  of 
operating  various  classes  of  machine  tools,  such  as 
lathes,  planing  machines,  drilling  machines,  milling 
machines,  grinding  machines,  and  ^ar-cutters. 
Machine  shop  management,  metallurgy,  welding  and 
die-stamping  are  the  subjects  treated  in  the  second 
volume.  The  section  on  metallurgy  is  a  general 
review  of  the  standard  processes  of  producing  iron, 
steel,  copper,  and  other  common  metals.  The  sec- 
tion on  welding  includes  information  on  autogenous, 
electric  and  thermit  welding,  in  addition  to  ordinary 
smith-  or  hand-welding  operations,  and  different 
kinds  of  electrical  and  gas  welding  equipment  are 
described.  The  eighty-six  pages  in  this  volume  on 
die  work  deal  principally  with  methods  of  making 
different  types  of  punches  and  dies  for  blanking, 
drawing,  forming  and  embossing  sheet  metal  parts. 
The  subject  of  toolmaking  is  treated  in  the  third 
volume,  in  which  is  explained  the  general  procedure 
in  making  small  tools,  such  as  arbors,  taps,  dies, 
milling  cutters,  reamers,  etc..  and  the  making  of 
jigs  and  gages.  This  volume  also  deals  with  dif- 
ferent types  of  dies  and  contains  general  Informa- 
tion on  tool  design.  The  fourth  book  of  this  set  Is 
on  foundry  work  and  forging.  Tlie  foundry  section 
includes  the  making  of  cores  and  various  classes 
of  molds,  and  explains  the  construction  and  use  of 
molding  machines.  It  also  treats  of  cupola  opera- 
tion, the  production  of  malleable  castings,  brass 
castings,  etc.  In  the  forging  section  the  general 
subjects  are  hand-forging  operations,  application  of 
power  hammers,  drop-forging,  and  heat-treatment 
of  steel.  The  fifth  volume  is  on  patternmaking  and 
mechanical  drawing.  Many  typical  patterns  and 
core  boxes  are  shown  and  the  method  of  construc- 
tion is  explained.  The  subject  of  mechanical  drawing 
is  divided  into  two  parts:  The  first  part  deals 
with  drawing  instruments,  construction  of  geometri- 
cal figures,  methods  of  projection,  and  lettering. 
The  second  part,  which  is  the  beginning  of  the 
sixth  volume,  is  on  machine  drawing,  and  treats 
of  the  practical  side  of  drafting  work,  by  explain- 
ing the  methods  of  drawing  various  machine  parts. 
The  sixth  volume  also  contains  112  pages  on  the 
features  of  motor  car  construction.  Bach  volume, 
with  the  exception  of  the  last,  is  supplemented  by 
a  list  of  review  questions,  pertaining  to  the  more 
important  subjects.  The  work  as  a  whole  is  pro- 
fusely illustrated  and  contains  little  that  the  aver- 
age   man    would    find    complex    or    difficult    to    under- 


Porter-Cable  Machine  Co.,  Syracuse,  N.  Y.  Cir- 
cular illustrating  and  describing  the  taper  attach- 
ment for  the  Porter-Cable  manufacturing  lathe. 

Stenotype  Co.,  Indianapolis,  Ind.  Circulars  de- 
scriptive of  the  "Steno"  1  by  7  inch  turret  hand 
screw  machine  and  the  "Steno"  duplex  surface 
grinder. 

Tate-Jones  &  Co.,  Inc.,  Pittsburg,  Pa.  Circular 
151  on  bolt  heading  forges  and  rod  heating  furnaces. 
Circular  152  on  tool  dressing  furnaces  and  black- 
smith forges. 

Cowan  Truck  Co.,  8  Water  St.,  Hol.voke,  Mass. 
Circular  giving  specifications  for  the  Cowan  trans- 
mobile,  a  new  electric  transveyor  of  2000  and  4000 
pounds'    capacity. 

High-Speed  Hammer  Co.,  Rochester,  N.  Y.  Cata- 
logue illustrating  the  line  of  riveting  machines 
made  by  tills  company.  These  machines  can  b« 
furnisIuMl   with   motor  clrive  if  desired. 

Chicago  Pneumatic  Tool  Co.,  Fisher  Bldg.,  Chi- 
cago,   111.      Bulletin    34-Z    describing    and    illustrat- 
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One  of  our  NEW  customers,  who  has  recently  put  a 

LUCAS  "PRECISION" 

MillingMachine 


Boring 

Drilling 
and 


into  service,  says:  "The  more  I  use  it  the  better 
I  like  it  If  we  get  into  any  trouble  with  THAT 
machine,  it  will  be  our  own  fault." 


We  have  firmly  resisted  every  temptation  to  "rush"  our 
product  which  would  inevitably  result  in  lowering 
QUALITY.  The  "PRECISION"  is  made  wholly  in  our 
own  factory,  and  a  machine  bought  NOW  will  be  made 
with  the  same  care  as  in  normal  times,  and  will  be  just 
as  good  as  any  "PRECISION"  ever  was,  unless  we  find 
some  way  to  make  it  better. 


LUCAS  Machine  TOOL  Co., 


NOW  AND 
ALWAYS  OF> 


Cleveland,  0.,U.S.A. 
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Ins    siiifli-    sliMim  iliivrii    iilr    loinprcKsoia    wllh    bill-    also    rontalDS    a    section    of    tables    giving    data    on  ncss.      A()(lltlonal    machinery   will    be   purchased,    In- 

anced  steam  Tslve  and  autoiimtlc  Uywhccl  governor,    standard     screw     threads;     pipe    threads;     standard  eluding    turret   lathes,    multlple-splndle   drilling   ma- 

machlue    screws;    thread    dimensions    and    tap    drill  chine,    automatic    gear-cutter,    keyseatlng    machine, 

lizos;   constants  for  finding  pitch   diameter  and   root  rolling    mill,    automatic    screw    machines,    etc. 


National  Machinery  Co.,  TUlln,  Ohio.  National 
Forging  Machine  Talk  No.  16  describes  the  forging 
of  grab-Irons  on  the  National  forging  machine  and 
points  out   the  advantages  of  this   machine   for  sir: 


dianu'tcr  of   screw    threads;    decimal   and   millimeter 
..U.U.,  oui   „ie  nuvantages  or   this   machine   for  slm-    ';;i;"' "''"'»;     'IHll     size     decimal     equivalents 
liar    classes    of    work     In    railroad,     Industrial    and       '^cs  "f  sPeeds:   weights  per  foot  and   weights  per 
.^..v.,     .uv>i.oi...A.    u.,u     j,„,||  jif  ,jj||.g  ^j  ij.^1^  jjjjjj  gfggij  ^ifg  gage  standards- 
table  of   tapers,    etc. 


Hyatt  Roller  Bearing  Co.,   Newark, 


Th« 
onipaiiy     has    opened     a     New     York     offlce     at    47 
and    W.    34th   St.,    in   charge  of  J.    R.   Shays,   Jr. 

T.    A.   ■Willson   &   Co.,   Inc.,   3rd  and   Washington 
Sts.,    Heading,    Pa.,    has  been  awarded   a   large   gov- 
ernment   contract    for    "Albex"    eye    protectors    for 
N.  J.     BuUe-    use    in    (he    regular    army.      The    "Albei"    eye    pro- 
tin  122,  devoted  to  Hyatt  flexible  roller  bearings  for    tector    has    been    adopted    and    standardised    by    the 
lineshaftlng,    listing    the   advontages   to   be    obtained    War   Department,    and    will    soon    be   a    part    of    the 

,TMn.;'TC.'.,'U".'; ?     '","    »""'"'"'"    i"u""ug     mil-    i,y   the  use  of   these  bearings  and  giving   price   lists    regular  equipment  of  50,000  troops.     In   addition   to 

Drortneert'fn   ih         '   ''™^'''°«    machines   and    castings    „„(!    dimensions    for    bearings    and    hangers.      Bulie-    this    order    the    company    is    making    approximately 
tirouuiea   in   tnem.  tl„    202,    describing    Uyatt    flexible    roller    bearings    25  000   goggles    for   shipment    to    El    Paso   and   other 

Gumey    Ball    Bearing    Co.,     Jamestown,     N.     T.,    with    planished   steel  outer   races,    suitable   for   light    southern    points    for    the    National    Guard, 
has  begun   the  publication  of  a  house  organ,    "'Bear-    loads    and    medium    speeds.      Bulletin    401,    on    high 
Ing   on    Bearings,"    which    will    appear   at    Intervals,    duty   bearings    for   high-speed    and    heavy-load    appli 

Volume      I      contains      "Old      Charlie,"      "One-Third    cations.      Bulletin   15&  entitled    "Engineering   Helps    '"  °"?'«'°   „\X""„wi';r,;  Vo^he^ 
Off,"     "Pushmobile,"     "I'our    of    a    Kind,"     "Saw-    —    *>■->    c:,.i„„n„„    »„..    .»..„„.;„„    „?  ii„„.f    i>„ii„.    sidered   advisable   owing  to  the   facr  tnat  since   tne 


automobile   plantii 

Vulcan  Engineering  Sales  Co.,  Chicago,  111.  Cata- 
logue ahovNlng  the  line  of  squeezers  manufactured 
by  the  Mumford  Molding  Machine  Co.,  of  Chicago. 
Catalogue    illustrating     the    Mumford    Molding    Ma- 


dust"    and    "The    Moral.' 
,      Macleod    Co.,     2232-2236     Bogen    St.,     Cincinnati, 


the    Selection    and     Mounting    of    Hyatt    Boiler 


Union    Caliper    Co.,    Orange,    Mass.,    has    changed 
Its  name  to   Union  Tool  Co.     This  change  was 
ble   owing  to 
started    in    1908   for    the    purpose   of 


Ohio.      Bulletin   0  of  the   "Buckeye"   file   sharpening 

machine    which    may    be    operated    with    compressed    halftone    and    sectional    line    engravings 
air    or    steam.      The    bulletin    gives    some    data    on        "         ---_ 
the  savings  effected  by  the  use  of  the  file  sharpen- 
ing machine  for  renewing  worn  files. 

Himoff  Machine  Co.,  50  Church  St.,  New  York 
City.  Circular  descriptive  of  the  "Hercules"  21- 
Inch  heavy-duty  manufacturing  lathe,  designed  espc 


V       7,     miTi       ,,,   .  .   •        •    ^ .1         i        company    was    starieu    in    ivuo    lor    luo    i>uiin;Bc    u» 

Bearings."     This  pamphlet  contains  instnictlons  for    Manufacturing   calipers,    the   line   has  been   consider- 

mounting,    which    insure    that    a    proper    installation    ^^j^    enlarged.      At    present    the    company   Is    manu- 

illustiated   with    fgpturing    one    of    the    largest    lines    of    mechanical 

tools,     including    steel    rules,     combination    squares. 


viU   be   made   in   all   cases. 


Greenfield    Tap     &    Die     Corporation,     Greenfield,  tool-holders,    etc.,    and    hence    it   was    thought   that 

Mass.      New   catalogue   37,    covering    the   entire    lino  jj,g  ^i^  name  was  misleading.     No  change  has  been 

of  gages,   taps,  dies,   screW  plates,   reamers,   thread-  ^ade    in    the    officers   or    personnel   of   the   business 

ing    machines,     tap    and    die    holders,     friction    tap  gtaff 
chucks.     Wells     self-opening     dies,     pipe     threading 
tools,    etc.,    made   by   this   company.      This   includes 


G.  L.  Simonds  &  Co.,  230  S.  La  Salle  St.,  Chicago. 
111.,   announce   that   the   company  will   be   known  Id 

The 


daily  for  heav'y-duty  plain,   taper  and  form  tur^rnl.  «?.  P^.f^t^  "t  the  Wells  Bros    Co..    Wiley  &  Bus-      ^'^.  ,Xre    as    the    VuKan    Fu^l    Economy    C^; 

This  machine  is  adapted  for  any  work  done  on  the  ^f '  .""'S-/"-   """l  ^-   "'v^^""'  }^^^-   ^°'    f''™*'^!''    personnel   and   policies   of   the   organization   will   re- 
ordinary  lathe  with  the  exception  of  thread  cutting.      :S^°^o",^''tap 'dHu' fzes  "^sc're^  tor! i'd^ ' d^ima  s'o?    -«'° "^e  "same   as^'heretofore,    tie   only   change   In 

for\"ose"?larc"^?al^n^e   'tS' V^ ^^8  'fE  "inellfsr  -''"-f  rannura?;nrririrff'  .tl^^l^l    ^^^}^  J^.li^'^l:^  J^.^^-^:^^^^^^::^,^ 

.,L.-„„     .   ..D   J      .?  f"        w       .  •  •    ,  """^®'  sage     standards,     three-wire     thread     measurements, 

h.n   iS.°  J"       ^""^^   *"?  bearings  in  novel  clutch;  allowances    for    fits,    and    other    valuable    data.      A 

baU  bearings  In   motor-driven   elevator  gearing;   baU  glossary    gives    the    meaning    of    the    various    terms 

bearings    In     Riensch-Wurl     sewage    screen    brush;  used  in  connection  with   the  cutting 

head     and     spindle     assembly    of    vertical     surface  of  screw   threads 

grinder. ' 


capital,  which  was  necessary  in  order  to  handle  the 
growing    business.      The    company    will    continue   to 
sell    Vulcan    soot    cleaners    as    well    as    Hays    gas 
'n,\'",^^nm^ri^^    analysis  Instruments,  and  it  has  added  to  Its  line  a 
meusuriuB    ^^^    air-tight    coating    for    covering    boiler    settings 


known  as  "Vulcan  Lastite." 
Haynes  Stellite  Co.,  Kokomo,  Ind.,  has  established 


branch  offices  as  follows:  120  Broadway,  Room 
1846,  New  York  City,  Roe  L.  Johnson,  manager; 
900  Lytton  Bldg.,  Chicago,  111.,  A.  F.  Young,  man- 
ager;   910    First    National    Bank    Bldg.,    Cincinnati, 


4 


Tate-Jones   &   Co.,    Inc.,    Pittsburg,    Pa.     Circular  rTrrj  A*T-»-ni    -vTrkTiTrcs                        i 

153,  descriptive  of  plate  and  angle  heating  furnaces  XXWiUJli    JSVJXIha                         J 

for  heating  plates  for  flanging  or  annealing,   angles ' ' 

for    bending    or    forming    and    rods    for    continuous  ^*"'   Grinder   Co.,    Fitchburg,    Mass.,    has   changed 

bolt    or     rivet    machines.       Circular    154    on    Tate-  't^  name   to  the   Universal  Grinding  Machine  Co.  _ 

Jones    overtired    furnaces,    for    annealing    and    heat-  Latrobe    Electric    Steel    Co.,     Latrobe,    Pa.,     has  Ohio,'  G.  6.  Litt,  manager;  911  Citizens  Bldg.,  Cleve- 

treatlng.  opened  an  office  for  the  sale  of  its  tool  steel  products  land,  Ohio,  J.  T.  Plummer,  manager;  318  Telegraph 

Chicago    Pneumatic   Tool   Co.,    Fisher    Bldg.,    Chi-  '°  Cincinnati,   Ohio.     Edwin   M.   Ong  is  manager.  Bldg.,  Detroit,  Mich.,  J.  J.  Cruice,  manager.     These 

cage.   111.     Bulletin   E-44  descriptive  of   the   "Dunt-  Precision    Gage    4    Tool    Co.,    Bridgeport,    Conn.,  branches   will    carry   a    complete   stock   of   standard 

ley"   electric   sensitive   drilling   stand,   built   in   five  has   moved   to    166   Elm   St..    where   larger   quarters  size  solid  stellite  tools  and  arc  welded  stc.iHe  tools, 

sizes   to   take   the   standard   "Duntley"   side   spindle  and    new    machinery    have    been    provided    to    take  The    company    was    organized    in    the    present    form 

drills  of  either  the  universal  or  direct-current  types,  care   of   the   growing   business.  in  November,  1915,  and  will  close  its  first  fiscal  year 

ranging   In   driUlng   capacity   from   3/16   to   %    inch  Edgemont     Machine     Co.,     2700     National     Ave..  '»'"'>  «  ^"'^  °'  ""^"^  $1,000,000  worth  of  stellite  tools. 

In  metal.  Dayton.     Ohio,     maker     of     friction     clutches,     has        New  Departure  Mfg.  Co.,   Bristol,   Conn.,  gave  an 

General  Electric   Co.,   Schenectady,   N.   X.     BuUe-  completed   a   large   addition    to   the   plant   that   will  old-fashioned   barbecue   dinner   to   Its  2700  employes 

tin  44419,   illustrating  and  describing  railway  motor  about    double    the    manufacturing    facilities.  on  September  30.     To  feed  this  large  number,  eighty 

gears  and  pinions,  made  In  several  types  for  various  Woburn    Gear    Works,    Woburn,    Mass.,    manufac-  spring  lambs  were  stretched  on  skewers  and  cooked 

classes    of     service,     the    chemical    characteristics,  turers  of  gears,   sprockets,   chains,   etc.,  are  moving  o^sr    "    trench    328    feet    long    filled    with    burning 

physical    characteristics    and    price    being    given    for  into    their    new,    concrete    shop,    which    will    afford  charcoal.      Nine    thousand    ears    of    corn    were    pre- 

each   type.     The  bulletin   gives   tables  of  gear   for-  larger  and  better  facilities  for  securing  business                   " 

mulas  and  shows  diagrams  of  the  comparative  sizes  Clarage    Fan    Co.,    Kalamazoo,    Mich,    has    estab- 

of  gear  and  pinion  teeth.  lished  a  branch  offlce  in  Chicago, 

Templeton,    Kenly    &    Co.,    Ltd.,    1020    S.    Central  St.     L.    0.   Monroe,   who  has  had   several   years'   ex-  "rougnoui    me    f .^7'""    ""=    '^''V„7,''nd"n";,nr,;jVn 

Ave.,    Chicago,    111.      Catalogue    216,    covering    the  perience    in    the    fan    business,    is    a    representative  ^Jl^  ^''l\°„l?'t^l'°°v,l=^"lf  °/rt°ted''nn' th^ 


pared,    and   it   was   found    necessary   to   supplement 

these    with    two    thousand    cans    of    corn.      Thirty 

t  i9q  w    Mo'^.'L'^    bushels    of    potatoes    were    boiled,    and    the    bakers 

I  1^6  w.  Maaison    throughout    the    section    were    kept   busy    the    night 


complete    line    of    "Simplex"    jacks    for    steam    and    lu  charge, 
electric    railroads,    contractors'    industries,    automo- 
biles,   mining,    public    utilities    and    ordnance    pur-    chased  four  and  a  half  acres  of  land  In  Cleveland, 
poses.     The  catalogue  illustrates  these  jacks  in  use    Ohio,  and  will  establish  a  branch  plant  there.     The 
for  various   purposes   and    -'-       "'  ...    .. 

different   sizes,   which   is 
the  railroad  car  jacks. 

Waltham    Grinding    Wheel    Co.,    Waltham,    Mass 
Catalogue  of  grinding  wheels,  containing  informal 


pies.      A    miniature   ice   house    was   erected   on    the 
grounds  to  keep  the  beverages  cold.     Following  the 
Colburn  Machine  Tool  Co,,  Fra^nklln^  Pa.j^has  pur-    dinner  a  program  of  athletic  sports  was  provided. 
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..^,,,,,t5.   tiivsx:  jutuB  111  use    unio,  ana  win  estauiisn  a  orancn  plant  tnere.     xne        — ,     ;r ^    ,    >,,,„     ;:„„   ),.„„    in^omnntert 

gives   the  capacity   of   the    plot  is  on  Ivanhoe  Road,   near  the  Reliance  Electric  Broadway     New    York    City     has    been    incorporated 

as   high   as   forty   tons   for    &  Mfg    Co  's  plant  in  »>>«  state  of  Delaware  with  a  capital  of  ?500,UOU. 

ior    ,K  iviig.  ^^o.  s  piant.  ^^^    company    will    deal    in    machinery    in    general, 

M.    Adier,    32   Union   Square,    E.,    New   York    City,  but    will    specialize    in    machine    tools    both    in    the 

has   established  a    temporary  office   for  handling   ex-  United  States  and  foreign  countries.     The  president 

„_ j„_. ...           .      ,      .       j._  -     ^   ,  .    ,       .    port    of    motor    cars    and    motorcycles.      Mr.    Adler  1=  Charles   N.   Thorn,    who  has   been   connected  with 

Z^J  HI-  '^'^'=''°S  y"^'''^  S"'  ""f*''.™'  ,^'°<J«  °f  will  also  represent  a  few  firms  making  tools  and  the  machine  tool  industry  for  twenty-five  years, 
Jiven  for  ,tr^f^S?  h^'i  "r"*'°^-K  T"'^  ^"'l  *,'^  machinery  used  in  motor  car  repair  shops.  beLg  associated  with  Manning,  Maxwell  &  Moore, 
cyUnderwLeels  and  wheIls'''fo;  vfrim,?''tv^er.%  ^'  K^niviUe  Co.,  Grand  Rapids,  Mich.,  manufac-  inc.^  for  fourteen  years,  and  recently  with  th. 
standard  Tnd  snecHlVrinrtti.  r^Lh?n.T , <.^  n  *"  t"--*^--  of  '•^'"her  belting,  has  opened  a  branch  offlce  Allied  Machinery  Corporation  of  America  as  vice- 
wheels  for  tool  ^rinrtfnTZH,^,?^^^^^^  "'  '°  New  York  City  at  6  Church  St.  George  S.  Baker,  president.  The  other  officers  are  Joseph  S.  Clark, 
hoUow  ware  ^r  nfin^  ?m,  ^,^  ^,!^^^Sl^^  ^^^^^  formerly  secretary-treasurer  of  Olmsted-Flint  Co.,  Is  R.  E.  Robinson  and  Chester  B.  Overbaugh,  vlce- 
hollow-ware  grinding  and  saw  gumming.  the  head  of  the  New  York  selling  organization.  presidents;  and  Arthur  M.  Watkins,  secretary  and 
T  ^"te^at'""*!  Machine  Tool  Co.,  Indianapolis,  Adamant  Iron  &  Steel  Co.,  Kent,  Ohio,  has  sales  manager  for  the  United  States.  The  dlrec- 
Ind.  Catalogue  treating  of  the'/Libby"  lathe  In  brought  out  a  brand  of  high-speed  steel  known  as  tors  are.  in  addition  to  the  president  and  vice- 
manufacturing  machine  shops.  The  booklet  shows  ..Adamant,"  for  which  superior  characteristics  are  presidents,  Frank  J.  Humphrey  and  George  W. 
the      Libby      lathe   employed   on   various   classes  of    claimed.     The  steel  is  said  to  be  much  harder  than  Kendrick. 

work    in    manufacturing    machine    shops    and    repro-    ^ther    brands    of    high-speed    steel,    and    it    can    be  Gisholt  Machine  Co.,  Madison,  Wis.,  exhibited  its 

duces   sketches  of   pieces   machined  on   these   lathes,    tempered   in  oil  or  water  without  water-checking.  "Periodograph"    for    recording    workmen's    time,    at 

^'^'J::\s:::^''s^^Lr^o^^-^^/'Z    ^DoeMer    Dle^astlng    Co.      Court    and    9th    Sts.,  -  ^le^and  Found      a^^^     bine  ex^^^^^^^^^ 

Libby"    heavy-duty    turret    lathe    in    machine    tool    Brooklyn,    N     Y.,    has   moved   its   brass-back    bearing  ^f„"."^„°;„/trn„    several    "k                           registers, 

hops    and     "Libby"     lathes    in    automobile     shops,    department  from  Brook  yn   to  its  Toledo  plant.     An  clocks    "P^^''''"/  ^^^|™'       "^^^^^^^                   or    tables 

entire    new    factory    building,    housing    foundry    and  these    registers    »eie    iji,<..<^u         ,tv.     „     ™„»i,i.r     nr 

machine   shop,    fully   equipped    with    all   labor-saving  representing     foremen's    desks    '"»»^  »^^°"*'°f     °' 

production    rack   on   each.     The   arrangement   of    the 


shops 

with  examples  of  work 
Diamond  Power  Specialty  Co.,  Detroit,   Mich 


devices   will    be    devoted    to    the    exclusive 


Increased     the     size     of     its     house    organ,     "Power    t"u7e'~^^f  the  DoThler 'ba'bbitt^lin«l  bV^ssTack  be"arinis 
Notes."      The    object    of    this    four-page    monthly    is 


equipment    gave    a    clear    idea   of   how    the   registers 

„     ...         „,     ,     ^         ^-      .        »•      ^,  •        t        mi<'ht  be  placed  in  the  different  departments  of  the 

Cisco    Machine    Tool    Co.,     Cmcinnati.     Ohio,     has    ^^rn^Vyor   machine   shop   and   all   controlled   by   the 

mpleted     a     large     addition     to     its     plant     which     '[""^""^^in     the     superintendent's     offlce.       The     help 

^nlfnl    which    the    "Periodograph"    gives    the    foreman   was 
n,i,  ed    shown    by    the    production    rack    at    each    register. 


to    bring    to    the    attention    of    the    consulting    en- 
gineer,    steam    engineer,     mechanical    engineer    and  ':°™J',  ^  ^^.  ,     ..  ..  ™,u 
architect,    information    on    certain    phases    of    power  "o.""'*^     ">«,    Productive     capacity.       The     c 

plant    work.      Records    of    tests    and    photographs    of  J^'"    ^""^   I''."''"'    "P°°   ^"^    market    a    24-inch  j„„„,.,.,„„    .„. > --= 

installations   are   Included.      The   company   will   mail  lathe.     Considerable  new  equipment  has  been   added    ^""^^       '  t^^,^    ^i^    t„    j^y    ^ut    a    job    ahead 

the   publication  regulariy  to  all  engineers  interested  «°?,    ''    j!    expected    that  ^the    additional    facilities    ^^^    ^^^^^    ^^^    ^^    ^.^    convenience,    and    show    him 

in   power  plant   development   and    will   send   a   loose-  will    enable        -  """     "    "' ■    "    °"- "    .«.,..r,«= 

leaf    folder    in    which    the    monthly    copies    may    be  °*'' 


— T,,  :,      :  • » , ,       ,  ,:       .        for    each    man    at    nis    convenience,    auu    ouuyy    u.u. 

will    enable    the    company    to    make    early    deliveries  .  j^^    ^^    process    and    the    amount 

in  the  near  future.  -"i  ,l.?';...,».j .,,   .„   •.■„   .,„,.„,.*„„„» 


filed  for  reference. 


Sprag    Engineering    Co.,    93    Federal    St.,    Boston.    <'.»;' '^^'"^er   Bldg      149   Broad 


Mass.      Bulletin 


descriptive    of    the    "Spraco"    paint    "'"    '>^"^"''>-' 
gun,    a   hand    tool    for   use    in    applying    all    kinds   of      "^    ^^°    "" 
liquid    coatings.      The    complete    equipment    consists 
of    the    paint    gun    proper,    connected    by    a    flexible 
hose    to    a    portable    unit    combining    the    material 


Russian  Metal  Trading  Co.    (Iznosskoff,    Suckau   & 

New    York    City, 
as  Iznosskoff  &  Co.     There 


will  hereafter  be  known 


of   interrupted   work    in   his   department. 

Cowan   Truck   Co.,   8   Water   St.,    Holyoke,   Mass., 

has    moved    into    its    new    three-story    building    on 

.       ^.  ...  ...      North   Canal  St.     The  new  building   has  a    front  of 

change  in  the  organization  and  its  ^^\^,^^  „„,,  „  ^epth  of  200  feet,  and  a  floor  space 
policies  wm  be  the  same  as  heretofore.  S  A.  ^^^bout  60,000  square  feet.  The  building  is  of 
Strolman.   G.   I.   Demcker  and  V.   A.   Sindaeff  of  the    jJ^j^^^aQj  concrete  and  is  provided  with  foundations 

that   will    permit   of   the   erection  of    two   additional 


L.    Buiwitt    is    in    charge    goo-g   „ben    required.      The    growth    of    the    business 
has  been  phenomenal.     In  1910,   H.   W.  Cowan,  then 


machine  tool  and  tool  department  continue  in   their 

container,    air   drier    and   strainer,"  pressure^eon't'r'ol    T'^?'^''ii7    '^''i"',""*'™    ^' 

attachment  and  pressure  gage.     It  is  adapted  for  use    °'  ""^  New   York  offlce. 

in  shop  or  field,  and  may  be  adjusted  for  spraying  F.  O.  Stallman  Supply  Co.  has  leased  the  premises  superintendent  of  the  White  &  Wyckoft  Mfg.  Co., 
the  highest  grade  ot  varnishes  and  lacquers,  as  well  at  129  First  St.,  San  Francisco,  Cal.,  and  will  carry  conceived  the  idea  of  the  first  Cowan  truck,  for 
as  heavy  asphaltum  and  structural  paints,  producing  a  complete  line  of  high-grade  machine  tools,  supplies  nioving  paper  in  the  White  &  Wyckoff  plant,  and 
finely  finished  surfaces  without  streaks  or  brush  and  materials  for  machine  shops,  garages,  factories,  jtg  use  has  rapidly  spread  to  all  lines  ot  manufae- 
marks.  It  is  also  adapted  to  applying  heavy,  durable  railroads,  mines,  mills,  etc.  P.  O.  Stallman,  the  turing  that  handle  parts.  Over  2000  Cowan  trans- 
coatings  to  rough  structures.  senior  member  of  the  firm,  was  formerly  vice-presi-  veyors  are  in  use  in  France  and  England  alone. 
Pratt  &  Whitney  Co..  Hartford,  Conn.  Catalogue  dent  and  manager  of  the  Paclflc  Tool  &  Supply  Co.,  The  officers  of  the  company  are  H  W.  Cowan. 
9  of  Pratt   &   Whitney   small    tools,    including    taps,    "    A™   which    he    and    his   brother,    the   late   Charles  president;     J.     L.     Wyckoff,     vice-president;     E.     N. 

"       '    ■    stallman,    established    twenty-flve   years   ago.  White,  treasurer;  and  R.  F.  Lyon,  general  manager. 

Union    Chain    &    Mfg,    Co.,    Seville,    Ohio,    has    in-  The    company    is   about    to   place   on    the    market   ao 

sod    its    capital    stock    from    $20,000    to    $40,000,  electric  transveyor  equipped 


dies,  milling  cutters,  reamers,  punches,  drills,  taper 
pins,  lathe  mandrels,  ratdiets,  threading  tools, 
counterbores,  knurling  tools,  cutting-off  tools,  hollow 


vith  a  motor  for  trans- 


mills,    circular    forming    tools,    etc.      The    catalogue    in   order  to   take   care  of  its   rapidly  growing   busi-    porting  it  and  tor  elevating  and  lowering  the  loan. 
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ARBON  steel  is 
an  alloy  com- 
posed chiefly  of 
iron  and  car- 
bon, but  con- 
tains also  man- 


This  article  is  the  first  installment  of  an  elementary  treatise  on 
steel  and  the  changes  wrought  by  heat-treatment.  Much  has  been 
published  on  the  heat-treatment  of  steel  which  presupposes  con- 
siderable technical  knowledge  on  the  part  of  the  readers;  the  im- 
portance of  the  subject  makes  it  desirable  that  knowledge  of  means 
and  methods  for  improving  the  physical  characteristics  of  the  com- 
mon material  of  mechanical  construction  be  more  widely  spread 
and  generally  understood. 


,nese,  sulphur,  phosphorus  and  silicon.  In  alloy  steels,  one 
more  of  the  following  elements  are  found:  chromium, 
ckel,  vanadium,  tungsten,  molybdenum,  etc.  We  can  there- 
re  readily  see  that  carbon  steel  may  be  a  very  complex  alloy, 
hile  the  two  constituents  which  are  really  responsible  for 
i  distinguishing  characteristics  are  iron  and  carbon,  each 
the  remaining  elements  contributes  to  the  properties  of  this 
ley.  In  some  cases  they  are  valuable,  and  in  other  cases 
ey  exert  a  harmful  effect,  but  owing  to  the  difficulty  of 
itirely  removing  them  on  a  commercial  scale,  they  are  al- 
wed  to  remain  in  the  metal,  provided  they  do  not  exceed 
rtain  well  established  limits.  In  alloy  steels,  such  as  nickel- 
rome  and  chrome-vanadium  steel,  valuable  properties  are 
itained  by  the  addition  of  these  elements. 
There  are  today  many  metallic  alloys  which  are  valuable 
ith  from  a  commercial  and  a  scientific  standpoint,  and  many 
them  possess  properties  that  are  exactly  contrary  to  what 
ight  be  anticipated.  For  instance,  the  alloying  of  a  hard 
id  a  soft  metal  may  result  not  in  one  of  intermediate  hard- 
!ss,  but  of  greater  or  sometimes  less  hardness  than  either  of 
3  constituents.  Again,  in  most  alloys  the  melting  point  is 
wer  than  the  mean  melting  point  of  all  its  constituents; 
It  in  the  case  of  an  alloy  of  78.4  per  cent  gold  and  21.6  per 
nt  aluminum  it  is  higher.  While  steel  is  the  most  valuable 
loy  commercially  and  has  therefore  been  the  subject  of  con- 
ant  investigation,  there  still  remain  many  points  which  are 
it  thoroughly  understood. 


For  other  articles  on  the  heat-treatment  of  steel  published  in  M.4Chinert, 
(  "Roll  Hardening,"  June,  1916;  "The  Heat-treatment  of  Drop-forging 
ss,"  February,  1916;  "Method  of  Local  Hardening,"  February,  1916;  "Car- 
rization  and  Heat-treatment,"  September,  1915,  and  other  articles  there 
'erred   to. 


For  instance,  why  is  it  pos- 
sible to  take  a  bar  of  this 
alloy  and  by  giving  it  what 
is  termed  an  annealing  treat- 
ment, put  it  in  such  a  state 
that  it  will  have  a  tensile 
strength  of  90,000  pounds  per  square  inch,  together  with 
marked  ductility  and  considerable  softness?  Also,  why  is  it 
possible  to  take  this  same  bar  and  by  heating  it  to  a  certain 
temperature  and  plunging  it  into  oil,  change  its  properties 
entirely?  It  may  now  possess  a  tensile  strength  of  270,000 
pounds  per  square  inch,  or  three  times  the  former  figure, 
practically  no  ductility  and  extreme  hardness.  What  has  taken 
place?  If  this  process  were  not  done  every  day  on  a  large 
commercial  scale,  we  would  call  it  magic.  We  have  taken  a 
bar  of  this  metal  and  by  subjecting  it  to  a  gradual  tem- 
perature change  and  then  a  sudden  change  of  temperature  in 
the  opposite  direction,  have  increased  its  strength  three  times. 
From  a  chemical  standpoint,  the  alloy  is  still  steel,  con- 
taining all  the  ingredients  that  it  had  before  we  gave  it 
this  treatment.  What  changes  in  structure  have  taken  place 
to  produce  such  marked  changes  in  its  properties? 

Thirty  years  ago  we  had  very  few  means  at  hand  to  investi- 
gate the  changes  taking  place  under  heat-treatment,  but  today 
we  have  the  metallurgical  microscope  and  the  thermo-electric 
pyrometer.  By  the  former  we  are  enabled  to  examine  the 
structure  of  the  steel  minutely,  and  by  the  latter  we  can  meas- 
ure very  small  quantities  of  heat  and  obtain  an  accurate  record 
of  the  heat-treatment  to  which  steel  is  subjected.  As  we  shall 
refer  to  the  use  of  these  two  Instruments  frequently,  it  will 
be  well  to  give  a  brief  description  of  their  design  and  princi- 
ples of  operation.  The  metallurgical  microscope  differs  from 
ordinary  microscopes  in  that  opaque  specimens  are  used  in- 
stead of  transparent  specimens  mounted  on  glass,  and  this 
requires  a  special  means  of  lighting.  Any  microscope  to  which 
has  been  added  an  attachment  for  illuminating  opaque  speci- 
mens may  be  used  as  a  metallurgical  microscope,  but  the  types 
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built  especially  for  this  purpose  are,  of  course,  much  more 
convenient  to  use  and  give  better  results.  Fig.  2  shows  how 
light  is  utilized  to  illuminate  the  specimen. 

It  will  be  observed  that  the  light  ray,  coming  from  what- 
ever source  of  light  is  used,  enters  through  a  hole  in  the 
microscope  tube  and  strikes  a  transparent  glass  disk  A  which 
reflects  the  light  downward  onto  the  polished  and  etched  sur- 
face of  specimen  B,  from  which  it  is,  in  turn,  reflected  back 
through  disk  A  and  up  to  the  eye  of  the  observer.  In  place 
of  the  glass  disk,  a  small  mirror  may  be  used  or  a  prism,  but 
the  glass  disk  has  found  general  favor.  Several  sources  of 
illumination  may  be  used  with  a  suitable  set  of  condensing 
lenses  to  regulate  the  beam  of  light.  Welsbach  burners, 
Nernst  lamps,  acetylene  burners  and  electric  arc  lamps  each 
have  their  advocates.  When  it  is  desired  to  take  a  photo- 
micrograph of  the  specimen,  a  camera  attachment  is  connected 
to  the  microscope.  Fig.  1  shows  a  complete  outfit  with  micro- 
scope, source  of  light  and  camera  attachment  connected. 

The  specimen  to  be  examined  must  be  polished  by  a  series 
of  operations  with  finer  and  finer  abrasives  until  a  mirror-like 


Tig.  1.    Hetallurgical  Microscope  with  Camera  for  taking  Photomicrographs 
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Fig.  2.  Diagram  showing  how  Light  is 
utilized  to  illuminate  Opaque  Specimens 
examined  under  Metallurgical  Microscope 


finish  is  obtained.     Successive  grades  of  emery  paper  may  be 
used   for   the   preliminary   steps  after   the  specimen  has   first 
been  roughed  down  with  an  emery  wheel  or  file.     To  obtain 
the  final  polish,  use  is  made  of  rouge  or  fine  levigated  alumina 
suspended  in  distilled  water  and  applied  to  a  revolving  disk 
covered  with  a  cloth.     Still  quicker  results  may  be  obtained 
by  polishing  with  the  various  power  polishing  outfits  on  the 
market.     After  the  specimen  has  been  polished,   it  is  etched 
by  dipping  it  into  acid  for  a  few  moments,  and  then  washed 
in  alcohol  and  dried.     This  brings  out  the  structure  of  the 
metal.    A  5  per  cent  solution  of  picric  acid  in  absolute  alcohol 
and  a  10  per  cent  solution  of  nitric  acid  in  absolute  alcohol 
are   quite   commonly 
used    for    etching 
steel   specimens. 
The  thermo-electric 
pyrometer   is   an   in- 
strument   for    meas- 
uring   temperatures. 

It    makes    use    of    the  Jcig.  S.     Sectional  View  of  Thermo-electric  Pyrometer 


HOT   JUNCTION 


^ 


ROTECTING  JACKET 


INSULATING  STEM 


well-known  principle 
that  when  two  wires- 
each  composed  of  a  dif- 
ferent metal  or  metallic 
alloy  —  are  joined  to- 
gether and  the  junction 
is  heated,  an  electromo- 
tive force  is  set  up.  The 
higher  the  temperature 
the  greater  is  the  elec- 
tromotive force  gen- 
erated. Therefore,  by 
measuring  this  force, 
we  can  tell  the  tempera- 
ture to  which  the  junc- 
tion of  the  pyrometer 
is  heated.  Fig.  3  shows 
a  section  of  a  pyrome- 
ter, one  wire  of  whicli 
is  composed  of  pure 
platinum  and  the  other 
of  an  alloy  containing 
90  per  cent  platinum 
and  10  per  cent  rho- 
dium. The  ends  of  the 
wire  which  are  joined 
compose  what  is  called 
the  "hot  junction,"  and  this  is  the  end  placed  in  the  furnace; 
the  other  ends  of  the  wire,  called  the  "cold  junction,"  are  con- 
nected to  a  niilli-voltmeter  to  measure  the  number  of  milli- 
volts generated  by  the  pyrometer.  However,  instead  of  being 
graduated  in  milli-volts  only,  there  is  also  a  scale  showing  the 
temperature  that  corresponds  to  each  fraction  of  a  milli-volt. 
Some  pyrometers,  instead  of  having  wires  of  noble  metal, 
such  as  gold,  silver,  platinum,  rhodium,  iridium,  etc.,  have 
wires  made  of  base  metals,  such  as  iron,  nickel,  chromium,  etc. 
They  are  not  as  accurate  or  durable  as  the  noble-metal  wire 
pyrometers,  but  they  are  stronger  and  much  cheaper,  and  for 
most  commercial  operations  possess  sufficient  accuracy.  They 
cannot  be  used,  however,  at  the  high  temperatures  that  the 
noble  metals  withstand  effectively,  namely,  up  to  about  3000 
degrees  F.  As  pyrometers  are  usually  calibrated  when  the 
cold  junction  is  at  a  temperature  of  0  degrees  C.  (32  de- 
grees F.),  it  is  necessary  to  make  certain  corrections  in  the 
temperature  they  record  when  this  junction  is  at  any  other 
temperature.  The  makers  supply  formulas  for  doing  this,  and 
in  some  cases  they  have  designed  automatic  devices  for  this 
purpose.  When  the  correction  must  be  calculated,  it  is  essen- 
tial to  keep  all  the  cold  junctions  at  the  same  temperature; 
otherwise,  there  will  be  a  different  correction  for  each  pyrome- 
ter. Not  only  this,  but  the  cold  junction  of  the  pyrometer 
must  also  be  kept  at  a  constant  temperature;  otherwise,  there 
will  be  a  different  correction  as  the  temperature  6f  the  junc- 
tion varies.  Owing  to  the  low  cost  of  pyrometers  with  base- 
metal  couples,  it  is  often  practical  to  run  wire  leads  of  the 
same  material  as  the  pyrometer  wire  itself  directly  to  the 
milli-voltmeter,  and  if  this  is  done  with  each  pyrometer,  the 
cold  junction  would  then  be  at  the  milli-voltmeter  and  would 
be  at  the  same  temperature  for  all  pyrometers.  Each  system 
of  noble  or  base-metal  couples  has  its  advantages,  and  only  a 
thorough  study  of  existing  conditions  will  suffice  to  make  a 
proper  choice  for  any  given  service. 

Returning  now  to  the  piece  of  steel  we  have  been  consider- 
ing, let  us  examine  it  under  the  microscope  just  as  it  comes 
from  the  mill.  It  will  appear  as  shown  in  Fig.  4.  This  photo- 
micrograph has  enlarged  the  view  200  diameters.  Let  us  bear 
in  mind  that  this  represents  the  micro-structure  of  this  par- 
ticular steel   when  it  is  in  such  a  state  that   it  possesses  a 

tensile  strength  of 
90,000  pounds  per 
square  inch.  Let  us 
now  heat  the  piece 
of  steel  to  a  tempera- 
ture of  840  degrees  C. 
(1544   degrees   F.), 


90  PER  CENT  PLATINUM  AND  10  PER  CENT  RHODIUM 


00  PER  CENT  PLATir 
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hold   it  at  this  tem- 
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Fig.  4.     Photomicrogrraph  of  Steel  in  Condition 

in    which    it    leaves    Mill — Magnification, 

200  Biametera 


Fig.   5.     Photomicrograph  of  Steel  after  being 

quenched  at  1544  Degrees  F. — Magnification, 

200  Diameters 


Fig.    6. 
Carbo 


Photomicrograph    of    0.10    Per    Cent 
1   Steel  after  being   "normalized" — 
Magnification,    65   Diameters 


perature  for  ten  minutes  and  then  quench  it  in  oil.  It  now 
has  a  tensile  strength  of  270,000  pounds  per  square  inch. 
Under  the  microscope  it  will  appear  as  shown  in  Fig.  5,  from 
which  we  note  that  there  is  a  great  change  in  structure  from 
that  shown  in  Fig.  4,  and  undoubtedly  this  is  directly  con- 
nected with  the  change  in  physical  properties.  But  while  we 
can  readily  see  this  change,  we  are  at  a  loss  to  understand 
or  to  really  appreciate  it.  What  are  the  dark  spots  and  what 
are  the  light  ones  in  Fig,  4?  In  order  to  know  this  we  must 
start  in  an  ele- 
mentary way  and 
build  up  our  facts 
little  by  little. 

Steel  may  con- 
tain variable  pro- 
portions of  car- 
bon, from  a  very 
small  amount, 
such  as  0.05  per 
cent,  up  to  as  high 
as  2.20  per  cent. 
In  order,  there- 
fore, to  cover  the 
subject  complete- 
ly, it  will  be 
necessary  to  study 
Samples  contain- 
ing different 
amounts  of  car- 
bon between  the  limits  stated.  Let  us  first  procure,  therefore, 
several  samples  of  0.10  per  cent  carbon  steel  from  different 
sources.  When  we  examine  this  steel  under  the  microscope, 
we  will  probably  note  that  some  of  the  samples  present  an 
entirely  different  appearance  from  others.  In  some,  dark 
grains  may  be  seen  clearly  defined  on  a  white  background, 
while  in  others  there  may  be  a  more  blended  effect  so  that 
nothing  is  sharply  defined,  either  as  to  outline  or  color.    This 


Fig.    7.     Photomicrograph    of    Specimen    shown 

in  Fig.  6,  but  with  Magnification  of 

650  Diameters 


is  due  to  the  fact  that  these  pieces,  coming  from  different 
sources  and  receiving  different  degrees  of  temperature  in  the 
treatment  they  were  last  subjected  to,  have  had  imparted  to 
them  correspondingly  different  structures.  lu  order,  there- 
fore, to  study  all  the  samples  we  are  to  investigate,  let  us 
give  them  a  uniform  heat-treatment,  imparting  to  them  all  a 
clearly  defined  structure  in  which  we  may  be  better  able  to 
distinguish  one  constituent  from  another.  This  treatment  has 
been  called  "normalizing"  and  consists  of  heating  the  specimen 

to  about  1000  de- 
grees C.  (1832  de- 
grees F.)  and 
then  cooling  it 
very  slowly.  If 
we  do  this  to  all 
our  0.10  per  cent 
carbon  specimens, 
we  will  find  that 
they  all  present 
about  the  same 
structure  as 
in  Fig.  6.  There 
will,  of  course,  be 
a  difference  in 
texture  in  the  dif- 
ferent specimens 
and  also  in  differ- 
ent parts  of  the 
same  specimen, 
structure,  shown  at  a 


.    Photomicrograph  of  0.30  Per  Cent  Carbon 
steel  showing  Increase   in  Pearlite — 
Magnification,   65  Diameters 


but  Fig.   6  represents  a  characteristic 
magnification  of  sixty-five  diameters. 

Now,  if  we  examine  Fig.  6,  we  note  that  it  shows  a  dark 
network  A  surrounding  white  grains  B,  and  that,  in  addition, 
there  are  some  dark  grains  C.  This  network  will  not  always 
appear  unless  the  metal  has  been  etched  considerably,  but  it 
always  exists,  as  it  constitutes  the  boundaries  of  the  white 
grains.     These  white  grains  are  composed  principally  of  iron. 


Fig.    9.     Photomicrograph    of    0.90    Per    Cent 

Carbon    Steel    showing    almost    Unbroken 

Pearlite — Magnification.    65   Diameters 


Fig.  10.    steel  with  1.5  Per  Cent  Carbon,  show- 
ing Network  of  Cementite  around  Pearlite — 
Magnification,   65  Diameters 


Fig.  11.    Photomicrograph  of  Same  Steel  shown 

in  Fig.    10.    but   with   Magnification  of 

260  Diameters 
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although  they  may  contain 
some  impurities  or  alloying 
elements,  but  we  will  con- 
sider them  iron.  They  are 
called  "ferrite"  grains;  and  the 
dark  grains  are  called  "pearl- 
ite."  If  we  enlarge  further,  we 
will  see  that,  instead  of  being 
composed  only  of  dark  mat- 
ter, the  pearlite  grains  con- 
sist of  some  lighter  matter 
and  generally  present  an  ap- 

FiK 

pearance  somewhat   like  that 
shown  in  F'ig.  7.     This  is  because  tliey  are  composed  of  alter- 
nate plates  of  ferrite  and  "of  a  constituent  called  "cementite." 

We  would  naturally  think  that  the  white  plates  were  ferrite, 
because  this  substance  appears  white  in  the  grains  of  ferrite  B, 
Fig.  6;  but  this  is  not  the  case,  because  the  cementite  plates 
are  very  hard  and  stand  out  in  relief  in  the  light,  while  the 
ferrite,  being  softer,  is  worn  away  by  the  polishing  process 
so  that  it  is  below  the  level  of  the  cementite  plates,  and  hence 
is  not  so  brightly  illuminated.  An  additional  reason  for  its 
darker  appearance  is  the  fact  that  it  is  more  readily  attacked 
by  the  etching  acid  than  are  the  cementite  plates.  Cementite 
is  carbide  of  iron,  with  the  chemical  formula  FejC.  It  is, 
therefore,  a  definite  chemical  compound.  Ferrite  may  be  con- 
sidered as  iron  and  has  the  formula  Fe.  Pearlite  is  not  a 
chemical  compound,  but  is  a  mechanical  mixture  composed  of 
alternate  plates  of  iron  or  ferrite  (Fe)  and  carbide  of  iron 
or  cementite  (FCjC).  In  certain  lights  pearlite  has  the  same 
appearance  as  mother  of  pearl  and  derives  its  name  from 
this  similarity. 

We  have  noted  in  the  foregoing  the  most  important  points 
in  the  structure  of  a  normalized  piece  of  0.10  per  cent  carbon 
steel.  Let  us  now  see  if  we  can  make  some  use  of  this  knowl- 
edge and  anticipate  the  structural  appearance  of  a  specimen 
of  0.30  per  cent  carbon  steel.  As  all  the  carbon  is  contained 
in  the  cementite  plates,  we  would  naturally  infer  that  there 
would  be  three  times  as  many  of  these  plates  in  the  0.30  per 
cent  carbon  steel  as  in  0.10  per  cent  carbon  steel.  Now,  as  all 
the  cementite  is  mixed  mechanically  with  alternate  plates  of 


—■>T(Vt^ %- 


%'  >! 


steel  Specimen  prepared  for  making  Tensile  Tests 


ferrite  to  form  pearlite,  we 
would  also  infer  that  there 
would  be  three  times  as  much 
pearlite  in  the  0.30  per  cent 
carbon  steel.  Fig.  8  is  a  pho- 
tomicrograph of  such  a  steel, 
and  this  shows  that  our  as- 
sumption is  correct,  as  there 
is  about  three  times  as  much 
of  the  dark  material — pearl- 
ite— as  there  is  in  Fig.  6. 

If  we  examine  steels  of 
higher  carbon  content,  we  will 
observe  more  carbon-bearing  (pearlite)  grains,  until  at  a  con- 
tent of  about  0.90  per  cent  carbon,  we  note  that  practically 
the  whole  piece  is  composed  of  pearlite.  (See  Fig.  9.)  If  we 
examine  a  steel  higher  in  carbon,  say  1.50  per  cent,  we  would 
naturally  expect  to  find  it  composed  mostly  of  pearlite,  but 
what  has  happened  to  the  extra  carbon  in  excess  of  0.90  per 
cent?  Examination  shows  that  it  combines  with  the  iron, 
forming  carbide  of  iron,  Fe^C,  which  occurs  as  a  network 
around  the  grains  of  pearlite.  In  other  words,  the  piece  is 
composed  practically  of  pearlite  with  the  exception  of  a  net- 
work of  cementite  or  carbide  of  iron.  (See  Figs.  10  and  11.) 
As  the  carbon  increases,  this  network  increases  slightly. 

We  have  now  investigated  enough  specimens  to  form  an 
idea  of  the  appearance  of  the  micro-structure  of  normalized 
steels  of  various  carbon  contents.  Let  us  bear  in  mind  that 
we  do  not  always  encounter  steel  in  the  normalized  state, 
but  that  we  have  changed  all  our  specimens  to  this  state,  so 
we  can  have  a  common  ground  for  comparison  and  also  be- 
cause in  this  state,  as  already  mentioned,  we  can  easily  dis- 
tinguish the  carbon-bearing  grains  from  the  iron  grains.  Let 
us  now  summarize  the  facts: 

1.  The  micro-structure  of  low-carbon  normalized  steel  shows 
a  background  of  light  ferrite  grains  interspersed  around  their 
boundaries   and   junctions   with   a   few. dark   pearlite   grains. 

2.  If  we  enlarge  these  pearlite  grains,  we  note  that  they 
are  composed  of  alternate  plates  of  ferrite  (iron)  and  ce- 
mentite (carbide  of  iron). 

3.  As  we  examine  pieces  of  higher  and  higher  carbon  con- 
tent, we  note  that  the  only  pronounced  difference  in  appearance 
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Fig.  13.     Chart  showing  Changes  in  Physical  Properties  of  Steel  produced  by  drawing  at  Different  Temperatures 
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is  in  the  increase  of  the  amount  of  pearlite  until  finally, 
when  we  reach  a  steel  of  about  0:90  per  cent  carbon,  it  ex- 
hibits all  pearlite.  If  we  further  increase  the  carbon,  a  white 
network  of  cementite  in  excess  of  that  required  to  take  part 
in  the  formation  of  pearlite  is  shown  around  the  pearlite  grains. 
We  have,  therefore,  noted  the  micro-structure  of  normalized 
steels,  so  that  it  will  now  be  of  interest  to  learn  something 
about  their  physical  properties.  Before  doing  so,  however, 
it  will  be  best  to  describe  what  the  physical  properties  of 
metals  are  and  just  how  and  with  what  instruments  we 
measure  them. 

Physical  Properties  of  Steel 

The  physical  properties  of  steel  in  which  we  are  particularly 
Interested  are:  first,  tensile  strength;  second,  elastic  limit; 
third,  ductility;  and  fourth,  hardness.  To  test  a  specimen  of 
steel  for  the  first  three  properties  mentioned,  a  sample  is 
taken — preferably  in  the  standard  form  shown  in  Pig.  12 — 
and  placed  in  a  testing  machine.  The  thread  on  the  upper 
end  of  the  sample  fits  into  a  holder  which  is  connected  with  a 
system  of  weighing  levers  such  as  are  found  in  a  weighing 
scale.  The  lower  end  of  the  specimen  Sts  into  another  holder, 
which  may  be  driven  up  or  down  by  means  of  a  motor  and 
gears.  By  starting  this  motor,  the  piece  is  slowly  subjected 
to  a  gradually  increasing  load,  which  may  always  be  deter- 
mined by  keeping  the  scale  beam  balanced  by  moving  the 
counterbalance  weight  along  it. 

Testing:  Proportional  Limit 

Let  us  now  place  a  piece  in  the  machine  and  balance  the 
scale  beam  at  zero,  after  which  the  motor  is  started  and  the 
piece  subjected  to  a  gradually  increasing  load.  Now,  as  this 
load  is  increased  the  steel  sample  stretches  in  proportion  to 
the  load.  For  instance,  if  a  load  of  2000  pounds  causes  it  to 
stretch  1/64  inch,  a  load  of  4000  pounds  will  cause  it  to  stretch 
1/32  inch.  This  continues  until  a  point  is  reached  in  the 
loading  of  the  piece  where  an  increase  in  load  of  2000  pounds, 
for  instance,  instead  of  producing  an  elongation  of  1/64  inch, 
produces,  say,  half  as  much  again,  or  3/128  inch.  In  other 
words,  we  have  arrived  at  a  point  where  the  elongation  is  not 
proportional  to  the  load.  This  point  is  therefore  called  the 
"proportional  limit." 

Testing-  Yield  Point 

The  increase  in  the  elongation  or  stretching  of  the  piece 
becomes  more  and  more  pronounced  until  we  arrive  at  a  point 
where  the  piece  keeps  on  stretching,  even  when  no  further 
load  is  applied.  This  point  is  called  the  "yield  point."  In 
practice  it  is  often  determined  by  the  "drop"  of  the  beam 
on  the  testing  machine;  it  is  frequently  confused  with  the 
elastic  limit,  and  often  considered  as  such  by  those  who  are 
not  fully  informed.  The  true  elastic  limit  occurs  a  little  after 
we  have  passed  the  "proportional  limit."  It  may  be  located 
accurately  by  the  fact  that  after  the  elastic  limit  is  passed, 
if  the  entire  load  is  released  the  piece  will  not  return  to  its 
original  length,  but  will  have  suffered  a  permanent  "set"  or 
lengthening.  At  any  point  prior  to  the  elastic  limit  the  piece 
would  have  returned  to  its  original  length  when  the  load  was 
entirely  removed.  We  therefore  can  readily  understand  the 
definition  of  elastic  limit,  which  is  given  as  the  least  load 
per  square  inch  that  produces  a  permanent  set. 

Returning  now  to  our  testing  of  the  piece,  we  continue  to 
load  it  after  the  yield  point  has  been  reached  and  the  piece 
continues  stretching  as  the  load  is  applied  until  we  reach 
the  maximum  load  that  the  piece  will  stand.  When  this  point 
is  reached,  if  we  endeavor  to  add  a  larger  load,  we  will  find 
that  the  piece  will  not  support  it,  but  will  stretch  and  "neck 
in";  and  if  we  continue  this  loading,  the  piece  will  finally 
break.  The  instrument  used  to  determine  the  amount  of 
stretching  and  set,  and  thus  to  locate  the  elastic  limit,  is 
called  an  extensometer,  and  is  attached  directly  to  the 
specimen. 

After  the  specimen  is  broken  it  will  generally  appear  as 
shown  by  the  dotted  lines  in  Fig.  12.  If,  before  testing,  we 
had  placed  two  slight  punch-marks  on  it  we  could,  by  fitting 
the  ends  together,  determine  how  much  the  piece  had  stretched; 
and  by  measuring  the  diameter  of  the  decreased  section,  we 


could  determine  how  much  the  cross-sectional  area  had  been 
reduced.  For  instance,  let  us  figure  out  the  properties  of  a 
specimen,  the  dimensions  of  which  before  testing  were  the 
same  as  shown  in  Fig.  12;  elongation  after  testing,  y^  inch; 
diameter  of  reduced  section,  0.300  inch;  load  on  piece  at  yield 
point,  15,000  pounds;  maximum  load  on  piece,  20,000  pounds. 
The  cross-sectional  area  of  the  piece  before  testing  was  1/5, 
or  0.200  square  inch.  Hence,  if  a  piece  1/5  square  inch  in 
area  withstood  a  load  of  20,000  pounds,  the  estimated  strength 
of  a  piece  five  times  that  area,  or  one  square  inch,  would-be 
5  X  20,000  pounds,  or  100,000  pounds  per  square  inch;  and 
it  would  possess  a  yield  point  of  5  X  15,000  pounds,  or  75,000 
pounds  per  square  inch.  As  the  area  before  testing  was 
0.200  square  inch,  and  the  diameter  after  testing  had  been 
reduced  to  0.300  inch,  which  corresponds  to  an  area  of  0.071 
square  inch,  the  specimen  had  its  area  reduced  from  0.200 
square  inch  to  0.071  square  inch,  or  a  reduction  of  area  of 
65  per  cent.  As  the  piece  elongated  y^.  inch  in  2  inches,  it 
elongated  y^  inch  in  1  inch,  or  an  elongation  of  25  per  cent. 
Hence  the  test  gave  the  following  physical  properties:  Tensile 
strength,  100,000  pounds  per  square  inch;  yield  point,  75,000 
pounds  per  square  inch;  reduction  of  area,  65  per  cent;  elon- 
gation, 25  per  cent.  The  last  two  properties,  reduction  of  area 
and  elongation,  are,  in  reality,  a  measure  of  the  ductility  of 
the  piece. 

Testing:  Hardness  of  Metals 

The  remaining  property  we  have  to  consider  is  hardness. 
There  are  several  instruments  designed  for  testing  the  hard- 
ness of  metals,  but  we  will  discuss  only  those  most  commonly 
used,  namely,  the  Shore  scleroscope  and  the  Brinell  hardness 
tester.  The  former  instrument  consists  chiefly  of  a  glass  tube 
with  suitable  means  for  leveling  vertically,  and  a  small  tap 
or  hammer  with  a  diamond  point  embedded  in  its  lower  end. 
By  means  of  a  bulb  and  cylinder  arrangement,  this  hammer 
may  be  sucked  up  to  the  upper  end  of  the  glass  tube  and 
allowed  to  drop  on  the  smooth,  flat  surface  of  the  metal  under 
test;  then  by  noting  the  height  to  which  the  hammer  re- 
bounds on  a  scale  provided  for  that  purpose,  a  measure  of 
the  hardness  is  obtained.  In  the  Brinell  machine  the  chief 
parts  are  a  hydraulic  press  and  a  hardened  steel  ball,  which 
is  generally  10  millimeters  in  diameter.  This  ball,  by  means 
of  the  hydraulic  press,  operated  by  a  small  hand  pump,  is 
driven  into  the  steel  with  a  certain  specified  load.  The  softer 
the  steel,  the  farther  the  ball  sinks  in;  and  the  harder  the 
steel,  the  less  it  sinks  in.  By  measuring  the  exact  amount 
that  the  ball  sinks  in,  or,  more  easily,  the  diameter  of  the 
impression  left  by  it  in  the  steel  under  test,  which  is  gen- 
erally done  by  means  of  a  small  microscope,  we  may  obtain  a 
measure  of  the  hardness  of  the  steel. 

With  this  information  at  hand,  let  us  consider  the  results 
we  would  obtain  if  we  tested  the  normalized  steels  previously 
discussed.  We  would  note  that  the  lower  carbon  samples 
would  have  a  lower  tensile  strength,  yield  point  and  hardness 
than  those  of  higher  carbon  content.  Their  elongation  and 
reduction  of  area,  however,  would  be  greater,  i.  e.,  they  would 
be  weaker  but  more  ductile.  This  is  due  to  the  fact  that  fer- 
rite  has  a  tensile  strength  estimated  at  about  50,000  pounds 
per  square  inch  and  pearlite  125,000  pounds  per  square  inch. 
Consequently,  the  higher  carbon  steels  have  more  strength 
due  to  the  larger  amount  of  this  stronger  constituent  which 
they  contain.  When  we  have  a  steel  that  contains  all  pearlite, 
i.  e.,  a  eutectoid  steel,  we  would  have  a  strength  of  125,000 
pounds  per  square  inch  in  the  normalized  state.  Higher  car- 
bon steels  than  this  would  contain  a  network  of  cementite  and 
would  be  no  stronger,  as  this  constituent  is  hard  and  brittle, 
and  possesses  a  tensile  strength  of  possibly  only  5000  pounds 
per  square  inch.  By  observing  the  physical  properties  of  a 
eutectoid  steel  which  is  all  pearlite,  and  of  a  very  low-carbon 
steel  which  is  practically  all  ferrite,  we  can  get  a  good  com- 
parative idea  of  the  properties  of  these  two  constituents. 

Effects  of  Heat-treatment 

We  have  confined  ourselves  so  far  principally  to  normalized 
steels.  Let  us  now  take  up  the  important  consideration  of 
heat-treated  steels.     Before   we  go   into   the   theory   involved. 
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let  us  first  endeavor  to  understand  clearly  the  practical  re- 
sults obtained  by  heat-treatment.  It  will  be  impossible  to 
describe  these  results  in  detail  for  several  different  analyses 
of  steel;  but  we  can  take  one  steel  and  study  it  in  detail,  and 
this  will  teach  us  what  we  can  expect  from  other  steels.  Let 
us,  therefore,  consider  a  steel  with  6.50  per  cent  carbon.  The 
various  properties  it  has  under  heat-treatment  are  shown 
graphically  in  Fig.  13,  which  gives  the  average  results  of 
over  20,000  tests  on  this  particular  steel.  A  chart  of  this 
nature  may  not  be  readily  understood  at  first  glance,  but  a 
little  study  will  make  it  clear,  and  it  will  then  be  retained  in 
the  memory  much  more  easily  than  the  long  written  descrip- 
tion which  would  be  required  without  it.  By  interpreting 
this  chart  correctly,  many  facts  can  be  ascertained  and  the 
proper  treatment  to  obtain  a  given  result  may  be  found  from 
it.  In  order  to  understand  the  chart  thoroughly  we  must 
know  how   it  was  obtained,  and   this  we   will   now   consider. 

All  samples  of  this  steel  were  first  hardened  with  great  care 
and  uniformity  at  the  correct  hardening  temperature.  How 
this  temperature  was  ascertained  will  be  described  later.  In 
this  case  the  temperature  was  832  degrees  C.  (1530  degrees  F. ), 
and  this  was  maintained  as  closely  as  possible;  after  heating, 
the  pieces  were  quenched  in  oil.  After  receiving  this  treat- 
ment, all  samples  were  very  hard  and  brittle,  and  possessed  a 
high  tensile  strength.  Owing  to  their  extreme  brittleness,  it 
was  impracticable  to  get  a  good  test  of  them,  so  that  a  few  were 
drawn  at  a  temperature  of  204  degrees  C.  (400  degrees  F.) 
and  then  tested.  The  physical  properties  determined  in  this 
t«st  were  then  marked  down  on  the  chart  at  points  1,  2,  3, 
4,  5,  6,  directly  above  the  204  degrees  C.  (400  degrees  F.)  draw- 
ing temperature.  We  note  that  the  tensile  strength  was 
285,000  pounds  per  square  inch,  yield  point  246,000  pounds 
per  square  inch,  elongation  2.5  per  cent,  reduction  of  area 
6.5   per  cent,   Brinell   hardness   565,   and   Shore   hardness   74. 

Let  us  now  take  another  lot  of  samples  of  this  steel  which 
we  have  just  hardened  and  draw  them  at  a  temperature  of 
232  degrees  C.  (450  degrees  F. ).  We  note  that  the  tensile 
strength  is  276,000  pounds  per  square  inch,  yield  point  241,000 
pounds  per  square  inch,  elongation  2.5  per  cent,  reduction  of 
area  11  per  cent,  Brinell  hardness  550,  and  Shore  hardness  72 
(see  points  la,  2a,  3a,  4a,  5a,  and  6a).  It  is  therefore  apparent 
that  drawing  the  steel  at  this  higher  temperature  has  caused 
it  to  lose  in  tensile  strength,  yield  point  and  hardness,  but  to 
gain  in  ductility,  i.  e.,  amount  of  elongation  and  reduction  of 
area.  By  taking  additional  lots  of  samples  which  have  been 
hardened  and  drawing  them  at  higher  temperatures,  we  ob- 
tain the  points  16,  26,  36,  46,  56,  66,  Ic  .  .  .  6c,  etc.  For 
instance,  by  drawing  the  hardened  pieces  at  482  degrees  C. 
(900  degrees  F.),  the  tensile  strength  has  dropped  to  187,000 
pounds  per  square  inch,  yield  point  to  164,000  pounds  per 
square  inch,  Brinell  hardness  to  390,  Shore  hardness  to  52, 
and  the  reduction  of  area  and  elongation  have  increased  to 
42.5  and  7.5  per  cent,  respectively. 

We  therefore  note  that  it  a  steel  is  merely  hardened,  it 
possesses  its  maximum  tensile  strength,  yield  point  and  hard- 
ness, and  its  minimum  ductility.  Now,  if  we  draw  this  hard- 
ened steel,  it  loses  in  tensile  strength,  yield  point  and  hard- 
ness, but  gains  in  ductility.  If  we  draw  our  samples  at  still 
higher  temperatures,  we  will  finally  pass  beyond  the  tem- 
perature to  which  the  term  "draw"  applies.  In  other  words, 
we  will  begin  to  draw  at  such  a  temperature  that  the  piece 
has  a  visible  color,  and  we  eventually  arrive  at  an  "anneal- 
ing" temperature.  We  note  that  the  lowest  tensile  properties 
and  greatest  ductility  were  obtained  by  drawing  the  steel 
at  about  738  degrees  C.  (1360  degrees  F.).  Comparing  the 
properties  at  this  point  on  the  chart  with  those  at  400  de- 
grees F.,  we  obtain  the  following  results: 


Hardened  at  832  Degrees  C.    (1530  Degrees  F.) 
Drawn  at  204  Degrees  C.    (400  Degrees  F.I 

Tensile  strength ....  285,000  lbs.  per  sq.  in. 

Yield  point 246,000  lbs.  per  sq.  in. 

Reduction  of  area.  .GV2  per  cent 

Elongation 2^4  per  cent 

Brinell   hardness. .  .565 
Shore  hardness 74 


Hardened  at  832  Degrees  C. 

(1530  Degrees  F.) 
Drawn    (Annealed)    at   738 
Degrees    C.    (1300    De- 
grees F.) 

100,000  lbs.  per  sq.  in. 
•  75,000  lbs.  per  sq.  in. 

63  per  cent 

19  per  cent 
228 

33 


The  preceding  comparison  shows  what  a  remarkable  change 
in  the  properties  of  steel  can  be  wrought  by  heat-treatment. 
The  tensile  strength  was  increased  or  decreased,  as  desired, 
from  100,000  to  285,000  pounds  per  square  inch,  and  the  other 
properties  almost  in  like  measure.  The  question  might  here 
arise  as  to  whether  by  drawing  the  steel  at  a  still  higher  tem- 
perature, say  788  degrees  C.  (1450  degrees  F.),  we  would  not 
still  further  reduce  the  tensile  properties  and  increase  the 
ductility.  In  drawing  the  steel  it  was  heated  to  the  desired 
temperature  for  one  hour  and  then  cooled  in  the  air.  If  we 
should  draw  at  a  temperature  much  above  1360  degrees  F. 
and  then  cool  in  the  air,  the  steel  would  "air  harden,"  be- 
cause we  have  heated  it  above  its  first  critical  point,  as  will 
be  more  fully  explained  later.  In  this  case  the  tensile  strength 
would  be  increased  and  the  ductility  decreased,  as  is  shown 
on  the  chart  at  points  Im,  2m.  Zm,  4m,  5m.  and  6771.  In  other 
words,  as  we  draw  this  steel  from  204  degrees  C.  (400  de- 
grees F. )  to  successively  higher  temperatures,  we  get  a  defi- 
nite and  constant  change  in  its  properties,  but  as  soon  as  we 
draw  at  a  temperature  much  above  1360  degrees  F.  w-e  get  a. 
complete  reversal  of  these  changes. 

From  this  chart  we  can  tell  just  about  what  properties  we 
may  expect  from  a  given  hardening  and  drawing  treatment  of 
this  steel,  or  we  may  tell  just  what  treatment  will  be  re- 
quired to  obtain  a  given  set  of  properties.  For  instance,  if 
the  steel  is  hardened  at  832  degrees  C.  (1530  degrees  F.)  and 
drawn  at  443  degrees  C.  (830  degrees  F.),  we  will  obtain  a 
tensile  strength  of  204,000  pounds  per  square  inch,  yield  point 
of  179,000  pounds  per  square  inch,  elongation  of  6.5  per  cent, 
and  reduction  of  area  of  40  per  cent.  If,  on  the  other  band, 
we  want  to  use  this  steel  for  an  application  where  we  must 
have  a  reduction  of  area  of  at  least  15  per  cent  and  want  to 
know  what  the  other  properties  would  be  and  what  heat- 
treatment  to  give  the  steel,  we  look  on  the  chart  and  note 
the  point  where  the  reduction  of  area  curve  rises  to  15  per 
cent  and  see  that  this  point  is  directly  over  a  drawing  tem- 
perature of  254  degrees  C.  (490  degrees  F.),  that  the  tensile 
strength  would  therefore  be  270,000  pounds  per  square  inch, 
the  yield  point  235,000  pounds  per  square  inch,  and  elongation 
3  per  cent. 

If  we  should  want  to  treat  this  steel  so  it  would  have  a 
Shore  hardness  of  71  and  a  reduction  of  area  of  40  per  cent, 
we  will  find  that  drawing  at  238  degrees  C.  (460  degrees  F.) 
would  give  the  hardness  desired,  but  the  reduction  of  area 
would  be  only  12  per  cent.  In  consequence,  the  steel  would 
not  answer  the  purpose  desired.  This  leads  to  the  important 
consideration  that  it  is  often  impossible  to  fulfill  every  re- 
quirement desired  in  a  steel,  and  we  must  therefore  com- 
promise and  get  the  nearest  combination  of  properties  which 
will  answer  our  purpose.  This  is  due  to  the  fact  that  hard- 
ness and  strength  are  obtained  at  the  expense  of  elongation 
and  reduction  of  area.  The  chart  shows  this  very  clearly,  and 
in  a  manner  which  can  be  easily  memorized,  as  the'  tensile 
strength,  yield  point,  and  Shore  and  Brinell  hardness  curves 
all  slope  downward  from  left  to  right  (except  beyond  the 
1360-degree  F.  mark),  while  the  reduction  of  area  curve  and 
elongation  curve  slope  upward. 

The  question  might  arise  in  regard  to  charts  of  this  nature, 
as  to  why  the  hardening  temperature  is  not  varied  like  the 
drawing  temperature.  The  main  reason  for  this  is  that  every 
steel  has  but  one  correct  hardening  temperature,  while  it  has 
any  number  of  drawing  temperatures,  according  to  the  appli- 
cation. It  must  be  borne  in  mind  that  the  chart  gives  the 
results  for  the  particular  steel  chosen,  and  that  it  would  not 
give  accurate  results  for  any  steel.  It  does,  however,  show  the 
general  trend  in  the  properties  of  all  the  ordinary  steels  after 
hardening  and  drawing.  In  lower  carbon  steel  the  hardness 
and  strength  would  be  lower  and  the  ductility  greater;  and 
in  still  higher  carbon  steels  the  opposite  would  be  the  case. 


At  the  autumn  meeting  of  the  British  Iron  and  Steel  Insti- 
tute, Sir  Robert  Hadfield  advocated  the  admission  of  women 
as  associate  members  on  the  ground  that  women  were  now 
filling  a  most  important  part  in  the  industrial  life  of  the 
nation. 
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ERECTING    AND    STARTING    A    NEW 
ENGINE    LATHE 

Through  a  desire  to  get  a  lathe  or  other  machine  tool  work- 
ing at  the  earliest  possible  moment,  many  points  in  the  erect- 
ing and  starting  of  the  machine  are  frequently  neglected  or 
overlooked  entirely.  Yet  it  is  the  care  with  which  this  pre- 
liminary work  is  done  that  determines  whether  or  not  a 
machine  will  do  satisfactory  work.  The  first  essential  in  all 
cases  is  a  good  foundation;  unless  this  is  provided,  accuracy 
and  smoothness  of  finished  work  cannot  be  obtained.  This 
foundation  should  be  thoroughly  laid  before  the  lathe  is 
placed  in  position.  The  lathe  should  not  be  bolted  to  the  floor 
nor  should  any  grouting  be  run  over  the  feet  when  the  tool  is 
being  leveled.  The  holes  in  the  legs  are  for  the  lag  screws 
that  secure  the  lathe  to  the  skids  when  it  is  crated  for  ship- 
ment. Before  a  lathe  is  used,  it  should  be  carefully  cleaned 
and  leveled.  Every  particle  of  grit  and  dirt  must  be  removed 
from  all  bearing  surfaces  and  from  all  oil  holes;  should  any 
remain  in  the  latter,  it  may  be  carried  into  a  journal  by  the 
oil.  The  following  information  is  given  in  a  bulletin  issued 
by  the  Lodge  &  Shipley  Machine  Tool  Co.: 

The  slush  compound  that  protects  the  finished  surfaces  of  a 
lathe  may  be  removed  with  benzine.  The  sliding  tumbler  gear 
under  the  headstock  and  the  slip  gear  on  the  lead-screw 
should  work  easily.  To  clean  and  oil  the  dovetail  surface  of 
the  bridge,  the  cross-slide  guard  or  extension  of  the  lower 
compound  rest  slide  should  be  removed.  This  may  be  done 
by  running  the  slide  to  the  center  of  the  carriage  and  then 
lifting  off  the  guard.  After  the  surface  of  the  bridge  is 
cleaned  and  oiled  the  guard  should  be  replaced. 

Unless  a  lathe  is  accurately  leveled,  it  cannot  do  accurate 
work.  No  matter  how  stiff  a  bed  may  be  it  is  not  strong 
enough  to  prevent  springing  out  of  line  when  set  on  an  uneven 
base.  The  level  used  for  this  purpose  must  be  very  sensitive 
and  accurate;  an  ordinary  carpenters'  level  will  not  do.  After 
a  lathe  has  been  placed  in  position  on  its  foundation,  it  should 
be  leveled  lengthwise;  to  do  this,  the  level  should  be  laid  on 
the  flat  track  lengthwise  with  the  bed;  that  is,  parallel  with 
the  track.  When  the  lathe  has  been  leveled  in  this  direction, 
the  carriage  should  be  run  close  up  to  the  headstock,  the  level 
placed  upon  a  straightedge  that  rests  on  the  front  and  rear 
arms  of  the  carriage,  and  the  bed  carefully  leveled  by  the 
head-end  leg.  The  carriage  should  then  be  moved  along  and 
the  bed  leveled  by  each  leg  as  the  carriage  rests  over  it.  The 
position  of  the  level  across  the  wing  should  not  be  disturbed, 
and  in  the  preliminary  leveling  the  middle  legs  should  be  a 
trifle  low  rather  than  a  little  too  high.  As  soon  as  the  whole 
bed  has  been  leveled,  the  carriage  should  be  returned  to  the 
head-end  and  the  operation  repeated,  to  make  sure  that  there 
is  no  wind. 

A  lathe  that  is  not  properly  leveled  will  neither  bore 
straight,  face  straight,  nor  turn  straight;  besides,  it  may 
chatter.  Chattering  may  also  be  caused  by  the  cutting  edge 
of  the  tool  being  below  the  center  of  the  work,  by  dirt  getting 
between  one  of  the  centers  and  its  bushing,  and  by  the  failure 
to  clamp  the  tool  securely  in  the  toolpost.  It  is  sometimes 
caused  by  end  play  in  the  spindle;  this  may  be  corrected  by 
adjusting  the  collar  and  nut  on  the  rear  end  of  the  spindle. 
When  it  is  due  to  the  loose  fit  of  the  cross-slide  on  the  bridge 
the  gib  should  be  adjusted;  if  the  compound  rest  gib  is  loose, 
this  too  should  be  adjusted.  Chatter  also  occurs  when  all 
the  feet  are  not  solidly  supported  and  when  the  work  extends 
too  far  from  the  chuck.  In  the  latter  case  the  method  of 
chucking  should  be  changed  or  the  outer  end  should  be  run 
in  a  steadyrest.  In  the  case  of  a  slender  shaft,  chattering  may 
occur  when  there  is  too  great  a  distance  between  the  centers 
without  support;  in  this  case,  also,  a  steadyrest  should  be 
used.  The  failure  to  use  a  steadyrest  or  follow-rest  when  a 
long  piece  is  being  turned  between  centers  may  result  in  poor 
work,  as  the  piece  is  likely  to  spring  away  from  the  tool.  An 
inaccurately  fitted  chuck  plate  will  cause  chattering.  It  is  also 
produced  by  running  at  too  high  a  speed  for  the  class  of  work; 
by  throwing  the  machine  out  of  balance  by  the  addition  of 
special   chucking   fixtures;    by   the   failure  to  bolt   the  chuck 


tightly  against  the  chuck  plate;  and  by  work  of  an  irregular 
shape  or  weight.  If  a  tool-holder  is  used,  the  set-screw  hold- 
ing the  inserted  cutter  should  be  tight. 

When  a  lathe  has  been  cleaned  and  set  up,  all  the  bearings 
should  be  flooded  with  oil.  Only  the  best  mineral  oil  should 
be  used;  animal  oil  has  a  tendency  to  clog  the  oil  tubes  in 
cold  weather.  The  oil  should  be  rich  enough  to  lubricate  the 
bearings,  and  should  have  sufficient  body  to  last  a  reasonable 
length  of  time  and  withstand  a  cold  test  of  20  degrees.  While 
there  should  be  ample  lubrication  at  all  times,  the  bearings 
should  be  flooded  with  oil  during  the  first  few  weeks  of 
operation. 

Should  a  lathe  cut  a  drunken  thread,  the  nut  on  the  tail- 
stock  end  of  the  lead-screw  should  be  tightened,  if  loose.  It 
should  not  be  made  too  tight,  however,  or  it  will  be  difficult 
to  get  the  sliding  tumbler  knob  into  the  holes  when  the  lathe 
is  running.  The  lead-screw  of  a  Lodge  &  Shipley  lathe  is 
always  in  tension,  whether  a  right-  or  left-hand  thread  is 
being  chased,  because  the  pull  is  against  the  outer  ends  of 
the  bearing  in  either  case.     Should  it  be  necessary  to  remove 


A,  Improperly  Ground  Tool;  B,   Good  Form  of  Necking  Tool 

any  of  the  gears  from  the  reverse  plate,  care  must  be  taken, 
when  they  are  being  replaced,  to  locate  them  properly  by 
dowel-pins. 

The  cutting  edge  of  a  turning  tool  should  be  nearly  straight, 
because  the  tool  should  work  close  to  the  shoulder  and  leave 
little  metal  for  the  necking  tool  to  remove.  Tools  ground  as 
shown  at  A  in  the  accompanying  illustration,  though  common, 
easily  crumble  and  break.  The  finishing  tool  is  of  the  same 
general  design,  but  has  a  back  slope  of  8  degrees.  For  squaring 
and  necking,  an  ordinary  slender  cutting-off  tool  is  frequently 
used.    The  tool  shown  at  B,  however,  is  much  superior. 

When  turning  dry,  the  rake  of  a  tool  should  not  be  as  great 
as  when  a  lubricant  is  used,  because  the  cutting  edge  will 
then  be  too  thin  to  carry  away  the  heat.  Tools  for  cast  iron 
should  be  nearly  flat  on  top.  As  a  rule,  with  this  metal,  the 
coarser  the  feed  the  less  is  the  chatter  and  the  longer  the 
tool  will  last.  Tools  for  brass  should  be  flat  on  top,  or  pre- 
ferably should  have  a  negative  rake.  For  copper,  bronze  and 
aluminum  the  tools  should  be  ground  like  those  used  for 
cutting  steel. 

When  making  cutting  tools,  the  instructions  for  heat-treating 
any  particular  brand  of  steel  should  be  carefully  followed. 
In  many  up-to-date  shops  tools  for  cast  iron,  very  hard  iron, 
steel,  cast  steel,  etc.,  are  treated  differently,  although  they 
may  be  of  the  same  stock.  Generally  a  tool  will  work  better 
and  stand  up  longer  if  it  is  ground  down  at  least  1/32  inch 
after  hardening.  When  grinding,  a  tool  should  not  be  pressed 
hard  against  the  wheel. 

As  a  rule,  shafts  should  be  rough-turned  to  within  0.015  or 
0.02  inch  above  the  finished  size,  rather  than  within  0.01  inch 
or  less.  The  lathe  operator  can  then  use  a  coarse  feed; 
besides,  the  greater  range  in  size  thus  obtained  eliminates  the 
possibility  of  the  grinding  wheel  failing  to  take  out  the  tool 
marks.  The  coarser  feed  also  makes  the  operation  easier  for 
the  grinder,  as  the  coarser  the  feed  the  easier  it  is  on  the 
wheel.  In  the  case  of  shafts  of  small  diameter,  which  are 
likely  to  spring  when  being  roughed  in  the  lathe,  sufficient 
metal  should  be  left  to  insure  that  the  grinding  wheel  will 
true  them  up. 
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THREATENED   DEARTH   OF   SKILLED 
WORKMEN 

Acitording  to  the  New  York  Times,  the  greatest  menace  to 
Ameriuau  prosperity  at  the  close  of  the  war  is  not  the  possi- 
bility of  the  country  being  flooded  with  cheap  foreign  mer- 
chandise, but  the  great  dearth  of  skilled  and  semi-skilled  work- 
men that  will  exist.  It  said  tliat  makers  of  high-priced  wares 
of  the  luxury  class  and  other  things  that  require  considerable 
artistic  or  mechanical  ability  to  produce  are  going  to  be  hard 
put  for  several  years,  after  peace  is  declared,  to  fill  the  benches 
when  the  present  employes  are  gone.  Most  of  the  skilled 
labor  in  what  might  be  called  the  arts'  trades  has  for 
years  come  from  Europe.  But  owing  to  the  great  burden  of 
debt  and  taxation  that  Will  be  placed  on  the  people  of  the 
belligerent  countries,  an  embargo  will  probably  be  placed  on 
emigration,  especially  from  those  countries  that  have  supplied 
the  bulk  of  the  workers  for  the  artistic  trades.  As  a  result, 
the  workers  will  be  in  a  position  to  demand  almost  anything 
they  want  in  the  form  of  wages,  hours  of  employment,  etc. 
Precious  metal  workers  cannot  be  made  from  anybody,  and 
the  supply  of  apprentices  in  this  and  other  trades,  both  artistic 
and  utilitarian,  is  lower  than  it  has  been  for  many  years. 
In  one  of  the  best  conducted  jewelry  shops,  where  the  work- 
ing conditions  are  ideal  and  the  hours  and  pay  are  all  that 
can  be  desired,  there  is  not  a  single  apprentice.  The  condi- 
tions are  the  same  in  the  silk  dyeing  industry.  This  is  work 
that  requires  considerable  skill,  for  the  dyer  may  do  con- 
siderable monetary  damage  quickly  if  he  is  incapable  or  does 
his  work  in  a  slipshod  way.  Yet  the  younger  men  and  boys 
seem  to  be  avoiding  the  dye  houses  because  they  do  not  like 
the  vapors,  the  odors,  and  the  sloppiness  of  the  work.  Most 
of  these  workers  are  of  foreign  origin,  possibly  one  or  two 
generations  removed,  and  many  of  them  come  from  the  coun- 
tries that  are  most  likely  to  restrict  emigration  after  the  war. 

This  dearth  of  men  will  also  be  felt  in  lines  that  do  not 
require  so  high  a  degree  of  training  and  skill.  It  is  no  secret 
that  England  has  offered  all  sort  of  inducements  to  American 
mechanics  to  go  there  and  help  in  the  manufacture  of  muni- 
tions. If  American  skill  is  needed  in  destroying  much  of 
Europe,  it  will  be  much  more  needed  in  restoring  that  which 
has  been  destroyed,  and  it  is  practically  certain  that  the 
stricken  nations  will  have  to  draw  on  the  labor  resources  of 
other  countries.  Those  who  will  go  will  be  the  unmarried 
men,  the  future  labor  strength  of  this  country,  and  if  they 
go,  no  one  knows  how  many  will  come  back  or  when. 

Many  reasons  have  been  given  for  this  dearth  of  skilled 
workmen.  Most  of  them  are  based  on  the  desire  of  the  parents 
to  have  their  children  obtain  more  comfortable  positions  than 
they  have  filled  or  a  disinclination  of  the  children  to  follow 
the  trade  of  their  fathers.  But  the  present  lack  of  young 
workers  and  learners  in  many  lines  is  partly  due  to  the  re- 
strictions and  rules  imposed  by  the  labor  unions.  Almost 
invariably  the  rules  and  regulations  of  the  union  specify  the 
number  of  beginners  or  apprentices  that  may  be  employed 
in  any  given  case,  but  wherever  possible  the  number  actually 
working  is  kept  below  the  specifications.  As  an  illustration 
of  the  manner  in  which  the  unions  discourage  the  learning  of 
the  trades,  there  might  be  cited  the  case  of  the  proprietor  of 
a  garment  manufacturing  house  who  wanted  to  teach  his 
nephew  the  business  from  the  bottom  up  so  that  the  young 
man  could  take  his  place  as  soon  as  possible  as  an  executive 
with  a  full  understanding  of  the  work  that  was  being  done 
in  the  place.  He  started  his  nephew  at  the  most  unskilled 
task  of  all,  but  soon  afterward,  deciding  that  he  had  learned 
all  that  was  necessary  of  that  work,  moved  him  a  step  higher. 
The  business  agent  of  the  union,  however,  held  that  the  work- 
ing agreement  with  the  organization  was  being  violated.  He 
insisted  that  the  other  workers  on  the  union  list  ahead  of 
the  nephew  should  be  placed  in  the  position  first,  and  that  if 
this  were  not  done  a  strike  would  be  called  in  the  shop.  This 
left  the  manufacturer  just  three  things  to  do:  he  could  take 
his  nephew  into  the  firm  "green"  and  let  him  learn  the  busi- 
ness from  the  top  down;  he  could  let  him  learn  it  in  his  turn, 
in  conformation  with  the  union's  rules,  which  might  require 
years;  or  he  could  discharge  him. 


PRIMITIVE   TOOLS 

BY  OUV   H.   GARDNER' 

Some  time  ago  there  was  found,  among  bone  needles,  flint 
axes  and  other  relics  of  the  long-forgotten  races  who  inhabited 
Europe  in  prehistoric  times,  the  object  shown  in  Fig.  1.  It 
is  a  stone  6  or  8  inches  long  by  IVz  inch  thick,  having  rounded 
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Fig.  1.    Balance  Wheel  for 
Prehistoric  Pump  Drill 


Fiff.   2.     Wooden  Clamp  for  setting  Gems 
In  Eings 


edges  and  a  hole,  about  14  inch  in  diameter,  exactly  through 
its  center  of  gravity.  It's  use  no  one  had  been  able  to  guess 
until  a  visitor  to  a  jeweler's  shop  in  the  United  States,  idly 
turning  over  the  leaves  of  a  tool-dealer's  catalogue,  saw  an 
illustration  of  the  pump  drill  shown  in  Fig.  3.  At  once  a 
possible  solution  of  the  puzzle  came  to  him:  it  was  a  balance 
wheel  for  a  prehistoric 
pump  drill. 

The  writer  cannot 
vouch  for  the  accuracy 
of  this  conclusion,  but 
it  is  easy  to  believe  that 
the  pump  drill  is  very 
old.  However,  it  was 
probably  invented  later 
than  the  fiddlebow, 
which  was  simply  a 
cord  wrapped  about  the 
drill  shank  and  secured 
at  its  ends  to  a  bent 
stick  or  the  rib  of  an 
animal.  The  mechanics 
with  whom  these  con- 
trivances originated 
had,  of  course,  no  steel 
tools,  but  are  supposed 

^      ,  ,  ,    .,,  Fig.    3.     Jewelers'    Pump    Drill 

to  have  used  as  a  drill  a 

stick  charged  with  sharp  sand,  the  precursor  of  the  modern 
lap.  Though  it  may  seem  strange  to  many  persons  familiar 
with  the  tools  and  methods  of  modern  shops,  both  of  these 
drilling  machines  devised  in  the  Stone  Age  are  in  use  today. 
A  toolmaker,  desiring  to  have  a  ring  made,  took  a  pearl 
and  a  number  of  gold  coins  to  an  old  jeweler  of  high  local 
repute  and  sat  down  to  watch  the  process  of  manufacture. 
The  casting  presented  no  features  of  special  interest,  being 
done  in  an  iron  flask  in  which  the  mold  had  been  made  by 
using  a  brass  pattern;  but  the  method  of  making  a  seat  for 
the  pearl  was  a  surprise.  The  ring  was  grasped  in  a  clamp. 
Fig.  2,  that  was  evidently  a  lineal  descendant  of  the  split 
stick  used  by  our  arboreal  ancestors  who  felt  the  need  of  a 
hand  vise.     The  fiddlebow  arrangement  shown  in  Fig.  4  was 
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Fig.   4.     Drilling  Head  operated  by  a  Bow  String 
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then  put  into  the  bench  vise,  the  clamp  held  In  the  hand,  and 
a  hole  made  in  the  place  where  the  pearl  was  to  be.  This  hole 
was  to  guide  the  pearl  drill,  which  might  be  called  a  two-lipped 
flat  counterbore  with  a  pilot  teat.  The  fiddlebow  drill  was 
then  taken  from  the  vise  and  the  clamp  placed  in  it,  after 
which  the  pearl  drill,  operated  by  the  pump  drill  shown  in 
Fig.  3,  completed  the  seat.  The  subsequent  operations  on  the 
ring  were  performed  by  methods  quite  similar  to  those  any- 
one might  use  if  called  on  to  do  the  same  work,  though  wholly 
unlike  those  of  the  manufacturing  jeweler. 

As  the  man  had  a  fine  lathe,  the  toolmaker  asked  why  he 
used  the  primitive  tools.  The  jeweler  said  that  they  gave  him 
the  "feel"  of  the  cut,  and  enabled  him  to  control  the  direc- 
tion and  the  pressure  more  accurately  than  if  he  used  the 
lathe.  Whatever  our  ideas  on  this  subject  may  be,  the  opinions 
of  so  excellent  a  mechanic  as  this  man's  work  showed  him  to 
be  must  be  respected.  Besides,  the  fact  that  the  tools  are 
carried  in  stock  by  dealers  and  sold  in  considerable  numbers 
indicates  that  he  is  not  alone  in  the  conviction  of  their  su- 
periority for  certain  classes  of  work. 

Another  tool  of  ancient  origin,  though  much  more  modern 
than  the  drills  and  clamp  just  shown,  is  the  lathe  illustrated 
in  Pig.  5.  This  lathe  was  in  daily  use  in  1900,  when  a  sales- 
man for  a  firm  of  lathe  manufacturers  visited  a  European 
shop  that  was  fairly  well  supplied  with  up-to-date  tools  and 
machines,  but  which  had  in  one  room  twenty  or  thirty  of  these 
venerable  relics.  The  superintendent  explained  that  the 
fathers  and  grandfathers  of  the  men  had  used  such  lathes, 
and  it  would  be  considered  almost  an  act  of  sacrilege  to  dis- 
place them — a  spirit  of  reverence  for  age  which  it  would  be 
hard  to  duplicate  on  this  side  of  the  Atlantic.  The  chuck  used 
in  these  lathes,  at  least  in  some  cases,  is  a  block  of  wood 
having  a  cavity  bored  to  hold  the  work,  and  made  to  grip 
it  by  moistening  the  wood.  This  device,  by  the  way,  is  some- 
times used  by  watchmakers  when  turning  a  bezel  (the  ring 
that  holds  the  crystal)  which  they  are  afraid  will  be  squeezed 
out  of  round  by  the  jaws  of  the  regular  chuck. 

As  shown,  this  lathe  is  operated  by  pressing  a  pedal  A  that 
Is  connected,  by  a  belt,  to  the  small  end  of  the  cone  pulley  B. 


Fig.    5.     Spring-pole   Lathe 


Fig.    6.     Watchmakers'    Lathe 

The  other  end  of  this  pulley  is  connected,  by  a  belt,  to  a 
spring  C  fastened  to  the  joists  overhead.  When  the  pedal  is 
in  the  position  shown,  its  belt  is  wrapped  around  the  pulley 
several  turns.  So,  as  the  pedal  is  pressed  down,  the  belt  is 
unwound  and  the  pulley  is  made  to  rotate.  This  rotation 
winds  up  the  belt  connected  with  the  spring.  As  this  puts 
the  spring  under  tension,  as  soon  as  the  pressure  of  the  foot  is 
removed,  the  pulley  is  revolved  in  the  opposite  direction  and 
winds  up  the  belt  attached  to  the  pedal.  Sometimes  this 
spring  is  made  of  wood  and  a  stirrup  is  used  instead  of 
the  pedal. 

Fig.  6  shows  another  machine  which  is  strange  to  the  Ameri- 
can, but  which  is  used  by  thousands  of  the  finest  workmen 
in  the  world.  As  shown,  this  watchmaker's  lathe  is  fastened 
to  the  work-bench  and  run  by  a  countershaft  below.  The 
operator  turns  this  shaft  with  his  right  hand  and  guides  the 
hand-tool  or  slide-rest  with  his  left.  Though  clumsy  in  ap- 
pearance and  slow  in  operation,  no  better  work  is  done  any- 
where than  is  turned  out  by  the  men  who,  after  seven  years' 
apprenticeship,  earn  their  daily  bread  by  "grinding"  the 
hand  crank. 

*     •     * 

LUBRICATION  OF  POPPET  VALVE  SUPER- 
HEATED  STEAM  ENGINE 

Some  interesting  data  on  lubrication  of  superheated  steam 
engines  have  been  furnished  in  terms  of  area  swept  by  piston 
rings,  and  amount  and  cost  of  lubricating  oil.  The  Thos.  S. 
Watson  Co.,  Milwaukee,  Wis.,  reported  that  the  cost  of  cylinder 
lubrication  for  a  20-  by  32-inch  Nordberg  poppet  valve  engine 
at  the  plant  of  the  Rockwell  Mfg. '  Co.  in  Milwaukee  is  ex- 
tremely low.  The  test  covered  a  running  time  of  224.5  hours, 
during  which  period  two  gallons  of  cylinder  oil,  costing  fifty- 
five  cents  a  gallon,  was  used.  The  area  of  cylinder  surface 
swept  by  piston  rings  per  revolution  is  27.92  square  feet.  The 
engine  runs  150  revolutions  per  minute,  and  the  surface  swept 
over  by  the  rings  In  an  hour  is  251,280  square  feet;  for  the 
period  of  the  test  the  area  was  56,412,360  square  feet,  and 
28,205,180  square  feet  per  gallon  of  lubricating  oil.  The  steam 
pressure  was  150  pounds  gage,  superheated  120  degrees  F.,  the 
average  temperature  being  480  degrees  F. 
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MANUFACTURING  PARTS  OF  TYPE  80  TIME  FUSES' 


MACHINING  OPERATIONS  ON   TOP   AND   BOTTOM  RINGS-DESIGN    OF  SPECIAL  MACHINERY   AND   TOOLS 

BY   DONALD  BAKER- 


Fig.    1.     Type  80  Time  Fuse  for  which  Upper  and  Lower  Bisgs  A  and  B 
are  to  be  made 

CONTRACTS  for  making  many  millions  of  types  of  time 
fuses,  which  have  been  placed  in  this  country  during  the 
past  two  years,  have  led  American  manufacturers  and 
mechanics  to  study  the  methods  and  machinery  employed  in 
this  industry.  There  are  many  features  of  this  work  which 
are  not  encountered  in  other  lines  of  manufacturing,  and  the 
difficulties  experienced  led  many  firms  who  took  contracts  to 
turn  the  work  over  to  others  who  were  better  equipped  or 
more  successful  in  securing  the  desired  results.  It  is  the  pur- 
pose of  the  present  article  to  describe  the  manufacture  of  two 
parts  of  the  Type  80  fuse,  a  cross-sectional  view  of  which  is 
shown  in  Fig.  1.  The  parts  under  consideration  are  the  top 
ring  A  and  the  bottom  ring  B,  which  are  shown  in  position  in 
Fig.  1  and  in  detail  in  Figs.  2  and  3,  respectively.  These  are 
the  parts  with  which  American  fuse  manufacturers  have  ex- 
perienced the  most  difficulty.  In  the  factory  where  the  writer 
is  employed  these  rings  are  formed  under  a  punch  press,  the 
center  hole  is  reamed,  and  one  side  faced,  after  which  the 
work  is  placed  on  an  expanding  draw-in  chuck  to  provide  for 
turning  the  outside  taper  and  cutting  the  groove  in  the  face. 
After  these  operations,  the  work  is  sent  to  the  shop  in  which 
all  subsequent  machining  operations  are  performed. 


'  For  other  articles  on  fuse  manufacture  and  aUied  subjects  published  in 
Machineey,  see  "Under-cutting  Machine  with  Finger  Guard,"  June,  1916; 
"Machine  for  Cutting  Powder  Train  Grooves,"  May,  1916;  "Making  Cartridge 
Cases  on  Bulldozers  and  Planers."  January,  1916;  "High-explosive  Shell  Manu- 
facture," December,  1915;  "Metals  Used  in  the  Manufacture  of  War  Muni- 
tions," November,  1915;  "The  Heat-treatment  and  Testing  of  Shrapnel  Shells." 
September,  1915;  "Shrapnel  and  Shrapnel  Manuf.icture,"  April,  1915;  and  "Ma- 
chining Shrapnel  Shells."  March,  1915. 

^Address:  Williams  Mfg.  Co.,   Ltd.,  Montreal,   Canada. 


Operation  1 :  Drill- 
ing Escape  Hole. — The 
first  machining  opera- 
tion consists  of  drill- 
ing the  escape  hole  A, 
Fig.  3;  and  the  accu- 
racy obtained  is  a  mat- 
ter of  particular  im- 
portance, because  the 
work  is  located  from 
this  hole  for  most  of 
the  following  opera- 
tions. The  work  is 
held  in  an  ordinary  latch  jig  similar  to  the  one  shown  in 
Fig.  11,  except  that  no  locating  pin  is  required. 

Operation  2:  Rough-milling  Powder  Train  Groove. — It  is  the 
usual  practice  to  mill  the  powder  train  groove  B,  Fig.  3,  by 
one  continuous  cut,  using  a  cutter  of  the  end-mill  type;  but 
we  found  that  the  use  of  a  circular  cutter  of  the  form  shown 
in  Fig.  4  made  it  possible  to  take  a  heavier  cut  at  higher  speed. 
About  0.005  inch  is  left  on  a  side  for  finishing,  and  one  rough- 
ing and  one  finishing  machine  have  about  four  times  the  ca- 
pacity of  a  single  machine  in  which  it  is  attempted  to  finish 


Fig.  4,    Cutter  for  milling  Powder  Train 
Groove   (Worn  by  Use) 


Fig.  5.     Front  View  of  Machine  for  roughing  out  Powder  Train  Groove 


Fig.  2.     Top  Ring 


Fig.  3.     Bottom  Ring 


Figs.  2  and  3.     Detail  Views  of  Top  and  Bottom  Rings  shov 


the  groove  by  taking  one  cut  with  an  end-mill.  Figs.  5  and  6 
show  the  machine  used  for  this  purpose,  and  Figs.  7  and  8 
illustrate  details  of  the  design. 

Referring  first  to  Figs.  5  and  6,  it  will  be  noticed  that  the 
roughing  machines  are  reconstructed  bench  lathes,  having  the 
usual  bed  and  head  but  equipped  with  a  special  driving  and 
feed    mechanism,    chuck    and    cutter-head,    the    latter    being 
mounted  on  an  adjustable  slide.    The  feed  mechanism  is  shown 
in  detail  in  Fig.  7,  and  consists  of  spindle  A,  on  the  right- 
hand  end  of  which  there  is  a  collar  having  two  projecting  pins 
which  engage  holes  in  a  similar  collar  on  the  lathe  spindle. 
This    arrangement    permits    of    the 
ready    removal    of    the    lathe    head 
when  it  is  in  need  of  repair,  with- 
out the  necessity  of  disturbing  the 
feeding  mechanism.    At  B  is  shown 
a  worm-gear  which   is  a  free  run- 
ning fit  on  the  spindle,  while  at  C 
there    is    a    worm    that    is    driven 
through  a  train  of  gears  as   illus- 
trated in  the  lower  left-hand  corner 
of  the  illustration.     Collar  D  has  a 
number  of  holes  drilled  and  reamed 
through  it,  which  are  tapped  at  one 
end  to  take  the  screws  E,  springs  F 
and  rawhide  or  fiber  plugs  O.    This 

in   Position  In   Time  Fuse   in  Fig.    1  COUaf    is     pinned     OUtO     the     Spindle 
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Fig.    6.     End  Viev 


of  Machine   shown  in  Fig.   5  for  roughing  out  Powder 
Train  Groove 


and  plungers  G  act  as  a  friction  on  the  side  of  the  worm-gear; 
springs  F  are  so  adjusted  as  to  give  just  the  right  amount  of 
friction  for  driving  the  work  against  the  cut,  but  not  enough 
to  strain  the  machine  when  index  lever  H  drops  into  the  slot 
in  index  plate  J  and  brings  the  feed  to  an  instant  stop  before 
the  belt  shifter  has  a  chance  to  throw  off  the  power  entirely 
from  worm  C.  The  countershafts  are  of  the  usual  bench  lathe 
type  which  have  shifters  arranged  to  be  worked  by  a  wire  lead- 
ing down  to  a  foot-treadle.     Here,  however,  the  wire  is  led 


Arrangement  of  Friction  Feed  Mechanisn 
Roughing  Machine 


on  Powder  Train  Groove 


down  and  up  again  over  pulleys  to  sheave  E,  from  which  pin  L 
projects  and  is  held  in  contact  with  lever  H  so  that  motion 
of  the  lever  back  and  forth  rotates  the  sheave  and  shifts  the 
belt  accordingly.  A  better  idea  of  the  index  plates  will  be 
given  from  the  view  shown  at  the  right  of  the  illustration, 
where  the  slots  are  shown  which  control  the  starting  and  stop- 
ping positions  for  regulating  the  length  of  the  powder  train 
groove. 


Chuck  for  Rougrhing  Machine 
The  type  of  chuck  which  is  used  to  hold  the  rings  on  the 
roughing  machines  Is  shown  in  Fig.  8.  This  consists  of  a 
body  A,  outer  sleeve  B,  locating  nose  of  hardened  steel,  two 
jaws  C,  two  slides  D,  coil  springs  E,  shank  F  and  handle  G. 
The  chuck  as  shown  is  closed;  to  open  it  handle  G  is  thrown 
back  in  the  direction  indicated  by  the  arrow,  which  rotates 
sleeve  B  that  is  threaded  on  the  inside  at  one  end  and  has 
two  cam  slots  H  cut  in  the  other  end.  Rotating  sleeve'  B 
causes  chuck  jaws  G  to  be  forced  out,  as  their  inner  ends  are 
threaded  and  engage  with  the  threads  on  the  sleeve.  When 
the  sleeve  has  been  rotated  far  enough,  the  jaws  are  forced 


Fig.  8.  Chuck  in  which  Rings 


held  while  roughing  Powder  Train  Groove 


back  into  cam  slots  H  by  the  slides  D,  which  are  actuated  by 
coil  springs  E  acting  against  pins  K  that  are  riveted  fast  to 
the  slides.  Reversing  the  motion  of  handle  G,  first  forces  in 
the  jaws  and  then  draws  them  down  onto  the  work,  thus  hold- 
ing it  securely  for  taking  a  heavy  cut. 

Operation  of  Rougrhing  Machine 
Fig.  6  shows  an  end  view  of  one  of  the  roughing  machines 
in  which  a  ring  has  just  been  placed  and  properly  located  by 


Fig.  9. 


Leland-Oifford  Bunch  Drilling  Machine  with  Special  Equipment  for 
finishing  Powder  Train  Groove 
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the  sliding  pin  which  will  be 
.seen  mounted  on  the  top  edge 
of  the  chuck.  The  jaws  of 
the  chuck  are  ready  to  be 
closed  over  the  work  by  pull- 
ing the  handle  O  forward.  Re- 
ferring to  Fig.  5,  the  cutter  is 
fed  up  and  into  the  work  by 
manipulating  the  hand-lever 
shown  directly  under  the 
cutter-head;  and  when  the 
cutter  is  in  position,  it  is 
locked  by  means  of  a  latch 
which  can  be  seen  hanging 
down  from  the  left-hand  end 
of  the  cutter-head  slide,  this 
latch  being  swung  over  the 
body  of  a  shoulder  screw  in 
the  end  of  the  slide.  Next, 
the  feed  is  started  by  pulling 
out  lever  H,  Fig.  7,  which  re- 
leases the  index  and  at  the 
same  time  throws  on  the  belt. 
When  the  cut  is  finished,  the 
end  of  this  lever  is  automati- 
cally forced  back  into  an  index  slot,  thus  stopping  the  machine 
at  the  right  position.  Then  the  finished  ring  is  removed  and 
the  operations  are  repeated.  The  capacity  of  these  roughing  ma- 
chines is  between  1200  and  1400  rings  in  a  ten-hour  work- 
ing day. 

Operation  3:  Finishing  Groove. — From  the  roughing  ma- 
chines the  rings  go  to  the  finishing  machines,  one  of  which  is 
shown  in  Fig.  9.  These  are  Leland-Gifford  high-speed  drilling 
machines  equipped  with  special  spindles  to  allow  of  taking 
heavy  continuous  cuts  with  the  minimum  of  vibration.  They 
are  also  furnished  with  special  tables  having  a  cross-feed  simi- 
lar to  a  milling  macKine;  and  on  top  of  the  table  a  circular 
milling  attachment  is  mounted.     The  work  is  placed  on  top 


Fig.   10.     Work-holdingr  Mechanism  used  oa  Machine  shown  in  Fig.   8 


of  the  circular  table,  being 
positioned  by  a  hardened  stud 
which  fits  the  center  hole  in 
the  ring  and  also  by  a  sliding 
pin  which  enters  the  escape 
hole.  This  pin  has  a  vertical 
movement  to  allow  for  varia- 
tion in  the  height  of  the 
escape  hole,  but  no  allow- 
ance is  made  for  side  play. 
To  hold  the  work  down  on 
the  table,  'the  mechanism 
shown  in  Fig.  10  is  used. 
Spindle  A  revolves  with  the 
tal)le,  and  has  a  nose  B  over 
which  the  work  is  placed  and 
held  by  washer  G  fitted  over 
the  T-head  bolt  D;  washer  G 
is  given  a  quarter  turn,  so 
that  when  the  tension  is  re- 
leased from  spring  E  by  re- 
moving the  foot  from  a  treadle 
which  actuates  the  compound 
levers  /•'  and  G  through  rod  H, 
this   tension   will   be  brought 


to  bear  on  the  washer.  Brackets  /  and  J  are  fastened  under- 
neath the  work-benches,  and  through  them  pass  the  levers  and 
their  fulcrum  pins,  while  ^  is  a  long  nut  for  adjusting  the 
tension  of  spring  E.  '  After  the  work  is  in  place  the  cutter  is 
brought  down  to  the  proper  depth  by  operating  another  foot- 
treadle,  the  depth  being  determined  by  means  of  a  stop  which 
is  plainly  shown  at  the  top  of  the  spindle  head;  the  work  is 
clamped  in  position  by  the  knurled  nut  shown  at  the  left  of 
the  spindle  arm,  which  is  split  for  the  purpose.  The  stops 
which  control  the  starting  and  stopping  positions  will  be  seen 
on  the  edge  of  the  circular  table,  and  they  are  adjustable  by 
means  of  bolts  which  are  held  in  a  T-slot  passing  around 
the  table.     One  of  these  stops   is  shown  in  Fig.  9,  while  at 


Fig.   11.     Machine   and  Latch  Jig  used  for  drilling   Setting  Pin  Hole 


Fig.   12.     Machine  and  V-blook  Fixture  used  for  tapping  Setting  Pin  Hole 
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Fig.    13.     Hand   Milling   Maclune    and   Straddle 
Cutters  for  slabbing   Sides   of   Setting  Fin 


the  extreme  left  is 
shown  the  lever 
that  operates  the 
draw  bolt  which 
the  stops  strike 
against.  At  the 
front  of  the  illus- 
tration, or  on  the 
right-hand  side  of 
the  machine,  is 
shown  the  hand- 
wheel  used  for  re- 
volving the  circular 
table;  and  this 
wheel  furnishes  a 
ready  means  for  ap- 
plying power  feed 
to  the  tables  by 
simply  cutting  a  groove  in  the  rim  and  passing  a  round  belt 
over  it  and  back  to  a  shaft  which  runs  along  the  whole  length 
of  the  bench  on  which  the  finishing  machines  are  mounted. 
This  gives  a  simple  and  effective  feed  mechanism,  and  the  belts 
are  arranged  to  slip  when  the  table  carrying  the  work  has  re- 
volved and  comes  to  a  stop,  continuing  to  slip  while  the  opera- 
tor is  removing  the  finished  ring  and  replacing  it  with  a 
fresh  blank. 

Cleaning  off  the  chips  which  collect  on  the  work  and  table 
is  accomplished  by  means  of  compressed  air,  the  air  hose  and 
nozzle  being  shown  lying  across  the  clutch  lever  on  the  right- 
hand  side  of  the  machine,  which  starts  and  stops  the  cutter- 
spindle.  The  lubricant  used  is  lard  oil,  some  of  the  machines 
being  furnished  with  a  pump,  while  others  are  lubricated  by 
the  operator's  dipping  a  brush  in  the  oil  and  applying  it  to 
the  rings  and  cutters.  The  capacity  of  each  machine  is  be- 
tween 1000  and  1300  finished  rings  in  a  ten-hour  day.  The 
cutters  used  for  this  work  are  of  the  end-mill  type. 

Operation  4:  Rubbing  off  Burrs. — Rubbing  off  the  burr 
thrown  up  by  the  finishing  machine  is  done  on  a  simple  ma- 
chine which  carries  an  endless  belt  of  fine  emery  cloth  over  a 


flat  plate  which 
backs  it  up  and 
makes  a  per- 
fectly flat  sur- 
face on  which 
to  lay  the 
rings.  This  op- 
eration takes 
but  a  second. 
Operation  5: 
Drilling  Set- 
ting Pin  Hole. 
■ — Drilling  the 
hole  for  setting 
pin  C,  Fig.  3, 
is  done  in  a 
latch  jig,  the 
construction  of 
which    can    be 


Fi^.   14.    Machine  and  Fixture  used  to  mark  Lighting 
Line  on  Fuse  Bings 


plainly  seen  from  Fig.  11.  The  work  is  placed  over  a  central 
stud,  and  located  by  a  sliding  pin  which  is  worked  by  a  finger- 
lever;  then  the  leaf  of  the  jig  is  closed  and  locked  by  means  of 
the  eccentric  latch  which  is  here  shown  open  and  swung  over 
to  the  right.  As  first  made,  these  jigs  were  not  permanently 
attached  to  the  drill  press  tables,  but  it  was  soon  found  that 
through  the  carelessness  of  the  operators  the  jigs  were  often 
dropped  on  the  floor  and  damaged.  To  prevent  this,  and  also 
to  increase  the  speed  of  operation,  they  were  finally  secured 
by  means  of  angle-plates  made  of  common  steel  angle  iron 
planed  on  two  sides  to  make  them  perfectly  square.  These 
angle  irons  were  bolted  to  both  the  jig  and  the  table.  Set  up 
in  this  way,  the  jigs  were  always  square  under  the  drills  and 
the  operators  were  free  to  use  both  hands  for  actual  work 
rather  than  for  handling  the  jig.  At  first,  oil  was  used  as  a 
lubricant  to  prevent  unnecessary  wear  on  the  drills  and  drill 
bushings,  as  the  drill  crowds  hard  against  the  bushing  on  ac- 
count of  the  point  striking  against  the  angular  edge  of  the 
ring.  Later,  however,  it  was  found  that  for  this  and  similar 
operations  where  the  drill  passes  through  a  bushing,  common 


Fig.    15.     Machine   for  drilling   and   counterboring   Flash    Hole 


Fig.   16.     High-speed  Machine  for  drilling  and  reaming  Connecting  Hole 
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yellow  soap  gives  much  better  results  and  leaves  the  work  and 
the  locating  points  clean,  as  the  chips  do  not  cling  to  them  as 
they  do  when  oil  is  used.  This  is  a  point  well  worth  con- 
sidering, as  it  takes  time  to  clean  away  the  chips  from  lo- 
cating points. 

Operations  6"  and  7:  Counterboring  and  Tapping  Setting  Pin 
Holes. — These  two  operations  are  performed  by  holding  the 
rings  in  a  simple  fixture  of  the  type  shown  in  Fig.  12,  which  is 
to  all  intents  and  purposes  a  simple  V-groove  and  angle-plate 
that  carries  the  work  and  slides  between  two  parallel  pieces 

and  back  against  a 
stop  which  posi- 
tions the  work  un- 
der the  counterbore 
or  tap.  The  coun- 
terboring is  done  in 
a  simple  drill  press, 
while  the  tapping 
is  done  on  the  tap- 
ping machine  shown 
in  Fig.  12. 

Operation  S  : 
Screwing  in  Set- 
ting Pin. — This  is 
done  by  hand,  start- 
ing the  pin  with 
the  fingers,  then 
catching  the  end  in 
an  ordinary  bench 
vise  and  screwing 
it  home. 

Operation  9:  Cut- 
ting Setting  Pin  to 
Length.— Fig.  17 
shows  this  work  be- 
ing done  on  a  sim- 
ple type  of  hand 
milling  machine.  The  work  is  mounted  on  a  stud  and  the  pin 
swung  against  a  V-groove  in  a  thin  bracket  secured  to  the  side 
of  the  jig.  It  is  held  in  place  with  the  left  hand  while  the 
right  hand  operates  a  lever  at  the  side  of  the  machine  which 
feeds  the  work  up  to  the  saw.  A  guard  over  this  saw  prevents 
the  operator  from  getting  his  hands  cut,  but  it  was  removed  to 
enable  the  saw  to  be  seen  in  the  illustration. 

Operation  10:  Slabbing  Sides  of  Setting  Pin. — Another  hand 
milling  operation  is  shown  in  Fig.  13,  which  consists  of  slab- 
bing the  sides  of  the  setting  pin  with  straddle  milling  cutters. 


Fig.    17.     Hand    Milling    Machine    and    Fixture 
used  for  cutting  off  Setting  Pin  to  Length 
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Fig.   18.     Machine  used  for  elongating  and  recessing  Escape  Hole 

The  work  is  placed  over  a  stud  shown  on  top  of  the  slide  and 
properly  located  by  a  sliding  pin  which  is  actuated  by  a  spring 
and  operated  by  the  finger-lever  shown  at  the  left.  The  two 
cutters,  mounted  on  the  same  arbor  and  spaced  the  proper  dis- 
tance apart,  perform  this  operation  very  quickly. 

Operation  11:  Drilling  and  Counterboring  Flash  Holes. — 
Drilling  and  counterboring  flash  hole  D,  Fig.  3,  is  done  on  the 
angular  jigs  shown  in  Fig.  15,  the  so-called  "counterboring" 
Ijelng  done  by  using  an  ordinary  twist  drill  which  has  been 


Fig.  19.     Fixture  used  on  Lighting  Line  Marking  Machine  shown  in  Fig.  14 

ground  straight  across  the  cutting  edge,  with  the  exception 
of  a  little  teat  in  the  center  that  is  left  to  cut  a  center  by 
which  the  following  drill  will  be  located.  The  second  drill, 
which  is  the  one  shown,  is  held  in  a  long  sleeve  and  is  allowed 
to  project  only  the  short  distance  necessary  for  drilling  the 
hole;  the  sleeve  has  saw  cuts  through  the  sides  of  it,  and  is 
provided  with  a  collar  and  screw  for  binding  the  shank  of  the 
drill  as  it  is  adjusted  after  each  sharpening.  The  sleeve  also 
has  a  bearing  in  the  bushing  of  the  jig,  and  acts  as  an  addi- 
tional guide  and  support  while  the  flash  hole  is  being  drilled. 
This  work  is  done  on  two  small  drill  presses  which  are  placed 


Fig.  20.     Two  Views  of  Jigs  used  for  drilling  Flash  Hole  in  Top  Eing 

close  to  each  other,  with  the  tables  adjusted  to  the  same  height 
so  that  the  jig  may  be  readily  slid  from  one  table  to  the  other. 
This,  of  course,  is  a  substitute  for  the  regular  multiple-spindle 
drilling  machine  usually  employed  for  this  class  of  work. 

Operation  12:  Drilling  and  Reaming  Connecting  Holes. — This 
is  done  on  Langelier  high-speed  drill  presses  running  at  10,000 
revolutions  per  minute,  the  work  being  held  on  simple  jigs  as 
shown  in  Fig.  16.  The  drilling  is  done  with  a  short,  stiff  twist 
drill  which  needs  no  bushing  to  support  it,  while  the  reaming 
is  done  with  a  reamer  made  in  the  form  of  a  flat  drill.  This 
reamer  is  shown  in  the  illustration.  The  connecting  hole  is 
shown  at  E  in  Fig.  3. 


Fig.    21.     Machine  used    for   under-cutting   Flash   Hole 
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Additional  Operations  of  Interest 
The  operations  on  the  lop  ring, 
shown  in  Fig.  2,  are  practically 
identical  with  those  already  de- 
scribed, except  the  drilling  of  the 
flash  hole  F  and  under-cutting  it  as 
shown  at  G.  The  jigs  for  drilling 
the  flash  hole  are  shown  in  Fig.  20. 
The  ring  is  placed  over  the  central 
stud  and  properly  located  by  a 
sliding  pin  which  is  operated  by  a 
thumb-lever;  for  additional  security, 
the  cam  clamp  shown  at  the  top  of 
the  jigs  is  used.  The  drill  bushing 
is  located  in  the  nose  of  the  central 
stud,  and  the  lubricant  used  is  com- 
mon yellow  soap.  Under-cutting  the 
flash  hole  is  done  on  the  machine 
shown  in  Fig.  21;  but  this  machine 
and  its  operation  were  fully  de- 
scribed in  the  June  number  of 
Machinery,  and  so  no  further  de- 
scription will  be  given  here.  Figs. 
22  and  23  show  the  gages  used  on 
the  various  operations. 


Fig.    22.     Miscellaneous   Examples   of   Gages   used   in   testing  Fuse   Parts 

Operations  13  and  l-i:  Elongating  and  Recessing  Escape  Hole. 
— These  operations  are  practically  identical  so  far  as  the  ma- 
chines and  fixtures  are  concerned,  except  that  the  recessing  is 
done  with  a  fixture  that  holds  the  work  on  an  angle,  one  of 
the  elongating  machines  being  shown  in  Fig.  18.  The  opera- 
tion is  so  simple  that  it  needs  little  description.  The  cutters 
used  for  elongating  the  hole  are  simple  four-fluted  end-mills, 
the  end  teeth  being  cut  to  the  center,  while  the  recessing  cut- 
ters are  similar,  except  that  they  have  six  teeth  and  the  center 
is  cut  away  to  allow  of  grinding  to  the  ends  of  the  teeth. 
Also,  they  are  as  short  and  stiff  as  they  can  be  made,  as  their 
cut  is  not  deep. 

Operation  15:  Burring  Flash  Hole. — This  is  done  by  hand 
■  with  a  simple  three-cornered  scraper. 

Operation  16:  Marking  Lighting  Line. — The  machine  for  per- 
forming this  operation  is  shown  in 
Fig.  14.  This  is  a  type  of  hand  mill- 
ing machine  which  has  a  head 
mounted  on  slides  that  are  adjusta- 
ble in  both  a  vertical  and  horizontal 
direction,  and  which  can  also  be 
swung  at  an  angle  as  shown.  By 
the  addition  of  the  fixture  shown  in 
detail  in  Fig.  19,  it  became  an  ex- 
cellent machine  for  this  work.  The 
machine  is  operated  as  follows: 
The  ring  is  first  placed  over  the  lo- 
cating nose  A  and  properly  posi- 
tioned by  sliaing  pin  B,  which  has 
been  held  back  by  pressing  on 
knob  C  that  operates  the  pin 
through  lever  D.  Lever  D  is  piv- 
oted at  E  and  has  slotted  ends  that 
engage  pins  passing  through  push- 
rod  F  and  sliding  pin  B.  Spring  G 
is  for  holding  push-rod  F  and  also 
sliding  pin  B  in  place.  When  the 
ring  is  located  in  the  proper  posi- 
tion, it  is  steadied  slightly  by  hand, 
and  the  saw  is  fed  up  to  and  across 
the  work  to  cut  the  lighting  line  by 
operating  the  large  lever  shown  in 
the  foreground  of  the  halftone  Fig. 
14,  that  illustrates  the  marking 
machine. 


The  field  for  the  application  of 
electric  arc  welding  is  an  extremely 
broad  one.  Practically  every  indus- 
try making  use  of  iron  and  steel 
can  utilize  the  electric  arc  welding  process  to  distinct  advan- 
tage. In  foundries  and  machine  shops  many  applications  for 
arc  welding  can  be  found.  Steel  mills  also  use  this  method 
with  great  success.  Rolls  occasionally  chip  out.  Instead  of 
scrapping  the  roll  or  turning  it  down,  one  of  the  large  steel 
companies  has  found  that  great  economies  can  be  effected  by 
repairing  the  defective  spot  by  means  of  the  electric  arc.  The 
chipped  portion  is  first  filled  in  and  welded,  after  which  it  is 
machined  or  chipped  and  filed  to  shape.  After  the  work  has 
been  completed,  it  is  practically  impossible  to  detect  the  point 
at  which  the  weld  has  been  made  except  by  close  examination. 
The  repairs  are  apparently  permanent  and  will  wear  as  long 
as  any  other  part  of  the  roll.  This  company  is  making  all  its 
repairs  of  this  kind  with  the  electric  arc,  and  is  also  repairing 
worn  wobblers  and  broken  gear  teeth  in  this  way. 
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Fig.  23.     Other  Examples  of  Gages  used  in  manufacturing  Fuse  Parts 
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BUILDING    MACHINE    TOOLS    FOR    STOCK 

The  past  experience  of  most  machine  tool  builders  goes  to 
show  that  periods  of  exceptional  activity  are  likely  to  be  fol- 
lowed by  times  in  which  the  demand  for  machine  tools  is  rela- 
tively light,  and  that  there  are  comparatively  few  periods  in 
which  the  demand  approximates  a  mean  condition.  But  every 
successful  manufacturer  must  regulate  his  investment  in  plant 
according  to  the  mean  demand  if  he  is  to  secure  a  satisfac- 
tory return  upon  his  investment.  Periods  of  unusual  pros- 
perity present  a  great  inducement  to  increase  plant  capacity 
to  provide  facilities  for  handling  the  full  amount  of  business; 
but  when  the  manufacturer  follows  this  course,  he  often 
does  so  with  the  feeling  that  he  is  taking  a  speculator's  risk 
as  regards  the  returns  on  the  increased  investment  that  may 
be  expected  over  a  period  of  years. 

Equally  important  with  the  maintenance  of  a  balance  be- 
tween plant  capacity  and  mean  demand  is  the  holding  together 
of  a  manufacturing  organization  during  periods  of  business 
depression.  The  most  obvious  way  of  conducting  business  to 
meet  these  two  conditions  is  to  first  determine  the  manufac- 
turing capacity  necessary  to  produce  the  number  of  machine 
tools  that  can  be  sold  under  normal  business  conditions;  then 
to  develop  a  plant  of  this  size  and  operate  it  at  full  capacity 
during  slack  times,  placing  unsold  product  in  stock  ready  for 
sale  at  a  time  when  the  sales  force  is  disposing  of  more  ma- 
chines than  the  factory  is  able  to  produce.  Money  put  into 
stock  accumulated  in  this  way  should  yield  a  satisfactory  re- 
turn on  the  investment,  because  in  slack  times  the  cost  of 
materials  will  usually  be  considerably  below  normal  and  the 
same  is  true  of  wages.  Money  to  provide  for  the  accumulation 
of  stock  can  be  borrowed  at  a  low  rate  of  interest  during  times 
of  industrial  depression.  Consequently,  machines  produced  at 
such  times  and  sold  during  periods  of  unusual  business  activity, 
will  yield  a  margin  of  profit  considerably  above  the  average. 
The  experience  of  machine  tool  builders  who  have  adopted 
this  practice  has  fully  demonstrated  the  wisdom  of  follow- 
ing such  a  course. 

*     •     * 

HIGH-SPEED   STEEL   TESTS 

Comparative  tests  of  high-speed  steels  may  be  misleading  if 
the  results  are  taken  to  indicate  the  real  efficiency  of  the 
brands  tested.     Suppose  that  two  steels,  A  and  B,  are  tested 


at  a  cutting  speed  of,  say,  100  feet  per  minute,  and  A  breaks 
down  after  cutting  a  length  of  only  one  foot,  while  B  stands 
up  for  ten  feet.  While  there  is  no  doubt  that  B  is  shown  to 
be  superior  to  A,  the  result  is  not  a  fair  determination  of  the 
relative  value  of  the  two  steels.  It  might  be  that  if  the  cut- 
ting speed  were  reduced  to,  say,  ninety  feet  per  minute,  A 
would  stand  up  as  long  as  B.  In  fact,  it  sometimes  happens 
tliat  the  relative  durability  at  reduced  speed  is  reversed. 

In  Judging  of  the  relative  merits  of  tool  steels,  it  is  ap- 
parent that  a  number  of  factors  should  be  considered  besides 
the  actual  extreme  cutting  speeds  at  which  they  break  down. 
Is  the  difference  in  durability  offset  by  disadvantages  as  to 
other  characteristics?  How  do  the  costs  compare?  Can  the 
superior  steel  he  obtained  of  uniform  grade,  or  do  bars  in  the 
same  lot  vary  greatly?  Can  it  be  readily  forged?  These  and 
other  questions  may  be  adversely  answered;  and  if  so,  the  dis- 
advantages may  outweigh  the  slight  advantage  of  mere  cut- 
ting speed.  Of  course,  if  other  things  are  equal,  the  user  is 
warranted  in  paying  a  considerably  higher  price  for  an  in- 
crease of  cutting  speed  as  low  even  as  10  per  cent. 

*  *     • 

*      COOPERATIVE   SERVICE 

A  machinist  and  engineer  recently  wrote  the  editor  request- 
ing some  information  on  machine  shop  floors  as  suggestions 
for  use  later  when  he  expected  to  erect  a  new  shop.  The 
inquiry  was  answered  as  part  of  the  busy  day's  work;  an 
unexpected  letter  of  appreciation  for  the  service  rendered  was 
received,  from  which  we  quote:  "This  is  certainly  a  grand 
service  you  render  those  connected  with  the  machine  line, 
and  we  very  much  appreciate  being  able  to  call  on  you  when 
needed  to  solve  any  such  stiff  problems  where  we  can  profit 
by  others'  experience." 

The  writer  hit  the  nail  on  the  head  when  he  referred  to 
the  fact  that  by  writing  to  the  editor  he  could  profit  by  others' 
experience.  That  is  just  what  a  mechanical  journal  like 
Machinery  should  offer  in  the  way  of  service — the  means  by 
which  mechanics  the  world  over  may  interchange  ideas  and 
ask  questions  regarding  problems  on  which  others  have  had 
experience.  It  is  by  working  cooperatively  instead  of  com- 
petitively that  the  plane  of  mechanical  engineering  is  raised. 
Common  prosperity  comes  from  common  knowledge,  and  every 
mechanic  should  be  liberal  enough  to  add  his  little  quota  of 
experience  whenever  it  is  needed  by  others. 

*  *     *  • 

VICIOUS   CIRCLE   OF   RISING  PRICES 

The  European  conflict  has  upset  economic  relations  through- 
out the  world,  and  the  waste  and  non-productiveness  of  the 
warring  nations  are  reflected  in  rising  prices  for  clothing, 
food  and  practically  every  necessity  of  life.  The  high  cost 
of  living  has  affected  seriously  the  welfare  of  workers  every- 
where. Strikes  and  demands  for  higher  wages  are  general. 
But  higher  wages  mean  higher  cost  of  materials  and  manu- 
factured goods,  which,  in  turn,  makes  the  need  of  still  higher 
wages  imperative.  Just  how  far  the  index  will  swing  around 
the  vicious  circle  of  rising  prices  is  a  serious  question.  It  is 
evident  that  it  cannot  go  on  indefinitely  without  causing 
disaster.  Business  men  should  consider  to  what  extent  they 
are  contributing  to  a  grave  situation  when  they  join  in  the 
movement  to  jack  up  prices.  They  should  take  heed  and 
strive  to  apply  the  brakes  wherever  possible  instead  of  adding 
momentum  to  the  movement.  There  is  no  doubt  that  the  war 
has  been  made  a  pretext  for  raising  prices  and  adding  to 
profits  when   the  necessity   for   raising   prices   did   not  exist. 

The  example  of  one  great  motor  car  manufacturer  who 
in  the  midst  of  a  carnival  of  price  raising  has  lowered  the 
price  of  his  improved  motor  car  and  who  pays  his  employes 
the  highest  wages  shines  as  "a  good  deed  in  a  naughty  world." 
It  is  evident  that  what  the  average  manufacturer  needs  more 
than  anything  else  is  to  be  shown  that  improving  the  efficiency 
of  manufacturing  reflects  greater  credit  and  gives  more  profit 
in  the  end  than  mere  price  raising.  Price  raising  on  pretext 
in  prosperous  times  because  trade  is  brisk  is  a  twin  evil  of 
price  cutting  in  dull  times  to  sell  goods.  Both  practices  cause 
instability  and  are  ruinous  to  prosperity. 
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POINTS  IN  WHICH  IT  DIFFERS  FROM  WORKMEN'S  COMPENSATION— RESULTS  OF  HEALTH  INSURANCE  IN  OTHER  LANDS 

BY   FRANK   F.  DRESSER - 


HEALTH  insurance  is  not  a  new  matter.  Bismarck  pro- 
posed the  first  compulsory  health  insurance  law  in  Ger- 
many, in  1883,  as  a  sop  to  the  Socialists.  Austria  and 
Hungary  followed  in  1888  and  1891,  Luxemburg  in  1901,  Nor- 
way in  1909,  Servia  in  1910,  Great  Britain  in  1911,  Russia  and 
Roumania  in  1912,  and  the  Netherlands  in  1913.  Systems 
other  than  general  compulsory  insurance  are  found  in  Belgium, 
Italy,  France,  Spain,  Sweden,  Denmark,  and  Switzerland. 

The  need  for  such  insurance  in  the  United  States  appears 
from  the  following  data,  which,  though  the  sources  of  in- 
formation are  meager  and  the  data  were  gathered  before  the 
recent  rise  in  wages  and  costs  of  living,  seem  to  be  agreed 
upon  by  the  proponents  of  the  measure  and  are  sufficient  for 
the  present  purpose.  Of  the  wage  earners  in  the  principal 
industries  who  are  heads  of  families,  one-fourth  earn  less 
than  $400  a  year,  one-half  less  than  $600,  and  four-fifths  less 
than  $800.  Less  than  one-tenth  earn  $1000  a  year.  Of  the 
women,  eighteen  years  old  and  over,  in  the  principal  in- 
dustries, one-fourth  earn  less  than  $200  a  year,  and  two-thirds 
less  than  $400.  More  than  one-half  the  families  of  wage  earn- 
ers are  dependent  on  other  sources  of  income  than  the  earn- 
ings of  the  family  head.  These  sources  are  most  frequently 
earnings  of  wife  and  children  and  the  payments  from  boarders 
and  lodgers. 

Investigation  seems  also  to  show  that  the  workingman's 
family  of  average  size,  that  is,  father  and  mother  and  three 
dependent  children,  has  required  an  income  of  $800  to  main- 
tain adequate  subsistence.  Of  this,  $650  goes  for  rent,  food, 
clothing,  heat,  and  light,  leaving  for  all  other  purposes,  in- 
cluding medical  care,  insurance,  and  the  like,  about  $150. 
As  the  employe  in  this  country  apparently  loses  nine  days  a 
year  through  illness,  and  as  there  are  some  30,000,000  of  wage 
earners,  the  wage  loss  alone  at  two  dollars  a  day  is  over  one- 
half  a  billion  dollars;  medical  care  and  drugs  cost  about  a 
quarter  of  a  billion  more.  The  attempts  of  the  workers  to 
distribute  their  loss  by  means  of  industrial  insurance,  mem- 
bership in  trades  union  relief  funds,  fraternal  societies,  or 
establishment  funds  are  insufficient.  Being  purely  voluntary, 
they  reach  only  the  thrifty  and  the  less  needy. 

Proposed  Health  Insurance  Bill 

The  proposed  bill  of  the  Association  for  Labor  Legislation 
compels  all  employes  earning  $100  or  less  a  month,  except 
casual  workers  not  employed  for  the  purpose  of  the  employ- 
er's trade  or  business  and  some  other  slight  exceptions,  to 
be  insured.  It  excludes  the  self-employed  and  the  families 
of  workers.  When  the  insured  servant  is  disabled  by  sick- 
ness or  accident  he  receives  two-thirds  of  his  wages  from 
the  fourth  day  of  disability  during  disability,  but  for  not  more 
than  twenty-six  weeks  in  any  twelve  months.  If  he  is  in  a 
hospital,  this  cash  benefit  is  discontinued,  and  instead  one- 
third  of  his  wages  is  paid  to  his  dependents.  Benefits  are  to 
be  paid  for  any  sickness,  accident  or  death  not  covered  by  the 
"Workmen's  Compensation  Act,  and  if  the  insured  is  entitled 
to  benefits  from  other  sources  he  shall  receive  in  all  no  more 
than  90  per  cent  of  his  wages.  All  necessary  medical  and 
surgical  attendance  and  treatment  are  furnished  from  the 
first  day  of  sickness  during  disability,  but  not  exceeding  the 
twenty-six  weeks'  period.  This  includes  obstetrical  aid  to  in- 
sured women  during  confinement.  All  necessary  medical  sup- 
plies, appliances,  etc.,  are  to  be  furnished,  but  not  exceeding  a 
cost  of  $50  in  any  year.  A  funeral  benefit  of  $50  is  to  be 
paid  when  an  insured  member  dies. 

The  cost  of  this  insurance,  including  administration  ex- 
penses and  contributions  to  reserve  and  guaranty  funds,  is 
borne  two-fifths  by  employes,  two-fifths  by  employers,  and  one- 
fifth  by  the  state.  The  employer  is  compelled  to  pay  to  the 
insurance  carrier,  on  the  day  he  pays  his  employes,  the  con- 
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tribution  due  from  him  and  from  them,  but  is  permitted  to 
deduct  the  employe's  contribution  from  the  wages  paid  him. 
Employers  in  one  line  of  industry  may  be  required  to  pay 
sums  different  from  employers  in  another  line,  according  to 
the  degree  of  sickness  hazard  in  that  industry,  and  an  em- 
ployer whose  establishment  shows  an  excessive  rate  of  sick- 
ness may  be  required  to  pay  an  increased  rate. 

The  insurance  carrier  may  be,  first,  private  societies  ap- 
proved by  the  insurance  commission,  either  labor  unions, 
benevolent  or  fraternal  societies  or  establishment  funds.  In 
such  cases  the  state's  contribution  is  paid  to  the  approved 
society  and  the  employer's  contribution  for  such  of  his  em- 
ployes as  are  insured  in  any  such  societies  is  paid  into  the 
state  guaranty  fund.  Second,  the  carrier  may  be  local  health 
associations  or  trade  health  associations.  A  state  is  divided 
into  districts,  each  containing  not  less  than  5000  insured  per- 
sons. In  each  district  is  established  one  or  more  local  health 
associations  and  one  or  more  trade  health  associations.  It  is 
also  possible,  in  a  district,  for  employers  or  employes  in  the 
same  line  to  establish  a  local  trade  health  association.  The 
government  of  each  association  consists  of  a  committee,  which 
elects  a  board  of  directors  from  other  than  its  own  members, 
one-half  of  each  body  being  employers  and  one-half  employes. 
An  employer  is  a  member  of  all  associations  to  which  any  of 
his  employes  belong,  and  he  has  as  many  votes  in  any  asso- 
ciation as  he  has  insured  workmen  there,  but  no  employer 
may  have  more  than  40  per  cent  of  the  total  vote. 

The  immediate  control  of  all  ratings,  of  medical  service,  and 
of  administration  is  left  with  the  several  associations,  subject, 
however,  to  supervision.  The  general  control  is  lodged  in  a 
state  social  insurance  commission  of  three  members,  ap- 
pointed by  the  governor.  A  council  of  twelve,  one-half  being 
employers  and  one-half  employes,  is  elected  by  the  directors 
of  the  several  associations.  It  is  their  duty  to  pass  on  the 
annual  report  of  the  commission  and  to-  see  and  discuss  any 
general  regulation  of  the  commission  before  it  is  finally 
adopted.  Ten  per  cent  of  the  state's  contribution  is  paid  into 
a  guaranty  fund  to  be  used  for  the  relief  of  any  carrier. 

An  insurance  carrier,  if  it  chooses,  may  also  grant  addi- 
tional benefits,  such  as  medical  care  and  supplies  to  members 
of  the  insured's  family,  funeral  benefits  for  members  of  the 
family,  cash  maternity  benefits  to  insured  women,  and  may 
extend  the  period  of  benefit,  but  not  to  exceed  fifty-two  weeks. 

Arg-uments  of  Bill's  Proponents  and  Cost  of  Plan 

Like  all  other  legislation  based  upon  the  collectivist  theory, 
this  bill  looks  to  the  advantage  of  a  class  and  not  of  an  in- 
dividual and  rests  upon  the  principle  that  the  more  fortunate 
or  efficient  or  thrifty  among  the  insured,  as  well  as  the  com- 
munity at  large,  shall  share  the  burdens  of  the  weaker  mem- 
bers of  society.  Its  proponents  argue  that  this  plan,  because 
it  touches  the  pocketbook  of  everyone  so  sharply,  will  spur 
on  preventive  measures  and  will  purchase  and  distribute  medi- 
cal care.  They  justify  compulsion  by  the  experience  here  and 
abroad  which  shows  that  voluntary  insurance,  even  if  sub- 
sidized, does  not  reach  the  needy.  They  justify  the  contribu- 
tion of  the  state  and  of  the  employers  by  saying  that  the  work- 
ers cannot  bear  the  necessary  cost  themselves  and  must  be 
helped;  that  it  is  to  the  advantage  of  the  state  to  diminish 
its  expenditure  for  poor  relief  and  to  have  a  well  and  self- 
sustaining  citizenry;  that  it  is  to  the  employer's  advantage 
to  have  more  efficient  and  constant  workers;  and  that  to  some 
degree  both  the  state  and  the  employer  are  responsible  for 
illness  among  the  insured  class. 

The  cost  of  the  plan  is  problematical.  The  data  in  this 
country  are  vague,  and  such  foreign  data  as  are  available  are 
difficult  to  transpose  into  our  terms.  The  German  costs  have 
been  rising  steadily  since  1884,  the  days  of  sickness  per  in- 
sured have  increased  rather  than  diminished,  and  the  dura- 
tion of  illnesses  has  lengthened  remarkably.    A  similar  condi- 
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tlon  is  observed  in  other  countries  having  an  insurance  sys- 
.tern.  The  actuaries'  estimates  for  the  British  Act  have  been 
In  several  instances  considerably  exceeded.  The  state  con- 
tribution is  about  twice  what  it  was  supposed  would  be  neces- 
sary, while  less  relief  is  being  given  than  the  statute  appears 
to  require. 

It  has  been  computed,  arguing  from  German  and  British 
experience,  but  realizing  the  almost  total  lack  of  necessary 
data,  that  the  cost  of  the  sickness,  medical,  and  funeral  bene- 
fits, including  administration  costs,  but  excluding,  apparently, 
any  contribution  to  reserves  and  the  quite  considerable  sums 
which  employers  must  in  the  first  instance  pay  for  their  ac- 
counting department,  would  be  between  the  limits  of  3  and  5 
per  cent,  say  about  4  per  cent,  of  wages.  Applying  this  to  a 
single  state,  say  Massachusetts,  and  assuming  the  average 
wage  to  be  $570  a  year  and  that  there  are  about  a  million 
persons  who  would  be  insured,  the  cost  to  that  state  would  be 
about  $23,000,000  annually.  Of  this  amount,  the  workmen 
would  contribute  nearly  $9,000,000,  the  employers  $9,000,000, 
and  the  state  about  $5,000,000 — an  increase  in  the  present  state 
tax  of  over  40  per  cent.  The  state's  contribution,  as  well  as 
its  payment  as  employer  of  state  and  municipal  employes,  is 
raised  by  the  general  levy  upon  all  taxpayers.  The  employer's 
contribution,  plus  his  increased  state  and  municipal  tax,  will 
become  an  item  in  his  cost  of  production,  to  be  charged,  so 
far  as  possible  in  the  competitive  rivalry  of  the  several  states, 
in  the  price  of  his  product  and  paid  by  the  consumer,  or  else 
be  saved  by  greater  economy,  as,  for  example,  reducing  wages. 
A  great  portion  of  the  consumers  are  the  insured  workmen 
and  their  families,  who  thus,  besides  their  direct  contribution, 
will  indirectly  bear  in  the  increased  cost  of  necessaries  or  in 
lesser  wages  a  large  proportion  of  the  contribution  of  the 
employers  and  the  state.  In  this,  therefore,  as  in  so  many 
similar  proposals,  it  would  seem  that  the  class  which  it  is 
hoped  to  benefit  is  made  to  pay  the  price. 

Objections  to  Plan 

Health  insurance  is  desirable  purely  as  a  means  of  dis- 
tributing illness  loss.  If  such  loss  should  be  distributed,  in- 
surance is  in  some  form  necessary,  and  the  inability  or  the 
disinclination  of  the  lower  paid,  both  here  and  abroad,  to  carry 
insurance  voluntarily  shows  that  resort  must  be  had  to  com- 
pulsion. The  method  of  enforcing  compulsion  adopted  in  the 
German,  British,  and  most  other  systems,  as  well  as  in  the 
proposed  bill,  through  requiring  employers  to  collect  the  con- 
tribution due  from  their  employes  necessarily  limits  the  bene- 
fits of  this  insurance  to  servants,  and  the  large  class  of  equally 
needy  self-employed,  which  in  England  is  assumed  to  be  some- 
what greater  than  the  employed  class,  must  be  left  to  volun- 
tary insurance. 

In  addition,  so  long  as  the  public  thinks  the  employer  and 
the  state  are  paying  any  part  of  the  cost,  it  will  be  willing 
to  have  them  pay  more.  The  legislature,  influenced  by  politi- 
cal considerations,  will  year  by  year  extend  the  scope  of  the 
statute,  increase  its  benefits,  alter  the  proportions  of  contribu- 
tions and  the  like,  just  as  in  the  compensation  legislation, 
where  in  the  five  sessions  since  the  Massachusetts  Act  was 
passed  it  has  been  altered  in  sixty-four  particulars.  The  em- 
ployer seeking  to  diminish  his  sickness  cost  may  refuse  to 
employ  men  likely  to  be  sick.  The  defective  man  of  any  age, 
or  the  man  who,  reaching  forty-five,  has  entered  upon  the 
period  of  increasing  illness  hazard,  will  be  excluded  from 
regular  employment,  and,  at  a  time  of  his  greater  need,  will 
see  his  opportunities  of  earning  reduced.  Instead  of  making 
it  easier  to  employ  such  men,  this  plan  will  enlarge  the  class 
of  dependents.  This  has  been  the  result  in  England.  Nor 
does  it  follow  that  the  employer  will  seek  to  reduce  this  cost 
by  study  and  further  expenditure  for  health;  he  may  more 
easily  reduce  his  costs  in  other  lines. 

Health  Insurance  and  ■Workmen's  Compensation  Theories 

The  scheme  of  health  insurance  applies,  however,  to  the 
losses  beyond  the  logical  scope  of  the  compensation  theory. 
It  includes  non-industrial  accidents  and  diseases,  invalidity 
due  to  either,  deaths  due  to  either,  and  maternity  benefits. 
The  health  insurance  theory  is  thus  capable  logically  of  cover- 


ing all  the  enumerated  classes  of  non-industrial  losses  among 
all  members  of  the  community,  but  in  the  proposed  bill, 
besides  the  limits  indicated,  invalidity  insurance  and  cash 
benefits  during  confinement  are  excluded.  To  losses  such  as 
these  the  occupation  itself  has  either  no  causative  or  a  very 
slight  and  doubtful  causative  relation.  Other  factors,  such 
as  heredity,  personal  habits,  ignorance,  lack  of  public  health 
provision,  epidemics,  bad  home  environment,  and  the  like, 
are  the  sole 'or  principal  causes.  The  distinction  between  the 
compensation  and  the  health  insurance  theories  is  clearly 
shown  by  considering  the  effect  of  hazard  and  premium.  When 
business  is  rushing,  more  men  are  employed  and  more  are  in- 
jured ;  the  payroll  is  larger  and  the  profits  are  greater. 
Whether  the  rate  is  or  is  not  increased,  the  premium  paid  to 
take  care  of  the  increased  loss  is  larger.  But  when  business 
is  stagnant,  men  are  out  of  work,  their  wages  diminished  or 
ended,  and  the  payroll  and  profits  are  smaller,  yet  the  hazard 
of  illness,  because  of  this  unemployment,  rises.  That  means 
both  an  increase  in  the  rate  and  in  the  payments  to  meet  the 
larger  need,  but  the  payments  to  meet  the  larger  need  must 
come  from  employers  who  are  making  no  profits  and  from 
employes  who  are  getting  no  wages. 

While  in  workmen's  compensation  the  hazard  and  the  pre- 
mium rise  and  fall  together,  the  rate  remaining  fairly  con- 
stant, in  health  insurance,  as  the  hazard  and  the  rate  rise, 
the  premium,  or  rather  the  possibility  of  paying  the  premium, 
falls.  This  difficulty  can  be  avoided  only  by  treating  health 
insurance  from  a  strict  actuarial  standpoint,  undertaken  un- 
successfully in  England  and  entirely  disregarded  in  the  pro- 
posed bill. 

The  time  for  choice  has  come.  Will  the  manufacturers  per- 
mit these  crude  and  uncertain  legislative  regulations  to  con- 
tinue, agree  that  industry  is  responsible  for  certain  prevent- 
able inducements  to  disease,  and  inflict  upon  themselves  and 
the  community  the  rule  of  thumb  penalty  of  health  insurance, 
or  will  they  study  the  conditions  and  set  about  to  cure  the 
evils,  whether  they  be  evils  in  the  mills  or  in  the  general 
health  conditions  of  the  towns?  That  matter  is  difficult  and 
costly  for  the  great  majority  of  mills,  but  it  is  comparatively 
simple  and  inexpensive  for  a  great  industry.  A  committee 
can  determine  the  limit  of  effective  production  of  a  lathe- 
man,  clerk,  or  fireman,  can  discover  the  mill  conditions  of 
dirt,  ventilation,  and  the  like,  as  some  boards  of  health  are 
now  undertaking  to  do,  and  can  suggest  remedies;  even  a  six 
months'  watch  of  sick  workmen  will  produce  a  mass  of  data 
to  prove  what  is  now  guesswork. 

The  possession  of  such  knowledge  may  prevent  much  evil 
legislation,  and  the  application  of  this  knowledge  may  not 
only  reduce  accident  and  sickness  loss,  but  increase  profitable 
production.  In  Germany,  the  average  sickness  has  risen 
during  its  insurance  experience  from  six  to  nine  days 
per  year.  In  the  model  Leipzig  Fund,  the  average  for  the 
years  1888  to  1905  was  nine  days  per  year;  in  1912,  it  was 
10.4,  and  in  1913,  11.3.  In  France,  on  the  other  hand,  where 
compulsory  insurance  does  not  exist,  the  workmen  lose  fewer 
days  of  sickness  than  they  did  ten  years  ago. 

It  is  said  by  a  German  investigator,  Dr.  Bernhard,  that  the 
knowledge  of  insurance  has  sometimes,  consciously  or  uncon- 
sciously, caused  illness  and  frequently  delays  recovery.  While 
before  the  statute  twenty  to  forty  days  were  sufficient  to  heal 
a  fractured  collar-bone,  for  example,  the  doctors  have  had  to 
revise  that  estimate,  since  it  now  takes  about  eight  months; 
so  a  break  of  the  upper  arm,  for  which  thirty  to  forty  days 
used  to  be  sufficient,  now  lasts  four  months.  Stomach  and 
intestinal  disorders  became  strikingly  frequent  in  the  build- 
ing trades,  and  no  reason  for  them  peculiar  to  that  trade 
being  discovered  except  that  it  was  seasonal,  it  was  thought 
that  these  troubles,  difficult  to  detect,  were  used  as  a  species 
of  unemployment  insurance.  As  a  result  of  his  investigation, 
he  states:  "The  opinion  is  gaining  ground  that  we  are  in 
reality  arriving  at  the  opposite  of  what  was  intended.  For 
workingmen's  insurance  legislation  is  showing  undesirable 
moral  and  hygienic  results  which  were  originally  regarded  as 
a  necessary  evil,  but  which  are  gradually  making  the  bless- 
ings of  workingmen's  insurance  appear  very  questionable.  The 
material  to  prove  the  correctness  of  this  proposition  is  grow- 
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ing  constantly.  The  most  prominent  physicians  are  warning 
against  the  threatened  consequences;  and  no  one  has  the  right 
to  designate  these  physicians  as'  'anti-social'  who  have  had 
the  courage  to  give  utterance  to  opinions  displeasing  to  the 
toiling  masses." 

A  similar  opinion  is  voiced  by  Dr.  Naegeli  in  his  inaugural 
address  at  the  University  of  Tiibingen,  while  Dr.  Friedens- 
burg,  former  president  of  the  senate  in  the  Imperial  Insurance 
Office  (retired),  after  twenty-odd  years'  service,  ends  his  arti- 
cle on  the  "Practical  Results  of  Workingmen's  Insurance  in 
Germany"  with  the  words:  "I  deem  it  a  deed  well  done  to 
have  called  attention  once  again  to  the  all-pervading  cancer 
that  is  destroying  the  vitals  of  our  state." 

If  the  matter  is  considered  from  the  poverty  aspect,  we 
realize  that  the  poverty  of  Europe  is  not  that  of  the  United 
States.  The  National  Civic  Federation  Committee  quotes 
Harold  Begbie  as  saying,  "There  is  nothing  here,  absolutely 
nothing,  to  compare  with  the  most  shocking  and  ubiquitous 
poverty  of  Europe!"  And  also  an  English  social  worker  who, 
criticizing  the  statute,  said,  nevertheless:  "Something  had  to 
be  done.  The  act  gave  some  relief  somewhere,  but  its  princi- 
ples spring  from  the  gospel  of  despair." 
•  •  • 
COILING   SHELBY   SEAMLESS   TUBING 

Shelby  seamless  steel  tubing  has  some  important  advantages 
over  butt-  or  lap-welded  pipe  for  making  coils  and  bends,  as 
well  as  for  the  service  required  of  the  finished  pipe  after  it 
has  been  bent.  The  uuiform  quality  of  the  material,  even 
gage  of  the  walls,  and  freedom 
from  burns,  scabs  and  lamina- 
tions makes  it  possible  to  coil 
and  bend  very  light  gage  tubing 
on  very  short  radii.  This,  with 
the  wide  range  of  sizes  and 
thicknesses,  allows  large  areas 
of  coil  surfaces  for  heating  and 
condensing  in  a  small  space,  and 
the  light  gages  which  can  be 
used  decrease  the  heat  loss.  For 
extremely  high  pressures,  the 
freedom  from  defects,  the  ab- 
sence of  welds,  and  the  high 
bursting  point  make  possible  a 
large  factor  of  safety,  without 
"■'Spin-hel^t^h^Fu^I^ce  Dot"'        excessively  increasing  the  thick- 

ness  of  the  tubing. 
The  Roessing-Ernst  Co.,  Pittsburg,  Pa.,  has  been  making 
coils  and  bends  of  seamless  steel  tubing  for  some  time,  and 
has  done  considerable  experimenting  in  coiling  and  bending 
round  and  special  shapes.  This  firm  has  special  machinery 
of  its  own  design  for  making  coils  and  bends  in  any  shape 
or  size  without  filling,  heating,  or  the  use  of.  mandrels.  The 
section  of  the  tubing  is  not  deformed,  and  the  circle  and  pitch 
of  coils  can  be  made  exact.  For  coils  requiring  more  than 
one  length  of  tubing,  the  tubes  are  placed  end  to  end  and  elec- 
trically welded  together,  without  leaving  a  ridge  or  any  uu- 
evenness  either  inside  or  outside.  As  many  lengths  as  are 
required  for  a  coil  may  be  joined  in  this  way,  and  are  sup- 
ported on  carriers  and  rollers.  One  end  of  the  tube  is  then 
started  through  a  machine  which  consists  of  a  series  of  rolls 
that  are  driven  by  an  electric  motor.  These  rolls  are  grooved 
to  fit  the  outside  of  the  tube,  and  are  knurled  to  draw  the 
tube  into  the  machine  and  force  it  through  the  bending  rolls. 
As  the  tube  comes  from  the  bending  rolls,  an  arm  comes  into 
contact  with  the  back  of  the  tube  and  records  on  a  large  dial 
the  radius  of  the  bent  portion.  By  keeping  the  finger  on  the 
dial  constant  a  perfect  circle  will  be  made,  and  by  gradually 
changing  the  position  of  this  finger  a  spiral  will  result.  A 
series  of  cross  rolls  are  provided  which  can  be  raised  or 
lowered  to  give  any  pitch  required. 

Pig.  1  shows  a  bend  made  from  seamless  tubing  2V^  inches 
outside  diameter  by  M  inch  thick,  this  part  being  used  in  con- 
nection with  a  system  for  cooling  the  door  of  an  open-hearth 
steel  furnace.  Fig.  2  shows  a  mold  for  forming  the  inner 
tubes  of  automobile  tires.    This  is  made  from  tubing  3  inches 


Mold   for   Inner   Tuhes   of   Automobile 
Tires 


outside  diameter  by 
1/16  inch  in  thick- 
ness; and  the  seam- 
less tubing  is  bent 
into  a  perfect  circle 
of  36  inches  outside 
diameter.  Fig.  3  il- 
lustrates an  inter- 
esting example  in 
which  a  number  of 
lengths  of  seamless 
tubing  have  been 
welded  together  in 
order  to  form  a 
piece  of  sufficient 
length  for  the  com- 
plete coil.  Careful 
reference  to  this  il- 
lustration will  show 
that  there  are  two 
coils,  one  inside  the 
other.  The  outer 
coil  is  3  feet,  6  inches 

outside  diameter,  and  is  made  of  tubing  3  inches  outside 
diameter  by  3/16  inch  in  thickness.  The  inner  coil  is  2  feet, 
8  inches  outside  diameter,  and  is  made  of  tubing  2i/i  inches 
outside  diameter  by  3/16  inch  in  thickness.  The  total  length 
of  the  finished  coil  is  21  feet;  the  outer  coil  contains  410  feet 
of  3-inch  tubing,  and  the  inner  coil  contains  300  feet  of  2i/^-inch 
tubing.  These  two  coils  are  connected  at  the  ends,  and  the 
finished  coil  is  used  for  condensing  light  oil  in  an  oil  refinery. 

E.  K.  H. 

*     *     * 

The  manager  of  a  well-known  machine  building  plant  in 
Sweden  writes  that  it  is  extremely  difficult  to  obtain  materials 
and  tools.  It  is  practically  impossible  to  buy  high-speed  steel 
drills  at  any  price,  and  ordinary  carbon  steel  drills  are  quoted 
at  three  times  the  usual  prices.  He  intimates  that  the  smaller 
neutral  countries  are  looking  to  America  to  take  a  definite 
step  toward  proposing  peace,  and  it  seems  that  the  opinion  in 
Sweden  is  that  the  United  States  is  neglecting  a  duty  toward 
the  world  by  making  no  protest  against  the  continuation  of 
the  war.  Living  expenses  are  from  50  to  55  per  cent  higher 
than  usual,  and  the  conditions  generally,  except  in  the  case 
of  a  few  manufac- 
turers and  dealers, 
are  very  bad. 


Dr.  Wertheimer, 
dean  of  the  faculty 
of  engineering  of 
the  University  of 
Bristol,  England, 
has  proposed  the 
following  system  of 
training:  A  student 
will  attend  the  uni- 
versity until  he  has 
passed  the  interme- 
diate examination 
for  the  B.S.  degree 
in  engineering.  If 
his  record  is  good 
and  he  is  a  promis- 
ing student,  he  will 
be  recommended  to 
a  firm  which  will 
allow  him  to  enter 
its  plant  for  four- 
teen months.  He 
will  then  return  to 
the  university  for 
two  years;  after 
that,  if  he  has  given 
satisfaction,  he  will 
return  to  the  plant. 
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GAGES  of  the  indicating  type  are  gradually  superseding 
solid  gages  on  many  classes  of  work  because  of  their 
greater  sensitiveness.  For  instance,  they  are  used  for 
testing  external  and  internal  cylindrical  work,  parallelism  of 
shafts,  relation  of  angular  surfaces,  height  and  depth  of  shoul- 
ders and  holes,  concentricity  of  parts,  cam  shapes,  strength  of 
springs,  etc.  The  previous  installment  of  this  article  dealt 
with  the  type  of  indicating  gages  used  for  cylindrical  external 
and  internal  work;  in  the  following,  attention  will  be  given 
to  the  other  uses  mentioned,  as  well  as  to  the  gages  used  for 
testing  balls  and  ball  bearings,  and  the  use  of  box-type  inspec- 
tion fixtures  for  work  having  a  number  of  holes  that  must 
bear  a  certain  relation  to  each  other. 

Testing-  Parallelism  of  Shafts 

For  testing  the  parallelism  of  shafts,  the  indicating  gage 
is  very  satisfactory.  One  means  of  determining  if  a  shaft 
lies  in  a  parallel  plane  with  the  base  of  a  machine  is  illus- 
trated in  Fig.  34.  In  this  case  it  is  desired  to  determine 
whether  or  not  the  needle  bar  lies  in  a  parallel  plane  with 
the  base  of  a  sewing  machine.  The  gage  consists  of  a  steel 
base  A  resting  on  four  feet  C,  which,  as  shown,  come  in  con- 
tact with  the  top  surface  of  the  table.  These  feet  are  hard- 
ened, ground  and  lapped  in  the  same  plane.  The  hardened 
tool  steel  plungers  J3  which  come  in  contact  with  the  needle 
bar  are  flat  on  one  end  and  spherical  on  the  other.  These 
plungers  fit  loosely  in  the  "bearings  E  and  are  held  from  drop- 
ping out  by  adjusting  nuts  F.  The  bearings  are  so  con- 
structed as  to  give  a  slight  turn  when  the  plungers  are  raised 
as  high  as  they  will  go. 

Fulcrumed  on  studs  G  are  the  pointers  D,  which  have  hard- 
ened projecting  arms  that  are  in  contact  with  the  upper  end 
of  plungers  B.  The  sheet  steel  frame  H  is  bent  at  right  angles 
along  the  bottom  and  screwed  to  the  base.  Right  and  left  coil 
springs  L  act  in  opposition  to  the  plungers  so  that  they  turn 
the  pointers  to  the  extreme  outer  position,  when  the  gage  is 
not  in  use.  When  the  pointers  are  to  be  adjusted,  the  instru- 
ment is  set  on  parallels,  and  a  height  gage  inserted  under 
each  plunger  successively,  the  plungers  B  being  adjusted  so 
as  to  bring  the  pointers  to  zero.  On  this  particular  gage  a 
limit  of  ±  0.005  inch  is  provided. 

Testing-  Relation  of  Surfaces  at  Right  Angles 

Many  different  indicating  devices  have  been  constructed  for 
testing  the  relative  positions  of  angular  surfaces,  and  in  Fig.  35 
is  shown  a  simple  gage  for  determining  if  the  base  of  a  gas 
engine  cylinder  casting  is  square  or  at  right  angles  with  the 
bore.     This  gage  consists  of  a  base  A,  frame  B.  pivot  C,  and 
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indicating  lever  D.  The  body  of  the  gage  is  made  in  two  parts 
to  facilitate  machining.  The  indicating  lever  support  is 
fastened  to  the  body  with  screws  and  dowel-pins,  and  extends 
into  the  cylinder  so  that  the  center  of  the  lever  pivot  is  some- 
what below  the  face  of  the  flange  of  the  casting.  By  placing 
the  gage  on  the  cylinder  flange  and  bringing  the  knife-edges 
o  and  6  on  the  lever  into  contact  with  the  cylinder  wall,  any 
variation  is  shown  by  the  mark  at  the  upper  end  of  the  gage. 
This  can  be  so  laid  out  that  plus  or  minus  limits  can  be  pro- 
vided. The  reason  for  placing  the  pivot  below  the  cylinder 
flange  is  to  have  it  receive  the  thrust  when  the  indicator  is 
moved  against  the  side  of  the  cylinder  bore.  A  spring  above 
the  pivot  holds  knife-edges  a  and  6  in  contact  with  the  cylin- 
der wall.     The  gage  is  simple  in  construction  and  operation. 

Indicating  Height  and  Depth  Gages 

For  determining  the  relative  heights  of  two  shoulders,  a 
height  or  depth  gage  is  necessary.  Gages  of  the  multiplying 
lever  or  dial  indicating  type  are  best  adapted  for  this  purpose. 
Fig.  36  shows  a  height  gage  constructed  on  the  multiplying 
lever  principle.  This  consists  of  a  base  D,  having  two  shafts  E 
fastened  to  it  and  connected  at  the  top  by  a  link.  On  these 
shafts  is  a  sliding  member  O.  which  can  be  locked  securely 
in  any  position  by  screw  H,  acting  upon  two  clamping  bolts, 
thus  obviating  springing  of  the  gage  when  in  use.  The  ad- 
justing nut  C  operates  part  7,  which  is  carefully  fittted  in  the 
slot.  On  the  same  part  is  a  shoulder  J  to  which  the  arm  A  is 
fastened.  This  arm  is  made  from  tubing  and  is  similar  in 
shape  to  opening  K.  It  is  made  a  tight  fit  on  the  holder  at  J, 
and  a  pin  put  through  to  fasten  it  securely.  The  oblong 
tube  A  is  now  cut  along  the  line  Z-Z,  and  inside  of  it  are 
placed  the  levers  which  are  arranged  to  give  readings  to  one- 
half  thousandth  inch.  While  this  gage  has  many  admirable 
features  from  the  point  of  view  of  accuracy,  it  is  of  little 
value  except  for  tool-room  use.  In  the  first  place,  it  is  too 
complicated,  and  in  the  second  place,  it  is  too  easy  for  the 
machine  operator  to  "fake"  the  gage.  It  is  evident  that  a  gage 
designed  for  any  particular  piece  should  be  so  made  that 
universal  adjustment  is  not  possible.  In  other  words,  its 
range  should  be  limited  to  the  particular  work  for  which 
it  is  designed. 

Indicating  Gage  for  Testing  Over-all  Length  and  Thickness 

of  Base  of  Shrapnel  Shells 
An  indicating  gage  which  fulfills  two  functions — gaging  the 
over-all  length,  as  well  as  the  thickness  of  the  base  of  shrapnel 
shells — is  shown  in  Fig.  37.  This  gage  comprises  a  base  A 
in  which  three  pins  are  driven  to  center  the  shell,  an  up- 
right B  for  supporting  the  indicating  mechanism,  and  attached 
to  the  top  of  upright  B  an  indicating  lever  support  C.  which 


December,  1916 


MACHINERY 


303 


is  so  mounted  that  it  is  free  to  swing  in  an  arc.  The  device 
for  indicating  the  thickness  of  the  base  of  the  shell  consists 
of  a  rod  D  that  has  a  hardened  and  ground  tool  steel  point  E 
and  a  limit  pin  F.  A  boss  formed  on  bracket  C  is  provided 
with  a  step,  the  height  of  which  is  0.020  inch,  or  the  manu- 
facturing limit  allowed  on  the  thickness  of  the  base.  The 
limit  pin  F,  when  brought  around,  coincides  with  either  one 
of  these  points,  according  to  the  thickness  of  the  shell.  The 
desired  thickness,  of  course,  is  indicated  when  the  lowest  sur- 
face of  limit  pin  F  is  located  equidistantly  between  the  high 
and  low  points  on  the  limit  step.  To  insert  the  shell  in  the 
gage,  it  is  necessary  that  rod  D  be  removed  from  bracket  C. 
The  indicating  device  for  the  over-all  length  consists  of  a 
multiplying  lever  G,  pivoted  to  bracket  C  at  the  point  H,  and 
attached  by  a  pin  to  plunger  /.  Plunger  /  is  hardened  and 
ground  on  its  lower  surface  and  contacts  with  the  end  of  the 
shell.  The  reading  is  obtained  from  the  segment  J,  which  in- 
dicates the  limits  on  the  work.  It  will  be  noticed  that  this 
fixture   is   free   from   springs   and   is   of  simple   construction. 

Indicating-  Thickness  Gagres 

The    simplest    form     of    indicating    thickness    gage    is    the 
micrometer  caliper,  but  as  this  type  of  gage  is  well  known,  it 
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Figr.  34.     Indicating  Gage  for  testing  Parallelism  of  Shaft 

will  not  be  described  here.  Another  simple  form  of  indicating 
thickness  gage  is  shown  in  Fig.  38.  This  was  designed  espe- 
cially for  gaging  the  thickness  of  the  wall  of  cartridge  cases 
near  the  head  end.  It  consists  principally  of  two  caliper 
jaws  A  and  B,  which  are  made  long  enough  to  reach  down 
into  the  case,  a  handle  C  for  holding  the  gage,  indicating 
pointer  D  and  graduated  arc  E.  A  combination  locating  stop 
and  support  F  is  also  provided  to  keep  the  jaws  in  alignment 
with  each  other,  and  locate  their  measuring  points  at  the  de- 
sired distance  from  the  open  end  of  the  case.  In  use,  the 
jaws  of  this  gage  are  slipped  over  the  walls  of  the  case,  and 
readings  taken  at  various  points  around  the  circumference. 
It  is  tested  from  time  to  time  by  the  setting  block  G. 

Another  indicating  thickness  gage  which  is  used  for  the 
same  purpose  as  that  illustrated  in  Fig.  38  is  shown  in  Fig.  39. 
As  this  illustration  shows,  this  gage  is  of  the  stand  type,  and 
supports  the  cartridge  case  being  inspected,  by  means  of  a 
horseshoe  support  A  held  on  upright  B.  Two  other  posts  C 
and  D  carry  the  gaging  points,  one  of  which,  E,  is  held  rigidly 
in  post  C,  whereas  point  F  is  free  to  slide  and  is  kept  out  by 


Fig.   35.     Indicating  Gage  for  testing  Squareness   of  Ba 
Casting  with  Bore  of   Cylinder 


of  Cylinder 


means  of  spring  G.  The  upper  end  of  post  D  is  notched  to 
form  a  limit  step,  and  plunger  F  is  provided  with  a  line  which 
must  line  up  between  the  two  steps  when  the  wall  is  of  the 
correct  thickness.  A  height  gage  H  is  also  provided  which 
enables  the  thickness  of  the  head  to  be  checked  at  the  same 
time  that  the  wall  is  being  inspected. 

Indicating  Thickness  Gage  for  Shrapnel  Shells 

An  indicating  gage  for  testing  the  thickness  of  the  walls 
of  shrapnel  at  a  point  slightly  above  the  powder  pocket  where 
the  inner  wall  is  straight  is  shown  in  Fig.  40.  This  consists 
of  a  sheet-steel  frame  A  carrying  a  bushing  B  which  fits  in 
the  nose  of  the  shell,  a  roll  support  C  for  keeping  the  gage 
in  line  with  the  axis  of  the  shell,  and  two  measuring  points  D 
and  E.  Measuring  point  D  consists  of  a  hardened,  ground  and 
lapped  block,  which  is  riveted  to  the  frame  A.  whereas  point  E 
is  a  roll  attached  to  a  multiplying  lever  F.  Lever  F  swings 
over  a  marked  segment  G  which  indicates  the  limits  on  the 
work,  and  a  flat  spring  H  keeps  roll  E  in  contact  with  the 
work.  In  using  this  gage,  the  member  1  is  inserted  in  the 
shell  and  located  by  bushing  B.  The  gage  is  gripped  by  the 
handle  and  moved  around  the  circumference  of  the  shell  to 
test  its  thickness  at  various  points.  Block  J  is  used  to  test 
the  gage  for  wear. 


Fig.    36.     Indicating   Height    Gage   which   is   Objectionable   because   of   its 
Wide  Bange  of  Application   and  Possibility  of  being  tampered   with 
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Concentricity  Gagres 
There  are  several  methods  of  determining  whether  or  not 
a  hole  and  an  exterior  surface  are  concentric  with  each  other. 
Tlio  simplest  way  is  to  use  a  gage  of  the  type  sliown  in  Fig.  41. 
Tliis  is  not  an-  indicating  gage,  but  is  shown  here  simply  to 
illustrate  the  least  expensive  type  of  gage  for  concentricity 
gaging.  It  is  built  along  the  lines  of  the  standard  plug  gage, 
with  the  exception  that  it  is  provided  with  a  limit  bar  which 
controls  the  amount  of  eccentricity  of  the  hole  and  the  ex- 
terior surface.  It  will  be  noticed  that  bar  .1  is  provided  with 
a  step  giving  the  "Go"  and  "Not  Go"  limits.  It  is  also  formed 
to  a  knife-edge  to  reduce  the  amount  of  bearing  surface  to  the 
minimum.  The  plug  B,  of  course,  goes  in  the  hole  in  the  work 
and  the  knife-edge  on  bar  A  is  located  at  a  distance  from  the 
axis  of  the  plug  equal  to  the  radius  on  the  work. 


Fig.    37. 


Indicating   Height   Gage   used  for   inspecting  Thickness   of   Base 
and   Over-all  Length  of   Shrapnel   Shell 


Another  simple  gage  that  is  used  to  test  the  relation  of  one 
hole  to  another,  the  two  holes  being  eccentric  to  each  other,  is 
shown  in  Fig.  42.  This  gage  is  of  simple  construction  and 
is  also  built  along  the  lines  of  the  plug  gage,  having  two  ends, 
one  giving  the  "Go"  and  the  other  the  "Not  Go"  size.  The 
gage  consists  of  a  body  A,  in  which  two  plugs  B  and  C  are 
fastened  by  pins,  as  shown.  Two  disks  are  also  fastened  to 
the  faces  of  plugs  B  and  C,  one  disk  D  being  made  so  that  it 
enters  one  of  the  holes  in  the  work,  which  is  a  combination 
time  fuse  powder  train  ring.  The  other  disk  E  is  made  to 
fit  in  the  hole  which  is  eccentric  to  the  one  in  which  plug  D 
fits.     Plugs  D  and  F  are  of  the  same  size,  whereas  plugs  E 


Fig.    38.     Caliper  Type  of  Thickness  Gage  for  testing  Thickness  of  Walls 
of  Cartridge  Cases 

and  G  are  of  different  sizes,  the  difference  in  diameter  being 
such  as  to  control  the  manufacturing  limits  on  the  work.  The 
center  location  of  the  two  disks  in  relation  to  each  other  is 
the  same  on  both  ends  of  the  gage,  the  difference  in  diameter 
being  the  factor  that  controls  the  limit  on  the  work.  In  using 
this  gage,  the  work  is  tried  on  first  the  "Go"  and  then  the 
"Not  Go"  end.  If  plug  E  goes  in  and  plug  G  does  not,  the 
work  is  satisfactory. 

Testing-  the  Squareness  and  Concentricity  of  Piston-pin 
Holes  with  Body  of  Piston 
Two  interesting  gages,  one  for  testing  the  squareness  of  the 
piston-pin  hole  with  relation  to  the  exterior   surface  of  the 


Fig.    39.     stand   Type   of  Indicating  Thickness   Gage   for   testing  Walls  of 
Cartridge  Cases 
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Fig.    40.     Indicating    Thickness    Gage    for    testing    Thickness    of    Walls    of 
Shrapnel  Shells 

piston,  and  the  other  for  testing  the  concentricity  of  the  piston- 
pin  hole  with  relation  to  the  exterior  surface  of  the  piston, 
are  shown  in  Fig.  43.  The  gage  shown  at  A  is  for  testing 
the  squareness  of  the  piston-pin  hole  with  relation  to  the 
body  of  the  piston,  and  consists  of  a  plug  a.  which  is  made  a 
good  fit  in  the  piston-pin  hole,  and  carries  a  bracket  6  held 
in  place  by  a  screw  c.  Bracket  b  carries  a  micrometer  spin- 
dle d  which  is  used  for  testing  the  squareness  of  the  hole. 
In  applying  this  gage,  the  plug  is  pushed  into  the  piston- 
pin  hole  until  the  shoulder  e  contacts  with  the  surface  of  the 
piston.  The  micrometer  spindle  is  then  brought  to  bear  first 
at  one  end — near  the  head — and  then  near  the   base   of  the 


Simple   Type   of   Concentricity   Gage   based   on   Limit  Principle 


piston,  and  the  amount  of  variation  between  the  two  points  is 
read  off  on  the  thimble  of  the  micrometer.  The  plug  is  made 
to  enter  freely  enough  into  the  piston-pin  hole,  so  that  the 
gage  can  be  turned  around  to  bring  the  micrometer  spindle 
Into  the  desired  position. 

The  gage  shown  at  B  is  of  somewhat  similar  construction  to 
that  shown  at  A,  except  that  a  dial  indicator  is  used  in  place 
of  the  micrometer  screw.  The  dial  indicator  /  is  held  in  a 
bracket  g,  as  illustrated,  and  is  adjusted  in  this  bracket  so 
that  its   indicating   point   or   plunger  comes   directly   in   line 


COMBINATION  TIME  FUSE 
POWDEHTRAIN  RING 


Fig.  42.     Another  Concentricity  Gage  of  the  Plug  Type 

with  the  vertical  axis  of  the  piston  when  shoulder  h  of  the 
plug  is  in  contact  with  the  surface  of  the  piston.  After  one 
side  of  the  piston  has  been  tested,  the  gage  is  turned  around 
and  the  other  side  tested  to  see  if  the  piston-pin  hole  is  exactly 
central  with  the  exterior  surface  of  the  piston.  The  gage 
is  provided  with  two  feet,  as  shown,  for  supporting  it. 

Method  of  Testing-  Concentricity  of  Gear  Blanks 

One  method  of  testing  work  to  see  whether  it  is  concentric 
or  not  before  machining  is  shown  in  Fig.  44.  This  illustra- 
tion shows  a  dial  indicator  testing  gear  blanks  which  are  to 
be  cut  on  a  gear-hobbing  machine.    After  the  series  of  blanks 


is  fastened  on  the  work-holder  and  the  work-holder  supports 
are  put  in  place,  the  dial  indicator  is  brought  in  contact  with 
the  work  and  held  by  clamps  as  shown.  The  work-spindle  is 
then  rotated,  and  the  movement  of  the  dial  indicator  shows 
whether  the  exterior  surface  runs  true  or  not.  If  not,  it  is  an 
indication  that  the  work  has  not  been  accurately  machined 
or  that  the  work-arbor  has  been  thrown  out  of  correct  align- 


Fig.    43.     Indicating    Gages    for    testing    Squareness    and    Concentricity    of 
Piston-pin  Hole   in   Belation  to   External  Diameter  of  Piston 

ment.     By  taking  this  precaution,  the  chance  of  cutting  poor 
gears  is  reduced. 

Testing-  Concentricity  and  Radial  Position  of  Cutter  Teeth 

A  testing  device  used  by  the  Union  Twist  Drill  Co.  for  de- 
termining whether  the  teeth  of  milling  cutters  are  equidistant 
from  the  center  or  not,  so  that  they  will  do  their  correct  share 
of  the  work,  is  shown  in  Fig.  46.  This  fixture  also  determines, 
by  means  of  a  separate  indicating  needle,  whether  the  teeth 


Fig.    44.     Testing    Concentricity   of    Gears    on    Gear-hobbing    Machine 

are  radial  or  not.  It  consists  of  a  base  carrying  an  adjustable 
stud  on  which  the  cutter  to  be  tested  is  held,  bushings  being 
supplied  for  fitting  different  sized  holes  in  the  cutters.  The 
cutter  is  then  brought  up  to  the  micrometer  spindle  and  ro- 
tated to  determine  if  all  of  the  teeth  are  of  the  same  height. 
The  work  is  then  shifted  over  to  the  indicating  pointer,  and 
this  is  brought  in  contact  with  the  face  of  the  teeth.  If  the 
teeth  are  radial  with  the  center,  the  indicating  mark  on  the 


Diagram  illustrating  how  Indicating  Lever  for  TTnder-cnt   Teeth 
is  set  off  Center  on  Fixture  shown  in  Fig.  47 
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Fig.    46.     Fixture    for    testing    Concentricity    of    Periphery    and    Bore    of 
Milling  Cutters  and  Position  of  Face  of  Cutter  Teeth  of  the  Radial  Tyi>e 

opposite   end    of   the    pointer    registers    zero    on    the    arm    of 
the  fixture. 

A  fixture  which  can  be  applied  to  milling  cutters  or  hobs 
having  under-cut  teeth  is  shown  in  Fig.  47.  This  gage  indi- 
cates if  the  cutter  is  true,  if  the  teeth  are  equidistant  from 
the  center,  and  if  the  proper  amount  of  under-cut  is  provided. 
The  faces  of  the  teeth  are  tested  by  means  of  a  finger  mounted 
on  a  slide.  Readings  can  be  taken  from  the  scale  shown  at 
the  left-hand  end  of  the  gage,  which  is  graduated  in  fiftieths 
of  an  inch.  The  proper  readings  can  be  obtained  by  multiply- 
ing the  radius  of  the  cutter  by  the  following  constant  for 
different  angles  of  face,  or  under-cut: 

Ansio  of  Face 


nder-cut. 

Constant, 

grees 

Inches 

5 

0.087 

10 

0.174 

15 

0.259 

20 

0.342 

25 

0.423 

^^^^^^^^>///////>J  ^ 


Fig.  48.     Simple  Type  of  Indicating  Concentricity  Gage  for  High-explosive    Shells 


Fig.  45  shows  how  this 
reading  is  obtained.  For 
testing  if  the  faces  of  the 
teeth  are  radial,  the  slide 
on  the  fixture  in  Fig.  47 
is  brought  to  zero,  and 
consequently  does  not 
have  any  lateral  move- 
ment. When  the  teeth 
are  under-cut,  however, 
the  fixture  is  moved  over 
the  amount  given  by  mul- 
tiplying the  constant  by 
the  radius  of  the  cutter, 

and  the  pointer  should  then  indicate  zero  if  the  cutter  is  cor- 
rect. The  opposite  end  of  the  fixture  carries  a  micrometer 
test  instrument  for  determining  whether  the  points  of  the 
teeth  are  equidistant  from  the  center  or  not;  in  other  words,  if 
the  hole  and  points  of  the  teeth  are  concentric  with  each  other. 

Concentricity  Ga§-e  for  Hig-h-explosive  Shells 

Fig.  48  shows  a  simple  type  of  indicating  concentricity  gage 
for  inspecting  high-explosive  shells.  This  consists  of  a  base  A 
carrying  an  arbor  B  on  which  there  are  two  bushings,  both 
slightly  tapered.  One  bushing  fits  the  hole  near  the  bottom 
and  the  other  at  the  open  end  or  nose.  The  shell  is  simply 
held  on  the  fixture  by  hand  and  rotated  to  determine  whether 


Fig.   47.     Similar  Device  to   that  shown  in  Fig.   46.   for  testing   Under-cut 
on  Teeth  of  Milling   Cutters   and  Hobs 

the  exterior  surface  is  concentric  with  the  bore  or  not.  The 
concentricity  of  these  two  surfaces  ia  determined  by  means 
of  a  multiplying  lever  arrangement,  consisting  of  a  movable 
plunger  C.  link  D  and  pointer  E.  Pointer  E  is  fulcrumed  at 
the  point  G,  giving  a  multiplying  movement  of  12  to  1.  In 
other  words,  a  variation  of  0.001  inch  in  the  work  moves  the 
extreme  end  of  the  pointer  0.012  inch. 

Gage  for  Testing-  Concentricity  of  Shrapnel  Shells 

An  indicating  type  of  concentricity  gage  for  testing  shrapnel 
shells  is  shown  in  Fig.  49.  This  differs  from  that  shown  in 
Fig.  48  in  that  the  shell  is  supported  from  the  exterior  instead 

of  from  the  interior  sur- 
face. It  comprises  a  base 
A  provided  with  several 
bosses  for  holding  the  in- 
dicating lever  mechan- 
isms, as  well  as  the  rolls 
B  and  C  for  supporting 
and  positioning  the  shell. 
Rolls  B  are  so  positioned 
that  the  axis  of  the  shell 
is  inclined  to  the  base  of 
the  fixture  at  an  angle  of 
5  degrees,  25  minutes. 
This  is  done  to  keep  the 
base  of  the  shell  constant- 
ly in  contact  with  the 
roll  C,  and  thus  locate  it 
properly  in  relation  to 
the  contact  point  of  the 
indicating    levers.      The 


two  points  on  the  shell  which  are  tested  for  concentricity  are 
the  bore  of  the  powder  pocket  and  the  exterior  surface  of  the 
shell  close  to  the  base. 

The  indicating  mechanism  which  determines  the  concen- 
tricity of  the  powder  pocket  consists  of  a  rod  D  to  which  a 
handle  E  is  attached,  provided  with  a  flattened  end  fitting 
in  the  corresponding  slot  in  the  boss  on  the  fixture.  The 
indicating  lever  G  is  fulcrumed  at  the  point  H  and  swings 
over  the  arc  /  provided  with  three  points,  mean,  low  and  high. 
The  indicating  device  for  the  exterior  of  the  shell  is  held 
on  a  post  J  and  consists  of  an  arm  K  held  between  two  ad- 
justing nuts  L.  The  indicating  lever  M  is  fulcrumed  at  the 
point  N  and  swings  over  the  scale  0,  having  marks,  mean. 


^^=- 
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Fig.  49.     Gage  for  determining  Concentricity  of  Powder  Pocket  and   Exterior  Surface  near  Base  End  of  Shrapnel  Shells 
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low  and  high.  In  order  to  lo- 
cate the  point  of  the  fulcrum 
lever  M  directly  in  line  with 
the  vertical  axis  of  the  shell 
at  its  highest  point,  the  bush- 
ing P  is  provided,  carrying  a 
pin  which  comes  in  contact 
with    stop-pins    in    the    rod    J. 

Inspecting  Cams  on  Gas  Engine 
Cam-shaft 

A  class  of  gaging  which  re- 
quires accurate  and  careful  in- 
spection methods  is  the  testing 
of  cams  on  gas  engine  cam- 
shafts. These  'jams  must  be 
tested  for  shape,  lift  and  angu- 
larity of  position.  The  require- 
ments are  that  the  profile  of 
the  cam  between  the  opening 
and  closing  points  must  fit  a  contour  gage  having  limits  of 
±  0.003  inch.  When  the  concentric  part  of  the  cam  is  within 
the  limit  of  tolerance,  which  is  0.001  inch,  the  body  plus  the 
lift  must  be  correct  to  within  0.003  inch.  The  arc  of  the  open- 
ing and  closing  points  on  the  cam  must  be  correct  to  within 
±\'^  degree.  The  relative  positions  of  the  opening  and  closing 
points  on  all  cams  must  be  correct  to  within  ±  1  degree,  and 
this  error  must  not  be  cumulative.  The  usual  clearance  pro- 
vided between  the  top  of  the  valve  lifter  and  the  lower  surface 
of  the  valve  stem  is  from  0.003  to  0.010  inch. 

A  simple  method  of  accomplishing  this  work,  which,  while 
not  employing  the  indicating  type  of  gage,  is  of  sufficient  in- 
terest to  warrant  description  here,  is  shown  in  Fig.  50.  This 
fixture  is  used  for  testing  the  position  of  the  cams  on  an 
integral  four-cylinder  engine  cam-shaft.  The  fixture  com- 
prises a  bedplate  A  on  which  three  brackets  B,  C  and  D  are 
held.  Brackets  B  and  G  are  used  as  supports  only,  and  are 
provided  with  hinged  caps  held  by  thumb-screws  to  facilitate 
the  insertion  and  removal  of  the  cam-shaft.  The  bracket  D 
carries  a  special  chuck  for  gripping  the  work  and  is  furnished 
with  an  index  plate  E  which  has  eight  notches  to  correspond 
with  the  number  and  position  of  the  cams  on  the  shaft.  This 
disk  is  located  in  the  various  positions  by  a  tapered  plunger 
that  is  held  in  contact  with  the  disk  by  a  spring  and  is  re- 
moved by  the  handle  F  to  index  the  disk.  The  highest  point 
of  the  cam  is  tested  by  the  T-gage  G,  which  has  "Go"  and 
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Fig.  50.     Simple  Type  of  Gas  Engine  Cam  Testing  Fixture  for  determining 
Shape  of  Cam,  Angularity,  Lift,  etc. 


"Not  Go"  ends  on  the  bar  G,. 
The  angularity  and  shape  of 
the  cams  are  tested  by  the 
V-gage  H,  which  is  provided 
with  knife-edge  points  and  is 
used  in  connection  with  the  in- 
dexing disk.  This  gage  also  has 
"Go"  and  "Not  Go"  V-grooves, 
which  are  made  to  the  exact 
shape  desired.  The  brackets  on 
this  gaging  fixture  are  all  lo- 
cated from  a  central  groove  in 
the  bed  which  keeps  them  in 
correct  alignment. 

Another  method  which  em- 
ploys the  use  of  a  dial  test  in- 
dicator is  shown  in  Fig.  52. 
This  device  is  of  comparatively 
simple  construction  and  con- 
sists of  a  base  A  sufficiently  heavy  to  stand  firmly,  and  a 
vertical  support  B  held  in  the  base  by  means  of  screws.  The 
upper  end  of  the  support  is  drilled  and  reamed  to  receive  the 
shank  of  the  dial  indicator  7,  and  is  split  and  provided  with  a 
screw  to  clamp  it.  The  indicator  point  P  is  a  spherical  seg- 
ment whose  radius  ?■  is  one-half  the  diameter  of  the  cam  roll. 
The  center  line  of  the  indicator  must  be  in  the  same  position 
in  relation  to  the  cam-shaft  that  the  roll  is  in  the  gasoline 
engine,  which  in  this  case  is  on  the  center  line  of  the  cam- 
shaft. The  distance  d  is  then  one-half  B  and  the  height  H.  is 
such  as  to  give  a  good  contact  between  point  P  and  cam  G 
and  allow  the  full  limit  of  the  indicator  movement. 

In  use,  the  cam-shaft  is  provided  with  a  dog  and  mounted 
between  the  index  centers  of  a  suitable  fixture.  The  first  step 
then  is  to  find  the  center  of  the  keyway  for  the  cam-shaft 
gear,  as  the  cams  are  generally  laid  out  with  reference  to  a 
keyway.  Assuming  that  the  cam  is  of  the  shape  shown  in  the 
illustration,  and  the  center  coincides  with  the  center  line  of 
the  keyway,  also  that  the  opening  and  closing  points  are  in 
the  position  occupied  by  the  cam  rolls  R  represented  by  the 
dotted  circles  to  the  right  of  the  illustration,  the  actual  open- 
ing and  closing  points  are  then  one-half  102  degrees,  or  51 
degrees  in  advance  and  51  degrees  back  of  the  starting  point. 
Now,  with  the  indicator  set  on  the  dwell  of  the  cam  allowing 
for  a  rise  of  0.003  inch — "the  clearance  under  the  valve  stem" 
below  zero — and  with  the  indicator  in  the  position  shown,  the 


Fig.  51.     Multiple  Type  of  Cam-shaft  Testing  Fixture  used  for  inspecting  Cam-shafts    for    Twin    Four-cylinder   Engii 
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Fig.   52.     Method  of  using  Dial  Test  Indicator  for  inspecting   Gas  Engine 
Cams 

oam-sliat't  is  indexed  to  the  correct  angle.  It'  the  work  has 
been  accurately  done,  the  indicator  needle  should  just  begin 
to  rise  at  the  51-degree  angle.  If  not,  it  will  rise  either  too 
soon  or  too  late,  and  the  amount  of  error  is  read  off  on  the 
index  circle  of  the  indicator.  The  relation  of  all  the  other 
cams  to  the  keyway  is  tested  in  a  similar  manner,  taking  all 
the  opening  points  in  their  firing  order  and  then  all  the  closing 
points.  The  amount  of  error  sometimes  found  in  spite  of  very 
careful  work  is  surprising,  and  this  method  of  testing  ap- 
proaches a  high  degree  of  accuracy. 

Multiple  Indicating  Cam-shaft  Gage 

The  multiple  indicating  cam-shaft  gage  for  testing  the  ex- 
haust and  inlet  cams  for  twin  four-  or  eight-cylinder  engines 
is  shown  in  Fig.  51.  This  consists  of  a  fixture  for  holding 
the  cam-shaft  and  indexing  it  while  being  tested  and  brackets 
for  carrying  four  dial  indicators,  so  that  four  cams  can  be 
tested  at  the  same  setting  of  the  cam-shaft.  For  the  other 
four  sets  of  cams,  the  cam-shaft  is  shifted  and  the  testing 
operation  repeated.  The  fixture  consists  principally  of  a  base  A 
to  which  four  V-blocks  B  are  attached.  The  bearings  on  the 
cam-shaft  rest  in  these  V-blocks.  After  the  cam-shaft  is  held 
in  the  V-block  and  located  in  the  correct  position,  a  double 
index  plate  C  and  D  is  fastened  to  the  end  of  the  shaft  in 
order  to  give  the  correct  angular  position  of  the  cam-shaft 
when  testing  the  location  of  the  opening  and  closing  points 
on  the  cams.  Four  cams,  as  previously  mentioned,  are  tested 
at  a  time.  The  index  plate  is  moved  into  the  position  desired 
and  the  reading  is  transmitted  from  the  cams  by  the  rolls  E 
to  the  needle  of  the  indicators  F. 

The  reading  on  the  dial  indicator  is  taken  when  the  cam 
has  raised  the  roll  0.005  inch,  thus  allowing  for  the  clearance 
between  the  end  of  the  push-rod  and  the  valve  stem.  As  soon 
as  readings  have  been  taken  from  four  cams  and  they  are 
found  correct,  the  lever  G  is  operated,  which  releases  the 
single  clamp  that  holds  the  -cam-shaft  in  position  in  the  fixture. 


Fig.  B3.     Electrical  Device  for  inspecting  Gas  Engine  Cams  of  Detachable 
Type 


bearing  down  with  .suflicieiit  pr(!SKure  to  prevent  it  shifting, 
but  at  the  same  time  allowing  it  to  be  rotated  by  means  of 
the  index  plate.  The  cam-shaft  is  then  shifted  along  the  fix- 
ture to  bring  the  remaining  four  cams  into  position  under  the 
indicators,  and  a  similar  procedure  followed.  It  will  be  noted 
that  the  fixture  is  constructed  so  that  the  index-plate  moves 
with  the  cam-shaft  when  it  is  shifted  over  to  bring  the  second 
set  of  cams  into  the  testing  position.  By  means  of  this  gage 
the  testing  of  cam-shafts  is  greatly  simplified  in  that  four 
readings  can  be  taken  at  one  setting. 

Electrical  Cam-shaft  Gage 

An  electric  device  for  testing  individual  cams  is  shown 
in  Fig.  53.  This  gage  consists  principally  of  a  pivoted  arm  A 
that  is  raised  or  lowered  by  the  thrust  of  the  cam  being  tested 
and  is  held  in  contact  with  the  cam  by  a  helical  spring.  The 
cam  is  carried  on  the  shaft  B,  which  is  provided  with  a  key  C 
the  cam  being  slowly  rotated  by  means  of  a  small  motor  lo- 
cated behind  the  slate  base  to  which  the  entire  mechanism  is 
attached.  Connection  is  made  with  an  electric  battery  in 
such  a  manner  that  when  the  cam  raises  and  lowers  the  arm  A, 
it  closes  the  electric  circuit  by  making  contact  with  the  ad- 
justing screws  D,  E,  F  and  O,  respectively.  If  the  throw 
of  the  cam  is  too 
slight,  no  contact 
will  be  made  with 
either  of  the  ad- 
justing screws  D 
and  E;  if  the  throw 
is  as  it  'should  be, 
contact  will  be 
made  with  the 
screw  D,  and  the 
green  lamp  on  the 
top  of  the  board 
will  flash.  If  the 
throw  is  too  great, 
contact  will  be 
made  with  both 
screws  D  and  E,  re- 
sulting in  the  flash- 
ing of  both  the  red 
and  the  green 
lamps.  In  the  same 
manner,  the  lamps 
at  the  bottom  of 
the  board  are 
flashed;  if  the  di- 
ameter of  the  cam 
is  too  great,  neither 
light  flashes;  if 
correct,    the    green 

light  shows;  and  if  too  small,  both  the  green  and  r^d  lights 
show.  The  contact  screws  are  made  from  brass  carrying  a 
copper  contact  point  which  is  held  out  by  means  of  a  brass 
spring.  This  device  is  adjusted  by  means  of  a  master  cam 
which  has  been  measured  by  hand  and  found  to  be  correct. 

Device  for  Testing  Electric  Starter  Ignition  Cams 

Fig.  54  shows  an  application  of  the  indicating  dial  type  of 
gage  in  conjunction  with  a  multiplying  lever  for  testing  igni- 
tion cams  for  "Delco"  electric  starters.  The  indicator  used  gives 
readings  to  0.0001  inch.  The  gage  is  rigidly  built  and  con- 
sists of  a  base  A  in  which  a  stand  B  is  screwed  that  carries 
the  measuring  table  C  provided  with  a  split  box  at  the  rear 
through  which  passes  the  post  supporting  the  multiplying 
lever  arrangement.  The  dial  test  indicator  D  is  fastened  to 
the  rear  bracket  and  is  operated  by  a  multiplying  lever  E. 
This  is  fulcrumed  on  adjustable  pointer  screws  F  and  is  pro- 
vided with  a  boss  at  its  lower  surface  in  which  a  plunger  G 
fits.  This  plunger  is  adjusted  by  a  screw  H,  which,  in  turn,  is 
clamped  by  a  screw  /.  In  this  case,  the  cam  to  be  gaged 
is  held  on  a  stud  J  and  is  brought  in  contact  with  a  location 
point  K.  Previous  to  testing  the  work,  the  gage  is  set  at 
zero  by  means  of  a  master.  The  limits  on  this  work  are 
±  0.0005  inch. 


Fig.  64.    Special  Type  of  Indloating  Gage  for  In- 
specting Interrupter  Cams  for  Electric  Starter 
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Flush-pin    Type    of    Gage   for   inspecting   Work   on   the    Ordinate 
Principle 


Ordinate  System  of  Gaging- 

As  was  explained  in  connection  with  the  first  installment 
of  this  article  in  the  November  number  of  Machineky, 
irregular-shaped  parts  are  generally  gaged  by  means  of  profile 
templets,  the  work  being  inspected  by  holding  it  in  contact 
with  the  templet  and  up  to  the  light.  Of  course,  a  very  small 
variation  in  the  work  from  the  gage  can  be  detected  by  the 
rays  of  light  between  the  two  pieces,  but  there  is  no  definite 
means  of  determining  just  what  this  variation  is.  Conse- 
quently, the  templet  system  is  not  satisfactory  for  interchange- 
able manufacture,  as  the  discrepancies  in  the  work  are  not 
measurable. 

The  type  of  profile  gage  used  is  governed  largely  by  the 
shape  and  character  of  the  work.  In  gaging  cylindrical  work, 
a  profile  gage  called  a  "receiver  gage"  is  generally  employed. 
In  this  case  the  gage  is  bored,  reamed  and  lapped  to  the  shape 
of  the  work  and  is  then  slabbed  off  so  that  the  hole  in  the 
gage  is  exposed;  then  when  the  work  is  inserted,  its  outline 
can  be  compared  with  that  of  the  gage.  The  most  common 
form  of  templet,  as  previously  mentioned,  is  made  from  sheet 
steel  and  is  filed  down  and  ground  on  the  measuring  side  to  a 
knife-edge  similar  to  that  used  on  a  straightedge.  When  the 
work  to  be  measured  has  several  shoulders  or  irregularities 
of  outline,  it  is  necessary,  of  course,  that  the  gage  be  held 
parallel  with  the  axis  of  the  work  if  it  is  cylindrical  in  shape. 
There  are  other  objections  to  the  templet  system,  and  in  up- 
to-date  manufacturing  plants  a  templet  is  used  as  sparingly 
as  possible. 

By  the  ordinate  system  of  gaging,  a  piece  of  irregular  out- 
line is  gaged  at  all  the  principal  points  for  the  desired  meas- 
urements by  means  of  either  one  of  two  systems.  One 
system  employs  the  flush-pin  principle  and  the  other  the  dial 
test  indicator.  The  system  used  depends,  of  course,  on  the 
number  of  surfaces  to  be  gaged  and  the  convenience  with 
which  these  surfaces  can  be  approached.     Fig.   55  shows  a 
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simple  method  of  gaging  an  irregular-shaped  piece.  In  this 
case  the  flush-pin  principle  can  be  adopted  because  of  the 
comparatively  simple  outline  of  the  piece.  These  flush-pins 
are  held  in  separate  blocks  fastened  to  a  base,  and  the  axis 
of  the  flush-pin  is  located  at  right  angles  to  the  surface  to 
be  gaged. 

The  rear  end  of  the  bracket  carrying  the  flush-pin  is  pro- 
vided with  a  plus  and  minus  limit  step.  In  use,  the  flush-pins 
are  pushed  back  to  insert  the  work  in  the  holder,  and  are 
then  pushed  forward  to  ascertain  whether  the  work  has  been 
machined  properly  or  not.  The  test  consists  in  comparing, 
by  the  sense  of  touch,  the  positions  of  the  ends  of  the  flush- 
pins  with  relation  to  the  steps  on  the  rear  ends  of  the  holders. 
A  simple  ejecting  mechanism  is  used  in  connection  with  this 
gage;  it  consists  of  a  rod  A  passing  through  the  body  of  the 
plate  and  carrying  two  eccentrics.  These  work  against  pins 
held  in  the  base  that  are  forced  upward  by  the  eccentrics  to 
eject  the  work  from  the  dowel-pins  on  which  it  is  held.  Two 
pins  in  the  end  of  the  gage  block  act  as  stopping  points  for 
this  rod. 

Another  type  of  gage  working  on  the  ordinate  principle  is 
shown  in  Fig.  56.  In  this  case,  as  it  will  be  noticed,  the  dial 
test  indicator  principle  is  employed  because  the  points  that 


Fig.    56.     Dial    Indicator    for   inspecting    Irregular   Work   on    the    Ordinate 
Principle 


Fig.  57.     Indicating  Gage  for  testing  Pressure  of  Gas  Engine  Valve  Lifter 
Springs 

must  be  measured  are  not  accessible  with  the  flush-pin  type. 
The  construction  of  this  gage  is  comparatively  simple;  it  con- 
sists chiefly  of  a  base  A  carrying  a  hardened  and  lapped  master 
block  B  which  is  of  the  same  shape  as  the  work  and  is  hard- 
ened, grouna  and  lapped  to  the  mean  dimensions  of  the  work. 
This  block  is  provided  with  close-fitting  dowel-pins  which 
are  made  to  fit  the  locating  holes  in  the  work  to  be  gaged. 
In  the  lower  left-hand  corner  of  the  gage  is  a  block  C,  which 
is  used  for  setting  the  block  D  and  spindle  E  of  the  dial  test 
indicator  in  line  with  each  other.  The  surface  of  this  block 
is  hardened,  ground  and  lapped,  and  is  at  right  angles  to  the 
surface  of  the  plate.  As  will  be  noticed,  lines  are  drawn  from 
the  points  where  the  gaging  is  to  be  done,  and  opposite  these 
lines  are  numbers.  These  numbers  indicate  the  limits  in 
thousandths  of  an  inch  provided  on  the  work.  For  instance, 
3  —  means  that  at  this  point  the  piece  can  be  0.003  inch 
less  or  smaller  than  the  master  by  which  it  is  being  compared. 
In  using  this  gage,  the  block  carrying  the  dial  test  indi- 
cator is  swung  around  and  the  dial  test  indicator  spindle  and 
measuring  end  of  the  block  are  brought  in  contact  with  the 
setting  block  C.  The  bezel  of  the  dial  test  indicator  is  then 
rotated  so  that  the  needle  points  to  zero.  The  gage  is  then 
swung  around  and  brought  in  contact  with  the  work.     Index 
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points  are  marked  on  the  rear  and  front 
ends  of  the  block  D  so  that  these  are 
brought  in  line  with  lines  on  the  plate  A. 
Then  the  block  D  is  brought  in  contact  with 
the  master,  and  the  spindle  of  the  dial  test 
indicator  in  contact  with  the  work,  the  re- 
sulting readings  being  taken  off  on  the  in- 
dicator. The  indicator  and  block  which 
are  fastened  to  each  other  can  be  moved 
around  to  any  point  on  the  work  and  the 
variations  between  the  work  and  the  mas- 
ter can  be  read  off  in  thousandths  of  an 
inch.  The  advantage  of  this  system  over 
the  templet  system  is  evident,  in  that  it 
gives  a  direct  reading  and  indicates  to  the 
inspector  just  how  many  thousandths  inch 
the   work    varies    from   the   required    size. 

Dial  Indicators  lor  Testing  Pressure 

The  dial  indicator  is  used  to  a  large 
extent  for  testing  pressure  in  the  inspec- 
tion of  springs  that  must  be  capable  of 
delivering  the  required  pressure  when  com- 
pressed a  certain  amount.  The  application 
of  the  dial  indicator  to  this  work  is  shown 
in  Fig.  57.  This  illustration  shows  a  spe- 
cial fixture  used  in  testing  the  pressure  ex- 
erted by  conical  valve  springs  for  gas  en- 
gines. The  fixture  consists  principally  of  a 
regular  scale  dial,  which  is  attached  to  a 
base  A  having  an  upright  B.  This  upright 
carries  a  spindle  which  is  operated  by  a 
rack  and  pinion  through  the  turnstile  C, 
the  distance  that  the  spring  is  compressed 
being  determined  by  the  stop  D,  which 
comes  in  contact  with  a  pin  on  the  top 
of  the  fixture.  The  spring  being  tested  is 
compressed  about  1^/^  inch — the  compres- 
sion it  has  in  the  gas  engine — and  must 
show  a  pressure  of  58  pounds  on  the  dial. 
Device  for  Testing:  Time  Fuse  Percussion  Restraining  Springs 

A  much  more  delicate  instrument  than  that  illustrated  in 
Fig.  57  is  shown  in  Fig.  58.  In  this  case  the  device  is  used 
for  testing  the  pressure  of  percussion  restraining  springs  used 
in  combination  time  and  percussion  fuses.  In  construction, 
it  consists  of  a  base  A  carrying  an  upright  B.  The  base  A 
rests  on  four  feet  C,  which  are  capable  of  being  adjusted  so 
that  the  instrument  can  be  brought  to  a  parallel  plane,  this 
being  determined  by  means  of  the  cross-level  B.  Post  B  car- 
ries two  plates  E,  which  support  the  spindle  carrying  the 
washers  F  and  G.    These  plates  are  countersunk  so  that  only 
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a  knife-edge  bearing  is  provided  to  con- 
tact with  the  plunger.  The  total  weight 
of  washers  /■'  and  plunger  //  is  1.5  ounce, 
whereas  the  "limit  weight"  O  is  0.15  ounce. 
The  spring  to  be  tested  is  placed  on  test 
pin  /,  the  spindle  //  meanwhile  being  held 
up  by  hand.  The  spindle  is  then  allowed 
to  drop  and  compress  the  spring,  and  if  it 
is  correct,  the  points  marked  must  coincide 
when  the  distance  X  is  0.370  inch.  If  the 
weight  of  F  and  the  spindle  is  not  sufficient 
to  give  this  reading,  the  limit  weight  G  is 
added;  if  this  makes  the  distance  X  cor- 
rect, then  the  spring  is  O.K.;  if  not,  it  is 
too  stiff.  If  the  distance  X,  of  course,  is 
less  than  0.370  inch  when  weight  G  is  not 
on  the  spindle,  then  the  spring  is  too  weak. 

Indicating-  Gage  Depending  on  the  Sense 

of  Hearing 
As  has  been  previously  mentioned,  indi- 
cating gages  depend  on  the  sense  of  touch, 
sight  and  hearing  for  their  operation. 
Those  depending  on  the  sense  of  hearing 
are  generally  of  the  electrical  type,  and 
an  example  of  a  gage  employing  this  prin- 
ciple is  shown  in  Fig.  59.  This  gage  is 
employed  for  testing  the  closing  pressure 
of  piston  rings.  Piston  rings  have  been 
tested  for  closing  pressure  by  many  other 
devices,  all  of  which  have  been  more  or 
less  satisfactory.  It  is  generally  known 
that  a  piston  ring  which  does  not  possess 
the  required  amount  of  tension  does  not 
lie  in  close  touch  with  the  walls  of  the 
cylinder  all  around,  and  hence  gas  is  al- 
lowed to  leak  past  and*  compression  is  lost. 
It  is  therefore  desirable  to  know  if  the 
rings  have  sufficient  tension  before  they 
are  inserted  in  the  piston,  and  the  gage 
in  Fig.  59  determines  this  satisfactorily. 
It  consists  chiefly  of  a  cast-iron  plate  A  machined  on  its 
top  surface  to  provide  two  ribs  B  that  are  nicely  finished  so 
that  the  rings  can  be  slipped  along  them  without  undue  fric- 
tion. Fastened  to  one  side  of  the  fixture  is  a  bracket  C,  which 
is  machined  out  on  one  edge,  providing  a  step  that  is  of  a 
slightly  greater  height  than  the  width  of  the  piston  ring  being 
tested.  Held  on  the  other  side  of  the  cast-iron  plate  is  a 
lever  D,  which  is  fulcrumed  at  the  point  E  by  two  cone-pointed 
screws  in  the  bracket  F.  At  one  end  of  the  fixture,  pulley  G 
is  attached,  and  running  over  this  is  a  wire  rope  which  car- 
ries the  weight    H :  the   size  of  the  weight  depends   on   the 
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Fig.  59.     Piston  Bing  Testing  Device  depending  for  its  Beading  on  the  Sense  of  Hearing 
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size  of  piston 
ring  being  test- 
ed. This  wire 
rope,  as  will  be 
noticed,  is  at- 
tached also  to 
the  rear  end  of 
lever  D,  which 
carries  a  con- 
tact point  1. 
This  contact 
point  makes 
contact  with 
the  point  J  of 
the  ''Cham- 
pion" spark 
plug  K  when 
the  piston  ring 
is  of  the  de- 
sired tension. 
Plug  K  is  con- 
nected by  suit- 
able wiring  to 
a  bell  and  bat- 
tery in  the  box 
under  plate  A. 
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Fig.   60. 


Indicating  Gage  for  testing  Balls  during 
Process  of  Manufacture 


Fig.    61.     Indicating  Gage   shown   in   Fig.   60   with 
Plate  removed  to  show  Constructional  Features 


In  operation,  the  inspector  lays  the  ring  down  flat  on  the 
testing  surface  of  the  plate  and  pulls  it  toward  him  between 
the  fixed  and  movable  strips  C  and  D,  respectively,  with  the 
split  or  saw  cut  exactly  in  the  center.  In  pulling  the  ring 
through  the  fixture,  if  the  pressure  is  sufficient  to  overcome 
the  resistance  of  weight  H,  which  on  the  Ford  piston  ring 
is  18  pounds,  electrical  contact  is  made  between  points  /  and  J. 
and  the  bell  in  the  box  of  the  fixture  is  rung.  If  the  inspector 
pulls  the  ring  through  the  fixture  without  the  bell  ringing, 
then  the  ring  does  not  come  up  to  the  required  tension,  and 
is  consequently  rejected.  When  this  fixture  was  adopted  in 
one  plant  it  was  found  that  previous  methods  had  been  more 
or  less  inaccurate,  and  anywhere  from  20  to  50  per  cent  of 
the  rings  formerly  made  proved  to  be  failures.  Changes  in 
manufacturing  methods,  however,  reduced  the  number  of  fail- 
ures from  20  to  5  and  10  per  cent. 

Gaging-  and  Inspecting  Balls  and  Ball  Bearings 

Aside  from  the  manufacture  of  rifles  and  similar  inter- 
changeable work,  there  is  probably  no  industry  in  which 
gaging  and  inspection  methods  are  developed  to  a  higher 
degree  of  perfection  than  in 
the  manufacture  of  balls  and 
ball  bearings.  As  a  rule,  this 
industry  is  split  up;  that  is. 
one  manufacturer  makes  the 
balls  and  another  the  bear- 
ings. There  are,  of  course, 
some  manufacturers  who 
make  the  entire  product,  but 
this  is  the  exception  rather 
than  the  rule.  No  other  in- 
dustry makes  more  extensive 
use  of  indicating  gages  than 
the  ball  and  ball  bearing  in- 
dustry, and  in  the  following 
particular  attention  will  be 
given  to  the  types  of  gages 
used  in  this  work. 

Gaging  and  Inspecting  Balls 

In  the  gaging  and  inspec- 
tion of  balls  there  are  two 
main  points  that  must  be  con- 
sidered. First,  the  ball  must 
be  spherical  within  certain 
limits,  and  second,  it  must  be 
made  to  a  definite  diameter, 
also  within  limits.  The  man- 
ufacturing limits  to  which  the 


balls  are  made 
depend  entire- 
ly, of  course 
on  the  use  to 
which  the  balls 
are  put.  For 
high-grade 
balls  they  must 
be  held  to  with- 
in a  limit  of 
0.00005  inch  of 
being  perfect 
spheres,  and 
must  not  vary 
more  than 
0.00005  inch  in 
diameter.  For 
bicycles,  hard- 
ware and  simi- 
lar work,  the 
manufacturing 
limits,  of 
course,  can  be 
considerably 
wider.  In  the 
following,  how- 


Fig.  62. 


ever,    attention    will    be    directed    particularly    to    the    gages 
used  in  making  high-grade  balls. 

During  the  process  of  manufacture  the  balls  are  gaged  to 
see  that  the  grinding  or  lapping  machines  are  working  prop- 
erly. Figs.  60  and  61  show  a  special  gage  developed  by  the 
Hoover  Steel  Ball  Co.  of  Ann  Arbor,  Mich.,  for  this  work. 
Referring  to  Fig.  61,  which  shows  the  construction  of  the 
gage  more  clearly,  it  will  be  noticed  that  it  is  of  the  adjustable 
type  and  is  provided  with  two  anvils,  one  of  which  is  adjusted 
by  means  of  a  screw  held  in  place  by  clamping  nuts.  The 
gage  consists  principally  of  a  plate  A  mounted  on  three  feet, 
the  rear  one  of  which  is  shorter  than  the  other  two,  so  that 
the  gage  is  inclined  at  a  slight  angle.  The  ball  to  be  gaged 
is  shown  held  in  the  nest  B.  and  the  gage  is  so  Inclined  that 
the  ball  always  rests  in  the  rear  of  this  nest,  so  that  its  axis 
is  parallel  or  in  line  with  the  two  gaging  points. 

The  upper  and  lower  anvils  are  provided  with  diamond 
gaging  points  held  in  brass  holders.  These  diamonds  are  so 
mounted  that  a  flat  face  is  presented  to  the  ball  surface  to  be 
gaged.  The  multiplying  lever  principle  is  used  here  in  the 
ratio  of  150  to  1,  so  that  for  variations  of  0.0001  inch  in  the 

ball,  the  top  point  of  needle  E 
would  move  over  the  arc  a 
distance  of  0.150  inch.  The 
construction  of  this  indicat- 
ing lever  mechanism  is  as 
follows:  Lever  D  is  con- 
nected to  anvil  C  and  meshes 
with  lever  E  through  a  rack 
tooth.  There  are  no  springs 
in  this  gage,  and  the  upper 
anvil  is  kept  in  contact  with 
the  work  by  means  of  a 
weight  F  attached  to  the  in- 
dicating needle  E.  By  means 
of  this  gage  it  is  possible  to 
determine  rapidly  if  the  balls 
are  being  ground  out  of  round 
or  under  diameter  when  in 
the  rough  state.  While  the 
wear  on  these  diamonds  is 
very  slight,  it  is  nevertheless 
necessary  to  be  certain  that 
the  instrument  is  measuring 
correctly,  and  at  certain  in- 
tervals the  indicating  needle 
is  set  by  means  of  a  master 
ball.  The  adjusting  screw 
holding  the  lower  anvil  is  ad- 
justed   the    required    amount. 


Indicating   Gage   of  Dial  Type   in   Combination    with   Multiplying 
Lever  for  testing  Balls  over  %  Inch  Diameter 
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Fie.   63.     Diagram   illustrating  Limitations  of  Multiplying  Lever  Type 
of  Gage 

Indicating-  Gagre  for  Inspecting  Finished  Balls 

After  the  balls  come  from  the  grinding  and  lapping  depart- 
ments, the  first  inspection  consists  in  looking  them  over  to 
see  that  they  are  free  from  pits,  scale,  bands,  dents,  tool  marks, 
etc.  This  is  done  on  the  smaller  sizes  of  balls,  and  particularly 
on  those  up  to  ^i  inch  in  diameter,  by  rolling  the  balls  on  a 
glass  plate.  A  ball  that  is  not  perfectly  spherical  will  not 
roll  straight,  but  will  wobble  from  side  to  side.  Balls  over 
%  inch  in  diameter  are  inspected  by  means  of  the  indicating 
gage  shown  in  Fig.  62.  As  will  be  seen  from  this  illustration, 
this  consists  of  a  dial  gage  combined  with  a  multiplying  lever 
mounted  on  a  plate  held  on  a  stand  which  is  set  at  an  angle 
so  that  the  ball  being  gaged  always  lies  at  the  back  surface 
of  the  pocket  in  which  it  is  retained.  The  lower  and  upper 
anvils  carry  black  diamond  or  quartz,  the  flat  surfaces  of 
which  are  presented  to  the  ball.  The  multiplying  lever  is 
in  the  ratio  of  10  to  1,  and  as  the  indicator  normally  reads 
to  0.001  inch,  this  multiplication  makes  it  possible  to  obtain 
readings  to  0.0001  inch.  The  limit  on  the  ball  is  0.00005  inch 
both  for  roundness  and  diameter,  so  that  the  maximum  move- 
ment of  the  needle  for  satisfactory  balls  would  be  not  more 
than  one-half  the  amount  between  any  two  marks  on  the  dial. 

In  multiplying  lever  gages  made  on  this  principle,  it  will 
readily  be  seen,  by  referring  to  Fig.  63,  that  very  wide  varia- 
tions in  diameter  cannot  be  accurately  indicated.     The  reason 


for  this  is  that  the  length  of  the  arm  of  the  multiplying  lever 
changes  as  the  measuring  point  is  moved  up  or  down.  Conse- 
quently, it  is  essential  that  a  master  ball  be  used  for  setting 
this  gage  for  each  size  of  ball  to  be  gaged,  and  then  that  the 
gage  be  used  only  as  a  means  of  comparison  and  not  as  a 
direct  measuring  instrument.  Girls  operating  these  instru- 
ments can  gage  10,000  balls  in  ten  hours,  or  1000  balls  an  hour, 
and  determine  whether  the  ball  is  out  of  round,  within  the 
limits  for  diameter,  or  has  any  other  imperfections  which 
have  passed  the  notice  of  the  previous  inspectors. 

Hlrth  Minimeter  for  Gaging-  Balls 

Fig.  64  shows  a  Hirth  minimeter  for  inspecting  balls  for 
diameter  and  spherical  form.  It  consists  of  a  special  stand 
carrying  a  lower  anvil  which  is  adjustable  as  shown,  a  sup- 
port for  the  ball  to  locate  it  so  that  its  axis  comes  in  line 
with  the  upper  and  lower  anvils,  and  an  arm  in  which  the 
minimeter   proper   is  retained.     The  top  measuring  anvil  of 


Fig.   64.     Hirth   Minimeter   used   for  testing   Diameter  of   Finished   Balls 


Fig.   65.     Automatic  Ball  Gaging  Machine  for  inspecting  Balls  ui\  to 
%  Inch  Diameter 

the  minimeter  is  lifted  by  means  of  the  finger  as  shown,  and 
when  the  ball  is  inserted  all  external  pressure  is  removed. 
This  instrument  is  constructed  so  that  readings  as  fine  as 
0.00005  inch  are  obtainable. 

Automatic  Ball  Gaging  Machines 

High-grade  balls  under  %  inch  in  diameter  are  gaged  for 
diameter  by  automatic  ball  gaging  machines,  two  types  of 
which  are  shown  in  Figs.  65  and  66.  The  machine  shown 
in  Fig.  65  is  used  for  gaging  balls  up  to  %  inch  in  diameter 
and  comprises  a  hopper  for  holding  the  balls,  and  a  slide 
through  which  they  roll  to  be  gaged.  The  measuring  por- 
tions of  this  slide  consist  of  two  straightedges,  the  space 
between  the  edges  of  which  gradually  increases  in  width  as 
the  slide  extends  from  the  hopper.  Passing  beneath  the  hop- 
per is  a  slide  which  is  agitated  by  a  rack  and  segment  gear, 
operated  by  an  eccentric  motion.  The  balls  to  be  gaged  are 
dumped  into  hopper  A  and  carried  forward  to  the  delivery 
spout  by  means  of  a  slide  B.  Slide  B  carries  one  ball  forward 
at  a  time,  drops  it  through  spout  O  and  into  slide  D.  Here 
the  distance  between  the  two  slides  is  about  0.005  inch  smaller 
than   the  smallest   diameter   of  the   balls   to   be   gaged.     The 
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balls  then  roll  along  between  sMdes  D  until  they  come  to  the 
straightedges  E.  These  straightedges  are  set  to  allow  the 
maximum  tolerance  on  the  ball,  an1  the  center  portion  of  the 
straightedge  gives  the  size  of  ball  actually  demanded. 

The  position  to  which  these  straightedges  is  set  is  deter- 
jnined  entirely  by  the  limits  required  on  the  balls.  If  the 
balls  must  be  held  within  very  close  limits,  then  the  amount 
of  variation  in  the  taper  of  the  straightedges  is  slight.  Some- 
times they  are  set  so  that  a  difference  of  0.005  inch  in  diameter 
will  be  measured  from  one  end  to  the  other.  As  the  balls  roll 
down  these  slides  due  to  the  action  of  gravity,  the  angle  to 
which  they  are  set  being  about  20  degrees  from  the  plane  of 
the  table,  they  drop  through  the  slide  at  the  point  where  the 
•distance  between  the  two  straightedges  is  slightly  greater 
than  the  diameter  of  the  ball.  As  they  drop  through,  they 
are  separated  by  tubes  which  enter  the  various  drawers  in 
the  cabinet  located  beneath  the  table  top.  When  these  draw- 
ers are  full,  they  are  removed  and  the  balls  taken  out  and 


Hg. 


Automatic   Ball    Gaging   Machine   for   inspecting   Balls   up   to 
%    Inch   Diameter 


put  in  proper  boxes  according  to  the  grading  determined  by 
the  machine. 

Another  type  of  automatic  ball  gaging  machine  is  shown  in 
Fig.  66.  This  is  used  for  gaging  balls  up  to  %  inch  diameter. 
In  this  case  the  slides  are  set  almost  parallel  with  the  table, 
and  the  balls  are  carried  between  the  straightedges  by  means 
of  an  agitator  which  comes  up  and  lifts  them  from  the  sur- 
face of  the  straightedges.  The  top  surface  of  the  agitator  is 
at  an  angle  of  about  5  degrees,  and  when  the  agitator  rises 
the  balls  roll  along  it  until  they  drop  through  between  the 
straightedges.  This  particular  machine  is  provided  with  eight 
compartments,  and  the  variation  between  each  compartment 
is  0.0001  inch.  For  gaging,  the  balls  are  placed  in  the  hop- 
per A.  inside  of  which  is  an  agitator  operated  by  the  belt  B. 
This  distributes  the  balls  so  that  they  come  out  of  the  spout  C 
one  at  a  time  and  drop  into  slide  D.  From  this  they  are 
carried  on  by  the  agitator  onto  the  straightedges  E  until  they 
drop  down  into  the  required  compartment. 

Gaging-  and  Inspecting  Ball  Bearing-  Race  Ring-s 

The  gaging  of  ball  bearing  races  is  naturally  work  of  re- 
finement,  and   as  far  as  the  race  rings  are  concerned   inter 
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Fig.   67,     Use   of   Templet  for  inspecting   Raceways 
Ball  Bearing  Kings 
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changeability  is  possible.  This  is  not  true,  however,  as  re- 
gards the  assembling  of  the  balls  in  the  races.  The  reason  for 
this  is  that  the  balls  do  not  all  come  the  same  size,  the  limits 
varying  from  -f  0.0001  inch  to  —  0.0001  inch.  The  ball  bear- 
ing manufacturers  claim  that  if  they  wanted  to  get  all  balls 
the  same  size  they  would  have  to  pay  a  much  higher  price 
for  them.  Consequently,  they  select  balls  to  fit  the  races. 
This  is  not  a  disadvantage,  however,  because  if  a  ball  in  a  bear- 
ing should  break,  it  would  leave  the  raceway  in  the  rings  in 
such  a  condition  that  they  would  either  have  to  be  reground 
or  replaced.  The  limits  on  the  race  rings,  however,  are  held 
very  close.  For  instance,  on  the  hole  in  the  inner  race  which 
fits  on  the  shaft  the  limits  are  +  0.0002,  —  0.0004  inch.  For 
the  outside  diameter  of  the  outer  race  ring  the  limits  are 
+  0.0004,  —  0.0008  inch.  In  the  ball  bearing  raceways  the 
variation  is  as  great  as  0.0003  inch,  and  by  selecting  the  proper 
balls  the  differences  in  races  can  be  taken  care  of.  The  limits 
on  the  hole  of  ball  thrust  bearing  races  are  +  0.0002  to 
—  0.0004  inch.  For  the  outside  diameter  the  limits  are 
-f  0.0006  inch,  —  0.0012  inch,  according  to  size.  The  height 
of  single  thrust  bearings  is  -f  0.002  inch,  and  the  height  of 
double-acting  thrust  bearings  -f  0.004  inch.  Tables  I  and  II 
give  tolerances  for  ball  and  roller  bearings,  respectively,  as 
established  by  the  S.  A.  E.  In  the  case  of  ball  bearings,  only 
the  light  series  is  listed;  and  in  the  case  of  roller  bearings, 
only  the  narrow  series  is  given.  The  tolerances,  however,  on 
the  medium  and  heavy  ball  bearings  and  medium  and  wide 
roller  bearings  are  the  same. 

For  gaging  ball  bearings  when  machining,  the  micrometer 
caliper  is  extensively  used  for  measuring  all  outside  dimen- 
sions, and  for  internal  measurements  plug  gages  or  three- 
point  indicating  gages  are  generally  adopted.  The  plug  gage 
has  been  found  unsatisfactory  for  gaging  ball  bearing  race 
rings.  The  reason  for  this  is  that  the  operator  does  not  know 
how  much  material  remains  to  come  off,  and  consequently  is 
working  in  the  dark  until  he  reaches  the  "Go"  dimension  on 
the  gage.  The  result  is  that  all  grinding  machine  operators 
prefer  to  use  some  sort  of  indicating  gage  which  gives  them 
latitude.     One  prominent  ball  bearing  manufacturer  has  de- 


Fig.  68.     Special  Indicating  Device  for  testing  Raceways  in  Thrust  Bearing 
Race  Rings 
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TABLE  I.    S.  A.  E.    STANDARD  SIZES  AND  TOLERANCES  FOR 
BALL  BEARINGS  ILIOHT  SERIES) 
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Bore  0 

Inner  Race  Ring 

Diameter  of  Outer  Race  Ring  | 

Ball 
Hearing 

1 

Tolerance,  Inches 

Tolerance,  Inches  | 

Number 

Bore  A, 

Inches 

~ 

Diameter 
B,  Inches 

Plus            Minus 

Plus    1 

Minus 

200     1 

0.39370 

0.0002 

0.0004 

1.18110 

0 

0.0006 

201 

0.47244 

0.0002 

0.0004 

1.25984 

0 

0.0006 

202 

0.59055 

0.0002 

0.0004 

1.37795 

0 

0.0006 

203 

0.66929 

0.0002 

0.0004 

1.57481 

0 

0.0006 

204 

0.78740 

0.0002 

0.0004 

1.85040 

0 

0.0006 

205 

0.98425 

0.0002 

0.0006 

2.04725 

0 

0.0008 

206 

1.18110 

0.0002 

0.0006 

2.44095 

0 

0.0008 

207 

1.37795 

0.0002 

0.0006 

2.83465 

0 

0.0008 

208 

1.57481 

0.0002 

0.0006 

3.14962 

0 

0.0008 

209 

1.77166 

0.0002   i   0.0006 

3.34647 

0 

0.0008 

210 

1.96851 

0.0002 

0.0006 

3.54332 

0 

0.0008 

211 

2.16536 

0.0002 

0.0006 

3.93702 

0 

0.0008 

212 

2.36221 

0.0002 

0.0006 

4.33072 

0 

0.0008 

213 

2.55906 

0.0002 

0.0006 

4.72443   1     0 

0.0008 

214 

2.75591 

0.0002 

0.0006 

4.92128   1     0  - 

0.0008 

215 

2.95277 

0.0002 

0.0006 

5.11813 

0 

0.0008 

216 

3.14962 

0.0002 

0.0006 

5.51183 

0 

0.0008 

217 

3.34647 

0.0002 

0.0007 

5.90554 

0 

0.0012 

218 

3.54332 

0.0002 

0.0007 

6.29924 

0 

0.0012 

219 

3.74017 

0.0002 

0.0007 

6.69294 

0 

0.0012 

220 

3.93702 

0.0002 

0.0007 

7.08664 

0 

0.0012 

221 

4.13387 

0.0002 

0.0007 

7.48035 

0 

0.0012 

222 

4.33072 

0.0002      0.0007 

1 

7.87405 

0 

0.0012 

Ball 
Bearing 

Number 

Width  of  Both  Race  Eings 

Co 

0 

R 

1 
Inn 

mers  D* 
1  Outer 
ace  and 
Sore  of 
er  Race, 
Inch 

Bccai 
Tolerant 

trlcity 
e.  Inches 

Width  C, 
Inches 

Tolerance,  Inches 

Inner 
Race  Ring 

Outer 
Race  Ring 

Plus    ]      Minus 

200 

0.35433 

1 

0     1   0.0020 

).040 

0.0008 

0.0012 

201 

0.39370 

0      1    0.0020 

3.040 

0.0008 

0.0012 

202 

0.43307 

0     I    0.0020 

3.040 

0.0008 

0.0012 

203 

0.47244 

0     1   0.0020 

3.040 

0.0008 

0.0012 

204 

0.55118 

0      !    0.0020 

3.040 

0.0008 

0.0012 

205 

0.59055 

0 

0.0020   ! 

3.040 

0.0008 

0.0012 

206 

0.62992 

0 

0.0020   1 

3.040 

0.0008 

0.0012 

207 

0.66929 

0 

0.0020 

3.040 

0.0008 

0.0012 

208 

0.70866 

0 

"0.0020 

3.080 

0.0008 

0.0012 

209 

0.74803 

0 

0.0020 

0.080 

0.0010 

0.0016 

210 

0.78740 

0 

0.0020 

3.080 

0.0010 

0.0016 

211 

0.82677 

0 

0.0020 

0.080 

0.0010 

0.0016 

212 

0.86614 

0 

0.0020 

0.080 

0.0010 

0.0016 

213 

0.90551 

0 

0.0020 

0.080 

0.0010 

0.0016 

214 

0.94488 

0 

0.0020  1 

0.080 

0.0010 

0.0016 

215 

0.98425 

0 

0.0020 

0.080 

0.0010 

0.0016 

216 

1.02362 

0 

0.0020 

0.120 

0.0012 

0.0018 

217 

1.10236 

0 

0.0020 

0.120 

0.0012 

0.0018 

218 

1.18110 

0 

0.0020 

0.120 

0.0012 

0.0018 

219 

1.25984 

0 

0.0020 

1 

0.120 

0.0012 

0.0018 

220 

1.33858 

0 

0.0020 

0.120 

0.0012 

0.0018 

221 

1.41732 

0 

0.0020 

0.120 

0.0012 

0.0018 

222 

1.49607 

0 

0.0020 

0.120 

0.0012 

0.0018 

1 

11(1    true  with   tlie   liore   and  outside  diameter 

vised  a  three-point  indicating  gage  for  use  on  the  grinding 
machine  for  internal  work  which  is  used  entirely  by  the  ma- 
chine operators  and  has  been  found  to  give  satisfactory  results. 
For  external  grinding,  snap  gages  are  seldom  used  for  the 
reason  previously  given.  Attempts  have  been  made  by  one 
manufacturer  to  replace  the  micrometer  caliper  with  a  dial 
test  indicating  gage.  This  proved  unsatisfactory,  however. 
owing  to  the  excessive  fluctuations  to  which  the  needle  is  sub- 


jected when  it  is  necessary  to  slide  the  gaging  point  over 
the  work.  On  a  dial  test  indicator  which  is  made  to  read  to 
0.0001  inch,  very  little  irregularity  in  the  surface  of  the  work 
causes  a  considerable  movement  of  the  needle,  and  as  there 
is  no  brake  or  effective  means  of  holding  it,  it  is  difficult 
to  use  this  type  of  gage  for  snap  work.  Consequently,  it  is 
the  rule  in  practically  all  plants  making  ball  bearing  race 
rings  to  use  micrometer  calipers  in  the  manufacturing  de- 
partment. The  inspectors,  of  course,  are  furnished  with  plug 
and  snap  gages  of  the  limit  type. 

Plug  gages  for  ball  bearing  races  must  be  made  light,  so  as 
not  to  fatigue  the  inspector.  With  a  plug  gage,  say  3  inches 
in  diameter,  made  from  solid  tool  steel,  the  weight  is  objec- 
tionable, and  several  manufacturers  reduce  the  weight  of  large 
plug  gages  by  making  the  gaging  part  in  the  form  of  a  ring 
which  is  held  on  an  aluminum  core.  The  aluminum  core,  of 
course,  is  extended  to  form  the  handle  and  is  knurled  as  usual. 
In  some  plants  plug  gages  that  have  become  worn  are  an- 
nealed and  turned  down  to  the  next  size.  They  are  then 
hardened,  ground  and  lapped,  and  in  this  way  can  be  used 
a  large  number  of  times. 

Ga^ng-  Race'ways  in  Annular  Ball  Bearing  Rings 
• 
The  raceways  or  grooves  in  ball  bearing  rings  must  be  care- 
fully checked.  The  shape  of  the  curve  is  usually  checked  by 
templet  gages,  as  illustrated  at  A  and  B  in  Fig.  67.  For  test- 
ing the  diameter  of  the  raceway  in  the  inner  and  outer  rings, 
respectively,  various  means  are  employed,  the  most  common 
being  that  in  which  three  balls  are  used  to  determine  the  cor- 
rect depth.  Another  method  makes  use  of  a  micrometer  cali- 
per having  three  ball  points. 

Gaging-  Raceways  In  Thrust  Bearings 

For  thrust  bearing  race  rings  it  is  necessary,  of  course,  that 
the  raceway  be  concentric  with  the  bore  of  the  ring;  also  that 


Fig.  69.     Hirth  Minimeter  set  up  and  in  Use  for  testing  External  Diameter 
of  Ball  Bearing  Race  Rings 
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TABLE  II.     S.  A.  E.   STANDARD  SIZES  AND  TOLERANCES  FOR  ROLLER  BEARINGS 

(NARROW  SERIES) 


CORNERS  MUST  NOT  BE  S 


^acliittfry 


Roller 
Bearing 
Number 


RM-304 
RM-305 
RM-306 
RM-307 
RM-308 
RM-309 
RM-310 
RM-311 
RM-312 
RM-313 
RM-314 
RM-315 
RM-316 
RM-317 
RM-318 
RM-319 
RM-320 


Kore  of  Inner  Cone 


Diameter  of  Outer  Cone 


Bore  A, 
Inches 


Tolerance,  Incnes 


0.78740 
0.98425 
1.18110 
1.37795 
1.57481 
1.77166 
1.96851 
2.16536 
2.36221 
2.55906 
2.75591 
2.95277 
3.14962 
3.34647 
3.54332 
3.74017 
3.93702 


0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 


Minus 


0.0006 
0.0006 
0.0006 
0.0006 
0.0006 
0.0006 
0.0006 
0.0006 
0.0006 
0.0006 
0.0007 
0.0007 
0.0007 
0.0007 
0.0007 
0.0007 
0.0007 


Dlanietur 
B,  Inches 


Tolerance,  Inches 


Pins        Minns 


2.04725 
2.44095 
2.83465 
3.14962 
3.54332 
3.93702 
4.33072 
4.72443 
5.11813 
5.51183 
5.90544 
6.29924 
6.69294 
7.08664 
7.48055 
7.87405 
8.46460 


0.0008 
0.0008 
0.0008 
0.0008 
0.0008 
0.0008 
0.0008 
0.0008 
0.0008 
0.0008 
0.0012 
0.0012 
0.0012 
0.0012 
0.0012 
0.0012 
0.0012 


Width  of  Assembled  Bearing 


Tolerance.  Inches 


Minimum 
Chamfer 
D,  Inches 


Radius 
G,  Inches 


Eccentricity 
Tolerance,  Inches 


7/8 

1 

13/16 

13/8 

17/16 

1  9/16 
13/4 

1 15/16 

2  1/8 
2  5/16 

2  1/2 
2  11/16 
2 11/16 

2  7/8 

2  7/8 

3  1/16 

3  1/4 


0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 


0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 


0.040 
0.040 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 


0.040 
0.040 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 


0.0008 
0.0008 
0.0008 
0.0008 
0.0008 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0012 
0.0012 
0.0012 
0.0012 
0.0012 


0.0012 
0.0012 
0.0012 
0.0012 
0.0012 
0.0016 
0.0016 
0.0016 
0.0016 
0.0016 
0.0016 
0.0016 
0.0018 
0.0018 
0.0018 
0.0018 
0.0018 


it  be  of  the  correct  depth  and  the  proper  radius.  A  satisfac- 
tory indicating  gage  for  testing  race  rings  is  shown  in  Fig.  68 ; 
the  race  ring  being  tested  is  that  used  on  the  main  drive 
shaft  of  an  automobile.  As  shown,  the  gage  consists  of  a 
cast-iron  stand  A  in  which  a  hardened  and  ground  steel  ring  B 
is  held.  The  top  part  of  this  ring  is  made  a  good  fit  for  the 
inside  diameter  of  the  ball  bearing  race  ring  C.  A  stud  D 
held  to  the  base  by  a  nut  as  shown,  is  slotted  to  receive  the 
gage  plate  E.  Stud  D  is  hardened  and  ground  and  plate  E 
has  a  reinforced  plate  F  held  to  it  by  rivets,  the  latter  being 
hardened  and  ground  and 
made  a  good  fit  in  the  slot 
in  the  stud.  The  fulcrum  of 
the  pointer  or  needle  G  is  so 
placed  that  any  variation  in 
the  work  is  magnified  twenty- 
five  times  at  the  point  where 
the  reading  is  taken.  A 
knurled  handle  H  is  fastened 
to  the  gage  for  convenience 
in  holding. 

In  operation,  the  work  is 
slipped  over  the  ring  B  of 
the  gage,  as  shown;  then  the 
gage  plate  E  is  placed  in  the 
slot  in  stud  D,  and  the  gaging 
knife-edge  rollers  7,  which  in 
this  case  do  not  rotate  but 
are  held  rigidly  to  the  frame, 
are  placed  in  the  ball  race 
groove.  The  position  of  the 
indicating  point  of  the  needle 
is  then  noted  to  see  if  the 
race  is  of  the  required  diame- 
ter. A  limit  of  0.001  inch  is 
allowed  on  the  diameter  of 
the  ball  race  groove,  which  is 
4.125  inches.  The  base  of  this 
gage  is  fac+ened  to  a  frame. 


Fig.  70.    Special  Inspecting  Fixture  for 
of  Assembled 


not   shown,   which   is  of  sufficient  height   to   bring   the  ring 
to  be  gaged  in  line  with  the  operator's  vision. 

Testing  Diameters  of  Inner  and  Outer  Race  Rings 

As  has  been  previously  mentioned,  the  outer  diameters  of 
the  inner  and  outer  race  rings  are  generally  inspected  by 
snap  gages  or  indicating  gages.  Fig.  69  shows  the  Hirth 
minimeter  being  used  for  this  work;  the  graduated  scale  on 
this  minimeter  is  such  as  to  give  readings  to  0.0001  inch,  and 
it  has  been  found  very  satisfactory  for  work  of  such  refine- 
ment. For  gaging  the  interior 
or  hole  in  the  outer  and  inner 
races,  plug  gages  are  some- 
times used,  but  a  more  satis- 
factory gage  is  shown  in  Fig. 
28  in  the  previous  installment 
of  this  article.  This  shows  a 
Hirth  minimeter  with  a  spe- 
cial attachment  by  means  of 
which  it  is  possible  to  tell 
whether  the  diameter  is  cor- 
rect or  not,  and  whether  the 
hole  is  out  of  round,  tapered, 
etc. 

Testing  Concentricity  of 

Ball  Bearings 
In  order  to  determine  if  the 
ball  bearing  will  run  true 
within  the  required  limits, 
the  cone  or  center  race  is 
tested  for  wobble  or  concen- 
tricity. Usually  this  is  done 
by  supporting  the  inner  ring 
or  cone  on  an  arbor  and  using 
an  indicating  gage  similar  to 
that  illustrated  in  Fig.  70, 
where  a  completed  ball  bear- 
ing is  shown  being  tested.    In 

testing  Side  Wobble  and  Concentricity  x      ..  ^    n   i_         •         c 

Ball  Bearings  testing  a  ball  bearing  for  con- 
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I'eiitricity  after  the  balls,  re- 
tainers, and  inner  and  outer 
races  have  been  assembled, 
the  inner  race  is  forced  by 
hand  carefully  onto  a  hard- 
ened and  ground  arbor.  This 
is  then  placed  between  cen- 
ters, as  shown  in  Fig.  70,  and 
the  carrier  A  holding  a  Hirth 
minimeter  is  brought  up  so 
that  the  needle  stands  at  zero 
when  it  is  brought  in  con- 
tact with  the  outer  race.  The 
outer  ring  is  then  rotated  in- 
dependently of  the  inner  one, 
also  on  centers,  and  the 
amount  of  side  wobble  or  con- 
centricity is  noted  on  the 
minimeter  scale. 

The  amount  of  wobble  al- 
lowed in  a  ball  bearing  depends  on  its  size;  it  is  usually  not 
greater  than  0.001  or  0.002  inch  for  large  bearings,  and  is,  of 
course,  less  than  this  for  smaller  sizes.  The  axial  wobble  or 
thrust,  that  is,  the  displacement  of  the  inner  race  with  re- 
spect to  the  outer,  is  not  of  such  great  significance  as  the 
radial  wobble.  Experiments  in  various  shops  have  shown  that 
a  slight  axial  clearance  does  not  appreciably  affect  the  dura- 
bility of  the  ball  bearing.  In  general,  a  clearance  of  0.002 
or  0.003  inch  may  be  regarded  as  advantageous. 

Testing:  External  Diameter  of  Completed  Ball  Bearing-s 

A  simple  but  satisfactory  means  of  gaging  the  external  diam- 
eter of  a  completely  assembled  ball  bearing  is  shown  in  Pig.  71. 
This  gage  is  built  in  the  form  of  a  snap  gage  and  has  in  the 
middle  a  movable  V-sul)port,  which  is  set  in  accordance  with 
the  diameter  of  the  bearing  being  measured.  One  of  the  two 
measuring  points  has  a  coarse  adjustment  by  means  of  an 
adjusting  screw,  which  fits  in  holes  0.04  inch  apart,  and  a 
fine  adjustment  by  means  of  a  micrometer.  The  measurement 
is  taken  with  a  Hirth  minimeter,  which  is  brought  in  con- 
tact with  the  opposite  side  of  the  ball  bearing.  The  bearing 
is  rotated  while  being  tested,  so  that  its  roundness  can  be 
tested  at  the  same  time  as  the  diameter.  This  particular  gage 
is  set  by  means  of  a  master  ring. 

Box  Type  Inspection  Fixtures 

The  gaging  of  single  holes,  shafts  and  similar  work  is  a 
comparatively  simple  proposition  as  compared  with  the  gaging 
of  parts  having  a  multiplicity  of  holes  that  must  bear  some 
definite  relation  to  each  other  and  to  finished  surfaces.  For- 
merly many  manufacturers  depended  on  their  jigs  and  fix- 
tures to  obtain  the  desired  amount  of  accuracy.  As  will  be 
readily  recognized,  however,  jigs  and  fixtures  cannot  be  de- 
pended upon  to  remain  accurate  for  any  considerable  length 
of  time,  especially  when  they  are  roughly  handled,  and  if  the 


1.     Special    Type    of    Three-point    Gage    using    Hirth    Minimeter 
testing  Roundness  and  Diameter  of  Assembled  Ball  Bearing 


work  that  comes  from  these 
fixtures  must  be  a<;curate,  it 
is  highly  desirable  that  the 
fixtures  be  tested  fretiuently. 
Another  point  which  must 
1)6  considered  is  the  fact  that 
a  box  type  of  jig  is  likely  to 
drill  and  ream  work  inaccu- 
rately if  not  kept  clean  by  the 
operator.  The  collection  of 
dirt  in  one  corner  of  a  box 
jig  would  easily  throw  the 
work  out  to  such  an  extent 
that  the  holes  which  have  to 
bear  a  certain  relation  to  a 
milled  surface  would  be  lo- 
cated inaccurately.  Conse- 
quently, the  most  desirable 
practice  is  to  gage  the  work 
after  it  comes  from  the  jig. 
The  importance  of  this  fact  will  be  more  fully  appreciated 
when  it  is  remembered  that  most  drilling  machine  work  is 
done  by  what  might  be  termed  inexperienced  mechanics — 
men  who  know  little  about  accurate  work,  and  simply  have 
sufficient  knowledge  to  put  the  work  in  the  jig,  take  it  out 
again,  and  operate  the  machine. 

The  Dayton  Engineering  Laboratories  Co.  of  Dayton,  Ohio, 
has  developed  an  interesting  system  of  box  gaging  which  is 
used  to  a  large  extent  throughout  the  various  manufacturing 
departments  in  its  plant.  This  type  of  gage  has  been  devel- 
oped primarily  in  an  endeavor  to  produce  electric  starting, 
ignition  and  lighting  equipments  on  a  truly  interchangeable 
basis.  In  the  following  are  described  some  of  the  gages 
used    in    this    plant    which    incorporate    interesting    features. 

Method  of  Gaging  Milled  Surfaces  in  Relation  to 
Dow^el-pin  Holes 
Fig.  72  shows  an  interesting  box  gaging  fixture,  used 
to  determine  the  location  of  a  reamed  hole  and  milled  surface 
on  a  generator  end  frame,  in  relation  to  the  dowel-pin  holes. 
The  fixture  is  provided  with  hardened  and  ground  dowel-pins  A 
which  fit  in  the  dowel-pin  holes  of  the  work,  and  a  hardened 
and  ground  plug  B  operated  by  plug  C.  When  the  work  D 
is  placed  on  the  dowel-pins,  plug  B  is  raised  into  the  hole, 
and  if  the  hole  is  correct,  the  plug  will  pass  through.  If  not, 
of  course,  the  plug  will  not  rise.  The  limits  on  the  work  are 
provided  by  having  the  plug  the  required  amount  smaller 
than  the  hole  in  the  work.  The  milled  surface  on  the  work 
is  inspected  by  means  of  the  rotating  plug  gages  F  and  G. 
These,  as  will  be  noticed,  are  each  provided  with  two  bosses, 
one  of  which  is  made  to  indicate  the  "Go"  and  the  other  the 
"Not  Go"  dimension.  These  projections  are  then  swung  past 
the  milled  surface  on  the  work,  and  if  the  "Go"  end  passes 
by  and  the  "Not  Go"  does  not,  the  work  is  within  the  required 
limits.  In  this  case,  the  tolerance  allowed  on  the  milled  sur- 
face is  0.002  inch,  and  on  the  hole  the  limits  are  ±  0.001  inch. 


Fig.  72.     Special  Type  of  Box  Gaging  Fixture  used  for  inspecting  Relate 
of  Bore  to  Milled  Surfaces  on  an  Electric  Starter  Generator  Frame 


Box   Type  of   Gage   for  inspecting   Tapped  Holes   and    Milled 
Surfaces  on  Electric  Starter  Generator  Frame 
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Fig.    74.     Constructional    Features   of    Gage   shov 


Fig.    73 


Box  Inspection  Gage  for  Generator  Frame 
An  interesting  and  practical  application  of  the  box  type 
of  gaging  fixture  is  shown  in  Figs.  73  and  74.  This  gaging 
fixture  is  used  for  inspecting  the  location  of  the  various  holes 
in  the  generator  frame,  and  is  constructed  along  the  same 
lines  as  the  drilling  jig  used  in  producing  the  holes.  The 
points  to  be  gaged  are  three  threaded  holes  which  must  bear 
a  definite  relation  to  the  milled  surface,  and  in  addition,  the 
milled  surface  must  bear  a  certain  relation  to  the  center  hole. 
The  three  holes  are  gaged,  respectively,  by  the  plugs  A.  B 
and  C.  The  location  of  the  milled  surface  Is  inspected  by  the 
limit  gage  D,  Fig.  73,  which  is  of  the  feeler  type  and  is  in- 
serted between  the  hardened 
and  ground  plate  F  and  the 
work  G.  Reference  to  Fig.  74 
will  show  the  variation  al- 
lowed in  the  fixture  in  the 
location  of  the  three  tapped 
holes,  which  is  ±  0.0005  inch. 
The  limits  on  the  work  are 
still  wider  and  are  controlled 
by  means  of  the  variation  be- 
tween the  pitch  diameter  of 
the  plug  gage  and  the  thread- 
ed hole  in  the  work.  The  lo- 
cation of  the  milled  surface 
on  the  work  in  relation  to  the 
central  hole,  as  will  be  no- 
ticed, also  has  limits  of 
±  0.0005  inch  in  the 'manufac- 
ture of  the  gage,  whereas  the 
work  has  a  tolerance  of  0.002 
inch.  The  bore  is  inspected 
by  a  swinging  end  measuring 
bar  H.  Fig.  74,  whicli  is  ful- 
crumed  on  a  central  stud  and 
has  "Go"  and  "Not  Go"  ends. 
Reference  to  Fig.  73  will 
show  that  this  gage  is  con- 
structed of  oast  iron,  and  all 
wearing  surfaces  are  made  of 
tool  steel  or  machine  steel 
casehardened  and  ground.  It 
consists   primarily   of  a   base 


Fig.   75.     Another  Type   of   Generator   Frame   Inspection   Fixture 


on  which  a  measuring  surface  is  screwed  and  a  swinging  plate 
fulcrumed  at  the  rear  of  the  fixture  and  held  down  by  means 
of  two  hardened  and  ground  plugs.  The  swinging  plate  is 
provided  with  two  clamping  screws  in  the  center  and  two 
spring  plungers.  The  clamping  screws  are  brought  down 
lightly  and  the  springs  are  depended  upon  to  keep  the  work 
tightly  against  the  lower  surface  of  the  fixture. 

Generator  Frame  Inspection  Gages 

Fig.  75  shows  another  generator  frame  gaging  fixture  which 
is  constructed  on  the  same  principle  as  that  illustrated  in  Figs. 
73  and  74.     In  this  case,  the  generator  is  of  different  shape, 

and  the  fixture  is  shown  with 
the  lid  up,  exposing  its  in- 
terior construction.  Reference 
to  this  illustration  will  show 
that  the  pole  piece  bearings 
are  inspected  by  means  of  a 
swinging  gage  A  having  "Go" 
and  "Not  Go"  ends.  The  bar 
is  grasped  by  the  inspector 
and  is  swung  around  past  the 
poles  to  determine  if  they  are 
of  the  correct  diameter.  The 
lid  is  then  swung  down  and 
the  feeler  gage  B  used  to  de- 
termine if  the  frame  is  of  the 
required  length  in  relation  to 
the  central  hole  or  axis.  On 
the  opposite  end  is  a  hole 
which  must  be  gaged;  this  is 
done  by  a  plug  gage  which  is 
smaller  than  the  hole  in  the 
work  by  an  amount  equal  to 
the  limits  allowed. 

Two  additional  gaging  fix- 
tures are  shown  in  Fig.  76. 
The  one  to  the  left  is  built 
along  similar  lines  to  the 
generator  frame  gage  shown 
in  Fig.  74.  This  gage  shows 
the  work  removed  and  illus- 
trates the  method  of  locating 
and  gaging  it.    The  work  fits 
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over  the  stud  O,  and  is  provided  with  a  slot  iu  which 
.  plunger  A  fits.  A  feeler  gage  is  then  inserted  between  the 
hardened  plate  B  and  the  work  to  inspect  the  position  of 
this  slot,  as  well  as  of  the  milled  surface  iu  relation  to  the 
central  hole.  There  is  a  bushed  hole  U  in  the  top  cover  plate 
through  which  a  plug  is  inserted  for  gaging  a  corresponding 
hole  in  the  work.  The  fixture  is  provided  with  gaging  seats 
in  which  dowel-pins  are  located  for  centering  the  work.  The 
hinge  plate,  as  will  be  noticed,  is  bushed,  and  is  located  accu- 
rately by  hardened,  ground  and  lapped  plugs. 

An  inspection  fixture  which  somewhat  resembles  the  one 
shown  in  Fig.  73  is  illustrated  to  the  right  in  Fig.  76.  This 
gage  is  also  used  for  inspecting  a  generator  frame,  and  de- 
termines the  relation  of  a  second  bored  hole  having  two  diam- 
eters at  right  angles  to  the  first  which  is  located  from  stud  F. 
The  work  is  located  by  two  dowel-pins,  and  the  central  plug 
is  raised  by  operating  lever  G.  Reference  to  this  fixture  will 
show  that  the  traverse  plugs  D  and  E  are  prevented  from 
turning.  These  two  plugs  and  the  central  one  determine  the 
relation  of  the  center  distances  between  the  spiral  gears  in 
the  generator  frame,  and  the  relation  of  these  holes  may  vary 
more  in  one  direction  than  in  another.  In  addition,  two  other 
rotating  "Go"  and  "Not  Go"  plugs  H  and  I  are  used  to  de- 
termine the  location  of  the  milled  surface.    The  work  is  held 


Fig.    76.     Two    Generator    Inspection   Fixtures    somewhat    DiflFerent    from 
those   previously   illustrated 

in  place  by  toe-clamps  J  and  K.  The  same  locating  and  clamp- 
ing points  are  used  in  the  gaging  fixture  as  were  used  in 
machining  the  parts.  These  gages,  while  somewhat  similar 
in  construction,  cover  principles  having  a  wide  application  in 
general  manufacturing  work.  They  determine  accurately  the 
relations  of  the  milled  surfaces  to  the  machined  holes  within 
limits  that  are  close  for  work  of  this  kind. 


DETERMINING   TAP   DRILL   SIZES   FOR 
METRIC   THREADS 

A  short  time  ago,  the  writer  was  required  to  set  the  tap  drill 
sizes  for  a  number  of  different  pitches  of  metric  threads,  in- 
ternational standard.  In  working  out  the  sizes,  it  was  assumed 
that  about  75  per  cent  of  a  full  thread  would  give  commer- 
cially satisfactory  results,  and  with  this  point  settled,  the 
following  steps  were  taken: 

Let  D  =  outside  diameter  of  thread ; 
I>D  ^  double  depth  of  thread; 
RD  =  root  diameter  of  thread ; 
TD  =  diameter  of  tap  drill ; 
p  =  pitch  of  thread  in  millimeters. 
DD  =  pX  1.29904 
and 

RD  =  D—  ipX  1.29904) 


Hence: 

TD  =  D  —  pX  1.29904  X  0.75 

Taking  an  example,  let  us  assume  that  we  wish  to  know  the 

tap  drill  size  for  an  international  thread,  10  millimeters  in 

diameter  with   1.5  millimeter  pitch.     Applying  the  formula: 

TD=  10  —  1.5  X  1.29904  X  0.75 

TD  =  8.53858 

The  nearest  metric  drill  which  can  be  obtained  for  this  is 
8.5  millimeters. 

After  figuring  out  a  number  of  tap  drill  sizes  by  this  for- 
mula, it  was  apparent  that  p  X  1.29904  X  0.75  in  all  cases  was 
almost  the  same  as  p;  and  as  metric  drills  can  be  obtained 
in  milfimeter  sizes  and  tenths  of  millimeters,  a  small  varia- 
tion would  be  permissible.  An  inspection  of  the  sizes  obtained 
made  it  evident  that  all  this  multiplication  to  obtain  tap  drill 
sizes  was  unnecessary  and  that  TD  =  D  —  p,  or,  taking  the 
same  example  as  that  given  previously,  10  — 1.5  =  8.5  tap  drill. 

No  simpler  formula  can  be  devised  for  tap  drill  sizes  than 
that  given,  as  the  sizes  can  be  determined  by  inspection.  The 
same  formula  can  be  applied  to  tap  drills  for  the  U.  S.  form 
of  thread.  For  example,  taking  a  %-inch  diameter  thread 
with  ten  threads  per  inch  (0.100  inch  pitch),  we  would  have 
0.750  —  0.100  =  0.650  inch  TD.  The  size  commonly  used  for 
this  would  be  41/64  or  0.6406  inch,  which,  it  will  be  seen,  is 
0.0094  inch  less  than  the  size  obtained  by  the  formula  method. 
This  method  is  extremely  simple  and  easily  applied,  and  in  a 
great  many  cases  the  sizes  can  be  determined  by  a  mental 
calculation.  A.  A.  D. 

*     *     * 

VALUE    OF   TRADE-MARKS 

BY  EDWIN  M.   GILES  ' 

Owing  to  a  misconception  of  the  functions  of  a  trade-mark, 
many  persons  for  a  long  time  thought  that  a  trade-mark  was 
only  an  excuse  for  charging  an  exorbitant  price.  Yet  the 
trade-mark  law  was  created  solely  for  the  protection  of  the 
buyer;  it  guarantees  to  the  individual  buyer  that  he  will  re- 
ceive the  commodity  he  desires. 

The  trade-mark  was  a  most  powerful  factor  in  overturning 
the  once  basic  principle  of  barter  and  sale:  "Let  the  buyer 
beware."  It  was  once  the  accepted  practice,  as  it  still  is 
iu  the  Orient  and  many  other  parts  of  the  world,  to  cheat 
the  buyer  if  possible.  When  a  person  buys  a  so-called  "staple" 
article,  he  must  either  analyze  and  test  each  purchase  to 
ascertain  its  purity,  or  he  must  take  the  word  of  the  seller 
for  this.  Frequently  the  seller  is  a  middle-man  and  must  take 
the  word  of  the  manufacturer.  The  purpose  of  a  trade-mark 
is  to  save  the  purchaser  the  expense  and  effort  of  testing  goods. 
A  trade-mark  is  the  manufacturer's  guarantee  of  the  purity 
of  any  article  bearing  that  mark.  Because  of  their  advertised 
value,  the  owners  of  trade-marks  dare  not,  from  selfish  inter- 
ests, permit  the  trade-mark  to  be  applied  to  goods  of  question- 
able character.  As  a  result,  the  largest  concerns  are  trending 
toward  the  purchase  of  trade-marked  material  exclusively. 
Their  buyers  select  two  or  more  brands,  which  they  have 
found  most  suitable,  of  each  material  used  and  then. obtain 
prices  for  these.  The  medical  profession  for  many  years  held 
that  to  specify  or  prescribe  a  trade-marked  article  was  unpro- 
fessional and  savored  of  quackery.  Today  almost  all  physi- 
cians specify  trade-marked  pharmaceutical  preparations.  They 
do  so  in  order  to  be  certain  that  the  patient  obtains  some- 
thing with  which  the  physician  is  familiar.  In  this  way  the 
physician  guarantees  both  to  himself  and  to  his  patient  the 
purity  of  his  prescriptions. 

Manufacturers  are  rapidly  learning  that  it  is  of  little  con- 
cern to  them  how  much  profit  is  included  in  the  price  of  goods 
they  purchase  as  long  as  they  can  purchase  these  goods  as 
low  as  any  competitor  and  providing  the  quality  is  the  best 
for  their  purpose.  This  attitude  of  the  big  buyers  has  acted 
as  an  encouragement  and  an  inspiration  to  the  producers  of 
trade-marked  articles.  For  there  is  no  incentive  like  profit. 
As  a  result,  the  manufacturer  using  these  articles  finds  his 
cost  of  operation  being  constantly  reduced,  not  so  much  by 
the  lowering  of  the  first  cost  of  materials  as  by  the  improve- 
ment in  their  quality  and  economy  of  use. 

.'Address:   Care  of   E.    P.   Houghton   &  Co..   Philadelphia.    Pa. 
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DIAMOND   TOOTH  FORM   FOR   ROLLER 
CHAIN  SPROCKETS'^' 

It  is  a  fact  patent  to  all  who  have  had  experience  with  chains 
and  sprockets  that  the  particular  form  of  sprocket  tooth  so 
long  in  use  has  been  found  decidedly  unsatisfactory,  and  has 
not  met  the  reasonable  requirements  of  high-grade  steel  roller 
chains  as  made  today  for  the  transmission  of  power.  In  many 
cases  chain  drives  have  been  abandoned  and  other  means  of 
transmission  substituted,  because  of  noise  or  rapid  wear,  due 
solely  to  poorly  designed  sprocket  teeth.    Some  two  years  ago 
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Fig.  1. 


Old  Form  of  Sprocket  Tooth  with  Fitch  Line  Clearance  and  Small 
Pressure  Angle 


it  seemed  to  the  Diamond  Chain  &  Mfg.  Co.,  Indianapolis,  Ind., 
and  a  few  others,  that  the  time  had  come  to  apply  scientific 
methods  to  the  study  of  sprocket  teeth,  and  to  develop  a  tooth 
form  that  would  be  less  noisy  and  more  efficient  than  the 
old  form.  Accordingly  its  engineering  department  began  a 
course  of  study  and  experimentation  which  has  led  to  the 
development   of  the   form   herein   described.     Tests   have   ex- 


Fig.   2.     Chain  too   Short   and  Action  of  FoUower  Impossible;   Pitch  Line 
Clearance  a  Little  Greater  than  Necessary  for  Driver 

tended  over  a  period  of  nearly  two  years,  and.  this  firm  is  now 
regularly  supplying  sprockets  and  cutters  of  this  design  to 
its  customers. 

Every  chain  begins  to  elongate  as  soon  as   it  is  put  into 
operation,  and  this  elongation,  due  to  wearing  of  the  rivets 


'Abstract  of  booklet  entitled  "Diamond  Tooth  Form  for  Roller  Chain 
Sprockets,"   published   by  the  Diamond   Chain   &  Mfg.   Co.,    Indianapolis.    Ind. 

'For  additional  information  on  the  design  of  sprocket  teeth  and  allied  sub- 
jects published  in  Machinery,  see  also  "Design  and  Construction  of  Sprockets," 
by  B.  D.  Pinkney,  January,  1916,  and  other  articles  to  which  reference  was 
made  at  that  time. 
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Fig.   4.     Chain  Elongated  and  Clearance  Ample ;  when  Roller  A  is  released 
B  will  come  against  Tooth  with  Snap,  making  Motion  of  Sprocket  Jerky 

and  bushings,  continues  as  long  as  the  chain  is  in  use.  To 
provide  for  this  continual  lengthening  of  the  pitch,  the  old- 
style  sprocket  is  cut  with  the  clearance  on  the  pitch  line,  thus 
allowing  the  rollers  of  an  elongated  chain  to  creep  around  the 
pitch  circle  without  interference  with  the  backs  of  the  teeth. 
The  Diamond  chain  sprocket  tooth  has  only  a  slight  amount 
of  pitch  line  clearance,  but  the  pressure  angle  is  increased, 
so  that  as  the  chain  elongates  the  rollers  ride  at  higher  points 
on  the  teeth,  thus  allowing  the  chain  to  adapt  itself  to  its  own 
proper  pitch  circle.  A  study  of  Figs.  1  to  6,  inclusive,  will  make 
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PRESSURE  ANGLE 

VARIES  FROM 

0  TO  21%    DEGREES 


Fig.    5.     Renold   Form   of   Sprocket  Tooth,    with  Uniform   Space  Angle  of 

60  Degrees,  Variable  Pressure  Angle  from  0  to  27%  Degrees, 

and  No  Fitch  Line  Clearance 

this  perfectly  clear.  Clearance  B  at  the  end  of  the  tooth  was 
thought  to  be  of  chief  importance,  center  x  being  so  chosen 
that  this  clearance  is  always  one-tenth  of  the  roller  diameter; 
and  the  radius  of  the  tooth  curve  is  equal  to  pitch  P  minus 
one-half  the  roller  diameter,  A.  The  last  point  of  contact  be- 
tween the  roller  and  tooth  is  at  gr,  and  the  pull  of  the  chain  is 
in  the  direction  ex.  Hence  the  pressure  angle  is  the  angle  in- 
cluded between  e/  and  ex.    This  angle  is  about  5  degrees  on  a 
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Fig.  3.     Chain  too  Long  and  Clearance  Insuflcient 


Fig.    6.     Diamond    Chain    Sprocket    Tooth    Form,    with    Uniform    Pressure 
Angle,  Tariabia  Space  Angle,   and  No  Pitch  Line  Clearance 

nine-toothed  sprocket,  and  6  degrees  on  a  thirty-five-toothed 
sprocket.  The  pitch  line  clearance  is  usually  about  one- 
twentieth  of  the  roller  diameter;  and  when  the  pressure  angle 
is  only  5  or  6  degrees,  this  clearance  is  provided  in  order  to 
allow  space  for  the  inactive  rollers  of  a  worn  and  elongated 
chain.  After  the  chain  has  begun  to  wear,  only  one  tooth  will 
be  in  action  at  a  time;  and  if  this  clearance  were  not  pro- 
vided, an  elongated  chain  would  tend  to  climb  the  teeth;  but 
the  small  pressure  angle  would  prevent  this.  See  Figs.  2,  3 
and  4. 

In  Fig.  5  is  shown  the  tooth  form  used  by  Hans  Renold,  of 
Manchester,  England,  which  has  the  merit  of  requiring  only 
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five  cutters  for  cutting  six  to  eighty  teetli,  of  providing  a 
shorter  tooth  and  a  greater  pressure  angle,  allowing  an  elon- 
gated chain  to  adapt  itself  to  a  larger  pitch  circle  by  run- 
ning on  a  liigher  portion  of  the  tooth.  A  reduction  of  noise 
and  of  wear  is  also  conspicuous,  and  the  load  is  divided  among 
all  the  teeth  in  mesh,  instead  of  falling  entirely  upon  one  tooth. 
The  pressure  angles  vary  as  follows:  for  six  teeth,  0  degrees; 
for  seven  teeth,  414  degrees;  for  eight  teeth,  7V^  degrees;  for 
ten  teeth,  12  degrees;  for  sixteen  teeth,  18%  degrees;  for 
twenty  teeth,  21  degrees;  for  eighty  teeth,  27%  degrees. 

Fig.  6  illustrates  the  system  developed  by  the  engineering 
department  of  the  Diamond  Chain  &  Mfg.  Co.,  which  is  said 
to  have  all  the  advantages  of  the  Renold  system,  besides  the 
following:  Instead  of  making  the  angle  of  the  tooth  gap  equal 
to  60  degrees  for  all  sprockets,  the  pressure  angle  (or  the 
angle  formed  by  the  line  of  action  of  the  chain  and  a  normal 
to  the  tooth  outline  at  the  point  of  contact)  is  kept  constant 
and  equal  to  about  20  degrees,  thus  following  the  well  estab- 
lished principle  used  iu  connection  with  involute  gear  teeth. 
Sprockets  with  a  greater  number  of  teeth  can  be  used,  since 
we  do  not  depend  upon  pitch  line  clearance  to  take  up  chain 
elongation,  but  upon  the  ease  with  which  the  chain  adapts 
Itself  to  a  larger  pitch  circle.  See  Fig.  6.  If  cutters  are  used 
as  shown  in  Fig.  7,  five  cutters  will  be  required  for  cutting 
all  numbers  of  teeth  from  seven  to  infinity.  The  range  of 
pressure  angles  for  any  one  cutter  is  llVz  to  2214  degrees. 
In  ordering  cutters  of  this  type,  give  pitch,  roller  diameter  and 
range  of  teeth  to  be  cut.  Cutters  are  made  for  the  following 
ranges:  seven  to  eight  teeth,  nine  to  eleven  teeth,  twelve  to 
twenty-seven  teeth,  eighteen  to  thirty-four  teeth,  thirty-five 
teeth  and  over.  If  cutters  are  used  like  that  shown  in  Fig.  8, 
only  one  will  be  required  for  cutting  any  number  of  teeth  for 
a  given  pitch  and  diameter  of  roller.  This  means  that  a  com- 
plete stock  of  cutters  for  the  various  sizes  of  chains  made  in 
this  country  from  Yz  inch  to  2  inches  pitch  would  not  exceed 
twelve  in  number.  The  pressure  angle  will  be  the  same  for 
every  sprocket.  This  type  of  cutter  cannot  be  used  to  cut 
teeth  of  the  Renold  type,  since  the  contour  changes  for  every 
change  in  the  number  of  teeth  to  be  cut. 

An  examination  of  Figs.  9  and  10  will  show  clearly  the 
equality  of  tooth  outlines  in  the  Diamond  type,  and  will  ex- 
plain why  this  great  economy  in  cutter  equipment  can  be  ef- 
fected. This  type  of  cutter  is  known  as  the  "Diamond  uni- 
versal sprocket  cutter."  In  ordering,  it  is  only  necessary  to 
specify  the  pitch  and  roller  diameter,  other  dimensions,  such 
as  thickness,  outside  diameter,  hole  and  key  way  being  stand 
ard.  When  this  type  of  cutter  is  used  it  is  recommended  that 
the  machine  be  indexed  so  that  every  other  tooth  will  be  cut 
first  and  the  intermediate  teeth  afterward.  This  eliminates 
the  tendency  to  produce  a  side  thrust  on  the  sprocket  and  thus 
spoil  the  accuracy  of  the  indexing.  To  do  this,  use  index  gears 
for  cutting  half  the  given  number  of  teeth.  If  the  number 
of  teeth  is  odd,  either  double  the  stop  pawl  number,  if  any, 
or  double  the  number  of  teeth  on  one  of  the  driving  gears. 
Then  when  the  blank  has  indexed  through  two  revolutions,  all 
of  the  teeth  will  be  cut.  If  the  number  of  the  teeth  to  be  cut 
is  even,  first  cut  half  the  teeth,  then  turn  the  blank  through 
the  space  of  one  tooth  (the  manner  of  doing  this  depends  upon 
the  type  of  gear-cutting  machine  used),  make  a  cut,  and  then 


Figs.  7  to  10.     Cutter  Outlines  and  Sprocket  Tooth  Outlines 


Fig.    11.     Diagran.s    showing    Methods   of   indexing   for   Even   and   Odd 
Numbers  of  Teeth 

again  index  for  every  other  tooth  and  cut  the  intermediate 
teeth.  Fig.  11  shows  the  order  in  which  the  teeth  are  cut  for 
a  twelve-  and  thirteen-tooth  sprocket,  respectively. 

Briefly,  the  essential  differences  between  the  Renold  tooth 
form  and  that  developed  by  the  Diamond  Chain  &  Mfg.  Co. 
is  that  the  former  provides  for  a  constant  space  angle  and 
variable  pressure  angle,  while  the  latter  provides  for  a  con- 
stant pressure  angle  and  variable  space  angle. 

To  sum  up,  the  Diamond  chain  sprocket  tooth  form  has  the 
following    advantages    over    the    form    still    largely    in    use: 

(1)  The  chain  passes  both  on  and  off  the  sprocket  teeth  with 
greater  ease;  hence,  less  noise,  less  wear,  and  greater  efficiency. 

(2)  The  pressure  is  distributed  among  all  the  teeth  in  mesh. 

(3)  As  the  chain  elongates,  it  adapts  itself  to  a  proportionately 
larger  pitch  circle,  putting  wear  on  a  new  part  of  the  tooth, 
and  thus  reducing  the  tendency  to  "hook"  the  teeth.  (4)  The 
pressure  angle  is  large.  (5)  The  pressure  angle  is  the  same 
for  all  numbers  of  teeth.  (6)  An  elongated  chain  will  run 
as  well  on  a  sprocket  with  one  hundred  teeth  as  with  twenty 
teeth.  (7)  Any  number  of  teeth  for  a  given  pitch  and  roll 
diameter  can  be  cut  with  a  single  cutter.  (8)  The  length  of 
tooth  is  so  determined  that  the  angular  motion  of  the  link 
between  the  pitch  circle  and  the  addendum  circle  is  always 
the  same  (31  degrees). 

The  outside  diameters  for  these  sprockets  are  less  than  those 
usually  tabulated.  Instead  of  adding  the  roll  diameter  to  the 
pitch  diameter  to  obtain  the  outside  diameter,  the  following 
formula  is  used: 

(90  degreesX 
0.6  —  tan I 
N  I 
The  rule  for  calculating  the  outside  diameter  may  be  stated 
thus:  Divide  90  degrees  by  the  number  of  teeth  and  find  the 
natural  tangent  of  this  angle.  Subtract  it  from  0.6000  and 
multiply  the  difference  by  the  pitch.  Add  the  result  to  the 
pitch  diameter. 

«     •     • 

USES  FOR  SHELBY  TUBING 

New  uses  for  Shelby  steel  tubing  are  constantly  being  found. 
A  16-inch  lathe  was  one  of  the  two  tools  in  the  repair  shop  in  a 
Pennsylvania  lumber  mill,  and  a  lathe  with  a  hollow  spindle 
was  badly  needed.  So  the  superintendent  got  a  length  of 
Shelby  steel  tubing  and  sent  it  to  the  nearest  shop  to  be  made 
up  into  a  hollow  spindle.  This  worked  out  very  nicely  and 
was  as  good  as  the  spindles  made  of  ordinary  machinery  steel 
which  are  frequently  put  in  on  a  repair  job  where  the  work 
is  not  heavy. 

Another  use  for  tubing  is  found  in  milling-machine  collars. 
It  requires  no  turning  at  all,  for  the  various  sizes  of  holes  to 
suit  standard  arbors  are  "stock,"  and  practically  any  outside 
diameter  can  be  obtained.  Dealers  should  select  tubes  which 
have  the  holes  a  trifle  small;  it  is  then  only  necessary  to  saw 
off  the  lengths,  run  a  reamer  through  them,  and  face  the  ends. 
In  spite  of  the  higher  cost  of  tubing  over  cast  iron,  such  col- 
lars can  be  economically  made  and  are  to  be  preferred — except 
where  collars  are  made  as  a  slack  time  "filler"  or  for  the  ex- 
perience of  apprentices.  D.  A.  H. 
*     *     * 

Although  both  discovery  and  invention  refer  to  new  things, 
discovery  consists  in  finding  new  truths  in  nature,  while  in- 
vention is  the  applying  of  these  truths  to  some  desired  purpose. 
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PROCESSES  USED  BY  THE  UNITED  INCANDESCENT  LAMP  CO..  BUDAPEST.  HUNGARY 

BY    CHARLES    EISLEB  1 


THE  processes  used  in  the  manufacture 
of  tungsten  lamps  are  of  consider- 
able interest.  Owing  to  the  fragility 
of  the  various  materials  used  in  the  con- 
struction, the  machines  and  fixtures  must 
be  so  arranged  that  they  will  perform  their 
functions  in  a  minimum  time  and  with  lit- 
tle likelihood  of  breaking  the  parts.  Prac- 
tically every  part  of  an  incandescent  lamp 
requires  the  most  delicate  handling,  from 
the  tungsten  filament  to  the  glass  bulbs. 
The  processes  and  machines  described  in 
this  article  are  based  upon  the  practice  de- 
veloped by  the  United  Incandescent  Lamp 
Co.,  Budapest,  Hungary,  and  while  this  is 
not  secret,  the  writer  believes  that  this  material  has  never 
been  published  in  detail  form  in  this  country.  The  various 
steps  which  are  taken  in  connection  with  the  manufacture  of 
the  lamp  from  the  swaging  of  the  tungsten  billet  to  the  final 
testing  of  the  finished  lamp  will  be  described  in  this  article 
and  the  machines  used  will  be  illustrated. 

Manufacturing-  the  Tungsten  Filament  from  the  Slug- 

The  powdered  tungsten   is   first  weighed   and   then   poured 


Fig.    1.     Mold    used    for   compressing   the 
Tungsten  Powder  into  Slug  Form 
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evenly  into  a  mold  or  die  like  that  shown 
in  Fig.  1,  after  which  the  mold  is  placed 
under  a  hydraulic  press  and  compressed  at 
a  pressure  of  about  5000  kilograms  per 
square  centimeter.  The  die  is  made  from 
high-grade  tool  steel,  hardened  and  ground 
very  accurately.  The  mold  is  usually  made 
from  14  to  %  inch  square  and  about  5  to  8 
inches  long.  The  depth  of  the  die  is  con- 
siderably more  than  the  slug  is  to  be,  in 
order  to  give  the  plunger  A  a  good  location 
in  the  die  before  the  tungsten  is  com- 
pressed. After  the  bars  have  been  com- 
pressed they  are  fragile  and  their  handling 
requires  skill.  A  hydrogen  furnace  is  used 
to  unite  these  bars,  the  temperature  being  about  2000  degrees  C. 

Heating  and  Swaging  the  Slug 

A  special  electric  furnace  such  as  that  shown  in  Fig.  3  is 
used  to  heat  the  slug  to  a  temperature  of  from  1200  to  1300 
degrees  C.  in  an  atmosphere  of  hydrogen.  Referring  to  Fig.  2, 
the  various  parts  of  the  tungsten  lamp  will  be  seen,  and  the 
form  produced  on  the  tungsten  slug  by  the  first  swaging  opera- 
tion can  be  noted  at  A.  One  end  of  the  slug  is  formed  for  a 
distance  of  80  or  90  per  cent  of  the  length,  after  which  it  is 


Fig.  2.     Component  Farts  of  Tungsten  Lamps 
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reheated  and  the  other 
end  swaged  to  comple- 
tion. The  handling  of 
the  slug  from  the  fur- 
nace to  the  swaging  ma- 
chine is  done  very  rap- 
idly in  order  to  prevent 
the  slug  from  oxidizing 
as  far  as  possible. 

Hot-swaginB-  the  Slug 

After  the  slug  has 
been  heated  to  the 
proper  temperature,  it 
is  removed  by  means  of 
the  pliers  shown  in 
Fig.  5  and  transferred 
to  the  swaging  machine 
for  the  first  operation, 
which  consists  of  form- 
ing it  into  octagonal 
shape.  Fig.  4  shows  a 
hot  swaging  machine 
built  by  the  Langelier 
Mfg.  Co.,  Providence, 
R.  I.  These  machines  are  built  in  several  sizes,  the  same  prin- 
ciples being  incorporated  in  the  various  machines,  with  the 
exception  that  in  the  case  of  the  No.  l^^  hot  swager,  there  is 
an  annular  recess  or  chamber  inside  the  machine  head,  through 
which  a  stream  of  cooling  water  is  kept  running  in  order  to 
prevent  the  machine  from  heating  unduly  during  the  handling 


Electric   Furna 
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Fig.  4.     Langelier  Swaging  Machine 

of  the  hot  tungsten  wire.  The  sectional  view  shown  in  Fig.  6 
is  taken  directly  through  the  center  of  the  spindle  and  shows 
the  construction  very  clearly.  The  spindle  is  slotted  across 
the  enlarged  end  to  receive  a  pair  of  hammer-blocks  and  dies 
A  and  B,  the  reciprocating  action  of  which  is  in  a  radial  direc- 
tion.   The  spindle  is  driven  by  the  pulley  C,  which  has  a  heavy 


d 
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Fig.    6.     Fliers   for  holding   Tungsten   Slug   while   swaging 

rim  and  acts  as  a  flywheel,  producing  a  steadier  movement. 
As  the  spindle  revolves,  the  jaws  are  thrown  outward  by  cen- 
trifugal force,  so  that  the  outer  ends  strike  against  the  steel 
rolls  D,  which  throw  them  back  again  toward  the  center. 
There  are  a  number  of  these  rolls  on  the  inside  of  the  cage  so 
that  the  reciprocating  action  of  the  jaws  is  very  rapid.  This 
type  of  machine  was  described  in  detail  in  the  January,  1914, 
number  of  Machinery  on  page  420. 

Fig.  2  shows  at  A,  B,  C,  D,  E  and  F  the  various  steps  through 
which  the  tungsten  slug  passes  In  being  swaged  to  the  re- 
quired size.  The  rods  are  swaged  from  5/16  inch  square  to  1/32 
inch  round  in  steps  of  about  0.020  to  0.025  inch  at  a  time. 
When  the  rod  has  been  swaged  to  1/32  inch,  it  is  usually  from 


Fig.  6.     Longitudinal  Section  through  Head  of  Langelier  Swaging  Hachine 

75  to  100  feet  long.  From  1/32  inch,  the  wire  is  drawn  at  a 
cherry  red  through  diamond  dies  by  steps  of  0.002  to  0.005 
inch  until  it  is  about  0.003  inch  outside  diameter.  For  the 
smaller  sizes  it  is  drawn  by  steps  of  0.001  inch  down  to  0.001 
inch  outside  diameter,  or  even  smaller  if  required.  Wire  has 
been  drawn  down  to  0.0004  inch  outside  diameter  and  to 
lengths  of  from  10,000  to  11,000  feet. 

Drawing-  Wire  Throug-h  Diamond  Dies  , 

After  the  swaging  operations  have  been  performed,  the  wire 
is  drawn  through  diamond  dies  as  shown  in  Fig.  7.  The  draw- 
ing  operations  are   performed  on  several  sizes  of  machines. 


Fig.  7.     Machine  used  for  drawing  Tungsten  Wire  through  Diamond  Dies 
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according  to  the  diame- 
ter of  the  wire.  The 
wire  is  drawn  at  the 
rate  of  from  10  to  85 
feet  per  minute,  the 
speed  depending  on  the 
size  of  the  wire.  The 
operation  is  as  follows: 
The  wire  is  placed  on 
spool  A  and  led  through 
lubricator  M  and  guide 
D  over  gas  flame  B  and 
through  die  E.  This  die 
is  held  in  a  bracket  F 
and  the  wire  X  is  wound 
on  the  spool  O.  This 
spool  travels  vertically 
up  and  down  a  distance 
equal  to  the  width  of 
the  spool,  in  order  to 
distribute  the  wire 
evenly  on  it.  The  end  of  the  wire  is  held  on  the  spool  by  the 
screw  H,  and  the  protector  E  is  provided  to  keep  the  wire 
on  the  spool  in  case  it  should  break  during  the  drawing 
operation.  The  wire  is  heated  to  a  cherry  red  heat  while 
being  drawn,  the  gas  and  air  mixers  at  L  being  provided  for 
this  purpose;  these  supply  the  gas  for  the  burner  B. 

Cleaning  and  Flashing-  the  Wire 

The  wire  is  now  cleaned  and  annealed  under  hydrogen  by 
the  machine  shown  in  Fig.   9.     It  is  taken  from  a  spool  at 


Fig.   8,     Gage  for  Glass   Tubing 


Tig.  9.     Machine  used  for  cleaning  Tungsten  Wire 

the  top,  drawn  through  the  mercury  cups  A  and  B  onto  the 
spool  C,  which  is  passed  back  and  forth  to  allow  the  wire  to 
be  distributed  evenly  on  its  surface.    A  speed  recorder  D  shows 
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Fig.   10.     Cutting   Glass  Tube  on  Hand  Fixture 

the  number  of  meters  which  are  run  from  each  spool.  The 
machine  is  covered  by  a  hood  E,  which  contains  hydrogen  gas 
and  is  provided  with  a  mica  window  G  so  that  the  operator  can 
observe  the  working  of  the  wire. 

The   mercury   cups   A   and  B   form   the   terminals   through 
which   an   electric   current   passes   which   heats  the  wire  in 
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Fig.  11.     Forming  Zigzag  Filament 

transit,  and  while  this  is  being  done  it  must  be  run  under 
hydrogen  in  order  to  keep  it  from  becoming  oxidized.  This 
process  of  heating  the  wire  electrically  as  it  passes  through 
the  mercury  cup  is  called  flashing.  The  hydrogen  is  let  into 
the  hood  by  the  inlet  pipe  F,  and  provision  is  made  for  raising 
and  lowering  the  hood  by  means  of  a  sprocket  chain  and  hand- 
lever  not  shown. 
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Fig.   12.     Cutting  Glass  Tube  with  Emery  Wheal 
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ForminK'  the  ZXgztig  Wire 
A  special  forming  machine  shown  in  Fig.  11  is  used  to  form 
the  wire  into  zigzag  shape  after  it  has  been  cleaned  as  de- 
scribed in  the  previous  operation.  The  process  is  as  follows: 
The  spool  Z  is  filled  with  wire  and  placed  on  the  bracket  A. 
The  wire  X  is  bent  over  the  pins  C,  which  are  adjustable  for 
different  lengths  of  the  zigzag.  The  machine  is  driven  by  the 
electric  motor  shown  through  a  stop  motion  of  the  Geneva 
type  shown  at  F.  The  wire  is  drawn  from  the  spool  through  a 
holder  on  the  sliding  rod  D  controlled  by  the  eccentric  shown 
at  Q.  Adjustment  is  obtained  by  turning  the  knurled  nut  G. 
The  pins  C  are  insulated  to  give  the  proper  electrical  contact, 
as  the  shape  of  the  wire  is  formed  while  it  is  red  hot.  The 
mechanism  is  covered  by  a  sheet  metal  hood  H  having  a  mica 
opening  at  E  to  permit  the  operator  to  see  the  work.  The 
operation  is  performed  under  hydrogen  as  in  the  preceding 
case,  the  gas  entering  the  hood  at  L.     The  tungsten  wire  is 
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Fig.  13.     Machine  Fixture  for  cutting  Glass  Tube 

shaped  under  the  hydrogen  hood  in  order  to  prevent  the  fila- 
ment from  oxidizing.  The  hood  can  be  raised  by  means  of  a 
chain  and  handwheel. 

Cutting-  the  Glass  Tube 

Several  methods  of  cutting  the  glass  tubes  are  in  vogue,  but 
the  operation  of  cutting  is  very  simple.  The  tube  shown  at  G 
in  Fig.  2  is  cut  on  an  ordinary  rotating  wheel  as  shown  in 
Fig.  12.  A  V-shaped  carborundum  wheel  A  is  used  and  the 
tube  held  against  the  stop  B,  which  is  adjustable  for  various 
lengths.  The  operator  can  handle  more  than  one  length  of 
glass  when  cutting  by  placing  one  on  top  of  the  other.  It 
must  not  be  understood  that  the  glass  is  entirely  cut  through 
by  the  wheel,  as  it  is  simply  nicked  a  little  and  then  cracks 
off,  due  to  the  heating  action  of  the  wheel  on  the  glass.  The 
tubes  are  cut  from  lengths  of  about  three  or  four  feet,  and 
with  this  method  2500  to  3000  can  be  cut  per  hour.  The  glass 
cane  shown  at  H,  Fig.  2,  can  also  be  cut  by  this  method,  but 
another  device  is  used  for  the  solid  glass  rods. 

Fig.  10  shows  a  hand  fixture  used  in  cutting  the  glass  rod  H. 
the  cutting  in  this  case  being  done  by  a  knife.  The  most 
common  type  of  knife  in  use  is  that  shown  at  A,  although 
others  are  being  used  to  some  extent.  The  knives  are  made 
of  special  tool  steel  and  hardened.  When  regrinding,  they 
must  be  ground  on  stones  under  a  stream  of  water,  in  order 


to  guard  against  the 
temper  being  drawn  In 
the  slightest  degree. 

The  knives  shown  at 
/{  in  Fig.  13  are  used  in 
a  fixture  in  which  the 
glass  rod  is  fed  through 
the  hole  A  and  is  held 
against  the  adjustable 
stop  C.  The  knife  blades 
are  then  pulled  down 
by  the  plunger  D  by 
means  of  a  foot-treadle 
not  shown  in  the  illus- 
tration.  By  this  method 


Fig.   15.    Welding  Tungsten  and  Platinum 
Wires 


the  glass  is  scratched  on  both  sides  and  then  cracked  off. 
From  2000  to  2500  pieces  per  hour  can  be  produced  in  this 
way  by  a  girl.  In  sorting,  a  regular  snap  gage  is  used  such  as 
that  shown  in  Fig.  8.  This  work  is  done  before  the  tubes  or 
canes  are  cut  to  the  required  length.  About  eight  or  ten  rods 
or  tubes  can  be  held  in  thS  operator's  hand  at  one  time  and 
gaged  very  rapidly.  At  A,  B,  C  and  D  are  shown  the  slots 
for  the  different  sizes. 

Making-  the  Flange 

The  glass  tube  G,  Fig.  2,  is  heated  in  a  special  rotary  chuck  A 
shown  in  Fig.  14,  and  when  the  glass  has  been  heated  to  the 
proper  temperature  it  is  flanged  by  the  rod  B  to  the  shape  K, 


Fig.   14.     Flanging  Glass  Tube  to  make  the  Flare 


Fig.    16.     Automatic    Machine    for   welding   Lead-in   Wires 

Fig.  2.  In  the  majority  of  cases  two  or  more  rotary  chucks 
are  used  so  the  maximum  production  will  be  obtained.  When 
two  chucks  are  used,  one  is  being  heated  while  the  other  is 
being  loaded.  The  forming  is  generally  done  by  hand,  but 
may  be  done  automatically  if  desired. 

Making  the  Lead-in  Wire 

Referring  to  Fig.  2,  L  is  a  nickel  lead-in  wire  of  which  one 
end  is  bent  and  clamped  to  the  filament  and  welded  to  M, 
which  is  made  from  platinum  or  a  substitute.  This  portion 
is  usually  1/8  inch  long  and  has  a  diameter  of  1/64  inch  ap- 
proximately, depending  upon  the  size  of  the  lamp.  Platinum 
is  used  because  it  has  the  same  coefficient  of  expansion  as  the 
glass.    N  is  a.  copper  wire,  the  ends  of  which  are  soldered  to 
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the  base  after  the  lamp  is  based.  The  wires  L,  M  and  N  are 
electrically  welded  together  as  shown  at  O,  and  two  are  used 
in  each  lamp.  It  is  an  interesting  fact  that  the  majority  of 
lamps  of  this  kind  contain  platinum,  and  up  to  the  present 
time  it  has  been  difficult  to  procure  any  substitute. 

In  making  the  welds  on  pieces  L  and  M,  the  part  L  is  held 
with  a  pair  of  tweezers  A,  as  indicated  in  Fig.  15,  while  the 
part  M  is  held  by  hand,  and  both  ends  are  brought  together 
over  the  needle  gas  burner  B  and  welded.  This  operation  looks 
difficult,  but  an  operator  with  little  experience  can  get  a  pro- 
duction of  approximately  350  pieces  per  hour.  The  part  N  is 
handled  in  the  same  manner. 

Fig.  16  shows  a  machine  which  is  a  standard  product  of  a 
German  manufacturer  for  welding  lead-in  wires.  This  ma- 
chine is  arranged  to  take  three  different  kinds  of  wires  and 
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Fig.  17.     Fixture  for  making  Cane  Eod  Buttons 

weld  them  into  one  complete  unit,  the  production  being  in  the 
Vicinity  of  2500  pieces  per  hour.  It  can  be  arranged  to  make 
hooks  or  tubes  as  desired.  Referring  to  the  illustration.  A, 
A,  and  Aj  are,  respectively,  the  copper  wire  roll,  the  nickel 
wire  roll,  and  the  platinum  wire  roll.  The  gas  regulator  and 
the  gas  tank  are  shown,  respectively,  at  B  and  C,  while  the 
hydrogen  bottle  can  be  noted  at  D.  The  driving  pulley  and 
flywheel  are  shown  at  F,  and  the  gear  and  cam  by  means  of 
which  the  slides  are  operated  are  indicated  at  E.  The  gas 
compressor  G  is  driven  from  the  main  shaft.  The  electrical 
contacts  are  at  /.  The  movement  of  the  slide  is  controlled  by 
the  cam  wheel  H. 

Making-  the  Cane  Rod  Buttons 

The  glass  arbor  or  cane  rod  shown  at  H  in  Fig.  2  is  cut 
to  length  and  sorted  to  the  proper  size,  as  previously  described. 
After  it  has  been  cut,  the  rod  is  inserted  in  the  fixture  shown 


in  Fig.  17,  in  order  to 
make  the  buttons  or  en- 
larged ends  as  shown  at 
P  in  Fig.  2.  The  glass 
rod  is  located  in  U- 
grooves  and  the  flames 
Gf  heat  the  part  where 
the  button  is  to  be  made. 
After  sufficient  heat  has 
been  applied,  the  end  of 
the  rod  is  pressed  by 
hand  by  the  knurled 
knob  D  and  the  anvil 
on  the  end  of  rod  C. 
An  adjusting  collar  is 
provided  at  E  and  an- 
other adjustment  for  the 
other  end  may  be  noted 
at  F.  While  the  rod  is 
"Being  heated,  it  is 
turned  back  and  forth 
by  a  fiber  turner  K  to 
form  the  button  to  the 
required    shape.     Other 

methods  are  used  for  doing  this  work,  but  the  process  shown 
produces  good  results  and  is  inexpensive.  Five  or  six  arbors 
can  be  handled  at  one  time,  and  the  anvils  can  be  arranged  to 
be  operated  by  a  foot-lever  if  desired. 

Stem  Making- 

A  complete  stem  consists  of  parts  K,  O  and  P,  Fig.  2,  which 
are  assembled  to  make  the  piece  Q.  The  flare,  lead-in  wires 
and  arbor  are  inserted  in  a  holder  as  shown  in  Fig.  18.  The 
flare  is  held  in  a  sort  of  nest  and  the  arbor  by  the  jaws  shown 
at  B.  While  the  welding  flames  are  softening  the  glass  parts 
the  head  is  rotated,  and  after  the  glass  has  been  softened  suffi- 


Figr.  19.     Inserting  Anchor 


Fig.   18.     Machine  for  making  Stem 


Fig.  20.     Fixture  for  clamping  Zigzag  Filament  to  Lead-in  Wires 

ciently  the  clamping  is  performed  by  the  jaws  C  and  D  and 
the  plunger  E,  actuated  by  the  foot-lever  F.  Machines  of  this 
type  frequently  have  from  one  to  eight  separate  heads.  After 
this  operation  has  been  performed,  the  stem  is  ready  for  the 
insertion  of  the  filament  supporting  anchor. 

Inserting  the  Anchor 

The  anchor  is  made  of  nickel  wire  and  the  end  is  coiled  on 
a  special  machine  at  the  rate  of  5000  per  hour,  after  which 
the  wire  is  inserted  in  the  stem  as  shown  in  Fig.  19.  The 
flame  from  pipe  B  is  directed  against  the  button  and  anchor  G 
while   the   nickel   wires   are   set   in    place   by    tweezers   A,    a 


326 


MACHINERY 


December,  1916 


needle  burner  being  used  for  this  work  as  previously  described. 
^  part  of  the  hub  and  the  short  end  of  the  anchor  G  are  heated 
and  inserted  by  hand,  as  indicated. 

Mountinyr  the  Zig-zag-  Filament 

The  zigzag  filament  shown  at  R  in  Fig.  2  is  taken  from  a 
drum  and  mounted  on  hooks  as  shown  at  8;  in  addition,  the 
two  ends  of  the  tungsten  wire  are  clamped  to  the  lead-in  wires 


Fig.   21,     Uethod  of   assembling   Zigzag   Filament 

as  shown  at  U.  In  this  operation  the  zigzag  wire  is  removed 
from  the  spool  on  which  it  has  previously  been  wound,  as 
indicated  in  Fig.  21,  and  hooked  over  the  anchors  by  hand. 

After  this  has  been 
done,  the  operator  takes 
the  end  of  the  wire  A 
and  holds  it  in  the 
hooked  end  of  the  lead- 
in  wire  while  this  is 
placed  between  the  jaws 
D,  Fig.  20.  By  pressing 
down  on  the  lever  E  the 
jaws  are  moved  together 
to  clamp  the  wire  in 
place.  After  one  end 
has  been  clamped,  the 
operator  winds  the  zig- 
zag on  the  hooks,  clamps 
it  and  cuts  off  the  end 
at  the  same  time  with  a 
knife.  During  this  op- 
eration the  work  is  held 
at  a  slightly  different 
angle.  It  will  be  no- 
ticed that  the  zigzag 
wire  has  already  been 
wound  on  the  spool  H 
into  the  V-shape  that  It 
Fig.  22.    Piercing  Bulb  will  have  when  mount- 


ed. This  operation  is 
done  when  the  wire  is 
taken  off  from  the  form- 
ing machine  shown  in  a 
previous  illustration. 
The  spool  H  is  conveni- 
ently accessible  to  the 
operator,  so  that  the 
work  can  be  done  very 
rapidly.  It  will  be  un- 
derstood that  the  work 
shown  in  Fig.  21  of 
pressing  the  zigzag  fila- 
ment on  the  anchors  is 
done  after  one  end  of 
the  wire  has  been 
clamped,  as  stated. 

Operations  on  the 
Bulb 
After  the  bulb  shown 
at  V  in  Fig.  2  comes 
from  the  glass  molds,  it 
is  first  washed.  The 
piece  shown  at  W  is  the 
so-called  top  tubing 
which  has  been  cut  and 
sorted  to  the  proper 
size.  This  tubing  is  cut 
into  three-foot  lengths 
by  the  same  process  as 
was  employed  for  cut- 
ting the  glass  canes. 

Piercing-  the  Bulb 
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Fig.   23.     Bulb   with   Tube   and   Stem 


Before  the  top  tubing 
W  is  sealed  on  the  bulb, 

it  is  necessary  to  pierce  a  hole  as  shown  at  X  in  Fig.  23.  The 
method  of  piercing  this  hole  is  clearly  shown  in  Fig.  22.  The 
bulb  A  is  placed  in  the  nest  B;  the  cap  G  is  lowered,  and  the 
rubber  ring  D  acts  as  a  seal  on  the  bulb.    F  is  the  air  inlet  to 
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Fig.  21.     Tubulating  Bulb 

which  a  rubber  tube  is  connected  when  in  operation.  The  air 
enters  the  bulb  while  the  flame  heats  the  part  where  the  hole 
is  to  be  pierced.  As  soon  as  the  glass  has  become  soft  from 
the  gas  flame  E,  an  opening  is  caused  by  the  air  pressure. 
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after  which  the  cap  G 
is  raised  by  removing 
the  pressure  from  the 
treadle  G.  The  air  pres- 
sure used  is  from  4  to  5 
pounds  per  square  inch. 

Tubulating:  the  Bulb 

The  tube  is  inserted 
in  the  bulb  on  a  ma- 
chine shown  in  Fig.  24. 
The  bulb  is  held  by 
hand  in  the  nest  or  case 
A  while  the  tube  is  held 
by  a  spring  chuck  B. 
The  flames  C  must  con- 
centrate on  the  center 
of  the  bulb  and  on  the 
end  of  the  tube,  and 
when  both  parts  are 
heated  to  the  melting 
point  the  tube  W  is 
pressed  lightly  against 
the  bulb  by  the  hand- 
lever  B.  This  lever  is  connected  with  the  burners  C  in  such  a 
way  that  as  soon  as  the  lever  is  touched  the  flames  stop  burn- 
ing. During  the  course  of  the  operation,  the  bulb  is  turned 
back  and  forth  a  little  until  it  is  sufllciently  hot  to  make 
the  seal. 

Cracking  Off  the  Collar 

The  apparatus  used  for  cracking  off  the  bulb  collar  is  shown 
in  Fig.  25.  The  bulb  is  placed  in  the  fixture  A  and  the  part 
to  be  cracked  off  at  X  centers  in  a  ring  burner  which  heats 
the  bulb  all  around.  Then  the  bulb  is  removed  and  the  end  X 
is  placed  on  a  saturated  stone  such  as  that  shown  at  C,  or  on 
any  other  substance  which  will  hold  moisture.    As  soon  as  the 


Fig:.  25.     Crackinr  off  Collar 


Fi?.  26.     Sealing  Bulb 

hot  glass  strikes  the  stone  the  collar  breaks  off,  leaving  a 
clean  fracture.  D  is  the  water  container  intended  to  supply 
the  moisture,  £  is  a  chute  for  scrap,  and  F  is  a  scrap  pail.  In 
operating,  the  bulb  is  held  on  the  stone  C  until  it  cracks  off, 
the  operator  in  the  meantime  having  placed  another  bulb  in 
the  holder  A,  making  the  operation  almost  continuous.  About 
twenty  to  twenty-five  seconds  is  the  time  taken  to  perform  this 
operation.  The  top  tubing  is  used  to  locate  the  bulb  during  the 
operation  of  exhausting. 

Sealing-  the  Bulb 
The  bulb  and  stem  are  located  in  a  rotating  holder  as  shown 
at  A  in  Fig.  26.  While  this  is  rotating,  the  two  segmental 
fires  (Bornkessel)  B  and  C  heat  the  bulb  until  both  parts  are 
melted  together  as  shown.  There  are  usually  four  or  more 
arms  or  heads  D,  so  that  the  bulb  can  be  heated  gradually  and 
the  finished  bulb  allowed  to  cool  while  one  position  is  being 
finished.     The  holder  or  head  A   is  rotated  by  the  gears  E 


and  F  driven  by  the  belts  G  and  H.  The  operator  always  re- 
mains in  the  same  position  in  relation  to  the  holder.  When 
the  work  is  completed,  the  operator  simply  turns  the  arm  D 
by  hand  for  the  next  position.  Automatic  attachments  for 
indexing  are  also  made  for  machines  of  this  kind. 

Bxhatisting:  the  Lamp 

The  method  of  exhausting  the  lamps  is  shown  in  Fig.  27. 
The  lamps  B  are  inserted  in  the  rubber  tubes  C,  and  the  lead-in 
wires  are  wrapped  around  pins  A  through  which  an  electric 
current  passes.  The  tubes  C  are  on  a  common  manifold  which 
is  connected  to  the  vacuum  line  D.  After  the  lamps  have  been 
placed  in  their  proper  position,  they  are  raised  into  the  oven  E 
which  is  kept  hot  by  gas  flames.  The  oven  temperature  is 
raised  to  as  great  a  degree  as  the  lamps  will  stand  without 
damaging  them,  and  they  are  left  here  for  a  short  time,  after 


Fig.  27.     Apparatus  used  for  exhausting  Lamp 

which  they  are  lowered  again  and  burned  at  about  120  per 
cent  rating  for  four  or  five  minutes. 

After  this  the  lamps  are  tipped  off,  that  is,  the  tube  G  is 
cut  off  with  a  hand  torch  as  shown  at  H,  and  then  removed  for 
other  operations.  The  vacuum  obtained  varies  according  to 
the  size  of  the  bulbs  and  the  shape  of  the  lamps.  A  high 
vacuum  of  0.001  millimeter,  mercury  pressure,  is  obtained  in 
some  cases.  In  any  event,  the  vacuum  must  be  as  perfect  as 
is  commercially  possible. 

Basing  the  Lamp 

The  bases  shown  in  Fig.  2  at  Z  are  filled  with  cement  and 
placed  on  the  bulbs,  after  which  they  are  located  in  the  basing 
fixture  as  shown  in  Fig.  28.    There  are  two  separate  carriages 
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Fig.  28.     Basing  Lamp 
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Fig.  29.     Soldering  Lead-in  Wires 


on  which  the  bulbs  are  placed,  only  one  of  which  is  shown  in 
the  illustration,  the  other  being  in  the  gas  oven  shown  above. 
It  will  be  noticed  that  all  the  lamps  are  in  a  line,  so  that  the 
operator  can  easily  determine  whether  they  are  set  up  straight 
or  not.  In  operation,  the  base  and  lamp  are  held  by  the 
plunger  B,  and  the  cone  cup  C  is  held  in  position  by  the  coil 
spring  shown.  Weights  are  provided  at  D  to  balance  the  slide 
or  carriage  E.  The  oven  is  provided  with  holes  F  covered  with 
mica  so  that  the  operator  can  see  that  the  lamps  are  not  being 
overheated.  The  portion  G  acts  as  a  guide  for  the  Edison 
bases,  and  H  is  the  table  on  which  the  operator  works  while 
the  lamp  bases  are  backed  on  the  lamps. 

Soldering  the  Lead-in  Wires 

After  the  Edison  sockets  have  been  baked  on  the  bulbs  the 
lead-in  wires  project  from  the  base  as  shown  at  A  and  B  in 
Fig.  29.     An  electric  soldering  iron  C  is  used  for  soldering 


Machine   used  for  inserting  Hook  End  of  Nickel  Wires 


these  wires,  the  iron  being  stationary  while  the  lamp  is  held 
in  the  correct  position  for  both  A  and  B.  The  solder  is  in 
wire  form  on  a  spool  D,  a  soldering  paste  box  being  provided 
at  E.  After  the  soldering  operation,  the  projecting  wire  is 
cut  off  by  a  special  knife. 

The  socket  is  now  polished  on  a  regular  polishing  wheel  in 
order  to  clean  it  perfectly,  the  polishing  wheel  being  located 
very  close  to  the  soldering  fixture. 

Inserting-  the  Hook  End 

The  inserting  of  the  hook  end  of  the  nickel  wires  is  done 
by  means  of  the  special  machine  shown  in  Fig.  30.  The  wire 
is  drawn  from  the  spool  A  and  straightened  at  B,  being  car- 
ried from  the  straightener  by  a  slide.  The  forward  movement 
of  the  slide  is  governed  by  the  cam  C  and  the  roller  N.  On 
the  return  stroke,  guide  bushing  E  stops,  and  knife  D  cuts 
the  wire,  actuated  by  cam  M.    Bracket  H  rotates  and  stops  at 
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Fig,  31.     Machine  used  for  bending  Hooks  when  inserted 
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ertahi  intervals  to  give  the 
iroper  spacing  for  the  hooks, 
'his  movement  is  effected  by 
Geneva  motion.  The  length 
f  stroke  can  be  regulated  by 
he  adjusting  screw  L  while 
he  straightener  is  regulated 
y  the  screw  P.  F  is  the 
tiumb-screw  used  to  open  the 
iws  for  loading  and  unload- 
ag,  and  K  is  the  driving  pul- 
;y.  The  position  of  the 
eedle  flame  is  shown  at  R. 
Lfter  the  hooks  have  been  in- 
erted  they  are  bent  by  the 
xture  shown  in  Fig.  31,  the 
tem  being  inserted  in  the 
ending  die  as  shown  at  A 
nd  bent  by  pressure  on  the 
jot-treadle  which  is  connect- 
d  to  the  arm  X,  thus  operat- 
ig  the  plunger  carrying  the 
ie.  A  fixture  of  this  kind  is 
sed  for  bending  wires  from 
.010  to  0.014  inch  outside  di- 
meter. When  the  wires  are 
•om  0.003  to  0.005  inch  out- 
ide  diameter,  a  different  type 
f  fixture  is  used  as  indicated 
1  Fig.  32.  The  construction 
f  the  fixture  is  simple,  and 
le  operation  will  be  ap- 
arent  by  reference  to  the 
lustration;   it  will  be  seen  that  the  device  is  hand-operated. 


FJs. 


Bump-testing'  Operation  for  Lamps 

In  order  to  see  how  long  lamps  will  last  under  current 
hile  being  vibrated  and  knocked  against,  the  lamps  are  given 
durability  test  so  that  it  can  be  determined  whether  they 
•e  suitable  for  use  on  street  cars  or  other  vehicles  having 
>nsiderable  vibration.  Referring  to  Fig.  33,  it  will  be  seen 
lat  the  lamp  is  placed  in  a  regular  socket  on  the  rod  A'. 
irough  which  electric  wires  are  passed  to  furnish  the  neces- 
iry  current  for  lighting  the  bulb.  The  fixture  can  be  turned 
;to  any  position,  being  pivoted  at  F,  so  that  the  lamps  can 
!  burned  when  they  are  tipped  up,  tipped  down,  horizontal 
•  at  any  other  angle  while  burning  or  vibrating.  The  cam  C 
ivolves  at  the  rate  of  from  100  to  225  R.  P.  M.  and  causes  the 
loe  D  to  move  up  and  down  and  to  drop  oflf  the  shoulder  on 
,e  cam,  thus  allowing  the  rod  A  to  fall  until  it  strikes  the 
Unstable  stop  E.  The  position  of  this  stop  determines  the 
uount  of  "bump,"  and  it  is  evident  that  various  settings 
.n  be  easily  obtained.  This  is  one  of  many  methods  used 
r  testing  the  durability  of  lamps.  After  the  stems  and  lamps 
ive  been  finished,  they  are  loaded  on  special  trays,  as  shown 
Fig.  34,  which  are  made  so  that  they  can  be  placed  on  top 
each  other  and  easily  handled  by  the  projecting  ends  B. 
ie  bulb  and  stem  trays  are  of  similar  construction  except 


that  the  bulb  trays  are  pro- 
vided with  holes  as  indicated, 
while  the  stem  trays  have 
fiber  pegs  as  shown  at  C. 

It  will  be  seen  from  the 
foregoing  description  of  the 
methods  of  manufacturing 
tungsten  lamps  that  every 
operation  which  can  be,  is 
handled  by  an  automatic  ma- 
chine, while  for  operations  of 
such  a  nature  that  a  machine 
is  not  practical,  special  tools 
or  fixtures  of  many  kinds  are 
devised  to  make  the  lamp 
manufacturing  cost  very  low. 
In  addition  to  the  operations 
mentioned,  there  are  tests  of 
burning  the  finished  lamp,  in- 
specting operations,  etching, 
labeling,  boxing,  etc.  Also 
in  addition  to  the  "bump" 
test  mentioned  in  the  article, 
the  lamps  are  burned  for 
"life"  tests.  The  "bump"  tests 
used  are  of  different  kinds; 
sometimes  an  entire  box  of 
lamps  is  rolled  from  the  top 
of  a  three-story  building  to 
the  basement,  and  if  the 
lamps  do  not  break  under 
this  severe  test,  it  shows  that 
they  are  suitable  for  use  in 
street  cars  and  other  service  of  similar  nature,  and  that  they 
can  be  shipped  with  safety  to  any  part  of  the  globe.  The  out- 
put of  the  Hungarian  factory  in  which  these  processes  were 
developed  is  from  25,000  to  28,000  lamps  of  every  kind  per  day. 
*  *  * 
A  great  deal  of  statistical  matter  has  been  published  on  the 
amount  of  iron  ore  known  to  be  available,  and  it  is  generally 
believed  that  the  United  States  Steel  Corporation  controls  the 
greatest  amount  of  tonnage  available  in  the  Western  hemi- 
sphere. This  is  not  true.  The  Nova  Scotia  Steel  &  Coal  Co. 
owns  the  Wabana  mine  on  Bell  Island  in  Conception  Bay, 
Newfoundland,  in  which  it  is  estimated  there  is  between 
2,000,000,000  and  3,000,000,000  tons  of  hematite  ore.  The  de- 
posit is  probably  more  than  double  the  holdings  of  the  United 
States  Steel  Corporation,  which  are  estimated  to  be  about 
1,300,000.000  tons.  The  quality  of  the  ore  is  very  rich,  aver- 
aging 51  to  53  per  cent  pure  iron  in  the  three  seams  worked. 
Bell  Island  is  only  two  miles  wide  by  six  miles  long,  but  min- 
ing operations  are  being  carried  on  beneath  the  sea,  the  hold- 
ings of  the  company  in  fact  being  greater  beyond  the  shore 
lines  of  the  ifeland  than  on  the  island  itself. 


Hand  Fixture  for  bending  Small  Wires 
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Fig.  33.     Machine  used  for  bump-testisg  Lamps 


Fig.  34.     Stem  and  Bulb  Trays  for  Lamps 
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WHAT  IS  THE  MATTER  WITH  THE  MUNITIONS  MAKERS? 


FAULTS  OF  ORGANIZATION  -LACK  OF  COOPERATION  BETWEEN   HEADS- EMPLOYMENT   OF    LABOR    WAGE    DIFFICULTIES 

BY   FRED  H.   BOGART 


THAT  something  is  the  matter  with  the  muuitious  makers 
has  passed  the  point  of  worth-while  discussion.  Twelve 
to  fifteen  months  ago,  the  finger  of  pride  was  being 
directed  from  all  over  industrial  America  toward  certain  new 
corporations  created  for  the  sole  purpose  of  handling  contracts 
for  munitions  for  foreign  governments.  Attention  was  drawn 
to  them  partly  because  they  were,  in  most  cases,  backed 
by  some  of  the  largest  and  soundest  manufacturing  corpora- 
tions in  the  United  States  (which  was  assumed  to  assure  suc- 
cess in  anything  that  should  be  undertaken),  but  more  par- 
ticularly because  the  contracts  for  war  materials  called  for 
such  rapid  execution  as  to  stagger  all  preconceived  ideas  as 
to  what  was  possible  of  accomplishment  in  the  creation  of  an 
organization,  and  the  planning,  building,  equipping  and  man- 
ning of  a  plant  for  the  mechanical  production  of  such  ma- 
terials. Yet  in  every  case  this  seemingly  impossible  task  was 
just  what  was  going  to  be  accomplished. 

In  directing  public  attention  to  the  stupendous  money  value 
of  these  contracts,  to  the  name  and  character  of  the  financial 
interests  through  whose  hands  the  business  passed  to  the  man- 
ufacturers, and  to  the  names  and  achievements  of  the  manu- 
facturers who  had  been  awarded  large  orders,  no  opportunity 
was  overlooked  to  center  the  public  gaze  on  the  miracle  that 
must  be  performed  to  meet  the  deliveries  agreed  upon,  and 
to  emphasize  the  fact  that  such  leading  industrial  organiza- 
tions as  had  been  selected  alone  had  the  size  and  breadth  of 
organization  and  the  financial  stability  to  warrant  undertaking 
the  performance  of  such  a  miracle.  And  for  a  time  it  seemed 
that  they  were  going  to  make  good.  Almost  over  night,  acres 
of  scrub  farm  land  and  boggy  river  meadows  were  cleared, 
leveled  and  covered  with  a  network  of  tracks.  Another  week, 
and  a  continuous  stream  of  freight  cars  loaded  with  founda- 
tion and  building  materials  was  being  shunted  in  on  those 
tracks  and  unloaded  at  high  pressure.  The  manner  in  which 
many  of  the  munitions  plants  grew  from  these  materials  and 
the  speed  with  which  the  buildings,  in  every  detail  of  equip- 
ment, were  rushed  to  completion  will  long  stand  as  a  miracle 
of  accomplishment.  As  soon  as  the  buildings  were  completed, 
in  some  cases  while  they  were  incomplete,  the  installation  of 
power  equipment  and  machine  tools  began,  and  a  few  weeks 
later  the  public  was  informed  that  workmen  were  being  hired 
and  the  plants  were  ready  to  begin  active  operations. 

This  marked  the  status  of  a  majority  of  the  big  contractors 
somewhere  between  October  1,  1915,  and  January  1,  1916.  To 
be  sure,  most  of  these  manufacturers  had  announced  some 
months  before  that  actual  delivery  of  finished  product  would 
be  begun  probably  by  November  1,  and  in  no  case  later  than 
January  1.  However,  certain  uncontrollable  conditions,  known 
and  appreciated  by  everyone  acquainted  with  the  machine  tool 
market  in  1915,  had  held  back  their  equipment  and  had  caused 
some  delay;  but  this  was  of  only  momentary  importance,  as  a 
sufficient  factor  of  safety  had  been  allowed  in  the  purchase  of 
equipment  to  permit  of  catching  up  with  deliveries  in  a  very 
short  time  when  things  were  once  under  way. 

Since  then  from  ten  to  twelve  months  have  passed  in  which 
no  miracle  of  production  has  been  accomplished  by  these  new 
organizations.  During  this  period  millions  of  dollars'  worth 
of  war  materials  have  been  exported,  but  of  this  a  compara- 
tively small  percentage  has  been  ammunition  or  arms;  and  of 
the  exports  in  these,  the  greater  part  has  been  produced  by 
manufacturers  who  had  had  experience  in  the  line  of  work 
contracted  for  and  simply  broadened  an  existing  organization 
to  cover  the  requirements  of  the  new  business,  or  by  com- 
paratively small  manufacturers  who  were  able  to  apply  their 
mechanical  experience  in  somewhat  similar  work  to  the  prob- 
lems of  munition  making  with  success.  By  the  plants  specially 
organized  and  equipped  for  the  production  of  ammunition  and 
small  arms,  comparatively  nothing  has  been  produced  which  is 
acceptable  to  the  inspectors  of  the  contracting  governments, 
and  which,  In  consequence,  can  be  rated  as  salable  product. 


On  the  contrary,  very  discreditable  rumors  have  been  leaking, 
first  into  the  trade  and  lately  to  the  general  public,  of  gross 
inefficiency  in  their  operation,  of  abuses  and  wastage  in  all 
departments  of  their  organization,  culminating,  as  one  might 
expect,  in  a  general  accusation  of  mismanagement.  The  term 
"mismanagement"  is  the  easiest  in  the  world  to  apply  to  any 
organization  from  which  the  results  are  not  up  to  promise 
or  expectation,  and  as  freely  tossed  about  in  casual  conversa- 
tion, it  means  absolutely  nothing.  Likewise,  It  is  the  easiest 
thing  in  the  world  for  an  outsider  to  view  the  result  that 
to  his  mind  is  evidence  of  mismanagement  and  state  what 
he  would  have  done  had  the  initiative  been  his.  But  such 
freely  formed  judgments  amount  to  nothing  unless  they  can 
be  followed  by  a  specific  proof  of  error  in  judgment  and  a 
definite  placing  of  responsibility  for  that  error.  It  is  a  com- 
paratively simple  task  to  dig  up  proof  of  error  in  judgment  in 
any  concern,  and  even  within  the  organizations  of  the  muni- 
tions makers  themselves  it  is  an  admitted  fact  that  such  errors 
have  been  and  are  being  made;  but  the  questions  that  come 
up  at  every  conference  on  the  matter,  and  the  questions  that 
must  be  correctly  answered  before  the  trouble  can  be  remedied, 
are:    "Where  is  the  cause?    Who  is  to  blame?" 

It  is  assumed  at  the  outset  that  the  trouble  with  these  plants 
is  In  their  mental  equipment.  Certainly  the  trouble  is  not 
due  to  the  inadequacy  of  the  plants,  because  in  most  cases  they 
are  ideal  for  the  purpose  and  far  advanced  in  details  for 
small  economies  of  manufacture  over  the  average  of  the  large 
American  industrial  plants.  Neither  is  it  due  to  poor  or  in- 
efficient equipment,  because  the  equipment,  as  a  whole,  is 
known  to  be  of  good  construction  and  mostly  new.  Moreover, 
as  every  recent  visitor  to  any  of  these  plants  will  have  ob- 
served, there  is  in  nearly  every  department  a  large  percentage 
of  the  equipment  that  has  not  yet  been  operated,  or  which 
is  not  being  operated  through  lack  of  tools  or  operatives. 
This  would  seem  to  put  the  question  squarely  to  the  organiza- 
tions to  discover  within  themselves  where  the  fault  lies. 

The  suggestions  submitted  in  the  following  paragraphs  are 
the  result  of  observations  covering  nearly  a  year  spent  in 
minor  positions  in  the  producing  organizations  of  two  of  the 
large  munitions  plants.  The  constant  migration  of  employes 
between  these  special  plants  and  the  relation  of  various  ex- 
periences by  these  floating  employes  make  it  certain  that 
internal  conditions  in  these  two  plants  are  about  on  a  par 
with  the  others  of  the  group;  this  leads  to  the  belief  that 
the  basic  mistakes  of  all  have  been  similar.  These  sugges- 
tions are  not  offered  as  an  answer  to  the  query  heading  this 
article,  but  are  merely  the  logical  conclusion  of  ,one  viewing 
conditions  from  the  standpoint  of  a  common  workman. 

Orgranlzations  Based  on  Personality,  not  on  Mental  Efficiency 

The  point  of  vital  weakness  in  these  munitions  organiza- 
tions is  that  they  are  based  on  personality  and  not  on  mental 
efficiency.  To  place  the  blame  for  this  would  necessitate  going 
far  back  and  attributing  to  some  human  mind  a  foresight  well- 
nigh  supernatural.  The  big  contracts  for  munitions  fell  into 
the  hands  of  giant  corporations  because  it  was  believed  that 
they  alone  had  the  resources,  the  prestige,  the  driving  power 
and  the  organization  measuring  up  to  the  requirements  neces- 
sary to  get  these  gigantic  industries  into  operation  within  the 
time  limit.  In  the  first  three  elements  they  were  gaged  cor- 
rectly, and  all  three  were  needed  to  provide  the  material  and 
mechanical  equipment  necessary  to  start  production.  But  un- 
fortunately for  the  ultimate  success  of  these  enterprises,  the 
basis  of  organization  of  the  parent  plants  was  not  suited  to 
the  demands  of  a  manufacturing  organization  of  such  complex 
detail  as  is  required  to  produce  munitions  to  specifications. 

It  is  a  well  recognized  fact  that,  while  some  of  our  large  in- 
dustries, whose  foundation  dates  back  two  generations,  have 
grown  into  the  class  of  big  business,  their  organization  is  the 
same  family  affair  that  it  was  in  the  days  when  "the  old  man" 
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walked  up  and  down  through  the  shop  in  his  shirt  sleeves, 
calling  everyone  by  his  first  name,  and  basing  his  driving 
power  on  the  personal  allegiance  of  his  employes.  Out  o£ 
these  old-time  fellow-workers  and  friends,  the  department  su- 
perintendents and  foremen  of  today  have  been  developed — 
every  man  familiar  with  his  job  because  he  has  grown  up  in 
it  and  all  with  the  idea  of  loyalty  to  the  executive  head  firmly 
fixed  as  a  principle  of  employment.  It  is  obvious  that  such 
an  organization  owes  its  stability  to  its  gradual  development 
by  the  natural  workings  of  the  laws  of  selection,  and  that  its 
producing  power  lies  in  each  branch  of  the  organization  doing 
over  and  over  the  one  or  few  things  it  has  been  trained 
to  do. 

The  munitions  contracts  called  for  the  manufacture  of  cer- 
tain metal  parts  and  composite  devices  generally  unfamiliar 
to  American  mechanics,  but  for  the  production  of  which  very 
complete  and  specific  directions  were  given,  down  to  the  most 
trivial  details.  Obviously,  it  was  a  problem  of  detailed  me- 
chanical analysis  requiring  a  mental  organization  based  upon 
proved  experience  and  efficiency,  carefully  designed  and  con- 
structed to  fit  every  requirement  of  the  specifications.  And 
because  the  task  was  of  definite  proportions  and  called  for 
speed  above  everything,  it  required  an  organization  in  which 
previous  faithfulness  in  other  lines,  personal  friendships,  in- 
side pull,  and  all  such  qualifications  played  no  part  whatever. 

In  the  specially  organized  plants,  as  they  stand  today,  fully 
50  per  cent  of  the  executive  positions  are  held  by  men  who, 
because  of  their  previous  success  in  handling  departments  in 
which  they  had  grown  up,  or  because  they  have  exhibited 
commendable  loyalty  on  occasion,  or  possibly  for  no  other 
reason  than  that  they  "belonged,"  have  been  lifted  out  of  the 
parent  organizations  and  placed  in  positions  requiring  mechan- 
ical refinement  as  far  removed  from  their  previous  line  of 
work  as  a  dividing  head  is  from  a  threshing  machine.  If  this 
50  per  cent  had  been  a  latent  factor,  merely  reducing  the 
mechanical  effectiveness  of  the  organization  to  what  was  rep- 
resented by  the  remainder,  the  result  would  not  have  been 
so  disastrous.  But  the  habit  of  acquiring  a  personal  following, 
which  was  the  basic  principle  in  the  school  of  organization  in 
which  these  men  were  brought  up,  followed  them  into  the 
munitions  plants  and  has  proved  their  greatest  drawback. 
It  is  the  isolation  of  certain  productive  groups  in  these  plants, 
headed  by  a  leader  whose  power  rests  on  service  of  a  certain 
character  to  executives  higher  up,  that  has,  from  the  moment 
these  plants  were  ready  to  begin  active  operation,  cut  their 
productive  capacity  to  such  a  small  proportion  of  the  normal 
expectation,  considering  the  equipment  used  and  the  number 
of  operatives  employed,  as  to  set  even  the  executives  them- 
selves to  wondering  what  all  the  wages  had  been  paid  for  and 
what  had  become  of  the  product. 

Results  Obtained  by  This  Organization 

The  direct  consequence  of  this  grouping  of  forces,  without 
regard  to  the  laws  of  organization,  has  been  three-fold:  First, 
it  has  resulted  in  the  development  of  so-called  productive  or- 
ganizations without  head  or  tail.  From  the  top  down  there 
is  no  limitation  of  activity,  no  point  at  which  an  executive 
stops  and  leaves  minor  details  in  the  hands  of  the  proper 
subordinate;  and  from  the  bottom  up  there  are  no  definite 
limitations  of  authority,  no  point  beyond  which  a  workman  or 
minor  official  knows  he  may  not  go  without  passing  the  bounds 
of  propriety  and  making  himself  liable  to  reprimand.  On  the 
contrary,  high  executives  exercise  authority  down  to  detail 
instruction  to  operatives  on  machines,  without  intermediate 
knowledge  or  later  notification;  and  these  same  operatives, 
not  receiving  "satisfaction"  at  the  hands  of  their  foremen,  or 
superintendent,  carry  their  troubles,  in  some  instances,  to  the 
manager's  office  and  get  a  hearing,  if  nothing  more. 

Second,  the  organization  thus  obtained  has  blocked  every 
effort  that  has  been  made  to  work  in  at  any  point  an  effective 
productive  sub-organization.  In  these  large  plants,  an  isolated 
organization,  even  if  it  is  a  perfect  working  unit,  is  helpless 
unless  it  has  the  cooperation  of  those  coordinate  units  that 
are  a  necessary  part  of  operation  on  a  large  scale.  For  in- 
stance, a  foreman  of  a  section  of  automatics  might  try  to 
make  a  record  in  his  department.     He  might  clean  house,  get 


together  some  experienced  men  (if  allowed  to  go  so  far),  and 
be  in  shape  to  turn  out  a  normal  production.  His  actual  out- 
put, however,  will  depend  on  how  promptly  the  stores  depart- 
ment supplies  him  with  stock,  how  quickly  his  motor  is  re- 
paired when  it  goes  wrong,  his  belts  mended  when  they  break, 
his  machines  repaired  in  case  they  break  down.  In  addition, 
he  is  absolutely  dependent  on  the  tool  department  for  the 
special  tool  equipment  required  on  his  machines.  It  is  here 
that  nearly  all  the  aspirants  for  production  honors  fail,  be- 
cause if  any  department  foreman  shows  sufficient  activity  to 
attract  particular  attention,  his  supply  of  tools  is  usually  pur- 
posely curtailed. 

Finally,  this  organization  has  sidetracked  the  best  mechani- 
cal experience  and  ability  into  a  condition  of  practical  in- 
activity, and  substituted  men  of  very  limited  mechanical  ex- 
perience, who  have  in  some  manner  exhibited  qualities  that 
gave  them  the  reputation  of  being  "live  wires."  The  very 
speed  that  was  demanded  on  these  munitions  contracts  has 
operated  to  the  detriment  of  the  qualified  mechanic,  and  im- 
mensely to  the  advantage  of  the  mechanical  faker  and  grand- 
stand player.  The  skilled  mechanic,  even  though  he  may 
never  have  seen  a  shrapnel  shell  or  a  fuse  component,  knew 
after  a  few  minutes'  study  of  the  detail  prints  that  the  pro- 
duction of  such  parts  to  such  specifications  was  an  extremely 
complex  proposition.  Such  a  mechanic,  when  any  phase  of 
the  problem  was  presented  for  his  solution,  went  at  it  with 
deliberation  and  painstaking  thoroughness,  because  experience 
had  taught  that  therein  lay  ultimate  success.  Immediately  he 
was  classed  as  a  pettifogger  and  putterer,  his  "dawdling 
methods"  were  condemned  as  too  slow,  and  eventually  his  ef- 
fort and  experience  were  set  to  one  side  to  make  way  for  the 
slam-bang  production  man,  who  could  "make  a  showing."  His 
"showing"  will  be  found  in  various  scrap  piles  representing 
an  expenditure  of  several  millions  of  dollars — monuments  to 
high-speed  production  and  the  lack  of  mechanical  refinement. 

Familiarity  with  Product  Preferred  to  Familiarity  with 
Mechanical  Construction 

Another  element  in  these  munitions  organizations  that,  in 
view  of  results  obtained,  would  seem  to  be  an  error  in  selec- 
tion is  the  employment  in  various  responsible  positions  of 
men  whose  sole  qualification  is  their  familiarity  with  the  use 
of  munitions.  It  has  been  assumed,  In  other  words,  that  be- 
cause a  man  could  sight  a  rifle  or  shoot  a  cannon,  he  neces- 
sarily must  have  had  experience  that  would  prove  valuable 
in  the  manufacture  of  the  materials  familiar  to  his  hands.  In 
some  few  cases  this  familiarity  has  proved  valuable;  but  in 
all  departments  producing  exclusively  machined  metal  parts 
to  blueprints,  executives  so  chosen  have  proved  worse  than 
useless.  They  have  set  up  a  line  of  experience  counter  to  the 
specifications  which  is  constantly  at  war  with  the  requirements 
and  the  personal  judgment  of  the  foreign  inspectors.  A  de- 
partment superintendent,  seeing  the  matter  from  a  broader 
viewpoint  than  the  majority,  expressed  himself  in  this  manner: 
"I  used  to  think  I  knew  something  about  fuse  work,  but  every- 
thing I  attempt  to  do  the  way  I  think  it  ought  to  be  done 
gets  me  into  trouble.  I  have  discovered  that  the  only  way 
to  make  headway  in  this  work  is  to  find  out  what  the  foreign 
inspectors  want  and  then  do  it  that  way,  whether  I  think  it 
is  right  or  wrong."  This  clear-cut  statement,  which  is  only 
another  way  of  expressing  a  decision  to  adhere  to  the  strict 
letter  of  the  specifications,  offers  the  key  to  the  relations  as 
they  exist  today  between  certain  elements  of  the  producing 
force  and  the  representatives  of  the  foreign  governments.  If 
such  decisions  had  been  so  general  as  to  create  a  definite  policy 
in  these  plants,  this  relationship  would  be  uniformly  pleasant 
and  cooperative.  But  a  limited  and  ofttimes  incorrect  under- 
standing of  the  function  of  certain  parts  has  made  it  common 
practice  to  let  down  from  the  specified  requirements  when- 
ever occasion  offers,  on  the  ground  that  such  adherence  to 
fine  detail  is  nonsense  in  view  of  the  manner  in  which  the 
parts  are  to  be  used.  Naturally,  the  practice  has  given  rise 
to  unending  controversy  over  what  one  thinks  is  good  enough 
and    what   the    foreign    inspector    knows   he   must    insist    on. 

Judging  from  the  way  this  pbase  of  the  problem  has  worked 
out,  it  would  seem  that  these  specially  equipped  plants  manu- 
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faiauring  munitions  would  be  better  off  today  and  much 
farther  advanced  toward  the  satisfactory  completion  of  the 
contracts  if  they  had  not  known  for  what  purpose  the  material 
being  manufactured  was  to  be  used.  These  contracts  for  mu- 
nitions were  not  a  general  specification  to  manufacture  and 
ship  so  many  rounds  of  ammunition  or  so  many  thousand 
rifles  as  per  samples  submitted.  They  were  orders  to  produce, 
in  American  factories,  certain  war  materials  that  were  to  be 
the  exact  counterpart  of  what  had  already  been  produced  in 
various  foreign  countries  for  sufficient  time  to  have  developed 
their  manufacture  to  a  fine  science.  Every  detail  was  speci- 
fied in  the  most  painstaking  manner:  the  analysis  of  the  ma- 
terials used;  the  manner  of  examining  and  testing  the  ma- 
terials; the  dimensions  of  every  component  required,  with 
the  allowable  variation  from  those  dimensions;  and  the  man- 
ner in  which  the  parts  were  to  be  assembled,  the  various  tests 
they  were  to  be  subjected  to,  and  the  basis  of  acceptance  or 
rejection.  Directions  were  given  for  everything — printed  in  a 
book,  in  fact — from  the  selection  of  the  first  pound  of  material 
to  the  manner  of  loading  the  finished  product  on  shipboard 
for  export.  The  only  point  in  the  whole  contract  requirements 
left  to  the  discretion  of  the  contractors  was  the  choice  of 
manner  and  method  by  which  the  specified  parts  should  be 
produced.  Reduced  to  its  simplest  terms,  these  contracts  were 
an  undertaking  to  manufacture  a  certain  line  of  interchange- 
able parts  to  limits.  This  work  is  purely  a  problem  in  spe- 
cialized mechanical  engineering,  and  nothing  more  is  de- 
manded in  its  solution  than  the  application  of  experience 
gained  in  the  successful  solution  of  similar  problems  in  plants 
that  have  manufactured  products  of  similar  classification, 
though  presumably  for  an  entirely  different  purpose. 

How  many  men  with  this  sort  of  experience  could  be  found 
in  the  munitions  plants  would  be  difficult  to  determine. 
It  is  certain  that  the  percentage  is  very  small,  whereas  the 
nature  of  the  work  and  the  record  of  the  past  year  would  in- 
dicate that,  apart  from  the  general  business  organization 
necessary  to  all  such  corporations,  fully  75  per  cent  of  the 
initiative  should  be  in  the  hands  of  men  of  mechanical  ability 
experienced  in  the  production  of  small  interchangeable  parts. 

Faults  in  Employment  Methods  Used 

The  two  premises  which  have  been  set  up  and  discussed 
in  some  detail  are  of  vital  importance,  because  they  have  their 
beginning  in  the  foundation  on  which  these  organizations  are 
based.  If  these  premises  are  correct,  dissection  and  discussion 
of  minor  faults  and  failures  are  futile,  because  it  is  reasonable 
to  assume  that  they  would  all  be  corrected  if  the  basic  princi- 
ples of  organization  were  made  sound  and  suited  to  the  nature 
of  the  business.  There  is  one  outstanding  feature  of  these 
munitions  plants,  however,  that  from  the  outset  has  been 
handled  with  a  disregard  for  every  principle  of  common  justice 
and  common  sense. 

For  the  conditions  described,  no  single  individual,  probably 
no  group  of  individuals,  could  be  held  accountable,  as  the 
organization  of  gigantic  enterprises  under  new  and  strange 
conditions  was  a  plunge  into  unknown  territory,  and  naturally 
brought  up  problems  which  only  time  and  a  new  line  of  ex- 
perience could  solve.  But  the  administration  of  the  employ- 
ment departments  of  these  plants  reflects  discredit  on  those 
that  devised  the  system,  and  double  discredit  on  those  responsi- 
ble for  its  continued  use  after  it  has  proved  inadequate,  un- 
economical, and  susceptible  to  unlimited  corruption. 

In  the  creation  of  the  labor  departments  of  these  plants, 
the  same  principle  is  applied  to  a  minor  department  that  gov- 
erned the  selection  of  the  major  organization.  The  identical 
methods  of  hiring,  controlling,  pricing,  and  paying  employes 
that  had  operated  successfully  for  the  parent  companies  were 
in  most  cases  installed  at  the  new  plants,  without  modification 
to  meet  the  changed  conditions  brought  about  by  the  increased 
demand  for  labor.  The  necessity  of  grabbing  up  every  appli- 
cant for  employment  to  fill  holes  in  the  producing  mechanism 
left  no  room  for  the  exercise  of  judgment  in  their  selection. 
The  rule  was  to  hire  everybody,  try  everybody,  and  to  hold  on 
to  everybody  who  possessed  even  a  small  percentage  of  the 
qualifications  usually  demanded  of  a  desirable  employe.  Such 
a  condition  left  no  element  of  choice  to  the  employer  and  gave 


the  applicant  the  whip  hand,  because,  secure  in  the  knowledge 
that  he  would  be  employed  for  some  purpose,  he  had  every- 
thing to  gain  and  nothing  to  lose  by  attempting  to  bluff  him- 
self into  as  well  paid  a  position  as  possible. 

Pew  if  any  of  the  plants  have  what,  in  the  present  state 
of  industrial  development,  would  be  classed  as  an  organized 
department  of  labor.  Such  organization  as  exists  is  repre- 
sented by  the  assignment  of  certain  functions  of  the  depart- 
ment to  an  employment  clerk  and  his  assistants,  to  a  chief 
timekeeper  and  a  small  army  of  subordinates,  to  certain  desig- 
nated superintendents,  and  finally  to  the  manager  himself. 
Applicants  for  employment  present  themselves  at  the  outside 
employment  office,  and  after  giving  certain  personal  facts  are 
asked  as  to  their  experience,  for  purposes  of  "classifica- 
tion." The  employment  clerk  has  before  him  a  schedule  which 
reads  somewhat  as  follows:  Toolmakers,  45  to  60  cents;  auto- 
matic operators,  35  to  50  cents  and  piece  work;  turret  lathe 
operators,  30  to  45  cents  and  piece  work;  tool  adjusters,  40 
to  50  cents;  machine  operators,  25  to  35  cents  and  piece  work; 
inspectors,  30  to  40  cents;  laborers,  20  cents.  The  first  figure 
is  the  minimum  and  the  second  is  the  maximum  that  a  fore- 
man or  superintendent  is  allowed  to  pay  new  employes. 

The  existence  of  this  schedule  and,  probably,  the  rates  are 
well  known  to  the  applicant,  because  they  had  not  existed  for 
a  month  after  the  establishment  of  these  plants  before  the 
system  of  classification  was  known  for  a  radius  of  a  hundred 
miles  around  every  factory.  Moreover,  the  applicant  has  prob- 
ably been  "tipped  off"  by  some  friend  working  in  that  plant, 
and  has  his  "experience"  learned  by  heart.  The  chief  employ- 
ment clerk  may  take  this  experience  seriously,  or  he  may  ques- 
tion it.  If  the  former,  he  fills  in  the  classification  and  sends 
the  man  to  the  proper  department  to  be  placed  and  rated. 
If  he  questions  the  story  the  man  tells,  he  sends  the  man  to 
the  department  manager  unclassified.  But  whether  the  man 
goes  in  classified  or  not  makes  little  difference,  as  he  tells  the 
same  story  inside,  and  as  there  is  no  choice  but  to  classify 
him,  and  no  basis  for  judgment  but  his  own  story,  he  usually 
gets  entered  on  the  payroll  at  or  very  near  his  own  estimate. 
Under  normal  conditions,  the  rate  will  be  fixed  at  the  mini- 
mum for  the  classification  and  the  rate  card  handed  to  the 
department  timekeeper  for  recording.  It  may  then  pass  suc- 
cessively to  the  department  superintendent,  the  chief  time- 
clerk,  the  general  superintendent,  and  possibly  the  manager, 
to  receive  the  official  O.K.'s,  and  if  it  appears  regular  in  every 
way,  that  is,  if  the  rate  fits  the  classification  and  the  classifi- 
cation the  department.  It  will  probably  be  approved  at  every 
stage.  Recommendations  for  a  change  in  rate,  or  raises,  go 
through  a  similar  routine.  The  department  foreman  files  a 
written  recommendation  giving  reasons,  and  this  passes 
through  the  same  channels,  requiring  in  some  cases  ten  days 
to  two  weeks,  during  which  time  the  employe  is  kept  in  doubt 
as  to  whether  the  increase  is  to  be  granted.  Such,"  in  brief 
outline,  is  the  system  of  employment  under  which  these  muni- 
tions factories  have  developed  their  working  force.  If  every 
applicant  for  a  position  were  truthful  as  to  his  qualifications 
and  every  foreman  to  whom  the  authority  is  given  to  fix 
rates  and  classifications  were  honest  in  his  service  to  his  em- 
ployer, the  system  would  possibly  meet  every  requirement. 
But  the  least  desirable  among  the  applicants  for  positions  are 
the  ones  who  have  been  informed  as  to  the  classes  and  rates 
paid,  and  these  unblushingly  represent  themselves  as  experi- 
enced in  the  highest  paid  classifications.  The  foreman  to 
whom  they  are  sent  knows  perfectly  well  that  they  are  falsify- 
ing, but  to  what  extent  he  can  judge  accurately  only  by  trial. 
He  has  been  told  to  hire  men.  Such  applicants  will  not  lift  a 
finger  until  they  are  classified  and  rated  on  their  own  terms, 
so  the  foreman,  no  matter  how  good  his  intentions  may  be, 
has  no  choice  but  to  take  the  man  at  his  own  valuation. 

It  will  be  apparent  that  such  a  system  of  classification  is 
open  to  abuse  by  dishonest  or  negligent  foremen.  There  is  no 
limit  to  the  point  to  which  the  classification  of  any  new  em- 
ploye may  be  boosted,  so  long  as  employes  of  that  class  are 
used  in  that  particular  department.  In  certain  of  the  plants 
the  departments  are  large,  the  department  organizations  are 
constantly  expanding,  and  it  is  the  easiest  thing  in  the  world 
to  classify  for  any  rate  without  any  questions  being  asked  as 
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:o  whether  such  men  are  actually  needed.  The  result  is  just 
fvhat  might  be  expected.  Departments  are  top-heavy  with 
'avorites  classified  and  rated  to  the  limit,  and  in  a  majority  of 
nstances  men  with  mechanical  experience  are  doing  all  the 
lard  work,  while  others  less  worthy  are  getting  the  pay.  If 
;his  meant  merely  the  carrying  of  a  few  deadheads  on  the 
sayroll  of  each  department,  its  effect  would  not  be  serious, 
3ut  every  man  in  the  department  is  "wise,"  and  the  net  result 
s  a  what's-the-use-of-trying  spirit  not  conducive  to  the  highest 
productive  efficiency. 

It  will  be  noted  that  there  is  no  provision  made  in  this 
system  to  detect  "repeaters."  All  applicants  must  pass  the 
employment  clerk,  but  he  is  personally  not  on  duty  all  the 
;ime  and  his  force  of  assistants  is  constantly  changing.  This 
Hakes  it  possible,  as  is  actually  happening  all  the  time,  for 
nen  leaving  the  plant  for  better  jobs  elsewhere  to  come  back 
n  a  few  days  and  be  hired  again,  often  at  a  higher  rate  than 
Defore;  for  men  to  quit  in  one  department  and  be  hired  in 
mother  where  the  rate  for  certain  work  is  higher,  or  where 
X  is  possible  to  secure  piece  work;  for  men  that  were  dis- 
charged for  cause  to  be  hired  in  another  department  in  a  few 
lays,  either  under  their  own  or  an  assumed  name;  for  men  to 
;et  themselves  fired  from  a  low-price  job  and  be  hired  in  a 
'ew  days,  in  the  same  department,  at  a  higher  classification 
ind  rate.  The  ease  with  which  men  may  be  hired  repeatedly  by 
;he  same  company  has  caused  another  abuse  of  authority  to 
jrow  up,  which  in  some  cases  is  worked  to  good  purpose, 
rhe  difficulty  of  getting  raises  put  through,  due  to  the  many 
D.K.'s  required  before  the  chief  time-clerk  can  make  them 
jffective,  was  the  means  of  losing  a  great  many  good  men  until 
;he  foremen  hit  upon  a  scheme  of  beating  the  raise  check  to  it. 
rheir  plan  now  is  to  discharge  good  men  on  Friday  afternoon 
jr  Saturday  morning  and  hire  them  back  on  Monday,  when 
;hey  are  reclassified  and  rerated.  Where  a  raise  had  been 
'efused  and  the  reasons  given  for  the  refusal  were  not  satis- 
factory from  the  foreman's  viewpoint,  it  has  been  customary 
;o  double  the  increase  over  the  recommended  raise,  just  to 
idd  an  element  of  humor  to  the  situation. 

However,  in  dollars-and-cents  value,  all  the  abuses  described 
ind  imaginable  under  the  fixed-rate-per-hour  system  are  as 
lothing  compared  with  the  money  being  thrown  away  in  these 
slants  on  piece  work.  There  seem  to  be  two  separate  causes 
tor  the  almost  inconceivable  wages  certain  classes  of  men 
lave  been  able  to  draw  from  these  plants:  First,  the  setting 
)f  piece-rates  before  jobs  were  developed.  Primarily,  this  was 
lue  to  lack  of  experience.  Many  of  the  men  placed  in  charge 
3f  lathe  operations,  such  as  boring,  turning,  facing,  etc.,  had 
no  experience  on  which  to  base  judgment  as  to  how  fast  such 
Dperations  ought  to  be  done.  Consequently,  they  started  the 
aperations  with  machines  in  a  low  state  of  efficiency,  tools 
(often  of  carbon  steel)  that  were  of  crude  form  and  poorly 
hardened,  and  from  the  first  output  under  such  conditions 
they  made  production  tables  and  fixed  piece-rates.  The  result 
was  that,  when  these  same  jobs  reached  a  condition  approach- 
ing normal  opera(tion,  the  earning  power  under  the  piece-rate 
granted  often  totaled  from  two  to  four  times  what  a  fair  wage 
for  the  work  would  have  been.  The  second  cause  has  been 
the  laxity  of  inspection  from  operation  to  operation.  This  has 
made  it  possible  for  piece-workers  to  crowd  through  defective 
work,  which  would  be  credited  them,  paid  for,  and  lost  sight 
of  in  the  general  scramble,  before  the  defects  would  become 
apparent.  To  see  some  of  these  highly  paid  piece-workers  in 
action,  and  to  watch  their  sledge-hammer  methods  of  gaining 
speed  of  output  without  regard  to  the  life  of  the  equipment, 
would  drive  the  average  mechanic  into  a  state  of  nervous 
collapse. 

The  examples  cited  and  the  weaknesses  disclosed  are  more 
than  sufficient  to  condemn  this  whole  employment  system  as  a 
reiic  of  a  former  industrial  period,  entirely  inadequate  to  meet 
the  requirements  of  present-day  conditions.  It  takes  no  flight 
of  the  imagination,  moreover,  to  picture  what  a  legacy  of  in- 
dustrial unrest  and  distorted  values  will  be  handed  down  to 
the  "legitimate"  manufacturing  industries  by  these  gigantic 
special  plants — in  which,  in  the  course  of  their  existence  for 
the  purpose  for  which  they  were  organized,  there  might  easily 
be  employed  upward  of  a  hundred  thousand  mechanics — unless 


there  is  effected  by  the  munitions  makers,  and  this  very 
promptly,  a  revision  of  method  that  will  bring  about  normal 
conditions  of  employment  and  wages. 

Remedies  for  These  Faults 

Such  a  general  disclosure  and  discussion  of  some  of  the 
faults  of  the  munitions  plants  would  hardly  be  complete  if  it 
failed  to  be  constructive  to  some  degree.  Yet  to  point  out 
what  is  necessary  to  be  done  in  such  circumstances  to  correct 
every  evil  is  no  simple  task.  There  is  such  a  clearly  defined 
operation  of  the  law  of  cause  and  effect  between  some  of  the 
salient  features  of  these  organizations  and  the  inefficiency 
that  has  resulted  from  their  administration  that  certain  cor- 
rections suggest  themselves.  These  organizations  should  have 
been  based  solely  on  experience  and  efficiency.  To  what  ex- 
tent the  established  principles  of  scientific  management  could 
be  used  in  the  development  of  such  an  organization  could  be 
determined  only  by  careful  analysis;  but  it  must  be  borne 
in  mind  that  the  filling  of  these  contracts  was  in  the  nature 
of  a  100-yard  dash,  while  the  side  organization  necessary  to 
the  operation  of  scientific  management,  and  the  investment 
involved  in  its  installation,  makes  it  better  adapted  to  a 
two-mile  run. 

In  whatever  form  such  an  organization  might  be  worked 
out,  there  are  two  essential  elements  required  to  get  results 
which  will  be  found  to  characterize  every  effectually  organized 
force,  whether  its  basis  be  "scientific"  or  just  sound  business 
sense:  First,  the  organized  initiative  must  be  capable  of  being 
plotted;  that  is,  there  must  be  a  definite  structure  indicating 
the  radiation  of  authority  from  the  chief  executive  to  every 
department  head  and  subordinate,  and  this  distribution  of  au- 
thority must  follow  a  consistent  line  of  descent  from  sub- 
executive  to  subordinate,  with  no  doubling-up  and  no  loose 
ends.  Second,  there  must  be  no  overlapping  of  authority,  but 
definite  limits  set,  above  which  minor  officials  may  not  go 
and  below  which  high  officials  will  not  directly  interpose.  The 
principle  that  "a  man  cannot  serve  two  masters"  is  as  much  a 
law  of  business  organization  as  of  ethics,  and  wherever  one 
finds  smooth-working  efficiency  of  operation,  he  will  find  every 
man  with  one  boss  and  with  no  uncertainty  as  to  who  it  is. 

It  is  well  within  the  limits  of  probability  that  if  some  of 
the  scrambled  organizations  in  the  munitions  plants,  as  they 
are  constituted  today,  were  reconstructed  with  these  two  prin- 
ciples in  mind  and  adhered  to,  their  efficiency,  with  the  same 
personnel  intact,  would  be  increased  100  per  cent.  The  weak 
spots  and  leaks  in  the  labor  organization  are  not  so  complex, 
and  it  seems  nothing  short  of  criminal  negligence  that  these 
have  been  allowed  to  continue  so  long.  All  that  the  circum- 
stances require  is  the  adoption  of  all  or  even  a  part  of  the 
features  of  a  half  dozen  modern  systems  of  employment  in 
use  in  American  factories,  and  of  which  the  details  are  com- 
monly known. 

This  matter  of  employment  and  wages  assumes  tremendous 
importance,  because  of  its  influence  on  such  a  large  proportion 
of  the  workmen  available  for  the  mechanical  industries  and 
the  effect  this  influence  is  to  have  when  these  special  plants 
have  completed  their  contracts  and  turned  the  men  loose  on  a 
normal  labor  market.  The  success  or  failure  of  these  plants, 
whether  they  make  the  tremendous  profits  they  expected  or 
sink  their  earnings  in  ineffective  operation,  is  not  a  matter 
for  general  public  interest.  But  the  fact  that  their  methods 
are  heading  tens  of  thousands  of  young  men  toward  social 
bankruptcy,  through  the  establishment  of  false  standards  of 
values  and  expensive  personal  habits  that  cannot  be  main- 
tained when  conditions  return  to  normal,  is  a  matter  for  deep 
public  concern.  *     »     » 

PRECISION  GEAR  CENTER  GAGE-CORRECTION 

In  the  description  of  the  use  of  the  "Precision  Gear  Center 
Gage"  which  appeared  in  the  October  number  an  error  ap- 
peared relative  to  the  required  dimensions  of  the  graduated 
collars.  The  graduated  collars  for  measuring  a  center  dis- 
tance of  5  inches  would,  of  course,  require  a  radius  of  3  inches 
and  2  inches,  respectively,  instead  of  diameters  of  3  inches  and 
2  inches,  as  stated,  in  order  to  measure  a  center  distance 
of  5  inches. 
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AREA  OF  SEGMENT   OF  CIRCLE 

ny   J.   J.    CLARK  I 

The  mathematical  formula  expressing  the  area  of  a  segment 
of  a  clrole  is  simple  in  form  and  is  easily  derived.  Thus,  re- 
ferring to  the  accompanying  illustration: 


Jilarliincry 


V        CD         h 

Tan  CAB  =  tan  —  = =  — • 

4         AD       1/2  c 

V        2h 
Tan— =  —  (2) 

4         c 
Formula  (2)  gives  one-fourth  the  angle,  and  this  multiplied 
by  4  gives  angle  v,  from  which  may  be  found  the  number  of 
radians  in  this  angle;    its  sine  may  then  be  looked  up  in  a 
table   of  natural   trigonometric   functions.     The   radius   r  is: 
V2C 


It  may  also  be  calculated  from  the  formula: 


8h 


(3) 


Area  of  triangle  AOB  is: 
OB  X  AE 
AOB  = = 


Numerous  approximate  formulas  have  been  published  for 
finding  the  area  of  a  segment;  but  many  are  incorrect  for 
very  large  angles  when  they  give  good  results  for  small  angles, 
and  vice  versa.  In  any  case,  if  results  are  desired  that  will 
be  correct  to,  say,  five  significant  figures,  the  calculation  is 
quite  laborious  and  chances  of  making  mistakes  are  numerous. 
Hence,  the  writer  has  calculated  a  table  presented  in  this  con- 
nection, by  means  of  which  the  area  of  any  segment  may  easily 
be  found.  This  table  gives  values  of  constant  k  in  the  formula: 
A  =  kch  (4) 

The  columns  headed  m  contain  values  obtained  by  dividing 

h 
height  h  by  chord  c ;  that  is,  m  =  — . 

c 

The  columns  headed  k  contain  values  corresponding  to  m 
in  the  preceding  column.  The  columns  headed  d  contain  values 
to  be  used  in  finding  fc  when  the  value  obtained  for  m  is  not 
found  in  the  table.  For  example,  let  m  be  the  value  obtained 
by  dividing  h  by  c.  If  this  value  is  not  contained  in  the  table, 
note  the  next  smaller  value  (which  we  will  call  mo)  and  the 
corresponding  value  of  fc,  which  we  will  denote  fcj.  Let  fc 
denote  the  value  sought;  then: 

fc^fc„  +  (m  —  m„)d  (5) 

In  Formula  (5),  d  is  the  value  in  the  column  headed  d  that 
falls    midway    between    fc„    and    the    next    succeeding    larger 


VALUES  OP  CONSTANTS  USED  IN  CALCULATING  AREA   OF  SEGMENT 


Diagram  illustrating  Method  of  calculating  Area  of  Segment  of  Circle 

Let    ACBDA  be  any  segment; 
A  =  area  of  segment; 
V  =  central  angle  AOB; 
r  =  radius  OA  =  OG  =  OB; 
c  =  chord  AB; 
h  =  height  of  segment  =  CD; 
I  =  length  of  arc  ACB. 
Then,  when  angle  v  is  expressed  in  radians: 

I  =  rv 
Area  of  sector  AOBC  is: 

rv  X  r 
AOBC  = =  Vzr'v 


2 


r  X  rsin  (ir  —  v) 


=  Vzr'Binv 


0.000 
0.005 
0.010 
0.015 
0.020 
0.025 
0.030 
0.035 
0.040 
0.045 
0.050 
0.055 
0.060 
0.065 
0.070 
0.075 
0.080 
0.085 
0.090 
0.095 
0.100 
0 .  105 
0.110 
0.115 
0.120 
0.125 


0.66667 
0.66668 
0.66672 
0.66679 
0.66688 
0.66700 
0.66715 
0.66732 
0.66752 
0.66775 
0.66800 
0.66827 
0.66857 
0.66890 
0.66926 
0.6G9()0 
0.67007 
0.67050 
0.67097 
0.67146 
0.67197 
0.67251 
0.6730S 
0.C7367 
0.67428 
0.67493 


0.002 
0.008 
0.014 
0.018 
0.024 
0.030 
0.034 
0.040 
0.046 
0.050 
0.054 
0.060 
0.066 
0.072 
0.080 
0.082 
0.086 
0.094 
0.098 
0.102 
0.110 
0.114 
0.118 
0.122 
0.130 


0.125 
0.130 
0.135 
0.140 
0.145 
0.150 
0.155 
0.160 
0.165 
0.170 
0.175 
0.180 
0.185 
0.190 
0.195 
0.200 
0.205 
0.210 
0.215 
0.220 
0.225 
0.230 
0.235 
0.240 
0.245 
0.250 


Therefore,  area  A  of  the 
segment  is: 

A  ^  Yar'v  —  % r''  sin  v  = 
%r^  (v  —  sin  v)  (1) 

To  apply  Formula  (1) 
when  V  and  r  are  known, 
and  v  is  expressed  in  de- 
grees, minutes  and  sec- 
onds, reduce  the  minutes 
and  seconds  to  a  decimal 
of  a  degree  and  then  multi- 
ply this  number  of  degrees 
and  decimal  of  a  degree  by 
0.01745329252,  using  one 
more  significant  figure 
than  there  are  significant 
figures  in  the  number  de- 
noting the  angle.  Except 
when  exact  results  are  re- 
quired, the  number  of  deci- 
mal places  in  the  angle 
should  not  exceed  three  or 
four  at  the  most.  For  in- 
stance, 43  degrees,  19  min- 
utes, 32  seconds  =  43.326 
degrees,  very  nearly,  and 
43.326  X  0.0174533  =  0.75618 
radian.      If,    however,    the 

chord  and  height  of  the  segment  are  given,  which  is  usually  the 
case   in   connection   with   shop   problems,   then    (referring   to 
the  illustration) :  v 
Angle  CAB  =  one-half  angle  COB  =  — 
4 
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67493 

67559 
67629 

67701 
67775 
67852 
67931 
68013 
68097 
68183 
68273 
68364 
68458 
68554 
68653 
68754 
68857 
,6896:5 
,69071 
,69181 
.69293 
,69408 
.69525 
.69645 
.69766 
,69890 


0.132 
0.140 
0.144 
0.148 
0.154 
0.158 
0.162 
0.168 
0.172 
0.180 
0.182 
0.188 
0.192 
0.198 
0.202 
0.206 
0.212 
0.216 
0.220 
0.224 
0.230 
0.234 
0.240 
0.242 
0.248 


0.250 
0.255 
0.260 
0.265 
0.270 
0.275 
0.280 
0.285 
0.290 
0.295 
0.300 
0.305 
0.310 
0.315 
0.320 
0.325 
0.330 
0.335 
0.340 
0.345 
0.350 
0.355 
0.360 
0.365 
0.3H) 
0.375 


0.69890 
0.70017 
0.70144 
0.70274 
0.70407 
0.70541 
0.70678 
0.70817 
0.70958 
0.71100 
0.71245 
0.71392 
0.71541 
0.71692 
0.71845 
0.72000 
0.72157 
0.72310 
0.72477 
0.72640 
0.72804 
0.72971 
0.73139 
0.73309 
0.73481 
0.73655 


0.254 
0.254 
0.260 
0.266 
0.268 
0.274 
0.278 
0.282 
0.288 
0.290 
0.294 
0.298 
0.302 
0.306 
0.310 
0.314 
0.318 
0.323 
0.326 
0.328 
0.334 
0.336 
0.340 
0.344 
0.348 


0.375 

0.380 

0.385 

0.390 

0.395 

0.400 

0.405 

0.410  1 

0.415  1 

0.420  I 

0.425  j 

0.430 

0.435 

0.440 

0.445 

0.450 

0.455 

0.460 

0.465 

0.470 

0.475 

0.480 

0.485 

0.490 

0.495 

0.500 


0.73655 
0.73830 
0.74008 
0.74187 
0.74367 
0.74550 
0.74734 
0.74920 
0.75108 
0.75297 
0.75488 
0.75681 
0.75875 
0.76071 
0.76208 
0.76467 
0.76667 
0.76869 
0.77073 
0.77278 
0.77485 
0.77693 
0.77902 
0.78113 
0.78:«6 
0.78540 


0.350 
0.356 
0.358 
0.360 
D.366 
0.368 
0.372 
0.376 
0.378 
0.382 
0.386. 
0.388 
0.392 
0.394 
0.398 
0.400 
0.404 
0.408 
0.410 
0.414 
0.416 
0.418 
0.422 
0.426 
0.428 

MacMncry 


value,  fcj.     Suppose  h  =  10  5/64  inches  and  c 
Then   m  =  10  5/64  -i-  32  3/8  =  0.31129; 
m„  =  0.310  (see  table) ; 
fco  =  0.71541; 
d  =  0.302. 


:  32  3/8  inches: 
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Consequently,    k  =  0.71541  +  (0.31129  —  0.310)   X   0.302  = 
0.71580. 
The  area  A  of  the  segment  is: 

A  =  0.7158  X  32  3/8  X  10  5/64  =  233.55  square  inches. 
This  result  is  found  by  substitution  in  Formula   (4). 
If  the  chord  c  and  radius  r  are  given,  first  calculate  the 
value  of  height  h  by  the   formula: 

fi  =^  r  —  1/2  V  ir" —&  (6) 

If  the  height  ?i  and  the  radius  r  are  given,  first  calculate 
chord  c  by  the  formula: 

c  =  2  V  2rh  —  h'  (7) 

The  following  formula  expresses  the  value  of  k  very  accu- 
rately: 

k  =  0.66667  —  0.00127m  +  0.5545m'  —  0.11563m'  —  0.077wi'  (8) 
Thus,  for  m  =  0,  fc  =  0.66667;  for  7n  =  0.1,  A;  =  0.67196  +  ; 
for  m  =  0.2,  fc  =  0.68755—;  for  m  =  0.3,  fc  =  0.71245—;  for 
m  =  0.4,  k  =  0.74551  + ;  for  m  =  0.5,  fc  =  0.78540  +.  Note  how 
closely  these  values  correspond  to  those  given  in  the  table; 
in  fact,  by  substituting  this  expression  for  fc  in  Formula  (4), 
we  obtain  the  most  accurate  formula  for  the  area  of  a  seg- 
ment that  the  writer  has  ever  seen. 

A  =  (0.66667  —  0.00127m  +  0.5545m=  —  0.11563m^  — 

0.077m*)c^  (9) 

If  m  is  greater  than  0.500,  the  segment  is  greater  than  a 
semicircle.     In  such  case,  find  the  area  of  the  other  segment 
having  the  same  base    (chord)   and  whose  height  is  2r  —  h; 
then  subtract  this  area  from  the  area  of  the  circle,  and  the 
remainder  will  be  the  area  of  the  segment  sought. 
The  formula  used  for  calculating  values  of  fc  in  the  table  is: 
V  —  sin  V 
k  = 


ANNUAL  MEETING  OF   A.  S.  M.  E. 

The  annual  meeting  of  the  American  Society  of  Mechanical 
Engineers  will  be  held  in  New  York  City,  December  5  to  8, 
inclusive,  the  Engineering  Societies  Bldg.  being  the  head- 
quarters. The  president's  address  on  the  relation  of  education 
to  engineering,  by  Dr.  D.  S.  Jacobus,  will  be  delivered  Tuesday 
evening.  On  Wednesday  morning,  following  the  regular  busi- 
ness of  the  session,  there  will  be  memorial  exercises  in  mem- 
ory of  John  E.  Sweet,  past-president  and  founder  of  the  society. 
The  technical  papers  to  be  presented  follow: 

"The  Proportioning  of  Surface  Condensers,"  by  George  A. 
Orrok. 

"The  Testing  of  House-heating  Boilers,"  by  L.  P.  Brecken- 
ridge  and  D.  B.  Prentice. 

"Water  for  Steam  Boilers — Its  Significance  and  Treatment," 
by  Arthur  C.  Scott  and  J.  R.  Bailey. 

"The  Utilization  of  Waste  Heat  for  Steam  Generating  Pur- 
poses," by  Arthur  D.  Pratt. 

"Graphic  Methods  of  Analysis  in  the  Design  and  Operation 
of  Steam  Power  Plants,"  by  R.  J.  S.  Pigott.  . 

"Power  Plant  Efliciency,"  by  Victor  J.  Azbe. 

"Heat  Transmission  through  Various  Types  of  Sash,"  by 
Arthur  N.  Sheldon. 

"Accurate  Appraisals  by  Short  Methods,"  by  J.  G.  Morse. 

"Productive  Capacity  a  Measure  of  Value  of  an  Industrial 
Property,"  by  H.  L.  Gantt. 

"A  Gas  Producer  for  Bituminous  Coal,"  by  O.  C.  Berry. 

"Commercial  Sampling  and  Gas  Analysis,"  by  P.  W.  Swain. 

"An  Investigation  of  the  Internal  Combustion  Engine  as  Ap- 
plied to  Traction  Engines,"  by  A.  A.  Potter  and  W.  A.  Buck. 

"The  Ratio  of  the  Specific  Heats  and  the  Coefficient  of  Vis- 
cosity of  Natural  Gas  from  Typical  Fields,"  by  Robert  F. 
Earhart. 

"Illustrated  Review  of  the  Werkspoor  Marine  Diesel  En- 
gines," by  Thomas  O.  Lisle. 

"The  Impact  Tube,"  by  Sanford  A.  Moss. 

"Heat-treatment  of  Wrought  Iron  Chain  Cable,"  by  F.  G. 
Coburn,  W.  W.  Webster  and  E.  L.  Patch. 

"The  Flow  of  Air  and  Steam  through  Orifices,"  by  Herbert  B. 
Reynolds. 

"Clasp  Brakes  for  Heavy  Passenger  Equipment  Cars,"  by 
T.  L.  Burton. 

"Mechanical  Design  of  Electric  Locomotives,"  by  A.  F. 
Bachelder. 

"An  Analysis  of  the  Working  Parts  of  Safety  Valves  Met 
with  in  Marine  Practice,  with  Suggestions  for  Repairs  and 
Improvements,"  by  E.  F.  Maas. 

"The  Talbot  Boiler,"  by  Paul  A.  Talbot. 


The  machine  shop  session  will  be  devoted  to  discussion  of 
papers  on  the  standardization  of  machine  tools  and  on  a  classi- 
fication of  machine  shop  practice  and  a  proposed  plan  of  work 
of  the  sub-committee  on  machine  shop  practice.  On  Friday 
afternoon  and  Saturday  morning  there  will  be  a  public  hear- 
ing by  the  boiler  code  committee. 
*     *     • 

APPRENTICES'  SHOP  PROBLEMS 

BY  JOHN  G.  BRUEGOEMAN  ' 

When  apprentices,  while  getting  their  shop  training,  re- 
ceive, as  well,  a  training  in  the  principles  of  mechanics  and 
the  fundamentals  of  science  and  mathematics  applying  to  their 
trade,  it  is  remarkable  how  changed  is  their  manner  of  ap- 
proaching their  work.  Their  interest  is  stimulated  and  their 
outlook  broader,  but  particularly  is  their  insight  keener  into 
the  why  and  the  how  of  their  work. 

The  high  school  in  Springfield,  Vt.,  has  a  cooperative,  or 
part-time,  course  in  conjunction  with  the  Fellows  Gear  Shaper 
Co.,  the  Jones  &  Lamson  Machine  Co.,  and  other  machine 
builders  of  the  city.  During  the  last  year  of  their  four-year 
course,  after  they  have  had  a  grounding  in  mechanics,  science 
and  mathematics,  the  boys  are  required  to  submit,  each  time 
they  are  at  school,  several  shop  problems  taken  from  their 
own  or  fellow-workers'  experiences.  The  problems  they  dig 
up  show  what  use  they  make  of  their  training  in  analyzing 
methods  and  processes. 

A  problem  that  was  submitted  not  long  ago  caused  consider- 
able discussion.  The  boys  had  about  completed  their  course 
and  were  doing  some  good  work  in  the  shops.  A  boy  who 
was  operating  a  radial  drilling  machine  in  the  special  tool  de- 
partment was  given  a  tool-block  and  a  drawing,  Fig.  1,  show- 
ing a  bolt  hole  to  be  drilled  at  15  degrees  to  both  the  front 
and  side  faces  of  the  block.  Having  received  instruction  in 
orthographic  projection,  he  knew  that  if  that  bolt-hole  were  to 
appear  as  it  did  in  the  drawing,  at  15  degrees  to  the  front  and 
side  of  the  block,  it  would  not  be  correct  to  tip  the  block 
15  degrees  both  ways  and  drill.  So,  using  a  bevel  protractor, 
he  found  the  position  in  which  the  block  should  be  placed  so 
that  the  drilled  hole  would  appear  to  make  angles  of  15  de- 
grees with  both  the  front  and  side  faces  of  the  tool-block. 
Then  he  brought  the  problem  to  school  for  a  mathematical 
solution. 

Several  solutions  were  worked  out  in  class.  The  simplest 
was  by  triangulation.  The  diagrams  in  Fig.  2  and  the  views 
in  Fig.  3  will  aid  in  making  the  solution  clear.  AB,  A,B„  and 
AJi^  are  front,  side,  and  top  views,  respectively,  of  the  hole 
through  the  block,  which  was  5  inches  thick.  According  to 
trigonometry,  BC  =  5  X  tan  15  =  1.34  inch.  Obviously,  B,Ci 
is  the  same  as  BC,  so  that  the  angle  which  SjC,  makes  with 
B2B  must  be  45  degrees.  This  is  one  angle  through  which  the 
block  must  be  revolved.     As 

B,0;  =  1.34'  -f  1.34' 
BjC,  =  1.89  inch 

Therefore,  a  right  triangle  with  AC  (or  AiC-,)  as  the  long 
leg  and  B^C^  as  the  short  leg  may  be  formed.  The  hypotenuse 
of  this  triangle  will  represent  the  hole  through  the  block  in 
its  true  position  and  length.  The  angle  this  line  (AJi-,  in  the 
diagram)  makes  with  AC  (or  AjC,)  is  the  angle  through  which 
the  block  must  be  tipped  vertically  after  being  revolved  hori- 
zontally through  45  degrees.  This  is  the  angle  a  in  Figs.  2 
and  3.  The  tangent  of  angle  a  is  1.89  -^  5  =  0.37800.  From 
a  table  of  tangents  it  is  found,  therefore,  that  the  angle  a  is 
20  degrees,  42  minutes. 

The  table  of  the  radial  drilling  machine  on  which  this  job 
was  done  could  be  revolved  about  a  horizontal  axis  running 
through  the  center  line  of  the  table  bracket,  as  well  as  hori- 
zontally about  its  own  center.  The  tool-block  could,  there- 
fore, have  been  clamped  to  the  table  with  its  front  side  parallel 
to  the  horizontal  axis  of  the  table;  the  table  revolved  hori- 
zontally through  45  degrees  and  then  tipped  in  a  vertical  plane 
through  20  degrees,  42  minutes,  and  the  hole  drilled. 

Not  all  the  problems  submitted  originate  with  the  boys; 
some  are  given  to  them  by  the  older  hands.  For  Instance,  one 
of  the  boys  was  given  a  piece  to  turn  down  to  12  inches  diam- 
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eter.  As  he  had  to  know,  in  thousandths,  how  much  stock 
remained  for  his  flnishing  cut — since  12-inch  micrometers 
were  the  hirgest  available — he  used  the  method  of  measuring 
the  work  and  tlie  geometric  solution  sliown  in  Fig.  4.  His 
foreman  was  responsible  for  the  method  of  measuring,  but 
the  boy  worked  out  his  own  results. 

From  a  point  A  on  the  work  he  measured,  with  his  12-inch 
micrometer,  to  the  two  points  B  and  C  on  opposite  sides 
of  the  work.  Then  he  measured  the  chordal  distance  BC, 
which  was  found  to  be  1  1/2  inch.  The  amount  of  over  size 
was  calculated  from  these  measurements  as  follows:  DA  is 
the  perpendicular  bisector  of  the  chord  CB;  BOA  is  then  a 
right  triangle  with  OB  =  3/4  inch  and  BA  =  12  inches.  As 
(0A)'=12=  — 3/4%  0A  =  11.977  inches.  Knowing  that:  "If 
through  any  point  two  secants  are  drawn  to  a  circle,  the 
product  of  the  distances  from  the  point  to  the  two  intersections 
on  one  secant  is  equal  to  the  product  of  the  distances  from  the 
point  to  the  two  intersections  on  the  other,"  and  reducing  this 
to  shop  English:  OC  X  OB  =  OD  X  OA,  or  3/4  X  3/4  =  OD  X 
11.977.  OD  =  0.047  inch;  therefore,  OD  +  OA  =  12.024  inches, 
the  diameter  of  the  piece,  so  that  there  still  remained  0.012 
inch  on  the  radius  to  be  removed. 

Not  all  of  the  problems  have  a  direct  application  to  the 
work  in  hand;  some  spring,  rather,  from  a  wholesome  curiosity 
of  the  boys.  About  the  time  that  the  class  in  mechanics  was 
discussing  forces  and  the  principle  of  work,  one  of  the  appren- 


CASEHARDENING   BRONZE  FOR   DIES 

The  bronzes  which  possess  the  greatest  liardness  lack  the 
requisite  properties  for  chasing  and  sinking  fine  intricate  de- 
signs. It  is,  however,  possible  to  obtain  a  hard  face  on  a 
bronze  by  a  process  analogous  to  the  casehardening  of  steel, 
and  this  is  practiced  with  some  bronze  dies.  The  method  is 
that  of  coating  the  surface  of  the  die  with  pure  tin,  and  then 
heating  to  a  low  red  heat  in  order  to  alloy  the  tin  with  the 
surface  of  the  bronze.  As  is  well  known,  copper  and  tin  unite 
in  all  proportions,  and  with  from  20  to  30  per  cent  of  tin  the 
alloy  becomes  quite  hard.  The  surface  of  the  die  to  be  case- 
hardened  is  cleaned  from  grease  by  soaking  in  a  strong  hot 
potash  solution  and  then  immersing  in  a  pickle  or  dip  of  acid 
to  remove  the  oxide.  A  suitable  pickle,  which  works  more 
rapidly  if  hot,  is  made  with  five  parts  of  water  and  one  part 
oil  of  vitriol,  and  the  die  is  allowed  to  soak  in  it  for  several 
hours  until  clean.  It  is  then  taken  out  and  brushed,  and  the 
surface  coated  with  a  strong  solution  of  chloride  of  zinc  to 
act  as  a  flux.  The  surface  is  then  covered  with  pure  melted 
tin.  The  tin  may  be  melted  on  the  surface  by  a  soldering- 
iron,  but  by  far  the  best  method  is  to  use  a  torch  or  a  blow- 
pipe. The  tin  is  melted  over  the  surface  only,  and  as  little  as 
possible  put  on,  as  the  fine  detail  of  the  die  must  not  be  filled 
up.  The  die  is  then  washed  in  water  to  remove  the  excess  of 
chloride  of  zinc  flux,  and  the  surface  examined.     If  there  are 
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Figs.   1  to  4.     Mathematical  Solutions  of  Shop  Problems 


tices,  doing  some  chuck  work  on  a  turret  lathe,  and  pulling 
quite  hard  on  the  end  of  a  chuck  wrench,  became  interested 
to  know  what  he  was  putting  on  his  piece  of  work  in  the  way 
of  compressive  force  to  keep  the  work  from  turning  in  the 
chuck.  Looking  up  the  data  on  the  three-jaw  scroll  chuck 
with  which  his  machine  was  equipped,  he  found  that  the  spiral 
scroll  had  a  lead  of  1/3  inch,  while  it  took  twelve  turns  of  the 
wrench  to  turn  the  scroll  once.  As  he  was  a  husky  lad,  he 
thought  that  he  must  have  been  pulling  about  100  pounds  on 
the  end  of  a  12-inch  lever  to  turn  the  chuck  screws.  So,  apply- 
ing the  mechanics'  principle  of  work,  he  found  100  pounds  X 
12  inches  X  2  X  3.1416  X  12  turns  =  F  X  1/3  inch.  Taking 
a  short-cut  by  using  22/7  for  3.1416  and  transposing,  this  gave 
F  =  100  X  12  X  2  X  22/7  X  12  X  3  =  271,543  pounds,  where  F 
is  the  force  on  each  jaw  of  the  chuck.  Of  course,  the  other 
two  jaws  had  to  push  back  with  an  equal  force  between  them 
in  order  to  keep  the  work  from  being  pushed  sideways;  that 
is,  to  hold  the  work  in  equilibrium,  so  that  the  force  F  was 
the  total  compressive  force  to  which  the  work  was  subjected. 
This  is,  of  course,  the  theoretical  load;  what  the  actual  force 
was  is  extremely  difficult  to  say,  as  the  power  absorbed  in  fric- 
tion in  the  chuck  is  diflScult  to  determine  exactly.  The  boy 
took  the  safe  assumption,  however,  that  about  two-thirds  of 
the  100  pounds  was  wasted  in  friction.  Thus,  the  force  F 
would   be  a  third  of  the  calculated   force,   or  90,500   pounds. 


any  portions  which  are  not  covered  with  tin,  the  process  is 
repeated.  The  next  operation  is  to  heat  the  die  to  a  red  heat, 
preferably  in  a  muflle,  though  a  blowpipe  or  torch  may  be 
used.  To  prevent  the  surface  from  oxidizing,  it  is  advisable 
first  to  cover  it  with  a  strong  solution  of  boracic  acid.  The 
boracic  acid  is  dissolved  in  hot  water  and  the  solution  lightly 
brushed  over  the  surface.  A  light  coat  only  is  necessary.  The 
die  is  placed  on  an  iron  plate  to  keep  it  from  breaking  when 
heated,  as  tin-bronze  becomes  brittle  at  a  red  heat,  and  it  is 
heated  to  a  low  red  heat  and  allowed  to  remain  in  this  condi- 
tion for  ten  or  fifteen  minutes.  The  plate  is  then  removed 
from  the  muffle  and  the  die  allowed  to  cool.  The  boracic  acid 
is  removed  by  soaking  in  hot  water  and  afterward  pickling 
if  necessary.  After  the  foregoing  operations  the  surface  of 
the  bronze  is  quite  hard  and  difficult  to  cut  with  a  file.  Dies 
hardened  by  this  method  can  be  used  for  stamping  leather,! 
soft  metals,  paper  and  similar  work,  as  they  can  be  made 
originally  soft  enough  for  chasing  or  sinking  with  ease,  an^ 
then  hardened  without  destroying  the  design.  The  best 
suits  are  obtained  by  using  a  rather  soft  bronze  mixture  witH 
as  little  lead  as  possible.  Such  a  bronze,  high  in  copper,  id 
not  likely  to  give  trouble  by  softening  or  cracking  during  the 
heating.  A  mixture  recommended  for  this  work  is:  Copper, 
88  pounds;  tin,  8  pounds;  zinc,  two  pounds;  and  lead,  two 
pounds. — Foundry  Trade  Journal. 
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LOCATING  HOLES  IN  JIGS  AND  FIXTURES 

The  accompanying  illustration  shows  a  time-saving  method 
of  locating  holes  in  jigs  and  fixtures.  Before  this  method  can 
be  used,  however,  it  is  necessary  to  make  up  a  number  of  tool- 
steel  blocks  A,  being  careful  to  have  both  surfaces  of  each 
block  exactly  parallel,  and  the  half-inch  hole  lapped  to  size 
and  absolutely  square  with  both  surfaces.  Then  an  equal 
number  of  pins  D  must  be  made  up  and  ground  to  fit  snugly 
in  the  holes  in  the  blocks;   also  a  number  of  bushings  with 


Locating  Blocks  and  Fins  for  locating  Holes  in  Jigs  and  Fixtures 

various  size  holes,  preferably  varying  by  1/64  inch  down  to 
1/64  inch. 

In  use,  the  blocks  are  clamped  lightly  to  the  piece  in  which 
it  is  desired  to  locate  the  holes,  with  C-clamps  or  toolmakers' 
clamps,  as  shown,  and  the  pins  are  inserted  in  the  blocks.  Meas- 
urements are  taken  across  the  pins  with  a  micrometer,  or  an 
indicator  from  the  surface  plate,  as  the  case  may  be,  and  the 
blocks  are  adjusted  until  the  proper  locations  are  found.  The 
blocks  are  then  accurately  clamped,  the  pins  removed,  and 
the  piece  is  taken  to  the  drill  press  where  the  holes  are  drilled, 
using  the  blocks  as  drill  guides.  If  the  holes  to  be  drilled  are 
smaller  than  the  holes  in  the  blocks,  the  proper  size  bushing 
should  be  inserted;  if  the  holes  are  larger,  a  half-inch  hole 
should  be  drilled,  the  blocks  removed  from  the  piece,  and  the 
holes  rebored  with  a  pilot  counterbore. 

The  blocks  illustrated  are  for  medium  size  work,  but  blocks 
should  be  made  of  the  proper  size  to  fit  the  needs  of  different 


work.  Of  course,  this  method  cannot  be  used  in  all  instances, 
but  enough  work  can  be  found  for  it  to  effect  a  consi(lerable 
saving.  It  is  sufficiently  accurate  for  more  than  80  per  cent  of 
the  jig  work  done  in  the  average  tool-room.  In  fact,  its  accu- 
racy seems  to  be  limited  only  by  the  expertness  of  the  tool- 
maker.  The  writer  has  located,  drilled  and  reamed  three  holes 
within  a  limit  of  0.001  inch  in  11  inches.  If  a  set  of  correctly 
made  blocks  and  pins  is  available,  together  with  a  flat  drill 
properly  ground  and  a  micrometer  of  the  proper  size  (or  a 
dial  indicator  for  surface  plate  work),  it  is  an  easy  matter  to 
keep  the  dimensions  within  a  limit  of  0.0005  inch.  A  prop- 
erly ground  flat  drill  having  a  round  shank  ground  to  fit  the 
bushing  is  preferred  for  this  work,  as  it  does  not  have  the 
same  tendency  to  run  off  center  as  an  ordinary  twist  drill  has. 
A  three-corner  reamer  is  essential,  too,  for  reaming  the  holes 
with  the  utmost  precision. 
Moline,  111.  H.  W.  Jespeesen 


MAKING   50,000  WASHERS   IN  AN  HOUR 

To  make  50,000  stampings  in  an  hour  from  one  die  seems 
almost  impossible,  yet  it  is  easily  done.  Few  people  realize 
what  a  punch  press  can  do  when  properly  tooled  and  handled. 
There  are  hundreds  of  punch  presses  in  operation  today  with 
makeshift,  unhandy,  inefficient  tools  that,  with  little  change 
and  slight  expense,  could  be  made  to  turn  out  considerably 
more  work  at  no  higher  cost  for  operating.  In  one  of  Detroit's 
largest  automobile  factories,  there  are  two  presses  working 
at  500  and  600  pieces  an  hour  that  could  easily  be  made  to 
turn  out  2500  and  3000  an  hour. 

The  die  that  turns  out  50,000  washers  in  an  hour  is  a  sub- 
press  die  of  the  compound  type  with  about  a  3-inch  ram  laid 
out  to  cut  five  washers  and  their  holes  at  each  stroke.  These 
washers  are  about  7/32  inch  in  diameter  with  a  hole  suitable 
for  a  No.  4  or  No.  6  screw.  The  material  is  half-hard  brass, 
No.  22  or  No.  24  B.  &  S.  gage,  which  is  fed  in  rolls  1  5/16  inch 
wide  and  about  150  feet  long.  These  rolls  are  made  by  run- 
ning the  regular  roll  sheet  brass,  which  is  6  inches  wide, 
through  a  set  of  gang  slitters  which  cut  the  whole  roll  into 
strips  1  5/16  inch  wide.  The  die  is  laid  out  to  cut  the  first, 
third  and  fifth  washers  in  the  first  row  and  the  second  and 
fourth  washers  in  the  third  row  back.  This  is  done  simply  to 
avoid  getting  the  five  holes  too  close  together,  thus  weakening 
the  die  and  reducing  its  life. 

The  press  used  is  a  regular  No.  3  punch  press,  but  the 
stroke  is  reduced  from  1 1/2  inch  to  3/4  inch  in  order  to  re- 
duce friction  and  to  prevent  the  sub-press  from  overheating, 
which  would  be  likely  to  occur  were  the  longer  stroke  used. 
The  No.  3  presses  are  designed  to  run  at  100  to  125  revolutions 
per  minute,  but  shortening  the  stroke  makes  it  possible  to  use 
a  very  large  pulley  on  the  driving  shaft  and  run  the  press 
at  190  revolutions  per  minute.  Although  this  speed  is  ex- 
cessive for  a  press  of  this  size,  in  the  present  case  it  handles 
the  work  smoothly  and  easily.  A  double  roll  feed  with 
1/64  inch  adjustment  is  used  to  feed  the  stock  through  the 
die;  and  as  the  strip  comes  out,  it  is  rolled  up  on  a  reel. 
Later,  the  handy-man  removes  the  washers  by  see-sawing  the 
strips  over  a  3/8-inch  rod  placed  in  a  box  for  this  purpose. 
The  center  punching,  or  slug  as  it  is  often  called,  is  punched 
through  the  die  in  the  blanking  operation;  consequently  no 
slugs  are  mixed  with  the  washers.  While  190  X  5  X  60  =  57,000, 
which  is  the  number  of  washers  it  would  be  possible  to  make 
in  an  hour  should  every  stroke  be  caught,  in  the  starting  of 
each  roll  of  stock  there  is  a  small  loss  of  time,  so  that  only 
about  50,000  washers  are  produced. 

This  sub-press  die  will  cut  about  1,000,000  of  these  washers 
without  grinding,  though  sometimes  more  than  3,000,000  may 
be  cut.     The  same  die  will  cut  half  as  many  steel  washers. 
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The  dies  do  not  deteriorate  as  fast  as  the  ordinary  progressive 
blanking  die,  neither  do  they  cut  at  as  fast  a  speed,  because 
_ln  blanking  this  size  of  washer  in  a  progressive  die  (single 
blanker)  a  small  No.  1  press  with  a  standard  stroke  of 
1 1/2  inch,  running  at  175  to  200  revolutions  per  minute, 
would  be  used.  This  means  that  the  ram  of  the  press  or  the 
punch  is  traveling  at  the  minimum  rate  of  262  inches  per 
minute.  On  the  sub-press  die  the  press  has  a  stroke  of 
3/4  inch  and  makes  190  revolutions  per  minute,  so  the  punch 
travels  but  142  1/2  inches  per  minute.  As  a  result,  while  the 
cutting  speed  is  slower,  the  production  is  greater,  and  there 
is  less  wear  on  the  sub-press  die  than  on  the  common  die.  The 
reduced  wear  is  due  to  the  material  being  pressed  back  into 
the  strip  instead  of  being  pushed  through  the  die. 
Ypsilanti,  Mich.  A.  E.  Sanfoed 
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RECESS  AS  CAST 


PLANER  AND  SHAPER  GAGE 

The  accompanying  illustration  shows  an  L.  S.  Starrett  planer 
and  shaper  gage  to  which  I  have  added  a  vernier  reading  to 
0.001  inch,  which  does  away  with  the  necessity  of  setting  the 
gage  with  a  micrometer  and  saves  a  considerable  amount  of 
time  when  numerous  settings  are  re- 
quired. I  graduated  a  gage  in  this  way 
by  first  tinning  the  edge  with  solder, 
after  which  the  gage  was  set  at  0.500 
inch;  a  line  A  was  then  scribed  on  the 
slide  and  a  line  B  on  the  base,  a  Brown 
&  Sharpe  vernier  height  gage  being  used 
for  this  purpose  with  edge  C  held  verti- 
cal. The  gage  was  then  set  at  1.500  inch 
and  line  D  scribed  to  coincide  with 
line  A.  Readings  of  the  height  gage 
were  kept  for  both  lines,  and  the  dif- 
ference was  found  to  be  3.162  inches, 
which  corresponds  to  1  inch  vertical 
movement  of  the  slide.  Distance  BD 
was  next  divided  into  ten  equal  parts, 
and  each  of  these  subdivided  into  four 
equal  spaces,  making  a  total  of  forty 
divisions,  each  of  which  is: 

3.162  ^  40  =  0.07905  inch. 
Twenty-five   divisions   on   the   vernier 
occupied  the  same  space  as  twenty-four 
divisions  on  the  scale,  so  that  each  ver- 
nier division  is: 

24  X  0.07905 

=  0.07589 
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Eapid  Method  of  counting  Tools 

METHOD   OF    COUNTING   TOOLS   RAPIDLY 

In  the  May  number  of  Machinehy,  J.  H.  Crary  presented  a 
table  for  rapidly  determining  the  number  of  shells  or  billets 
in  a  pile  without  actually  counting  them.  His  method  may 
be  rapid,  but  I  believe  my  method  is  faster,  as  it  is  but  a  for- 
mula and  can  be  computed  mentally  in  an  instant  without 
referring  to  a  table  or  blueprint.  The  method  is  as  follows: 
Multiply  the  number  of  shells  or  tools  in  the  top  row  by  the 
number  of  rows,  which  gives  the  number  contained  in  the 
parallelogram  shown  at  A.  To  this  result  add  the  number 
of  odd  tools,  if  any,  on  top  of  the  pile  and  the  product  of  one- 
half  the  number  of  rows  multiplied  by  one  less  than  the  num- 
ber of  rows  in  the  pile.  This  gives  the 
number  of  tools  shown  at  the  right  of 
tbo  parallelogram.  This  rule  can  be 
seated  as  a  simple  formula,  as  follows: 
S 
-  N  =  T8  +—(S  —  1)  +0 
2 
in  which 

N  =  number  of  tools; 

T  =  number  of  tools  in  top  row; 

S  =  number  of  tools  in  side  row; 

O  =  number  of  odd  tools  on  top. 

For  example,  in  the  case  shown  at  A, 

r  =  15;    8  =  6;    and    0  =  4.      Inserting 

these  values  in  the  formula  and  solving, 

the    number    of    tools    is    found    to    be 

6 

15  X  6  H X   (6  —  1)  -i-  4  =  90  +  15 

2 
+  4  =  109. 

Should  the  pile  have  only  one  tool  on 
top,  as  at  B,  add  1  to  the  number  of 
rows,  then  multiply  one-half  of  this  sum 
by  the  actual   number  of  rows;    or,   in 

S  +  l> 
the  form  of  a  formula,  N  ^  8  ( 


0.07905  —  0.07589  =  0.00316  inch. 

From  the  preceding,  it  will  be  evident 
that  a  movement  of  the  slide  of  0.00316 
inch  corresponds  to  a  vertical  move- 
ment of  0.001  inch  on  the  slide.  This 
is  explained  by  the  fact  that  the  angle  of  the  gage  is  18  de- 
grees, 26  minutes,  and  the  sine  of  this  angle  is  0.3162,  i.  e.,  a 
right-angle  triangle  with  one  angle  of  18  degrees  and  26  min- 
utes and  a  hypotenuse  1  inch  in  length  has  an  opposite  side 
0.3162  inch  in  length.  To  find  the  hypotenuse  of  a  similar 
triangle  with  an  opposite  side  1  inch  in  length,  divide  1  by 
0.3162,  which  gives  3.162  inches.  This  verifies  the  preceding 
calculation.  Frederick  W.  Snyder 

Williamson  School,  Delaware  County,  Pa. 
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Cleveland,  Ohio. 


Substituting  in  this  formula  the  value 
of  S  shown  at  B,  or  7,  and  solving, 
the    number    of    tools    is    found    to    be 


L.  N.  Feost 
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L.   S.  Starrett  Planer  and  Shaper  Gage  proTided  with  Vernier  Scale 


HEAVY-DUTY   COUNTERBORES   FOR 
SMALL  WORK 

Two  counterbores  which  stood  up  remarkably  well  under 
severe  service  are  shown  in  the  accompanying  illustration; 
both  of  these  have  removable  cutters  made  of  high-speed 
steel.  A  piece  of  work  before  and  after  being  counterbored 
is  shown  at  A,  from  which  it  will  be  seen  that  there  is  a  tri- 
angular-shaped recess  cast  in  the  piece  which  is  subsequently 
counterbored.  A  small  hole  is  required  in  the  work,  and  ad- 
vantage is  taken  of  this  fact  to  use  a  pilot  to  help  support  the 
tool.  With  the  exception  of  the  recess,  each  casting  is  finished 
all  over  before  being  drilled,  and  for  certain  reasons  it  was 
not  found  advisable  to  cut  the  recess  from  solid  metal,  even 
though  the  counterboring  could  have  been  more  easily  done 
in  that  way.  The  unbalanced  condition  of  the  tool,  the  blow 
which  occurs  as  each  tooth  strikes  the  metal  once  during 
every  revolution,  the  sand  which  remains  in  the  corners  after 
the  castings  have  been  pickled  and  tumbled,  and  the  spotting 
on  unbroken  casting  surfaces  combine  to  make  exceptionally 
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severe  service  conditions  which  the  counterbores  are  required 
to  meet. 

Tool  B  is  made  with  a  carbon  steel  shank  which  extends 
right  through  the  cutter  and  forms  a  hardened  pilot,  to  which 
previous  reference  has  been  made.  The  driving  head  is  fast- 
ened to  the  shank  by  a  taper  pin  and  transmits  power  direct 
from  the  chuck  to  the  cutter.  A  drill  press  is  used  for  the 
performance  of  this  operation,  which  is  fitted  with  a  Hartford 
chuck,  the  two  jaws  of  which  extend  beyond  the  body  and 
engage  the  driving  pins  used  on  this  counterbore.  The  cutter 
is  made  of  a  small  piece  of  high-speed  steel,  which  is  flattened 
to  fit  into  a  driving  slot  in  the  head,  where  it  is  held  by  a 
small  set-screw,  the  only  function  of  which  is  to  prevent  the 
cutter  from  falling  out.  Owing  to  the  uneven  character  of  the 
cut,  small  teeth  are  used,  which  are  spaced  1/8  inch  apart,  and 
these  teeth  are  maintained  throughout  the  life  of  the  cutter 
by  re-grinding  them  with  a  saucer-shaped 
wheel  when  they  become  worn  down  too 
low  for  sharpening.  In  order  to  maintain 
the  diameter  of  the  counterbored  hole,  the 
body  of  this  cutter  is  turned  straight  on 
the  outside,  but  the  teeth  have  a  slight 
clearance  ground  on  them.  One  of  these 
cutters  averages  17,000  holes  before  it  is 
completely  worn  out;  and  satisfactory  re- 
sults are  obtained  when  running  at  65 
revolutions  per  minute. 

Tool  C  was  designed  for  use  in  counter- 
boring  11/16-inch  holes  to  a  depth  of 
1/4  inch,  the  material  being  cold-drawn 
steel.  It  will  be  seen  that  this  counterbore 
is  furnished  with  two  1/8-  by  3/8-inch 
blades  and  two  screws  to  hold  them  in 
place;  the  body  of  the  tool  is  made  of  ma- 
chine steel  with  the  pilot  end  casehardened. 
The  two  blades  were  made  from  pieces  of 
a  discarded  milling  cutter.  This  counter- 
bore has  unusually  free  cutting  properties, 
and  has  successfully  overcome  trouble  of 
any  kind  when  used  under  severe  condi- 
tions of  service.  D.  A.  H. 
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RECESSING   TOOL 

A  recessing  tool  that  I  recently  designed 
for  performing  a  certain  piece  of  work  may 
prove  of  interest  to  readers  of  Machixeby, 
as  the  same  idea  might  be  successfully  em- 
ployed in  the  construction  of  recessing 
tools  for  many  different  classes  of  work. 
This  tool  is  used  in  a  drill  press,  and  col- 
lars A  and  B,  Fig.  1,  are  adjusted  so  that 
the  recessing  operation  starts  when  collar  B 
comes  into  contact  with  the  top  of  the 
work.  The  portion  of  the  tool  extending 
below  collars  A  and  B  is  a  free  fit  in 
the  hole  to  be  recessed,  and  forms  a 
bearing  for  cross-bar  C  that  supports  the 
recessing  tool.  This  cross-bar  has  spiral 
gear  teeth  cut  in   it  which  mesh  with   rack  teeth   cut  in  D. 

In  operation,  the  tool  is  entered  into  the  hole  in  the  work 
and  fed  down  until  collar  B  comes  into  contact  with  the  top 
of  the  work,  which  retards  further  downward  movement  of  the 


Construction  of  Locator  for  center-punching  Work  to  be  bored  or  drilled 

sleeve  supporting  bar  C.  The  shank  of  the  tool  and  bar  D 
carried  by  it  continue  their  downward  movement,  which  re- 
sults in  the  spiral  rack  teeth  giving  bar  C  the  necessary  trans- 
verse movement  to  bring  the  recessing  tool  into  operation. 
At  the  same  time,  this  tool  is  being  re- 
volved by  the  drill  press  to  enable  the  re- . 
cess  to  be  cut.  After  the  machining  has 
been  finished,  the  tool  is  withdrawn  by 
raising  the  drill  spindle,  and  in  so  doing 
the  shank  and  rack  D  are  raised,  to  pro- 
vide for  withdrawing  bar  C  and  the  cutter 
from  the  recess,  so  that  the  entire  tool  can 
be  lifted  from  the  work. 

Moline,  111.  H.  W.  Jespersex 
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Fig.  2.     Detail  of  Feed  Bar  D,   showing  Back  Teeth  that  engage  with 
to  feed  Recessing  Tool 


LOCATOR  FOR  HOLES  TO 
BE  BORED  OR  DRILLED 

Drill  jigs  are  often  laid  out  to  scale  meas- 
urement with  surface  gage  and  dividers. 
By  using  a  magnifying  glass,  keeping  the 
scriber  points  well  sharpened,  and  exer- 
cising a  moderate  amount  of  care,  lines 
may  be  placed  with  great  accuracy.  But 
getting  even  a  very  small  center-punch 
mark  exactly  on  the  intersection  of  two 
scribed  lines,  especially  on  cast  iron,  is  a 
difficult  task,  as  anyone  who  has  tried  will 
admit.  To  strap  a  jig  to  a  lathe  faceplate, 
position  a  punch  mark  with  a  "wiggler" 
indicator,  and  counterbalance  the  job  is  a 
lengthy  and  provoking  task,  especially  if 
the  jig  is  large  and  of  irregular  shape  or 
has  holes  much  off  center.  With  the  aid 
of  the  tool  shown,  however,  such  work  can 
be  more  accurately,  easily  and  quickly 
done  on  a  milling  machine,  or  even  on  a 
drill  press  having  a  screw  feed  table. 

The  tool  has  few  parts  and  requires  no 
particular  care  in  its  construction.  The 
body  A  has  a  shank  at  one  end,  while  the 
other  end  is  recessed  to  contain  the  pointer 
holder  B.  Holes  are  drilled  in  one  end 
of  pointer  holder  B  for  the  three  coil 
springs  C,  which  keep  it  in  constant 
contact  with  a  retainer  plate  D.  The 
pointer  E  is  of  casehardened  cold-rolled 
steel,  with  a  taper  ground  truly  round  to  a  sharp  point,  but 
not  necessarily  concentric  with  the  straight  part.  It  is  held 
in  the  holder  by  the  set-screw  F.  The  pointer  is  set  in  position 
by  means  of  the  knurled-head  fine-pitch  screws  O  that  bear 
against  the  enlarged  end  of  holder  B. 

A  universal  chuck  on  the  machine  spindle  serves  to  hold 
drills,  boring  tools  and  locator.  The  taper  point  E  is  trued  up 
with  an  indicator  for  each  hole  to  be  located.  The  indicator 
should  be  of  the  block  type,  such  as  the  Boulet,  as  it  may  then 
be  held  in  place  on  the  work  or  machine  table  by  a  weight. 
The  indicator  must  be  applied  as  low  on  the  taper  as  possible 
and  the  machine  spindle  turned  by  hand  while  screws  G  are 
being  adjusted.  After  the  adjustments  are  made,  the  setting 
should  be  tested  by  running  the  machine  a  few  revolutions 
by  power  before  the  indicator  is  removed.  Of  course,  the 
extreme  point  is  the  only  part  required  to  run  true.  The  line 
intersections  must  not  be  center-punched   when  this  tool   is 
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Fig.    1.     Punch   Press   equipped    with    Safety 
Device 


Fig.  2.     Operation  of  Safety  Guard  shown  in 
Fig.   1 


Position  of  Guard  when  Punch  Press 
is  in  Operation 


used,  as  by  bringing  the  work  very  near  tlie  point,  the  tool 
may  be  set  practically  on  the  exact  intersections  of  the  lines. 
With  a  little  practice,  the  truing  up  of  the  pointer  E  can  easily 
be  done  in  from  one-half  to  one  minute. 
Anderson,  Ind.  Leroy  M.  Curky 

SAFETY   APPLIANCES 

The  accompanying  illustrations  show  some  appliances  sug- 
gested in  one  of  the  many  safety-first  campaigns  that  have 
been  made  in  most  of  the  manufacturing  plants  and  machine 
shops.  These  guards  can  be  attached  to  almost  any  machines 
of  the  same  nature.  In  Fig.  1  is  shown  a  punch  press  used. 
In  this  instance,  to  make  the  punchings  for  an  electric  motor. 
This  press  is  equipped  with  a  safety  guard  that  is  attached 
direct  to  the  foot  release  and  drops  a  little  before  the  punch, 
as  shown  in  Fig.  2.  In  this  way  it  prevents  injury  to  the 
operator's  fingers,  as  it  strikes  them  if  they  are  in  a  danger- 
ous position  and  completely  covers  the  opening  between  both 
parts  of  the  press.     In  Fig.   3  is  shown  the  position   of  the 


guard  when  the  press  is  in  operation.  In  Fig.  4  is  shown  a 
200-pound  drop-hammer.  A  foot-release  drops  the  hammer, 
but  the  hammer  cannot  strike  the  work  unless  the  blocks  of 
wood  are  withdrawn.  This  can  be  done  only  by  using  both 
hands,  as  shown  in  Fig.  5. 

St.  Louis,  Mo.  J.  C.  Gkindell 

FIXTURE   FOR   FORM-MILLING 
FLAT   CAM 

The  flat  cam  illustrated  at  A  is  one  that  would  ordinarily 
have  been  handled  on  a  profile  milling  machine,  but  owing  to 
the  large  amount  of  work  that  had  to  be  handled  on  these  ma- 
chines it  was  placed  on  a  plain  horizontal  milling  machine 
equipped  with  the  fixture  shown.  One  edge  /  of  this  cam  was 
to  be  milled  round  and  to  form.  The  rounding  was  done  by 
a  concave  cutter  E,  and  the  form  was  obtained  by  milling  in 
the  usual  manner  when  the  work  was  held  in  the  fixture. 

This  fixture  consists  of  four  principal  parts:  a  base  S,  a 
slide  B  upon  which  the  work  is  held,  a  slide  C  that  carries  a 


Tig.    4.     Power   Hammer   with    Safety   Blocks    in    Position 


Fig.  6.     Power  Hammer  in  Operation 
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master  cam,  and  a  lever 
D  that  connects  the  two 
slides  B  and  C.  The  con- 
cave cutter  E  and  a  ball- 
bearing roll  F  are  mount- 
ed on  an  arbor,  which  is 
held  in  the  spindle  of  the 
machine.  When  the  cam 
is  being  milled,  the  roll 
rides  along  the  master 
cam  on  the  fixture,  which 
is  held  against  the  roll 
by  the  springs  G;  this 
causes  the  work  to  be 
raised  or  lowered  under 
the  cutter  by  the  action 
of  lever  D.  To  obtain 
good  results  with  a  tool 
of  this  type,  the  slides 
must  be  rugged  and  well 
made,  as  any  looseness 
will  cause  chattering,  and 
the  springs  that  cause  the 
master  cam  and  slides  to  follow  the  roll  on  the  arbor  must  be 
stiff  enough  to  prevent  the  cutter  from  hogging  into  the  work. 

F.  Ser\^r 


A 

o— 

—  u 

-K 

\ 

O 

i"^^ 

n 

0 

10 

( 

_ji 

\              .     '                                   -oil 

Mnthincry 


riat  Cam  and  Fixture  for  milling 


before  machining.  Some- 
times the  part  must  be 
extra  tougli  to  withstand 
excessive  strains.  In  such 
cases,  it  has  been  found 
cheaper  to  use  a  better 
grade  of  steel  and  ma- 
chine the  part  direct  than 
to  use  a  forging;  of 
course,  the  part  must  be 
symmetrical  in  form. 

One  case  of  this  kind 
was  where  a  large  and 
expensive  oval  tapered 
broach  used  in  the  man- 
ufacture of  production 
parts  was  forged,  and  af- 
ter machining  was  sent 
to  the  hardening  shop. 
It  was  heat-treated  under 
the  supervision  of  a  good 
practical  man  and  sent 
back  to  the  machine-room 


WHY   THE   SCALES   DIDN'T    WEIGH 
CORRECTLY 

The  lathe  that  wouldn't  turn  correctly  with  a  weight  on  the 
floor  near  it,  mentioned  in  the  September  number  of  Ma- 
chinery, had  nothing  on  the  coal  scale  that  wouldn't  weigh  a 
ton  when  the  wagon  was  filled  to  overflowing.  After  the  plat- 
form had  been  taken  up  and  the  adjustments  and  leveling 
checked,  the  only  source  of  trouble  left  was  the  rod  that  ran  up 
through  the  floors  to  the  beam  in  the  office.  This  was  all  right, 
the  owner  insisted,  and  he  didn't  want  any  time  spent  examin- 
ing that,  for  he  said  no  one  ever  went  in  between  the  floors 
and  the  rod  ran  through  unobstructed  space.  However,  one 
of  the  boys  sneaked  in  there  with  a  pocket  flash  lamp  and 
found  a  barrel  of  lime  resting  against  the  rod.  D.  A.  H. 

FORGING  MACHINE    PARTS 

In  looking  over  working  drawings  one  often  sees  the  words, 
"Smooth-forge  this  piece";  but  sometimes  no  great  advantages 
are  obtained  by 
making  certain 
parts  from  forg- 
ings.  When  the 
part  is  quite  reg- 
ular in  shape 
and  is  made  of 
machine  steel, 
the  cost  of  the 
forging  greatly 
exceeds  the  cost 
of  machining 
and  the  extra 
cost  of  the  steel 
removed  by  the 
machinist.  Al- 
though it  is  im- 
possible to  elim- 
inate forgings 
for  machine 
parts,  careful 
con  sideration 
should  be  given 
the  work  before 
specifying  that 
parts  that  are 
not  of  a  very  ir- 
regular shape 
should  be  forged 


in  what  might  be  considered  good  condition.  After  being  ground 
to  size,  it  was  put  to  work,  but  broke  under  the  pressure  of  the 
flrst  production  part.  Upon  examination,  the  piece  was  said 
to  have  been  "cracked  in  hardening."  A  second  broach  was 
then  made.  This  was  machined  direct  from  the  stock,  so  as  to 
get  it  out  more  quickly,  as  the  blacksmiths  were  very  busy 
and  the  production  output  was  retarded  for  want  of  the  piece. 
This  broach  has  broached  many  thousand  pieces  and  is  still 
in  good  condition.  Probably  the  steel  taken  from  stock  was 
more  homogeneous  than  the  forging.  In  large  plants  this 
plan  of  making  parts  direct  from  stock  should  not  be  over- 
looked, as  one  may  find  many  cases  where  it  is  much  cheaper 
to  produce  the  required  machine  part  from  stock  than  by 
smooth-forging. 

New  Haven,  Conn.  Eric  Lee 


Fig.    1.     Counterbore   for  spot-facing 


LARGE  COUNTERBORE  FOR  SPOT-FACING 

The  tool  shown  In  Fig.  1  was  designed  by  the  writer  for 
spot-facing  and  cutting  clearance  on  a  large  steel  casting  and 
was  used  on  a  horizontal  boring  mill.  It  is  mounted  on  a 
heavy  boring-bar  and  is  clamped  by  means  of  two  set-screws 
on  the  hub.  The  cutter  extending  beyond  the  outside  diame- 
ter of  the  body  and  one  just  like  it  in  the  opposite  block  (not 

shown)  cut  a 
clearance  on  a 
projecting  part 
of  the  casting. 
These  have  the 
form  shown  at 
A,  Fig.  2;  the 
form  of  the 
thirty-four  other 
cutters  is  shown 
at  B.  When  the 
cut  reaches  the 
face  of  the  work 
the  feeding  must 
be  slow  and  the 
cutting  steady  to 
a  depth  of  from 
%  to  %  inch,  ac- 
cording to  the 
variations  in  the 
casting.  These 
variations, 
which  are  com- 
mon evils  in 
steel  castings, 
were  the  cause 
of  the  operation, 
the  object  of 
which    was    to- 
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give  proper  clearance  to 
a  gear. 

The  cutters  were  set 
in  such  relation  to  each 
other  on  the  face  of  the 
body  that  the  entire  sur- 
face was  covered  with  a 
generous  allowance  of 
lap  to  insure  that  no 
ridges  were  left  on  the 
finished  surface.  A  fine 
finish  was  not  neces- 
sary, and  a  saving  of 
75  per  cent  of  the  time 
required  for  this  opera- 
tion when  using  a  single- 
point  tool  was  effected. 
The  upkeep  of  this  tool  was  not  excessive,  the  cutters  being 
made  of  high-speed  steel  and  of  such  shape  that  they  could  be 
ground  the  same  as  a  milling  cutter,  all  being  mounted  in  rows 
with  their  cutting  faces  in  a  straight  line.  The  bearing  face 
proper  was  finished  in  the  ordinary  manner  with  a  sweep  tool 
to  an  exact  dimension.  The  only  remarkable  thing  about  this 
tool  is  the  large  surface  covered  in  an  unusual  manner. 
Columbus,  Ohio.  Otto  R.  Winter 


reamers  make  reasonably  true  holes  out  of  rough  bored  holes, 
and  do  it  rapidly.     Distillate  is  used  to  lubricate  them. 
Los  Angeles,  Cal.  S.  B.  Welcome 


Fif.   2. 


Forms  of  Tools  used  in 
Counterbore 


HIGH-SPEED   CHUCKING   REAMER   OR 
CORE   DRILL 

Before  the  outbreak  of  the  European  war,  few  shops  thought 
of  making  their  own  core  drills.  However,  we  found  not  long 
ago  that  it  would  take  six  weeks  to  have  a  four-fluted  carbon- 
steel  twist  drill  made  to  be  used  in  a  jig,  so  we  decided  to 
make  it  ourselves.  The  one  made  is  shown  in  the  accompany- 
ing illustration.  It  was  used  for  machining  ninety-eight  holes, 
1 15/16  inch  in  diameter  and  about  4  inches  deep,  in  split 
boxes.  There  were  two  to  each  casting,  and  the  distance  be- 
tween centers  had  to  be  very  accurate  and  all  the  castings 
interchangeable. 

The  body  of  the  drill  was  made  from  machine  steel;  the 
blades  were  made  of  "Rex  AA,"  the  cutting  ends  being  located 
to  a  high  heat  and  hardened  in  water.  The  blades  were 
2  inches  long  and  projected  5/16  inch  beyond  the  body.  They 
were  fitted  with  a  disk  grinder  in  5/16-inch  slots  inclined  at 
an  angle  of  10  degrees  in  the  body.  The  front  edge  of  the 
slot  was  radial  on  the  front  end  of  the  body.  The  diameter 
of  the  cutting  end  of  the  drill  was  0.002  inch  larger  than  the 
other  end.  This  drill  worked  so  well  that  the  boxes  were 
reamed,  with  a  1/8-inch  split  between  the  box  and  the  cap, 
in  less  than  one-half  the  time  that  would  have  been  required 
had  a  carbon  core  drill  been  used,  and  the  cost  was  just  about 
the  same.  As  a  result,  another  drill  of  this  design  but  of  a 
different  size  has  since  been  made,  and  we  will  probably  make 
all  our  large-size  rose  chucking  reamers,  for  in  this  way  prop- 
erly tempered  high-speed  chucking  reamers  will  be  obtained 
for  about  the  price  of  carbon  reamers. 

One  twist-drill  company  had  almost  the  right  idea  when  it 
made  a  chucking  reamer  with  the  high-speed  blade  welded  in, 
but  the  tool  had  three  faults:  The  blade  was  backed  off,  so 
that  it  cut  sidewise  and  followed  untrue  holes;  the  blades 
•were  too  thin — they  would  not  have  had  enough  wearing  sur- 
face had  they  not  been  backed  off;  and  the  blades  were  set 
parallel  with  the  body,  thus  giving  no  rake  for  cutting.  Mill- 
ing cutters  that  have  no  rake  are  scrapers,  not  cutters,  and 
end-mills  made  with  spiral  grooves  give  the  end  cutting  edges 
a   negative   rake    that    is    intolerable.      But   these   homemade 
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PATCHING  CONCRETE   FLOORS 

The  item  "Patching  Concrete  Floors"  in  the  August  number 
of  Machinery  seems  to  have  created  an  entirely  erroneous  im- 
pression among  some  readers,  so  much  so  that  the  chief  engi- 
neer, lOrnest  McCulIough,  of  the  Portland  Cement  Association 
has  called  it  to  the  attention  of  W.  P.  Anderson,  president 
of  the  Ferro  Concrete  Construction  Co.,  whose  experience'  was 
quoted.  Mr.  Anderson  did  not  imply  that  deep  holes  or  large 
areas  could  be  successfully  patched  by  the  use  of  a  mastic 
material,  but  somehow  this  impression  seems  to  have  been 
created.  Inasmuch  as  this  method  of  patching  concrete  floors 
is  of  considerable  value  when  rightly  used,  we  would  very 
much  appreciate  your  publishing  a  correction  somewhat  as 
follows: 

In  "Patching  Concrete  Floors,"  recently  published,  it 
should  have  been  stated  that  the  use  of  a  mixture  of  as- 
bestos fiber  and  rubber  gum  is  not  applicable  to  the  repair 
of  deep  holes  or  large  areas.  Such  patches  are  quickly 
made  and  give  excellent  results  when  confined  to  patches 
about  %  inch  thick  and  where  truck  loads  do  not  exceed 
IVi  ton,  but  when  used  on  deep  holes  or  on  large  areas  they 
will  not  stand  up  and  give  satisfactory  service. 

Boston,  Mass.  Walteb  B.  Snow  and  Staff 


VICTOR   TALKING   MACHINE   NEEDLES 
USED   AS   DIVIDER   POINTS 

The   accompanying   illustration   shows   how   Victor   talking 
machine  full-toned  needles  may  be  used  in  the  drafting-room 


Dividers  with  Talking  Machine  Needles  for  Points 

and  the  machine  shop.  They  make  good  divider  points,  and 
are  economical  to  use,  as  the  cost  is  only  five  cents  a  hundred 
and  they  do  not  require  grinding. 

Cleveland,  Ohio.  Fred  C.  Latimer 


Keamer  or  Core  Drill  with  Inserted  High-speed  Steel  Blades 


PIVOT   DRILLS 

One  day,  in  about  the  middle  of  my  apprenticeship — and  I 
am  not  nearly  old  enough  to  be  a  Civil  War  veteran — the 
"boss"  brought  into  the  shop  and  exhibited  as  a  great  curiosity 
a  twist  drill,  the  first  any  of  us  had  seen.  Not  till  many  years 
later  did  I  see  one  in  use.  At  that  time  chucking  drills,  "hog 
noses"  and  a  few  other  drills  for  special  uses  were  made  in  a 
lathe,  but  the  ordinary  everyday  tool  was  the  plain  hand- 
forged  flat  drill.  In  shops  too  small  to  employ  a  blacksmith, 
every  man  made  his  own  tools,  unless  he  could  shift  the  job 
on  to  the  "cub."  We  should  have  been  surprised  to  learn 
that  flat  drills  were  ever  made  in  any  other  way  than 
by    forging    out    the    end    of   a    piece    of    round    stock,    shap- 
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Making  Pivot  Drills 


ing  it  with  hardy  and  file, 
then  hardening  and  tem- 
pering. 

A  few  years  later,  how- 
ever, I  was  employed  in  a 
trade  where  the  process  was 
entirely  different,  the  steel 
being  hardened  and  tem- 
pered and  then  brought  to 
size  and  shape  by  grinding 
in  the  lathe.  These  were  the 
small  tools,  from  0.005  to 
perhaps  0.020  inch,  which  the 
watchmaker  calls  "pivot" 
drills,  and  the  forging  method  was  obviously  inapplicable  for 
their  manufacture.  Nowadays  these  drills  are  usually  bought 
ready  made,  but  some  of  the  older  watchmakers  prefer  to 
make  their  own,  and  workmen  who  are  far  from  tool  stores 
have  to  make  a  few,  now  and  then. 

The  raw  material  is  drill  rod,  Nos.  66  or  67  being  often 
chosen  because  it  fits  the  No.  8  chuck  which  is  0.8  millimeter 
in  diameter.  This  rod  is  cut  into  inch  lengths,  which  are  hard- 
ened and  then  "let  down"  by  holding  one  end  in  the  flame  of  an 
alcohol  lamp  until  the  other  end,  which  is  to  be  the  working 
part  of  the  drill,  becomes  the  proper  straw  color.  The  blank 
is  then  put  into  a  split  chuck  in  the  lathe  and  from  %  to  14 
inch  of  the  end  is  reduced  to  the  diameter  of  the  finished  drill 
by  a  wheel  carried  by  the  pivot  polisher,  a  near  relative  of  the 
machinist's  toolpost  grinder.  Theoretically,  it  is  considered 
best  practice  to  set  the  wheel  spindle  at  an  angle  of  about 
one-half  degree  to  the  lathe  axis,  so  that  the  drill  will  taper 
back,  or  be  a  fraction  of  a  thousandth  inch  larger  at  its  tip, 
but  this  hair-splitting  refinement  is  by  iio  means  universally 
adopted.  Next,  the  lathe  spindle  is  locked  by  the  sixty-hole 
index  plate  on  the  cone  pulley,  and  the  sides  of  the  drill  are 
ground,  using  the  periphery  of  the  wheel  which  gives  the 
shape  shown  at  A.  Now  the  spindle  is  turned  forward  until 
the  drill  lips  are  horizontal  and  is  then  indexed  three  holes 
(or  18  degrees)  farther,  after  which  the  wheel  is  passed  over 
the  lips  as  shown  in  the  illustration,  where  B  is  the  drill 
blank  and  C  is  the  grinding  wheel.  This  completes  the  job, 
a,nd  though  the  process  may  seem  long  from  the  description, 
a  dozen  drills  can  be  made  very  quickly  when  the  lathe  is 
once  set  up.  Each  operation,  of  course,  is  performed  on  the 
whole  dozen  before  the  set-up  is  changed. 

The  continued  use  of  the  flat  drill  is  not,  as  some  people 
think,  the  result  of  hide-bound  conservatism.  In  the  sizes 
below  No.  80,  one  has  no  choice,  as  the  manufacture  of  twist 
drills  of  such  minute  dimensions  is  not  an  attractive  commer- 
cial proposition,  and  in  larger  diameters  the  flat  form  is  su- 
perior for  certain  classes  of  work.  It  manifests  no  tendency 
to  draw  in,  and  many  good  workmen  believe  that  in  lathe 
work  on  the  softer  metals  it  makes  a  smoother,  straighter  hole 
than  its  modern  competitor. 
New  London,  N.  H.  Guy  H.  Gabdnee 


CASTING  BRASS  NUTS   ON  FEED-SCREWS 

In  the  October  number  of  Maciiixeey  T.  M.  complained  of 
the  unsatisfactory  service  given  by  the  brass  nuts  on  the 
cross-feed  screws  of  the  cutting-off  lathe,  and  asked  for  infor- 
mation concerning  the  casting  of  the  nuts  on  the  screws. 
While  the  writer  has  not  done  exactly  the  work  mentioned 
by  T.  M.,  he  has  had  considerable  experience  along  that  line, 
and  would  say  that  probably  the  reason  the  brass  feed-screw 
nuts  are  not  giving  satisfaction  is  that  yellow  stick  brass  is 
used.  Besides,  this  kind  of  casting  is  often  poured  from  the 
metal  in  the  bottom  of  the  ladles  or  from  metal  which  is  unfit 
Tor  other  work.  In  addition,  the  molds  are  so  simple  that  they 
are  made  by  the  cheapest  help  or  by  apprentice  boys.  Out  of 
150  bars  of  this  material  that  the  writer  examined,  only  about 
10  per  cent  was  fit  for  use  where  hard  service  was  required. 

An  analysis  of  yellow  brass  generally  shows  that  it  is  70  per 
cent  copper  and  30  per  cent  zinc;  the  slight  variations  are 
usually  due  to  impurities  such  as  a  small  amount  of  lead,  tin 
or  iron.    This  metal  has  a  total  strength  of  from  28  to  32  tons 


per  square  inch  and  an  elongation  of  from  22  to  28  per  cent; 
its  scleroscope  hardness  is  about  20.  An  alloy  containing 
from  82  to  86  per  cent  copper,  10  to  14  per  cent  tin,  1  to  3% 
per  cent  zinc,  and  a  small  percentage  of  lead  would  give 
better  results.  The  physical  properties  will  be  about  the 
same,  but  the  elongation  will  be  slightly  less,  indicating 
greater  hardness.  A  good  dense  metal  is  produced  by  melting 
at  a  temperature  no  hotter  than  necessary,  taking  care  to 
prevent  oxidation  by  covering  the  molten  metal  with  charcoal. 
If  zinc  is  used,  it  should  be  melted  in  a  separate  crucible, 
as  it  oxidizes  readily  and  there  is  a-  great  difference  between 
its  melting  point  and  that  of  copper.  The  tin  can  be  added 
to  the  copper  just  before  it  is  to  be  poured,  and  the  molten 
zinc  can  be  added  immediately  afterward. 

Casting  a  nut  on  a  feed-screw  can  be  done,  but  it  would  re- 
quire experimenting,  because  few  foundries  are  familiar  with 
this  class  of  work.  A  better  way  would  be  to  cast  the  stick 
metal  in  a  chill.  All  brasses  and  bronzes  give  off  a  certain 
amount  of  gas,  so  the  sooner  these  metals  are  solidified  the 
smaller  are  the  areas  containing  the  gas  or  gas  holes.  If  these 
metals  are  kept  molten  a  long  time,  the  gases  will  find  their 
way  out;  but  as  they  are  generally  cast  before  this  is  possible, 
the  gases  are  entrapped  and  holes  result.  An  examination  will 
show  that  chilled  cast  metal  has  a  finer  and  closer  grain  than 
that  cast  in  other  molds,  so  that  chilling  will  produce  better 
results  than  ordinary  methods. 

In  casting  brass  nuts  on  feed-screws,  care  will  have  to  be 
taken  to  support  the  screw  so  as  nol  to  crush  the  mold.  If 
the  outside  diameter  of  the  nut  is  not  large,  thus  giving  a 
small  area  of  metal,  when  the  mold  is  poured  the  interior 
will  solidify  and  the  nut  will  shrink  onto  the  screw.  If  the 
nut  has  a  large  cross-section,  the  metal  which  is  solidified  will 
be  heated  and  a  looser  fit  will  result.  In  all  cases,  the  nut 
should  be  removed  from  the  screw  as  soon  as  possible.  The 
shrinkage  of  brass  is  greater  than  that  of  iron  or  steel.  It 
might  be  well  to  use  a  screw  a  few  thousandths  inch  larger 
than  the  one  on  which  the  nut  is  to  be  used,  so  that  when 
the  nut  is  cold  it  will  be  near  the  correct  size  and  have  suffi- 
cient clearance.  The  threads  will  shrink  on  the  sides,  giving 
plenty  of  clearance,  but  the  nut  will  bind  on  the  outside  and 
root  diameter.  If  there  is  not  sufficient  clearance,  a  light 
cut  may  be  taken,  but  this  will  remove  some  of  the  chilled 
metal. 

When  a  green-sand  mold  is  used,  if  the  feed-screw  is  heated 
the  mold  is  likely  to  crumble  unless  the  metal  is  cast  immedi- 
ately. This  causes  trouble  in  handling  in  the  foundry,  be- 
cause the  work  is  then  a  special  and  not  a  production  job. 
A  better  way  is  to  run  the  metal  through  the  mold.  By  this 
plan  the  screw  is  heated,  and  so  dense  a  metal  will  not  be 
produced  as  when  it  is  cast  on  a  cold  screw.  But  this  may 
be  necessary  to  produce  a  sound  casting,  due  to  the  small  area 
of  the  thread.  When  the  shaft  or  screw  becomes  cold,  the  nut 
will  be  easily  separated  on  account  of  the  shrinkage  of  the 
shaft.  A  dry-sand  or  skin-dried  mold  can  be  used  if  it  is  de- 
sired to  use  a  heated  screw.  Besides  producing  a  denser  cast- 
ing, this  will  do  away  with  all  danger  of  the  screw  crushing 
the  mold. 

A  screw  may  be  coated  with  seal  oil  into  which  has  been 
stirred  foundry  facing  (graphite),  but  the  oil  must  be  thinly 
and  evenly  applied.  Plain  graphite  can  be  rubbed  on,  but  it  is 
not  so  efficient.  Care  must  be  taken  to  see  that  there  is  no 
rust  or  moisture  on  the  screws,  or  gas  holes  will  result.  When 
the  screw  is  coated  with  oil,  the  heat  decomposes  the  oil,  which 
gives  off  a  film  of  gas;  this  makes  removal  of  the  nut  from 
the  screw  quite  easy. 

However,  results  would  have  to  be  very  discouraging  be- 
fore the  writer  would  attempt  to  cast  the  nuts  on  the  screws, 
because  it  is  an  impractical  way  at  best.  If  the  correct  mix- 
ture is  used,  he  thinks  that  casting  a  bushing  in  a  chill  with 
a  straight  metal  core  of  approximately  the  right  diameter  and 
machining  afterward  would  be  preferable.  Even  in  sand-cast 
material,  a  core  should  be  used;  a  closer-grained  metal  will 
then  result.  The  metal  should  be  poured  from  the  bottom  of 
the  mold,  and  a  reasonable  amount  from  the  top  of  the  stick 
should  be  scraped,  as  it  will  contain  all  the  impurities. 

G    C    R. 


HOW  AND  WHY 


QUESTIONS    ON    PRACTICAL    SUBJECTS    OF    GENERAL    INTEREST 


GRINDING   CHILLED   CAR   WHEELS 

H.  C.  V. — I  have  about  twenty  chilled  cast-iron  car  wheels 
with  fiat  spots  to  be  repaired.  I  know  that  they  can  be  ground, 
but  would  like  to  know  if  they  could  not  be  turned  in  a  lathe. 

A. — It  is  not  commercially  feasible  to  turn  chilled  cast-iron 
car  wheels  in  a  lathe,  and  it  is  seldom,  if  ever,  done.  Powerful 
lathes  of  special  design  are  required  for  turning  chilled  iron, 
and  no  ordinary  engine  lathe  could  be  used  for  turning  chilled 
wheels.  The  flat  spots,  if  not  too  deep,  may  be  removed  by 
grinding  in  a  car  wheel  grinding  machine. 


it  becomes  0.  Consequently,  log  0  --  —  a ,  which  is  the  value 
printed  in  Macjiineby's  Handbook,  the  abbreviation  inf.  neg. 
standing  for  infinite  negative.  J.  J. 


ALLOWANCES   FOR   FITTING    PARTS    FOR 
BRAZING 

W.  G.  Co. — Will  you  advise  us  what  allowance  should  be 
made  in  the  fitting  of  a  steering  wheel  shaft  in  a  socket  of 
the  worm  when  it  is  to  be  pinned  and  brazed?  The  diameter 
of  the  socket  is  one  inch. 

A. — The  socket  should  be  bored  or  the  shaft  should  be  turned 
to  make  a  light  drive  fit  when  preparing  for  pinning  and 
brazing  the  parts  together.  It  is  generally  conceded  by 
braziers  that  two  parts  to  be  brazed  together  cannot  be  fitted 
too  closely.  When  the  parts  are  heated  and  spelter  is  applied, 
the  melted  spelter  will  penetrate  into  the  interstices  of  the 
closest  fitted  joint,  and  the  brazing  will  be  much  stronger 
under  such  conditions  than  if  the  joint  is  loosely  fitted  and 
the  spaces  filled  with  spelter.  In  general,  then,  in  fitting  parts 
to  be  brazed,  fit  them  closely  and  use  as  little  spelter  as  possi- 
ble. Wide  open  spaces  are  not  favorable  to  sound  brazing, 
and  should  always  be  avoided. 


HIGH-SPEED   STEEL 

H.  S.  H.— What  is  the  meaning  of  the  term  "high-speed"  as 
applied  to  steel?  I  have  believed  that  it  referred  to  the  cut- 
ting quality  only  and  not  to  the  composition  of  the  steel  in 
question.  I  know  that  most  of  the  present  high-speed  steels 
contain  a  certain  percentage  of  tungsten,  but  understand  that 
tungsten  is  not  absolutely  necessary.  Must  a  high-speed  steel 
conform  closely  to  a  given  chemical  analysis,  and  is  tungsten 
a  necessary  element? 

A. — A  high-speed  steel  is  not  necessarily  one  conforming  to 
any  given  analysis,  nor  is  tungsten  a  necessary  element.  Most 
high-speed  steels  contain  tungsten,  but  other  elements,  such 
as  molybdenum,  confer  the  red-hardness  characteristic.  We 
would  define  a  high-speed  steel  as  one  that  cuts  metals  at  a 
much  higher  rate  of  speed  than  ordinary  carbon  tool  steel. 
A  high-speed  steel  should  continue  to  cut  when  the  point  of 
the  tool  becomes  heated  to  a  dull  red  temperature  because  of 
the  red-hardness  characteristic  conferred  upon  it  by  tungsten, 
molybdenum  or  other  alloys. 


LOGARITHM   OF   0 

B.  D.  K. — What  is  the  logarithm  of  0?  In  one  set  of  tables, 
I  notice  a  dash  is  printed;  in  another  set,  it  is  recorded  as  0; 
in  Machinery's  Handbook,  it  is  printed  inf.  neg. 

A. — The  fogarithm  of  0  is  designated  by  —  m,  read  minus 
infinity.  That  this  is  correct  will  be  readily  apparent  from 
the  theory  of  exponents.  If  n  represents  any  number  greater 
than  1,  any  positive  number  may  be  represented  by  n",  the 
value  of  a  being  different  for  different  numbers.  Here  a  is 
called  the  logarithm  of  the  number  to  the  base  w.  and  if  a  is 

1 
positive,  n'  is  greater  than  1;  but  if  a  is  negative,  n"  =  —  = 

n° 
some  number  less  than   1,  but  greater  than   0,   or,   in   other 
words,  a  decimal  fraction.     When  a  becomes  infinitely  great, 

1           1 
the  value  of  —  = =  n-"  becomes  infinitely  small;  that  is, 


MACHINING   MONEL  METAL 

M.  A.  M. — Can  you  give  me  information  regarding  the  work- 
ing of  monel  metal  in  the  machine  shop,  especially  with  re- 
spect to  drilling  and  shearing  in  dies.  I  would  also  like  to 
know  the  cutting  speed,  angle  of  rake  and  clearance  of  cutting 
tools,  and  the  best  lubricant  to  use  when  drilling  or  turning. 

Ansijvered  by  the  International  Nickel  Co.,  Bayonne,  N.  J. 

A. — Monel  metal  machines  with  a  long  tough  chip,  resem- 
bling copper  in  many  respects,  but  requiring  more  power. 
Rolled  or  drawn  monel  and  mild  steel  require  practically  the 
same  power  for  machining.  Cast  monel  requires  somewhat 
more  power  to  machine  than  the  rolled  metal.  It  has  a  tensile 
strength  of  about  65,000  pounds  per  square  inch,  and  rolled  or 
drawn  monel  has  about  80,000  to  100,000  pounds  per  square 
inch  tensile  strength.  Our  usual  practice  in  machining  is  to 
cut  the  metal  dry  at  a  speed  of  about  forty  feet  per  minute. 
We  have  taken  a  cut  1/4  by  1/20  inch  feed  at  a  speed  of  150 
feet  per  minute  forty  inches  long  without  the  tools  breaking 
down.  In  this  case  we  used  a  cooling  compound.  On  our 
cutting-off  machine  we  use  a  mixture  of  lard  oil,  borax  and 
aquadag  for  cooling  with  good  results.  On  our  milling  ma- 
chines we  use  a  mixture  of  "Oakite"  with  satisfaction.  High- 
speed steel  cutting  tools  are  essential  in  machining  monel. 
Our  experience  has  been  limited  in  drilling  monel,  but  we 
know  that  some  difficulties  are  presented,  as  the  metal  forms 
a  tough  chip  like  copper  and  tends  to  stick  to  the  drill.  It  is 
also  harder  and  requires  more  power  to  drill,  being  compar- 
able to  high  carbon  steel.  We  consider  that  "Oakite"  would 
be  a  good  lubricant  for  drilling  and  recommend  that  high- 
speed steel  drills  be  used. 


SPRING   SCALE   PROBLEM 

J.  E.  F. — "A"  claims  that  if  he  holds  a  spring  scale  in  his 
hands  and  makes  it  indicate  50  pounds,  he  has  exerted  100 
pounds  of  energy;  that  is,  he  must  resist  50  pounds  with  one 
hand  while  pulling  50  pounds  with  the  other.  "B"  claims  that 
the  pull  and  resistance  are  equally  divided  in  each  hand;  and, 
in  order  to  make  the  scale  register  50  pounds,  he  must  exert 
25  pounds  pressure  in  each  hand.     Which  is  right  and  why? 

A. — According  to  the  third  law  of  motion,  action  and  re- 
action are  equal  and  opposite.  The  force  indicated  by  the 
spring  is  the  action,  and  if  this  be  50  pounds,  the  reaction 
must  also  be  50  pounds;  hence,  each  hand  exerts  a  force  of 
50  pounds.  That  this  statement  is  correct  may  easily  be 
shown  by  means  of  a  simple  experiment.  Referring  to  the 
illustration,  let  S  be  a  spring  scale  and  A  and  B  two  pulleys, 
the  centers  of  which  are  the  same  distance. from  the  floor 
level.  Then,  in  order  that  the  scale  may  not  move,  the 
weight  P  must  be  equal  to  the  weight  W :  but  the  pull  regis- 
tered by  the  scale  will  be  that  of  only  one  of  the  loads.  Here 
P  represents  the  left  hand  and  W  the  right  hand.  J.  J. 


Spring  Scale  Illustration  of  Third  Law  of  Motion 
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NUMBER   OF   BALLS   THAT   CAN    BE 
PLACED   IN   A   CYLINDER 

M.  F.  W.— Referring  to  the  August  number,  page  1084,  sup- 
pose the  box  had  been  a  cylinder  instead  of  a  cube;  how  many 
balls  of  equal  and  maximum  size  could  be  placed  in  the  cylin- 
der around  the  large  ball? 

A. —  The  fig- 
ure at  the  left 
of  the  illustra- 
tion represents 
a  vertical  sec- 
tion through 
the  centers  of 
the  large  ball 
and  one  of  the 
small  balls.  OB 
-=  10  V  2,  and 
BE  =  10  V'2'— 
10.  Letting 
V  2.      Hence, 


E 

.-^ — ~\ 

D 

f'^y''^ 

/^  - 

rC 

\\^ 

A 

* 10- 

^0 

\ 

^?^^Io^^O 

i 

.V 

rhinrry 

Diagram   for   calculating  Number  of   Balls   that   can 
be  placed  in  a  Cylinder  around  a  Large  Ball 


r  =  radius    of    small    ball  =  CD,    BC  = 

__  10  V  2"— 10 

rV2-|-r  =  10v'2  — 10  =  B£;  or,  r  = ::^ =1.715729 

V  2  +  1 
inch.     The  figure  at  the  right  of  the  illustration  represents  a 
top  view  with   the  top  of  the  cylinder  removed.     Assuming 
that  the  balls  touch,  they  will  lie  so  that  their  centers  will 
be  In  a  circle  whose  radius  is  10  +  r,  and  BOC  will  be  a  right 

r  V  2  —  1 

triangle,  right-angled  at  C.    Sin  BOC  ^ = .after 

10  +  /-  2\'2 
substituting  the  value  of  r  as  found  above.  Log  sin 
BOC  =1.1656793,  from  which  BOC  =  8  degrees,  25  minutes, 
15.81  seconds.  This  angle  is  evidently  equal  to  half  the  angle 
BOA  =  COD.  Hence,  the  number  of  balls  in  the  top  layer  is 
equal  to  360  degrees  -f-  2  X  8  degrees,  25  minutes,  15.81  sec- 
onds =  180  ^-  8.42106  =  21.37  +,  since  25  minutes,  15.81  sec- 
onds =  0.42106  degree.  The  number  of  balls  is  therefore  21 
•on  top  and  21  on  the  bottom,  or  42  in  all.  J.  J. 


THE   CHINESE   WINDLASS 

p.  H.  E. — I  enclose  a  sketch  of  a  hoisting  device.  Suppose 
that  the  diameter  of  the  wheel  A  is  42  inches,  and  that  the 
diameters  of  the  drums  B  and  C  are  10  inches  and  8V^  inches, 
respectively;  how  large  a  weight  can  be  lifted  if  a  force  of 
40  pounds  is  applied  at  the  circumference  of  the  wheel?  What 
is  this  apparatus  called? 
A. — The    apparatus    is    called    a    Chinese    windlass;     some 

writers  on  mechan- 
ics call  it  a  com- 
pound wheel  and 
axle.  The  principle 
of  virtual  velocities 
(see  Machinery  for 
June,  page  897)  ap- 
plies here  as  in  the 
case  of  any  other 
machine,  i.  e.,  the 
weight  multiplied 
by  the  distance 
through  which  it 
moves  equals  the 
power  (force)  mul- 
tiplied by  the  dis- 
tance  through 
which  it  moves.  Let 
R.  r,  and  r'  be  the 
radii  of  A,  B,  and 
C,  respectively,  and 
suppose  .4.  to  make 
one  revolution; 
then  the  distance 
moved  by  the  power 
will  be  ZwR.  At  the  same  time,  B  and  C  make  one  revo- 
lution also.  As  the  part  P  of  the  rope  winds  on  drum  B 
an    amount    equal    to    Zirr    and    rope    Q    winds    off    drum    C 


Chinese  Windlass,  or  Compound  Wheel  and  Axle 


an  amount  equal  to  27rr',  the  rope  is  shortened  an  amount 
equal  to  2wr  —  2vr'  =  2n(r  —  r').  The  weight  W  is  raised 
only  one-half  this  distance,  however,  since  it  is  divided 
equally  between  P  and  Q,  D  being  a  movable  pulley.  Hence, 
the  distance  W  moves  is  2ir{r—r')  ^^  2  =  7r(r  —  r").     There- 

2PR 
fore,  P  X  2tvR  =  7r(r  —  »')  X  W;  from  which  W  = .   Sub- 

r  —  r 

2  X  40  X  21 

stituting  the  values  given  in  this  formula,  W  = = 

5  —  41/4 
2240   pounds.     A  mechanism   of   this  kind   ought   to   have  an 
efficiency  of  at  least  0.90;  whence,  the  weight  lifted  ought  to 
be  at  least  2240  X  0.90  =  2016  pounds.  J-  J- 


DISCHARGE   OF   AIR   INTO   THE 
ATMOSPHERE 

W.  M. — Please  let  me  know  a  formula  that  will  give  the 
cubic  feet  of  free  air  that  will  flow  through  an  orifice  of  known 
size  into  the  atmosphere,  the  gage  pressure  in  the  tank  being 
anywhere  from  5  to  50  pounds  per  square  inch. 

A. — Let  T  =  absolute  temperature  of  air  in  tank  in  degrees 
F.  =  460  +  temperature  indicated  by  thermometer;  let  p  =  ab- 
solute pressure  in  tank  =  gage  pressure  +  pressure  indicated 
by  barometer  in  pounds  per  square  inch;  p,  =  pressure  of  at- 
mosphere as  indicated  by  barometer;  and  y  =  velocity  of 
flow  through  orifice  in  feet  per  second.  Then  the  theoretical 
velocity  of  discharge  is: 


y  =  108.67 


^^['"D" 


If  you  have  no  barometer,  you  may  assume  that  p,  =  14.7 
and  p  =  gage  pressure  +  14.7.  The  actual  velocity  will  not 
be  so  great  as  calculated  by  the  formula,  because  it  will  be 
affected  by  the  size  and  shape  of  the  orifice,  practically  the 
same  conditions  obtaining  as  in  the  case  of  the  discharge  of 
water.  If  the  discharge  is  through  a  short  tube  the  length 
of  which  is  two  or  three  times  the  diameter  of  the  orifice,  the 
actual  velocity  of  discharge  may  be  taken  as  0.98F.  It  is  also 
assumed  that  the  pressure  in  the  tank  remains  constant.  As- 
suming  that  the   pressure   in   the   tank   is   10   pounds,   gage; 


that   the   temperature    is 
of  the  orifice  is  1^^  inch 


460  +  70  =  530;  then 
0.14004;    whence, 
second 


14.7  N" 
24.7  / 


degrees,   and   that   the   diameter 
=  10  +  14.7  =  24.7,  Pi  =  14.7,  T  = 

0.2907 

0.85996,   and   1  —  0.85996  = 


V  =  108.67  V  530  X  0.14004  =  936.2    feet    per 
0.7854  X  1.5' 

The  discharge  is  at  the  rate  of X  936.2  = 

144 
9.126  cubic  feet  per  second  =  547.56  cubic  feet  per  minute.   The 
actual  discharge  may  be  taken  as  0.98  X  547.56  =  536.61,  say 
537  cubic  feet  per  minute.  J-  J- 


A   PROBLEM   IN   EPICYCLIC    GEARING 

A.  M.  S. — Referring  to  the  diagram,  M  has  120  teeth,  TV^  has 
90  teeth,  and  P  has  40  teeth.  If  the  arm  A  makes  fifty  revolu- 
tions per  minute  in  the  direction  indicated  by  the  arrow  B, 
and  gear  .1/  makes  thirty-six  revolutions  per  minute  in  the 
direction  indicated  by  the  arrow  C.  how  many  revolutions  per 
minute  will  gears  N  and  P  make  and  in  what  direction? 

A. — Gearing  of  this  kind  belongs  to  the  general  class  known 
as  epicyclic  trains.  The  best  method  known  to  the  writer  for 
attacking  all  such  problems  is  that  described  on  page  703  of 


Machinery 


Epicyclic   Gearing 
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Maciiineuy's  Hanuuook.  Applying  this  method  to  the  present 
case,  suppose  all  the  gears  are  locked  and  that  the  whole  mech- 
anism is  turned  around  in  the  dire<ition  indicated  by  the  arrow 
B  fifty  times;  then  imagine  the  gears  to  be  released  and  the 
arm  A  stationary,  and  that  gear  M  makes  thirty-six  turns  in 
the  direction  indicated  by  the  arrow  C.  Calling  rotation  in 
the  direction  of  B  positive  or  +,  and  that  in  the  direction  of  G 
negative  or  — ,  the  following  results  are  obtained: 
M  N  P 

Wheels  locked       -+-50  -f-  50  -f  50 

120  120 

Arm  stationary    —  36  -1 X  36 X  36 

90  40 

+  14"  +98  —58  +50 

It  will  be  seen  that  gear  N  makes  98  revolutions  per  minute 
in  the  direction  of  arrow  B,  while  gear  P  makes  58  revolutions 
per  minute  in  the  direction  of  arrow  C.  Gear  N  is  an  idler 
and  so  has  no  influence  on  the  motion  of  P,  except  to  change 
its  direction  of  turning;  the  number  of  revolutions  P  makes 
is  determined  solely  by  gear  M  and  the  rotation  of  the  arm  A. 
When  the  arm  A  is  stationary,  the  gears  act  as  in  an  ordi- 
nary train.  J-  J- 


A 

+  50 

0 


SOLVING  EQUATIONS  FOR  SPIRAL  GEAR- 
ING BY   TRIAL 

H.  A.  T. — I  have  met  with  some  difficulties  in  trying  to  solve 
the  equation  given  on  page  674  of  Machinery's  Handbook: 

2CP= 

R  sec  a  +  cosec  a  = 

n 
Would  you  kindly  indicate  how  equations  of  this  kind  are 
solved  by  trial? 

A. — Equations  of  the  form  given  above  are  solved  by  trial 
by  selecting  an  angle  assumed  to  be  approximately  correct, 
and  inserting  the  secant  and  cosecant  of  this  angle  in  the 
equation,  adding  the  values  thus  obtained,  and  comparing  the 
sum  with  the  known  value  to  the  right  of  the  equals  sign 
in  the  equation.  An  example  will  show  this  more  clearly. 
Using  the  problem  given  on  page  675  of  Machinery's  Hand- 
book, as  an  example,  7?  ^  3;  C  ^  10;  Pd  =  8;  n  =  28. 
Hence,  the  whole  expression 

2CPn      2X10X8 

= =  5.714, 

n  28 

from  which  it  follows  that: 

R  sec  a  +  cosec  a  =  5.714. 
In  the  problem  given,  the  approximate  spiral  angle  required 
is  45  degrees.    The  spiral  gears,  however,  would  not  meet  all 
the  conditions  given  in  the  problem,  if  the  angle  could  not  be 
slightly  modified.     In  order  to  determine  whether  the  angle 
should  be  greater  or  smaller  than  45  degrees,  insert  the  values 
of  the  secant  and  cosecant  of  45  degrees  in  the  formula.    The 
secant  of  45  degrees  is  1,4142,  and  the  cosecant,  1.4142.    Then, 
3  X  1.4142  +  1.4142  =  5.6568. 
The  value  5.6568  is  too  small,  as  it  is  less  than  5.714,  which 
is  the  required  value.     Hence,  try  46  degrees.     The  secant  of 
46  degrees  is  1.4395,  and  the  cosecant,  1.3902.    Then, 
3  X  1.4395  +  1.3902  =  5.7087. 
Apparently  an  angle  of  46  degrees  is  too  small.     Proceed, 
therefore,  to  try  an  angle  of  46   degrees,   30  minutes.     This 
angle  will  be  found  too  great.     Similarly  46  degrees,  15  min- 
utes, if  tried,  will  be  found  too  great,  and  by  repeated  trials 
it  will  finally  be  found  that  an  angle  of  46  degrees,  6  minutes, 
the  secant  of  which  is  1.4422,  and  the  cosecant,  1.3878,  meets 
the  requirements.    Then, 

3X  1.4422  +  1.3878  =  5.7144, 
which  is  as  close  to  the  required  value  as  necessary. 

In  general,  when  an  equation  must  be  solved  by  the  trial 
and  error  method,  all  the  known  quantities  may  be  written  on 
the  right-hand  side  of  the  equals  sign,  and  all  the  unknown 
quantities  on  the  left-hand  side.  A  value  is  assumed  for  the 
unknown  quantity.  This  value  is  substituted  in  the  equation, 
and  all  the  values  thus  obtained  on  the  left-hand  side  are 
added.  In  general,  if  the  result  Is  greater  than  the  known 
values  on  the  right-hand  side,  the  assumed  value  of  the  un- 
known quantity  is  too  great.    If  the  result  obtained  is  smaller 


than  the  sum  of  the  known  values,  the  assumed  value  for 
the  unknown  quantity  is  too  small.  By  thus  adjusting  the 
value  of  the  unknown  quantity  until  the  left-hand  member 
of  the  equation  with  the  assumed  value  of  the  unknown  quan- 
tity will  just  equal  the  known  quantities  on  the  right-hand 
side  of  the  equals  sign,  the  correct  value  of  the  unknown 
quantity  may  be  determined. 


MOMENT   OF   INERTIA   OF   A   RECTANGLE 

S.  W. — Will  you  please  explain  how  is  equal  to  the  mo- 

12 
ment  of  inertia  of  a  rectangle? 

A. — Referring  to  the  illustration,  let  MNPQ  be  a  rectangle 
with  a  breadth  b  and  a  depth  (altitude)  d,  and  suppose  the 
rectangle  to  turn,  or  tend  to  turn,  about  X'X  as  an  axis,  X'X 
passing  through  the  center  of  gravity.  By  definition,  the  mo- 
ment of  inertia  /  is  the  sum  of  the  products  obtained  by  multi- 
plying each  elementary  area  by  the  square  of  its  distance 
from  the  axis.  Let  p  be  a  differential  area — a  square  the  sides 
of  which  are  da;  and  dy,  the  coordinates  of  the  center  being 

^  a    /^ ''  bd' 

X  and  y;  then,  by  the  definition,  7  =     1    '    1     y^dydx  =  - — . 

J    I  J„  12 

Weisbach  gives  a  demonstration  without  the  use  of  the  calcu- 
lus, substantially  as  follows:  Let  AB  be  a  narrow  strip  cut  off 
by  two  vertical  lines;  draw  two  horizontal  lines  cutting  off  from 
the  strip  the  small  rectangle  C,  the  center  of  which  is  at  a  dis- 
tance z  from  X'X.     Dividing  the  entire  strip  in  this  manner, 
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Diagram   showing   how   Moment   of   Inertia   of   Rectangle   is  found 

the  moment  of  inertia  of  the  strip  is  7  =  a^z]  +  a^l  +  032:^+  etc. 
=  Ci^i  X  Si  +  a^2  X  S2  +  o,z^3  X  «3  +  etc.,  in  which  o„  0-,,  0,, 
etc.,  are  the  areas  of  the  small  rectangles  and  z^,  z-,„  z,,  etc.,  are 
the  distances  of  their  centers  from  X'X.  Produce  NP  to  B",  draw 
A'B'  perpendicular  to  X'X.  lay  off  B'B"  =  A'B'  =  AB,  and  draw 
A'B";  then  A"C'  =  AC  =  z.  The  product  az  may  be  regarded 
as  the  volume  of  a  prism  with  the  base  a  and  the  altitude 
C'A"  =  z;  and  the  moment  of  the  prism  with  respect  to  X'X 
is  az  X  z.  The  sum  of  all  these  small  prisms  is  a  triangular 
prism,  the  base  of  which  is  A'B'B"  and  the  altitude  is  the 
width   of  the   strip  AB  =  b'.     The   volume   of  this   prism   is 

1/2&'  X  A'B'  X  B'B"  =  1/26'  I  —  I  =  l/S&'d".     The  distance  of 

the  center  of  gravity  from  X'X  =  2/ZA'B'  =  2/3  X  l/2ci  =  l/3(f. 

b'd' 

The  moment  of  this  volume  is  1/86'd'  X  l/3d  = .    Since  this 

24 
last  expression  is  equal  to  the  expression  for  7  that  was  ob- 

b'd' 

tained  above,  the  moment  of  inertia  of  the  strip  is .     Since 

24 
the  sum  of  the  strips  is  one-half  the  area  of  the  rectangle,  the 

6d= 

moment  of  inertia  for  one-half  the  rectangle  is  7  = ,  and 

24 
bd'         bd' 

for  the  whole  rectangle,  7  =  2  X = ■.  J-  J. 
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NB^iAT  MACHINERY  AND  TOOLS 

THE    COMPLETE    MONTHLY    RECORD    OF    NEW    AMERICAN    METAL -WORKING    MACHINERY 


ANDERSON  VERTICAL  TAPPING  MACHINE 

In  working  out  the  design  of  a  vertical  tapping  machine 
which  has  recently  been  placed  on  the  market  by  the  Anderson 
Die  Machine  Co.,  590  Water  St.,  Bridgeport,  Conn.,  provision 
has  been  made  for  varying  the  cutting  speed  without  affecting 
the  time  per  operation,  i.  e.,  to  have  the  reverse  speed  com- 
pensate for  a  slow  cutting  speed,  and  to  apply  an  efficient 
motor  drive  in  such  a  manner  that  practically  the  full  amount 
of  power  is  transmitted  to  the  tap.  This  high  driving  efficiency 
is  obtained  by  direct  connection  between  the  motor  and  spindle 
and  by  the  use  of  S.K.F.  ball  bearings,  the  combination  being 
such  that  it  is  possible  to  run  the  machine  on  an  electric  light- 
ing service  wire  without  undue  disturbance. 

The  spindle  is  made  of  high-carbon  steel,  turned  and  ground 
to  size,  and  S.K.F.  radial  ball  bearings  are  used  at  both  the 
top  and  bottom.  In  each  case  the  inner  ball  race,  in  which 
the  spindle  moves  endwise,  has  been  increased  in  length  by 
forcing  into  it  a  sleeve  lig  inch  long,  which  is  made  from  high- 
carbon  steel  and  accurately  fitted  to  the  spindle.  Spindle  fric- 
tions have  been  designed  to  secure  good  results,  and  owing  to 
the  spherically  faced  disk  on  which  these  operate,  tendency 
to  slip  has  been  eliminated.  The  face  of  the  friction  driving 
disk  is  spherical,  and  this  disk  is  mounted  on  the  armature 
shaft  of  the  motor,  thus  eliminating  the  use  of  intermediate 
transmission  mechanism.  A  spring  at  the  upper  end  of  the 
spindle  can  be  adjusted  to  counterbalance  the  spindle  weight, 
and  this  spring  is  enclosed  to  eliminate  chance  of  accidents. 
The  motor  is  of  standard  design,  having  two  special  brackets 
or  lugs  for  attachment  to  the  machine,  so  that  any  specified 
motor  may  he  employed,  provided  it  does  not  exceed  6  inches 


Fig.  1. 


Anderson  Vertical  Tapping  Machine  on  which  Decrease  in  Forward 
Speed  is  compensated  for  by  increasing  Reverse   Speed 
to  maintain  Constant  Bate  of  Production 


in  diameter.  This 
allows  the  pur- 
chaser to  make  his 
own  selection. 

A  circular  work 
table  is  provided 
which  is  7  inches 
in  diameter  and  has 
a  movement  of  1*4 
inch  on  two  way- 
rods,  spaced  far 
enough  apart  to  in- 
sure rigidity  and 
give  an  easy  move- 
ment. Adjustment 
of  3  inches  is  pro- 
vided for  the  way- 
rods  and  table,  giv- 
ing ample  space  be- 
tween the  chuck 
and  table  for  a  fix- 
ture and  lugs.  A 
spring  under  the 
table  can  be  adjust- 
ed to  counterbalance 
the  weight,  thus 
making  movement 
to  and  from  the  tap 
very  sensitive, 
which  is  a  valuable 
feature  where  small 
taps  are  used.  A 
foot-treadle  is  pro- 
vided for  operating 
the  table,  and  this 
can  be  easily  re- 
moved   by    simply 

loosening  one  screw.  The  connection  from  the  floor  to  the 
machine  is  adjustable,  and  is  provided  with  a  safety  spring 
so  that  the  lead  of  the  tap  cannot  be  disturbed  by  sudden  ap- 
plication of  pressure  on  the  treadle. 

The  column  or  body  which  supports  the  table  is  hollow  to 
provide  a  chamber  that  can  be  filled  with  oil,  so  that  when 
tapping  work  where  the  tap  can  go  through  it  will  dip  into 
the  oil,  which  results  in  lubricating  the  tap  and  washing  off 
the  chips  so  that  they  will  not  injure  the  thread  when  the 
tool  is  backed  out.  As  the  chamber  becomes  filled  with  chips, 
the  oil  level  is  maintained  until  exhausted  or  displaced  by 
chips,  and  the  chips  can  be  removed  by  taking  out  the  plug 
at  the  bottom  of  the  chamber. 

The  motor  is  pivoted  in  the  frame  of  the  machine  at  the 
center  of  the  spherical  face  of  the  friction  driving  disk  which, 
it  will  be  recalled,  is  mounted  on  the  armature  shaft.  By  tilt- 
ing the  motor,  various  cutting  and  return  speeds  may  be  se- 
cured. It  will  be  evident  that  if  the  speed  is  reduced  in  either 
direction,  it  will  be  increased  in  the  opposite  direction.  For 
instance,  if  the  motor  is  so  placed  that  the  spindle  runs 
at  the  same  speed  in  both  directions,  say  1000  revolutions  per 
minute,  this  gives  a  combined  figure  of  2000.  The  motor  can 
then  be  changed  to  secure  a  speed  of,  say,  500  revolutions  per 
minute  in  the  forward  direction  and  a  reverse  movement  at 
the  rate  of  1500  revolutions  per  minute,  thus  maintaining  the 
same  combined  figure.  With  one  type  of  motor  commonly  used 
on  these  machines,  two  amperes  of  current  are  used  at  110 
volts,  making  the  cost  of  power  per  hour,  at  six  cents  per 
K.W.H.,  0.0132  cent.  A  switch  of  special  design,  a  reinforced 
cord   and   attachment   plug,   and   the  necessary   wrenches   for 


Fig.    2.     View    of    Anderson    Tapping   Machine, 

showing  Treadle  and  Springs  to  take  up 

Inequality   of   Foot   Pressure   and 

counterbalance  Weight 
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making    a  1 1    ud- 
Justments   lor  in 
.  part  of  the  regu- 
lar equipment. 

Chucks  may  be 
furnished  of  the 
form  shown  in 
the  illustrations 
but  unless  other 
wise  specified 
the  machine  is 
regularly  equip 
ped  with  a  two 
jawed  positive 
drive  chuck 
which  is  consid 
ered  best  for 
general  classes 
of  work.  Guards 
are  provided  to 
protect  operators 
from  injury  and 
to   prevent   oil 

from  being  thrown.  The  principal  dimensions  of  the  machine 
are  as  follows:  distance  from  spindle  center  to  slide,  4  inches; 
diameter  of  spindle,  %  inch;  diameter  of  table,  7  inches;  maxi- 
mum vertical  adjustmept  of  table,  3  inches;  and  weight  of 
machine,  115  pounds  net.  The  capacity  of  the  machine  is  for 
tapping  holes  in  cast  iron  from  1/16  to  1/4  inch  in  diameter, 
and  for  tapping  holes  in  steel  from  1/16  to  3/16  inch  in  diam- 
eter; and  holes  up  to  l^^  inch  in  depth  may  be  tapped  for  all 
classes  of  work. 


Fig.  1.     Foster  No.  5  Screw  Machine  with  All-geared  Head  and  Bar  Equipment 


TOOL  EQUIPMENT  FOR  FOSTER  NO.   5 
SCREW  MACHINE 

The  efficiency  and  productive  capacity  of  a  screw  machine 
depend  to  a  large  extent  on  the  quality  of  the  tools  employed. 
Not  only  can  the  production  on  what  is  commonly  regarded 
as  screw  machine  work  in  its  narrow  sense  be  increased  to  a 
considerable  extent  by  the  use  of  better  designed  and  more 
rigid  tools,  but  by  means  of  additional  equipment,  the  range 
of  work  which  can  be  handled  to  advantage  on  the  screw  ma- 
chine can  be  greatly  widened  and  be  made  to  include  al- 
most all  kinds  of  chucking  work. 

The  Foster  Machine  Go.,  Elkhart,  Ind.,  has  designed  and  is 
now  building  a  complete  new  line  of  tools  for  the  No.  5  screw 
machine.  This  machine  has  recently  undergone  several 
changes  of  design,  and  is  now  being  built  in  two  different 
styles,  viz.,  the  back-geared  cone  head  type  and  the  all-geared 
head  type.  The  latter  is  illustrated  in  Fig.  1,  and  the  new  bar 
equipment  is  shown  mounted  in  place. 


Bar  Tools 
Perhaps  the 
most  widely  used 
of  all  screw  ma- 
chine tools  is  the 
one  that  is  com- 
monly known  as 
a  roughing  box- 
tool  or  single 
cutter  turner,  a 
new  design  of 
which  is  shown 
at  A.  Two  fea- 
tures of  this  tool 
that  stand  out 
prominently  are 
its  extreme  ri- 
gidity and  con- 
venience of  op- 
eration.  As 
shown,  the  cut- 
ter is  held  in  a 
manner  to  insure 
maximum  economy  of  high-speed  steel.  The  two  roll  jaws 
are  independently  adjustable  and  rigidly  secured  to  the  tool 
body  by  means  of  a  bolt,  the  body  being  split  for  this  purpose. 
The  cutter-slide  is  equipped  with  a  release  to  prevent  marring 
the  work  when  withdrawing  the  tool,  which  is  operated  by 
means  of  the  bent  handle  in  front  of  the  tool.  This  handle 
also  serves  the  purpose  of  binding  the  cutter-slide  rigidly  to 
the  tool  body.  For  convenience  of  setting,  the  slide  operating 
screw  is  equipped  with  a  graduated  dial. 

The  multiple  cutter  turner  shown  at  B  is  also  noteworthy 
for  its  rigidity.  This  tool  is  shown  equipped  with  two  double 
tool-holders,  enabling  four  cuts  to  be  taken  simultaneously, 
and  one  roller  back-rest.  The  tool  can,  however,  be  equipped 
with  three  double  tool-holders  for  taking  six  cuts  simulta- 
neously, and  two  roller  back-rests.  One  important  feature  of 
this  tool  is  that  shoulders  only  %  inch  apart  can  be  turned 
with  it.  The  pointing  tool  C  is  different  from  the  two  former 
tools  in  that  it  is  provided  with  a  shank  for  holding  in  the 
turret  holes.  The  roller  back-rest  jaws  are  independently  ad- 
justable and  interchangeable  with  those  of  the  single  cutter 
and  the  multiple  cutter  turners.  In  addition  to  the  pointing 
cutter,  tool  G  is  designed  to  carry  a  centering  drill.  At  D 
is  shown  a  new  design  of  adjustable  hollow-mill.  This  Is  a 
cheap  tool  of  great  rigidity,  and  can  be  used  to  advantage  on 
short  work  where  much  stock  is  to  be  removed  rapidly. 

Miscellaneous  Tool-holders  and  Adapters 

Simplicity  of  design  and  rigidity  were  striven  for  in  de- 
signing the  center  drilling  tool  E  and  the  knurling  tool  F. 


Fig.    2.     A,    Roughing    Box-tool;    B,    Multiple    Cutter    Turner;    C,    Pointing    Tool;  D,  Adjustable  Hollow-mill;  E,   Center  Drilling  Tool;  F,  Knurling  Tool; 

G  to  J,  Tool-holders;  K,  Drill-holder;  L,  Tap-holder;  M,  Die-holder 
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Fig.  3.     N  to  R,   Adapters;   S  and  T,   Forming  Tool-holders:   U  and  V,   Double  Tool-holders;    W,   Becessing   and  Back-facing   Tool;    X,    Tool-slide   for  Use    in 

""    ""  ^  ""      "     "    Pilot  Bar:  a.  Boring-bar;   b,   Adapter;   c,   Facing  Tool 


recessing  and  back-facing:  Y,  Multiple  Turning  Head 

The  working  principles  of  these  tools  can  be  readily  compre- 
hended by  reference  to  the  illustrations.  From  G  to  J  are 
shown  the  tool-  and  cutter-holders  that  go  with  the  equipment, 
and  attention  is  called  to  the  holder  G  that  has  a  floating  de- 
vice which  compensates  for  any  error  of  alignment  between 
the  hole  in  the  work  and  the  center  of  the  turret,  thus  pre- 
venting the  reamer  or  other  tool  carried  in  it  from  cutting 
over  size.  The  drill-,  tap-,  and  die-holders,  K  to  M.  inclusive, 
are  of  standard  and  approved  design.  The  spring  die  adapter  Q, 
Fig.  3,  is  made  to  fit  die-holder  M,  and  adapters  2^  to  iJ  are 
made  to  fit  any  of  the  tool-holders  and  also  the  turret  hole. 

Tool-holders  for  Cut-off  Slide 

The  four  holders  S  to  T  are  furnished  in  addition  to  the 
regular  cut-off  slide  tool-holders  provided  with  all  standard 
screw  machines.  The  two  forming  tool-holders,  one  for  the 
front  and  one  for  the  rear,  are  of  the  dovetail  type,  and  are 
split  for  the  purpose  of  clamping  the  forming  tool  to  the 
holders  by  means  of  two  screws  on  the  side.  The  double 
holders  enable  two  cuts  to  be  taken  or  two  shoulders  to  be 
necked  simultaneously,  and  are  equipped  with  rocker  wedges 
for  adjusting  the  height  of  the  cutter  point. . 

Chucking'  Tools 

Chucking  work,  as  a  rule,  is  not  considered  to  fall  within 
the  scope  of  work  for  which  the  screw  machine  is  peculiarly 
adapted.  However,  with  a  three-jaw  scroll  chuck  and  a  com- 
plete line  of  chucking  tools,  a  large  and  varied  range  of  work 
belonging  to  this  general  class  can  be  handled  to  advantage 
in  small  as  well  as  large  lots.  The  tool  shown  at  W  has  been 
found  to  be  peculiarly  well  adapted  for  recessing,  back-facing 
and  also  for  boring  work  in  small  quantities.  The  tool- 
carrying  member  swings  around  a  pivot  underneath  the  cutter 
and  is  operated  by  a  handle.  The  two  radial  screws  seen  in 
the  illustration  provide  adjustment  and  also  act  as  stops  for 
gaging  the  depth  of  cut.  The  tool-slide  X  is  intended  for  the 
same  general  type  of  work,  but  is  more  rigid  and  has  a  much 
larger  range  of  work;  it  can  be  used  to  advantage  for  back- 
facing  hubs  of  gears  and  similar  operations. 

The  multiple  turning  head  Y  is  intended  for  the  general  run 
of  turning  and  facing  work.  A  pilot  bar  Z,  carried  in  the 
center  hole  of  the  turning  head,  runs  in  a  bushing  held  in 
the  spindle  and  supports  the  tool  against  chatter.  The  cutter- 
holders  I  and  J  are  primarily  intended  for  use  in  this  turning 


head.  For  simultaneously  boring  and  turning,  a  boring-bar  a 
can  be  held  in  the  center  hole  and  brought  into  action  at  the 
same  time  as  a  cutter-holder  held  in  either  of  the  other  holes. 
The  holder  b  is  for  adapting  either  of  the  tool-holders  or  the 
boring-bar  to  the  turret.  By  means  of  the  rocker  adapter 
and  the  two  set-screws  on  the  top  of  the  holder,  a  forged  cutter 
can  be  adapted  to  the  holder  and  adjusted  for  diameter. 


ANDERSON  DIE  FORMING  MACHINE 

In  the  October,  1915,  number  of  M.vchinery  a  description 
was  published  of  the  die  forming  machine  which  had  just 
been  placed  on  the  market  at  that  time  by  the  Anderson  Die 
Machine  Co.,  590  Water  St.,  Bridgeport,  Conn.  It  will  be  re- 
called that  the  machine  described  at  that  time  was  equipped 
with  electric  motor  drive.  Recently  this  firm  has  introduced 
a  belt-driven  machine  of  essentially  the  same  design  to  meet 
the  requirements  of  shops  in  which-  electric  power  is  not  avail- 
able, or  where  for  any  reason  belt  drive  is  preferred. 


MOORE   &  WHITE  HIGH-SPEED  FRICTION 
CLUTCH 

With  the  growing  use  of  anti-friction  lineshaft  hangers  and 
of  machine  tools  designed  for  high-speed  steel  tools,  there  has 
come  a  general  tendency  to  use  higher  speeds  for  factory  shaft- 
ing. Aside  from  metal  working  machinery,  other  machinery, 
such  as  grinding  and  polishing  machines,  wood-working  ma- 
chines, fans  and  electric  motor  drives,  have  always  called  for 
high  speeds;  and  the  necessity  of  having  friction  clutches 
especially  adapted  to  high-speed  conditions  has  become  ap- 
parent. The  clutch  here  shown  was  especially  designed  for 
speeds  at  which  the  ordinary  wood  block  type  of  friction 
clutch  will  not  operate  successfully.  It  is  of  the  metal-to-metal 
type,  having  bronze  disks  alternating  with  cast-iron.  The 
disks  are  lubricated,  but  do  not  run  in  an  oil  bath.  They  are 
fully  enclosed,  and  all  important  parts  are  machined  all  over 
so  that  the  clutch  is  perfectly  balanced.  The  engaging  mech- 
anism is  such  that  there  is  no  tendency  to  grab  or  drag  when 
the  clutch  is  released.    A  very  accurate  adjustment  can  be  had. 

This  clutch  is  made  in  loose  pulley  and  cut-off  coupling 
types.  From  the  following  description  of  the  loose  pulley  type, 
the  cut-off  coupling  type  will  be  understood.  In  the  sectional 
view,  Fig.   3,  hub  A  is  keyed  to  the  shaft  and   drives  or   is 
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Fig.   1.     High-s 


Friction  Clutch  Pulleys  equipped  with  Moore  &  White 
Clutches 


driven  by  the  cast-iron  disks  B  through  a  series  of  pins  C, 
which  slidably  connect  the  hub  and  the  follower  D.  This  fol- 
lower is  bored  to  pass  over  lugs  cast  on  the  pulley  sleeye  E. 
Between  the  hub  and  follower  is  a  threaded  adjusting  ring  F. 
The  operating  levers  G  and  H  are  attached  to  the  hub,  and 
act  against  the  adjusting  ring  when  the  spool  /  is  forced  into 
the  position  shown.  The  adjusting  ring  is  thus  forced  to  the 
right,  carrying  with  it  the  follower,  and  the  hub  is  forced  to 
the  left,  thereby  engaging  the  disks. 

The  bronze  disks  J  are  slotted  and  slide  on  the  lugs  of 
sleeve  E,  thereby  communicating  power  to  the  latter.  Springs  K 
free  the  disks  when  the  clutch  is  released.  Sleeve  E,  carrying 
the  loose  pulley,  runs  on  the  divided  bronze  bushing  L.  which 


Fig.    2.     Moore    &    White    21-inch    High-speed    Friction    Clutch    Pulley 
partially  disassembled 

is  keyed  to  the  shaft  and  grooved  to  distribute  oil.  The  central 
space  holds  oil,  and  feeds  it  by  gravity  to  the  running  surface 
as  long  as  any  remains.  The  oil  retaining  collar  M  is  attached 
to  the  sleeve,  not  to  the  shaft,  and  is  therefore  not  affected  by 
centrifugal  force.  This  lubricating  arrangement  is  of  the  ut- 
most importance  at  high  speeds,  as  it  holds  the  oil  where  it 
belongs  and  protects  both  the  running  surfaces  and  surround- 
ing objects  which  might  be  damaged  by  flying  oil.  In  the 
cut-off  coupling  the  extended  sleeve  is  omitted  and  a  small 
bushing  is  used  to  hold  the  two  shaft  ends  in  line. 

The  clutch  is  made  in  sizes  from  5  to  25  inches  diameter 
of  bronze  disks.  Each  size  has  from  one  to  six  disks,  accord- 
ing to  the  capacity  desired.     The  smallest  size  can  be  run  up 
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to  3000  revolutions  per  minute  and  the  largest  size  up  to  750 
revolutions  per  minute.  Powers  transmitted  are  up  to  630 
horsepower.  In  sizes  from  5  to  13  inches  the  clutches  can 
be  fitted  directly  on  an  extended  hub  of  the  pulley,  gear  or 
other  member.  These  clutches  are  recommended  for  use  with 
alternating-current  motors  when  required  to  start  under  load, 
also  for  group  drives  to  high-speed  machinery  and  individual 
drives  to  wood-working  and  other  heavy  high-speed  machines. 
They  are  made  by  the  Moore  &  White  Co.,  2707-2737  N.  15th 
St.,  Philadelphia,  Pa. 


QUICK-OPERATING   CUTTER 

When  it  is  necessary  to  make  an  additional  hole  in  a  cabinet 
to  accommodate  a  piece  of  conduit  or  to  make  a  hole  in  a 
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Fig.   1.     Arrangement  of  Chuck,  Feed  Spring  and,  Eatchet  Wrench 

metal  locker  or  to  do  other  work  of  this  kind,  considerable 
trouble  is  often  experienced  in  finding  a  tool  that  will  handle 
the  job  satisfactorily.  Recently  a  tool  has  been  developed  for 
this  purpose  that  can  be  used  for  cutting  all  sorts  of  metal, 
fiber  and  slate,  and  it  can  be  adjusted  to  cut  holes  of  various 
sizes  with  little  effort  and  at  high  speed.     To  use  this  tool  it 


Fig.  3.     Sectional  View  of  Moore  &  White  High-speed  Friction  Clutch 


Fig.   2.     Flanged  Nut  secured  to  Stud  on  Inside  of  Plate  to  be  bored 

is  merely  necessary  to  first  drill  a  hole  through  the  material 
in  order  to  provide  space  for  a  stud  on  the  end  of  which  a 
flanged  nut  is  secured.  Then  a  few  turns  of  a  ratchet  wrench 
results  in  cutting  out  a  neat  hole.  An  idea  of  the  rate  at 
which  work  can  be  done  will  be  gathered  from  the  fact  that 
during  a  recently  conducted  test  a  hole  was  cut  in  the  wall 
of  a  standard  conduit  cut-out  box    (about  0.1  inch  thick)   by 
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fourteen  revolutions  of  the  cutter,  and  the  entire  job  was  com- 
pleted in  less  than  a  minute. 

The  accompanying  illustrations  show  one  of  the  uses  of  this 
tool,  and  in  this  connection  it  may  be  mentioned  that  the 
knives  may  be  adjusted  for  cutting  holes  of  various  diameters. 
The  knives  are  held  in  a  chuck  and  are  automatically  fed 
to  the  work  by  means  of  a  spring  located  between  the  chuck 
and  nut.  This  device  does  the  work  of  a  drill  press,  and  it  is 
particularly  useful  in  many  cases  because  the  tool  can  be 
taken  tp  the  work  instead  of  requiring  the  work  to  be  carried 
to  a  machine.  In  cutting  holes  in  tanks  and  similar  places 
where  the  flanged  nut  cannot  be  secured  .to  the  stud  on  the 
inside,  it  is  merely  necessary  to  tap  the  pilot  hole  and  screw 
the  stud  into  this  hole.  The  uses  mentioned  are  only  a  few 
of  the  applications  which  can  be  made  of  this  tool.  It  is  made 
by  the  Universal  Mfg.  Co.,  Stroll  Industrial  Bldg.,  Milwaukee, 
Wis. 


WOOD    &    SAPFORD    CYLINDER   GRINDER 

For  use  in  regrinding  the  cylinders  of  automobile  engines 
and    small    traction    engines,    the    Wood    &    Safford    Machine 


Fig.   1.      "Perfection"   Cylinder  Grinder  made  by  Wood  &  Safford  Machine 
Works  for  Use  on  Engine   Lathe 

Works,  Great  Falls,  Mont.,  have  developed  a  cylin- 
der grinding  attachment  known  as  the  "Perfection" 
cylinder  grinder,  which  can  be  used  on  any  ordi- 
nary engine  lathe  having  a  hollow  spindle  and  a 
swing  of  not  less  than  14  inches.  This  attachment 
consists  of  a  grinding  wheel  carriage  or  spindle 
mounted  on  the  lathe  spindle  in  place  of  a  chuck; 
one  adjustable  angle-plate;  two  angle-plate  sup- 
ports, which  can  be  adjusted  to  fit  any  size  of  lathe, 
these  supports  being  mounted  on  the  front  end  of 
the  carriage;  one  centering  device  for  locating  the 
cylinder  on  the  angle-plate  in  a  position  central 
with  the  grinding  bar;  one  countershaft;  five  car- 
borundum wheels;  one  diamond  wheel  dresser: 
and  the  necessary  clamps  and  cap-screws  for 
fastening  the  cylinders  to  the  angle-plate.  The 
capacity  of  this  grinding  attachment  is  for  cylin- 
ders from  3%  to  &V2  inches  in  diameter,  and  an  extension  may 
also  be  provided  for  regrinding  cylinders  from  1%  to  314 
inches  in  diameter,  such  as  those  in  motorcycle  engines. 
One   of   the   most    important    features   of   this    outfit    is   the 


Fig.   3.     Cylinder  secured  in  Place  on  Angle-plate  ready  to  be  ground 

micrometer  attachment  for  enabling  the  operator  to  adjust 
the  grinding  wheel  to  within  0.0005  inch  of  the  desired  posi- 
tion. To  attach  the  grinding  spindle  to  a  lathe  for  the  first 
time  it  will  be  necessary  to  machine  the  rough  flange  casting 
to  fit  the  lathe  spindle  where  the  faceplate  or  chuck  is  screwed 
on;  also  it  will  be  necessary  to  machine  the  cast-iron  bushing 
which  fits  into  the  outer  end  of  the  hollow  spindle.  After 
this  has  been  done,  it  is  an  easy  matter  to  set  the  attachment 
up  ready  for  use. 

The  grinding  spindle  is  made  of  steel  tubing  and  holds  one 
quart  of  oil.  This  spindle  is  fitted  with  an  adjustable  tapered 
bearing.  The  grinding  wheel  is  located  %  inch  off  center,  thus 
giving  the  wheel  a  planetary  motion  on  a  circle  1%  inch  in 
diameter.  The  angle-plate  that  supports  the  cylinder  block 
is  made  of  reinforced  cast  iron,  and  a  hole  in  the  center  of  this 
plate  is  6%  inches  in  diameter  with  a  5-inch  cast-iron  bushing. 
The  centering  device  fits  in  this  bushin-g,  enabling  the  cylinder 
to  be  located  in  the  correct  position  relative  to  the  grinding 
wheel  before  the  work  is  clamped  to  the  angle-plate. 


GEOMETRIC    THREADING   MACHINE 

The  Geometric  Tool  Co.,  New  Haven,  Conn.,  is  now  making 
a  smaller  size  of  the  threading  machine  of  its  manufacture 
which  is  well  known  to  the  machinery  trade.     Formerlv  the 


Fig.    4.     Angle-plate,    Clamps,    etc.,    for    holding   Work  on  Machine   ready   for  grinding 

smallest  size  in  which  this  machine  was  built  was  a  nominal 
%-inch  size,  with  a  capacity  for  handling  threading  operations 
on  pipe  from  14  to  %  inch  in  diameter.  The  new  machine 
is  known  as  a  %-inch  size,  and  may  be  used  for  threading 
Vs->  Vk-.  %-  and  i^-inch  pipe. 
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Fig.  2.     Grinding  Spindle  and  Wheels  used  on  Wood  &  Safford  Grinde 


HIGH-SPEED   RIVETING 
MACHINE 

The  No.  3A  heavy-duty  riveting  machine 
illustrated  and  described  herewith  has  re- 
cently been  placed  on  the  market  by  the 
High-Speed  Hammer  Co.,  Rochester,  N.  Y. 
It  is  essentially  adapted  for  miscellaneous 
riveting  operations  in  automobile  factories 
where  there  are  numerous  jobs  which  come 
within  the  range  of  this  machine,  which  is 
for  handling  rivets  from  1/4  to  7/16  inch  in 
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diameter.  The  ad- 
justable supporting 
column  for  the  ta- 
ble is  one  of  the  im- 
portant features  of 
this  machine,  and 
the  same  device  is 
now  used  on  other 
machines  built  by 
the  High-Speed 
Hammer  Co.  It  will 
be  seen  that  this 
support  is  made  in 
two  parts,  adjust- 
ment for  fixed  dis- 
tances being  made 
by  loosening  one 
screw  and  then 
raising  or  lowering 
the  upper  member 
of  the  support  so 
that  it  engages  the 
next  notch  on  the 
lower  member.  The 
binding  screw  is 
then  tightened,  af- 
ter which  fine  ad- 
justment is  obtain- 
able by  manipulat- 
ing the  screws  in 
the  upper  member 
which  engage  with 
the  table. 

These  riveting  machines  are  of  the  so-called  "elastic  blow" 
type,  being  provided  with  two  heavy  rubber  bumpers  at  the 
rear  of  the  machine  and  a  third  bumper  placed  between  the 
hammer  head  and  the  helve.  The  shock  of  rebound  is  absorbed 
by  the  hickory  helve.  The  construction  of  the  clutch  is  such 
that  the  number  of  blows  may  be  varied  from  the  maximum 
to  any  lesser  number  by  simply  varying  the  pressure  of  the 
foot  on  an  operating  treadle.  This  is  easily  accomplished  by  a 
simple  friction  drive  clutch  which  is  employed  in  place  of  a 
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High-speed   No.    3A    Heavy-duty 
Riveting    Machine 


positive  clutch.  Phosphor-bronze  bushings  are  used  in  all  bear- 
ings throughout  the  machine,  and  drive  to  the  hammer  is  pro- 
vided by  a  worm,  worm-wheel  and  round  belt.  This  machine 
has  a  gap  18  inches  deep  by  8  inches  high,  and  the  capacity 
is  for  handling  rivets  from  1/4  to  7/16  inch  in  diameter.  It  is 
recommended  that  the  hammer  be  driven  at  from  1600  to  1700 
revolutions  per  minute.  The  floor  space  occupied  is  15  by  26 
inches,  and  the  net  weight  of  the  machine  is  470  pounds. 


AMERICAN   NO.    1    SURFACE   GRINDER 

The  American  Machine  Tool  Co.,  Hackettstown,  N.  J.,  is  now 
building  the  No.  1  surface  grinder  shown  in  the  accompany- 
ing illustration.  This  grinder  is  designed  for  doing  accurate 
work  on  dies,  punches,  gages  and  small  machine  parts,  being 
heavily  constructed  to  insure  rigidity  and  accuracy  of  the 
product.  All  sliding  surfaces  are  provided  with  adjustable 
gibs,  and  the  handwheels  on  the  traverse  feed  and  elevating 
screws  are  each  provided  with  an  indicator  and  graduated  to 
0.001  inch,  thus  affording  means  of  making  fine  adjustments 
in  all  directions. 

The  table  is  moved  endwise  by  a  crank  fitted  to  the  square 
end  of  a  shaft  operating  a  pinion  which,  in  turn,  meshes  with 


Fig.   2.     Close  View  of  Opposite  Side  of  High-speed  Siveting  Machine 


No.  1  Surface  Grinder  built  by  American  Machine  Tool  Co. 

a  rack  on  the  bottom  of  the  table.  This  gives  a  rapid,  easy 
movement  without  tendency  to  bind;  and  the  crank  can  be 
easily  removed  and  used  on  the  square  shaft  in  front  of  the 
handwheel  on  the  traverse  feed  if  faster  movement  is  desired. 
The  spindle  slide  works  on  a  rigid  upright  provided  with 
scraped  ways,  and  the  spindle  is  made  of  crucible  steel,  accu- 
rately ground  and  fitted  in  scraped  bearings.  There  are  no 
caps  to  work  loose  and  cause  vibration,  as  both  bearings  are 
cast  solid,  the  front  bearing  being  tapered  to  fit  the  spindle 
and  the  rear  bearing  solid  but  split  on  one  side  to  provide 
means  of  compensating  for  wear.  The  spindle  is  provided 
with  take-up  nuts  for  adjusting  end  play  and  wear. 

There  is  only  one  pulley  on  this  grinder,  which  is  the  arbor 
pulley.  As  shown,  the  countershaft  is  in  an  inverted  position. 
It  is  provided  with  a  tightener  which  always  maintains  the 
required  belt  tension,  and  the  shifter  rod  is  always  in  a 
perpendicular  position.  There  is  no  weight  on  the  belt  to 
cause  it  to  shift  off  the  pulley,  and  a  simple  twist  of  the  rod 
suffices  to  shift  the  belt.     The  regular  equipment  furnished 
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with  the  grinder  includes  a  set  of  wrenches  and  one  emery 
wheel. 

The  principal  dimensions  of  this  machine  are  as  follows: 
capacity  for  surface  grinding  operations  on  work  9  by  6  by  5 
inches  in  size;  maximum  traverse  of  table,  914  inches;  size 
of  front  spindle  bearing,  l\i  by  5  inches;  size  of  rear  spindle 
bearing,  %  by  2%  inches;  length  of  feed  handle,  7  inches; 
size  of  emery  wheel,  6  inches  diameter  by  %  inch  face  width; 
height  from  floor  to  top  of  table,  36 V^  inches;  size  of  table, 
15  by  5  inches;  adjustment  of  table  in  line  with  spindle, 
6  inches;  spindle  adjustment  above  table,  1  to  IVz  inches; 
height  from  floor  to  top  of  handwheel  on  raising  screw,  51 V^ 
inches;  floor  space  occupied,  27  by  23  inches;  and  weight  of 
machine,  about  500  pounds. 


SOUTHWARK  SCRAP  RECLAIMING  PRESS 
For  reclaiming  scrap  material  and  repairing  steel  cars,  the 
Southwark  Foundry  &  Machine  Co.,  Philadelphia,  Pa.,  is  now 
building  the  Southwark-Gross  press  illustrated  and  described 
herewith.  Adoption  of  all-steel  equipment  in  railroad  rolling 
stock  created  a  demand  for  a  press  to  be  used  in  reclaiming 
from  the  scrap  heap  bent  and  damaged  parts  of  wrecked  cars. 


Fig.   1.     Straightening  a  Bent  Truck  Frame  on  Southwark-Gross  Press 

and  for  various  other  pressing  operations  in  railroad  repair 
shops.  Its  use  is  not  in  any  way  confined  to  railroad  work, 
however,  as  the  press  is  suitable  for  various  miscellaneous 
pressing  operations. 

The  base  of  the  Southwark-Gross  press  is  a  heavy  steel  cast- 
ing with  a  flat  surface  which  forms  a  foundation  for  the 
structural  steel  frame  that  consists  of  two  steel  uprights  sup- 
porting a  main  cross  frame.  The  top  of  this  frame  is  braced 
by  heavy  tie-rods  attached  to  the  four  corners  of  the  base. 
Provision  is  made  for  suspending  the  cylinder  from  the  cross 
frame  by  means  of  a  four-wheeled  carriage,  and  travel  of  the 
ram  is  controlled  by  means  of  a  balanced  type  four-way  valve 
located  in  a  position  convenient  for  the  operator.  The  car- 
riage is  moved  back  and  forth  across  the  top  frame  by  an 
endless  chain  traveling  over  sprockets.  A  piston-rod  guide  is 
supported  between  two  angle-irons  fastened  to  the  vertical 
columns.  The  piston  is  20  inches  in  diameter  and  has  a  maxi- 
mum stroke  of  36  inches;  it  is  packed  with  leather  cup  pack- 
ing, which  can  be  quickly  renewed  when  necessary.  The  die 
is  fitted  to  the  end  of  the  piston-rod,  and  can  be  changed 
in  the  same  way  that  dies  are  changed  on  a  steam  hammer. 

Air  is  supplied  to  the  double-acting  cylinder  by  a  flexible 
hose  connection  of  sufficient  length  to  permit  free  movement 
of  the  cylinder  as  it  travels  across  the  table.    For  straighten- 
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Fig.    2.     Use    of    Southwark-Gross    Press   for   Performance    of    Forming 
Operations 

ing  bent  truck  frames,  center  and  side  sills,  side  sheets,  chan- 
nels, angles,  truss  rods,  etc.,  this  new  press  will  be  found  to 
effect  a  great  saving  in  time  and  labor;  it  is  also  con- 
venient for  forming  hopper  sheets,  bending  guard  rails  and 
other  work  required  by  locomotive  and  car  maintenance-of-way 
departments.  In  most  cases  work  requiring  bending  or  straight- 
ening can  be  handled  cold,  but  in  certain  instances  where 
extra-heavy  work  is  being  handled  it  is  safer  to  heat  the  metal 
before  subjecting  it  to  a  pressure  of  fifteen  tons,  which  is  the 
capacity  of  this  press.  An  attempt  to  bend  such  work  cold  is 
likely  to  result  in  cracking  the  metal,  but  with  modern  means 
of  welding,  such  as  the  oxy-acetylene  process  and  similar 
methods,  cracks  of  this  kind  are  not  serious,  as  repairs  may 
be  made  very  quickly,  and  the  repair  has  a  strength  practi- 
cally equal  to  that  of  the  original  metal.  The  principal  dimen- 
sions are  as  follows:  size  of  base  platen,  5  by  8  feet;  bore  of 
pressure  cylinder,  20  inches;  length  of  stroke  of  piston,  36 
inches;  diameter  of  piston-rod,  4%  inches;  size  of  air  hose, 
114  inch;  clear  height  under  die,  36  inches;  and  pressure  ca- 
pacity for  an  air  pressure  of  100  pounds  per  square  inch, 
15  tons. 


PIERCE   ADJUSTABLE   BORING   TOOL 

The  accompanying  illustration  shows  the  Pierce  adjustable 
boring  tool  designed  for  general  boring  operations,  the  work 
being  done  with  a  forged  tool  having  a  shank  \^  inch  in 
diameter.  One  of  the  important  features  of  this  tool  is  the 
accurate  and  instant  adjustment  obtainable,  this  feature  en- 


Adjustable  Boring  Tool  mrde  by  Pierce  Machine  Tool  Co. 
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iibling  niaxiimiin  production  to  be  obtained  from  both  the 
tool  and  niai'liine.  The  absolute  rigidity  of  the  tool  enables 
it  to  be  used  for  the  most  accurate  classes  of  work.  The  clamp- 
ing arrangement  is  positive,  and  the  tool  is  easily  adjusted  to 
the  required  size.  In  adjusting,  it  is  merely  necessary  to 
loosen  the  collar  screw  and  make  the  required  adjustment  of  a 
set-screw  the  point  of  which  seats  on  an  incline,  forcing  the 
adjustable  swivel  block  outward  and  thus  moving  the  cutting 
tool  to  the  required  position.  The  finest  adjustment  can  be 
quickly  ma'de  by  this  means. 

The  cutting  point  is  always  central  and  on  the  correct  line 
when  boring,  regardless  of  any  adjustments  for  size  that  may 
have  been  made;  consequently,  it  is  unnecessary  to  change  the 
cutting  point  to  suit  the  adjustment  of  the  tool.  The  cutting 
tool  is  quickly  clamped  in  position  by  a  convenient  lever  which 
insures  instant  and  positive  grip  and  eliminates  the  use  of 
wrenches.  The  standard  shank  furnished  on  this  tool  is  1  inch 
in  diameter,  but  any  desired  shank  can  be  made  to  order. 
This  tool  is  manufactured  by  the  Pierce  Machine  Tool  Co., 
617  W.  Jackson  Blvd.,  Chicago,  111. 


supports  the  weight  of  the  safe  end  while  being  heated  and 
moved  to  the  welding  position,  thus  preventing  loss  due  to 
dropping  of  the  safe  end.  Standing  away  from  the  furnace, 
the  operator  uses  a  foot  valve  which  controls  the  entire  opera- 
tion of  the  welder,  the  piping  being  so  arranged  that  the 
clamping  heads  close  in  on  the  outside  diameter  of  the  flue 
before  the  taper  mandrel  expands  the  rolls  to  provide  for 
making  the  weld.  It  is  customary  to  rig  up  the  front  end 
of  the  machine  with  some  type  of  roller  table  to  support  long 
flues.  With  this  equipment  a  crew  can  easily  weld  120  super- 
heater flues  in  a  day. 


SOUTHWARK  UNIVERSAL  FLUE  WELDER 

The  Southwark  Foundry  &  Machine  Co.,  Philadelphia,  Pa., 
is  now  building  the  universal  flue  welder  illustrated  and  de- 
scribed herewith.  In  working  out  the  design,  particular  atten- 
tion has  been  paid  to  the  provision  of  the  essential  features 
required  to  meet  conditions  which  have  arisen  in  flue  weld- 
ing since  the  general  adoption  of  the  locomotive  super- 
heater.  A  clamping  head  at  the  front  and  driving  mechanism  at 


FORD-SMITH   HEAVY-DUTY   GRINDER 

The  Ford-Smith  Machine  Co.,  Ltd.,  corner  Princess  and  Earl 
Sts.,  Hamilton,  Ont.,  Canada,  has  recently  placed  on  the  mar- 
ket a  combination  traverse  and  form  grinder  which  is  adapted 
for  both  standard  and  special  cylindrical  grinding.  While  this 
machine  is  designed  for  standard  cylindrical  work,  the  head- 
stock  is  so  arranged  that  any  special  requirements  can  be 
easily  met.  This  machine  has  recently  proved  very  successful 
in  grinding  large  punches  used  in  the  manufacture  of  shrap- 
nel and  high-explosive  shell  forgings.  These  punches  range 
from  3  to  6  inches  in  diameter,  and  vary  in  length  from 
2  to  5  feet. 

In   grinding  a  shell   forging   punch   the   threaded   end   and 


Fig.   1.     Front  View  of  Southwark  Universal  Flue 
Welder,   showing  Clamping  Head 


Three-quarter   View   of   Southwark  Flue    Welder    from    Opposite    End,     showing 
Driving  Mechanism  > 


the  back  are  the  two  main  parts  of  this  machine.  The  clamping 
head  is  made  from  one  circular  shaped  casting  with  four  air 
cylinders  mounted  on  the  inside.  Metal  snap  rings  are  pro- 
vided on  the  pistons  instead  of  the  cup  leather  type;  and  the 
front  ends  of  the  piston-rods  are  equipped  with  sectional  dies 
which  clamp  the  outside  of  the  flue  at  the  line  of  weld. 

Piped  up  to  a  single  air  line,  the  cylinders  operate  simulta- 
neously with  the  opening  of  the  valve.  Running  through  the 
center  of  this  head  longitudinally  is  a  welding  mandrel  which 
fits  inside  of  the  flue.  Four  rollers  are  assembled  in  the  body 
of  this  mandrel,  which  is  hollow.  These  rollers  can  be  moved 
radially  by  a  tapered  mandrel  which  reaches  through  the 
middle  of  the  spindle  from  the  back  end  of  the  machine.  This 
mandrel  is  operated  by  an  air  cylinder  that  is  also  controlled 
by  the  main  foot  valve.  The  main  mandrel  is  driven  through 
two  gear  reductions  from  a  1%-horsepower  motor. 

An  adjustable  platform  in  front  of  the  welder  head,  which 
supports  the  welding  furnace,  permits  the  proper  location  of 
different  lengths  of  "safe  ends";  and  a  cast-iron  tank  or  water- 
back  protects  the  welding  head  from  the  excessive  heat  of 
the  furnace.  The  size  of  the  mandrel  back  of  the  welding 
rollers  approximates   the   inside   diameter   of  the   flue.     This 


parallel  part  of  the  punch  pass  into  the  hollow  spindle  and 
are  gripped  in  the  chuck  with  the  formed  end  out;  this  end 
is  then  ground  with  a  wide  form  wheel  to  exactly  the  re- 
quired shape.  As  many  as  are  required  are  thus  ground.  The 
punch  is  then  put  on  centers,  the  formed  end  running  in  a 
ball  bearing  cup  center.  The  form  wheel  (on  a  special  wheel 
center)  is  then  removed  and  a  22-  by  2i/^-inch  traverse  wheel 
substituted,  after  which  the  punch  is  ground  parallel,  as  in 
a  regular  traverse  grinder.  Worn  punches  can  thus  be  kept  in 
repair  at  small  expense,  as  the  necessity  of  annealing  and  re- 
hardening  is  eliminated.  Saving  in  this  direction  and  through 
the  production  of  better  forgings  quickly  pays  for  the  equip- 
ment. This  work  indicates  the  line  of  usefulness  of  a  grinder 
built  heavily  enough  to  carry  form  wheels  up  to  8-inch  face 
and  equipped  with  a  hollow  spindle  to  allow  gripping  the 
work  close  up,  having,  in  addition,  the  usual  cylindrical  tra- 
verse grinding  features. 

The  headstock,  as  stated  before,  can  be  arranged  to  suit  any 
requirements  desired.  The  work  is  held  by  means  of  a  uni- 
versal chuck,  together  with  a  special  interior  centering  ar- 
rangement inside  the  hollow  spindle.  Numerous  changes  of 
speeds  and  feeds  are  provided,  all  levers  being  situated  at  the 
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front  of  the  machine 
within  reach  of  the 
operator.  The  wheels 
used  are  22  inches  in 
diameter  by  what- 
ever width  is  re- 
quired for  the  work 
to  be  ground.  A  spe- 
cial truing  device  is 
attached  to  the  ma- 
chine table,  making 
it  an  easy  matter  to 
keep  the  wheel  in 
first-class  shape. 
Water  is  supplied  to 
the  wheel  by  a  pump 
of  ample  capacity  at 
the  rear  of  the  ma- 
chine, from  a  tank 
cast  on  the  bed. 

Careful  attention 
has  been  paid  to  the 
design  of  the  wheel 
hood,  which   is  both 

convenient  in  use  and  also  in  changing  wheels.  The  drive  is 
self-contained,  and  the  machine  may  be  direct-connected  to  a 
motor  or  driven  from  the  lineshaft,  as  required.  This  machine 
has  a  large  capacity,  swinging  18  inches  by  5  feet  between 
centers,  with  adjustment  for  taper  grinding.  It  has  been 
simply  and  carefully  designed  all  through  for  extremely  heavy 
duty,  and  all  parts  are  of  rugged  construction,  thus  eliminat- 
ing vibration.  Twenty  horsepower  is  required  for  form- 
grinding  and  ten  to  fifteen  horsepower  for  traverse  grinding. 
The  floor  space  occupied  is  6  by  15  feet,  and  the  weight  of 
the  machine  is  14,000  pounds. 


Heavy-duty  Grinder  built   by  Ford-Smith  Machi 


MINSTER   "HI-DUTY"    DRILLING-    MACHINE 

The  No.  2  "Hi-duty"  drilling  machine  which  forms  the  sub- 
ject of  the  following  description  is  manufactured  by  the  Min- 
ster Machine  Co.,  Minster,  Ohio.  This 
machine  is  designed  with  sufficient 
strength  and  power  to  drive  a  2%- 
inch  high-speed  drill  in  solid  steel  at 
a  speed  and  feed  which  insures  ob- 
taining the  maximum  production 
from  the  drill.  The  machine  is  pro- 
vided with  a  wide  range  of  feeds 
and  speeds  which  enables  the  user 
to  operate  it  economically  on  a  va- 
riety of  work.  Owing  to  the  high 
spindle  speeds  which  are  available, 
the  machine  is  suitable  for  driving 
small  high-speed  steel  drills,  and  its 
range  extends  all  the  way  from  this 
class  of  service  up  to  heavy  boring 
operations,  such  as  enlarging  holes 
in  steel  and  cast  iron. 

The  drive  is  provided  by  a  large 
single  pulley  running  at  constant 
speed  and  then  through  high-carbon 
steel  shafting  and  heat-treated  stub- 
tooth  transmission  gearing  to  the 
main  spindle.  An  extremely  simple 
gear-box  is  provided  which  gives  six 
initial  speed  changes  through  sliding 
gears.  Standard  ball  bearings  are 
used  throughout  the  transmission 
gear-box,  thus  giving  high  efficiency. 
The  transmission  gears  are  flooded 
with  oil  which  is  circulated  over  the 
gears  by  an  improved  gravity  feed 
system  of  oiling. 

The  two  cranks  engaging  holes  in 
dials  at  the  left-hand  side  of  the  head 
provide  for  obtaining  any  of  the  six 


No. 


changes  of  speed,  and 
the  crank  above  these 
dials  near  the  front 
of  the  head  engages 
the  direct  drive  and 
back-gears.  All  of  the 
high  speeds  are  ob- 
tained through  a 
smaller  gear  on  the 
spindle  sleeve,  thus 
obviating  high  tooth 
velocity,  and  there 
are  no  gears  having 
a  tooth  velocity  of 
over  800  feet  per 
minute.  The  lever  be- 
low the  speed  dials 
operates  an  expand- 
ing band  friction  in- 
side the  gear-box 
which  runs  in  oil  to 
insure  proper  lubri- 
cation. Up  and  down 
movement  of  this 
lever  controls  the  direction  of  rotation  of  the  drill  spindle 
and  forms  a  convenient  braking  device  as  well  as  a  tap- 
ping attachment. 

Feed  is  imparted  to  the  spindle  by  a  vertical  shaft  seen  at 
the  front,  and  this  shaft  is  arranged  to  be  driven  at  various 
speeds   by   changing   the   gearing   mounted   upon   a  swinging 
quadrant  at  the  upper  end  of  the  spindle  sleeve.     It  is  only 
necessary  to  change  this  gearing  to  suit  the  feed;  twelve  regu- 
lar feeds  are  provided  to  take  care  of  all  reaming  and  drilling 
operations.     The   steel   stub-tooth    feed    gearing   is   contained 
within  the  feed-box,  which  is  cast  integral  with  the  head  at 
the  right-hand  side  of  the  spindle.    The  feed  gearing  is  of  the 
sliding   gear   type   and   no    pull    pins   are   used.     The   twelve 
changes  of  feed  are  transmitted  to  a  large  worm-wheel  keyed 
to  the  pilot  shaft,  upon  which  is  cut  a  coarse  wide-faced  pinion 
which  engages   a  wide  feed   rack   that   is  cross-keyed   to  the 
spindle  sleeve.     The  small  levers  are 
used  for  obtaining  speed  changes,  and 
a  suitable   index  plate  indicates  the 
proper  position  of  all  levers  for  both 
feeds     and     speeds.      An     automatic 
knock-out  for  the  feed  gives  a  posi- 
tive and  accurate  depth  gage  for  drill- 
ing, and  a  safety  stop   prevents  the 
spindle     from     feeding     beyond     its 
proper  traverse.     Attention  is  called 
to  the  means  provided  for  delivering 
cutting  compound  to  the  drill. 

The  principal  dimensions  of  this 
drilling  machine  are  as  follows:  ca- 
pacity for  drilling  holes  in  steel  up 
to  214  inches  in  diameter;  distance 
from  center  of  spindle  to  face  of  col- 
umn, 14  inches;  end  of  spindle  to 
table,  35  inches;  end  of  spindle  to 
base,  50  inches;  diameter  of  spindle 
sleeve,  4  inches;  minimum  diameter 
of  spindle,  2^4  inches;  Morse  taper 
in  spindle,  No.  5;  width  of  feed  rack, 
2  inches;  diameter  of  driving  gear, 
11 1/3  inches;  face  width  of  driving 
gear,  2^4  inches;  size  of  finished  sur- 
face of  table,  20  by  26  inches;  verti- 
cal adjustment  of  table,  18  inches; 
range  of  feeds,  from  0.006  to  0.069 
inch  per  revolution;  range  of  speeds, 
from  30  to  550  revolutions  per  min- 
ute; size  of  driving  pulley,  20  inches 
in  diameter  by  314  inches  face  width; 
driving  pulley  speed,  550  revolutions 
per  minute;  and  net  weight  of  ma- 
Machine  Co.  Chine,  5300  pounds. 


"Hi-duty"   Drilling  Machine  built  by  Minster 
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BECKER  BACKING-OFF   MACHINE 

For  use  in  relieving  form  cutters,  the  Becker  .Milling  Ma- 
chine Co.,  Hyde  Park,  Boston,  Mass.,  is  now  building  a  ma- 
chine which  forins  the  subject  of  this  article.  It  is  adapted 
for  backing  off  cutters  up  to  13  inches  in  diameter  having  all 
•numbers  of  flutes  from  three  to  twelve,  inclusive,  and  all 
even  numbers  of  flutes  from  twelve  to  forty,  inclusive.  Hobs 
and  worms  can  also  be  cut  on  this  machine,  and  when  giving 


Becker  Backing-off  Machine  for  relieving  Form  Cutters 

hobs  a  clearance  the  cam  can  be  thrown  out  in  reversing. 
The  gearing  used  In  cutting  hobs  and  worms  may  be  easily 
disconnected  when  not  in  use.  The  machine  is  designed  to 
give  straight  or  periphery,  side  and  end  relief  on  all  classes 
of  cutters  that  come  within  its  range. 

It  will  be  seen  that  this  machine  is  of  the  arm  type,  and 
alignment  of  the  tailstock  is  maintained  by  two  T-slots  in 
special  ways  at  the  back  of  the  bed.  Provision  is  made  for 
locking  the  tailstock  in  any  desired  position  by  four  clamping 
bolts,  and  the  maximum  adjustment  of  the  tailstock  is  through 
a  distance  of  24  inches.  The  spindle  is  made  of  crucible  steel, 
and  has  a  maximum  diameter  of  3%  inches;  it  is  driven 
through  spur  gears  mounted  directly  on  the  spindle.  The  spin- 
dle bearings  are  of  solid  phosphor-bronze,  and  are  provided 
with  means  of  compensating  for  wear.  The  taper  hole  is* No. 
13  B.  &  S.,  and  the  spindle  is  bored  to  accommodate  a  %-inch 
draw  bolt.  Clutch  drive  insures  positive  rotation  of  the  tool 
to  be  relieved.  The  drive  is  through  a  single  pulley  14  inches 
in  diameter  by  4  inches  face  width,  and  three  speed  changes 
are  provided  through  simple  gearing. 

A  single-throw  cam  at  the  back  of  the  machine  provides  for 
giving  relief  from  0  to  %  inch,  which  is  ample  to  meet  all 
requirements;  this  cam  is  rigidly  held  by  cam-shaft  supports, 
and  wear  on  the  cam  rolls  may  be  taken  up  by  tapered  gibs 
to  insure  a  positive  throw.  Cutters  to  be  formed  can  be  placed 
in  the  proper  relation  to  the  forming  tool  without  loosening 
the  bolt  or  nuts,  by  operating  the  worm  meshing  with  a  worm- 
wheel  on  the  cam-shaft.  A  micrometer  stop  attached  to  the 
periphery  relief  slide  provides  for  accurately  resetting  the  tool 
after  changing  the  work.  Periphery  and  side  relief  are  ob- 
tained by  the  same  cam;  end  relief  is  obtained  by  a  separate 
cam  located  at  the  end  of  the  machine.  The  tailstock  is  made 
to  take  either  a  collar  bearing  or  center  bearing,  according 
to  the  nature  of  the  work;  a  collar  bearing  is  used  for  taking 
heavy  cuts  on  work  supported  by  a  long  arbor  to  insure  rigid- 
ity due  to  support  provided  on  the  arbor  near  the  work;  and 
a  center  bearing  is  employed  in  cases  where  a  short  arbor  is 
used  to  carry  small  work. 

The  tool-holder  block  is  made  to  hold  tools  from  14  to  1  inch 


thick;  it  is  set  on  a  30-degree  slide  plate  and  operated  by  a 
handwheel  at  the  side  to  raise  or  lower  the  tool  to  the  required 
position.  Provision  is  made  for  feeding  the  tool  to  the  work 
by  a  differential  handwlieel,  giving  accurate  control.  This  dif- 
ferential is  used  for  fine  feed,  and  it  is  thrown  out  of  engage- 
ment to  obtain  direct  or  quick  adjustment.  Longitudinal  ad- 
justment is  secured  by  a  handwheel  operating  bevel  gears  on 
the  carriage  screw,  which  gives  a  maximum  adjustment  of 
12  Inches.  Motor  drive  may  be  employed,  in  which  case  a. 
three-horsepower  variable-speed  motor  is  recommended  with  a 
speed  range  of  from  500  to  1500  R.P.M.  This  motor  is  mounted 
on  a  bracket  at  the  back  of  the  machine.  The  floor  space  occu- 
pied by  the  machine  is  67%  by  47%  inches,  and  the  weight  of 
the  machine  is  approximately  6500  pounds. 


AMERICAN   NO.   2   SURFACE    GRINDER 

The  No.  2  surface  grinding  machine  illustrated  and  de- 
scribed herewith  is  a  recent  product  of  the  American  Machine 
Tool  Co.,  Hackettstown,  N.  J.  This  machine  has  been  devel- 
oped to  meet  the  requirements  of  tool-room  work,  and  is  espe- 
cially adapted  for  finishing  dies,  punches,  gages,  etc.  All  belts 
are  enclosed  by  the  box  form  of  construction,  which  eliminates 
the  use  of  guards  and  gives  the  machine  a  neat  appearance, 
in  addition  to  protecting  the  operator.  All  slides  and  working 
surfaces  are  provided  with  covers  to  shield  them  from  grit 
and  dirt.  The  working  parts  are  accessible,  and  the  handwheels 
and  levers  for  controlling  the  various  movements  are  located 
in   positions   most   natural   and   convenient   for   the   operator. 


No.  2  Surface  Grinder  built  by  American  Machine  Tool  Co. 

Wheel  adjustment  is  obtained  by  means  of  a  screw  located 
between  the  housings,  and  is  actuated  by  a  handwheel  gradu- 
ated to  0.00025  inch.  The  screw  is  operated  by  a  pair  of  spiral 
gears,  which  gives  a  very  smooth  movement;  and  both  screw 
and  gears  are  protected  from  dust  and  dirt.  Provision  is  made 
for  locking  the  spindle  housing  in  position  by  a  lever-actuated 
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Fig.    1.     Parts  of  Eivett-Dock   Thread  Cutting 
Tool 


Fig.   2.     Rivett-Dock   Thread   Cutting  Tool 
Assembled 


Fig.    3.     View   of   Tool   showing 
Adjustment  for  Depth  of  Cut 


cam  which  is  positive  and  rapid  in  operation.  The  spindle  is 
hardened,  ground  and  lapped,  and  runs  in  tapered  split  bronze 
bushings  provided  with  adjustment  for  taking  up  lost  motion 
in  any  direction.  The  wheel  used  on  this  machine  is  7  inches 
in  diameter  by  i^  inch  face  width.  The  arrangement  of  belt- 
ing to  the  spindle  is  very  simple;  it  works  on  the  double- 
loop  principle,  providing  a  liberal  amount  of  belt  lap  to  the 
pulley. 

The  mechanism  box  is  cast  in  one  piece  and  bolted  to  the 
main  frame  in  such  a  way  that  it  may  easily  be  removed  for 
making  repairs  and  adjustments.  All  mechanism  for  the  vari- 
ous feeds  is  located  in  and  on  this  box,  and  all  running  shafts 
in  the  box  have  phosphor-bronze  bearings  which  are  lubricated 
from  the  outside.  The  table  is  46  inches  long  by  8  inches 
wide  and  provided  with  dust  guards  which  do  not  interfere 
with  accessibility  of  the  trip  mechanism  at  the  front.  The 
working  surface  is  18  by  6  inches,  and  has  three  l^-inch  T-slots 
cut  in  it.  Travel  of  the  table  is  automatic  and  is  controlled 
by  adjustable  dogs  operating  against  a  reversing  lever.  This 
lever  can  be  turned  down  and  the  table  moved  beyond  the 
reversing  point  without  changing  the  dogs.  Traverse  motion 
of  the  saddle  is  automatic,  feeding  at  each  reversal  of  the 
table  in  either  direction.  An  adjustable  automatic  stop  is  pro- 
vided which  throws  out  this  feed  at  any  desired  point,  and  the 
traverse  feed  is  from  0  to  %  inch  at  each  reversal.  By  throw- 
ing out  the  automatic  traverse  feed  mechanism,  work  requiring 
side  grinding  can  be  ground  to  0.001  inch  by  the  use  of  a  gradu- 
ated handwheel.  The  clutch  actuating  device  in  the  gear-box 
is  always  thrown,  regardless  of  speed  momentum. 

The  countershaft  has  tight 
and  loose  pulleys  8  inches  in 
diameter  by  3%  inches  face 
width,  and  the  driving  pulley 
is  16  inches  in  diameter  by 
214  inches  face  width,  with  a 
speed  of  450  revolutions  per 
minute.  The  belt  shifter  pro- 
vided on  this  countershaft 
completely  overcomes  the  ten- 
dency of  the  belt  to  run  on 
both  pulleys  due  to  the  weight 
of  the  shifter  handle.  This 
handle  always  returns  to  the 
vertical  position  after  shift- 
ing the  belt.  Using  a  7-inch 
wheel,  this  machine  will 
grind  work  18  inches  long  by 
6  inches  wide  by  9  inches 
high.  The  regular  equipment 
includes  one  vise  with  jaws 
4 1/8    inches    long    by    1 1/16 


inch  deep  with  a  2-inch  opening,  one  wheel  7  inches  in  diam- 
eter by  1/2  inch  face  width,  a  countershaft,  and  the  neces- 
sary wrenches  for  making  all  adjustments.  The  floor  space 
occupied  is  30  by  65  inches,  and  the  net  weight  of  the  ma- 
chine, with  countershaft,  is  1490  pounds. 


Fig.   4.     Thread  Cutting   Tool   in   Operation   on  Lathe 


RIVETT-DOCK  THREAD   CUTTING  TOOL 

The  Rivett  Lathe  &  Grinder  Co.,  Brighton,  Boston,  Mass., 
has  redesigned  the  familiar  Rivett-Dock  threading  tool.  In 
redesigning  this  tool,  the  objects  sought  were  more  positive 
indexing  of  the  cutter,  minimum  amount  of  travel  of  the 
operating  lever,  and  a  greater  latitude  of  adjustment  of  the 
cutting  tool.  The  illustrations  will  make  clear  the  design, 
construction  and  operation  of  this  tool.  It  is  so  arranged 
that  it  may  be  clamped  into  the  tool-block  slot  on  any  lathe 
carriage  by  first  clamping  the  baseplate  in  position  and  then 
adjusting  the  tool  base  on  the  baseplate. 

The  principle  of  this  threading  tool  is  the  same  as  that  of 
the  old  model.  The  tool  consists  of  a  fixture  for  supporting 
and  indexing  the  special  threading  cutter.  The  cutters  are 
made  standard,  and  a  special  cutter  is  required  for  each  pitch 
of  thread.  This  type  of  cutter  has  ten  cutting  points,  equally 
spaced  around  the  circumference  and  graduated  in  lengths  by 
increments  of  one-tenth  the  depth  of  the  thread.  Thus  .by 
starting  with  the  lowest  point  of  the  tool  and  taking  the 
successive  cuts  with  each  of  the  ten  points  by  indexing  the 
cutter  after  each  cut,  the  thread  is  completed  in  ten  passes 
over  the  work.     The  advantages  of  a  threading  tool  of  this 

kind  are  that  the  depth  of 
feed  for  each  cut  is  arbitrarily 
fixed  and  requires  no  judg- 
ment on  the  part  of  the  opera- 
tor. There  is  therefore  less 
chance  of  breaking  tool-points, 
and  the  resulting  threads  are 
more  accurate.  The  cutter  is 
mounted  on  a  short  taper 
arbor;  the  hole  of  the  cutter 
proper  is  ground  to  an  in- 
cluded angle  of  28  degrees, 
and  by  tightening  an  expand- 
ing stud,  a  bushing  fitting 
this  ground  tapered  hole  binds 
the  cutter  to  the  arbor.  The 
cutter-arbor  is  hardened  and 
ground  all  over,  and  fitted  in 
adjustable  bushings. 

The  cutter  is  mounted  ec- 
centrically on  the  arbor,  so 
that    by    operating    the    lever 
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Eisler  Three-spindle  Turret  Head  for 
Use  on  Drill   Press 


which  turns  the  cut- 
ter-arbor, the  cut- 
ter is  drawn  down 
and  back.  In  the 
original  Rivett- 
Docl{tliroa(iingtool, 
withdrawing  of  the 
cutter  from  the 
work  was  taken 
care  of  by  with- 
drawing the  slide 
on  which  the  cutter 
was  mounted.  By 
employing  the  ec- 
centric arbor,  how- 
ever, a  compara- 
tively shorter  move- 
ment of  the  operat- 
ing handle  is  neces- 
sary for  operating 
the  tool.  Another 
point  of  superiority 
over  the  old  tool  is 
that  the  back  of  the 
point  of  the  tool 
coming  into  opera- 
tion comes  down  on  the  supporting  stop  instead  of  sliding 
onto  it.  The  indexing  is  effected  by  drawing  the  operating 
lever  back  and  pushing  it  forward  toward  the  work.  This 
allows'  a  gravity  pawl  to  drop  in  between  two  of  the  teeth 
of  the  cutter,  and  the  tool  is  thus  indexed  on  the  forward 
stroke.  At  the  top  of  the  operating  handle  and  working 
through  It  Is  a  spring  plunger  that  must  be  pressed  before 
the  handle  can  be  operated.  This  plunger  releases  a  catch 
that  allows  the  handle  to  be  drawn  back  for  the  indexing 
movement. 

The  stop  against  which  this  latch  catches  is  adjustable  by 
means  of  a  threaded  shank,  and  it  is  graduated  so  that  the 
entire  threading  tool  may  be  advanced  any  desired  amount 
from  0.0005  inch  up.  With  the  old  type  threading  tool  it  was 
necessary  to  hold  the  operating  lever  over  while  the  thread- 
ing cut  was  being  taken,  but  with  the  new  tool  this  Is  not 
necessary,  as  the  stop  and  latch  take  care  of  this  feature. 
At  the  back  of  the  threading  tool  base  is  a  stop  screw  that 
may  be  set  to  limit  the  stroke  of  the  operating  handle.  This 
feature  takes  care  of  variations  in  size  of  different  cutters. 
The  entire  threading  tool  housing  may  be  tilted  to  any  de- 
sired degree  to  accommodate  the  inclination  of  any  pitch 
of  thread.  

EISLER   DRILL   PRESS   TURRET   HEAD 

The  drill  press  turret  head  shown  in  the  accompanying 
illustrations  was  developed  by  Charles  Eisler,  43  Dodd  St., 
Bloomfield,  N.  J.,  to  adapt 
drilling  machines  for  manu- 
facturing work  where  there  is 
a  sequence  of  operations  to  be 
performed.  When  there  are  a 
large  number  of  parts  to  be 
made,  saving  of  time  through 
eliminating  the  necessity  of 
resetting  the  work  is  an  im- 
portant factor  that  should 
commend  this  turret  head  to 
favorable  consideration.  Fig.  1 
shows  a  plain  drill  press  tur- 
ret head  which  requires  little 
explanation  to  make  its  use 
readily  understood  by  any 
mechanic.  When  the  position 
must  be  changed,  knob  A  is 
pulled  and  a  plunger  auto- 
matically locates  the  next  tool 
in  the  working  position  by 
plunger  A  entering  the  proper 
hole  B.    Shank  C  can  be  made 


to  suit  special 
chucks  or  with  a 
taper  to  lit  any 
standard  chuck.  A 
stop-rod  1)  prevents 
the  body  of  the  tool 
from  rotating.  The 
tools  in  this  turret 
are  driven  in  the 
usual  manner  by  a 
tapered  shank  F, 
and  the  body  of  the 
head  pivots  on  pin 
G.  When  spindle  X 
is  raised,  drill  spin- 
dle C  immediately 
stops  rotating. 

Pig.  2  shows  a 
similar  form  of  tur- 
ret head  except  that 
an  automatic  stop  is 
provided.  When 
knob  A  is  pulled, 
tool  D  immediately 
stops  rotating  with- 
out the  necessity  of 
raising  the  drill  press  spindle.  This  also  shows  a  sleeve  attached 
to  the  spindle  ZJ,  which  is  a  desirable  feature  where  the  tool  is 
used  almost  continuously;  it  is  never  necessary  to  stop  the  drill 
press  when  the  position  of  the  turret  is  changed.  The  turret 
shown  in  Fig.  2  is  made  to  accommodate  taper  shank  drills,  and 
in  this  illustration  the  drift  holes  are  shown  at  G.  The  position 
of  the  turret  head  can  be  changed  in  one  second  while  the  drill 
press  is  running.  The  head  is  so  designed  that  the  operator  can 
change  it  without  being  required  to  leave  his  working  position 
at  the  front  of  the  machine.  This  head  is  made  in  several 
sizes,  and  different  types  are  made  with  from  two  to  five  spin- 
dles. It  will  be  noted  that  the  tool  in  the  operating  position 
is  in  direct  line  with  the  drill  press  spindle. 


Eisler   Drill   Press   Turret   Head   with 
Sleeve   Connection   to   Spindle 


MEADWELL  PROPORTIONAL  MEASURING 
AND  CALCULATING  SCALE 

At  present  there  are  two  commonly  used  methods  for  solv- 
ing problems  in  proportion — one  by  arithmetic,  the  other  me- 
chanically with  the  slide-rule.  The  arithmetical  method  is 
sometimes  too  slow,  and  many  people  are  unfamiliar  with  the 
use  of  the  slide-rule.  To  facilitate  the  solving  of  such  prob- 
lems, and  particularly  those  in  which  one  or  more  of  the  mem- 
bers of  the  proportion  contain  fractions,  W.  E.  Meadwell, 
Ithaca,  N.  Y.,  developed  the  proportional  measuring  and  calcu- 
lating scale  illustrated  herewith,  which  affords  a  simple  and 
accurate  method  of  handling  work  of  this  kind.  A  simple  prob- 
lem in  proportion  that  often 
arises  is  to  convert  the  dimen- 
sions of  a  figure  of  given  size 
to  some  larger  or  sn;aller  size, 
keeping  the  same  relation  be- 
tween the  length  and  width. 
The  Meadwell  proportional 
measuring  and  calculating 
scale  permits  all  four  dimen- 
sions of  the  two  figures  to  be 
visualized  at  the  same  time; 
nothing  must  be  remembered, 
nothing  is  left  to  chance,  and 
everything  is  in  plain  sight 
all  the  time. 

This  instrument  consists  of 
a  horizontal  sliding  arm  on 
which  is  mounted  a  lock- 
screw,  and  two  similar  swing- 
ing arms  held  together  by  an 
eyelet.  The  instrument  can 
be    made    of    wood,    celluloid, 

and    Calculating    Scale    for    solving  ,.    ,  .  .    , 

n  Proportion  composition,    or    light    metal. 
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Fig.   1.     Front  View  of  Lind  Automatic  Chain    Making    Machine,    showing    Stock    Reel    and 
Forming   Tools 


the  latter  being  pref- 
erable, as  strength  is 
needed  as  well  as  a  cer- 
tain amount  of  flexibil- 
ity. For  solving  all 
mathematical  prob- 
lems such  as  those  con- 
fronting draftsmen, 
engineers  and  stu- 
dents, these  arms  are 
divided  into  1000 
spaces,  but  for  adver- 
tising men,  artists, 
pri-nters  and  en- 
gravers, the  scale  divi- 
sion would  be  in 
inches  and  fractions 
of  an  inch. 

The  use  of  the  pro- 
portional measuring 
and  calculating  scale 
can  probably  be  best 
explained  by  carrying 
through  the  steps  of 
an  actual  problem. 
With  the  scale  having 
arms  divided  into  1000 
divisions,  suppose  the  following  proportion  is  to  be  solved: 
8.73:5.31:  :3.8:X 
Stated  in  plain  English,  this  problem  reads:  If  the  long  side 
of  a  figure  8.73  by  5.31  inches  in  size  were  reduced  to  3.8 
inches,  what  would  be  the  dimension  of  the  short  side  of  the 
small  figure?  To  solve  this  problem,  lay  the  scale  on  your 
desk  and  slide  the  horizontal  arm  to  the  8.73  mark  on  the 
left-hand  arm.  Then  swing  the  free  arm  to  the  5.31  mark  on 
the  horizontal  arm.  Next  slide  the  horizontal  arm  down  the 
left  arm  to  the  3.8  mark,  without  moving  the  right-hand  or 
swinging  arm.  The  horizontal  arm  now  crosses  the  diagonal 
or  right  swinging  arm  at  the  2.31  mark,  which  is  the  required 
value  of  X  in  this  problem. 

For  finding  the  dimensions  of  a  larger  figure,  where  those 
of  the  smaller  one  are  known,  the  dimensions  of  the  smaller 
figure  are  first  located  within  the  triangle  bounded  by  the 
three  arms  of  the  instrument.  Then,  without  moving  either  of 
the  swinging  arms,  slide  the  horizontal  arm  upward  on  the 
left  arm  to  the  known  dimension  of  the  large  figure,  and  this 
dimension,  together  with  the  one  obtained  by  locating  the 
intersection  point  at  the  horizontal  and  swinging  arms,  will 
indicate  the  dimensions  of  the  large  figure.  The  simplicity 
of  this  device  and  the  low  cost  at  which  it  can  be  manufac- 
tured make  it  an  ideal  in- 
strument for  use  in  large 
engraving  houses,  publish- 
ing establishments,  adver- 
tising agencies,  etc.  The 
use  of  an  instrument  grad- 
uated in  inches  and  frac- 
tions would  be  identical 
with  that  already  de- 
scribed. 


closer  and  finer  links 
than  could  be  pro- 
duced by  this  method. 
To  meet  this  demand 
the  mechanical  engi- 
neer was  called  upon 
to  solve  the  problem, 
and  as  a  result  of  his 
work  it  is  now  possi- 
ble to  procure  ma- 
chines which  will  make 
perfect  chain  so  rea- 
sonably that  chains 
are  now  used  for  a 
great  variety  of  pur- 
poses. These  auto- 
matic chain  making 
machines  have  many 
small  and  delicate 
parts  in  their  mechan- 
ism, and  in  order  to 
operate  successfully, 
great  care  and  skill 
must  be  exercised  in 
machining,  finishing 
and  adjusting  these 
parts. 

The  J.  A.  Lind  Co.,  117  Point  St.,  Providence,  R.  I.,  is  now 
building  automatic  chain  making  machines  in  four  sizes.  The 
accompanying  illustrations  Figs.  1  and  2  show  the  smallest, 
which  is  adapted  for  manufacturing  chain  from  stock  ranging 
from  0.007  inch  in  diameter  with  forty-five  links  per  inch  up  to 


s^'-^*.. 


.^'^ 


Fig.    3.     Examples    of    Chain    produced   on    Lind   Machine 


LIND  CHAIN  MA- 
CHINE 
Production  of  chain  has 
been  carried  on  from  the 
earliest  times.  All  of  it 
was  made  by  hand  in  the 
early  days,  and  a  great 
deal  of  chain  is  turned  out 
in  this  way  at  the  pres- 
ent time.  Modern  fashion, 
dress  and  style  of  living 
has  created  a  demand  for 
chains  made  of  gold,  silver 
and   platinum   which  have 


Fig.  2. 


chain  made  from  stock  0.020  inch  in  diameter  with  twenty 
links  per  inch,  the  rate  of  production  being  from  120  to  140 
links  per  minute.     This  is  a  bench  machine  which  occupies  a 

space  of  about  18  by  18 
inches  and  weighs  approxi- 
mately 100  pounds.  Not 
over  %  horsepower  is  re- 
quired for  driving  it.  While 
having  a  range  for  han- 
dling four  or  five  sizes,  the 
machine  requires  great 
nicety  of  adjustment  in 
order  to  operate  satisfac- 
torily, and  so  it  has  been 
found  good  practice  to  con- 
fine each  machine  to  a  spe- 
cial size  of  chain,  and  this 
is  particularly  desirable 
when  a  shop  has  a  con- 
stant demand  for  various 
standard  sizes  of  chain. 
Insertion  of  different  sets 
of  forming  tools  of  the 
proper  size  enables  the  ma- 
chine to  turn  out  chain  in 
the  several  sizes  of  links 
within  its  range.  Examples 
of  chain  produced  on  this  ma- 

Opposite   Side  of  Lind  Automatic   Chain   Making   Machine  chine  are   shOwn   in   Fig.    3. 
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METALWOOD  PILOT-OPERATED  VALVE 

A  pilot-oporiitcd  qiiick-operutiug  valvo  with  adjustment  for 
speed  has  recently  been  placed  on  the  market  by  the  Metal- 
wood  Mi'g.  Co.,  Leib  and  Wight  Sts.,  Detroit,  Mich.  This  valve 
is  built  in  all  sizes  and  for  all  pressures.  For  use  with  water, 
the  valve  is  constructed  with  hard  bronze  valves  and  seats; 
and  for  use  with  oil,  the  valves  and  seats  are  made  of  steel. 
The  operating  cylinders  are  suspended  from  the  body  by  tie- 
rods  A,  which  are  provided  with  shoulders  for  ram  shoe  B, 


Metalwood  Pilot-operated  Quick-operating  Valve  with  Adjustment  for  Speed 

giving  positive  stop  for  the  ram.  The  shoe  also  carries  a  yoke 
to  which  yoke  C  is  attached,  which  carries  pull-back  ram  D 
under  constant  pressure.  The  opening  of  the  valve  is  adjusted 
by  screw  E,  which  is  locked  in  position  by  means  of  a  jaw 
nut.  The  speed  of  operation  of  the  press  is  varied  by  lengthen- 
ing the  screw  when  the  ram  shoe  is  against  the  column  shoul- 
ders, which  raises  the  amount  of  lift  on  the  valves. 


Tapping  Chuck:  Braden  Mfg.  Co.,  New  York  City.  This 
chuck  has  a  reversing  mechanism  that  withdraws  the  tap 
when  the  required  depth  of  hole  is  reached.  A  conical  fric- 
tion holding  arrangement  prevents  breakage  of  taps. 

Pneumatic  Portable  Grinder:  William  B.  Mershon  &  Co., 
Saginaw,  Mich.  While  designed  for  internal  work,  this 
grinder  is  also  adapted  for  center  and  other  classes  of  grind- 
ing. It  has  a  speed  of  20,000  revolutions  per  minute  and  re- 
quires an  air  pressure  of  from  50  to  100  pounds. 

Toolpost  Turret:  Universal  Machine  Works,  311  W.  59th 
St.,  New  York  City.  Six  stations  are  provided  in  this  turret 
for  turning  tools  and  six  stations  for  boring  tools.  The  turn- 
ing tools  are  carried  in  swiveling  holders,  and  a  special  eccen- 
tric tool-holder  is  provided  for  the  cutting-off  tool. 

Toggle  Drawing  Press:  Toledo  Machine  &  Tool  Co.,  Toledo, 
Ohio.  Toggle  drawing  and,  deep  stamping  presses  built  in  a 
number  of  sizes  for  a  wide  range  of  work  from  small  tin- 
ware to  automobile  bodies.  The  weights  range  from  6700  to 
650,000  pounds.  The  press  can  be  started  or  stopped  at  any 
part  of  the  stroke  with  slight  effort. 

Multiple-spindle  Drilling  Heads:  Nelson-Blank  Mfg.  Co.,  De- 
troit, Mich.  The  two-spindle  head  is  designed  especially  for 
drilling  two  %-inch  holes,  3.82  inches  apart,  in  9-inch  shell 
plugs,  and  the  heads  having  three  or  more  spindles  are  adapted 
for  drilling  holes  to  a  predetermined  depth,  the  spindles  being 
provided  with  vertical  adjustment. 

Calculator  for  Drawing  Dies:  O.  H.  Jensen,  Buffalo,  N.  Y. 
A  circular  slide-rule  for  determining  the  maximum  reduction 
in  drawing  sheet  steel  with  double-action  and  combination 
dies,  allowing  for  different  thicknesses  of  stock  and  diameters 
of  blanks.  It  is  based  on  the  results  of  exhaustive  experiments 
that  were  charted  and  reduced  to  a  slide-rule  basis. 

Continuous  Reading  Gage:  Industrial  Products  Co.,  Chi- 
cago, 111.  A  gage  designed  to  indicate  variations  to  0.0001 
inch  in  work  being  ground.  It  consists  of  an  Ames  gage  and 
mechanism  for  transmitting  to  it  the  horizontal  movement 


of  a  (liaiuoiid-pointed  rod.  The  reduction  is  such  that  a  move- 
ment of  the  diamond  tlirough  0.001  inch  causes  the  hand  on 
the  dial  to  move  from  0  to  10. 

Portable  Toolpost  Grinder  with  Extension  Spindle:  Wiscon- 
sin p:ie(tric  Co.,  1402  Dumore  Uldg.,  Racine,  Wis.  This  grinder 
has  an  extension  spindle  for  deep  internal  grinding,  lapping 
out  deep  drawing  dies,  etc.  The  spindle  has  a  reach  of  10 
inches  and  is  designed  to  increase  the  range  of  the  smaller 
high-speed  attachment  regularly  furnished.  Power  is  trans- 
mitted to  the  spindle  through  a  flexible  coupling  that  elimi- 
nates vibration. 

Arbor  Press:  G.  T.  Eames,  Kalamazoo,  Mich.  Arbor  press 
with  swinging  tables  that  permit  instant  adjustment  to  suit 
various  sizes  and  shapes  of  work.  An  auxiliary  pressure- 
applying  handle  moves  the  ram  5/8  inch  per  stroke,  so  that 
the  mandrel  is  brought  into  position  for  the  application  of 
greater  force  by  the  compound  handle,  which  moves  the  ram 
1/16  inch  per  stroke.  The  maximum  pressure  that  can  be  ap- 
plied is  30  tons. 

Machine  for  Graduating  Fuses:  American  Ammunition  Co., 
Bordentown,  N.  J.  In  this  machine,  the  fuse  is  held  in  a 
draw-in  collet,  operated  by  an  air  chuck;  a  plunger  brought 
up  behind  the  fuse  body  prevents  its  being  forced  out  of  the 
chuck  by  the  pressure  of  the  graduating  roll.  The  machine 
is  driven  by  a  regular  punch  press  releasing  gear.  The  gradu- 
ating roll  is  forced  into  contact  with  the  fuse  body  by  weights 
working  on  a  bellcrank. 

Bench  and  Column  Grinder:  Lamb  Knitting  Machine  Co., 
Chicopee  Falls,  Mass.  The  hollow  grinder  head,  which  forms 
a  reservoir  for  the  lubricating  oil,  is  secured  to  the  column 
by  three  cap-screws,  but  it  may  be  furnished  separately  as  a 
bench  machine.  The  wheels  are  6  inches  in  diameter  and  have 
a  1-inch  face.  The  steel  spindle  is  1%  inch  in  diameter  be- 
tween the  self-aligning  ball  bearings,  %  inch  in  the  bearings, 
and  %  inch  where  it  supports  the  wheels. 

Portable  Hoist:  Ingersoll-Rand  Co.,  11  Broadway,  New  York 
City.  This  hoist  differs  from  existing  types  principally  in 
size.  The  drum  is  7  inches  in  diameter,  17  inches  long,  and 
holds  300  feet  of  %-inch  Manilla  rope.  The  hoist  is  21i^ 
inches  long,  3114  inches  wid»,  and  23  inches  high,  and  the  maxi- 
mum capacity  is  600  pounds.  It  may  be  operated  by  steam  or 
compressed  air,  and  is  designed  primarily  for  underground 
work,  though  it  is  also  suitable,  of  course,  for  use  in  indus- 
trial plants. 

Spring  Nut  Lock:  Industrial  Development  Co.,  Chicago,  111. 
A  spring  nut  lock  consisting  of  two  hexagonal  plates  joined 
at  one  side.  The  holes  in  the  plates  fit  the  bolts  on  which 
the  locks  are  to  be  used.  Normally,  these  holes  are  out  of 
alignment,  so  that  their  forced  alignment,  when  the  plates 
are  on  the  bolt,  causes  the  spring  connection  to  exert  a  strong 
pulling  force  on  one  plate  and  a  pushing  force  on  the  other, 
which  gives  a  tight  grip  on  the  bolt  thread,  and  locks  the  nut 
securely  in  place. 

Washer  Stamping  Press:  Southwark  Foundry  &  Machine 
Co.,  Philadelphia,  Pa.  A  machine  which  turns  out  a  com- 
plete washer  at  each  stroke  of  the  ram,  from  either  scrap 
or  new  sheet  or  plate  material.  The  machine  may  also 
be  used  for  different  classes  of  stamping,  punching,  shearing, 
etc.  If  desired,  it  may  be  equipped  with  roller  feed  for  auto- 
matically handling  washer  stock  in  bands  or  bars.  The 
plunger  has  broad  wearing  surfaces  and  is  fitted  with  taper 
gibs  to  take  up  wear. 

Heavy-duty  Manufacturing  Lathe:  Himoff  Machine  Co.,  128 
Mott  St.,  New  York  City.  This  lathe  is  intended  for  turning 
projectiles  and  forgings  where  the  finished  diameter  does  not 
exceed  9  inches.  The  bed,  which  is  8  feet  long,  is  reinforced 
with  box-type  cross-ribs,  which  resist  twisting  stresses.  The 
headstock  spindle  is  forged  from  steel  containing  between  0.50 
and  0.60  per  cent  carbon;  a  2i4-inch  hole  extends  entirely 
through  it.  The  tailstock  spindle  is  3^^  inches  in  diameter 
and  has  a  6-inch  travel. 

Electric  Hoist:  Shepard  Electric  Crane  &  Hoist  Co.,  Mon- 
tour Falls,  N.  Y.  An  electric  hoist  especially  adapted  to  the 
requirements  of  machine  tool  service.  This  hoist  is  built  in 
several  sizes  for  connection  with  direct-  or  alternating-current 
circuits.  To  provide  against  overloading,  the  hoist  has  been 
designed  with  an  unusually  high  factor  of  safety;  and  a  com- 
bination mechanical  and  electrical  brake  is  furnished,  which 
automatically  regulates  the  braking  effect  to  meet  the  require- 
ments of  the  load  handled  on  the  hoist. 

Riveting  Machine:  Hanna  Engineering  Works,  1059  Elston 
Ave.,  Chicago,  111.  This  machine  is  designed  to  operate  in 
places  where  the  space  is  limited,  and  is  especially  suitable 
for  automobile  assembling.  The  toggles,  levers  and  guide  links 
are  arranged  to  give  a  large  opening  of  the  toggle-joint  move- 
ment, with  a  gradual  increase  of  pressure.  The  relatively  large 
distance  through  which  the  rated  maximum  pressure  may  be 
exerted  makes  little  adjustment  necessary  to  compensate  for 
variations  in  the  rivet  or  plate  after  the  machine  is  set. 

Metal-cutting  Band  Saw:  Quality  Saw  &  Tool  Works, 
Springfield,  Mass.     In  this  machine  a  band  saw  replaces  the 
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short-blade  hacksaw  generally  used,  thus  giving  a  continuous 
stroke.  Adjustable  guide  rollers  support  the  saw  both  side- 
wise  and  against  the  thrust  of  the  cut.  The  saw  is  cooled 
by  contact  with  the  guide  wheels,  but  a  lubricant  may  be  used 
to  wash  away  the  chips.  As  the  outer  saw  wheel  is  adjustable, 
saws  varying  nine  inches  in  length  may  be  used,  so  that  those 
that  are  broken  before  they  are  worn  out  may  be  utilized. 
Horizontal  Hydraulic  Pump:  Hydraulic  Press  Mfg.  Co.,  84 
Lincoln  Ave.,  Mount  Gilead,  Ohio.  A  four-plunger  pump  that 
may  be  equipped  with  sixteen  different  sizes  of  plungers,  rang- 
ing, by  quarter  inches,  from  1%  inch  to  5  inches  in  diameter. 
The  water  capacity  is  from  24  to  326  gallons  per  minute,  and 
the  pressures  are  from  700  to  9500  pounds  per  square  inch. 
For  the  highest  pressures,  the  water  cylinders  are  made  of 
forged  steel;  for  pressures  between  1500  and  2900  pounds  per 
square  inch,  cast  steel  is  used;  and  for  the  lowest  pressures, 
semi-steel. 

Rotary  Pump  for  Lubricating  Machine  Tools:  Goulds  Mfg. 
Co.,  Seneca  Falls,  N.  Y.  Rotary  pumps  designed  so  that  they 
may  be  used  with  practically  any  type  of  machine  tool.  These 
pumps  are  made  reversible  for  use  with  screw  and  automatic 
machines,  in  which  the  direction  of  rotation  is  reversed,  and 
non-reversible  for  machine  tools  that  operate  in  one  direction 
only.  Practically  any  of  the  ordinary  methods  of  drive  can  be 
employed,  while  the  amount  of  oil  and  cutting  compound  han- 
dled is  easily  controlled  by  the  relief  valve  and  pipes  built 
in  the  cover. 

Shell  Threading  Lathe:  Gisholt  Machine  Co.,  1117  E.  Wash- 
ington Ave.,  Madison,  Wis.  A  special  machine  for  use  in 
taking  the  finish-boring  and  facing  cuts,  and  also  for  milling 
threads  in  the  base  or  nose  of  shells.  It  can  be  adapted  for 
cutting  right-  or  left-hand  threads,  either  internal  or  external; 
and  the  thread  may  be  U.  S.  standard  or  metric.  This  ma- 
chine enables  the  boring,  facing  and  threading  operations  to  be 
performed  without  transferring  the  shells  from  one  machine 
to  another,  thus  saving  the  time  ordinarily  required  for  reset- 
ting, and  also  insuring  the  production  of  an  accurate  thread. 
High-speed  Ball-bearing  Bench  Saw:  H.  G.  Crane,  Brookline, 
Mass.  A  portable,  well  constructed  machine  for  sawing  soft 
metals,  fiber,  wood,  etc.,  at  a  speed  of  from  1000  to  6000  revo- 
lutions per  miuMte.  The  ball  bearings  are  mounted  in  dust- 
proof  housings,  but  can  be  easily  lubricated.  The  table  top 
may  be  quickly  raised  or  lowered  to  any  position  for  slotting 
and  grooving.  The  motor  is  hung  on  a  dust  chute  that  is 
hinged  at  Its  upper  end;  this  provides  an  easy  way  of  keeping 
the  belt  in  the  proper  tension.  Motors  are  supplied  for  110- 
and  220-volt  alternating  and  direct  current,  and  of  1/4,  1/3 
and  1/2  horsepower. 

Back-geared  Lathe:  Hollingworth  Machine  Tool  Co.,  Cov- 
ington, Ky.  A  machine  known  as  the  style  H  engine  lathe 
which  is  furnished  with  three  large  V-ways  and  one  flat  way. 
The  machine  is  ordinarily  equipped  with  a  four-step  cone  and 
single  back-gears,  but  double  back-gears  may  be  furnished  to 
special  order.  The  machine  swings  19  inches  over  the  ways 
and  12  inches  over  the  carriage;  maximum  distance  between 
centers  for  a  6-foot  bed  is  30  inches;  dimensions  of  spindle 
bearings  are,  front,  2%  by  5  inches,  and  rear,  2%  by  4  inches. 
The  taper  attachment  for  this  machine  has  a  capacity  for  turn- 
ing tapers  up  to  19  degrees,  or  4  inches  per  foot. 

Internal  Grinding  Machine:  Reno-Kaetker  Electric  Co.,  Cin- 
cinnati, Ohio.  This  vertical  grinding  machine  will  grind  auto- 
mobile cylinders  from  314  to  5^^  inches  in  diameter  and  up 
to  10^  inches  in  length;  it  can  be  used  also  for  other  classes 
of  internal  grinding.  The  machine  has  a  vertical  bar  carrying 
the  grinding  wheel  spindle  which  is  made  radially  adjustable 
in  order  to  vary  the  diameter  ground  by  the  wheel.  The  bar 
is  provided  with  a  circular  rack  in  which  a  pinion  driven 
by  an  auxiliary  motor  engages  and  provides  the  up  and  down 
feed  motion.  The  emery  dust  may  be  drawn  out  by  an  ex- 
haust fan,  through  the  exhaust  port  of  the  cylinder,  or  blown 
out  by  an  attachment  furnished  with  the  grinder. 

Guard  to  Prevent  Motor  Reversal:  General  Electric  Co., 
Schenectady,  N.  Y.  A  device  developed  for  the  purpose  of 
guarding  against  accidental  alternating-current  motor  re- 
versal— especially  in  cases  where  motors  are  installed  in  con- 
nection with  elevators,  hoists,  conveyors,  machine  tools,  etc. 
This  consists  of  a  reverse  phase  relay  which  operates  on  the 
same  principle  as  a  squirrel  cage  induction  motor  and  is  made 
in  both  circuit  opening  and  circuit  closing  types.  The  oper- 
ating coils  of  the  relay  correspond  to  the  stator  of  an  induc- 
tion motor,  while  a  hollow  aluminum  cylinder  connected  to 
the  contacts  corresponds  to  the  rotor.  The  cylinder  does  not 
rotate,  but  moves  either  up  or  down  when  one  of  the  phases 
of  the  line  is  reversed,  this  movement  causing  a  toggle  to 
make  or  break  the  contact. 

Shell-boring  Turret  Lathes:  Reliance  Machine  Co.,  Toronto, 
Ont.,  Canada.  A  turret  lathe  of  massive  construction,  designed 
for  boring  4-inch  to  8-inch  high-explosive  shells.  The  front 
headstock  bearifig  is  SYz  inches  in  diameter  and  12  inches 
long,  and  is  fitted  with  self-oiling  rings,  as  is  also  the  rear 
spindle.  The  spindle  is  made  in  one  piece,  with  a  15-inch 
heavy  flange  to  which  the  chuck  is  bolted,  and  is  large  enough 


to  take  the  shell  inside  the  bearing.  The  main  driving  gear 
is  41/^  inches  across  the  face,  and  the  back-gearing  has  a  ratio 
of  9  to  1.  The  thrust  of  the  tool  is  taken  by  a  special  self- 
adjusting  thrust  bearing  capable  of  a  continuous  working  load 
of  8400  pounds.  The  length  of  the  carriage  and  the  applica- 
tion of  power  to  a  steel  rack,  3  inches  wide  and  4  diametral 
pitch,  in  the  center  of  the  carriage,  are  relied  upon  to  pre- 
vent twisting. 

Noiseless  Gear:  Westinghouse  Electric  &  Mfg.  Co.,  East 
Pittsburg,  Pa.  Gears  made  of  heavy  duck  bonded  together 
with  bakelite  by  heating  while  under  heavy  pressure.  They 
are  said  to  be  as  strong  as  cast  iron  and  unaffected  by  at- 
mospheric changes.  The  tensile  strength  of  this  material, 
parallel  to  the  laminations,  is  10,000  pounds  per  square  inch; 
the  compressive  strength,  perpendicular  to  the  laminations, 
is  30,000  pounds  per  square  inch;  and  parallel  to  the  lamina- 
tions, 17,000  pounds  per  square  inch.  The  material  weighs 
0.05  pound  per  cubic  inch,  has  a  specific  gravity  of  1.4  and 
has  a  water  absorption,  by  weight,  of  0.25  to  2  per  cent,  de- 
pending on  the  relative  amount  of  edge  surface  exposed.  These 
gears  may  be  machined  in  any  direction  and  drilled  and 
tapped  readily.  The  teeth  are  cut  with  the  same  tools  as  are 
employed  for  cutting  steel,  but  the  cutting  speed  is  25  per  cent 
greater  and  the  feed  is  increased  50  per  cent.  In  most  cases, 
neither  housings  nor  bushings  are  required;  though,  where 
the  diameter  of  the  gear  is  several  times  the  width  of  the  face, 
end  plates  may  be  advisable. 


ROTARY  ENGINES 

Thousands  of  misguided  inventors  have  spent  their  time 
and  money  developing  inventions  of  rotary  steam  engines,  but 
so  far  as  we  know  there  is  not  a  successful  rotary  steam  en- 
gine on  the  market  today.  In  view  of  all  the  thought  and 
energy  that  has  been  expended  on  the  problem,  this  seems 
strange,  until  one  has  given  the  matter  careful  analysis.  The 
rotary  engine  apparently  has  one  advantage  over  the  recipro- 
cating engine — the  absence  of  reciprocating  parts,  which  in 
any  machinery  are  disturbing  elements.  They  eat  up  energy 
when  run  at  high  speed  and  cause  serious  vibration  and  rapid 
deterioration.  It  seems,  then,  that  a  prime  mover  in  which 
these  disturbing  elements  are  absent  would  be  superior  to  one 
having  reciprocating  and  oscillating  parts.  While  this  is  true, 
the  fact  is  that  the  rotary  engine  has  a  number  of  disadvan- 
tages far  more  serious  than  this. 

It  is  a,  matter  of  extreme  difficulty  to  make  a  steam-tight 
joint  between  moving  parts  of  any  except  circular  shape.  A 
bored  cylinder  fitted  with  a  piston  containing  expanding  rings 
may  be  made  practically  steam-tight,  but  it  may  be  safely  as- 
serted that  in  practically  no  design  of  rotary  steam  engine 
has  it  been  found  possible  to  fit  the  moving  parts  so  closely 
that  they  would  be  steam-tight  without  causing  tremendous 
frictional  resistance.  The  advantage  of  the  rotary  steam  en- 
gine of  the  ideal  type  is  absence  of  reciprocating  parts.  Against 
that  single  advantage  may  be  placed  the  following  disadvan- 
tages, which  we  have  arranged  in  the  logical  order  leading  up 
to  the  greatest  one — wastefulness: 

1.  Difllculty  of  making  moving  parts  steam-tight. 

2.  Excessive  internal  friction  and  resistance. 

3.  Steam  leakage. 

4.  Excessive  steam  consumption. 

Excessive  steam  consumption  is  due  to  the  inherent  defects 
of  design.  It  is  quite  feasible  to  provide  for  cut-off  in  the 
stroke  of  a  rotary  piston,  the  same  as  In  a  reciprocating  piston, 
and  the  same  economy  would  result  were  it  not  for  leakage 
and  friction. 

In  view  of  the  inherent  defects  of  the  rotary  steam  engine, 
it  seems  little  less  than  madness  to  attempt  to  develop  a  ro- 
tary gas  engine.  In  the  rotary  gas  engine  the  difficulties  of 
securing  gas  tightness  are  greatly  increased.  The  inventor  has 
to  cope  also  with  high  temperature  and  great  differences  in 
temperature  at  the  beginning  and  end  of  the  working  stroke. 
*     *     • 

A  rolling  mill  recently  installed  by  the  Lukens  Iron  &  Steel 
Co.,  Coatesville,  Pa.,  is  capable  of  producing  finished  plates 
192  inches  wide.  These  plates  are  the  largest  that  it  is  possi- 
ble to  transport  with  the  present  loading  railway  gage.  The 
rolls  are  204  inches  long  by  34  inches  in  diameter.  The  largest 
mill  in  Continental  Europe  is  said  to  be  that  at  Witkowitz, 
in  Hungary,  which  has  178-inch  rolls;  and  the  largest  in  Great 
Britain  are  the  168-inch  rolls  at  Dalzell's  steel  works. 
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EFFECT  OF  THE  WAR  ON  METAL  PRICES 


PRICES  AT  BEGINNING   OF"  WAR   AND   NOW   AND  EFFECT  ON   FOREIGN   TRADE 


WHILE  the  prices  of  iron  and  steel  have  risen  rapidly 
during  the  past  few  months,  at  the  beginning  of  this 
year  few  were  greater  than  had  been  obtained  some 
time  in  the  past  twenty  years.  Yet  these  prices  have  not  de- 
creased the  demand  for  American  goods  in  other  lands,  though 
they  have  caused  a  revival  in  all  lines  pertaining  to  the  iron 
and  steel  industry  all  over  the  world.  Mines,  mills  and  fac- 
tories have  been  more  efliciently  worked  in  order  that  the 
greatest  production  may  be  obtained.  As  a  result  of  improve- 
ments made  In  the  mining  methods,  the  mines  of  Caen,  Nor- 
mandy, which  back  in  1900  produced  only  142,000  metric  tons, 
are  now  producing  1,000,000  metric  tons  annually;  and  the 
estimated  production  of  the  Katanga  copper  mines  in  Belgian 
Congo  will  be  nearly  double  that  of  last  year  and  about  two 
and  one-half  times  that  of  the  year  before.  .New  deposits  are 
being  worked  and  new  sources  of  supply  are  being  sought. 
This  fact  is  shown  most  forcibly  in  the  case  of  80  per  cent 
ferro-manganese.  Before  the  outbreak  of  the  war  this  metal 
was  supplied  almost  entirely  through  British  channels  at  from 
$35  to  ?40  a  ton.  At  the  beginning  of  1915  the  price  was  ad- 
vanced to  $68,  but  by  January,  1916,  it  could  not  be  obtained 
for  less  than  $125.  In  April,  May,  June  and  August  of  this 
year,  it  sold  for  $175  a  ton,  and  it  was  reported  that  some 
small  lots  had  been  sold  for  $185  a  ton.  But  these  prices  and 
the  conditions  demanded  by  the  British  agents  caused  many 
manufacturers  to  work  known  American  deposits  and  also  to 
buy  foreign  ore,  which  is  smelted  in  American  furnaces. 
Much  of  this  ore  comes  from  Brazil,  where  American  corpora- 
tions have  secured  control  of  large  ore  deposits. 

Germany,  since  the  outbreak  of  the  war,  has  obtained  its 
ferro-manganese  by  mining  the  deposits  at  Ilseder-hiitte,  near 
Peine,  east  of  Hanover.  As  this  lay  beneath  the  village  of 
Ilsede,  it  could  not  be  mined;  but  when  the  nation  was  cut 
off  from  its  accustomed  sources  of  supply  the  village  was  re- 
moved and  these  deposits  developed.  Recent  reports  from 
Dutch  sources,  however,  say  that  the  supply  of  manganese 
is  small,  so  that,  together  with  a  lack  of  skilled  workmen 
In  the  mills,  German  iron  is  deteriorating  in  quality. 

Pig:  Iron,  Billets,  Plates  and  Beams 

The  accompanying  table  gives  the  average  prices  of  iron  and 
steel,  in  various  forms,  copper,  tin  and  lead  for  the  past  eleven 
months,  together  with  prices  for  December,  1915,  and  the 
highest  prices,  in  most  cases,  for  twenty  years.  In  Novem- 
ber, when  Bessemer  pig  iron  sold  for  $30.95  a  ton,  it  surpassed 
its  previous  high  record  price,  which  was  made  in  January, 
1900.  During  the  years  that  have  passed  since  that  price  was 
obtained,  the  price  of  this  iron  has  fluctuated  greatly,  but 
has  been  above  $20  only  during  part  of  1902  and  1903  and 
the  last  quarter  of  1906  and  most  of  1907.     The  outbreak  of 


the  war  found  this  metal  selling  for  $14.90,  and  its  price  did 
not  begin  its  present  upward  trend  until  the  fall  of  1915. 
Basic  pig  iron  reached  its  pre-war  record  price  in  May,  1907, 
when  it  sold  for  $22.90  in  Pittsburg.  In  both  January  and 
December,  1914,  it  sold  for  $12.50  a  ton,  and  did  not  begin 
its  rapid  increase  in  price  until  August,  1915,  when  its  price 
jumped  from  $12.75  to  $14.06.  Still,  the  exports  of  pig  iron 
this  year  were  greater  than  ever.  During  the  eight  months 
ending  August  31,  1916,  over  238,300  tons  were  sent  abroad, 
compared  with  127,700  tons  in  1915  and  83,700  the  year  before. 
The  value  of  this  year's  exports  was  $5,946,000. 

Bessemer  steel  billets  established  a  record  price  last  March 
when  they  sold  for  $40.60  and,  as  shown  in  the  table,  they 
have  been  making  a  new  record  each  month  since;  $60  a  ton 
was  quoted  in  November.  Since  March  they  have  been  on  a 
parity  with  open-hearth  billets.  The  previous  record  price 
for  Bessemer  billets  was  made  in  September,  1899,  when  they 
sold  for  $38.87;  the  price  fell  to  $16.50  during  the  next  year. 
It  again  passed  the  $20  mark  the  following  February,  and  was 
sold  for  less  than  that  only  during  the  four  months  before 
June,  1914.  In  December,  1914,  Bessemer  steel  billets  brought 
only  $19  a  ton  in  Pittsburg,  but  the  following  fall  the  price 
was  raised  so  rapidly  that  the  year  closed  with  these  billets 
selling  for  $30.60  a  ton.  During  the  first  eight  months  of 
this  year,  the  value  of  our  exports  of  billets,  ingots  and  blooms 
of  steel  was  $49,335,790,  against  $7,773,290  in  the  same  period 
last  year  and  $694,050  in  1914.  This  increased  value  of  ex- 
ports is  due  both  to  the  increase  in  the  amount  of  goods 
shipped,  895,000  tons  in  1916  against  353,000  tons  in  1915,  and 
the  great  increase  in  price.  Nearly  three-fourths  of  these  ex- 
ports, or  632,700  tons,  valued  at  $36,365,600,  were  sent  to 
France,  while  116,416  tons  were  sent  to  Great  Britain  and 
63,970  tons  to  Canada.  During  the  same  period  our  imports 
of  billets,  etc.,  amounted  to  8200  tons,  as  compared  with  1700 
tons  in  1914  and  1100  tons  in  1915. 

Because  of  the  great  increase  in  the  price  of  billets,  in 
April  the  fifteen-year-old  price  of  Bessemer  steel  rails  was 
abandoned  and  $33  a  ton  was  demanded  for  all  rails  delivered 
after  May  1,  1917.  The  price  of  open-hearth  rails  was  raised, 
at  the  same  time,  to  $35.  In  November,  because  of  the  con- 
tinued increase  in  the  price  of  billets,  these  prices  were  again 
raised  to  $38  and  $40  a  ton. 

The  revival  of  ship-building  is  shown  in  the  prices  of  plates. 
These  reached  their  lowest  price  March,  1898,  when  they  sold 
for  0.97  cent  a  pound.  Their  high  record  price  was  made  in 
September  of  the  following  year,  when  it  reached  2.85  cents. 
Since  then  the  average  price  has  been  about  1.6  cent,  though 
in  January,  1914,  they  brought  only  1.2  cent  in  Pittsburg,  and 
in  December  only  1.05  cent.  A  year  later,  however,  they  sold 
for  2.04  cents  a  pound,  and  this  year  they  have  steadily  in- 


COMPARATIVB  PRICES  OP  IRON,   STEEL,   COPPER,   TIN  AND  LEAD 


Ferro-manganese,  dollars  per  ton 

Bessemer  pig  iron,  dollars  per  ton 

Basic  pig  iron,  dollars  per  ton 

No.  2  Foundry  pig  iron,  dollars  per  ton... 
Lake  Superior  charcoal  iron,  dollars  per  ton 
Malleable  Bessemer  iron,  dollars  per  ton. . . 

Bessemer  billets,  dollars  per  ton 

Open-hearth  billets,  dollars  per  ton 

Bessemer  steel  rails,  dollars  per  ton 

Beams,  cents  per  pound 

Tank  plates,  cents  per  pound 

Sheets,  black.  No.  28,  cents  per  pound 

Wire  nails,  dollars  per  keg  of  100  pounds. . 
Heavy  melting  steel  scrap,  dollars  per  ton. 

Copper,  cents  per  pound 

Tin,  cents  per  pound 

Lead,  cents  per  pound 


100 

19.85 

18.55 

18.55 

19.15 

18.10 

30.80 

30.20 

28.00 

1.74 

1.74 

2.54 

2.22 

17.40 

20.24 

38.53 

5.33 


125 

21.32 

19.20 

19.95 

19.25 

19.00 

33.75 

34.75 

28.00 

1.865 

1.875 

2.58 

2.12 

17.50 

24.00 

42.09 

5.85 


140 

21.45 

18.77 

19.51 

19.50 

19.00 

34.00 

35.00 

28.00 

2.03 

2.13 

2.60 

2.22 

17.37 

26.68 

41.80 

6.19 


150 

21.55 

19.20 

19.45 

19.75 

19.20 

40.60 

40.60 

28.00 

2.40 

2.50 

2.75 

2.38 

17.95 

27.12 

50.15 

7.06 


175 

21.95 

19.20 

19.45 

19.75 

19.50 

45.00 

45.00 

33.00 

2.50 

2.67 

2.91 

2.40 

18.12 

28.75 

50.37 

7.62 


175 

21.95 

18.95 

19.325 

19.75 

19.20 

44.25 

44.25 

33.00 

2.50 

2.75 

2.92 

2.50 

17.12 

28.85 

49.25 

7.46 


175 

21.95 

18.95 

19.45 

19.75 

19.50 

41.20 

41.20 

33.00 

2.50 

2.75 

2.92 

2.50 

16.25 

27.81 

41.81 

6.81 


172.50 

21.95 

18.95 

19.45 

19.75 

19.50 

40.00 

40.00 

33.00 

2.50 

2.86 

2.90 

2.50 

16.25 

20.87 

38.15 

6.43 


175 

21.95 

18.95 

19.45 

19.75 

19.50 

43.60 

43.60 

33.00 

2.50| 

2.90| 

2.75| 

2.591 

16.001 

26.901 

38.48 

6.23 


164 

22.20 

19.075 

19.50 

19.75 

19.15 

45.00 

45.00 

33.00 

2.60 

2.95 

2.88 

2.60 

16.12 

28.00 

38.56 

6.87 


Former 
'  Record 
,    Price 


162 

24.32 

20.82 

21.075 

20.35 

19.50 

45.75 

45.75 

33.00 

2.70 

3.00 

3.22 

2.62 

17.87 

28.55 

41.17 

7.00 


164 

28.45 

24.95 

26.40 

25.75 

25.00 

55.00 

55.00 

38.00 

2.80 

3.25 

3.75 

2.85 

19.25 

29.50 

42.25 

7.00 


65 
24.90 
22.90 
26.85 


38.87 

32.29 

2.25 

2.85 

3.77 

3.20 

22.00 

24.62 

50.34 

6.31 
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creased  in  value  until  3.25  cents  was  reached  in  November. 
Beams  have  had  a  like  experience,  but  have  usually  lagged  a 
little  behind.  They  did  not  reach  their  highest  price  until 
December,  1899,  when  they  sold  for  2.25  cents  a  pound.  While 
they  sold  for  1.2  cent  a  pound  at  the  beginning  of  1914,  at  the 
close  they  could  be  obtained  for  1.07  cent.  A  year  later  they 
were  worth  1.74  cent  a  pound,  and  last  November  could  not 
be  obtained  for  less  than  2.8  cents.  Both  plates  and  beams 
have  been  in  great  demand  at  home  and  abroad,  large  orders 
having  been  placed  for  delivery  this  coming  year.  During 
the  first  eight  months  of  this  year  our  exports  of  sheets  and 
plates  amounted  to  730,983,000  pounds;  120,000,000  pounds 
more  than  in  the  same  period  of  1915  and  nearly  twice  as 
much  as  in  1914.  The  value  of  these  shipments  increased  from  a 
little  over  $12,000,000  in  1915  to  over  $20,000,000  this  year.  Each 
year  Canada  was  the  best  market,  taking,  this  year,  over 
341,000,000  pounds;  Japan  was  the  second,  having  purchased 
over  114,000,000  pounds. 

Nails  and  Scrap 

So  far,  the  record  price  of  wire  nails  has  not  been  surpassed; 
this  is  $3.20  for  a  keg  of  100  pounds,  which  was  obtained 
during  the  first  three  months  of  1900.  Wire  nails  were  selling 
for  $1.52  when  the  war  began,  but  were  not  affected  by  the 
upward  trend  of  prices  until  December  of  the  following  year, 
when  they  sold  for  $2.04  a  keg.  Last  November  they  had 
reached  $2.85  a  keg.  This  rise  in  price  is  partly  explained 
by  the  exportation  of  222,524,850  pounds  during  the  first  eight 
months  of  this  year,  against  127,706,950  pounds  in  the  same 
period  last  year  and  43,341,100  pounds  in  1914.  The  total  value 
of  the  nails,  spikes,  tacks,  etc.,  that  were  exported  in  the 
first  eight  months  of  this  year  was  over  $8,660,790,  against  a 
little  over  $3,566,000  for  the  same  period  last  year. 

While  the  exports  of  scrap  and  old  iron  and  steel  increased 
four-fold  in  the  first  eight  months  of  this  year  over  the  ex- 
ports of  the  same  period  for  the.  last  two  years,  the  price  of 
heavy  melting  scrap  did  not  reach  $22  a  gross  ton,  which 
was  paid  for  it  in  November,  1S99,  until  the  middle  of  No- 
vember, when  $25  was  offered  for  it.  In  fact,  until  September, 
1915,  the  prices  of  scrap  were  especially  low.  In  November, 
1914,  the  price  of  heavy  melting  scrap  reached  its  lowest  point 
in  many  years;  it  was  then  sold  for  $9.25  a  ton.  The  41,430 
tons  of  scrap  imported  during  the  first  eight  months  of  this 
year  had  a  value  of  $525,980,  or  about  $12.80  a  ton,  while  the 
121,833  tons  of  scrap  sold  abroad  had  a  value  of  $2,040,471, 
or  $16.87  a  ton. 

Copper,  Lead  and  Tin 

Considerable  attention  has  been  drawn  to  copper  by  the 
recent  inquiry  for  prices  for  200,000,000  pounds  by  France, 
although  that  country  is  sharing  with  Great  Britain  and  the 
other  allied  governments  in  the  448,000,000  pounds  purchased 
during  the  summer  months.  Besides,  American  producers 
sold  400,000,000  pounds  to  the  Allies  in  the  first  half  of  this 
year.  As  the  domestic  consumption  of  copper  in  October  was 
150,000,000  pounds,  experts  say  that  2,000,000,000  pounds  will 
not  meet  the  demands  next  year,  even  with  Germany  out  of 
the  market.  During  November,  it  was  said  that  several  car- 
loads had  been  sold  for  32.25  cents  a  pound,  though  the  regu- 
lar price  was  29.5  cents.  In  January,  1907,  copper  sold  for 
24.41  cents  a  pound.  Except  for  a  few  months  before  and 
after  that  time,  it  did  not  sell  for  over  20  cents  a  pound  until 
last  December.  During  1914  it  steadily  decreased  in  value 
until  11.73  cents  was  reached  in  October,  which  was  the  lowest 
price  in  twelve  years. 

In  the  first  eight  months  of  this  year  there  were  imported 
422,820  gross  tons  of  copper  ore,  matte,  concentrates,  etc., 
which  gave  122,353,595  pounds  of  the  metal.  Of  this,  26,655,300 
pounds  came  from  Canada,  21,285,500  pounds  from  Mexico, 
29,349,275  pounds  from  Cuba,  and  32,957,900  pounds  from 
Chile.  In  the  form  of  bars,  pigs,  plates,  clippings,  etc.,  there 
were  imported  204,095,000  pounds.  The  value  of  all  the  im- 
ports during  the  first  eight  months  of  this  year  was  $65,656,500. 
~  re  were  exported  in  various  forms  in  this  period,  which 
before  any  part  of  the  large  order  for  the  allied  govern- 
its  was  filled,  522,131,230  pounds,  a  decrease  of  100,000,000 


pounds  over  the  same  period  in  1914,  but  an  increase  of 
66  per  cent  in  value. 

Lead,  too,  has  reached  prices  heretofore  unknown,  selling 
for  8  cents  a  pound  during  the  third  week  of  March.  Selling 
for  4.11  cents  in  January,  1914,  it  gradually  fell  to  3.52  cents 
in  October,  which  is  the  lowest  it  has  been  in  twenty  years. 
Beginning,  then,  its  upward  climb,  it  passed  in  March  its 
previous  high  mark  of  6.31  cents,  reached  in  February,  1907. 
The  imports  during  the  first  eight  months  of  this  year  were 
but  a  little  more  than  one-half  that  brought  into  the  country 
during  the  same  period  of  1915.  This  was  due  to  the  condi- 
tions existing  in  Mexico,  as  the  imports  from  that  country 
were  reduced  over  one-half.  There  were  exported  126,334,370 
pounds  of  bars,  pigs,  etc.,  an  increase  of  only  6,340,000  pounds, 
but  the  value  was  over  60  per  cent  greater. 

Tin  reached  its  highest  value  in  April,  when  it  sold  for 
50.37  cents  a  pound;  its  previous  high  price  was  50.34  cents, 
obtained  in  January,  1913.  During  the  past  three  years, 
though,  its  price  has  fluctuated  greatly.  In  one  case  it  lost 
18  cents  in  two  months.  In  the  first  week  of  January,  it  was 
selling  for  44  cents  a  pound,  but  its  average  price  for  the 
month  was  only  42.09  cents.  It  then  quickly  jumped  to  its 
highest  point,  and  in  September  had  dropped  down  to  38.56 
cents  again.  In  November,  42.25  cents  was  the  selling  price. 
There  were  imported  into  the  country  in  the  first  eight  months 
of  the  year  104,462,790  pounds  of  bars,  pigs,  plates,  etc.,  and 
14,794,500  pounds  of  ore  and  scrap.  The  amount  exported 
was  small.  During  this  year  a  smelter  has  been  opened  at 
Perth  Amboy,  which  obtains  tin  from  Bolivian  ores.     D.  E.  J. 


WOMEN  AND  GIRLS  IN  MACHINE  SHOPS 

As  is  well  known,  women  and  girls  have  been  employed  in 
the  machine  shops  of  Europe  to  a  large  extent  since  the  out- 
break of  the  war,  on  account  of  the  need  of  the  men  at  the 
front.  The  Travelers'  Standard  states  that  this  change  in  In- 
dustrial conditions  has  made  it  necessary  to  revise  certain  of 
the  rules  and  regulations  prevailing  in  such  shops  for  the 
guidance  of  the  emploj'es.  Following  is  a  list  of  special  rules 
that  have  been  adopted  by  the  Iron  Trades  Employers'  In- 
surance Association,  Ltd.,  of  Scotland,  for  use  in  machine 
shops  in  which  women  are  employed: 

NOTICE 
^        Employment  of  Women  and  Girls 

1.  No  female  worker  shall  be  allowed  to  be  in  machine 
shops  unless  her  hair  is  tightly  done  up,  well  secured,  and 
confined  by  a  tight-fitting  cap  of  close  net  or  of  some  other 
suitable  and  efficient  material. 

2.  Further,  she  must  wear  a  close-fitting  overall  completely 
covering  the  dress — the  said  overall  to  fasten  at  side  or  back 
and  to  include  sleeves  buttoned  or  otherwise  secured  at 
their  ends. 

3.  Any  machinist  found  trying  a  gage  while  her  machine 
is  running  will  be  liable  to  instant  dismissal. 

4.  Belts  must  be  changed  by.  a  male  supervisor,  or  a  man 
specially  appointed  for  that  purpose,  and  not  by  the  ordinary 
operative. 

5.  Machines  must  not  be  cleaned  under  any  circumstances 
whatever  while  running. 

6.  No  guards  shall  be  removed  from  any  machine  without 
authority  from  the  supervisor,  and  such  guards  are  to  be  re- 
placed and  the  machine  inspected  and  passed  by  the  supervisor 
before  a  re-start  is  made. 

*     •     * 

NATIONAL-ACME  MFG.   CO.'S  INCREASE  OP 
CAPITAL  STOCK 

An  eastern  banking  firm  has  agreed  to  purchase  the  stock 
of  the  National-Acme  Mfg.  Co.  of  Cleveland,  Ohio.  The  syndi- 
cate will  pay  $150  cash  and  five  shares  of  stock,  par  value 
$50,  in  a  company  of  similar  name  to  be  organized,  for  each 
of  the  present  shares  of  the  company.  The  National-Acme 
Mfg.  Co.,  which  builds  multiple-spindle  and  single-spindle 
screw  machines  and  manufactures  machine  screws,  etc.,  has 
plants  in  Windsor,  Vt.,  Cleveland  and  Montreal.  It  has  just 
redeemed  the  issue  of  $1,500,000  preferred  stock,  and  has  out- 
standing $5,000,000  common  stock.  It  is  expected  that  the  new 
company  will  be  capitalized  at  $25,000,000. 
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LAYING  OUT  CHORDS  OF  CIRCLES 

ItY   OU8  LUCK  ' 

In  the  shop  wliorc  the  writer  is  employed,  it  is  frequently 
necessary  to  lay  out  bolt  holes  on  circles  of  a  number  of  dif- 
ferent radii  and  for  a  great  variety  of  spacing  between  the 
centers  of  adjacent  bolts.  The  old,  inefTicient  cut-and-try  method 
X)t  obtaining  the  required  spacing  for  a  circle  of  given  radius, 
and  for  a  given  distance  between  the  centers  of  adjacent  bolts, 
was  a  source  of  constant  annoyance  and  loss  of  time,  which 
was  only  partially  relieved  by  tables  drawn  up  to  give  the 
exact  chord  required  for  the  cases  most  frequently  encoun- 
tered. To  avoid  trouble  of  this  kind,  I  developed  a  laying-out 
device  which  has  given  very  satisfactory  results.  Reference 
to  Figs.  1  and  2  will  show  that  it  consists  of  three  graduated 
bars  which  are  pivoted  together.  The  two  side  bars  are  laid 
off  in  thirty-seconds  of  an  inch  for  circles  of  various  radii, 
while  the  third  bar  is  graduated  for  different  numbers  of 
divisions  into  which  it  is  required  to  divide  a  circle.  In  use, 
the  runners  A  on  the  side  bars  are  first  set  for  the  required 
radius  of  circle;  then  the  sliding  clamp  B 
on  the  base  is  run  along  to  the  graduation 
which  represents  the  required  number  of 
divisions  in  the  circle,  after  which  the 
clamp  is  tightened.  The  trammel  points 
are  set  on  the  center-punch  marks  on  the 
runners  on  the  side  arms,  which  gives  the 
required  spacing,  and  the  circle  is  divided 
up  in  the  usual  way. 

This  spacing  device  is  somewhat  similar 
to  a  spider's  web,  from  which  I  got  the 
idea  which  led  to  its  development.  The 
two  side  arms  which  are  graduated  for 
different  radii  are  pivoted  together  by  a 
special  hinge  of  the  form  shown  in  Fig.  3. 
To  lay  out  the  chord  bar,  the  runners  on 
the  side  arms  are  set  at  their  maximum 
position  of  10  inches.  The  points  of  the 
trammels  are  set  exactly  10  inches  apart, 
and  the  side  arms  are  then  spread  suffi- 
ciently so  that  these  points  will  enter  the 
center-punch  marks  on  the  runners.  When 
this  setting  has  been  obtained,  the  clamp 
on  the  chord  bar  is  tightened  to  secure  the 
instrument  in  place.  It  will  be  evident  that 
under  these  conditions  the  included  angle 
between  the  side  bars  is  60  degrees,  and 
that  the  tram  bar  is  set  to  divide  the  cir- 
cumference of  a  circle  of  10-inch  radius  into  six  equal  spaces. 
Consequently,  a  line  is  scribed  against  runner  B  on  the  chord 
bar  and  this  is  marked  6. 

For  obtaining  other  numbers  of  divisions,   the  method   of 


Fig.  2.     Another  View  of  Chord  Setting  Device 


Fig.  3.    Plan  and  Cross-section  of  Ead 
Arm   Hinge 


procedure  is  as  fol- 
lows: The  circle  of 
10-inch  radius  Is 
laid  out  and  points 
on  the  tram  bar  are 
set  to  divide  this 
circle  into  the  re- 
quired number  of 
spaces;  then  the 
tram  points  are  set 
in  the  center-punch 
marks  on  the  run- 
ners on  the  side 
arms,  after  which 
the  clamp  of  the 
chord  bar  is  tight- 
ened   and    a   line    is   drawn    for   that   number   of   spaces. 

The  required  distance  between  the  tram  points  for  any  num- 
ber of  divisions  may  be  calculated  as  follows:    Let  JV^  =  num- 
ber of  spaces   required   and   a  =  one-half  the   included   angle 
for  this  number  of  spaces. 
o  =  180-:-A^ 
Required  chord  =  sin  a  X  2i2 
In  order  to  explain  the  method,  we  will 
carry    through    the    calculation    for    deter- 
mining the  chord  for  seven  spaces.    In  this 

180 

case,  N  =7,  R  =  10  inches,  and  a  = = 

7 
25  degrees,  43  minutes. 

Sin  25  degrees,  43  minutes  =  0.43392. 

Required  chord  =  0.43392  X  20  =  8.6784 
inches. 

It  would  be  obviously  impossible  to  set 
the  trammel  points  accurately  to  four  deci- 
mal places,  but  this  calculation  enables  the 
approximate  setting  to  be  obtained  more 
rapidly  than  by  a  cut-and-try  method,  and 
then  the  final  adjustment  may  be  made 
until  exactly  the  required  spacing  is 
obtained. 

When  this  instrument  is  used  by  pattern- 
makers, the  trammel  points  are  set  by  a 
shrink  rule  to  the  required  radius.  Then 
one  point  is  placed  on  the  hinge  center 
and  the  runners  on  the  side  bars  are  set 
to  the  other  point.  The  chord  that  will 
give  the  required  spacing  is  then  obtained 
in  the  manner  previously  described. 
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GREAT  BRITAIN  FAVORS  DECIMAL  SYSTEMS? 

The  Department  of  Commerce  has  been  officially  advised 
that  the  British  government  is  considering  the  adoption  of  a 
uniform  decimal  system  of  weights,  measures  and  currency, 
instead  of  the  cumbersome  systems  now  in  use.  At  a  recent 
meeting  of  the  British  Imperial  Council  of  Commerce,  which 
was  attended  by  representatives  from  practically  all  the  com- 
mercial organizations  of  the  empire,  it  was  decided  to  investi- 
gate trade  conditions  that  would  be  affected  by  the  change 
and  also  to  create  sentiment  in  favor  of  the  change  in 
Australia,  Canada  and  all  the  British  provinces.  Those  ad- 
vocating the  change  claim  that  not  only  should  the  system  of 
measurements  be  uniform  throughout  the  empire,  but  that 
the  old  systems  would  be  a  handicap  to  the  efforts  to  hold  and 
increase  British  commerce  at  the  close  of  the  war,  while  the 
decimal  systems  would  be  a  great  advantage  at  that  time. 


The  navy  department  will  open  bids  December  6  for  four 
battle  cruisers,  which  are  intended  to  be  the  most  powerful  of 
all  armed  cruisers.  They  will  be  850  feet  long  and  have  a  dis- 
placement of  35,000  tons.  The  speed  required  will  be  be- 
tween 32  and  35  knots  and  the  propelling  engines  will  develop 
about  180,000  horsepower.  The  vessels  will  carry  ten  14-inch 
guns,  and  will  cost  $20,500,000  each. 
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NOTES   ON  THE   INSPECTION  OF  BRONZE 
AND   BRASS' 

Brass  and  bronze  castings  are  subject  to  various  defects  that 
are  difficult  to  discover  by  surface  inspection,  or  even  by  hy- 
drostatic testing,  when  such  a  test  is  practicable.  The  most 
common  defect  results  from  the  inclusion  of  oxide  in  the 
metal  of  the  casting.  When  the  molten  metal  contains  an  ad- 
mixture of  oxides,  owing  to  insufficient  protection  from  the 
air,  the  entire  casting  is  bad.  The  best  way  to  discover  this 
defect  is  to  make  tensile  tests  on  specimens  cut  from  a  coupon 
cast  from  the  same  melt,  as  the  admixture  of  oxide  is  indicated 
by  the  greatly  reduced  elongation  and  the  low  ultimate 
strength.  If  a  tensile  test  is  impracticable,  the  presence  of 
oxide  will  be  indicated,  when  a  machined  piece  is  bent,  by  a 
number  of  small  cracks  which  open  on  the  outside  of  the  bend; 
if  the  oxidation  is  extreme,  the  surface  of  the  fracture  will 
also  have  an  abnormal  color. 

Oxidation  of  metal  in  the  crucible  is  a  very  common  defect, 
especially  in  the  mixtures  containing  a  high  percentage  of 
copper;  that  is,  the  bronzes.  It  is  the  writer's  belief  that  in 
foundries  where  tensile  or  hydrostatic  tests  are  not  made, 
the  metal  is  in  many  cases  allowed  to  become  seriously  oxi- 
dized in  the  crucible,  because  this  defect  does  not  show  on 
the  surface  of  the  casting.  To  specify  bronze  castings  merely 
by  the  mixture  is  therefore  useless;  the  proportion  of  one  or 
two  of  the  ingredients  may  be  decreased  by  oxidation.  A 
bronze  casting  may  be  made  of  the  correct  mixture,  and  may 
show  no  surface  indications  of  defects,  and  still  be  a  honey- 
comb of  metal  filled  with  oxides. 

The  presence  of  included  dross  is  more  difficult  to  discover 
if  a  hydrostatic  test  cannot  be  made,  and  this  test  does  not 
always  reveal  such  defects.  The  best  insurance  against  this 
defect  is  correct  molding — a  thing  which,  strange  to  say,  is 
very  unusual.  This  fault,  however,  cannot  be  charged  entirely 
to  the  foundryman;  the  designer  is  often  equally  to  blame. 
The  various  parts  of  the  casting  should  be  so  arranged  that 
they  are  connected  by  a  rising  channel  of  increasing  cross- 
section  and  with  a  minimum  of  offsets  to  one  of  the  risers, 
which  should  be  of  much  greater  diameter  than  the  thickest 
part  of  the  casting.  Chills  may  be  used  to  some  extent  as  a 
substitute  for  this  arrangement,  but  only  when  a  channel  of 
increasing  dimensions  is  impracticable,  and  then  only  to  a 
limited  extent. 

Whenever  practicable,  castings  should  be  poured  from  the 
bottom.  While  some  castings  cannot  be  poured  from  the  bot- 
tom, it  is  a  question  whether  those  poured  from  the  top  are 
ever  entirely  free  from  dross.  In  determining  the  position  of 
the  casting  in  the  mold,  extensive  flat  upper  surfaces  should 
be  avoided,  as  dross  may  accumulate  by  being  caught  under 
the  flat  surfaces  of  the  mold  or  core.  When  a  flange  forms  the 
upper  surface  of  the  casting,  it  should  be  expected  to  contain 
some  dross,  and  an  adequate  amount  of  finish  should  be  al- 
lowed so  that  this  dross  will  be  entirely  removed  in  machining. 

Another  source  of  trouble  is  insufficient  risers.  A  casting 
may  be  made  in  accordance  with  the  drawings  and  specifica- 
tions, and  yet  contain  deposits  of  dross  which  may  cause  it  to 
fail  under  ordinary  working  conditions;  still  these  defects 
may  be  such  that  they  would  not  be  discovered  by  the  most 
careful  inspection  or  by  a  hydrostatic  test.  In  specifying  brass 
or  bronze  castings  the  total  cross-section  of  the  risers  should 
be  given  in  per  cent  of  the  greatest  horizontal  cross-section 
of  the  casting. 

Minor  leaks  in  hydraulic  casting  may  be  stopped  by  peening, 
but  the  fact  that  the  casting  leaks  at  a  certain  point  generally 
indicates  that  the  metal  is  defective  at  this  point.  The  belief 
that  certain  brass  and  bronze  mixtures  are  normally  porous 
and  permit  water  to  pass  through  them  under  high  pressure  is 
erroneous,  at  least  up  to  a  pressure  of  1000  pounds  per  square 
inch.  If  water  comes  through  the  walls  of  a  casting,  even  in 
minute  quantities,  under  smaller  pressures,  the  metal  is  not 
clean  or  the  casting  is  porous  from  some  other  condition. 

If  the  defect  is  small  and  other  circumstances  permit,  a  hole 
may  be  drilled  and  a  plug  of  the  same  metal  as  the  casting 


'  Abstract  of  a   paper  by   Ernst  Jonson  read   at  the  annual   meeting  ot  the 
American  Institute  of  Metals,  September  11-15,  1916,  at  Cleveland,  Ohio. 


may  be  screwed  in.  If  plugging  is  not  practicable  or  permissi- 
ble, defective  spots  should  be  cut  out  by  chipping  or  drilling 
so  that  all  the  defective  metal  is  removed.  The  cavity  may 
then  be  filled  by  melting  metal  into  it  from  a  rod  by  means 
of  a  gas  flame,  or  by  pouring  metal  into  it  from  a  crucible. 
When  a  defective  spot  in  a  casting  is  welded,  the  cooling  of 
the  metal  in  the  weld  will  be  accompanied  by  contraction 
which  will  put  a  tensile  stress  in  the  metal  of  the  weld  as 
well  as  in  the  old  metal  which  surrounds  it.  If  the  casting  is 
of  small  lateral  dimension,  the  ends  are  not  constrained,  and 
the  break  extends  all  the  way  across  it,  the  stress  set  up  in 
the  old  metal  by  the  shrinkage  of  the  weld  is  compressive, 
and  there  is  therefore  no  danger  of  cracking.  In  all  other 
cases,  shrinkage  stress  must  be  prevented  by  keeping  the 
casting  heated  to  a  very  high  temperature  while  the  weld  is 
being  made  and  until  it  has  solidified. 

Another  way  to  prevent  cracking  is  to  anneal  the  casting 
immediately  after  the  weld  has  been  made.  There  is  no  reason 
to  believe  that  the  metal  surrounding  the  weld  is  injured  by 
the  shrinkage  stress  until  corrosion  occurs  on  its  surface. 
Therefore,  if  the  elastic  limit  of  the  metal  surrounding  the 
weld  is  lowered  by  heating  the  entire  casting  to  a  sufficiently 
high  temperature,  additional  flow  will  occur,  and  the  cooling 
stress  will  thus  be  gradually  reduced  to  a  minimum  according 
to  the  length  of  time  the  annealing  is  continued.  The  anneal- 
ing temperature  should  be  maintained  for  several  hours,  so 
as  to  give  the  metal  time  to  flow.  Repairs  of  this  kind  should, 
of  course,  be  made  before  any  machining  has  been  done,  be- 
cause the  dimension  of  the  casting  may  be  appreciably  affected 
by  the  shrinkage  in  the  weld  as  well  as  by  annealing.  Cast- 
ings which  are  subject  to  hydrostatic  test  should  be  given  a 
preliminary  test  before  any  machining  is  done.  A  pressure  of 
100  pounds,  or  even  less,  will  generally  he  sufficient  to  reveal 
defects. 

In  machining  brass  and  bronze  castings,  trouble  frequently 
arises  from  the  fact  that  the  patternmaker  did  not  make 
proper  allowance  for  minimum  shrinkage.  When  a  brass  or 
bronze  casting  is  constrained,  shrinkage  in  the  constrained 
direction  is  generally  much  less  than  normal  shrinkage.  Core 
or  other  inside  dimensions,  which  are  tied  up  with  outside 
machining  dimensions,  should  therefore  not  be  laid  out  on 
the  pattern  with  a  shrinkage  rule,  but  with  a  normal  rule. 
The  designer  can  aid  in  preventing  errors  of  this  kind  by 
marking  over-all  machining  dimensions  of  castings  "Must  be 
exact,"  when  it  is  really  necessary  that  they  should  be  exact. 

When  a  rod,  bar,  tube,  or  shape  of  brass  is  pulled  through  a 
die,  the  permanent  reduction  is  proportionately  greater  at  and 
near  the  surface  than  in  the  interior.  The  stress  thus  set  up 
in  the  surface  of  drawn  brass  frequently  exceeds  the  initial 
elastic  limit,  and  cracking  may  therefore  he  expected  when 
corrosion  takes  place.  This  is  the  reason  that  this  defect  is 
called  "season  cracking."  Drawn  material  should  therefore 
be  immediately  treated  in  some  way  to  relieve  the  stress.  This 
may  be  done  by  stretching  the  metal  near  the  surface  mechan- 
ically or  by  temporarily  reducing  its  elastic  limit  by  heating, 
and  thus  allowing  it  to  be  stretched  by  the  compressive  stress 
in  the  interior  metal.  It  can  also  be  done  by  annealing. 
Merica  and  Woodward,  in  a  paper  read  before  the  American 
Institute  of  Metals  in  1915,  stated  that  if  sufficient  time  is 
allowed  for  annealing,  so  that  the  metal  is  given  ample  op- 
portunity to  flow,  the  temperature  need  not  be  as  high  as  it 
would  have  to  be  in  order  to  eliminate  initial  stress  by  a 
quick  annealing.  The  presence  of  initial  stress  in  wrought 
brass  may  be  detected  most  quickly  by  cutting  a  longitudinal 
slit  in  the  end  of  the  piece.  If  the  initial  stress  is  of  sufficient 
magnitude  to  be  objectionable,  the  halves  of  the  piece  will 
curve  out  to  a  measurable  degree. 

Extruded  brass  rods  are  sometimes  subject  to  a  hidden  de- 
fect, namely,  piping.  Such  rods  are  generally  cut  to  length 
by  sawing,  but  if  the  pipe  is  small,  it  will  be  hidden  by  the 
rubbing  of  the  saw.  The  presence  of  this  defect  may  be  dis- 
covered by  nicking  the  end  of  the  rod  and  breaking  it  off. 

Because  brass  must  not  be  kept  under  stress  greater  than 
its  initial  elastic  limit  and  equal  to  its  acquired  elastic  limit 
for  any  considerable  length  of  time,  brass  and  bronze  should 
be  regarded  as  generally  unsuitable  for  bolts  and  studs.     It 
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UTTING  Sprockets 

like  cutting  gears  is  a  particular  job — the  spacing  must  be 
right  and  the  blank  rigidly  supported  if  the  cutter  is  to  form 
the  teeth  accurately — you  must  watch  out  for  these  points  to 
get  sprockets  that  work  properly.  And  then  good  work  must  go  hand  in  hand  with 
fast  production — your  machines  must  give  you  both  of  these  to  keep  up  with  the  pres- 
ent pace  of  manufacturing  and  prove  a  profitable  investment. 

Brown  &  Sharpe 

Automatic  Gear  Cutting  Machines 


are  especially  well  fitted  to  handle  the  cutting  of  sprockets  with  a  degree  of  speed  and 
accuracy  that  will  meet  the  production  demands  of  every  sprocket  maker. 

pr-|^-T^  And  then  on  cutting  spur  gears  you  can  get  the  same 

high  quality  that  hundreds  of  users  of  these  machines 
are  getting  at  uniform  low  costs. 

Let  us  tell  you  about  the  features  of  these  machines 
that    make    this    so — about    the    positive    indexing 
mechanism — the  ample  rigidity  allowing  rapid  cut- 
ting—  the  convenient 
arrangement  and  control. 

Our  descriptive  circu- 
lars give  this — we  want 
you  to  read  them. 


This  Is  our  No.  4  Auto- 
matic Gear  Cutting 
Machine,  a  size  well 
suited  for  ordinary 
sprocket  requirements 
as  well  as  for  spur  gears 
to  48-inches  in  diam- 
eter with  10-inch  face. 
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Making  the  Most 
of  Your  Time 
on  Each  Job 


You   can   accomplish   more   and  do   better 

work  if  you  own  a  kit  of  reliable  tools. 

Then  do  your  best  on  each  job  assigned  to 

you  and  let  the  quality  of  your  work  and  the  time  clock  measure  your  skill  as  a 

workman.    The  firm  will  not  be  slow  to  appreciate  your  value. 

Own  a  Kit  of 
Brown  &  Sharpe  Tools 

More  Work  is  the  result  of  using  these  fine  tools,  for  their  many 
features  and  conveniences  make  easy  handling — a  few  moments 
saved  each  time  they  are  used  means  many  moments  in  the 
day's  work. 

Better  Work  is  also  obtained  by  their  use  ,  for  when  they 
show  the  work  to  be  right  you  can  be  sure  that  it  is 
right — the  reliability  of  B  &  S  Precision  Tools  has 
placed  them  in  the  confidence  of  mechanics  the 
world  over. 

You  will  profit  by  having  tools  in  your 
kit  that  have  passed  our  rigid  inspec- 
tion   for   high    quality    workmanship 
and  accuracy. 

Get  a  copy  of  our  Small  Tool 
Catalog  No.  27 — we  will 
gladly  send  you  one. 

BROWN  &  SHARPE  MFG.  COMPANY 

PROVIDENCE,  RHODE  ISLAND,  U.  S.  A. 

OI'FK'KS;    20  Vesey  St.,  New  York,  N.  Y. ;  G52-G54  The  Bourse,  Philadelphia,  Pa.:  fi26-G30  Washington  lilvd.,  Chicago,  Dl.;  305  Chamber  of  Commerce  Bldg., 

Uochester,   i\.   Y. ;  Room  419,   University  Block,    SjTacuse,    N.    Y. ;  2538  Henry  W.  Oliver  Bldg..  Pittsburgh.  Pa. 

UEPRE.SENTATIVES:     Carey  Machinery  &  Supply  Co.,  Baltimore.  Md. ;  The  E.    A.    Kinsey   Co.,    Cincinnati,    O..    Indianapolis.    Ind. ;   Pacific   Tool    &    Supply 

Co.,   San  Francisco,   Cal.;  Strong,   Carlisle  &  Hammond  Co.,  Cleveland,   O.,   Detroit,   Mich.;  Colcord-Wright  Machinery  &   Supply  Co.,   St.   Louis,    Mo.;  Perine 

Machinery  Co.,  Seattle.  Wash.;  Portland  Machinery  Co..  Portland,  Ore. 

CANADIAN   AGENTS:     The   Canadian   Fairbanks-Morse   Co.,   Ltd.,    Montreal,  Toronto,   Winnipeg,    Calgary,   ^■ancouver.    St.   John,    Saskatoon. 

FOREIGN  AGENTS:    Buck  &  Hickman,  Ltd.,  London,   Birmingham,   Manchester,  Sheffield,  Glasgow;  F.  G.  Kretschmer  &  Co.,  Frankfort,  a.M.,  Germany;  V. 

I.owener,  Copenhagen,   Denmark,   Stockholm,   Sweden,   Christiania,    Non\ay;   Fen«ick    Freres    &    Co.,    I'aris,     France:    Liege,    Belgium;    Turin,    Italy;    Ziu-ich. 

Switzerland;  Barcelona.   Spain;  F.   W.   Home,  Tokio,  Japan;  L.   A.   Vail.   Melbourne,    Australia;   F.   L.    Strong,    Manila,   P.   1. 
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is  practically  Impossible  to  fit  and  tighten  a  bolt  in  such  a 
manner  that  one  Is  sure  not  to  stress  it  above  the  initial 
elastic  limit,  at  least  on  one  side.  All  bolts  used  in  flanged 
connections  are  stressed  more  on  one  side  than  on  the  other, 
because  of  the  deflection  of  the  flanges;  and  even  under  the 
most  favorable  conditions,  when  the  connected  parts  are  so 
stiff  that  the  deflection  is  insignificant,  brass  bolts  may  easily 
Be  drawn  up  so  tight  that  the  entire  cross-section  at  the  root 
of  the  thread  is  stressed  above  the  initial  elastic  limit.  An- 
other source  of  defects  in  brass  work  lies  in  heat-treatment  by 
workmen  unfamiliar  with  the  properties  of  brass.  Men  ac- 
customed to  do  such  work  on  iron  and  steel  are  very  likely  to 
ruin  the  brass  by  overheating.  The  best  insurance  against 
trouble  is  to  allow  no  brass  forging  to  be  done  by  men  who 
are  not  experienced  in  this  kind  of  work.  Specifications  should 
provide  that  no  hot  working  of  brass  is  done  by  those  not  regu- 
larly engaged  in  such  work,  and  hot  working  should  be 
avoided  as  much  as  possible.  Brass,  being  very  ductile,  may 
be  formed  into  any  shape  by  cold  working,  accompanied  by 
annealing.  Large  rivets  must  be  driven  hot,  but  flanging  and 
other  kinds  of  bending  should  be  done  cold.  This  work  should 
be  done  by  experienced  men  and  in  shops  equipped  with  the 
necessary  appliances;  for  instance,  the  flanging  of  circular 
heads  should  be  done  by  pressing  between  dies,  and  in  sev- 
eral stages,  each  being  followed  by  annealing.  One  should  not 
attempt  to  do  such  work  on  brass  by  hammering  over  a  form, 
as  is  done  with  copper. 


STATEMENT  OF  THE  OWNERSHIP,  MANAGEMENT,  ETC.,  RE- 
QUIRED BY  THE  ACT  OF  CONGRESS  OF  AUGUST  24,  1912 


State  of  New  York     ) 
County  of  New  York  )    ^^• 

Before  me,  a  Not.iry  Public  in  and  for  the  state  and  county  aforesaid, 
personaUy  appeared  Mattliew  J.  O'NeiU,  who,  having  been  dulv  sworn  ac- 
cording to  law,  deposes  and  says  that  he  is  the  General  Manager  of 
Macbi.vdrt  and  that  the  following  is,  to  the  best  of  his  knowledge  and 
belief,  a  true  statement  of  the  ownership,  management,  etc.,  of  the  afore- 
said publication  for  the  date  shown  in  the  above  caption,  required  by  the 
Act  of  August  24,  1912,  embodied  in  section  443,  Postal  Laws  and  Regula- 
tions,  printed  on  the  reverse  of  this  form,  to  wit: 

1.  That  the  names  and  addresses  of  the  publisher,  editor,  managing  editor, 
and  business  managers  are: 

Publisher,  The  Industrial  Press  140-148  Lafayette  St.,  New  York 

Editor,    Fred   E.    Rogers  " 

Managing  Editor,   None 

Business    j    Alexander  Luchars,    President  "  "  "         "         •• 

Managers  |  Matthew  J.  O'Neill,  Gen'l  Manager    "  "  

2.  That  the  owners  of  1  per  cent  or  more  of  the  total  amount  of  stock  are: 
The  Industrial  Press  140-148  Lafayette  St.,  New  York 

Alexander  Luchars  "  "  ' 

Matthew  J,  O'NeiU  "  

Fred  E.   Rogers  "  "  "         "         " 

Louis  Pelletier  .  "  *'  "         ■•        " 

Erik  Oberg  "  "  "         "         •• 

3.  That    there    are    no    bondholders,    mortgagees    or   other    security    holders. 

4.  That  the  two  paragraphs  next  above,  giving  the  names  of  the  owners, 
stockholders,  and  security  holders,  if  any,  contain  not  only  the  list  of  stock- 
holders and  security  holders  as  they  appear  upon  the  books  of  the  company 
but  also,  in  cases  where  the  stockholder  or  security  holder  appears  upon  tne 
books  of  the  company  as  trustee  or  in  any  other  fiduciary  relation,  the  name 
of  the  person  or  corporation  for  whom  such  trustee  is  acting,  is  given;  also 
that  the  said  two  paragraphs  contain  statements  embracing  affiant's  full 
knowledge  and  belief  as  to  the  circumstances  and  conditions  under  whicli 
stockholders  and  security  holders  who  do  not  appear  upon  the  books  of  the 
company  as  trustees,  hoid  stock  and  securities  in  a  capacity  other  than  that 
of  a  bona  fide  owner;  and  this  affiant  has  no  reason  to  believe  that  any  other 
person,  association,  or  corporation  has  any  interest  direct  or  indirect  in  the 
said  stock,   bonds,   or  other  securities   than  as  so  stated  by  him. 

MATTHEW  J.   O'NEILL,   General  Manager. 
Sworn  to  and  subscribed  before  me  this  15th  day  of  September,  1916. 
THOMAS    R.    -WILLIAMS, 
(SEAL)  Notary  Public,   New  York  County,   No.   254. 

(My  commission  expires  March  30,   1918.) 


OBITUARIES 


W.  K.  Millholland,  president  of  the  W.  K.  Millholland  Ma- 
chine Co.,  Indianapolis,  Ind.,  died  October  9,  aged  sixty  years. 
Mr.  Millholland  had  acquired  a  varied  experience  as  a  mechanic, 
salesman  and  manufacturer.  In  1909  he  organized  the  W.  K. 
Millholland  Machine  Co.,  which  has  grown  from  a  small  be- 
ginning to  a  concern  employing  over  one  hundred  men.  He 
is  survived  by  a  widow  and  seven  sons,  four  of  whom  are 
employed  in  the  company. 

Frederick  W.  Hoefer,  president  of  the  Hoefer  Mfg.  Co.,  Free- 
port,  111.,  whose  death  September  28  was  noted  in  the 
November  number,  was  one  of  the  leading  manufacturers  of 
Freeport,  having  been  established  there  in  business  for  twenty- 
eight  years.  Mr.  Hoefer  was  an  inventor  of  wire  forming 
machines,  spring  coiling  machines  and  other  machines  having 
original  characteristics.  He  secured  patents  on  spring  coiling 
machines  which  were  on  distinct  principles  and  which  gave 
him  control  of  the  spring  coiling  machinery  during  the  life 
of  the  patents.  Some  years  ago  the  Hoefer  Mfg.  Co.  disposed 
of  the  wire  forming  and  spring  coiling  machinery,  and  the 


business  was  afterward  devoted  to  the  manufacture  of  drilling 
machines.  His  widow,  two  daughters  and  a  sou,  Chester  A. 
Hoofer,  secretary  of  the  company,  survive  him. 

Edward  T.  Ilendee,  secretary  of  Joseph  T.  Ilyerson  &  Son, 
Chicago,  III.,  died  suddenly  at  Minneapolis,  Minn.,  Novem- 
ber 12,  aged  thirty-six  years.  Mr.  Hendee  graduated  from 
New  York  University  in  1900  with  the  degree  of  H.S.,  and 
afterward  received  the  degrees  of  M.E.  and  M.S.  He  also  re- 
ceived the  degree  of  Sc.U.  at  Columbia  University  in  1901; 
and  from  1901  to  1902  he  was  assistant  professor  of  mechani- 
cal engineering  at 
New  York  Uni- 
versity. In  1902 
Mr.  Hendee  be- 
came associated 
with  Joseph  T. 
Ryerson  &  Son  of 
Chicago  as  adver- 
tising manager,  in 
which  capacity  he 
displayed  much 
initiative  and 
force.  He  built  up 
and  became  man- 
ager of  the  ma- 
chinery depart- 
ment; in  1911  he 
was  made  assist- 
ant to  the  presi- 
dent, and  in  1913 
assumed  charge  of 
the  railway  sup- 
ply department  of 
the  company.  He 
was  elected  secre- 
tary in  1913,  and 
continued  to  fill 
the  position  up  to 
the  time  of  his 
death.  Under  Mr.  Hendee's  able  leadership,  both  the  domestic 
and  foreign  machinery  business  and  the  railway  supply  busi- 
ness for  the  company  were  very  widely  extended.  He  gave  loyal 
and  indefatigable  service  to  his  company  and  inspired  with 
enthusiasm  everyone  with  whom  he  came  in  contact.  The 
three  qualities  of  loyalty,  energy  and  enthusiasm  were  promi- 
nent factors  in  his  remarkable  success.  Mr.  Hendee  was  mar- 
ried ^in  1907  to  Miss  Bessie  E.  Comstock.  His  widow  and  two 
sons' survive  him. 


Edward  T.   Hendee 


PERSONALS 


H.  T.  Benham  has  been  made  manager  of  the  advertising 
department  of  E.  C.  Atkins  &  Co.,  Indianapolis,  Ind.,  succeed- 
ing T.  A.  Carroll,  resigned. 

Donald  Baker,  who  recently  went  with  the  Williams  Mfg. 
Co.,  Ltd.,  Montreal,  Canada,  has  been  promoted  to  the  position 
of  assistant  superintendent. 

Louis  Ruthenburg  has  been  appointed  general  manager  of 
the  Dayton  Engineering  Laboratories  Co.,  Dayton,  Ohio,  suc- 
ceeding W.  P.  Anderson,  resigned. 

L.  S.  Devos,  formerly  purchasing  agent  for  R.  Martens  &  Co., 
24  State  St.,  New  York  City,  has  joined  the  selling  force  of 
the  Selson  Engineering  Co.,  New  York  City. 

J.  0.  Smith,  vice-president  of  the  American  Emery  Wheel 
Works,  Providence,  R.  I.,  has  resigned.  Mr.  Smith  has  made 
no  announcement  of  his  plans  for  the  future. 

Roy  B.  Dow,  formerly  secretary  of  the  Cochrane-Bly  Co., 
Rochester,  N.  Y.,  manufacturer  of  cold  sawing  machines,  is 
now  connected  with  the  Erdle  Perforating  Co.,  Rochester,  N.  Y. 

Lieut.-Col.  A.  H.  W.  J.  Boom  has  announced  the  removal  of 
the  offices  of  the  purchasing  delegation.  Government  of  the 
Netherlands,  War  Department,  from  the  Hotel  McAlpin  to  50  E. 
42nd  St.,  New  York  City. 

Carl  E.  Akeley  of  the  American  Museum  of  Natural  History, 
New  York  City,  has  been  awarded  the  John  Scott  medal  and 
premium  for  the  invention  of  the  cement  gun,  a  device  for 
applying  cement  mortar  by  the  use  of  compressed  air. 

Norman  L.  Warford,  formerly  with  the  powdered  coal  de- 
partment of  the  Anaconda  Copper  Mining  Co.,  Anaconda,  Mont., 
has  joined  the  Powdered  Coal  Engineering  &  Equipment  Co. 
of  Chicago,  in  the  capacity  of  engineer  in  charge  of  con- 
struction. 

A.  H.  Young,  supervisor  of  labor  and  safety,  Illinois  Steel 
Co.,  South  Chicago  Works,  has  been  appointed  director  of  the 
American  Museum  of  Safety,  New  York  City,  succeeding  to 
the  position  made  vacant  by  the  recent  removal  of  Dr.  William 
H.  Tolman. 

Frederick  Fisher  has  joined  the  R.  E.  Ellis  Engineering  Co,., 
Inc.,  of  Chicago,  as  vice-president  and  treasurer.  Mr.  Fisher 
was   formerly  associated   with   the  Bucyrus  Co.   and   has  ac- 
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The  Cincinnati  Milling 
Machine  Company 

Cincinnati  Ohio,  U.  S.  A. 


Not  the  usual  compilation 
of  catalog  matter,  but  a  412 
page  book  full  of  data  on  all 
branches  of  milling,  most  of 
which  have  never  before  been 
published.  Tells  you  just  what 
you  want  to  know  about  the 
latest  practice  in — 
Speeds  and  Feeds;  Cutter  Design; 
Jigs  and  Fixtures;  The  Best  Meth- 
od for  Milling  a  Given  Job;  Power 
Required  to  Do  Milling;  Size  of 
Cut  Each  Machine  Can  Take;  How  to  Set  Up  for 
the  Best  Results;  Cutter  Sharpening;  Chatter- 
ing— its  causes  and  remedies. 
Use  of  the  Dividing  Head — and  a  complete, 
simple  discussion  of  the  mathematics  of  Spur, 
Bevel,  Mitre,  Spiral  and  Worm  Gear  Cutting, 
Angular  Indexing,  Computing  Change  Gears,Etc. 
Complete  Tables  for  Indexing,  Spiral  Milling, 
Cam  Milling,  Rack  Milling,  Trigonometric  Func- 
tions, Etc. 

Invaluable  to  the  superintendent,  foreman, 
milling   machine    operator   and    draftsman. 

PRICE  $1.50  POSTAGE  PREPAID 
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qiiired  valuable  oxporience  in  Konfral  slioi)  practit'C  as  a  chem- 
ical engineer. 

John  V.  N.  Dorr,  president  of  (he  Dorr  Cyanide  Machinery 
Co.,  New  York  City,  has  l)ecn  awarded  the  John  Scott  medal 
and  premium  hy  the  Franklin  Institute  of  riiiladelphia  for  tlie 
invention  of  the  Dorr  classifier,  the  Dorr  thickener  and  the 
Dorr  anitator. 

'I'he  John  Fritz  medal,  awarded  in  January,  lOlfi,  to  Dr. 
Flilui  Thomson  for  his  inventions  and  achievements  in  elec- 
trit'al  engineering,  will  be  presented  to  Dr.  Thomson  in  IJoston, 
Friday  evening,  December  8.  1916,  in  the  Central  Lecture  Hall 
of  the  Massachusetts  Institute  of  Technology. 

n.  W.  Vails,  formerly  chief  engineer  and  designer  for  the 
Shaw  Klectric  Crane  Co.,  Muskegon,  Mich.,  has  resigned  his 
position,  and  has  been  made  chief  designer  and  manager  for 
the  crane  department  of  the  Champion  Iron  Co.,  Kenton,  Ohio, 
which  will  place  a  line  of  electric  traveling  cranes  on  the 
market. 

R.  G.  Clyne,  for  the  past  seven  years  mechanical  engineer 


witli  the  Western  Cartridge  Co.,  East  Alton,  111.,  has  resigned, 
and  will  go  into  business  for  himself  in  St.  Louis,  Mo.,  design- 
ing and  building  special  machinery.  He  has  devoted  over 
twenty-six  years  to  the  design  of  machinery  used  iu  the  manu- 
facture of  cartridges. 

George  O.  Smalley  has  been  promoted  to  the  i)osition  of  first 
vice-president  and  general  manager  of  the  Hound  Hrook  Oilless 
Hearing  Co.,  Hound  Hrook,  N.  J.,  succeeding  the  late  Leigh  S. 
Hache.  Mr.  Smalley  has  been  connected  with  the  company 
for  the  past  ten  years,  the  last  four  years  of  which  he  was 
assistant  general  manager  and  assistant  treasurer. 

H.  A.  Range  of  the  Internations  Commercial  Corporation, 
44  Whitehall  St.,  New  York  City,  has  been  elected  vice- 
president  in  charge  of  machinery  and  heavy  hardware.  Mr. 
Runge  was  for  a  number  of  years  connected  witli  the  export 
department  of  Manning,  Maxwell  &  Moore,  Inc.  For  the  past 
fifteen  years  he  has  devoted  his  time  to  foreign  trade,  special- 
izing on  machinery,  machine  tools,  railroad  materials  and 
sugar  plantation  machinery  and  supplies. 
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COMING  EVENTS 


December  5-8. — .\niuial  meeting  oC  the  Aiiuii.jTi 
Soeicty  of  Mecli:iiii(!il  Knsiueers  in  Now  York  City. 
Engineering  So.ieties'  Wilt:.,  29  W.  39th  St., 
liendqnarters.     Calvin  W.   Iii<c   secretary. 

January  6-13.— Nati..nal  .\n(,.i,i..l,il,-  Sh-w  in  Grnnd 
Central   Falaee,    New    Y..rk    lil>. 


'     SOCIETIES,  SCHOOLS  AND 
I  COLLEGES  J 

Internitional  Corrcspoiuieiice  Schools,  Seranton,  Pa. 
•■M  luuil'  .ii  liii.'iinaii"ii  for  Stmleuts."  which  is 
given  to  eieli  stiul.ut  w  lien  he  enrolls,  its  object 
being  to  inform'  tlic  stmleuts  on  the  correspondence 
svstem  of  ecUication,  instruction  papers,  correspond- 
ence method  of  procedure,  postal  matters,  how  to 
study,  and  how  to  make  the  training  received  useful 
in  oijtaining  a  position. 


E 


"   1 

EW  BOOKS  AND  PAMPHLETS 


Some  Graphical  Solutions  of  Electric  Railway  Proli- 
lems      liv  A.  M.  Buck.     30  pages,  6  by  9  inches 
niustrated.       Published    by     the     University    of 
Imnois,     Urbana,     111.,    as    Bulletin    No.    90    of 
the     Engineering     Experiment    Station.       Price, 
20  cents. 
Anatomy  of  a   Steel  Hopper  Bottom   Coal  Car.     By 
George  L.  Fowler.     Cliart.  25  by  18  inches.    Pub- 
li>;hed    by    Norman    W.    Henley    Publishing    Co., 
New   York   City.      Price,    25   cents. 
This    chart    shows    a    diagram    of    a    steel    hopper 
bottom  coal  car  and  gives  a  reference  list  of  all  the 
irirts   which    are    indicated    by   numbers   in    the    dia- 
gram.    This  list  is  arranged  alphabetically  and  con- 
tains the  names  of  150  parts. 

Plain  and  Ornamental  Forsing.     ^^  E--"''  |^hwarz- 
konf.      t;G7    pages,    5    by    7%    inches.      228   illus- 
trations.   Published  by  John  Wiley  &  Sons,  Inc., 
New   York   City.      Price,    $1.50  net. 
This  work  treats  of  the  general  properties  of  iron; 
for^e   and   blacksmith    tools;    various   practical   exer- 
,ises      including    upsetting,    offsetting,     shouldering, 
drawing,     forming,    bending,     welding    and    forging. 
It    deals    with    the    properties    of    steel,    annealing, 
hardening    and    tempering,    toolmaking.    art    forging, 
etc      It  is  designed  primarily  to  assist  the  beginner 
to  comprehend  both  the  theory  and  practice  of  forge 
work    through    self-instruction,    and    contains    much 
elementary     and     simple     matter     In     the     opening 
chapters. 

Canadian  Trade  Index.     5G0  pages    6%  by  10  inches. 
Puldi'^lied    liy    the    Canadian    Manufacturers     As- 
sociation    Iiic,    Toronto,    Canada.      Price,    $5. 
Tli'e   work    is   in    three    parts,    the   first   part  being 
in     alphabetical     list    of     Canadian     manufacturers, 
eiving    also    their    branch    offices,  factories,    export 
representatives,    etc.     The   second   part   is  the   index 
proper,  consisting  of  an  alphabetical  list  of  articles 
nanufactured    in    Canada    with    the    names    and    ad- 
dresses of   the  makers.     The  third  part,   in   French 
gives    the   names    of    articles   made   in    Canada    with 
reference  to  the  sections  in  which  the  names  of  the 
makers    may    be    found.      The   work  obviously   is   in- 
dispensable   to    those    wishing    a    segregated    list    of 
Canadian  products  and   manufacturers. 
Automobile  Welding  with  the  Oxy-acetylene  Flame. 
By    M      Keith    Dunham.       167    pages,     4    by    6 
inches      65   illustrations.      Published   by  Norman 
W.    Henley    Publishing    Co.,     New    York    City. 
Price.  $1.  ^  , 

This  little  treatise  on  oxy-acetylene  welding  was 
written  by  a  practical  man  who  has  had  much  ex- 
perience in  the  use  and  design  of  oxy-acetylene  ap- 
paratus. It  should  be  useful  to  all  classes  of  re- 
pair men.  including  machinists,  blacksmiths,  garage 
and  service  station  men.  miUwrights,  etc.  The 
contents  by  chapter  heads  are  as  follows:  Apparatus 
Knowledge;  Shop  Eciuipment  and  Initial  Procedure; 
Cast  Iron;  Aluminum;  Steel;  Malleable  Iron.  Copper. 
Brass  Bronze;  Carbon  Burning  and  Other  Uses  of 
Oxygen  and  Acetylene;  and  How  to  Figure  Cost  of 
Welding.  The  book  is  of  a  size  that  is  convenient 
to  carry  in  the  pocket  or  to  keep  in  the  tool  chest 
of  the  repair  man. 

Liquid    Measuring    Pumps.      By    F.    J.    Schlink.      27 
pages,    6   by   9   Inches.      lUustrated.      Published 


liy    the    Deparlini-nt    of    Coliiniercp.    Wasliington. 
1>.    ('.,    as   TecliiioUigic    Paper   of    the    llureau   of 
Standards  No.  81. 
■I'liis    report    pertains    to    the    accuracy    of    liquid 
measuring  pumps  commonly  used  in  dispensing  gaso- 
line for  use  in  motor  cars.     There  are  several  types 
of    measuring    systems    in    use,    the    most    common 
being  the  piston   type,   which  is  the  same   in  princi- 
ple   as    the    ordinary    plunger    pump,    equipped    with 
-I I. IPS  to  define  the  volume  discharged.     Tlie  principal 
riuses  of  short  delivery  are  leaks  in  valves  or  piping, 
iniination  of  vapor  due  to  excessive  suction  lift,   or 
(lie    introduction    of    air    under    the    piston.      Of    nu- 
merous   measuring    .systems   of   various   types   chosen 
at   random  and   tested  by   the   Bureau   of  Standards' 
inspector   in   a   number  of  different    cities,    70   to   80 
per    cent    had    excessive    errors.      Figures    based    on 
the   best   estimates  obtainalde   show   that   in   Illinois 
the  losses  to  users  due  to  short  measure  in  gasoline 
are  not  less  than  $530,000  annually. 
Applied    Electricity   for   Practical   Men.      B>    Arthur 
J.    Rowland.     375   pages,    5   by   71,4    inches.      325 
illustrations.      Published    by    McGraw-Hill    Book 
Co.,    Inc.,    New   York    City.      Price,    $2. 
The   book    has   been   in   process   of   making    during 
twenty    years'     experience    of    the    author,    who    is 
professor    of    electrical    engineering    at    the    Drexel 
Institute    in    Philadelphia.       It    was    written    from 
tlie    standpoint    of    one    who    puts    up    and    operates 
electric    circuits    and    apparatus,    and    it    does    not 
treat   of   problems   of   apparatus   design.      Theory    is 
avoided   except   as   it  has  direct   bearing   upon   prac- 
tical   matter,    the    aim    being    to    make    the   work   of 
greater  value   to   practical   men   who  wish   to   obtain 
a   working  knowledge  of  the  electrical  science  with- 
out  burdening    their   minds  with    theory   of  little   or 
no    use    in,  their    daily    work.      The    book    treats    of 
fundamental     principles,      electromotive     force     and 
Ohm's    Law,     magnets    and     magnetic     flux,     direct- 
current    dynamo    (electromotive    force),    drum    arma- 
tures    and     multipolar     machines,     electric     heating, 
electric    power,    direct-current    systems    of    distribu- 
tion,  direct-current  motors,   principles  of  alternating 
current,      alternating-cnrrcnt      transformers,      poly- 
phase-current    principles,     alternators,     alternating- 
current    motors,     other    alternating-current     machin- 
ery,  storage  batteries,   electric  lights,   and  wiring. 
Melting    Aluminum    Chips.      By    H.    W.    Gillett    and 
G.    M.  .James.      88   pages.   6  by  9   inches.      Pub- 
lished  by   the   Bureau   of   Mines,    Department   of 
the    Interior,    Washington,    D.    C,    as    Bulletin 
No.  108. 
This    bulletin    gives    an    account    of    experiments 
made  to  compare  the  recovery  of  metallic  aluminum 
in   melting   down   chips  such   as  are   obtained   in   the 
automobile    factories    in    machining    aluminum    cast- 
ings.     As    aluminum    has    sold    at    three    times    its 
normal   price   for   the   past   year,    and   as   a    recovery 
of  but  60  per  cent  of  the  metal  in  the  chips  is  com- 
mon,   and    a    90    per    cent    recovery    is   commercially 
possilde,  the  preventable  loss  is  of  c(Uisiderable  mag- 
nitude.     The    bulletin    discusses    the    causes    of    the 
high    loss    in    the    usual    method    of    melting    chips, 
and    shows    that    the    difficulty    of    getting    the    tiny 
globules  of   molten   metal  resulting   from   the   fusion 
of    the    very    fine    chips    to    coalesce,    when    covered 
with    a    skin   of    oxide    and    dirt,    is    apparently    the 
main    cause    for    low    recoveries.      Two    methods    of 
melting    can    be    successfully    used    to    promote    co- 
alescence.     In   one   method   the   chips   are   kept   Just 
above    the    fusion    point    and    the    gloliules    made    to 
coalesce    by    hand    puddling,    which    breaks    through 
the    skin    and    makes    the    globules    unite.      In    this' 
method,   melting  is  best   done   in  an  iron  pot  heated 
by   oil.      The   other   is    by    the    use   of   a    flux    which 
dissolves  the  skin  of  dirt  and  oxide,  producing  clean 
globules    which    can    unite.      The    flux    suggested    is 
8.T    per    cent    common    salt.    15    per    cent    fluorspar, 
used    in    large    amount    (20    to    30    per    cent    of    the 
weight    of    the    chipsl     and    mixed    with    the    chips 
before  charging.      Much  higher  temperatures  are  re- 
quired by  this  method  than  by  the  puddling  method. 
Lubricating  Engineers'  Handbook.     By  John  R.   Bat- 
tle.    3.33  pages.  6  by  9  inches.     114  illustrations. 
Puldished  hy  J.  B.  Lippincott  Co..  Philadelphia, 
Pa.     Price.   .$4  net. 
This  comprehensive  reference  book  of  data,   tables 
and   general    information    for   the   use   of   lubricating 
engineers  and  others  concerned   in    the   u.se  of  lubri- 
cants is  a  valuable  contribution  to  engineering  litera- 
ture.    The   author   declares   that    of  all    the   supplies 
used    in    the    operation    of    power    plants    and    mills. 
lubricants    and    their    practical    application    are    the 
least  understood,  and  when  it  is  considered  that  not 
a    spindle    can    turn    without   overheating    and    wear. 
the    importance    of    lubricants    may    he    more    fully 


appreciated.  The  book  treats  <if  friction,  theory 
of  lubrication,  briefly  of  the  history  of  petroleum, 
the  characteristiis  of  p<>troleuni  and  other  lubricants 
and  greases,  of  lubricating  oil  and .  grease  tests, 
and  includes  oil  data  and  many  miscellaneous  notes. 
Data  are  given  on  the  average  cost  of  power  per 
horsepower  year,  and  the  luliric'ation  of  power  trans- 
mission apparatus,  including  shafting,  is  taken  up; 
also  on  lubricants  for  cutting  tools  and  oils  for 
quenching  tools  for  hardening.  Chapters  are  de- 
voted to  the  lubrication  of  steam  engines  and  steam 
turbines;  oil  cups,  grease  cups  and  filters;  oil  houses 
and  oil-house  methods;  and  the  general  forms  of 
bearings  and  materials  used  for  lining  bearings.  Air 
compressors  and  automobiles  present  special  prob- 
lems for  the  lubricating  engineer,  as  well  as  coal 
mining  machinery  and  Diesel  engines.  These  are 
taken  up  in  separate  discussions.  The  work,  as  a 
whole,  is  thorough  and  comprehensive.  It  is  pro- 
fusely illustrated,  and  contains  much  valuable  data 
useful  to  all  classes  concerned  with  the  use  of 
niadiinery  and  lubricants. 

A  Treatise  on  Milling  and  Milling  Machines.  409 
pages,  G  by  9  inches.  2G7  illustration.^.  Pub- 
lished by  the  Cincinnati  Milling  Machine  Co., 
Cincinnati.  Ohio.  Price,  $1.50. 
This  comprehensive  work  on  milling  and  milling 
machine  practice  should  be  welcome  to  manufac- 
turers and  mechanics  generally.  Milling  as  a  means 
of  machining  metal  parts  has  developed  broadly 
during  the  past  ten  years,  and  is  generally  conceded 
to  be  one  of  the  principal  methods  of  machining 
parts  manufactured  in  quantities.  The  contents  of 
the  book  by  chapter  heads  follow:  The  Construction 
and  Use  of  Milling  Machines;  Erection.  Care  and 
Adjustment  of  Milling  Machines;  Tool-room  Millers 
—The  Dividing  Head,  etc.;  Setting  Up  the  Machine; 
An  Analysis  of  the  Process  of  Milling;  Mining  Ma- 
chine Feeds;  Speeds  of  Milling  Cutters;  Stream 
Lubrication — Cutter  and  Work  Cooling  System;  Mill- 
ing Cutters — Notes  on  .the  Iiesign  and  Efficiency  of 
Modern  Cutters;  Cutter  Sharpening;  Power  Required 
to  do  Milling;  Various  Metliiids  of  Milling;  Mining 
Jigs  and  Fixtures;  The  Sizing  and  Cutting  of  Spur 
Gears;  Shop  Trigonometry — Bevel  Gears  and  Their 
Calculation — Instructions  for  Cutting;  Spiral  Gear 
Cutting — Calculations.  Formulas.  Tables,  etc.;  Worm- 
gearing— Calculations  and  Methods  of  Cutting;  Con- 
tinued Fractions  and  Their  Application  to  Shop 
Problems — Angular  Indexing;  Change-gears  for  Cut- 
ting Spirals;  Cams — Tables  for  Setting  the  Milling 
Machine  for  Milling  Spiral  Cams;  Tables  of  Natural 
Trigonometric  Functions.  The  book  is  profusely  il- 
lustrated with  halftone  and  line  illustrations,  and 
well  printed  on  good  quality  paper.  Mathematical 
tables  and  data  on  gear  cutting  are  included,  mak- 
ing it  a  most  valuable  referen<'c  hook  for  the  me- 
chanic concerned   with   luilling   in-.i.tii-   in     uiy    \mi>. 


Modern  Tool  Co.,  2ud  and  State  Sts..  ^Erie.  Pa. 
Bulletin  34  on   "Modern"  adjustable  collapsing  taps. 

Chicago  Pneumatic  Tool  Co.,  Chicago,  111.  Bul- 
letin 34-X,  describing  and  illustrating  "Giant"  gas 
engines. 

Kelly  Reamer  Co.,  Cleveland,  Ohio.  Catalogue  G, 
treating  of  Kelly  reamers  with  adjustable  high- 
speed blades. 

General  Electric  Co.,  Schenectady,  N.  Y.  Bul- 
letins 46101-A.  4G103-A  and  46104-A,  descriptive  of 
General  Electric  Type  P.  Type  M,  and  Type  G  de- 
mand meters,  respectively. 

Rodney  Hunt  Machine  Co.,  Orange,  Mass.  Cata- 
logue 30  of  Hunt  water  controlling  apparatus,  com- 
prising flumes,  penstocks,  standpipes,  relief  valves, 
hoists  and  stands,   trash  racks,   etc. 

Shepard  Electric  Crane  &  Hoist  Co.,  Montour 
Falls,  N.  Y.  Circular  containing  outline  of  shop 
courses  in  blueprint  reading,  shop  drawing,  .shop 
mathematics,  shop  mechanics  and  practical  elec- 
tricity. 

Wahlstrom  Tool  Co..  5520  Second  Ave.,  Brooklyn. 
N.  Y.  Catalogue  of  Wahlstrom  automatic  driU 
chucks  with  positive  drive.  These  chucks  are  made 
in  two  styles  for  straight  and  taper  shank  tools, 
respectively. 

Wood  &  Safford  Machine  Works,  109-111  S.  6th 
St.,  Great  Falls.  Mnnt.  Circular  of  the  "Perfec- 
tion" cylinder  grinder  which  may  l>e  used  on  engine 
lathes  for  grinding  tlie  Imre  of  aulomobile  cylinders 
and  similar  work. 
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A   friend  of  ours  who  runs  a  "contract  shop"  says  that  the  first 
question  asked  him  by  prospective  customers  usually  is: 

"HAVE  YOU  GOT  A  LUCAS?" 

Meaning   the 

LUCAS  "PRECISION" 

Milling  Machine 


Boring 
Drilling 

and 


THE 

"PRECISION" 

PRODUCES 

GOOD  WORK 


Lucas  Machine  Tool  Co, 


NOW  AND 
.ALWAYS   OF. 


Cleveland,  0.,U.S.A. 
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Southwark  Foundry  &  Haohino  Co..  I'lillndplphiii, 
Pa.  I'IriMilnrH  <Ii'»<t1|iI1vo  of  Soulliwiirk  uiilvor.sul 
fliir  wi'ldcr.  wnHliiT  ihtsn.  grosH  prpHS  for  roelnliu- 
Inc  s.-rnp  iiiiitcrlul  mid  irpiilriiiB  sli'i'l  carH,  and  liy- 
dniiill.'  I'xtniKlon   pri'Nsrs. 

National  X-Ray  Roflootor  Co.,  286  W.  Jnpkaon 
nivcl..  Chi.aKo.  111.,  l.s  iK.Kiihi);  a  series  of  detail 
plates  llln.straliii);  lnstnll»lionn  of  Indirect  IlKlitlni! 
systiiii.s  in  banks,  theaters,  moving  picture  houses 
and  other  public   bulldlnRs. 

Coats  Machine  Tool  Co.,  Ino,,  30  Church  St.,  New 
York  nty.  CataloKiie  ilescrlptlvc  of  the  (\ialM  du- 
plex hacksaw  machine  which  is  eiiui|>ped  with  two 
bladi-s,  thus  doubling  the  production.  This  nmchine 
takes  270  cutting   slrokes   per  niinulc   in   mild   steel. 

Link-Bolt  Co.,  ChiinKo.  111.,  has  issued  two  new 
booklets  ile.scribinc  the  Link-Belt  coal  and  ashes 
handllUK  machinery  which  was  recently  installed  for 
the  Victor  Talking  Machine  Co.  at  Camden,  N.  J., 
and  for  the  W.  H.  Grundy  Co.  at  Bristol,  Pa., 
respectively. 

Chicago  Pneumatic  Tool  Co.,  Fisher  Bldg.,  Chi- 
CBKO,  111.  ,  Bulletin  130,  freatlnR  of  the  lubrication 
of  pneumatic  tools.  'Phe  pamphlet  outlines  the  ad- 
vantages of  "Airoileue"  grease  and  oil  for  this 
purpose,  and  illustrates  Chicago  automatic  oilers  and 
"Little  Giant"  grease  machines. 

Link-Belt  Co.,  39th  St.  and  Stewart  Ave.,  Chi- 
cago. III.  Bulletin  282,  entitled  "Link-Belt  Silent 
Chain  Transmitting  Power  in  the  Dye-making  In- 
dustry," illustrating  Link-Belt  silent  chain  drive 
installed  in  the  plant  of  the  S.hoellkopf  Aniline  & 
Chemical  Works,   Inc..    BufTnlo.   N.   Y. 

Moore  &  White  Co..  2707-27,'i7  N.  1,1th  St.,  Phila- 
delphia, Pa.  Catalogue  devoted  to  Moore  &  White 
high-siieed  friction  clutches,  containing  a  general 
description  anil  giving  dimensions  and  specifications 
of  the  various  sizes.  The  catalogue  also  contains 
price  lists  of  cast-iron  pulleys  made  by  this  company. 

Tate-Jones  &  Co.,  Inc.,  Pittsburg,  Pa.  Circular 
149-A,  treating  of  large  and  medium  sized  forging 
furnaces  for  heating  billets  for  large  hammer  and 
press  work  and  for  medium  sized  forging  work.  Cir- 
cular 150,  illustrating  small  forging  furnaces  for 
forging  machines,  drop-hammers,  forging  presses 
etc. 

IngersoU-Rand  Co.,  11  Broadway,  New  York  City 
Form  3130  of  Class  ER-1  power-driven,  single-stage! 
straight-line  air  compressors,  which  are  built  in 
sizes  with  from  G-  to  12-inch  stroke  and  piston  dis- 
placement capacities  of  52  to  955  cubic  feet  per 
minute.  These  compressors  are  equipped  with  the 
Ingersoll-Rogler  type  of  air  valve. 

Gisholt  Machine  Co.,  1209  E.  Washington  Ave 
Madison,  Wis.  Circular  adverti.sing  Gisholt  solid- 
adjustable  reamers,  which  combine  the  advantages 
of  both  the  solid  and  the  adjustable  types  This 
circular  gives  tables  of  prices  and  dim"ensions  for 
.shell  reamers,  hand  reamers  and  taper  shank  chuck- 
ing reamers  with  high-speed  steel  blades. 

Vanadium-Alloys  Steel  Co.,  Pittsburg,  Pa.  New 
pamphlet  on  "Vasco"  vanadium,  which  is  an  alloy 
steel  for  tools  and  all  purposes  where  toughness  and 
durability  are  particularly  required.  The  pamphlet 
treats  of  alloy  steels  in  general  and  their  uses,  and 
describes  the  various  types  of  "Vasco"  vanadium 
steel.  A  complete  list  of  carbon  steel  extras  is  also 
included. 

Winfield  Electric  Welding  Machine  Co.,  Warren 
Ohio.  IS  bringing  out  a  booklet  describing  the  vari- 
ous electric  welding  processes.  The  book  shows  in- 
.st.illations  of  Winfield  electric  welding  machines  in 
different  parts  of  the  United  States,  and  gives  in- 
formation and  data  in  connection  with  spot-  and 
butt-welding  that  will  be  of  interest  to  manufac- 
turers in  general. 

Ingersoll-Rand  Co.,  11  Broadway,  New  York  City 
Form  8311,  treating  of  "Little  David"  pneumatic 
riveting  hammers  of  the  inside  trigger  pattern. 
These  hammers  are  made  in  six  sizes,  the  dimen- 
sions and  specifications  of  which  are  tabulated  in 
the  catalogue.  The  important  feature  of  this  tool 
IS  the  rivet  set  retainer  designed  to  meet  the  regu- 
lations and  requirements  of  the  safety  laws  of  the 
various  states. 

Watson-Stillman  Co.,  192  Fulton  St..  New  York 
City.  Catalogue  94.  describing  the  Watson-Stillman 
line  of  hydraulic  valves  and  fittings.  Dimensions 
and  prices  are  given  for  hydraulic  pipes,  hydraulic 
nipples,  flexible  metallic  pipe  and  tubing,  bushings 
and  plugs,  unions,  couplings,  .swivels,  fittings,  safety 
valves,  check  valves,  stop  valves,  operating  valves 
by-pass  valves,  regulating  valves  and  special'  valves" 
rabies  of  equivalent  internal  sectional  areas  of  pipes 
are  included. 

Newton  Machine  Tool  Works,  Inc.,  23rd  and  Vine 
.Sts..  Philadelphia,  Pa.  Catalogue  51,  treating  of 
cold  saw  cutting-o£f  machines.  The  latest  designs 
and  sizes  of  Newton  cold  saw  cutting-off  machines 
are  described,  as  well  as  saw  blade  .sharpening  ma- 
chines, milling  machines,  slotting  machines,  rotary 
planing  machines,  keyseat  milling  and  cottering 
machines,  cylinder  boring  machines,  rail  drilling 
machines  and  locomotive  rod  baring  machines  The 
catalogue  also  illustrates  cold  saw  cutting-off  ma- 
chines in  use  in  various  plants. 

Bellevue  Industrial  Furnace  Co,,  Detroit,  Mich. 
Catalogue  3  of  Bellevue  furnaces  for  heat-treating 
steel.  The  catalogue  lists  and  illustrates  stock  sizes 
of  Bellevue  furnaces  and  accessories  designed  to 
supply  standard  equipment  for  all  methods  of  metal 
heat-treating.  These  furnaces  are  adapted  for  oil 
or  gas,  according  to  the  class  of  work  for  which 
they  are  intended.  Furnaces  for  heating,  casehard- 
ening,  anneaUng  and  tempering  in  various  styles 
and  sizes  are  shown,  as  well  as  enameling  ovens, 
kilns  for  testing  and  experimental  work,  flre-bricki 
burners.  blr>wers,  thermometers,  air  pressure  ga"es 
and  pyrometers. 

Van  Corn  &  Button  Co.,  Cleveland.  Ohio,  is  issu- 
ing   a    booklet    entitled    "Facts    About    Gears"    that 
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c.intulnB  Hiiggeslluns  as  to  th,.  selection  of  materials 
for  cerlnin  qualities,  heat-lreatment  and  Hpeclllcn- 
ticuiK.  There  are  also  Included  tabiiliitcd  data  on 
gearliiK  terms,  drawings  and  spccillial Ion  formulas 
for  every  type  of  gearing.  The  conlenls  treat  of; 
dlffereiit  tyiies  of  gears:  fads  aliout  gears;  gearliig 
terms;  how  to  order  gears  of  all  kinds;  spur  gear 
speclficallons;  bevel  and  iiiller  gear  spccincations; 
worms  and  worm-gears;  sprocket  speellications; 
Lewis'  rule  for  strength  of  gear  teeth:  diametral 
pitch  formulas  and  table;  clnular  pitch  formulas 
and  table;  decimal  eqiiivaleiils  of  parts  of  an  Inch 
and  of  fractions  of  mllUmel.'rs;  metric  pitch-module; 
standard  keyways;  comparative  sizes  of  gear  teeth; 
weights  of  round  steel;  weights  of  metals;  and  cir- 
cumferences and  areas  of  circles.  The  book  should 
be  of  considerable  value  to  all  gear  users  and  may 
be  obtained  free  upon   request. 

Star  Corundum  Wheel  Co.,  Detroit,  Mich.  Cata- 
higue  of  Star  grinding  wheels  which  arc  made 
by  three  distinct  iirocesses.  namely,  vitrified,  sili- 
cate and  elastic.  The  cMlalogiie  gives  Ihc  uses  of 
these  three  classes  of  wheels.  ,,iitlincs  general  safety 
requirements  and  gives  grinding  wheel  speeds.  Price 
lists  are  given  for  wheels  for  various  standard  types 
of  grinding  machines,  as  well  as  for  special  ma- 
<hines.  The  book  also  gives  information  on  testing 
and  inspection,  selection  of  grades  for  different 
work,  and  tables  of  decimal  equivalents,  weights  of 
wheels,  etc.  The  Star  Corundum  Wheel  Co.  is  is- 
suing with  its  catalogue  of  grinding  wheels  a 
pamphlet  containing  a  safety  code  for  the  use  and 
care  of  abrasive  wheels,  which  is  based  on  the 
report  of  a  special  committee  appointed  by  the  Na- 
tional Machine  Toid  I?iiilders'  Association  to  con- 
sider safety  in  connection  with  abrasive  wheels  and 
grinding  machines  and  a  tentative  report  of  a  spe- 
cial committee  appointed  by  the  state  of  Pennsyl- 
vania to  draft  laws  pertaining  to  grinding  and 
polishing. 
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TRADE  NOTES 


Grayson  Tool  &  Mfg.  Co.  has  moved  from  Indian- 
apolis,   Ind.,   to  Charleston,   W.   Va. 

American  Machine  &  Foundry  Co.  has  moved  from 
346  Carroll  St.  to  5520  Second  Ave..  Brooklyn,  N.  Y. 

Blomquist-Eck  Machine  &  Mfg.  Co.,  203  St.  Clair 
Ave..  N.E.,  Cleveland.  Ohio,  has  changed  its  name 
to  Blomquist-Eck   Machine  Co. 

Wausau  Abrasives  Co.,  Chicago.  111.,  has  estab- 
lished headquarters  at  118  S.  Clintcm  St.,  where  a 
complete  stock  of  goods  manufactured  by  the  com- 
pany will  be  kept. 

Bullard  Machine  Tool  Co.,  Bridgeport,  Conn.,  has 
insured  its  men  and  women  employes,  aggregating 
about  one  thousand,  for  various  sums  amounting  to 
a   total  of  about  .fSOO.OOO. 

Adams-Bagnall  Electric  Co.,  Cleveland.  Ohio,  is 
installing  a  porcelain  enameling  plant  to  improve 
the  quality  and  service  of  its  line  of  porcelain  enam- 
eled reflectors  for  industrial  lighting. 

C.  W.  Burton  Griffiths  &  Co.  of  London,  import- 
ers of  Amcri<'an  machine  tools,  who  formerly  had 
an  office  at  2732  Grand  Central  Terminal  Bldg., 
New  York  City,   have  moved   to  110  W.  40th  St. 

Leland-Gifford  Co.,  Worcester.  Mass..  manufac- 
turer of  drilling  machines,  has  opened  an  oflice  in 
Room  418,  Singer  Bldg.,  149  Broadway,  New  York 
City,  in  charge  of  Walter  F.  Henly,  formerly  with 
the  Fairbanks  Co. 

Doehler  Die-Casting  Co.,  Court  and  Ninth  Sts., 
Brooklyn,  N.  Y..  has  let  the  contract  to  the  Turner 
Construction  Co.  for  a  steel  and  concrete  addition 
to  its  Brooklyn  factory,  50  by  100  feet,  seven  stories 
high,  costing  approximately  $150,000. 

Ready  Tool  Co.,  Bridgeport,  Conn.,  has  moved 
into  its  new  plant  at  the  corner  of  Iranistan  and 
railroad  Aves.,  and  is  installing  new  machinery 
and  equipping  the  plant  with  an  electric  welding 
machine    for    welding    high-speed    steel    and    stellite. 

Biggs-Watterson  Co.,  Cleveland,  Ohio,  has  re- 
moved its  office  from  the  Hippodrome  Bldg.  to 
Rooms  721-722  of  the  Guardian  Bldg..  Cleveland. 
The  company  has  also  opened  offices  at  412  Traction 
Bldg.,  Cincinnati,  Ohio;  2013  Dime  Bank  Bldg.,  De- 
troit,  Mich.;  and  in  Toledo.   Ohio. 

Patterson,  Gottfried  &  Hunter,  Inc.,  New  York 
City,  dealer  in  machinery,  metals,  hardware,  tools 
and  supplies,  having  stores  at  147-151  Lafayette  St. 
and  211-215  Center  St.,  has  opened  a  new  store  at 
170  Fulton  St..  between  Church  St.  and  Broadway, 
for  the  convenience  of  downtown  customers. 

Charles  Churchill  &  Co.,  Ltd.,  Ijondon,  England, 
have  issued  a  warning  that  an  impostor  is  traveling 
in  the  United  States  and  attempting  to  borrow 
money  on  the  strength  of  his  alleged  relationship 
to  one  of  the  directors  of  the  company.  He  tells 
the  usual  story  about  having  lost  his  money  and 
liaving  become  stranded. 

Champion  Iron  Co.,  Kenton,  Ohio,  will  place  upon 
the  market  a  full  line  of  electric  traveling  cranes, 
and  the  Biggs- Watter.son  Co.,  721-722  Guardian 
Bldg..  Cleveland.  Ohio,  will  act  as  exclusive  selling 
agent.  The  Champion  Iron  Co.  has  secured  the 
services  of  R.  W.  Vails,  formerly  designer  and 
chief  engineer  of  the  Shaw  Electric  Crane  Co., 
Muskegon,  Mich.,  as  chief  designer  and  manager 
of  the  crane  department. 

Hydraulic  Press  Mfg.  Co.,  84  Lincoln  Ave.,  Mount 
Gilead.  Ohio,  has  received  an  order  from  the  Good- 
year Tire  &  Rubber  Co.,  Akron.  Ohio,  for  seventy 
hydraulic  hot  plate  presses,  which  will  be  used  for 
vulcanizing  purposes  in  the  Goodyear  rubber  plant 
in  Akron.  They  will  be  operated  by  hydraulic  pump 
and  accumulator  systems  already  installed.  The 
presses  are  all  of  one  design  and  have  a  pressure 
capacity  of  115  tons  each. 

S.    K.    F.    Ball   Bearing   Co.,    Hartford.    Conn.,    has 


been  awarded  the  contract  for  the  self-allKnlng  ball 
bearing  hauKers  and  pillow  blocks  Hpecillcd  for  use 
throughout  the  new  plant  of  the  (!ourtenay  Mfg.  Co. 
of  Newry,  S.  ('.  The  order  is  said  to  be  the  largest 
ever  placed  in  the  United  Stales  for  ball  bearing 
hangers  and  pillow  blocks  to  be  installed  In  on« 
mill.  The  sizes  range  fnuii  bearings  for  Glnch 
shafts   down    lo    1  ll/Kl-lneh    shafts. 

Bockor  Milling  Machine  Co,,  Hyde  Park,  Mass., 
states  that  the  report  of  the  sale  of  the  company 
lo  the  Manufacturers  Co.  of  Boston  is  misleading. 
The  deal  was  the  sale  by  Eugene  N.  Foss,  president, 
of  his  slock  in  the  i-ompany  to  Robert  V.  Herrlck; 
the  price  alleged  to  have  been  paid  is  .$2,000,000. 
The  Becker  Milling  Ma<-lilne  Co.  will  continue  thu 
same  as  usual,  and  additions  will  be  made  to  the 
plant  at  an  early  date.  Thi-re  will  be  no  change 
In  the  organization  or  the  policy  of  the  company. 
Modern  Tool  Co.,  2nd  and  Stale  Sts.,  Erie,  Pa., 
manufacturer  of  grinding  machines  and  threading 
tools,  has  apiiointed  Leo  C.  Stelnle  direct  representa- 
tive in  France,  with  offices  at  Paris  and  Lyons.  Mr. 
Stelnle  is  actively  connected  with  the  Steinle  Turret 
Machine  Co.  of  Madison,  Wis.,  whose  Interests  he 
is  al.so  caring  for  abroail.  R.  H.  Wood  has  been 
made  manager  of  the  louipany's  district  office.  32  N. 
Clinton  St..  Chicago,  111.  Mr.  Wood  was  for  a  num- 
ber of  years  connected  with  the  Buffalo  ofSce  of  the 
Warner  &  Swa.sey  Co. 

N,  &  W,  Tool  Co,,  284  Asylum  St.,  Hartford, 
Conn.,  was  organized  by  A.  T.  Nielsen  and  A.  E. 
Wilson  early  in  this  year  to  specialize  in  punch 
and  die  work.  The  demand  for  general  tool  work 
became  so  great,  however,  that  the  concern  has 
branched  out.  It  is  equipped  to  do  almost  every- 
thing required  in  the  general  line  of  tools,  jigs, 
fixtures  and  die  work.  Mr.  Nielsen  acquired  his 
experience  with  the  Moller,  Jorkumsen  Co.  at 
Horsens,  Denmark,  and  Mr.  Wilson  was  formerly 
with  the  Pratt  &  Whitney  Co. 

R.  E.  Ellis  Engineering  Co.,  Inc,  549  Washing- 
I'-ri  I'.h'd.,  Chicago,  111.,  has  secured  the  representa- 
itMii  of  the  Hannifin  Mfg.  Co.,  maker  of  air-operated 
I  Inirks  and  equipment;  Murchey  Machine  &  Tool  Co., 
maker  of  automatic  die-heads  and  collapsing  taps; 
Kelly  Reamer  Co.,  maker  of  reamers  and  boring- 
bars:  Tate-Jones  &  Co.,  Inc.,  maker  of  oil  and  gag 
burning  furnaces;  Bury  Compressor  Co.,  maker  of 
air  compressors:  Hoefer  Mfg.  Co..  maker  of  auxil- 
iary multiple-spindle  drill  heads;  Standard  Electric 
Tool  Co..  maker  of  portable  electric  drills  and  grind- 
ers; Acme  Die-Casting  Corporation,  maker  of  die- 
castings  in  aluminum  and  standard  alloys. 

Hess-Bright  Mfg.  Co.,  Front  St.  and  Erie  Ave., 
Philadelphia.  Pa.,  announces  that  a  group  of  bank- 
ers has  acquired  a  controlling  interest  in  the  com- 
pany. These  bankers  also  own  a  substantial  interest 
in  the  S.  K.  F.  Ball  Bearing  Co.  of  Hartford.  Conn., 
but  the  two  companies  will  be  operated  independ- 
ently of  each  other.  The  former  policy  of  the 
Hess-Bright  Mfg.  Co.  will  be  continued  except  that 
its  manufacturing  facilities  will  be  increased  some- 
what to  meet  the  constantly  growing  demand  for 
its  product.  F.  E.  Bright  retires  from  active  par- 
ticipation in  the  company's  affairs,  but  remains 
chairman  of  the  l>oard.  Aside  from  this  change, 
the  organization  remains  as  before. 

American  Committee,  Lyons  Sample  Fair,  Lyons, 
France,  has  issued  a  booklet  giving  rates  and  other 
essential  data  relating  to  the  Lyons  Sample  Fair, 
which  will  be  held  at  Lyons,  France,  March  1  to  15, 
1917.  The  aim  and  object  of  the  various  committees 
is  to_ bring  together  at  the  next  annual  Lyons  Fair  a 
large  and  representative  gathering  of  manufacturers 
and  wholesale  buyers  from  countries  all  over  the 
world,  with  the  exception  of  the  enemies  of  France: 
this  will  be  an  opportunity  for  placing  American 
goods  before  buyers  from  Europe,  South  America  and 
the  Orient.  Those  who  are  interested  can  obtain 
further  information  from  the  National  Headquarters, 
1790  Broadway,  New  York  City. 

Hydraulic  Press  Mfg.  Co.,  84  Lincoln  Ave.,  Mount 
Gilead,  Ohio,  has  found  it  necessary  to  make  imme- 
diate plant  and  equipment  extensions  owing  to  the 
demand  for  its  hydraulic  presses,  pumps,  valves, 
accumulators  and  intensifiers.  An  addition  60  by 
100  feet  will  be  made  to  the  machine  shop  to  re- 
lieve the  crowded  condition,  and  considerable  new 
equipment  will  be  required  for  the  addition,  includ- 
ing a  twenty-ton  electric  traveling  crane,  large 
motor-driven  horizontal  boring  mill,  and  heavy- 
duty  motor-driven  planer.  A  20-foot  exteqsion  will 
be  added  to  the  power  house  building,  and  some 
new  power  plant  equipment  will  be  installed.  The 
main  stock-room  will  be  extended  and  another  story 
added,  and  a  new  structural  shop  about  50  by  60 
feet  will  be  erected.  The  plans  also  provide  for  an 
extension  of  the  present  erecting  shop  building 
measuring  47  by  130  feet.  Brick  and  concrete  con- 
struction with  steel  superstructure  will  be  employed 
throughout. 

George  Schow,  Ovre  Slotsgate  7,  Christiania,  Nor- 
way, has  consoliilated  his  Russian  and  Scandinavian 
interests  with  A/S  Netco,  Northern  Engineering  & 
Trading  Co.  The  capital  has  been  increased  to 
1,, 500.000  crowns  in  order  to  take  care  of  the  grow- 
ing business.  The  company's  headquarters  will  be, 
as  before,  at  Christiania:  the  president  of  the  com- 
pany is  Halfdan  Steen-Hansen,  and  F.  Morch- 
Reiersen,  Jr..  is  the  managing  director  of  the 
Norwegian  oflice.  The  company  has  opened  branch 
offices  in  Petrograd.  Russia,  in  charge  of  Fedor 
,\ndrpjevitsch  Bystrom:  in  Moscow  and  Samara, 
Russia,  in  charge  of  Kort  Kopke:  and  also  in  Stock- 
holm, Sweden,  with  Captain  Erik  Cronvall  as  the 
managing  director.  Branch  offices  will  be  opened 
in  Copenhagen.  Denmark,  in  the  near  future.  The 
New  York  office  is  in  charge  of  Ingvar  Tokstad, 
president  of  the  Normanna  Co.,  Inc.,  who  is  al.so 
the  secretary  of  the  Norwegian-American  Chamber 
of  Commerce.  Mr.  Schow  is  general  manager  of 
agencies  for  all  the  countries  referred  to,  anil  their 
work  will  be  under  his  personal  supervision. 
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Lubrice^i 


N  making  inquiry 
concerning  cur- 
rent practice  in 
the  lubrication 
of  metal  cutting 
tools,  it  is  sur- 
to  find  that  in  many 


pnsin 

factories  where  the  most  mod- 
ern methods  of  manufacturing  are  employed,  little  exact  in- 
formation is  available  concerning  the  theory  of  tool  lubrica- 
tion. This  is  doubtless  due  to  the  fact  that  there  are  so  many 
variable  factors  that  it  "is  hard  to  separate  them  and  obtain 
data  which  would  place  the  subject  of  tool  lubrication  on  a 
scientific  basis.  It  must  not  be  inferred  from  this  statement 
that  practice  in  tool  lubrication  is  generally  of  a  character 
that  produces  ineflScient  results,  although  this  is  doubtless  true 
in  many  cases;  but  a  great  number  of  manufacturers  have 
been  content  simply  to  experiment  with  different  oil  mixtures 
and  cutting  compounds  until  they  have  found  those  which 
meet  the  requirements  of  different  classes  of  work,  and  then 
continue  their  use  without  having  definite  assurance  that  the 
results  secured  are  the  best  obtainable,  as  regards  either  cost 
or  eflSciency. 

Functions  of  Oils  and  Cutting  Compounds 

Oil  or  cutting  compound  is  delivered  to  a  tool  in  order  to 
increase  production,  to  give  longer  life  to  the  cutting  tool, 
and  in  some  cases  to  secure  a  better  finish  on  the  work.  The 
functions  of  an  oil  or  cutting  compound  may  be  presented 
under  five  heads:  (1)  To  cool  the  work  and  cutter.  (2)  To 
wash  away  chips.  (3)  To  lubricate  the  bearing  formed  be- 
tween the  chip  and  lip  of  the  cutting  tool.  (4)  To  enable  the 
cutting  tool  to  produce  a  good  finish.  (5)  To  protect  the  fin- 
ished product  from  rust  and  corrosion.  Each  of  these  func- 
tions is  quite  broad  and  prevents  trouble  from  a  large  number 
of  causes. 


The  characteristics  and  uses  of  oils  and  compounds  for  cooling 
and  lubricating  metal  cutting  tools  will  be  discussed  in  a  series 
of  articles,  of  which  this  is  the  first.  These  articles  will  deal  with 
the  theory  of  lubricating  and  cooling,  methods  of  distributing, 
means  for  applying  to  the  tool  and  work,  methods  of  collecting 
after  use,  recovering  oil  from  chips,  methods  of  filtering  and 
sterilizing,  practice  in  conducting  shop  and  laboratory  tests,  de- 
tailed information  concerning  oils  and  compounds  used  for  various 
machining  operations  on  different  metals,  specifications  for  the 
purchase  of  oils  and  compounds,  and  many  other  phases  of  this 
highly  important  but  heretofore  neglected  subject. 


'  For  other  articles  published  in  Machinery  dealing  with  the  coolinp;  and 
lubrieating  of  metal  cutting  tools,  see  also  "LubricTting  Systems  for  Cutting 
Tools."  January  and  February.  1914;  "Graphite  Cutting  Compound,"  June. 
1910;  and  "On  the  Art  of  Cutting  Metals,"  published  serially  from  January 
TO  August,   1907.   inclusive. 

=  Associate  Editor  of  Machineet. 


1 .  Cooling  Tool  and  Work 
The  cooling  action  is  the 
most  important  function.  Dur- 
ing the  performance  of  any 
machining  operation  genera- 
tion of  heat  is  due  to  friction 
between  the  tool  and  work, 
and  to  distortion  of  the  chips. 
This  results  in  raising  the  temperature  of  both  the  cutting 
tool  and  the  work;  and  if  provision  is  not  made  for  the  re- 
moval of  this  heat,  the  temperature  may  become  so  excessive 
that  the  cutting  edge  of  the  tool  breaks  down.  This  means 
that  there  will  be  a  great  deal  of  time  lost  in  stopping  ma- 
chines to  change  tools  and  in  redressing  and  regrinding  the 
worn-out  tools.  Another  important  consideration  is  the  pos- 
sibility of  having  the  temperature  of  the  work  raised  so  that 
it  expands  considerably  during  the  machining  operation,  and 
while  the  tools  may  continue  to  produce  parts  of  the  required 
size  when  measured  at  this  high  temperature,  the  work  will 
contract  on  cooling  so  that  it  will  be  under  size.  It  is  evident, 
then,  that  manufacturers  should  pay  careful  attention  to  the 
selection  of  suitable  cutting  oils  and  compounds  for  use  in 
cooling  their  cutting  tools.  (The  term  "lubricant"  is  com- 
monly applied  to  a  fluid  used  on  metal  cutting  tools,  but  as  the 
cooling  action  of  this  fluid  is  by  far  its  most  important  func- 
tion, the  term  "coolant"  is  more  strictly  accurate.) 

2.    Washing-  Away  Chips 

In  deep-hole  drilling,  milling  and  certain  other  machining 
operations,  ability  of  the  oil  or  cutting  compound  to  wash 
away  chips  is  a  matter  of  great  importance.  For  drilling 
deep  holes  the  tool  is  ground  in  such  a  way  that  the  chips 
are  broken  up  into  short  pieces  and  the  fluid  is  delivered  in 
sufficient  volume  and  under  a  high  enough  pressure  so  that 
the  chips  are  washed  out  of  the  hole.  Similarly,  in  milling 
and  certain  other  operations  there  would  be  a  tendency  for 
chips  to  accumulate  around  the  cutter  and  retard  its  action 
unless  the  cutting  compound  provided  for  washing  them  away. 
Unless  high  pressure  is  needed  to  facilitate  washing  away  the 
chips,  the  fluid  should  be  delivered  at  low  pressure,  as  the 
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Fig.    1.     Conditions  under  -which  Chip  is  removed,   showing  Possibility  of 
Lubricating  Action 

results  obtained  in  cooling  and  luV)ricating  will  then  be  more 
efficient. 

3.    Lubrication 

The  lubricating  action  is  of  little  importance  in  ma- 
chining such  materials  as  cast  iron,  aluminum,  high-carbon 
steel  and  some  grades  of  brass,  because  the  chips  produced 
either  break  up  into  very  small  pieces  or  the  material  is  re- 
moved in  the  form  of  a  powder.  As  a  result,  there  is  little 
rubbing  contact  between  the  chip  and  tool  lip,  and  so  there 
is  not  much  possibility  for  improving  the  operating  condi- 
tions by  the  introduction  of  a  lubricant.  In  such  cases,  the 
cooling  action  is  the  point  of  greatest  importance.  As  com- 
pared with  this  condition,  lubrication  is  highly  important 
when  machining  such  materials  as  low-carbon  steel,  etc.,  where 
long  chips  are  produced  that  curl  back  over  the  lip  of  the  tool. 
In  such  cases  a  bearing  is  produced  in  which  the  frictional  re- 
sistance is  severe,  and  unless  the  oil  or  cutting  compound  is 
an  efficient  lubricant  as  well  as  coolant,  this  friction  will  re- 
sult in  rapidly  wearing  out  the  tool. 

The  ultimate  cause  of  a  tool  wearing  out  is  due  to  dullness 
produced  by  rubbing  or  pressure  of  the  chip  upon  the  lip 
surface  of  the  tool.  The  chief  element  causing  this  dullness — 
especially  when  the  tool  is  running  at  high  speed — is  soften- 
ing of  the  tool  due  to  heat  produced  by  friction  of  the  chip 
upon  the  lip  surface.  In  addition  to  friction  between  the  chip 
and  lip  of  the  tool,  heat  developed  in  cutting  is  also  due  to 
distortion  of  the  chip  after  ,it  is  parted  from  the  work.  When 
machining  large  pieces,  most  of  the  heat  is  conducted  away 
by  the  work,  but  sufficient  heat  will  often  be  absorbed  by  the 
tool  to  result  in  its  rapid  destruction  unless  a  suitable  lubri- 
cant is  applied  to  reduce  friction  between  the  chip  and  lip  of 
the  tool,  and  to  absorb  heat  developed  in  cutting.  It  is  gen- 
erally conceded  that  there  is  metallic  contact  between  the 
cutting  edge  of  a  tool  and  the  work,  and  as  friction  decreases 
with  increased  speed  it  will  be  evident  that  both  this  frictional 
resistance  and  friction  between  the  chip  and  lip  of  the  tool 
is  reduced  by  increasing  the  speed.  Hence,  if  drills  and  other 
tools  tend  to  break,  it  is  well  to  try  an  increase  of  speed  rather 
than  a  reduction  of  speed,  provided  that  heat  developed  by  the 
cut  is  not  already  excessive.  Such  a  practice  results  in  re- 
ducing the  load  on  the  tool,  and  will  often  be  the  means  of 
overcoming  trouble  from  broken  tools.  In  many  cases  ^he 
opposite  practice  is  followed,  i.  c,  the  speed  is  reduced,  which 
results  in  increasing  the  friction  and  consequent  load  on  the 
tool,  so  that  breakage  of  tools  becomes  more  frequent. 


Considerable  diversity  of  opinion  exists  con('eruing  the  pos- 
sibility of  oil  affording  a  lubricating  action  lor  the  bearing 
between  the  lip  of  a  tool  and  the  chip.  It  is  fairly  certain  that 
absolute  metal-to-nietal  contact  exists  between  the  work  and 
the  cutting  edge  of  the  tool;  but  as  oils  are  less  efficient  cool- 
ing mediums  than  cutting  compounds  dissolved  in  water,  on 
account  of  their  lower  specific  heats,  it  is  assumed  that  the 
superiority  of  oil  where  long  curly  chips  are  produced  is  due  to 
their  lubricating  action  between  chip  and  tool  lip.  Grant- 
ing the  accuracy  of  this  premise,  it  will  be  of  interest  to  con- 
sider briefly  the  conditions  which  exist  in  removing  a  chip 
from  the  work.  No  better  information  on  this  subject  is 
available  than  that  presented  by  F.  W.  Taylor  in  his  paper  en- 
titled "On  the  Art  of  Cutting  Metals." 

Removal  of  the  chip  by  a  metal  cutting  tool  is  due  to  pres- 
sure applied  by  the  lip  of  the  tool  and  is  essentially  a  shearing 
action.  The  conditions  are  shown  in  Fig.  1,  in  which  A  repre- 
sents the  depth  of  cut  or  thickness  of  the  layer  of  metal  being 
cut  away.  The  shearing  action  causes  the  metal  to  part,  pro- 
ducing an  open  space  at  B,  and  the  great  pressure  applied  by 
the  tool  lip  (indicated  by  arrows)  causes  the  chip  to  be  dis- 
torted in  such  a  way  that  its  thickness  becomes  approximately 
twice  that  indicated  at  A.  The  portion  of  the  chip  running 
over  the  lip  of  the  tool  acts  as  a  lever  which  assists  in  tearing 
off  subsequent  sections  of  the  chip.  It  will  be  evident  that 
the  pressure  exerted  by  the  tool  is  extremely  high,  in  some 
cases  amounting  to  as  much  as  100,000  pounds  per  square  inch. 
Many  believe  that  this  high  pressure  would  make  it  utterly 
impossible  for  an  oil  film  to  be  maintained,  as  a  pressure  of 
approximately  1000  pounds  per  square  inch  is  regarded  as 
the  maximum  for  journal  bearings,  etc.,  in  which  lubricating 
oil  is  used  of  about  the  same  viscosity  as  that  of  oils  used 
on  cutting  tools. 

Probably  the  true  explanation  is  found  in  the  fact  that  the 
tool  is  kept  flooded  with  oil  which  is  not  repelled  by  heat  of 
the  tool,  as  would  be  the  case  with  water,  and  that  the  chip 
is  continually  sliding  back  over  the  tool  lip.  As  a  result,  oil 
penetrates  into  space  B  that  is  produced  in  tearing  the  chip 


Fig.  2.     Use  of  Brush  for  applying  Oil  to  Thread  Cutting  Tool 
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Fig,  3.     Method  of  delivering  Lubricant  to  Threading  Dies 

from  the  work  and  is  drawn  back  into  the  bearing.  Were 
it  not  for  the  continuous  supply  of  oil  covering  the  chip  and 
the  constant  tendency  of  the  chip  to  draw  oil  back  with  it — an 
action  which  is  facilitated  by  the  rough  surface  of  the  chip — 
the  excessive  pressure  would  doubtless  result  in  destroying  the 
oil  film;  but  under  existing  conditions  it  is  probable  that  at 
least  a  partial  lubrication  of  this  bearing  between  chip  and 
tool  lip  is  effected.  It  will  be  evident  from  Fig.  1  that  the 
severe  pressure  and  rubbing  action  on  the  tool  takes  place  on 
the  lip  at  a  point  some  distance  back  from  the  cutting  edge; 
after  tearing  off  the  chip  there  is  a  slight  amount  of  metal  to 
the  left  of  space  B  which  is  cut  away  by  the  edge  of  the  tool, 
and  here  it  seems  certain  that  no  lubricating  action  is  ob- 
tained, although  the  oil  exerts  a  beneficial  effect  by  absorb- 
ing heat. 

4.    Securing:  a  Good  Finish 

There  are  certain  classes  of  work  where  an  equally  good 
finish  will  be  obtained  whether  the  metal  is  cut  dry  or  a 
lubricant  is  applied  to  the  tool,  but  when  obtaining  a  good 
finish  for  the  work  is  dependent  upon  the  use  of  an  oil  or 
cutting  compound,  only  a  small  film  is  actually  required  at 
the  cutting  tool.  In  most  cases,  however,  the  fluid  is  also  de- 
pended upon  to  enable  a  higher  speed,  feed  and  depth  of  cut 
to  be  employed  than  could  be  used  if  the  work  were  machined 
dry.  As  a  result,  it  is  usually  necessary  to  deliver  a  far 
greater  volume  of  fluid  to  the  tool  and  work  than  would 
actually  be  required  so  far  as  considerations  of  finish  are  con- 
cerned. This  is  due  to  several  causes,  among  which  may 
be  mentioned  necessity  of  cooling  the  tools  and  work,  avoid- 
ing overheating  the  oil  or  cutting  compound,  and  insuring  the 
delivery  of  a  sufficient  volume  so  that  there  will  not  be  occa- 
sional periods  of  dry  cutting. 

5.    Protection  from  Rust  and  Corrosion 

As  regards  protection  of  the  finished  product  from  rust 
and  corrosion,  it  is  well  known  that  good  cutting  oils  will 
prevent  rusting  of  parts  made  from  iron  or  steel,  but  cutting 
oils  containing  lard  oil  with  too  high  a  percentage  of  free 
fatty  acid  will  cause  verdigris  to  form  on  brass  parts.  This 
is  a  matter  of  importance  and  should  receive  consideration 
in  drawing  up  specifications  for  cutting  oils.  Mixtures  con- 
taining vegetable  oils  do  not  have  this  injurious  action,  but 
they  are  likely  to  give  trouble  through  gumming  the  bearings 
of  automatic  machines;  this  is  particularly  marked  in  oil 
mixtures  containing  highly  blown  rape  or  cottonseed  oil.  Cut- 
ting compounds  made  by  dissolving  soluble  oils  in  water  may 
give  trouble  by  causing  iron  and  steel  products  to  rust,  pro- 
vided the  solution  is  too  weak  or  contains  free  acid;  and  poor 
cutting  compounds  may  also  give  trouble  through  gumming. 

Historical 

In  1883  Fred  W.  Taylor  demonstrated  that  a  heavy  stream 
of  water  poured  directly  upon  the  chip  at  the  point  where  it 


is  removed  from  the  steel  forging  would  permit  of  employing 
a  higher  cutting  speed,  thus  increasing  the  rate  of  production 
from  30  to  40  per  cent.  In  1884  a  new  machine  shop  was 
built  for  the  Midvale  Steel  Works,  in  the  construction  of 
which  this  discovery  played  a  most  important  part,  each  ma- 
chine being  set  in  a  wrought-iron  pan  in  which  was  collected 
the  water  (supersaturated  with  carbonate  of  soda  to  prevent 
rusting)  that  was  thrown  in  a  heavy  stream  upon  the  tool  for 
the  purpose  of  cooling  it.  The  water  from  each  of  these  pans 
was  carried  through  suitable  drain  pipes  beneath  the  floor  to  a 
central  well,  whence  it  was  pumped  to  an  overhead  tank  from 
which  a  system  of  supply  pipes  led  to  each  machine.  Up  to 
that  time,  so  far  as  the  writer  knows,  the  use  of  water  for 
cooling  tools  was  confined  to  small  cans  or  tanks  from  which 
only  a  minute  stream  was  allowed  to  trickle  upon  the  tool  and 
work,  more  for  the  purpose  of  obtaining  a  "water  finish"  on 
the  work  than  with  the  object  of  cooling  the  tool.  In  spite 
of  the  fact  that  the  shops  of  the  Midvale  Steel  Works  (until 
recently)  have  been  open  to  the  public  since  1884,  no  other 
shop  in  this  country  was  similarly  fitted  up  until  that  of  the 
Bethlehem  Steel  Co.  in  1899,  with  the  one  exception  of  a 
small  steel  works  which  was  an  offshoot  in  personnel  from 
the  Midvale  Steel  Works. 

The  use  of  water  or  a  water  solution  of  soda  for  the  cooling 
of  cutting  tools  demonstrated  that  great  increases  in  the  rate 
of  production  were  possible  through  their  application.  In 
many  cases,  however,  the  use  of  either  pure  water  or  soda 
.water  proved  unsatisfactory,  and  experiments  disclosed  the 
fact  that  delivery  of  certain  grades  of  oil  to  the  work  and 
tool  was  the  means  of  securing  far  better  results.  It  was 
found  that  lard  oil  was  one  of  the  most  satisfactory  mediums 
for  this  purpose,  and  there  are  still  many  manufacturers  who 
regard  this  as  the  best  lubricant  for  the  majority  of  cut- 
ting tools. 

The  use  of  lard  oil  is  limited  by  two  important  considera- 
tions, namely,  its  high  cost  and  its  tendency  to  gum,  causing 
machine  members  to  stick  and  pipes  to  clog.  With  the  view 
of  overcoming  these  diflBculties  and  of  providing  a  compound 
which  would  combine  the  functions  of  lubricant  and  coolant, 
and  would  be  obtainable  at  a  lower  price  than  pure  lard  oil, 
the  chemist  turned  his  attention  to  the  possibility  of  com- 
bining mixtures  of  cheaper  oils  and  water.  The  first  success- 
ful cutting  compounds  of  this  kind  were  introduced  in 
about  1900. 

Tool  Lubricants  and  Coolants 

A  great  variety  of  oils  and  cutting  compounds  are  used  for 
lubricating  and  cooling  metal  cutting  tools;  these  may  be 
roughly  subdivided  into  two  general  classes.  The  first  con- 
sists of  either  pure  lard  oil,  sperm  oil,  etc.;  a  mixture  of  lard 
oil  with  certain  mineral  and  vegetable  oils;  and  pure  mineral 
oil  or  pure  vegetable  oil.  Pure  lard  oil,  a  mixture  of  lard  and 
mineral  oil,  and  pure  mineral  oil  are  the  most  commonly  used 
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Fig.    4.     Same    Delivery   Tubes   as   in   Fig.    3,    adjusted   to   deflect   Flow   of 
Lubricant  into  Work 
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Fig.   5. 


Delivery  of  Cutting  Compound  to  Two  Cutters  on  Lincoln  Milling 
Machine  where  Cutters  are  close  together 


Fig. 


Another  Example  of  Milling  Cutter  Lubrication,  where  Cutters  are 
spaced   Some   Distance   apart 


members  of  this  class.  The  second  class  consists  of  the  so- 
railed  cutting  compounds  which  are  water  emulsions  of  soap, 
oil  and  other  ingredients  to  prevent  the  water  from  causing 
rust  or  corrosion  and  to  afford  some  lubricating  action.  Origi- 
nally a  saturated  water  solution  of  soda  was  used  for  this 
purpose,  but  this  had  little  more  than  a  cooling  effect,  and 
it  has  now  been  largely  replaced  by  the  so-called  soluble  oil 
compounds,  which  offer  a  certain  degree  of  lubricating  action 
in  addition  to  their  cooling  effect.  Most  of  these  so-called  solu- 
tions are  really  emulsions  in  which  oil  is  suspended  in  the 
water,  and  to  secure  this  effect  the  cutting  compounds  are 
made  up  somewhat  as  follows:  Caustic  soda  or  caustic  potash 
is  added  to  an  animal  oil  in  order  to  form  soap,  which  is 
soluble  in  water.  This  soap  is  then  mixed  with  mineral  oil 
in  the  desired  proportions  and  the  mixture  is  added  to  the 
required  volume  of  water.  Made  up  in  this  way,  the  mineral 
oil  is  held  in  suspension  in  the  water  in  the  form  of  an  emul- 
sion, but  if  an  attempt  were  made  to  mix  mineral  oil  and 
water  without  the  addition  of  soluble  soap,  the  mineral  oil 
would  rise  to  the  top,  due  to  its  lower  specific  gravity,  and 
it  would  be  impossible  to  obtain  a  uniform  mixture.  Uni- 
formity of  the  emulsion  is  a  point  of  the  greatest  importance 
in  these  cutting  compounds,  as  separation  of  the  oil  and  water 
may  result  in  delivering  pure  water  to  the  tools,  thus  causing 
damage  by  washing  oil  out  of  the  machine  bearings,  and  by 
rusting  the  machine  and  work. 

For  all  classes  of  work  except  that  in  which  the  amount  of 
heat  generated  by  the  cut  is  high,  thus  making  the  cooling 
action  of  the  lubricant  very  important,  there  is  probably  no 
better  medium  for  lubricating  and  cooling  metal  cutting  tools 
than  pure  lard  oil.  This  should  be  of  high  quality,  however, 
as  poor  grades  of  lard  oil  contain  considerable  amounts  of 
free  fatty  acid,  which  tends  to  produce  verdigris  on  brass 
parts,  cause  corrosion  of  other  metals,  and  damage  the  bear- 
ings of  machine  tools.    An  excessive  amount  of  free  fatty  acid 


will  also  result  in  gumming.  One  well-known  manufacturer 
purchases  lard  oil  under  specifications  calling  for  not  more 
than  15  per  cent  of  free  fatty  acid.  The  use  of  lard  oil,  as 
previously  stated,  is  limited  by  its  high  cost,  which  is  about 
seventy  cents  a  gallon  under  normal  market  conditions,  and 
it  was  to  find  a  less  costly  material  which  led  to  the  intro- 
duction of  mixtures  of  lard  oil  with  petroleum  oil,  and  later 
to  the  application  of  pure  mineral  oil  and  other  inexpensive 
oils  on  certain  classes  of  work  where  such  substitutes  would 
give  satisfactory  results. 

Soluble  oil  compounds  dissolved  in  water  represent  a  step 
farther  in  the  direction  of  price  reduction,  as  these  solutions 
can  be  produced  at  a  low  cost — ranging  from  about  ll^  to  16 
cents  per  gallon,  according  to  the  degree  of  dilution — and 
many  firms  have  gone  into  the  manufacture  of  these  com- 
pounds. Their  low  cost  makes  cutting  compounds  especially 
valuable  for  use  in  such  industries  as  bolt  and  nut  manufac- 
ture where  competition  is  keen  and  where  the  cost  of  pro- 
duction must  be  cut  down  as  low  as  possible.  Also  for  milling, 
drilling  and  many  other  machining  operations  the  soluble 
compounds  give  entirely  satisfactory  results,  and  their  low 
cost  is  a  strong  point  in  their  favor.  Attention  is  called  to 
the  fact  that  to  give  satisfactory  results  these  compounds  must 
be  carefully  made  from  high-grade  materials.  Otherwise  they 
are  likely  to  give  trouble  by  rusting  the  work,  washing  oil  out 
of  machine  bearings,  and  gumming  slides  and  other  moving 
parts. 

Each  manufacturer  has  his  own  special  formulas  for  use 
in  making  these  compounds,  but  the  following  is  a  typical 
mixture:  Caustic  soda,  0.65  per  cent;  alcohol  and  water,  5.80 
per  cent;  resin  acid,  1.64  per  cent;  fatty  acids,  11.76  per  cent; 
mineral  oil  of  22.5  Baume  specific  gravity,  80.15  per  cent.  This 
mixture  is  dissolved  in  water,  the  degree  of  dilution  being 
dependent  on  the  nature  of  the  machining  operation  and  the 
kind  of  metal  being  machined. 


Fig.   7.     Nut  Taps  flooded  with  Cutting  Compound  to  insure   Thorough 
Cooling 


Multiple  Lubricant  Pipes  with  Delivery  Tubes  arranged  to  direct 
Fluid  into  Tools 
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Fig:.  9.     Three  Methods  of  supporting:  Drip  Cans  which  afford  Adjustment  of  Position  for 
Delivery  Pipe 


Purchase     of    Cutting- 
Oils  and  Compounds 

There  are  many 
machine  shops  using 
oils  and  compounds 
on  metal  cutting 
tools  that  do  not 
have  adequate  facili- 
ties for  testing  to  de- 
termine the  purity  of 
cutting  compounds 
and  their  suitability 
for  handling  the 
work  for  which  they 
are  intended.  The  best  course  for  proprietors  of  such  shops  to 
follow  is  to  deal  with  manufacturers  of  oils  and  cutting  com- 
pounds of  known  reputation.  Many  different  mixtures  of  oils 
and  numerous  cutting  compounds  appear  identical,  so  that 
there  is  always  a  temptation  for  a  buyer  to  favor  the  one  that 
he  can  secure  at  the  most  advantageous  price.  But  the  ex- 
perience of  machine  shop  managers  confirms  the  soundness  of 
making  a  practice  of  purchasing  a  high-grade  oil  or  compound 
produced  in  a  factory  with  facilities  for  testing  raw  materials 
and  mixing  them  in  such  a  way  as  to  insure  their  meeting  the 
purchaser's  requirements.  Also,  such  factories  have  an  estab- 
lished reputation  that  is  a  particularly  valuable  business  asset 
in  the  sale  of  oils  and  cutting  compounds,  and  one  that 
they  will  not  be  likely  to  risk  losing  for  the  sake  of  making 
unfair  profits.  Complaints  are  frequently  made  of  unsatis- 
factory results  obtained  from  mixed  oils  and  cutting  com- 
pounds sold  ready  for  use.  If  these  were  carefully  investi- 
gated, it  would  often  be  found  that  the  trouble  was  due  to  one 
of  two  causes:  either  the  customer  was  buying  an  oil  or  com- 
pound unsuited  for  his  work,  or  he  was  making  his  purchase 
from  an  unreliable  firm  that  was  selling  him  an  inferior  sub- 
stitute instead  of  that  for  which  he  was  paying. 

Factors  Influencing  Selection  of  Oils  and  Cutting  Compounds 

It  has  been  stated  that  so  many  variable  conditions  enter 
into  the  cooling  and  lubricating  of  cutting  tools  that  it  is 
difficult  to  secure  exact  information  concerning  the  action  of 
an  oil  or  compound  on  the  tools.  Certain  general  facts  have 
been  established,  however,  and  these  form  the  basis  which 
governs  the  selection  of  a  suitable  lubricant  to  use  in  different 
cases.  One  of  these  is  the  condition  under  which  the  machine 
is  operated.  A  low  speed  and  shallow  cut  means  that  little 
lubricating  action  is  necessary,  while  a  low  speed  and  heavy 
cut — especially  in  cases  where  the  material  is  tough — means 
that  the  fluid  must  possess  great  lubricating  power,  and  so 
the  use  of  oil  is  advisable.  Operating  at  high  speed  and  taking 
a.  shallow  cut  calls  for  a  fluid  possessing  superior  cooling  prop- 
erties, and  for  this  work  cutting  emulsions  are  used,  due  to 
their  high  capacity  for  absorbing  heat;  if  even  a  low  viscosity 
cutting  oil  were  employed,  the  friction  and  heat  developed 
would  cause  excessive  heating  of  the  tools  and  finished  work 
with  troubles  from  this  cause  to  which  reference  has  already 
been  made.     Operating  under  high  speed  and  heavy  cut  calls 
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for  a  fluid  with  both 
cooling  and  lubricat- 
ing properties.  For 
this  purpose  a  heavily 
compounded  cutting 
emulsion  should  be 
used,  because  the 
water  solution  most 
effectively  dissipates 
the  heat,  and  by 
heavily  compounding 
the  solution  a  fairly 
effective  lubricating 
action   is  obtained. 


The  effect  of  the  kind  of  chips  produced  in  cutting  different 
classes  of  metals  upon  the  requirements  of  an  oil  or  cutting 
compound  has  been  briefly  referred  to,  and  in  addition  it  may 
be  mentioned  that  the  selection  will  be  governed  to  some  ex- 
tent by  the  hardness  of  the  metal.  The  selection  will  also,  be 
affected  by  the  character  of  the  machine,  as  well  as  the  con- 
ditions of  speed  and  the  depth  of  cut  under  which  it  is  operated. 

Methods  of  Applying-  Lubricant  to  Tools 

There  are  a  variety  of  methods  of  delivering  lubricant  to 
cutting  tools,  and  each  has  its  particular  field  of  application. 
These  methods  run  all  the  way  from  the  use  of  a  squirt  can 
or  brush,  with  which  lubricant  is  applied  to  the  tool,  up  to  a 
central  distributing  station  equipped  with  pumps  for  deliver- 
ing oil  through  pipe  lines  to  all  the  machines  in  the  factory, 
a  system  of  piping  for  Feturning  the  lubricant,  and  filters  and 
sterilizers  for  purifying  the  returned  oil.  The  squirt  can  and 
brush  are  still  used  in  certain  cases  for  lubricating  small  taps, 
end  mills,  threading  tools,  etc.,  and  for  this  purpose  give  fairly 
satisfactory  results.  The  next  step  in  the  development  of 
methods  of  supplying  lubricant  consists  of  a  small  drip  can, 
mounted  on  the  machine,  from  which  oil  or  cutting  compound 
is  allowed  to  trickle  by  gravity  to  the  tool  and  work.  These 
cans  are  usually  provided  with  a  wire  gauze  strainer  to  re- 
move chips  and  suspended  impurities  from  the  lubricant.  After 
flowing  over  the  work,  the  lubricant  is  caught  in  a  second 
can,  suspended  under  the  machine,  and  from  time  to  time  its 
contents  are  poured  back  into  the  drip  can  ready  for  subse- 
quent use.  Various  methods  are  used  for  suspending  drip  cans 
on  machines  in  order  to  provide  adjustment  for  delivering 
the  fluid  to  the  required  position,  and  Fig.  9  shows  three  typi- 
cal examples.  At  A  it  will  be  seen  that  the  can  is  mounted 
on  a  jointed  bracket,  which  can  be  swung  on  its  pivots  in  order 
to  bring  the  can  and  delivery  pipe  into  the  desired  position. 
The  can  shown  at  B  is  carried  by  a  fixed  bracket,  but  the 
delivery  pipe  is  jointed  to  afford  adjustment.  At  C  the  can 
is  suspended  on  a  bracket  held  by  a  vertical  rod  in  a  split 
clamp,  providing  both  vertical  and  horizontal  adjustment  of 
position.  Methods  of  this  kind  for  supplying  lubricant  are 
still  used  in  factories  where  the  tools  work  under  such  condi- 
tions that  the  coolant  or  lubricant  does  not  need  to  be  de- 
livered in  a  large  volume.  Their  only  claim  to  favor  is  that 
they  are  inexpensive. 
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Fig.  10,     Flexible  Tubes  for  delivering  Lubricant  to  -Work 


Fig.   11,     Lubrication  of  a  Facing  Tool 
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Fig.   12. 


Geared  Pump  in  Use,   showing  Method  of  mounting,   driving  and 
delivering  Lubricant  to  Work 


Provision  of  Individual  Pumps  on  Machines 
When  a  considerable  volume  of  oil  or  cutting  compound 
is  required  for  the  work,  the  drip  can  is  unsatisfactory,  due 
to  the  necessity  of  frequently  emptying  the  can;  and  this  led 
to  the  development  of  individual  pumps  for  use  on  machine 
tools.  Pour  typical  classes  of  pumps  are  used  for  this  purpose, 
and  these  are  (named  in  the  order  in  which  they  are  most  gen- 
erally applied)  the  geared,  wing,  plunger  and  centrifugal  types. 
Each  of  these  will  be  described  in  detail  under  individual  head- 
ings. In  all  cases,  too  much  emphasis  cannot  be  laid  upon  the 
necessity  of  having  the  pump  and  delivery  pipe  of  ample  cap- 
acity to  supply  a  copious  flow  of  lubricant  to  the  tools  and 
work.  The  average  size  of  delivery  pipes  on  machine  tools  runs 
from  1/4  to  %  inch,  but  the  latter  should  be  made  the  minimum 
and  means  provided  to  regulate  the  volume  of  lubricant  deliv- 
ered by  the  pump  according  to  the  requirements  of  the  work. 
Many  cases  of  failure  to  secure  satisfactory  results  are  due  to 
the  inability  of  the  pipe  to  deliver  the  required  volume  of 
lubricant  at  low  pressure,  rather  than  to  the  unsuitability  of 
the  lubricant.  A  large  delivery  pipe  provides  for  the  delivery 
of  a  copious  flow  of  lubricant  at  low  pressure,  which  is  the 
ideal  condition,  as  regards  both  the  cooling  and  lubricating 


Fig.    13. 


Geared  Pump  made  liy   Goulds  Mfg.   Co. 
of  Gears 


showing   Arrangement 


action  of  the  fluid.  In  addition  to  the  importance  of  keeping 
down  the  temperature  of  lubricants  so  that  they  may  exert  the 
desired  cooling  action,  low  temperature  is  of  great  Importance 
from  the  standpoint  of  pump  efficiency.  If  the  temperature  is 
allowed  to  rise  to  such  a  degree  that  vapor  is  given  off  from 
the  lubricant,  it  is  likely  to  interrupt  the  pump  suction.  In 
order  to  be  sure  of  efficient  operation  of  pumps  it  is  also  neces- 
sary to  keep  the  inlet  to  the, suction  pipe  well  below  the  sur- 
face of  the  reservoir.  This  is  also  a  matter  of  importance  due 
to  the  fact  that  drawing  air  into  the  pipe  may  cause  oxidation 
of  the  oil  which  produces  a  sludge  that  will  tend  to  clog  the 
pipes  and  give  trouble  In  other  ways. 

The  Geared  Pump 
The  commonest  form  of  lubricant   pump  used  on  machine 
tools  equipped  with  a  tank  and  pump,  consists  of  the  rotary 
geared  pump  which  is  so  well  known  that    it    requires    little 


description.  The  pumps  can  be  made  to  deliver  lubricant 
when  running  In  either  direction,  thus  adapting  them  for  use 
on  machines  where  reversal  is  required  to  back  off  threading 
dies,  etc. 

Several  methods  are  used  for  driving  geared  pumps,  the 
most  common  of  which  is  by  a  belt  from  the  countershaft  or 
a  pulley  on  the  machine,  or  by  direct-connected  gearing.  The 
claims  made  for  the  geared  type  of  pump  are  that  it  affords  a 
positive  pressure  without  fluctuation  in  the  rate  of  delivery. 
In  pumps  of  this  type  made  by  C.  P.  Roper  &  Co.,  Hopedale, 
Mass.,  and  by  other  firms,  provision  Is  made  against  loss  of 
prime  so  that  any  liquid  from  water  up  to  the  heavier  oils  may 
be  easily  pumped  without  the  necessity  of  priming  the  pump. 
The  compact  form  of  these  pumps  is  a  point  in  their  favor. 


Fig.    14.     Use   of  Plunger  Pump  on  Bolt   Threader  made  by  National 
Machinery  Co. 

One  of  the  geared  pumps  is  illustrated  in  use  in  Pig.  12;  and 
Pig.  13  shows  the  mechanism  of  this  pump.  Reference  to  the 
latter  illustration  shows  that  the  lubricant  drawn  through  the 
suction  pipe  is  carried  around  in  the  spaces  between  the  gear 
teeth  and  the  pump  chamber.  This  lubricant  is  forced  out 
through  the  discharge  pipe  to  the  tools  on  the  machine.  To 
obtain  the  best  results,  the  pump  should  be  placed  as  near  as 
possible  to  the  level  of  the  lubricant  In  the  tank.  This  type 
of  pump  is  capable  of  working  with  a  suction  lift  of  from 
three  to  four  feet  without  priming,  and  will  develop  consider- 
able pressure  when  this  is  necessary  for  washing  away  chips. 
A  by-pass  Is  provided  in  the  pump  to  enable  the  operator  to 


Fig.   16.     Tv 


Styles  of  Wing  Pumps;  at  B  is  shown  Means  of  obtaining 
Pressure  Relief  ' 


January,  1917 


MACHINERY 


379 


Fig.    16.     "Fulflo' 


Centrifugal    Pump    made    by    Cincinnati    Lubricant 
Pump  Co. 


regulate  the  volume  of  fluid  delivered.  To  give  an  idea  of  the 
capacity  of  these  pumps  it  may  be  mentioned  that  the  Goulds 
Mfg.  Co.,  Seneca  Falls,  N.  Y.,  builds  geared  pumps  in  two  sizes 
which  are  known  as  Nos.  1  and  2.  Operating  at  speeds  of  from 
200  to  500  revolutions  per  minute,  the  No.  1  pump  has  a  cap- 
acity for  one  and  one-half  to  four  gallons  per  minute,  working 
through  suction  and  discharge  pipes  %  inch  in  size;  under  the 
same  conditions  of  speed  the  No.  2  pump  has  a  capacity  for 
delivering  from  four  to  ten  gallons  per  minute  when  working 
through  %-inch  suction  and  discharge  pipes. 

Wing'  Type  of  Pump 

Fig.  15  shows  two  examples  of  the  wing  type  of  pump  which 
is  used  extensively  on  machine  tools.  This  pump  consists  of 
a  revolving  stem  which  is  set  eccentric  to  the  bore  of  the  pump 


Fig.    17. 


Arrangement    of    Pipes    to    deliver    Cutting    Compound    to    Two 
Gangs  of  Milling  Cutters 


chamber,  thus  leaving  a  space  at  one  side  which  contains  the 
fluid  being  pumped.  This  type  of  pump  delivers  a  large  vol- 
ume of  oil  when  running  at  about  100  revolutions  per  minute, 
and  on  account  of  this  low  speed  it  requires  very  little  atten- 
tion. It  will  be  seen  that  the  revolving  stem  is  slotted  to  re- 
ceive a  pair  of  flat  plates  or  wings  which  are  forced  apart  by 
springs.  As  the  stem  rotates,  the  ends  of  these  wings  remain 
in  contact  with  the  inside  of  the  pump  chamber,  thus  drawing 
fluid  in  and  discharging  it  in  one  direction  or  the  other  accord- 
ing to  the  direction  in  which  the  stem  rotates;  this  makes 
the  wing  type  of  pump  suitable  for  delivering  lubricant  to  tools 
on  automatic  screw  machines,  etc.,  where  reversal  of  direction 
of  rotation  is  often  necessary.  Pumps  of  this  type  will 
develop  sufficient  suction  to  lift  fluid  a  slight  distance,  but 
it  is  better  practice  to  have  the  pump  submerged  in  order  to 
avoid  the  necessity  of  priming.  In  the  type  of  pump  shown 
at  B  in  Fig.  15,  it  will  be  noted  that  the  wings  are  tapered  at 
the  ends  so  that  when  a  full  discharge  is  not  required,  pres- 
sure of  the  liguid  will  force  the  wings  back,  thus  making  a 
relief  or   overflow   valve  unnecessary.     The  simplicity   of  all 


parts  of  wing  pumps  enables  them  to  run  for  a  long  time 
without  getting  out  of  order.  The  same  methods  are  employed 
in  driving  these  pumps  as  in  driving  geared  pumps. 

Reciprocating  or  Plunger  Type  of  Pump 

Fig.  14  illustrates  the  use  of  a  plunger  pump  for  circulating 
oil  or  cutting  compound  on  a  bolt  cutting  machine  made  by  the 
National  Machinery  Co.  of  Tiffin,  Ohio.  Pumps  of  this  kind 
are  used  in  various  sizes  and  with  different  numbers  of  cylin- 
ders according  to  the  volume  of  cutting  compound  to  be 
delivered.  In  the  case  illustrated  the  pump  has  an  adjustable 
stroke  to  provide  for  varying  the  volume  of  lubricant  delivered 


Fig.   18.     Delivery  of  Cutting  Lubricant  on  Lathe  with  Two  Turning  Tools 

to  the  tools,  and  a  safety  overflow  valve  lelieves  back  pressure 
in  case  the  valve  on  the  spout  is  closed  while  the  machine  is 
in  motion.  To  avoid  "pulsations"  which  would  otherwise 
result  from  the  use  of  plunger  pumps,  it  is  good  practice  to 
insert  an  air  bell  A  in  the  delivery  line  which  forms  a  cushion 
that  takes  up  inequalities  in  pressure.  In  the  case  of  multiple 
plunger  pumps  the  cranks  are  equally  spaced  around  the 
crank  circle  so  that  the  variations  of  pressure  in  the  cylinders 
tend  to  compensate  for  each  other.  This  condition  is  shown 
diagrammatically  in  connection  with  the  description  of  plunger 
pumps  for  central  distributing  stations. 


Adjustatle   Deflector  for  delivering   Coolant   to   Oriodlng   Wheel 
and  Work 
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In  the  plant  of  the  Crucible  Steel  Co.  of  America  at  Harrison, 
N.  J.,  triplex  plunger  pumps,  4  by  6  Inches  in  size,  with  cap- 
acities for  displacing  forty  gallons  of  oil  per  minute,  are  used 
for  the  lubrication  of  tools  on  shell  boring  lathes.  One  pump 
is  used  for  two  machines,  the  pump  and  lubricant  supply  being 
contained  in  a  pit  in  the  concrete  into  which  the  lubricant  is 
returned  after  being  strained. 

Centrlfugral  Type  of  Pump 

As  the  name  implies,  the  operation  of  centrifugal  pumps  is 
based  on  the  action  of  centrifugal  force.  They  are  provided 
with  an  impeller  which  consists  of  a  wheel  having  passages 
into  which  fluid  is  drawn  from  the  suction  pipe,  carried  around 
inside  the  pump  case  and  expelled  into  the  discharge  pipe 
through  the  action  of  centrifugal  force.  An  important  point 
in  their  favor  is  that  tliese  pumps  are  capable  of  delivering  a 
large  volume  of  fluid  at  low  pressure. 

The  Cincinnati  Lubricant  Pump  Co.,  Cincinnati,  Ohio,  makes 
a  small  centrifugal  pump,  shown  in  Fig.  16,  for  delivering  oil 
or  cutting  compound  to  tools  where  an  individual  distributing 
system  is  used  on  each  machine.  The  important  features  of 
this  pump  are  that  at  no  point  is  the  channel  through  which 
lubricant  passes  smaller  than  the  -^i-inch  suction  and  de- 
livery pipes,  and 
hence  there  is 
practically  no 
chance  for  the 
pump  to  become 
clogged.  Small 
chips  and  grit 
carried  by  the 
fluid  will  not 
damage  this 
pump,  and  there 
are  no  parts  that 
are  likely  to  get 
out  of  order. 
Also,  the  design 
is  such  that  the 
pump  cannot 
lose  its  prime,  as 
both  inlet  and 
outlet  are  above 
the  pump  level 
and  there  is  al- 
ways enough 
fluid  in  the 
pump  to  start  it. 
Lubricant  is 
drawn  in  through 
suction  pipe  A 
and  finds  its  way 
into  the  impeller 
through     spaces 

B  around  the  bearing;  then  the  impeller  expels  the  fluid  into 
the  delivery  pipe  G.  To  regulate  the  flow  it  is  merely  necessary 
to  open  or  close  a  stop-cock  at  the  outlet;  with  this  exception 
there  is  no  valve  in  the  pu,mp  or  piping.  The  operator  does 
not  need  to  leave  his  work  to  regulate  the  flow  of  coolant. 
The  following  gives  the  capacity  in  gallons  per  minute  for  dif- 
ferent pump  pulley  speeds  when  operating  under  a  suction  lift 
of  12  inches  and  a  head  lift  of  4  feet,  which  is  about  the  max- 
imum requirement  for  machine  tool  installations:  300  R.P.M., 
five  gallons;  350  R.P.M.,  ten  gallons;  400  R.P.M.,  fifteen  gallons; 
450  R.P.M.,  eighteen  gallons.  To  obtain  a  greater  volume  for 
these  suction  and  head  lifts  or  the  same  volume  for  increased 
lifts,  it  is  simply  necessary  to  increase  the  pump  pulley  speed. 

When  the  design  does  not  prevent  loss  of  prime,  it  is  good 
practice  to  have  the  pump  submerged  in  the  neservoir  to 
avoid  the  necessity  of  priming.  On  grinding  machines  where 
this  practice  is  followed,  running  bearings  should  be  protected 
from  gritty  water.  On  milling  machines  built  by  the  Cincin- 
nati Milling  Machine  Co.,  where  flooded  lubrication  is  re- 
quired, centrifugal  pumps  are  used  that  are  capable  of  deliv- 
ering eleven  gallons  of  cutting  compound  when  running  at 
1150   revolutions  per  minute.     This  washes   away   the  chips. 


Methods  of  delivering  Lubricant  to   Tool 
Machine 


Delivery  of  Lubricant  to  Tools  on  Movlnsr 
Carrlatfes 

Provision  of  piping  to  deliver  lubricant  from  the  pump  to 
the  cutting  tool  is  most  easily  taken  care  of  in  those  cases 
where  no  adjustment  is  required  to  take  care  of  feed  move- 
ments, etc.  It  frequently  happens,  however,  that  the  tool 
carriage  has  to  be  traversed  through  a  considerable  distance, 
which  necessitates  special  means  for  delivering  the  lubricant 
to  the  work.  One  of  the  simplest  methods  of  handling  this 
problem  is  to  use  a  flexible  metal  tube  to  connect  the  moving 
carriage  and  the  supply  pipe  on  the  machine,  and  this  gives 
very  satisfactory  results,  except  that  when  the  tube  is  very 
long  and  in  an  exposed  position,  it  is  likely  to  get  in  the 
operator's  way. 

In  many  cases  use  may  be  made  of  telescopic  tubes  which 
furnish  the  necessary  compensation  for  the  movement  of  the 
tool  carriage.  Two  such  arrangements  are  shown  at  A  and  B 
in  Fig.  20.  A  partial  view  of  the  back  of  a  turret  lathe  is  illus- 
strated  at  A,  on  which  there  is  a  fixed  bracket  a  provided 
with  a  stuffing-box  through  which  pipe  h  slides  as  the  saddle 
moves  on  the  bed  of  the  machine.  Pipe  6,  which  delivers  oil 
to  the  cutting  tools,  projects  back  into  pipe  c  which  is 
of  somewhat  larger  diameter,  and  oil  is  delivered  in- 
to this  pipe 
through  tube  d 
which  makes 
connection  with 
the  pump.  At  B 
is  illustrated  the 
method  of  com- 
pensation pro- 
vided on  the  oil 
delivery  system 
for  the  recipro- 
cating carriage 
of  a  gear-cutting 
machine.  In  this 
case  use  is  also 
made  of  two  tele- 
scopic tubes  con- 
nected by  a  stuf- 
fing-box e,  of 
which  an  en- 
larged view  is 
shown.  Oil  is  de- 
livered from  the 
pump  through 
the  pipe  /  and 
thence  through 
small  pipe  g  to 
flexible  tube  h 
on  the  carriage. 
In  the  case  of 
the    rifle    barrel 
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drilling  machine  illustrated  at  C,  considerable  compensation 
is  required  because  the  feed  motion  of  the  carriage  is  through 
a  distance  somewhat  greater  than  thirty  inches.  This  com- 
pensation is  furnished  by  telescopic  tubes  i  from  which  con- 
nection is  made  by  pipe  ;  to  the  hollow  barrel  drill,  through 
which  oil  is  delivered  to  the  cutting  point.  In  order  to  be 
effective  in  washing  chips  out  of  the  hole,  oil  must  be  delivered 
to  the  barrel  drills  at  a  pressure  of  about  800  pounds  per 
square  inch.  In  some  cases  this  pressure  causes  trouble  by 
throwing  the  carriage  back  with  great  violence  when  the  half- 
nuts  on  the  lead-screw  are  released  to  return  the  carriage 
while  there  is  still  pressure  in  tube  i.  The  machines  are 
equipped  with  a  spring  at  the  end  of  the  machine  bed  to 
absorb  shock  when  the  carriage  is  accidentally  thrown  back 
in  this  way,  but  in  many  cases  the  effect  of  the  spring  is 
insuflicient  to  give  the  desired  result. 

To  overcome  this  difficulty  a  rather  ingenious  method  was 
developed,  as  shown  at  D.  Instead  of  using  telescopic  tubes 
oil  is  delivered  through  a  small  tube  fc  connected  with  the  oil 
supply  at  the  left-hand  end  of  the  machine;  this  tube  runs 
the  entire  length  of  the  bed  and  is  capped  at  the  right-hand 
end.     Sliding  over  tube  fc  is  a  larger  tube  I  with  a  stuffing-box 
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m  at  each  end  and  a  connection  at  each  end  to  provide  for 
passing  oil  to  the  tube  supported  in  the  machine  carriage. 
Oil  escapes  through  a  hole  n  in  inner  tube  A:  into  outer  tube  I 
and  thence  to  the  carriage;  and  it  will  be  evident  that  the 
pressure  inside  the  larger  tube  is  balanced  in  all  directions 
so  that  there  is  no  danger  of  the  carriage  being  thrown  back 
through  pressure  remaining  in  the  tube  when  the  half-nuts  are 
released  from  the  lead-screw.  As  shown  at  D,  the  left-hand 
carriage  connection  is  capped  and  the  carriage  is  connected 
to  the  right-hand  end  of  tube  I  to  adapt  the  machine  for  drill- 
ing long  barrels;  for  drilling  short  work  with  short  drills  the 
carriage  would  be  connected  to  the  left-hand  end  of  tube  I. 

A  substitute  for  the  telescopic  tube  arrangement  shown  at 
C  is  illustrated  at  E,  which  will  be  seen  to  consist  of  two 
jointed  tubes  o  leading  to  the  carriages  of  a  duplex  rifle  barrel 
drilling  machine.  As  the  carriages  are  fed  forward  the  middle 
joints  of  these  hinged  tubes  drop  toward  the  bed  of  the 
machine,  thus  providing  the  necessary  movement  of  the 
carriage  without  interfering  with  the  oil  supply. 

Nozzles  and  Distributing 
Devices 
The  efficiency  of  the  results 
obtained  in  cooling  and  lubri- 
cating cutting  tools  is  largely 
governed  by  the  form  and  size 
of  nozzle  through  which  the 
lubricant  is  delivered,  the 
direction  and  position  in  which 
it  is  applied,  the  pressure  at 
which  it  is  delivered,  and  the 
volume  of  lubricant  applied  to 
the  tool  and  work.  If  one  or 
more  of  these  factors  is  defec- 
tive, it  may  be  the  cause  of 
unsatisfactory  results.  The 
size  of  the  lubricant  delivery 
nozzle  is  important  because  this 
governs  the  volume  delivered 
at  a  given  pressure,  and  the 
form  of  nozzle  is  responsible  to 
a  large  extent  for  the  manner 
in  which  the  lubricant  is  distri- 
buted over  the  tool  and  work. 
In  all  cases  the  aim  should  be 
to  deliver  the  lubricant  in  such 
a  way  that  It  will  keep  a  con- 
stant supply  at  all  points  on 
which  the  tools  are  working, 
and  this  volume  should  be 
ample  to  provide  for  cooling 
the  tools  and  work  and  prevent 
the  lubricant  from  becoming 
too    warm. 

Proper  Direction  in  Which 

to  Deliver  Fluid 
In     early    experiments     con- 
ducted by  F.  W.  Taylor  in  the 
use  of  a  stream  of  water  for 

cooling  cutting  tools,  the  first  plan  adopted  was  to  deliver  a 
stream  of  water  up  between  the  clearance  flank  of  the  tool 
and  the  work  so  that  the  water  would  almost  reach  the  cutting 
edge  of  the  tool  at  the  point  where  the  greatest  cooling  action 
is  required.  Mr.  Taylor  was  so  confident  of  the  soundness  of 
this  theory  that  he  did  not  at  first  deem  it  worth  while  to 
experiment  with  throwing  streams  of  water  in  any  other  way, 
but  some  months  later  he  tried  the  plan  of  throwing  a  stream 
of  water  upon  the  chip  directly  at  the  point  where  it  is  re- 
moved from  the  work,  and  found  that  a  material  increase  in 
cutting  speed  could  be  employed  under  these  conditions.  In 
applying  water  in  this  way  for  cooling  tools  used  in  the  per- 
formance of  manufacturing  operations,  Mr.  Taylor  found  that 
when  a  sufficiently  heavy  stream  of  water  was  thrown  upon 
the  work  to  give  the  desired  cooling  action,  it  had  a  tendency 
to  splash  more  than  when  thrown  upon  the  forging  just  above 
the  chip,  and  to  avoid  discomfort  mechanics  would  change 
the  position  of  the  delivery  pipes  unless  care  was  taken  to 


prevent  this  practice.  Mr.  Taylor  was  the  first  to  find  that 
the  most  satisfactory  results  were  obtained  by  delivering  a 
large  volume  of  water  at  low  pressure  to  exactly  the  required 
position,  because  water  delivered  in  this  way  will  cover  a 
large  area  and  will  not  tend  to  rebound  from  the  work,  thus 
exerting  its  maximum  effect  as  a  coolant. 

The  direction  in  which  the  fluid  is  applied  should  always  be 
selected  with  the  view  of  obtaining  a  location  where  it  will 
remain  on  the  work  long  enough  to  have  the  maximum  effect, 
that  is  to  say,  where  there  will  not  be  a  great  tendency  to 
throw  the  lubricant;  and  this  is  particularly  desirable  in  the 
case  of  high-speed  machinery  such  as  grinding  machines,  be- 
cause the  fluid  may  actually  be  thrown  clear  of  the  work,  onto 
the  operator  and  the  floor  surrounding  the  machine,  in  this 
connection  the  pressure  at  which  the  fluid  is  applied  is  also 
very  important;  if  the  pressure  is  too  high  there  will  be  a 
tendency  for  the  fluid  to  rebound  upon  striking  the  work,  so 
that  it  will  not  have  the  maximum  effect  in  cooling  and 
lubricating.  If,  on  the  other  hand,  the  pressure  is  low,  the 
fluid  is  enabled  to  remain  on 
the  work,  thus  absorbing  heat 
and  lubricating  the  bearing  be- 
tween the  chip  and  lip  of  the 
tool.  The  best  practice  in  tool 
lubrication  calls  for  the  deliv- 
ery of  a  large  volume  of  fluid  at 
low  pressure,  and  as  oils  and 
cutting  compounds  are  now  be- 
ing purified  so  that  they  can  be 
used  continuously,  this  use  of 
a  large  volume  of  even  high- 
priced  oil  involves  only  a  mod- 
erate increase  in  investment  in 
oil  upon  which  the  overhead 
charge  is  not  likely  to  be 
excessive. 

Forms  of  Nozzles  and  Distribut- 
ing- Devices 
In  delivering  lubricant  to  the 
tools  it  is  obviously  important 
to  apply  it  at  exactly  the  points 
where  cooling  and  lubrication 
are  required,  and  for  this  pur- 
pose many  different  forms  of 
delivery  tubes  and  nozzles  are 
employed.  Typical  examples  of 
such  devices  are  illustrated  in 
Figs.  22  and  23.  For  single-point 
cutting  tools,  narrow  milling 
cutters,  drills,  etc.,  a  pipe  with 
a  single  outlet  is  all  that  is 
necessary,  but  two  or  more  out- 
lets are  required  for  gangs  of 
cutters  and  multiple  tools  un- 
less a  wide  spout  is  used.  The 
simplest  arrangement  available 
is  a  plain  pipe  with  an  open 
end.  In  most  cases,  however,  it 
is  necessary  to  provide  adjustment  for  locating  the  nozzle  in 
the  desired  position  relative  to  the  work.  At  A  it  will 
be  seen  that  the  pipe  is  hinged  to  provide  for  swinging  the 
nozzle  into  place  over  the  work.  Another  good  example  of 
this  kind  is  illustrated  at  B,  which  consists  of  a  small  faucet 
supported  by  a  rod  clamped  in  such  a  way  that  both  vertical 
and  horizontal  adjustment  are  obtained.  Connection  between 
the  faucet  and  supply  pipe  is  made  by  a  flexible  tube.  A 
similar  example  is  shown  at  C  in  which  the  faucet  is  sup- 
ported by  a  clamp  carried  by  a  rod  screwed  into  a  tapped  hole 
in  a  machine  boss  or  similar  member.  The  delivery  pipe 
shown  at  D  is  provided  with  what  might  properly  be  called 
universal  adjustment,  as  the  first  section  of  pipe  has  a  ball 
and  socket  joint  which  enables  it  to  be  swung  in  practically 
any  direction,  while  the  second  section  of  pipe  slides  in  and 
out  to  give  the  desired  length.  An  arrangement  for  deliver- 
ing lubricant  to  a  bolt  threading  die  is  shown  at  E,  where  it 
will  be  seen  that  the  vertical  nozzle  may  be  swung  around  the 


Fig.  21.     Delivery  of  Coolant  to  a  Large  Twist  Drill 
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Tig.  22.     Miscellaneous  Examples  of  Nozzles  and  Delivery  Tubes  for  supplying  Lubricant  to  Tools 


horizontal  delivery  pipe  to  obtain  the  desired  radial  position, 
and  this  nozzle  is  bent  to  direct  the  flow  of  lubricant  into  the 
die.  The  supply  is  delivered  by  a  plunger  pump  and  the  air 
bell  provides  for  absorbing  the  effect  of  pulsations  and  obtain- 
ing a  uniform  pressure. 

In  the  performance  of  heavy  milling  operations,  flooded 
lubrication  of  the  cutters  is  highly  important.  In  milling, 
the  chips  are  usually  short,  and  so  friction  between  the  cutter 
teeth  and  chips  is  not  likely  to  be  very  great.  In  such  cases 
the  fluid  acts  as  a  coolant  rather  than  a  lubricant;  and  to  keep 
the  fluid  on  the  work  use  is  made  of  shields  at  the  end  of  the 
delivery  pipe  which  drop  down  over  the  cutters  in  such  a  way 
that  any  fluid  which  is  thrown  up  is  caught  by  these  shields 
and  drops  back  onto  the  tool  and  work.  An  example  of  this 
form  of  delivery  pipe  and  shield  is  shown  at  F.  In  another 
section  of  this  article  reference  will  be  made  to  the  use  of 
compressed  air  for  cooling  work  and  tools.  In  order  to  dis- 
tribute the  air  over  the  cutter  so  that  it  may  exert  the  maxi- 
mum cooling  action,  the  delivery  pipe  is  constructed  as  shown 
at  G.  At  each  side  of  the  cutter  there  is  a  pipe  bent  to  the 
same  curvature  as  the  cutter.  A  series  of  holes  is  drilled 
in  the  pipe  corresponding  to  the  spacing  of  the  cutter  teeth  so 
that  air  flows  onto  the  tool  and  prevents  the  steel  from  becom- 
ing overheated.  Another  device  for  delivering  fluid  to  milling 
cutters  is  shown  at  H,  which  consists  of  a  horizontal  pipe 
with  holes  drilled  in  it  to  correspond  to  locations  of  a  gang 
of  four  milling  cutters.  Such  an  arrangement  proves  satis- 
factory provided  the  pipe  and  holes  are  of  ample  size  to 
deliver  the  required  volume  of  fluid. 

For  delivering  lubricant  to  multiple  turning  tools  such  as 
those  used  on  the  Pitchburg  "Lo-swing"  lathe,  and  similar 
cases  where  it  is  required  to  obtain  considerable  distribution 
of  the  fluid,  delivery  tubes  of  the  form  shown  at  /,  J  and  E 
may  be  advantageously  employed.  It  will  be  seen  that  these 
consist  of  horizontal  pipes  to  which  delivery  nozzles  are  con- 
nected, and  the  spacing  and  length  of  these  nozzles  may  be 
varied  according  to  the  requirements.  In  handling  different 
classes  of  work,  there  will  be  different  numbers  of  tools  in  use, 
and  in  order  to  adapt  these  delivery  pipes  to  the  requirements 
of  various  cases,  sliding  plugs  are  provided  in  one  or  both  ends, 
which  may  be  moved  to  shut  off  the  supply  of  lubricant  to 
those  nozzles  which  are  not  required.  A  somewhat  similar 
arrangement  is  shown  at  L  except  that  in  this  case  the  deliv- 


ery tubes  are  pivoted  in  order  that  the  adjustment  of  each 
tube  may  be  regulated  according  to  the  position  in  which  it  is 
required  to  apply  the  lubricant.  At  M  is  shown  a  good  method 
of  delivering  lubricant  to  drills,  end-mills  and  similar  tools 
that  are  doing  heavy  work.  The  ring  pipe  surrounds  the  tool 
and  delivers  the  fluid  in  a  practically  continuous  circle, 
through  holes  which  are  inclined  inward  toward  the  tool.  A 
device  is  shown  at  N  which  was  developed  for  use  in  deliver- 
ing fluid  to  hacksaw  blades  and  other  similar  tools.  It  will 
be  seen  that  this  consists  of  a  pipe  with  a  cap  at  one  end 
and  a  valve  at  the  other  which  provides  for  turning  on  or  off 
the  entire  supply  of  fluid.  Holes  drilled  along  the  pipe  allow 
the  lubricant  to  escape  onto  a  sheet-metal  plate  a  over  which 
it  flows  to  the  saw  and  work.  This  device  was  especially 
developed  for  delivering  lubricant  to  hacksaw  blades  and  is 
placed  in  such  a  position  that  plate  a  comes  up  against  the 
side  of  the  blade,  thus  distributing  the  lubricant  uniformly. 

At  O  is  shown  a  method  of  delivering  oil  or  cutting  com- 
pound to  several  tools.  This  will  be  seen  to  consist  of  an 
inner  tube  connected  to  the  supply  pipe  with  an  outer  tube 
which  is  a  sliding  fit  over  it.  The  bearing  between  the  inner 
and  outer  tubes  is  a  close  fit  in  order  to  be  leak-proof. 
Drilled  in  both  tubes  is  a  series  of  unequally  spaced  holes 
located  in  such  a  way  that  when  the  outer  tube  is  slid  along, 
different  numbers  of  holes  in  the  inner  and  outer  tubes  will 
come  into  coincidence  in  order  to  allow  for  the  escape  of  oil  or 
cutting  compound  at  these  points.  For  instance,  in  the  position 
shown  there  are  three  openings,  but  if  the  outer  tube  were 
moved  to  the  right  through  a  distance  equal  to  one  space 
between  holes,  it  would  result  in  providing  four  openings. 
Pipes  of  this  kind  may  be  made  with  different  spacing  of  holes 
for  delivering  lubricant  to  different  combinations  of  tools. 

The  delivery  pipe  shown  at  P  is  adapted  for  supplying  cut- 
ting compound  to  multiple  tools,  and  is  a  substitute  for  the 
one  shown  at  O.  In  the  present  case  it  will  be  seen  that  a 
single  capped  pipe  is  used  in  which  a  series  of  holes  has  been 
drilled  and  tapped.  Screws  are  furnished  to  plug  up  these 
holes  and  the  necessary  number  of  screws  can  be  removed  in 
those  positions  where  it  is  required  to  deliver  cutting  com- 
pound to  the  tools.  Still  another  method  of  securing  the  same 
result  is  shown  at  Q;  in  this  case  holes  are  also  drilled  in 
the  pipe,  but  spring  clips  made  of  sheet  steel  surround  the 
pipe,  and  by  twisting  the  clips  around  so  that  the  opening 
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between  the  ends  of  the  clip  exposes  the  necessary  number  of 
holes  the  cutting  compound  can  be  delivered  to  a  number 
of  tools. 

At  R  is  shown  a  somewhat  similar  idea  for  the  lubrication 
of  gangs  of  tools  and  for  use  in  cases  where  it  is  desired  to 
deliver  lubricant  over  a  considerable  area.  A  delivery  tube 
of  this  form  would  be  used  for  supplying  fluid  to  multiple 
turning  tools  and  similar  cases.  It  will  be  seen  that  each 
outlet  is  provided  with  a  small  cock  which  can  be  turned  on 
and  off  according  to  the  positions  at  which  it  is  desired  to 
deliver  fluid.  At  8  and  T  are  shown  two  methods  of  delivering 
lubricant  to  tools  on  screw  machines  and  turret  lathes.  The 
method  shown  at  S  will  be  seen  to  consist  of  a  double  supply 
pipe,  one  branch  leading  to  the  center  of  the  turret  for  carry- 
ing lubricant  direct  to  the  points  of  oil-tube  tools,  and  the 
other  delivering  lubricant  to  other  kinds  of  tools  held  in  the 
turret.  A  somewhat  similar  arrangement  is  shown  at  T, 
where  it  will  be  seen  that  the  first  branch  of  the  pipe  delivers 
oil  into  a  funnel  which  communicates  with  the  center  of  the 
turret  to  supply  oil-tube  tools,  while  a  branch  pipe  carries 
lubricant  to  forming  tools,  etc. 

In  handling  automatic  screw  machine  work  where  there  are 
a  number  of  tools  working  at  the  same  time,  the  problem  of 
delivering  oil  is  somewhat  more  diflBcult,  as  it  is  required  to 
supply  the  proper  amount  of  oil  to  all  tools  and  still  prevent 
delivering  it  at  intermediate  points  where  no  tools  are  in 
operation.  The  latter  consideration  makes  it  impractical  to 
use  a  pipe  with  a  long  orifice  which  extends  across  the  full 
length  of  the  piece  on  which  the  tools  are  working.  A  typical 
example  is  shown  at  V,  and  this  also  illustrates  a  satisfactory 
device.  Suppose  we  have  a  piece  of  work  of  the  form  shown 
on  which  the  small  diameter  is  being  turned  down  by  a  box- 
tool,  while  a  forming  tool  is  at  work  on  the  left-hand  end  of 
the  piece.  It  is  required  to  deliver  oil  to  both  the  box-tool  and 
forming  tool,  but  if  oil  is  also  delivered  on  the  intermediate 
diameter  on  which  no  work  is  being  done  it  will  result  in  a 
reduction  of  the  supply  of  oil  available  at  those  points  where 
lubricant  is  required.  A  simple  and  efficient  method  of  over- 
coming the  difficulty  is  to  have  a  horizontal  pipe  with  holes 
drilled  in  it  through  which  oil  can  flow  onto  the  forming  tool 
and  box-tool,  but  with  no  holes  drilled  in  the  intermediate 
space  where  the  bar  is  not  being  machined.  This  idea  is 
capable  of  extension  to  cover  a  great  variety  of  cases. 

In  delivering  lubricant  to  a  milling  cutter  of  considerable 
width  or  to  a  hob  it  is  necessary  to  distribute  the  fluid  over 
the  entire  width  of  the  tool,  and  in  cases  of  this  kind  use  may 
be  made  of  the  forms  of  nozzles  shown  at  V  and  W,  both  of 
■which  provide  for  distributing  the  fluid  over  a  considerable 


area.  It  will  be  seen  that  nozzle  7  Is  of  the  so-called  "closed" 
type  and  this  is  used  in  a  vertical  position;  nozzle  W  is  open 
at  one  side  and  is  usually  employed  where  the  delivery  pipe 
comes  to  the  cutter  in  a  horizontal  or  slightly  inclined  posi- 
tion. Where  desired,  both  of  these  types  of  nozzles  may  be 
supported  on  a  clamp  and  the  end  of  the  regular  delivery  pipe 
dropped  into  them  in  order  to  avoid  changing  the  standard 
form  of  pipe,  which  is  required  on  the  machine  for  handling 
many  classes  of  work. 

Probably  there  is  no  device  for  delivering  lubricant  to  cut- 
ting tools  which  is  capable  of  more  general  application  than 
the  well  known  flexible  metallic  tube  that  may  be  connected 
to  the  delivery  pipe  on  the  machine  and  bent  to  deliver  lubri-  . 
cant  to  the  tools  and  work  in  exactly  the  desired  position  and 
direction.  Tubes  of  this  kind  are  made  in  different  standard 
lengths  so  that  they  may  be  coupled  onto  the  machines,  and 
they  make  a  very  convenient  method  for  applying  lubricant  to 
drills,  lathe  tools,  etc.,  where  the  fluid  is  not  required  to  be 
distributed  over  a  wid6  area;  such  tubes  also  may  be  used  to 
advantage  for  connecting  the  machine  supply  pipe  with  differ- 
ent forms  of  nozzles,  examples  of  this  kind  being  shown  at 
B  and  C,  Fig  22. 

At  X  is  shown  a  method  of  lubricating  twist  drills  used  for 
drilling  thin  metal  plates  6  on  a  drill  press  not  provided  with 
means  for  circulating  the  lubricant.  When  this  job  was  first 
turned  over  to  the  machine  operator  he  was  instructed  to 
lubricate  the  drill  from  time  to  time  with  oil  from  a  squirt 
can,  but  this  method  proved  slow  and  tedious,  and  the  operator 
devised  the  substitute  shown  in  this  illustration.  It  will  be 
seen  to  consist  of  a  shallow  pan  c  filled  with  oil  and  a  support 
d  over  this  pan  which  holds  work  &  ready  for  drilling. 
Support  d  has  a  hole  drilled  in  it,  and  after  passing  through 
the  work  the  tip  of  the  drill  dips  into  the  oil  before  its  travel 
is  stopped.  In  this  way  the  drill  is  provided  with  a  supply  of 
lubricant  each  time  it  completes  cutting  one  hole  and  none  of 
the  operator's  time  is  taken  up  in  applying  oil  with  a  brush 
or  squirt  can. 

Methods  of  Delivering'  Coolants  to  Grinding:  Wheels 

Various  forms  of  nozzles  and  distributors  are  used  for  de- 
livering coolants  to  grinding  wheels  and  work  that  is  being 
ground.  A  number  of  devices  for  this  purpose  are  illustrated 
in  Fig.  24.  At  A  is  shown  one  of  the  simplest  methods  of 
delivering  coolant  to  a  grinding  wheel;  it  will  be  seen  that 
this  consists  of  a  pipe  a  arranged  to  throw  the  fluid  tangen- 
tially  against  the  wheel  at  the  point  where  it  is  in  contact 
with  the  work.  A  shut-off  cock  &  provides  for  stopping  the 
flow  of  coolant  when  so  desired.     This  device  is  used  on  the 


Fig.  23,     other  Examples  of  Designs  for  Lubricant  Pipe  Nozzles  and  Delivery  Tubes 
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Fig,    24.     Miscellaneous   Examples   of  Distributors  for   delivering   Coolants  to  Grinding  Wheels 


car  wheel  grinder  made  by  the  Norton  Grinding  Co.  of 
Worcester,  Mass.,  and  is  applicable  for  other  classes  of  cylin- 
drical grinding.  In  this  case  no  attempt  has  been  made  to 
provide  fine  adjustment  of  the  way  in  which  the  fluid  strikes 
the  wheel,  and  for  machines  working  on  those  classes  of  grind- 
ing where  such  adjustment  is  necessary  special  devices  must 
be  provided.  At  B  is  shown  a  supply  pipe  and  distributor  used 
on  cylindrical  grinding  machines  built  by  the  Landis  Tool  Co. 
of  Waynesboro,  Pa.  Here  it  will  be  seen  that  the  pipe  is 
jointed  at  c  so  that  the  angle  and  position  at  which  the  fluid 
strikes  the  wheel  may  be  adjusted.  At  the  end  of  the  pipe 
there  is  a  distributor  d,  the  position  of  which  may  be  regu- 
lated vertically  on  the  pipe  by  loosening  screw  e.  At  C  and  D 
are  shown  two  forms  of  dis- 
tributors used  on  Norton 
grinding  machines;  these  are 
provided  with  means  of  ad- 
justing the  stream  of  fluid 
which  strikes  the  wheel,  and 
the  design  is  the  same  in  both 
cases  except  that  a  broad  dis- 
tributor is  used  at  D  to  pro- 
vide for  spreading  the  fluid 
over  a  wide-faced  grinding 
wheel.  Distributor  /  may  be 
adjusted  vertically  on  the  pipe 
by  loosening  screws  g,  and  the 
distributor  swings  about  a 
pivot  h  that  enables  it  to  be 
set  at  any  desired  angle.  It 
will  be  evident  that  in  the 
case  of  the  nozzles  shown  at 
B,  C  and  D  a  shut-off  cock  is 
provided  to  enable  the  flow  to 


Fig.   25. 


be  stopped  when  so  desired.  Adjustment  of  distributor  /  gov- 
erns the  supply  of  water,  the  force  with  which  it  strikes  the 
wheel  and  work,  and  the  form  that  it  takes  after  leaving  the 
spout.  The  distributor  is  locked  in  place  by  the  knob  at  the 
right-hand  side. 

For  internal  grinding  it  is  the  practice  to  deliver  coolant 
to  wheel  and  work  through  the  hollow  work-spindle,  and  at  E 
are  shown  the  means  provided  for  this  purpose  on  the  internal 
grinding  machines  built  by  the  Heald  Machine  Co.  of  Worcester, 
Mass.  Coolant  is  carried  to  the  hollow  work-spindle  through 
pipe  i,  and  a  cock  j  enables  water  to  be  turned  on  or  off  as 
required.  On  internal  grinding,  particularly  on  small  work, 
it  is  highly  important  to  provide  for  delivering  the  required 

volume  of  coolant  at  low  pres- 
sure, because  if  the  fluid  were 
delivered  under  any  appreci- 
able pressure,  it  would  be 
thrown  out  from  the  work 
with  considerable  violence.  In 
grinding  gasoline  engine  cyl- 
inders and  similar  work,  the 
cooling  action  is  provided  in  a 
different  way;  instead  of  de- 
livering coolant  direct  to  the 
wheel,  water  is  circulated 
through  the  water  jacket  of 
the  cylinder  casting,  which 
keeps  the  temperature  of  the 
work  low  enough  so  that  it 
will  not  be  burned.  At  F  is 
shown  the  method  by  which 
coolant  is  delivered  to  Norton 
surface  grinders.  Here  it  will 
be  seen  that  a  pipe  h  delivers 


Means  provided  for  delivering  Coolant  to  Surface   Grinder  made 
by  Blanchard   Machine   Co, 
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Fig.    26.     Methods    of    delivering   Lubricant   to    Oil-tube  Tools — Drill  and  Eeamer  for  Deep  Holes 


the  fluid  to  the  wheel, 
and  the  position  of 
this  pipe  may  be 
readily  adjusted  to 
regulate  the  angle  at 
which  the  fluid  is  de- 
livered. A  special  ap- 
plication of  such  de- 
livery pipes  for  use 
on  a  surface  grinder 
where  there  are  six 
wheels  is  shown  at  G. 
Here  it  will  be  seen 
that  there  are  six 
nozzles  leading  from 
one  manifold  to  pro- 
vide for  supplying 
each  grinding  wheel 
with  the  required 
volume  of  coolant. 

On  Blanchard  sur- 
face grinders  the 
work  is  carried  on  a 
rotating  table  which 
runs  in  the  opposite  direction  to  the  cup-wheel,  and  in  this  case 
the  method  of  delivering  coolant  to  the  wheel  and  work  is 
provided  in  the  design  of  the  machine,  as  shown  in  Fig.  25. 
From  the  pump  a  1-inch  pipe  runs  to  the  wheel  head,  where 
it  connects  with  a  cored  passage  A,  from  which  water  passes 
down  into  the  annular  recess  B  in  the  faceplate  and  thence 
outward  and  downward  inside  the  grinding  wheel.  The 
water  in  passing  through  the  inclined  holes  in  the  faceplate  is 
whirled  at  the  full  speed  of  the  wheel,  and  issues  from  under 
the  cutting  face  with  considerable  force,  so  that  it  thoroughly 
cleans  the  wheel  face  in  addition  to  affording  the  required 
cooling  action.  An  auxiliary  adjustable  pipe  C  is  provided  to 
deliver  a  heavy  stream  of  water  directly  over  the  work  table. 
Both  inside  and  outside  pipes  have  independent  valves.  A 
generous  supply  of  fluid  is  particularly  desirable  in  grinding 
dies  and  other  hardened  work  where  overheating  would  be 
very  detrimental. 

Desigrning-  Tools  to  Provide  for   Lubrication 

In  designing  cutting  tools  it  is  sometimes  possible  to  make 
provision  for  the  delivery  of  lubricant  which  will  be  the  means 
of  producing  more  satisfactory  results  than  would  otherwise 
be  the  case.  An  example  of  this  kind  is  shown  at  A,  Fig.  26, 
which  consists  of  an  inserted-tooth  milling  cutter  used  on  a 
vertical  milling  machine.  It  will  be  seen  that  a  groove  a 
is  provided  around  the  head  of  this  cutter  into  which  lubri- 
cant is  delivered  by  pipe  h.  From  this  groove  holes  c  connect 
with  each  of  the  in- 
serted-tooth cutters, 
and  these,  in  turn, 
have  a  hole  drilled 
at  the  upper  end  and 
a  groove  cut  in  the 
side  to  allow  lubri- 
cant to  reach  the 
point  of  the  tool.  In 
this  way  the  fluid 
goes  right  to  the  cut- 
ting point,  where  it 
is  most  necessary. 

At  B  and  C  are 
shown  two  typical 
methods  of  making 
connection  with  oil- 
tube  drills  and  simi- 
lar tools.  At  B  the 
tool  remains  station- 
ary and  the  work'  re- 
volves, so  that  it  is 
possible  to  deliver  oil 
through  a  tube 
threaded    into    the 
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side  of  the  drill.  At  C 
the  drill  revolves 
while  the  work  re 
mains  stationary,  and 
in  this  case  a  collar 
which  is  a  sliding  fit 
on  the  drill  makes 
connection  with  the 
oil-tubes  in  the  drill, 
oil  being  delivered 
through  small  pipe  d 
to  an  annular  space 
in  the  collar.  For 
deep-hole  drilling  and 
similar  work  the  ac- 
tion of  the  oil  in 
washing  chips  out  of 
the  hole  is  very  im- 
portant, and  in  order 
to  be  effective  the  oil 
should  be  delivered 
at  high  pressure.  An 
extreme  case  in  deep- 
hole  drilling  is  seen 
in  drilling  rifle  barrels,  this  work  being  done  by  a  tool  of  the 
form  shown  at  D.  It  is  of  the  oil-tube  type,  the  drill  point 
being  made  of  steel  and  brazed  to  the  end  of  a  steel  tube. 
This  tube  is  rolled  in  such  a  way  that  a  groove  is  formed 
down  one  side;  oil  is  delivered  through  the  center  of  the  tube 
and  through  oil-tubes  in  the  drill  point,  and  returns  by  way 
of  the  outside  groove  through  which  the  chips  are  washed  out. 
As  the  oil  is  delivered  at  a  pressure  of  about  800  pounds  per 
square  inch,  care  must  be  taken  to  prevent  it  from  splashing, 
and  for  this  purpose  a  guard  is  furnished  which  surrounds  the 
end  of  the  work  to  catch  the  oil  and  chips  and  divert  them 
into  the  pan  of  the  machine,  a  guard  for  this  purpose  being 
shown  at  C,  Fig.  20.  A  deep-hole  reamer  of  the  oil-tube  type 
is  shown  at  E,  Fig.  26,  oil  for  lubricating  the  tool  and  washing 
away  chips  being  delivered  through  hole  e. 

Machine  Design  as  Applied  to  Tool  Lubrication 

The  forms  of  distributing  tubes  and  nozzles  shown  in  Figs. 
22  and  23  may  be  connected  to  the  delivery  pipe  on  practically 
any  form  of  machine,  and  do  not  involve  alteration  of  the 
original  design  in  any  way.  But  there  are  many  cases  where 
it  is  necessary  to  work  out  the  design  of  machine  members  in 
order  to  provide  for  delivering  lubricant  to  cutting  tools,  and 
typical  examples  of  this  kind  are  shown  in  Fig.  27.  A  simple 
form  of  lubricating  device  for  use  in  connection  with  oil-tube 
tools  is  shown  at  A.  It  consists  of  a  flexible  tube  a  attached 
to  the  oil  pipe  6  leading  from  the  pump.    The  flexible  tube  is 

attached  to  the  back 
end  of  tailstock  spin- 
dle c  and  the  oil 
flows  through  the 
hollow  tailstock  spin- 
dle to  the  tool.  This 
device  is  used  on  au- 
tomatic screw  ma- 
chines built  by  the 
Cleveland  Automatic 
Machine  Co.,  Cleve- 
land, Ohio.  This  firm 
also  uses  an  automatic 
shut-off  device,  shown 
at  if,  which  consists 
of  an  oil  cock  d  hav- 
ing a  special  four- 
pointed  star  on  its 
stem,  which  is  turned 
to  shut  off  or  open 
the  oil  cock  by  ad- 
justable  pins  e 
mounted  on  cam 
drum  /.  This  is  an 
extra     attachment 
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which  is  supplied 
with  the  oil  feed 
when  required,  but 
the  device  shown  at 
A  meets  all  require- 
ments In  most  cases, 
allowing  the  oil  to  feed 
through  the  cutting 
tool   continuously. 

At  G  is  shown  a 
lubricating  device, 
which  is  also  used  on 
machines  made  by 
the  Cleveland  Auto- 
matic Machine  Co., 
that  provides  for  de- 
livering oil  to  each 
turret  hole,  so  that 
oil-tube  drills,  ream- 
ers, boring  tools, 
counterbores,  etc., 
may  be  placed  in  any 
or  all  turret  holes  as 
required.  The  valve 
mechanism  which 
controls  the  flow  of 
oil  to  different  turret 
holes  permits  its  flow 
only  to  the  tool  which 
is    actually    cutting. 


NIPPLES 

MATCH  HOLES 

I  HEAD 


Fig.  28.     Lubricating  System  on  Baush  Multiple-spindle  Drilling  Machine 


short,  the  oil  will  not 
start  to  flow  until 
the  tool  has  reached 
the  work;  it  is  for 
this  reason  that  ad- 
justment of  oil-tube  g 
is  provided..  The  sup- 
ply of  oil  may  be 
shut  off  by  closing 
valve  I  if  so  desired, 
this  valve  being 
placed  in  the  main 
delivery  pipe  leading 
from  tlie  pump. 

Too  much  emphasis 
cannot  be  laid  upon 
the  desirability  of 
having  machine  tool 
builders  provide  all 
the  equipment  neces- 
sary for  delivering 
cutting  compound  to 
the  tools  on  the  ma- 
chines which  they 
manufacture.  We  fre- 
quently see  machines 
of  otherwise  excel- 
lent design  which  the 
user  has  rigged  up 
with   most   obvious 


and  automatically  shuts  off  the  oil  from  all  the  other  holes. 
Starting  and  stopping  the  flow  of  oil  is  accomplished  by  for- 
ward and  backward  movement  of  the  turret  shaft.  Oil-tube  g, 
which  extends  inside  the  turret  shaft,  comprises  the  valve  that 
controls  the  flow  of  oil,  this  tube  being  adjustable  longitudi- 
nally and  clamped  in  any  position  by  screw  h  in  the  oil-feed 
bracket.  At  the  forward  end  of  tube  g  there  is  a  series  of 
holes  i  arranged  in  a  single  row  at  the  lower  part  of  the  tube 
and  extending  over  a  length  equal  to  the  turret  stroke.  Oil- 
tube  g  is  held  stationary  at  all  times,  and  when  the  turret 
shaft  moves  forward  and  backward  on  its  regular  stroke,  hole  j 
in  the  turret  passes  over  this  series  of  holes  in  the  tube,  al- 
lowing oil  to  flow  through  hole  ;'  and  tube  k  to  the  turret  hole 
and  thence  through  oil-tubes  in  the  tool.  Oil  is  only  delivered 
to  the  lowest  turret  hole,  which  is  in  line  with  the  spindle 
of  the  machine;  all  other  holes  in  the  turret  are  shut  off.  The 
position  in  which  oil-tube  g  is  clamped  determines  when  the 
flow  of  oil  will  commence;  in  other  words,  it  is  possible  to 
have  the  flow  of  oil  through  the  tool  for  the  full  length  or 
any  part  of  the  stroke,  the  idea  being  that  if  the  work   is 


makeshifts  for  the  delivery  of  lubricant  to  the  tools;  but  even 
under  the  most  favorable  conditions  it  cannot  be  expected 
that  men  in  the  user's  factory,  who  are  specialists  in  the  pro- 
duction end  of  a  business,  can  design  devices  for  tool  lubrica- 
tion that  will  be  as  eflicient  or  look  as  well  as  those  worked 
out  by  designers  in  the  machine  tool  builder's  factory.  It  has 
been  stated  that  practice  in  the  lubrication  of  cutting  tools 
is  often  far  below  the  standard  of  manufacturing  efficiency  in 
other  branches  of  the  productive  system  in  many  factories,  and 
the  same  condition  is  true  of  machine  design,  as  the  develop- 
ment of  means  for  tool  lubrication  on  many  machines  is  far 
below  the  average  of  excellence  attained  in  other  branches 
of  design. 

The  sort  of  devices  with  which  machine  tools  should  be 
equipped  are  illustrated  in  Figs.  28  and  29.  The  first  of  these 
shows  a  multiple-spindle  drilling  machine  made  by  the  Baush 
Machine  Tool  Co.,  Springfield,  Mass.  It  will  be  seen  that  there 
is  a  flexible  tube  connecting  the  head  to  the  piping  system 
to  provide  for  movement  of  this  head.  A  distributing  pipe 
runs  around  the  lower  end  of  the  head  with  an  individual  tube 
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Tlw.  29.     ProviBion  made  for  Tool  Lubrication 
on  Anderson  Variable-speed  Tapping  Machine 


Fig.  30.     Miscellaneous  Examples  of  Table  Trough  Design,   showing  Means  of  separating 
Chips  from  Fluid 
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connected  to  each  spindle;  and 
each  tube  has  its  individual 
shut-off,  so  that  lubricant  is 
not  delivered  to  those  spin- 
dles which  are  not  in  use. 
Also  there  is  a  shut-off  in 
the  main  supply  pipe  for  shut- 
ting off  the  entire  flow  of  lu- 
bricant, and  a  relief  valve 
provides  for  maintaining  the 
desired  pressure  at  which  lu- 
bricant is  delivered  to  the 
drills. 

Fig.  29  shows  a  device  for 
lubricating    small    taps,    used 

on  a  variable-speed  tapping  machine  that  has  just  been  placed 
on  the  market  by  the  Anderson  Die  Machine  Co.  of  Bridge- 
port, Conn.  It  will  be  noticed  that  the  vertical  stem  that  sup- 
ports the  work  table  is  made  hollow  to  provide  an  oil  cham- 
ber A.  In  this  table  there  is  a  small  hole  B  through  which 
the  tap  passes,  and  the  level  of  oil  in  chamber  A  is  kept  up  to 
the  top  surface  of  the  table.    Each  time  the  tap  passes  through 
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Fiff.  31.     Practice  of  grooving  Jaws  on  Back-rests  to  facilitate  Lubrication 


ers  and  prevent  them  from 
moving  freely.  When  station- 
ary back-rests  are  used  it  is 
good  practice  to  have  the  jaws 
grooved  as  illustrated  in  Fig. 
31  to  carry  oil  around  the 
stock,  so  that  friction  will  be 
eliminated  and  the  jaws  will 
not  mar  the  finish  produced 
by  the  tools.  Users  of  cutting 
oil  should  not  conclude  that 
satisfactory  results  obtained 
from  stationary  back  -  rests 
that  have  not  been  grooved 
are  due  to  a  superior  quality 
of  oil  or  cutting  compound,  for  as  a  matter  of  fact  this  is 
likely  to  be  an  indication  of  tendency  of  oil  to  gum,  and 
the  use  of  such  oil  should  always  be  avoided. 

Methods  of  Collecting'  Oil  or  Cutting-  Compound 

In  the  discussion  of  methods  of  delivering  lubricant  to  the 
tools  and  work,  it  was  mentioned  that  one  of  the  simplest 


Fig.  32.     Methods  of  making  Connection  between  Trough  on  Moving  Table  and  Reservoir  in  Machine  from    which  Lubricant  is  pumped  back  to  Work 


the  work  it  dips  into  the  oil,  thus  washing  off  chips  and  pro- 
viding the  tap  with  a  fresh  supply  of  lubricant  for  the  next 
cut.  The  chips  drop  to  the  bottom  of  the  oil  reservoir,  and 
in  addition  to  preventing  damage  of  the  thread  while  the 
tap  is  being  backed  out,  tend  to  keep  the  level  of  oil  in  the 
reservoir  high  enough  so  that  the  tap  will  always  dip  into  it. 
When  the  reservoir  becomes  filled  with  chips,  threaded  plug  C 
is  removed  so  , 
that  the  reser- 
voir can  be 
washed  out  with 
kerosene  ready 
to  receive  a  fresh 
supply  of  oil. 

Roller  back- 
rests are  supe- 
rior to  back-rests 
with  adjustable 
jaws  that  do  not 
rotate,  provided 
the  oil  or  cut- 
ting compound  is 
of  such  a  char- 
acter that  it  will 
not  gum  the  roll- 


Fig.  33.     Examples  of  Splash  Guard  Design;  at  C  is  shown  Ouard  which  affords  Absolute  Protection 


means  was  to  provide  a  drip  can  from  which  a  small  stream 
of  oil  or  cutting  compound  is  delivered  to  the  tool.  Similarly, 
the  simplest  means  of  collecting  the  fluid  for  subsequent  use 
is  to  have  a  can  suspended  under  the  machine,  into  which 
the  lubricant  drains  after  running  over  the  tools  and  work. 
This  method  is  commonly  used  in  connection  with  the  drip 
can,    and    when    the    receiver    becomes    full    its    contents    are 

poured  back  into 
the  drip  can 
from  which  lu- 
bricant is  deliv- 
ered to  the  tool. 
This  system  is 
inadequate  when 
the  supply  of  lu- 
bricant required 
is  so  great  that 
it  becomes  neces- 
sary to  empty 
the  can  at  fre- 
quent intervals. 
Necessity  for 
tool  lubrication 
is  now  generally 
recognized,    and 
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Fig.    34.     "Eadioal' 


provision  is  made  on 
most  machine  tools 
for  collecting  the  lu- 
bricant and  pumping 
it  back  to  the  tools. 
The  usual  method  of 
collecting  fluid  is  to 
have  the  familiar  oil 
trough  surrounding 
the  work  table,  and 
Fig.  .'iO  shows  differ- 
ent examples  of  this 
kind.  At  A  the  rim 
surrounding  the  oil 
trough  extends  up 
above  the  table  level, 
which  is  a  desirable 
feature  where  the 
work  or  fixtures  do 
not  project  beyond 
the  table.  At  B  the 
same  design  is  shown 
except  that  the  rim 
surrounding  the 
trough  is  made  flush 
with  the  table  sur- 
face to  allow  overhang  of  the  work  and  tools.  A  similar  con- 
struction is  shown  at  C,  which  illustrates  the  oil  trough  sur- 
rounding a  radial  drilling  machine  table  where  there  are  both 
horizontal  and  vertical  surfaces  on  which  to  clamp  the  work. 
It  is  important  to  prevent  chips  finding  their  way  into  the  oil 
reservoir  from  which  the  pump  draws  its  supply,  and  a  simple 
method  of  accomplishing  this  is  shown  at  D,  where  it  will 
be  seen  that  there  is  a  small  weir  surrounding  the  outlet. 
The  same  purpose  is  served  by  the  cover  plate  shown  at  E, 
which  extends  over  the  oil  trough;  and  at  F  a  screen  is  pro- 
vided at  the  end  of  the  trough  from  which  oil  is  drawn  off  to 
be  returned  to  the  reservoir.  A  slight  modification  of  the  oil 
trough  system  is  shown  at  G,  in  which  it  will  be  seen  that  a 
large  reservoir  is  provided  at  each  end  of  the  table,  connected 
by  small  oil  troughs  and  also  by  a  pipe  through  which  the 
oil  is  drawn  off  to  be  returned  to  the  reservoir. 

There  are  numerous  methods  of  making  connection  between 
the  oil  trough  in  the  table  and  the  reservoir  from  which  oil 
is  pumped  back  to  the  work.  At  A  and  B  in  Fig.  32  are  shown 
two  simple  methods  of  collection  for  use  on  reciprocating  and 
rotating  tables,  respectively.  Here  it  will  be  seen  that  drain 
channels  on  the  moving  tables  are  arranged  in  such  a  way  that 
they  are  always  located  over  fixed  channels  from  which  con- 
nection is  made  with  the  reservoir.  At  C  is  shown  the  method 
of  draining  lubricant  from  a  rotary  milling  machine  table. 
When  the  range  of  movement  is  too  great  to  make  it  possible 
to  apply  the  principles  of  de- 
sign shown  at  A  and  B  or 
when  trouble  may  be  experi- 
enced from  splashing  of  the 
oil  or  cutting  compound,  some 
other  form  of  construction 
must  be  applied.  In  maay 
cases  use  may  be  made  of  tel- 
escopic tubes  which  provide 
for  table  movement  in  both  a 
horizontal  and  vertical  direc- 
tion, an  example  of  this  kind 
being  shown  at  D.  In  simi- 
lar cases  a  fiexible  tube  may 
be  used,  as  illustrated  at  E, 
provided  the  length  or  posi- 
tion is  not  such  as  to  incon- 
venience the  machine  opera- 
tor. "When  it  is  merely  neces- 
sary to  take  care  of  vertical 
movement,  as  in  the  case  of 
tables  on  drilling  machines, 
etc.,  the  oil  trough  surround- 
ing the  table  may  be  conveni- 


Automatic    built    by    Fitchburg   Automatic    Machine    Works — Chip    Pan    is   of 
Ample    Size    to   prevent    Oil   from   dripping   onto    Floor 


Fig.    35.     Oil  Pan  used  on  Automatic   Screw   Machines   built   by   Cleveland 

Automatic   Machine   Co.,    showing  Efacient   Strainers   to   iusure 

Complete  Bemoval  of  Chips 


Perforated   Tray   for   Use   inside 
of  Chips 


eiitly  drained  by  a 
telescopic  tube  as 
shown  at  /■',  or  by  a 
tube  which  slides  in 
a  vertical  slot  a  as 
illustrated  at  G. 

When  trouble  is 
experienced  from  the 
throwing  of  oil  or 
cutting  compound 
from  high-speed  ma- 
c  h  i  n  e  r  y,  splash 
guards  must  be  pro- 
vided, common  ex- 
amples of  this  kind 
being  seen  on  most 
grinding  machines. 
Fig.  33  shows  three 
typical  examples  of 
splash  guard  design. 
At  A  the  flat  guard 
is  secured  by  a  clip 
which  enables  the 
guard  to  be  removed 
for  inspection  or  ad- 
justment of  the  ma- 
chine. At  S  a  curved  guard  is  shown  which  is  hinged,  and  it 
is  common  practice  to  have  two  such  guards  located  at  each 
side  on  grinding  machines,  automatic  screw  machines,  etc.,  so 
that  the  moving  part  is  completely  enclosed,  making  it  impos- 
sible for  oil  to  be  thrown  onto  the  floor  or  to  soil  the  operator's 
clothing.  The  type  of  guard  shown  at  C  is  used  on  grinding 
machines  built  by  the  Blanchard  Machine  Co.,  Cambridge, 
Mass.  As  the  table  moves  out  to  remove  finished  work  and  re- 
load the  chuck,  the  doors  open  automatically  and  they  close 
in  the  same  way  when  the  table  moves  back  under  the  wheel. 
This  excellent  design  makes  it  impossible  for  spray  to  be 
thrown  from  the  wheel  and  does  not  delay  the  operator. 

Arrangement  of  Oil  and  Chip  Pans 

To  facilitate  catching  oil  and  cutting  compound  used  on 
machine  tools,  it  is  now  common  practice  to  provide  machine 
tools  with  pans  which  are  familiar  to  all  those  who  are 
employed  in  or  have  occasion  to  visit  machine  shops.  It  will 
not  be  out  of  place,  however,  to  refer  briefly  to  this  feature  of 
machine  tool  design.  Many  machine  tpol  builders  make  a 
practice  of  constructing  all  machines  with  oil  pans  in  order  to 
standardize  their  designs,  and  a  pump  and  oil  circulating  sys- 
tem can  then  be  provided  on  those  machines  intended  for 
work  on  which  lubricant  is  used.  In  all  cases  the  pans  should 
be  of  sufficient  size  to  make  it  impossible  for  oil  and  chips  to 
fall  on  the  floor.  Many  machinery  builders  do  not  pay  atten- 
tion to  this  point,  with  the 
result  that  their  customers 
are  forced  to  add  unsightly 
extensions  to  oil  pans  on  their 
machines.  Buyers  of  machine 
tools  should  insist  upsn  hav- 
ing oil  pans  extended  well 
out  from  the  machine,  as 
shown  on  the  machine  illus 
trated  in  Fig.  34. 

In  designing  oil  and  chip 
pans  careful  attention  should 
be  paid  to  the  provision  of 
means  for  removing  all  chips 
and  grit  from  the  oil  before 
it  is  pumped  back  to  the  work. 
This  is  important  for  two  rea- 
sons: first,  chips  and  grit  in 
the  oil  tend  to  damage  both 
the  lubricant  pump  and  bear- 
ings of  machine  tools  to 
which  the  lubricant  is  deliv- 
ered; second,  dirty  oil  is  less 
efficient    as    a    lubricant    and 


Oil   Pan   to    facilitate    Kemoval 
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Fig.  37.     Portable   Oil  Fans  which  can  be  used  to  Advantage  under  Automatic  Screw  Uachines,   etc.,    making  Bemoval  of  Chips  an  Easy  Matter 


coolant.  Buyers  would  do  well  to  insist  upon  having  suit- 
able provision  for  cleaning  the  oil  for  subsequent  use.  Fig. 
35  shows  a  good  example  of  oil  and  chip  pan  design  used 
on  automatic  screw  machines  made  by  the  Cleveland  Auto- 
matic Machine  Co.,  Cleveland,  Ohio.  The  strainer  A  is  per- 
forated with  large  holes,  allowing  lubricant  to  pass  through 
freely.  The  screen  B  has  small  perforations  through  which 
the  lubricant  passes  more  slowly,  thus  allowing  foreign  mat- 
ter to  settle  to  the  bottom.  The  pump  suction  pipe  shown 
dipping  into  the  well  is  fitted  with  another  fine  strainer.  The 
consequence  is  that  the  oil  passes  through  three  strainers 
before  reaching  the  pump  and  work,  which  means  that  it  is 
pretty  sure  to  be  free  from  chips. 

In  showing  examples  of  different  manufacturers'  practice  in 
designing  various  machines,  it  is  not  the  intention  to  imply 
that  the  examples  shown  are  the  best;  but  they  have  been 
selected  at  random  to  indicate  the  features  of  design  that 
should  receive  careful  attention  in  dealing  with  the  problem 
of  tool  lubrication.  In  some  cases  straining  of  chips  from 
oil  or  cutting  compound  is  accomplished  by  placing  a  separate 
strainer  in  the  chip  pan  or  above  the  reservoir  inside  the 
machine.  Such  strainers  should  be  furnished  with  handles, 
as  in  the  case  of  the  one  illustrated  in  Pig.  36,  so  that  they 
may  be  easily  lifted  out.  The  limitation  of  this  practice  is 
that  unless  particular  care  is  taken  a  lot  of  lubricant  is  likely 
to  drip  onto  the  fioor  while  dumping  the  contents  of  the 
strainer  into  a  truck,  thus  tending  to  create  an  unsanitary 
and  unsafe  condition  in  the  factory. 

An  alternative  system  is  to  use  portable  oil  pans  as  shown 
in  Pig.  37,  which  can  be  run 
into  place  under  a  machine 
and  removed  at '  will.  Such 
pans  are  used  in  factories 
where  certain  classes  of  work 
call  for  the  use  of  oil  or  cut- 
ting compounds,  while  other 
classes  of  work  can  be  ma- 
chined dry.  In  addition,  many 
manufacturers  prefer  the  use 
of  portable  pans  on  automatic 
screw  machines  and  other 
tools  that  produce  a  large 
quantity  of  chips,  as  the  use 
of  such  pans  facilitates  the 
removal  of  chips.  Automatic 
screw  machines  built  by  the 
New  Britain  Machine  Co., 
New  Britain,  Conn.,  are  fur- 
nished with  portable  pans  of 
the  type  shown  at  B,  which, 
it  will  be  seen,  is  furnished 
with  a  strainer  and  sump 
into  which  oil  drains  ready 
for  pumping  back  to  the  ma- 


chine. In  making  rounds  with  an  oil-tight  truck,-  the  man 
employed  to  remove  chips  from  the  machine  swings  the  shal- 
low end  of  the  pan  out  from  under  the  machine  so  that  he 
can  easily  shovel  the  chips  into  the  truck.  The  pan  is  then 
pushed  back  and  the  whole  operation  takes  but  a  few  minutes. 

Provision  of  Pump  Reservoirs  in  Machines 

The  design  of  reservoirs  in  which  oil  or  cutting  compound 
is  collected  to  be  pumped  back  to  the  work  is  governed  by 
the  class  of  machine  and  kind  of  work  to  be  done.  In  nearly 
all  cases,  strainers  or  other  means  provided  in  oil  and  chip 
pans  for  the  removal  of  chips  and  coarse  dirt  from  the  fluid 
allow  some  finely  divided  material  to  pass,  and  provision 
should  be  made  in  the  reservoir  for  the  removal  of  as  much 
of  this  suspended  matter  as  possible.  Common  practice  is  to 
divide  the  reservoir  into  separate  compartments  by  means  of 
baffle  plates  over  which  the  fluid  must  flow;  and  the  first 
compartment  into  which  the  fluid  comes  from  the  chip  pan 
should  be  of  suflicient  size  to  allow  time  for  suspended  matter 
to  settle  to  the  bottom  before  the  fluid  reaches  the  section  of 
the  reservoir  in  which  the  pump  suction  pipe  is  located.  In 
cases  where  considerable  heat  is  developed  by  the  machining 
operation,  which  must  be  absorbed  by  the  cutting  compound, 
this  large  reservoir  serves  another  purpose  in  that  it  exposes 
a  considerable  surface  of  the  fluid  and  facilitates  radiation  of 
heat.  In  developing  oil  mixtures  and  cutting  compounds  a 
great  deal  of  thought  has  been  paid  to  the  development  of 
fluids  which  radiate  heat  readily.  With  properly  designed 
reservoirs  and  fluids  of  this  kind,  tests  conducted  by  suspend- 
ing an  accurate  thermometer 
in  the  reservoir  show  that  the 
temperature  of  the  fluid  does 
not  rise  appreciably  during  an 
entire  working  day. 

With  the  evolution  of  ma- 
chine design  it  became  evi- 
dent that  in  most  cases  the 
best  location  for  the  oil  reser- 
voir is  inside  the  hollow 
frame  casting  on  milling  ma- 
chines, drill  presses,  lathes 
and  other  machine  tools,  be- 
cause this  constitutes  a  space 
in  which  lubricant  can  be 
stored,  and  the  position  is 
such  that  the  reservoir  does 
not  take  up  space  that  is  not 
actually  required  for  the  ma- 
chine. Fig.  38  illustrates  a 
sectional  view  of  a  drill- 
ing machine  column  with  a 
reservoir  provided  in  this 
way;  and  Fig.  39  shows  a 
similar    sectional    view    of 


Fig.    38.     Partial   Sectional  View  of  Frame   of   Drilling  Machine  built 

by  Sibley  Machine  Tool  Co.,   showing  Arrangement  of 

Lubricant  Reservoir 


390 


MACHINERY 


January,  1917 


Fig.    39.     Sectional    View    of   Bolt    Threader    built   by    National    Machinery 
Co..  showing:  Means  of  distributing  and  purifying  Cutting  Compound 

a  bolt  threading  machine.  In  all  cases  of  this  kind  it  is  of 
the  utmost  importance  to  provide  for  the  removal  of  chips, 
dirt  and  other  foreign  matter  from  the  fluid  before  it  reaches 
the  suction  chamber  from  which  the  pump  delivers  it  back 
to  the  tools  and  work.  In  the  drilling  machine  column,  Fig.  38, 
the  lubricant  collected  in  the  trough  surrounding  the  table 
runs  through  strainer  A  into  drain  pipe  B,  which  extends 
down  close  to  the  bottom  of  the  reservoir.  Any  fine  material 
which  gets  through  the  strainer  settles  by  gravity  while  the 
fluid  runs  over  baflBe  plate  C  into  the  suction  chamber.  It 
will  be  noticed  that  the  pump  used  in  this  case  is  direct- 
connected  by  gearing  from  the  main  driving  pulley  shaft. 

In  the  bolt  threader  shown  in  Fig.  39,  the  lubricant  runs 
back  into  the  reservoir,  which  is  furnished  with  a  strainer  A; 
in  this  case  the  strainer  is  made  separate  from  the  reservoir 
so  that  it  may  be  lifted  out  for  removing  the  chips.  The 
pump  suction  connects  with  the  lower  section  in  this  reservoir, 
and  it  will  be  noticed  that  an  inclined  plate  B  is  located  in 
such  a  way  that  any  fine  chips  which  pass  through  the  strainer 


will  settle  at  the  right-hand  side  of  this  plate,  while  the 
pump  suction  located  to  the  loft  is  thus  assured  of  obtaining  a 
supply  of  clean  lubricant.  The  pump,  which  is  of  the  plunger 
type,  is  direct-connected  to  the  driving  shaft,  and  in  order  to 
equalize  pressure  as  far  as  possible  an  air  bell  G  is  provided, 
which  cushions  variations  that  would  otherwise  exist. 

Removal  of  Oil  from  Chips  with  CJentritutral  Separators 

There  are  many  factories  in  which  the  management  is  prone 
to  think  that  advantage  is  taken  of  every  method  of  improv- 
ing efficiency  and  reducing  manufacturing  costs,  but  in  which 
chips  are  sent  to  the  foundry  that  have  a  lot  of  oil  sticking  to 
them.  This  is  apparent  when  the  chips  have  been  standing 
at  the  scrap  pile  for  a  sufficient  length  of  time  to  allow  a 
considerable  amount  of  oil  to  drain  off;  and  sometimes  the 
oil  becomes  rancid,  in  which  case  its  presence  is  made  evi- 
dent by  the  disagreeable  odor.  In  most  plants  operating  auto- 
matic screw  machines  or  other  tools  which  produce  many 
chips,  centrifugal  separators  are  employed  to  remove  oil  be- 
fore the  chips  are  sent  to  the  foundry  to  be  melted.     In  the 


Fig.   40.     Turbine-driven  Centrifugal  Chip  Separator  built  by  Oil  &  Waste 
Saving  Machine  Co. 


Fig.    41,     Oil   &  Waste   Saving   Machine   Co.'s   Turbine-driven   Centrifugal 
Filter  and  Drier  for  purifying  Oil  recovered  from  Chip  Separator 

operation  of  these  separators  there  is  another  chance  for  the 
wasting  of  lubricant.  If  the  chips  are  conveyed  from  the 
machines  to  the  separator  in  a  leaky  wheel-barrow,  there  is 
every  opportunity  for  part  of  the  oil  adhering  to  them  to 
drain  out  onto  the  floor  and  be  wasted.  If  workmen  could  be 
led  to  regard  each  gallon  of  oil  as  the  equivalent  of  from 
twenty-flve  cents  to  one  dollar,  according  to  the  class  of  oil 
and  market  conditions  at  the  time  of  its  purchase,  it  is  certain 
that  all  conscientious  men  would  be  more  careful  in  handling 
this  material.  Oil-tight  trucks  are  available  for  carrying  chips, 
and  investment  in  one  or  more  trucks  of  this  kind  is  strongly 
recommended,  both  as  regards  oil  economy  and  the  main- 
tenance of  sanitary  conditions  in  the  shop. 

The  character  of  the  chips  will  govern  to  some  extent  the 
efHciency  of  the  separators  for  removing  oil  from  them.  The 
easiest  chips  to  handle  are  those  which  are  long  and  curly, 
so  that  the  oil  is  not  too  closely  confined  in  the  mass  of  chips; 
conversely,  it  is  most  difficult  to  make  a  complete  extraction 
of  oil  from  fine  chips,  and  saw  swarf  is  about  the  most  difficult 
material  to  handle.  The  consensus  of  opinion  among  manu- 
facturers seems  to  be  that  the  most  complete  extraction  of 
oil  is  obtained  with  the  smaller  sizes  of  centrifugal  separators, 
and  probably  this  is  due  to  the  fact  that  there  is  not  such  a 
large  mass  of  chips  in  the  separator  at  any  one  time.  On  the 
other  hand,  the  cost  of  handling  chips  and  oil  is  greater  in 
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Fig.    42.     Good   Arrangement   of   Centrifugal   Separator   and   Filter 


the  case  of  small  separators,  which  must  be  stopped  at  fre- 
quent Intervals  to  recharge.  With  kerosene,  experiments  have 
shown  that  140  pounds  of  chips  are  capable  of  holding  one 
gallon  of  oil,  and  for  lubricants  of  higher  viscosity  the  amount 
of  oil  held  by  the  chips  would  be  greater.  For  instance,  thirty 
pounds  of  chips  will  hold  about  a  gallon  of  mineral  lard  oil.  This 
is  sufficient  to  emphasize  the  importance  of  installing  centrifugal 
separators  to  remove  the  oil,  and  in  order  to  obtain  a  satis- 
factory degree  of  efficiency  tests  should  be  made  at  regular 
intervals  to  determine  the  time  chips  should  be  left  in  the 
separator  and  the  speed  to   prevent  unnecessary  loss  of  oil. 

Where  a  lot  of  chips  are  handled  it  is  good  practice  to  pile 
them  on  a  grid  so  that  the  oil  may  drain  through  and  be 
collected,  thus  reducing  the  time  required  for  centrifugalizing. 
In  some  plants  conveyors  may  be  used  to  advantage  for  carry- 
ing chips  to  the  department  where  oil  is  recovered.  Settling 
tanks  may  be  employed  in  making  a  preliminary  purification 
of  oil  before  it  is  filtered,  and  the  centrifugal  separator  depart- 
ment should  be  conveniently  located  for  sending  chips  back 
to  the  foundry. 

Fig.  40  shows  a  centrifugal  chip  separator  built  by  the  Oil  & 
Waste  Saving  Machine  Co.,  Philadelphia,  Pa.,  that  is  driven 
by  a  direct-connected  steam  turbine.  The  chips  are  contained 
in  a  rotating  basket  and  the  high  speed  of  rotation  results 
in  removing  the  oil  by  centrifugal  force.  It  will  be  seen  that 
a  special  hoist  raises  the  chip  basket,  making  it  easy  to  re- 
move the  dry  chips  and  substitute  a  fresh  charge.  The  nozzle 
through  which  steam  is  delivered  to  the  turbine  is  shown  at  A, 
and  after  passing  the  turbine  wheel  the  steam  heats  ;:he  chips, 
thus  making  the  oil  more  fluid  and  facilitating  the  action  of 
centrifugal  force;  it  is  also  claimed  that  this  raising  of  tem- 
perature serves  to  sterilize  the  oil.  A  minimum  efficiency  of 
98  per  cent  is  claimed  for  the  turbine-driven  separators.  These 
chip  separators  are  made  in  two  sizes,  with  baskets  which 
have  capacities  for  holding  2V2  and  8  cubic  feet  of  chips,  re- 
spectively. On  the  large  machine  the  basket  is  36  inches  in 
diameter;  the  speed  of  rotation  is  600  revolutions  per  minute; 
and  the  time  required  to  remove  the  oil  from  a  basketful  of 
chips,  including  charging  and  removal,  is  ten  minutes. 


Condensed  steam  from  the  turbine  forms  an  emulsion  with 
the  oil,  and  as  this  would  have  a  detrimental  effect  on  both 
tools  and  machines,  it  is  desirable  to  remove  it  before  the 
oil  is  used  again.  For  this  purpose  the  Oil  &  Waste  Saving 
Machine  Co.  builds  a  centrifugal  oil  filter,  shown  in  Fig.  41, 
which  is  also  driven  by  a  direct-connected  turbine.  Centrifugal 
force  causes  the  oil  to  be  driven  through  a  series  of  filtering 
mediums  composed  of  sawdust,  cloth  and  paper,  which  line 
the  chamber  A  in  the  machine,  into  which  the  oil  is  delivered 
continuously,  thus  removing  all  solid  matter.  The  oil  is 
sprayed  upon  steam-heated  evaporating  coils  B  which  sur- 
round the  filtering  chamber,  and  in  this  way  all  water  is 
removed  and  the  oil  is  converted  from  an  emulsion  to  a 
pure  oil  which  is  suitable  for  use  under  the  most  exacting 
requirements.  This  filter  is  made  in  two  sizes,  known  as 
15-  and  20-inch  sizes,  respectively.  In  the  15-inch  size  the 
basket  rotates  at  1500  revolutions  per  minute.  The  cost  of 
steam  consumed  per  hour  is  two  cents,  based  on  coal  at  $4 
a  ton,  and  the  filter  has  a  capacity  of  purifying  from  twenty 
to  thirty  gallons  of  oil  per  hour.  In  the  larger  machine  the 
filter  runs  at  1000  revolutions  per  minute;  the  cost  of  steam 
is  three  cents  per  hour,  based  on  coal  at  $4  per  ton,  and  the 
filter  can  purify  from  fifty  to  sixty  gallons  of  oil  per  hour. 

A  good  arrangement  of  centrifugal  separator  for  the  re- 
covery of  oil  from  chips  is  illustrated  in  Fig.  42.  The  scrap 
with  oil  sticking  to  it  is  thrown  into  the  chute  which  will  be 
seen  at  the  left-hand  side  of  the  illustration,  down  which  it 
descends  to  the  separator  platform,  from  which  the  chips  are 
shoveled  into  the  chip  pan  of  the  centrifugal  separator  A 
that  is  driven  by  an  electric  motor.  The  oil  expelled  from 
the  chips  by  the  separator  flows  down  through  pipe  B.  from 
which  it  is  delivered  to  filters  C  which  are  steam-heated  to 
increase  the  rate  of  filtering.  After  passing  through  these 
filters  the  clean  oil  is  ready  for  use.  The  dry  chips  removed 
from  centrifugal  separator  A  are  shoveled  into  the  chute 
shown  at  the  right-hand  side  of  the  illustration  and  dropped 
into  a  truck  waiting  to  receive  them.  A  run  of  from  two  to 
four  minutes  in  the  separator  is  usually  sufficient  to  com- 
pletely remove  all  oil  from  the  chips. 
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Douglas  T.  Hamilton,  associate  editor  of  Machinery  for 
nearly  seven  years,  has  resigned  to  join  the  Fellows  Gear 
Shaper  Co.,  Springfield,  Vt.,  as  advertising  manager.  The 
increased  value  of  Machinery's  reading  pages  during  Mr. 
Hamilton's  connection  has  been  due,  in  no  small  measure,  to 
his  many  practical  articles  on  automatic  screw  machine  prac- 
tice, watch  making,  cartridge  manufacture,  motor  car  manu- 
facturing practice,  machine  forging,  grinding,  electric  weld- 
ing, shrapnel  and  high-explosive  shells,  gages  and  other  sub- 
jects. These  thorough  studies  in  manufacturing  practice  have 
set  up  a  new  standard  in  technical  literature.  Mr.  Hamilton 
takes  with  him  to  his  new  work  the  cordial  wishes  of  all  his 
associates  for  his  future  success. 
*     *     • 

LUBRICATING  AND   COOLING  CUTTING 
TOOLS 

Important  factors  in  the  efficiency  of  metal  cutting  tools 
are  the  fluids  used  to  lubricate  and  carry  off  the  heat,  and 
the  means  for  applying  them.  It  was  known  long  ago  that  a 
burnished  effect  on  wrought  iron  and  steel  could  be  ob- 
tained by  dropping  water  on  lathe  tools  when  taking  finish- 
ing cuts,  but  only  within  the  past  thirty  odd  years  have  some 
of  the  possibilities  resulting  from  supplying  a  lubricant  and 
coolant  in  quantity  been  recognized.  During  the  past  ten 
years  "flood"  lubrication  to  cool  the  tool  and  carry  off  the 
chips  has  received  some  of  the  attention  that  its  importance 
demands. 

The  supplying  of  lubricant  and  coolant  in  large  quantities 
to  the  cutting  tools  of  machines  requires  considerable  en- 
gineering ability,  especially  when  a  large  department  or  plant 
has  to  be  provided  for.  Hardly  any  two  shops  present  the 
same  problems;  while  in  general  it  is  conceded  to  be  good 
practice  to  provide  a  common  circulating  system  and  reser- 
voir from  which  the  lubricant  is  forced  through  pipes  to 
the  machines  and  to  which  the  used  lubricant  is  returned 
for  cleaning  and  purification,  it  is,  nevertheless,  sometimes 
preferable  to  provide  an  independent  system  for  a  machine 
or  a  group.  Chip  removal  may  be  provided  for  in  connection 
with  portable  chip  and  lubricant  pans.  Multi-story  buildings 
present  different  conditions  from  those  met  with  in  single- 
story   plants,   and   the  fire  hazard   may  be  a  serious   matter 


which    necessitates    treatment    of   the    problem    In   a   way    to 
minimize  risk   and   reduce  the   insurance  premiums. 

The  choice  of  a  satisfactory  cutting  lubricant  is  not  sim- 
ple; it  is  generally  conceded  that  there  is  no  better  com- 
mercial lubricant  than  pure  lard  oil,  but  the  high  cost  of 
lard  oil  has  made  it  imperative  to  use  cheaper  substitutes, 
of  which  there  are  a  great  number,  differing  in  efficiency 
from  very  good  to  very  poor.  The  chemistry  of  oils  is  com- 
plex and  the  physical  characteristics  of  emulsions  offer  a 
field  for  investigation.  Colloids  may  be  discovered  having 
the  efficiency  of  deflocculated  graphite  but  without  its  ob- 
jectionable smut.  In  short,  the  need  of  low  cost  and  effective 
cutting  lubricants  is  likely  to  bring  forth  compounds  much 
better  than   any   now  available. 

The  article  on  cutting  lubricants  and  coolants  in  this 
number  is  the  opening  installment  of  the  first  adequate  treat- 
ment of  this  important  subject.  It  seems  incredible  that  a 
subject  so  important  to  the  metal-working  industries  has 
been  so  long  neglected  by  engineers  generally  and  that  there 
should  have  been  so  little  published  data  available.  But 
it  may  be  regarded  as  only  one  more  of  the  factors  In  pro- 
duction efficiency  that  demands  more  attention  of  the  fac- 
tory engineer. 

«     *     • 

TREND   OF   MACHINE   TOOL   PRICES 

The  advances  in  selling  prices  which  have  been  made 
by  machinery  builders  during  the  past  two  years  have  led  to 
considerable  speculation  concerning  the  trend  of  machine 
tool  prices  now  that  the  demand  for  tools  used  in  making 
munitions  of  war  is  less  insistent.  As  this  increase  in  price 
came  at  a  time  when  practically  all  materials  and  equip- 
ment required  for  the  production  of  munitions  were  selling 
at  unusually  high  prices,  a  somewhat  general  belief  exists 
that  these  so-called  "war  prices"  will  be  materially  reduced 
as  the  demand  for  munitions  decreases. 

Those  who  advance  this  theory  overlook  the  fact  that 
the  recent  increases  in  price  of  machine  tools — which  amount 
to  from  25  to  50  per  cent — may  have  been  justified  before 
the  war  demand  existed,  due  to  advances  in  the  cost  of  the 
labor  and  material  entering  into  machine  tool  manufacture, 
and  to  the  increased  value  of  investments  in  machine  tool 
building  plants.  Bearing  this  in  mind,  machine  tool  users 
should  make  a  careful  study  of  the  trend  of  prices  of  such 
equipment  during  the  past  ten  or  fifteen  years  before  decid- 
ing that  present  prices  are  infiated.  Allowing  for  the  in- 
creased complexity  of  modern  tools,  it  will  be  found  that 
machinery  builders  have  maintained  a  practically  constant 
level  for  the  prices  of  their  product  while  facing  heavy  in- 
creases in  the  cost  of  production;  and  the  only  effort  that 
has  been  made  to  meet  this  condition  has  consisted  of  im- 
proving the  efficiency  of  manufacturing  methods — which  has 
only   partially    accomplished   the   purpose. 

The  profits  made  in  many  lines  of  manufacture  using 
machine  tools  are  far  greater  than  those  generally  made 
by  machine  builders.  This  is  due  to  a  number  of  causes, 
among  which  is  the  policy  that  manufacturers  in  such  lines 
have  followed  of  advancing  their  selling  prices  whenever 
the  cost  of  operating  any  department  increased.  It  takes 
mechanics  of  no  greater  skill  to  make  these  products,  but 
in  order  to  market  them  successfully  it  is  necessary  to  keep 
selling  prices  on  a  level  that  is  commensurate  with  pro- 
duction costs. 

The  importance  of  this  fact  has  been  recognized  bj^  cer- 
tain well-known  machine  tool  builders  who  have  reached  the 
conclusion  that  their  present  selling  prices  were  fully  justi- 
fied by  existing  industrial  conditions  before  the  outbreak 
of  the  European  war  and  are  far  from  being  inflated.  Other 
machinery  manufacturers  do  not  go  quite  so  far,  and  con- 
cede that  when  the  present  costs  of  materials  are  reduced, 
a  certain  reduction  from  present  selling  prices  may  be  ex- 
pected. Both  agree  that  the  price  level  existing  in  the  early 
part  of  1914  was  not  consistent  with  production  costs,  and 
there  is  little  reason  to  expect  that  any  movement  taking 
place  in  the  near  future  will  result  in  a  drop  to  the  former 
price  level. 
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METHODS  EMPLOYED  BY  VARIOUS  COUNTRIES  FOR  THE  ADVANCEMENT  AND  CONTROL 

OF  THEIR  FOREIGN  TRADE 


IN  the  first  three  years  of  this  century,  the  United  States 
led  the  nations  of  the  world  in  the  amount  of  exports,  but 
a  decade  later  it  had  been  displaced  as  leader  by  Great 
Britain,  and  almost  surpassed  by  Germany.  Its  exports  only 
increased  from  $1,410,000,000  to  $2,290,000,000,  or  (12  per  cent 
while  Great  Britain's  Jumped  from  $1,387,000,000  to  $2,379,- 
000,000,  or  71  per  cent,  and  Germany's  from  $1,120,000,000  to 
$2,155,000,000,  or  92  per  cent.  This  loss  of  leadership  was 
pactly  due  to  the  change  in  the  goods  the  nation  exported: 
its  sales  of  foodstuffs  decreased  13  per  cent  while  its  sales 
of  manufactured  products  increased  124  per  cent.  Still  the 
growth  of  its  trade  in  manufactured  products  has  not  been 
as  rapid  as  it  might  have  been,  because  of  the  many  restraints 
placed  upon  American  trade  by  the  cooperative  methods  em- 
ployed by  various  countries  for  the  control  and  development 
of  their  foreign  trade. 

In  its  report  on  the  conditions  existing  in  other  lands  the 
Federal  Trade  Commission  says:  "Exports  are  required  to 
pay  for  foreign  capital,  services,  and  goods,  irrespective  of 
what  locality  utilizes  the  capital  or  enjoys  the  service."  The 
value  of  foreign  investments  is  shown  by  the  control  differ- 
ent countries  have  of  the  markets  of  South  America.  Rail- 
roads, street  railways,  light  and  power  plants,  etc.  have  been 
built  largely  by  British  capital;  as  a  result,  they  are  oper- 
ated by  men  who  favor  British  manufacturers.  In  many 
cases,  the  loans  were  made  on  the  condition  that  all  supplies 
should  be  bought  from  that  nation;  when  this  condition  does 
not  exist,  the  specifications  are  generally  so  fixed  that  none 
but  British  firms  can  supply  the  goods.  One-half  of  the 
American  trade  to  Argentine,  which,  in  1913,  was  only  15 
per  cent  of  the  country's  purchases  abroad,  consisted  of 
goods  in  which  foreign  countries  could  not  compete.  Of  the 
locomotives  used  on  the  railways  of  Argentine  75  per  cent 
were  sold  by  Great  Britain,  20  per  cent  by  Germany,  and  2 
per  cent  each  by  Belgium  and  the  United  States;  while  57 
per  cent  of  the  passenger  and  freight  cars  were  supplied  by 
Great  Britain,  11  per  cent  by  Germany,  19  per  cent  by  Bel- 
gium, only  10  per  cent  by  the  United  States.  The  activity 
of  German  capital  in  the  promotion  of  electrical  products 
resulted  in  50  per  cent  of  Argentine's  imports  of  electrical 
goods  being  drawn  from  Germany,  34  per  cent  from  Great 
Britain,  and  but  6  per  cent  from  the  United  States.  Through 
the  assistance  of  the  Deutsche  Bank,  which  gives  a  bounty 
of  $1920  to  the  Borsig  Co.  for  every  locomotive  it  sells  abroad, 
German  railway  equipment  has  lately  been  sold  to  many  of 
the  South  American  state-owned  railways.  However,  the 
marked  increase  in  the  use  of  goods  of  American  origin,  the 
efforts  of  American  manufacturers  to  exert  a  larger  measure 
of  control  over  the  distribution  of  their  products,  and  the 
present  and  prospective  investments  of  American  capital  in 
South  American  countries,  especially  in  Brazil,  Uruguay, 
and  Argentine,  will  make  a  great  change  in  the  commercial 
relations  of  the  American  shipper  and  those  countries. 

The  American  exporter  suffers  from  discrimination  by 
railroads  and  vessels.  Most  of  the  European  countries  grant 
lower  railroad  rates  to  goods  that  will  be  exported  than  to 
those  for  domestic  use.  The  export  rate,  per  metric  ton,  for 
copper  goods,  lead  in  blocks,  etc.,  between  Cologne  and  Ham- 
burg (a  distance  of  267.2  miles)  in  1913,  was  $3.14  while  the 
domestic  rate  was  $6.38;  the  rates  for  machinery  and  machine 
tools  were  $2.52  and  $4.86,  respectively.  Iron  products,  such 
as  beams,  etc.  from  Frankfort  to  Lubeck  (a  distance  of  358.5 
miles)  were  charged  $1.79  a  metric  ton  when  exported  and 
$5.09  when  used  at  home.  Belgium  paid  special  attention  to 
the  development  of  through  railway  traffic  to  its  ports  from 
Germany,  France,  and  Holland,  and  made  combined  railway 
and  vessel  rates. 

Only   11.8   per   cent  of  this   country's   water-borne   exports 


•Extract   from    "Report  on   Cooperation    in    .American    Export   Trade"   of   the 
Federal  Trade  Commission. 


was  carried  in  American  vessels,  in  1915,  and  only  18.4  per 
cent  of  its  imports.  On  the  other  hand,  before  the  war,  66 
per  cent  of  the  ships  that  entered  British  harbors  with  car- 
goes flew  that  nation's  flag;  one-half  of  Germany's  foreign 
trade  was  carried  in  its  own  ships;  one-half  of  France's  ex- 
ports were  carried  by  French  ships;  and  most  of  the  trade 
of  Italy  and  all  of  the  trade  of  Norway  and  Sweden  could 
be  carried  in  their  own  vessels.  Although  Great  Britain  paid 
subsidies  to  ships  of  certain  classes,  less  than  5  per  cent  of 
British  ships  received  this  aid;  but  subsidies  or  subventions 
have  been  freely  granted  by  Germany,  Japan,  France,  Italy, 
Austria,  and  Holland. 

An  exhaustive  investigation  by  Congress  has  shown  that 
foreign  steamship  companies  are  united  in  an  intricate  sys- 
tem of  conferences  and  agreements  for  the  purpose  of  stifling 
competition,  determining  sailings,  fixing  rates,  dividing  terri- 
tory, alloting  business,  granting  rebates,  pooling  earnings,  and 
fighting  competitors.  British  lines  running  from  Canadian 
ports  are  giving  preference  to  Canadian  cargoes  and  receive 
American  cargoes  only  when  the  Canadian  cargoes  do  not 
fill  all  the  available  space.  Besides,  freight  rates  from 
Montreal  to  South  Africa  on  some  things  are  much  lower 
than  from  New  York  to  South  Africa.  When  this  difference 
is  added  to  the  3  per  cent  preferential  traffic  concession 
granted  Canadian  products  by  the  South  African  union,  the 
Canadian  manufacturer  is  given  a  great  advantage  over  the 
American.  Japanese  ships  also  have  given  preference  to 
their  countrymen,  with  the  result  that  thousands  of  tons  of 
American  freight  have  been  piled  upon  the  docks  awaiting 
shipment.  For  some  time  the  American  consuls  have  been 
calling  attention  to  the  fact  that  the  east  coast  of  Africa 
enjoys  direct  connection  with  Europe  through  English, 
French,  German,  and  Italian  lines,  while  there  is  no  direct 
service  from  America.  As  a  result  American  goods  suffer 
great  delays  in  trans-shipment  from  European  ports. 

Many  shippers  claim  that  the  foreign  ship  owners  give  the 
information  they  acquire  to  manufacturers  of  their  own 
nationality,  who  at  once  become  competitors  for  the  future 
business.  They  also  say  that  the  steamships  increase  their 
rates  whenever  a  nation's  tariff  is  lowered  to  favor  American 
goods,  so  that  the  American  shipper  gains  no  advantage  from 
this  reduction  in  the  tariff.  British  shipping  interests  are  also 
charged  with  deliberately  trying  to  hamper  American  trade 
in  South  America  by  granting  much  lower  rates  on  mer- 
chandise shipped  from  Great  Britain  than  on  similar  mer- 
chandise from  the  United  States  and  by  not  allowing  enough 
British  vessels  to  engage  in  carrying  trade  between  the 
United  States  and  South  Africa.  On  sonie  classes  of  goods, 
the  American  rates  are  from  30  to  40  per  cent  higher  than 
the  British,  and  the  British  shippers  can  make  prompt  deliv- 
eries while  the  Americans  can  not. 

The  ship  owners,  however,  have  the  shippers  completely 
in  their  power.  According  to  the  "conference  agreement"  of 
the  British  steamship  lines  running  between  the  United 
States  and  Brazil,  Uruguay  and  Argentine,  a  10  per  cent 
rebate  on  freight  charges  is  made  to  all  who  ship  only  on 
boats  of  the  "conference  lines."  These  rebates,  however,  are 
paid  only  at  six  months  intervals  and  are  six  months  in 
arrears.  So  a  shipper  must  prove  that  he  has  shipped  only 
on  these  lines  for  a  year,  or  lose  all  his  rebates  for  that 
period.  As  a  result,  it  has  been  impossible  for  independent 
boats  to  obtain  cargoes,  for  any  shipper  who  availed  himself 
of  these  boats  lost  his  rebates  on  the  goods  already  sent. 

The  extent  to  which  British  bankers  have  helped  in  the 
development  of  British  trade  is  shown  by  the  fact  that  the 
Standard  Bank  of  South  Africa,  established  over  fifty  years 
ago,  has  230  branches  and  agencies.  Other  British  banks 
have  nearly  150  branches  and  agencies  throughout  the 
country.  Five  of  these  agencies  are  In  Abyssinia;  while 
branches    are    at    Leopoldville,    300    miles    up    the    Congo; 
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Zungeru,  400  miles  up  the  Niger;  Livingston,  800  miles  up 
the  Zambesi;  and  Khartum,  1000  miles  up  the  Nile.  Traders 
can  find  British  banks  in  nearly  any  part  of  the  world. 

Since  1870  German  banks  have  also  been  especially  active. 
The  charter  of  the  Deutsche  Bank,  which  was  granted  in  that 
year,  says:  "The  object  of  the  company  is  the  transaction  of 
•  all  sorts  of  banking  business,  particularly  the  fostering  and 
facilitating  of  commercial  relations  between  Germany,  the  _ 
European  countries,  and  overseas  markets."  So  widespread 
have  become  the  interests  of  this  bank  that  shortly  before 
the  war  it  was  represented  on  the  boards  of  116  German 
and  foreign  concerns,  some  of  them  leading  German  and 
international  cartels  and  combinations.  France,  Holland, 
Belgium,  Portugal,  Spain,  Switzerland,  Italy,  Greece,  Austria, 
Russia,  and  Japan,  too,  have  established  banks  in  foreign 
lands.  Plans  are  now  being  made  by  Norwegian  capitalists 
to  establish  a  bank  in  New  York  so  as  to  facilitate  the  financ- 
ing of  imports  and  exports  with  Scandinavia. 

Commenting  on  the  relations  of  the  various  German  banks 
and  industrial  concerns,  and  the  influence  of  the  banks  in 
promoting  trade,  a  German  economist  says: 

The  representatives  of  the  banks  on  the  supervisory 
boards  of  the  industrial  companies  have  always  taken 
special  care  to  fulfill  one  very  effective  part  of  the  "advi- 
sory function"  of  the  supervisory  board;  namely,  to  pro- 
vide for  the  disposal  of  the  products  of  the  industrial 
companies  in  question  to  suitable  industrial  enterprises 
on  which  the  banks  were  able  to  exercise  some  influence. 
An  oflScial  report  from  Honduras  states: 

Heretofore  European  goods  have  been  introduced  be- 
cause local  importers  or  shipping  agents  have  been,  in 
reality,  a  combination  of  bank  and  manufacturing  repre- 
sentatives, not  making  loans  or  financing  enterprises  ex- 
cept to  secure  the  sale  of  goods  produced  by  the  manu- 
facturers they  represent. 

Another  advantage  derived  from  these  banks  is  that  they 
supply  their  home  offices  with  the  ratings  and  characteristics 
of  the  firms  and  individuals  of  the  place  in  which  the  bank 
is  located.  It  is  not  to  be  expected  that  foreign  banks  will 
give  credit  information  as  readily  to  American  concerns  as 
to  traders  of.  their  own  nationality,  except  in  cases  where 
its  possession  results  in  no  material  stimulation  of  competi- 
tion. The  German  banks  have  always  given  all  possible 
particulars  to  their  home  office  of  business  openings,  and 
this  information  has  always  been  available  for  the  manu- 
facturers and  merchants  in  Germany.  To  Swiss  banks  is 
due,  in  large  part,  the  growth  of  Swiss  commerce  and  trade. 
One  large  Swiss  bank  instructs  its  branch  managers  that  no 
business  is  to  be  transacted  by  which  Swiss  interests  may 
be  injured  to  the  gain  of  foreign  enterprises.  Still,  the 
value  of  foreign  banks  may  be  over-rated;  Germany  had  an 
immense  trade  with  Russia,  in  which  country  it  had  no 
banks,  while  France,  which  had  many  banks  there,  did  com- 
paratively little  business. 

The  French  government  is  especially  active  in  the  promo- 
tion of  the  country's  foreign  trade.  Every  department  in 
France  must  have  at  least  one  chamber  of  commerce,  which 
furnishes  the  government  with  information  concerning  indus- 
trial and  commercial  matters.  They  establish  and  manage 
various  institutions,  such  as  warehouses,  permanent  exhibits, 
departments  for  export  information,  associations  for  the  en- 
couragement of  exports,  and  for  locating  young  Frenchmen 
in  foreign  countries.  In  addition,  the  government  grants 
bounties,  subventions,  and  drawbacks,  besides  seeking  the 
general  tariff  advantages  by  treaty. 

Germany  allows  raw  materials  that  are  to  be  used  in  the 
manufacture  of  export  goods  to  be  admitted  free  of  duty; 
also  manufactured  articles,  in  cases  where  it  is  expected  to 
benefit  German  industry,  that  have  been  made  from  German 
materials  and  were  sent  abroad  to  be  finished  or  improved. 

In  Great  Britain,  the  Board  of  Trade,  as  it  is  commonly 
known,  has  the  general  supervision  of  commercial  treaties, 
tariffs,  customs  duties,  etc.  In  addition,  it  collects  informa- 
tion from  all  available  sources,  which  it  generally  publishes 
in  its  Journal,  but  some  it  gives  confidentially  to  chambers 
of  commerce  or  individual  firms.  For  this  purpose  it  keeps 
a  register  of  all  British  firms  desiring  such  information  in 
trade  openings  abroad.     It  also  has  a  sample  room  in  v/hich 


are  shown  goods  competing   with   British   products  and  raw 
materials  that  may  be  of  interest  to  British  manufacturers. 

Belgium  maintained  a  very  elaborate  commercial  museum 
in  which  were  shown  samples  of  the  products  of  foreign 
countries,  both  those  which  Belgium  could  export  and  those 
which  it  could  import  to  advantage.  It  also  showed  samples 
of  goods  that  superseded  those  of  Belgian  origin,  showing 
why  the  domestic  goods  failed  to  succeed.  In  addition  the 
government  spent  $1,000,000,000  a  year  as  subsidies  for  com- 
mercial  schools  and   industrial   institutions. 

Since  1896,  the  Japanese  government  has  been  sending 
agents  to  investigate  trade  conditions  in  other  lands  and 
has  fostered  the  growth  of  its  foreign  trade  in  accordance 
with  their  reports.  In  order  to  raise  the  standard  of 
Japanese  goods,  and  thus  improve  their  reputation,  the 
government  is  now  considering  plans  for  the  rigid  inspec- 
tion of  all  goods  made  for  export. 

The  British  Iron  Trade  Association  was  established  in  1876 
for  the  purpose  of  establishing  communication  between  the 
members  of  the  iron  and  steel  trades  of  Great  Britain  upon 
all  matters  bearing  upon  the  commercial  interests  of  these 
industries.  It  circulates  among  its  members  detailed  statis- 
tics of  the  trade  at  liome  and  .abroad  and  attends  to  matters 
connected  with  foreign  tariff,  commercial  treaties,  and  home 
parliamentary  business  that  may  have  a  bearing  upon  the 
iron  and  steel  trades.  To  advance  the  foreign  trade  in  mach- 
inery, the  British  Engineers  Association  was  organized  in 
1912.  This  association  has  representatives  in  Pekin  and 
Petrograd.  It  publishes  a  directory  of  its  members,  in 
foreign  languages,  for  the  information  of  buyers,  and  selects 
agents  in  foreign  countries  for  British  firms.  It  also  issues 
confidential  bulletins  to  its  members  and  has  devised  a  trade- 
mark, or  "chop",  for  use  in  China,  where  purchasers  are  being 
advised  that  articles  bearing  this  chop  are  purely  British  pro- 
ducts and  that  the  association  will  aid  in  maintaining  cordial 
relations.  Since  the  beginning  of  the  war  other  foreign  trade 
associations  have  been  formed. 

As  two-thirds  of  the  German  exports  are  manufactured 
articles,  it  was  estimated  seventeen  years  ago  that  one-fifth  of 
the  entire  population  participated  directly  in  foreign  trade. 
Nearly  every  manufacturer  is  a  member  of  at  least  one  asso- 
ciation that  is  actively  pushing  German  foreign  trade.  These 
associations  give  special  attention  to  export  trade,  to  the 
study  of  commercial  treaties,  tariffs,  etc.  The  Association  of 
German  Machine  Tool  Manufacturers  has  made  a  study  of 
export  trade  with  special  reference  to  the  competition  of 
American  manufacturers  and  has  actively  opposed  the  trade 
of  the  latter.  In  addition,  cartels  and  combinations  are  com- 
mon and  powerful;  the  banks  have  played  an  important  part 
in  the  development  of  these.  The  Germans  have  published  in 
Constantinople  a  daily  paper,  printed  in  both  French  and 
German,  for  the  promotion  of  an  interest  in  all  things  German 
and  for  the  improvement  of  German  trade  in  the  Levant. 
They  have  educated  promising  young  Chinese  at  schools  and 
universities  in  Germany  and  established  an  engineering 
school  in  Shanghai,  with  German  engineering  equipment  and 
instructors,  for  the  training  of  Chinese  in  German  engineer- 
ing standards,   methods,   equipment,  etc. 

The  ordinary  French  cartel  has  no  central  selling  agency. 
Each  member  takes  care  of  his  own  clientele,  makes  his  own 
contracts,  and  ships  under  his  own  invoices;  but  he  does 
this  within  the  price  and  selling  limitations  of  the  agreement. 
The  comptoir  is  an  incorporated  trading  company  composed 
exclusively  of  the  manufacturers  who  turn  over  to  it  the 
sale  of  their  products.  Its  purposes  are  usually  the  purchase 
from  members  and  the  sale  to  customers  of  a  specified  pro- 
duct, either  in  France  or  abroad,  or  both. 

The  combinations  that  exert  the  greatest  influence  on  the 
American  exporter,  though,  are  those  composed  of  buyers. 
The  cooperative  societies  of  Great  Britain  buy  annually 
$40,000,000  worth  of  goods  abroad.  The  influence  of  these 
societies,  however,  is  beneficial  rather  than  injurious.  The 
metal  buying  combinations,  on  the  other  hand,  have  always 
exerted  an  adverse  influence  on  American  trade.  Their 
ramifications  are  so  great  that  they  practically  control  the 
metal  industry.  D.  E.  J. 
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Zinc  Plug  and  Band   Oiling  Machine   in   Operation 


ZINC  PLUG  INSERTING   MACHINE 

The  hand-operated  machine  illustrated  is  another  example 
of  a  large  variety  of  time-saving  contrivances  which  have  had 
their  inception  in  the  rush  of  the  munition  business  through- 
out this  country.  The  final  operations  on  a  shrapnel  consist 
of  inserting  a  "fixing"  screw  in  the  side,  screwing  in  the  zinc 
plug,  oiling  the  copper  band,  and  packing. 

The  apparatus  illustrated,  although  made  largely  of  wood, 
is  securely  built  and  materially  assists  in  reducing  the  time 
and  labor  on  the  first  three  operations  mentioned. 

The  machine 
consists  of  a  ver- 
tical shaft  on 
the  lower  end  of 
which  is  a 
large  screw- 
driver blade  and 
a  three-pronged 
spider  for  cen- 
tering the  shell. 
As  clearly  shown 
at  the  upper  end 
of  this  shaft 
there  is  a  crank 
fitted  with  a 
knob  for  turn- 
ing the  shaft 
and  screwdriver. 
A  circular 
base  is  furnish- 
ed for  the  shell, 
which  is  cupped 
to  center  the 
shell,  and  can  be 
revolved.  At  the 
rear  of  the  ma- 
chine is  an  oil 
reservoir.  Protruding  from  the  base  of  this  reservoir,  through 
the  back  of  the  machine  onto  the  copper  band  of  the  shell 
when  in  place,  is  an  oil-feeding  brush.  The  oil  saturates 
through  this  brush  and  distributes  just  the  right  amount  to 
the  copper  band  when  the  shell  is  rotated. 

Three  men  are  employed  on  this  operation.  One  starts  in- 
serting the  zinc  plug  and  the  small  screw  by  hand.  The  second 
screws  the  zinc  plug  and  the  small  screw  home  and  oils  the 
copper  band.  The  third  packs  and  boxes  ready  for  shipment. 
Without  attempting  to  make  any  record,  these  three  men 
ordinarily  pack  approximately  150  shrapnel  per  hour.  The 
information  and  illustration  were  secured  through  the  courtesy 
of  the  Vermont  Farm  Machine  Co.,  Bellows  Falls,  Vt.,  who 
developed  this  machine  for  its  own  use.  V.  B. 


CATALOGUE  INDEXING 
With  reference  to  the  contribution  by  A.  A.  D.  in  the  Novem- 
ber number  of  Machinery  on  "Catalogue  Indexing,"  I  agree 
with  him  that  catalogues  could  be  indexed  to  much  better 
advantage.  Money  is  spent  liberally  for  illustrations,  high- 
class  paper,  several  colors  of  ink,  fancy  envelopes,  and  every- 
thing else  that  might  assist  in  eliminating  every  trace  of 
"cheapness"  from  the  catalogue,  but,  when  the  busy  man  gets 
hold  of  it  he  can't  find  what  he  wants  without  reading  the 
whole  book  and  that  is  too  much  to  expect.  Even  purchasing 
agents  are  too  busy  to  read  all  that  comes  in  the  mails. 
Several  times  I  have  assisted  in  making  up  indexes  and  have 
been  limited  by  the  owner  or  boss  to  one  page  or  even  less. 
If  the  manufacturer  has  another  machine  to  show — a  machine 
that  looks  good  to  him — he  will  put  it  in  and  cut  out  the  index. 
Or,  he  will  cut  the  index  down  to  almost  nothing.  Before 
making  up  an  index  I  would  suggest  that  manufacturers  look 
into  the  catalogues  published  by  the  large  mail  order  houses. 
There  they  will  find  a  most  interesting  type  of  complete  index. 
Cross-indexing,  bold  type,  small  type,  italics,  lines,  references, 
and  everything  else  is  used  to  make  the  index  complete. 
Nothing  is  overlooked.  W.  F.  S. 


COPPER-ALUMINUM-IRON  ALLOYS  ' 

One  of  the  properties  which  aluminum  bronze  possesses 
to  a  higher  degree  than  other  important  bronzes  is  that 
of  dissolving  iron  when  melted  and  retaining  this  element 
in  the  solid  alloy.  The  standard  aluminum  bronze  made 
extensively  for  small  and  average  castings  by  the  Titanium 
Alloy  Mfg.  Co.  contains  10  per  cent  aluminum  and  1  per 
cent  iron,  but  experiments  have  been  made  with  larger 
amounts  of  iron  in  bronzes  containing  7  to  10  per  cent 
aluminum,  inclusive.  No  alloys  with  less  thail  7  per  cent 
aluminum  were  used,  because  they  are  too  soft  and  weak 
for  castings  in  which  strength  is  necessary.  Aluminum  of 
10  per  cent  was  the  higher  limit  adopted,  because  alloys 
containing  more  than  this  have  very  little  ductility  and 
are  not  used  except  where  great  hardness  is  required  and 
brittleness  is  not  ruinous.  Alloys  with  over  8  per  cent 
iron  were  not  investigated,  because  of  their  unpromising 
character,  judging  from  the  other  alloys  tested,  and  also 
because  of  the  difficulty  of  making  such  alloys  and  obtain- 
ing uniform  castings.  The  tests  consisted  primarily  of  ten- 
sile tests  on  cast-to-size  bars,  and  the  Brinell  hardness  was 
determined  on  many  of  the  stubs  after  pulling.  A  suffi- 
cient number  of  these  alloys  were  examined  with  the  micro- 
scope to  indicate  the  general  microstructures  of  all  of  them. 

The  tensile  test  bars  were  cast,  in  sand,  about  SYz  inches 
long  and  i^  inch  in  diameter  between  shoulders  which  were 
2  inches  apart.  At  least  four  bars  of  each  alloy  were  tested 
without  machining,  the  surfaces  merely  being  smoothed  where 
necessary  with  a  fine  file,  so  that  the  true  average  diameters 
could  be  measured  with  a  fair  degree  of  accuracy.  Some  of 
the  bars  from  each  heat  were  tested  with  the  autographic 
mechanism  on  the  testing  machine,  so  that  load-deformation 
curves  were  obtained  from  which  the  proportional  limit  could 
be  read.  From  the  other  bars,  the  yield  point  was  found  by 
noting  the  load  at  which  a  deformation  of  0.01  inch  was  pro- 
duced on  the  2-inch  gage  length,  as  measured  with  fine-pointed 
dividers.  Results  from  test  bars  showing  flaws  or  other  un- 
soundness in  their  fractures  were  discarded  unless  the  defect 
had  no  harmful  influence  on  the  physical  properties.  The 
hardness  tests  were  made  on  cross-sections  of  the  ends  of  the 
bars  cut  after  they  had  been  broken  in  tension.  A  standard 
Swedish  Brinell  machine  was  used  for  this  determination,  with 
a  10-millimeter  ball,  and  a  pressure  of  500  kilograms  was  ap- 
plied, in  each  case,  for  thirty  seconds.  The  hardness  figure 
was  obtained  from  the  usual  table  after  measuring  the  diam- 
eter of  the  depression  with  a  microscope  containing  a  tenth- 


'  Abstract  of  paper  by  W.  M.  Corse  and  G.  P.  Comstock,  presented  at 
the  annual  meeting  of  the  American  Institute  of  Metals,  September  11-15, 
1916,   at   Cleveland,    Ohio. 

STRENGTH  AND  HARDNESS  OF  ALUMINUM-IRON  BRONZE 
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millimeter  scale  mounted  in  its  field  of  view.  The  results  of 
the  tests  are  given  in  the  accompanying  table. 

These  tests  show  that  for  the  same  aluminum  cgnlent  there 
is  always  an  increase  of  proportional  limit,  yield  point  and 
tensile  strength  with  increasing  iron  content,  up  to  4  per  cent, 
and,  in  general,  a  rather  less  substantial  decrease  in  elonga- 
tion and  reduction  of  area.  In  the  same  way,  with  constant 
iron  content,  the  proportional  limit,  yield  point  and  tensile 
strength  increase  with  increasing  aluminum,  while  the  elonga- 
tion and  reduction  of  area  decrease.  A  study  of  the  table 
shows,  furthermore,  that  for  a  given  strength,  greater  ductility 
can  be  obtained  with  a  lower  aluminum  and  higher  iron  alloy 
than  with  higher  aluminum  and  lower  iron.  Thus  the  8  per 
cent  aluminum  with  4  per  cent  iron  is  better  in  every  respect 
than  the  10  per  cent  aluminum  with  1  per  cent  iron,  and  even 
the  7  per  cent  aluminum  with  4  per  cent  iron  is  practically 
equal  to  the  latter  in  strength,  but  far  superior  in  ductility. 

The  excellence  of  the  alloys  with  4  per  cent  iron  made  it 
seem  advisable  to  try  still  higher  percentages,  with  the  7  and 
10  per  cent  aluminum  series.  The  difficulty  of  obtaining  sound 
and  homogeneous  bars  was  not  so  successfully  overcome  with 
these  higher  percentages  of  iron,  however,  and  the  results  were 
rather  irregular  and  disappointing.  Although  the  propor- 
tional limit  and  yield  point  increase  fairly  regularly  with  the 
iron  content,  the  ultimate  strength  does  not  change  much 
after  4  per  cent  iron,  and  the  ductility  drops  decidedly.  The 
best  alloys,  considering  both  strength  and  ductility,  appear  to 
be  those  containing  between  3  and  4  per  cent  iron.  With  more 
than  this  there  is  considerable  difficulty  in  obtaining  sound 
and  homogeneous  castings,  and  there  is  only  a  slight  gain  in 
strength  with  too  much  decrease  in  ductility. 

Changes  in  Alloys  shown  by  Photomicrographs 

It  was  noticed  in  pulling  the  bars  with  7  and  8  per  cent 
aluminum    that    those    containing    little    iron    roughen    very 


alloy  with  8  per  cent  iron  does  not  have  quite  such  a  fine 
grain,  doubtless  because  of  the  higher  casting  temperature 
necessary  to  keep  the  iron  in  solution  so  that  the  metal  will 
remain  fluid. 

In  the  case  of  10  per  cent  aluminum  alloys  with  1,  4  and  8 
per  cent  iron,  the  iron  crystallites  do  not  seem  to  form  such 
well  developed  skeletons  as  in  the  7  per  cent  aluminum  series, 
and  occur  either  in  rounded  spots  or  in  groups  of  spots  ar- 
ranged in  a  manner  somewhat  resembling  clover  leaves.  With 
10  per  cent  aluminum  all  the  alloys  show  a  duplex  structure, 
with  the  dark-etching  eutectoid  separating  the  small  bright 
alpha  crystals.  There  is  not  much  difference  in  structure  be- 
tween these  alloys  with  4  and  8  per  cent  iron,  but  both  are 
quite  different  from  the  alloy  with  only  1  per  cent  iron,  not 
only  in  respect  to  the  presence  of  the  black  crystallites,  but 
also  in  the  shape  and  size  of  the  alpha  crystals.  The  addition 
of  iron  decreases  their  size  somewhat,  but  the  chief  effect  is 
in  breaking  up  the  Widmanstatten  structure,  or  arrangement 
of  elongated  alpha  crystals  parallel  with  the  cleavage  planes 
of  the  large  crystal  grains. 

*     •     « 

HIGH  COST  OF  DISCHARGINQ  EMPLOYES 

"Hiring  and  firing,"  all  large  employers  of  labor  now  recog- 
nize, forms  the  greatest  leakage  in  modern  business.  In  many 
establishments  the  men  who  do  the  employing  have  come  to 
be  known  as  "the  fortune-tellers."  It  is  the  one  place  in  which 
everything  Is  haphazard.  Magnus  W.  Alexander,  one  of  the 
engineers  of  the  General  Electric  Co.,  has  demonstrated  this 
great  waste  mathematically.  Taking  the  employment  statistics 
of  twelve  metal  factories,  located  in  six  states,  he  has  found 
that  these  places  employed  37,274  persons  at  the  beginning  of 
the  year,  and  43,971  at  the  end.  Their  normal  increase  in 
employes,  therefore,  was  6697.  Had  matters  worked  effi- 
ciently, these  factories  should  have  employed  only  6697  men — 


Fig.  1.     Draw-bench  of  Typical  Design  built  by  the  Loy  &  Nawrath  Co.,  Newark,  N.  J.,  for  Use  in  the  Manufacture  of  Cold-drawa 


markedly  on  their  surfaces,  so  that  the  outlines  of  the  crystal 
grains  stand  out  prominently,  some  being  raised  above  the 
others.  With  3  per  cent  or  more  iron,  however,  the  bars  are 
round  and  smooth  after  testing.  In  the  higher  aluminum 
series,  the  round  bars  with  3  per  cent  or  more  iron  have  a 
more  uniform,  finer  grained,  and  more  fibrous  fracture  than 
those  with  less  iron. 

A  photomicrograph  shows  that  in  the  case  of  a  7  per  cent 
aluminum  bronze  containing  1  per  cent  iron,  the  iron  and 
aluminum  are  evidently  in  solid  solution  In  the  alpha  crystals. 
Where  the  iron  is  increased  to  4  per  cent,  there  is  a  vast 
difference  in  grain  size.  When  magnified  200  diameters,  small 
bluish-gray  crystallites,  or  "skeletons,"  are  seen  scattered 
sparingly  through  the  yellow  alpha;  in  an  alloy  with  8  per 
cent  iron,  these  skeletons  are  well  developed  and  much  more 
numerous.  Their  composition  Is  not  known,  but  undoubtedly 
they  are  chiefly  iron,  with  some  aluminum,  and  possibly  also 
a  little  copper.  This  constituent  is  the  first  part  of  the  alloys 
tto  freeze,  and  the  fine  grain  of  the  alloy  with  4  per  cent  iron 
is  probably  caused  not  only  by  the  addition  of  the  third  ele- 
ment, iron,  to  the  solid  solution,  but  also  by  the  presence  of 
the  solid  crystallites,  which  form  many  nuclei  for  the  begin- 
ning of  the  crystallization.  The  alpha  thus  begins  to  crystal- 
lize around  each  little  particle  of  the  already  solid  iron  com- 
pound, with  the  result  that  no  grain  can  grow  very  large 
jSefore  meeting  other  grains  which  stop  further  growth.     The 


or  slightly  more,  making  due  allowance  for  death,  sickness, 
and  other  natural  causes  of  dismissal.  In  reality,  these  fac- 
tories had  hired  45,571  new  people.  We  must  ponder  these 
figures  carefully  to  get  their  full  significance.  In  order  to 
obtain  6000  new  employes,  these  establishments,  all  repre- 
sentative and  "efficient"  American  concerns,  had  to  employ 
45,000!  Out  of  seven  men  taken  on,  only  one  stayec^.  After 
making  liberal  deductions,  Mr.  Alexander  calculates  that  these 
twelve  factories  employed  24,500  men  and  women  whom  they 
were  unable  to  retain.  Each  person  represented  an  expense 
ranging  from  $50  to  $200.  The  companies  had  to  keep  a  cleri- 
cal force  to  hire  these  people  and  place  their  names  on  the 
pay-roll.  They  had  to  pay  foremen  and  assistants  to  instruct 
them.  They  had  to  stand  the  expense  of  damaged  and  broken 
tools  due  to  inexperience.  The  reduced  rate  of  production 
represented  another  positive  loss,  and  then  there  was  the 
spoiled  work  which  "new  hands"  turn  out  in  such  abund- 
ance. Mr.  Alexander  takes  the  lowest  estimate,  $50  per  man, 
as  representing  this  loss.  At  this  rate,  "hiring  and  firing" 
caused  a  waste  in  these  factories  of  nearly  $1,000,000  a  year. 
At  the  highest  estimate,  $200,  the  practice  resulted  in  a  waste 
of  $4,000,000. — Harper's  Magazine. 
*     *     * 

It  is  said  that  statistics  show  that  84  per  cent  of  the  busi- 
ness failures  of  the  country  are  merchants  who  did  not 
advertise. 
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EQUIPMENT  FOR  PRODUCING  A  VARIETY  OF  SHAPES  FROM  STRIP  STEEL 

BY   EDWARD  K.   HAMMOND  ' 


Fig.  2.     Stock  Guide,  showing  Means  of  Adjustment  for  Strips  of  Different 
Width 

IN  the  construction  of  fireproof  buildings,  steel  Pullman 
cars,  etc.,  door  moldings,  chair  rails,  picture  molding 
and  similar  trim  are  made  of  cold-drawn  steel  sections. 
Despite  the  similarity  of  names,  these  differ  greatly  from  I- 
beams,  channels,  tees,  etc.,  commonly  known  as  "steel  sec- 
tions," both  as  regards  form  and  method  of  manufacture. 
Structural  steel  sections  are  rolled  out  from  hot  billets,  and 
the  material  is  carried  through  the  mill  by  the  tractive  action 
of  the  rolls  which  are  driven  by  power.  Cold-drawn  steel  sec- 
tions are  also  made  by  bringing  the  material  into  the  desired 
form  by  passing  it  between  a  series  of  rolls;  but  in  this  case 
the  rolls  are  loose  on  their  studs,  and  the  material  is  drawn 
through  them  by  the  standard  forin  of  draw-bench  used  for 
wire  arawing  and  similar  operations.  As  in  the  case  of  hot- 
rolling,  the  rolls  used  for  cold-drawing  are  grooved  progres- 
sively so  that  the  steel  is  gradually  brought  to  the  required 


increases  progressively;  and  it  is  important  to  have  sufficient 
space  between  successive  pairs  of  rolls  in  order  that  the  metal 
may  have  time  to  flow  easily  into  the  new  shape  imposed  upon 
it  by  each  new  pair  of  rolls. 

The  scope  of  this  process  is  shown  by  Fig.  4,  which  illus- 
trates a  variety  of  cold-drawn  steel  sections.  It  will  be  seen 
that  the  forms  produced  vary  from  simple  channels,  vees,  etc., 
to  quite  complicated  sections,  in  many  of  which  the  two  edges 
of  the  flat  strip  steel  have  been  brought  together  to  form  a 
butt  joint.  When  considerable  strength  is  required  or  when 
the  appearance  of  the  product  in  which  cold-drawn  sections 
are  used  is  of  considerable  importance,  it  is  customary  to  weld 
the  seam  with  an  oxy-acetylene  welding  outfit,  and  when  so 
desired  the  weld  can  be  ground  smooth  so  that  the  metal  can 
be  enameled,  painted  or  given  any  other  form  of  finish.  In 
making  cold-drawn  steel  sections,  a  circular  swing  saw  is  used 
in  connection  with  the  draw-bench.  This  saw  is  mounted  at 
the  rear  end  of  the  roll  head  and  provides  for  cutting  off  the 
length  of  steel  which  has  just  been  drawn  through  the  rolls. 
The  length  of  sections  varies  from  20  to  100  feet,  according 
to  the  purpose  for  which  they  are  intended,  but  in  any  case 
the  steel  is  pulled  along  until  the  dog  on  the  draw-bench  comes 
opposite  a  gage  mark;  then  the  drawing  operation  is  stopped 
and  the  swing  saw  is  pulled  down  and  cuts  off  the  finished 
length  of  steel.     The  steel  is  under  tension  and  a  slight  cut 


steel   Sections.      The  Draw-bench   is   equipped   with   Roll   Head   and  other   Special    Features  required  for  handling  and  forming  Strip  Stock 


form,  but  in  cold-drawing  the  start  is  made  from  a  strip  of 
cold-drawn  steel,  and  neither  the  thickness  nor  length  changes 
materially  during  the  entire  operation,  the  only  change  con- 
sisting of  gradually  bending  it  into  the  required  form.  The 
Loy  &  Nawrath  Co.,  21-29  Runyon  St.,  Newark,  N.  J.,  makes  a 
specialty  of  building  equipment  for  making  cold-drawn  steel 
sections  and  we  are  indebted  to  this  company  for  the  informa- 
tion presented  in  this  article. 

The  type  of  draw-bench  used  in  making  cold-drawn  steel 
sections  is  of  practically  standard  design  and  does  not  require 
description.  At  the  head  of  the  bench  is  placed  what  is  known 
as  a  roll  head,  in  which  are  mounted  the  series  of  rolls  used 
to  bring  the  flat  strip  of  sheet  steel  to  the  desired  form.  The 
rolls  in  this  head  are  arranged  in  pairs,  and  the  number  of 
pairs  necessary  to  complete  the  forming  operation  depends 
upon  the  complexity  of  the  drawn  steel  section  to  be  produced. 
The  more  complex  the  section,  the  greater  will  be  the  number 
of  rolls  required;  but  in  any  case,  the  section  is  completely 
formed  before  leaving  the  last  pair  of  rolls.  However,  the 
general  statement  may  be  made  that  from  one  to  eight  pairs  of 
rolls  are  required.  In  each  pair  both  the  lower  and  upper  rolls 
are  made  adjustable,  the  vertical  position  of  the  upper  roll  in 
relation  to  the  lower  roll  being  governed  by  screws  actuated 
by  a  handwheel  located  at  the  top  of  the  head.  As  in  ordi- 
nary rolling  mill  practice,  the  depth  of  the  grooves  in  the  rolls 
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causes  it  to  break  before  the  saw  completes  the  cut. 

In  starting  work,  a  coil  of  flat  cold-rolled  strip  steel  is 
mounted  on  a  reel  at  the  head  of  the  machine,  and  the  end  of 
this  stock  is  passed  between  the  rolls  and  gripped  by  the  tongs 
or  gripping  jaws,  on  the  draw-bench,  the  upper  roll  of  each 
pair  being  raised  sufficiently  to  allow  the  flat  steel  to  pass 
through.  The  adjustable  roll  of  the  first  pair  is  then  screwed 
down  to  bend  the  steel  to  the  form  of  these  rolls.  Having 
proceeded  to  this  point,  the  steel  is  pulled  for  a  sufficient  dis- 
tance to  bring  the  formed  section  between  the  second  pair  of 
rolls.    The  draw-bench  is  then  stopped  and  the  adjustable  roll 


Fig.  3.     Dog  with  Toggle-operated  Jaws  to  grip  Stock  and  pull  it  through 
Roll  Head 
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ol'  the  second  pair  is  screwed  down  to  bend  the  sheet  steel  to 
tlie  form  of  that  pair  of  rolls.  After  this  has  been  done,  the 
draw-bench  is  again  started  and  the  steel  is  pulled  along  until 
(he  section  formed  by  the  second  pair  of  rolls  comes  into  posi- 
tion between  the  third  pair,  when  the  draw-bench  is  stopped 
and  the  upper  roll  of  the  third  pair  is  forced  down  to  make 
tlie  metal  take  the  form  of  this  pair  of  rolls.  Regardless  of 
the  number  of  pairs  of  rolls  required  to  complete  the  rolling 
operation,  this  process  must  be  carried  on  until  all  the  rolls 
in  the  head  have  been  screwed  down  one  after  the  other;  and 
then  the  machine  is  ready  to  start  drawing  steel  of  the  re- 
quired form.  The  stock  passes  through  an  oil  bath  before 
entering  the  roll  head,  and  carries  sufficient  oil  with  it  to 
thoroughly  lubricate  the  rolls.  Fig.  5  shows  a  set  of  three 
rolls  for  drawing  a  section  of  the  form  shown  in  Fig.  8,  the 
latter  illustration  showing  quite  clearly  the  manner  in  which 
the  steel  is  gradually  brought  to  the  desired  form.  The  rolls 
illustrated  in  Figs.  5  and  6  were  mounted  side  by  side  to  show 
them  more  clearly,  but  they  are  not  mounted  in  this  way  in 
the  roll  head:  the  method  actually  used  is  clearly  shown  in 
Figs.  1  and  7. 
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Fig.  6.     Another  Example  of  a  Set  of  Three  Pairs  of  Eolls 

down;  and  as  the  average  length  of  a  commercial  roll  of  strip 
steel  is  about  150  feet,  it  will  be  obvious  that  the  wasting  of 
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Fig.  4.     Examples  of  Cold-drawn  Steel  Sections — note  Kange  of  Work 


In  preparing  the  roll  head  for  operation,  from  four  to  ten 
feet  of  stock  will  be  wasted  while  the  rolls  are  being  screwed 


Fig.  S.     Set  of  Three  Pairs  of  Kolls  for  drawing  Section  shown  in  Fig.  S 


this  amount  of  material  would  be  entirely  out  of  the  question. 
To  avoid  loss  from  this  cause,  the  expedient  has  been  adpoted 
of  using  an  oxy-acetylene  welding  outfit  for  butt-welding  the 
beginning  of  a  new  coil  of  steel  onto  the  end  of  a  coil  which 
has  been  almost  drawn  through  the  roll  head.  As  practically 
any  number  of  coils  can  be  handled  in  this  way,  the  loss  of 
material  involved  in  starting  the  machine  is  negligible;  and 
on  this  account,  when  it  is  desired  to  start  work  on  another 
job  in  shops  which  use  a  single  draw-bench  for  drawing  a 
number  of  different  forms,  it  is  found  worth  while  to  leave  the 
end  of  a  coil  of  steel  in  place  between  the  rolls  and  replace 
the  entire  roll  head  with  a  new  head  equipped  with  rolls  of 
the  desired  form.  In  this  way,  the  old  head  may  be  put  back 
in  place,  a  fresh  coil  of  steel  welded  to  the  piece  that  was  left 
between  the  rolls,  and  the  process  of  drawing  started  again 
without  the  loss  of  any  material.  When  several  heads  are  used 
in  this  way,  they  are  mounted  on  wheels  to  facilitate  handling. 
It  was  mentioned  that  from  four  to  ten  feet  of  steel  is  lost 
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in  the  form  of  scrap  while  setting  up  the  machine  for  any 
given  drawing  operation.  This  loss  is  unimportant  because  it 
only  occurs  at  the  beginning  of  the  operation,  after  which 
the  draw-bench  can  be  run  without  further  loss  from  this 
cause.  But  there  is  one  other  source  of  loss  which  cannot  be 
avoided,  i.  e..  the  amount  of  metal  which  goes  into  the  scrap 
pile  through  the  crushing  of  the  front  end  of  each  length  of 
cold-drawn  steel  by  the  gripping  jaws  on  the  draw-bench. 
About  6  inches  of  stock  is  lost  from  this  cause  on  each 
"draw,"  and  the  percentage  of  loss  naturally  varies  according 
to  the  length  of  the  pieces  being  drawn,  but  the  average  will 
be  about  1.6(5  per  cent.  During  the  drawing  operation,  how- 
ever, the  length  of  the  metal  is  somewhat  increased  and  this 
elongation  just  about  offsets  the  loss  due  to  crushing  the  end 
of  each  length  by  the  clamp  on  the  draw-bench. 

Cold-drawn  steel  sections  are  commonly  made  in  lengths  of 
20,  30  and  100  feet,  although  the  30-foot  lengths  are  by  far  the 
most  common.  Drawing  sections  of'  more  than  this  length 
is  unsatisfactory  for   two   reasons:    first,   longer   pieces   have 


Fig.  7.     End  View  of  Roll  Head,  showing  Arrangement  of  Guide  and  Bolls 

a  tendency  to  twist;  and  second,  pieces  of  more  than  30 
feet  in  length  are  inconvenient  to  handle.  It  is  difficult  to 
place  a  limit  on  the  scope  of  this  process,  but  up  to  the  present 
time  the  maximum  width  of  cold-drawn  strip  steel  which  the 
Loy  &  Nawrath  Co.  has  drawn  in  this  way  is  16  inches,  and 
10  gage  is  the  maximum  thickness  of  stock  for  which  ma- 
chines have  been  built. 

*     *     • 

BRASS  AND  BRONZE  DIE-CASTINGS 

At  the  beginning  of  1913,  all  die-castings  produced  commer- 
cially were  composed  of  either  tin.  leacj,  or  zinc  base  alloys, 
and  about  90  per  cent  were  of  the  latter  type.  Because  of  the 
many  limitations  to  the  universal  application  of  die-castings 
made  from  these  alloys,  the  Doehler  Die-Casting  Co.  of  Brook- 
lyn, N.  Y.,  began  a  series  of  experiments  having  for  their 
object  the  improvement  and  extended  application  of  the  die- 
casting.     Their  research  was  divided  into  four  branches:   im- 
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Fig.    8.     Condition   of   Work   after  passing 
through  Successive  Fairs  of  BoUs 


provement  of  the 
zinc  alloys  then  in 
use,  elimination  of 
air  holes,  the  die- 
casting  of  alumi- 
num and  aluminum 
alloys,  and  the  die- 
casting  of  brasses 
and  bronzes. 

During  the  in- 
fancy of  the  die- 
casting  industry 
very  little  attention 
was  paid  to  the 
metallurgical  phase 
of  the  process;  al- 
loys were  mixed 
without  regard  to 
metallurgical  prin- 
ciples. The  chem- 
ical and  physical 
testing  of  the  raw 
materials  entering 
into  the  alloys,  or 
of  the  mixed  alloys,  was  not  dreamed  of,  nor  was  there  any 
systematic  control  of  temperature  during  mixing  or  casting. 
To  the  fact  that  these  conditions  still  exist  in  die-casting 
plants  must  be  attributed  the  serious  difficulties  that  so  many 
manufacturers  have  met  in  their  attempts  to  use  die-cast 
products. 

It  is  well  known,  although  reluctantly  admitted  by  some 
manufacturers,  that  die-castings  cannot  be  made  as  solid  as 
sand  castings.  The  reason  for  this  is  very  simple.  Die- 
castings  are  made  by  forcing  metal  into  a  steel  mold  under 
high  pressure,  and  the  steel  mold,  unlike  the  sand  mold,  does 
not  allow  the  air  to  pass  through  it.  The  metal  chills  almost 
instantaneously  in  the  metal  mold,  trapping  air  unless  suitable 
vents  are  allowed  in  the  die.  Announcements  have  been  made 
at  various  times  that  some  manufacturer  has  devised  a  new 
process  of  die-casting  whereby  air  holes  are  entirely  elimi- 
nated. The  manufacturer  who  publishes  any  statement  of  this 
kind  is  either  guilty  of  an  attempt  to  fool  the  consumer  or 
lacks  knowledge  of  the  fundamental  principles  involved  in  the 
process  of  die-casting.  Every  part  has  its  individual  shape 
and  requires  individual  attention  and  study.  By  careful  and 
concentrated  attention  oji  some  parts,  the  gates  and  vents 
may  be  so  located  as  to  insure  a  solid  casting.  Only  by  a 
careful  study  of  the  gating  and  venting  of  every  individual 
die  can  a  casting  of  maximum  density  be  obtained.  No  die- 
casting  process  can  be  said  to  produce  solid  castings  simply 
because  a  higher  pressure  or  "vacuum  pressure"  is  used.  As  a 
matter  of  fact,  there  are  many  cases  in  die-casting  practice 
where  low  pressures  will  produce  denser  castings;  also  many 
cases  where  a  vacuum  is  a  decided  disadvantage. 

The  Doehler  Die-Casting  Co.  has  developed  a  new  process  for 
die-casting  brass  and  bronze  from  the  experimental  to  the  com- 
mercial stage.  The  process  is  not  limited  to  any  particular 
alloy;  in  fact,  yel- 
low brass,  red 
brass,  phosphor- 
bronze,  aluminum 
bronze  and  man- 
ganese bronze  can 
be  die-cast.  The 
castings  are  said 
to  be  solid  and  free 
from  air  holes  of 
any  kind.  The  claim 
is  not  made  that  all 
parts  now  cast  in 
white  metal  can  be 
die-cast  in  brass 
economically,  but 
that  brass  die-cast- 
ings are  now  a  com- 

.  Fig.    9.     Cold-drawn   Steel   Section   in  which 

mercial    possibility.  Screws  or  Bivets  are  concealed  by  Insert 
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ALUMINUM   CASTINGS  AND  FORGINGS' 

lu  the  manufacture  of  light  castings  the  most .  desirable 
properties  are:  Low  specific  gravity,  a  fair  amount  of  strength 
and  freedom  from  brittleness,  good  machining  properties,  max- 
imum resistance  to  corrosion,  good  casting  qualities,  and  free- 
dom from  hot-shortness.  As  pure  aluminum  is  entirely  too 
soft  to  produce  satisfactory  castings  for  most  purposes,  it  is 
alloyed  with  some  element,  usually  8  per  cent  copper.  Zinc 
and  tin  are  also  frequently  used.  The  addition  of  from  8  to 
10  per  cent  of  hardener,  however,  increases  the  specific  grav- 
ity; besides,  the  hardened  metal  has  a  strong  tendency  to 
brittleness,  and  in  most  cases  is  less  resistant  to  corrosion 
than  either  of  the  component  metals.  In  the  case  of  intricate 
castings,  hot-shortness  is  another  feature.  The  use  of  man- 
ganese in  relatively  small  quantities,  however,  hardens  and 
strengthens  the  alloy  without  destroying  its  ductility.  The 
machining  properties  are  excellent,  and  the  specific  gravity  of 
the  finished  alloy  is  from  0.35  to  0.40  less  than  that  of  the 
ordinary  No.  8  alloy.  When  properly  made,  these  alloys  are 
practically  free  from  hot-shortness,  and  the  most  intricate 
castings  can  be  produced  with  comparative  ease. 

The  most  dangerous  impurities  in  aluminum  alloys  are  car- 
bon, silicon  and  iron.  To  prevent  the  introduction  of  these, 
either  in  the  metal  used  or  through  the  medium  of  crucibles 
and  tools,  carbonless  manganese  produced  by  the  thermit  pro- 
cess has  been  used  exclusively.  This  manganese  is  alloyed 
with  copper,  when  aluminum-copper-manganese  is  being  made, 
by  melting  60  per  cent  copper  and  Introducing  40  per  cent 
manganese  in  small  pieces  and  heating  until  the  two  metals 
have  combined,  which  is  shown  by  the  smooth  condition  of 
the  surface  of  the  metal.  This  alloy  can  then  be  diluted  with 
an  equal  weight  of  aluminum,  although  it  is  feasible  to  use 
copper-manganese  direct.  In  making  the  alloy  of  manganese 
without  copper,  80  per  cent  aluminum  is  melted  and  brought 
to  a  bright  cherry  red;  then  20  per  cent  manganese  is  added 
in  very  small  pieces.  The  alloy  should  be  poured  as  soon  as 
all  the  manganese  is  dissolved. 

In  melting  aluminum  alloys,  clay  or  clay-lined  crucibles  are 
preferable.  No  charcoal  or  carbonaceous  covering  is  used,  as 
carbon  combines  with  this  alloy,  forming  a  very  brittle  com- 
pound. Gates  and  sprues  from  castings  must  be  carefully 
cleaned  and  freed  from  sand,  as  practically  all  the  sand  in- 
troduced into  the  pot  is  reduced  to  silicon,  which  materially 
weakens  the  alloy.  When  there  is  danger  of  introducing  sand 
into  the  crucible,  a  flux  made  by  melting  together  60  per  cent 
potassium  chloride  and  40  per  cent  kryolite,  powdered,  may 
be  used. 

In  preparing  the  alloy  for  casting  purposes,  the  hardening 
substance  is  placed  in  a  crucible  that  is  brought  to  a  bright 
red  heat,  and  is  melted  as  quickly  as  possible.  The  draft  is 
then  cut  down  and  aluminum  is  added  in  small  amounts  as 
fast  as  it  will  melt,  the  temperature  of  the  mixture  being  kept 
at  a  faint  red  heat.  The  crucible  is  drawn  from  the  furnace 
Just  before  the  last  of  the  aluminum  is  melted  to  prevent  the 
metal  becoming  overheated.  Overheated  aluminum  will  absorb 
silica  from  the  walls  of  the  crucible,  and  when  once  over- 
heated, the  aluminum  is  practically  worthless.  Just  before 
pouring,  ^4  ounce  zinc  chloride  is  added  to  the  contents  of 
the  crucible,  and  the  metal  is  stirred  with  a  clay-covered  skim- 
mer. This  zinc  salt  tends  to  reduce  the  oxides  and  dross  in 
the  metal  and  produces  an  ideal  condition  for  casting  pur- 
poses. Alloys  of  aluminum  containing  manganese  have  a 
slightly  greater  shrinkage  than  those  containing  copper  alone, 
and  due  allowance  must  be  made  by  using  ample  risers  and 
chill  plates  on  Intricate  castings. 

Tests  of  sand-cast  aluminum  castings  taken  at  random  heats 
showed  the  results  given  in  the  accompanying  table.  The 
aluminum  was  composed  of  manganese,  1.5  per  cent;  copper, 
2  per  cent;  and  aluminum,  96  per  cent. 

The  elastic  ratio  of  this  alloy,  as  determined  by  the  drop 
of  the  beam  of  the  testing  machine,  will  average  about  60  per 
cent  of  the  ultimate  strength.  The  fracture  of  test  specimens 
is  silky  and  shows  considerable  toughness,  instead  of  being 


RESULTS  OF  TESTS  ON    SAND-CAST    ALUMINUM 
CASTINGS 


TviiHlle  StrcDgtb, 

Per  Cent 

Tensile  Strength, 

Per  Cent 

TuuDds  per 

Elongation 

Pounds  per 

Elongation 

Square  Inch 

In  2  iDcbe* 

Square  Incb 

In  2  Incbea 

22,000 

15.0 

21,000 

13.0 

22,000 

14.0 

22,000 

12.0 

21,000 

8.0 

24,000 

10.0 

19,000 

9.5 

19,000 

12.0 

19,000 

14.7 

18,000 

13.0 

19,000 

14.0 
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granular  and  brittle,  as  is  the  case  with  many  aluminum 
alloys.  Castings  are  practically  free  from  hot-shortness.  Alu- 
minum containing  manganese  will  work  very  freely  either  by 
cold-rolling  or  hot-forging,  and  many  intricate  shaped  drop- 
forgings  have  been  produced. 

For  forging,  the  metal  is  as  carefully  prepared  as  for  casting. 
The  ingot  mold  is  the  same  type  as  is  used  for  bronze.  These 
molds  are  heated  to  about  500  degrees  F.  and  given  a  thin 
coating  of  orange  shellac  to  produce  a  clean  skin.  The  metal 
should  be  carefully  skimmed  and  poured  very  quickly  in  order 
to  prevent  cold-shuts.  In  making  drop-forgings,  a  little  pre- 
liminary forging  is  desirable.  The  ingot  can  be  cut  or  cropped 
to  the  desired  lengths  and  forged  to  approximate  shape  at  a 
temperature  of  from  1150  to  1400  degrees  F.,  after  which  it 
can  be  finished  in  the  dies.  Dies  of  the  type  used  for  tobin 
bronze  are  perfectly  satisfactory  for  aluminum  work.  The 
stiffness  and  strength  of  the  forged  material  can  be  controlled 
by  varying  the  finishing  temperature.  Considerable  stiffness 
and  elasticity  can  be  imparted  to  the  forgings  by  two  or  three 
blows  of  the  forging  dies  at  about  500  degrees  F. 

The  physical  properties  of  a  bar  forged  to  one  inch  square 
and  turned  to  standard  size  tensile  specimens,  when  composed 
of  manganese,  1  per  cent,  copper,  2  per  cent,  and  aluminum, 
96.5  per  cent,  are  as  follows: 

Per  Cent 
Tensile  Yield  Per  Cent         Reduction 

Strength  Point  Elongation  of  Area 

Cold-finished 27,750  27,750  12.0  47.0 

Hot-finished   21,083  12,223  26.7  48.7 

Intermediate 25,617  22,918  17.4  52 . 0 

In  the  case  of  a  hard  alloy  containing  manganese,  2  per  cent, 
copper,  3  per  cent,  and  aluminum,  94.5  per  cent,  the  physical 
properties  are: 

Per  Cent 
Tensile  Yield  Per  Cent        Reduction 

Strength  Point  Elongation         of  Area 

Cold-finished 31,930  30,000  9.75  35.30 

Cold-finished 34,123  33,000  4.00  11.25 

Cold-finished 30,405  30,000  11.25  30.78 

Hot-finished   27,450  '  15,000  21.95  56.00 

Intermediate   28,670  22,000  21.00  50.40 

Sections  cut  from  thin  drop-forgings  that  were  cold-finished 
have  shown  a  tensile  strength  as  high  as  40,000  pounds  per 
square  inch.  The  forged  material  machines  well  and  shows  a 
fine  silky  fracture  when  broken.  The  increased  density  of  the 
metal  produced  by  forging  makes  it  a  great  deal  more  re- 
sistant to  sea-water  corrosion  than  the  cast  alloy.  Several 
drop-forgings  of  these  alloys  are  now  undergoing  service  tests 
on  ships  at  sea  to  determine  their  resistance  to  corrosion,  and 
reports  thus  far  received  are  very  promising.  Considering  the 
low  specific  gravity  of  these  alloys,  together  with  the  strength 
and  ductility  obtainable,  the  material  compares  favorably  with 
the  heavier   bronze   and   brass   forging   materials   for   many 

purposes. 

•     *    * 

In  the  building  of  the  new  open-hearth  furnace  at  Vereeniging, 
Transvaal,  South  Africa,  homemade  products  are  being  used 
almost  exclusively.  This  furnace  is  to  turn  out  1000  tons  of 
steel  a  month,  or  twice  as  much  as  the  furnace  it  replaces. 
The  magnesite  and  silica  brick  are  made  locally,  and  all  cast- 
ings, except  the  valves  and  chains,  are  made  on  the  spot;  the 
chrome  ore  hearth  is  made  from  Rhodesian  material;  the  gas 
required  to  melt  the  charges  will  be  made  from  local  bitu- 
minous coal.  At  present,  the  foundry  is  working  on  scrap; 
but  it  is  claimed  that  deposits  of  high-class  iron  ore  lie  within 
a  few  miles  of  the  foundry. 
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FORMULAS  FOR  DESIGNING  PINIONS  TO  AVOID  UNDER-CUT 

BY  E.   W.   MILLER  ' 


IT  is  common  to  make  the  diameter  of  herringbone  pinions 
having  less  than  twenty  teeth  somewhat  larger  than  the 
size  indicated  by  the  pitch  and  number  of  teeth.  Some 
authorities  advocate  enlarging  all  pinions  with  less  than 
twenty-five  teeth.  The  object  is  to  avoid  under-cut,  thereby 
insuring  strong  teeth  and  a  maximum  of  involute  tooth  sur- 
face. Under-cutting  is  caused  by  interference  of  the  generating 
tool  with  the  teeth  of  the  pinion  being  cut.  The  most  pro- 
nounced case  of  interference  Is  that  caused  by  an  unmodified 
hob  or  any  other  tool  corresponding  to  a  rack.  Formulas  for 
determining  these  pinion  diameters  have  been  set  forth,  and 
at  least  two  are  in  use  today.    Apparently  they  have  been  de- 


It  is  to  be  noted  that  the  end  of  the  generating  tool  falls  well 
inside  the  interference  point,  thus  resulting  in  under-cut,  weak- 
ened teeth  and  a  shortened  involute  surface.  In  Fig.  2  the 
pinion  has  been  enlarged  until  the  cutting  tool  just  reaches 
the  interference  point.  No  under-cutting  occurs  and  the  in- 
volute curve  comes  clear  down  to  the  base  line.  The  pitch 
radius  AB  multiplied  by  cosine  20  degrees  gives  the  base  line 
radius  AB;  and  cosine  20  degrees  multiplied  by  AB  determines 
the  length  AC.  Obviously,  if  the  tool  addendum  of  1  inch  be 
added  to  AC,  the  nominal  pitch  radius  is  obtained;  and  this 
value  multiplied  by  2  gives  the  nominal  pitch  diameter.  For- 
mula (1),  developed  from  the  preceding  considerations,  deter- 
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Extreme    Case   of   Interference   tetween   Rack   Tool   and   Nine- 
tooth  Pinion 


termined  empirically.  The  logical  procedure  is  to  derive  a 
formula  which  will  determine  mathematically  the  necessary 
amount  of  enlargement  and  adhere  to  this  figure.  Any  further 
increase  is  useless  and  may  result  in  an  excessive  pressure 
angle. 

In  Fig.  1  is  shown  the  extreme  case  of  interference  of  a 
rack  tool  with  a  nine-tooth  pinion.  The  tooth  addendum  is 
0.8,  dedendum  0.8,  clearance  0.2,  making  a  total  depth  of  1.8 
inch.  The  distance  from  the  pitch  line  to  the  bottom  of  the 
space  is  1  inch,  pressure  angle,  20  degrees,  and  diametral 
pitch,  l._  By  diametral  pitch  is  meant  the  pitch  as  measured 
in  a  plane  at  right  angles  to  the  axis  of  the  gear.  It  should 
be  distinguished  from  the  normal  pitch,  which  is  measured  in 
a  plane  normal  to  the  helix  angle.  These  planes  may  be  re- 
ferred to  as  the  diametral  plane  and  normal  plane.  The  action 
of    a    pair .  of    helical 


Fig.   2.     Enlarged  Pinion  in  which  Interference  between   Tool  and   Teeth 
has  been  overcome 

mines  the  exact  amount  of  enlargement  required  of  the  pinion 
to  avoid  interference  and  consequent  under-cutting  of  the  teeth. 


Suggested  Formula 


Number  of  teeth 


-(cos  pressure  angle )^-f 


■  =  Nom- 


Diametral  pitch 
inal  pitch  diameter. 


Diametral  pitch 


Formulas  Now  in  Use 

(0.96  X  number  teeth )  + 1 


Pitch  diameter  (under  25  teeth)  =  - 


Pitch  diameter  (under  20  teeth)  =- 


Diametral  pitch 
(0.95  X  number  teeth)  +  1 


(1> 


(2> 


(3> 


gears  operating  on 
parallel  axes  is  iden- 
tical to  that  of  spur 
gears.  This  action 
should  therefore  be 
studied  from  the  dia- 
metral plane,  and  is  so 
considered   in   Fig.   1. 

'Chief    Engineer,    Fellows 
Gear  Shaper  Co.,  Springfield, 


NOMINAL  PITCH  DIAMETERS  IN  INCHES  OBTAINED  FROM 
FORMULAS   (I).    (2)    AND   (3)' 


Formula  1 
Formula  2 
Formula  3 


9.947 
9.640 
9.550 


10.830 
10.600 


11.713112.596 
11.560  12.520 


10.500  11.450  12.400 


13.479 
13.480 
13.350 


14.362  15.245ll6.128|l7.01lil7.894 
14.440|l5.400|l6.360]17.320  18.280 
14.300  15.250  16.200  17.150|18.100 

UacMnery 


'Xote:  Diametral  pitch,  1;  pressure  angle,  20  degrees;  tooth  depth,  1.8  Inch. 


Diametral  pitch 

The  table  gives  nom- 
inal pitch  diameters 
obtained  by  applying 
the  three  different 
formulas  to  pinions 
with  from  nine  to 
eighteen  teeth,  inclus- 
ive. The  newly  sug* 
gested  Formula  ( 1 ) 
gives  the  greatest  dia- 
meters    for     pinions 
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with  less  than  thirteen  teeth.  At  thirteen  teeth,  Formula  (2) 
comes  to  the  front  with  Formula  (1)  in  second  place.  At  fif- 
teen teeth,  Formula  (2)  indicates  the  greatest  incj-easc  and 
Formula  (1)  the  least.  If  it  is  conceded  that  Formula  (1)  is 
correct,  the  following  comparison  of  Formulas  (2)  and  (3)  is 
of  Interest.  For  less  than  fourteen  teeth,  Formula  (2)  is 
nearer  right;  for  fourteen  teeth  or  more.  Formula  (3)  is  more 
accurate.  It  is  noteworthy  that  at  eighteen  teeth  no  enlarge- 
ment is  necessary,  as  the  size  17.894  inches  is  smaller  than  the 
standard  pitch  diameter.  Herringbone  pinions  with  less  than 
fifteen  teeth  are  rarely  used,  since  long  service  is  a  require- 
ment. This  factor  determines  the  minimum  number  of  teeth, 
which  ^is  perhaps  fortunate,  since  the  greater  increase  in 
nominal  pitch  diameters  of  smaller  pinions  would  result  in 
excessive  pressure  angles.  With  fifteen  teeth  as  the  limit, 
we  are  spared  this  problem,  the  solution  of  which  is  at  best 
a  compromise  of  under-cut  and  pressure  angle. 

Formula  (21  is  apparently  based  on  results  obtained  in  using 
a  hob  with  an  axial  pressure  angle  of  20  degrees.  In  this  case 
the  hob  axis  is  perpendicular  to  the  axis  of  the  gear  it  is  cut- 
ting. The  hob  lead  angle  is  the  complement  of  that  of  the 
gear  being  produced.  This  arrangement  surely  results  in  pro- 
ducing gears  of  20  degrees  pressure  angle.  The  fact  remains 
that  many  gears  are  being  cut  with  the  hob  set  at  an  angle 
corresponding  to  the  helix  angle  of  the  gear  plus  or  minus 
the  hob  lead  angle,  as  the  case  requires.  Usually  the  hob  tooth 
angle,  as  measured  in  the  normal  plane,  is  20  degrees.  While 
the  use  of  great  helix  angles  is  to  be  deplored,  herringbone 
gears  are  in  use  with  helix  angles  as  high  as  35  and  even 


PARENT  RACK 


DIAMETRAL  PLANE 
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Fig.    3.     Diagram    showingr    Relation   between   Helix    and    Pressure    Angles 

45  degrees.  There  is  a  definite  relation  between  the  helix  and 
pressure  angles  of  a  helical  gear,  and  Fig.  3  illustrates  this 
point.  Let  X  be  a  parent  rack  from  which  helical  gears  may 
be  developed.  At  Y  is  shown  the  end  of  the  teeth  as  viewed  in 
the  normal  plane,  the  angle  of  the  tooth  side  being  20  degrees. 
A  development  of  this  tooth  at  2  in  a  plane  perpendicular  to 
the  side  of  the  rack  shows  graphically  that  tooth  angle  Z  is 
:greater  than  Y. 

EF  =  Tan  20  degrees  X  GF  =  HI 
HI 

=  HJ 

Cos  rack  angle 
HJ  =  tan  Z 
Tan  normal  angle 

=  tan  pressure  angle 

Cos  helix  angle 

Using  the  preceding  formula,  we  find  that  a  20-degree  gen- 

■erating  tool  cuts  a  23-degree  helix  angle  gear  with  a  pressure 

angle  21  degrees,  36  minutes,  and  a  45-degree  helix  angle  gear 

■with  a  pressure  angle  of  27  degrees,  14  minutes.     These  two 
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Fig.   4. 


Freedom  from  Interference   when   generating   Teeth   on  Fellows 
Gear   Shaper 


cases  are  given  to  Illustrate  the  great  pressure  angle  difference. 
From  the  foregoing,  two  sound  reasons  may  be  advanced  for 
the  adoption  of  Formula  (1) :  First,  the  exact  amount  of  en- 
largement to  accomplish  the  desired  end  is  easily  determined; 
second,  the  pressure  angle,  a  very  important  factor  in  the 
matter  of  under-cut,  is  taken  into  consideration. 

When  cutting  helical  pinions  by  a  certain  process,  namely, 
that  of  the  Fellows  Gear  Shaper  Co.,  Springfield,  Vt.,  no  en- 
largement is  necessary.  The  cutter  does  not  interfere  with  a 
fifteen-tooth  pinion,  a  fact  which  is  evidenced  by  Fig.  4.  We 
have  referred  to  the  standard  pitch  diameter,  which  is  under- 
stood to  be  obtained  by  dividing  the  number  of  teeth  by  the 
pitch;  also  to  the  nominal  pitch  diameter  which  exceeds  the 
standard  by  the  amount  of  enlargement.  In  action,  an  en- 
larged pinion  never  runs  with  the  mating  gear  at  its  nominal 
pitch  diameter  unless  the  mating  gear  is  given  an  equal  per- 
centage of  enlargement;  and  it  never  runs  with  the  mating 
gear  at  its  standard  diameter  unless  standard  center  distance 
is  maintained. 

Fig.  5  shows  a  fifteen-tooth  pinion  and  a  forty-five-tooth  gear 


Pinion   with   Fifteen   Teeth  and   Gear  with   Forty-five   Teeth   gen- 
erated by  Rack   Tool   and   in   Engagement   at   Standard 
Center  Distance  of  30  Inches 
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Fig.     6 


Pinion    enlarged    according    to    Formula     (1)     engages    Gear 
properly    at    Standard    Center    Distance    of    30    Inches 


of  1  diametral  pitch,  both  of  which  have  been  generated  from 
a  rack  tool  and  are  in  engagement  at  a  standard  center  dis- 
tance of  30  inches.  In  Fig.  6  a  pinion  enlarged  according  to 
Formula  (1)  is  engaging  the  gear  snugly  at  a  standard  center 
distance  of  30  inches.  The  gear  has,  of  course,  been  somewhat 
reduced.  Fig.  7  shows  an  enlarged  pinion  running  with  a 
standard  gear  at  a  center  distance  of  30.122  inches,  the  stand- 
ard center  distance  having  been  increased  one-half  the  amount 
of  pinion  enlargement.  In  Fig.  8,  the  gear  has  a  percentage 
of  enlargement  equal  to  that  of  the  pinion  and  the  center  dis- 
tance of  30.490  inches  is  greater  than  standard  by  exactly  one- 
half  the  sum  of  gear  and  pinion  increase.  In  each  of  the  last 
four  Illustrations,  a  line  tangent  to  pinion  and  gear  base  circles 
crosses  the  line  of  centers.  This  is  the  line  of  action.  The 
intersections  of  various  lines  of  action  with  center  lines  are 
measured  from  the  pinion  centers  by  lines  KL,  MK,  OP  and  QR. 
Distances  KL  and  MN  are  equal;  OP  is  greater  and  QR  is 
greatest.  Angles  S  and  T  are  equal;  TJ  is  greater  and  V  is 
greatest.  The  intersections  are  pitch  points  and  the  circles 
passing  through  them  are  the  pitch  line  of  the  gfears  as  they 
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GEAR  45  TEETH 
CUT  TO  RUN  wrTH  ENLARGED 
PINION  AT  STANDARD  CENTER 
DISTANCE  PLUS  ONE  HALF  THE 


PINION  15iTEETH 
ENLARGED  In| AdCORDANCE 
WITH  FORMULA  NO.  1 


run  together  or  the  actual  pitch  lines.  The  angles  of  the  lines 
of  action  are  the  actual  pressure  angles.  It  is  evident  from 
this  that  the  actual  pressure  angle  is  dependent  upon  the 
center  distance  at  which  the  gears  run  and  independent  of  the 
enlargement.  Mathematically,  the  actual  pitch  diameter,  di- 
ametral pitch  and  pressure  angle  may  be  determined  by  the 
following  formulas: 

Pinion 
Actual  pitch  diameter  = 

Center  distance  X  2  X  number  of  teeth  in  pinion 

Sum  of  teeth  in  gear  and  pinion 

Gear 
Actual  pitch  diameter  = 

Center  distance  X  2  X  number  of  teeth  in  gear 

Sum  of  teeth  in  gear  and  pinion 

Base  line  diameter 
Cos  actual  pressure  angle  = 


Actual  pitch  diameter 
Number  of  teeth 


Actual  diametral  pitch  = 


Actual  pitch  diameter 

A  study  of  the  four  diagrams,  Figs.   5,  6,  7  and  8,  makes 

plain  that  in  Figs.  5  and  8  the  addendum  circles  of  gear  and 

pinion  are  greater  than  their  respective  actual  pitch  circles 

by  equal  amounts.    This  is  not  true  in  Figs.  6  and  7.    At  the 


PINION    1,5  TEETH 

ENLARGED  IN  JaCCORDANCE 

WITH  FORMULA  NO.  1 


Enlarged    Pinion   running   with    Standard    Gear   on    Center   Dis- 
tance of  30.122  Inches,   i.  e..   increased   One-half  • 
of    Pinion   Enlargement 


Fig.    8.     Gear    and    Pinion    with    Same    Percentage    of    Enlargement,    and 

with    Center    Distance    of   30.490    Inches,    i.  e.,    increased    One-half 

of  Gear  and  Pinion   Enlargement 

actual  pitch  line  the  action  is  purely  rolling,  but  away  from 
this  pitch  line  slippage  occurs.  This  means  wear,  which  is 
destructive  to  the  tooth  shape  so  necessary  for  smooth,  quiet 
gearing.  Properly  designed  helical  gears  have  the  virtue  of 
always  being  in  contact  in  some  plane  at  the  pitch  line.  But  a 
certain  amount  of  tooth  length  is  necessary  for  serviceable 
gearing,  as  although  a  large  part  of  the  load  is  taken  near 
the  pitch  line,  a  certain  portion  is  carried  by  the  remaining 
tooth  surface.  It  follows  then  that  the  sliding  action  may  be 
better  distributed  if  addenda  of  gear  and  pinion,  as  meas- 
ured from  actual  pitch  circles,  are  of  the  same  length.  This, 
of  course,  can  only  be  accomplished  when  using  an  enlarged 
pinion,  by  enlarging  the  gear  in  the  same  percentage  and  run- 
ning the  two  members  at  correspondingly  increased  center  dis- 
tance, as  illustrated  in  Fig.  8. 

*  *  * 
During  the  last  week  of  December  the  seventieth  meeting 
of  the  American  Association  for  the  Advancement  of  Science 
was  held  in  New  York  City.  The  forty  national  societies  affili- 
ated with  it  met  at  the*  same  time.  In  the  decade  that  has 
passed  since  the  association  has  met  in  New  York,  its  mem- 
bership has  grown  from  5000  to  11,000. 
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CUTTING  LEAD-SCREWS  WITH  BOLT  DIES 

Chasing  accurate  lead-screws  on  the  engine  latliB  is  one  of 
the  most  particular  and  difficult  Jobs  encountered  in  the  ma- 
chine shop.  The  work  requires  experience,  a  flrst-class  lathe 
and  tools  (hat  are  correctly  ground  and  set.  Chasing  a  long 
screw  in  the  ordinary  way  is  a  long,  tedious  Job,  and  it  is 
small  wonder  that  during  the  period  of  abnormal  demand  for 
lathes,  new  and  more  rapid  methods  have  been  employed  for 
producing  these  parts  quickly.  Most  mechanics  doubtless 
would  recoil  from  the  proposition  of  cutting  an  engine  lathe 
lead-screw  with  a  bolt  die,  but  it  can  be  done  and  is  being 
done  expeditiously  and  accurately. 

One  machine  tool  shop  in  the  Middle  West  took  a  large  con- 
tract for  building  engine  lathes.  Not  having  been  builders  of 
lathes  before  the  outbreak  of  the  war,  it  was  not  bound  by 
precedent,  and  did  not  hesitate  to  resort  to  an  improved  and 
quicker  way  of  producing  lead-screws.  A  lathe  was  rigged  up 
with  a  heavy  Landis  bolt  die  on  the  carriage,  preceded  by  a 
bushing  to  guide  the  stock  centrally  into  the  die.  The  Landis 
bolt  die  is  provided  with  tangent  cutters,  which  are  ground  on 
the  end  without  changing  the  shape.  The  chasers  are  similar 
In  this  respect  to  the  well-known  milling  cutters  which  can 
be  ground  without  changing  their  form.  The  tangent  chasers 
also  facilitate  the  cutting  and  getting  rid  of  the  chips.  The 
lathe  was  provided  with  a  long  center  in  the  tailstock  that 
projected  through  the  die  and  entered  the  center  of  the  stock, 
guiding  it  at  the  beginning  of  the  cut,  as  well  as  supporting  it 
after  the  cut  was  well  under  way.  The  stock  was  centered  at 
the  headstock  end  also,  and  was  gripped  by  a  four-jaw  chuck 
which  acted  as  the  driver. 

The  carriage  was  traversed  by  the  lead-screw,  so  that  the  die 
was  relieved  of  the  drag.  The  dies  were  ground  so  that  the 
chips  curled  and  ejected  from  the  front  of  the  die.  The  chips 
curled  in  the  same  way  as  though  cut  with  a  single-point  tool, 
and  no  trouble  whatever  was  experienced  by  clogging.  A 
copious  supply  of  approved  emulsion  compound  was  provided 
to  lubricate  the  die  and  work  and  keep  them  cool. 

After  considerable  experimenting,  a  production  rate  of  about 
one  foot  per  minute  was  secured  on  lead-screws  of  six  pitch 
Acme  thread,  lH  inch  diameter,  about  six  minutes  being  re- 
quired to  cut  a  lead-screw  having  six  feet  of  thread.  After 
being  cut  with  the  bolt  die,  the  screws  were  taken  to  another 
lathe  and  chased  in  the  ordinary  manner  with  a  single-point 
tool;  from  0.012  to  about  0.015  inch  was  left  for  the  two 
chasing  cuts  required  to  finish  the  screw. 

The  objection  to  cutting  lead-screws  in  this  manner  is  that 
the  torsion  of  the  stock  introduces  an  angular  error  or  distor- 
tion of  the  lead  of  appreciable  magnitude.  But  chasing  the 
screws  in  the  ordinary  manner  afterward  should  correct  errors 
of  this  kind  and  produce  commercial  lead-screws,  that  is, 
screws  of  commercial  accuracy.  Distortion  due  to  the  torsion 
is  present  in  all  lead-screws  cut  with  a  single-point  tool.  The 
amount  of  angular  distortion  depends  on  the  depth  of  the  cut, 
and  it  is  usual  practice  to  correct  it  by  taking  very  light 
finishing  cuts.  The  same  practice  in  this  case  should  have  the 
same  results  and  produce  approximately  correct  screws. 

Another  practice  of  cutting  lead-screws  with  bolt  dies,  per- 
haps not  productive  of  as  accurate  work  as  that  just  described, 
is  taking  two  cuts — roughing  and  finishing — with  the  die.  The 
die  is  carried  along  by  the  lead-screw  of  the  lathe  in  the  same 
manner  as  described,  so  that  it  is  relieved  of  the  drag  due  to 
pulling  the  carriage,  and  has  only  to  cut  the  threads.  This 
method  has  been  used  successfully  for  cutting  the  elevating 
screws  of  boring  mills  and  planers,  which  must  be  even  in 
lead,  although  not  necessarily  accurate  in  pitch,  when  meas- 
ured with  a  scale;  it  is  essential  that  two  screws  or  a  pair 
shall  raise  both  ends  of  a  cross-rail  the  same  number  of  inches 
and  parts  of  an  inch  for  a  given  number  of  turns.  If  a  bolt 
die  used  in  the  manner  described  serves  to  cut  these  screws 
with  commercial  accuracy,  the  practice  should  not  be  far 
astray  when  applied  to  cutting  lead-screws  of  engine  lathes. 
Probably  a  compromise  would  be  to  cut  the  screws  with  a 
roughing  cut  and  finishing  cut  in  the  die,  leaving  a  few  thou- 
sandths inch  for  finishing  with  a  single-point  tool  in  the  ordi- 
nary manner.     Either  of  these  methods  is  more  rapid  than 


milling  in  the  thread  milling  machine.  The  thread  milling  ma- 
chine produces  accurate  and  satisfactory  screws,  but  many 
complain  that  the  method  is  too  slow  in  rush  times,  when  cus- 
tomers clamor  insistently  for  machines. 

•     •     • 

LATHE   FEED-SCREW  FOR   INDEXING 
TOOL   CARRIAGE 

At  the  plant  of  the  Black  &  Decker  Mfg.  Co.,  Baltimore,  Md., 
the  press  of  business  has  made  it  necessary  to  use  some  in- 
genious makeshifts  in  order  to  turn  out  the  work.  One  of 
the  jobs  which  the  company  had  to  do  recently  was  the  making 
of  Whitworth  threading  hobs  of  the  type  having  parallel 
grooves  instead  of  a  helical  groove.  The  Whitworth  shaped 
grooves  are  spaced  1/14  inch  apart,  or  fourteen  per  linear  inch. 
Thus  there  are  fourteen  individual  grooves  per  inch  of  length 
on  the  hob  instead  of  one  groove  of  helical  form  with  a  lead  of 
1/14  inch. 

The  hobs  are  mounted  on  an  arbor  in  a  14-inch  Flather  lathe 
and  a  form  tool  is  placed  in  the  tool-holder  Just  the  same 
as  though  a  thread  were  to  be  cut.  The  idler  gear  connecting 
the  feed-screw  and  gear  train  is  disconnected.  On  the  leg  of 
the  lathe.  Just  below  the  lead-screw  gear,  is  temporarily 
clamped  an  angle  iron  with  its  leg  approximately  parallel  to 
the  center  line  of  the  lead-screw  and  spindle.  The  nut  on 
the  lead-screw  gear  is  backed  off  a  sufficient  distance  to  slip 
two  parallel  strips  between  it  and  the  gear. 

The  gear  shift  lever  is  thrown  into  the  position  which  would 
be  correct  for  cutting  a  thread   of  fourteen  turns  per  inch. 


I 


1 

-#       _ 

R- 

^>^■^^ 

W 

I 

j^. 

j^ 

w 

/ 

i 

Number    of    Revolutions    to 

After  cutting  the  first  groove  in  the  hob,  the  relative  location 
of  which  is  secured  by  throwing  the  compound  slide  around 
at  the  proper  angle,  the  tool  carriage  is  moved  along  exactly 
1/14  inch  by  the  operator's  revolving  the  feed-screw  gear  the 
proper  number  of  turns — in  this  case,  two.  To  be  assured  of 
getting  exactly  two  turns  with  no  fraction  more  or  less,  the 
height  gage  fitted  with  the  indicator  is  employed.  With  the 
contact  end  of  the  surface  indicator  resting  on  the  parallel 
strip,  which  is  clamped  tightly  to  the  gear,  the  gear  is  brought 
to  a  standstill  when  the  indicating  needle  rests  at  zero.  This 
process  is  repeated  every  time  a  new  groove  is  cut,  and  the 
results  obtained  are  very  satisfactory  in  spite  of  the  fact 
that  this  is  a  makeshift  method  of  doing  the  Job.  A  little 
ingenuity  on  the  part  of  shop  men  will  often  easily  overcome 
what  would  otherwise  be  a  difficult  job.  V.  B. 

*  *  * 
The  British  Minister  of  Munitions  has  partly  removed  the 
embargo  on  machine  tools,  etc.  It  is  now  possible  to  sell,  to 
persons  who  have  a  permit  to  resell  them,  lathes,  milling  ma- 
chines, drilling  machines,  planers,  shapers,  screw  machines, 
chucking  machines,  boring  machines,  slotting  machines,  grind- 
ing machines,  boring  and  turning  mills,  power  presses,  punch- 
ing and  shearing  machines,  forging  machines,  cutting-off  ma- 
chines, gear-cutting  machines,  and  centering  machines. 
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DESIGNING    AND    MACHINING    INVQLUTE    AND    CYCLOIDAL    INTERNAL    SPUR    GEARS 

BY    REGINALD    TRAUTSCHOLD  1 


RACK  AND  PINION 

CURVATURE  OF  PINION  =  -^ 
CURVATURE  OF  RACK=  1  = 


SPUR  GEARS 

CURVATURE  OF  PIN10N  = 
CURVATURE  OF  OEAR  = 


yv 


VIZ 


CONTACT=  i'  +  0  = 


REDUCED  to  fundamental  principles,  all  toothed  gearing 
may  be  likened  to  plain  curved  surfaces  rolling  together, 
the  teeth  simply  acting  as  members  for  the  transmission 
of  the  power.  In  other  words,  all  gears  may  be  compared  to 
friction  wheels,  the  pitch 
surfaces  of  the  toothed 
gears  representing  the 
contact  surfaces  of  the 
friction  wheels.  Further- 
more, the  curvature  of  a 
plain  curve  is  measured 
by  the  reciprocal  of  the 
radius  of  curvature,  and 
as  the  curvature  of  a 
straight  line  is  zero,  com- 
parison of  the  curvature 
of  two  arcs  is  most  con- 
veniently expressed  in 
terms  of  relative  curva- 
ture— the  straight  line 
being  the  basis  of  com- 
parison.   These  basic  laws 

govern  all  gearing,  but  a  clear  conception  of  the  fundamentals 
is  necessary  in  a  consideration  of  internal  gearing,  as  it  is 
in  this  type  of  gearing  that  the  limitations  and  inaccuracies 
of  the  comparatively  universal  involute  system  are  most 
apparent. 

Fig.  1  illustrates  diagrammatically  the  three  general  types 
of  spur  gearing:  the  rack  and  pinion,  the  ordinary  spur  gears, 
and  internal  spur  gearing.  As  the  amount  of  contact  between 
the  plain  curved  profiles  is  measured  by  the  reciprocal  of  the 
relative  curvature,  the  amount  of  contact  for  the  rack  and 
pinion  is  measured  by  the  pitch  radius  of  the  pinion;  the 
amount  of  contact  for  ordinary  spur  gears,  by  the  sum  of  the 
pitch  radii  of  the  two  gears;  and  the  amount  of  contact  for 
internal  gears,  by  the  pitch  radius  of  the  pinion  minus  the 
pitch  radius  of  the  gear.  The  contact  of  internal  spur  gearing 
is  minus,  compared  to  that  of  a  rack  and  pinion,  and  that 
of  ordinary  spur  gearing  is  plus.  The  effect  of  this,  in  the 
practical  design  of  gears,  will  be  apparent  by  a  study  of  the 
interference  of  teeth  in  a  rack  and  pinion. 

From  Fig.  2  it  is  Quite  evident  that  interference  will  occur 
between  the  teeth  of  a  rack  and  a  pinion  when  the  point  A — 
the  intersection  of  a  pinion  radial  line  with  the  line  of  pres- 
sure or  the  point  of  tangency  of  the  line  of  pressure  with 
the  pinion  base  circle — falls  inside  of  the  true  rack  addendum 
li^e.  In  the  case  of  the  rack  and  pinion,  this  interference 
is  customarily  overcome  by  shortening  the  rack  teeth  by  the 
amount  of  this  interference  measured  normally  to  the  plane  of 
the  rack.  The  interference  naturally  increases  in  amount  with 
the  number  of  teeth  in  the  pinion;  and  for  the  true  involute 
form  of  tooth,  with  a  pressure  angle  of  14i^.  degrees,  it  begins 
with  a  pinion  of  thirty-one  teeth. 

As  the  curvature  of  the  ordinary  spur  gear  is  equivalent  to 
a    certain    reduction    in    the 

height  of  the  rack  tooth,  in-       j 

terference  is  somewhat  de- 
layed, and  can  frequently  be 
overcome  by  rounding  off  the 
corners  of  the  gear  teeth. 
Shortening  the  gear  teeth  by 
the  amount  of  interference 
would  have  the  same  effect, 
but  this  is  usually  a  more  ex- 
pensive operation.  In  the  case 
of  internal  spur  gearing,  on 
the  other  hand,  interference 
is  aggravated  in  this  way,  and 
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Fig.   1.     Diagrams  of  Contact  between  Curved  Gear  Profiles 
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Fig.  2.     Interference  of  Rack  and  Pinion 


can   only   be  avoided   by  a  certain  modification   in  the  form 
of  the  gear  tooth. 

Form  of  Internal  Spur  Gear  Teeth 
Fig.   3   is  a  typical   section  of  an   internal  spur   gear,   and 

shows  the  alterations  in 
the  shape  of  the  regular 
Involute  tooth  by  which 
interference  of  teeth  is 
avoided,  for  any  combina- 
tion of  gears  in  which  the 
pinion  has  less  than  fifty- 
five  teeth.  Should  the 
pinion  have  a  greater 
number  of  teeth,  other 
modifications  of  the 
standard  involute  form  of 
tooth  are  necessary,  and 
frequently  some  other 
system  of  gearing  must 
be  adopted.  Such  combi- 
nations of  internal  spur 
gears  are  comparatively 
rare,  however,  and  may  be  considered  as  special  problems, 
which  are  advisably  solved  by  laying  out  the  gearing  to  a 
suitable  scale  and  modifying  both  the  shape  of  the  pinion  and 
of  the  gear  tooth.  A  further  requisite  for  the  satisfactory 
operation  of  involute  internal  spur  gearing  is  that  the  differ- 
ence between  the  number  of  teeth  in  the  gear  and  the  pinion 
is  at  least  fifteen. 

For  internal  spur  gear  combinations  in  which  the  pinion 
has  less  than  fifty-five  teeth,  the  regular  standard  involute 
pinion  may  be  employed,  and  the  modifications  required  in 
the  shape  of  the  gear  teeth  may  be  resolved  to  definite  rela- 
tionships, which  can  be  expressed  in  simple  and  convenient 
formulas.  The  dedendum  part  of  the  gear-tooth  space  must 
be  the  conjugate  of  the  addendum  section  of  the  pinion  tooth, 
plus  the  clearance.  It  differs  in  outline  from  the  tooth  space 
of  an  ordinary  gear  in  that  the  profile  of  the  tooth  is  a  con- 
cave curve  extending  past  the  pitch  circle  to  a  point  midway 
between  the  base  and  pitch  circles  of  the  gear,  the  location 
of  the  interference  circle,  Fig.  3.  The  curve  bounding  this 
lower  section  of  the  gear  tooth  closely  approximates  the  arc 
of  a  circle  having  a  radius  equal  to  one-eighth  the  pitch  diam- 
eter of  the  gear  struck  about  a  center  located  on  the  base 
circle.  This  approximation  of  a  section  of  an  involute  curve 
is  very  nearly  exact  for  gears  with  thirty  or  more  teeth;  and 
as  the  gear  almost  invariably  has  more  teeth  than  this,  the 
method  is  sufficiently  accurate  for  all  practical  purposes. 
When  the  gear  has  less  than  thirty  teeth  or  when  extreme 
accuracy  is  required,  a  true  involute  should  be  developed  for 
that  section  of  the  tooth  profile  lying  between  the  interference 
circle  and  the  base  of  the  tooth,  as  this  is  the  true  profile 
of  the  lower  section  of  the  internal  spur  gear  tooth.  This 
refinement,  however,  is  only  required  when  laying  out  tem- 
plets, the  simpler  method  be- 
ing sufficiently  accurate  for 
"picturing"  internal  spur 
gears. 

The  modification  of  the  gear 
tooth  to  avoid  interference  is 
limited  to  the  section  within 
the  interference  circle.  It 
consists  in  making  the  end  of 
the  addendum  profile  conform 
to  the  convex  arc  of  a  circle, 
the  radius  of  which  is  equal 
to  the  square  root  of  the  sum 
of  the  squares  of  one-eighth 
the  pitch  diameters  of  the  re- 
spective gear  and  pinion.    This 
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is  known  as  the  "addendum  cutting  radius,"  and  the  arc  is 
struck  about  a  center  on  what  is  known  as  the  "correction 
circle."  The  diameter  of  this  correction  circle  is  equal  to  the 
pitch  diameter  of  the  gear  divided  by  the  cosine  of  the  pres- 
sure angle. 

The  location  of  the  interference  circle  is  such  that  an  arc 
having  a  radius  equal  to  one-eighth  the  pitch  diameter  of  the 
gear,  struck  about  a  center  on  the  base  circle  of  the  gear, 
will  be  tangent  at  a  point  on  the  interference  circle,  to  an 
arc  having  a  radius  equal  to  the  square  root  of  the  sum  of  the 
squares  of  one-eighth  the  pitch  diameters  of  the  gear  and 
pinion,  struck  about  a  center  on  the  correction  circle.  The 
position  of  the  interference  circle  midway  between  the  base 
and  pitch  circles  of  the  gear  is  naturally  dependent,  to  some 
extent,  upon  the  relative  curvature  of  the  two  gears;  this 
accounts  for  the  limitations  as  to  the  number  of  teeth  in 
the  pinion. 

A  pinion  with  more  than  fifty-flve  teeth  will  so  interfere 
with  any  practical  internal  gear  that  interference  will  com- 
mence at  some  point  on  the  gear-tooth  profile  in  closer  prox- 
imity to  its  pitch  circle  than  midway  between  the  base  and 
pitch  circles.  This  will  necessitate  an  increase  in  the  diam- 
eter of  the  correction  circle,  and  will  result  in  cutting  away 
the  ends  of  the  internal  gear  teeth  In  order  to  avoid  inter- 
ference. 

Interference  of  a  pinion  having  but  a  few  teeth  with  an  in- 
ternal gear  having  a  comparatively  large  number  of  teeth 
would  not  commence  at  a  point  midway  between  the  base  and 
pitch  circles  of  the  gear,  but  the  proper  correction  is  cared 
for  by  the  variation  in  the  length  of  the  addendum  cutting 
radius.  This  radius  is  obtained  from  the  sum  of  the  respective 
proportional  pitch  diameters  of  both  the  gear  and  pinion,  so 
that  when  their  ratio  is  comparatively  high  and  the  inter- 
ference correspondingly  reduced,  the  addendum  cutting  radius 
is  also  comparatively  large,  and  but  little  of  the  corners  of 
the  internal  gear  teeth  are  removed.  When  the  ratio  between 
the  number  of  teeth  in  the  gear  and  pinion  is  low,  provided 
there  is  a  difference  in  the  number  of  teeth  of  at  least  15, 
the  addendum  cutting  radius  is  correspondingly  shortened,  and 
more  of  the  corners  of  the  internal  gear  teeth  removed.  This 
variation  in  the  addendum  cutting  radius  has  the  same  effect 
as  altering  the  diameter  of  the  interference  circle  and  main- 
taining constant  the  length  of  the  addendum  cutting  radius. 
The  variation  in  the  addendum  cutting  radius  should  not  be 
made,  however,  if  there  is  a  difference  of  less  than  15  in  the 
number  of  teeth  in  tlie  gear  and  pinion,  as  this  will  ordinarily 
mean  sucli  a  low  ratio  that  the  addendum  cutting  radius  will 
be  so  reduced  that  the  ends  of  the  internal  gear  will  be 
cut  away. 
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Fiff.   4.     Internal  Spur  Gear  cut 
with   Rotary   Cutter 


Fig.   6.     Internal  Spur  Gear  «ut 
with  Fellows  Gear  Shaper 


Notation  for  Internal  Spur  Gearing 
Gear 

Pressure  angle a 

Diametral  pitch P 

Circular  pitch p' 

Number  of  teeth V 

Pitch  diameter D' 

Outside  diameter 

Inside  diameter D 

Dedendum  diameter D" 

Thickness  of  tooth  on  pitch  circle t 

Addendum  s 

Dedendum  «+/ 

Clearance / 

Working  depth  of  tooth 2s 

Total  depth  of  tooth 2s  +  / 

Base  circle  diameter B 

Interference  circle  diameter / 

Correction  circle  diameter C 

Dedendum  cutting  radius 6 

Addendum  cutting  radius c 

Formulas  for  Internal  Spur  Gearing- 
N  n  3.1416 


t 


s  +  / 

/ 

2s 
2s  +  / 


D' 


P  =■ 


O.Z183Np' 


-;  or  p  ^  —       (1) 
d' 
N 
D'  =  —;  otD' 
V 
n 
d'  =  — ;  or  d'  =  0.3183  np' 

P 
n  +  2 

d  = ;  or  d  =  d'  +  0.6366  p' 

P 
■N  —  2 

D  = ;  or  D  =  D'  —  0.6366  p' 

P 
N  +  2.314 

D"  = ;  or  D"  =  (0.7366  +  0.3183A')p' 

P 
1.5708  p' 

t  = ;  or  t  =  — 

p                      2  p 

1.157 
s  +  /  = ;  or  s  +  /  =  0.3683p' 


(7)      s  =  — ;  or  s  =  0.3183p' 


P 

0.157 
/  = ;  or/: 


B  =  D'  cos  a 
D' 

cos  a 


(11) 
(13) 


0.05p' 

/  =  0.5(B4-D') 
D' 
b  =  — 
8 


HQ"^(f, 


(2) 

(3) 

(3a) 

(4) 

(5) 

(6) 

(8) 

(9) 

(10) 
(12) 
(14) 

(15) 


Fig.  3.     Lay-out  for  Internal  Spur  Gearing 


Discussion  of  Formulas 
The  formulas  presented  for  the  pinion  member  of  an  in- 
ternal spur  gear  combination  are  similar,  of  course,  to  the 
well-known  formulas  for  the  ordinary  type  of  spur  gear.  The 
main  difference,  other  than  the  special  formulas  for  the  curves 
of  the  tooth  profile,  lies  in  the  fact  that  the  teeth  are  in  an 
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opposite  position  as  compared  to  those  of  tlie  ordinary  variety 
of  spur  gear.  That  is,  the  dedendum  diameter  of  the  internal 
spur  gear  is  as  much  greater  than  its  pitch  diameter  as  the 
addendum,  or  outer,  diameter  of  an  ordinary  spur  gear  of  the 
same  number  of  teeth  and  similar  pitch  is  greater  than  its 
pitch  diameter,  plus  twice  the  clearance. 

The  importance  of  the  inner  diameter  of  an  internal  spur 
gear  is,  therefore,  as  great  as  that  of  the  outer  diameter  of 
the  more  common  type,  so  that  twice  the  addendum  is  sub- 
tracted from  the  pitch  diameter  of  an  internal  spur  gear  to 
obtain  its  inner  diameter,  just  as  twice  the  addendum  is  added 
to  the  pitch  diameter  of  an  ordinary  spur  gear  to  obtain  its 
outer  diameter.  The  thickness  of  the  tooth  on  the  pitch  circle, 
addendum,  dedendum,  and  clearance  for  internal  spur  gears 
is  obtained  in  a  manner  similar  to  that  employed  for  spur 
gears  of  the  customary  type. 

Example  in  the  Design  of  Internal  Spur  Gearing- 
Example: — Required,    an    internal    spur    gear    combination; 
8  diametral  pitch,  64  teeth  in  gear,  20  teeth  in  pinion;   liVz- 
degree  pressure  angle. 

3.1416  64 

p'  = =  0.3927  inch       (2)  D' =  —  =  8  inches       (3) 

8                                                                8 
20                                                   20  +  2 
d' =  —  =  2.5  inches       (3a)     d  = =  2.75  inches    (4) 


64  —  2 

D  = =  7.75  inches 

8 
64  +  2.314 
D"  = =  8.28925  inches 


(5) 
(6) 


1.5708 
*  = =  0.19635  inch       (7j 


s  =  —  =  0.125  inch       (8) 


1.157 

s  +  /  = =  0.144625  inch 

8 
0.157 

/  = =  0.019625  inch 

8 
B  =  8  X  0.96815  =  7.745  inches 
/  =  0.5  (7.745  +  8)  =  7.8725  inches 


C  = 


0.96815 


8.261  inches 


6  =  —  =  1.000  inch 


H(i)XtJ= 


1.048  inch 


(9) 


(10) 

(11) 
(12) 

(13) 


(14) 
(15) 


TOOTH  PROFILE 
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\ 


GENERATING  CIRCLE 


/     GENERATING  CIRCLE 


/ 


Fig.  6.     Lay  out  for  Cycloidal  Internal  Spur  Gearing 


Fig.  7.     Generating  Cycloidal  Tooth 

Machining:  Internal  Spur  Gears 

The  teeth  of  internal  spur  gears  are  awkwardly  located  for 
machining  operations,  unless  the  gear  is  of  the  ring  type, 
or  composed  of  segments  of  a  ring,  with  lugs  protruding  from 
the  outer  circumference  of  the  gear  ring  by  which  the  gear 
can  be  attached  to  some  supporting  structure.  The  gear  teeth 
may  be  cut  with  a  rotary  cutter,  milled,  or  cut  with  a  machine 
of  the  Fellows  gear-shaper  type,  depending  on  the  general  de- 
sign of  the  gear. 

Fig.  4  shows  the  variety  of  gear  for  which  the  rotary  cutter 
may  be  employed  and  indicates  the  clearances  that  must  be 
allowed.  A  special  cutter  is  usually  required,  but  when  accu- 
racy is  not  absolutejy  essential,  a  No.  1  standard  rotary  cutter 
may  be  employed  for  gears  of  4  diametral  pitch  and  finer, 
provided  the  gear  has  sixty  or  more  teeth.  The  greater  the 
number  of  teeth  and  the  finer  the  pitch,  the  more  satisfactory 
is  the  standard  cutter  for  internal  teeth.  The  operations  in- 
volved in  milling  internal  spur  gear  teeth  are  similar  to  those 
for  cutting  ordinary  spur  gears,  but  the  rate  of  production  is 
not  usually  as  high,  owing  to  the  greater  difficulty  of  Interior 
work  and  the  necessity  of  exercising  more  care  than  when 
working  on  an  exterior  surface. 

Machining  internal  spur  gears  on  a  shaper  permits  a  much 
more  compact  design  of  gear,  as  is  shown  in  Fig.  5.  Clearance 
for  the  tool  is  required,  but  this  can  be  kept  as  low  as  3/16  inch 
with  a  Fellows  gear  shaper.  This  is  naturally  a  decided  ad- 
vantage, but  it  is  gained  only  through  the  sacrifice  of  speed 
in  production,  the  rotary  cutter  being  by  far  the  more  effi- 
cient tool. 

Internal  Spur  Gears  of  Low  Ratio 

The  involute  system  of  internal  gearing,  requiring  a  differ- 
ence of  15  in  the  number  of  teeth  in  the  gear  and  pinion,  does 
not  lend  itself  to  many  installations  where  the  difference  in 
the  number  of  teeth  must  necessarily  be  slight.  In  such  cases, 
the  cycloidal  system  of  gearing  is  usually  adopted.  Its  free- 
dom from  the  drawbacks  of  interference  permits  the  success- 
ful solution  of  many  problems  where  the  difference  in  the 
number  of  teeth  in  the  gear  and  the  pinion  is  so  slight  as  to 
prohibit  the  use  of  gears  with  teeth  resembling  in  any  way 
the  involute  form.  Fig.  6  illustrates  an  installation  In  which 
the  gear  has  thirty  teeth  and  the  pinion  twenty-nine. 

The  profile,  of  the  cycloidal  tooth  is  traced  by  a  fixed  point 
on  the  circumference  of  a  "generating  circle"  which  is  rolled 
above  and  below  the  pitch  circle  of  the  gear.  The  rotation 
of  the  generating  circle  is  always  in  the  same  direction  when 
tracing  the  profile  of  one  side  of  the  tooth  and  in  the  other  for 
the  opposite  side,  as  is  shown  in  Fig.  7.  As  the  diameter  of 
the  generating  circle  is  the  same  for  the  teeth  of  both  pinion 
and  gear,  the  interference  that  is  so  noticeable  in  Internal 
gears  of  the  involute  variety  can  be  entirely  obviated. 

In  the  cycloidal  system  of  gearing,  a  generating  circle  of 
half  the  size  of  the  pitch  circle  develops  teeth  with  radial 
flanks;  one  of  less  than  half  the  pitch  circle,  teeth  which 
spread  out  toward  the  root  and  which  are,  therefore,  of  greater 
strength;  while  teeth  developed  by  a  generating  circle  of  a 
diameter  less  than  one-half  the  pitch  diameter  curve  in  toward 
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one  another  and  are  weaker  and  more  difllcult  to  cut.  The 
standard  size  of  generating  circle  has  a  diameter  equal  to  the 
radius  of  the  pitch  circle  of  a  gear  having  twelve  teeth  of  the 
same  pitch  as  the  gear  to  be  developed,  providing,  of  course, 
that  the  gear  for  which  the  generating  circle  is  adopted  has 
twelve  or  more  teeth.  This  standard  is  not  fixed,  however, 
^s  many  gear  makers  use  the  pitch  radius  of  a  gear  with 
fifteen  teeth  as  the  base.  The  twelve-tooth  standard  will  be 
used,  however,  in  the  derivation  of  the  following  formulas  for 
obtaining  the  diameter  of  the  generating  circle. 

Generatiny:  Circle  Formulas 
N  =  number  of  teeth  in  cycloidal  base  gear  =  12; 
/>'  =  circular  pitch; 
p  =  diametral  pitch; 
O  =  diameter  of  generating  circle. 

G  =  0.5  (12  X  p' X  0.3183)  =1.9098p'  (A) 

12       6 
G  =  0.5X— =  —  (B) 

H  P 
The  formulas  employed  for  the  solution  of  internal  spur 
gearing  of  the  involute  type  also  govern  the  calculations  for 
cycloidal  internal  gears,  but  no  modifications  for  avoiding  in- 
terference need  be  made.  Formulas  11  to  15,  inclusive,  there- 
fore, do  not  have  to  be  employed.  The  pitch  diameter  of  the 
pinion  should  be  equal  to  or  greater  than  twice  the  diameter 
of  the  generating  circle  to  insure  a  tooth  of  adequate  strength. 
If  care  is  taken  to  see  that  the  minimum  pitch  diameter  of 
the  pinion  is  at  least  equalled,  which  will  result  if  the  formulas 
for  the  generating  circle  are  used,  the  calculations  involved  in 
the  design  of  cycloidal  type  internal  spur  gearing  are  no  more 
laborious  than  those  necessary  for  a  problem  in  the  design 
of  an  ordinary  pair  of  external  spur  gears: 

Example: — Required,  an  internal  spur  gear  combination  with 
cycloidal  teeth;  8  diametral  pitch,  32  teeth  in  gear  and  24  teeth 
In  pinion. 

6  3.1416 

G  =  — =  0.75  inch      (B)  p"  = =  0.3927  inch      (2) 

8  8 

32                                                         24 
Z>' =  —  =  4  inches       (3)            d'  =  —  =  3  inches     (3a) 
8                                                        8 
24  +  2                                              32  —  2 
d  = =  3.25  inches   (4)     D  = =  3.75  inches    (5) 


D"  = 


32  +  2.314 


4.28925  inches 


(6) 


1.5708  1 

*  = =  0.19635  inch      (7)  s  =  —  =  0.125  inch       (8) 

8  8 

1.157 

s+/  = =  0.144625  inch  (9) 

8 
0.157 

/  = =  0.019625  inch  (10) 

8 

*     *     * 

BULLARD  INSURANCE   PLAN 
The  Bullard  Machine  Tool  Co.,  Bridgeport,  Conn.,  has  issued 
a  statement  to  its  employes  of  an  insurance  plan  based  on 
length  of  service,  which  became  effective  November  14,  from 
which  the  following  was  taken: 

An  insurance  certificate  for  $500  will  be  given  to  an  em- 
ploye upon  the  completion  of  six  months  of  continuous 
employment. 

After  one  year  of  continuous  employment  has  been  com- 
pleted, the  value  of  the  certificate  will  be  increased  to  $600. 
For  each  year  of  continuous  employment  thereafter,  $100 
shall  be  added  to  the  value  of  the  certificate  until  a  maxi- 
mum of  $1500  has  been  reached. 

This  plan  shall  be  retroactive  so  that  all  Individuals  who 
have  been  continuously  in  the  employment  of  the  company 
for  ten  years  or  more  will  at  once  receive  a  certificate  for 
the  maximum  amount  of  insurance  under  this  plan. 
The  new  insurance  plan,  which  will  affect  about  one  thou- 
sand employes  of  the  company,  provides  for  insurance  in  case 
of  total  disability  as  well  as  death;   it  provides  for  payment 
in  installments  over  a  term  of  years,  in  order  to  safeguard  the 
recipients  from  unwise  investments  and  to  assure  them  of  the 
maximum  benefit  to  be  derived. 


THE   TELEGRAPHONE 

The  telegraphone  is  an  apparatus  invented  by  Valdemlr 
Poulsen,  the  Danish  inventor,  which  makes  use  of  the  princi- 
ple of  electromagnetism  for  recording  and  reproducing  sound 
waves.  It  may  be  defined  as  an  apparatus  for  reproducing  at  a 
distance  the  sound  which  produced  a  graphonic  record;  also 
as  an  apparatus  for  producing  a  graphonic  record  at  a  dis- 
tance by  means  of  a  telephonic  circuit.  A  wire  is  used  for 
recording  the  sound  waves,  the  wire  being  magnetized  so  that 
the  sound  waves  are  impressed  in  the  form  of  energized  poles 
of  varying  intensity.  This  principle  was  developed  by  the 
inventor  several  years  ago,  but  it  is  only  lately  that  it  has 
been  possible  to  produce  an  instrument  which  would  give 
entire  satisfaction. 

There  were  two  requirements  that  had  to  be  satisfactorily 
met  before  the  device  could  be  a  success.  One  was  the  manu- 
facture of  a  fine  wire  sufficiently  coarse-grained  and  porous 
to  be  easily  magnetized  and  in  which  the  magnetism  would 
remain  permanently,  and  at  the  same  time  have  sufficient 
strength  to  withstand  a  tensile  stress  of  eighteen  to  twenty 
pounds.  The  other  was  to  produce  a  winding  device  which 
could  be  instantly  reversed,  started  or  stopped  without  pro- 
ducing slack  in  the  wire.  The  wire  found  most  satisfactory 
was  0.010  inch  diameter  piano  wire  having  a  carbon  content 
of  1.20  to  1.30  per  cent.  It  is  wound  on  spools,  in  lengths  of 
about  six  miles,  which  permits  the  instrument  to  run  for 
thirty  minutes  without  changing  reels. 

Principle  of  Telegraphone 
In  principle,  the  telegraphone  consists  of  a  mechanism  com- 
prising two  vertical  shafts  carrying  spools  on  wiiich  the  steel 
wire  0.010  inch  in  diameter  is  wound  or  unwound.  One  of 
the  shafts  is  rotated  at  the  desired  speed  by  means  of  a  frac- 
tional horsepower  motor.  The  wire,  in  passing  from  one  spool 
to  the  other,  is  guided  by  a  German  silver  bushing  and  passes 
in  close  proximity  to  an  electromagnet  which  converts  the 
sound  waves  transmitted  to  the  instrument  into  the  form  of 
magnetic  poles  in  the  wire  of  varying  intensity,  depending 
on  the  pitch  of  the  sound.  The  "sweeping"  magnet  is  carried 
on  the  other  side,  so  that  by  reversing  the  direction  of  rota- 
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Fig.     1.     Dictating    Machine    made    by    the    American    Telegraphone    Co., 
which  employs  Principle  of  Electromagnetism  for  Sound  Reproduction 
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Fig.    2.     Diagram   showing   how   Wire   Reels   on   Machine   shown   in   Fig.    1 
are    reversed    without    producing    Slackness   in    Wire 

tlon  of  the  wire,  the  intensity  or  height  of  the  magnetic  poles 
can  be  equalized.  Complete  demagnetization  does  not  take 
place,  but  instead  of  putting  up  or  raising  a  series  of  electric 
poles  in  the  wire  of  varying  intensity,  all  these  poles  are  re- 
duced to  the  same  intensity,  and  hence  no  reproduction  is 
given  off. 

As  shown  in  the  illustration.  Fig.  1,  the  instrument  A  is 
operated  by  an  extension  set  B  which  carries  three  buttons; 
one  is  for  starting  or  stopping  the  machine,  one  for  rotating 
it  backward,  and  the  other  for  rotating  it  forward.  This 
extension  set  also  carries  an  electric  buzzer  which  rings  about 
one-half  minute  before  the  spool  of  wire  is  exhausted.  The 
extension  set  can  be  located,  if  necessary,  a  mile  away  from 
the  telegraphone  proper  and  used  like  a  telephone,  having 
both  a  transmitter  and  receiver  C.  The  other  connection  be- 
tween the  extension  set  and  the  telegraphone  proper  is  the 
switchboard,  not  shown,  which  is  almost  identical  with  the 
ordinary  telephone  switchboard.  The  switchboard  can  be 
plugged  with  the  extension  set  and  the  telegraphone,  and 
records  can  be  made  on  the  machine  or  taken  off,  as  desired. 

Applications  of  Telegraphone 

As  will  be  understood  from  the  preceding,  the  telegra- 
phone can  be  used  for  recording  a  telephone  conversation. 
In  addition,  it  can  be  used  as  a  dictating  machine,  and  it  is 
superior  to  the  present  dictating  machines  in  several  ways: 
(1)  There  are  no  records  to  shave  or  break.  (2)  The  con- 
stant rasping  noise  so  annoying  in  the  wax  record  machine 
is  entirely  removed.  (3)  The  strain  on  the  transcriber  is  no 
greater  than  when  listening  to  the  telephone.  (4)  It  can  be 
used  for  carrying  on  telephone  conversations  between  depart- 
ments. (5)  The  machine  is  remote  from  the  dictator,  per- 
mitting him  to  concentrate,  as  there  is  no  machine  to  attend 
to.  (6)  It  requires  thirty  Instead  of  ten  or  twelve  minutes 
for  one  reel  to  unwind.  (7)  The  record  is  permanent  and 
is  not  affected  by  temperature  changes.  (8)  The  spoken 
words  are  reproduced  clear  and  distinct.  (9)  Corrections  can 
be  easily  made,  by  simply  reversing  the  instrument  and  dic- 
tating over  the  portion  to  be  corrected.  (10)  The  system  is 
entirely  electrical. 

In  the  musical  field,  the  development  is  not  yet  complete, 
but  it  is  anticipated  that  the  next  few  years  will  see  a  great 
advance  in  the  application  of  this  instrument  to  the  reproduc- 
tion of  operas  and  music  of  all  kinds.  In  fact,  it  is  reported 
that  the  Automatic  Electric  Co.  of  Chicago,  111.,  maker  of  the 
automatic  telephones,  is  at  present  offering  the  use  of  this 
instrument  to  its  subscribers  for  a  small  additional  charge. 
The  telegraphone  is  installed  in  the  distributing  or  central 
station,  and  subscribers  can  have  music  for  one  hour  every 
evening  over  the  telephone.  An  amplifier  can  be  located  in  a 
flower  vase  or  any  place  in  the  room  and  connected  with  the 
telephone.  In  this  way  records  can  be  reproduced  without  the 
subscriber's  having  to  do  anything  but  remove  his  receiver 
from  the  hook. 

Another  application  which  is  being  developed  is  the  use  of 
the  telegraphone  in  connection  with  the  motion  picture  ma- 


chine. The  talking  picture  has  never  been  made  a  success 
because  of  the  difficulty  of  obtaining  perfect  synchronism  be- 
tween the  pictures  thrown  on  the  screen  and  the  recording  of 
the  voice.  With  the  telegraphone,  perfect  synchronism  la 
possible.  This  is  accomplished  by  depositing  a  strip  of  pul- 
verized iron  filings  directly  on  the  film  itself.  The  sound 
waves  are  thus  carried  directly  on  the  same  film  as  the  pic- 
tures. In  reproducing,  an  amplifier  can  be  located  behind  the 
curtain  and  connected  telephonically  with  the  motion  picture 
machine. 

Method  of  Operating-  Telegraphone 

The  telegraphone  is  operated,  as  previously  mentioned,  by 
an  extension  set  which  has  three  buttons:  one  for  starting 
and  stopping,  one  for  making  the  machine  run  forward,  and 
the  other  for  making  it  run  in  the  opposite  direction.  These 
buttons  are  wired  to  magnets  which  serve  to  operate  the 
driving  mechanism.  One  of  the  most  interesting  points  in  con- 
nection with  this  mechanism  and  the  one  that  was  most  diffi- 
cult to  control  is  the  means  provided  for  automatically  stop- 
ping and  reversing  the  spools  on  which  the  wire  is  carried, 
without  breaking  the  wire  or  allowing  it  to  slacken.  Reference 
to  Fig.  2  will  show  that  a  motor  A  inside  the  box  drives  shaft  B 
through  a  friction  clutch  C.  When  it  is  desired  to  wind  the 
wire  in  the  opposite  direction,  the  other  shaft  D  is  connected 
by  a  cross  belt  G  operating  on  pulleys  E  and  F.  Both  spools  I 
and  J  are  driven  in  a  similar  manner  by  means  of  screws  K 
and  L,  respectively,  fitting  in  projecting  lugs  on  the  lower 
inner  surface  of  the  spools. 

In  order  to  prevent  slackness  in  the  wire,  it  was  necessary 
to  provide  a  means  for  rotating  alternately  first  one  shaft  and 
then  the  other,  the  shaft  carrying  the  spool  on  which  the  wire 
was  being  wound  being  the  driven  shaft.  In  order  to  accom- 
plish this,  it  was  necessary  to  lift  the  member  that  was  not 
driven  from  the  clutch,  and  thus  depend  on  the  driven  shaft 
to  pull  or  unwind  the  wire  from  the  spool  held  on  the  opposite 
shaft.  This  lifting  of  the  different  spools  is  controlled  both 
magnetically  and  mechanically,  and  is  effected  through  mag- 
nets M  and  N,  segment  gear  0,  and  pinion  P,  respectively. 
Pinion  P  is  fastened  to  shaft  Q,  which  has  flattened  surfaces 
coming  in  contact  with  levers  R  and  S  that  carry  supports  for 
the  spindles  carrying  the  spools.  Movement  of  this  shaft 
lifts  one  spool  or  the  other,  depending  on  the  direction  in 
which  the  wire  is  being  wound. 

In  operation,  the  pressing  down  of  the  button  shown  to  the 
left  on  the  extension  set  in  Fig.  1  energizes  a  relay  magnet 
from  the  battery.  This  magnet  attracts  an  armature  which 
closes  the  contact  and  allows  alternating  currents  to  flow  to 
the  operating  magnet  N.  Magnet  N  is  instantaneously  ener- 
gized and  attracts  its  armature,  thereby  rocking  shaft  Q  in  a 
counter-clockwise  direction.  This  action  lifts  lever  R  and 
thereby  spindle  D,  thus  removing  the  driving  drum  from  the 
friction  clutch  H,  and  releasing  reel  J.  Mechanical  means  are 
provided  for  holding  shaft  Q  in  the  position  in  which  it  is 
operated  by  the  mechanism,  so  that  further  energizing  of  the 
magnet  is  unnecessary.  At  the  same  time  that  lever  R  is 
lifted,  motor  A  is  connected  with  "the  source  of  power  and 
drives  shaft  B,  pulley  E  and  reel  I.  When  it  is  necessary  to 
stop  the  machine,  the  operator  pushes  the  central  button. 
Fig.  1,  which  closes  the  circuit  and  stops  the  operation  of  the 
motor. 

To  operate  the  apparatus  in  the  reverse  direction,  the  button 
on  the  right  of  the  control  B,  Fig.  1,  is  depressed.  This  operates 
a  relay  and  magnet  and  closes  the  contact  whereby  magnet  M 
is  momentarily  energized  and  rocks  shaft  Q  in  a  clockwise 
direction.  This  actuates  lever  S  and  consequently  lifts  shaft  B, 
removing  reel  /  from  driving  pins  K.  Thus  this  reel  is  allowed 
to  run  loosely.  The  reel  or  spool  J,  however,  is  still  in  contact 
with  the  friction  element  and  positively  driven  by  pulleys  E 
and  F  through  cross  belt  G.  Thus  the  wire  is  unwound  from 
reel  /  and  rewound  upon  reel  J.  The  mechanism  can  be  again 
stopped  when  the  end  of  the  wire  is  reached  by  operating  the 
middle  button  of  the  three  on  the  control  set.  D.  T.  H. 

»     «     * 

An  imitation  gold  alloy  consists  of  81  per  cent  copper,  9  per 
cent  nickel,  and  10  per  cent  zinc. 
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JAPANNING  CUSHION  SPRINGS  BY  THE  AIR-DRYING  PROCESS' 


EFFICIENT  SYSTEM  OF  HANDLING  SPRINGS  IN  AN  AUTOMOBILE  PLANT 


UY   E.   P.   I,AKE- 


COIL  springs  that  go  into  tlie  seats  and-  backs  of  automo- 
biles are  japanned  to  prevent  rusting  and  to  give  them 
a  better  appearance  than  they  would  otherwise  have. 
As  such  springs  are  covered  with  upholstery,  their  appearance 
is  not  of  great  importance,  but  it  is  essential  that  the  steel  be 
prevented  from  rusting,  for  rust  does  not  have  to  eat  very 
far  into  wire  of  such  diameters  in  order  to  seriously  reduce 
its  strength  and  resiliency.  Cushion  springs  for  automobiles 
are  made  and  used  in  large  quantities,  and  the  cost  of  pro- 
duction has  become  an  important  factor.  Those  who  install 
the  most  automatic  machinery  are  the  ones  that  do  away  with 
the  greatest  amount  of  hand  labor  and  reduce  manufacturing 
costs  to  a  minimum. 

Some  novel  and  efficient  automatic  appliances  are  part  of 
the  equipment  of  the  Detroit  Wire  Spring  Co.,  Detroit,  Mich., 
whose  practice  in  making  automobile  cushion  springs  was  de- 
scribed in  the  November  number  of  Machinery.  On  the  third 
floor  of  the  factory  are  made  the  springs  for  the  back  of  the 
seat  in  Ford  cars,  and  an  air-drying  japanning  process  is  in- 
stalled there,  which  will  be  described  in  the  following. 

Coil  spring  makers  have  always  considered  that  it  was  neces- 
sary to  heat  springs  to  about  450  degrees  F.  to  remove  any 
internal  strains  that  might  have  been  set  up  in  the  wire  when 
it  was  twisted  into  coils  and  then  knotted  at  each  end.  The 
wire  makers  harden  the  wire  used  in  such  springs  and  give  it 
the  proper  temper  for  cushion  or  bed  springs,  before  it  is 
shipped  to  the  spring  maker;  but  the  spring  makers  say  the 
coil  springs  would  break  quickly  if  they  were  not  tempered 
after  they  had  been  coiled  and  knotted,  and  when  baking 
japan  on  these  coil  springs,  the  temperature  used  is  nearly 
always  about  450  degrees  F.  In  that  case  the  steel  in  the 
spring  is  heated  enough  to  overcome  internal  strains,  and  the 
springs  are  tempered  while  the  japan  is  being  baked.  With  an 
air-drying  japanning  process  the  springs  do  not  get  this  heat- 
treatment,  however,  and  thus  it  requires  a  separate  operation 
for  tempering  the  steel. 

When  the  air-drying  process  was  started  in  this  shop  ar- 
rangements were  made  for  tempering  the  coil  springs  in 
bundles,  before  they  were  assembled  for  the  seat  or  back  cush- 
ion; and  Fig.  1  shows  the  oven  or  furnace  that  was  installed 
for  tempering  these  springs.  A  trolley  system  like  that  on 
the  lower  floor,  described  in  the  article  in  the  November  num- 
ber, is  used  to  deliver  the  springs  to  this  tempering  oven, 
hold  them  while  in  the  oven,  and  afterward  deliver  them  to 
the  assembling  benches.     The  single  track,  over  which  the 

'See  also  "Manufacture  of  Automobile  Cushion  Springs,"  in  the  November, 
1916.  number  of  Machinery. 

^Address:  3.'>2  Belvidere  Ave.,  Detroit,  Mich. 
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springs  travel  to  the  oven,  branches  into  three  parts  while 
going  through  the  oven,  and  these  converge  into  one  track 
again  Just  outside  the  opposite  end.  The  bundles  of  coil 
springs  can  be  seen  in  the  wire  baskets  that  are  just  rolling 
over  the  trolley  system  and  into  the  oven.  The  carrier  is 
merely  a  2-inch  gas  pipe  that  hangs  by  two  %-inch  bolts  from 
a  set  of  roller-bearing  wheels  which  are  inside  the  trolley 
tracks. 

Each  track  in  the  oven  holds  six  of  these  baskets,  so  that 
a  full  charge  means  eighteen  baskets  loaded  with  approxi- 
mately twenty-seven  gross  of  coiled  springs.  With  this  method 
a  full  charge  of  springs  can  be  put  in  the  oven  in  about  one 
minute,  after  which  the  doors  are  closed  and  the  springs  are 
held  in  the  oven  until  they  absorb  all  the  heat  that  is  neces- 
sary for  correct  tempering.  This  should  not  take  over  ten  min- 
utes, if  the  furnace  or  oven  is  maintained  at  the  correct  tem- 
perature. Then  the  doors  at  the  opposite  end  of  the  oven  are 
opened,  and  the  springs  are  made  to  travel  on  to  benches, 
where  they  are  assembled  into  seat  and  back  springs. 

Fuel  oil  is  used  for  heating  this  oven,  and  the  burners  are 
shown  at  A.  These  shoot  the  flames  into  the  lower  part  of  the 
oven,  which  is  brick  lined  and  forms  the  combustion  chamber. 
The  heat  radiates  from  here  into  the  upper  compartment, 
where  the  springs  are  located.  The  walls  of  this  upper  com- 
partment are  built  like  an  ordinary  japanning  oven,  from 
two  sheets  of  metal,  between  which  is  about  2  inches  of  cor- 
rugated asbestos  board.  Pipes  B  vent  the  tempering  chamber 
of  the  oven,  while  pipe  C  vents  the  lower  combustion  chamber. 
These  carry  the  spent  gases  or  fumes  to  the  outer  atmosphere, 
through  a  single  opening.  The  wire  reels  shown  in  front  of 
this  oven  are  connected  with  part  of  the  bank  of  wire  straight- 
ening machines  shown  in  Fig.  2.  From  these  reels  the  wire 
is  fed  Into  the  machines,  which  roll  it  out  into  straight  wire, 
cut  off  pieces  of  the  desired  length,  and  drop  them  into  racks  D. 
The  straightened  wire  is  taken  from  racks  D  to  the  benches 
at  E,  where  it  is  bent  into  shapes  such  as  shown  at  G.  These 
wire  frames  form  the  top  or  bottom  of  assembled  seat  and 
back  springs  and  give  them  their  proper  size  and  shape. 

The  coils  of  wire  are  brought  from  the  freight  cars  to  these 
reels  by  elevators,  roller  conveyors  and  an  overhead  trolley 
system.  A  covered  platform  extends  along  the  outside  of  the 
building  and  the  freight  cars  are  unloa:ded  onto  this  platform. 
The  elevator  shown  in  Fig.  3  is  used  to  carry  the  wire  coils 
to  the  upper  floor  of  the  building.  Roller  conveyor  F  can  be 
extended  into  the  freight  cars  and  pulled  out  again  when  the 
cars  are  unloaded;  and  the  coils  are  sent  over  these  rollers 
from  the  freight  car  to  the  platform  H.     The  elevating  part 


Fig.   1.     Oven  for  tempering  Springs  in  Bundles  before  they  are  assembled 


Fig.   2.     Straighteners  for  preparing  Wire  for  Cushion  Spring  Frame! 
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Fig.    3. 


Elevator  used  to  carry  Coils  of  Wire   to 
Upper  Floors 


of  the  mechan- 
ism consists  of 
chains  I  wliich 
travel  over 
sprocket 
wheels  J  and 
carry  the  arms 
K.  As  arms  K 
travel  upward 
they  straddle 
platform  H  and 
pick  up  the 
wire  coils  or 
rolls  of  band 
iron  shown  at 
L.Chains/ trav- 
el over  another 
pair  of  sprocket 
wheels  at  the 
top  of  the  ele- 
vator. The  load 
is  carried  over 
the  top  and 
down  the  oppo- 


site side.  On  the  way  downward,  arms  K  straddle  extensions 
of  roller  conveyors  that  are  located  on  each  upper  floor  of 
the  building.  To  drop  the  coils  of  wire  or  rolls  of  band  iron 
at  the  floor  desired,  it  is  only  necessary  to  swing  the  conveyor 
extension  on  that  floor  into  place.  When  dropped  on  this 
extension  they  enter  the  building  as  shown  in  Fig.  5,  through 
the  window  at  M.  The  coils  then  travel  over  these  rollers  to 
different  parts  of  the  conveyor  and  are  dropped  to  the  floor 
close  to  the  machines  that  use  them.  At  O  there  is  a  joint  in 
the  conveyor,  and  here  the  rollers  can  be  lifted  enough  to  allow 
the  wire  or  band  iron  to  drop  to  the  floor  through  chute  P 
and  over  rollers  R.  Similar  breaks  can  be  made  wherever  it 
is  desired  to  bring  the  material  to  the  floor. 

In  Fig.  4  is  shown  an  ingenious  device  used  for  assembling 
the  coil  springs  that  pass  through  the  tempering  oven  shown 
in  Fig.  1,  and  the  wire  foundation  frames  shown  at  G  in  Fig.  2. 
The  men  work  so  close  together  they  had  to  be  moved  from 
this  bench  while  the  picture  was  being  taken.  There  are  ten 
of  these  benches  placed  side  by  side  across  the  shop.  It  is 
quite  a  sight  to  see  the  speed  at  which  the  men  work  while 
standing  elbow  to  elbow,  and  also  the  number  of  springs  that 
they  can  assemble  in  a  short  period  of  time. 

On  these  benches  are  assembled  all  the  back  springs  for 
the  seats  in  Ford  motor  cars.  At  the  far  end  of  each  bench 
the  men  start  with  the  wire  foundation  frames.  One  of  these 
is  placed  over  the  wooden  pins  in  a  rack  like  that  shown  at  N. 
This  rack  then  starts  a  continuous  movement  along  the  bench 
on  wheels  S  which  line  both  sides  of  the  opening  in  the 
bench.  As  it  travels  from  one  man  to  the  other,  each  one 
does  his  part,  and  when  it  arrives  at  the  near  end,  the  back 
spring  is  completely  assembled  as  shown  at  Q.  When  thus 
completed,  the  spring  is  hung 
on  a  carrier  which  travels 
over  the  trolley  system  with 
tracks  over  the  gangway  at 
this  end  of  the  benches.  As 
fast  as  the  springs  are  taken 
from  the  racks  at  N,  the  racks 
drop  through  an  opening  in 
the  bench  and  roll  down  an 
inclined  set  of  wheels  to  the 
far  end  of  the  bench,  where 
they  are  again  raised  to  the 
top  to  start  carrying  work 
through  another  assembling 
operation.  The  finished 
springs  are  carried  by  the 
conveyor  to  the  Japanning  de- 
partment. 

Efforts  are  continually  be- 
ing made  to  reduce  the  cost 
of  the  japanning  process.   The 


Fig.  4. 


Bench  on  which  Cushion  Springs  lor  Seat 
Backs  are  assembled 


Fig.  6. 


japans  are  con- 
tinually being 
experimented 
with  to  reduce 
the  amount  of 
heat  and  time 
that  is  required 
to  produce  a 
hard,  smooth 
and  lustrous 
coating.  The 
ideal  condition 
for  this  work 
would  be  to  dip 
the  piece  in 
liquid  japan 
that  would  dry 
the  instant  it 
was  removed 
but  we  are  a 
long  way  from 
attaining  this 
ideal.  In  most 
cases  the  japan 

is  baked  in  ovens,  after  it  has  been  coated  on  the  work  by 
dipping,  spraying  or  brushing.  The  same  effect  might  be  ob- 
tained if  the  japan  coat  were  allowed  to  stand  in  the  air  until 
it  dried,  but  a  greater  hardness  and  wearing  quality  is  ob- 
tained if  the  baking  time  is  not  too  long  or  too  short  and 
the  correct  temperature  has  been  maintained.  The  baking 
process  also  makes  the  work  ready  to  use  in  from  twenty  to 
sixty  minutes,  and  thus  is  cheaper  than  a  slow  air-drying 
process,  because  of  the  storage  space  and  time  that  is  saved. 
Japans  have  been  greatly  improved  during  the  past  few 
years,  and  quick  air-drying  japans  are  now  being  produced 
that  give  satisfactory  results  for  some  classes  of  work.  The 
use  of  such  air-drying  japans  is  rapidly  increasing  with  the 
makers  of  cushion  springs,  and  the  most  modern  application 
of  this  process  is  herewith  described  and  illustrated.  It  does 
away  with  the  use  of  heat  insulated  ovens  for  baking  the 
japan  coat  and  the  cost  of  the  fuel  and  apparatus  that  is  re- 
quired for  heating  these  ovens.  When  a  carrier  is  fully  loaded 
with  springs  at  the  benches  shown  in  Fig.  4,  it  travels  over 
the  trolley  track,  shown  at  T  in  Fig.  6,  which  curves  over 
the  japan  dip  tank.  This  tank  is  located  at  the  end  of  the 
gangway  which  passes  the  assembling  benches.  Here  the 
springs  are  coated  with  japan  by  lowering  them  with  an  air 
hoist  until  they  are  completely  submerged  in  the  liquid  japan. 
At  U  will  be  plainly  seen  how  a  loose  piece  of  track  and  the 
load  of  springs  is  lowered  with  the  air  hoist.  When  coated, 
the  springs  are  again  raised  to  the  track  level  and  sent  over 
the  drain  board  as  shown  at  W,  where  they  stop  long  enough 
to  allow  the  excess  japan  to  drip  from  them  and  flow  back 
into  the  dip  tank. 

In  Fig.  7  will  be  seen  how  the  springs  then  travel  along  the 
trolley  system  to  the  craters. 
The  japan  dipping  tank  is  lo- 
cated at  the  far  end  of  the 
track  shown  at  V,  and  while 
the  springs  are  moving  over 
this  250  feet  of  track,  the  air 
has  had  time  to  dry  the  japan 
and  make  it  hard  enough  to 
handle  when  it  reaches  the 
craters.  Track  X  has  plenty 
of  work  to  do,  even  though  it 
did  not  carry  any  springs  at 
the  time  this  picture  was 
taken.  At  the  far  end  it 
curves  over  the  dip  tank  and 
conveys  the  work  from  other 
parts  of  the  shop  to  the  japan- 
ning apparatus.  It  is  usually 
loaded  with  work.  The  two 
craters  shown  in  the  fore- 
ground    crate    most    of    the 


Conveyor  for  carrying  Coils  into  Shop  and  delivering  them 
to   Machines 
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springs  that  have  been 
through  the  air-dryiiig  pro- 
cess. They  take  the  springs 
off  tlie  trolley  system  at  this 
point  and  stack  them  to  the 
top  of  and  between  the  four 
posts  of  the  framework  shown. 
Then  they  place  the  top  of  a 
crate  over  the  springs  and 
throw  the  wooden  platform  Y 
on  top  of  it.  After  that,  they 
sit  on  the  platform  handles 
as  shown  and  compress  the 
springs  into  a  small  bundle 
before  nailing  on  the  side 
strips  which  hold  the  crate  to- 
gether. Back  springs  do  not 
have  the  colls  as  close  to- 
gether as  seat  springs,  nor  do 
they  have  as  many  rows.    Thus 


Fig.  6.     Arrangement  of  Dip  Tank  in   which  Springs  are  japanned 


when  the  loose  springs  are  thrown  in  between  these  posts, 
they  occupy  approximately  four  times  as  much  space  as  they 
do  when  in  the  crate,  and  it  requires  the  weight  of  two  men  to 
compress  them  that  much. 

In  Pig.  8  will  be  seen  a  conveyor  which  serves  the  entire 
third  floor  through  the  center  of  the  building,  and  an  elevator 
which  lowers  the  work  to  the  shipping  room  on  the  ground 
floor.  The  trolley  system  for  air-drying  the  japan  runs  along 
the  wall  to  the  right  of  this  view,  and  the  craters  are  located 
some  thirty  feet  to  the  right  of  the  elevator.  The  pile  of 
crates  they  have  stacked  up  ready  for  the  elevator  is  shown 
at  A.  This  conveyor  is  operated  by  an  electric  motor  and 
other  apparatus  located  at  B.  It  brings  the  work  from  both 
ends  of  the  shop  and  delivers  it  to  platform  C,  which  is  located 
directly  in  front  of  the  elevator..  All  the  springs  that  are 
made  on  this  floor  do  not  go  through  the  air-drying  japanning 
process,  and  this  conveyor  brings  to  the  elevator  the  springs 
which  are  not  japanned.  Arms,  like  the  two  shown  at  D,  pro- 
ject out  from  the  elevator  apparatus  at  certain  equally  spaced 
positions;  and  on  these  either  the  crates  or  loose  springs  are 
loaded  and  lowered  to  the  shipping  room.  From  here  the  loose 
springs  can  be  loaded  on  a  trolley  system  and  sent  through 
the  japan  baking  process  described  in  the  November  number. 

While  the  men  were  removed  from  the  different  views  in 
order  to  make  better  pictures,  it  was  only  at  the  assembling 
bench  shown  in  Fig.  4  that  many  men  had  to  be  removed.  This 
is  due  to  the  fact  that  so  much  automatic  and  semi-automatic 
machinery  has  been  installed  that  it  does  not  require  very 
much  labor  to  turn  out  the  large  production  of  springs  that 
the  Detroit  Wire  Spring  Co.  manufactures  in  its  new  shop. 
The  cushion  springs  that  go  into  the  Ford  cars  alone  would 
make  a  large  production  for  any  shop;  but,  in  addition,  this 
company  manufactures  the  cushion  springs  that  are  used  in 
the  Packard  cars,  and  also  has  contracts  that  call  for  a  large 


production  of  springs  for 
other  automobile  manufac- 
turers. With  its  present  equip- 
ment the  company  is  enabled 
to  manufacture  such  springs 
at  a  very  low  cost,  but  the 
management  is  continually 
looking  for  and  inventing 
other  appliances  that  will  still 
further  reduce  the  cost  of 
production. 

*     *     * 

STEEL  WTELDING 
The  constantly  increasing 
price  of  high-speed  steel  now 
makes  it  almost  prohibitive  for 
the  average  shop  to  use  cut- 
ting tools  composed  wholly  of 
such  material.  Furthermore, 
with  high-speed  steel  at  pres- 
ent prices,  it  is  very  costly  for  a  shop  to  have  to  scrap  worn-out 
tools.  Such  problems,  however,  can  now  be  solved  and  notice- 
able economies  effected  by  welding  high-speed  steel  tips  to  ordi- 
nary machine  steel  shanks.  Thus  old  worn-out  high-speed  steel 
tools  can  be  cut  to  proper  size  and  utilized  for  tips  at  a  great 
saving. 

The  high-speed  steel  tip  is  first  "tacked"  to  the  machine  steel 
shank  and  the  whole  preheated.  After  fluxing  with  borax, 
welding  is  started.  After  welding,  the  tool  is  immediately  laid 
in  mica  dust  to  cool  gradually.  It  is  then  rough-ground  and 
tempered,  after  which  the  finish-grinding  is  accomplished, 
when  the  tool  is  ready  for  use.  Reinforcing  metal  is  built  out 
and  around  the  tip,  which  serves  botli  to  give  larger  radiating 
surface  and  to  afford  a  larger  conducting  path  back  to  the 
butt  of  the  tool,  thus  keeping  down  the  temperature  at  the 
cutting  edge.  The  machine  steel  shank  may  be  of  any  length 
desired,  and  of  cold-rolled,  hot-rolled,  or  carbon  steel,  while 
the  high-speed  steel  tip  should  be  short. 

The  Westinghouse  Electric  &  Mfg.  Co.  of  East  Pittsburg,  Pa., 
which  is  at  the  present  time  using  cutting  tools  with  high- 
speed steel  tips  and  machine  steel  shanks  for  many  of  its 
planers  and  lathes,  has  found  the  electric  arc  process  of  weld- 
ing very  satisfactory  and  much  cheaper  than  any  other  process. 
This  conclusion  has  been  reached  after  tests  employing  oxy- 
acetylene  and  forging  methods.  The  ordinary  electric  arc 
welding  equipment  made  by  the  company  is  used,  and  is  the 
same  as  that  required  for  the  welding  or  repair  of  castings. 
For  best  results,  the  current  for  this  work  should  be  approxi- 
mately 100  amperes,  and  the  voltage  of  the  welding  circuit 
60  to  70  volts.  A  5/32-inch  Norway  iron  electrode  should  be 
used.  The  work  should  not  be  hurried,  but  a  good  operator 
should  be  able  to  make  between  twenty-five  and  thirty  welds 
for  tools  of  li/^-inch  cross-section  in  a  day  of  nine  and  one- 
half  hours. 


^^ 


Tig,    7.     Conveyor    leading   to   Packing   Boom,    and    Method   of    crating 


Fig.   8.     Conveyor  System  for  Third  Floor,  and  Elevator  to  Shipping  Room 
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METHOD  OF  CONSTRUCTING.  USE  AND  ADVANTAGES 

BY   F    J.    SCHLINK  -' 


IT  is  often  necessary,  in  the  shop  or  engineering  office,  to 
weigh  small  quantities  of  materials  with  a  rather  high 
degree  of  precision,  and  yet  the  amount  of  work  to  be  done 
may  not  be  great  enough  to  warrant  the  purchase  of  an  analyti- 
cal or  similar  balance.  The  price  of  an  accurate,  sensitive, 
chemical  balance  is  rather  high,  and  the  theoretical  and  tech- 
nical knowledge  required  for  its  manufacture  precludes  its 
being  made  successfully  by  anyone  not  expert  in  that  line. 
The  simple  and  inexpensive  balance  here  described,  however, 
can  be  made  easily  and  at  small  cost,  is  easily  adjusted,  and 
will  give  satisfactory  precision  for  such  work  as  the  weighing 
of  small  samples,  moisture  determinations,  and  a  number  of 
other  uses  for  which  an  accurate  balance  of  small  capacity 
is  required. 

The  beam  A  should  be  made  of  steel  or  invar;  the  latter, 
which  is  a  comparatively  inexpensive  nickel-steel  alloy,  is 
preferable  on  account  of  its  negligible  coefficient  of  thermal 
expansion.  If  machinery  steel  is  used,  it  should  be  carefully 
lacquered  or  enameled  to  prevent  rusting.  In  the  case  shown, 
the  beam  is  1/2  inch  wide;  its  short  arm  is  13/32  inch  thick 
throughout,  but  its  long  arm  tapers  from  3/8  to  3/16  inch  at 

its    outer    end.      Its 

fulcrum  B  may  be 
either  two  cone 
points  spaced  about 
an  inch  apart  along 
a  line  perpendicular 
to  the  plane  of  the 
beam  or  a  knife-edge 
an  inch  long.  If  the 
latter  is  used,  which 
is  the  preferable 
form,  it  should  be 
absolutely  straight, 
and  finished,  by 
smooth  grinding,  to 
a  clean,  sharp  edge 
having  an  included 
angle  of  approxi- 
mately 90  degrees. 
The  load  pan  is  sus- 
pended from  a  cone 
pivot  C  at  the  end  of 
the  beam.  Both  the 
knife-edge  B,  if  one 
is  used  at  the  ful- 
crum, and  the  cone  pivot  C  should  be  made  of  tool  steel,  care- 
fully hardened  and  ground;  the  cone  pivot  should  be  perfectly 
sharp  and  have  an  apex  angle  of  approximately  90  degrees. 
The  knife-edge,  the  cone,  and  their  bearings  must  be  glass- 
hard,  and  the  wearing  surfaces  of  the  bearings  must  be  pol- 
ished smooth.  The  V-bearing  D  of  the  knife-edge  has  an  ap- 
proximate angle  of  150  degrees  and  the  cup  bearing  surface  /; 
of  the  cone  pivot  C  has  a  radius  of  5/16  inch.  The  utmost 
care  must  be  taken  in  finishing  the  knife-edge,  cone  pivot,  and 
bearings  that  co-act  with  them;  the  sensitiveness  and  accuracy 
to  be  obtained  in  the  use  of  the  balance  depends  more  directly 
on  these  factors  than  on  any  other  parts  of  the  instrument. 
Both  the  knife-edge  B  and  the  cone  pivot  C  should  be  set 
snugly  and  firmly  into  the  beam  A.  For  this  purpose  dowel 
pins  or  short  screws  may  be  used  at  the  knife-edge. 

A  movable  weight  F  is  provided  at  the  left  side  of  the  ful- 
crum to  counterbalance  the  weight  of  the  long  arm  of  the 
beam  and  the  load  pan  G  at  its  end.  It  consists  of  two  machine- 
steel  blocks  held  in  place  by  screws,  which  may  be  moved  hori- 
zontally and  vertically;  its  construction  is  shown  by  the  top 
vew  and  the  section  at  X-X.  As  this  weight  is  movable  verti- 
cally,  it  is  possible  to  increase  the  sensitiveness   of  the   in- 
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strument  by  bringing  the  center  of  gravity  of  the  loaded  beam 
close  to  the  knife-edge.  This  weight  should  be  a  neat  fit  on 
the  arm  on  which  it  slides.  After  adjustment  it  should  be 
tightly  locked  in  place  by  the  clamping  screws  shown.  A  finer 
adjustment  may  be  obtained  by  means  of  the  knurled  nut  H 
traveling  on  a  fine  threaded  screw  /  immediately  above  the 
knife-edge  B.  The  movement  of  this  nut  raises  or  lowers- the 
center  of  gravity  of  the  loaded  beam  in  its  relation  to  the 
knife-edge.  The  movement  of  the  brass  nut  K  that  travels  on 
the  screw  L  inserted  in  the  end  of  the  beam  is  usually  the 
only  adjustment  necessary  when  the  balance  is  in  use. 

The  pillar  M  that  carries  the  hardened  fulcrum  bearing  D 
should  be  firmly  attached  to  the  base  of  the  balance.  Near  the 
bottom  is  placed  a  scale  N ;  in  the  case  shown,  this  has  ten 
graduations,  spaced  1/16  inch  apart,  on  each  side  of  the  zero 
mark.  The  pointer  P  that  travels  over  this  scale  is  a  slender 
rod  that  is  attached  directly  above  the  knife-edge.  The  base  Q 
may  be  made  either  of  well  seasoned,  varnished  wood  or  of  a 
light  hollow  casting.  The  one  requirement  is  that  it  shall  be 
rigid  and  firm. 

The  load  pan  G,  an  end  view  of  which   is  shown,  carries 

both  the  load  to  be 
weighed  and  the  set 
of  weights.  Its  con- 
struction should  be 
as  light  as  practica- 
ble in  order  that  the 
load  on  the  cone 
pivot  C  may  not  be 
unnecessarily  great. 
In  the  present  case 
it  is  made  of  brass 
wire  3/32  inch  diam- 
eter passing  through 
a  piece  of  hard- 
ened tool  steel  that 
acts  as  a  bearing  for 
the  cone  pivot  C  The 
load  to  be  weighed 
is  placed  on  the  up- 
per tray  and  the 
weights  on  the  lower. 
The  upper  tray  may 
be  flat  or  slightly 
concave;  a  large 
watch  glass,  about 
2-}4  inches  in  diameter,  for  instance,  serves  the  purpose  very 
well.  At  a  convenient  distance  below  is  a  brass  or  aluminum 
tray  or  rack,  which  carries  the  set  of  weights.  This  should 
provide  for  the  arrangement  of  the  weights  in  the  order  of 
their  value. 

In  order  to  protect  the  bearings,  knife-edge,  and  cone  from 
wear  when  the  balance  is  not  in  use,  an  arrestment  rod  R 
is  provided  directly  under  the  counterbalance  weight  F.  This 
is  a  straight  rod,  with  a  flat  cap  at  its  upper  end  that  is 
screwed  into  the  base  of  the  balance  with  a  coarse-pitch  thread. 
Turning  the  rod,  by  the  knurled  part,  raises  it  into  contact 
with  the  bottom  of  the  counterbalance  weight  and  lifts  the 
latter  so  that  the  pan  is  brought  down  upon  the  base  and  the 
cone  is  relieved  from  contact  with  its  bearing.  When  it  is 
desired  to  use  the  balance,  the  rod  is  simply  screwed  down 
again  so  that  it  is  no  longer  in  contact  with  the  beam. 

The  weight  denominations  should  be  so  chosen  that  any 
weight  value  up  to  the  weighing  capacity  of  the  balance  can 
be  determined.  For  example,  if  the  weighing  capacity  of  the 
instrument  is  to  be  about  0.5  pound — and  a  balance  of  this 
type  will  serve  very  well  for  that  load — the  set  of  weights  may 
be  the  following  decimal  fractions  of  a  pound:  0.2,  0.1,  0.1, 
0.05,  0.02,  0.02,  0.01,  0.005,  0.002,  0.002,  0.001,  0.0005,  0.0002, 
0.0002,  0.0001,  0.00005,  0.00002,  0.00002,  0.00001.     For  much  of 
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the  work  tor  whiili  a  balance  of  this  sort  will  be  used,  how- 
ever, it  will  probably  be  advantageous  to  have  weights  in  the 
metric  system;  in  this  case  the  weight  set  should  include  100 
grams  to  10  milligrams,  in  the  same  5-2-2-1  series.  The 
weights  should  be  handled  with  wooden  or  horn-tipped  tweezers 
or  pincettes.  The  Bureau  of  Standards  will  supply  suitable 
'specifleations  for  weights  of  this  sort  if  the  imiuirer  will 
state  the  nature  of  the  work  for  which  they  are  to  be  used. 

Adjustlnff  and  Usinpr  Balance 

The  adjustment  of  this  balance,  unlike  that  of  the  usual  type 
of  precision  balance,  is  very  simple,  and  consists  of  adjusting 
the  position  of  the  center  of  gravity  of  the  loaded  beam  until 
it  lies  vertically  below  and  very  near  the  knife  edge  line. 
This  operation  is  performed  in  the  following  manner:  After 
the  parts  are  assembled,  the  weights  are  placed  on  the  pan, 
and  the  whole  brought  into  approximate  equilibrium  by  mov- 
ing the  balancing  weight  F  to  the  left  or  right  as  required. 
If  the  equilibrium  is  unstable,  the  center  of  gravity  is  too 
high,  and  may  be  lowered  by  lowering  the  balancing  weight 
without  changing  its  position  in  a  horizontal  direction.  If, 
on  the  other  hand,  the  balance  oscillates  quite  rapidly,  the 
center  of  gravity  is  too  low,  and  may  be  changed  by  raising 
the  balancing  weight  F  without  moving  it  horizontally.  When 
the  balance  oscillates  with  a  period  of  five  seconds,  or  more, 
after  the  large  balancing  weight  is  securely  clamped  upon  its 
stem,  the  final  adjustment  can  be  made  with  the  adjusting 
nut  H  above  the  fulcrum.  The  occasional  adjustment  of  the 
balance  which  may  be  required,  in  service,  to  cause  the 
pointer  P  to  oscillate  about  and  come  to  rest  at  the  zero  of 
the  graduated  scale  will  be  made  by  changing  the  position  of 
the  nut  K  at  the  right  end  of  the  beam. 

To  use  the  balance,  bring  it  into  equilibrium  by  turning 
the  adjusting  nut  K  at  the  right  end  of  the  beam  until  the 
pointer  vibrates  through  equal  distances  on  each  side  of  the 
zero  graduation.  Then  carefully  place  the  object  to  be  weighed 
in  the  upper  tray  and  remove  weights  from  the  lower  tray 
until  the  pointer  again  swings  about  the  zero  graduation. 
The  sum  of  the  values  of  the  weights  removed  from  the  pan 
to  produce  equilibrium  will  be  the  weight  of  the  object  sought. 
(This  method  of  weighing  is  called  the  method  of  substitu- 
tion.) The  value  of  the  weight  of  the  object  should  be  re- 
corded, the  weights  again  placed  in  the  lower  tray,  and  the 
object  weighed,  removed;  the  pointer  should  again  swing  about 
the  zero  graduation,  affording  a  check  on  the  determination. 
Care  must  be  taken  in  the  use  of  the  balance  to  avoid  all 
unnecessary  shock  and  jar,  thereby  reducing  the  wear  and 
dulling  of  the  pivots.  In  addition,  reasonable  care  should  be 
taken  to  protect  the  balance  from  sudden  and  irregular  changes 
of  temperature,  especially  just  before  or  during  the  time  it  is 
in  use.  The  balance  must  also  be  carefully  protected  from 
dust  and  moisture,  as  these  will  cause  rapid  deterioration  of 
any  knife-edge  or  pivot. 

If  much  careful  work  is  to  be  done  on  the  balance,  it  should 
be  protected  from  dust  and  air  currents,  and  to  some  extent 
from  temperature  disturbances,  by  a  glass  case.  It  will  be 
impossible  to  weigh  more  closely  than  to  about  1/5  grain  (or 
15  milligrams)  on  any  balance  in  which  the  moving  parts  are 
not  protected  from  air  disturbances  and  radiation.  A  rider 
may  be  added  to  the  beam  to  provide  a  more  convenient  method 
of  determining  the  last  figure  or  the  last  two  figures  of  the 
weight.  This  is  a  modification  that  can  be  easily  worked  out 
to  suit  any  particular  case,  as  the  rider  scale  is  simply  a  uni- 
formly divided  linear  scale,  securely  mounted  on  the  beam, 
that  carries  a  sliding  weight  the  value  of  which  will  be  ad- 
justed by  trial  against  a  weight  in  the  pan.  The  value  of  such 
weight  is  equal  to  the  total  interval  of  the  rider  scale. 

Advantages  of  Balance 

This  type  of  balance  has  the  advantage  of  ease  of  construc- 
tion and  adjustment.  The  common  or  so-called  "equal-arm" 
balance  has  three  knife-edges  in  the  beam,  and  the  accuracy 
of  weighing  depends  on  these  knife-edges  being  constructed 
and  maintained  straight  and  parallel;  also,  if  the  balance  is 
to  be  used  in  the  usual  manner,  they  must  be  spaced  exactly 
equal  distances  apart.     The  satisfactory  attainment  of  these 


conditions  is  a  matter  of  great  manufacturing  difficulty  and 
requires  considerable  skill  and  care.  In  balances  for  careful 
work,  the  spacing  of  these  knife-edges  will  be  adjusted  to 
within  one  or  two  parts  in  one  hundred  thousand.  In  the 
highest  grades  of  precision  balances,  such  as  are  used  for 
standardization  work,  equal  spacing  is  sometimes  attained  to  a 
precision  of  one  part  in  a  million,  or  less.  This  adjustment  is 
obtained  by  almost  infinitesimal  shifts  of  the  several  knife- 
edges  through  a  long  and  tedious  process  of  trial  and  adjust- 
ment. The  difhculty  and  expense  of  these  adjustments  will 
bo  readily  appreciated. 

In  the  balance  here  described,  the  knife-edge  need  only  be 
straight  and  the  cone  point  sharp  and  reasonably  free  from 
deformation  under  the  load  it  carries.  The  effective  length  of 
the  balance  arm  is  always  the  perpendicular  distance  between 
the  apex  of  the  cone  and  the  contact  line  of  the  knife-edge. 
This  distance  cannot  change,  as  when  three  knife-edges  are 
used,  by  the  shifting  of  the  point  of  resultant  pressure  along 
a  knife-edge  which  is  a  trifle  warped  or  out  of  parallel.  (It 
should,  however,  be  noted  that  for  much  work  the  cone  pivot 
is  not  at  all  satisfactory;  if  the  service  is  frequent  and  severe 
and  the  loads  applied  quite  large,  the  high  local  stresses 
developed  will  cause  rapid  deterioration.)  Another  and  very 
important  advantage  is  that  the  sensitiveness  of  the  balance 
is  constant  for  all  loads  within  its  capacity,  since  the  gross 
load  carried  by  the  beam  is  at  all  times  constant  during 
weighing. 

With  reasonable  care,  the  balance  should  last  a  long  time; 
but  if  after  a  period  of  use  the  cone  pivot  becomes  dull,  it  is 
easily  taken  out  and  resharpened;  at  the  same  time  the  cup 
bearing  should  be  repolished.  When  the  pivot  Is  replaced  the 
balance  is  ready  for  use  as  soon  as  it  is  rebalanced  to  com- 
pensate for  the  changes  which  have  been  made  in  the  weight 
of  the  parts  by  the  repair.  This  easy  repair,  without  the 
necessity  of  a  complete  realignment  of  parts,  is  a  great  ad- 
vantage. The  cone  point  when  replaced  should  project  the 
same  distance  from  the  beam  as  before,  so  that  the  balancing 
plane  and  sensitiveness  will  not  be  altered  too  much. 

Results  Obtained  with  Balance 

An  experimental  balance  of  this  type,  made  in  accordance 
with  the  foregoing  description  in  the  instrument  shop  of  the 
Bureau  of  Standards,  showed  a  surprising  precision  and  con- 
venience. Its  sensitiveness,  as  it  was  first  adjusted,  was  so 
high  that  its  readings  were  seriously  affected  by  the  slight  air 
currents  which  prevailed  in  the  room,  although  kept  at  a 
very  nearly  constant  temperature  and  protected  from  drafts 
of  every  sort.  It  was  necessary  to  remove  the  disturbing  in- 
fluences occasioned  by  the  heat  convection  and  radiation  from 
the  observer's  body  by  reading  it  through  a  telescope  mounted 
on  a  stand  about  five  feet  away.  The  readings  then  checked 
very  well  and  weighings  could  be  made  and  repeated  within 
0.006  grain  (0.4  milligram,  approximately).  This  difficulty  due 
to  air  currents  would  have  been  practically  eliminated,  of 
course,  had  the  balance  been  provided  with  the  enclosing  case 
usually  supplied  with  balances  used  for  accurate  work. 

Of  course,  for  much  work  such  precision  is  not  requ\red,  and 
the  balance  can  be  adjusted  to  a  lower  sensitiveness  and  used 
in  the  open  air,  if  reasonably  well  protected  from  drafts,  serv- 
ing even  under  these  conditions  a  very  useful  purpose.  How- 
ever, for  those  who  may  wish  to  obtain  the  highest  possible 
accuracy,  the  writer  recommends  the  construction  of  a  case 
of  wood  and  glass,  having  a  single  sliding  glass  door  in  the 
front  which  can  be  opened  for  the  removal  and  addition  of 
weights.  There  is  no  reason,  if  this  is  done,  why  this  balance 
will  not  perform  as  well,  though  perhaps  lacking  somewhat 
in  convenience,  as  any  analytical  balances  save  those  of  very 
high  grade  and  cost. 

*     *     * 

In  1892,  vanadium  was  listed  as  the  rarest  metal  and  was 
valued  at  $4792  a  pound,  or  twenty  times  as  much  as  a  pound 
of  gold.  The  discovery  of  the  rich  deposits  in  the  Peruvian 
Andes,  16,200  feet  above  sea  level,  in  1905,  caused  the  value 
of  vanadium  to  drop  rapidly;  it  is  now  sold  at  $3.50  a  pound. 
It  is  being  used,  however,  much  more  extensively  than  for- 
merly, and  new  uses  are  being  constantly  found. 
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METHODS  OF  JOINING  SHEETS  AND  TUBES  BY   THE  RESISTANCE  WELDING  PROCESS 

BY  DOUOLAS  T.   HAMILTON-' 

THE  seam-welding  of  sheets  and  tubes  is  a  process  which 
is  used  quite  extensively  in  the  sheet  metal  industry, 
particularly  in  the  manufacture  of  utensils  which  must 
be  made  with  steam-  or  water-tight  joints.  There  are  two 
methods  in  use  for  making  a  joint  by  this  process — one  is  to 
lap  the  joint  and  the  other  is  to  butt  it.  Tubing  is  usually 
butt-welded,  whereas  sheets  are  generally  lap-welded.  Seam- 
welding  is  extensively  employed  in  the  manufacture  of  tubing 
which  is  used  in  place  of  cold-drawn  seamless  tubing,  as  it  is 
not  so  costly  to  manufacture.  In  making  a  seam  or  lap  weld 
it  is  absolutely  necessary  that  clean  pickled  stock  be  used  in 
order  to  get  the  best  results.  "When  a  copper  roller  is  used,  a 
slight  amount  of  scale  adhering  to  the  rolls  will  produce  a 
puncture  when  it  comes  in  contact  with  the  piece  to  be  welded. 
In  the  following,  several  different  methods  and  machines  for 
making  seam-  and  lap-welded  joints  will  be  illustrated  and 
described. 

Possibilities  of  Seam-w^eldlngr 

The  art  of  seam-welding  has  not  as  yet  reached  the  same 
stage  of  development  as  that  of  butt-  or  spot-welding,  and 
hence  very  little  practical  data  on  this  subject  are  available. 
As  previously  mentioned,  this  process  is  extensively  employed 
in  the  manufacture  of  sheet  metal  utensils,  tubing,  etc.  The 
Toledo  Electric  Welder  Co.,  Cincinnati,  Ohio,  finds  that  this 
process  can  be  commercially  employed  on  sheet  steel  of  22  gage 
(0.0253  inch)  and  thinner.  The  stock  is  lapped  for  a  distance 
equal  to  its  thickness,  and  when  the  copper  rolls  pass  over  the 
lap,  the  metal  is  mashed  down  to  the  original  thickness  of  the 
sheet.  In  order  to  avoid  buckling  and  distortion,  the  material 
being  welded  should  be  clamped  along  the  seam.  It  is  difficult 
in  some  cases,  however,  to  entirely  prevent  buckling,  especially 
when  the  sheet  is  over  14  inches  in  length  or  greater  than  22 
gage  in  thickness. 

Materials  such  as  pickled  mild  steel,  tin,  terne  plate  and 
sheet  brass  are  easily  seam-welded.    Zinc,  aluminum  and  cop- 


Fig.  2. 


Special  Toledo  Electric  Seam  Welder  used  principally  for  welding 
Teapot  Spouts 


'  For  information  on  electric  welding  previously  published  in  Machinery, 
see  "Electric  Spot-welding  Practice,"  September,  1916,  and  articles  there  re- 
ferred to. 

'  Associate  Editor  of  Machinery. 


Fig.    1.     Diagram  illustrating  Various   Methods   of  accomplishing   Lap- 
welding   Operations  on   Spot-welding  Machine 


per,  however,  are  more  difficult,  and  are  not  electric  seam- 
welded  on  a  commercial  basis.  In  the  case  of  utensils,  such 
as  coffee  pots,  pails,  pans,  etc.,  which  require  coating  with 
enamel,  this  process  is  of  considerable  advantage.  After  the 
enamel  is  applied  and  the  article  baked,  it  is  impossible  to 
detect  the  seam. 

Lap-w^eldlng-  on  a  Spot-welding:  Machine 

For  joining  steel  sheets  which  do  not  require  a  water-  or 
steam-tight  joint,  a  spot-welding  machine  can  be  employed 
by  making -certain  modifications,  depending  on  the  character 
of  the  work  and  the  class  of  weld  desired.  Several  methods 
of  accomplishing  this  work  are  illustrated  in  Fig.  1.  When 
making  a  lap-welded  joint  by  means  of  spot-welding  in  the 
ordinary  manner,  the  welded  spot  generally  covers  so  much 
surface  as  to  distort  the  metal.  In  Fig.  1,  A  shows  a  method 
of  avoiding  this.  Here  two  sheets  are  shown  overlapping  each 
other  and  resting  on  poles  a  and  b  which  are  connected  to  an 
electric  circuit.  Above  and  below  the  lapped  joint  are  two 
punches  c  and  d  placed  in  line  with  each  other  and  surrounded 
with  insulating  material.  These  are  brought  in  contact  with 
the  sheets  at  the  point  where  the  weld  is  desired,  and  when 
the  current  is  turned  on  It  passes  through  the  poles  a  and  6, 
and  is  localized  at  the  point  where  the  two  punches  come 
in  contact  with  the  work.  Fusion  takes  place  at  this  point 
of  resistance,  and  when  the  correct  temperature  is  reached, 
the  two  punches  are  brought  together,  forcing  the  heated 
material  into  a  coalescent  mass. 

A  slightly  different  application  of  this  method  is  shown  at  B. 
Here  the  current,  in  addition  to  passing  through  the  two  poles, 
also  passes  through  the  punches.  This  method  is  particularly 
suitable  for  welding  comparatively  thick  sheets.  C  shows  still 
another  modification.  In  this  case,  a  large  lower  anvil,  not 
connected  with  the  elecMc  circuit,  and  two  poles  located  in 
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Fig.    3.     Diagram   showing   Method   of   welding   Teapot   Spouts   on    Machine 
shown  in  Fig.   2 

the  same  position  are  used.  Only  one  punch  is  used,  the  re- 
quired pressure  being  received  on  the  lower  anvil,  and  it  is 
not  connected  with  the  electric  circuit.  A  modification  of  the 
methods  shown  at  B  and  C  appears  at  D.  In  this  case  the 
two  poles  are  also  connected  with  the  electric  circuit. 

Several  other  methods  of  accomplishing  lap-welding  opera- 
tions on  a  spot-welding  machine  are  shown  at  E  to  H.  At  E 
both  sheets  to  be  welded  are  bent  over  at  the  ends  so. as  to 
localize  the  current.  After  the  correct  temperature  has  been 
reached,  pressure  is  applied,  resulting  in  a  weld  as  shown  at 
the  right-hand  view  of  the  same  illustration.  Still  another 
method  is  shown  at  F,  in  which  only  one  strip  has  a  turned- 
over  edge.  Here  the  welded  junction  takes  place  at  a  consider- 
able distance  from  the  edge  of  the  strip.  A  method  which  can 
be  used  for  welding  a  tube  to  a  sheet  is  shown  at  G.    In  this 


Fig.  4. 


Special  Toledo  Electric  Seam  Welder  used  for  welding  Sheet  Steel 
of  Light  Gage 


spout  A  are  stamped  to  the  proper  shape  in  a  press  and 
trininiud  so  that  a  slight  projection  is  left  extending  from  the 
edges  as  shown.  One  electrode  of  the  machine  is  a  copper 
roll  B,  mounted  on  a  shaft  that  carries  the  current,  rotating  at 
100  revolutions  per  minute.  The  other  electrode  is  the  top  of 
the  table  C  whicli  carries  the  other  side  of  the  circuit. 

In  operation,  the  two  halves  of  the  spout  A  are  clamped  in 
copper  die-holders  D,  and  as  these  rest  on  the  top  of  the  copper 
table,  the  current  passes  through  them,  forming  the  second 
electrode.  Therefore,  when  the  edges  of  the  spout  are  brought 
up  against  the  copper  roll  B  and  passed  before  it,  the  thin 
metal  in  the  edges  is  quickly  fused  and  pressed  down  so  that 
a  smoothly  finished  surface  is  produced.     The  dies  are  then 


case  the  lower  electrode  is  made  flat  and  the  upper  electrode  is 
in  the  form  of  a  ring  surrounding  the  tube  as  shown.  The 
lower  end  of  the  tube  is  expanded,  so  that  when  heat  and 
pressure  are  applied  the  lap-welded  joint  as  shown  at  the  right 
is  produced.  Two  other  methods  of  forming  the  lower  end  of  a 
tube  to  be  welded  to  a  sheet  are  shown  at  H  and  7,  the  form 
shown  at  H  giving  what  might  be  called  a  projection  weld,  and 
that  shown  at  /  giving  a  ridge  weld. 

Seam-welding-  Teapot  Spouts 

A  special  seam-welding  machine  used  principally  for  weld- 
ing kitchen  utensils  and  similar  work  is  shown  in  Fig.  2.  This 
is  a  comparatively  small  machine,  and  is  adapted  particularly 
for  welding  teapot  spouts.  The  diagram  shown  in  Fig.  3  illus- 
trates  how   this   machine   operates.     The   two   halves   of   the 


Fig.  5.     Toledo  Spot  Welder  especially  fitted  up  for  seam-welding 

turned  around,  presenting  the  other  edge  or  side  of  the  spout 
to  the  roll,  and  the  operation  repeated.  One  boy  can  weld  an 
average  of  800  spouts  in  ten  hours,  and  after  the  spout  leaves 
the  welding  machine,  it  is  ready  for  enameling.  The  machine 
shown  in  Fig.  2  is  driven  by  a  belt,  the  pulley  rotating  at  200 
revolutions  per  minute.  The  maximum  capacity  is  5  kilowatts, 
or  approximately  IVz  horsepower. 

Another  seam-welding  machine  for  welding  sheet  steel  is 
shown  in  Fig.  4.  This  machine  is  also  power-driven  and  can 
be  used  on  various  classes  of  light  gage  stock  that  is  pickled 
and  clean.  The  edges  of  the  stock  are  made  to  overlap  a  dis- 
tance equal  to  the  thickness  of  the  sheet,  and  are  placed  under 
a  copper  roll,  which  is  mounted  in  an  adjustable  holder  as 
shown.  Pressure  on  the  foot-treadle  starts  the  machine,  the 
current  being  automatically  turned  on  and  the  stock  carried 
through  between  the  revolving  rolls.     As  the  stock  emerges 


Fig.   6.     Sample  of  Lap-welding  accomplished  on  Machine  shown  in  Fig 
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from  the  rolls  the  cur- 
rent is  automatically 
turned  off.  This  ma- 
chine cannot  be  used 
on  galvanized  iron  or 
rusty  and  scaly  sheet 
steel  or  Iron.  The  up- 
per roll  is  operated  by 
power  from  a  pulley 
at  the  rear  through  a 
flexible  shaft  and 
bevel  gear  and  pinion 
at  100  revolutions  per 
minute.  The  maximum 
thickness  of  stock  that 
can  be  satisfactorily 
welded    is    1/16    inch. 

Spot-iweldingr  Machine 
Adapted  for  Lap- 
welding- 

In  Fig.  5  is  shown  a 
Toledo  electric  welding  machine  fitted  up  for  lap-welding  sheet 
steel.  The  regular  spot-welding  electrode  holders  have  been 
removed  and  special  holders  substituted.  These  holders  are 
water-cooled  and  carry  copper-jolls  which  are  driven  by  a 
flexible  shaft  from  a  two-horsepower  motor  A.  The  work  to 
be  welded  is  placed  between  the  copper  rolls,  and  the  foot- 
treadle  operated;  the  electric  current  is  turned  on  at  the  same 
time,  and  as  the  sheets  pass  under  the  rolls  they  are  heated 
and  pressed  together  to  form  a  weld.  Fig.  6  shows  a  sample 
of  lap-welding  as  accomplished  on  this  machine.  The  joint,  as 
will  be  noticed,  is  mashed  down,  but  the  sheets  were  under 
considerable  tension  and  buciiled  to  a  considerable  extent. 
The  reason  for  this  is  that  the  local  heating  of  the  edges  of 
the  sheets  causes  them  to  stretch  considerably,  and  heuce 
buckle.  In  order  to  avoid  this  it  is  necessary  to  clamp  the 
sheets  close  to  the  weld. 

Special  Machine  for  Electric  Seam-welding-  Tubes  and  Sheets 

Several  different  types  of  machines  have  been  designed  for 
seam-welding  tubing.  One  of  these,  shown  by  the  diagram  at 
A  in  Fig.  7,  is  of  comparatively  simple  construction.  Its  chief 
advantage  is  that  the  working  terminals  are  located  close  to 
the  turns  of  the  secondary,  so  that  the  work  is  kept  outside 
of  the  space  enclosed  by  the  conductor  constituting  the  second- 
ary of  the  transformer. 
The  working  terminals  of 
the  secondary  of  the 
transformer  are  copper 
disks  a,  which  are  located 
in  such  a  position  that 
the  working  faces  con- 
verge toward  the  side 
farthest  from  the  second- 
ary 6.  These  terminals 
are  carried  on  axles 
which,  in  turn,  are  jour- 
naled  in  bearings  located 
in  such  a  position  that 
disks  a  give  a  full  bear- 
ing on  the  tubes  to  be 
welded.  The  tube  is  fed 
into  the  machine  by  rolls 
c  as  illustrated,  being 
held  in  such  a  way  that 
the  seam  is  located  equi- 
distantly  between  the  two 
copper  electrode  disks. 

In  operation,  the  weld- 
ing current  passes  from 
one  pole  of  the  secondary 
through  one  of  the  disks 
a.  then  across  the  seam 
of  the  tube  and  through 
the  adjacent  edge  of  the 
tube   to    the   other    disk. 


Diagram  illustrating   Two  Types  of   Butt   Seam   Welders   built   by   the   Thomson 
Electric  Welding  Co. 


Fig.   8. 


and  so  back  to  the 
turns  of  the  second- 
ary, forming  a  com- 
plete circuit.  With  this 
machine  a  continuous 
traveling  weld  is 
made,  as  shown  at  B. 
A  seam-welding  ma- 
chine embodying  the 
principles  illustrated 
by  the  diagram  at  A 
in  Fig.  7  is  shown  in 
Fig.  8.  In  this  case 
the  feeding  .rolls, 
which  are  located  in  a 
horizontal  instead  of 
in  a  vertical  position, 
have  been  dismantled 
to  show  the  construc- 
tion. The  pressure 
rolls  are  located  di- 
rectly beneath  the  electrode  disks,  and  supply  pressure  to  butt 
the  edges  of  the  tube  together.  This  machine  is  provided  with 
an  oil  transformer,  and  the  working  terminals  are  outside  the 
magnetic  field.  The  machine  is  adapted  for  welding  sheet  steel 
edge  to  edge  to  make  tubing  up  to  2  inches  diameter  with 
Vs  inch  thickness  of  wall.  The  speed  of  welding  is  from  20  to 
30  feet  per  minute. 

A  modification  of  the  machine  shown  at  A  in  Fig.  7  is  shown 
at  C  in  the  same  illustration.  In  this  case  the  machine  is 
adapted  for  seam-welding  flat  sheets.  The  only  change  is  the 
elimination  of  the  rolls  c  for  applying  pressure  to  the  tubing 
and  the  substitution  of  small  rolls  d  and  a  flat  table  e.  Rolls  d 
press  the  abutting  edges  of  the  work  together,  and  at  the  same 
time  feed  it  past  the  welding  electrode  disks.  A  weld  made  in 
this  machine  is  shown  at  D. 

Special  Machine  for  Lap-welding- 

Fig.  9  shows  a  special  seam  welder  which  is  employed  prin- 
cipally for  lap-welding  coffee  pots  and  similar  articles.  This 
machine,  as  shown  by  the  diagram.  Fig.  10,  has  one  disk 
electrode  A  which  is  used  for  carrying  one  side  of  the  current 
and  applying  pressure,  and  a  horn  B  with  a  copper  strip  C, 
which  forms  the  other  side  of  the  circuit.  The  work  to  be 
welded  is  placed  on  horn  B  with  the  joint  lapped,  as  shown. 

The  machine  is  then 
started  by  operating  one 
of  the  foot-treadles  shown 
in  Fig.  9,  and  the  weld- 
ing commences.  The 
platen  carrying  the  horn 
is  driven  forward  by 
power  at  the  rate  of  25 
feet  per  minute  and  is  re- 
turned by  operating  the 
handwheel  shown  at  the 
front  of  the  machine.  The 
maximum  length  that 
can  be  welded  in  this  ma- 
chine is  12  inches. 

Manufacturing-  Seam- 
welded  Tublng- 

As  has  been  previously 
mentioned,  tubing  is 
made  by  several  different 
processes.  One  method  is 
to  pierce  a  heated  billet, 
and  then  by  successive  re- 
drawing operations  form 
this  into  a  tube  of  the  re- 
quired length  and  diam- 
eter. Another  method  is 
to  roll  out  sheet  metal 
into  the  form  of  a  skelp, 
then  bend  it  up  into  a 
tube   and   electrically   or 


Special  Butt  Seam  -Welder  built  by  the  Thomson  Electric  Welding  Co.  for 
■eam-welding   Tubing   at  the   Rate   of   20   to   30   Feet   per   Minute 
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autogcnously  weld  the  seam  where  the  two  edges  meet,  cither 
in  the  form  of  a  lap  or  a  butt  weld.  The  third  method,  and 
the  one  which  will  be  described  in  detail  here,  is  to  take  the 
heated  skelp  directly  from  the  furnace  and  weld  it  electrically 
without  any  additional  heating  or  annealing.  This  method 
has  been  patented  by  Elias  E.  Ries,  and  makes  use  of  a  rolling 
machine  in  connection  with  a  series  of  electrodes  for  uniting 
the  heated  skelp;  the  original  heat  remains  in  the  skelp  after 


Fig.    9.     Special   Thomson  Electric   Seam  Welder  used   principally  for  lap- 
welding  Coffee  Pots,   etc. 

it  leaves  the  furnace,  being  increased  to   such   a  point  that 
fusion  between  the  edges  of  the  tubing  is  possible. 

The  diagram  shown  at  A,  Fig.  11,  illustrates  in  a  general 
way  this  process  of  manufacturing  tubing.  Referring  to  the 
illustration,  a  represents  the  bull-head  or  skelp  finishing  mill, 
b  and  c  the  skelp  bending  rolls,  and  m  the  guiding  bell  through 


Fig.    10.     Diagram    illustrating    Method    of   lap-welding    Coffee    Pots   on 
Machine   shown   in  Fig.    9 

which  the  bent  skelp  is  fed  into  the  several  sets  of  current  con- 
ducting shoes  or  contact  rollers;  each  set  consists  of  a  num- 
ber of  upper  contactors  d  that  are  in  electrical  connection  with 
one  pole  of  the  heating  circuit;  also  two  side  bearing  con- 
tactors or  rolls  e  that  are  in  electrical  connection  with  the 
opposite  pole  of  the  heating  circuits.  The  secondary  terminals 
of  the  heating  transformers  /  are  connected  with  the  con- 
tactors d  and  e  through  the  insulated  roll-supporting  frame- 
work mounted  on  the  cover  of  the  transformers,  the  sets  of 
contactors  for  each  transformer  being  connected  in  parallel. 
Another  guiding  bell  is  shown  at  g  that  has  a  tapering  throat 
which  brings  the  highly  heated  edges  of  the  partially  opened 
skelp  toward  each  other  or  in  contact  so  as  to  close  it  into 
tubular  form  preparatory  to  welding  by  rolls  h.  Between  these 
rolls  passes  a  mandrel  i  shown  at  B  supporting  the  skelp. 
The  welded  tube  passes  directly  from  the  rolls  h  to  the  finish- 
ing and  reducing  rolls  fc,  which  have  a  smaller  mandrel  I. 
The  rolls  k  give  a  higher  finish,  and  practically  produce  a 
seamless  drawn  tube  from  the  welded  pipe. 

Another  adaptation  of  this  method  of  electric  welding  is 
shown  at  C,  where  it  will  be  seen  that  a  series  of  electrodes 
form  an  electric  arc  and  are  arranged  in  tandem  along  the 
meeting  edges  of  the  tubular  skelp.  The  current  passing 
through  these  electrodes  is  independently  adjustable  by  means 
of  a  special  resistance,  and  the  skelp,  when  properly  heated, 
is  welded  in  its  passage  through  the  welding  bell  n  which 
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Fig.  11.     Diagram  illustrating  Special  Electric  Welding  Process  used  in  converting  Skelp  to  Electrically  Welded  Tubing  in   One  Continuous  Operation  at 

the  Rate  of  400  Feet  per  Minute 
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constitutes  the  opposite  terminal  of  the  heating  generator. 
The  longitudinal  movement  of  the  frame  carrying  the  elec- 
trodes can  be  varied  so  as  to  alternately  increase  or  diminish 
the  heating  effect  on  the  metal,  depending  upon  whether  the 
arc  travels  with  or  against  the  direction  of  the  travel  of  the 
skelp.  By  arranging  the  heating  electrodes  in  this  manner, 
overheating  and  burning  of  the  skelp  is  avoided. 

The  views  from  D  to  J,  inclusive,  show  the  sequence  of  opera- 
tions performed  to  convert  the  material  from  skelp  to  tube 
form.  The  skelp  leaves  the  furnace  at  a  white  heat,  and  after 
passing  through  the  various  operations  up  to  point  F,  will  be 
found  to  still  retain  a  temperature  varying  between  2100  and 
2200  degrees  F.  This  residual  heat  represents  about  four-fifths 
of  the  heat  required  for  welding,  so  that  the  heat  which  it 
is  necessary  to  add  to  the  abutting  edges  of  the  tubular  skefp 
is  only  about  one-fifth  of  the  total.  In  other  words,  to  weld 
the  hot  traveling  skelp,  the  transformers  are  called  upon  to 
develop  on  the  edges  of  the  skelp  a  temperature  of  500  to  550 
degrees  F.  Usually  the  skelp  travels  at  the  rate  of  about  6  feet 
per  second,  but  by  this  method  it  has  been  found  practical  to 
weld  skelp  at  rolling  speeds,  averaging  400  feet  per  minute. 
Continuous  lengths  of  tubing  60  feet  in  length  have  been  elec- 
trically heated  and  welded  in  from  nine  to  ten  seconds. 


BREAKING  STEEL  BARS  WITHOUT  WASTE 
OF  METAL 

A  United  States'patent  has  been  granted  to  P.  V.  L.  Bel- 
langer,  of  Paris,  France,  for  a  quick  method  of  breaking  steel 
bars  without 
waste  of  metal. 
By  this  process 
the  cross-section 
where  the  bar  is 
to  be  broken 
is  submitted 
momentarily  to 
the  action  of  a 
blowpipe  flame 
which  may  be 
oxidizing  and 
which  has  a  tem- 
perature of  about 
700  degrees  C. 
The  bar  is  then 
placed  on  two 
supports  and  a 
sharp  tool  is  ap- 
plied by  pres- 
sure, or  a  blow 
is  struck  op- 
posite the  af- 
fected part  of 
the  bar;  in 
either  case,  a 
clean,  square 
break  is  produc- 
ed without  tear- 
ing or  wasting 
the  metal.  The 
blowpipe  flame  should  have  the  shape  of  a  lance-head  and 
should  be  applied  normal  to  the  length  of  the  bar,  so  only  the 
point  acts  on  the  metal.  The  flame  action  renders  the  metal 
brittle  in  an  extremely  narrow  zone,  so  that  the  bar  can  be 
broken  cleanly  without  the  metal  being  harmed. 
•     *     * 

Experiments  conducted  by  the  British  Committee  of  the 
Ministry  of  Munitions  fully  justify  the  recommendations  of 
the  committee  that  a  week's  work,  for  men,  should  not  exceed 
65  to  67  hours;  and  for  women,  60  hours.  They  also  show 
that  for  many  cases  less  hours  give  better  results.  In  the 
case  of  boys  between  14  and  17  years  of  age  working  on  steel 
base  plugs,  the  hourly  output  was  increased  16  per  cent  after 
the  Christmas  holidays,  and  later,  when  the  hours  of  labor 
were  reduced  from  70.3  to  57  per  week,  the  output  was  in- 
creased 19  per  cent. 


Fig.   1.     Depth  Dial  and  Cutter  used  for  graduating 


GRADUATING  GEAR  SHAPER  DIALS  ON 
THE  GEAR  SHAPER 

BY  JOHN  G.  BRUEGQEMAN  1 

The  extreme  accuracy  of  the  indexing  mechanism  of  the 
Fellows  gear  shaper  in  connection  with  the  cutting  of  gears 
is  well  known.  It  is  perhaps  not  generally  appreciated,  how- 
ever, that  this  feature  of  the  machine  adapts  it  to  the  accurate 
graduating  of  dials,  etc.  The  writer  of  "Graduating  on  the 
Gear  Shaper,"  in  the  October  number  of  Machineby,  has  shown 
that  the  Cleveland  Machine  Tool  Co.  is  using  this  machine 
for  graduating  circles.  This  practice  is  also  in  use  in  the 
shops  of  the  Fellows  Gear  Shaper  Co.  where  two  of  its  own 
dials  are  graduated  on  the  gear  shaper.  These  are  the  dial 
for  setting  for  depth  of  tooth  and  the  small  micrometer  dial 
on  the  lead-screw. 

Graduating  the  pitch  depth  dial  is  a  particularly  interest- 
ing example  of  what  can  be  done  on  the  gear  shaper  in  the 
way  of  indexing.  It  also  illustrates  the  adaptability  of  the  gear 
shaper  cutter  and  the  gear  shaper  molding-generating  prin- 
ciple. The  dial,  instead  of  being  graduated  in  thousandths  of 
an  inch,  reads  directly  for  the  gear  pitch  desired.  This  makes 
the  graduations  irregular,  and  in  consequence,  when  indexing 
in  the  usual  way  with  the  milling-machine  dividing  head, 
errors  are  likely  to  creep  in. 

Fig.  1  shows  the  depth  dial  (integral  with  the  dial  gear) 
and  the  graduating  cutter  mounted  in  position  on  the  machine. 
At  M  is  shown,  also,  the  micrometer  dial.  Fig.  2  is  a  view 
of  the  top  face  of  the  cutter  and  shows  the  spacing  of  the  teeth. 

This  cutter  is 
made  the  same 
diameter  as  the 
dial  and  the  two 
roll  together  like 
two  friction  rolls 
— the  same  as 
the  cutter  and 
the  gear  in  gear 
cutting.  Conse- 
quently, the 
spacing  of  the 
graduations  on 
the  rim  of  the 
dial  corresponds 
to  the  spacing  of 
the  teeth  on  the 
cutter.  Fig.  2 
shows  also  how 
the  graduations 
are  marked  in 
terms  of  gear 
pitches  (diame- 
tral) instead  of 
i  u  thousandths 
of  an  inch.  With 
this  marking, 
the  operator  has 
only  to  set  the 
dial  to  the  pitch 
number,  and  the 
machine  automatically  feeds  the  cutter  in  to  the  correct  depth 
for  a  tooth  of  that  pitch.  It  will  be  seen  that  the  cutter  and 
dial  are  set  up  on  the  machine  in  the  same  way  as  are  the 
cutter  and  work  when  cutting  gears.  They  are  aligned  by 
means  of  the  block  B  and  the  slot  in  the  rim  of  the  dial;  this 
alignment  is  necessary  to  prevent  a  graduation  from  falling 
in  the  space  occupied  by  the  slot.  One  revolution  of  the 
cutter  and  work  completes  the  operation.  The  time  for  grad- 
uating the  dial  by  this  method  is  three  minutes;  using  the 
milling-machine  dividing  head,  the  job  took  fifteen  minutes. 
In  making  the  cutter,  the  blank  was  slotted  on  the  milling 
machine  with  the  arrangement  formerly  used  for  indexing 
the  dials.  The  proper  spacing  of  the  teeth  was  determined 
by  means  of  very  simple  calculations. 

In  use,  the  dial  is  mounted  on  the  lead-screw,  the  lead  of 
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Fig.   2.     Top  of  Cutter  showing  Spacing  of  Cutter  Teeth 

which  is  1  1/3  turn  per  inch.  One  revolution  then  means 
0.750  inch  travel  of  the  saddle;  or,  0.001  inch  travel  of  the 
saddle  corresponds  to  1/750  revolution  of  the  dial.  With  forty- 
teeth  on  the  worm-wheel  in  the  index-head,  1/750  revolution 
of  the  work  means  40/750  revolution  of  the  crank-pin  in  the 
index-head.  Then  using  a  seventy-flve-hole  row  in  the  index- 
plate,  indexing  four  holes  will  give  a  motion  of  the  dial  which 
would  correspond  to  0.001  inch  travel  of  the  gear-shaper  sad- 
dle. Knowing  the  depth  of  tooth,  in  thousandths  of 
an  inch  for  the  first  gear  pitch,  say  twenty,  the 
number  of  holes  to  index  is  found  by  multiplying 
the  four  holes  by  the  depth  of  a  twenty-pitch  gear 
tooth;  for  the  second  pitch,  say  eighteen,  by  multi- 
plying by  the  difference  between  the  depth  of  tooth 
for  the  eighteen-pitch  and  the  twenty-pitch  and  so 
on.  Graduating  for  metric  cutters  is  done  by  the 
same  method.  This  requires,  of  course,  a  differ- 
ently spaced  graduating  cutter.  In  special  cases, 
where  both  the  English  and  the  metric  graduations 
are  put  on  the  same  dial,  the  graduating  is  done  in 
two  operations,  using  the  English  and  then  the  metric 
cutter,  with  one  setting  of  the  work. 

Fig.  3  shows  the  micrometer  dial,  and  the  cutter 
with  which  this  graduating  is  done.  This  job  differs 
but  little  from  the  one  described  in  the  article  prev- 
iously referred  to,  except  in  the  construction  of  the 
cutter.  To  get  the  different  lengths  of  graduations, 
instead  of  making  the  cutter  solid  and  grinding  the 
teeth  to  different  lengths,  the  cutter  was  constructed 
with  each  different  length  of  tooth  on  a  separate  piece. 
The  three  pieces  were  then  assembled  and  aligned  with  a  pin 
driven  through  them.  Tlie  method  of  mounting  the  cutter 
and  work,  and  of  cutting  the  graduations  is  similar  to  the 
method  described  in  the  preceding  and  in  the  article  on 
graduating  with  the  gear  shaper  referred  to.  The  time  for 
this  job  is  four  minutes. 


SHRAPNEL   BALL   COUNTER 

At  the  Vermont  Farm  Machine  Co.'s  plant,  Bellows  I'^alls, 
Vt.,  the  loading  of  3-inch  Russian  shrapnel  with  V^-incli  balls 
is  done  in  two  operations.  In  the  first  operation,  ninety  of  the 
balls  are  drojjped  into  the  shrapnel  case,  and  are  then  sub- 
mitted to  a  tliree-ton  pressure  to  pack  them  down.  The  second 
operation  consists  of  dropping  150  additional  balls  Into  the 
shrapnel  case,  sprinkling  in  a  charge  of  smoke  making 
powder,  weighing  and  adding  enough  balls  to  attain  the  exact 
weight  required  and  then  pressing  with  a  three-ton  pressure. 

The  improvised  counting  machine  shown  herewith  has 
worked  out  very  satisfactorily  at  this  plant  for  inserting  the 
correct  number  of  balls  in  the  shrapnel  case  with  two  press- 
ings, which  seems  to  be  the  advisable  practice.  The  counting 
machine  to  the  left  which  the  operator  is  using  consists  prin- 
cipally of  a  storage  chamber  fed  by  an  inclined  pipe  from 
a  large  tank  near  the  ceiling.  Opening  from  the  bottom  of 
the  small  retaining  tank  is  an  inclined  raceway  which  is 
divided  into  ten  channels.  There  are  two  gates  which  are 
spaced  approximately  nine  ball  diameters  apart. 

In  operation,  the  workman  lifts  the  upper  gate,  nearest  the 
tank,  which  causes  ninety  balls  to  roll  forward,  stopping 
against  the  front  gate.  He  then  replaces  the  rear  gate  and 
lifts  the  forward  gate,  as  shown  in  the  illustration,  releasing 
the  ninety  balls  which  drop  into  the  shrapnel  case.  During 
the  process  the  shrapnel  case  is  being  shaken  up  and  down  by 
a  jogging  device  on  which  it  rests.  The  partially  filled  case 
then  passes  to  the  hydraulic  press  at  the  right  of  the  operator, 
where  the  three-ton  pressure  is  applied.  It  then  goes  to  the 
counting  machine  shown  at  the  extreme  right  of  the  illustra- 
tion, where  150  balls  are  added.  This  machine  has  fifteen 
raceways  and  is  constructed  to  space  off  ten  balls  between 
the  gates.  These  counting  machines  might  have  been  made 
to  count  out  100  balls  for  the  first  pressing  and  140  for  the 
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Micrometer  Dial  and   Cutter  used   for  graduating 


Shrapnel    Ball    Counting    Machines    and    Hydraulic    Press 

second  or  any  other  combination,  but  the  one  used  was  con- 
sidered advisable  and  worked  out  satisfactorily.'  Though 
these  devices  were  more  or  less  makeshift,  they  have  proved 
very  effective  in  getting  out  a  large  quantity  of  work,  and  the 
principles  involved  are  simple  but  ingenious.  V.  B. 

*     *     * 

S.  A.  E.  SCREW  THREAD  STANDARDS 
CHANGE 
The  Society  of  Automobile  Engineers  has  issued  a  revision 
of  the  S.  A.  E.  standard  screws  and  nuts  in  respect  to  the 
threaded  portion  of  the  bolt.  The  length  of  effective  thread 
now  specified  is  D  X  1.5  +  14  inch,  in  which  D  is  the  diameter 
of  bolt  in  inches.  The  length  of  the  thread  previously  specified 
was  D  X  1.5,  but  it  was  found  that  the  bolt  makers  were  prone 
to  make  the  effective  threaded  portion  too  short,  measuring 
the  thread  to  the  extreme  point  that  had  been  marked  by  the 
die;  hence  the  length  of  the  threaded  portion  was  increased 
by  14  inch  on  all  sizes. 
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CARE.  STORING.  HANDLING  AND  MOUNTING 

BY  OTTO  BRUBNAUBK^ 


Figs.   1   and   2. 


Simple    Mountings   of   Straight-bore   Bearings   on    Straight 
Shafts,  showing  Means  of  locking  Nut 


A  BALL  bearing  is  a  piece  of  mechanism  of  extraordinary 
precision  and  accuracy.  The  balls  and  races  are  truly 
spherical  and  circular,  respectively,  within  a  fraction  of 
a  thousandth  of  an  inch,  and  the  balls  are  fitted  between  the 
races  with  equal  accuracy.  A  speck  of  dirt  in  the  raceways 
will  give  a  sensation  when  the  hand  spins  the  bearing  as  if 
the  balls  were  rolling  over  a  big  lump.  Dirt  and  grit  in  a 
bearing  or  rough  and  careless  treatment  affect  its  running 
qualities  and  ultimate  wear  in  the  same  way  as  they  would 
the  works  of  a  watch.  No  man  would  ever  think  of  letting 
his  watch  with  the  case  open  lie  around  on  dirty  work  benches 
or  on  the  floor  of  the  shop.  Yet  he  will  do  this  with  a  ball 
bearing,  giving  it  every  possible  opportunity  to  become  filled 
with  foreign  matter,  and  otherwise  abuse  it  to  the  detriment 
of  its  life  and  usefulness. 

Because  of  ignorance  of  conditions  and  lack  of  proper 
methods  in  handling  ball  bearings  before  and  during  the  pro- 
cess of  mounting  many  ball  bearing  installations  have  been 
failures.  They  were  rendered  useless  before  they  were  put 
into  operation.  No  matter  how  carefully  and  correctly  the 
design  has  been  worked  out  by  the  engineer  his  best  efforts 
are  likely  to  be  defeated  by  careless  or  improper  methods  of 


'The  following  articles  relating  to  the  care,  use,  design,  construction,  manu- 
facture and  application  of  ball  bearings  have  previously  been  published  in 
Machinert:  "Lubrication  of  Ball  Bearings."  July.  1915;  Ball  Bearings," 
June,  1915;  "Pitch  Diameters  of  Ball  Bearings,"  January,  1915;  "Load  Ca- 
pacity of  Ball  Bearings,"  May,  1914;  "Sliding  Action  in  Ball  Bearings," 
April,  1914;  "Formula  for  Determining  the  Ball  Circle  Diameter  for  Ball 
Bearings,"  September,  1913;  "Ball  Bearings — Their  Construction  and  Applica- 
tion," July,  1913;  "Making  Annular  Bearings,"  December,  1912;  "Making  New 
Departure  Ball  Bearings,"  November,  1912;  "Ball  and  Roller  Journal  Bear- 
ings," September,  1912;  "Ball  and  Roller  Thrust  Bearings,"  August,  1912; 
"Some  Tools  used  in  the  Manufacture  of  Small  Steel  Balls,"  August.  1912; 
"The  Mounting  of  Ball  Bearings."  July.  1912;  "The  Manufacture  of  Steel 
Balls,"  February.  March  and  April,  19i2;  "Use  of  Ball  or  Roller  Bearings 
in  Machine  Tool  Construction,"  November,  1910;  "Some  Notes  on  Ball  Bear- 
ings," May,  1909;  "Ball  Bearings,"  December,  1907,  and  January,  1908;  "A 
New  System  for  Manufacture  of  Steel  Balls,"  November,  1000;  "Ball  Bear- 
ings," July,   1900. 

'General  Sales  Manager,   Gurney  Ball  Bearing  Co.,  Jamestown,   N.   T. 


Figs.  3  and  4.     Alternative  Methods  of  locking  Nut  to  clamp  Ball  Bearings 
on   Straight  Shafts 

handling  the  bearings  in  the  shop.  The  one  must  supplement 
the  other,  and  it  is  with  this  correlation  in  mind  that  the 
handling,  mounting  and  lubrication  of  ball  bearings  are  dealt 
with  in  the  following.  Many  of  the  directions  are  intended 
particularly  for  large  quantities  of  bearings.  However,  the 
general  principles  of  cleanliness  and  carefulness  apply  where- 
ever  ball  bearings  are  used,  regardless  of  the  quantity  or  the 
size  of  the  shop.  The  details  of  the  method  alone  may  be 
varied  to  suit  conditions,  and  of  course  will  be  less  elaborate 
in  a  factory  which  uses  but  few  ball  bearings. 

STORING   AND   HANDLING 

When  taking  the  bearings  out  of  the  shipping  cases  the 
individual  boxes  in  which  they  are  packed  must  not  be  opened. 
The  unpacking  should  be  done  on  tables  rather  than  on  the 
fioor  of  the  receiving  room,  and  the  shipment  after  being 
checked  should  be  sent  to  the  store-room  immediately.  If 
trucks  are  used  for  this  purpose  other  material  should  not  be 
piled  on  top  of  the  bearing  boxes,  as  this  is  likely  to  damage 
the  bearings.  If  the  individual  boxes  and  wrappers  in  which 
the  bearings  are  packed  by  the  manufacturer  remain  intact, 
the  bearings  may  be  stored  and  kept  almost  indefinitely.  They 
are  slushed  and  well  protected  from  danger  of  rusting  and 
should  not  be  unwrapped  or  handled  in  any  way  until  ready 
for  use.  Each  box  is  distinctly  marked  with  the  number  and 
type  of  bearing  it  contains.  Thus,  it  is  an  easy  matter  to 
store  them  neatly  on  shelves,  arranged  by  numbers  and  types. 

Used  bearings  should  not  be  stored  without  careful  inspection. 
Frequently  bearings  are  delivered  to  the  store-room  that  have 
been  used  in  some  way  or  other  in  the  assembling  department 
or  that  have  been  taken  out  of  dismantled  machines.  It 
should  be  made  a  strict  rule  that  no  such  bearings  may  be 
stored   without   having  been   washed,   inspected,   slushed   and 


Fig.   5.     Another  Ball  Bearing 
Mounting  held  by  Nut 


Fig.  6.    Ball  Bearing  Mounting 
utilizing   Spacer  King 


Figs.  7  and  8.     Methods  of  mounting  Bearing  with  Bore  Same  as  or  Larger 
than  Diameter  of  Shaft 
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Fig.  9.  Use  of  Adapter  for 
mounting  Bearings  on  Shafts 
that  must  t-emain  Cylindrical 


Fig.    10.     Unsatisfactory  Method 

of   mounting   Bearing  on 

Tapered  Shaft 


repacked.  In  other  words,  they  should  be  put  in  the  same 
condition  as  a  new  bearing.  To  accomplish  this,  wash  them 
in  fresh  gasoline,  making  sure  that  the  pan  is  perfectly  clean. 
The  work  bench  or  table  on  which  this  is  done  should  be 
covered  with  paper  or  preferably  lined  with  sheet  metal,  which 
must  be  kept  clean.  The  best  way  of  washing  the  bearing  is 
to  stick  the  fingers  of  one  hand  into  the  bore  of  the  inner 
ring,  and  with  the  other  hand  spin  the  outer  ring,  and  then 
quickly  submerge  the  bearing  in  the  gasoline.  Bearings  that 
are  full  of  old  or  gummy  grease  should  soak  in  the  gasoline 
until  the  grease  is  dissolved.  Dirt  or  grit  will  make  the  bear- 
ing run  rough.  In  most  cases  repeated  washing  and  spinning 
are  necessary  to  remove  these  foreign  matters.  If  they  cannot 
be  entirely  washed  out  the  bearings  should  be  rejected. 

If  compressed  air  is  available  it  may  be  used  to  advantage 
in  cleaning  bearings  that  have  become  full  of  dirt.  After  the 
bearing  has  been  dipped  in  gasoline  its  inner  ring  should  be 
driven  by  a  tapered  mandrel  rotating  at  fair  speed.  One 
hand  holds  the  outer  ring  stationary,  the  other  applies  the  air 
blast.  Repeated  blowing  of  this  kind  will  clean  almost  any 
bearing.  Care  should  be  taken,  however,  to  have  the  com- 
pressed air  clean  and  free  from  water. 

Immediately  after  washing  dip  the  bearing  in  kerosene  to 
prevent  rusting.  Inspect  it  carefully.  Make  sure  that  the 
inner  ring  has  not  been  cracked  by  driving  it  onto  an  over-size 
shaft,  and  that  the  ball  separator  has  not  been  damaged  by 
carelessly  hitting  it  with  a  tool  in  driving  the  bearing  on  or 
off  the  shaft.  If  it  is  in  good  condition  dip  in  a  vaseline 
slush  which  will  not  gum  up.  Wrap  in  parafSne  paper  and 
place  the  bearing  in  its  box.  If  a  box  is  not  available  a  heavy 
paper  can  be  used.    The  bearing  may  now  be  stored  again. 

Bearings  rejected  by  the  inspector  should  be  lubricated  and 
repacked  at  once.  If  the  inspector  for  any  reason  rejects  part 
of  a  shipment  of  bearings  they  should  not  be  allowed  to  lie 
around  on  benches,  on  the  floor,  or  any  place  where  they  may 
rust  or  become  dirty  or  wet.  It  is  not  fair  to  expect  the  manu- 
facturer to  accept  a  return  shipment  of  new  bearings  which 
have  been  allowed  to  become  dirty  or  covered  with  rust.  The 
same  cleanliness  and  care  should  be  applied  in  such  case  as 
if  the  bearings  were  to  be  kept  and  paid  for. 

Before  the  bearing  is  mounted  it  must  be  washed  in  gasoline 
to  remove  the  slush.  If  this  is  done  in  the  assembling  depart- 
ment a  sufficiently  large  part  of  the  work  bench  or  a  table 
should  be  used  which  is  lined  with  galvanized  or  tinned  sheet 
metal.  A  table  with  a  metal  lined  basin  sunk  into  its  plat- 
form which  may  be  covered  up  flush  is  a  very  good  arrange- 
ment. The  basin  should  have  a  drain  however.  When  the 
mounting  of  bearings  on  shafts  or  spindles  is  done  in  one 
department  and  when  the  quantity  of  bearings  warrants  it, 
the  washing  should  be  done  in  a  separate  room  and  away 
from  the  work  bench,  preferably  in  the  store-room  or  inspec- 
tion department.  Immediately  after  washing,  the  bearings 
should  be  dipped  in  kerosene.  If  this  is  not  done  they  will 
dry  quickly  and  have  no  protection  against  rusting.  Dry 
bearings,  if  handled  by  perspiring  hands,  will  soon  rust,  re- 
gardless of  the  amount  of  oil  or  grease  with  which  they  are 


lubricated  afterward.  It  is  difficult  and  often  impossible  to 
remove  a  bearing  which  has  become  rusted  onto  a  shaft  or 
into  a  housing.  For  this  reason,  as  well  as  to  keep  the  bear- 
ings clean,  the  assemblers  should  wash  their  hands  freely  in 
kerosene.  Otherwise  chips  or  filings  sticking  on  their  hands 
can  easily  enter  into  the  bearing  at  the  last  minute  and  ruin 
it  in  a  short  time. 

Under  no  conditions  should  a  man  be  permitted  to  throw 
l)earings  around  on  a  work  bench  full  of  tools,  chips,  saw- 
dust, etc.,  or  to  throw  them  or  let  them  lie  around  on  the  floor 
of  the  shop.  Provide  suitable  equipment  such  as  described 
and  strictly  enforce  its  use.  A  bearing  with  a  chip  or  dirt 
in  it  will  prove  a  very  expensive  thing  to  put  into  a  machine, 
and  any  such  neglect  on  the  part  of  the  workmen  should  be 
considered  just  as  inexcusable  as  the  dropping  of  a  monkey 
wrench  into  a  gear-box. 

The  washed  and  dipped  bearings  are  best  handed  out  to  the 
assemblers  in  metal  boxes.  These  may  be  provided  with  up- 
right pins  on  which  the  bearings  are  stacked.  A  suflScient 
number  of  the  various  sizes  required  for  a  certain  number  of 
jobs  may  thus  be  handed  out.  The  boxes  can  be  kept  close 
to  the  work  when  assembling  and  are  a  good  protection  for 
the  bearings.  If  such  boxes  are  used,  it  is  well  to  leave  a 
spare  pin  for  each  stack.  Thus,  when  a  man  tries  a  number 
of  bearings  for  the  best  fit,  he  can  replace  them  on  this  pin 
instead  of  having  to  lay  them  temporarily  on  the  bench  or 
floor.  The  assembling  department  for  reasons  outlined  above 
should  be  removed  from  the  grinding  department  and  located 
in  a  room  which  is  unlikely  to  become  filled  with  dust  of  any 
kind.    Cleanliness  should  be  the  watchword. 

When  assembling  transmission  cases  it  is  frequently  cus- 
tomary to  "run  in"  noisy  gears  with  a  grease  which  is  mixed 
with  some  kind  of  abrasive.  If  this  is  done  a  special  set  of 
bearings  must  be  used  for  this  purpose  only.  Remove  them 
afterward,  wash  case,  gears  and  shafts  thoroughly,  blow  them 
out,  and  remount  the  shafts  on  new  bearings.  Grease  loaded 
with  fillers  such  as  sawdust,  ground  cork,  etc.,  for  the  purpose 
of  deadening  the  sound  of  gears  is  extremely  injurious  to 
ball  bearings  and  must  not  be  used. 

Don't  try  to  save  by  using  grease  or  oil  which  has  been 
used  before.  When  the  bearings  are  assembled  in  their  places 
and  ready  for  lubrication,  fresh  lubricant  should  be  available. 
Aside  from  the  reduced  lubricating  qualities  of  used  oil  or 
grease  there  is  danger  of  their  containing  dirt  or  foreign 
matter. 

Don't  pack  bearings  between  sawdust,  excelsior,  straw,  etc. 
When  bearings  are  to  be  shipped  from  one  plant  to  another 
they  should  be  carefully  packed  in  strong  cases.  Under  no 
circumstances  should  excelsior,  sawdust,  or  similar  material 
be  used  as  a  filler.  The  paper  boxes  in  which  the  individual 
bearings  are  packed  may  break  or  open  up  because  of  rough 
treatment  in  transit  and  in  consequence  the  bearings  will 
become  full  of  sawdust,  etc. 

MOUNTING   BALL   BEARINGS   ON   SHAFTS 

The  inner  ring  of  a  ball  bearing  must  have  a  firm  seat  on 
the  shaft.    A  press  or  force  fit  is  often  considered  supcient  to 


Fig.   11.    Preferahle  Method  of 

mounting  Bearing  on  Tapered 

Shaft 


Fig.   12.     Method  of  mounting 

Bearing  that  gives  Accurate 

Sidewise  Location 
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mount  a  ball  bearing  properly  on  a 
shaft.  However,  if  this  bearing  is  once 
pulled  off  its  seat  and  driven  on  again, 
there  will  be  enough  metal  rubbed  off 
the  shaft  to  materially  reduce  its  di- 
ameter. The  bearing,  when  replaced, 
will  have  a  more  or  less  loose  fit  and 
will  at  once  begin  to  peen  down  the 
shaft  under  the  vibration  of  the  vary- 
ing loads,  and  thus  gradually  bring 
about  abrasion  of  the  shaft.  A  press 
fit  is  further  objectionable  for  the 
reason  that  if  not  applied  judiciously 
a  stretching  of  the  inner  ring  of  the 
bearing,  particularly  of  the  light  series, 

and  a  consequent  tightening  of  the  bearing,  may  result.  Some- 
times the  inner  ring  will  be  stretched  to  such  an  extent  that 
it  will  crack. 

The  proper  lit,  therefore,  for  an  inner  ball  bearing  ring  on 
a  shaft  is  what  is  commonly  called  a  light  drive  fit.  Slight 
tapping  of  the  inner  ring  should  be  sufficient  to  make  it  slide 
along  the  shaft  onto  its  seat  and  against  the  shoulder  of 
the  shaft.  The  practice  of  locking  the  ring  against  this 
shoulder  by  means  of  a  nut  or  its  equivalent  (except  in  the 
case  of  taper-bore  bearings)  is  recommended  under  all 
circumstances. 

Limits  of  Bearing  Variations  and  Allowances  lor  Shafts 

The  standard  accuracy  applied  to  the  manufacture  of  ball 
bearings  is  for  obvious  reasons  extraordinarily  high.  For  the 
limits  of  variations  for  various  sizes  of  bearings  a  standard 
maximum  and  minimum  has  been  adopted  by  all  ball  bearing 
manufacturers.  These  variations  have  been  regulated  with  a 
view  to  insuring  proper  fits  on  shafts  turned  within  such 
limits  as  will  permit  of  this  operation  being  done  commer- 
cially by  the  users  of  ball  bearings. 

The  accompanying  table  gives  limits  of  variations  in  the 
bores  of  ball  bearings  and  the  appropriate  limits  on  the  shafts 
to  secure  desirable  fits.  This  table  will  be  useful  to  the 
engineer  or  superintendent  in  specifying  the  plus  and  minus 
allowances  on  the  working  drawings. 

For  the  benefit  of  those  who  have  had  little  experience  with 
ball  bearings,  it  may  be  said  that  they  are  made  to  metric 


BORE  AND  SHAFT  TOLERANCES  FOR  MOUNTING  BALL  BEARINGS 


llore   of    Bearinga,    Millimeters 

Limits  of   Variations   of 

Limits  on  Shafts 

Limits  on  Shafts 

if    Uace    is 
Clamped 

if   iCace   is  not 
Clamped 

Light  Series 

Medium   Series 

Heavy    Series 

Plus 

Minus 

betKeen 
Shoulders 

between 
Shoulders 

10   to   20 

1 

0.0002 

0.0004 

+  0.0000 
—  0.0005 

+  0.0002 
—  0.0003 

25  to  80        20  to  65        20  to  55 

0.0002 

0.0006 

+  0.0000 
—  0.0008 

+  0.0003 
—  0.0004 

85  to  110      70  to  110      60  to  110 

0.0002 

0.0007 

+  0.0000 
—  0.0010 

+  0.0003 
—  0.0005 

115  and  up  115  and  up  115  and  up 

0.0002 

0.0007 

+  0.0000 
—  0.0010 

+  0.0003 
—  0.0005 

Machinery 

13.     Satisfactory  Uethod   of  mount- 
ing Bearings  on  Vertical  Shaft 


14.     Method   of   mounting   Bearings 
on  Tapered  Vertical  Shaft 


dimensions,  the  bores  increasing  by  five  millimeters,  or  0.1969 
inch — less  than  13/64  inch.  For  each  size  of  bore  three  differ- 
ent series  of  bearings  are  made,  namely,  light,  medium,  and 
heavy  series.  For  the  medium  series  larger  balls  are  used 
than  for  the  light  series.  Hence,  the  medium  series  bearing 
of  the  same  bore  as  that  of  the  corresponding  light  series 
will  have  a  larger  outside  diameter  and  thickness.  The  same 
condition  exists  for  the  heavy  series  with  reference  to  the 
corresponding  size  of  the  medium  and  light  series,  respect- 
ively. The  purpose  of  this  is  obvious.  It  permits  of  a  more 
economical  selection  of  the  proper  bearing  for  a  given  shaft 
to  support  light,  medium  or  heavy  loads,  as  the  case  may  be. 
Different  manufacturers  number  their  bearing  sizes  differ- 
ently, and  in  most  cases  so  as  to  identify  the  type  of  bearing, 
namely,  whether  it  is  a  plain  radial  single-row  bearing,  a 
double-row  bearing  or  a  combination  radial  and  thrust  bearing. 
Since  in  all  cases,  however,  the  bores  increase  by  five  milli- 
meters it  will  serve  our  purpose  if  we  list  the  bearings  in  the 
accompanying  table  merely  by  their  bores,  and  not  by  numbers 
and  types. 


Methods  of  Securing-  Inner  Ring  on  Straight  Shaft 

Shoulder  on  Shaft. — Leaving  a  shoulder  on  the  shaft  against 
which  one  face  of  the  inner  ring  may  be  clamped  by  a  nut  is 
the  most  satisfactory  and  economical  method  of  mounting  a 
straight-bore  ball  bearing  on  a  straight  shaft.  In  the  majority 
of  cases  the  design  can  be  made  so  as  to  permit  this  method. 
Figs.  1  to  5  show  simple  and  effective  means  of  locking  the  nut. 
No  Shoulder  on  Shaft. — If  the  shaft  can- 
not be  designed  so  as  to  leave  a  shoulder  on 
it,  a  spacer  sleeve  A,  Fig.  6,  between  the 
inner  ring  of  the  bearing  and  some  other  ro- 
tating and  laterally  fixed  member  on  the 
shaft  will  serve  the  purpose:  The  hub  of  a 
gear,  worm,  pulley,  sprocket,  or  drum  may 
be  conveniently  utilized.  If  nothing  of  the 
sort  is  available.  Figs.  7  and  8  show  a  satis- 
factory solution  of  the  problem.  Fig.  7 
shows  the  mounting  of  a  bearing  having  a 
bore  the  same  as  or  larger  than  the  diameter 
of  the  shaft,  and  it  is  assumed  that  the  .size 
of  the  bearing  cannot  be  reduced.  By  cut- 
ting down  the  shaft  and  driving  on  a  bush- 
ing with  a  shoulder  on  one  end,  the  bearing 
will  be  satisfactorily  mounted,  provided  the 
bushing  has  a  firm  seat  on  the  shaft  and  its 
outside  runs  true  with  the  shaft.  When  a 
bearing  must  be  mounted  under  such  condi- 
tions away  from  the  ends  of  the  shaft,  a 
good  method  is  to  use  a  bushing  /?.  as  shown 
in  Fig.  8,  which  is  held  in  position  laterally 
by  the  split  bushing  C.  The  split  bushing 
also  serves  the  purpose  of  locking  the  inner 
ring  between  two  shoulders.  The  same  con- 
ditions for  true  running  of  bushing  C  with 
the  shaft  must  obtain  as  in  the  case  illus- 
trated in  Fig.  7. 

The  form  of  bearing  mounting  for  vertical 
shafts  shown  in  Fig.  13  will  often  be  found 
very  satisfactory.  The  illustration  shows 
the  mounting  of  the  inner  ring  of  both  the 
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Fig. 


Tool    for    removing    Ball    Bear- 
ings  from   Shafts 


upper  and  lower  bear- 
ings on  the  same  shaft. 
The  member  I)  support- 
ing the  -upper  bearing 
Is  held  against  the 
shoulder  on  the  shaft  by 
means  of  the  collar  E, 
which,  at  the  same  time, 
serves  to  clamp  the  in- 
ner ring  between  shoul- 
ders. The  inner  ring  of 
the  lower  bearing  is 
locked  in  any  of  the 
ways  previously  given. 

Adapters  for  Taper- 
bore  Bearings.  —  Shafts 
that  must  remain  per- 
fectly cylindrical,  par- 
ticularly lineshafts  and 
countershafts,  permit 
but  one  method  of  mounting  a  ball  bearing,  namely,  by 
the  use  of  a  so-called  adapter.  Fig.  9.  This  is  a  split  bush- 
ing which  can  be  clamped  tight  onto  the  shaft  by  driv- 
ing over  its  tapered  periphery  a  bearing  with  a  taper  bore. 
The  bearing  is  held  in  position  by  a  nut  on  the  adapter.  A 
4-degree  included  angle  is  the  accepted  standard  for  taper- 
bore  bearings. 

Methods  of  Securing- Inner  Ring-  on  Tapered  Shaft 

The  mounting  of  bearings  on  a  tapered  shaft,  as  shown  in 
Fig.  10,  should  be  avoided  as  much  as  possible.  There  is  great 
danger  of  stretching  and  cracking  the  inner  ring,  unless  more 
judgment  is  used  than  the  average  working  man  possesses.  A 
decidedly  preferable  method  Is  shown  in  Fig.  11,  which  illus- 
trates an  adapter  with  a  taper  bore  and  straight  outside, 
enabling  the  use  of  a  straight-bore  bearing.  Since  it  is  diffi- 
cult to  locate 
either  the  bear- 
ing or  the  adap- 
ter accurately, 
recourse  may 
have  to  be  had 
to  the  method 
shown  in  Fig. 
12,  if  this  ac- 
curate sidewise 
location  is  real- 
ly essential. 

Fig.  14  illus- 
trates  the 
mounting  of 
bearings  on  a 
tapered  verti- 
cal shaft.  The 
upper  bearing 
is  carried  on  a 
member  F  hav- 
ing a  straight 
seat  for  a 
straight  -  bore 
inner  ring 
which  is 
clamped  be- 
tween shoul- 
ders by  means  of  the  nut  on  the  end  of  the  shaft.  This  nut, 
at  the  same  time,  drives  the  member  F  up  on  the  taper  of 
the  shaft.  For  the  lower  bearing  the  weight  of  the  shaft  and 
the  parts  mounted  on  it  is  depended  upon  to  establish  a  firm 
seat  between  the  shaft  and  the  member  G  on  which  is  mounted 
a  straight-bore  bearing  in  any  of  the  ways  previously  given. 
In  all  cases  the  shoulder  against  which  the  bearing  rests 
with  one  face  of  its  inner  ring  should  be  at  least  %  inch 
smaller  in  diameter  than  the  outside  diameter  of  the  inner 
ring  of  the  bearing.  This  is  for  the  purpose  of  leaving  enough 
of  the  inner  ring  exposed  to  pull  off  the  bearing  if  necessary. 
"Where  the  exigencies  of  the  case  may  make  it  desirable,  two 


Fig.    16. 


"Bearing  Puller"   for  removing  Ball 
Bearings  from  Shaft 


notches  diametrically  opposite  may  he  cut  into  the  shoulder 
to  enable  a  special  tool  called  a  "bearing  puller"  to  be  used, 
as  illustrated  in  Figs.  16  and  18. 

Machining:  Shaft  for  Mounting-  Ball  Bearlng-H 

The  seat  of  a  ball  bearing  on  a  shaft  should  best  be  Kround, 
When  the  finishing  operation  must  be  done  in  a  lathe  great 
care  should  be  taken  to  make  the  seat  very  smooth.  It  is 
important  that  the  seat  be  perfectly  round.  If  it  is  not-  on  a 
true  circle  the  inner  ring  of  the  bearing  will  contact  with  the 
shaft  only  on  high  spots  and  soon  will  peen  down,  causing  a 
looseness  and  often  ultimate  destruction  of  the  shaft  or 
bearing,  or  both.  Working  drawings  should  give  plus  and 
minus  limits  according  to  the  table  given  in  the  foregoing,  and 
they  must  be  strictly  adhered  to.  The  operators  and  inspec- 
tors should  be  furnished  with  "Go"  and  "Not  Go"  gages. 
Micrometer  reading  should  be  discouraged.    The  fillets  on  the 


Fig.    17.     Tool   for  removing   Bearing   mounted   on    End  of  Shaft 

shafts  should  not  exceed  the  blueprint  dimensions.  The  lat- 
ter, of  course,  must  be  slightly  smaller  than  the  chamfers  of 
the  bearings  for  which  every  bearing  manufacturer  furnishes 
specifications  in  his  catalogue.  If  the  fillet  on  the  shaft  were 
larger  than  the  chamfer  of  the  bearing,  the  bearing  would 
contact  only  on  the  fillet  instead  of  with  the  shoulder  on  the 
shaft.  If  side  thrust  were  transmitted  onto  a  bearing  so 
mounted,  the  small  area  of  contact  between  fillet  and  chamfer 
would  soon  wear,  causing  lateral  play  of  the  bearing  in  its 
seat  with  all  the  consequent  destructive  results. 

Driving  Bearing-s  on  Their  Seat  on  Shaft 

Under  all  circumstances  the  force  required  to  drive  the 
bearing  on  its  seat,  should  be  exerted  against  the  inner  ring 
and  not  against  the  outer  ring.  This  rule  should  be  thoroughly 
understood  and  strictly  enforced.  A  little  oil  should  always 
be  put  on  the  seat  before  driving  on  the  bearing.  The  driving 
should  not  be  done  by  hammering  directly  against  the  inner 
ring.  This  is  very  hard,  and  such  hammering  is  likely  to 
chip  or  crack 
the  ring  or  to 
damage  the 
separator  in 
the  bearing.  A 
tool  like  that 
illustrated  in 
Fig.  15  should 
be  used,  which 
of  course  must 
not  be  hard- 
ened. If  the 
bearing  is 
mounted  on  the 
end  of  the 
shaft,  the  tool 
shown  in  Fig. 
17  will  serve 
well.  In  any 
event,  the  ring 
should  be 
driven  simulta- 
neously at  two 
diametrically 
opposed  points 
of  its  outside 
surface.     Tap 

gently,      and  Fig.    18.     Another   Form   of    "Bearing   Puller" 
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only  with  soft  metals.  If  the  bearing  drives  on  too  hard,  take 
it  off  and  use  another  one,  or  have  the  shaft  ground  or  turned 
down.  Never  attempt  to  grind  out  the  bore  of  the  bearing 
to  make  it  fit. 

When  mounting  taper-bore  bearings  on  adapters,  Fig.  9,  the 
same  method  of  tapping  the  inner  ring  on  its  seat  should  be 
used  as  in  the  case  of  straight-bore  bearings.  The  adapter, 
of  course,  should  be  backed  up  on  its  other  end.  It  will  not 
do  to  draw  the  bearing  up  on  its  seat  by  turning  the  nut. 
The  adapters  are  made  as  thin  as  is  consistently  possible  to 
keep  down  the  size  of  the  bearing.  The  threads  on  the 
adapter  are  consequently  fine  and  only  expected  to  hold  the 
bearing  in  its  place,  and  not  to  withstand  the  strain  of  driv- 
ing it  on  its  seat. 

Pulling-  Bearlng-s  off  Their  Seats 

The  same  fundamental  rule  applies  in  the  case  of  pulling 
bearings  off  their  seats  as  in  driving  bearings  on  their  seats, 
namely:  Don't  exert  force  against  the  outer  ring.  Wherever 
possible  the  tool  shown  in  Fig.  15  should  be  used  and  the 
bearing  pushed  off  its  seat.  If  the  rules  suggested  in  the  fore- 
going for  rust  prevention  have  been  followed  and  if  the  shaft 
was  oiled  before  the  bearing  was  driven  on,  it  will  come  off 
very  easily.  If  the  bearing  rests  against  the  hub  of  a  gear, 
etc.,  the  bearing  may  best  be  driven  off  through  the  latter. 
There  is  no  objection  to  driving  the  shaft  out  of  the  bearing, 
where  this  is  more  convenient,  as  long  as  the  outer  ring  of  the 
bearing  is  not  used  for  support.  Where  the  conditions  require 
a  tool  of  the  type  shown  in  Figs.  16  and  18,  this  must  be 
used  for  pulling  the  inner  ring  off  its  seat.  If  notches  are 
provided  on  the  shoulder  such  a  tool  will  work  very  well. 
*     *     * 

DR.  IRA  N.  HOLLIS 

Dr.  Ira  N.  Hollis,  the  newly  elected  president  of  the  Ameri- 
can Society  of  Mechanical  Engineers  and  president  of  the 
Worcester  Polytechnic  Institute,  was  born  in  Mooresville,  Md., 
in  1856.  He  graduated  from  the  Louisville,  Ky.,  high  school 
in  1872,  and  went  as  an  apprentice  in  a  machine  shop  for 
building  and  repairing  all  kinds  of  engines,  principally  those 
used  on  the  Ohio  River  steamboats.  His  health  failing,  he 
changed  his  occupation,  and  finally  entered  the  Naval  Acad- 
emy at  Annapolis  in  1874,  from  which  he  graduated  in  1878. 
Two  years  later  he  was  commissioned  assistant  engineer  in 
the  United  States  Navy,  and  in  1888  passed  assistant  engineer. 
He  resigned  from  the  Navy  in  1893  to  become  professor  of 
engineering  at  Harvard  University,  and  in  1913  was  called  to 
his  present  position. 

During  the  fifteen  years  after  graduation  from  the  Naval 
Academy  he  had  a  varied  experience  and  was  chief  engineer 
of  two  ships.  In  1884  he  served  with  the  advisory  board  that 
built  the  four  ships  of  the  White  Squadron  and  spent  some 
months  in  the  inspection  of  machinery  at  Chester,  Pa.,  New 
York  City,  and  Nashua,  N.  H.  He  spent  three  years  at  the 
Union  Iron  Works  in  the  inspection  of  machinery  for  the 
Charleston  and  on  the  naval  board  for  fitting  up  the  merchant 
ships  as  auxiliaries.  In  1892  he  was  ordered  to  the  Bureau  of 
Steam  Engineering  under  George  W.  Melville,  then  engineer- 
ing chief,  and  his  first  service  was  a  series  of  lectures  at  the 
War  College  on  the  new  ships  of  the  navy.  His  last  work  in 
the  navy  was  drawing  specifications  for  the  machinery  of  the 
gunboat  Nashville  and  designing  machinery  for  new  torpedo 
boats. 

Dr.  Hollis  was  twenty  years  with  the  Harvard  University 
during  the  rejuvenation  of  its  engineering  work.  He  was 
active  in  the  development  of  the  university's  facilities  for 
sports,  including  a  boat  house,  ball  cage  and  stadium.  The 
stadium  was  his  idea  and  the  use  of  concrete  for  its  construc- 
tion was  novel.  The  stadium  was  the  first  of  its  type  in  the 
country,  and  it  was  probably  the  first  large  structure  above 
ground,  inasmuch  as  up  to  that  time  concrete  had  been  used 
for  only  underground  structures.  He  planned  and  built  Pierce 
Hall,  which  was  used  for  engineering  for  many  years. 

Dr.  Hollis  received  the  honorary  degree  of  Master  of  Arts 
from  Harvard  University  in  1899,  the  degree  of  L.H.D.  from 
Union  College  in  the  same  year,  and  the  degree  of  Doctor  of 


Science  from  the 
University  of  Pitts- 
burg in  1912.  He 
was  elected  to  mem- 
bership in  the  A.  S. 
M.  E.  in  1884  and 
was  its  vice-presi- 
dent from  1911  to 
1913.  He  is  a  mem- 
ber of  the  Society 
of  United  States 
Naval  Engineers, 
the  American  So- 
ciety of  American 
Architects  and 
American  Engi- 
neers, the  Boston 
Society  of  Civil  En- 
gineers and  the  So- 
ciety for  the  Pro- 
motion of  Engineer- 
ing Education.  He 
is  the  author  of  the 
History  of  the  Frig- 
ate Constitution  ^^-  ^'a  N.  HoliU 
and  War  College  Lectures  on  Naval  Ships.  He  presented  a 
paper  before  the  A.  S.  M.  E.  in  1909,  "Cast-iron  Fittings  for 
Superheated  Steam,"  and  has  presented  other  papers  dealing 
with  naval,  educational  and  engineering  subjects. 

ANNUAL  MEETING   OF  A.  S.   M.  E. 

The  thirty-seventh  annual  meeting  of  the  American  Society 
of  Mechanical  Engineers  was  held  in  New  York  City  Decem- 
ber 5  to  8,  inclusive.  The  program  followed  the  usual  lines, 
the  president's  reception  being  held  on  Tuesday  evening,  fol- 
lowing the  president's  address.  President  D.  S.  Jacobus  deliv- 
ered an  address  on  "Education  in  Engineering".  The  officers 
chosen  at  the  annual  election  are  as  follows:  Ira  N.  Hollis, 
president;  Charles  H.  Benjamin,  Arthur  M.  Greene,  Jr.,  and 
Charles  T.  Plunkett,  vice-presidents;  Robert  H.  Fernald,  Will- 
iam B.  Gregory,  C.  R.  Weymouth,  managers;  and  William  H. 
Wiley,   treasurer. 

On  Wednesday  the  following  papers  were  presented: 

"The  Proportioning  of  Surface  Condensers,"  by  George  A. 
Orrok. 

"The  Testing  of  House  Heating  Boilers,"  by  L.  P.  Brecken- 
ridge  and  D.  B.  Prentice. 

"Water  for  Steam  Boilers — Its  Significance  and  Treat- 
ment," by  Arthur  C.  Scott  and  J.  R.  Bailey. 

"Proposed   Code  of  Safety  Standards  for  Cranes." 

"Steam  Safety  Valves,"  by  George  H.  Clark. 

"Efficiency  of  Propulsive  Machinery  and  Late  Developments 
in  Naval  Engineering,"  by  H.  C.  Dinger. 

"Standardization  of  Power  Plant  Operating  Costs,"  by 
Walter   N.    Polakov. 

"Report  of  Efficiency  Tests  of  a  30,000-kilowatt  Cross-com- 
pound Steam  Turbine,"  by  H.  G.  Stott  and  W.  S.  Finlay,  Jr. 

"The  Design  and  Test  of  a  Large  Reclamation  Pumping 
Plant,"  by  G.  C.  Noble. 

Following  the  presentation  of  these  papers,  memorial  exer- 
cises were  held  in  the  auditorium  for  John  E.  Sweet,  past- 
president,  honorary  member  and  founder  of  the  society.  After 
these  exercises  in  the  afternoon  there  was  a  conference  of 
the  local  sections.    The  following  papers  were  presented: 

"The  Utilization  of  Waste  Heat  for  Steam-generating  Pur- 
poses," by  Arthur  D.  Pratt. 

"Graphic  Methods  of  Analysis  in  the  Design  and  Opera- 
tion of  Steam  Power  Plants,"  by  R.  J.  S.  Pigott. 

"Power-plant  Efficiency,"  by  Victor  J.  Azbe. 

"The  Impact  Tube,"  by  Sanford  A.  Moss. 

"The  Flow  of  Air  and  Steam  through  Orifices,"  by  Herbert 
B.  Reynolds. 

"Topical  Discussion  on  Industrial  Management." 

"Heat  Transmission  through  Various  Types  of  Sash,"  by 
Arthur  N.   Sheldon. 

"Spontaneous  Ignition  Studied  by  Means  of  Photographic 
Plates,"  by  Frederick  J.  Hoxie. 

Vibration  in  Textile  Mill   Buildings,"  by  G.   H.   Perkins. 

"Standardization  of  Machine  Tools,"  by  Carl  G.  Barth. 

"A  Proposed  Plan  for  the  Activities  of  the  Machine  Shop 
Practice  Sub-committee  of  the  A.  S.  M.  E.,"  by  H.  K.  Hatha- 
way. 
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The  capacity  of  the  rooms  on  the  fll'th  floor  of  the  Engineer- 
ing Societies  Hldg.  was  taxed  Wednesday  evening  by  those 
attending  the  smoker  and  vaudeville  entertainment.  Frank 
n.  Gilbreth,  the  well-known  efficiency  expert,  gave  an  illus- 
trated talk  on  his  experiences  traveling  to  Europe,  following 
which  was  a  varied  entertainment  provided  by  hired  talent. 

The  papers  presented  on  Thursday  included  the  following: 

"Accurate  Appraisals  by  Short  Methods,"  by  J.  G.  Morse. 

"How  Does  Industrial  Valuation  Differ  from  Public  Utility 
Valuation?"  by  John  H.  Oray. 

"Relation  between  Perpetual-inventory  Value  and  Appraisal 
Value,"  by  Charles  Piez. 

"Valuation  of  Industrial  Properties  vs.  Valuation  of  Indus- 
trial Methods,"  by  Walter  N.  Polakov. 

"Productive  Capacity  a  Measure  of  Value  of  an  Industrial 
Property,"  by  H.  L.  Gantt. 

Five  papers  were  presented  at  the  gas  power  session  held 
under  the  auspices  of  the  sub-committee  on  gas  power  as 
follows : 

"A  Gas  Producer  for  Bituminous  Fuel,"  by  O.  C.  Berry. 

"The  Commercial  Sampling  and  Analysis  of  Producer 
Gas,"  by  P.  W.  Swain. 

"The  Ratio  of  the  Specific  Heats  and  the  Coefficient  of 
Viscosity  of  Natural  Gas  from  Typical  Fields,"  by  Robert 
F.  Earhart. 

"An  Investigation  of  the  Internal-combustion  Engine  as 
Applied  to  Traction  Engines,"  by  A.  A.  Potter  and  W.  A.  Buck. 

"Illustrated  Review  of  the  Development  of  the  Werkspoor 
Marine  Diesel  Engine,"  by  Thomas  0.  Lisle. 

The  evening  was  devoted  to  a  symposium  on  aviation  in 
the  auditorium,  and  the  annual  reunion.  Illustrated  addresses 
included  moving  pictures  of  recent  flights  of  the  original 
Langley  machine. 

On  Friday  simultaneous  sessions  were  held  at  which  the 
following  papers  were  presented: 

"Illustrated  Review  of  the  Development  of  Our  Fleet  and 
Naval  Stations,"  by  W.  L.  Cathcart. 

"Heat-treatment  of  Wrought-iron  Chain  Cable,"  by  F.  G. 
Coburn,  W.  W.  Webster  and  E.  L.  Patch. 

"An  Analysis  of  Marine  Safety  Valves,  with  Suggestions 
for  Repairs  and  Improvements,"  by  E.  F.  Maas. 

"The  Talbot  Boiler,"  by  Paul  A.  Talbot. 

"The  Downflow  Type  of  Steam  Boiler,"  by  John  C.  Parker. 

"Clasp  Brakes  for  Heavy-passenger-equipment  Cars,"  by  T. 
L.  Burton. 

"Mechanical  Design  of  Electric  Locomotives,"  by  A.  F. 
Batchelder. 

"Pulverized  Fuel   for  Locomotives,"  by  J.   B.  Muhlfeld. 

Public  hearings  by  the  boiler  code  committee  were  held  on 
Friday  and  Saturday. 

As  usual,  excursions  were  made  to  nearby  points  of  inter- 
est among  which  were  the  new  Telephone  Bldg.,  new  Equit- 
able Bldg.,  works  of  the  Otis  Elevator  Co.  in  Yonkers,  New 
York  Steam  Co.'s  plant,  and  the  Navy  Yard  in  Brooklyn. 


WARTIME  ^WAGES 

A  young  man  from  an  Ohio  farm  got  work  in  a  munitions 
factory  and  made  $6  a  day.  Suddenly  the  factory  reduced  its 
force  and  he  returned  home  with  a  lot  of  fancy  clothes  and  a 
new  outfit  of  expensive  tastes.  The  money  had  come  easily 
and  had  gone  quickly.  His  case  is  typical  of  many  thousands 
within  the  past  year.  One  munitions  plant  laid  off  more  than 
two  thousand  men  in  a  week.  A  hundred  miles  away  a  plant 
that  had  been  paying  big  wages  and  large  bonuses  closed  and 
turned  out  its  men  without  warning.  Most  of  them  had  been 
spending  as  they  went  along.  Their  big  pay  had  done  them 
little  good.  In  leading  them  to  extravagance  it  was  an  evil. 
We  all  know  that  the  labor  situation  has  been  critical.  The 
sudden  rise  in  wages  demoralized  the  supply.  Farms  were 
especially  hard  hit.  Their  labor  was  the  kind  the  factories 
wanted,  and  the  factories  bid  the  limit  and  threw  ethics  out  of 
the  window.  They  raided  conservative  concerns  and  cared  not 
how  the  men  came,  so  long  as  they  got  them.  In  its  effect 
upon  employment  the  war  has  been  a  curse,  because  it  has 
encouraged  bad  practices.  When  the  young  man  on  the  Ohio 
farm  looks  at  his  fancy  clothes  and  thinks  about  what  became 
of  his  money  he  may  get  a  useful  angle  on  the  wage  question. 
We  hope  so,  and  we  hope  others  will  think  of  it  from  the 
same  angle.  But  to  be  honest,  we  doubt  that  it  will  do  much 
good — more's  the  pity. — Country  Gentleman. 


OCCUPATIONAL   DISEASES 

UY   CHBBLA  O.   SHERLOCK  ' 

Under  the  workmen's  compensation  acts  there  is  no  recovery 
from  an  employer  for  occupational  or  industrial  diseases. 
When  the  courts  were  first  presented  with  this  question,  they 
found  that  the  only  recovery  provided  for,  under  tliose  stat- 
utes, was  for  accidental  injury  or  for  injury  arising  in  the 
course  of  employment  by  accidental  means.  It  will  be  seen, 
then,  that  the  only  theory  on  which  recovery  for  such  a  dis- 
ease could  be  supported  would  bo  on  the  theory  that  such  an 
infirmity  was  the  result  of  an  accident. 

The  courts  of  this  country  have  followed  the  lead  of  the 
English  courts  and  are  practically  united  on  the  proposition 
that  there  is  no  recovery  for  a  purely  occupational  or  indus- 
trial disease.  However,  they  have  quite  uniformly  held  that 
where  the  disease  sued  upon  results  from  a  bona  fide  injury 
there  will  be  recovery  against  the  employer.  Indeed,  most 
of  our  compensation  acts  expressly  provide  that  there  can  be 
no  recovery  in  such  cases;  and  those  that  make  no  mention' 
of  the  subject  have  been  construed  to  bar  a  recovery. 

Certain  occupations,  if  followed  for  any  length  of  time,  are 
exceedingly  dangerous  to  the  health  of  the  employe.  This  is 
quite  generally  known  to  the  employe  as  well  as  to  the  em- 
ployer. If  the  employe,  having  the  right  to  choose  his  own 
work,  engages  in  a  dangerous  occupation  and  in  due  course 
of  time  contracts  an  occupational  disease,  there  should  be  no 
recovery  under  the  compensation  acts.  The  purpose  of  those 
statutes  was  not  to  act  as  insurance  for  the  employe  against 
the  reasonable  risks  of  his  employment,  but  rather  to  safe- 
guard his  interests  in  case  of  sudden  injury  or  loss  of  his  fac- 
ulties so  as  to  impair  his  earning  capacity. 

The  courts  have  handed  down  some  specific  decisions  that 
will  tend  to  illustrate  the  line  of  reasoning  followed.  For 
instance,  they  have  said  that  a  skin  disease  caused  by  the 
workman's  hand  coming  in  direct  contact  with  poisonous  sub- 
stances, in  the  course  of  his  employment,  is  not  an  accident. 
Likewise,  they  have  held  rash,  dermatitis  and  eczema  are 
not  accidents.  Ptomaine  poisoning,  typhoid  fever,  enteritis, 
lead  poisoning,  and  copper  poisoning  have  all  been  held  not 
to  be  accidents.  However,  in  Massachusetts,  lead  poisoning 
was  held  to  be  a  recoverable  injury,  as  the  statute  in  that 
state  provided  for  recovery  on  personal  injury,  and  the  court 
said  that  lead  poisoning  was  within  the  technical  meaning 
of  the  law  in  that  state.  Likewise,  a  recovery  was  allowed 
in  the  same  state  for  blindness  caused  by  optic  neuritis,  pro- 
duced by  poisonous  gases. 

Where  the  disease  is  the  result  of  some  unusual  condition  of 
work,  as  where  a  workman,  unduly  exposed  to  the  elements, 
contracts  a  severe  cold  which  runs  into  pneumonia  and  death 
results,  recovery  will  generally  be  allowed.  Following  this  line 
of  reasoning,  the  New  York  courts  have  said  that  where  a 
person  was  employed  to  cut  weeds  along  a  railroad  right-of-way 
and  died  as  a  result  of  infection  from  poison  ivy,  the  disease 
was  accidental  and  recovery  was  allowed.  Sunstroke  and  heat 
prostration  have  both  been  held  accidental,  but  this  question 
is  largely  one  of  fact  and  depends  upon  the  circumstances 
of  each  case.  Recovery  has  been  allowed  for  blood  poisoning 
when  it  was  clearly  demonstrated  that  it  was  contracted  in  the 
course  of  the  employment.  And  the  courts  have  gone  so  far 
as  to  say  that  the  mere  fact  that  an  employe  is  suffering  from 
disease  at  the  time  of  the  injury  complained  of  does  not  bar 
a  recovery.  It  may  be  shown  that,  although  the  workman 
was  in  a  diseased  condition  at  the  time  of  the  injury,  such 
injury  aggravated  the  disease  to  the  extent  that  death  resulted 
and  recovery  will  be  allowed. 

In  regard  to  general  breakdowns  and  nervous  disorders  due 
to  overwork,  the  courts  seem  to  be  of  the  opinion  that  they 
correspond  too  closely  to  occupational  diseases  for  recovery  to 
be  allowed  on  them.  Such  disorders  are  not  accidents  within 
the  meaning  of  the  compensation  acts.  It  will  be  seen  that 
diseases  are  divided  into  two  classes  by  the  courts:  occupa- 
tional or  industrial,  for  which  there  is  no  recovery;  and  those 
resulting  from  injury  or  aggravated  by  injury  sustained  in 
the  course  of  employment,  for  which  recovery  is  allowed. 
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MICROMETER   MEASUREMENTS 

The  article  in  the  October  number  of  Machinery,  showing  a 
large  snap  gage  with  micrometer  adjustment  and  giving  tables 
of  figures  in  ten-thousandths  of  an  inch  for  running,  driving 
and  shrinking  fits,  makes  me  think  of  an  experience  I 
had  when  a  kid  in  a  machine  shop  in  the  early  70's,  where 
the  "instruments  of  precision"  were  a  pair  of  long-legged  cali- 
pers and  a  two-foot  rule  graduated  to  16ths.  A  near-by  rolling 
mill  was  frequently  breaking  their  squeezer  pinion,  and  it 
was  a  part  of  our  job  to  have  on  hand  a  duplicate  ready  for 
immediate  use.  This  pinion  was  a  cast-iron  bevel  gear  about 
24  inches  in  diameter  with  a  9-inch  hole,  which  had  to  be  a 
good  driving  fit.  I  used  to  face  up  the  gear  hubs  and 
rough-bore  them,  but  a  down-east  machinist  called  "Williams" 
— a  thin,  medium-sized  man  with  red  whiskers — was  always 
sent  over  to  the  lathe  to  take  the  finishing  cut.  One  day, 
after  he  had  set  the  tool  and  had  it  cutting  to  his  satisfaction, 
he  was  asked:  "What  rule  have  you  for  setting  your  calipers 
for  the  allowance  for  the  different  kinds  of  fits — such  as  run- 
ning, driving  and  shrinking?"  He  didn't  reply  for  a  moment, 
but  stood  there  running  his  fingers  through  his  long  red 
whiskers;  then  he  said:  "Cox,  I  ain't  got  no  rule;  I  jist  guess 
at  it — but  I'm  a  d good  guesser." 

Cleveland,  Ohio.  J.  D.  Cox 


BABBITTED   MACHINERY   CONSTRUCTION 

The  article  entitled  "Babbitted  Machinery  Construction"  that 
appeared  in  the  November  number  of  Machineby  is  both  inter- 
esting and  timely,  and  graphically  Illustrates  a  common  mis- 
take made  by  many  engineers  and  designers,  either  through 
prejudice  or  a  desire  to  follow  the  trend  of  the  times.  That  a 
good  babbitted  bearing  is  to  be  preferred  to  a  poor  bronze 
one  goes  without  saying.  The  experience  of  many  years  has 
proved  that  a  babbitted  bearing,  properly  lubricated,  gives  a 
low  coefficient  of  friction  and  long  life  as  well. 

It  is  common  practice  to  babbitt  the  main  bearings  of  marine 
engines,  and  this  material  gives  entire  satisfaction,  notwith- 
standing the  enormous  weight  of  the  crankshaft  and  other 
parts,  connecting-rods,  crossheads,  pistons  and  piston-rods,  to 
say  nothing  of  the  extra  weight  brought  to  bear  by  the  steam 
pressure.  Yet  a  marine  engine  must  run  continuously  from 
the  time  the  ship  leaves  the  port  until  she  docks  again,  for 
it  is  exceedingly  dangerous  to  stop  a  ship  for  repairs  when 
there  is  a  heavy  sea  running.  Marine-engine  main  bearings 
that  are  babbitted  often  run  for  many  years  without  atten- 
tion, aside  from  a  little  scraping  and  adjustment  of  liners, 
and  when  they  are  worn  to  a  point  that  demands  renewal, 
they  are  replaced  at  a  comparatively  trifling  cost. 

In  the  past,  many  machine-tool  builders  employed  babbitted 
bearings  in  lathes,  screw  machines,  small  milling  machines, 
etc.,  with  very  satisfactory  results.  In  such  cases,  the  babbitt 
is  poured  over  a  mandrel  somewhat  smaller  than  the  desired 
finished  size  and  later  is  thoroughly  peened.  The  bearings 
are  then  bored  and  line-reamed.  This  method  gives  excellent 
results,  as  any  mechanic  of  the  older  school  can  testify.  Yet 
the  purchaser  of  machinery  at  the  present  day  looks  askance 
at  a  good,  honest  babbitted  bearing,  thinking  that  it  is  a  sure 
sign  of  cheap  construction.  One  concern  that  obtained  ex- 
cellent results  with  babbitted  bearings  made  semi-automatic 
machines  for  folding  collar  blanks,  preparatory  to  stitching, 
that  had  several  shafts  connected  by  gearing.  These  shafts 
were  carefully  lined  up  by  means  of  templets  and  then  bab- 
bitt was  poured  in  the  journals.  As  the  spacing  of  the  shafts 
had  to  be  fairly  close,  because  the  gears  had  to  mesh  prop- 
erly, considerable  money  was  saved  by  this  method;  for  other- 


wise it  would  have  been  necessary  to  bore  the  frames  very 
carefully,  or  make  expensive  jigs. 

The  babbitted  bearing  has  earned  for  itself  an  established 
place  in  the  mechanical  world,  and  engineers,  designers  and 
those  who  contemplate  the  purchase  of  machinery  should  in- 
vestigate its  merits  before  hastily  condemning  it  as  little  better 
than  a  makeshift,  or,  at  best,  a  short-cut  toward  a  desired  end. 

Indianapolis,  Ind.  F.  B.  Jacohs 


DEVICES    FOR    TWISTING    AND    BENDING 
ECCENTRIC   RODS,   LINK  HANGERS,   ETC. 

Fig.  1  shows  an  excellent  device  for  twisting  eccentric  rods, 
link  hangers,  and  parts  of  a  similar  nature.  In  repair 
work,  when  links  and  their  parts  are  being  assembled  on  an 
engine,  the  jaws  of  the  eccentric  rod  in  nearly  all  cases  are  out 
of  alignment  with  the  link ;  as  a  result,  the  rod  must  be  twisted 
a  little  to  make  the  parts  fit  as  they  should.  The  illustration 
shows  plainly  how  the  device  is  used.    The  hooked  ends  of  the 
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Fig.    1.     Device  for  twisting  Eccentric  Bods,   Link  Hangers,   etc. 

straps  are  put  on  the  eccentric  rods,  from  12  to  18  or  20  inches 
apart  and  then  the  other  ends  are  brought  together  by  screw- 
ing up  the  bolt. 

In  Fig.  2  is  shown  a  handy  and,  in  most  shops,  a  badly 
needed  device  for  bending  eccentric  rods  and  link  hangers  or 
similar  objects.  After  part  A  is  put  on  an  eccentric  rod  B 
the  key  G  is  driven  in.  Tightening  the  set-screw  D  will  bend 
the  rod.  Sometimes  it  is  necessary  to  make  two  bends  because 
the  rod  B  and  the  link  E  are  so  far  out  of  alignment.  To  bend 
the  rod  at  F,  would  throw  it  over  nearly  in  line  but  would 
twist  it  so  much  that  the  pin  would  not  go  in  even  if  the  jaw 
would  go  over  the  link.  So  it  is  necessary  to  give  it  a  big 
bend  at  F  and  a  reverse  bend  at  G  to  get  the  parts  properly 
aligned.  M.  K. 
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Fig.  2.     Device  for  bending  Eccentric  Bods  and  Link  Hangers 
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THAT  T-SQUARE  PROTRACTOR 

The  "Handy  T-square  I'rotractor"  shown  on  page  24G  of  the 
November  number  of  Maciiinkiiy  has  at  least  one  disadvan- 
tage— that  of  rapidly  becoming  inaccurate.  The  least  wear  or 
batter  of  the  corner  A  of  the  head  will  throw  it  badly  out  of 
true.  This  error  will  be  multiplied  many  time  at  the  blade, 
•and  the  shorter  the  head  the  greater  will  be  the  error  thus 
caused.  Further,  when  one  has  to  work  on  a  small  sheet,  it  is 
not  usual  to  employ  a  long-bladed  square;  and  the  system  there 
shown  would  require  graduating  both  a  long-  and  a  short- 
bladed  square,  if  not  the  squares  used.  The  writer  uses  glass- 
bladed  squares;  and  graduating  their  blades  with  a  diamond 
or  wax  and  acid  will  not  lessen  the  liability  of  the  blade's 
breaking  near  the  head. 

Another  way  of  being  sure  to  get  tapers  right  is  to  graduate 
the  end  cleats  of  the  drawing  board  with  a  knife  point  or  other 
scribing  device.  When  a  short-bladed  square  is  used,  one  that 
does  not  reach  to  the  right-hand  cleat,  this  way  is  as  accurate 
as  the  one  previously  described;  and  where  the  blade  reaches 
to  or  beyond  the  right-hand  end  of  the  board,  it  is  even  more 
accurate.  When  the  blade  is  set  to  the  required  taper,  a  light 
line  is  drawn  across  the  paper  and  the  tapered  lines  on  the 
drawing  are  made  parallel  to  this  by  the  usual  method  with 
triangle  and  square.  (The  average  double-slotted  parallel  rule, 
being  an  invention  of  the  devil  and  inaccurate,  is  barred  from 
draftsmen's  work,  and  the  roller  type  is  inapplicable  to 
vertical  boards.)  If  the  drawing  is  small  in  proportion  to 
the  board,  no  setting  line  in  the  paper  is  necessary,  as  the 
guide  lines  on  the  board  suffice.  Where  the  T-square  has  a 
swivel  head,  the  graduated  board  is  as  handy  as  the  proverbial 
pocket  in  a  shirt. 

New  York  City.  Robert  Grimshaw 


MICROMETER  TAPER  CALIPER 
ATTACHMENT 

Where  taper  plug  gages,  punches,  arbors,  etc.,  are  made  in 
quantity,  the  attachment  shown  in  the  accompanying  illus- 
tration will  be  found  very  convenient  for  calipering,  and  will 
give  accurate  results.  Its  construction  and  the  manner  of 
attaching  it  to  the  micrometer  are  clearly  shown.  The  stand- 
ards A  are  placed  in  approximately  the  correct  position,  and 
the  stop  B  can  then  be  set  in  the  exact  position  after  the  clamp 
ring  C  is  loosened.  Should  it  be  desired  to  caliper  a  second 
taper,  the  screw  D  at  the  bottom  of  standard  A  may  be 
loosened  so  that  the  standard  will  fall  into  an  inverted  posi- 
tion. Then  the  second  stop  E  may  be  used.  If  it  is  desired  to 
again  caliper  the  first  taper,  standard  A  may  be  placed  in  its 
former  position  and  screw  D  again  tightened  in  the  former 
position.  Should  the  work  have  a  tip  at  the  end  that  is  to  be 
removed  after  grinding,  a  screw  with  a  hole  in  it  is  used  in 
the  standards  instead  of  stops  B  and  E. 

Bridgeport,  Conn.  L.  E.  Habbison 


Side   Milling  Cutter  of  Cheap  Design 

SIDE   MILLING   CUTTER 

The  side  milling  cutter  shown  in  the  accompanying  illus- 
tration is  one  of  those  odd  arrangements  that  are  recom- 
mended chiefly  because  of  cheapness  but  cannot  be  used  as 
manufacturing  tools.  It  consists  of  a  body  A,  cutting  disk  B, 
stud  C  that  holds  the  cutting  disk  in  place,  and  a  screw  D 
that  locks  the  cutting  disk  in  place  when  edge  X  is  against 
pin  E.  The  body  is  made  of  machine  steel.  The  cutting  disks 
are  easily  ground  and  may  be  replaced  readily  when  worn 
out,  or  thicker  cutting  disks  may  be  used  for  milling  wider 
grooves,  resulting  in  a  saving  where  the  first  cost  of  the  tool 
is  limited.  In  the  cutter  shown,  two  cutting  disks  are  placed 
on  each  side  of  the  body.  This  cutter  was  the  middle  one  of  a 
gang  of  three,  the  end  cutters  having  cutting  disks  only  on 
one  side.  F.  Sebveb 


COLD-ROLLED  STEEL 

Machinists  commonly  call  all  bright  steel  "cold-rolled," 
whether  rounds,  squares,  flats,  or  shapes,  but  this  is  not  a 
correct  designation.  Shafting,  rounds,  key-stock,  etc.,  are  given 
their  finish  and  accuracy  by  cold-drawing,  which  is  quite  dif- 
ferent from  rolling.  The  quality  of  the  steel  also  differs; 
broadly  speaking,  cold-rolled  steel  is  soft  and  easily  bent  or 
punched,  while  that  which  is  cold-drawn  is  harder  and  stiffer. 
Cold-rolled  steel  is  obtainable  only  in  flats,  so  there  is  not  much 
danger  of  getting  the  two  kinds  mixed  in  everyday  practice; 
it  is  well,  however,  to  remember  that  there  is  a  distinction, 
and  there  are  cases  where  the  failure  to  order  correctly  has 
been  costly.  D.  A.  H. 

"Cold-rolled"  is,  in  general,  a  misnomer,  but  the  foregoing 
statement  is  not  altogether  correct.  The  Jones  &  Laughlin 
Steel  Co.  of  Pittsburg,  is  still  making  round  shafting  by  the 
cold-rolling  process. — Editor. 


Micrometer  Attachment  for  calipering  Taper  Plug  Gages,  Punches,  etc. 


CONSTRUCTION  FOR  LOGARITHMIC 
GRADUATION 

The  following  construction,  which  deserves  to  be  more 
widely  known  among  draftsmen  and  students  of  graphics,  may 
be  used  for  dividing  a  line  for  logarithmif  graduation,  when 
the  line  is  of  an  odd  length. 

Draw  a  square  AOXY,  Fig.  1,  on  the  line  AY,  which  it  is 
desired  to  divide  logarithmically,  and  take  on  OA  a  point  a, 
such  that  Oa  =  1/lOOA.  On  OA  draw  a  semicircle  and  draw 
ab  at  right  angles  to  OA,  cutting  the  semicircle  at  b;  then 
with  0  as  a  center  inscribe  the  arc  &&„  making  Obi  =  06,  and 
draw  a  vertical  line  through  6i  (assuming  that  OA  is  horizon- 
tal) to  meet  in  B  a  horizontal  line  through  62,  which  is  such 
that  O62  =  1/20X.  Draw  &,c  vertically  to  meet  the  semi- 
circle in  c,  and  inscribe  arc  cCi  from  0  as  a  center;  bisect 
6,X  in  C2  and  draw  horizontal  and  vertical  lines  through  Cj  and 
C  to  meet  in  C.  The  point  D  is  next  found  by  finding  dj  simi- 
larly, and  bisecting  c,X  in  d,  and  projecting  horizontal  and 


January,  1917 


MACHINERY 


429 


X 

1 z^ 

Y 

1 

d[ 

1^ 

1 

V 

^ 

^ 

9 

8 

6 
5 
4 

3 

7(, 
0^ 

y 

^ 

/ 

y 

/ 

/ 

i 

/ 

/ 

I 

J 

J, 

0 

,-/ 

[ 

^ 

A 

/ 

2 

f 

r 

1 

fc^a 

■t,j 

". 

b, 

'<, 

€•, 

rf, 

'■- 

/ 

^ 

/ 

/    / 

/ 

A 

0     12      3      4      5      6 

-      8      9      10 

b 

W 

7 

// 

Fig.  2 

c 

I 

I     Figr.  1 

Machinery 

Construction  for  Logarithmic  Graduation 

vertical  lines  as  shown.  We  thus  get  points  BCDE  upon  a 
curve;  to  obtain  intermediate  points,  draw  a  semicircle  on  OCi, 
and  draw  the  arcs  gg^  and  7(/ij  from  the  center  0.  We  then 
bisect  OC2  in  jTj  and  draw  horizontal  and  vertical  lines  through 
fiTj  and  fifi,  respectively,  to  meet  in  G;  and  repeat  the  construc- 
tion for  H  by  bisecting  bjC^  in  h^.  The  point  /  is  obtained  by 
drawing  a  semicircle  upon  O61.  In  this  way  any  desired  num- 
ber of  points  may  be  obtained,  the  resulting  curve  being  a 
curve  of  logarithms.  To  save  confusion  with  the  construction 
lines,  this  curve  is  redrawn  in  Fig.  2,  and  the  manner  in  which 
it  is  employed  to  divide  AY  into  logarithmic  graduations  is 
shown.  The  base  OA  is  divided  into  ten  equal  parts,  and  the 
resulting  points  are  projected  vertically  to  the  curve,  the 
points  of  intersection  being  then  transferred  to  the  vertical 
line  AY  by  horizontal  projections  as  shown.  E.  S.  A. 


MECHANICS'  SOAP  PASTE 

The  demand  for  soap  or  hand  paste,  or  sand  soap  as  it  is 
more  generally  called,  has  increased  to  such  an  extent  in  the 
last  few  years  that  many  companies  have  been  organized  for 
the  purpose  of  manufacturing  it.  Each  department  store, 
drug  store  and  corner  grocery  store  has  on  its  shelves  a  dozen 
different  brands,  together  with  the  usual  "superior  article 
made  by  itself."  Also,  the  spare  time  of  many  mechanics  is 
spent  in  boiling  fats  and  filling  cans  for  their  local  clientele. 
About  two  hundred  trade-marks  are  registered,  by  Massa- 
chusetts men,  with  the  Secretary  of  State  in  Boston.  The 
number  registered  in  Washington  from  all  the  states  must 
be  enormous. 

Inasmuch  as  an  increasing  number  of  people  are  beginning 
to  do  the  mechanical  work  on  automobiles  and  motorcycles, 
the  field  for  the  paste  is  continually  growing.  But  to  add 
even  one  brand  to  the  already  long  list  would  seem  senseless 
from  a  financial  point  of  view.  Sonie  manufacturers  will  fur- 
nish the  paste  in  bulk  or  put  it  up  under  any  trade  name  de- 
sired. Most  of  these  pastes  are  sold  for  10  cents  a  can,  or 
25  cents  at  retail,  but  there  are  many  brands  that  retail  for 
5  cents  a  can.  The  profit  to  the  retailer  is  so  much  greater 
in  the  case  of  the  inferior  pastes  that  good  paste  can  be  had 
only  from  the  most  reliable  dealers. 

A  soap  paste  can  be  made  at  home  at  a  trifie  less  than  the 
cost  of  the  best  hand  soap.  But  a  paste  as  good  as  the  best 
on  the  market  cannot  be  made  and  sold  at  a  profit,  either 
wholesale  or  retail,  without  the  use  of  expensive  facilities 
for  its  manufacture.  In  addition,  the  cost  of  raw  materials 
has  of  late  increased  from  100  to  300  per  cent.  The  litho- 
graphed cans  alone  cost  two  cents  each,  in  lots  of  25,000,  and 
hardly  any  firm  today  will  consider  a  smaller  order.  Firms, 
like  Colgates  and  Armours,  that  have  an  extensive  business 
in  this  line  have  special  departments  for  making  the  cans, 
as  the  difference  of  a  mill  in  the  cost  of  each  can  may  mean  a 
profit  or  a  loss  for  their  product. 

The  making  of  soap  paste  at  home  is  not  altogether  a  diffi- 
cult process.     The  body  of  a  good  paste  is  composed  mostly 


of  fatty  acids.  In  the  best  sand  soaps  talc  is  sometimes 
added,  while  the  cheaper  grades  are  often  adulterated  with 
gypsum,  lime,  pipe  clay,  or  sodium  silicate  to  make  a  larger 
quantity  of  soap  out  of  the  same  amount  of  the  more  expensive 
body.  In  the  poorer  grades,  an  equal  part  of  rosin  is  often 
boiled  with  the  more  costly  tallow  to  lessen  the  cost  of  pro- 
duction. Tallow  and  rosin  boiled  together  absorb  a  great 
amount  of  water,  and  the  more  water  that  a  soap  can  contain 
the  greater  will  be  the  profit.  All  these  adulterants  are  of  no 
use  and  simply  act  as  fillers.  In  fact,  if  sodium  silicate  is 
introduced  into  the  soap  at  any  except  the  right  stage,  it  will 
spoil  the  compound.  The  usual  test  for  detecting  the  presence 
of  adulterants  in  the  ordinary  soap  is  to  dissolve  some  of  it  in 
distilled  water  or  alcohol  and  then  note  if  there  is  a  priecipi- 
tant.  The  detection  of  these  adulterants  is  more  difficult  with 
sand  soap,  however,  because  of  its  more  solid  ingredients. 

The  process  of  separating  the  fatty  acid  and  glycerine  from 
the  tallow  or  lard  probably  requires  the  only  technical  skill 
needed  in  this  work.  As  there  is  an  element  of  danger  in 
this,  especially  when  sulphuric  acid  is  used  as  a  decomposing 
agent,  it  might  be  well  for  a  person  desiring  to  make  soap 
paste  for  his  own  use  to  purchase  the  fatty  acids  from  the 
nearest  rendering  works.  As  a  further  guarantee  of  the  purity 
of  the  acids  he  should  add  some  antiseptic.  Cuts  and  scratches 
have  often  been  made  worse  by  the  introduction  into  the  sensi- 
tive tissues  of  a  piece  of  contaminated  grit  and  the  lack  of  a 
healing  antiseptic.  An  antiseptic  is  found  in  all  good  pastes, 
seldom  in  the  poor  ones.  It  is  usually  present  in  the  form  of 
antiseptic  cocoanut  oil.  The  use  of  sassafras  as  a  perfume 
had  almost  become  extinct  until  it  was  revived  by  hand  paste. 
Where,  why,  or  when  the  odor  of  sassafras  was  declared  to 
be  the  national  perfume  for  these  pastes  I  do  not  know;  it 
seems  to  be  generally  adopted,  however. 

Finely  ground  pumice  is  a  necessity  in  all  good  soap  pastes; 
some  of  the  best  pastes  are  made  up  almost  entirely  of  fine 
pumice  stone  and  just  enough  pure  neutral  soap  to  make  it 
lather  well.  These  pastes  remove  the  stains  and  leave  the 
skin  soft,  white,  and  smooth.  Coarse  pumice  stone  will  scratch 
the  skin.  Cheap  soap  pastes  contain  sea  sand  or  glass  sand, 
or  both.  Although  glass  sand  is  finer  than  sea  sand,  it 
scratches  and  irritates  the  skin  more.  There  is  not  much 
choice,  however,  between  the  two,  and  any  soap  that  contains 
either  should  be  avoided.  An  excess  of  alkali  in  soap  paste 
will  cause  the  hand  to  chap,  and  is,  therefore,  avoided  by  the 
best  manufacturers. 

Worcester,  Mass.  Robebt  J.  Spence 


LAYING   OUT   SCREW   THREADS 

The  draftsman  and  designer  will  find  that  screw  threads 
can  be  more  easily  and  quickly  laid  out  by  means  of  the  screw 
pitch  gage  than  by  the  old  method  of  using  a  pair  of  dividers. 
The  accompanying  illustration  shows  the  gage  used  for  laying 
out  a  %-inch  cap-screw  having  nine  threads  to  the  inch.  Two 
light  construction  lines  are  laid  off  for  the  outside  diameter 
of  the  screw,  then  the  gage  marked  nine  threads  to  the  inch  is 
found  and  its  teeth  are  pressed  into  the  paper  along  the  light 
construction  lines.  From  the  Indentations  thus  formed,  the 
threads  can  be  easily  and  accurately  laid  out. 

Prince  Bay,  N.  Y.  Wakeen  H.  Barton 
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HEAVY-DUTY   PUNCH 

To  make  a  heavy-duty  punch  that  will  stand  up  and  hold  a 
good  cutting  edge  for  from  ten  to  twenty  times  as  wiany  pieces 
as  the  ordinary  flat-pointed  punch,  turn  up  a  90-degree  teat 
on  the  end,  3/32  to  1/8  inch  long,  according  to  the  size  of  the 
punch.     This  teat  will   carry   the  stock  ahead   of  the  punch 


Heavy-duty  Punch  with  Central  Teat  to  relieve  Pressure  on  Cutting  Edge 

and  relieve  the  pressure  at  the  cutting  edge.  It  gives  a  long 
life  to  the  cutting  edge  of  punches,  especially  those  with  sharp 
corners.  A  good  lubricating  compound  is  essential  to  assist 
in  stripping  the  work  from  the  punch. 

Ypsilanti,  Mich.  A.  E.  Sanford 

The  use  of  a  central  teat  on  boiler  plate  punches  was  long 
ago  found  to  greatly  improve  their  action  and  durability.  The 
teat  centers  the  punch  on  the  plate  directly  over  the  die,  and 
holds  it  steady  and  in  line,  thus  preventing  deflection,  broken 
punches  and  chipped  dies.  Of  course  the  same  improvement 
may  be  realized  with  punches  used  for  other  metal  punching 
when  so  made. — Editor. 


PACKING  RINGS 


BABBITTED   PISTON   CONSTRUCTION 

We  recently  had  occasion  to  overhaul  our  seventy-two- 
horsepower  steam  engine,  and  after  the  engineer  had  removed 
the  cylinder  head  and  piston  I  was  surprised  to  find  that 
calipering  showed  the  cylinder  to  be  only  a  scant  1/32  inch  out 
of  round.  The  engineer  said  that  it  had  not  been  bored  for 
six  years,  which  seemed  incredible  until  I  examined  the  piston 
and  found  that  the  metal  had  been  turned  away  between  the 
rings  to  make  a  space  in  which  had  been  cast  a  good  grade  of 
babbitt  metal,  which  took  all  the  wear  between  the  piston  and 

cylinder.  During 
the  course  of  my 
experience  I  have 
frequently  seen  lo- 
comotive cylinders 
worn  as  much  as 
1/16  inch  out  of 
round  after  being 
in  service  for  about 
eighteen  months, 
while  our  engine 
had  been  running 
continuously  for  six 
years  without  show- 
ing a  serious 
amount  of  wear.  All 
that  was  necessary  to  put  this  engine  in  good  running  order 
was  to  renew  the  piston  rings,  face  the  valve  seat  and  true 
up  the  valve  stem  and  piston-rod. 

Toledo,  Ohio.  R.  B.  Spenceb 
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Piston  with  Babbitt  cast  in  between  Kings  to 
avoid  Wear  of  Cylinder 


EXTRACTING  ROOTS  OF  NUMBERS 
In  the  October  number  of  Machinery,  there  was  an  inquiry 
for  a  method  of  extracting  the  roots  of  a  number.  It  seems 
to  the  writer  that  for  all  practical  purposes  any  method  of 
actually  extracting  these  roots  is  too  tedious  and  laborious, 
and  that,  as  stated  in  Machineby  not  long  ago,  use  should  be 
made  of  what  has  already  been  worked  out. 

By  using  tables  of  squares  and  cubes  that  may  be  found  in 
almost  any  handbook,  the  fifth  root  of  any  given  number  may 
be  accurately  found  to  several  places  by  interpolation,  as  the 
fifth  power  of  a  number  is  equal  to  the  product  of  its  square 
by  its  cube.  For  instance,  suppose  that  the  fifth  root  of  7214 
is  required,  accurately,  to  five  places.    A  moment's  inspection 


of  the  tables  will  show  that  the  product  of  the  square  and  the 
cube  of  G,  or  6"  X  6' =  7776,  is  a  little  too  large.  Looking  into 
the  fifties  and  inserting  the  decimal  point  in  the  proper  place 
to  get  the  powers  of  5.9,  it  will  be  found  that  the  fifth  power 
of  5.9,  or  5.9'  =  5.9' X  5.9'  =  7149.3,  is  too  small.     But  by  in- 

7214  —  7149.3 
terpolation  100  X =10;   therefore,  5.910  is  part 

7776  —  7149.3 
of  the  root.     In  the  same  way,  5.91' =  5.91' X  5.91' =  7210.03, 
and    5.92'  .^  5.92=  X  5.92"  =  7271.25.      Then    by    interpolation 
7214  —  7210.03 

100  X =  6;  therefore,  5.9106  is  the  required 

7271.25  —  7210.03 
root. 

A  result  closer  than  four  or  five  places  is  seldom  of  special 
value,  and  the  foregoing  method  is  not  very  tedious.  Fourth 
and  sixth  roots  may  also  be  found  by  means  of  the  tables  in 
two  operations,  interpolation  usually  being  necessary. 

However,  by  using  a  five-place  table  of  logarithms,  the 
same  result  may  be  obtained  in  a  minute's  time.  To  obtain 
greater  accuracy  a  more  extensive  table  should  be  used.  In 
the  present  case, 
the  number  is  be- 
tween 1000  and  10,- 
000;  therefore,  the 
integer  of  the  loga- 
rithm is  3.  From 
the  table  the  deci- 
mal part  of  the 
logarithm  of  7214 
Is  0.85818.  The  loga- 
rithm of  the  re- 
quired root  then  is 
3.85818  -^  5  = 
0.77164.  From  the 
table,  the  corre- 
sponding number  is 
found  to  be  5.9106. 

A.    H.    KiBKEK 
Homestead    Pa  Convenient  Arrangement  of  Feelers  on 

'  ■  Key   King 


KEY  RING   FOR  HOLDING   FEELERS 

The  writer  finds  a  key  ring,  of  the  type  here  shown,  very 
useful  when  he  has  to  use  different  sizes  of  feelers  a  great 
number  of  times.  The  feelers  are  removed  from  the  regula- 
tion holder  and  slipped  on  the  key  ring  by  pushing  back  the 
knurled  plunger  that  slides  on  the  ring  proper. 

Bridgeport,  Conn.  James  McIntyre 


TO   FIND   THE   PITCH   OF   A   RACK 

When  it  is  required  to  know  the  pitch  of  a  rack,  many 
mechanics  resort  to  such  roundabout  ways  as  trying  a  cutter 
to  fit  the  teeth,  matching  a  gear  and  computing  from  that, 
trying  to  count  the  teeth  in  one  inch  and  converting  from 
circular  to  diametral  pitch,  etc.  The  simplest  way  is  to  read 
the  pitch  directly  from  a  steel  rule.  The  number  of  teeth 
in  3  1/8  inches  is  the  diametral  pitch  of  the  rack.  To  Ije  exact, 
it  should  be  read  to  3  9/64  inches,  but  the  racks  in  common 


Ueasurlng  the  Pitch  of  a  Hack 

use  have  teeth  sufficiently  coarse  to  be  counted  without  mis- 
take to  the  1/8-inch  line.  If  this  length  of  rack  could  be  bent 
into  a  circle  without  deforming,  it  would  make  a  gear  with  a 
pitch  diameter  of  1  inch;  hence  its  pitch  equals  the  number 
of  teeth. 

Middletown,  N.  Y.  Donald  A.  Hampson 
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CHAMFERING   PINS    IN    THE    AUTOMATIC 
SCREW   MACHINE 

Pins  and  rivets  similar  to  that  sliown  at  A  are  made 
in  large  quantities  in  the  manufacture  of  typewriters,  guns, 
etc.  The  end  is  chamfered  to  facilitate  assembling  and  also 
to  remove  the  burr  thrown  up  by  the  cut-off  tool  when  it  first 
comes  in  contact  with  the  stock.     In  the  following  the  writer 


front  end  of  the  bar  to  be  chamfered  after  the  pin  has  been 
separated,  thus  eliminating  the  breaking  of  a  large  percentage 
of  the  work. 

Philadelphia,  Pa.  H.\rhv  Boyne 


Arrangements  of   Chamfering   and   Cutting-off  Tools 

describes  an  improved  method  of  machining  similar  parts  in 
the  automatic  screw  machine.  This  method  will  greatly  lessen 
the  liability  of  pins  under  %  inch  diameter  breaking  off  next 
to  the  chuck,  a  condition  which  quite  often  makes  it  necessary 
to  cut  down  the  feed  and  production. 

In  the  left-hand  view  is  shown  a  much  used  method  of  mak- 
ing pins.  But  this  requires  a  number  of  cutting-off  tools,  to 
suit  the  various  diameters  of  wire  from  which  the  pins  are 
made.  A  more  recent  method  is  to  use  a  standard  cutting-off 
tool  for  all  pins  and  the  double  chamfering  tool  shown  in  the 
center  view.  The  fault  of  this  method  is  that  part  B  of  the 
chamfering  tool  will  come  in  contact  with  the  conical  shaped 
part  of  the  pin  formed  by  the  cutting-off  tool,  and  reduce  it 
sufficiently  to  cause  this  part  of  the  work  to  break  off.  In 
the  case  of  pins  3/32  inch  in  diameter,  or  less,  the  large 
amount  of  cutting  surface  of  the  chamfering  tool  in  contact 
with  the  wire  will  cause  sufficient  torsion  and  pressure  to 
break  off  the  wire  close  to  the  chuck.  On  small  work,  the 
cause  is  not  apparent  so  that  very  often  the  feed  of  the  cutters 
is  reduced  in  an  effort  to  overcome  the  difficulty;  this,  of 
course,  means  reduced  production. 

In  the  right-hand  view  is  shown  a  solution  of  the  difficulty 
without  loss  of  production,  providing  the  cams  are  made  cor- 
rectly. With  this  method  the  chamfering  tool  follows  the 
cutting-off  tool  into  the  stock  just  far  enough  to  chamfer  the 
rear  end  of  the  work  and  then  either  dwells  or  withdraws  until 
the  pin  has  been  cut  off,  when  it  again  moves  forward  and 
chamfers  the  front  end  of  the  wire  for  the  next  pin.  The 
order  of  operations  for  making  the  pin  in  a  No.  00  Brown 
&  Sharpe  automatic  screw  machine  is  as  follows: 

Xiinil)er  of 
Revolutions 
Operation  of  Stock  Hundredths 

Feed  stock  to  stop    (lead  and  front  cross- 
slide  cam ) 20  13 

Cut   off,   0.062    inch    travel   at   0.00045    inch 

feed  (lead  and  front  cross-slide  cam)....     37  85% 

Chamfer,   0.022   inch   travel   at   0.0004    inch 

feed  (rear  cross-slide  cam) 55  (34) 

Chamfer  tool   clear  stock    (rear  cross-slide 

cam)    40  (24i4) 

Chamfer  end   of  bar,   0.025   inch   travel   at 

0.0005  inch  feed  (rear  cross-slide  cam) ...     46  (29) 

Clearance  (lead  and  front  cross-slide  cam)..       3  IV^ 

Total  • 160  100 

The  fastest  speed  of  the  machine  is  used;  this  is  2400  revolu- 
tions per  minute,  or  a  surface  speed  of  54  feet  per  minute. 
The  feed  per  revolution  for  the  chamfering  tool  is  less  than 
that  for  the  cut-off  tool  so  that  it  will  follow  the  latter  into 
the  stock.  The  net  production  resulting  from  the  lay-out  is 
8100  a  day,  and  the  time  for  one  piece,  four  seconds. 

The   adoption   of  this   method    of   making   pins   allows   the 


THE   "PUSHING   STROKE" 

I  was  taught  at  college,  in  connection  with  my  drafting 
course,  that  one  should  never  push  on  a  drawing  pen;  that 
the  drawing  strokes  should  always  be  pulls.  And  later,  when 
teaching  mechanical  drawing,  I  taught  the  same  doctrine. 
After  having  had  more  practical  experience,  however,  I  have 
found  that  in  some  cases  pushing  strokes  are  better  than  pull- 
ing strokes.  This  is  particularly  true  where  a  curve  must  be 
accurately  traced.  On  a  pushing  stroke,  it  is  always  possible 
to  see  what  is  being  done  and  the  curve  can  be  followed  with 
surprising  accuracy,  no  matter  how  irregular  it  m.ay  be.  If 
attempted  with  a  pulling  stroke,  the  pen  covers  the  line  so 
that  the  work  cannot  be  seen.  Irregular  curves  usually  follow 
most  curves  approximately,  but  not  accurately.  So,  with  the 
aid  of  an  irregular  curve  and  the  pushing  stroke,  it  is  a  simple 
matter  to  follow  the  curve  to  be  inked  with  an  accuracy  that 
cannot  be  criticized.  N.  G.  Ne.\k 


FIXTURE   FOR  RIVETING   THIN  PLATES 

While  it  is  seldom  necessary,  in  shop  practice,  to  use  a  fix- 
ture for  riveting,  the  arrangement  shown  in  the  accompany- 
ing illustration  gave  much  better  results  than  could  have  been 
obtained  by  the  usual  method  of  holding  the  work  while  rivet- 
ing. In  this  case,  a  number  of  thin  plates  A  were  to  be  held 
together  by  two  rivets  /.  They  were,  therefore,  arranged  in 
stacks  of  the  required  number,  the  rivets  with  their  washers 
were  inserted,  and  then  the  stacks  were  placed  on  the  fixture 
two  at  a  time.  The  fixture  consists  of  a  base  B,  stud  C, 
clamp  D,  two  sliding  jaws  E  with  the  necessary  binding 
screws,  and  plugs  F  for  supporting  the  rivets.  In  use,  a  stack 
of  plates  was  placed  on  each  side  of  the  stud  C,  as  shown,  and 
the  clamp  D  was  tightened  just  enough  to  hold  the  plates  A 
in  place  while  the  sliding  jaws  E  were  brought  up  to  force 


Fixture  for  supporting  Thin  Plates  while  riveting 

all  the  plates  against  Ihe  stud.  The  plates  were  then  securely 
clamped  in  place  by  tightening  the  nut  G,  and  the  rivets 
were  headed  by  using  the  upsetting  tool  U  and  a  hammer  in 
the  usual  manner.  F.  Server 

GRINDING   NARROW  PARALLEL  STRIPS 

The  writer  agrees  with  "A  Grinder,"  in  the  October  number 
of  Machinery,  that  the  best  grade  of  wheel  is  the  Norton 
38-46  G,  7-  by  %-inch  face,  for  he  has  successfully  ground 
work  only  0.008  inch  thick  with  it.  But  even  with  this  wheel 
very  thin  pieces  will  become  heated  and  warp,  because  the 
wheel  becomes  glazed  and  polishes,  instead  of  cutting,  before 
one  cut  is  taken  over  the  job.  To  prevent  this  glazing,  slots 
Vi  inch  deep,  Ys  inch  wide,  and  about  1^4  inch  apart  should 
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be  I'Ut  along  tlie  cutting  edge  of  the  wheel.  These  slots  break 
up  the  continuity  of  the  cutting  edge  and  it  does  not  glaze  bo 
rapidly.  They  also  act  as  a  fan  and  keep  the  ^vo^k  cool 
while  grinding. 

Another  cause  of  warping  is  the  attempt  to  grind  a  piece 
that  is  not  flat.  A  thin  piece  that  is  not  flat  will  be  pulled 
doyvn  on  the  magnetic  chuck  and  the  wheel  pressure  will 
straighten  it  out.  But  thicker  pieces,  when  the  power  is 
turned  off,  spring  back  again  into  their  original  form.  A  piece 
that  is  not  flat  should  be  peened  with  a  liammer  on  the  low 
spots;  this  will  draw  it  down  and  flatten  it.  The  piece  must 
not  be  hammered  on  the  high  spots,  as  that  is  likely  to  break 
it.  Hammer  dents  must  not  be  deeper  than  the  amount  of 
stock  to  be  removed.  A  parallel  smaller  than  the  one  being 
ground  should  be  placed  on  the  left-hand  side  of  the  piece. 
This  prevents  the  wheel  pressure  from  pushing  the  piece  off 
the  chuck.  Another  good  stunt  is  to  place  the  job  either  diag- 
onally or  endwise,  so  that  the  wheel  will  have  as  short  a 
traverse  cut  as  possible. 

The  writer  has  also  used  slotted  wheels,  with  great  success, 
on  Internal  work.  In  these  days  of  war  orders,  labor  troubles, 
and  shortage  of  materials,  most  manufacturers  are  experi- 
encing difficulty  in  obtaining  enough  wheels  of  the  correct 
grade  and  grain.  Anyone  who  has  had  to  use  a  hard-grade, 
fine-grain  wheel  for  grind- 
ing  a  high-speed  bushing  has 
realized  how  quickly  a  wheel 
will  glaze,  polish  and  heat 
the  job,  instead  of  cutting 
free  and  fast.  This  tendency 
to  glaze  may  be  prevented  by 
taking  an  old  hacksaw  (one 
that  Is  of  no  more  use  for 
cutting  steel)  and  cutting 
about  six  zigzag  shallow 
slots  in  the  wheel.  One  of 
the  writer's  regular  jobs  is 
to  grind  piston  gages,  3.790 
inches  in  diameter,  on  a  No. 
22  B.  &  S.  internal  grinder. 
He  uses  a  two-inch  spindle 
fitted  with  a  bushing,  so  that 
he  can  use  up  the  old  H  and 
G  wheels  from  the  surface 
grinders.  These  gages  are 
roughed,  then  left  standing 
to  shrink,  and  finished  on  a 
surface  plate.  An  H  or  G 
wheel  is  used  until  the  job 
is  within  0.0015  inch  of  fin- 
ished size,  and  then  a  hard 
fine-grade    slotted    wheel    is 

put  on  and  the  work  is  finished.  The  wheel  will  not  glaze  and 
polish  the  job  out  of  round,  but  will  cut  free  and  at  the  same 
time  give  that  "mirror"  finish  so  much  desired  in  gages. 

Detroit,  Mich.  R.  Dbew,  Jb. 


86  U.  I'.  M.  as  the  rate  of  the  gear  M  relative  to  arm  .1,  while 
the  statement  published  gives  it  as  36  R.  P.  M.  only.  The 
gear  M  makes  164  2/3  R.  I".  M.  in  the  direction  of  the  arrow  IS, 
while  P  makes  208  R.  1'.  M.  in  the  direction  of  arrow  V  in 
the  illustration  appearing  in  the  December  number. 
Fitchburg,  Mass.  V.  Ciiahuhiii.n 


A  POINT   IN   GUARD   DESIGN 

One  of  the  strongest  arguments  used  against  the  guarding 
of  belts  and  pulleys  is  the  inconvenience  caused  by  the  guard, 
which  has  a  tendency  to  curtail  production.  This  point  is 
especially  noticeable  when  the  guards  are  so  arranged  as  to 
protect  cone  pulleys  and  shifting  belts.  It  is  possible,  how- 
ever, to  arrange  guards  for  cone  pulleys  so  that  the  belt  may 
be  shifted  as  easily  as  if  the  guards  were  not  present,  and  yet 
the  opening  and  closing  can  be  made  so  convenient  that  the 
operator  can  perform  the  movements  almost  without  thinking 
and  with  practically  no  loss  of  time.  Fig.  1  shows  the  appli- 
cation of  a  guard  to  the  standard  column  shaper  in  which  the 
cone  pulley  is  on  the  side  rather  low  down  in  a  somewhat 
dangerous  position  for  anyone  who  may  be  obliged  to  pass 
the  moving  belt.  The  guard  shown  is  made  of  i/^-inch  pipe 
and  fittings,  and  the  two  flanges  screwed  to  the  column  are 

the  only  means  of  support. 


1.     Guard  for  Belt   on 
Column  Shaper 


Two  tees  with  the  threads 
drilled  out  are  hung  from 
the  flanges,  and  by  this 
means  it  is  possible  to  swing 
the  entire  guard  toward  the 
rear  out  of  the  way. 

Fig.  2  shows  a  guard  for 
the  4-inch  belt  of  a  radial 
drilling  machine  which  is 
constructed  in  much  the 
same  manner.  The  panel  to 
the  left  is  the  only  station- 
ary one,  and  the  other  two 
swing  on  the  drilled  out  tees. 
Support  is  given  by  one 
flange  on  the  base  of  the  ma- 
chine and  the  extension  of 
one  pipe  which  is  set  into 
the  concrete  floor.  The  guard 
is  shown  partly  open  and 
two  legs  may  be  seen  rest- 
ing on  the  floor,  which  pro- 
vision is  made  on  account  of 
the  extra  size  and  weight. 
These  two  guards  are  typi- 
cal of  what  might  be  done 
toward  combining  protection 
and  convenience  at  a  minimum  cost.  They  pass  the  rigid  New 
York  state  requirements  and,  furthermore,  offer  no  obstruc- 
tion in  the  way  of  keeping  the  floor  clean  about  the  machine. 
Middletown,  N.  Y.  Donald  A.  Hampson 


Guard  for  Belt  on  Badial  Drilling 
Machine 


EPICYOLIC  GEAR  PROBLEM-CORRECTION 

Permit  me  to  call  your  attention  to  an  error  in  the  solution 
of  the  problem  in  epicyclic  gearing  given  in  the  December 
number.     The  correct  analysis  in  chart  form   is  as   follows: 

M  N  PA 

Wheels  locked -f  50  -f  50  +50  +50 

Arm   stationary   and 


M    returned    to 

120 

120 

original  position. . 

—  50 

+ X  50 

X  50 

90 

40 

Arm  stationary  and 

M  turned  thirty-six 

times,  as  shown  by 

120 

120 

arrow  C 

—  36 

H X  36 

-X  36 

40 


—  36         +164  2/3  —208  +50 

The  arm  A  and  gear  M  are  moving  in  opposite  directions 

with  velocities  of  50  and  36  R.  P.  M.,  respectively.    This  gives 


WORKING  GERMAN   SILVER 

In  the  How  and  Why  section  of  the  November  number  of 
Machinery,  a  correspondent  says  that  he  has  had  trouble 
annealing  German  silver,  and  the  matter  was  referred  to  read- 
ers who  have  had  experience  with  this  metal.  The  best  grade 
of  German  silver  consists  of  four  parts  copper,  two  parts 
nickel,  and  two  parts  zinc,  and  is  the  best  alloy  for  table  silver- 
ware. In  late  years,  many  alloys  bearing  the  name  German 
silver  have  been  placed  on  the  market;  and  while  many  stand 
the  test  of  common  manufacturing  operations,  now  and  then 
trouble  like  that  mentioned  is  experienced.  While  the  trouble 
may  be  in  the  annealing,  the  writer  would  suggest  that  first 
of  all  the  die  used  in  the  first  drawing  operation  be  examined. 
The  edge  of  this  die  should  be  kept  just  as  smooth  as  possible 
by  polishing  it  at  least  every  two  or  three  thousand  pieces 
with  the  finest  emery  or  crocus  cloth;  the  die  should  then  be 
washed  with  gasoline  or  blown  out  with  compressed  air,  so 
that  not  the  slightest  bit  of  stone  will  be  left  in  it. 
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The  gage  of  the  metal  being  worked  is  not  given,  but  any 
German  silver  under  0.045  inch  should  dravif  and  anneal  with- 
out much  trouble  if  worked  under  good  conditions.  When  the 
edge  of  the  drawing  die  becomes  rough  from  long  use,  or  in- 
sufficient drawing  solution  is  used,  or  there  are  dirt,  steel  chips, 
etc.,  in  the  solution,  tiny  scratches  will  appear  on  the  side 
of  the  shell  as  it  is  drawn  over  the  edge  of  the  die.  These 
scratches  will  become  deeper  until  the  edge  is  stoned  off  and 
polished.  When  this  work  goes  to  the  annealing  oven  and  the 
heat  expands  the  metal,  these  scratches  slit  or  crack  open. 
Unless  the  shell  is  very  deep  or  of  peculiar  shape,  a  shell  of 
this  size  can  and  should  be  drawn  in  one  operation.  The 
writer  has  drawn  German  silver  shells  four  inches  deep  and 
three  inches  in  diameter,  with  flaring  sides  and  bulging  bot- 
tom, in  one  draw. 

If  a  shell  drawn  under  ideal  conditions,  with  perfectly 
smooth  sides,  is  brought  red  hot  from  the  oven  and  immersed 
in  cold  or  running  water,  the  sides  may  crack,  as  the  cold 
water  chills  the  metal  too  quickly.  The  shells  should  be 
cooled  in  warm  water  or  in  the  air.  In  annealing  work  of 
this  kind,  the  following  method  has  been  used  with  success. 
Bring  the  furnace  to  about  1500  degrees  F.,  then  shut  off  all 
fuel  and  the  blower,  and  fill  the  furnace  with  the  work,  which 
has  been  placed  in  pans  or  trays  made  for  the  purpose.  As 
the  furnace  cannot  become  hotter,  there  is  no  chance  whatever 
of  the  work  burning;  and  as  it  is  slowly  cooling,  the  shells 
will  heat  and  cool  with  the  furnace,  and  thus  anneal  perfectly. 

Cracks  may  also  be  caused  by  drawing  the  shells  too  dry  or 
by  the  use  of  a  poor  lubricant;  try  good,  clean  lard  oil  and 
use  plenty  of  it — if  there  is  virtue  in  lard  oil,  get  it.  A  solu- 
tion of  soap,  warm  water  and  lard  oil  may  also  be  tried.  This 
solution  is  formed  by  dissolving  common  hard  washing  soap  in 
warm  water  and  then  adding  an  equal  quantity  of  lard  oil. 
If  the  cracking  continues,  the  shell  should  be  nickel-plated 
before  it  is  annealed,  just  a  slight  nickel  wash;  brass  plating 
is  just  as  good.  The  writer  sees  no  reason  why  this  trouble 
should  not  be  stopped  at  once,  and  thinks  that  if  a  good  grade 
of  alloy,  say  Coe  brass  branch  German  silver,  is  used  under 
these  conditions,  there  will  be  no  more  trouble  with  the  cracks. 

There  is  a  hydraulic  process  of  shell  drawing  in  which  any 
shell  can  be  drawn  in  one  operation.  As  the  principle  is  so 
different  from  power-press  shell  drawing,  the  required  stretch 
of  the  metal  being  distributed  evenly  over  the  entire  area  of 
the  blank,  a  metal  of  very  low  tensile  strength  can  success- 
fully be  drawn  by  this  process. 

Pittsfield,  Mass.  G.  R.  Smith 


or,  using  the  reciprocals: 


V2 


V'2 


,  and  sec  a  = 


SOLVING  EQUATION  FOR   SPIRAL 
GEARING 

On  page  346  of  Machinery  for  December,  the  following  equa- 
tion was  given: 

R  sec  a  -\-  cosec  a  =  k, 
in  which  R  =  3  and  k  =  5.714,  and  in  which  a  is  known  to  be 
in  the  neighborhood  of  45  degrees.  The  equation  was  solved 
by  the  method  of  repeated  trials,  and  it  was  found  that  a  was 
equal  to  46  degrees,  6  minutes.  The  above,  equation  can  also 
be  solved  in  a  simpler  and  somewhat  more  elegant  way.  Let: 
a  =  45  degrees  +  S 

or,  in  radians:  tt 

a  = \-d 

4 
Then,  w  ir 

sin  a  ^  sin  —  cos  5  +  cos  —  sin  5 
4  4 

and  TT  TT 

cos  o  =  cos  —  cos  5  +  sin  —  sin  5 
4  4 

Now  6  is  a  small  angle.     Consequently,  we  can  write,  with- 
out Introducing  an  appreciable  error: 

sin  5  =  5,  and  cos  5  =  1, 
and,  furthermore,  tt  it  1 

sin  —  =  cos  —  = 

4               4         V2 
Then,                            1 -f  5                          1—5 
sin  a  = ,  and  cos  a  = , 


l-f5  1  —  5 

Substituting  for  o  in  the  original  equation: 
R  V2  \[2 

+ =  fc 

1—6  1+5 

and,  simplifying, 

V/T(« +  K5  +  1  — 5)  =  fc  (1  — 5^) 

By  substituting  the  given  values  and  simplifying: 
5  =  0.0201  —  2.02015= 

But  5  is  small  and,  hence,  6=  is  still  smaller,  so  that  5'  =  0.0201 
must  be  very  near  the  value  of  6.  By  substituting  5'  for  5  in 
the  second  member  of  the  right-hand  side,  we  have: 
6  =  0.0201  —  2.0201  X  0.0201'  =  0.0192  radian, 
from  which  5  =  1  degree,  6  minutes,  and  a  =  46  degrees, 
6  minutes,  which  is  the  same  value  as  obtained  by  the  other 
method. 

Chicago,  111.  Nikola  Trbojevich 

The  above  solution  is  unquestionably  more  mathematical 
and  interesting  from  the  mathematician's  point  of  view  than 
the  trial-and-error  method,  but  it  is  doubtful  if  it  is  to  be 
recommended  for  practical  purposes,  for  two  reasons:  In  the 
first  place,  the  method  is  not  as  easily  applied  by  a  man  who 
is  not  well  versed  in  mathematics  as  is  the  more  simple  trial- 
and-error  method;  and,  in  the  second  place,  as  far  as  the 
trained  mathematician  is  concerned,  it  is  doubtful  if  he  can 
save  any  time  by  the  proposed  method,  because  the  arithmeti- 
cal work  of  solving  the  equation,  as  outlined  above,  is  probably 
greater  than  the  arithmetical  work  involved  in  making  about 
three  or,  at  most,  four  trial  solutions,  which  is  all  that  a 
mathematically  trained  man  would  need.  Nevertheless,  the 
above  method  should  prove  interesting  to  all  students  of  mathe- 
matics, showing  how,  by  means  of  mathematical  formulas,  a 
simple  expression  can  be  obtained  for  solving  an  equation 
which,  on  the  face  of  it,  appears  impossible  of  a  simple  mathe- 
matical solution. — Editor. 

BORING  STRAIGHT   HOLES  ON   A  WORN 
LATHE 

When  the  writer  was  passing  through  a  repair  shop  recently, 
he  saw  a  good  lathe  man  boring  a  hole  that  tapered  because 
the  ways  or  vees  of  the  lathe  were  not  in  line  with  the  head. 
Had  the  man  turned  his  boring  tool  upside  down  and  bored 
from  the  other  side,  with  the  machine  running  the  same,  he 
would  have  obtained  a  straight  hole.  This  is  due  to  the  fact 
that  in  boring  the  tool  approaches  the  center  line  as  it  feeds 
into  the  hole;  therefore,  when  the  tool  is  turned  over  and 
used  at  the  back  of  the  hole,  it  will  recede  from  the  center 
as  it  feeds  along.  Consequently,  if,  because  of  a  worn  spin- 
dle, ways  or  vees,  or  for  some  other  cause,  a  tool  approaches 
the  center  when  a  hole  is  being  bored,  it  will  move  a  corre- 
sponding distance  from  the  center  when  it  is  turned,  and  the 
hole  is  rebored  and  will  thus  produce  a  straight  hole.  Should 
the  holes  bored  be  larger  at  the  back,  however,  the  problem  is 
more  difficult.  While  the  same  result  will  be  obtained  by  turn- 
ing the  tool,  care  must  be  exercised  and  stock  should  be  left 
for  cleaning  up. 

Lancaster,  N.  Y.  Edward  Binoemann 
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"LAPPING"  THREADS   WITH   ACID 

It  often  happens  that  after  an  important  screw  has  been  cut, 
hardened,  and  lapped  to  size,  it  will  still  fit  too  tight  in  places. 
This  may  be  caused  by  unequal  expansion  and  contraction 
during  the  hardening  process,  or  it  may  be  through  some  in- 
accuracy in  lapping;  whatever  the  cause,  the  fact  remains  that 
in  hardened  screws  this  trouble  is  the  rule  rather  than  the 
exception.  In  some  cases  it  will  be  of  small  consequence,  and 
a  wrench  may  be  used  to  force  the  screw;  but  in  gage  screws, 
jig  screws,  adjusting  screws,  and  in  all  high-grade  work  it 
becomes  a  troublesome  matter.  This  evil  may  be  remedied, 
however,  by  cleaning  the  screw  in  hot  soda  water,  then  dip- 
ping it  for  about  a  minute  in  a  bath  of  nitric  acid,  and  on  its 
removal  immersing  it  in  water.  After  it  is  dried,  it  should  be 
tried  in  the  tapped  hole.  If  the  screw  is  still  too  large,  the 
process  should  be  repeated  until  the  desired  fit  is  obtained. 
This  method  provides  a  very  good  "acid  lap"  that  will  be  found 
convenient  for  many  purposes  in  and  about  the  shop. 

Plalnfield,  N.  J.  J.  B.  Muephy 


QUKSTIONS     ON     PRACTICAL    SUBJECTS     OF    GENERAL,     INTEREST 


STRAIGHTENING   PIPE 

W.  H.  J. — I  am  working  in  the  oil  field  and  olten  need  a 
pipe-straightening  machine  to  straighten  pipe  of  all  sizes  up 
to  10  and  12  inches  diameter.  One  of  our  chief  troubles  is 
bent  pipe.    Can  you  ofler  any  help? 

A. — We  know  of  no  means  for  straightening  bent  pipe  other 
than  pipe  bending  machines,  which  may,  of  course,  be  em- 
ployed for  taking  the  kinks  out  of  bent  pipes.  The  pipe  bend- 
ing machine,  however,  cannot  be  used  for  field  work  on  such 
large  sizes  as  10  or  12  inches.  The  only  means  we  can  suggest 
for  straightening  large  pipe  is  the  lathe,  lever  or  screw  and 
test  method  commonly  employed  in  straightening  shafting. 
The  question  is  referred  to  readers  for  suggestions. 


LETTERING   ON   DRAWINGS 

D.  W.  B. — The  question  of  conventions  and  lettering  to  be 
used  on  drawings  has  come  up,  and  I  would  like  to  know  if 
there  is  some  definite  form  and  style  adopted  as  a  standard  of 
practice.  One  of  the  mooted  questions  is  the  use  of  small 
letters  in  italic  lower  case,  or  all  caps.  Some  argue  that  the 
small  letter  is  more  rapidly  made  and  is  easier  to  form,  while 
others  claim  that  legends  in  all  caps  are  used  more  commonly 
in  mechanical  drawing  and  in  architectural  and  furniture 
designs. 

A. — It  is  generally  conceded  that  legends  on  drawings  can 
be  made  neatly  and  rapidly  in  italic  lower  case.  The  prac- 
tice, however,  is  by  no  means  uniform,  and  small  caps  are 
often  used  by  draftsmen.  Simplicity  should  be  the  keynote 
in  all  mechanical  drawings,  and  the  use  of  ornate  headings 
and  lettering  generally  should  be  tabooed.  Whether  or  not 
small  caps  or  italic  lower  case  are  to  be  preferred  for  legends 
is  a  question  that  has  not  been  decided  by  general  use. 


to  AC  and  BD.  Since  GE  =  the  radius  =  1  inch,  and  since  a 
taper  of  1  inch  per  foot  =  1/12  inch  per  inch,  EC  =  1/2  X 
1/12  =  1/24  inch,  and  HC  =  1/2  X  5/8  +  1/24  =  17/48  inch 
We  now  know    (or 


PLANED  AND  BORED  OROSSHEAD  GUIDES 

R.  T.  R. — Will  you  please  explain  the  advantages  and  disad- 
vantages of  the  two  types  of  crosshead  guides  shown  in  Figs.  1 
and  2,  and  tell  why  the  style  shown  in  Fig.  1  is  the  general 
type  of  guide  used  on  locomotives,  and  why  that  shown  in  Fig. 
2  is  generally  used  on  stationary  engines?  Is  the  type  shown 
in  Fig.  2  a  cheaper  guide  for  the  reason  that  it  may  be  ma- 
chined when  the  cj'linder  is  bored? 

A. — The  type  of  crosshead  and  guide  shown  in  Fig.  2  is 
cheaper  than  that  shown  in  Fig.  1  for  the  reason  that  the 
guides  may  be  bored  when  the  cylinder  is  bored  and  the  cross- 
head  may  be  turned  in  a  lathe  instead  of  being  planed.  The 
bored  type  of  crosshead  guide  is  not,  however,  suitable  for 
locomotive  use.  In  the  first  place,  the  guide  and  frame  can- 
not be  cast  integral  as  is  common  practice  in  stationary  steam 
engine  construction.  In  the  second  place,  the  crossheads  of  a 
locomotive  need  to  be  restrained  in  a  vertical  plane  because 


Fie.    1.     Planed   Crosshead   Guide  Fig.   2.     Bored   Crosshead   Guide 

of  the  turning  moments  set  up  in  the  piston,  crosshead  and 
connecting-rod  due  to  uneven  track,  curves  and  loose  connec- 
tions. These  turning  moments  are  negligible  in  a  stationary 
engine  and  are  restrained  by  the  connecting-rod  and  crank-pin. 


A    GEOMETRICAL   PROBLEM 

W.  A.  W.— Referring  to  the  illustration,  please  show  process 
of  solution  in  finding  the  values  of  s  and  y. 

A. — Draw  AC  parallel  to  BD  and  tangent  to  the  circle;  draw 
GE  parallel  to  the  center  line,  and  consequently  perpendicular 


can  find)  all  the 
parts  of  the  tri- 
angle EGC,  and  we 
know,  therefore,  the 
angles  of  the  simi- 
lar triangle  FGD, 
but  we  know  noth- 
ing in  regard  to 
its  sides.  Hence, 
neither  FD  nor  FG 
can  be  found  by 
trigonometry  or  ge- 
ometry; but  these 
sides  can  be  found 
by  applying  certain 
principles  of  ana- 
lytical geometry. 
The  equation  of  a 
straight  line 
through  a  point  Is 

!/  =  mx  +  6,  where  y  =  ordinate,  x  =  abcissa  of  point;  m  = 
tangent  of  the  angle  which  the  line  makes  with  the  X  axis,  and 
b  =  y  intercept.  Thus,  the  equation  of  the  line  GC  through 
point  D  whose  coordinates  are  x  and  y  with  reference  to  the 
axes  X-X'  and  Y-y  is  y  =  2Ax  —  7.5,  and  the  equation  of  the 
circle  is  a^  +  i/^  ^  1.  Making  these  two  equations  simulta- 
neous and  substituting  the  value  of  y  from  the  first  equation 
in  the  second  equation,  we  have  2308ar'  —  1440a;  +  221  =  0, 
from  which  x  =  id  =  0.351508  inch.  Substituting  this  value 
of  x  in  the  first  equation,  ?/  =  24  X  0.351508  —  7.5  =  0.93619 
inch  =  OF.  Therefore,  z  =  BD  =  2x  =  2  X  0.351508  = 
0.70302  inch.  J.  J. 
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Geometrical  Problem 


INTERPOLATING  TO  SECONDS 

H.  J.  L. — Suppose  the  natural  tangent  is  0.63154;  how  can  I 
find  the  angle  in  degrees,  minutes  and  seconds,  using  the  table 
in  Machinery's  Handbook?  Also,  in  using  a  sine  bar  and  get- 
ting a  dimension,  how  can  I  get  the  exact  angle  carried  out 
into  seconds? 

A. — Referring  to  page  188  of  Machinery's  Handbook,  the 
angle  whose  tangent  is  0.63154  is  seen  to  lie  between  32  de- 
grees, 16  minutes  (the  tangent  of  which  is  0.63136)  and  32 
degrees,  17  minutes  (the  tangent  of  which  is  0.63177).  The 
difference  between  these  two  values  is  0.00041;  the  difference 
between  the  tangent  of  the  smaller  angle  and  the  given  tan- 
gent is  0.00018;  and  the  difference  between  the  two  ^angles 
in  the  table  is  1  minute  =  60  seconds.  Assume  that  the  follow- 
ing proportion  is  true,  as  it  will  be  for  practical  purposes, 

60  X  0.00018 

rr  :  60  =  0.00018  :  0.00041,  from  which  x  = =  26 

0.00041 
inches.  Therefore,  the  rule  is:  Find  two  consecutive  func- 
tions in  the  table,  one  of  which  is  greater  and  the  other  less 
than  the  given  function,  and  take  their  difference.  Find  the 
difference  between  the  given  function  and  the  function  corre- 
sponding to  the  smaller  of  the  two  angles;  multiply  this 
difference  by  60  and  divide  the  product  by  the  difference  previ- 
ously found.  The  quotient  will  be  the  number  of  seconds 
sought. 

It  is  not  possible  to  find  an  angle  correct  to  seconds  by  using 
the  sine  bar,  and  such  extreme  accuracy  is  entirely  unneces- 
sary in  practical  work.  If  the  sine  bar  and  the  measurements 
are  sufficiently  accurate  to  determine  the  angle  to  a  single 
minute,  the  result  may  be  considered  refined  enough  for  prac- 
tical purposes.  J.  J. 
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PROBLEM  IN   DESIGNING  DIES 

F.  A.  R. — The  illustration  shows  a  problem  in  connection 
with  the  designing  of  dies  for  forming  a  sheet-metal  piece. 
Please  show  how  to  find  the  distance  X. 

A. — Since  the  right  triangles  BOA  and  BDG  are  similar, 
AB         EC 

= .      Let    AB  =  y;    then    DC  =  13  +  y.    and    DB  = 

OB        DB 

•*/ (13 +l/)'+|  —  Y  since   1.25  =  —.     OB  =  1.75  =  — .     Sub- 
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Problem  in  designing  Dies 

y        4]/ 

stituting  these  values  in  the  above  proportion,  —  =  =- 

7  7 

5 

—  4 
4 
.     Squaring  both  sides  of  this  equation 


^(13+.)^+ (ij 


and  clearing  of  fractions,  256?/'  +  6656?/'  +  43664?/-  —  1225  =  0. 
Solving  this  equation  by  Horner's  method,  y  =  0.165411. 
OA  =  \'  1.75=  —  0.16541-  =  1.74217.  Therefore,  X  =  1.25  + 
1.74217  =  2.99217  inches.  To  prove  that  the  value  of  y  is 
correct,  compute  DB,  obtaining  V  13.16541'  +1725^=  13.2246. 

AB         0.16541 
Then,  in  the  above  proportion,  = =  0.09452,  and 

OB  1.75 

BC  1.25 

= =  0.09452.  J.  J. 

DB         13.2246 


WHY  A   SAFETY  VALVE  IS  IN 
EQUILIBRIUM 

C.  M.  G. — My  text-book  on  mechanics  states  that  a  couple 
produces  or  tends  to  produce  rotation  only,  and  that  it  can 
be  balanced  only  by  another  couple  that  tends  to  rotate  the 
body  in  the  opposite  direction.  How  can  this  statement  be 
reconciled  with  the  forces  acting  on  a  safety-valve  lever? 
Here  the  steam  pressure  acts  upward  and  the  weight  acts 
downward,  thus  forming  a  couple;  where  is  the  other  couple? 

A. — You  have  not  taken  into  account  all  the  forces  acting 
on  the  lever.  Referring  to  the  illustration,  the  force  P  acting 
upward  represents  the  steam  pressure,  and  the  force  W  acting 
downward  represents  the  weight.  The  lever  would  turn  under 
the  action  of  these  two  forces  if  it  were  not  for  the  pin  0.  As 
the  bar  presses  against  the  under  side  of  this,  the  pin  reacts 
downward  an  equal  amount;  this  force  is  represented  by  R. 
We  may  imagine  that  the  pin  0  is  removed  and  that  equilib- 
rium is  maintained  by  means  of  a  force  R  acting  on  top  of  the 
lever  in  a  vertical  line  through  the  center  of  the  pin.  Then, 
force  P  must  equal  R  -f  W,  since  it  supports  both  W  and 
R,  both  acting  downward.  P  may,  therefore,  be  considered  as 
made  up  of  two  forces,  one  equal  to  R  and  the  other  equal  to 
W,  and  both  acting  upward.    This  force  R  combined  with  the 
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downward  force  R  forms  a  couple,  the  arm  of  which  is  OA, 
and  which  tends  to  turn  the  bar  counter-clockwise;  W  com- 
bined with  the  force  (weight)  W  forms  another  and  equal 
couple,  the  arm  of  which  is  AB,  and  which  tends  to  turn  the 
bar  clockwise;  the  two  couples  thus  neutralize  each  other. 
Taking  an  actual  case,  suppose  W  —  28  pounds,  OA  =  4  inches, 
and  AB  =  38  inches.  Then,  taking  the  center  of  moments  at 
A,  i?  X  4  =  28  X  38,  or  ie  =  266  pounds.  Taking  the  center  of 
moments  at  O,  P  X  4  =  28  X  (38  -f  4),  or  P  =  294  pounds  = 
266  +  28  =  i?  -f  W,  as  it  should.  Your  assumption  of  a  couple 
formed  by  P  and  W  is  wrong,  because  a  couple  consists  of 
two  equal  parallel  and  opposite  forces,  and  P  is  greater  than 
W.  Note  that  the  weight  of  the  bar  (lever)  has  been  neg- 
lected. J   J 


ELEVATION  OF  OUTER  RAIL  ON  A   RAIL- 
WAY  CURVE 

B.  H.  H. — I  notice  that  on  all  railway  curves  the  outer  rail 
is  higher  than  the  inner  rail,  and  I  am  told  that  this  counter- 
acts the  centrifugal  force.  Will  you  please  explain?  Also, 
what  effect  does  the  weight  of  the  train  have  in  determining 
the  amount  of  elevation? 

A. — In  the  September  number  of  Machinery,  page  63,  it  was 
shown  that  when  a  body  moves  in  a  circle,  the  centrifugal 

force  is  expressed  by  the  formula  F  = ,  in  which  F  =  cen- 

gR 
trifugal  force,  in  pounds;  TF  =  weight  of  moving  body,  in 
pounds;  v  =  velocity  of  moving  body,  in  feet  per  second; 
5'  =  32.16;  and  i?  =  radius  of  circle  or  curve,  in  feet.  Now, 
when  a  train  goes  around  a  curve,  it  is  deflected  from  the 
straight  line  in  which  it  would  ordinarily  move  and  is  kept 
to  the  rails  by  reason  of  the  flanges  of  the  outer  wheels  press- 
ing against  the  outer  rail;  this  pressure  is  the  centripetal 
force,  and  acts  in  the  direction  BC  (see  illustration).  The 
weight  on  a  pair  of  wheels  acts  vertically  downward  in  the 
direction  AB;  the  resultant  of  these  two  forces  is  represented 
by  AC.  When  one  of  the  rails  is  elevated  until  the  line  DF, 
which  is  parallel  to  a  line  touching  the  tops  of  the  rails,  be- 
comes perpendicular  to  the  line  of  action  of  the  resultant  AC, 
the  centripetal  force  BC  will  be  exactly  balanced  by  the 
tendency  of  the  wheels  and  their  load  to  slide  in  the  direction 
FD,  and  there  will   be   no   pressure  between   the   flange   and 


Elevation  of   Outer  Rail  on  Curve 

the    rail.      Since    the    triangles    ABC   and   DBF   are    similar, 
AB-.BC  =  DE:EF,  or  W:F=l):h,  when  b  =  DE  and  h  =  EF; 
Fb 

whence,  h  = .     Substituting  the  value  of  F  given  above, 

W 
Wv-       b         bv- 

h  = X  — -  = .     If  b  is  in  inches,  h  is  also  in  inches. 

gR       W        (jR 
Note  that  the  weight  of  the  train  has  no  effect  on  the  elevation 
of  the  rail.    Suppose  the  train  is  running  fifty  miles  per  hour 
around  an  eight-degree  curve,  and  that  b,  or  the  distance  from 
center  to  center  of  rails,  is  4  feet,  8.5  inches,  or  56.5  inches. 

' 50  X  5280  V 
56.5  I 


60  X  60 


Diagram   showing   Principle   of    Safety   Valve 


The  elevation  is  then  h  = 

32.16  X  716.2 
The  radius  of  an  eight-degree  curve  is  716.2  feet. 


=  13.2  inches. 


J.  J. 
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LOCATING   AND   BORING   HOLES   IN   A 

SINE   BAR 

C.  W.  H.—I  read  with  intorest  the  article  in  the  October 
number  by  Donald  IJaker  on  sine  bars.  I  know  comparatively 
little  about  precise  tool  work,  but  venture  to  ask  the  (luostion 
why,  instead  of  boring  the  soft  steel  plugs  in  the  lathe,  the 
bar  was  not  set  up  in  the  milling  machine  vise  and  the  holes 
bored  with  a -vertical  milling  attachment,  using  the  lead-screw 
to  set  off  the  distance  of  5  inches.  Would  not  this  method 
be  accurate  in  locating  the  holes  within  limits  of  0.0001  inch? 

Answered  by  Donald  Baker,  Montreal,  Canada 

A. — It  is  possible  to  locate  and  bore  the  boles  in  the  sine 
bar  on  a  milling  machine  by  clamping  the  bar  in  a  vise  and 
using  the  vertical  attachment  and  the  feed-screws;  or  it  might 
be  clamped  to  the  table  or  on  an  angle-plate.  But  in  the  case 
of  holding  in  a  vise,  for  instance,  extreme  care  must  be  taken 
to  insure  that  the  vise  is  set  up  perfectly  square  in  all  direc- 
tions with  the  spindle.  The  lead-screw  of  the  ordinary  milling 
machine  cannot  be  depended  upon  for  precision  work,  and  to 
secure  accurate  spacing  with  one  would  be  more  or  less  of  a 
cut-and-try  method.  At  best  I  would  not  expect  to  get  re- 
sults much  closer  than  ±  0.0003  inch.  On  the  other  hand,  if 
we  button  up  a  soft  plug,  as  described,  we  have  fewer  difficul- 
ties to  contend  with.  The  flat  sides  of  the  bar  having  been 
ground  accurate  and  the  two  edges  rough-ground,  the  buttons 
are  put  in  place  and  located,  using  Johanssen  gages,  it  at 
hand.  Micrometers  may  be  depended  upon  if  they  are  cor- 
rectly and  carefully  used.  No  special  pains  need  be  taken 
to  set  the  buttons  closer  than  0.001  or  0.002  inch  of  parallel 
with  the  edges  of  the  bar.  The  next  step  is  to  true  up  a  lathe 
faceplate  and  strap  the  sine  bar  In  place  and  indicate  one  of 
the  buttons  carefully.  The  final  indicating  is  done  after  the 
bar  has  been  securely  clamped  and  the  lathe  is  running  at  the 
correct  boring  speed.  This  precaution  is  essential,  for  if  the 
lathe  is  out  of  balance,  the  truth  of  the  boring  operation  will 
be  affected.  After  both  holes  have  been  bored,  the  buttons  are 
Inserted  and  finally  inspected  for  the  distance  apart.  If  the 
distance  apart  is  found  correct,  the  grinding  of  the  edges  fol- 
lows, which  is  done  on  the  surface  grinder,  setting  up  the 
bar  on  an  accurate  angle-plate  and  using  an  indicator  or 
parallels  to  set  the  buttons  level.  No  matter  what  method 
is  employed,  however,  the  human  element  is  an  important 
factor  in  bringing  work  of  this  kind  to  a  successful  conclusion. 


THE  RECOIL   OF  A   GUN 

E.  F.  R. — I  enclose  a  clipping  regarding  the  "kick"  of  a 
gun.  Will  you  please  show  me  how  the  recoil  energy  is  cal- 
culated from  the  formula?  Please  note  that  the  author  states 
that  the  recoil  energy  of  a  12-bore  shotgun  is  nearly  twice  that 
of  the  army  rifle,  and  that  a  trapshooter  will  take  the  kick 
without  a  murmur,  while  a  soldier  is  sensitive  to  the  kick 
of  a  rifle  and  the  limit  is  300  rounds  a  day.  Is  his  explanation 
of  why  this  is  so  reasonable? 

A. — The  formula  mentioned  is  vW  =  Vw  +  4700W',  in  which 

V  is  the  recoil  velocity  of  the  gun,  and  V  is  the  muzzle  velocity 
of  the  bullet,  both  in  foot-seconds;  W  is  the  weight  of  the  gun, 
w  is  the  weight  of  the  bullet,  and  W  is  the  weight  of  the 
charge,  all  in  grains.  The  .formula  applies  only  to  the  U.  S. 
army  rifle;  for  other  weapons  and  ammunition,  the  constant, 
4700,  would  need  to  be  changed.  According  to  the  Encyclo- 
pedia Britannica,  for  the  present  U.  S.  army  rifle,  W  =  Sy^ 
pounds.  V  =  2600  foot-seconds,  tv  =  150  grains,  and  W  =  50 
grains.      Substituting    these    values    in    the    above    formula, 

2600  X  150  +  4700  X  50 

V  = =  10.5  foot-seconds.     The  recoil 

8.5  X  7000 
energy  is  found  by  substituting  the  values  of  v  and  W  in  the 

Wv'       8.5  X  10.5' 
expression  for  kinetic  energy,  = ;=  14.6   foot- 

2g         2  X  32.16 
pounds. 

Regarding  the  explanation  as  to  why  the  kick  of  a  shotgun 
is  not  felt  so  much  as  the  kick  of  a  rifle,  it  must  be  remem- 
bered that  the  force  of  a  blow  depends  largely  on  the  dis- 
tance through  which  the  moving  body  passes  in  coming  to 
rest;  the  shorter  the  distance,  the  greater  the  blow.  Accord- 
ing to  the  author:     "The  shotgun  is  fired  with  the  muscles 


tense  and  the  body  moving — in  other  words,  the  shot  is  taken 
by  a  set  of  tense  springs;  the  rifle  is  fired  with  the  muscles 
relaxed,  tired  deliberately.  The  shotgun  has  also  a  straighter 
stock,  thus  bringing  the  line  of  direction  nearer  to  the  direc- 
tion of  recoil."  Suppose  that  the  gun  were  placed  in  a  vertical 
position  with  the  stock  resting  on  a  block  of  wood  that,  in 
turn,  rested  on  the  platform  of  a  scale;  the  force  of  the  recoil 
could  then  be  measured.  Suppose,  further,  that  a  set  of 
springs  (or  some  yielding  substance)  were  placed  between  the 
block  of  wood  and  the  scale  platform;  the  force  of  the  recoil 
would  then  be  found  to  be  considerably  less.  Assuming  that 
the  author's  statements  regarding  the  manner  of  firing  are 
right,  the  stock  of  the  rifle  rests  more  firmly  against  the  bones 
of  the  shoulder  than  is  the  case  when  the  shotgun  is  fired; 
consequently,  even  though  the  recoil  energy  of  the  shotgun 
may  be  greater,  the  gun  moves  through  a  greater  distance 
and  the  resulting  kick  may  be  less  than  with  a  rifle.  The 
writer  is  inclined  to  doubt  that  a  trapshooter  will  ever  fire 
300  rounds  in  a  day.  J.  J. 


LINE  OF   QUICKEST  DESCENT 

S.  I.  N. — Suppose  that  a  ball  is  to  roll  without  friction  from 
a  point  C  to  a  point  A;  what  must  be  its  path  in  order  to  get 
to  A  in  the  shortest  time?  I  claim  that  the  path  will  be  a 
straight  line  from  C  to  A,  because  the  velocity  of  the  ball  when 
it  gets  to  A  will  be  the  same,  whatever  path  it  takes,  and  a 
straight  line  is  the  shortest  distance  between  two  points; 
but  a  friend  tells  me  that  if  the  ball  follows  a  certain  curved 
path,  it  will  reach  A  more  quickly.  If  this  is  so,  what  is 
the  curve? 

A. — If  the  ball  rolls  from.  C  to  A  along  the  straight  inclined 
plane  CA,  the  acceleration  will  be  uniform  throughout  the 
entire  distance.  If,  however,  the  ball  takes  a  curved  path, 
such  as  CP'A,  the  acceleration  will  be  variable,  and  a  velocity 
that  nearly  approaches  the  final  velocity  at  A  will  be  attained 
for  some  time  before  the  ball  reaches  A.  It  will  thus  be  ap- 
parent that  there  must  be  some  curve  that  will  take  the  ball 
from  C  to  A  in  a  shorter  time  than  if  it  follows  some  other 
path.  The  curve  is  called  the  brachistochrone,  a  word  derived 
from  the  Greek  and  meaning  shortest  time.  It  is  commonly 
called  the  cycloid,  and  is  the  curve  that  would  be  traced  by  a 
point  on  the  circumference  of  a  circle  rolling  on  a  straight 
line  without  slipping.  Thus,  suppose  that  a  circle  having  the 
diameter  BA  rolls  from  B  toward  C,  turning  in  the  direction 
indicated  by  the  arrow;  the  path  (locus)  of  the  point  A  will 
be  the  half  cycloid  AP'C,  and  BC  will  be  equal  in  length  to 
half  the  circumference  of  the  circle.  For  any  position  of  the 
circle,  as  B',  the  center  will  be  at  0';  the  point  A  will  be  at  P': 
and  BB'  =  arc  AP  =  00'.  To  construct  the  cycloid,  divide  the 
semicircle  APB  into  any  convenient  number  of  parts;  suppose 
that  one  of  these  parts  is  AP.  Through  P  draw  DP'  parallel 
to  BC;  draw  00',  and  make  it  equal  in  length  to  the  arc  AP. 
With  0'  as  a  center  and  OB  as  a  radius,  describe  a  circle 
cutting  DP'  in  P'.  Note  that  angle  A'O'P'  =  AOP  and  that 
POO'P'  is  a  parallelogram;  hence,  PP'  =  00'  =  arc  AP; 
DP  =  r  X  sin  0;  and  DA  =  r  (1  —  cos  0).  Also,  DP'  =  r  (sin  <t> 
-|-0),  in  which  0  is  the  angle  AOP,  in  radians.  Therefore, 
by  using  a  table  of  trigonometric  functions,  the  values  of  DA 
and    DP'   may   be   readily   calculated    for   any   angle   desired. 

J.  J. 
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AJAX  SCRAP  RECLAIMING  ROLLS 

The  waste  represented  by  the  scrap  heap  may  be  an  important 
item  especially  at  the  present  time  owing  to  the  relatively  high 
cost  of  materials.  When  it  is  realized  that  practically  all  of 
the  large  railroads  dismantle  from  a  few  hundred  to  several 
thousand  cars  annually  and  that  there  are  many  companies  in 
other  lines  of  business  that  accumulate  thousands  of  tons  of 
scrap  yearly,  the  importance  of  reclaiming  at  least  a  certain 
percentage  of  this  material  is  evident.  In  most  cases  it  would 
not  be  considered  practicable  to  install  and  operate  a  regular 
rolling  mill  but  a  considerable  saving  could  be  effected  by  the 


size  that  may  be  used.  The  widest  flat  stock  that  can  be 
rolled  is  4  inches,  provided  the  thickness  is  %  inch  or  more; 
314  inches  is  the  maximum  width  for  stock  \^  inch  thick, 
and  2^2  inches  the  maximum  width  for  stock  14  inch  thick. 
Two  sets  of  rolls,  or  a  total  of  six  rolls,  are  furnished  with 
each  standard  equipment;  these  rolls  will  be  grooved  to  suit 
the  requirements  of  the  user.  Additional  rolls  can  be  obtained 
at  any  time  for  any  size  stock. 

The  rolls  are  made  of  special  rolled  steel  castings.  The 
bearings  are  of  liberal  proportions  and  bronze  bushed;  they 
are  split  to  provide  adjustment  for  wear.  The  roll  shafts  have 
independent    adjustment    horizontally    and    vertically    except 


Fig.   1.     Reclaiming  Rolls  set  up  to  roll  Round  Stock  in  One  Set  of  Housings  and  Flat  Stock  in  Other  Set 


use  of  reclaiming  rolls  such  as  are  illustrated  in  Figs.  1  and  2 
which  show  two  views  of  a  recent  design  that  has  been  brought 
out  by  the  Ajax  Mfg.  Co.,  Cleveland,  Ohio.  This  machine  is 
designed  for  reclaiming  such  scrap  as  arch  bars,  brake  staffs, 
brake  levers,  tension  rods,  scrap  ends  from  forging  operations, 
etc.,  by  heating  the  scrap  and  re-rolling  it  into  bars  of  stock 
from  which  bolts,  car  fittings,  or  similar  parts  may  be  made. 
In  general  design  the  reclaiming  rolls  resemble  very  closely 
a  modern  rolling  mill.  The  working  parts  are  mounted  on  a 
massive  cast-iron  base  which  is  cast  in  one  piece.  There  are 
two  sets  of  rolls  which  are  "three-high,"  where  the  rolling  is 
done.  A  detailed  view  of  the  rolls  and  housings  is  shown  in 
Fig.  3.  The  cylindical  surface  of  the  rolls  containing  tie 
grooves  is  12  inches  in  diameter  and  40  inches  long.  By  using 
the  two  sets  of  three  rolls  each,  it  is  possible  to  roll  all  stan- 
dard sizes  of  round  bar  stock  up  to  1%  inch  in  diameter. 
Round  or  square  scrap  measuring  ZVz  inches  in  diameter  or 
width,  or  scrap  of  an  equivalent  section,  represents  the  largest 


the  middle  shaft  which  does  not  require  vertical  adjustment. 
The  vertical  adjustment  of  the  upper  roll  is  obtained  by  means 
of  studs  and  set-screws  on  top  of  the  housing.  For  the  bottom 
roll  the  vertical  adjustment  is  obtained  by  means  of  taper 
wedges  on  which  the  bearings  rest;  these  wedges  are  operated 
by  set-screws  that  project  from  each  side  of  the  housing. 
Horizontal  adjustment  of  the  rolls  to  align  the  grooves  is  ob- 
tained by  means  of  bronze  taper  wedges  located  between  the 
housings  and  the  shoulders  of  the  rolls  at  the  bearings.  These 
wedges  may  be  seen  at  the  extreme  left  in  Fig.  3.  The  adjust- 
ments referred  to  do  not  Interfere  in  any  way  with  the  driving 
of  the  rolls,  because  the  "crabs"  connecting  the  various  units 
of  the  shaft  do  not  need  to  be  in  accurate  alignment. 

The  main  driving  pinions  are  of  forged  steel  and  have  her- 
ringbone teeth  cut  from  the  solid.  These  pinions  are  mounted 
in  separate  housings  as  illustrated  to  the  right  in  Fig.  3. 
The  grooves  in  the  rolls  are  shaped  according  to  the  best  roll- 
ing mill  practice.    The  "break-down"  grooves  for  round  stock 


Fig.  2.     Opposite  Side  of  Ajax  Scrap  Keolaiming  RoUs  shown  in  Fig.   1 
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are  oval  or  of  "golhic"  design.  The  number  of  grooves  in  a 
set  of  rolls  is  varied  according  to  the  size  of  the  slock.  The 
best  results  have  been  obtained  by  having  the  heavy  break- 
(lowi\  grooves  in  one  set  of  rolls  and  the  smaller  and  finishing 
grooves  in  the  other  set.  By  doing  the  heavy  break-down 
work  in  one  set  of  rolls  and  the  lighter  flnishing  work  in  the 
other  set,  the  fine  adjustment  necessary  for  the  finished  pro- 
<!uct  can  be  maintained. 

Both  the  entering  and  receiving  guides  (see  Fig.  4)  are  in- 
dividual units  for  each  groove  and  can  be  adjusted  to  suit  any 
spacing  of  the  grooves.  The  bracket  which  holds  the  receiving 
guides  is  also  adjustable.  The  lower  guides  shown  in 
Fig.  4  are  entering  guides  for  oval  stock  and  lead  into  the 
round  grooves  in  the  rolls.  The  entering  guides  for  stock  en- 
tering the  oval  or  gothic  grooves,  are  similar  to  the  entering 
guides  for  the  round  grooves  except  that  they  are  cast  in  one 
piece  and  have  square  holes  for  the  bar  to  pass  through  so  that 
they  do  not  guide  the  stock  as  closely.  These  reclaiming  rolls 
are  equipped  either  with  motor  or  belt  drive.  Special  care  has 
been  taken  to  cover  all  gears,  and  projecting  screws  at  the  shaft 
connections  have  been  avoided. 

The  machine  described  in  the  foregoing  is  the  smaller  of 
two  sizes  that  have  been  placed  on  the  market.  The  larger 
size  is  similar  in  design  and  differs  only  in  regard  to  capacity. 
The  roll  shafts  of  the  larger  machine  are  14  inches  in  diameter 
and  44  inches  long  on  the  working  surface.  These  larger  rolls 
will  reduce  material  having  a  diameter  or  width  of  SVz  inches, 
or  scrap  of  equal  section.  The  maximum  widths  of  flat  stock 
that  can  be  rolled  are  as  follows:   for  a  thickness  of  %  inch, 


Fig.    3.     Close   View   of   Herringbone    Driving   Pinions,    Housings.    Bearings 
and  Soils 

5  inches  wide;  for  a  thickness  of  Vz  inch,  4  inches  wide;  for  a 
thickness  of  i/4  inch,  3  inches  wide.  Round  scrap  to  be  passed 
through  these  rolls  should  be  reasonably  straight  and  should 
be  cut  to  lengths  which  will  roll  to  the  required  length.  When 
scrap  has  holes  drilled  through  it  a  very  good  product  has 
been  obtained  by  rolling  it  at  a  welding  heat.  Scrap  such  as 
arch  bars,  brake  levers,  and  other  wide  flat  stock  must  be 
split  before  rolling.  This  may  be  done  either  hot  or  cold  in  a 
splitting  shear  or  splitting  blades  may  be  made  for  two  of 
the  rolls  on  the  reclaiming  rolls. 

The  saving  that  may  be  effected  by  the  use  of  these  re- 
claiming rolls  is  indicated  by  the  following  figures.  These 
figures,  however,  apply  to  rolls  of  an  earlier  design  than  those 
described  in  the  foregoing  and  which  lack  several  advantages 
of  the  latest  design.  These  figures  are  also  based  on  the  prices 
of  scrap,  stock  bar,  labor,  etc.,  which  prevailed  before  the  v/ar. 
In  one  case  the  average  output  per  day  was  5  tons,  which 
was  valued  at  $150.  The  value  of  the  scrap  iron  was  $75,  mak- 
ing the  gross  earning  per  day.  $75.  Deducting  a  total  operat- 
ing cost  per  day  of  $35.70  leaves  a  net  earning  of  $39.30.  The 
average  output  includes  slack  times  when  the  rolls  were  idle. 


Fig.   4.     Close   Vi. 
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On  one  of  the  eastern  railroads  re-rolled  stock  is  produced  at 
a  cost  of  $3.75  per  ton.  Reports  from  various  users  of  these 
reclaiming  rolls  representing  different  periods  of  time  within 
three  years,  indicate  that  the  average  output  of  these  rolls  is 
about  one  ton  per  hour,  working  time.  The  product  is  claimed 
to  equal  hot-rolled  bar  stock. 


BICKETT    AUTOMATIC    GEAR   AND   RACK 

PLANER 
The  automatic  gear  and  rack  planer  illustrated  herewith  is 
a  recent  product  of  the  Bickett  Machine  &  Mfg.  Co.,  Cincinnati, 
Ohio.  The  operation  of  this  machine  is  somewhat  similar  in 
principle  to  that  of  a  crank  shaper  in  that  it  has  a  ram  oper- 
ated by  a  crank  which  carries  the  cutting  tools  back  and  forth 
across  the  work,  but  its  most  distinctive  feature  is  that  two 
tools  are  used.  One  of  these  tools  operates  on  the  forward 
stroke  and  the  other  on  the  return  stroke  of  the  ram.  The 
cutter  operating  on  the  forward  stroke  is  the  roughing  cutter. 
It  has  corrugated  sides  and  may  be  forced  into  the  metal  at 
the  maximum  speed  and  depth  of  cut  that  is  practicable  with 
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the  best  high-speed  steel;  cuts  of  1/32  inch  on  cast  iron  are 
not  unusual.  The  other  cutter,  which  operates  on  the  return 
stroke,  is  ground  accurately  to  the  exact  contour  of  the  gear 
tooth  and  takes  light  finishing  cuts. 

In  order  to  insure  accuracy  and  prevent  chatter  when  work- 
ing at  high  speeds,  the  work  spindle  is  mounted  directly  upon 
a  massive  bed.  This  spindle  is  4  inches  in  diameter,  16  inches 
long,  and  has  a  No.  12  B.  &  S.  taper  hole.  The  ram  carriage  is 
also  mounted  directly  upon  the  bed  and  the  ram  has  a  metal- 
to-metal  contact  throughout  the  entire  length  of  its  working 
surface.  The  in-feed  mechanism  for  the  cutter  is  so  designed 
that  the  rate  of  feed  gradually  diminishes  as  the  cutter  ap- 
proaches the  total  depth  for  the  tooth  space.  The  cut  is  heavy 
at  first  and  then  is  gradually  reduced  until  the  proper  depth 
has  been  reached,  when  there  is  a  dwell  of  the  ram  carriage 
for  the  finishing  cut.  This  diminishing  feed  prevents  uneven 
strains  and  gives  a  fine  finish  to  the  tooth  surfaces.  The  cut- 
ter ram  has  a  varietj'  of  speed  changes  controlled  by  a  quick- 
change  gear-box  and  a  regulating  lever. 

The  time  required  to  index  the  work  and  return  the  ram 
carriage  to  the  cutting  position  is  only  1^^  second  for  any 
width  of  gear.  The  clearance  required  for  the  cutting  tool  at 
the  beginning  of  the  cut  is  only  1/64  inch.  A  general  idea  of 
the  performance  of  this  machine  will  be  obtained  from  the 
accompanying  table,  which  gives  the  time  required  to  cut  a 

TIME  REQUIRED  FOR  CUTTING  GEARS  OF  DIFFERENT 
PITCHES 


Diametral 
Pitch 

Number 
of  Teeth 

Width  of 
Face, 
Inches 

Strolies  of 
Ram  Re- 
quired to 

Cut  Tooth 

c„o=^  „f     '     Total  Time 
l^mVet,     'iT^''''' 
per  Minute  I      ^iil^^. 

4 

6 

9 

12 

14 

16 

40 

48 
54 
60 

84 
112 

8 
6 
2 
3 

4 

7 

46 

37 
30 
26 
25 
22 

90 
90 
90 
90 
90 
90 

28 
22 
9 
10 
20 
37 

Machinery 

series  of  gears  ranging  from  16  to  4  diametral  pitch.  The 
capacity  of  the  machine  is  as  follows:  maximum  outside  dia- 
meter of  gear,  28  inches;  maximum  length  of  rack,  30  inches 
for  one  setting,  60  inches  for  two  settings;  maximum  face 
width,  8  inches;  maximum  size  of  teeth,  4  diametral  pitch.  A 
pump  and  piping  for  supplying  cooling  lubricant  forms  part 
of  the  regular  equipment.  The  machine  may  be  driven  by 
means  of  a  regular  countershaft,  a  motor  drive  with  long 
connection  for  a  leather  belt,  or  a  motor  drive  with  a  short 
connection  close  to  the  machine  for  a  silent  chain  drive. 


Angle-plate  having   Universal  Adjustment 

has  an  angular  adjustment  of  360  degrees  in  a  horizontal  plane 
and  90  degrees  in  a  vertical  plane.  The  graduated  scales  for  both 
vertical  and  horizontal  angular  adjustments  are  provided  with 
verniers  which  make  it  possible  to  set  the  fixture  accurately 
to  a  given  angle.  This  angle-plate  is  especially  adapted  to  jig 
and  fixture  work  as  it  is  capable  of  rapid  adjustment,  and  after 
the  work  is  clamped  in  position  it  is  not  necessary  to  reset  it 
in  order  to  drill  or  machine  two  or  more  holes  or  surfaces 
located  at  different  angles.  The  various  ways  in  which  this 
angle-plate  may  be  applied  will  be  apparent  to  those  familiar 
with  machine  shop  and  tool-room  practice.  It  is  made  in 
three  different  sizes,  with  working  surfaces  measuring  4  by  6, 
6  by  8,  and  8  by  10  inches. 


UNIVERSAL  ANGLE-PLATE 

In  connection  with  work  on  planers,  milling  machines, 
shapers,  drill  presses,  grinders,  etc.,  it  is  frequently  necessary 
to  hold  parts  at  an  angle,  and  in  some  cases  one  or  more  adjust- 
ments have  to  be  made  in  order  to  perform  successive  opera- 
tions. For  work  of  this  class  an  adjustable  plate  provided 
with  suitable  graduations  not  only  saves  time  but  insures 
accuracy,  especially 
when  two  or  more 
surfaces  or  holes 
must  be  located  at 
different  angles.  The 
universal  angle-plate 
brought  out  by  the 
Boston  Scale  &  Ma- 
chine Co.,  381-389 
Congress  St.,  Boston, 
Mass.,  is  intended 
for  use  in  machine 
shops  and  tool-rooms 
whenever  angular 
adjustments  are  re- 
quired in  connection 
with  machining  op- 
erations.   This  fixture  Pedrick  Tube  Boring 


PEDRICK   TUBE    BORING   AND   FACING 
MACHINE 

The  tube  boring  and  facing  machine  described  in  the  fol- 
lowing is  a  recent  development  of  the  Pedrick  Tool  &  Machine 
Co.,  3639  Lawrence  St.,  Philadelphia,  Pa.  This  machine  was 
designed  for  boring  torpedo  tubes,  which  is  work  requiring  con- 
siderable accuracy.  Obviously  the  machine  is  also  applicable 
to  the  boring  of  various  other  parts  such  as  cylinders,  linings, 
bushings,  or  other  work  which  can  be  held  readily  in  saddles. 
The  machine  may  also  be  used  for  boring  pillow  blocks,  pedes- 
tals, and  similar  parts.  The  boring-bar  is  supported  in  three 
pedestals  at  a  fixed  height  above  the  bed.  These  pedestals 
are  so  designed,  however,  that  spacing  blocks  may  be  used  to 
raise  them  if  this  is  necessary,  without  interfering  with  the 
alignment  of  the  boring-bar  or  the  other  mechanism.  Large 
bushings  in  the  pedestals  provide  bearings  for  the  boring-bar. 
The  latter  is  revolved  from  an  electric  motor  through  com- 
pound gearing,  so  arranged  as  to  permit  speed  variations  to 
be  obtained.     A  belt  drive  may  be  employed  if  desirable. 

The  cutter-head  travels  along  the  boring-bar,  the  same  as  in 
the  regular  portable  machine  made  by  this  company,  and  it 

is  controlled  by  an 
automatic  reversible 
feed  having  three 
changes.  The  sad- 
dles for  holding 
parts  to  be  bored 
may  be  plain,  as 
shown  in  the  illus- 
tration, or  equipped 
with  four  adjusting 
screws  when  a  mis- 
cellaneous line  of 
work  is  to  be  han- 
dled. These  saddles 
may  be  adjusted 
along  the  bed  and 
are  held  in  position 

and  Facing  Machine  by    Stud    bolts    engag- 
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Ing  two  T-slots,  which  extend  the  full  length  of  the  bed  on  both 
sides.  The  cutter-head  has  four  arms  for  carrying  a  like 
nilmber  of  tools.  The  facing  arm  seen  on  the  bar  In  the 
illustration  is  for  facing  the  flanges  or  ends  of  tubes  or  cylin- 
ders. This  machine  is  intended  for  use  in  railway  shops,  re- 
pair shops,  in  shipyards  where  the  boring  of  sleeves  and  tubes 
.is  done  constantly,  and  in  many  other  kinds  of  industrial 
plants.  The  machine  has  a  long  boring  travel  for  its  size  and 
is  self-contained,  so  that  it  can  be  placed  in  any  part  of  a 
shop  or  yard. 


HARRIS   AUTOMATIC   HOB   SHARPENING 
MACHINE 

The  grinding  machine  to  be  described  is  one  of  the  special 
types  built  by  the  H.  E.  Harris  Engineering  Co.,  1041  Broad 
St.,  Bridgeport,  Conn.  This  machine  operates  automatically 
after  the  hob  is  in  position,  which  insures  sharpening  hobs  ac- 
curately, uniformly,  and  at  a  certain  fixed  speed.  When  hobs  are 
ground  by  hand  operation,  the  teeth  are  sometimes  burned  by 
attempts  to  grind  "too  rapidly  and  one  series  of  teeth  may  be 
ground  below  another,  thus  causing  an  uneven  distribution  of 
the  work  of  cutting.  This  machine  has  been  designed  to  avoid 
defects  of  this  kind. 

The  wheel  spindle  is  mounted  in  ball  bearings  carefully  ad- 
justed to  eliminate  end  thrust  and  insure  steady  operation. 
The  spindle  bearings  are  on  a  horizontal  slide,  which  is  adjust- 
ed with  a  micrometer  screw.  This  horizontal  slide  is  carried 
by  a  vertical  slide,  which  also  has  a  micrometer  screw  to  insure 
accurate  adjustment.  With  tliis  arrangement  the  wheel  may 
be  set  both  horizontally  and  vertically  with  considerable  accur- 
acy, and  the  machine  may  be  adjusted  for  any  size  or  shape 
of  wheel  within  its  range  and  for  grinding  the  faces  of  the 
teeth  to  any  degree  of  rake  required.  By  applying  an  extra 
attachment  of  simple  design,  this  machine  is  adapted  for  grind- 
ing either  right-  or  left-hand  spirally  fluted  hobs,  as  well  as 
those  having  straight  flutes.  The  machine  is  also  adapted  for 
grinding  taps  as  well  as  for  various  other  tool  grinding 
operations. 

The  work-table  is  moved  back  and  forth  with  a  uniform  mo- 
tion by  a  cam  in  the  body  of  the  machine.  This  cam  receives 
its  motion  through  worm-gearings  and  a  belt  connecting  with 
a  countershaft.     The  work-table  may  also  be  operated   by   a 


Fig.    2.     Rear  View  of  Harris  Hoi)   Grinding  Machine 

handwheel,  as  when  setting  up  or  adjusting  the  machine; 
then  the  automatic  driving  clutch  is  thrown  out  of  mesh  by 
a  lever.  The  indexing  of  the  work  is  entirely  automatic,  the 
motion  being  obtained  from  the  same  cam-shaft  that  operates 
the  table.  When  a  hob  is  being  ground  it  is  flooded  with  the 
cooling  lubricant.  The  lower  part  of  the  machine  contains  a 
tank  from  which  the  lubricant  is  pumped  into  a  close  fitting 
wheel  guard  over  the  wheel.  The  work-table  is  pan-shaped 
and  has  a  drain  emptying  into  the  reservoir.  The  indexing 
mechanism  is  covered  by  a  guard  which  protects  it  from  the 
lubricant. 

The  tension  of  the  belt  is  controlled  by  the  idler  pulley 
shown,  which  operates  against  the  slack  side.  A  setting  block 
is  provided  for  locating  the  hob  to  be  ground  in  the  proper 
position.  This  block  may  be  lowered  out  of  the  way  after 
using  it.  The  work  is  supported  at  its  outer  end  by  a  center 
carried  by  a  swinging  arm,  which  can  be  clamped  rigidly. 
Surfaces  of  the  machine  liable  to  wear  are  adjustable  and 
carefully  protected  from  abrasive.  The  machine  also  has 
ample  facilities  for  lubricating  the  moving  parts. 


Fig.    1.     Front  View   of   Harris   Automatic   Hob   Grinding  Machine 


METALWOOD   HYDRO-MECHANICAL   RIM 
SHRINKER 

The  Metalwood  Mfg.  Co.,  Leib  and  Wight  Sts.,  Detroit,  Mich., 
is  now  manufacturing  a  hydro-mechanical  rim  shrinker  or 
banding  press  for  automobile  wheel  rims.  This  press  is  oper- 
ated by  hydraulic  pressure.  The  motion  is  transmitted  to  the- 
dies,  which  force  the  rim  inward,  by  means  of  a  powerful 
toggle  mechanism.  The  front  view,  Fig.  1,  shows  the  arrange- 
ment of  the  eight  dies,  and  the  side  view.  Fig.  2,  illustrate? 
the  general  construction  of  the  press.  The  closing  of  the  dies 
is  regulated  by  the  handwheel  shown  in  the  illustration,  which, 
through  worm-gearing,  controls  the  position  of  a  nut  and  a 
screw  bolt,  which  bears  against  the  stop-plate  or  main  casting 
of  the  frame.  Tlie  variation  of  sizes  is  taken  care  of  by  ad- 
justing this  screw  bolt  forward,  which  increases  the  diameter 
of  the  ram.  A  receding  movement  of  the  screw  bolt  allows 
the  cylinder  ram  a  longer  travel  and  a  greater  movement  of 
the  toggles  which  operate  the  dies. 

Any  lost  motion  in  the  toggles  is  compensated  for  by  com- 
pression springs.  The  toggles  are  adjustable  for  angularity  by- 
means   of   outside   adjusting   screws,   which   may   be   seen   In 
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Fig.   1.     Front  View  of  Metalwood  Hydro-mechanical  Rim  Shrinker 

Fig.  2.  All  parts  of  the  toggles  are  of  carbon  steel  and  the 
entire  press  is  made  of  steel,  no  cast  iron  being  used,  except 
for  the  press  legs.  The  ram  is  of  hard  semi-steel,  finished 
and  polished.  The  ram  shoe  or  part  carrying  the  pivots  or 
connections  to  the  toggles  has  babbitted  bearings  on  the  col- 
umns. The  press  has  a  hydraulic  pull-back  subjected  to  a 
constant  pressure  from  an  accumulator  line.  U-type  chrome 
leather  packing  is  used  for  the  ram  and  also  in  the  pull-back 
cylinder.  The  construction  is  such  that  the  gland  may  readily 
be  removed  from  the  ram  cylinder  when  new  packing  is  to 
be  inserted. 

The  machine  is  designed  to  operate  under  a  hydraulic  pres- 
sure varying  from  1000  to  2000  pounds  per  square  inch,  and 
at  a  pressure  of  1000  pounds  it  develops  about  675  tons  on 
the  toggles  or  rims  to  be  pressed.  An  increase  of  pressure 
causes  the  pressure  on  the  toggles  or  dies  used  in  forming  the 
rims  to  increase  at  the  same  ratio.  The  dies  are  of  carbon 
steel  and  are  fitted  with  angular  tongues  and  grooves,  and 
held  in  place  by  screws  in  the  die-block.  The  press  has  a 
maximum  closure  of  3  inches,  and  under  test  has  made  from 
eight  to  nine  strokes  per  minute.  The  weight  of  the  press 
is  26,000  pounds. 


MORRIS   MACHINE   TOOL   CO.'S  RADIAL 
DRILLING   MACHINE 

The  Morris  Machine  Tool  Co.,  Cincinnati,  Ohio,  is  now  manu- 
facturing the  radial  drilling  machine  shown  in  the  accom- 
panying illustration.  This  machine  has  incorporated  in  its 
design  the  various  features  essential  to  a  modern  tool  of  this 
type.  It  is  adapted  for  tapping,  facing,  counterboring,  etc.  as 
well  as  for  high-speed  drilling  operations.  These  drilling 
machines  are  made  in  2V2-,  3-,  and  3y2-foot  sizes,  capable  of 
drilling  to  the  centers  of  circles  5  feet,  6  feet,  and  7  feet  in 
diameter,  respectively.  The  columns  of  these  machines  swivel 
on  roller  bearings  in  a  heavily  designed  stump  which  is  secure- 
ly bolted  and  doweled  to  the  base.  The  column  projects  deep- 
ly enough  into  the  stump  to  insure  alignment  under  heavy 
strain,  and  the  stump  is  arranged  to  take  up  any  wear  in  the 
column  bearings. 


Fig.   2.     Side   View  of  Elm  Shrinker 


Morris  Badial  Drilling  Machine 

The  deep  well  ribbed  base  has  large  T-slots  and  an  oil  chan- 
nel extending  around  it  provided  with  a  screen  through  which 
the  lubricant  passes  into  the  large  reservoir.  This  reservoir 
has  an  overflow  partition  to  prevent  chips  and  dirt  from  enter- 
ing the  pump.  The  arm  is  raised  and  lowered  on  the  column 
by  means  of  a  screw  operated  by  tumbler  gears  on  the  cap. 
These  gears  are  engaged  by  a  handle  within  convenient  reach 
of  the  operator,  and  are  so  arranged  that  the  tendency  is  to 
disengage,  thus  making  it  necessary  for  the  operator  to  hold 
the  elevating  handle  while  the  arm  is  in  motion.  If  the  opera- 
tor should  forget  to  unclamp  the  arm,  or  if  the  latter  should 
reach  the  extreme  position,  the  gears  would  disengage,  as  the 
operator  could  not  hold  them  in  mesh. 

The  head  is  adjusted  along  the  arm  by  means  of  a  rack  and 
pinion  and  a  handwheel  located  at  the  left-hand  side.  The 
back-gears  may  be  engaged  or  disengaged  while  the  machine 
is  running  by  the  lever  seen  to  the  left  of  the  spindle.  The 
reversing  lever  is  located  on  the  right-hand  side  of  the  spindle 
below  the  arm.  The  reversing  frictions  are  adjustable  for 
wear  and  the  clutches  are  heat-treated  and  hardened.  All  of 
the  gears  are  covered  to  protect  the  operator. 

The  thrust  of  the  spindle  is  taken  by  a  ball  bearing.  The 
spindle  sleeve  is  graduated  and  a  direct-reading  depth  gage 
and  automatic  feed  trip  are  provided.  Ten  spindle  speeds  are 
available  with  the  cone  drive  and  twelve  with  the  speed-box 
drive.  The  feed-box  is  a  unit  mounted  on  the  head  and  gives 
four  changes;  each  feed  change  is  marked  in  thousandths  of 
an  inch  advance  per  revolution  of  the  spindle.     Motor  drives 
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may  be  arranged  either  with  a  four  to  one  variable-apecd 
motor  or  a  constant-speed  motor  used  in  connection  with  a 
geared  speed-box. 


WATSON   TANGENT-CUT   BOX-TOOL 

Tlic  HisKS-Watterson  C'o.,  722  Guardian  Bldg.,  CleveUiiul, 
Ohio,  has  placed  on  the  market  an  all-steel  tangent-cut  box-tool 
for  use  on  screw  machines  and  turret  lathes.  This  tool  is  de- 
signed to  take  heavy  cuts  and  still  produce  accurate  work. 
The  tool  body  is  a  one-piece  steel  forging  heat-treated  to  pre- 
vent it  from  becoming  battered  as  the  result  of  careless  hand- 
ling. The  rollers  and  stops  are  of  tool  steel  hardened  and 
ground.     The  position  of  the  cutter  insures  the  correct  dear- 


Watson  Tangent-cut  Box-tool 

ance  and  pressure  angle  of  cut  regardless  of  the  diameter. 
The  grinding  and  replacing  of  the  tool  or  cutter  does  not 
change  the  cutting  diameter  appreciably.  Standard  sizes  of 
cutters  are  used  so  that  they  may  be  replaced  readily  when 
necessary.  The  tool  can  be  furnished  in  either  right-  or  left- 
hand  models  to  fit  various  makes  of  hand-operated  and  auto- 
matic machines. 


DRAKE   LOCK-NUT 

The  Western  Screw  &  Lock-nut  Co.,  342  Mills  Bldg.,  San 
Francisco,  Cal.,  has  placed  on  the  market  a  lock-nut  which  is 
claimed  to  be  efficient  in  load-carrying  strength,  correct  in 
mechanical  principle  and  able  to  withstand  the  most  severe 
vibrations  without  jarring  loose.  Fig.  1  shows  the  two  parts 
which  compose  the  nut  and  their  relative  position  when  placed 
together.  The  arrangement  of  this  lock-nut  is  further  illus- 
trated by  the  sectional  view.  Fig.  2,  which  shows  it  applied 
to  a  bolt. 

The  lower  or  main  part  of  the  nut  is  slotted,  as  clearly 
shown  in  the  middle  view  in  Fig.  1,  to  provide  a  slight 
amount  of  elasticity  or  compressibility.  The  beveled  edges 
of  these  fingers  engage  a  beveled  seat  on  the  locking 
part  of  the  nut,  as  indicated  by  the  sectional  views. 
when  the  locking  member  is  screwed  on,  it  is  claimed  that 
the  nut  Is  locked  so  effectively  that  no  vibrations  yet 
tried  in  a  test  have  been  able  to  loosen  it.  In  one  test,  the 
lock-nut  withstood  the  vibrations  from  an  air  hammer  deliver- 
ing a  25-pound  blow  at  500  blows  a  minute  for  nine  hours, 
which  was  sufficient  to  jar  off  an  ordinary  nut  in  a  compara- 


iih.  ;.;.     Iiiaku  Lock-nut  applied  to  a  Bolt 

tive  test.  In  another  test  a  %-inch  nut  withstood  the  constant 
jarring  from  a  small  electrical  apparatus  for  seventy-two 
hours  without  becoming  loose. 

The  complete  nut  when  locked  together  as  shown  to  the 
right  in  Fig.  1,  presents  a  finished  appearance  and  is  of  stan- 
dard hexagonal  form  so  that  ordinary  wrenches  may  be  used. 
One  of  the  important  points  claimed  for  this  nut  is  the  fact 
that  the  "dead  member"  is  locked  and  not  the  moving  member. 
This  dead  member  which  bears  against  the  work  is  designed 
to  have  sufficient  strength  to  carry  the  load  and  the  strength 
is  considerably  increased  when  the  locking  member  is  placed 
in  position. 


"NAMCO"   COLLAPSING  TAP 

A  collapsing  tap  having  several  improvements  in  design 
which  adapt  it  for  an  exceptionally  wide  range  of  work  is 
shown  in  Fig.  1  and  also  in  the  sectional  view  Fig.  2.  This 
tap  is  made  by  the  National-Acme  Mfg.  Co.,  Cleveland,  Ohio. 
The  tap  body  and  shank  are  no  larger  than  the  cutting  dia- 
meter of  the  chasers.  As  the  maximum  diameter  represents 
the  extreme  cutting  size  of  the  tap,  there  is  practically  no 
limit  to  the  depth  to  which  work  can  be  tapped,  since  it  is 
only  necessary  to  increase  the  length  of  the  shank  according 
to  the  depth  required;  therefore,  it  is  possible  to  use  the  de- 
sign of  tap    here    illustrated    for    cutting    threads    to    depths 


CST'^-"''' 


Fig.    1.     "Namco"    Collapsing  Tap 

which  exceed  the  length  of  the  chasers  many  times,  and  on 
classes  of  work  for  which  taps  having  a  relatively  large  body 
or  shank  could  not  be  used. 

These  collapsing  taps  are  designed  for  use  on  all  turret 
head  machines,  screw  machines,  bolt  threaders,  finishing 
lathes,  or  wherever  threads  one  inch  or  larger  in  diameter 
need  to  be  tapped.  They  may  also  be  used  for  either  straight 
threads  or  pipe  threads.  The  chasers  are  supported  through- 
out practically  the  entire  length  when  cutting,  and  either 
right-  or  left-hand  threads  can  be  cut  by  using  the  proper 
chasers. 

The  operation  of  the  tap  is  as  follows:  When  the  travel  of 
the  turret  is  stopped  at  a  predetermined  point,  the  tap  con- 
tinues to  cut  until,  at  the  required  depth,  the  forward  move- 


Fig.   1.     Drake  Lock-nut 


SIZES  AND  CAPACITIES  OF 

■NAMCO" 

COLLAPSING  TAPS 

No.  of  Tap 

Outside 

Diameter, 

Inches 

Capacity, 
Min.— Max. 

No.  of  Tap 

Outside 

Diameter, 

Inches 

Capacity. 
Min.  — Max. 

118 
138 
158 

178 
214 
234 
314 

% 

1 

ly* 
iy2 
1% 

2 

1       — 1% 

iy4— 1% 

1%  — 1% 
1%  —  1% 

lYs  — 2y4 

2y4  — 2% 
2%  —  3y4 

334 
414 
434 
514 
534 
614 

2% 
3 

3y2 

4 

4y2 

5 

3  —3% 

3y2  — 4y4 

4  —4% 

4%-5y4 

5  —5% 

5%  -  6y4 

Machlnerv 

January,  1917 


MACHINERY 


443 


Fig.   2.     Sectional  View  of  Collapsing  Tap 

ment  due  to  the  action  of  the  chasers  in  the  tapped  hole  causes 
the  driving  pins  to  disengage;  the  chasers  then  revolve  with 
the  work  until  the  tripping  point  is  reached,  when  they  col- 
lapse and  are  automatically  released  from  the  tapped  hole. 
The  end  views.  Fig.  3,  illustrate  the  positions  of  the  chasers 
for  cutting  right-  and  left-hand  threads  and  also  the  change 
which  takes  place  when  the  chasers  move  inward  and  the  tap 
is  in  the  collapsed  position.  The  view  in  the  lower  right-hand 
corner  shows  the  tap  set  for  the  smallest  adjustment.  When  a 
tap  is  used  on  a  drilling  or  chucking  machine  and  the  depth 
of  the  hole  is  measured  from  the  outer  face  or  surface,  what 
is  known  as  an  outside  trip  is  provided.  The  use  of  this  trip 
insures  collapsing  the  tap  at  a  given  depth  from  the  surface, 
thus  insuring  uniformity  and  protecting  the  tool  itself.  When 
this  collapsing  tap  is  used  on  the  Acme  and  Gridley  single-  and 
multiple-spindle   automatics   and   2-A   bolt   threaders,   a  spool 


Fig.     3.     End  Views  of  Collapsing  Tap 

and  tap  operating  mechanism  is  applied.  The  sizes,  with  the 
minimum  and  maximum  capacities  of  these  collapsing  taps, 
are  given  in  the  accompanying  table. 


FERRO    BRAZING   PASTE 

The  Perro  Brazing  Paste  Co.,  1423  Farragut  Ave.,  Chicago, 
111.,  is  now  manufacturing  a  paste  which  makes  it  possible  to 
braze  all  metals  except  soft  brass  and  aluminum.  An  idea  of 
the  range  of  work  that  may  be  handled  can  be  obtained  from 
the  fact  that  it  is  possible  to  braze  copper  onto  malleable  iron, 
cast  iron,  steel,  etc.  Stellite  may  be  brazed  onto  cold-rolled 
steel  bars ;  and  high-speed  and  carbon  tool  steels  may  be  brazed 
onto  cold-rolled  steel  bars.  These  applications  are  of  particu- 
lar value  in  making  tools,  as  it  is  possible  to  effect  a  consid- 
erable saving  in  the  cost  of  high-priced  steels.  In  addition  to 
the  uses  already  mentioned,  cast  iron  may  be  brazed  onto  cast 
iron,  and  there  are  a  number  of  other  metal  combinations  that 
may  be  handled  with  equally  satisfactory  results. 

Ferro  brazing  paste  is  a  chemical  that  comes  in  the  form  of 
a  grease  and  is  rubbed  on  those  surfaces  of  the  work  that 
are  to  be  jointed  together.  The  work  is  then  heated  in  a 
gas  furnace,  and  it  is  believed  that  the  chemical  has  a  tendency 


to  open  the  pores  of  the  metal,  thus  making  it  possible  to 
secure  a  partial  weld  in  addition  to  brazing  the  joint  through 
the  use  of  ordinary  brazing  spelter  consisting  of  one-third 
zinc  and  two-thirds  brass.  This  method  of  brazing  may  be 
used  to  advantage  in  making  repairs  or  in  the  manufacture 
of  tools  and  many  other  metal  products.  In  the  accompanying 
illustration,  the  piece  shown  at  A  consists  of  copper  brazed 
onto  cast  iron.  At  B  and  G  are  shown  two  pieces  of  cast  iron 
brazed  together,  and  in  this  case  the  joint  was  so  perfect  that 
a  test  showed  that  the  metal  broke  before  the  brazed  joint 
could   be   torn   apart.     The   possibility   of  brazing   high-speed 


(A)  Copper  brazed  to  Cast  Iron;  (B)  and  (C)  Cast  Iron  brazed  to  Cast  Iron; 
(D)   and   (E)   High-speed  Steel  brazed  to  Cast  Iron 

or  carbon  tool  steel  to  cast  iron  is  Illustrated  at  D  and  E, 
where  it  will  be  seen  that  a  perfectly  smooth  and  uniform 
junction  is  secured,  and  this  is  of  sufficient  strength  to  enable 
tools  to  stand  up  under  severe  conditions  of  service. 


HOLMES  MACHINE  VISE 

The  Holmes  Mfg.  Co.,  Shelton,  Conn.,  has  placed  on  the 
market  the  vise  shown  in  Figs.  1  and  2.  This  vise  is  the  re- 
sult of  a  study  of  the  requirements  of  large  munitions  plants 
where  production  milling  and  other  operations  requiring  a 
good  machine  vise  have  been  in  progress.  It  is  of  heavy  con- 
struction, and  there  is  no  tendency  for  the  movable  jaw  to  lift 
and  throw  the  work  out  of  true.  The  cutting  strains  are  taken 
on  the  solid  jaw,  while  the  movable  jaw  has  a  floating  move- 
ment, as  described  later. 

The  solid  or  fixed  jaw  A  is  bolted  to  the  main  body  of  the 
vise  base.  The  main  casting  is  centrally  slotted  to  receive  the 
sliding  jaw  B.  It  will  be  noticed  that  jaw  B  has  a  base  that 
extends  the  full  length  of  the  vise,  and  has  the  clamping  sec- 
tion at  one  end  and  the  portion  that  receives  the  operating 
screw  at  the  other  end.  Jaw  B  is  prevented  from  lifting  by 
its  close  fit  in  the  slotted  base  and  is  held  down  by  the  ap- 
plication of  jaw  A  at  one  end  and  of  guide  strip  C  at  the 
opposite  end.  If  wear  should  develop  at  any  time,  it  is  only 
necessary  to  remove  the  solid  jaw  A  and  the  guide  strip  C, 
take  a  light  planer  cut  over  the  base  of  the  casting,  and  reset 
the  jaw  and  guide  strip  to  make  the  sliding  s> :  p  of  jaw  B 
more  accurate.    Both  jaw  castings  are  made  of  3tmi-steel. 

The  floating  feature  of  the  movable  jaw  is  secured  by  pivot- 


Fig.   1.     Holmes  Machine  Vise 
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Fig.  2.     Sectional  Views  and  Plan  of  Holmes  Machine   Vise 

ing  this  member  upon  stud  D  that  is  supported  by  sliding 
block  E  operating  in  a  milled  slot  in  the  base  casting.  The 
hole  in  the  left-hand  end  of  the  sliding  jaw  B  that  is  bored  to 
receive  the  operating  screw  is  made  large  enough  to  allow  the 
necessary  movement  at  this  point.  The  operating  screw  is 
8  pitch  and  the  buttress  type  of  thread  is  employed.  The  steel 
screw  works  in  a  brass  bushing,  and  a  protecting  cap  at  the 
end  keeps  dirt  and  chips  from  the  threaded  hole.  The  movable 
jaw  has  a  travel  of  three  inches.  The  slot  in  the  main  cast- 
ing in  which  block  E  operates  is  filled  with  oil,  and  thus  pro- 
vides permanent  lubrication  for  this  feature. 

Vise  jaw  faces  or  "false  jaws,"  as  required,  are  attached  to 
the  faces  of  the  jaw  castings  by  screws.  The  vise  itself  may 
be  clamped  to  the  table  of  the  milling  machine  or  other  ma- 
chine tool  by  four  screws  at  the  corners,  or,  if  desired,  it  may 
be  strapped  on,,  the  clamps  or  straps  engaging  slots,  one  of 
which  may  be  seen  at  the  side.  The  weight  of  the  vise  is 
48  pounds. 


BROWN   &   SHARPE   MICROMETER    INDEX 

An  attachment  for  the  spiral  head  and  universal  index  cen- 
ters known  as  a  micrometer  index  has  recently  been  perfected 
by  the  Brown  &  Sharpe  Mfg.  Co.,  Providence,  R.  I.  This  at- 
tachment is  intended  for  indexing,  with  greater  facility,  ir- 
regular spacings  in  degrees  and  minutes,  and  it  gives  results 


nuicli  finer  than  are  ordinarily  obtained  witli  the  regular 
equipment.  Herelofore,  such  indexing  was  obtainable  only  by 
a  rather  complicated  process,  involving  the  careful  considera- 
tion of  index  plates  and  calculations  of  differences  by  which 
errors  were  easily  possible.  With  the  micrometer  index  these 
calculations  are  eliminated  and  a  direct  reading  is  secured. 
The  relatively  finer  divisions  that  can  be  indexed  are  apparent 
from  the  fact  that  by  the  usual  method  of  using  one  hole  in 
the  forty-nine-hole  circle  (that  being  the  largest  plate  regu- 
larly furnished  for  B.  &  S.  heads)  the  smallest  division  ob- 
tainable is  11.02  minutes,  whereas  the  micrometer  index  readily 
gives  readings  to  Vl'  minute. 

The  attachment,  as  shown  in  Fig.  1  and  also  in  the  diagram 
Fig.  2,  consists  of  a  compact  housing  containing  a  worm  on  a 
vertical  shaft,  at  the  upper  end  of  which  a  dial,  graduated  to 
half  minutes,  is  located.  This  worm  meshes  with  a  wheel 
mounted  free  on  the  spiral  head  worm-shaft.  The  regular 
index  plates  are  fastened  directly  to  this  worm-wheel,  and 
connection  with  the  spiral  head  worm-shaft  is  obtained  by  the 
regular  index  crank  and  pin  engaging  with  holes  in  the  index 
plate.  One  revolution  of  the  index  crank  rotates  the  spindle 
9  degrees,  by  means  of  the  40  to  1  reduction.  By  giving  the 
vertical  shaft  of  the  attachment  one  revolution,  this  9-degree 
movement  is  divided  into  quarter  degrees  by  a  36  to  1  reduc- 


Fiff.    1.     Brov 


Sharpe   Micrometer   Index   for   spacing   in   Degrees   and 
Minutes 


tion.  The  graduated  dial  on  the  worm-shaft  has  thirty  divi- 
sions; consequently,  a  movement  of  one  graduation  turns  the 
spindle  of  the  spiral  head  y-i  minute,  and  indexing  to  this 
reading  is  therefore  obtained  directly. 

The  micrometer  index  is  easily  attached,  and  it  does  not 
hinder  the  spiral  head  in  the  regular  performance  of  its  work. 
When  in  use  the  index-plate  stop-pin  engages  a  hole  in  the 
attachment  casting  and  prevents  it  from  rotating.  When  it 
is  not  desired  to  use  the  micrometer  index,  as  when  cutting 


Fig.  2.     Sectional  View  of  Micrometer  Index  which  gives  Direct  Readings  to  One-half  Minute 
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spirals  or  for  differential  indexing,  the  stop-pin  is  withdrawn 
and  the  operation  carried  on  in  the  usual  manner.  In  apply- 
ing the  attachment,  the  regular  worm-shaft,  eccentric  sleeve 
and  gear  are  removed  and  replaced  with  a  new  worm-shaft 
and  sleeve  furnished  with  the  attachment.  The  remainder  of 
the  mechanism  Is  then  slipped  in  place  over  the  worm-shaft 
eccentric  sleeve,  the  regular  plates,  sectors  and  crank  being 
used,  and  held  in  place  in  the  usual  way. 


range  of  the  machine.  These  machines  are  preferably  ar- 
ranged for  one  driving  motor  on  each  end  of  the  two  adjacent 
spindles,  but  they  can  be  equipped  for  a  belt  drive  or  with  a 
separate  motor  for  each  spindle.  Provision  is  made  for  the 
use  of  spacing  blocks  to  facilitate  the  accurate  duplication  of 
center  distances. 


NEWTON   FOUR-SPINDLE  BORING 
MACHINE 

A  new  design  of  four-spindle  street  railway  and  mine  loco- 
motive boring  machine  has  been  developed  by  the  Newton 
Machine  Tool  Works,  Inc.,  23rd  and  Vine  Sts.,  Philadelphia, 
Pa.  Earlier  types  of  this  machine  have  been  extensively  used 
for  boring  the  axle,  armature  shaft  and  field  bearings  of  mo- 
tors for  street  railway  equipment  and  mine  locomotives.  The 
machine  illustrated  was  originally  designed  for  boring  the 
axle  and  end  bearings,  as  well  as  the  field  pads  of  steel  railway 
motor  castings.  Various  other  machines  have  been  built  ac- 
cording to  the  same  general  plan,  but  with  slight  modifica- 
tions, such  as  the  inclusion  or  omission  of  back-gears  in  the 
drive  of  the  main  end-bearing  boring  spindles,  a  rapid  tra- 
verse for  the  spindle  saddles,  geared  feed-boxes,  hollow  or 
solid  spindle  noses,  auxiliary  boring  spindles  inside  the  sleeves, 
and  changes  in  the  location  of  operating  levers  according  to 
individual  requirements. 

Machines  of  this  type  have  spindles  or  sleeves  with  exterior 
threads  on  the  nose  for  carrying  cutter-heads  or  boring-bars, 
and  each  spindle  has  an  independent  worm  and  worm-wheel 
drive  controlled  by  a  clutch.  The  main  spindles  remain  in 
fixed  positions  in  their  saddles,  and  their  alignment  coincides, 
although  in  special  cases  spindles  have  been  equipped  with  a 
large  sleeve  having  a  threaded  nose  for  carrying  the  boring 
heads  and  arranged  with  drift  key  slots  for  locating  the  spin- 
dles at  different  distances  or  positions,  as  determined  by  the 
location  of  the  field  pads  to  be  bored.  In  such  cases,  boring- 
bars  are  screwed  onto  the  nose  of  one  spindle  and  the  other 
one  is  bored  hollow  and  bushed  to  serve  as  a  support  for  the 
outer  end  of  the  boring-bar.  The  spindles  used  for  boring  the 
axle  bearings  are  in  the  same  vertical  plane,  but  their  saddles 
and  rear  driving  gear  brackets  are  adjustable  crosswise  to 
give  the  various  center-to-center  distances  required  within  the 


SCHMIDT   CYLINDER   GRINDING  MACHINE 

The   B.   L.    Schmidt   Co.    of   Davenport,    Iowa,   has   brought 

out  a  cylinder  grinding  machine  designed  especially  for  use 


Schmidt  Cylinder  Grinding  Machine 

in  repair  shops,  garages,  etc.,  for  regrinding  cylinder  bores. 
This  machine  may  be  used  for  various  classes  of  heavy  grind- 
ing operations  within  its  range.  The  bed  is  of  box  section, 
and  it  has  a  large  V-shaped  bearing  at  the  front  and  a  flat 
bearing  at  the  rear.  The  headstock  has  been  made  strong  and 
rigid   and   has   large  spindle  bearings   for  avoiding  vibration 


Newton  Four-spindle  Boring  Machine 
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aiui  produciiis  siiiootli  surraces  such  as  are  re(iuired  in  auto- 
mobile cyliiulers.  The  <-arriage  is  gibbed  front  and  hack  and 
has  a  bearing  on  the  bed  tliroughout  its  entire  length.  The 
cross-slide  of  the  carriage  has  a  bearing  surface  22  inches 
long  by  8  inches  wide,  giving  the  angle-plate  a  rigid  support. 
TJie  carriage  is  reversed  by  a  pair  of  tumbler  gears  working 
from  the  gear  on  the  driving  pulley.  The  feed-rod  has  a  three- 
step  cone,  thus  providing  three  changes  of  feed  to  the  carriage. 
The  angle-plate  has  a  separate  front  plate  equipped  with 
two  knurled  knobs  for  raising  and  lowering  it.  This  ad- 
justment facilitates  centering  the  cylinder  on  the  angle- 
plate.  This  angle-plate  will  hold  all  cylinders  from  the 
smallest  of  the  motorcycle  type  up  to  a  solid  block  of  six  cylin- 
ders 3114  inches  long.  Separate  plates  can  be  furnished  hav- 
ing smaller  or  larger  openings.  The  angle-plate  has  a  long 
slot  in  the  slide  for  clamping  the  cross-feed  screw  nut.  This 
nut  can  be  loosened  and  the  angle-plate  pulled  to  any  position 
on  the  carriage  and  then  clamped;  the  finer  adjustments  are 
made  with  the  cross-feed  screw.  The  countershaft  attached  to 
the  machine  bed,  and  also  the  grinding  wheel  arbor,  are 
equipped  with  ball  bearings.  The  length  of  the  bed  is  55 
inches,  and  the  width,  15%  inches.  .  The  machine  will  grind 
cylinders  from  2%  to  8  inches  in  diameter  and  15  inches 
long.  The  height  from  the  hed  to  the  center  of  the  spindle 
is  12  inches,  and  the  floor  space  required,  5  by  3  feet. 


BAKER   HIGH-DUTY   MANUFACTURING 
DRILLING   MACHINE 

Baker  Bros.,  Toledo,  Ohio,  have  recently  added  to  their  line 
of  heavy  vertical  drilling  machines  a  machine  known  as  a 
No.  216  single-purpose  high-speed  drilling  machine.  This  ma- 
chine, which  is  shown  in  Fig.  1,  has  capacity  to  drive  li/^-inch 
high-speed  drills  to  the  limit  of  their  efficiency  in  steel.  It  is 
designed  especially  for  quantity  production,  but  is  adapted 
for  a  wide  range  of  work. 

Speeds  are  secured  by  change-gears.  In  this  manner  prac- 
tically any  speed  between  76  R.  P.  M.  and  614  R.  P.  M.  may  be 
secured.  By  changing  top  driving  gears,  a  speed  range  from 
25  R.  P.  M.  to  614  R.  P.  M.  may  be  obtained,  with  a  possibility 
of  securing  105  speed  changes.  The  speed  gears  can  be  readily 
and  quickly  changed.  The  cliange-gears  are  well  guarded  by  a 
neatly  designed  box  cover  which  can  be  readily  removed. 

The  feeds  are  also  secured  by  cliange-gears.    A  quick  change 


from  a  drilling  feed  to  a  reaming  feed  is  available,  thus  se- 
curing feeds  3  1/3  times  the  drilling  feeds.  This  change  is 
made  by  a  push-rod  at  the  left  of  the  spindle.  On  the  stand- 
ard machine  a  drilling  feed  range  of  from  0.005  to  0.024  inch 
and  a  reaming  feed  range  of  from  0.020  to  0.089  inch  can  be 
secured.  Change-gears  for  securing  six  feeds  are  furnished 
as  standard  equipment  with  the  machine.  Gearing  for  addi- 
tional feeds  can  be  furnished  as  special  equipment.  The  feed 
changes  are  made  at  the  left-hand  side  of  the  machine  within 
easy  reach  of  the  operator. 

All  operating  levers  are  conveniently  located.  The  machine 
is  started  and  stopped  by  shifting  a  belt  on  tight  and  loose 
pulleys.  A  spring  device  holds  the  belt  securely  on  or  off. 
In  the  off  position  a  brake  is  applied  in  such  a  manner  as  to 
•stop  the  spindle  quickly  and  hold  it  effectually. 

The  spindle  is  of  forged  high-carbon  steel  and  is  fitted  with 
special  chrome  thrust  races.  The  spindle  nose  is  bored  for  a 
No.  5  Morse  taper,  and  is  slotted  across  the  end  for  driving 
heavy  boring  and  facing  tools.  The  spindle  sleeve  has  a  bear- 
ing in  the  head  for  its  entire  length.  This  is  a  novel  feature 
and  adds  greatly  to  the  durability  and  rigidity.  The  feed 
pinion  and  rack  are  hardened  nickel  steel.  The  worm-gear  is 
provided  with  a  safety  shear  pin  to  protect  the  feeding  mech- 
anism and  provide  for  uniform  wear. 

Fig.  2  sliows  liow  these  machines  can  be  arranged  in  gangs. 
This  particular  view  illustrates  the  compact  arrangement  of 
a  four-spindle  unit  and  the  small  floor  space  required.  Ma- 
chines are  furnished  as  one-,  two-,  three-  or  four-spindle  units. 
Each  machine  in  a  gang  is  a  single,  belt-driven,  self-contained 
unit,  complete  in  itself.  Gang  macliines  can  be  furnished  with 
one  continuous  table  or  with  independent  tables  for  each  spin- 
dle. The  table  is  raised  and  lowered  by  means  of  elevating 
screws  and  is  designed  with  ample  pockets  for  cutting  lubri- 
cants. It  is  so  constructed  that  it  can  be  bushed  readily  for 
supporting  the  boring-bars. 

The  distance  from  center  of  spindle  to  face  of  column  is 
10  inches;  maximum  distance  from  end  of  spindle  to  table, 
32  inches;  length  of  feed,  12  inches;  vertical  adjustment  of 
table,  18  inches.  The  driving  pulleys  are  15  inches  in  diam- 
eter and  2%  inches  wide.  A  four-spindle  gang  drilling  ma- 
chine takes  up  a  floor  space  of  8  feet,  5  inches  by  3  feet,  10 
inches,  and  weighs  about  10,250  pounds.  A  single-spindle  ma- 
chine requires  a  floor  space  of  2  feet,  5  inches  by  3  feet,  10 
inches,  and  weighs  about  2550  pounds. 


Fig.    1.     Baker   High-duty  Drilling   Machi: 


Fig.  2.     Four  Machines  of  Design  shown  in  Fig.   1  arranged  in  a  Compact   Gang 
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Return  Mechanism:  B.  Menkin,  2141  Honeywell  Ave.,  New 
York  City.  A  return  mechanism  for  the  knockout  of  a  die, 
consisting  of  a  helical  spring  which  is  wound  about  the  ex- 
terior of  the  die  and  engages  a  cross-bar  and  fixed  pins  in 
such  a  manner  as  to  provide  a  return  movement  for  the  knock- 
out.   The  application  of  this  spring  is  not  limited  to  dies. 

Air-operated  Vise:  Hannifin  Mfg.  Co.,  Chicago,  111.  A  vise 
designed  especially  for  assembling  work,  though  it  may  also 
be  used  on  drilling  and  milling  machines.  The  vise  is  closed 
instantaneously  by  the  application  of  air.  False  jaws,  similar 
to  those  used  in  a  chuck,  or  plain,  hardened  steel  jaws  may 
be  used.  The  capacity  of  the  vise  without  the  jaws  is  7  inches, 
the  height  of  the  jaws  is  5  inches,  and  the  length  over- 
all is  19  inches. 

Dead  Front  Switchboard:  General  Electric  Co.,  Schenec- 
tady, N.  Y.  In  this  switchboard  all  live  parts  are  inaccessible 
from  the  front,  except  the  current  and  potential  receptacles, 
and  the  live  parts  of  these  are  recessed  so  that  accidental 
contact  with  them  is  difficult.  Grillwork  screens  prevent  any- 
one except  the  person  holding  the  key  from  entering  the  space 
at  the  rear.  Disconnecting  switches  render  the  inspection  and 
repairing  of  the  circuit  breakers  easy  and  rapid. 

Turbine-driven  Fan:  Terry  Steam  Turbine  Co.,  Hartford, 
Conn.  A  turbine-driven  fan  applicable  for  boiler-room  service. 
With  the  general  adoption  of  high-speed  reduction  gears,  it 
has  become  possible  to  utilize  turbine  drive  for  induced-draft 
fans.  Many  units  of  this  type  have  been  installed  on  boilers 
utilizing  the  heat  of  the  gases  from  furnaces  and  cupolas.  The 
turbines  in  this  unit  are  built  by  the  Terry  Steam  Turbine  Co., 
but  the  fans  are  built  by  the  Green  Fuel  Economizer  Co. 

Adjustable  Drilling  Brace:  Adjustable  Drill  Brace  Co.,  Bos- 
ton, Mass.  Drilling  brace,  consisting  of  steel  tubing  posts, 
that  vary  from  24  to  28  inches  in  length  and  from  1%  to  2^4 
inches  in  diameter.  The  post  is  secured  to  the  base  by  an 
angle-plate  which  permits  it  to  be  adjusted  to  any  angle.  The 
arm  is  clamped  to  the  post  in  a  similar  manner  and  can  be 
swung  through  a  large  arc.  Teeth  on  the  angle-plate  and  the 
post  clamp  prevent  the  adjustment  being  changed  by  the  drill- 
ing pressure. 

Hacksaw  Machine:  L.  S.  Starrett  Co.,  Athol,  Mass.  The 
main  features  of  this  machine  are  the  treadle  for  raising  the 
saw  frame,  saving  both  time  and  labor;  an  oil  dashpot  con- 
trol for  the  descent  of  the  blade,  which  allows  the  machine  to 
be  started  when  the  frame  is  up  and  prevents  stripping  the 
saw  teeth  or  breaking  the  saw;  a  stroke  adjustment  so  that 
stock  from  1  to  6  inches  in  diameter  may  be  cut;  and  a 
frame  locking  device.  A  pump  and  lubricating  tank  are  lo- 
cated inside  the  base. 

A  20-inch  Lathe  with  Quick-change  Gear:  Walcott  Lathe 
Co.,  Jackson,  Mich.  Thirty-two  threads,  ranging  from  2  to  112 
per  inch,  are  provided  for  by  the  quick-change  gear-box  of 
this  lathe;  and  special,  \'ery  fine,  or  coarse  threads  may  be 
cut  by  changing  one  gear  at  the  end  of  the  lathe.  Using  the 
tumbler  gears  and  cone  only  for  thread  cutting  is  said  to 
simplify  the  design  of  the  gear-box.  The  apron  is  of  the 
double-wall  type,  and  the  gears  are  steel  drop-forgings  with 
wide  face  and  coarse  pitch. 

Roll-turning  Lathe  with  Enclosed  Headstock:  Youngstown 
Foundry  &  Machine  Co.,  Youngstown,  Ohio.  A  roll-turning 
lathe  with  a  headstock  that  is  fully  enclosed.  All  the  gearing 
is  of  steel  with  cut  teeth  and  may  be  run  in  a  bath  of  oil.  The 
headstock  cap  acts  as  a  support  for  the  motor  drive,  but  it  may 
be  removed  witli  the  motor,  thus  exposing  all  gearing  when 
repairs  are  necessary.  Hand-holes  permit  easy  inspection  of 
the  gearing  at  all  times.  The  lathe  is  equipped  with  push- 
button electric  control  mounted  directly  on  the  machine. 

Critical  Point  Pyrometer:  Gibb  Instrument  Co.,  Pittsburg, 
Pa.  An  instrument  known  as  the  "Crit-Point,"  that  determines 
the  critical  point  in  heating  steel.  It  is  a  well-known  fact 
that  steel  loses  its  magnetic  properties  when  it  reaches  the 
critical  point,  and  it  is  on  this  principle  that  the  "Crit-Point" 
is  based.  A  magnetic  indicator  is  applied  to  the  steel  in  the 
furnace;  when  the  steel  has  reached  its  critical  point,  a  needle 
on  the  meter  moves  to  a  red  line  indicative  of  the  critical 
point.  This  instrument  does  not  measure  temperature,  but  is 
intended  solely  to  indicate  the  critical  point  for  use  in  heat- 
treating  steel. 

Screw  Press  for  Testing  Punch  and  Die:  Manhattan  Ma- 
chine &  Tool  Works,  Grand  Rapids,  Mich.  A  screw  press  for 
the  use  of  diemakers  in  shearing  punches  into  dies.  The  bed 
of  this  press,  which  is  18  by  36  inches,  has  fifty-two  %-inch 
holes  tapped  in  its  upper  surface,  so  that  the  die  can  be 
mounted  in  any  position.  As  there  is  a  clearance  of  24  inches 
between  the  bed  and  the  ram,  the  die  may  be  blocked  up  on 
parallels,  and  thus  provide  clearance  for  springs,  cams,  etc. 
It  is  also  possible  to  line  up  the  punch  and  die  and  then  raise 
the  ram  high  enough  for  the  pressure  pads,  stripper  plates, 
springs,  etc.,  to  be  mounted  without  removing  the  punch  from 
the  press. 


THE  "SIGN  SLANGUAGE" 

BY  J.   D.   HACKETT  ' 

Few  large  employers  know  how  many  of  their  foremen  are 
still  using  the  "sign  slanguage"  in  communicating  with  the 
foreign  workman.  If  they  did,  they  would  understand  why 
production  is  so  slow,  why  accidents  occur,  and  why  there  are 
misunderstandings  that  end  in  strikes.  The  foreign  workman 
who  doesn't  know  English  can't  do  very  efficient  work.  He 
probably  doesn't  know  what  he  is  working  at.  He  may  not 
even  know  the  name  of  the  firm  for  which  he  is  working. 
There  are  about  a  million  men  of  this  kind  in  the  plants  of 
the  country  today;  and  though  it  is  not  easy  to  measure  effi- 
ciency loss,  it  can  be  easily  shown  that  language  does  make  a 
difference;  otherwise  why  should  men  aspire  to  speak  another 
language?  If  the  efficiency  of  the  foreigner  could  be  raised 
5  per  cent,  it  would  be  a  gain  well  worth  the  effort.  It  is 
known  that  difference  in  language  is  the  cause  of  many  acci- 
dents. For  instance,  in  a  recent  case  where  two  men  died 
from  gas,  the  newspaper  report  says:  "Whether  these  men 
had  been  warned  in  a  language  in  which  they  could  under- 
stand the  danger  is  a  question.  One  could  not  speak  English; 
the  other  only  slightly."  The  one  word  danger  in  a  language 
they  could  understand  would  have  saved  two  lives.  Another 
instance  of  the  kind  was  where  a  foreman  shouted  to  the 
workman  to  get  out  of  the  way;  as  Steve  did  not  understand, 
he  got  a  fractured  skull.  At  first  sight  it  might  seem  right 
to  blame  the  foreman  for  this  dereliction,  but  he  is  less  to 
blame  than  the  employer  who  allowed  this  condition  to  exist. 

The  type  of  employe  should  determine  the  method  of  solving 
this  problem.  When  dealing  with  skilled  workmen,  it  may 
be  advisable  to  have  a  night  school  with  a  properly  qualified 
teacher,  or  it  may  even  be  worth  while  to  have  classes  for 
the  men  during  working  hours.  But  in  the  majority  of  cases 
the  common  laborer,  illiterate  even  in  his  own  language,  is 
scarcely  a  fit  subject  for  extensive  instruction  from  an  educa- 
tional point  of  view.  For  these  a  less  ambitious  scheme  should 
be  adopted,  unless  the  employer  is  a  philanthropist. 

The  remedy  in  most  cases  is  to  teach  the  laborer,  by  means 
of  the  foreman,  such  few  words  as  are  necessary  for  the  ordi- 
nary transaction  of  business.  It  is  true  that  the  foreman  is 
not  a  very  promising  subject,  but  he  is  easier  to  teach  than 
the  workman.  It  is  claimed  that  uneducated  workmen  have 
no  more  than  four  hundred  words  in  their  vocabulary,  and  a 
study  of  the  relation  between  the  workmen  and  foreman  shows 
that  very  few  words  are  necessary  to  cover  every  situation 
in  the  day's  work.  The  employer,  however,  has  shown  so  little 
interest  in  the  situation  that  the  foreman  must  be  excused 
for  having  achieved  the  almost  incredible  feat  of  not  knowing 
a  word  of  the  language  spoken  by  his  men,  though  in  daily 
contact  with  them  for  years.  This  situation  will  last  until 
the  gravity  of  the  present  labor  shortage  forces  the  employer 
to  make  the  best  use  of  the  material  he  has. 

In  order  to  reach  the  workman  through  the  foreman,  the 
latter  should  be  provided  with  a  card  containing  a  few  phrases 
phonetically  rendered  in  the  language  of  the  w^orkman.  These 
phrases  should  embrace  the  ideas  of  command,  warning,  ap- 
proval, and  direction,  which  the  foreman  should  be  taught 
to  use  frequently.  The  phrases  should  be  selected  carefully 
and  the  literal  translations  of  such  idioms  as  "Look  out" 
should  be  avoided.  It  is  well  to  keep  in  mind  the  predicament 
of  a  Frenchman  who  occupied  a  lower  berth  on  a  particularly 
stormy  voyage.  His  companion,  in  the  upper  berth,  on  the 
approach  of  a  paroxysm,  shouted  "Look  out,"  which  command 
the  Frenchman  obeyed  with  disastrous  results. 

Apart  from  the  facilitation  of  work  which  this  method  will 
bring,  the  workmen  will  be  favorably  impressed  when  a  fore- 
man attempts  to  speak  even  a  few  words  which  they  under- 
stand. In  addition,  another  important  result  is  obtained;  the 
workman  in  a  short  time  will  begin  to  understand  the  English 
equivalent.  This  method  of  language  teaching  may  be  carried 
out  in  the  course  of  the  work.  It  cannot,  and  should  not,  be 
taught  in  the  schoolroom  where  workmen  are  not  willing  to  go. 
An  elaborate  system  is  not  necessary;  the  aim  should  simply 
be  to  teach  the  workmen  and  foremen  to  understand  each  other. 


'Address:  4711  Cedar  Ave.,  Philadelphia,  Pa. 
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■ACCVRACY-THE   FIRST  REQUIREMENT 


,o  COMPLETELY  EQvipp^ 
0^3^  ^CUTTING  DEP^«/^^^ 


AT  YOUR  SERVICE 


r'llNIIIIIIIIIII Illllllllllllllllllillllillliinillllllllliiiliillliilill llllhTTIIIIIIIIIIIIIII Illlllllll Illlilllllllllllllllllj. 


WE  can  handle  more  work  in  this  department.     There  is  a  large 
volume   going  through  now  but  it  takes   quantities   of  large 
orders  to  tax  the  several  hundred  machines  to  a  point  where 
prompt  attention  cannot  be  given  to  all  customers. 

This  finely  equipped  department  is  operated  by  an  organization  skilled 
in  all  details  of  gear  cutting  and  is  prepared  to  give  quick  service  on  all 
kinds  of  work.  Place  your  orders  for  quantities  of  special  gears  here 
and  benefit  by  the  experience  accumulated  during  over  fifty  years  of 
gear  cutting  practice. 

We  are  prepared  to  cut  a 

Great  Variety  of  Gears 

Spur  Gears  (to  72  in.  diameter).  Bevel  Gears  (to  18  in.  diameter). 

Circular  and  Angular  Bevel  Gears,  Worm  Gears,  Spiral  Gears  (to  20  in. 
diameter,  3  pitch  in  cast  iron,  4  pitch  in  steel,  heavy  and  light  type). 

Worms  and  Racks. 

Send  us  specifications  and  we  will  gladly  qtiote  on  your  requirements. 
We  carry  in  stock  an  extensive  line  of  standard  gears.   Catalog  on  request. 


PiiiiiiiiMiimiiiMiiiiiniiiiiiii iiiiiiiiiiiiiiimiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiif 


Brown   &   Sharpe   Mfg.   Co.,  f 

OFFICES:     20  Vesey  St..  New  York,  N.  T. :  652-654  The  Bourse,   Philadelpt.ia.    Pa.     626-630   Washington   Blvd..    Chicago,    111.;   305  Chamber  of 
Commerce  Bldg.,   liocbester,   N.   Y. ;  Hoom  419,   University  Block,    Syracuse,   N    Y. ;  2538  Henry  W.   Oliver  Bldg.,   Pittsbuigli,   Pa. 
REPRESENTATIVES:    Carey  Machinery  &  Supply  Co..  Baltimore,  Md.;  The  E.  A.  Kinsey  Co..  Cincinnati.  O.,  Indianapolis,  Ind. ;  Pacific  Tool  & 
Supply  Co.,    San   Francisco,   Cal. ;  Strong,   Carlisle   &   Hammond   Co.,   Cleveland,   O.,   Detroit,   Mich.;  Colcord-Wright  Machinery  &   Supply  Co.,   St. 
Louis,   Mo.;   Perine  Machinery  Co.,    Seattle.   Wash.;   Portland   Machinery  Co.,  Portland,  Ore. 
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3F  EVERY  BROWN  &  SHARPE  PRODUCT- 


LiiiiiiiiiiiiiiiiiiiiiMiiiiiiiihiiiiiiiiiiiiiiiiiiiiiiiitiiiiihiiiUniHiiiiiiiiiiiiiiirrnTT 


'iHiiiiiniiiiiHiiiiiiiiiiiiiiiiiiiii^ 


FIRST  in  the  mind  of  every  good  machinist  is  a  natural  pride  in 
the  accuracy  of  the  work  he  produces.     With  him  accuracy  must 
not  only  be  attained,  but  maintained,  so  when  he  purchases  the 
precision  tools  upon  which  he  depends  for  accuracy  he  naturally  chooses 
the  most  reliable  and  durable  kind  he  can  obtain. 

Therein  lies  the  reason  why 

Brown  &  Sharpe  Tools 

are  the  lirst  choice  of  thousands. 


Accurate— Handy  to  Use 
Dependable  —  Durable 

Shall    We     Send    You     our    Small    Tool    Catalog    27? 


?iiiiiiiiiiii!i mill  mill iiiiiiiiii I II 11' !n:iiii niiiiiin iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiimm 


Providence,    R.    I.,    U.  S.  A. 

CANADIAN:     The    Canadian    Fairbanks-Morse    Co.,    Ltd.,    Montreal,    Toronto,    Winnipeg,    Calgary,   Vancouver,   St.   John,    Saskatoon. 

FOREIGN:  Bick  &  Hickman,  Ltd.,  London,  Birmingham,  Manchester,  Sheffield,  Glasgow;  F.  G.  Kretachmer  &  Co.,  Frankfort  a.M.,  Germany; 
V.  Lowener,  Copenhagen.  Denmark,  Stockholm,  Sweden,  Christiania,  Non'ay;  Fenwick  Freres  &  Co.,  Paris,  France,  Liege,  Belgium,  Turin,  Italy, 
Zurich,   Switzerland,  Barcelona,   Spain;  F.   W.  Home  Co.,   Tokio,  Japan;  L.   A.   Vail,  Melbourne,   Australia;  F.   L.   Strong,  Manila,   P.   I. 
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LARGE   NOISELESS  PINION 

The  accompanying  illustration  shows  two  bakelite  "Ml- 
carta — D"  noiseless  gears  rompared  with  a  foot  rule.  The 
larger  gear  is  21  inches  in  diameter  and  has  an  8-inch  face. 
It  is  designed  to  transmit  100  horsepower  at  425  revolutions 

per  minute.  A 
comparison  of 
these  gears  will 
indicate  the 
adaptability  of 
this  compara- 
tively new  ma- 
terial, which 
has  been  devel- 
oped by  the 
Westing  h  ouse 
Electric  &  Mfg. 
Co.,  E.  Pitts- 
burg, Pa.,  for 
use  in  both 
large  and  small 
gears.  It  may 
be  of  interest  to 
note  that  in 
making  the 
large  gear,  no 
metal  shrouds 
were  used  or 
needed.  The 
claims    made 


Pinions  made  of  Bakelite    "Micarta — D.' 
compared  with  Foot  Rule 


for  these  gears  are  that  they  are  as  strong  as  those  made  of 
cast  iron,  and  in  addition  to  being  noiseless,  are  unaffected 
by  atmospheric  changes,  cannot  be  destroyed  by  rats,  can 
be  stored  indefinitely  without  deterioration  and  can  be  operated 
in  oil  without  swelling. 

*     *     * 

BRODERICK  CLEANING   AND   PLATING 
MACHINE 

The  Broderick  continuous-process  cleaning  and  plating  ma- 
chine not  only  performs  the  actual  plating  process  automati- 
cally, but  cleans,  rinses  and  dips  the  parts  automatically.  This 
machine  has  been  placed  on  the  market  by  the  Munning-Loeb 
Co.,  Matawan,  N.  J.  It  consists  of  a  series  of  tanks  containing 
the  cleaners,  rinsing  baths,  dips  and  plating  solutions  ar- 
ranged in  the  proper  order  and  extending  a  distance  of  about 
fifty  feet.  Above  the  tanks  there  is  a  carrier  system,  con- 
sisting of  two  endless  chains  driven  through  sprockets  by  a 
i/2-horsepower  motor  and  carrying  a  series  of  vertical  rods, 
which  hold  the  parts  to  be  plated.  By  a  simple  cam  mech- 
anism, each  rod  is  moved  forward  and  raised  or  lowered  at 
any  predetermined  point,  thereby  passing  the  work  through 
the  different  baths  by  raising  it  over  the  dividing  walls  be- 
tween adjacent  tanks  and  lowering  it  into  the  baths  in  the 
proper  sequence  of  operations;  the  work  is  finally  delivered  to 
the  starting  point  completely  plated.  The  movement  of  work 
agitates  the  plating  bath,  which  permits  far  greater  current 
densities,  without  danger  of  burning,  than  are  possible  in  still 
tank  plating;  this  feature,  together  with  the  elimination  of 
handling  the  parts,  enables  the  plating  to  be  done  rapidly. 
It  is  also  claimed  that  a  greater  uniformity  of  deposit  may 
be  obtained  with  the  Broderick  machine,  because  the  time  of 
immersion  in  the  various  baths  is  definitely  fixed  by  the  speed 
of  the  machine.  This  speed  is  adjusted  by  the  plating  fore- 
man to  give  the  best  results. 

The  machine,  while  standardized  in  its  component  parts,  can 
be  modified  to  meet  any  unusual  requirements  merely  by  vary- 
ing the  number  of  standard  units  in  its  assembly  and  the  ar- 
rangement of  tanks  and  lifting  cams.  The  speed  is  adjustable 
over  a  ratio  of  as  high  as  3  to  1,  and  this  variation  may  be 
increased  if  necessary.  For  ordinary  plating  conditions  it  is 
found  that  a  speed  of  about  two  feet  per  minute  is  satisfactory. 
At  this  speed  the  work  completes  the  circuit  of  the  tanks  in 
about  one  hour,  this  time  sufficing  for  all  cleaning  baths,  rinses 
and  dips,  in  addition  to  the  actual  plating.     Where  light  de- 


posits are  desired,  the  speed  may  be  increased  and  the  time 
correspondingly  reduced,  while  exceptionally  heavy  deposits 
are  obtained  by  a  slower  speed  and  a  greater  time  in  the 
baths.  The  application  of  the  machine  in  any  plating  plant 
is  recognized  as  an  individual  engineering  problem,  and  a 
suitable  arrangement  is  offered  after  thorough  investigation 
of  the  conditions. 

*     *     * 

A  so-called  Christmas  savings  fund  has  been  instituted  by 
the  Cincinnati  Planer  Co.,  the  Acme  Machine  Tool  Co.  and  the 
Greaves-KIusman  Tool  Co.  of  Cincinnati,  Ohio.  The  principle 
on  which  this  fund  is  based  is  that  5  per  cent  of  the  total 
earnings  of  an  employe  for  every  month  during  which  he  com- 
plies with  the  conditions  are  placed  at  3  per  cent  interest  to 
accumulate  until  the  day  before  Christmas,  when  a  check  for 
this  amount  is  sent  to  him.  In  order  to  be  entitled  to  this 
bonus,  employes  must  not  be  absent  more  than  one  day  in  the 
month  without  excuse,  nor  late  more  than  one  day  in  the 
week  without  excuse.  Under  this  arrangement,  the  Cincinnati 
Planer  Co.  distributed  $12,500,  the  Acme  Machine  Tool  Co. 
about  $6000,  and  the  Greaves-KIusman  Tool  Co.  about  $4000 
to  their  employes  at  Christmas. 


It  is  estimated  that  the  potential  water  power  of  Canada  is 
17,000,000  horsepower;  of  this,  only  1,590,500  horsepower  has 
been  developed.  This  power  is  available  at  all  the  present 
commercial  centers,  with  the  exception  of  some  of  those  in 
the  middle  prairies.  About  500,000  available  hors'epower  is 
within  seventy  miles  off  Winnipeg;  of  this,  only  60,000  horse- 
power has  been  developed.  About  48,000  horsepower  is  within 
fifty  miles  of  Calgary.  The  Western  Canadian  Power  Co.  is 
developing  25,000  horsepower  at  its  plant  on  Slave  River, 
thirty-five  miles  from  Vancouver,  but  the  company  can  easily 
obtain  100,000  horsepower  when  all  its  sites  are  fully  utilized. 


PERSONALS 

A.  B.  Hazzard  has  taken  the  position  of  works  manager  of 
the  Brown  Magnetic  Truck  Co.,  Philadelphia,  Pa. 

Horace  N.  Trumbull  has  been  appointed  advertising  man- 
ager of  the  S.  K.  F.  Ball  Bearing  Co.,  Hartford,  Conn. 

Andrew  L.  Gath,  formerly  with  the  Manhattan  Machinery 
Exchange,  New  York  City,  is  now  connected  with  Young. 
Corley  &  Dolan,  Inc.,  115  Broadway,  New  York  City. 

Joseph  K.  Long,  occasional  contributor  to  Machinery,  has 
been  transferred  from  Renovo,  Pa.,  to  Sunbury,  Pa.,  where  he 
is  chief  draftsman  of  the  Pennsylvania  Railroad  shops. 

James  0.  Smith,  for  ten  years  associated  with  the  American 
Emery  Wheel  Works,  Providence,  R.  I.,  latterly  as  vice-presi- 
dent, has  resigned  and  joined  the  Hampden  Corundum  Wheel 
Co.,  Springfield,  Mass.,  as  sales  manager. 

Arthur  V.  Farr,  who  for  the  last  three  years  has  been  ad- 
vertising manager  of  the  S.  K.  F.  Ball  Bearing  Co.,  Hartford, 
Conn.,  has  resigned  and  taken  the  position  of  sales  manager 
of  the  Hess  Steel  Corporation,  Baltimore,  Md. 

Newell  C.  Knight,  salesman  and  advertising  expert,  has 
formed  an  advei:tising  company  under  the  name  of  the  Knight 
Co.  Ofl^ces  have  been  rented  on  the  top  floor  of  the  Home  In- 
surance Bldg.,  127  S.  La  Salle  St.,  Chicago,  111. 

S.  B.  Taylor,  sales  manager  of  the  S.  K.  F.  Ball  Bearing  Co., 
Hartford,  Conn.,  has  been  appointed  vice-president,  succeed- 
ing F.  B.  Kirkbride,  who  remains  on  the  board  of  the  com- 
pany.    Mr.  Taylor  will  remain  in  charge  of  sales. 

J.  G.  Waldron,  for  the  past  ten  years  with  Wheelock,  Love- 
joy  &  Co.,  New  York  City,  eastern  agents  for  the  Firth-Sterling 
Steel  Co.,  has  resigned  and  taken  a  position  with  Hamilton  & 
Hansen,  17  Battery  Place,  New  York  City,  exporters  and  im- 
porters of  Swedish  and  domestic  steel  and  iron. 

G.  A.  Ungar,  former  representative  of  the  S.  K.  F.  Ball  Bear- 
ing Co.  in  Cleveland,  Detroit  and  Pittsburg,  has  been  appointed 
technical  manager  and  chief  engineer,  succeeding  Uno  Fors- 
berg,  who  returns  to  Sweden  after  completing  his  work  of 
forming  the  manufacturing  organization  of  the  S.  K.  F.  Ball 
Bearing  Co.  in  this  country. 

Herbert  Chase,  who  has  been  connected  with  the  Automo- 
bile Club  of  America  for  several  years  as  laboratory  engineer 
and  chief  engineer,  has  joined  the  ofllce  staff  of  the  Society 
of  Automobile  Engineers.  29  W.  39th  St.,  New  York  City,  as 
assistant  secretary.  Mr.  Chase  was  graduated  as  a  mechanical 
engineer  at  Sibley  College,  Cornell  University,  in  1908. 
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Read  This  Quotation; 

Then  Investigate  Your  Own 
Cutter-Sharpening  FaciHties 


Our  wide  experience  in  milling  has  proved  the  neces- 
sity of  having  exactly  the  correct  clearance  on  cutters. 
But  cutter  grinders  were  too  incomplete  to  insure  re- 
production of  the  right  clearance  on  repeated  grind- 
ings.  We  set  ourselves  the  task  of  solving  this  diffi- 
culty. The  40  per  cent,  50  per  cent  or  60  per  cent  in- 
creased output  that  proper  clearance  means  was  cer- 
tainly worthy  of  our  best  efforts.  In  the  No.  li/? 
UNIVERSAL  CUTTER  AND  TOOL  GRINDER  we 
offer  you  the  result — a  simple,  correct  clearance  angle 
feature. 

The  machine  carries  a  graduated  dial  on  its  headstock 
spindle  from  which  the  clearance  angle  for  all  cutters 
may  be  read  direct. 

As  a  result  of  obtaining  this  correct  clearance  angle 
the  feed  may  be  greatly  increased,  the  cutter  cuts  as 
it  was  designed  to ;  the  tendency  to  chatter  is  re- 
moved— and  you  get  greater  efficiency  from  your 
millers. 


"It  has  long  been  recognized  that  proper 
clearance  and  rake  are  of  vital  importance 
to  cutting  tools.  Unfortunately,  milling  cut- 
ters which  are  more  sensitive  and  more 
easily  affected  by  different  clearances  have 
received  little  attention.  It  may,  therefore, 
be  assumed  that  the  great  majority  of  cut- 
ters are  improperly  sharpened.  The  user 
can  correct  these  errors  in  stock  tools  by 
proper  sharpening.  There  are  cases  on  rec- 
ord where  a  cutter,  intelligently  sharpened 
for  a  particular  cut,  has  increased  the  output 
of  a  milling  machine  60'r." 


Send  for  this  Bulletin  and  Get  the 
Whole   Truth  of  the  Matter. 


CINCINNATI  MILLING  MACHINE  COMPANY 


CINCINNATI 
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p.  E.  R.  Blomquist,  mechanical  engineer  with  tlie  Kelsey 
Wlieel  Co.,  Detroit,  Mich.,  has  resigned  his  position  to  take 
up  the  active  management  of  the  Hlonuiuist-Rck  Machine  Co., 
Cleveland,  Ohio.  Tlie  business  oi'  the  liloniquist-Eck  Macliino 
Co.    has    grown    so    rapidly    tliat    more    commodious    quarters 


have  had  to  be  secured  adjoining  the  present  location.  Addi- 
tional machinery  has  been  installed  and  the  organization  has 
been  increased  substantially.  This  has  made  it  necessary  for 
Mr.  Hlonuiuist  to  devote  his  entire  time  to  the  business  of 
the  lilomquist-Eck  Machine  Co. 


COMING  EVENTS 

January  6-13. — National  Automobile  Show  In  Gniuil 
Central   Palace,    New   York   City. 

January  25. — Monthly  meeting  of  the  Rochester 
Society  of  Technical  Draftsmen,  in  Itooms  131-1:17, 
Sibley  lUock,  32,S  Main  St.,  E..  Itochester.  N.  Y. 
O.  L.  .\nKevlne,  Jr.,  secretary,  857  Genesee  St., 
Kiichesler. 

May  21-22. — Spring  convention  of  the  National  Ma- 
chine Tool  Buililers'  Association  in  Cincinnati,  Ohio. 
Charles  E.  Hildretb,  general  manager,  Worcester, 
Mass. 

May  22-25. — Spring  meeting  of  the  American  So- 
ciety of  Mechanical  Engineers  in  Cincinnati.  Ohio. 
Calvin  W.  Rice,  secretary,  29  W.  39th  St.,  New 
Yorlt  City. 

["societies,  schools  and 
[  colleges  J 

Tanners  Institute  (Pratt  Institute),  Brooltlyn, 
N.  Y.  Fifth  annual  report  of  Tanners  Institute  for 
the  year   1915-101(i. 

Massachusetts  Institute  of  Technology,  Boston, 
Mass.  Catalogue.  December,  1016,  of  the  officers 
and  students,  with  a  statement  of  the  requirements 
for  admission  and  a  description  of  the  courses  of 
Instruction. 

Stevens  Institute  of  Technology,  Hoboken,  N.  J., 
dedicated  the  new  William  Hall  Walker  gymnasium 
November  18.  The  building,  which  was  erected  at  a 
cost  of  $123, 000.  is  elliptical  in  shape  and  is,  as 
far  as  known,  the  first  of  this  form  to  be  built.  It 
contains  a  ten-lap  track,  a  large  drill  court,  and 
the  regulation  college  pool. 

University  of  Illinois,  Drbana,  III.,  maintains  four- 
teen Engineering  Experiment  Station  Research  Fel- 
lowships, in  order  to  extend  and  strengthen  the 
field  of  its  graduate  work  in  engineering.  These 
fellowships,  for  each  of  which  there  is  an  annual 
stipend  of  $500,  are  open  to  graduates  of  approved 
American  and  foreign  universities  and  technical 
schools.  Appointments  to  the  fellowships  are  made 
and  miist  be  accepted  for  two  consecutive  collegiate 
years,  at  the  expiration  of  which  period,  if  all  re- 
quirements are  met.  the  degree  of  Master  of  Science 
will  be  conferred.  Additional  information  will  be 
furnished  by  the  director. 


m 


Ew  books  and  pamphlet 


A  Study  of  Oil  Engines  in  Iowa  Power  Plants.     By 
H.  W.  Wagner.     157  pages,  6  by  9  inches;  illus- 
trated.     Published    by    the    Iowa    State    College 
of  Agriculture  and  Mechanic  Arts,   Ames,  Iowa, 
as   Bulletin   42   of   the    Engineering   Experiment 
Station. 
Sewage  Disposal  for  Village  and  Hural  Homes.     By 
C.    .S.    Nichols.      29  pages.    6   by   9  inches;    illus- 
trated.    Published  by  the  Iowa  State  College  of 
Agriculture  and  Mechanic  Arts,   Ames,    Iowa,   as 
Bulletin     41     of     the     Engineering     Experiment 
Station. 
Practical   Handling  of  Iowa  Clays  with  Application 
of  Ceramic  Principles.     By  Homer  F.  Staley  and 
Milton    P.    Beecher.      48    pages,    6    by    9   Inches. 
Published    by    the    Iowa    State    College    of    Agri- 
culture   and    Mechanic    Arts,     Ames,     Iowa,     aS 
Bulletin     43     of     the     Engineering     Experiment 
Station. 
On  the  Making  of  Munitions.     55  pages,  7%   by  10 
inches.     Published  by  the  Munition  Boards  Pub- 
licity   Bureau,    Municipal   School   of   Technology, 
Manchester,    England. 
This   is  a    classified   index    to   the    various   articles 
that  have  appeared  in  some  of  the  engineering  peri- 
odicals  on    the   manufacture   of   munitions    since    the 
beginning    of    the    European    war.      While    not    com- 
plete,   it  will   be   most  useful   to  all  who  arc   intent 
on    securing    references    to    the    many    articles    that 
have  appeared  in   the  technical  press  of  Great  Brit- 
ain and  the  United  States. 

Speoiflcations  and  Tolerances  for  Weights  and  Meas- 
ures and  Weighing  and   Measuring   Devices.     44 
pages,  6  by  9  inches.     Published  by  the  Depart- 
ment of  Commerce,    Washington,   D.   C,   as  Cir- 
cular of  the  Bureau  of  Standards  No.  CI. 
These  specifications  were  issued  in  order  to  obtain 
the  greatest  measure  of  efficiency  from  weights  and 
measures  laws  and  rules  and  regulations.     Since  the 
first   adoption   of   these   specifications   and    tolerances 
some  additions  and  amendments  hai'e  been  made  as 
opportunity  was  offered   to  study  and   draft   require- 
ments for  new  types  of  apparatus.     The  experience 
of    several    years    has    demonstrated    that    a    set    of 
standard  requirements  has  now  been  developed  which 
meets   the    needs   of    trades    throughout    the   country. 
The  circular  will  be  sent  free  on  request. 
Cooperation    in    American    Export    Trade.       Part    I. 
Summary  and  report.     387  pages.  (>  by  9  inches. 
Part    II.    Exhibits.      .597    pages.    6    by    9    Inches. 
Published    by    the    Federal    Trade    Commission, 
Washington,  D.  C. 
This  report,    made   by  the   Federal  Trade  Commis- 
sion in  two  parts,   is  the  result  of  the  commission's 
investigation     into     trade     conditions     in     and     with 


loreign  countries,  where  associations,  combinations 
and  other  conditions  alTcct  the  foreign  trade  in  tli< 
United  States.  Part  11  deals  with  exhibits,  bcin^ 
made  up  of  special  reports  from  U.  S.  Consuls  in 
various  countries,  excerpts  from  public  hearings, 
replies  from  Inquiries,  etc.  Examples  of  prices  ami 
trade  agreements  of  foreign  combinations  are  also 
given.  The  report  Is  comprehensive  and  may  be 
studied  with  much  profit  by  American  manufacturers 
generally  who  are  Intent  on  formulating  a  business 
policy  that  will  provide  for  the  exigencies  likely  to 
follow  thi'  dose  of  the  European  war. 
Thomas'  Begister  of  American  Manufacturers,  350U 
pages.  91/2  by  12  inches.  Published  by  the 
Thomas  Publishing  Co.,  New  York  City.  Price, 
$15. 
The  eighth  edition  of  this  mammoth  work,  whicn 
is  claimed  to  be  the  largest  classified  reference  book 
is  divided  into  five  sections,  as  follows:  Section  1, 
linding  list  or  index;  Section  II,  lists  of  manufac- 
turers classified  according  to  business;  Section  HI, 
iiiamifacturers  of  the  United  States,  arranged  alpha- 
betically by  names,  giving  home  offices,  branches, 
names  of  officers,  sales  managers,  purchasing 
agents,  etc.;  Section  IV,  leading  trade  names, 
brands,  etc.;  and  Section  V,  appendix  containing 
lists  of  banks,  boards  of  trade  and  other  commercial 
organizations,  leading  trade  papers,  leading  manu- 
facturers' representatives,  etc.  The  sections  are 
printed  on  white,  yellow,  pink  and  blue  paper,  thus 
facilitating  reference  to  them.  The  classification  of 
manufacturers  contains  70,000  headings,  and  covers 
all  manufactured  products.  The  manufacturers' 
capital  or  size  rating  is  included,  ranging  from  $500 
to  $1,000,000.  This  feature  is  valuable  when  using 
the  list  for  circularizing  or  other  purposes,  as  it  in- 
dicates the  approximate  size  of  the  concerns. 
The  Elements  of  Refrigeration.  By  Arthur  M. 
Greene,  Jr.  472  pages,  G  by  9  inches;  192  iUus- 
trations.  Published  by  John  Wiley  &  Sons,  Inc., 
New  York  City.  Price,  $4  net. 
This  work  was  prepared  with  the  idea  of  bringing 
together  in  logical  order  the  necessary  data  required 
to  design,  construct  and  operate  refrigerating  ap- 
paratus. It  is  suitable  for  the  use  of  technical  stu- 
dents, engineers  and  those  operating  refrigerating 
apparatus.  A  feature  which  makes  it  well  suited 
for  use  in  technical  schools  is  a  set  of  problems  in 
the  last  chapter  illustrating  most  of  the  computa- 
tions which  must  be  made  in  refrigerating  work. 
The  book  deals  with  early  methods  of  refrigerating, 
different  systems  of  cold  storage,  refrigerating  costs, 
air  machines,  and  then  takes  up  the  thermodynamics 
of  refrigerating  apparatus.  The  types  of  machines 
and  apparatus  are  described.  Chapter  V  deals  with 
heat  transfer,  insulation  and  amount  of  heat,  and 
the  following  chapter  with  cold  storage.  Ice  making 
and  other  applications  of  refrigeration,  costs  of  in- 
sulation and  operating  costs  are  taken  up  in  turn. 
The  book  is  one  that  can  be  recommended  to  all 
needing  a  treatise  on  refrigeration,  dealing  with 
the  practical  and  theoretical  sides  of  the  subject. 
Advertising  by  Motion  Pictures.  By  Ernest  A. 
Dench.  255  pages,  5  by  IVj  inches.  Published 
by  the  Standard  Publishing  Co.,  Cincinnati, 
Ohio.  Price,  $1.50. 
This  book,  by  a  motion  picture  expert  who  has 
given  much  attention  to  the  commercial  possibilities 
of  motion  pictures  for  advertising,  demonstrating 
machinery,  etc.,  was  written  for  the  purpose  of  em- 
phasizing the  value  of  the  motion  picture  in  the  ad- 
vertising and  business  educational  fields.  It  should 
appeal  to  all  classes  of  manufacturers  desirous  of 
demonstrating  their  machines  and  products  through 
the  eyes.  It  dwells  on  the  advantages  of  telling  an 
advertising  story  by  motion  pictures,  and  describes 
some  of  the  film  advertising  methods  used  by  manu- 
facturers. Salesmanship  demonstrations  by  the  film 
and  various  aspects  of  the  selling  game  are  taken 
up,  including  selling  shoes,  automobiles,  real 
estate,  transportation,  etc.  The  author  touches  on 
the  entertainment  side  of  the  motion  picture  busi- 
ness, showing  how  manufacturers  may  use  motion 
pictures  to  interest  and  attract  employes.  Data  are 
included  on  the  cost  of  equipment,  fitting  up  thea- 
ters, etc.,  which  should  interest  manufacturers  In 
isolated  communities  especially  where  there  is  a 
scarcity  of  other  means  of  entertainment. 
Handbook  for  Machine  Designers,  Shop  Men  and 
Draftsmen.  By  Frederick  A.  Halsey.  561  pages, 
9  by  12  Inches;  illustrated.  Published  by 
McGraw-HlU  Book  Co.,  Inc.,  New  York  City. 
Price.  $5  net. 
This  work,  first  published  in  1913,  now  appears 
in  the  second  edition,  revised  and  enlarged.  Addi- 
tional matter  appears  on  thrust  bearings,  roller  bear- 
ings, critical  speed  of  shafts,  geometrical  progres- 
sion of  speeds,  spur  and  herringbone  gears,  and 
other  gearing  subjects,  including  worm-gears,  roller 
chains,  friction  clutches,  spiral  springs  of  the 
watch  spring  type,  measurement  of  tapers,  velocity 
and  force  relations  of  link  work,  relation  of  Brlnell 
and  scleroscope  hardness  numbers,  heat-treatment 
of  steel.  New  tables  have  been  added  including 
lengths  of  circular  arcs,  cutting  speeds  and  revo- 
lutions, decimal  equivalents  of  prime  number  frac- 
tions, etc.  It  is  the  author's  plan  to  keep  the  work 
constantly  up  to  date,  and  corrections,  suggestions 
and  contributions  are  solicited  from  users.  The  au- 
thor recognizes  the  fact  that  it  is  impossible  to  keep 
a  work  of  this  kind  abreast  of  the  times  without 
giving  it  constant  revision  and  securing  the  co- 
operation of  mechanicai  engineers,  designers  and 
others  having  use  for  the  varied  mechanical  data 
that   it   contains. 


Blower  Co.,  Detroit,  Mich.  I'.iillctin  V.i, 
describing  "A  11  0,"  Type  D  and  "Cyclone"  disk 
ventilating   fans. 

Charles  Stecher  Co.,  1574  Crossing  St.,  Chicago, 
111.  Catalogue  of  parts  for  hand  screw  machine! 
of  the  plain  head  aiul   friction  head  typos. 

Rochester  Ball  Bearing  Co.,  Inc.,  203  State  St., 
Rochester,  N.  Y.  Bulletin  10,  comprising  a  de- 
scriptive price  list  of  lliwhester  ball  thrust  bearings, 

C.  M.  Conradson,  Ean  Claire.  Wis.  Circular  of 
the  Conradson  No.  3  duplex  helical  drive,  plain  mill- 
ing machine  with  longitudinal  feed  In  either  direc- 
tion and   both  cross  and   vertical   feed. 

Stow  Mfg.  Co.,  Binghamton,  N.  Y.  Miniature  of 
bulletin  102,  reiiroduccd  In  small  size  for  quick  ref- 
erence. This  bulletin  treats  of  Stow  flexible  shaft* 
and    their   application   to   various   tools. 

Pennsylvania  Railroad,  Philadelphia,  Pa.  Safety 
calendar  for  1917.  for  use  in  schools  to  Impress  on 
the  minds  of  children  the  <langer  of  crossing  rail- 
road  tracks   at    unguarded    "short-cuts." 

Athol  Machine  Co.,  Athol,  Mass.  Catalogue  32, 
illustrating  and  giving  dimensions,  prices,  etc.,  of 
Athol  vises,  display  stands,  taper  attachments,  pipe 
grips,  wrenches,  grindstones,  countershafts,  bench 
grinders,    etc. 

Cincinnati  Automatic  Machine  Co.,  Cincinnati, 
Ohio.  Catalogue  of  Hayden  %-  by  3-inch  five- 
spindle  automatic  screw  machines,  containing  in- 
formation as  to  equipment,  capacity,  speeds,  con- 
trol,  drive,   etc. 

Chicago  Pneumatic  Tool  Co.,  1060  Fisher  Bldg., 
Chicago,  111.  Bulletin  129.  illustrating  Chicago  hose, 
hose  couplings  and  hose  clamp  tools.  Bulletin  E-45. 
superseding  E-40.  of  "Duntley"  direct-current  port- 
able  electric  hoists. 

National  Tube  Co.,  Frick  Bldg.,  Pittsburg,  Pa. 
Circular  illustrating  graphically  "National"  pipe 
progress  in  twenty-eight  years.  It  is  stated  that 
ninety  per  cent  of  the  present  pipe  production  of 
this  country  is  steel  pipe. 

United  Hammer  Co..  141  Milk  St.,  Boston,  Mass. 
Circular  of  the  Fairbanks  power  hammers.  Dupont 
pattern,  formerly  manufactured  by  E.  &  T.  Fair- 
banks &  Co.  of  St.  Johnsbury,  Vt.,  and  now  made 
by  the  United  Hammer  Co. 

Eclipse  Interchangeable  Counterbore  Co.,  Inc.,  De- 
troit. Mich.  Catalogue  illustrating  and  describing 
the  "Wiard"  chuck  made  in  three  sizes.  The  cata- 
logue also  gives  price  lists  of  Eclipse  interchange- 
able   counterbores   and    holders. 

Chicago  Pneumatic  Tool  Co.,  1060  Fisher  Bldg., 
Chicago,  111.  Bulletin  34-W  illustrating  and  des- 
cribing "Giant"  low-grade  fuel  oil  engines.  Bulle- 
tin 263  describing  the  Boyer  railway  speed  recorder 
and   giving   instructions   for  applying   and  operating. 

Manhattan  Machine  &  Tool  Works,  Grand  Rapids, 
Mich.  Circular  descriptive  of  the  Manhattan  tool- 
room screw  press  for  the  use  of  diemakers  in  shear- 
ing punches  into  dies,  etc.  The  press  is  made  with 
a  large  bed  and  ample  clearance  between  the  bed 
and  ram. 

McCroskf  Reamer  Co.,  Inc.,  Meadville,  Pa.  Cata- 
logue 4  entitled  "Cost-cutting  Machine  Shop  Tools," 
giving  specifications  for  McCrosky  reamers,  "Wiz- 
ard" quick-change  chucks  and  collets,  expanding 
mandrels,  "Wizard"  variable-speed  and  reversing  at- 
tachment,   etc. 

Midvale  Steel  Co.,  Philadelphia,  Pa.  Catalogue 
of  Midvale  high-speed  tool  steels,  giving  general  in- 
formation on  the  properties  of  high-speed  steel,  forg- 
ing, annealing,  heat-treatment,  grinding,  tests,  etc. 
A  list  of  the  various  grades  of  Midval^  high-speed 
steel  and  the  work  for  which  each  is  adapted  U 
included,  ' 

Gisholt  Machine  Co.,  1212  E.  Washington  Ave., 
Madison,  Wis.  Circular  entitled  "How  to  Save 
Money  on  High-speed  Steel,"  illustrating  Gisholt 
tool-holders  with  inserted  high-speed  tools.  With 
these  tools  It  Is  possible  to  use  high-speed  steel 
tools  down  to  the  last  inch.  A  table  of  dimensions 
and  prices  is  given. 

Beaudry  &  Co.,  Inc.,  141  Milk  St..  Boston,  Mas». 
Booklet  illustrating  and  describing  Beaudry  ham- 
mers, made  in  two  types — the  "Champion"  and  the 
"Peerless" — and  in  sizes  from  25  to  500  pounds 
weight  of  ram.  Motor  drive  can  be  ea.sily  applied 
to  these  hammers,  and  a  number  of  motor-driven 
hammers  are  illustrated. 

Morse  Chain  Co.,  Ithaca,  N.  Y.  Catalogue  15, 
covering  small  power  drives,  showing  illustrations 
of  the  construction  and  action  of  the  Morse  silent 
chain  and  its  application  In  a  number  of  dittorent 
industries.  The  catalogue  is  profusely  illustrated 
with  halftone  illustrations  of  actual  Installations 
that  indicate  the  wide  range  of  application  of  silent 
chains. 

Associated  Manufacturers  and  Merchants,  White 
Bldg..  Buffalo,  N.  Y.  Copies  of  new  rules  gov- 
erning so-called  dangerous  trades  that  are  now  being 
considered  by  the  New  York  State  Industrial  Com- 
mission. The  rules  apply  to  the  manufacture  of 
thermometers,    mattresses,    gloves,    industries    using 
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A   friend  of  ours  who  runs  a  "contract  shop"  says  that  the  first 
question  asked  him  by  prospective  customers  usually  is: 

"HAVE  YOU  GOT  A  LUCAS?" 

Meaning  the 

LUCAS  "PRECISION" 

Milling  Machine 


Boring 
Drilling 
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PRODUCES 

GOOD  WORK 
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Warnor  &  Swasey  Co.,  Clvvelnnd,  Ohio.  Gutn- 
lojcui's  (if  iinlvfrHiil  liolUiw-hoxngon  tnrrft  luthcH. 
Tlif.sr  latiiluKiuH  lllu8trnte  the  liollow-hcxiiBon  tur- 
ret 111  I  he  I'liiilpiicil  for  bur  and  cliiirkhiR  work  and 
•how  Ihr  slniidaid  l)ar  and  chuckliiK  eiinlpnuMit. 
VaiUiiis  IjiH'M  and  hIecb  of  turret  screw  miK-hinos 
■■Id  tiiri'i'l  lallipa  are  lllu.strnted  and  Biieoincutions 
for  caili  a  IT  given. 

•  Now  Doparture  Mfg.  Co.,  Bristol,  Conn.  Loose- 
leaf  shn-ls  Nos,  79  FH  to  82  FE.  Inclusive,  de- 
•crlliliig  various  Installations  of  ball  bearings,  among 
Wlilcli  uie  ball  bearings  lu  Jordan  pulp  mill,  vertical 
Sriiidsloiie  shaft  bearing  mounting,  ball  bearings  for 
fear-driven  through  shaft,  ball  bearings  for  bevel 
fear  shafts  and  ball  bearings  for  worm-gear-driven 
ele\atnr  cable  winding  drum. 

Hoahl  Machine  Co.,  20  New  Itond  St.,  Worcester. 
Muss.  Catalogue  of  magnetic  chucks,  revised  and 
broii^'lil  ii|i  to  dale.  The  catalogue  treats  of  mag- 
netic <liiuks  and  their  application,  design  and  con- 
•triutioii  of  the  lleald  magnetic  chuck,  rotary  type 
magnetic  chucks,  rectangular  or  straight  type  mag- 
■etlc  chucks,  special  types,  and  demagnetizing 
■witch,   demagnetlzer  and  generator. 

Cincinnati  Lubricant  Pump  Co.,  120  Opera  Place, 
Cliiciiinali,  Ohio.  Booklet  entitled  ".Scientilic  Lu- 
brication of  Cutting  Tools,"  treating  of  the  history 
of  cutting  tool  lubrication,  functions  of  lubricants, 
Tolume  of  coolant  necessary,  water  solutions  as 
coolants,  applications  of  coolants,  and  means  of  de- 
livering coolants.  This  booklet  also  contains  a  de- 
■cri|itioii  of  the  "Fulflo"  centrifugal  lubricant  pump. 

Pennsylvania  Railroad,  Philadelphia,  Pa.  Poster 
Issued  for  the  purpose  of  warning  people  against 
crossing  the  tracks  or  otlierwlse  trespassing  on  rail- 
road property.  The  new  "Stop"  poster  will  be  dis- 
played ot  places  where  the  general  public  is  ac- 
customed to  take  short-cuts  across  the  tracks  or 
to  use  the  railroad  right-of-way  as  a  highway.  It 
will  also  be  placed  on  all  bulletin  boards  in  the 
■tations  and  waiting  rooms  of  the  Pennsylvania 
Bailroad  system. 

Armstrong  Cork  Co.,  Pittsburg,  Pa.  Pamphlet  de- 
scriptive of  "Nonpareil"  corkboard  insulation  for 
cold  storage  warehouses,  ice  plants,  creameries, 
packinir  plants,  fur  vaults,  refrigerators,  etc. 
Pamphlet  entitled  "Fifteen  Years  on  Brine  Lines," 
Illustrating  the  condition  of  "NonpareH"  cork  cover- 
ing after  fifteen  years  of  service  on  a  lV4-inch  brine 
line,  wliich  shows  graphically  the  adaptability  of 
cork  covering  for  this  work.  Copies  of  these 
paiuplilets  will  be  sent  free  upon  request. 

Midvale  Steel  Co.,  Philadelphia,  Pa.  Catalogue  33 
of  alloy  and  tool  steel,  containing  information  on 
the  properties,  treatment,  etc.  A  table  is  included 
which  gives  the  temperatures  to  which  steel  should 
be  heated  to  temper  it  for  different  kinds  of  service. 
A  list  of  the  brands  of  Midvale  carbon  tool  steels 
■Dd  liigli-speed  steels,  and  the  uses  for  which  they 
•re  suited,  is  also  given.  Sections  are  devoted  to 
■tellite,  alloy  steels,  steels  for  hot  working,  etc. 
Bection-  5  contains  many  useful  tables  and  gives 
critical  temperature  and  physical  property  curves 
of  Midvale  steels. 

Hydraulic  Press  Mfg.  Co.,  84  Lincoln  Ave.,  Mount 
Gilead.  Ohio.  Catalogue  70,  entitled  "Hydraulic 
Presses  and  Pumps."  This  catalogue  contains  84 
pages.  8  by  10  inches,  describing  and  illustrating 
the  line  of  hydraulic  machinery  built  by  the  com- 
pany. The  types  of  machinery  especially  intended 
for  export  and  use  in  foreign  countries  are  de- 
scribed. The  catalogue  gives  considerable  general 
data,  and  in  addition  illustrates  metal-working 
presses,  veneer  presses,  baling  presses,  abrasive 
Wheel  presses,  leather  presses,  butchers'  and  pack- 
ers' presses,  oil  presses,  cider,  wine  and  grape- 
Juice  presses,  hot  plate  presses,  hydraulic  valves 
■nd   hydraulic   pumps. 

Pennsylvania  Railroad,  Philadelphia,  Pa.  Booklet 
entitled  "Pennsylvania  Itailroad  System — Historical 
■  nd  Descriptive,  with  Annotated  Map."  This  book- 
let has  lieen  issued  to  preserve  in  permanent  form 
the  most  interesting  and  picturesque  incidents  con- 
nected with  the  settlement  and  subsequent  develop- 
ment of  the  region  traversed  by  the  Pennsylvania 
Railroad  system.  Another  purpose  is  to  set  forth 
the  present  character  of  the  various  portions  of  the 
territory  with  reference  to  industry,  mining,  agricul- 
ture and  commerce.  A  brief  description  is  given  of 
•II  tlie  cities  and  of  the  more  4mportant  towns, 
witli  the  business  advantages  of  each.  The  book  is 
profu.sely  illustrated,  and  is  accompanied  by  a  large 
folding  map. 

Wilson  Welder  &  Metals  Co.,  Inc.,  New  York  City. 
Catalogue  1,  treating  of  electric  welding.  The  book 
describes  the  Wilson  system  of  welding,  its  develop- 
ment, scope  and  points  ot  superiority.  Details  are 
flveu  of  the  specially  prepared  metal  electrodes 
Which  are  not  adversely  affected  by  the  heat  of  the 
■re.  The  equipment  is  sliowu  by  numerous  half- 
tone and  line  engravings,  and  speciflcations  for  the 
motor-generator  sets,  etc.,  are  given.  The  book 
concludes  with  results  obtained  from  the  use  of 
the  Wilson  system,  showing  some  interesting  Jobs 
of  welding;  physical  tests  of  electrically  welded 
Joints;  and  tables  of  weights  and  measures,  wiring 
table,  specific  gravity  and  fusing  point  of  metals, 
high  temperatures  Judged  by  colors  and  various 
temperatures  of   furnaces. 


from  138  Mott  St.,  New  York  City,  to  more  apadous 
quarters  at    in  Mills  St.,   Astoria,   L.   1. 

Rockford  Maohino  Tool  Co,,  Rockford,  III.,  manu- 
facturer of  sliapers,  planers,  drilling  machines  and 
vertical  iiiillluK  machines,  has  coinpleti'd  a  large 
addition  to  its  plant.  Including  a  new  olUce  building. 

Burdott  Oxygon  Co.,  MOl  Jackson  Blvd.,  Chicago, 
HI.,  has  recently  comiileleil  the  erection  of  a  new 
plant  at  .lOlh  St.  and  Allegheny  Valley  Railroad. 
Pittsburg,  Pa.,  and  Is  now  in  a  position  to  furnish 
oxygen   to  users  in  the  Pittsburg  territory. 

Ott  Grindor  Co.,  32  N.  Clinton  St.,  Indianapolis, 
Ind.,  has  been  Incorporated  with  a  capital  of  $.')0.000, 
and  is  now  equljiplng  a  plant  for  the  manufacture 
of  its  No.  2  universal  grinding  machine  for  the 
present,    and    for   smaller   and   larger   sizes   later   on. 

H.  E.  Harris  Engineering  Co.,  Bridgeport,  ("onn., 
is  planning  extensive  additions  to  its  plant,  with  the 
purpose  of  tripling  the  present  capacity.  The  com- 
pany has  taken  a  five-year  lease  of  the  property  at 
1041-10,')5  Broad  St.  and  110-118  John  St.,  Bridge- 
port, Conn.,  where  the  offices  and  factory  are  now 
located. 

T.  A.  Willson  &  Co.,  Inc.,  3rd  and  Washington 
Sts.,  Heading,  Pa.,  has  leased  a  prominent  spot  at 
tlie  National  Advertisers  Permanent  Kxposition  on 
Garden  Pier,  .\tlantie  City,  N.  J.,  for  the  educa- 
tioijal  purpose  of  instructing  the  general  public  in 
the  various  uses  of  Willson  goggles  and  safety 
glasses.  A  demonstrator  will  be  constantly  In 
charge. 

Mansfield  Lock  Washer  Co.,  Mansfield,  Ohio,  was 
recently  organized  for  the  manufacture  of  lock 
washers.  The  officers  are  W.  H.  Davey,  president; 
Charles  F.  Ackerman,  vice-president;  A.  E.  Witter, 
secretary  and  treasurer;  and  F.  B.  Kessel,  general 
superintendent.  Mr.  Kessel  is  the  inventor  of  the 
machines  that  will  be  used  in  the  production  of  the 
lock   washers. 

Link-Belt  Co.,  Cliicago,  111.,  has  made  extensive 
additions  to  its  Belmont  works  to  keep  pace  with 
the  demand  for  Link  belts  for  conveying,  elevating 
and  power  transmission  purposes.  The  tifth  furnace 
of  tlie  Belmont  plant  of  the  company  at  Indianapolis 
was  blown  in  the  middle  of  December,  adding  ma- 
terially to  the  capacity  of  the  plant  for  producing 
malleable  link-belts. 

Black  &  Decker  Mfg.  Co.,  Calvert  and  Lombard 
Sts.,  Baltimore,  Md.,  has  purchased  a  ten-acre  tract 
on  the  outskirts  of  Baltimore  with  railway  facilities, 
on  which  a  factory  will  be  erected  for  the  manu- 
facture of  the  "Lectroflater"  (an  electrically-driven 
air  pump  for  garages)  and  tlie  B  &  D  electric  drill. 
The  business  of  the  company  in  these  lines  is  grow- 
ing so  rapidly  that  a  new  plant  is  necessary  to 
take  care  of  it. 

Hodge  Engineering  &  Contracting  Co.,  Inc.,  Equit- 
able Bldg..  New  York  City,  have  been  organized  to 
act  as  expert  advisers  in  connection  with  the  manu- 
facture of  small  arms  ammunition  and  primers  of 
all  types.  Theodore  DeW.  Moore,  recently  associ- 
ated with  the  company,  brings  to  it  knowledge  of 
the  fire-arms  and  ammunition  business  gained  by 
some  thirty  years'  experience  in  its  commercial 
and    manufacturing   branches. 

Western  Tool  &  Mfg.  Co.,  Springfield,  Ohio,  manu- 
facturer of  "Champion"  tool-holders,  vises,  shop 
furniture,  hacksaws  and  foundry  equipment,  has 
made  two  large  additions  to  its  plant  to  take  care 
of  its  rapidly  increasing  business.  One  of  the  addi- 
tions is  to  enlarge  the  shop  furniture  department, 
which  has  grown  very  rapidly.  The  company  has 
recently  purchased  the  patents  for  the  Victor  uni- 
versal   vise,    and   is   now    ready   to   fill   orders. 

American  International  Corporation,  120  Broadway. 
New  York  City.  Preliminary  report  of  the  president 
to  the  stockholders.  The  American  International 
Corporation  in  February,  1916,  acquired  the  entire 
capital  stock  of  the  Allied  Machinery  Co.  of  Amer- 
ica, which  conducts  an  export  business  in  machine 
tools.  It  also  has  extensive  business  in  other  lines 
in  foreign  countries,  including  contracting,  trading, 
rosin    and     turpentine    manufacture,     shipping,     etc. 

W.  H.  Nicholson  &  Co..  112  Oregon  St.,  Wilkes- 
barre,  Pa.,  have  completed  the  new  addition  to 
tlieir  iilant  which  has  been  under  construction  ful- 
some time.  The  new  machinery  required  is  bein'^ 
installed.  The  addition,  which  will  increase  tlie 
floor  space  about  100  per  cent,  was  needed  to  meet 
the  increasing  demand  for  the  Nicholson. expanding 
mandrels,  compression  shaft  couplings,  "Wyoming" 
steam  specialties,  as  well  as  gage,  jig  and  fix- 
ture work. 


TRADE  NOTES 


Universal  Machine  Works,  makers  of  toolpost  tur- 
rets, have  moved  from  211  W.  59th  St..  New  York 
City,   to  020  Driggs  Ave.,    Brooklyn,   N.   Y. 

Himoff  Machine  Co.,  manufacturer  of  lathes,  screw 
machines    and    gear    hobbing    machines,    has    moved 


Stocker-Rumely-Wachs  Co.  is  the  successor  to  the 
H.  A.  Stocker  Machinery  Co.  and  the  Ruraely-Wachs 
Machinery  Co.,  and  will  be  located  at  117-121  N. 
Jcffer.son  St..  Chicago,  111.  The  officers  are  11.  A. 
Stocker.  president;  W.  N.  Rumely,  vice-president; 
II.  J.  Reeve,  treasurer;  0.  A.  Wachs,  assistant 
treasurer;  and  Edward  H.  Wachs,  Jr.,  secretary. 
Tlie  capital  stock  of  the  new  organization  will  be 
.'i!22."). 0(1(1.  Tiie  selling  force  ot  both  concerns  will 
be    retained. 

Grand  Rapids  Grinding  Machine  Co.,  Grand  Rap- 
ills,  Mic-h.,  is  a  new  concern  recently  incorporated 
to  manufacture  a  line  of  grinding  machinery.  The 
president  and  treasurer  is  S.  Owen  Livingston,  for- 
merly secretary  and  general  manager  of  the  Wil- 
luarth  &  Morman  Co.  of  Grand  Rapids,  and  the 
\  ice-president  and  superintendent  is  J.  DeKoning. 
formerly  superintendent  of  the  Wilmarth  &  Morman 
I'o.'s  shop.  The  secretary  is  Charles  F.  Hext,  who 
will  not  at  present  actively  participate  in  the  busi- 
ucss  management. 

Cosmic  Chemical  Co.,  Ltd,,  has  recently  opened 
offices  at  74  Cortlandt  St.,  New  York  City.  This 
firm  manufactures  cutting  oils,  drawing  compounds, 
greases  and  automobile  soaps.  It  has  developed, 
after  years  of  experimenting,  an  artificial  lard  oil 
which  is  claimed  to  be  equal   to  animal  lard  oil.     A 


refinery  couHlsting  of  all  large  building*  liaa  re- 
cently been  completed  ut  Trenton,  N.  J.,  to  meet 
the  IncreaHlng  deuiaud  for  the  company'!  product. 
The  company  Ig  u  cloae  corporation  and  Is  fully 
eiiulpped  to  meet  any  demands.  Marvin  F.  Wood  I* 
tlie  sales  manager. 

Westingbouse  Electric  &  Mfg.  Co.,  East  Pltta- 
burg,  Pa.,  aniiouncea  on  extension  of  Its  present 
bonus  system  to  Include  salaried  and  olUce  employe* 
on  hourly  rates,  by  which  they  will  receive  a  iHinu* 
of  8  iier  cent  of  their  salary  each  month,  providlnf 
their  total  excusable  time  absent  and  late  during 
the  month  does  not  exceed  alx  hours  Incurred  on 
not  over  three  occasions.  An  additional  4  jier  cent 
will  be  given  each  month  to  the  employe  who  ha* 
not  lost  any  time  from  work  during  the  month 
llirough  absence  or  tardiness,  thus  enabling  tbos* 
alTccted  to  obtain  an  increase  in  earnings  of  12  per 
cent  for  100  per  cent  attendance.  .Several  thousand 
employes  in  the  Pittsburg  district  will  be  benefited 
by   the  granting  of  the  bonus. 

Landis  Tool  Co.,  Waynesboro,  Pa.,  has  erected  ■ 
new  factory  for  the  manufacture  of  its  floor-type 
boring,  milling,  drilling  and  tapping  machine.  The 
building  is  of  brick,  concrete  and  steel,  and  of 
fireproof  construction  throughout.  It  Is  105  feet 
wide,  170  feet  long,  and  has  a  concrete  floor,  con- 
crete tile  roof,  steel  sash  and  steel  partition* 
throughout.  The  building  is  divided  into  tliree  sec- 
tions. The  main  bay  la  00  feet  wide,  130  feet  long, 
and  is  spanned  by  a  ten-ton  electrically  operated 
crane.  Parallel  to  the  main  bay  is  the  machine 
shop,  which  is  45  feet  wide,  176  feet  long,  and  of  saw- 
tooth roof  construction.  The  northwest  section  of 
tlie  building  is  two  stories  high,  the  office  and 
drawing-room  being  located  on  the  top  Door,  and 
the    wash-room    and    locker-room    on    tlie    first    floor. 

Thomson  Spot  Welder  Co.,  Cincinnati,  Ohio, 
wliic-h  has  been  recently  formed  under  the  Massa- 
chusetts laws,  has  acquired  all  the  patents  for  the 
process  of  spot-welding  and  spot-welding  machines 
formerly  held  by  the  Thomson  Electric  Welding 
Co.  and  the  Universal  Electric  Welding  Co.  It  has 
also  acquired  all  the  physical  assets  and  all  the 
spot-welding  patents,  etc.,  of  the  Toledo  Electric 
Welder  Co.,  Cincinnati.  Ohio,  which  is  being  liqui- 
dated after  having  been  forced  Into  litigation  to 
admit  the  validity  of  the  Harmatta  patent.  The 
butt-welding  machine  business  formerly  conducted 
by  this  company  has  been  taken  over  by  the  Thom- 
son Electric  Welding  Co.,  Lynn,  Mass.,  who  will 
manufacture  these  machines  in  the  future  and  l0(* 
after  the  needs  of  the  Toledo  Electric  Welder  Co.'* 
customers. 

United  Hammer  Co.,  141  Milk  St..  Boston,  Masa., 
has  issued  an  announcement  in  regard  to  the  Fair- 
banks hammers.  These  have  been  manufactured 
since  1890;  first,  by  the  Dupont  Mfg.  Co.  of  St. 
Johnsbury,  Vt.,  who  marketed  them  under  the  name 
"Dupont"  hammers.  In  1902  the  business  was 
taken  over  by  E.  &  T.  Fairbanks  &  Co.,  St.  Johns- 
bury,  who  have  been  manufacturing  them  since, 
giving  the  machines  the  name  "Fairbanks"  ham- 
mers, which  title  will  be  continued  by  the  United 
Hammer  Co.  During  the  time  the  hammers  were 
manufactured  by  E.  &  T.  Fairbanks  &  Co.  they 
were  sold  by  their  selling  agent — the  Fairbanks  Co. 
of  New  York  City,  and  branches  in  the  East;  by 
Fairbanks,  Morse  &  Co.,  Chicago,  and  branches  in 
the  West;  and  by  the  Canadian  Fairbanks  Co.  In 
Montreal,  and  by  its  branches  in  Canada.  They 
were  also  sold  in  Europe  by  branches  of  the  Fair- 
banks Co.     About  1400  installations  have  been  made. 

Precision  Die  Casting  Co.,  Inc.,  Syracuse,  N.  Y., 
was  recently  organized  to  take  over  the  business 
of  the  Van  Wagner  Die  Casting  Corporation  and 
the  Precision  Die  Casting  Co.,  the  two  concern* 
being  merged  and  capitalized  at  $315,000.  The  offi- 
cers are  T.  G.  Meachem,  president;  J.  W.  Knapp, 
vice-president  and  general  manager;  H.  S.  Tenney, 
treasurer;  and  E.  J.  Quintal,  secretary.  T.  G. 
Meachem,  the  president,  is  widely  known  as  the 
active  head  of  the  New  Process  Gear  Corporation  of 
Syracuse.  This  company  continued  making  geara 
in  a  small  way  for  years  until  Mr.  Meachem  took 
liold  of  the  business,  and  its  present  size  and 
standing  is  a  monument  to  his  energy  and  business 
aliility.  No  changes  will  be  made  in  the  personnel 
of  the  Precision  Die  Casting  Co.'s  plant  or  organiza- 
tion, but  such  alterations  and  extensions  will  be 
made  as  are  necessary  to  secure  improved  quality 
and  better  service  in  the  production  of  dfe-casting*. 

Doehler  Die-Casting  Co.,  Court  and  Ninth  Sts., 
Brooklyn,  N.  Y.,  realizing  the  increasing  cost  of  liv- 
ing, has  announced  that  a  wage  dividend  will  b« 
paid  to  its  employes  beginning  January  1,  1917, 
Tills  dividend  will  amount  to  10  per  cent  per  annum 
to  all  employes,  based  on  the  wages  actually  re- 
ceived, including  piece-work  and  overtime.  Th* 
wage  dividend  vnW  be  declared  quarterly,  the  same 
as  the  stock  dividend.  It  will  be  subject  to  th* 
following  conditions:  (1)  An  employe  must  be  In 
the  employ  of  the  Doehler  Die-Casting  Co.  without 
interruption  for  a  full  year  before  he  can  participate 
in  the  wage  dividend;  his  dividend  will  be  calcu- 
lated from  the  date  of  completing  the  first  year'* 
employment  to  the  date  of  declaration  of  the  divi- 
dend. (2)  The  dividend  will  be  paid  in  full  to  all 
employes  who  have  been  in  the  employ  of  the  com- 
pany for  a  full  period  of  three  years  or  more. 
(3)  Two-thirds  of  the  dividend  will  be  paid  to  all 
employes  who  have  been  in  the  employ  of  tlie  com- 
pany for  a  full  period  of  tv\'o  years  and  less  than 
three  years.  (4)  One-third  of  the  dividend  will  b* 
paid  to  all  employes  who  have  been  in  tlie  employ 
of  the  company  for  a  full  period  of  one  year  and 
less  than  two.  It  is  further  announced  that  begin- 
ning January  1,  1917,  all  employes  wlio  have  been 
working  on  the  basis  of  fifty  hours  per  week  will 
be  put  on  a  basis  of  forty-eight  hours  per  week  at 
tlie  same  pay.  The  company  emiiloys  1200  men  and 
has  a  weekly  pay-roll  of  approximately  $23,000. 
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HE  modern  devel- 
opment of  the 
manufact  u  r  i  n  g 
industries  has 
firmly  estab- 
lished the  prin- 
ciples of  specialization.  Specialized  methods  have  made  feasi- 
ble the  employment  of  a  larger  proportion  of  unskilled  and 
semi-skilled  men  in  the  industries  than  was  possible  in  the 
earlier  days,  and  less  attention  has  been  paid  to  the  question 
of  renevkfing  the  supply  of  skilled  workers  by  training  appren- 
tices. As  a  consequence,  the  scarcity  of  skilled  labor  has  be- 
come apparent  during  the  last  decade,  and  during  the  past  few 
years  manufacturers  have  been  forced  to  consider  the  prob- 
lem of  reviving  apprenticeship  systems  along  lines  which  will 
meet  the  new  industrial  conditions.  In  re-establishing  appren- 
ticeship systems,  however,  many  difficulties  have  had  to  be 
overcome.  The  conditions  in  modern  manufacturing  plants 
make  it  out  of  the  question  for  the  foremen  to  give  the  same 
attention  to  the  apprentices  that  was  common  a  generation  or 
more  ago.  The  changed  conditions  have  also  made  it  rueces- 
sary  that  the  apprentice  of  today  should  be  trained  along 
broader  lines  than  in  the  past — he  must  be  taught  some  of 
the  principles  on  which  his  work  depends,  as  well  as  the 
mechanical  operations,  and  he  must  be  made  to  understand 
not  only  the  methods,  but  the  reasons  for  the  methods,  so 
that  he  can  adapt  himself  to  new  processes  when  required. 
As  a  consequence,  some  of  the  larger  companies  in  the 
machine-building  field  have  established  a  more  modern  type  of 
apprenticeship  system  in  their  plants.  The  apprentice  schools 
of   the   General   Electric   Co.   at   Lynn   and    Schenectady,   the 


The  need  of  apprenticeships  in  American  manufacturing  plants 
is  reflected  in  the  great  scarcity  of  trained  machinists.  IVIachine 
operators  and  specialists  have  their  places,  but  men  of  general 
experience  are  also  required.  This  article  describes  the  apprentice- 
ship system  of  the  Pratt  &  Whitney  Co.  which  was  organized  under 
the  direction  of  B.  M.  W.  Hanson  for  the  express  purpose  of  train- 
ing men  to  be  machinists.  The  company  will  depend  upon  these 
trained    men   for  the   future   leaders   in    its  factory. 


Tor  other  articles  on  apprenticeship  systems  previously  published  iu 
Maouineiit,  see  "Training  the  Apprentice,"  May,  1916;  "More  Light  on  the 
Se'ection  of  a  Trade."  May.  1916;  "Training  of  Shop  Teachers  for  Industrial 
Schools,"  September,  191,5;  "The  Advantages  of  Manual  Training  High 
Schools,"  March,  1914;  "A  Modern  Apprenticeship  System,"  June,  1913;  "De- 
velopment of  SkiUed  Meihanics,"  June,  1913;  "Features  of  Apprenticeship 
System  at  the  G.  E.  Co.'s  Lynn  Works,"  April.  1912;  "Training  of  Ma- 
chinists in  the  Trade  School."  July.   1911,  and  other  articles  there  referred  to. 


New  York  Central  Railway 
Co.,  the  American  Locomotive 
Works,  and  the  Solway  Pro- 
cess Co.  may  be  mentioned  as 
examples.  Some  of  these  ap- 
prentice schools,  however, 
have  been  developed  specifically  for  training  young  men  for  a 
special  branch  of  the  industry,  and  it  has  been  left  largely  to 
the  machine-tool  builders  to  develop  apprenticeship  systems  for 
training  all-around  mechanics  who  can  take  their  place  any- 
where in  the  machine-building  field.  The  machine-tool  build- 
ers, in  fact,  have  in  the  past  been  the  leaders  in  training 
skilled  mechanics,  and  among  the  plants  which  have  turned 
out  some  of  the  best  mechanics  of  the  country,  that  of  the  Pratt 
&  Whitney  Co.,  of  Hartford,  Conn.,  occupies  a  prominent  place. 
This  company  has  maintained  apprenticeship  systems  con- 
tinually since  its  inception  in  the  middle  of  the  past  century;' 
and  during  the  past  few  years  this  system  has  been  developed 
along  the  modern  lines  made  necessary  by  the  changed  condi- 
tions in  mechanical  practice  and  methods  of  management. 

Trade  Schools  and  Apprenticeship  Systems 

When  it  became  apparent  that  steps  had  to  be  taken  to  train 
skilled  mechanics  ^or  the  machine-building  trades,  trade  schools 
were  thought  by  many  to  present  the  solution  of  the  problem. 
Some  very  good  trade  schools  are  maintained  both  by  munici- 
palities and  by  private  enterprise,  and  these  contribute  a  part 
of  the  training  required.  So-called  half-time  schools,  which 
are  maintained  by  the  communities  in  which  they  are  located 
in  cooperation  with  manufacturing  plants  have  also  been  tried 
with  good  results.  In  these,  two  groups  of  apprentices  spend 
alternately  one  week  in  school  and  the  next  week  in  produc- 
tive work  in  machine  shops.  This  makes  it  possible  for  small 
shops  to  give  their  apprentices  an  opportunity  for  training. 
The  expense  of  the  teaching  is,  as  a  rule,  borne  by  the  public 
school  system.     Schools  are  also  maintained  by  the  coopera- 
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lion  uL°  a  number  of  em- 
ployers whose  appren- 
tices attend  classes  dur- 
ing a  limited  number  of 
hours  each  week.  Eve- 
ning schools  are  also 
maintained  on  a  larger 
scale  than  ever,  and  tend 
to  facilitate  the  educa- 
tion of  apprentices.  How- 
ever, no  one  of  these 
methods  has  proved  to 
be  as  effective  for  the 
training  of  all-around  ma- 
chinists as  the  regular 
shop  apprenticeship  sys- 
tem. The  real  burden  of 
training  mechanics  rests 
upon  the  industries  them- 
selves, to  whom  the  sup- 
ply of  skilled  mechanics 
is  a  necessity,  and  those 
companies  that  have  rec- 
ognized this  and  have 
taken    steps    to    develop 

modern  apprenticeship  systems  are  making  a  real  contribution 
to  the  solution  of  the  all-important  problem  of  maintaining  a 
supply  of  skilled  mechanics.  The  present  article  will  review 
the  Pratt  &  Whitney  Co.'s  apprenticeship  system  as  studied 
by  a  member  of  MAtHiNERY's  editorial  staff. 

Pratt  &  Whitney  Co.'s  Apprenticeship  System 

The  apprenticeship  system  of  the  Pratt  &  Whitney  Co.  has 
been  developed  under  the  direction  of  B.  M.  W.  Hanson,  vice- 
president  and  general  manager  of  the  company.  In  the  de- 
velopment of  this  system,  Mr.  Hanson  laid  down  five  cardinal 
conditions  that  are  essential  to  the  establishment  of  a  success- 
ful undertaking  of  this  kind,  as  follows: 

1.  The  object  of  the  apprenticeship  system  should  be  to 
produce  machinists. 

2.  The  working  conditions  in  the  factory  must  be  such  that 
the  interests  of  the  workmen  and  the  factory  are  as  nearly  as 
possible  interwoven. 

3.  Every  machinist  in  the  employ  of  the  company  must  be 
intelligent. 

4.  The  company  will  depend  upon  its  apprenticeship  sys- 
tem for  the  future  leaders  in  its  factory. 


Fig.   1.     A  Lesson  in  Shop  Practice  in  the  Class-room 


5.  Mechanical  skill  is 
not  the  only  requirement 
a  good  mechanic  should 
have;  a  great  deal  of  at- 
tention must  be  paid  to 
his  moral  and  physical 
characteristics  as  well. 

Great  stress  Is  laid 
upon  the  fact  that  the 
apprentice  should  realize 
that  the  calling  of  the 
machinist  is  an  honorable 
and  respectable  one,  and 
that  all  the  men  in  the 
company's  factory  con- 
nected with  mechanical 
work,  from  the  vice-presi- 
dent and  general  man- 
ager down,  are  all  pri- 
marily machinists.  In  re- 
ferring to  this  point,  in 
a  recent  interview,  Mr. 
Hanson  said:  "I  believe 
it  is  up  to  the  manage- 
ment of  machine  shops 
to  make  the  machinist's 
trade  an  honorable  one,  and  I  do  not  see  any  reason  why  the 
professional  mechanic  should  not  have  as  good  a  standing 
as  the  professional  doctor  or  lawyer.  If  a  doctor  or  a 
lawyer  gives  advice  to  his  patients  or  his  clients,  and  the 
latter  do  not  obtain  the  result  expected  from  the  advice, 
they  have  to  pay  for  it  just  the  same;  but  whatever 
goods  the  mechanic  delivers  must  be  right,  or  he  cannot  get 
his  pay.  If  a  machine  establishment  ships  a  machine  that 
does  not  do  the  work  for  which  it  is  intended,  it  has  to  re- 
fund the  money"  and  take  back  the  machine.  Hence,  the 
mechanical  man  is  expected  to  do  whatever  he  does  right, 
and,  considering  the  fact  that  more  is  expected  of  him  than 
of  many  other  members  of  the  community,  why  should  his 
work  not  also  be  considered  as  important  and  as  honorable?" 
In  building  up  its  modern  apprenticeship  system,  the  Pratt  & 
Whitney  Co.  has  therefore  entered  upon  its  task  with  a  some- 
what different  spirit  from  that  existing  in  the  past.  The  fact 
has  been  recognized  that  it  is  as  important  to  select  the  proper 
material  for  future  mechanics  as  it  is  to  test  and  select  the 
material  from  which  machinery  is  built.  In  a  great  many 
shops,  a  high-class  purchasing  agent  is  employed  for  buying 
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the  materials  used  in  produc- 
tion, but  almost  anyone  is 
supposed  to  be  capable  of 
hiring  men  and  taking  in 
boys  for  training.  This  prin- 
ciple is  now  recognized  as 
wrong,  and  great  care  is 
taken  in  selecting  the  proper 
material  for  training  future 
mechanics. 

Supervision  of  the  Apprentice- 
ship System 
In  the  old-time  apprentice- 
ship system,  the  boys  were 
under  the  direct  supervision 
of  the  foreman  in  whose  de- 
partment they  were  employed 
and  were  dependent  upon  him  for  all  the  instruction  they 
received.  Some  foremen  were  good  instructors  and  had  the 
ability  to  train  good  mechanics;  others  were  poor  instructors, 
and  the  results  were  discouraging.  Under  modern  shop  con- 
ditions, the  foremen,  whether  they  are  good  or  poor  in- 
structors, have  so  many  other  duties  relating  to  the  pro- 
ductive efficiency  of  the  shop  that  it  would  be  impossible  to 
e.xpect  them  to  instruct  or  supervise  the  apprentices  to  any 
extent.  All  that  the  foreman  can  be  expected  to  do  is  to  give 
the  apprentice  his  work,  briefly  outline  to  him  the  method  of 
procedure,  and  see  that  his  productive  capacity  and  habits 
meet  the  requirements.  In  a  large  shop,  also,  there  are  so 
many  departments,  and  the  boys  must  be  distributed  under 
so  many  different  foremen,  that  if  the  training  were  done 
entirely  by  the  foremen  there  would  be  a  great  difference  in 
the  mechanical  education  of  the  boys  trained  in  the  same  shop. 
Hence,  all  the  apprentices  at  the  Pratt  &  Whitney  Co. — at  the 
present  time  135  in  number — are  directly  in  the  charge  of  a 
supervisor  of  apprentices,  H.  F.  Penney,  who  is  responsible  for 
the  operation  of  the  apprenticeship  system  just  as  the  head  of 
any  manufacturing  department  is  responsible  for  the  results 
of  production.  The  supervisor  selects  the  boys,  distributes 
them  to  the  various  foremen  throughout  the  plant,  changes 
them  from  time  to  time  from  one  department  to  another,  di- 
rects their  class  instruction,  and,  in  general,  acts  as  their  coun- 
sellor and  friend.  A 
special  room  is  set 
aside  and  equipped 
for  the  use  of  the 
boys,  and  this  serves 
both  as  a  class-room 
and  as  a  lunch  and 
reading  room,  and 
here  the  supervisor 
also  has  his  head- 
quarters. The  boys 
come  in  classes  or! 
about  twenty  at  a 
time  for  certain  pe- 
riods each  week  dur- 
ing working  hours  to 
receive  instruction 
and  training  supple- 
mentary to  that  ob- 
tained in  the  regular 
productive  work  of 
the  shop.  An  effort 
is  made  during  these 
class  hours  to  give 
the  boys  a  general 
understanding  of  the 
fundamental  princi- 
ples that  underlie  all 
mechanical  indus- 
tries, and  to  make 
them  appreciate  their 
own  branch  of  work, 
as  well  as  to  give 
them    technical    and 
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specialised  trade  instruction. 
The  details  of  the  courses  of 
study  are  given  in  a  subse- 
sequent  part  of  this  article. 
The  class-room,  as  mentioned, 
also  serves  as  a  social  center 
for  the  boys  where  they  can 
gather  to  eat  their  lunch  and 
to  read  and  play  games  every 
noon.  The  supervisor  makes 
it  a  point  to  be  present  at  this 
hour;  he  eats  his  lunch  with 
the  boys,  and  finds  in"  this 
way  an  excellent  opportunity 
for  gaining  their  confidence 
and  friendship.  This  is  one 
of    the     important     features. 

Qualifications  for  Admission  to  Apprenticeship  Course 
Any  boy  over  sixteen,  normally  developed,  who  has  success- 
fully finished  the  regular  grammar  school  course,  is  eligible 
to  enter  the  apprenticeship  course.  Sufficient  physical  ma- 
turity is  required,  and  if  a  regular  grammar  school  education 
is  lacking,  the  boy  will  not  be  accepted  unless  he  can  show 
evidence  of  some  other  qualifications  that  are  especially  de- 
sirable. An  effort  is  made  to  obtain  boys  who  have  had  some 
high-school  education,  and  allowance  is  made  in  the  length 
of  the  apprenticeship  course  of  those  who  have  completed  a 
full  high-school  course  and  who  can  give  a  testimonial  as  to 
scholarship.  This  allowance  varies  from  six  months  to  one 
year,  depending  upon  the  nature  of  the  course  pursued  while 
in  school.  The  regular  apprenticeship  course  is  four  years, 
but  young  men  of  twenty-one  are  given  a  three-year  appren- 
ticeship, as  their  age  usually  makes  it  possible  for  them  to 
acquire  an  equivalent  training  in  that  time;  they  are,  as  a 
rule,  more  advanced  both  as  regards  intelligence  and  applica- 
tion to  their  work.  In  spite  of  the  high  requirements  for  ad- 
mission, the  company  has  had  no  difficulty  in  maintaining  the 
number  of  apprentices  in  their  works  between  130  and  140, 
which  is  considered  a  normal  quota  at  the  present  time,  but 
this  is  being  gradually  increased.  There  is  also  a  constant 
waiting  list  of  apprentices.     It  is  of  interest  to  note  that  the 
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I  When  a  boy  ap- 
plies for  an  appren- 
ticeship, he  is  asked 
to  fill  out  an  appli- 
cation blank,  giving, 
among  other  things, 
the  name  of  his 
parent  or  guardian, 
his  parent's  or  guard- 
ian's occupation,  his 
own  age,  height, 
weight  and  national- 
ity, together  with  the 
nationality  of  his 
parents.  The  form 
also  includes  ques- 
tions as  to  whether 
he    uses    tobacco   or 
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Fig.  5.     Boys  in  their  Third  and  Fourth  Year  working  in  Tool-room 


intoxicating  liquors,  and  as  to  whether  he  is  naturally  of 
robust  health.  Questions  relating  to  education  have  then  to 
be  answered,  and  the  reason  given  for  seeking  an  apprentice- 
ship, and  also  for  selecting  the  Pratt  &  Whitney  Co.  as  a 
place  where  to  serve  the  apprenticeship.  If  the  boy  has  had 
any  previous  business  or  mechanical  experience,  this  is  also 
noted  on  the  application  blank.  When  a  boy  inquires  at  the 
employment  office  concerning  an  apprenticeship,  he  is  asked 
to  fill  out  the  application  blank,  and  if  he  appears  to  be  espe- 
cially desirable,  he  is  interviewed  by  the  supervisor  of  appren- 
tices on  his  first  visit.  If  not,  his  application  is  filed  and  he 
is  told  to  call  again  at  some  later  date.  Asking  for  a  second 
visit  has  proved  an  effective  method  of  eliminating  those 
boys  who  are  not  in  earnest.  When  the  boy  finally  has  been 
accepted,  he  is  assigned  to  a  manufacturing  department 
where  he  is  required  to  serve  a  trial  period  of  three  months. 

The  Trial  Period 

At  the  end  of  each  month  of  the  trial  period,  the  foreman 
of  the  department  to  which  the  boy  is  assigned  submits  a  writ- 
ten report  of  the  boy's  progress  and  general  behavior.  These 
reports  are  made  on  the  special  blanks  shown  in  Fig.  3.  Thus 
the  supervisor  is  kept  constantly  informed  as  to  the  boy's  abil- 
ity and  progress.  The  report  contains  information  on  the  fol- 
lowing subjects:  interest,  application,  aptitude,  reliability,  con- 
fidence, conduct,  accuracy,  speed,  knowledge  of  work,  initia- 
tive and  attendance,  with  a  line  for  any  special  remarks.  If 
the  reports  submitted  during  the  trial  period  are  satisfactory, 
the  apprenticeship  agreement  between  the  company  and  the 
boy  is  signed.  If  the  reports  are  not  satisfactory  and  it  seems 
evident  that  the  boy  is  not  fitted  for  the  trade,  he  is  frankly 
advised  to  seek  some  other  line  of  work.  After  the  trial  period, 
similar  reports  are  made  at  about  six  months'  intervals,  by 
the  foremen  in  the  departments  where  the  boy  works.  Should 
the  boy  remain  less  than  six  months  in  any  one  department,  a 


Apprentices  in  their  Third  and  Fourth  Year  engaged  in  Toolmaking 


report  is,  of  course,  submitted  by  this  department  for  the 
period  of  time  that  he  has  worked  there.  These  reports  are 
all  copied  onto  the  record  sheet  shown  in  Fig.  4,  where  the 
shop  records  as  well  as  the  class-room  records  of  the  boy, 
covering  his  whole  apprenticeship  period,  are  entered.  On  the 
back  of  this  record  the  statements  given  in  the  application 
blank  are  entered,  so  that  this  card  constitutes  a  complete 
record  for  each  boy. 

Shop  Training- 

The  shop  training  of  the  apprentices  is  obtained  in  the  regu- 
lar manufacturing  departments  of  the  company's  plant.  To 
insure  an  all-around  experience,  the  boys  are  changed  from 
one  department  to  another  as  often  as  their  progress  warrants. 
The  minimum  stay  in  one  department  is  usually  six  months, 
and  as  the  boy  advances  in  his  apprenticeship,  his  stay  in  each 
department  is  usually  lengthened,  as  he  is  then  better  able  to 
profit  by  a  thorough  training  in  any  one  specific  line.  The 
following  outline  indicates  the  way  in  which  an  apprentice- 
ship may  be  distributed  throughout  the  plant:  six  months, 
cast  iron  turning  department;  six  months,  milling  department; 
six  months,  steel  turning  department;  six  months,  assembling 
department;  six  months,  grinding  department;  nine  months, 
planing  department;  nine  months,  tool-room.  Owing  to  a 
number  of  variable  conditions  and  also  to  the  variation  in  the 
ability  of  the  apprentices,  no  definite  schedule  is  laid  out,  but 
the  one  given  represents  an  average  case. 

In  the  shop  the  boys  are  directly  responsible  to  the  fore- 
man of  the  department,  who  usually  assigns  them  to  a  sub- 
foreman  or  gang  boss,  who,  in  turn,  selects  their  work  and 
gives  them  the  necessary  instructions.  As  mentioned,  written 
reports  are  given  to  the  supervisor  as  to  the  boys'  progress 
and  general  behavior,  and  the  supervisor  seeks  by  frequent 
visits  to  the  boys,  while  at  their  work,  to  keep  closely  in  touch 
with  them.     An  effort  is  made  to  impress  the  boys  ,with  the 
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intended  to  teach  the  Reading  of  Working  Drawings 


Gages  and   Tools — Commercial  Products — made   by   Apprentices 
the  Third  and  Fourth  Year  of  the  Course 


February,  1917 


MACHINERY 


459 


tr'  «cv.^?f-.  //Jei.<-/iKV5-  • 


f/tt^-yt-^  J^u^rr-r-f/''- 


,j../:.:/£ 


r"- 


t^e  /out  iAai'.fAf-,a/a<t'' /Y^f^^'""    'i'  ■^'"  '•'///•.'    'a^;  .- 
i>fif.ir<iti. 


Fig.   9.     Sheet  from  One  of  the  Note-books  kept  by  an  Apprentice 

fact  that  their  progress  depends  on  their  effort,  and  that  the 
grade  of  work  they  receive  is  according  to  the  ability  they 
have  shown.  Thus,  while  no  boy  is  accepted  as  a  toolmaker 
apprentice,  every  boy  is  given  the  promise  that  if  he  shows 
the  necessary  skill  and  aptitude  he  will  be  given  tool-room 
work  before  the  termination  of  his  apprenticeship.  An  exam- 
ple of  the  work  done  by  tool-room  apprentices  is  shown  in 
Fig.  8.  At  present  a  special  department  is  equipped  in  the 
company's  plant  for  the  manufacture  of  miscellaneous  machine 
parts,  such  as  vises,  turret  tools,  oil  pumps,  etc.  While  oper- 
ating on  a  strictly  manufacturing  basis,  most  of  the  work  in 
this  department  is  done  by  apprentices  who  begin  their  train- 
ing here  and  are  later  transferred  to  the  other  departments 
as  their  skill  warrants.  Here  the  boys  are  under  more  direct 
supervision  than  in  the  regular  manufacturing  departments. 
When  a  boy  in  some  other  department  fails  to  make  the  prog- 
ress expected  of  him,  he  is  brought  back  into  this  department, 
where   he   can   be   given   the   special    assistance   he    requires. 

■  Class-room  Instruction 

To   supplement  the   shop   work,   the   apprentices   are  given 
class-room  instruction  four  hours  each  week.     In  order  to  in- 
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Fig.    10.     Another   Sheet  from   Apprentice's   Note-book   on   Shop   Practice 

terfere  as  little  as  possible  with  their  work  in  the  manufac- 
turing departments,  these  four  hours  are  included  in  one  ses- 
sion, the  hours  for  the  different  classes  being  from  8  to  12, 
or  from  1  to  5.  The  classes  consist  of  from  eighteen  to  twenty 
boys  each.  The  course  of  study  is  divided  into  four  main 
headings,  mathematics,  drawing,  science  and  theory  of  shop 
practice,  the  object  being  to  impart  as  much  of  an  understand- 
ing of  the  principles  that  underlie  all  shop  work  as  is  possible 
in  the  time  devoted  to  this  study.  In  addition  to  these  sub- 
jects, a  brief  course  is  given  in  industrial  history,  commercial 
geography  and  civics. 

Extent  of  Course 

Considerable  time  is  spent  in  a  review  of  arithmetic.  The 
boys  are  also  taught  how  to  use  formulas  given  in  handbooks, 
and  to  solve  simple  shop  problems  involving  elementary  geom- 
etry and  the  trigonometry  of  the  right-angled  triangle.  The 
problems  are  selected  from  the  regular  shop  work,  which 
arouses  great  interest,  as  the  boy  can  see  the  direct  applica- 
tion of  his  mathematical  studies  to  his  work. 

In  drawing,  the  main  object  is  to  teach  the  boys  to  read 
blueprints  and  make  simple  sketches.     During  the  first  year, 
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Fig.   12.     Example  of  Isometric  Projection  View  from  which  Boys  work 


460 


MACHINERY 


February,  1917 


the  boys  begin  by  muking  simple  plates  ot  letters.  These  are 
started  in  the  class-room  and  finished  at  home,  being  brought 
back  for  inspection  and  correction.  It  has  been  found  that 
the  plates  of  lettering  are  of  great  value  in  teaching  the  boys 
to  observe  correctly  and  work  neatly.  The  remainder  of  the 
first  year  is  devoted  to  making  working  drawings  of  simple 
machine  parts.  As  a  model,  the  boy  is  given  an  isometric  pro- 
jection of  the  part  (see  Fig.  12)  rather  than  the  piece  itself. 
It  has  been  found  that  this  method  makes  greater  demands 
upon  his  powers  to  visualize  the  piece  and  select  the  proper 
views  to  present  the  object.  The  illustration  shown  in  Fig.  12 
is  not  a  picture  of  the  drawing  the  boy  is  to  make,  but  simply 
a  picture  of  the  piece  in  isometric  projection  from  which  he 
is  expected  to  make  a  regular  mechanical  drawing  showing 
two  or  more  views,  according  to  the  number  that  are  required 
to  present  and  dimension  the  piece  properly.  If  a  boy  seems 
to  have  difficulty  in  visualizing  the  piece  from  the  isometric 
drawing,  a  projection  screen  and  a  model  of  the  piece  itself 
are  substituted  in  order  to  show  him  clearly  how  the  piece 
will  look  in  ordinary  orthographic  projection.  During  the 
later  years  of  the  apprentice  course,  most  of  the  drawing  work 
consists  of  sketching 
simple  tools  and  ma- 
chines, and  making 
finished  drawings 
from  them.  Through- 
out the  course  the 
standards,  rules  and 
drafting  -  room  prac- 
tice employed  in  the 
company's  drafting- 
room  are  adhered  to. 
The  course  in  sci- 
ence is  devoted,  dur- 
ing the  first  year,  to 
the  study  of  the  first 
principles  of  mechan- 
ics and  their  applica- 
tion in  simple  ma- 
chines. In  the  sec- 
ond year  the  ele- 
mentary principles 
of  heat,  light,  sound 
and  electricity  are 
covered.  Such  sub- 
jects as  light  and 
sound  are  dismissed 
with  one  or  two  brief 
lectures  each.  The 
subject  of  heat,  how- 
ever, is  given  more 
consideration,  as 
there  is  an  oppor- 
tunity in  this  case  to 
point  out  the  effect 
of  heat  in  connection  with  shrink  fits,  hot  bearings,  and  other 
shop  applications.  In  electricity,  special  attention  is  given 
to  different  types  of  motors,,  their  characteristics  and  advan- 
tages, magnetic  chucks  and  other  electrical  shop  tools.  In 
the  third  year  a  brief  outline  of  chemistry  is  given,  followed 
by  a  study  of  the  various  metals  used  in  the  machine  shop, 
and  the  second  half  of  the  third  year  is  devoted  to  the  study 
of  personal  hygiene  and  public  sanitation. 

Theory  of  Shop  Practice 

In  the  theory  of  shop  practice,  explanation  of  the  construc- 
tion and  operation  of  the  various  machine  tools  is  given  in 
more  detail  than  would  be  possible  during  the  regular  work- 
ing hours  in  tke  shop.  During  the  first  year  the  lathe  serves 
as  the  basis  of  study.  Beginning  with  the  preparation  of  the 
stock,  the  boys  are  taught  how  to  locate  and  form  the  centers; 
how  to  hold  the  work  in  the  lathe;  how  to  grind  and  set  the 
tool;  and  how  to  select  the  proper  speeds  and  feeds.  Straight 
and  taper  turning,  chuck  and  faceplate  work,  boring,  thread 
cutting  and  special  forms  of  turning  are  then  treated  in  their 
regular  order.    Most  of  this  instruction  is  given  in  the  class- 
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room  and  illustrated  by  sketches  on  the  blackboard,  but  when 
desirable  the  class  is  taken  to  some  machine  department  and 
the  actual  operations  are  observed  and  explained.  Sometimes 
machines  are  brought  into  the  class-room  for  more  detailed 
study. 

During  the  second  year,  a  similar  study  is  made  of  drilling 
machines,  shapers,  planers  and  milling  machines,  and  in  the 
third  year  grinding  machines,  small  tools,  hand  tools  and 
operations  such  as  scraping  and  fitting  are  studied.  During 
the  fourth  year  a  general  review  is  made  of  all  shop  work, 
and  the  more  difficult  problems  met  with  in  tool-room  work 
are  introduced.  At  various  times  special  attention  is  also 
given  to  such  machines  of  the  company's  manufacture  as  the 
thread  milling  machine,  the  automatic  milling  machine,  the 
vertical  shaper,  the  spline  milling  machine,  etc. 

Instruction  in  General  Subjects 

During  the  last  year  of  the  apprentice  course  a  deviation 
is  made  from  the  purely  mechanical  instruction  of  the  first 
three  years,  and  a  series  of  lectures  covering  industrial  his- 
tory, commercial  geography  and  civics  is  introduced.     These 

subjects  are  intend- 
ed to  broaden  the 
boy's  conception  both 
of  his  work  and  his 
relation  to  the  com- 
munity of  which  he 
is  a  part.  In  the 
industrial  history 
course  he  is  told  of 
the  development  of 
the  machine  indus- 
try, the  problems 
that  confronted  early 
mechanics,  and,  final- 
ly, the  important 
part  played  by  the 
company  with  which 
he  is  serving  his  ap- 
prenticeship in  the 
industrial  history  of 
his  country  and  the 
world.  In  commer- 
cial geography,  he 
is  given  an  under- 
standing  of  the 
sources  of  raw  ma- 
terials and  the  mar- 
kets of  the  world  for 
finished  products, 
and  is  given  an  idea 
of  the  problems  that 
have  to  be  solved  in 
obtaining  and  trans- 
porting materials 
and  products  from  one  part  of  the  world  to  another. 

In  civics,  a  brief  outline  is  given  of  the  nation's  develop- 
ment. The  principles  of  the  structure  of  government— espe- 
cially of  municipalities  and  state  government — are  explained. 
Special  stress  is  laid  upon  the  dependence  of  a  democracy  upon 
the  high  standing  of  each  individual's  civic  spirit. 

Instructors  and  Division  of  Time  for  Different  Studies 

The  instruction  in  general  subjects,  mathematics,  science, 
etc.,  is  given  by  the  supervisor,  but  a  large  part  of  the  in- 
struction in  the  theory  of  shop  practice  is  given  by  shop  men 
who  have  been  selected  because  of  their  personal  skill  and 
ability  to  impart  the  knowledge  of  their  particular  work  to 
others.  This  idea  of  enlisting  among  the  corps  of  instructors 
a  number  of  shop  men,  especially  sub-foremen,  gang  bosses, 
etc.,  tends  to  enlarge  the  circle  of  men  who  are  personally 
interested  in  the  welfare  of  the  boys,  and  this,  in  turn,  is  of 
assistance  to  the  boys  in  their  shop  training.  This  method 
of  instructing  the  boys  in  shop  practice  creates  a  connecting 
link  between  the  shop  and  class-room  instruction,  and  is  one 
of  the  most  valuable  features   of  the  apprenticeship  course. 
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The  four  hours  devoted  to  class-room  studies  weekly  are 
divided  among  the  different  subjects  as  follows:  mathematics, 
one  hour;  drawing,  one  and  one-half  hour;  theory  of  shop 
practice,  one  hour;  and  science,  one-half  hour.  This  time 
schedule  is  not  rigidly  adhered  to.  Whenever  special  condi- 
tions come  up,  making  it  desirable  to  devote  either  more  or 
less  time  to  any  one  subject,  the  supervisor  uses  his  judgment 
in  this  respect.  The  time  division  given  above,  however,  indi- 
cates approximately  the  length  of  time  that  has  been  found 
necessary  to  obtain  the  desired  results. 

Method  of  Instruction 

No  regular  text-books  are  used  for  any  of  the  courses.  In- 
struction sheets  have  been  prepared  for  certain  subjects,  espe- 
cially for  mechanical  drawing,  but  the  main  part  of  all  instruc- 
tion is  given  by  means  of  lectures  with  the  assistance  of  the 
blackboard.  In  order  to  make  sure  that  the  boys  get  full 
benefit  from  this  instruction,  and  in  order  to  provide  them 
with  a  permanent  record  of  their  work,  they  are  required  to 
keep  a  note-book  which  covers  all  their  school  work  and  which 
is  submitted  from  time  to  time  to  the  supervisor  for  criticism 
and  inspection.  In  order  to  give  added  incentive  for  thorough- 
ness, care  and  accuracy,  a  prize  is  awarded  each  year  for  the 
best  note-books.  The  work  on  these  books  is  done  at  home 
in  the  boys'  own  time.  Some  of  the  boys  take  great  interest 
in  this  work  and  their  note-books  really  become  handbooks 
of  shop  practice,  showing  considerable  ability.  Sample  sheets 
from  one  boy's  note-book  are  shown  in  Figs.  9  and  10. 

Compensation 

The  boys  are  taught  to  look  upon  their  apprenticeship  as  a 
period  of  training  and  are  made  to  understand  that  the  ap- 
prenticeship course  is  a  school  in  which  their  interest  must 
be  centered  upon  what  they  learn  and  not  upon  what  they 
earn.  Nevertheless,  it  must  be  recognized  by  anyone  who 
would  institute  a  successful  apprenticeship  system  that  the 
rates  paid  must  be  sufficiently  high  to  make  the  boys  self- 
supporting  from  the  start;  otherwise  the  system  would  be 
doomed  to  failure,  as  most  of  the  boys  could  not  afford  to  take 
a  four-year  course  of  this  kind  unless  they  could  pay  their  way. 
There  are  four  classes  of  apprenticeships  at  the  present  time 
instituted  by  the  Pratt  &  Whitney  Co.:  A  machinist,  pattern- 
maker, molder,  and  coremaker  apprenticeship.  In  the  four- 
year  machinist  apprenticeship,  the  rates  are  for  each  of  the 
four  years,  respectively,  14,  15,  17  and  18  cents  per  hour, 
and  for  the  three-year  apprenticeship,  15,  17  and  18  cents  per 
hour.  In  the  patternmaker  apprenticeship,  comprising  four 
years,  the  rates  are  the  same  as  for  machinists.  The  molder 
apprenticeship  comprises  three  years,  20  cents  per  hour  being 
paid  for  the  first  three  months,  22  cents  per  hour  for  the 
remainder  of  the  first  year,  25  cents  for  the  second  year  and 
27  cents  for  the  third  year.  The  coremaker  apprentices  re- 
ceive 14,  17  and  19  cents,  respectively,  for  each  of  the  three 
years  of  the  apprenticeship.  In  each  case,  a  bonus  of  $100  is 
paid  to  the  apprentice  upon  the  successful  completion  of  his 
apprenticeship.  The  reason  for  the  materially  higher  rates  of 
molder  apprentices  is  that,  as  a  rule,  these  apprentices  must 
be  older  or  stronger  than  those  for  the  other  course,  on  ac- 
count of  the  nature  of  the  work;  also,  the  work  is  less  agree- 
able, and  a  special  inducement  is  given  in  the  form  of  higher 
wages  during  the  apprenticeship  years. 

The  boys  often  earn  much  higher  wages  than  those  indi- 
cated by  the  rates  given,  as  they  are  enabled  to  increase  their 
earnings  both  by  working  overtime  and  by  means  of  piece- 
work. It  is  also  possible  for  every  boy  to  obtain  a  higher 
rate  if  his  record  is  exceptionally  good.  Every  boy  that  aver- 
ages a  certain  mark  for  one  year  both  in  the  shop  and  the 
class-room  work  is  given  an  increase  of  one  cent  per  hour  as 
long  as  he  maintains  this  mark.  If  his  rating  is  still  higher, 
he  is  given  a  two-cent  increase  under  the  same  conditions.  The 
boy  thus  recognizes  early  in  his  apprenticeship  that  his  earn- 
ing power  is  dependent  upon  his  own  efforts  and  skill. 

Social  Activities 

In  order  to  add  an  interest  and  to  maintain  a  feeling  of 
fellowship  outside  of  the  working  hours,  athletics  have  been 


introduced  as  a  feature  of  the  apprenticeship  system.  Teams 
have  been  organized  and  games  are  played,  schools  being 
chosen  as  opponents  as  far  as  possible.  Places  on  the  teams 
are  dependent  on  shop  and  class-room  records.  There  are  no 
"athletic  scholarships,"  and  any  boy  that  seeks  recognition 
in  these  athletic  activities  recognizes  that  he  can  gain  it  only 
by  meeting  the  requirements  of  the  shop  and  class-room.  All 
this  tends  to  create  a  spirit  of  interest,  good  fellowship  and 
loyalty,  the  shop  being  looked  upon  not  merely  as  a  place  to 
work,  but  also  as  a  school  in  which  the  young  man  is  fitting 
himself  for  his  life  work. 

Conclusion 

It  is  freely  admitted  that  the  object  of  the  apprenticeship 
system  is  to  train  skilled  mechanics  for  the  Pratt  &  Whitney 
Co.,  and  every  effort  is  made  to  induce  the  boys  to  stay  with 
the  company  upon  the  completion  of  their  apprenticeship. 
Most  of  them,  in  fact,  do  stay,  and  the  foremen  of  the  different 
departments  are  instructed  to  pay  the  graduated  apprentice 
the  market  rate  of  wages  commensurate  with  his  proved  abil- 
ity. To  determine  his  ability  the  supervisor  and  foreman 
consult  together,  and  in  this  way  it  has  been  possible  to  pay 
wages  attractive  enough  to  hold  a  large  number  of  the  boys 
whom  the  company  has  trained.  Many  of  those  who  leave  to 
go  elsewhere  for  new  experience  return  after  a  short  time  to 
work   for   the  company   whepe   they   obtained   their   training. 

Those  who  are  of  the  opinion  that  an  apprenticeship  sys- 
tem is  out  of  date  or  who  are  skeptical  of  its  effectiveness 
would  do  well  to  study  the  modernized  methods  of  apprentice- 
ship training  that  have  been  put  into  effect  by  the  Pratt  & 
Whitney  Co.,  and  they  would  be  well  repaid  for  making  a 
personal  visit  and  observing  the  methods  used  by  the  com- 
pany. The  importance  of  proper  training  of  apprentices  is  one 
of  the  greatest  problems  of  the  mechanical  industries  at  pres- 
ent, and  it  is  to  be  hoped  that  the  example  set  by  one  of  the 
foremost  machine-tool  builders  in  the  country  will  be  followed 
by  others,  so  that,  in  years  to^come,  there  will  not  need  to  be 
the  present  lack  of  skilled  mechanics.  This  article  has  been 
published  not  merely  with  a  view  to  presenting  w-hat  the 
Pratt  &  Whitney  Co.  has  done  to  develop  a  modern  apprentice- 
ship system,  but  also  to  stimulate  others  and  show  what  can 
be  done  in  this  respect,  the  methods  that  should  be  employed, 
and  the  results  that  are  likely  to  follow. 
«     *     * 

COMBINATIONS  FOR  EXPORT  TRADE 

The  Webb  bill  now  pending  in  Congress  is  intended  to 
permit  combinations  of  American  manufacturers  for  the  sole 
purpose  of  promoting  foreign  trade.  The  object  of  forming 
such  combinations  is  to  enable  American  manufacturers  to 
transact  foreign  business  on  a  more  efficient  basis  and  to  cope 
more  effectively  with  foreign  combinations,  which  are  said 
to  be  adverse  to  domestic  interests.  It  is  pointed  out  that 
the  small  American  manufacturers  producing  more  than  the 
domestic  market  will  consume  and  desiring  foreign  trade,  are 
confronted  at  the  outset  by  a  large  expense  and  delayed  re- 
turns incident  to  creating  and  maintaining  a  selling  agency 
abroad.  The  Webb  bill  is  designed  to  permit  such  manufac- 
turers to  cooperate,  and  not  only  support  a  common  selling 
agency,  but  enter  into  agreements  that  would  prove  mutually 
beneficial.  While  it  is  not  clear  at  present  to  what  extent 
existing  anti-trust  laws  would  prevent  such  combinations,  if 
made  in  good  faith,  it  is  supposed  that  American  manufac- 
turers are  afraid  to  combine  in  the  interests  of  foreign  trade 
and  that  this  condition  must  be  remedied  if  the  United  States 
is  to  secure  the  full  advantage  of  present  opportunities. 
If  this  bill  becomes  a  law,  the  combinations  are  supposed 
to  be  exclusively  for  facilitating  and  benefiting  export  trade 
without  restraining  or  monopolizing  trade  within  the  United 
States.  Some  opponents  of  the  bill  contend  that  permission 
to  combine  for  export  trade  might  result  in  injury  to  Ameri- 
can consumers  and  the  smaller  American  manufacturers.  This 
fear  is  considered  groundless  by  those  advocating  the  passage 
of  the  bill  in  view  of  the  fact  that  the  Federal  Trade  Com- 
mission shall  have  power  to  restrain  and  prevent  action  by 
combinations  in  foreign  trade,  which  react  as  an  undue  re- 
straint upon  internal  commerce. 


462 


MACHINERY 

DRILL  CHUCKS 


February,  1917 


PRINCIPLES  OOVEBNINO  DESIUN  AND  METHODS  OF  OPERATION 

BY  JOSEPH   HORNER' 


Fig.  1.     Simple  Types  of  Drill  Chucks 

THE  scope  and  functions  of  a  drill  chuck  are  simple  in 
comparison  with  those  of  an  ordinary  lathe  chuck.  In 
a  drill  chuck,  a  cylindrical  shank,  plain  or  grooved,  has 
to  be  held  in  alignment  and  with  sufficient  firmness  to  resist 
slipping  under  the  stress  of  work.  But  around  this  simple 
requirement  a  large  number  of  mechanisms  have  been  con- 
structed, and  the  design  is  still  in  the  course  of  evolution,  tend- 
ing to  simplification  rather  than  elaboration,  as  is  the  case 
in  many  kinds  of  appliances. 

Methods  of  preventing  slippage,  which  wastes  time  and 
damages  shanks,  must  not  interfere  with  the  loosening  of  the 
tool.  A  chuck,  therefore,  should  be  constructed  so  that  hard 
gripping  of  the  drill  will  not  result  in  jamming.  Although 
many  chucks  are  self-tightening  and  hold  more  firmly  as  the 
drill  tends  to  slip,  they  are  not  necessarily  difficult  to  unlock. 
Hardening  of  the  working  parts  makes  unlocking  easier,  for 
unhardened  steel  surfaces  are  compressed  out  of  shape  or  torn, 
with  consequent  seizing  of  mating  parts.  Slippage  is  not 
so  trifling  a  matter  as  it  may  appear,  especially  with  regard 
to  its  effect  on  the  shanks.  Their  tearing  up  and  consequent 
deformation  soon  affects  the  truth  of  running,  and  although 
this  is  not  such  a  vital  matter  in  plain  drilling,  it  is  of  great 
importance  In  the  case  of  drills  and  tools  used  with  jigs,  and 
in  operating  counterboring,  facing  and  other  tools  which  are 
supposed  to  run  true  when  secured  in  a  chuck.  Their  irregu- 
lar running  may  not  at  first  affect  results,  but  side  pressure 
will  eventually  wear  the  pilots  and  produce  accentuated  errors. 
The  same  thing  happens  with  ordinary  drills  of  twist  or 
straight  flute  form;  if  running  eccentrically,  they  wear  on  one 
side  and  true  drilling  becomes  impossible.  Any  chuck  that 
grips  a  shank  rigidly  should  run  it  truly,  so  recent  practice 
favors  the  principle  of  a  floating  hold,  by  which  all  difficulties 
of  this  kind  are  eliminated,  and  lack  of  accuracy  in  the  chuck 
mounting  or  spindle  running  has  no  effect  on  the  working. 
The  shank  is  fitted  loosely,  although  driven  in  a  positive  man- 
ner, and  the  point  of  the  tool  is  at  liberty  to  wobble.  It  ceases 
to  do  so  as  soon  as  drilling  commences,  and  the  freedom  to 
follow  a  true  rectilinear  path  produces  better  work.  Also,  the 
drills  are  not  so  likely  to  wear,  heat  or  break.  The  floating 
drive  is  of  particular  value  in  such  operations  as  reaming, 
counterboring  and  countersinking,  tapping,  etc.,  and  in  con- 
nection with  jigs,  especially  those  employing  short,  stiff  shanks. 
The  necessity  for  frequent  changes  of  tools,  brought  about 
by  the  quantity  of  repetition  work  now  done  and  by  the  fact 
that  jigs  are  so  extensively  used,  has  made  it  necessary  to  dis- 
card some  of  the  older  chucks,  because  they  are  slow  in  loosen- 
ing and  tightening.  While  very  good  for  holding  shanks 
during  a  considerable  period,  they  are  too  wasteful  of  time 
in  handling  the  class  of  work  just  specified.  If  they  are  em- 
ployed, the  time  consumed  in  substituting  tools  is  so  long 
in  comparison  to  the  running  time  that  the  benefits  conferred 
by  the  use  of  specialized  outfits  and  jigs  are  largely  lost. 
The  time  lost  is  not  only  that  spent  in  unlocking  the  chuck. 


but  also  that  required  to  stop  the  rotation  of  the  spindle  and  to 
start  it  again.  In  some  classes  of  work  it  Is  necessary  to  use 
a  dozen  or  more  different  tools  in  quick  succession.  For  this 
reason,  a  chuck  that  can  be  released  and  regripped  while 
the  spindle  is  running  at  full  speed  would  mean  an  immense 
increase  in  the  output,  and  the  trend  of  the  latest  designs  is 
toward  the  attainment  of  this  end.  The  cost  of  the  tools  is 
lessened  by  using  collets  or  bushings,  so  as  to  adapt  various 
sizes  of  shanks  to  one  chuck. 

The  application  of  a  chuck  to  a  drilling-machine  spindle  is 
an  alternative  to  holding  shanks  direct  in  the  spindle  aperture, 
and  is  really  only  a  convenience  to  enable  various  tools  to 
be  substituted  quickly.  When  the  spindle  only  is  used,  the 
hole  has  either  parallel  or  tapering  sides,  the  latter  being  pre- 
ferred. Many  machines,  particularly  the  lighter  classes  used 
by  blacksmiths  and  small  shops,  have  standard  size  holes  with 
parallel  sides  in  which  the  shanks  are  secured  by  set-screws 
of  the  plain  or  socket  style.  Drills  with  uniform  shanks  to 
fit  these  machines  are  furnished  by  the  makers,  and  by  using 
sockets,  drills  with  smaller  or  larger  shanks  may  be  driven. 
This  practice  is  suitable  for  the  class  of  users  concerned, 
but  it  does  not  meet  regular  workshop  conditions  so  well. 
Truth  of  running  is  likely  to  become  affected  in  time,  the 
expense  of  drills  with  the  uniform  diameter  shanks,  especially 
the  smaller  sizes,  becomes  quite  heavy,  and  there  is  no  proper 
means  of  holding  special  drills  or  tools.  Hence,  a  chuck  with 
movable  jaws  that  will  grip  any  tool   soon   repays   its   cost. 

When  standard  tapered  holes  are  used  in  the  spindles,  the 
tools  do  not  work  out  of  truth,  as  in  the  case  of  a  hole  with 
parallel  sides,  and  the  set-screw,  which  is  a  clumsy  device,  is 
abolished.  Its  place  is  taken  by  the  tang,  which  affords  a 
positive  drive  when  such  is  necessary.  Besides,  various  sizes 
of  shanks  may  be  used  by  the  employment  of  sockets  and 
sleeves.  This  device  does  not  provide  a  rapid  means  of  chang- 
ing drills,  and  is  chiefly  useful  for  medium  and  large  size  ma- 
chines. In  the  small  machines,  the  tapered  hole  is  retained, 
and  used  as  a  medium  for  the  fitting  of  a  chuck;  the  latter 
has  its  body  prolonged  into  a  taper  shank  or  has  a  shank 
fitted  in  a  hole. 


■Address:  45  Sydney  Bldgs.,  Bath,  England. 


Fig.    2.     Collet    Chucks   for   Small   Drills 
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Early  Chuck  Desigrns 
The  earliest  designs 
of  chucks  in  which  the 
shanks  were  held  with 
a  set  -  screw  are  still 
used  in  the  rougher 
kinds  of  machines.  The 
shank  shown  at  A,  Fig. 
1,  has  a  flat  on  which 
the  set-screw  bears  and 
acts  as  a  driver.  The 
method  of  making  a  flat 
on  the  tail  of  the  shank 
to  catch  against  a  flat 
in  the  chuck  was  soon 
developed,  so  that  a 
positive  drive  independ- 
ent of  the  set-screw  re- 
sulted. At  B  is  shown 
an  example  of  this  de- 
sign. The  set-screw  is 
needed  only  to  keep  the 
drill  from  falling  out  of 
the  chuck. 

A  collet  or  bushing 
may  be  fastened  in  place 
by  letting  the  screw 
press  on  the  shank,  through  a  slot  cut  in  the  bushing,  as  at  C, 
or  by  splitting  through  at  one  side,  as  at  D.  The  latter  device 
preserves  the  shank  from  the  marring  action  of  the  screw  tip. 
A  neater  method  is  to  close  the  bushing  by  cone  pressure,  as 
In  collet  chucks.    For  single  sizes,  the  chuck  body  can  be  split. 


Fig.  3.'    Drill  Chuck  for  Graham  Grooved 
Shank 


chucks  are  still  made  on 
this  principle,  particu- 
larly those  intended  for 
use  in  the  lathe  to  hold 
rods  as  well  as  drills. 
The  mechanism  is  simi- 
lar to  that  of  an  ordi- 
nary scroll  chuck,  the 
jaws  being  beveled  off 
on  the  outside  to  give 
a  clear  view  and  to 
avoid  risk  of  injury  to 
the  operator.  Light 
chucks  are  worked  by 
rotating  a  knurled  ring, 
which  has  holes  to  give 
an  extra  grip  when  re- 
quired. More  powerful 
designs  embody  a  gear 
scroll  mechanism,  with 
bevel  or  worm  -  gears 
turned  by  a  key. 

A  more  convenient 
adaptation  of  the  scroll 
principle  is  that  of  cut- 
ting the  scroll  inside  a 
coned  ring  and  guiding 
the  jaws  in  grooves  at  the  same  angle.  This  arrangement  re- 
sults in  a  more  compact  form  of  body,  and  since  the  jaws  do 
not  travel  radially,  as  in  the  flat  scroll  device  just  mentioned, 
the  nose  formation  of  the  chuck  can  be  made  more  pointed; 
this  is  a  handy  feature  in  the  case  of  small  drills  and  fine 


Fig.  4. 


Three-jaw  Scroll  Chuck  operated 
hy    Knurled    Sleeve 


threaded  and  coned  so  that  the  tightening  of  the  nut  binds   ,  work.     The   threads   of   the   scroll   are   often   square;    but   a 


the  shank;  this  form  is  shown  at  E.  Interchangeable  collets 
should  be  formed  with  long  stems,  as  illustrated  in  Fig.  2, 
which  shows  several  sizes  made  by  the  Trump  Bros.  Ma- 
chine Co.;  these  will  hold  drills  ranging  from  0  to  %  inch 
in  diameter.  The  chuck  shank  is  either  held  in  a  larger  chuck 
or  is  turned  on  a  taper  to  fit  a  spindle.  The  utilization  of 
collets  or  liners  to  adapt  one  chuck  for  different  diameters 
of  shanks  is  not  so  common  as  formerly,  because  the  same 
effect  can  be  attained  more  simply  and  with  less  trouble  by 
an  adjustable  jaw  chuck.  The  liners  are  a  source  of  trouble 
on  account  of  dirt  and  must  be  wiped  before  they  are  placed 
in  position;  in  addition,  they  wear  in  course  of  time,  so  that 
the  shank  is  pushed  to  one  side  and  runs  eccentrically. 

In  the  chuck  made  by  the  National  Twist  Drill  &  Tool  Co. 
of  Detroit,  Mich.,  a  coned  nut  is  used  to  close  in  the  sleeve  fit- 
ting inside  the  body.    There  is  a  tang  on  the  tail  of  the  sleeve 
to  engage  with  a  slot  in  the  body,  giving  a  positive  drive,  and 
the  sleeve   is  shaped   internally  to  a  Morse  taper,   or   it  has 
parallel  sides  and  prongs  to  catch  and  drive  a  Graham  grooved 
shank.     Another     design     of 
chuck    intended     for    these 
shanks    is    manufactured    by 
the  Cleveland  Twist  Drill  Co., 
and  is  shown  in  Fig.  3.     The 
jaws  that  clamp  the  V-grooves 
are    fitted    into    slots    in    the 
chuck  body  and  are  forced  in- 
ward  by   the   turning   of  the 
nut,  which  has  parallel  bear- 
ings at  the  front  and  rear  to 
preserve    alignment.      A    flat 
spring    A     presses     the    jaw 
outward  to  release  the  shank 
when  the  nut   is  slacked   off. 


Scroll  and  Geared  Chucks 

The  introduction  of  regular 
jaws  enables  a  chuck  to  hold 
a  certain  range  of  diameters; 
the  methods  of  actuating  the 
jaws  are  varied.  One  of  the 
earliest  ideas  was  to  follow 
the    scroll    design,    and    some 


buttress  section  is  preferred  by  some  as  being  better  adapted 
to  resist  the  direction  of  pressure.  Fig.  4  shows  the  Skinner 
chuck,  with  square  threads  cut  inside  the  knurled  sleeve, 
which  can  be  tightened  by  a  spanner  wrench.  The  chuck  is 
made  in  three  sizes,  0  to  7/32  inch,  0  to  11/32  inch,  and  0  to 
17/32  inch. 

The  geared  chucks  afford  a  more  convenient  method  of  opera- 
tion than  rotating  a  knurled  sleeve,  because  the  latter  requires 
the  spindle  to  be  held  from  turning,  thus  necessitating  the  use 
of  both  hands.  By  turning  the  sleeve  with  a  gear  and  key 
the  necessary  twisting  action  is  transferred  to  a  different  direc- 
tion and  has  no  rotative  influence  upon  the  spindle.  Extra 
power  is  also  obtained,  a  more  essential  feature  nowadays 
than  some  time  ago,  when  high-speed  steel  was  not  in  general 
use.  The  chuck  which  is  made  by  the  Jacobs  Mfg.  Co.  of 
Hartford,  Conn.,  shown  in  Fig.  5,  has  a  bevel  pinion  formed 
on  the  key;  this  rotates  the  sleeve  and  turns  the  nut,  which 
is  made  in  halves.  "Flat-back"  models  are  built  without  the 
chamfer  at  the  back  of  the  body,  so  that  the  chuck  is  shortened 

and  lightened  and  is  more 
suited  for  use  on  pneumatic, 
electric  or  flexible  drill  shafts 
and  for  other  work  where  the 
minimum  of  weight  and  size 
is  desirable.  Especially  light 
chucks  are  also  constructed 
by  turning  a  large  groove 
around  the  body  and  making 
some  other  parts  thinner. 

The  Almond  geared  chuck 
is  made  somewhat  like  the 
chucks  that  are  not  geared 
but  are  rotated  by  a  knurled 
sleeve.  The  teeth  are  cut  di- 
rect upon  the  nut,  as  in  Fig.  6, 
which  is  hardened  and  split 
in  halves.  The  sleeve  only 
serves  as  a  means  of  rotating 
with  the  fingers  and  to  cover 
the  jaw  apertures,  and  need 
only  be  forced  on  the  nut  with 
moderate  pressure,  as  none  of 
Fig.  5.    Geared  Chuok  the  strain  of  turning  with  the 
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key  comes  upon  it.  The  holea 
in  the  body  that  receive  the 
key  stem  are  provided  with 
hardened  bushings  to  give 
longer  life  and  maintain  align- 
ment of  the  pinion.  In  the 
largest  chuck  of  this  series,  a 
capacity  from  %  to  1  inch  di- 
ameter is  afforded. 

In  one  or  two  instances,  the 
practice  of  having  the  ring  of 
teeth  inside  has  been  adopted 
— as  in  the  Skinner  geared 
chucks — which  have  pinions 
laid  in  pockets.  These  are 
covered  by  the  sleeve,  except 
for  an  opening  through  which 
the  key  is  passed  to  enter  into 
the  squared  hole  in  the  pin- 
ion. The  external  position  is 
preferred,  however,  by  many, 
as  they  claim  that  this  per- 
mits   a    larger    pinion    and 


Fig.  6.     Geared  Chuck  with  Nut  Separate  from  Sleeve 


stronger    teeth    to    be    utilized. 


Two- jaw  Chucks 

A  popular  style  of  chuck  is  the  two-jaw  type  actuated  by  a 
right-  and  left-hand  square-thread  screw.  The  jaws  are  notched 
out  to  interlock  and  grip  from  0  up  to  the  maximum  capacity. 
The  consequent  breaking  up  of  the  surfaces  into  a  number  of 
separate  "bites"  assists  in  obtaining  a  firm  grip  for  heavy 
work,  a  point  of  importance  in  high-speed  drilling  with  hard 
feeding  or  gripping  bars  for  deep  turning  or  threading  cuts. 
Auxiliary  means  are  taken  to  strengthen  the  grip  in  some  de- 
signs, such  as  by  the  use  of  side  setting-up  screws,  as  in  the 
Westcott  device  shown  in  Fig.  7.  After  the  drill  has  been 
centered  by  the  jaws  and  they  have  been  tightened,  the  side 
screws  are  set  up,  preferably  on  slight  flats  made  on  the  shank. 
Another  device  is  that  of  a  forged  steel  cap  attached  to  the 
chuck  face  with  screws  that  permit  a  floating  movement.  A 
screw  in  the  edge  of  the  cap  can  be  set  up  to  bind  the  backs 
of  the  jaws  together  and  so  draw  the  gripping  surfaces  more 
tightly  onto  the  shank.  Yet  another  method  is  to  provide  a 
sort  of  draw-bolt  through  the  jaws  on  the  opposite  side  to  the 
right-  and  left-hand  operating 
screws,  the  bolt  serving  to 
prevent  the  spreading  ten- 
dency of  the  jaws. 

The  Horton  screw  chucks 
are  constructed  with  cylindri- 
cal jaws  fitting  closely  in  a 
reamed  hole  in  the  body — a 
neat  and  compact  mode  of  fit 
— as  shown  in  Fig.  8.  For  a 
positive  drive  some  of  these 
chucks  have  a  pair  of  flat- 
ended  set-screws  tapped 
through  on  opposite  sides  of 
the  body,  behind  the  jaws,  the- 
screws  being  adjusted  to  en- 
gage with  the  squared  end  of 
a  tap,  drill  or  other  tool.  A 
special  type  is  also  built  for 
holding  either  straight  or  ta- 
pered shanks  by  means  of  a 
duplicate  set  of  jaws  at  the 
rear,  which  are  set  in  accord- 
ingly. For  a  tanged  taper 
shank,  the  rear  set  of  jaws 
can  be  set  to  give  a  positive 
drive  to  the  tang. 

Several  makes  of  screw 
chucks  have  provision  for 
positive  driving  through  a 
slotted  plate  or  extra  jaws  at 
the  top  of  the  regular  jaws.  ^.     .,     .^   ^    ^^  ~     ,      ...  „.j 

^  o  J  j.^g    ^      Westcott  Chuck  with  Side 

Thus  a  tanged  or  a  squared  screws  for  Extra  Grip 


drill  or  tap  may  be  positively 
rotated  without  any  need  for 
tightening  the  jaws  up  hard. 
In  the  Pratt  design  the  jaw 
slot  is  carried  up  sufficiently 
to  receive  a  driver  plate,  Fig.  9, 
which  has  a  slight  amount  of 
play  for  centering.  When  the 
flatted  tang  is  passed  up  into 
the  slot  in  the  plate  the  latter 
catches  against  the  sides  of 
the  chuck  slot  and  acts  like  a 
lathe  dog.  Taper-shank  drills 
require  an  adapter  sleeve  such 
as  that  shown  in  Fig.  9.  In 
other  chucks  a  pair  of  plates 
are  attached,  either  on  oppo- 
site sides  of  the  bottom  of  the 
slot  where  the  jaws  stop  or 
on  the  tops  of  the  jaws.  A 
similar  device  is  sometimes 
adopted  in  the  three -jaw 
chucks  of  the  general  type  shown  in  Fig.  4,  a  transverse  slot 
being  formed  in  the  body  at  the  back  of  the  jaws.  One  ex- 
ception to  the  usual  practice  of  notching  out  jaws  to  inter- 
lock is  found  in  the  Reid  screw  chuck,  Fig.  10.  This  arrange- 
ment holds   from   0  to  maximum  with   three  contact  points. 

Jaws  Closed  by  Cone  Cap 

A  number  of  chucks  incorporate  the  principle  of  three  (some- 
times two)  jaws,  loose  or  pivoted,  closed  in  by  a  coned  cap 
which  is  moved  longitudinally.  Concentric  action  is  obtained, 
and  in  many  cases  the  mechanism  can  be  made  self-tightening. 
The  chucks  used  on  hand  braces  are  simple  examples  of  the 
type,  consisting  of  a  knurled  sleeve  pressing  on  the  beveled 
noses  of  a  pair  of  jaws.  The  ends  of  the  latter  rest  against 
a  V-shaped  base,  so  that  the  closing  in  causes  them  to  slide 
inward  and  so  bear  on  their  whole  length  on  the  shank, 
whether  straight  or  tapered.  In  some  instances,  though  the 
cap  is  used,  it  does  not  slide,  but  the  jaws  are  pushed  along 
by  a  tail  plate,  and  the  coercion  of  the  coned  cap  produces 
the  closing  action. 

In  another  design,  made  by  the  Oneida  National  Chuck  Co. 
of  Oneida,  N.  Y.,  and  shown 
in  Fig.  11,  the  knurled  head 
of  a  screw  moves  the  jaws. 
The  head  is  slotted  out  to  take 
the  tang,  thus  affording  a 
positive  drive  when  desired. 
The  interlocked  jaws  shown 
are  for  parallel  shanks,  but  a 
pair  for  holding  tapered 
shanks  can  be  used.  In  the 
latter  the  inclination  of  the 
"bites"  from  front  to  back  is 
made  to  suit  any  particular 
Morse  taper  desired.  The  posi- 
tive drive  by  a  tang  fitting  in 
the  screw  head  is  used  also 
in  this  case.  A  more  recent 
design  is  also  made  of  this 
chuck  with  a  ball  bearing  to 
take  the  thrust,  and  the  tight- 
ening or  loosening  is  effected 
by  a  large  knurled  part  of  the 
body  behind  the  jaws.  The 
jaws  automatically  tighten  ac- 
cording to  the  pressure  being 
exerted  on  the  drill. 

The  chuck  manufactured  by 
the  Rich  Tool  Co.  of  Chicago, 
Fig.  12,  has  jaws  closed  in 
by  turning  the  nut,  which  is 
coned  to  match  the  backs  of 
the  jaws,  and  their  tails  are 

Fig.    8.     Screw   Chuck   with  i,  j    »       ai     . 

Cylindrical  Jaws  Shaped    tO    fit    in    a    groOVe    lU 
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Fig.    9.      Driver 

Plate  and  Taper 

Sleeve 


Fig.    10.      Reid    Chuck 

Jaws    with    Three 

Contact  Points 


Fir.  11.    Open  Type  of 

Chuck  with  Positive 

Drive 


the  body  and  prevent  misplacement.  The  Rich  drills  and  ream- 
ers with  grooved  shanks  are  held  in  this  style  of  chuck  and 
the  jaws  clamp  an  inward  taper  of  the  groove  in  the  shank, 
which  prevents  the  tool  pulling  out,  so  that  a  moderate  amount 
of  tightening  of  the  nut  suffices. 

Chucks  with  Anti-friction  Bearingrs 

The  action  of  a  screw  in  tightening  a  coned  cap  around  the 
jaws  of  a  chuck  is  objectionable  on  account  of  the  jamming 
that  occurs,  making  release  difficult.  But  this  objection  is 
easily  overcome  by  introducing  an  anti-friction  bearing  con- 
sisting of  a  ring  of  balls  or  rollers  which  do  not  bind  like 
plain  surfaces.  There  are  a  good  many  makes  of  chucks  work- 
ing on  this  principle.  In  the  Horton-Morrow  chuck,  made  by 
the  E.  Horton  &  Son  Co.,  of  Windsor  Locks,  Conn.,  and  shown 
in  Fig.  13,  the  tightening  is  effected  by  a  large  fine-pitch 
left-hand  screw  A,  which  automatically  tightens  in  the  head  B, 
as  the  drilling  pressure  increases.  The  jaws  are  carried  in 
slots  in  a  releaser  C  driven  by  a  couple  of  pins  engaging  in 
slots  in  the  end  of  the  fine  screw  A.  A  small  amount  of  play 
is  allowed  between  the  pins  and  slots  so  that  the  releaser 
possesses  a  little  freedom.  The  slight  rotation  of  the  releaser 
caused  by  the  opening  action  brings  its  coarse-pitch  threads  a 
into  action,  and  an  instant  and  easy  release  is  obtained.  The 
ball  race  is  shown  at  D. 

In  the  chuck  made  by  Louis  Wearden  &  Guylee,  Ltd.,  of 
Bradford,  Yorkshire,  England,  Fig.  14,  only  one  screw  A  is 
used.  This  has  a  stout  square  thread  and  is  formed  integrally 
with  the  covering  cap  at  the  base.  The  act  of  screwing  A 
into  the  body  B  raises  the  jaws  C  and  makes  them  close  in 
by  reason   of  their   coned   backs   pressing  against   the   coned 


ring  D.  The  thrust  is  received  on  the  race  E  and  the  hard- 
ened washer  above  it,  which  prevents  the  screw  from  binding. 
Spring  wires  F  and  G  lock  the  screw  A  and  coned  ring  D, 
while  another  wire  H  gives  the  jaws  a  tendency  to  spring  out- 
ward. To  release  the  drill  while  the  chuck  is  running,  the 
knurled  surface  of  screw  A  is  struck  sharply  with  the  hand, 
delivering  the  blow  in  the  direction  of  rotation. 

An  example  of  a  roller-bearing  chuck  is  shown  in  Fig.  15; 
this  bearing  has  the  advantage  of  large  diameter  balls  and 
requires  less  space.  The  jaws  A  are  propelled  by  a  slotted 
head  B  into  which  they  are  tongued.  The  head  is  integral 
with  a  coarse-pitch  double-thread  screw  running  through  the 
head  C,  and  its  movement  outward  or  inward  contracts  or  ex- 
pands the  jaws  within  the  hood  D.  The  rollers  E  take  the 
thrust  between  the  head  C  and  the  ring  F  screwed  into  the 
body  G.  This  chuck  is  made  by  the  Eclipse  Machine  Co.  of 
Elmira,  N.  Y. 

The  Colt  chuck.  Fig.  16,  made  by  the  Narragansett  Machine 
Co.,   Providence,  R.  I.,  has  three  jaws  propelled  by  a  slotted 


Fig 


Three-jaw  Automatic  Chuck 


Chuck  for  Grooved 
Shank 


Fig.   13.    Horton-Morrow  Drill 
Chuck  with  Ball  Bearing 


nut  A,  which  runs  up  and  down  the  screw  on  the  shank  B 
according  to  the  way  the  knurled  shell  is  turned  or  held  by  the 
hand  clasp.  The  jkws,  which  have  disk-shaped  tails  to  catch 
in  the  slots  in  nut  A,  are  kept  straight  by  a  screw  C  entering 
a  slot  in  each.  Pressure  comes  against  the  large  flange  D  on 
the  shank,  and  this  is  transmitted  to  the  ring  of  balls  above. 
The  chuck  automatically  tightens  as  the  drilling  stress  be- 
comes greater. 

Self-tightening-  Chucks 

The  chucks  of  another  group  are  built  on  the  self-tightening 
principle  of  an  eccentric  action,  which  causes  the  jaws  to  roll 
or  tilt,  and  in  doing  so  to  bring  their  surfaces  more  to  the 
central  axis.  An  attempt  of  the  drill  to  slip  produces  extra 
tightening.  Three  designs  are  noticeable,  one  with  round 
rollers,  one  with  eccentric  rollers,  and  one  with  lever-like  piv- 
oted jaws.  In  the  type  with  round  rollers,  of  which  the 
Gronkvist,  Fig.  17,  is  an  example,  the  gripping  results  from 
the  climbing  of  the  rollers  up  the  faces  of  the  three-lobed  in- 
ternal cam.  The  clutch  movement  increases  with  any  increase 
of  drilling  stress.  Normally,  the  chuck  is  held  closed  by  a 
coiled  spring  and  the  operator  turns  the  outer  knurled  sleeve 
against  the  direction  of  rotation  of  the  spindle  to  open  the 
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Jaws  for  the  insertion  of  a  drill.  After  this  has  been  done, 
he  releases  the  sleeve,  and  the  jaws  automatically  grip  the 
shank.  As  the  rollers  are  quite  smooth  and  hardened,  they 
do  not  inflict  any  injury  on  the  shanks. 

The  Wahlstrom  Tool  Co.'s  chuck.  Fig.  19,  represents  the  ec- 
centric roller  device,  the  jaws  being  so  shaped,  as  shown  in  the 
■plan,  as  to  roll  up  the  cam  faces  inside  the  shell.  The  spring  A 
keeps  the  shell  turned  so  that  the  jaws  are  normally  closed. 
If  gripped  momentarily  by  the  hand  while  running,  its  rotation 
is  stopped  and  its  relation  to  the  body  altered  so  that  the  jaws 
open.  After  the  insertion  of  the  drill,  the  resistance  developed 
makes  the  jaws  roll  up  the  cam  faces. 

In  some  chucks  eccentric  roll  jaws  are  turned  positively  by 
teeth  inside  the  shell,  each  jaw  having  a  couple  of  teeth  mesh- 
ing with  these.  A  clock  spring  normally  keeps  the  chuck 
closed.  The  arrangement  of  the  jaws  is  shown  in  Fig.  18. 
The  principle  on  which  these  lever-like  pivoted  jaws  are  based 
is  the  same  as  that  of  certain  safety  catches  for  lifts  and 
other  mechanisms.  The  biting  of  the  jaws  into  the  moving 
element — the  drill — forces  them  to  move  radially  and  increases 
their  grip,  so  by  disposing  the  three  (or  sometimes  four)  jaws 


Fig.    15.     Roller-bearing   Chuck  Fig.   16.     Coit  Ball-bearing  Chuck 

equally  around  the  circle  a  concentric  grip  is  obtained.  As 
usual,  a  spring  is  fitted  to  close  the  jaws  until  the  operator 
separates  them  by  arresting  the  rotation  of  the  knurled  sleeve. 

"Pocket"  Style  of  Chucks 

During  the  last  three  or  four  years  there  has  been  developed 
what  might  perhaps  be  most  suitably  termed  the  "pocket" 
style  chuck,  because  it  embodies  the  principle  of  a  roller,  ball, 
or  pad  dropping  into  a  pocket  and  aflfording  a  drive  to  the 
tool  or  to  its  collet.  The  objection  to  these  chucks  is  that, 
as  there  are  no  regular  jaws  to  grip  various  diameters,  it  is 
necessary  to  make  the  tool  shanks  to  a  special  formation,  or 
(as  must  often  be  done)  to  employ  special  collets.  These 
chucks  are  of  the  greatest  advantage  in  repetition  and  jig 
work,  where  a  set  of  tools  must  be  utilized  in  the  same  spindle 
in  rapid  sequence.  As  a  floating  drive  is  given,  its  degree  de- 
pending on  the  fit  of  the  shank  in  the  chuck,  considerable 
advantage  is  gained  in  jig  work,  where  a  rigidly  constrained 
tool  is  frequently  undesirable  on  account  of  the  tendency  to 
wear  the  bushings.  Even  in  ordinary  drilling,  the  floating 
drive  is  advantageous,  because  the  drill  is  enabled  to  run 
concentrically  after  commencing  the  hole,  and  no  lateral  spring 
arising  from  a  slightly  untrue  drill  or  other  cause  will  occur. 


Fig.  17.     Principle  of  Cam  and  Roller 
Action  in  Gronkvist  Chuck 


Fig. 


Principle  of  Pivoted-cam 
Jaw  Action 


Examples  of  each  design,  the  pad,  the  ball,  and  the  roller, 
are  illustrated.  The  pad  should  offer  the  most  powerful  drive, 
but  as  the  pressure  is  positive,  there  is  apparently  not  much 
to  choose  between  its  flat  line  of  contact  and  that  of  a  ball 
touching  at  a  spot  on  the  diameter. 

The  chuck  made  for  some  years  by  John  W.  Barnes  of  Rock 
Ferry,  Cheshire,  England,  is  employed  very  largely,  and  is 
made  either  separately  in  the  usual  manner  or  integral  with 
the  end  of  a  drilling-machine  spindle.  The  tops  of  the  tools 
or  their  collets  are  dome-shaped  and  automatically  center  them- 
selves in  the  beveled  top  inside  the  body  A,  Fig.  21,  and  their 
bodies  fit  freely  in  the  aperture,  thus  giving  the  float.  The 
driving  pads  B  fit  loosely  for  the  same  purpose,  and  the  curve 
of  their  backs  is  not  the  same  as  that  of  the  inside  of  the 
sleeve  C.  In  the  plan,  the  left-hand  pad  is  shown  engaged, 
while  the  right-hand  one  is  free.  What  causes  them  both  to 
hold  or  release  simultaneously  is  the  difference  in  the  diameter 
inside  the  sleeve.  In  the  upper  part  it  is  less  than  at  the  lower, 
so  that  when  pulled  down  to  the  position  shown  in  the  eleva- 
tion the  pads  are  forced  inward  and  bear  on  the  flats  on  the 
shank  or  the  collet.  When  the  sleeve  is  raised  (while  the 
spindle  is  running),  the  chambered  part  of  the  sleeve  comes 
opposite  the  pads,  and  they  are  thrown  into  it  by  centrifugal 
force,  leaving  the  drill  free  to  be  caught  by  the  hand. 

Fig.  20  shows  a  pad  type  of  chuck,  made  by  Vickers,  Ltd., 
of  Broadway,  London,  S.W.,  England,  in  which  release  is  also 
effected  by  raising  the  sleeve.  This  shows  a  collet  in  place, 
with   a   taper   hole   and    slot   at   the   top    for   the   drill    tang. 


Fig.   19.     Eccentric-jaw  Automatic 
Chuck 


Fig.   20.     Pad  Type  of  Quick- 
change  Chuck 
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Examples  of  ball  chucks  are 
shown  in  Figs.  22  to  25,  the 
first  being  that  made  by  E.  G. 
Wrigley  &  Co.,  Ltd.,  of  Soho, 
Birmingham,  England.  In 
this,  the  balls  abut  against  a 
collet  having  flats  at  180  de- 
grees, and  transmit  the  drive 
through  it.  The  sleeve  is 
shown  down  in  the  driving  po- 
sition, keeping  the  balls 
pressed  into  action.  When  it 
is  raised  to  a  height  limited 
by  the  set-screw  in  the  groove, 
tlie  weight  of  the  collet  and 
tool  forces  the  balls  outward 
into  the  pocket.  On  the  re- 
verse action,  the  balls  are 
pressed  inward  and  engage 
and  drive  the  collet. 

The  chuck  shown  in  Fig.  24, 
manufactured  by  Morton  & 
Weaver,  Coventry,  England, 
also  uses  two  balls.  In  this 
case  a  coiled  spring  presses 
the  sleeve  down  and  main- 
tains the  balls  in  the  driving 
position,  so  that  the  chuck 
can  be  used  horizontally  or 
upside  down. 

The  Modern  Tool  Co.  of 
Erie,  Pa.,  manufactures  the 
ball  chuck  shown  in  Fig.  23, 
in  which  springs  are  omitted. 
Th-e    force   of   gravity   draws 

the  locking  sleeve  down  and  thus  pushes  the  balls  against  the 
grooves  in  the  collet.  The  positive  drive  in  these  chucks  is 
disadvantageous  for  the  operations  of  tapping  and  studding, 
and  the  firm  supplies  a  special  friction  drive  for  use  in  such 
cases.  Two  fiber  disks  transmit  the  drive,  and  the  pressure  be- 
tween their  faces  may  be  regulated  by  a  nut.  A  stud-holder  is 
also  furnished  to  use  in  conjunction  with  the  friction  drive. 
The  addition  of  a  ball  race  to  take  the  running  wear  and  to 
render  the  sliding  of  the  sleeve  easier  is  illustrated  in  Fig.  25. 
This  chuck  is  manufactured  by  Alfred  Herbert,  Ltd.,  of  Coven- 
try, England.  The  balls  A  bear  upon  the  grooved  body.  The 
ball  and  spring  B  lock  the  sleeve  as  shown,  so  that  the  chuck 

can  be  used  in  a  horizontal 
or  an  inclined  position,  as 
well  as  in  the  usual  manner. 
The  collets  are  slotted  through 
at  the  top,  so  that  they  will 


Fig.  21.     Automatic  Chuck  with 
Floating  Drive 


drive  a  tang,  and  access  can 
be  had  to  the  end  of  the  latter 
for  the  purpose  of  driving 
it  out. 

An  example  of  a  disk  used 
for  driving  is  shown  in  Fig.  26 
(made  by  the  Wiard  Mfg.  Co., 
Detroit,  Mich.).  These  disks 
act  in  a  similar  manner  to  the 
balls  in  the  preceding  exam- 
ple, and  fall  into  pockets  in 
the  sleeve. 


GERMANY'S  MOTOR 

MIXTURES 
Owing    to    the    shortage    of 
gasoline  in  Germany,  experi- 
ments have   been   made  with 
mixtures  of  alcohol  and  benzol. 
The  results  of  these,  as  given 
by    the    American    consul    at 
Lyons,  are  of  especial  interest 
in  view  of  the  increased  cost 
of    gasoline    in    the    United 
States  and  the  need  of  finding 
additional  uses  for  benzol  at 
the  close  of  the  war.    In  these 
experiments,  a  1914  Mercedes 
touring  car,  with  the  ordinary 
carbureter,  was  run  4.66  miles 
at  a  speed  of  forty-two  miles 
an  hour  with  one  pint  of  a 
mixture  of  equal  parts  of  alco- 
hol   and    benzol.      When    the 
mixture  contained  three  parts  of  alcohol  and  one  of  benzol, 
a  distance  of  4.34  miles  was  covered  at  thirty-nine  miles  an 
hour.    In  the  proportion  of  one  part  of  benzol  and  five  parts 
of  alcohol,   the  mixture  ran   the  car  3.72  miles  at  thirty-six 
miles   an   hour.     With   pure   gasoline,   the   car   was  run   3.60 
miles  at  forty-four  miles  an  hour,  and  with  pure  benzol,  the 
car  was  run  3.79  miles  at  forty-two  miles  an  hour. 
*     *     * 
ACCIDENTS  COST  MONEY 
Three  kinds  of  accidents  alone  in  Wisconsin  last  year  cost 
workmen  in  that  state  over  $800,000  in  lost  wages.     Flying 
particles,  resulting  in  eye  injuries  chiefly,  caused  a  loss  in 
wages   of   $323,000.     Wearing  goggles  would   have   prevented 
much  of  this.     Falls  from  stairs,  ladders,  scaffolds,  etc.,  cost 
$300,000  more.     Objects  falling  from  cranes,  trucks,  etc.,  cost 
the  injured  men  $195,000  in  wages  lost.    An  ounce  of  preven- 
tion is  worth  a  pound  of  regret. 


Fig.   22.     Wrigley  Ball  Type 
of  Chuck 
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Fig.  23.    Modem  Tool  Co.'s  Quick- 
change  Ball  Chuck 


Fig    24.    Morton  &  Weaver  Ball  Fig.  25.    Quick-change  Chuck  with  Fig.   26.     Quick-change  Chuck 

Type  of  Chuck  Ball  Race  with  EoUer  Dnve 
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GAGE   GRINDING 

UY  CHARLES  K.  8CHLKGISL  I 

While  the  maximum  space  between  the  surface  of  the  mag- 
netic chuck  of  the  No.  2  surface  grinder  shown  in  Figs.  1  to  4 
inclusive,  and  the  smallest  wheel  that  efficient  grinding  will 
allow  is  approximately  eight  inches,  much  longer  rod  gages 
may  be  ground  on  this  machine  with  a  high  degree  of  ac- 
curacy. The  writer  has  ground  on  such  a  grinder  rod  gages 
42  inches  long. 
The  operator 
should  have  a 
good  set  of  size 
blocks  for  this 
work.  A  good 
set  for  the  aver- 
age machine 
shop  consists  of 
blocks  ranging, 
by  0.001  inch, 
from  0.031  to 
0.063  inch  long, 
three  blocks 
0.03125,  0.0468, 
and  0.0625  inch 
long,  respective- 
ly, to  represent 
the  fractions 
1/32,  3/64,  and 
1/16,  blocks  rang- 
ing, by  sixteen- 
ths, from  1/16  to 

I  inch  long,  and 
blocks  ranging 
from  1  to  10 
inches  in  length. 
This  set  is  not 
as  expensive  to 
make  as  first  im- 
pressions may 
suggest,  and  it 
gives  every 
measurement,  by 
0.001  inch,  from 
1/32  inch  up  to 

II  inches  by  us- 
ing a  combina- 
tion of  not  more 
than  three  of 
the  size-blocks. 

There  is  no 
necessity  of 
making  any  ela- 
borate lixture 
for  holding  the 
rod  gage  in  the 
machine.  The 
articles  shown  in 
the  illustrations 
are  in  common 
use  in  practical- 
ly every  shop 
and  answer  just 
as  well.  The 
rod  holder  is 
supported,  as 
shown  in  Fig.  1, 


Fig.     1.     Method    of    holding    Work    on    Grinder 


Fig.    3,     Measuring   Rod    Gage 


leave   sufficient   space    for   a    four-inch    wheel    and    plenty    of 
clearance  to  work  in. 

Having  set  this  end  in  position  so  that  it  can  be  easily 
measured  it  Is  obvious  that  it  should  be  ground  last.  So  after 
loosening  the  binding  nut  of  the  swivel,  the  rod  gage  is  turned 
end  for  end  and,  after  squaring  its  sides  with  the  surface 
of  the  magnetic  chuck,  approximately  one-half  of  the  stock 
left  to  be  ground  is  removed.  This  is  done  by  using  the  top 
of  the   emery   wheel,   the  hood   being  removed    as   shown   In 

Fig.  2.  During 
grinding,  the 
table  should  be 
moved  back  and 
forth  and  across 
by  hand  to  avoid 
the  jar  caused 
by  power  feed. 
The  rod  is  then 
turned  back  to 
its  first  position 
(it  must  not  be 
loosened  in  the 
swivel)  then  ac- 
curately leveled 
and  measured. 
This  leveling  is 
done  by  placing 
a  parallel  on  top 
of  the  rod  and 
leveling  with  an 
indicator  (see 
Fig.  1),  then 
turning  the 
parallel  horizon- 
tally through  90 
degrees,  and  in- 
dicating again. 
This  should  be 
done  two  or 
three  times,  as 
leveling  one  way 
may  throw  it 
out  another. 
Suppose  the  rod 
is  24.250  inches 
long,  and  that 
the  mechanic  is 
equipped  with 
the  size  -  blocks 
mentioned.  Sup- 
pose also  that 
0.02  inch  had 
been  left  for 
grinding  and 
that  0.01  inch 
has  been  ground 
off  one  end;  that 
tlie  rod  has  been 
reversed  so  that 
the  finished  end 
is  uppermost 
and  leveled  as 
just  described. 
As  the  lower  end 
is  5.034  inches 
from  the  magne- 
tic   chuck    with 


Fig.    2.     Grinding   Hod    Gage 


Fig.    i.     Grinding   Snap   Gage   at   One    Setting 


by  a  piece  of  1-  by  3-inch  cold-rolled  steel,  of  suitable  length, 
held  upright  in  the  machine  vise.  The  rod  is  held  by  a 
swivel  holder,  such  as  is  used  for  holding  a  diamond  while 
dressing  off  the  emery  wheel.  This  is  clamped  to  the  upright 
by  a  C-clamp  of  suitable  size  and  is  placed  at  such  a  height 
that  when  it  grips  the  rod  gage  approximately  in  the  center, 
the  lower  end  of  the  gage,  when  vertical,  will  be  about  5.035 
inches  from   the  surface  of  the   magnetic   chuck.     This  will 

'Address:   606  Gibbanl  Ave.,  Columbus,   Ohio. 


0.01  inch  to  be  removed,  the  top  of  the  rod  is  about  29  or  30 
inches  above  the  surface  of  the  magnetic  chuck.  To  measure 
this  rod  place  the  10-,  9-,  8-,  and  2-inch  size-blocks  one  upon 
the  other,  as  close  to  the  rod  gage  as  possible.  This  gives 
a  height  of  29  inches.  The  remaining  fraction  is  then  meas- 
ured by  the  micrometer  depth  gage  by  placing  the  beam  of 
the  depth  gage  on  top  of  the  rod  gage  and  running  the 
spindle  down  on  top  of  the  size-blocks,  as  shown  in  Fig.  3.  In 
this  case,  it  should  measure  29.294  inches,  which  equals  the 
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Fig:.   5.     Height  Gage  or  Set  Block  for  Planer 

length  of  the  rod,  24.250  inches,  plus  the  space  under 
the  rod,  5.034  inches,  plus  the  amount  to  he  ground  off,  0.01 
inch.  Then  the  bottom  end  of  the  rod  may  be  ground, 
taking  off  a  few  thousandths  of  an  inch  at  a  time,  but  care 
must  be  tal<en  to  keep  inside  the  0.01  inch  limit.  After  this 
is  done,  the  5-inch  size-block  should  be  placed  on  the  mag- 
netic chuck,  directly  under  the  rod  gage,  and  the  small  size 
blocks  from  0.034  inch  to  0.044  inch  used  as  feeler  gages  until 
one  fits  snugly  between  the  bottom  of  the  rod  gage  and 
the  top  of  the  5-inch  size-block.  The  difference  between  this 
block  and  0.044  inch,  in  this  instance,  is  the  amount  to  he 
removed.  This  grinding  should  be  done  cautiously  when 
nearing  the  0.044-inch  block  so  as  not  to  go  by  but  have  a 
good  snug  sliding  fit  without  having  to  use  force  to  insert 
this  block.  Also  care  should  be  taken  to  see  that  there  is  no 
dirt  or  dust  between  any  of  the  surfaces  while  measuring. 

By  this  method  of  grinding,  the  gage  is  free  to  be  meas- 
ured, while  working  upon  it,  so  the  mechanic  always  knows 
just  how  he  stands  without  having  to  resort  to  guesswork. 
Besides,  a  measurement  of  within  0.00025  inch  can  be  main- 
tained, which  is  close  enough  for  all  practical  purposes 
where  a  long  rod  gage  is  likely  to  be  used.  It  might  be 
mentioned  that  it  is  a  good  plan  to  grind  0.002  inch  off  one 
end  (before  removing  it  from  the  grinder)  about  %  inch 
from  the  edge,  as  shown  at  A,  Fig.  5,  to  use  as  a  lead  and 
an  approach  to  proper  measurement.  Where  the  rod  gage  is 
long,  it  should  be  fastened  by  a  strap  passed  a  little  above 
its  lower  end  to  the  upright  standard  in  the  vise,  so  as  to 
avoid  chattering. 

Height  Gag-es  and  Snap  Gag'es 

A  very  convenient  height  gage  or  set  block  for  planer  work 
is  shown  in  Fig.  5.  This  gage  differs  from  the  rod  gage  by 
being  made  up  of  two  parts,  a  base  and  spindle  or  rod.  The 
base  is  314  inches  in  diameter  and  1  inch  in  thickness;  there- 
fore the  rods  should  be  1  inch  less  in  length  than  what  is 
actually  wanted.  Any  number  of  rods  can  be  used  with  the 
same  base,  thus  forming  a  variety  as  large  as  shop  produc- 
tion requires.  The  base  should  be  pack-hardened  and  ground; 
also  both  ends  of  the  rod  should  be  hardened.  One  end  of 
the  rod  should  be  ground  on  centers  in  a  universal  grinder; 
however,  care  should  be  taken  to  have  the  threads  fit  loosely 
enough  to  allow  the  rod  to  stand  true  on  the  base.  After  the 
rod  is  firmly  attached  to  the  base  and  the  center  C,  Fig.  5, 
removed,  the  remaining  end  may  be  ground  in  the  same  man- 
ner as  the  rod  gage.  However,  as  only  one  end  is  to  be 
ground,  the  gage  may  be  held  by  the  swivel  holder  near  the 
bottom  end  so  as  to  eliminate  chattering  without  using  the 
extra  brace. 

Another  place  where  the  top  of  the  wheel  can  be  used  to 
good  advantage  is  in  grinding  snap  gages,  as  shown  in  Fig.  4. 
When  set  as  shown,  the  gage  may  be  ground  in  one  setting 
thus  insuring  the  two  surfaces  being  perfectly  parallel.  The 
space  may  be  measured  by  the  size-block  system  or  by  inside 
micrometers.  After  the  correct  size  is  obtained,  a  lead  of 
0.002  inch  may  be  ground  on  one  jaw,  as  described  for  the 
rod  gage.     Then  the  two  front  edges  may  be  ground  with  a 


cup-wheel,  which  is  done  by  raising  and  lowering  the  wheel 
and  grinding  both  jaws  until  both  can  be  touched  lightly  by 
the  wheel  without  moving  the  cross-feed  of  the  table;  this 
will  insure  an  even  start  for  both  jaws  when  used  for 
measuring. 

*     *     * 

IMPROVED   SHEAR-PIN   DESIGN 

BY  C.   L.  LOTHBOP,   Jr.  1 

To  prevent  damage  to  operating  machinery,  the  flight  and 
bucket  coal  conveyors  built  by  a  well-known  contracting  com- 
pany are  fitted  with  shear-pins  or  break-pins.  This  shear-pin 
is  installed  between  a  large  gear-wheel  and  the  shaft  which  it 
turns,  as  shown  in  Fig.  1.  In  the  event  of  a  heavy  stress  com- 
ing upon  the  conveyor  itself,  such  as  the  jamming  of  a  link 
due  to  a  bearing  getting  out  of  alignment,  the  driving  shaft 
will  stop;  and  with  it  the  shearing  arm.  The  gear-wheel  will 
continue  to  revolve,  being  driven  by  the  motor;  and  the  shear- 
pin,  shaped  as  shown  in  Fig.  2,  will  break  at  the  point  where 
the  diameter  is  reduced. 

While  the  device  is  intended  to  operate  only  on  rare  occa- 
sions, conditions  sometimes  occur  which  cause  the  shear-pin 
to  break  several  times  a  day.  When  this  happens,  an  addi- 
tional burden  of  machining  new  pins  is  thrown  upon  the 
already  overworked  machinists,  and  the  conveying  machinery 
may  be  broken  down  a  considerable  length  of  time  while  wait- 
ing for  the  pins.  An  improved  design,  shown  in  Fig.  3,  has 
been  tested  and  found  to  function  in  a  satisfactory  manner. 
A  hole  was  drilled  through  the  two  larger  parts  of  the  pin  to 
receive  a  %-inch  bolt  having  a  head  on  one  end.  On  the  other 
end,  a  nut  was  screwed,  with  a  lock-nut  holding  it.  The  two 
hollow  cylindrical  parts  were  kept  at  the  proper  distance  by  a 
loose-fitting  3/16-inch  washer,  1  inch  in  diameter.  To  prevent 
the  hole  from  wearing  to  an  elliptic  shape,  it  was  found  neces- 
sary to  make  the  1  7/16-inch  pins  of  mild  forged  steel,  with 
the  ends  and  hole  casehardened,  although  tool  steel  might 
have  done  as  well  if  the  temper  had  been  drawn  before  drill- 
ing and  the  pins  had  then  been  retempered.  A  fireman  with 
a  monkey  wrench  can  put  the  conveyor  in  operation  after  a 
bolt  is  sheared,  whereas  when  the  solid  pin  was  used,  the 
services  of  a  machinist  were  essential.  The  same  result  could 
have  been  obtained  had  the  shear-pin  holes  in  the  gear-wheel 
and    the    shearing    arm    been    bushed    with    hardened    steel. 


'Address:  Naval  Proving  Ground,  Indian  Head.  Md. 
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Figs.   1  to  3.     Original  and  Improved  Designs  of  Shear-pins 
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REPAIR  PARTS  FOR  MACHINE  TOOLS 
SOLD  ABROAD 

One  of  the  troubles  likely  to  develop  in  some  American 
shops  as  the  result  of  the  abnormal  European  demand  for 
machine  tools  will  be  difficulty  in  supplying  repair  parts. 
The  demand  for  machine  tools  was  so  abnormal  and  meth- 
ods of  distribution  so  irregular,  that  in  many  cases  no  proper 
records  have  been  kept  of  the  ultimate  destination  of  ma- 
chines, and  of  the  characteristics  of  the  machines  furnished. 
The  result  will  be  that  concerns  in  Great  Britain,  France, 
Italy,  Russia  and  other  countries  will  communicate  with 
the  American  builder  of  machines  in  their  plants  requiring 
new  parts,  and  much  cabling  and  correspondence  will  be 
necessary  before  the  American  builders  will  be  able  to  iden- 
tify positively  the  parts  wanted.  This  means  expense,  an- 
noyance and  delay. 

But  if  this  is  the  only  trouble  experienced  by  machine 
tool  builders  who  have  worked  their  plants  day  and  night 
to  fill  orders,  we  may  well  congratulate  ourselves.  The  fear 
has  been  expressed  that  a  considerable  number  of  purchas- 
ers of  American  machine  tools  made  in  a  hurry  will  have  un- 
satisfactory experiences  with  them,  and  become  prejudiced 
against  American  machine  tools  in  general.  It  perhaps  was 
inevitable  that  this  abnormal  demand  should  turn  the  heads 
of  some  of  the  manufacturers  and  cause  them  to  rush  out 
poorly  finished  work.  The  well  established  concerns  whose 
products  are  known  internationally  as  being  well  designed 
and  well  made  have,  in  general,  continued  to  turn  out  the 
same  dependable  product  as  before,  and  have  kept  careful 
records  of  foreign  shipments.  Concerns  that  have  steadfastly 
maintained  their  excellence  of  product  and  dealt  fairly  with 
their  foreign  customers  will  stand  as  high  with  them  after 
the  war  as  before  it. 


FIRE   INSURANCE   PREMIUMS 

Every  progressive  manufacturer  who  contemplates  the 
construction  of  a  new  factory  or  additions  to  an  existing 
plant  gives  careful  consideration  to  the  provision  of  all  the 
necessary  facilities  for  securing  high  rates  of  production  and 
enabling  work  to  be  done  under  conditions  that  will  insure 
obtaining  the  required  standard  of  quality.  But  In  many 
cases  it  is  apparent  that  the  same  care  is  not  taken  in  in- 


vestigating the  requirements  of  fire  insurance  companies,  so 
that  advantage  may  be  taken  of  the  lowest  premium  rate 
that  will  afford  adequate  protection.  Bureaus  are  maintained 
to  which  a  manufacturer  may  make  application  for  expert 
advice  concerning  safeguards  that  must  be  provided  in  a  plant 
engaged  in  his  line  of  work  and  other  conditions  that  must 
be  fulfilled  in  order  to  secure  protection  against  fire  loss; 
and  by  submitting  plans  to  such  a  bureau  it  is  frequently 
possible  to  obtain  a  heavy  reduction  in  the  premium  without 
going  to  much  extra  expense. 

A  case  in  point  is  seen  in  the  experience  of  a  manufacturer 
who  recently  submitted  plans  of  a  new  factory  to  the  New 
York  Fire  Insurance  Exchange.  When  experts  in  the  em- 
ploy of  this  bureau  looked  over  these  plans  they  found  that 
the  proper  arrangement  of  fire  doors  had  not  been  provided 
and  that  in  one  case  a  parapet  extension  of  the  fire  wall  had 
not  been  continued  to  the  required  height  above  the  roof. 
These  facts  were  reported  to  the  manufacturer  who  immedi- 
ately had  his  architect  modify  the  plans  in  accordance  with 
the  bureau's  finding.  As  a  result,  an  additional  investment  of 
$350  saved  $1000  in  the  insurance  premium. 

BUILDING  UP  AN   ORGANIZATION 

The  manufacturing  concerns  that  have  achieved  a  reputa- 
tion for  square  dealing  and  general  reliability  are  those 
which  by  years  of  effort  and  training  have  built  up  an  or- 
ganization of  efficient  and  loyal  employes.  Concerns  that 
make  a  practice  of  attracting  men  from  other  organizations 
by  offers  of  high  salaries  are  not  organically  sound,  nor  are 
they  likely  to  become  sound  and  efficient  by  pursuing  this 
method  of  recruiting.  Manufacturers  that  employ  machinists 
have  found  that  a  dependable  organization  is  that  which  has 
been  built  up  by  training  young  men,  and  making  places 
for  them  when  they  become  journeymen. 

Every  manufacturing  establishment  requiring  mechanics 
and  skilled  workmen  should,  as  a  matter  of  justice,  educate 
a  certain  percentage  of  its  employes  each  year  in  the  ele- 
ments of  its  trades.  The  practice  is  necessary  in  order  to 
provide  the  number  of  workmen  required  in  the  industry, 
and  it  is  the  best  kind  of  insurance  against  strikes  and  labor 
troubles  generally.  The  men  in  a  built-up  organization  com- 
posed mainly  of  employes  who  have  spent  the  best  part  of 
their  lives  with  the  company  and  know  its  history,  aims  and 
ideals,  feel  themselves  to  be  a  part  of  the  business  and  not 
mere  hired  men;  they  are  not,  as  a  rule,  looking  elsewhere 
for  any  chance  to  obtain  employment  at  higher  wages.  On 
the  other  hand,  an  organization  composed  of  self-seekers  is 
unstable,  because  the  men  are  disloyal.  Loyalty  cannot  be 
obtained  by  the  payment  of  mere  wages;  it  is  obtained  only 
by  fair  treatment  and  by  making  the  employes  feel  that 
they  all  are  a  necessary  part  of  the  organization. 
*     *     * 

MISUNDERSTANDINGS  IN  JOB  WORK 

A  common  cause  of  trouble  between  jobbing  machine  shops 
and  their  patrons  is  in  the  misunderstanding  of  what  is 
wanted.  Work  is  often  sent  in  and  a  few  verbal  instructions  are 
given,  with  the  result  that  when  the  job  is  done  it  is  not 
as  desired,  and  one  blames  the  other  for  the  mistake.  The 
owner  of  the  parts  thinks  he  knows  exactly  what  he  wants, 
and  expects  that  the  job  shop  proprietor  or  his  men  should 
be  able  to  read  his  mind  after  a  few  words  of  explanation. 

The  job  shop  proprietor  should  generally  insist  on  getting 
clear  and  definite  instructions  on  the  work  wanted.  If  tbo 
customer  will  not  or  cannot  furnish  drawings,  it  would  pay 
the  proprietor  to  make  sketches  and  get  the  customer's  O.K. 
before  starting  work.  Then  there  should  be  no  "come-back" 
if  it  does  not  meet  the  customer's  needs.  He  had  the  oppor- 
tunity to  correct  his  own  mistakes  and  the  misunderstandings 
of  the  shopmen  when  he  examined  the  sketches. 

All  orders  and  agreements  should  be  made  in  writing,  and 
prices  should  be  specified  either  as  to  hourly  rate  or  total  for 
the  job.  The  job  shop  proprietor  who  consistently  follows 
business  methods  in  dealing  with  his  customers  will  avoid 
many  of  the  troubles  common  to  job  shop  practice. 
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INDUSTRIAL   EFFICIENCY 

BY  FRANK  METZLER  ' 

If  the  time  to  prepare  for  war  is  when  peace  obtains,  the 
time  to  prepare  for  the  domestic  competative  era  that  is  to 
confront  the  manufacturer  of  tools  and  machinery  at  the  close 
of  the  war  is  while  we  are  experiencing  the  unusual  pressure 
due  to  the  production  of  war  commodities.  Industrial  en- 
gineers are  not  alone  in  speculating  on  the  aftermath  of  this 
feverish  activity  and,  in  many  instances,  heart-breaking  sus- 
pense and  the  reaction  to  be  experienced  by  both  large  and 
small  manufacturers.  Munitions  have  almost  upset  manu- 
facturing reason.  Many  good,  conservative  men,  whose  word 
for  results  and  deliveries  was  dependable,  have  lost  quite 
materially  in  promising  deliveries  that  were  impossible.  As 
time  dragged  on,  the  expense  outran  the  profit  and  these  men 
were  replaced  by  others,  and  the  successors,  in  turn,  were  fol- 
lowed by  others,  all  with  inflated  ideas  as  to  the  possibilities 
of  delivery;  but  each  failed  to  profit  by  his  predecessors' 
errors. 

We  are  all  familiar  with  the  jaunty  air  of  the  manufacturer 
on  receiving  his  first  munition  order.  He  is  a  man  envied  by 
his  fellows.  Later  he  has  a  more  serious  mien,  then  a  worried 
expression,  and,  finally,  we  count  the  failures.  In  nearly  every 
case  the  cause  can  be  traced,  not  to  an  article  impossible  to 
manufacture,  but  to  a  management  that  failed  to  grasp  the 
true  situation  concerning  deliveries  of  tools  and  machinery, 
material,  and  a  peculiar  labor  condition.  Those  issuing  the 
contracts  stipulated,  in  nearly  every  instance,  delivery  dates 
impossible  to  meet,  and  attached  penalties  for  failure  to  meet 
them.  The  manufacturer  was  induced  to  believe  in  himself, 
his  organization,  and  equipment,  and  agreeably  signed.  Then 
followed  an  investigation  and  analysis  of  his  executive  force 
and  a  decision  to  secure  a  more  capable  organization.  Mechan- 
ical engineers  and  superintendents  became  mere  passing 
acquaintances.  Tools  were  designed  on  the  run,  so  to  speak, 
and  scheduled  against  an  equipment  which,  through  continued 
failure  of  deliveries,  was  substituted  by  others.  In  the  mean- 
time, the  hastily  designed  prospective  tools  were  placed  on  an 
hourly  basis  In  almost  any  shop  with  a  semblance  of  equip- 
ment, only  to  be  thrown  into  the  scrap  heap  because  they  could 
not  be  used  with  the  new  equipment.  Efforts  were  immed- 
iately begun  to  make  up  for  the  unlooked  for  delay,  by  high 
pressure  and  long  hours.  Engineers  and  superintendents 
alike  failed  to  satisfy  a  management  almost  beside  itself  and 
haunted  by  the  penalty  in  the  contract.  New  men  were 
secured.  The  previous  tooling  was  criticised  and  new  tools 
were  designed,  only  to  meet  the  same  difficulties  that  attended 
the  former.  Some  firms  retooled  their  equipment  four  times 
before  manufacturing  proceeded.  In  addition,  in  no  case 
(except  those  previously  engaged  in  munition  work)  was  the 
entire  equipment  charged  in  against  the  order  which,  through 
failure  of  deliveries,  and  the  consequent  penalty,  became  a 
constantly  diminishing  quantity.  All  the  manufacturers  fig- 
ured that  after  the  order  was  run  off  they  would  have  an 
equipment  for  general  jobbing  purposes.  In  many  instances, 
the  cost  of  repeated  tooling  precluded  any  possible  profit  on 
the  first  order  so  the  question  resolved  itself  into  the  securing 
of  a  second  order  or  failure.  The  small  fortunes  made  by  the 
small  shop  men,  are  sad  reflections  on  otherwise  capable 
managements.  The  prices  paid  for  tools  were  outrageous,  be- 
ing as  high  as  200  per  cent  above  normal,  and  all  have  re- 
peatedly wondered  at  the  cheerful  endorsement  of  bills. 

The  fallacy  of  justifying  an  expenditure  for  equipment  for 
general  jobbing  purposes  might  as  well  be  recognized  now  as 
later.  What  sane  manufacturer  would  deliberately  buy  the 
assorted  equipment  usually  obtaining  for  munitions  and  in- 
stead of  munitions  do  a  general  jobbing  business,  even  in  the 
abnormal  present  times?  What  then  is  to  be  said  for  those 
so  equipped  when  times  become  normal?  Without  question 
the  country  will  be  confronted  with  an  overproduction  of 
certain  classified  machines,  and  the  problem  of  keeping  them 
employed  is  one  to  harass  the  most  resourceful  executive. 
When  the  full  significance  of  this  wild  and  extravagant  buy- 
ing of  machinery  and  tools  is  appreciated,  and  manufacturers 
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are  sobered  by  the  accumulating  idle  hours  day  after  day,  it 
is  fair  to  assume  that  a  wholesome  regard  for  a  more  advanced 
knowledge  of  proper  business  methods  must  obtain.  Such 
being  the  case,  it  follows  that  if,  during  normal  business  times,- 
such  as  obtained  before  the  war,  it  is  found  advantageous  and 
profitable  to  employ  a  management  embodying  the  most 
efficient  means  of  conducting  business,  it  would  be  doubly 
profitable  now. 

There  is  no  question  but  that  an  orderly  systematic  flow  of 
work  is  more  conducive  to  profits  and  the  meeting  of  due  dates 
than  the  unorganized  manner  of  approaching  the  problems  of 
manufacturing.  A  trained  corps  of  experts  with  the  attending 
investigations  and  analysis  will  do  far  more  than  the  average 
all-around  good  man  who  is  generally  relied  upon  to  determine 
processes  and  proper  methods.  An  apt  illustration  is  to 
be  found  in  the  conditions  surrounding  the  heat-treatment 
of  steel;  mills  are  experiencing  trouble  in  supplying  the 
market  with  the  various  brands  of  steels,  and  factories  are 
experiencing  trouble  in  heat-treating.  This  is  not  local;  it  is 
a  general  condition  and  the  cause  is  self-evident.  There  was 
never  more  need  of  organized  investigation  and  scientific 
application  in  this  department  than  at  present,  when  time  is 
the  greatest  factor.  Yet  managers  allow  this  department  to 
continue  as  formerly,  sustaining  a  loss  in  many  cases  not 
known  to  them,  with  the  consequent  delay  on  deliveries. 
Regardless  whether  the  much  heralded  "war  after  the  war"  is 
to  be  realized  or  not,  it  behooves  all  manufacturers  to  inves- 
tigate the  more  modern  methods  of  conducting  business. 
*  *  * 
HEAT   DENSITY 

BY  GEORGE  P.  PEARCE  ' 

We  hear  a  great  deal  about  the  B.  T.  U.  value  of  fuels,  that 
is  the  B.  T.  U.'s  of  potential  chemical  energy  contained  in  one 
pound  of  various  substances,  but  how  many  have  considered 
the  number  of  B.  T.  U.'s  of  heat  that  are  in  a  cubic  foot  of 
space  under  various  conditions?  Let  us  assume  0  degrees  F. 
as  a  base  and  see  approximately  what  the  heat  density  is  for 
various  conditions  and  substances.  On  a  hot  summer  day, 
with  the  thermometer  registering  110  degrees,  there  seems  to 
be  plenty  of  heat  everywhere,  yet  a  simple  calculation  will 
show  that  there  is  only  1.8  B.  T.  U.  to  the  cubic  foot. 

The  gasoline  blast  torch  is  generally  looked  upon  as  a  very 
hot  flame,  but  in  the  hottest  part  of  that  flame  the  heat  density 
is  less  than  expected;  it  is  10  B.  T.  U.  per  cubic  foot.  Hydro- 
gen gas,  with  its  enormous  heat  value,  might  be  expected  to 
make  a  better  record  than  that,  yet  in  the  hottest  part  of  a 
hydrogen  flame  burned  in  air  the  B.  T.  U.'s  per  cubic  foot  are 
just  about  10.1;  it  has  a  heat  density  1  per  cent  better  than 
the  gasoline  flame  in  air.  Not  much  is  expected  of  carbon 
burned  in  air  with  its  much  lower  heat  value,  so  we  are  sur- 
prised when  it  shows  a  density  of  12.3  B.  T.  U.  per  cubic  foot. 
This,  of  course,  is  due  to  the  greater  density  of  the  products 
of  combustion.  Incidentally  we  note  why  coal  is  such  a  satis- 
factory source  of  heat  for  boilers;  it  develops  a  high  heat 
density  and  thus  rapidly  heats  the  tubes;  of  course  other  things 
enter  into  consideration  as  well.  A  great  deal  is  said  about 
acetylene,  and  it  deserves  credit,  for  this  gas  burned  in  air 
produces  a  heat  density  of  13.1  B.  T.  U.  per  cubic  foot.  So  far 
the  heat  produced  has  been  diluted  by  the  presence  of  the  inert 
gas  nitrogen  in  the  air.  Eliminate  this  and  burn  acetylene  in 
oxygen  and  a  great  change  takes  place,  for  now  there  are 
24  B.  T.  U.  in  every  cubic  foot  of  the  intense  flame.  Burn 
hydrogen  in  oxygen  and  there  are  20  B.  T.  U.  to  the  cubic  foot. 

It  might  be  supposed  that  the  limits  for  heated  gases  and 
vapors  are  being  rapidly  reached.  However,  ordinary  steam 
just  as  it  boils  off  water  into  the  atmosphere  contains  44 
B.  T.  U.  to  the  cubic  foot.  The  oxy-acetylene  flame  takes  a 
poor  second  place  when  compared  with  steam  under  these  con- 
ditions. Some  experimental  high-pressure,  high-efficiency, 
steam  engines  use  superheated  steam  at  240  pounds  per  square 
inch  and  300  degrees  of  superheat,  and  every  cubic  foot  of  this 
steam  contains  over  500  B.  T.  U.  Strange  as  it  may  seem,  satu- 
rated high-pressure  steam  at  235  pounds  per  square  inch  con- 
tains over  650  B.  T.  U.  per  cubic  foot,  and  for  carrying  heat  is 
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superior  in  this  respect  to  superheated  steam.  More  astound- 
ing still  is  the  humble  cake  of  ice  which  at  32  degrees  is  pre- 
pared to  deliver  937  B.  T.  U.  per  cubic  toot  when. cooled  down 
to  zero.  Boiling  water  is  common  enough,  and  as  a  heat  con- 
tainer it  holds  over  12,000  B.  T.  U.  per  cubic  foot. 

Melted  sulphur,  at  800  degrees  F.,  has  a  heat  density  about 
•  twice  that  of  boiling  water,  or  over  22,000  B.  T.  U.  to  the  cubic 
foot.  Melted  aluminum,  at  1214  degrees  F.,  almost  doubles 
this  with  nearly  43,000  B.  T.  U.  per  cubic  foot.  Melted  glass, 
at  2377  degrees  F.,  has  nearly  75,000  B.  T.  U.  in  every  cubic 
foot.  Platinum,  at  3300  degrees  F.,  makes  a  big  jump  with  its 
182,200  B.  T.  U.  per  cubic  foot.  But  common  melted  iron,  at 
2700  degrees  F.,  leaves  platinum  away  behind  with  207,000 
B.  T.  U.  per  cubic  foot.  However,  they  are  all  surpassed  if  a 
cubic  foot  of  carbon  is  heated  almost  to  its  vaporizing  tempera- 
ture, say  to  7000  degrees  F.,  as  a  heat  density  of  700,000 
B.  T.  U.  per  cubic  foot  is  then  obtained.  It  is  impossible  for 
a  person  to  look  at  this  heated  carbon  or  stand  near  it,  and 
probably  it  represents  the  greatest  heat  density  known.  It  is 
found  in  every  arc  lamp.  Perhaps  when  we  obtain  more  data 
on  the  remarkable  metal  tungsten,  which  takes  5432  degrees  F. 
to  melt  it  and  an  unknown  temperature  to  vaporize  it,  a  still 
greater  heat  density  may  be  had  in  melted  tungsten  just  be- 
fore it  commences  vaporizing. 

>     •     • 

PRESS-ROOM   EFFICIENCY   METHODS 

BY  G.  R.   SMITH  1 

While  many  times  small  things  appear  unimportant  and 
the  study  of  detail  seems  like  a  waste  of  time,  this  study  is 
really  a  vital  matter  and  one  that  must  never  be  lost  sight  of 
in  an  endeavor  to  reduce  cost  and  increase  production.  A 
lubricant  on  all  drawn  metal  work  makes  the  process  easier 
on  the  tools,  machines  and  work  to  be  done.  Usually,  this 
lubricant  is  placed  on  the  blanks  by  brushing  them  or  by 
dipping  them  in  the  solution  before  placing  them  in  the  dies. 
In  either  case,  this  must  be  done  by  the  operator  or  a  laborer 
employed  for  the  purpose;  if  it  is  done  by  the  operator,  the 
piecework  price  is  made  to  cover  this  operation.  A  better  plan 
is  to  use  the  drawing  solution  in  the  cutting  of  the  blanks, 
instead  of  the  lard  oil  generally  used  for  that  purpose. 

In  blanking  operations  on  straight  press  work,  the  writer 
has  used,  to  advantage,  a  soap,  water  and  oil  emulsion  on 
brass  and  copper  blanking,  and  a  lard  oil  and  chalk  solution 
on  steel  blanking.  They  give  the  same  results  as  pure  lard  oil 
in  keeping  the  tools  from  heating  and  the  metal  from  flaking 
off,  scratching  and  sticking  to  the  dies.  By  this  plan,  the 
blanks  come  to  the  drawing  operation  lubricated  and  ready 
to  be  fed  at  once  into  the  dies,  increasing  the  production  and 
lowering  the  cost.  On  all  work  that  is  cut  from  the  strip,  this 
plan  may  be  easily  followed,  as  the  strips  can  be  oiled  with 
this  solution  in  place  of  the  usual  oil.  While  large  blanks 
that  are  cut  on  the  shear  cannot  be  handled  in  this  way,  the 
saving  on  the  small  blanks  more  than  pays  for  an  oiling  opera- 
tion on  the  larger  ones. 

Use  of  Compressed  Air 

Many  up-to-date  shops  use,  compressed  air  in  the  press  rooms. 
It  may  be  supplied  by  piping  that  connects  the  compressor 
tanks  with  each  machine,  or  by  a  small  pumping  attachment 
bolted  to  the  main  casting  of  the  machine.  While  compressed 
air  is  rather  expensive,  its  great  cost-reducing  powers  and 
economic  value  in  shop  manufacturing  operations,  especially 
press  work,  more  than  offset  the  first  cost.  It  may  be  used  for 
removing  work  from  dies,  blowing  work  through  open-back 
presses  into  work  boxes,  removing  work  from  certain  style 
jigs  in  the  drill  press,  keeping  dies  free  from  scale,  chips,  and 
dirt,  removing  punchings  from  tapped  holes,  furnishing  power 
for  automatic  feed  devices  and  for  the  side  stroke  in  double- 
action  dies;  it  has  also  been  used  as  a  butnper  pad  for  the 
pressure  ring  in  shell-drawing  dies. 

Positive    Knock-out 

The  use  of  the  top,  or  positive,  knock-out  is  well  known, 
but  a  word  may  save  someone  a  lot  of  trouble  and  experiment- 
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ing.  An  operator  should  not  be  permitted  to  remove  work 
with  a  pair  of  pliers,  old  file,  or  the  like  it  there  is  any  chance 
whatever  of  having  the  work  pull  up  on  the  punch  and  knock 
off  at  the  top  of  the  stroke  with  the  positive  knock-out.  This 
plan  lessens  the  cost  of  the  operation,  the  danger  to  the  opera- 
tor's fingers,  and  the  possibility  of  damage  to  the  dies  by  the 
ram  of  the  press  descending  with  the  file  or  other  probe  in 
them.  The  writer  has  drilled  a  hole  from  the  top  of  the  punch 
shank  to  carry  a  knock-out  pin,  with  an  inch  or  so  of  spiral 
spring  in  the  center,  when  the  stroke  was  too  long  to  work 
with  a  solid  pin.  All  springs  should  be  removed  from  the 
stripper  plates  on  the  punch  and  the  top  knock-out  used  if 
there  is  any  chance  whatever  of  doing  so,  as  the  cost  of  opera- 
tion will  be  reduced  and  the  result  will  be  more  satisfactory. 
Sometimes  it  is  necessary  to  place  a  piece  of  cushion  rubber 
on  top  of  the  pin,  that  is,  between  the  pin  and  the  knock-out, 
when  the  stroke  of  the  press  and  construction  of  the  tools  will 
not  allow  of  any  other  method.  The  side  attachment  knock- 
out can  be  used  when  it  is  impossible  to  use  the  top,  back,  or 
positive  knock-out. 

In  blanking  washers,  a  knock-out  with  a  tapped  hole  in  the 
end  may  be  used.  A  pin  screwed  into  this  hole  will  run  down 
the  center  of  the  punch  and  push  out  the  punchings  in  com- 
pound blanking  and  piercing  dies,  when  the  construction  of 
the  tools  will  not  allow  a  stripper  pad  in  the  center  for  the 
knock-out  pin  to  rest  on. 

Magnetized  Punch 

A  magnetized  punch  is  a  practical  and  efficient  tool;  it  has 
an  electromagnet  in  the  center  and  is  arranged  so  that  the 
current  is  switched  off  with  the  full  rise  of  the  press  ram.  It 
works  well  on  steel  parts,  either  in  forming  operations  or 
blanking.  The  fault  with  the  average  sub-press  and  precision 
die  is  that  it  leaves  the  blank  in  the  strip  of  stock  from 
which  the  operator  has  to  either  pick  or  shake  it  out. 

Spring:  Attachment  for  Straight  Cut-off  Work 

In  Fig.  1  is  shown  a  small  spring  attachment  that  has  been 
successfully  used  on  straight  cut-off  work.  This  is  simply  a 
strip  of  flat  spring  steel,  bent  to  the  desired  shape,  passed 
through  the  bolt  hole  in  the  side  arm  of  the  press  ram,  and 
held  in  position  by  a  wooden  plug  driven  in  the  hole  with  it. 
This  strip  is  bent  so  as  to  press  on  the  end  of  the  work  when 
the  latter  is  cut  off  by  the  punch  as  the  ram  of  the  press 
descends.  Then,  as  the  operator  feeds  the  stock  through  the 
die  he  forces  each  piece  out  as  it  is  cut,  the  spring  holding  it 
down  so  that  it  slides  out  easily.  With  this  arrangement, 
work  may  be  run  on  "continuous  trip,"  which  could  not  be 
run  on  trip  in  any  other  way.  The  cost  of  production  can 
often  be  lowered  75  per  cent  by  the  use  of  this  spring. 

Stripping  Work  from  Single  Piercing  Punches 

In  piercing  small  work,  such  as  washer  blanks,  where  a 
single  punch  is  used,  a  piece  of  cushion  rubber  placed  on  the 
punch  after  it  is  set  up  will  force  the  blank  off  the  punch  as 
it  rises  out  of  the  die.  This  is  an  old  device,  but  nevertheless 
is  unknown  to  many.  When  rubber  is  not  available  corks  will 
give  the  same  result  when  the  piercing  punches  are  %  inch 
or  less  in  diameter  and  the  stock  is  not  over  0.030  inch  thick. 
Placing  a  spiral  spring  around  the  punch,  holding  it  in  posi- 
tion by  wire,  will  accomplish  the  same  result.  If  a  washer  is 
clamped  in  such  a  position  that  the  punch  travels  through  its 
center,  the  work  will  be  stripped  as  the  punch  travels  back 
through  the  washer.  A  piece  of  flat  stock  with  a  hole  drilled 
in  it  can  be  used  for  the  same  purpose,  and  is  often  much 
easier  to  arrange  than  a  washer.  These  methods  will  be  found 
of  value  in  shops  where  a  great  deal  of  special  work  and  job- 
bing is  done  and  the  tools  cannot  be  made  and  kept  on  hand 
for  each  piece  of  work  that  comes  along. 

Cooperation   of  Two  or  More  Operators  on  One  Press 

Recently,  several  operators  were  tried  on  an  assembling  job 
on  a  punch  press,  but  none  of  them  could  finish  more  than 
one  hundred  pieces  an  hour.  They  could  assemble  one  hun- 
dred pieces  in  fifty  minutes  and  press  them  in  ten.  When 
two  operators  were  put  on  the  job,  each  assembled  one  bun- 
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Fig.  1.     Spring  Attachment  used 
Cut-off  Work 


Fig.    2.     Arrangement   of   Conveyor   for 
separating   Work   from    Scrap 


Shear  Punch  for  removing  Bolt  Ends 
from  Gear  Blank 


(Ired  pieces  an  hour,  thus  earning  his  piecework  allowance. 
A  third  operator  was  put  with  them  and  two  could  assemble 
enough  to  keep  the  third  pressing  all  the  time,  with  the  result 
that  three  hundred  pieces  per  hour  were  made  and  each  oper- 
ator made  his  piecework  allowance.  The  production  of  this 
work  was  thus  raised  from  one  hundred  to  three  hundred 
pieces  an  hour;  the  cost  of  producing  was  practically  the 
same,  but  deliveries  were  made  that  before  had  been  thought 
impossible.  There  was  a  slight  saving  in  factory  expenses, 
as  three  operators  were  working  on  one  press,  thus  saving 
the  cost  of  power  for  two  machines  that  the  other  two 
operators  would  be  running  under  normal  conditions.  In 
shops  where  conditions  would  allow,  the  assembling  could 
have  been  done  by  much  cheaper  help,  thus  effecting  a  greater 
saving. 

Use  of  Feeding:  Pliers 

The  use  of  pliers  for  feeding  press  work  is  a  good  safety 
measure.  They  will  be  found,  in  some  cases,  to  be  more  effi- 
cient in  handling  small  work  than  the  operator's  fingers,  much 
safer,  and,  in  case  of  accident,  will  cost  less  to  the  manufac- 
turer. While  the  market  is  flooded  with  safety  appliances 
for  the  punch  press — many  of  them  very  good  in  their  way 
— the  one  great  factor,  and  the  only  absolutely  sure  precau- 
tion, is  not  to  have  the  fingers  between  the  dies  when  the 
ram  descends. 

Increasing-  Speed  of  Press 

While  the  makers  of  power  presses  give  certain  speeds  that 
should  not  be  exceeded,  and  the  executive  who  has  charge  of 
the  machines  should  know  what  those  speeds  are,  some 
machines  can  be  safely  speeded  up  on  certairl  classes  of  work. 
While  the  writer  would  not  advise  the  novice  to  tamper  with 
the  speed  of  a  press,  an  increase  of,  say,  ten  to  fifteen  strokes 
per  minute  on  certain  classes  of  work  that  can  be  run  on  con- 
tinuous stroke,  or  trip,  involves  no  danger  whatever  to  the 
machine,  but  does  mean  dollars  saved  to  the  manufacturer. 
The  changing  of  driving  pinions  means  time  and  an  extra 
pinion,  as  well  as  the  services  of  a  millwright.  But  the  speed 
of  a  press  may  be  increased  by  winding  an  eighth  or  quarter 
inch  of  gummed  tape  on  the  pinion  of  a  belt-driven  press; 
this  can  be  easily  removed  when  it  is  desired  to  run  the  press 
on  other  work. 

Sifting-  W^ashers  from  Scrap 

In  all  shops  where  washers  are  extensively  made,  they  must 
be  separated  from  the  scrap  that  comes  from  piercing  the 
center  hole.  This  is  done  in  a  number  of  ways,  sifting  being 
the  most  common.  A  sieve  is  used  that  will  hold  the  washers 
but  will   allow  the   scrap  to   drop   through.     The  writer  has 


avoided  this  sifting  operation  in  many  cases  by  driving  one 
end  of  a  piece  of  steel  wire  into  a  block  of  wood  and  then 
placing  it  under  the  press  in  such  a  position  that  the  washers 
will  drop  or  string  themselves  on  this  wire,  while  the  scrap 
falls  in  pans  placed  to  receive  it;  the  top  end  of  the  wire  is 
turned  down  as  a  pilot.  It  is  possible  to  stack  a  great  deal 
of  press  work  as  it  drops  from  the  dies,  thus  saving  time  and 
expense  that  would  be  used  in  sorting  and  sifting  operations. 
Small  tin  conveyors,  such  as  shown  in  Fig.  2,  may  be  used 
to  divide  the  work  from  the  scrap  as  it  drops  from  the  press. 

Prevention  of  Scaline:  and  Use  of  Shear  Punch 

Large  blanks  should  be  tumbled  before  drawing,  to  remove 
scale  and  give  a  smooth  polished  surface,  equal  parts  of  sea 
sand  and  granulated  cork  being  placed  in  the  tumbling  barrel 
with  the  blanks.  They  come  out  as  smooth  and  polished  as 
when  buffed.  The  cost  of  tumbling  is  slight,  but  the  process 
will  effect  a  large  saving  on  the  dies  and  give  a  much  better 
shell.  The  scaling  of  small  steel  pieces,  such  as  eyelets,  small 
shells,  ferrules,  etc.,  in  the  annealing  can  be  easily  prevented 
by  nickel  or  brass  plating  or  dip  before  annealing.  Brass  does 
not  scale  and  the  plate  thus  protects  the  steel  from  scaling. 

In  Fig.  3  is  shown  a  set  of  press  tools  that  comprises  a  steel 
shearing  punch  and  two  clamps.  Their  use  lowered  the  cost 
from  fifty  cents  a  piece  to  fifteen  cents  per  hundred  pieces. 
The  work  is  a  gear  blank  built  up  of  laminations  held  in  place 
by  eighteen  14-iiich  steel  studs  protruding  about  %  inch 
through  a  side  piece  of  i/i-inch  boiler  plate.  These  protruding 
ends  were  formerly  cut  off  with  a  pneumatic  chisel,  one  at  a 
time,  the  operation  paying  fifty  cents  per  finished  blank.  The 
studs  on  one  side  are  now  cut  off  with  three  strokes  of  the 
press,  paying  fifteen  cents  per  hundred  blanks.  The  only  tool 
is  the  shearing  punch  which  cost  $3.  The  holding  nest  is  two 
clamps  bolted  to  the  bedplate  of  the  press,  thus  holding  the 
blank  in  position,  and  allowing  it  to  be  turned  as  required  by 

the  operator. 

*     •     • 

A  device  for  testing  the  safety  and  carrying  strength  of 
floors,  walls  and  columns  has  been  invented  by  a  building  in- 
spector of  Seattle,  Wash.  This  device,  which  he  calls  the 
"extensometer,"  is  said  to  be  so  sensitive  that  it  will  measure 
0.0001  inch.  The  device  is  used  to  measure  the  amount  of 
change  produced  by  a  load,  for  when  a  floor  slab  is  loaded,  the 
under  surface  stretches  and  the  upper  surface  is  compressed. 
By  measuring  the  amount  of  the  change  thus  produced  and 
taking  into  consideration  the  kind  and  quality  of  the  material 
and  the  load,  it  is  possible  to  figure  the  safe  carrying  capacity 
of  the  building.  This  device  is  particularly  adapted  for  con- 
crete structures,  because  the  weak  places  of  these  are  not 
otherwise  easily  discerned. 
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A    HIGH   WAGES   ASPIRANT-FITTING  ROUND  PEGS  INTO  ROUND  HOLES-FIRE   PREVENTION  HINT- 

THE    EFFICIENCY  EXPERT 


-he' 


DOWN  in  New  Englaiul 
there  is  an  old  machine 
tool  builder  who  has  a 
reputation  for  making  good, 
serviceable  machines.  Inci- 
dentally, he  isn't  strong  on 
technical  education,  and  some- 
times the  younger  men  in  his 
organization  are  inclined  to 
set  him  down  as  a  back  num- 
ber. However,  his  "horse 
sense"  often  saves  the  day  for 
them,  as  the  following  inci- 
dent will  show. 

One  day  he  gave  one  of  his 
machine  designers  a  feed- 
control   shaft  to  lay  out.     It 

was  a  long,  horizontal  shaft,  located  at  the  front  of  the  ma- 
chine about  a  foot  from  the  floor.  As  the  shaft  had  very  little 
load  to  carry,  the  designer  estimated  that  %  inch  diameter 
would  be  ample  to  give  the  necessary  strength,  and  so  in- 
formed his  superior.  But  the  old  machine  builder  chuckled 
when  the  designer  told  him  of  his  figure,  shook  his  head, 
and  said: 

"Say,  young  fellow,  you  forget  that  when  the  machinist  who 
runs  this  machine  starts  it  up  on  Monday  morning,  he's  going 
to  stand  on  that  shaft  to  oil  those  top  bearings.  Maybe  he'll 
be  a  200-pounder — better  make  that  shaft  2  inches  diameter 
and  you'll  be  on  the  safe  side  for  everything." 

Which  goes  to  show  that  the  factor  of  safety  must  include 
the  human  element. 

A  High  Wages  Aspirant 

We  hear  a  great  deal  nowadays  of  the  mushroom  growth  of 
certain  lines  of  business,  and  the  spirit  of  the  times  must  have 
permeated  the  minds  of  a  great  many  untrained  fellows  who 
are  anxious  to  enter  the  high-wage  class  of  munition  plant 
employes.  At  least  the  following  episode  would  lead  one  to 
think  so.  A  chinless  individual  recently  inquired  at  a  promi- 
nent New  England  manufacturing  establishment  to  see  the 
superintendent.  After  having  gained  the  audience  of  that 
busy  man,  he  asked  in  a  confidential  manner,  "How  much 
would  you  charge  to  teach  me  to  run  a  universal  milling  ma- 
chine?" The  superintendent,  quite  taken  aback,  replied  in 
astonishment,  "Why  do  you  want  to  do  that?"  To  which  the 
hopeful  aspirant  replied,  "I  have  a  job  offered  me  for  to- 
morrow to  run  one,  and  I  want  to  learn  all  about  it  before 
I  start." 

Fitting:  Round  Pegs  into  Round  Holes 

In  a  large  New  England  manufacturing  establishment  that 
conducts   an   extensive    apprenticeship    system,   the   boys   are 

taken  in  on  a 
two  months' 
trial.  If  they 
prove  to  be 
adapted  for  a 
mechanical  ca- 
reer, they  then 
go  on  and  com- 
plete the  four- 
year  course.  The 
following  inci- 
dent will  illus- 
trate one  of  the 
ways  in  which 
the  unfit  are  el- 
iminated. In  the 
early  part  of  the 
course,  all  the 
boys    work    in 


AH 

going  to  stand  on  that  shaft  to  oil  those  top  bearings 


" — he  had  not  oiled   many  nails   when   the   foreman 
turned  around   and    saw  him" 


one  training  room,  from 
which  they  are  later  trans- 
ferred to  the  various  depart- 
ments in  which  they  are  to 
work.  At  about  eleven  o'clock 
on  Saturday  morning  it  is 
customary  to  stop  all  the  ma- 
chines, divide  the  boys  into 
squads,  and  commission  each 
squad  to  wield  a  broom, 
brush,  waste,  or  some  other 
cleaning  implement.  Some  of 
the  older  apprentices  act  as 
gang  bosses,  and  one  day  an 
unsophisticated  country 
youth,  having  completed  his 
allotted  portion  of  work  at  a 
quarter  of  twelve,  asked  his  apprentice  boss  what  else  he 
could  do.  The  apprentice  boss,  having  a  perverted  sense  of 
humor,  suggested  that  he  take  his  oil-can  and  thoroughly  oil 
the  heads  of  the  nails  that  protruded  from  the  wooden  floor, 
starting  over  near  the  foreman's  desk.  This  being  the  first 
Saturday  the  boy  was  there,  and  supposing  this  to  be  part 
of  the  general  Saturday  clean-up,  he  seized  an  oil-can  and, 
starting  by  the  foreman's  desk,  proceeded  to  oil  each  and 
every  nail  head,  made  shiny  and  smooth  by  constant  wear. 
The  process  of  elimination  was  greatly  accelerated  in  the  case 
of  this  youth,  for  he  had  not  oiled  many  nails  when  the  fore- 
man turned  and  saw  him. 

Fire  Prevention  Hint 

In  roaming  through  the  shops  many  things  are  seen  which, 
though  not  mechanical,  are  interesting  from  the  standpoint  of 
general  welfare,  efiiciency,  safety,  etc.  There  may  be  a  varia- 
tion of  opinion  as  to  the  class  in  which  the  article  to  be  de- 
scribed belongs.  That  point  may  be  left  to  the  judgment  of 
the  reader. 

This  cigar  holder,  for  that  is  what  it  is,  is  placed  in  a  con- 
spicuous position  in  the  office  near  the  door  which  leads  into 
the  factory  of  a  large  Central  New  York  agricultural  imple- 
ment manufacturer.  Its  use  may  be  inferred  by  one  who  is 
familiar  with  the  propensity  of  traveling  men  to  smoke 
wherever  they  go.  When  a  salesman  calls  at  the  factory  and 
is  ushered  into  the  ofRce  holding  in  his  fingers  a  lighted  cigar, 
no  remark  is  made.  But  as  soon  as  he  rises  with  the  pur- 
chasing agent  to  go  into  the  factory  and  endeavor  to  explain 
why  his  particular  steel  or  machine  did  not  make  good,  he  is 
confronted  with  the  sign  which  reads  "Smoking  not  allowed 
in  shop.  Place  your  cigars  here."  He  needs  no  further  hint, 
but  drops  his  cigar  into  one  of  the  grooves,  noting  the  number, 
and  proceeds  glumly 
into  the  shop  with  his 
guide.  But  when  he  re- 
turns, he  finds  his  cigar 
safe  and  well  preserved 
— from  a  sanitary  stand- 
point. It  is  interesting 
to  note  that  there  is  no 
provision  made  for  the 
man  who  smokes  a 
pipe;  but,  then,  what 
excuse  has  a  salesman 
for  smoking  a  pipe  when 
he's  on  the  road? 


The  Efficiency  Expert 

The  efficiency  expert, 
having  been  sent  from 
the  home  oflSce  to  in- 
fuse efficiency  into  a 
smoothly    running    and 


-drops  his  cigar  into  one  of  the  grooves*' 
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highly  productive  shop  organization,  in  which  the  superintend- 
ent takes  considerable  pride,  entered  light-heartedly  upon  his 
duties.  He  found  the  superintendent  at  his  desk,  planted  him- 
self in  a  chair  beside  him,  and  told  him  that  he  had  been 
authorized  to  install  certain  systems  in  the  plant.  He  hoped 
that  they  would  be  able  to  work  harnioniously  together,  and 
that  there  would  be  no  difficulty  due  to  divided  authority. 

The  superintendent,  who  had  had  some  experience  in  the 
past  with  efficiency  experts,  replied:  "I  have  no  objection 
whatever  to  your  installing  any  systems  in  this  shop  that  you 
deem  advisable  as  long  as  you  do  not  interfere  with  the  pres- 
ent efficiency  of  the  plant  or  its  output.  But  in  case  I  find 
we  are  running  to  system  instead  of  to  output,  you  will  agree 
that  it  will  then  be  time  to  interfere." 

So  the  efficiency  expert  will  play  around,  spending  some 
of  the  company's  money,  without  interference  so  long  as  the 
present  efficiency  is  not  lowered  and  the  output  is  not  cut  down. 
*     *     • 

LANTERN  PINIONS   IN   CLOCKS 

BY   GUY   H.   GARDNER  I 

Every  machinist  who  has  investigated  the  interior  anatomy 
of  the  family  clock,  as  probably  most  of  us  have,  must  have 
been  struck  by  the  peculiarity  of  the  pinions.  These,  instead 
of  being  cut  as  in  machinery  with  which  we  are  more  familiar, 
are  the  so-called  "lantern  pinions,"  made  of  two  disks  between 
which  are  "rounds"  of  steel  rod  to  serve  as  teeth  or  leaves 
In  earlier  days,  this  form  of  pinion  was  sometimes  employed 
in  other  than  horological  machinery  because  of  the  ease  of 
its  construction  with  limited  tool  equipment.  For  instance, 
a  photograph  of  a  windmill  in  New  England,  built  before  the 
Revolutionary  War,  shows  wooden  gears  meshing  with  lantern 
pinions  which  were  also  made  of  wood.  In  some  of  these 
early  examples  of  primitive  millwright  work,  the  rounds  were 
made  to  turn  in  the  shrouds,  doubtless  for  the  purpose  of 
diminishing  friction.  Apparently^  however,  this  construction 
was  soon  found  to  be  erroneous,  as  the  rounds  were  later  made 
fixed. 

Many  machinists,  wondering  at  the  persistence  of  these 
lantern  pinions  in  nine-tenths  of  American  clocks,  consider 
them  "vestigial  remnants"  like  the  human  appendix.  Some 
seem  to  attribute  their  survival  to  ironclad  conservatism 
some  to  a  supposedly  greater  cheapness  of  manufacture,  while 
some  deem  the  designers  Ignorant  of  more  modern  and  more 
suitable  modes  of  construction.  The  skill,  knowledge,  and 
progressive  spirit  of  the  makers  of  clocks  need  no  vindication, 
for  anyone  who  will  spend  a  day  in  looking  through  one  of 
their  factories,  observing  tools,  designs  and  methods,  will  be 
convinced  that  clockmakers  are  fully  up  to  date. 

Why,  then,  do  they  continue  to  use  what  a  reader  of  Ma- 
chinery, in  a  recent  letter,  calls  "an  outworn,  unmechanical 
monstrosity"?  Because  it  is  neither  outworn,  unmechanical, 
nor  a  monstrosity.  For  the  conditions  under  which  the  ordi- 
nary low-priced  clock  has  to  operate,  it  is  far  superior  to  the 
best  cut  pinion.  When  a  pinion  is  to  drive  its  gear,  the  lan- 
tern is  out  of  the  question,  being  entirely  unsuited  to  this 
service;  but  in  every  part  of  a  clock  train,  save  one,  the 
pinion  is  the  driven  member. 

As  we  all  know,  the  average  cheap  clock  must  be  planned 
to  run  as  long  as  possible  without  skilled  attention.  Most 
owners  of  watches  have  them  cleaned  occasionally,  but  how 
many  ever  take  a  clock  to  the  repairer  for  cleaning  until  it 
utterly  refuses  to  tick?  Thousands  and  tens  of  thousands, 
moreover,  are  exported  to  countries  that  we  consider  uncivil- 
ized, where  they  are  never  cleaned  or  oiled,  but  must  run  until 
entirely  worn  out,  and  we  may  be  sure  that  those  purchased 
to  replace  them  will  not  be  of  the  same  make,  unless  the 
"uncivilized"  owner  has  found  them  longer  lived  than  their 
numerous  competitors. 

Two  qualities  render  the  lantern  pinion  especially  suitable 
for  use  in  a  movement  that  must  operate  under  such  condi- 
tions. An  accumulation  of  dirt  that  would  stop  the  action  of 
any  other  form  of  tooth  is  simply  pushed  through  between  the 
rounds,  and  the  pinion  continues  to  perform  its  function.  The 
second  point  of  superiority  is  less  obvious.     Anyone  who  will 
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draw,  to  scale,  an  epicycloidal-tooth  gear,  driving  a  lantern 
pinion,  and  study  their  action  will  find  that  a  lantern  pinion 
of  seven  or  eight  rounds  will  work  as  smoothly  as  a  cut  pinion 
of  ten  or  twelve  leaves.  As  the  possibility  of  using  coarser 
pitch  makes  the  mating  gear  both  cheaper  and  stronger,  the 
claim  of  superiority  of  the  lantern  will  be  seen  to  rest  on  a 
solid  foundation.  Another  point  of  some  importance  is  that 
slight  variations  of  center  distance  have  a  less  detrimental 
effect  than  with  other  forms  of  pinions,  so  that  a  clock  will 
continue  running  after  its  pivot  holes  are  considerably  worn 
and  the  accuracy  of  the  original  "depthing"  sufficiently  im- 
paired to  put  a  cut  pinion  out  of  commission.  For  clocks 
which,  by  reason  of  their  greater  cost,  will  presumably  re- 
ceive adequate  care,  the  lantern  pinion  presents  no  advantages, 
and  in  them  the  cut  pinion  is  commonly  used. 

The  accuracy  attained  in  the  manufacture  of  the  lantern 
pinions  will  surprise  anyone  who  has  regarded  them  as  crude. 
A  person  may  examine  thousands  without  finding  one  that 
exceeds  the  limit  of  0.0005  inch  variation  in  pitch  diameter, 
and  the  excellence  of  the  fit  of  the  rounds  in  the  holes  drilled 
for  their  reception  is  equally  admirable.  The  one  place  where 
the  pinion  is  the  driving  member  is  in  the  "motion  work," 
which  we  might  call  the  "back-gear,"  the  train  of  two  pinions 
and  two  wheels  that  causes  the  hour  hand  to  make  one  revolu- 
tion to  twelve  of  the  minute  hand.  Here,  as  far  as  the  writer 
is  aware,  cut  pinions  are  always  used. 

*     •     * 
AUTOMATICALLY  OPERATED  STOCK  REEL 

An  automatically  operated  stock  reel  belongs  logically  with 
an  automatically  fed  press,  and  unless  automatically  fed 
presses  are  equipped  with  a  good  fool-proof  reel  like  the  one 
described  below,  there  is  no  end  to  the  trouble  and  expense 
that  may  be  incurred.  At  the  factory  of  the  Frank  Mossberg 
Co.,  Attleboro,  Mass.,  there  are  several  press  jobs  which  run 
continuously  from  one  year's  end  to  another.  It  is  through  the 
courtesy  of  this  company  that  we  are  enabled  to  present  the 
accompanying 
i  1 1  u  s  t  ration 
and  informa- 
tion. The  appa- 
r  a  t  u  s  is  con- 
structed  so 
that  the  reel 
proper  can  be 
easily  removed 
to  give  free  ac- 
cess for  re- 
plenishing the 
stock.  The  reel 
is  fixed  to  the 
main  shaft,  as 
is  also  the  fine- 
pitch  ratchet 
wheel  A.  The 
lever  B  swings 
freely  on  the 
main  shaft  and 

,        .,  Automatic  Stock  Reel  attached  to  Rear  of  Press 

constantly  os- 
cillates while  the  press  is  running,  power  being  transmitted 
to  it  from  the  press  by  the  connecting-rod  C.  Lever  B  is  os- 
cillated once  for  every  stroke  of  the  press.  Attached  to  lever 
B  is  the  ratchet  dog  D,  which  is  prevented  from  engaging  with 
the  teeth  of  ratchet  A  so  long  as  the  strip  of  stock  E  is  hanging 
slack  from  the  reel.  As  soon  as  the  stock  feeds  far  enough 
into  the  dies  to  take  up  the  slack  in  the  strip,  the  trip  arm  G 
is  raised  to  the  position  shown,  at  which  point  the  dog  cam  H, 
which  is  integral  with  it,  has  rotated  far  enough  to  allow  the 
pin  protruding  from  dog  D  to  drop  into  a  hollow  on  its  periph- 
ery. This,  of  course,  brings  dog  D  into  contact  with  ratchet 
wheel  A,  and  at  the  next  reciprocation  of  the  lever  B,  the  reel 
is  rotated  a  full  turn  or  some  fraction  according  to  the  mo- 
mentum given  it.  This  runs  out  a  considerable  amount  of 
stock,  allowing  the  feed  lever  to  drop  down,  which  holds  the 
dog  out  of  engagement  again  until  the  stock  becomes  tight 


again. 


V.  B. 
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OIL-GROOVING    GEAR    SHAPER    SADDLES 
AND   UPPER   INDEX    WHEELS 

IIY  JOHN   a.   UKUEOGEMAN  ' 

Proper  distribution  of  the  lubricant  in  bearings,  especially 
vertical  bearings,  demands  more  or  less  elaborate  oil-grooving, 
■from  the  simple  helical  groove  to  the  more  complex  irregular 
kind.  Cutting  such  grooves  by  hand  is  a  laborious,  time- 
consuming,  and  generally  unsatisfactory  process;  yet  for  ma- 
chining these  grooves  quite  elaborate  mechanisms,  usually  em- 
bodying some  sort  of  cam,  are  often  required.  Two  cases 
where  quite  simple  cam  devices  accomplish  the  purpose  are 
the  operations  of  oil-grooving  the  bearings  in  the  saddle  and 
on  the  upper  index  wheel  of  the  Fellows  gear  shaper. 

The  oil-groove  in  the  saddle  bearing  consists  of  three  cir- 
cular and  three  helical  grooves,  as  shown  in  Fig.  1.  The  heli- 
cal grooves  run  into  the  circular  ones  near  their  ends,  further 
complicating  the  machining.  This  saddle  bearing  takes  the 
ram  carrying  the  cutter-spindle  and  is  the  most  important  and 
most  used  bearing  on  the  machine.  The  up-and-down  sliding 
motion  to  which  it  is  constantly  subjected  takes  place  at  fairly 
high  speeds.  The  necessity  for  smooth-edged  grooves,  giving 
an  even  and  ample  distribution  of  oil,  is  obvious.  The  ram  has 
a  rack  cut  on  the  rear  side  from  which  it  receives  its  motion. 
The  bearing  is  therefore  not  circular,  but  has  about  one-third 
cut  away  as  shown. 

A  simple  but  effective  device  for  cutting  these  grooves  was 
made  by  mounting  a  cam  in   the  boring-bar  of  a  horizontal 


Fig.  1.     Tools  for  cutting  Oil-grooves  in  Gear  Shaper  Saddle 

boring  mill.  The  cam  is  shown  in  position  in  Fig.  2.  The 
machining  of  the  grooves  is  done  in  two  operations,  using  the 
two  sets  of  grooving  tools  A  and  B,  Fig.  1.  The  three  circular 
grooves  are  cut  in  one  operation  with  the  tool  A,  the  cam  being 
removed  from  the  boring-bar.  The  center  of  the  work  is  set 
horizontal  with  the  center  of  the  boring-bar  and  the  table 
fed  forward,  bringing  the  work  into  the  tool.  The  depth  of 
the  grooves  is  0.120  inch.  For  the  helical  grooves,  tool  B  is 
used;  this  has  the  three  cutters  ground  to  the  helix  angle 
of  the  grooves.  The  cam,  mounted  on  the  boring-bar,  carries 
the  cutters  along  the  helical  path  of  the  grooves,  then  in  a 
circular  path  for  about  15  degrees  where  the  helical  grooves 
run  into  the  circular  ones,  after  which  they  are  given  a 
quick-return  helical  motion  while  sweeping  over  the  part  of 
the  bearing  which  is  cut  away.  The  table  is  fed  forward 
during  the  last  part  of  the  revolution,  when  the  cut  is  re- 
peated until  the  desired  depth  of  groove  is  reached.  The  sta- 
tionary roller  R,  Fig.  2,  running  in  the  cam  groove,  gives  the 
boring-bar  its  endwise  motion.  The  cutting  time  for  each 
grooving  operation  is  one  and  one-half  minute.  The  aligning 
jig  used  is  the  same  as  is  used  for  boring  the  saddles. 

The  external  grooving  on  the  upper  index  wheel  is  done 
by  the  application  of  a  similar  mechanism  to  the  engine  lathe; 
Fig.  3  shows  the  arrangement.  The  oil-grooves  in  this  case 
are  four  simple  helical  grooves  running  backward  and  forward 


Cam   controlling  machining  of  Helical  Oil-grooves  in  Saddle 


around  the  hub  of  the  index  wheel.  The  tool  used  for  cutting 
them  is  a  common  grooving  tool.  The  cam  C,  Fig.  3,  is 
mounted  on  the  feed-rod  of  the  lathe;  the  bracket  B  holds 
the  roller,  which  runs  in  the  cam  groove.  The  lathe  feed  is 
disconnected  and  the  motion  of  the  carriage  is  controlled 
entirely  by  the  cam.  The  cam  groove  has  only  two  lobes,  but 
the  lathe  is  geared  so  that  the  feed-rod  makes  two  revolutions 
while  the  work  makes  one,  so  that  the  groove  in  the  work  has 
four  lobes.  The  cutting  time  for  this  operation  is  about  two 
minutes. 

*  *     * 

The  tendency  of  manufacturing  concerns  during  the  past 
twenty  years  has  been  to  establish  their  plants  outside  of  cities 
and  towns  where  land  is  cheap  and  free  from  the  restrictions 
imposed  on  city  property.  From  the  engineering  point  of  view, 
the  location  outside  was  advantageous.  Large  plants  could  be 
built  one  story  high,  using  the  sawtooth  roof  construction 
which  provides  for  unlimited  expansion  and  uniform  daylight 
throughout.  But  from  the  labor  point  of  view,  such  locations 
have  serious  objections.  A  large  plant  on  the  outskirts  of  a 
town  may,  and  usually  does,  draw  its  labor  supply  from  vari- 
ous sections  of  the  town,  and  some  of  the  employes  will  be  on 
the  far  side,  thus  making  necessary  long  car  rides  morning 
and  night.  There  is  a  growing  reversion  to  the  multiple-story 
type  building  located  nearer  the  center  of  local  population, 
where  it  may  be  reached  without  long  trips  on  the  street  cars. 

*  *     * 

A  centrifugal  machine  for  casting  iron  pipe  has  been  de- 
veloped by  a  Brazilian  named  J.  J.  Queioz,  which  casts  pipe 
in  permanent  molds  without  cores.  The  molten  metal  is 
poured  into  the  machine  through  a  horizontal  trough,  from 
which  it  is  discharged  into  the  revolving  mold.  The  mold  is 
water-cooled  and  the  pipe  quickly  sets  so  that  it  can  be  re- 
moved. It  is  claimed  that  the  process  is  rapid,  economical  and 
that  the  product  is  superior  to  cast-iron  pipe  cast  in  sand  molds. 


•Address;   Industrial  Department,   Springfield  High  School.   Springfield,   Vt. 


Fig.  3.     Cutting  Oil-grooves  in  Upper  Index  Wheel  In  a  Laths 


THE  production  of  screw  threads  on  an  interchangeable 
basis  is  one  of  the  most  difficult  problems  encountered 
in  applying  the  limit  system.  In  a  report  presented 
to  the  American  Society  of  Mechanical  Engineers  in  April, 
1912,  several  interesting  questions  in  connection  with  this  sub- 
ject were  brought  up  for  discussion,  but  up  to  the  present  time 
the  committee  handling  this  matter  has  not  presented  a  full 
report.  Considerable  difference  of  opinion  exists  in  regard 
to  the  question  of  manufacturing  tolerances  on  the  various 
elements  of  a  screw  thread,  and  in  the  following  this  point, 
as   well   as   several    others   of   importance,    will   be   reviewed. 


Elements  of  Screw  Threads 

The  elements  of  a  screw  thread  are  indicated  in  Fig.  1,  and 
the  following  gives  a  list  of  the  various  names  used  to  define 
the   particular   point   or   element   of   the   thread   referred   to: 

A  is  the  pitch  diameter  of  a  screw  and  is  measured  by 
the  distance  between  the  pitch  lines,  which  are  located  where 
the  width  of  the  land  and  the  space  are  the  same  and 
equal  to  one-half  the  pitch.  This  element  is  also  known  as 
the  angle  diameter  and  the  effective  diameter. 

B  is  the  outside  diameter  of  a  screw  and  is  twice  the  maxi- 
mum radius  of  the  screw  measured  at  right  angles  to  the  axis. 
This  element  is  also  known  as  the  full  diameter  and  the  ex- 
ternal diameter. 

C  is  the  smallest  diameter  of  a  screw  thread  and  is  equal  to 
twice  the  minimum  radius  of  the  screw  measured  at  right 
angles  to  the  axis.  This  element  is  known  as  the  root  diam- 
eter and  the  core  diameter. 

D  is  the  pitch  and  is  the  distance  between  the  centers  of 
any  two  adjacent  threads,  measured  parallel  with  the  axis  of 
the  screw.     The  reciprocal  of  the  pitch  measures  the  number 
of  turns  per   inch;    therefore 
B    is    correctly    expressed    in 
fractions,    for   instance   as    % 
inch,    but    is    commonly    ex- 
pressed   as    the    number    of 
threads  per  inch. 

E  is  the  included  angle  of 
the  thread  and  refers  to  the 
angle  between  the  slopes  of 
the  thread  measured  in  an 
axial  plane. 

F  is  the  slope  of  a  thread 
and    refers    to    the    angular 


'For  information  on  gages  and  gag- 
ing previonsly  published  in  Machinery, 
see  "Profile  and  Indicating  Gages'*  in 
the  November  and  December,  1916, 
numbers  and  articles  referred  to  in 
connection  with   the   first  installment. 

-Address:  Fellows  Gear  Shaper  Co., 
Springfield,   Vt. 


side    of    the    thread    which    connects    the    crest    and    root. 
G  is  the  crest  or  prominent  part  of  the  thread,  whether  of 
the  male  screw  or  female  nut.     This  part  is  also  known  as 
the  top  and  the  flat  on  U.  S.  standard  form  of  threads. 

B.  is  the  root,  and  refers  to  the  bottom  of  the  groove  of  the 
thread,  whether  of  the  male  screw  or  of  the  female  nut.  This 
element  is  also  known  as  the  bottom. 

The  dimension  C  on  the  male  thread  or  screw  is  measured 
at  the  root  of  the  thread,  whereas  the  same  dimension  on  the 
female  thread  or  nut  is  measured  between  the  crests.  These 
two  dimensions  are  practically  the  same  except  for  the  allow- 
ance made  for  clearance.  The  lead  of  the  screw  is  the  distance 
that  it  travels  in  a  longitudinal  direction  in  one  turn  and 
differs  from  the  pitch  in  that  the  latter  measures  the  distance 
from  center  to  center  of  any  two  adjacent  threads. 

In  the  case  of  the  standard  V-thread,  shown  at  A  in  Fig.  2, 
there  are  five  points  to  be  measured  in  both  the  screw  and 
the  nut,  making  a  total  of  ten  in  all.  An  error  in  any  one 
of  these  points  will  prevent  the  screw  and  nut  from  going 
together  properly.  In  the  Cadillac  form  of  thread,  shown  at  B. 
four  of  these  points  are  eliminated,  leaving  only  the  pitch 
diameter,  pitch,  and  angle  of  thread  to  be  considered  on  the 
screw  and  the  nut. 

Theoretically,  the  shape  of  the  threads  shown  at  C,  B  and  E 
in  Fig.  2  present  ten  elements  that  must  be  correct  before 
the  screw  and  nut  will  go  together  properly.  The  Acme  thread, 
shown  at  F,  has  a  clearance,  top  and  bottom,  leaving  only  six 
out  of  the  ten  elements  to  be  considered.  In  actual  practice, 
the  U.  S.  standard  form  of  thread  is  made  with  a  clearance 
top  and  bottom,  and  the  chief  points  are  to  have  the  thread 

correct  on  the  angular  faces 
and  the  pitch  and  the  pitch 
diameter  correct.  The  toler- 
ances, however,  have  never 
been  generally  accepted,  and 
it  is  for  this  reason  that  so 
much  uncertainty  exists  as  to 
tolerances  that  should  be 
given  on  threaded  parts  for 
various  classes  of  work. 

Tolerances  on  Screw 
Threads 
The    three    points    that    re- 
ceive the  most  careful  atten- 
tion   in    the   production    of   a 

llustrating   Various   Elements   of   a   Screw   Thread  SCreW     thread     are     the     pitch. 
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the  pitch  diameter,  and  the 
fncluded  angle  of  the  thread. 
In  the  r.  S.  standard  thread, 
errors  in  pitch  can  be  cor- 
rected by  reducing  the  pitcli 
diameter  by  an  amount  equal 
io  about  one  and  one-half 
times  the  error  in  pitch  on 
the  radius,  or  about  three 
times  the  pitch  error  on  the 
full  diameter  of  the  screw. 
In  threaded  parts  that  must 
fit  together,  however,  this 
method  of  obtaining  a  fit  is 
not  recommended. 

The  permissible  error  in 
lead  is  dependent  upon  the 
length  of  the  thread  on  the 
screw  or  in  the  nut.  The 
longer  the  screws  or  the 
deeper  the  holes  in  the  nut, 
the  smaller  will  be  the 
amount  of  error  permissible 
in  the  lead.  Another  factor 
that  must  be  considered  in  fit- 
ting a  screw  and  a  nut  is  the 
included  angle  of  the  thread. 
This  element  can  be  compen- 
sated for  by  a  reduction  or  in- 
crease of  the  pitch  diameter, 
depending  upon  whether  the 
angle  is  greater  or  less  than 
that  required. 

The  Engineering  Standards  Committee  of  Great  Britain  has 
given  the  subject  of  screw-thread  tolerances  considerable  at- 
tention, and  has  established  certain  tolerances  for  different 
classes  of  fits.  The  formulas  established  for  determining  the 
tolerances  and  allowances  on  the  outside  and  root  diameters 
of  the  bolt  and  nut  for  the  Whitworth  and  British  standard 
fine  screw  threads  are  given  in  the  following,  and  the  data 
for   the   British   standard   Whitworth    thread    are   also   given 
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Fig.  2.     Diagrams  illustrating  Various  Forms  of  Screw  Threads 
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in  Tables  I  and  II.  The  toler- 
ances and  allowances  on  the 
Hritish  standard  Whitworth 
thread  are  found  by  the  fol- 
lowing formulas: 

Tolerance  on  outside  di- 
ameter of  bolt  =  — 0.0035 
inch   V-0  (1) 

Tolerance  on  root  diam- 
eter of  bolt  =  —0.0045 
inch   V"D  (2) 

Tolerance  between  bolt 
and  nut  =4-  0.001 
inch   V5  (3) 

Tolerance  on  outside  and 
root  diameters  of  nut  = 
+  0.0035  inch  V^J  (4) 

in  which  D  =  nominal  diam- 
eter of  the  thread  in  inches. 
The  positive  and  negative 
signs  refer  to  the  direction 
in  which  the  tolerance  is  per- 
mitted on  the  bolt  and  nut, 
respectively.  The  tolerance  on 
the  outside  and  root  diame- 
ters of  the  nut  established  by 
Formula  (4)  is  to  be  added  to 
the  allowance  given  by  For- 
mula (3). 

The  formulas   used   for  de- 
termining the  tolerances  and 
allowances   on   British   stand- 
ard fine  threads  are  as  follows: 

Tolerance  on  outside  diameter  of  bolt  =  — 0.0025  inch  V^  (5) 
Tolerance  on  root  diameter  of  bolt  =  ^  0.0035  inch  VD     (6) 
Allowance  of  nut  =  -f  0.001  inch  y/1)  (7) 

Tolerance  on  outside  and  root  diameters  of  nut  = 

-f  0.0025  inch  V~D  (8) 

The  amount  established  by  Formula  (8)  is  also  to  be  added 
to  that  obtained  by  Formula  (7). 


TABLE   I.    BRITISH  STANDARD  WHITWORTH  SCREW  THREADS-TOLERANCES  FOR  BOLTS 


Tolerance 

Outside 

Diameter,  I 

nches 

Pitch 

Diameter,  Inches 

Itoot 

Diameter,  Inches        1 

Diameter"  of 
Screw, 

Number  of 
Threads 

on  Pitch 
per  Inch 
Length 

Max.  for 

Inches 

per  Inch 

of  Thread, 
Inches 

Maximum 

Minimum 

Tolerance 

a  Screw  of 
Correct 

Pitchi 

Minimum 

Tolerance 

Maximum 

Minimum 

Tolerance 

1/4 

20.0 

0.0035 

0.2500 

0.2482 

0.0018 

0.2180 

0.2162 

0.0018 

0.1860 

0.1837 

0.0023 

5/16 

18.0 

0.0033 

0.3125 

0.3105 

0.0020 

0.2769 

0.2748 

0.0021 

0.2414 

0.2389 

0.0025 

3/8 

16.0 

0.0032 

0.3750 

0.3729 

0.0021 

0.3350 

0.3326 

0.0024 

0.2950 

0.2922 

0.0028 

7/16 

14.0 

0.0031 

0.4375 

0.4352 

0.0023 

0.3918 

0.3891 

0.0027 

0.3460 

0.3430 

0.0030 

1/2 

12.0 

0.0030 

0.5000 

0.4975 

0.0025 

0.4466 

0.4436 

0.0030 

0.3933 

0.3901 

0.0032 

9/16 

12.0 

0.0029 

0.5625 

0.5599 

0.0026 

0.5091 

0.5059 

0.0032 

0.4558 

0.4524 

0.0034 

5/8 

11.0 

0.0028 

0.6250 

0.6222 

0.0028 

0.5668 

0.5633 

0.0035 

0.5086 

0.5050 

0.0036 

11/16 

11.0 

0.0027 

0.6875 

0,6846 

0.0029 

0.6293 

0.6255 

0.0038 

0.5711 

0.5674 

0.0037 

3/4 

10.0 

0.0027 

0.7500 

0.7470 

0.0030 

0.6860 

0.6820 

0.0040 

0.6219 

0.6180 

0.0039 

13/16 

10.0 

0.00?6 

0.8125 

0.8093 

0.0032 

0.7485 

0.7442 

0.0043 

0.6844 

0.6803 

t).0041 

7/8 

9.0 

0.0026 

0.8750 

0.8717 

0,0033 

0.8039 

0.7994 

0.0045 

0.7327 

0.7285 

0.0042 

15/16 

9.0 

0.0025 

0.9375 

0.9341 

0.0034 

0.8664 

0.8616 

0.0048 

0.7952 

0.7908 

0.0044 

1 

8.0 

0.0025 

1.0000 

0.9965 

0.0035 

0.9200 

0.9150 

0.0050 

0.8399 

0.8354 

0.0045 

1  1/8 

7.0 

0.0024 

1.1250 

1.1213 

0.0037 

1.0335 

1.0280 

0.0055 

0.9420 

0.9372 

0.0048 

1  1/4 

7.0 

0.0024 

1.2500 

1.2461 

0.0039 

1.1585 

1.1526 

0.0059 

1.0670 

1.0620 

0.0050 

1  3/8 

6.0 

0.0023 

1.3750 

1.3709 

0.0041 

1.2683 

1.2620 

0.0063 

1.1616 

1.1563 

0.0053 

1  1/2 

6.0 

0.0023 

1.5000 

1.4957 

0.0043 

1.3933 

1.3865 

0.0068 

1.2866 

1.2811 

0.0055 

1  5/8 

5.0 

0.0022 

1.6250 

1.6205 

0.0045 

1.4969 

1.4897 

0.0072 

1.3689 

1.3632 

0.0057 

13/4 

5.0 

0.0022 

1.7500 

1.7454 

0.0046 

1.6219 

1.6143 

0.0076  " 

1.4939 

1.4879 

0.0060 

1  7/8 

4.5 

0.0021 

1.8750 

1.8702 

0.0048 

1.7327 

1.7247 

0.0080 

1.5904 

1.5842 

0.0062 

2 

4.5 

0.0021 

2.0000 

1.9950 

0.0050 

1.8577 

1.8493 

0.0084 

1.7154 

1.7090 

0.0064 

2  1/8 

4.5 

0.0021 

2.1250 

2.1199 

00051 

1.9827 

1.9739 

0.0088 

1.8404 

1.8338 

0.0006 

2  1/4 

4.0 

0.0020 

2.2500 

2.2447 

0.0053 

2.0899 

2.0807 

0.0092 

1.9298 

1.9230 

0.0068 

2  3/8 

4.0 

0.0020 

2.3750 

2.3696 

0.0054 

2.2149 

2.2053 

0.0096 

2.0548 

2.0479 

0.0069 

2  1/2 

4.0 

0.0020 

2.5000 

2.4945 

0.0055 

2.3399 

2.3300 

0.0099 

2.1798 

2.1727 

0.0071 

2  5/8 

4.0 

0.0020 

2.6250 

2.6193 

0.0057 

2.4649 

2.4546 

0.0103 

2.3048 

2.2975 

0.0073 

2  3/4 

3.5 

0.0019 

2.7500 

2.7442 

0.0058 

2.5670 

2.5563 

0.0107 

2.3841 

2.3766 

0.0075 

2  7/8 

3.5 

0.0019 

2.8750 

2.8691 

0.0059 

2.6920 

2.6810 

0.0110 

2.5091 

2.5015 

0.0076 

3 

3.5 

0.0019 

3.0000 

2.9940 

0.0060 

2.8170 

2.8056 

0.0114 

2.6341 

2.6263 

0.0078 

JI/iif'/iiiiCT-j/ 

pitch    diameter    is    decreased    when    the    screw    is    incorrect    in  pitch  by  the 


luit  compensating  for  such  error  given   in   Table   III. 
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TABLE 

II.    BRITISH  STANDARD  WHITWORTH 

SCREW  THREADS -TOLERANCES  FOR 

NUTS 

Tolerance 

Outside 

Diameter,   Inches 

Pitch 

Diameter,    Inches 

Uoot 

Diameter,    IncheM                   1 

Diameter 

of   Screw. 

Number   of 
Threads 

on    Pitch 
per   Inch    of 
Length    of 

Min.   for  a 

1 

iDcbes 

per   Inch 

Thread, 
Inches 

Maximum 

Minimum 

Tolerance 

Maximum 

Correct 
Pitchi 

Tolerance 

Maximum 

Minimum 

Tolerance 

1/4 

20.0 

0.0035 

0.2523 

0.2505 

0.0018 

0.2203 

0.2185 

0.0018 

0.1883 

0.1865 

0.0018 

5/16 

18.0 

0.0033 

0.3151 

0.3131 

0.0020 

0.2796 

0.2775 

0.0021 

0.2440 

0.2420 

0.0020 

3/8 

16.0 

0.0032 

0.3777 

0.3756 

0.0021 

0.3380 

0.3356 

0.0024 

0.2977 

0.2956 

0.0021 

7/16 

14.0 

0.0031 

0.4405 

0.4382 

0.0023 

0.3952 

0.3925 

0.0027 

0.3490 

0.3467 

0.0023 

1/2 

12.0 

0.0030 

0.5032 

0.5007 

0.0025 

0.4503 

0.4473 

0.0030 

0.3965 

0.3940 

0.0025 

9/16 

12.0 

0.0029 

0.5659 

0.5633 

0.0026 

0.5131 

0.5099 

0.0032 

0.4592 

0.4566 

0.0026 

5/8 

11.0 

0.0028 

0.6286 

0.6258 

0.0028 

0.5711 

0.5676 

0.0035 

0.5122 

0.5094 

0.0028 

11/16 

11.0 

0.0027 

0.6912 

0.6883 

0.0029 

0.6339 

0.6301 

0.0038 

0.5748 

0.5719 

0.0029 

3/4 

10.0 

0.0027 

0.7539 

0.7509 

0.0030 

0.6909 

0.6869 

0.0040 

0.6258 

0.6228 

0.0030 

13/16 

10.0 

0.0026 

0.8166 

0.8134 

0.0032 

0.7537 

0.7494 

0.0043 

0.6885 

0.6853 

0.0032 

7/8 

9.0 

0.0026 

0.8792 

0.8759 

0.0033 

0.8093 

0.8048 

0.0045 

0.7369 

0.7336 

0.0033 

15/16 

9.0 

0.0025 

0.9419 

0.9385 

0.0034 

0.8722 

0.8674 

0.0048 

0.7996 

0.7962 

0.0034 

1 

8.0 

0.0025 

1.0045 

1.0010 

0.0035 

0.9260 

0.9210 

0.0050 

0.8444 

0.8409 

0.0035 

11/8 

7.0 

0.0024 

1.1298 

1.1261 

0.0037 

1.0401 

1.0346 

0.0055 

0.9468 

0.9431 

0.0037 

11/4 

7.0 

0.0024 

1.2550 

1.2511 

0.0039 

1.1655 

1.1596 

0.0059 

1.0720 

1.0681 

0.0039 

13/8 

6.0 

0.0023 

1.3803 

1.3762 

0.0041 

1.2758 

1.2695 

0.0063 

1.1669 

1.1628 

0.0041 

11/2 

6.0 

0.0023 

1.5055 

1.5012 

0.0043 

1.4013 

1.3945 

0.0068 

1.2921 

1.2878 

0.0043 

15/8 

5.0 

0.0022 

1.6308 

1.6263 

0.0045 

1.5054 

1.4982 

0.0072 

1.3747 

1.3702 

0.0045 

13/4 

5.0 

0.0022 

1.7559 

1.7513 

0.0046 

1.6308 

1.6232 

0.0076 

1.4998 

1.4952 

0.0046 

17/8 

4.5 

0.0021 

1.8812 

1.8764 

0.0048 

1.7421 

1.7341 

0.0080 

1.5966 

1.5918 

0.0048 

2 

4.5 

0.0021 

2.0064 

2.0014 

0.0050 

1.8675 

1.8591 

0.0084 

1.7218 

1.7168 

0.0050 

2  1/8 

4.5 

0.0021 

2.1316 

2.1265 

0.0051 

1.9930 

1.9842 

0.0088 

1.8470 

1.8419 

0.0051 

2  1/4 

4.0 

0.0020 

2.2568 

2.2515 

0.0053 

2.1006 

2.0914 

0.0092 

1.9366 

1.9313 

0.0053 

2  3/8 

4.0 

0.0020 

2.3819 

2.3765 

0.0054 

2.2260 

2.2164 

0.0096 

2.0617 

2.0563 

0.0054 

2  1/2 

4.0 

0.0020 

2.5071 

2.5016 

0.0055 

2.3514 

2.3415 

0.0099 

2.1869 

2.1814 

0.0055 

2  5/8 

4.0 

0.0020 

2.6323 

2.6266 

0.0057 

2.4768 

2.4665 

0.0103 

2.3121 

2.3064 

0.0057 

2  3/4 

3.5 

0.0019 

2.7575 

2.7517 

0.0058 

2.5794 

2.5687 

0.0107 

2.3916 

2.3858 

0.0058 

2  7/8 

3.5 

0.0019 

2.8826 

2.8767 

0.0059 

2.7047 

2.6937 

0.0110 

2.5167 

2.5108 

0.0059 

3 

3.5 

0.0019 

3.0077 

3.0017 

0.0060 

2.8301 

2.8187 

0.0114 

2.6418 

2.6358 

0.0060 

Marhinerp 

pitc-h  diameter  is  increased  Tiben  the  nut  is  incorrect  in   pitch   by  the  amount  compensating  for  such 


given  in  Table  III. 


Tolerances  on  Pitch   and  Pitch  Diameter 


ness  of  the  nut  being  assumed 

of  the  bolt. 

Tolerance  in  pitch   per  inch   of 


British  standard  Whitworth 

Tolerance  in  pitch  per  inch  of 

British  standard  fine  screw 


In  regard  to  errors  in  pitch  and  pitch  diameter,  it  should 
be  understood  that  with  an  angular  thread  the  error  in  pitch 
manifests  itself  not  only  in  the  direction  of  the  axis  of  the 
screw,  but  also  at  right  angles  to  the  axis.  Therefore  if  an 
error  in  pitch  is  tolerated,  a  corresponding  allowance  should 
be  made  in  the  pitch  diameter  to  compensate  for  the  trans- 
verse effect  of  the  pitch  error  introduced.  If  the  limits  for 
pitch  diameter  are 

determined    by  table  hi.    allowances  to  compensate  for  errors  in  pitch 

Formulas   (11)  British  standard  whitworth  screw  threads 

and  (12),  respec- 
tively, which  are 
intended  to  cover 
both  the  errors  of 
that  element  and 
the  allowance  re- 
quired to  compen- 
sate for  the  trans- 
verse effect  of 
pitch  error,  it  fol- 
lows that  the 
error  in  pitch 
must  be  limited  to 
such  an  amount 
that  the  corre- 
sponding allow- 
ance in  pitch  di- 
ameter is  never 
greater  than  the 
tolerances  given.- 

The  maximum 
permissible  error 
in  pitch,  which  as 
previously  ex- 
plained is  con- 
nected with  the 
tolerance  on  the 
pitch  diameter,  is 
determined  by  the 
following  for- 
mulas,   the   thick- 


Allowances  in 

Pitch  Diameter  to  Compensate  for  Errors  in  Pitch  of                      | 

Nominal 
Diameter 

of  Screw, 

+  0.0005 

-t-  0.0010 

-1-  0.0015 

-4-  0.0020 

■+■  0.0025 

-t-  0.0030 

+  0.0035 

Inches 

Inch 

Inch 

Inch 

Inch 

Inch 

Inch 

Inch 

per  Inch 

per  Inch 

per  Inch 

per  Inch 

per  Inch 

per  Inch 

per  Inch 

1/4 

0.0003 

0.0005 

0.0008 

0.0010 

0.0013 

0.0015 

0.0018 

5/16 

0.0003 

0.0006 

0.0009 

0.0013 

0.0016 

0.0019 

0.0022 

3/8 

0.0004 

0.0008 

0.0011 

0.0015 

0.0019 

0.0023 

0.0026 

7/16 

0.0004 

0.0009 

0.0013 

0.0018 

0.0022 

0.0026 

0.0031 

1/2 

0.0005 

0.0010 

0.0015 

0.0020 

0.0025 

0.0030 

9/16 

0.0006 

0.0011 

0.0017 

0.0023 

0.0028 

0.0034 

5/8 

0.0006 

0.0013 

0.0019 

0.0025 

0.0031 

0.0038 

11/16 

0.0007 

.0.0014 

0.0021 

0.0028 

0.0034 

0.0041 

3/4 

0.0008 

0.0015 

0.0023 

0.0030 

0.0038 

0.0045 

13/16 

0.0008 

0.0016 

0.0024 

0.0033 

0.0041 

0.0049 

7/8 

0.0009 

0.0018 

0.0026 

0.0035 

0.0044 

0.0053 

15/16 

0.0009 

0.0019 

0.0028 

0.0038 

0.0047 

1 

0.0010 

0.0020 

0.0030 

0.0040 

0.0050 



11/8 

0.0011 

0.0023 

0.0034 

0.0045 

0.0056 

1  1/4 

0.0013 

0.0025 

0.0038 

0.0050 

0.0063 

13/8 

0.0014 

0.0028 

0.0041 

0.0055 

0.0069 

11/2 

0.0015 

0.0030 

0.0045 

0.0060 

0.0075 

1  5/8 

0.0016 

0.0033 

0.0049 

0.0065 

0.0081 

13/4 

0.0018 

0.0035 

0.0053 

0.0070 

0.0088 

17/8 

0.0019 

0.0038 

0.0056 

0.0075 

0.0094 

2 

0.0020 

0.0040 

0.0060 

0.0080 

0.0100 

2  1/8 

0.0021 

0.0043 

0.0064 

0.0085 

0.0106 

2  1/4 

0.0023 

0.0045 

0.0068 

0.0090 

2  3/8 

0.0024 

0.0048 

0.0071 

0.0095 

21/2 

0.0025 

0.0050 

0.0075 

0.0100 

2  5/8 

0.0026 

0.0053 

0.0079 

0.0105 

2  3/4 

0.0028 

0.0055 

0.0083 

0.0110 

2  7/8 

0.0029 

0.0058 

0.0086 

0.0115 

3 

0.0030 

0.0060 

0.0090 

0.0120 

Marhinrry 

to  be  equal  to  the  diameter 

lengUi   of  thread   in  nut  for 

±  0.0025 
thread  = (9) 

length   of  thread   in  nut  for 

±  0.0015 
threads  = ( 10 ) 

Applying  For- 
mula (9)  for  a 
British  standard 
Whitworth  14-inch 
bolt,  the  actual 
error  permissible 
in  the  length  of 
thread  in  the 
nut  will  be  found 
to  be  less  than 
±  0.001  inch. 

The  tolerances 
on  the  pitch  di- 
ameter, which  in- 
clude in  each  case 
the  allowances 
made  to  compen- 
sate for  the  maxi- 
mum pitch  error, 
are  determined  by 
the  formulas 
given  in  the  fol- 
lowing: 

Tolerance  on  pitch 
diameter  of  Brit- 
ish standard  Whit- 
worth thread  = 
0.005  ^W  (11) 
Tolerance  on 
pitch  diameter  of 
British  standard 
fine  threads  = 
0.003^0''^       (12) 
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In  the  case  of  a  bolt  of  iii- 
corrtKt  pitch,  the  pitch  diam- 
eter must  bo  reduced  by  the 
amouut  necessary  to  compen- 
sate for  the  pitch  error;  that 
is,  the  pitch  diameter  re- 
quires an  allowance  for  this 
purpose.  Thus  the  tolerances 
on  the  pitch  diameter  and 
pitch  are  linked  together,  so 
that  if  the  pitch  is  correct  the 
tolerance  on  the  pitch  diam- 
eter has  the  full  value  given  in  Table  I,  but  if  the  pitch  Is 
in  error,  the  permissible  limits  or  variations  in  pitch  diam- 
eter are  reduced  by  the  allowance  given  in  Table  III.  In  the 
case  of  a  nut,  the  minimum  pitch  diameter  is  increased  by  the 
allowance  given  in  Table  III. 

For  instance,   in  the  case  of  bolts  having  a  known   pitch 
error,  the  maximum  pitch  diameter  given  in  Table  I  must  be 


TABLE  IV.    TOLERANCES   ON   INCLUDED   ANGLE  OF  SCREW 
THREADS    (THE  ENGINEERING  STANDARDS  COMMITTEE) 


Form    of    Thread 

Itange    of    Si/.e,     Nominal 
Diameter.    IncheH 

1/4  to  9/16 

5/8  to  2 1/8 

2  1/4  to  3 

1/4  to  13/16 
7/8  to  3 

Tolerance     on     Induded 
Angle,    Decrees 

±  1.5 

±1.0 
±  0.5 

±  1.5 
±  1.0 

Machincri/ 

British   Standard 

Whitworth 

Thread 

British    Standard 
Fine  Thread 

Maximum    pitch    diameter   = 
0.9200    —    0.0024    =    0.9176 
inch ; 
Minimum  pitch  diameter  (un- 
changed)   =   0.9150   inch. 
While  for  a   1-inch   British 
Whitworth     nut    having    the 
same  pitch  error,  the  changes 
in    the    pitch    diameter    are: 
Maximum  pitch  diameter  (un- 
changed)  =  0.9260  inch; 
Minimum    pitch    diameter    = 
0.9210    +    0.0024    =    0.9234 
inch. 


Tole'rances   on  Included  Angle  of  Thread 

As  has  been  mentioned,  the  included  angle  of  the  thread 
ranks  In  importance  with  the  pitch  and  the  pitch  diameter. 
Errors  in  angle  can  be  such  as  to  prevent  interchangeability, 
so  that  it  is  necessary  to  establish  limits  for  the  included  angle 


TABLE  V. 


TOLERANCES  ON  PITCH  DIAMETERS  OF  U.   S.   STANDARD  SCREWS.  TAPS  AND 
GA(3^ES  (LOOSE  FIT  TOLERANCES) 


<o 

■§ 

o 

«|s 

K          a 

Tappet 

Hole. 

c  " 

Gage, 

=o'oS 

lis 

•SS, 

.11 

as 

Tolerance 
between  Ma 
Screw    and 
Min.    Pitch 
Dia.    of    Ta 

Pitch 

Diameter 

g-s 

II 

Pitch 

Diameter 

8"  -S*. 

S  02  o 
IS'    , 

Q.SgS 

Max. 

Min. 

Max. 

Min. 

1/4 

20 

0.2175 

0.2160 

0.0015 

0.0005 

0.2200 

0.2180 

0.0020 

0.22020 

0.21820 

0.0020 

0.00070 

5/16 

18 

0.2764 

0.2748 

0.0016 

0.0006 

0.2790 

0.2770 

0.0020 

0.27920 

0.27720 

0.0020 

0.00080 

3/8 

16 

0.3344 

0.3327 

0.0017 

0.0006 

0.3380 

0.3350 

0.0030 

0.33820 

0.33520 

0.0030 

0.00080 

7/16 

14 

0.3911 

0.3892 

0.0019 

0.0009 

0.3950 

0.3920 

0.0030 

0.39520 

0.39220 

0.0030 

0.00110 

1/2 

13 

0.4501 

0.4481 

0.0020 

0.0009 

0.4540 

0.4510 

0.0030 

0.45420 

0.45120 

0.0030 

0.00110 

9/16 

12 

0.5084 

0.5063 

0.0021 

0.0010 

0.5124 

0.5094 

0.0030 

0.51260 

0.50960 

0.0030 

0.00120 

5/8 

11 

0.5660 

0.5638 

0.0022 

0.0010 

0.5700 

0.5670 

0.0030 

0.57020 

0.56720 

0.0030 

0.00120 

11/16 

11 

0.6285 

0.6262 

0.0023 

0.0010 

0.6325 

0.6295 

0.0030 

0.63270 

0.62970 

0.0030 

0.00120 

3/4 

10 

0.6851 

0.6827 

0.0024 

0.0010 

0.6901 

0.6861 

0.0040 

0.69030 

0.68630 

0.0040 

0.00120 

13/16 

10 

0.7476 

0.7451 

0.0025 

0.0010 

0.7526 

0.7486 

0.0040 

0.75280 

0.74880 

0.0040 

0.00120 

7/8 

9 

0.8029 

0.8004 

0.0025 

0.0011 

0.8080 

0.8040 

0.0040 

0.80820 

0.80420 

0.0040 

0.00130 

15/16 

9 

0.8654 

0.8627 

0.0027 

0.0011 

0.8705 

0.8665 

0.0040 

0.87070 

0.86670 

0.0040 

0.00130 

1 

8 

0.9188 

0.9159 

0.0029 

0.0012 

0.9270 

0.9220 

0.0050 

0.92725 

0.92025 

0.0050 

0.00145 

11/8 

7 

1.0322 

1.0292 

0.0030 

0.0012 

1.0384 

1.0334 

0.0050 

1.03865 

1.03365 

0.0050 

0.00145 

1  1/4 

7 

1.1572 

1.1541 

0.0031 

0.0012 

1.1634 

1.1584 

0.0050 

1.16365 

1.15865 

0.0050 

0.00145 

13/8 

6 

1.2668 

1.2635 

0.0033 

0.0013 

1.2741 

1.2681 

0.0060 

1.27435 

1.26835 

0.0060 

0.00155 

11/2 

6 

1.3918 

1.3884 

0.0034 

0.0013 

1.3991 

1.3931 

0.0060 

1.39935 

1.39335 

0.0060 

0.00155 

Machinerp 

decreased  an  amount  equal  to  that  given  in  Table  III,  the 
minimum  pitch  diameter  remaining  the  same.  For  example, 
in  calculating  the  amount  of  allowance  necessary  in  the  pitch 
diameter  for  a  British  Whitworth  1-inch  bolt  having,  say,  a 
pitch  error  of  +  0.0012  inch  per  inch,  the  amount  of  com- 
pensation, as  found  by  interpolation  from  Table  III,  is  0.0024 
inch;  so  that  the  limits  on  the  pitch  diameter  of  the  bolt  are: 


of  the  thread.  The  tolerances  on  British  standard  Whitworth 
and  British  standard  fine  threads  are  given  in  Table  IV.  Ref- 
erence to  this  table  will  show  that  the  coarser  the  pitch,  the 
smaller  is  the  permissible  error  in  the  included  angle.  The 
reason  for  this  is  that  a  coarser  pitch  has  a  greater  amount 
of  thread  surface  in  contact  than  a  finer  pitch,  and  conse- 
quently must  be  made  to  closer  limits. 


TABLE  VI.    TOLERANCES   ON  PITCH  DIAMETERS  OF  U.   S.   STANDARD  SCREWS,  TAPS 

AND  GAGES   (CLOSE  FIT  TOLERANCES) 


ill" 
ZQcn 

li 

ZHw 

Basic  or  Pitch 
Dia.   of  Max 
Screw 

.ii 

JJ 
8„d-s 

?|1q 

'Tolerance 
between  Max. 
Screw   and 
Min.    Pitch 
Dia.    of    Tap 

Tapped  Hole, 
Pitch     Diameter 

§1 
8« 

g-s 

Gage, 
Pitch   Diameter 

Difference 
between    "Go" 
and  "Not  Go" 
Ends    of    Gage 

4 

S  g  « 

^,    V    01   K 

Max. 

Min. 

Max. 

Min. 

1/4 
5/16 

3/8 
7/16 

1/2 
9/16 

5/8 
11/16 

3/4 
13/16 

7/8 
15/16 

1 
11/8 
1  1/4 
13/8 
11/2 

20 

18 

16 

14 

13 

12 

11 

11 

10 

10 

9 

9 

8 

7 

7 

6 

6 

0.2175 
0.2764 
0.3344 
0.3911 
0.4501 
0.5084 
0.5660 
0.6285 
0.6851 
0.7476 
0.8029 
0.8654 
0.9188 
1.0322 
1.1572 
1.2668 
1.3918 

0.2160 
0.2748 
0.3327 
0.3892 
0.4481 
0.5063 
0.5638 
0.6262 
0.6827 
0.7451 
0.8004 
0.8627 
0.9159 
1.0292 
1.1541 
1.2635 
1.3884 

0.0015 
0.0016 
0.0017 
0.0019 
0.0020 
0.0021 
0.0022 
0.0023 
0.0024 
0.0025 
0.0025 
0.0027 
0.0029 
0.0030 
0.0031 
0.0033 
0.0034 

0.0005 
0.0006 

0.0006 
0.0009 
0.0009 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0011 
0.0011 
0.0012 
0.0012 
0.0012 
0.0013 
0.0013 

0.2190 
0.2780 
0.3365 
0.3935 
0.4525 
0.5109 
0.5685 
0.6310 
0.6881 
0.7506 
0.8060 
0.8685 
0.9225 
1.0359 
1.1609 
1.2711 
1.3961 

0.2180 
0.2770 
0.3350 
0.3920 
0.4510 
0.5094 
0.5670 
0.6295 
0.6861 
0.7486 
0.8040 
0.8665 
0.9200 
1.0334 
1.1584 
1.2681 
1.3931 

0.0010 
0.0010 
0.0015 
0.0015 
0.0015 
0.0015 
0.0015 
0.0015 
0.0020 
0.0020 
0.0020 
0.0020 
0.0025 
0.0025 
0.0025 
0.0030 
0.0030 

0.21920 
0.27820 
0.33670 
0.39370 
0.45270 
0.51110 
0.56870 
0.63120 
0.68830 
0.75080 
0.80620 
0.86870 
0.92275 
1.03615 
1.16115 
1.27135 
1.39635 

0.21820 
0.27720 
0.33520 
0.39220 
0.45120 
0.50960 
0.56720 
0.62970 
0.68630 
0.74880 
0.80420 
0.86670 
0.92025 
1.03365 
1.15865 
1.26835 
1.39335 

0.0010 
0.0010 
0.0015 
0.0015 
0.0015 
0.0015 
0.0015 
0.0015 
0.0020 
0.0020 
0.0020 
0.0020 
0.0025 
0.0025 
0.0025 
0.0030 
0.0030 

0.00070 
0.00080 
0.00080 
0.00110 
0.00110 
0.00120 
0.00120 
0.00120 
0.00120 
0.00120 
0.00130 
0,00130 
0.00145 
0.00145 
0.00145 
0.00155 
0.00155 
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Fig.  3.  BeferencG  Thread  Gages 
Tolerances  on  U.  S.  Standard  Screw  Threads 
As  mentioned,  the  committee  appointed  by  the  American 
Society  of  Mechanical  Engineers  to  study  the  subject  of  toler- 
ances on  screw  threads  has  not  furnished  a  complete  report. 
Several  concerns,  however,  have  adopted  tolerances  for  their 
own  use,  some  of  which  have  been  compiled  and  put  into  con- 
venient form.  Table  V  gives  tolerances  for  U.  S.  standard 
screws  and  gages  for  loose  fits,  and  Table  VI  gives  those  for 
close  fits.  Reference  to  these  two  tables  will  show  that  the 
tolerances  on  the  tapped  hole  and  the  tolerances  on  the  pitch 
diameter  of  the  gage  are  the  only  two  factors  that  are  mate- 
rially changed.  The  loose-fit  limits  are,  in  most  cases,  twice 
the  close-fit  limits.  It  will  also  be  noticed  that  the  manufac- 
turing tolerances  on  the  pitch  diameter  of  the  gage  are  given 
as  0.0002  inch  up  to  1  inch  diameter  and  as  0.00025  inch  for 


PERFECT  THREAD- 
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Fig.    4.        Briggs    and    Whitworth    Standard    Forms    of    Pipe    Threads:    also 
Modified  Briggs  Standard  Form 

1  inch  and  over.  The  gage  pitch  diameters  are  made  greater 
than  the  diameter  of  the  maximum  and  minimum  tapped  holes, 
so  as  to  provide  for  wear,  especially  on  the  "Go"  end  of  the 
gage,  as  will  be  described  later. 

Manufactxxringr  Tolerances  on  Reference  Thread  Gag-es 

In  the  measurement  and  inspection  of  threaded  parts  even 
greater  care  is  necessary  than  in  gaging  a  plain  hole  or  shaft. 
The  chief  reason  for  this  is  that  a  thread  has  so  many  ele- 
ments that  must  be  taken  into  consideration  that  a  careful 
study  of  the  conditions  to  be  met  is  necessary.  Master  or  ref- 
erence  screw   gages   should   be   made   much   more   accurately 


than  working  or  inspection  gages;  and  owing  to  this  fact, 
master  gages,  as  a  rule,  are  left  soft  in  order  to  eliminate 
any  chance  for  warpage  or  shrinkage  in  hardening. 

For  reference  thread  gages,  the  tolerances  in  pitch  are  gen- 
erally given  per  inch  of  length  of  thread  and  vary  from  0.0005 
inch  per  inch  for  pitches  greater  than  ten  threads  per  inch  to 
0.001  inch  per  inch  for  finer  pitches.  The  tolerance  on  the 
pitch  diameter,  as  has  been  mentioned,  is  also  governed  to 
a  certain  extent  by  the  tolerance  on  the  pitch.  Most  manu- 
facturers, however,  endeavor  to  hold  the  pitch  diameter  to 


Various  Forms  of  Reference   Gages  for  Whitworth  Standard 
Threads 

tolerances  of  d:  0.0001  inch.  If  the  error  in  pitch  is  uniform, 
that  is,  equally  distributed  for  the  length  of  the  thread,  the 
tolerance  on  the  pitch  diameter  can  be  held  very  close.  For 
example,  on  a  10-pitch  gage  the  error  of  0.0005  inch  is  dis- 
tributed over  ten  threads,  making  the  average  error  in  pitch 
only  0.00005  inch. 

The  included  angle  of  the  thread  is  one  of  the  three  ele- 
ments that  affect  the  pitch  diameter  in  a  similar  manner  to 
the  pitch,  and  where  close  tolerances  are  adhered  to  on  the 
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Fig.   6.     Tools  and   Gages  used  in  machining  and   gaging   Pipe   Fittings  to 
Briggs  standards 
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TABLE   VII.    PROPORTIONS    FOR    BRIOUS    STANDARD    REFERENCE    PIPE 
RING  UAUES   (CADILLAC  MOTOR   CAR  CO.) 


U  •-€->■ 

PHOJfcCllON  OF  WOUKING  ANO                [■                      ,1 

INSPECTION  PLUG 

GAGE                   l!^..D.>i| 

\  ,  I'FIFI 

r--^- 

4 

-(^^   - 

\  1  E  '  ; 

i!liV 

\ 

xMx 

y^. 

^  I-  i 
1 

1    1 

Ma,hinay 

t 

*i    'o'S) 

■B 

Si 

Ills 

<oq£ 

.a 

--t 

Dimensions   in    Inches 

a". 

% 

■2&I 

A 

B              O 

D 

E 

F 

1/8 

13/32 

27 

21/64 

0.340 

15/16 

0.264 

13/64 

0.1110 

3/4 

1/4 

17/32 

18 

27/64 

0.441 

13/8 

0.402 

11/32 

0.1805 

7/8 

3/8 

11/16 

18 

9/16 

0.576 

17/16 

0.406 

11/32 

0.1805 

1 

1/2 

27/32 

14 

11/16 

0.712 

15/8 

0.534 

15/32 

0.2500 

11/8 

3/4 

11/16 

14 

29/32 

0.922 

17/8 

0.546 

31/64 

0.2500 

11/4 

1 

1 11/32 

111/2 

11/8 

1.157 

2  3/16 

0.625 

9/16 

0.3040 

13/4 

11/4 

111/16 

111/2 

1 15/32 

1.500 

2  13/16 

0.719 

21/32 

0.3040 

2  1/16 

11/2 

1  29/32 

111/2 

123/321  1.740 

3  1/4 

0.750 

11/16 

0.3040 

21/2 

2 

2  3/8 

111/2 

2  3/16  1  2.213 

3 11/16 

0.757 

11/16 

0.3040 

3 

pitch  diameter  it  is  essential  that  the  included  angle  be  held 
to  very  close  limits.  The  coarser  the  pitch  of  the  thread, 
the    smaller    is    the 


TABLE  VIII.    PROPORTIONS  FOR  BRIGGS  STANDARD   REFERENCE    PIPE 
PLUG  GAGES   (CADILLAC  MOTOR  CAR  CO.) 


amount  of  error  permis- 
sible in  the  included 
angle,  and  for  this  ele- 
ment the  tolerances 
range  from  ±  0.10  de- 
gree for  the  coarser 
pitches  to  ±  0.25  degree 
for    the    finer    pitches. 

Manufacturing  Toler- 
ances on  Working- 
and    Inspection 
Thread  Gages 

As  working  and  in- 
spection thread  gages 
must  be  hardened  if 
satisfactory  service  is 
to  be  obtained  from 
them,  and  as  they  wear 
much  faster  than  refer- 
ence gages,  greater  tol- 
erances are  permissible. 
As  a  general  rule,  the 
pitch  is  held  to  a  toler- 
ance of  ±  0.001  inch  per 
inch  of  length,  and  the 
pitch  diameter  is  gov- 
erned to  a  certain  ex- 
tent by  the  tolerance  on  the  work.  When  the  working  and 
inspection  gages  are  laid  out  in  connection  with  the  limit  sys- 
tem of  manufacture,  the  tolerances  permitted  on  the  "Go"  and 
"Not  Go"  ends  of  the  gage  should  be  laid  out  with  respect  to 
the  tolerances  on  the  work.*  For  instance,  the  maximum  or 
"Not  Go"  end  of  the  plug  should  be  made  larger  than  the  maxi- 
mum hole  by  an  amount  equal  to  the  maximum  manufacturing 
tolerance  permissible  on  the  gage,  and  the  "Go"  end  should 
be  made  larger  than  the  minimum  tapped  hole  by  an  amount 
equal  to  the  manufacturing  tolerance  permitted  on  the  gage. 

When  the  gage  is  new,  of  course,  it  will  not  enter  the  mini- 
mum tapped  hole,  but  as  a  tap  in  most  cases  cuts  larger  than 
its  actual  size,  the  gage  will  enter  holes  slightly  larger  than 
those  cut  with  a  minimum  tap.  Another  advantage  of  this 
practice  lies  in  the  fact  that  the  greatest  amount  of  wear  is 
secured  from  the  gage  before  it  is  worn  too  small.  The  manu- 
facturing tolerances  permitted  on  the  pitch  diameter  of  thread 
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S    "SS 
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43 

s      ■?, 

Dimensions    in 

Inches 

»:«£ 

IlK 

■<OQ(S 

mi 

A 

B 

C        1         D 

1 

E 

F 

G 

1/8 

13/32 

27 

0.397 

0.264 

3 

3/8 

2  5/16 

1/4 

0.1110 

1/4 

17/32 

18 

0.528 

0.402 

3  1/4 

7/16 

2  7/16 

3/8 

0.1805 

3/8 

11/16 

18 

0.662 

0.406 

3  1/2 

9/16 

2  5/8 

7/16 

0.1805 

1/2 

27/32 

14 

0.822 

0.534 

3  3/4 

5/8 

2  5/8 

9/16 

0.2500 

3/4 

11/16 

14 

1.033 

0.546 

4 

3/4 

2  3/4 

11/16 

0.2500 

1 

1 11/32 

111/2 

1.290 

0.625 

4  1/4 

7/8 

2  7/8 

13/16 

0.3040 

11/4 

1  11/16 

111/2 

1.639 

0.719 

4  1/2 

1 

3 

15/16 

0.3040 

11/2 

1  29/32 

111/2 

1.881 

0.750 

4  1/2 

1 

2  7/8 

15/16 

0.3040 

2 

2  3/8 

11  1/2 

2.354 

0.757 

4  1/2 

11/8 

2  7/8 

11/16 

0.3040 

gages  vary  from  -f  0.0001  to  +  0.00025  inch,  de- 
pending on  the  size  and  pitch  of  the  gage.  For 
example,  on  a  scrcw-tliread  plug  gage  for  a  i/4  by 
20  screw,  the  tolerance  on  the  pitch  diameter  of 
the  "Go"  end  of  the  gage  would  be  expressed 
0.2180  +  0.0002  inch  —0.0000. 

The  tolerance  on  the  included  angle  of  the 
thread  is  generally  held  to  practically  the  same 
limits  as  the  reference  gages.  As  any  variations 
in  the  included  angle  of  the  thread  directly  affect 
the  pitch  diameter  and  as  errors  in  lead  also  affect 
the  pitch  diameter,  it  is  imperative  that  errors  in 
the  included  angle  of  the  thread  be  reduced  to  a 
minimum. 

Reference  Thread  Gag-ea 

Reference  thread  gages  are  made  either  from 
a  good  grade  of  tool  steel  and  left  soft  or  from 
machinery  steel  carburized  and  hardened.  The 
soft  gages,  when  carefully  used,  are  more  accu- 
rate than  the  hardened  ones,  owing  to  the  elimina- 
tion of  warpage  or  distortion,  which  usually  takes 
place  during  the  carburizing  and  hardening  pro- 
cess. Reference  thread  gages  of  comparatively 
coarse  pitch  can  be  ground  with  a  diamond  charged 
lap,  and  when  this  practice  is  followed  the  hard- 
ened reference  gage  is  superior  to  the  soft  one. 
Ordinary  lapping,  however,  cannot  be  depended 
upon  to  correct  the  lead  of  a  distorted  gage; 
for  this  reason  reference  thread  gages  are  usually  left  soft. 
A  common  form  of  reference  thread  gage  consists  of  a  plug 

and  templet,  as  shown 
in  Fig.  3.  Here  two 
forms  of  templets  are 
shown,  one  of  rectangu- 
lar and  the  other  of  cir- 
cular form.  Both  types 
are  adjustable  and  are 
set  to  the  master  plug. 
In  manufacturing  plants 
where  the  limit  system 
is  employed,  these  types 
of  reference  thread 
gages  are  of  little  or  no 
value  because  they  can- 
not be  used  for  setting 
the  working  or  inspec- 
tion gages,  which  are 
not  set  to  a  standard 
size  but  provide  for  tol- 
erances on  the  work. 
In  addition,  as  Will  be 
subsequently  explained, 
a  ring  thread  gage  is  of 
little  value  in  testing 
the  thread  on  a  screw, 
as  it  is  difficult,  to  tell 
what  element  of  the 
screw  is  in  error. 
In  making  reference  screw  gages  for  the  U.  S.  standard  form 
of  thread,  a  flat  of  one-eighth  the  pitch  is  provided  on  the 
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Tig.    8.     Adjustable    Thread    Micrometer 


outside  diameter  of  the  plug,  wliereas  the  bottom  is  made  to  a 
sharp  V-shape  in  order  to  clear  fine  chips  and  dirt  that  may 
collect  in  the  threads.  The  front  end  of  the  plug  is  also  pro- 
vided with  three  angular  grooves  to  collect  dirt  and  dust. 
The  crest  of  the  threads  in  the  ring  is  made  with  a  flat  of 
one-eighth  the  pitch  and  the  bottom  is  made  to  a  sharp  V 
as  in  the  plug. 

Fig.  5  shows  a  group  of  reference  gages  for  British  Whit- 
worth    standard    threads. 

TABLE  IX.    DIMENSIONS  OF  BALL  POINTS  USED  IN  MEASURING 
SCREW   THREADS 


threads,  having  a  perfect  bottom  and  a  flat  top;  and  still 
farther  back  is  a  portion  having  imperfect  threads,  which  is 
formed  by  the  chamfer  or  bell-mouth  in  the  threading  die. 
The  perfect  threads  are  cut  on  a  taper  equal  to  3/4  inch  to 
the  foot,  or  1/16  inch  to  the  inch. 

Pig.  6  shows  the  various  tools  necessary  for  machining 
and  gaging  a  Briggs  standard  pipe  joint.  The  joint  should 
be  tight  when  the  pipe  has  entered  the  fitting  a  distance  equal 
to  H;  but  to  allow  for  errors  in  manufacture,  the  thread  on 
the  pipe  is  cut  two  threads  farther.  The  fitting  should  be 
tapped  two  threads  deeper  than  as  shown  at  H  for  the  same 
reason.  For  the  value  of  H  for  different  sizes  of  pipe  threads, 
see  Machinery's  Handbook.  Tables  VII  and  VIII,  respectively, 
give  proportional  sizes  for  Briggs  standard  reference  pipe  ring 
and  plug  gages  as  used  by  the  Cadillac  Motor  Car  Co.  These 
gages  are  made  from  a  good  grade  of  machine  steel  carburized 
and  hardened,  and  are  then  lapped. 

In  the  British  standard  form  of  pipe  thread  shown  at  B 
in  Fig.  4,  the  thread  form  used  is  the  standard  Whitworth 
form  having  an  included  angle  of  55  degrees,  and  the  top  and 
bottom  are  rounded  similar  to  the  standard  form.  The  diam- 
eter of  the  screw  is  made  to  such  size  that  the  coupling  or 
joint  can  be  screwed  on  by  hand  to  within  four  or  five  threads 
of  the  end  of  the  threaded  portion.  The  length  of  threads  on 
standard  pipe  ends  is  found  by  the  following  formula: 

L^-^W—Ys  inch  (14) 

in  which   L  =  length  of  thread,  in  inches; 

D  =  nominal  bore  of  pipe,  in  inches. 

The    length    of    thread 


Pc-O 


Ring  A  and  plug  B  are 
left  soft,  and,  of  course, 
are  used  for  reference 
purposes  only.  The  form 
shown  at  C  is  provided 
with  a  threaded  end  and 
a  plain  cylindrical  end 
having  two  shoulders, 
which  represent  the  root 
and  the  outside  diameter. 
D  and  E  show  two  refer- 
ence plugs  that  fill  the 
same  function  as  plug  C. 
Reference  gages  for 
use  in  connection  with 
the  limit  system  of  manu- 
facture should  be  made 
as  shown  in  Fig.  24  In 
the  October  number  of 
Machineby.  This  en- 
ables the  inspection  and 
working  gages  to  be  read- 
ily checked  to  determine 
when  they  are  worn  be- 
yond the  tolerances. 

Pipe-thread  Reference 
Gages 

There  are  two  common 
forms  of  pipe-thread 
standards  in  use,  viz.,  the 
Briggs  standard  and  the  British  standard,  as  shown  at  A  and 
B  in  Fig.  4.  The  Briggs  standard,  however,  is  also  made  in 
a  modified  form,  as  shown  at  C,  resembling  the  U.  S.  standard 
form  of  thread.  The  original  Briggs  standard  pipe  thread  has 
an  included  angle  of  60  degrees,  and  is  slightly  rounded  at  the 
top  and  bottom,  so  that  the  single  depth  of  the  thread,  instead 
of  being  exactly  equal  to  the  pitch  times  0.866  inch,  is  only 
four-fifths  the  pitch,  or  equal  to  the  pitch  times  0.8  inch.  For 
the  length  of  the  pipe  end  throughout  which  the  screw  thread 
continues  "perfect,"  the  following  formula  is  used: 

1 
(0.8  D  +  4.8}   X  —  (13) 

n 
in  which  D  =  outside  diameter  of  tube,  in  inches; 
n  =  number  of  threads  per  inch. 
This  distance  is  referred  to  as  dimension  F  in  Fig.  4.     Lo- 
cated back  of  the  perfect  threads  is  a  section,  including  two 
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in  the  coupling  or  joint 
should  not  be  made  less 
than  twice  the  length  of 
thread  on  the  pipe  ends, 
and  the  length  of  thread 
at  the  end  of  a  fitting 
must  not  be  made  less 
than  the  nominal  length 
of  thread  on  the  corre- 
sponding end  of  the  pipe. 

Measuring:  Screw  Threads 

with  Micrometer 

Calipers 

The  simplest  instru- 
ment and  the  one  most 
commonly  used  for  meas- 
uring screw  threads 
where  only  a  few  are  to 
be  inspected  is  the  mi- 
crometer caliper.  In  or- 
der to  use  the  microme- 
ter caliper  for  this  work, 
and  especially  for  meas- 
uring the  pitch  diameter 
and  angle  of  thread,  it  is 
necessary  either  to  pro- 
vide the  instrument  with 
special  measuring  points 
or  to  make  use  of  the 
common  wire  method. 
Screw  Thread  Micrometer 
One  of  the  many  methods  of  measuring  in  the  angle  of  the 

thread  is  by  use  of  the  thread  micrometer  shown  in  Fig.  7. 

The  fixed  anvil  A  is  V-shaped,  so  as  to  fit  over  the  thread, 

while     the     movable     point    B     is     cone 

pointed,  so  that  it  may  enter  the  space 

between  any  two  threads.     The  extreme 

end  of  the  cone  is  removed  so  as  not  to 

contact   with   the   bottom   of   the   thread. 

The  anvil  is  also  provided  with  a  clear- 
ance  at   the   bottom   of   the   V-groove   so 

that  both  the  anvil  and  the  cone-pointed 

spindle  will  contact  only  with  the  sides 

of  the  thread.    When  the  cone  point  and 

the  anvil  are   in  contact.  The   zero   line        pj^  g    Diagram  ii- 

on  the  thimble  represents  a  line  drawn        lustrating  one-wire 

System  of  measiir- 

through   the   plane   X-Y.     If   the   caliper  ing  Threads 
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Fig.    10.     Another    Method    of   using    One-wire    System    for    Thread 
Measurement 


is  opened,  say  to  0.375  inch,  it  means  that  the  two  planes  are 
0.375  inch  apart.  The  cone  point  is  adapted  for  measuring  all 
pitches,  but  the  fixed  anvil  is  limited  in  its  capacity,  and  to 
cover  all  pitches  it  was  necessary  to  provide  different  anvils 
for  the  various  pitches. 

To  find  the  theoretical  pitch  diameter  that  is  measured  by 
this  micrometer  it  is  necessary  to  deduct  the  single  depth  for 
the  thread  from  the  outside  diameter.  Expressed  in  a  formula 
for  the  various  types  of  threads,  the  pitch  diameter  equals: 

0.866 
For  sharp  Y-thread,'  D  =  d 


A' 


For  U.  S.  and  A.  S.  M.  E.  standard  threads,  D  =  d  —  - 


0.6495 


For  Whitworth  standard  thread,  D  =  d 


N 
0.640 

A' 


(15) 


(16) 


(17) 


in  which  D  =  caliper  reading  or  pitch  diameter; 

d  =  nominal  outside  diameter  of  thread; 
N  =  number  of  threads  per  inch. 

Another  Thread  Micrometer 

In  the  thread  micrometer  shown  in  Fig.  7,  the  offset  of  the 
center  line  of  the  anvil  and  cone-pointed  spindle  necessary  to 
take  care  of  the  helix  angle  of  the  thread  was  provided  for 
by  holding  the  anvil  so  that  it  was  free  to  rotate  and  by  em- 
ploying various  anvils  for  different  pitches  of  threads.  In  the 
micrometer  shown  in  Fig.  8,  the  anvil  is  mounted  in  a  slide 
and  the  amount  of  offset  is  controlled  by  a  micrometer.  To 
measure  a  thread  of  a  certain  pitch,  the  anvil  is  set  off  center 
an  amount  equal  to  one-half  the  pitch  of  the  thread  being 
measured. 


'As  it  is  not  practicable  to  make  a  V-thread  theoretically  sharp,  the  outside 
will  measure  less  than  the  nominal  size,  the  pitch  diameter  remaining  the  same. 
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Meaaurlng'  Screw  Threads  with  a  Micrometer  Havlntf 
Ball  Polnta 

The  regular  screw-thread  micrometer  has  the  disadvantage 
of  being  delicately  constructed  and  of  requiring  careful  and 
frequent  adjustment.  It  is  preferable  to  use  the  standard 
screw-thread  micrometer  for  reference  only  and  to  measure 
screw  plugs  or  screws  by  means  of  the  standard  micrometer 
fitted  with  different  types  of  points. 

There  are  many  types  of  points  used;  the  illustration  ac- 
companying Table  IX  shows  three.  The  type  shown  at  A  is 
made  to  slip  over  both  measuring  points  of  the  micrometer, 
and  to  get  satisfactory  results  must  be  carefully  made.  How- 
ever, these  points,  as  a  rule,  do  not  fit  solidly  over  the  anvil 
and  spindle  of  the  micrometer  even  if  they  are  split,  and  are 
apt  to  cause  errors  in  measurement.  Better  types  of  points 
are  shown  at  B  and  C:  The  ball  point  shown  at  B  can  be  used 
for  measuring  threads  as  fine  as  16  pitch.  When  a  thread 
is  finer  than  this,  the  neck  becomes  so  small  that  there  is  not 
sufiicient  strength, 
and  the  point  is 
formed  as  shown  at 
C.  This  point  can 
be  used  for  measur- 
ing threads  as  fine 
as  72  threads  per 
inch.  By  referring 
to  Table  IX,  it  will 
be  noticed  that  the 
first  column  gives 
the  number  of 
threads  for  which 
the  diameter  of  the 
point  has  been  cal- 
culated, and  the  sec- 
ond column  gives 
the  other  pitches 
for  which  this  size 
of  point  can  be 
used.  These  pbints 
will  fit  approxi- 
mately half  way 
between  the  top 
and  root  of  the 
thread  in  the  U.  S. 
standard  screw  or 
threaded  plug.  Of 
course  they  are 
used  for  reference 
only,  and  are  set 
by  means  of  a 
standard  screw 
plug.  They  do  not 
check  the  angle  of 
the  thread,  as  does 
a  regular  screw- 
thread  micrometer, 
but  the  angle  can 
be   obtained   by 


Fig.    12.     Magnetized   Stand  for   Use   in  measur- 
ing Threads  by  Tliree-wire  Methdd 


Fig.   11.     Three-wire  Method  of  measuring  Screw  Threads 


using  different  sizes  of  points,  and  comparing  the  size  near 
the  root  of  the  thread  with  one  size  of  ball,  using  a  larger  ball 
for  the  pitch  diameter,  and  a  still  larger  one  near  the  top.  If 
these  three  measurements  agree  with  the  standard  gage,  the 
angle  of  thread  is  correct. 

One-wire  System  of  Measuring  Screw  Threads 

The  pitch  diameter  of  screw  threads  may  be  measured  with 
an  ordinary  micrometer  and  one  wire  arranged  as  indicated 
in  Fig.  9.  If  the  outside  diameter  of  the  screw  is  large  or 
small,  allowance  must  be  made  for  this  in  taking  the  measure- 
ment. If  the  screw  is  over  size,  one-half  the  amount  that  it 
is  over  size  must  be  added  to  the  dimensions  obtained  by  the 
formulas.  If  it  is  under  size,  one-half  the  amount  that  it  is 
under  size  must  be  deducted.  One  wire  is  easier  to  handle 
than  three  wires,  but  is  not  as  generally  used  for  other  reasons, 
which  will  be  given  later.  This  method  can  also  be  used  on 
coarse-pitch   threads  where  the  micrometer   spindle  will   not 
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reach  from  one  thread  to  the  next,  which  is  necessary  with 
the  three-wire  system.  Assuming  that  D  is  the  micrometer 
reading  over  the  wire  when  the  pitch  diameter  is  correct,  and 
T.  P.  I.  represents  threads  per  inch,  the  formulas  for  meas- 
uring with  a  micrometer  and  one  wire  are: 
For  sharp  V-thread : 


D  —  1.5  X  diameter  of  wire  — 

diameter 
For  U.  S.  standard  thread: 

D  =  1.5  X  diameter  of  wire  — 


0.866 


T.  P.  I. 


0.7577 


T.  P.  I. 


diameter 
For  standard  Whitworth  thread: 


0.8004 


+  standard  outside 
(18) 

+  standard  outside 
(19) 

-f  standard  outside 
(20) 


D  =  1.583  X  diameter  of  wire  ^ 

T.  P.  I. 
diameter 

The  size  of  wire  is  governed  by  the  pitch  and  form  of  thread. 
The  best  size  to  use  is  about  two-thirds  the  pitch.  Mistakes 
can  easily  be  made  if  too  large  a  wire  is  used.  A  wire  smaller 
than  six-tenths  or  larger  than  nine-tenths  the  pitch  should 
not  be  used. 

Thread  Measuring  Indicator  Using  One  Wire 

A  thread  measuring  device  for  comparing  screws  with  gages 
or  working  gages  with  master  gages  is  shown  in  Fig.  10.  This 
was  designed  to  eliminate  the  personal  element  in  measuring 
threaded  parts  or  gages,  as  it  has  been  found  that  in  using 
thread  micrometers,  whether  equipped  with  conical  or  ball 
points,  measurements  made  by  different  men,  or  even  by  the 
same  man,  differ  at  times,  and  show  variations  as  much  as 
0.0001  inch  to  0.0003  inch.  This  tool  has  the  objection  men- 
tioned in  connection  with  Fig.  9  that  the  condition  of  the  out- 
side diameter  of  the  thread  is  likely  to  affect  the  accuracy 
of  the  reading.  It  is  based  on  two  fundamental  facts  of  trigo- 
nometry; one,  that  the  axis  of  a  cylinder  held  in  an  angular 
groove  lies  in  the  plane  that  bisects  the  angle,  and  that  if 


Special   Stand   shown   In  Tig.   12  in  Use   measuring  Refefence 
Thread   Gages 


Fig.    14.     Method    of    using    Johansson    Reference    Blocks    for    measuring 
Screw   Threads 

the  angle  of  the  groove  is  60  degrees,  this  axis  will  be  at  a 
distance  from  the  vertex  of  the  angle  equal  to  the  diameter 
of  the  cylinder. 

Referring  to  Fig.  10,  it  will  be  noted  that  the  tool  consists 
of  a  block  A  with  a  60-degree  groove  in  it  and  with  a  straight- 
edge B  fastened  to  the  top  face  by  screws  and  dowels.  The 
straightedge  is  so  placed  that  the  attachment  C  can  be  ad- 
Justed  to  bring  its  axis  to  line  up  with  the  axis  of  the  thread 
plug  being  measured,  by  inserting  a  standard  measuring 
block  D.  On  top  of  block  A  is  another  block  E  which  carries 
the  dial  indicator  reading  to  0.0001  inch.  Attachment  C  car- 
ries rod  G,  which  extends  down  through  the  slot  cut  in  block  A 
and  rests  upon  a  wire  H  laid  between  the  threads  of  the  work. 
To  prevent  wire  H  from  dropping  out,  rod  O  is  magnetized; 
and  to  prevent  the  magnetism  from  interfering  with  the  free 
movement  of  rod  G,  the  rod  is  surrounded  by  a  brass  bush- 
ing I,  and  is  held  from  dropping  out  by  a  set-screw,  not  shown. 

The  wire  H  is  made  of  drill  rod  and  is  hardened  and  ground 
to  exact  size;  an  assortment  of  wires  is  provided  for  the  dif- 
ferent pitches  of  threads  to  be  measured.  A  wire  having  a 
diameter  equal  to  three-quarters  or  seven-eighths  of  the  pitch 
works  satisfactorily,  but  to  facilitate  calculation,  it  is  well 
to  keep  an  even  number  of  thousandths,  0.120  for  instance, 
instead  of  0.125  inch. 

If  it  is  desired  to  compare  a  piece  of  threaded  work  with  a 
standard,  the  standard  is  first  clamped  in  the  block  A;  then  a 
size-block  D,  equal  in  thickness  to  the  diameter  of  the  stand- 
ard, is  inserted  between  attachment  0  and  straightedge  B. 
Rod  G  is  then  brought  to  bear  on  a  wire  laid  in  the  threads 
of  the  standard,  and  the  indicator  spindle  is  brought  over  in 
contact  with  rod  G  and  a  reading  taken.  The  same  process 
is  repeated  by  removing  the  standard  and  inserting  the  piece 
to  be  measured;  the  difference  between  the  two  pieces  will 
then  be  read  off  on  the  indicator  in  0.0001  inch. 

This  device  can  also  be  used  for  originating  measurements 
by  replacing  the  dial  indicator  with  a  micrometer  spindle, 
which  carries  an  indicating  needle,  thus  eliminating  the  neces- 
sity for  "feel"  on  the  part  of  the  inspector.  For  originating 
measurements,  however,  the  most  satisfactory  way  is  to  use  a 
standard  measuring  machine,  as  described  in  the  October  num- 
ber of  Machinery. 

Three-wire  Method  of  Measuring'  Screw  Threads 
The  three-wire  method  of  measuring  screw  threads  has  the 
advantage  over  the  one-wire  method  in  that  the  outside  diam- 
eter need  not  enter  into  the  calculation  in  order  to  determine 
the  pitch  diameter.  The  three  wires  are  arranged  as  shown 
at  A  and  B  in  Fig.  11.  One  wire  is  placed  in  the  angle  of  the 
thread  on  one  side  of  the  screw  or  threaded  plug  and  the  other 
two  on  the  opposite  side;  the  measurement  is  taken  over  the 
wires  with  a  regular  micrometer.  The  limit  of  this  method 
is  reached  when  the  pitch  of  the  thread  is  such  that  the  mi- 
crometer anvil  or  spindle  will  not  reach  across  the  two  wires. 
If  the  pitch  diameter  is  correct,  the  micrometer  readings  for 
the  various  forms  of  threads  are: 
For  sharp  V-thread: 

rt  =  D  —  3d, -f  1.732p  (21) 

D  =  d  —  1.732p  +  3d,  (22) 
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For  U.  S.  and  A.  S.  M.  E.  standard  threads  (A,  Fig.  11)  : 

rf  =  i>  — 3d,  +  1.5155p  (23) 

D  =  d  — 1.5155P  + 3f/,                '  (24) 
For  Whitworth  standard  thread  (see  li,  Kig.  11): 

rf  =  D  —  3.1657d,  +  1.6008/)  (25) 

Z)  =  rt  — 1.6008?) +  3.1657d,  (26) 
For  British  Association  standard  thread: 

d  =  D  — 3.4829(1,  +  1.81S14P  (27) 

i)  =  d  — 1.81814/)  +  3. 4829rf,  (28) 
For  German  Lowenherz  thread: 

d  =  D  — 3.2368d, +  1.75p  (29) 

i)  =  d  —  1.75p  +  3.2368(i,  (30) 


UNKEN  THREAD -4 9-1 


• II ' 

DN  TRUE  THREAD^ H        A 


MEASUREMENTS  «  AND  b 
PRACTrCALLY  THE  SAME 


ON  DRUNKEN  THREAD - 


ON  TRUE  THREAD 


Fig.    15.     Diagram   illustrating   Failure   of   Ball   Point   and   Three-wire 
Metkod  of  Measurement  to  detect  Drunken  Threads 

in  which  D  =  micrometer  reading  over  wires; 

d  =  standard  outside  diameter  of  screw; 
d,  =  diameter  of  wires; 
p  =  pitch. 
Talcing  the  U.  S.  standard  thread  formula  as  an  example, 
assume  that  the  standard  outside  diameter  d  is  0.5  inch.    The 
number  of  threads  per  inch  is  13;  hence,  the  pitch  is  0.0769. 
The  diameter  d,  of  the  wires  used  is  0.050  inch.    Then: 
T>  =  0.500  —  (1.5155  X  0.0769)  -f  3  X  0.050 
=  0.500  —  0.1166  +  0.150  =  0.3834  -f  0.150 
=  0.5334  inch. 

Methods  of  Using  Three-wire  System 

Difficulty  is  sometimes  encountered  in  applying  the  three- 
wire  system  owing  to  the  necessity  for  retaining  all  three 
wires  accurately  in  the  grooves  of  the  thread.  One  method  of 
overcoming  this  objection  consists  in  the  use  of  a  special  stand, 
as  shown  in  Fig.  12.  This  stand  consists  of  a  cast-iron  base 
carrying  a  column  to  which  is  clamped  a  micrometer  head  that 
Is  adjusted  by  a  vertical  screw.     Directly  beneath  the  microm- 


eter liead  and  embedded  in  the  base,  is  a  gun-metal  biisliing 
holder  in  which  is  placed  a  series  of  magnetized  cylindrical 
pins  arranged  as  shown  in  the  plan  view.  These  pins  pre- 
vent the  wires  on  the  anvil  from  rolling  off  and  also  enable 
them  to  be  accurately  placed.  The  magnets  are  arranged  with 
their  negative  and  positive  poles  as  indicated.  In  applying 
the  instrument  the  micrometer  is  adjusted  until  it  registers 
the  exact  size  of  the  cylindrical  reference  gage,  as  shown  in 
Fig.  13.  Then  the  dimensions  measured  over  the  wires  can 
be  read  off  directly  from  the  micrometer,  care  being  taken  to 
see  that  the  temperature  of  the  reference  gage  and  the  gage 
being  tested  are  tlie  same. 

Another  simple  but  satisfactory  method  of  applying  the 
three-wire  system  is  shown  in  Fig.  14.  In  this  case  use  is 
made  of  the  Johansson  standard  holder  and  the  regular  thick- 
ness blocks.  The  holder  retains  two  carefully  ground  and 
lapped  blocks,  which  are  spaced  the  required  distance  apart 
by  using  the  regular  Johansson  thickness  blocks.  Against  the 
face  of  one  block  two  wires  of  the  required  size  are  placed 
and  the  plug  to  be  measured  is  then  brought  up  against  these. 
A  third  wire  is  used  to  test  the  accuracy  of  the  work  by  being 
tried  in  the  grooves  on  the  opposite  side.  This  makes  a  very 
sensitive  test,  as  there  is  no  pressure  to  consider  except  the 
weight  of  the  small  wire,  which  is  almost  negligible.  It  is 
therefore  possible  for  the  inspector  to  detect  the  slightest 
error.    The  limit  of  tolerance  on  this  gage  is  0.0002  inch. 

Comparison  of  Ball  Point  and  Anvil  Type  of  Thread  Micrometer 

Several  forms  of  measuring  points  are  employed  for  com- 
paring the  pitch  diameters  of  threaded  work.  That  used  in 
the  Brown  &  Sharpe  thread  micrometer  is  shown  at  A  in  Fig. 
15.  This  may  be  used  for  positive  measurements  as  well  as 
for  comparison.  At  B  and  C  are  illustrated  other  principles 
of  measuring,  the.  former  using  a  ball-point  micrometer,  and 
the  latter  three  wires  of  suitable  diameter,  measured  with 
the  regular  micrometer  caliper.  The  arrangements  shown  at  A 
and  C  may  be  used  either  for  positive  measurements  or  com- 
parison with  other  threads.  The  device  shown  at  B,  however, 
owing  to  the  tilting  of  the  micrometer,  should  be  used  only 
for  comparative  measurements  between  threads  of  the  same 
form. 

A  recent  experiment  proved  that  the  method  shown  at  B 
can  only  be  relied  upon  in  certain  cases,  even  for  comparative 
measurements,  and  the  same  holds  true  of  that  shown  at  C. 
The  way  in  which  this  was  discovered  brings  up  an  interest- 
ing point  in  machine-tool  construction  as  well  as  in  thread 
measuring.  A  manufacturer  bought  a  lathe  for  cutting  accu- 
rate threads,  which  was  provided  with  an  accurate  lead-screw. 
A  serious  error,  however,  developed  in  mounting  in  the  ma- 
chine. It  was  provided  with  a  loose  thrust  collar  between  the 
shoulder  of  the  lead-screw  and  the  face  of  the  bearing  bracket 
which  took  the  thrust  in  feeding  the  carriage.  This  thrust 
collar  was  poorly  squared  up,  being  some  thousandths  inch 
thicker  on  one  side  than  on  the  other.  Unfortunately,  the 
thrust  surfaces  on  the  lead-screw  in  the  bearing  between  which 
it  was  placed  were  also  poorly  faced,  running  out  sideways  to 
an  appreciable  extent.  As  a  result,  the  lead-screw  in  revolving 
received  an  irregular  endwise  movement  resulting  from  the 
varying  positions  of  the  untrue  loose  washer  between  its  un- 
true thrust  surfaces.  The  machine  thus  cut  an  irregular,  or 
drunken,  thread.  This  fact  was  brought  to  the  attention  of 
the  makers  of  the  machine,  who  measured  the  lead-screw  with 
a  ball-point  micrometer,  also  a  sample  screw  cut  by  it,  and 
pronounced  it  O.  K.  The  purchaser  of  the  machine,  however, 
brought  out  a  measuring  tool  of  the  type  shown  at  A,  which 
at  once  indicated  varying  diameters  in  different  parts  of  the 
threads  on  the  work,  giving  evidence  of  the  irregularity  of 
which  he  complained.  The  reasons  for  this  were  evident.  The 
ball-point  micrometer  shown  at  B  measured  the  groove  cut 
by  the  thread  tool;  and  as  this  is  always  set  at  the  same  depth 
and  is  unvarying  in  shape,  the  error  was  not  detected.  The 
same  conditions  are  met  with  the  three-wire  method  shown 
at  C.  The  lower  anvil  of  the  point  at  A,  however,  since  it 
spans  the  abnormal  thread,  instead  of  making  contact  with 
the  sitle  of  the  adjacent  threads,  indicates  the  irregularity 
by  giving  an  increased  reading  for  the  pitch  diameter. 


■HO^;^  AND  WHY 


QUESTIONS    ON    PRACTICAL    SUBJECTS    OF    GENERAL    INTEREST 


CENTRIFUGAL  FORCE -A   CORRECTION       STRENGTH    OF    COLD-ROLLED   SHAFTING 


A.  H. — I  read  with  great  interest  the  answer  on  centrifugal 
force  on  page  63  of  Machinery  for  September.  I  cannot,  how- 
ever, follow  the  geometry  of  the  proof.  In  Fig.  1,  angle  NMN, 
is  always  equal  to  one-half  MON,  no  matter  how  small  the 
latter  may  be.     Will  you  please  explain  a  little  more  fully? 

A. — The  writer  intended  to  have  drawn  the  line  MN  tangent 
to  the  circle  at  N,  in  which  case,  the  angle  NMNt  would  have 
been  exactly  equal  to  MON.  Note  that  the  lines  MNi  and  NiN  in 
Fig.  2  represent  velocities,  not  distances,  and  their  lengths 
are  not  therefore  comparable  with  the  lengths  of  lines  having 
the  same  Ifetters  in  Fig.  1.  J.  J. 


ORIGIN    OF   INSERTED-BLADE   REAMERS 

W.  F. — I  would  like  to  know  who  was  the  inventor  of  the 
reamer  with  inserted  blades. 

A. — The  name  of  the  inventor  of  the  inserted-blade  reamer 
is  not  known.  Inserted-blade  reamers  and  inserted-cutter 
lathe  tools  were  used  in  the  Portsmouth  Navy  Yard  shops  of 
the  British  government  as  early  as  1830,  according  to  a 
statement  appearing  in  a  book,  "Turning  and  Mechanical 
Manipulation,"  by  Charles  Holtzpffal,  a  work  published  in 
1843.  The  particular  type  of  inserted-blade  reamer  shown  in 
Holtzpffal's  book  had  four  blades  of  approximately  square  sec- 
tion, set  90  degrees  apart.  The  blades  were  fitted  snugly  in 
longitudinal  grooves,  and  apparently  no  clamping  device  was 
provided  or  required. 


SHORT  RULE  FOR  CALCULATING  WEIGHT 
OF  WATER 

H.  M.  L. — Please  give  an  easy,  accurate  rule  for  calculating 
the  weight  of  water,  the  volume  being  given  in  cubic  inches. 

A. — The  weight  of  water  varies  considerably  with  the  tem- 
perature; also,  any  impurities  held  in  solution  will  affect  its 
weight.  In  practice,  it  is  sufficiently  accurate  to  take  the 
weight  of  a  cubic  foot  as  62.4  pounds.  In  this  case,  1  cubic 
62.4        13  12  1  1         1         1 

inch  weighs  = pound  = 1 = 1 X  — 

1728       360  360         360       30       30       12 

pound.  Hence,  divide  the  number  of  cubic  inches  by  30;  divide 
the  quotient  by  12;  then  add  the  two  quotients.  For  example, 
what  is  the  weight  of  a  gallon  of  water?  One  gallon  contains 
231  cubic  inches;  231  -r-  30  =  7.7;  7.7  -h  12  =  0.64  1/6;  7.7  + 
0.64  1/6  =  8.34  1/6  pounds.  Note  that  the  fraction  13/360  is 
convenient  for  use  on  the  slide-rule.  J.  J. 


CENTER   OF   GRAVITY   OF  ARC   AND 
SEGMENT   OF  CIRCLE 

W.  J.  B. — On  page  266  of  Machineey's  Handbook,  a  formula 
is  given  for  finding  the  center  of  gravity  of  an  arc  of  a  circle, 
which  reduces  to  o  =  0.6366r  for  a  semicircle.  On  page  267, 
a  formula  is  given  for  finding  the  center  of  gravity  of  a  cir- 
cular segment,  which  for  a  semicircle  reduces  to  a  =  0.4244r. 
This  latter  constant  is  just  two-thirds  that  of  the  former; 
should  they  not  be  alike,  or  have  I  made  some  mistake  in  re- 
ducing? 

A. — Both  constants  are  correct;  in  the  first  case,  we  are 
dealing  with  a  line,  and  in  the  second  case,  with  an  area. 
Both  formulas  may  be  verified  experimentally  as  follows: 
Take  a  piece  of  very  fine,  stiff  wire  and  bend  it  into  the  form 
of  a  semicircle;  then  balance  it  on  a  knife-edge  in  such  a 
way  that  the  two  ends  will  be  parallel  to  the  line  formed  by 
the  knife-edge.  The  distance  from  a  line  through  the  two 
ends  and  the  knife-edge  should  be  equal  to  the  distance  a,  as 
determined  by  the  formula  on  page  266.  The  other  case  may 
also  be  verified  In  a  similar  way  by  using  a  flat  plate  of  uni- 
form thickness  and  material.  J.  J. 


H.  B.  H. — I  wish  to  obtain  some  data  on  the  strength  of 
cold-rolled  shafting  when  the  outer  shell  of  refined  metal  pro- 
duced by  the  cold-rolling  process  has  been  removed. 

A. — Comparatively  little  data  on  the  strength  of  cold-rolled 
and  cold-drawn  shafting  having  the  outer  shell  of  metal  re- 
moved are  available.  Obviously,  the  refining  effect  of  the 
cold-rolling  or  drawing  process  cannot  penetrate  deeply,  and 
it  is  fair  to  assume  that  the  core  would  not  have  physical 
characteristics  much  different  from  those  of  the  same  grade 
of  steel,  hot-rolled.  The  cold-rolling  and  cold-drawing  processes 
refine  and  strengthen  the  outer  shell  of  metal  the  same  as 
wire  is  refined  and  strengthened  by  being  drawn.  This  outer 
shell  has  a  tensile  strength  of  perhaps  one  and  one-half  or 
two  times  that  of  the  core,  and  being  on  the  outside,  it  in- 
creases the  bending  strength  of  the  shaft  out  of  all  proportion 
to  the  amount  of  the  drawn  and  refined  metal. 


ADDITION   AND   SUBTRACTION  WIT? 
LOGARITHMS 

G.  T.  V. — I  claim  that  addition  and  subtraction  cannot  be 
performed  with  logarithms,  but  a  friend  tells  me  I  am  wrong; 
which  of  us  is  right? 

A. — -Ordinary  logarithms  cannot  be  used  for  addition  and 
subtraction,  but  tables  of  what  are  called  Gaussian  logarithms 
have  been  constructed  for  this  purpose;    they  depend  on  the 


following  principle:  log  (a  -f-  6)  =  log  o 


log  I 1-1  1  ;  and  log  (a  —  b)  =  log  l» 


+  1     =  log  a  + 


1     =  log  6  + 


log  ( 1  ) .     In  these  expressions,  a  is  always  supposed  to 

\&  / 

be  greater  than  6.  The  table  gives  the  logarithms  of  the  frac- 
tions as  arguments  and  the  logarithms  of  the  quantities  in 
parentheses  as  functions,  the  interpolation  being  performed 
exactly  as  in  the  case  of  ordinary  logarithms.  These  tables 
are  very  useful  in  connection  with  certain  calculations,  but 
they  do  not  seem  to  be  much  used  in  this  country.  J.  J. 


PROBLEM  IN  MENSURATION 

J.  W. — Referring  to  the  illustration,  please  show  how  to 
find  the  diameter  of  the  circle  from  the  dimensions  given. 
I  should  like  a  formula 
that  will  solve  any  sim- 
ilar case. 

A. — Draw  the  horizon- 
tal and  vertical  diame- 
ters GF  and  AC;  also 
draw  the  chord  KD 
parallel  to  OF,  and 
through  K  and  D,  draw 
chords  EI  and  DJ  paral- 
lel to  AC.  AC  bisects 
KD  in  B,  and  GF  bisects 
IE  in  H  and  JD  in  E. 
Let   BD    =    c,    CB    =    h.  Problem  in  Mensuration 

LM  =  I,  and  OA  =  r;  then,  c^  =  AB  X  BC  =  (2r  — /i)  h  = 
2rh  —  h';  or  c  =  V2rh^h\  Also,  LM  =  EH  +  EF  =  c  +  r  = 
y/2rh  —  ft*  -f  r  ^  Z.  Transposing  r  to  the  right-hand  member 
and  squaring  both  sides,  2rh  —  ft'  =  P  —  2rl  -f  r*.  Transposing 
and  collecting  terms,  r'  —  2(l  +  h)r  +  V  +  h*  =  0.  This  last 
is  an  affected  quadratic  equation,  which  may  be  solved 
by  the  usual  rule,  and  gives  r  =  Z  -f  ft  ±  V21h.  Substituting 
the  given  values  for  I  and  ft,  r  =  1  -f  %  ±  VT1<~T  X  %  = 
1%  ±  %  V2  =  1.95711,  or  0.54289  +.  The  smaller  value  Is  evi- 
dently the  one  desired  in  this  case;  hence,  d  =  the  diameter 
sought  =  2  X  0.54289  =  1.08578—  inch.  J.  J. 
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FIXING    SHAFT,  BEARING  AND  PULLEY 
BORE   DIMENSIONS 

L.  C. — Owing  to  differeuces  of  opinion  of  three  mechanics, 
a  matter  was  brought  to  my  attention  which  I  wish  to  submit 
as  follows:    A  %-inch  cold-rolled  steel  shaft  running  at  1500 
R.  ^.  M.  is  fitted  In  cast-iron  bearings,  and  has  mounted  upon 
It  a  solid  hub  cast-iron  pulley,  secured  by  two  set-screws.     A 
suggests  that  the  dimensions  be  fixed  thus: 
Shaft  %  inch  =  0.875  inch; 
Bearings  %  inch  +  0.005  inch  =  0.880  inch; 
Pulley  %  inch  +  0.002  inch  =  0.877  inch. 
B  suggests  the  following  instead: 

Shaft  %  inch  —  0.002  inch  =  0.873  inch; 
Bearings  %  inch  -f  0.003  inch  =  0.878  inch; 
Pulley  (reamed)  %  inch  =  0.875  inch. 
C  would  give  the  bearings  the  standard  dimensions: 
Shaft  %  inch  —  0.005  inch  =  0.870  inch; 

Bearings  %  inch  =  0.875  inch; 
Pulley  %  inch  —  0.003  inch  =  0.872  inch. 
It  was  agreed  by  all  that  an  allowance  of  0.005  inch  should 
be  permitted  between  the  shaft  and  bearing  and  an  allowance 
of  0.002  inch  between  the  shaft  and  pulley,  but  no  agreement 
could  be  reached  as  to  which  should  have  the  basic  diameter 
of  %  inch. 

A. — There  is  no  absolute  fixed  rule  governing  this  case. 
Common  practice  in  the  past  has  been  to  make  the  pulley  hub 
hole  the  standard  or  nominal  size  and  the  shaft  to  fit,  but 
there  has  been  a  change  in  late  years,  due  to  the  more  general 
use  of  cold-drawn  shafting.  The  tendency  now  is  to  make  the 
shaft  the  fixed  or  nominal  size  and  bore  the  pulley  and  bear- 
ings to  fit.    The  suggestion  of  A  agrees  with  this  practice. 


DEPTH   OF   FLOTATION 

W.  J.  B. — ^A  cylindrical  tank  that  is  7  feet  in  diameter  and 
30  feet  long  is  sunk  in  water  to  within  1  foot  of  the  top; 
what  is  the  pressure  tending  to  raise  the  tank?  The  weight 
of  the  tank  is  4  tons. 

A. — The  pressure  tending  to  raise  a  body  that  is  submerged 
or  partly  submerged  is  always  equal  to  the  weight  of  the 
liquid  displaced.  Assuming  that  the  axis  of  the  tank  is  hori- 
zontal, the  volume  of  water  displaced  is  the  same  as  that  of  a 
solid  having  a  base  ACB  and  an  altitude  of  30  feet,  the  length 
of  the  tank.  First  calculate  the  area  of  the  segment  ADB 
and  subtract  this  from  the  area  of  the  circle  AGBD;  the  re- 
mainder will  be  the  area  of  the  segment  ACB.  The  radius 
OA  =  7-5-2  =  3. 5  feet ;    the  height  of  the  segment  is  ED  =  1 


pia^am  Ulnstratlng  Depth  of  Flotation 

foot;  hence,  OE  =  3.5  — 1  =  2.5  feet,  and  cos  AOD  =  2.5 
-7-3.5  =  0.7142857.  The  angle  corresponding  to  this  cosine  is 
44  deg.,  24  min.,  55  sec,  and  AOB  =  88  deg.,  49  min.,  50  sec.  = 
1.5503857  radian.  The  area  of  the  segment  ADB  is  ^r'CT  — 
sin  V)  i=  Var'C  1.5503857  —  0.9997917)  =  3.3724  square  feet. 
V  being  the  central  angle  AOB.  Area  of  AGB  =  ir  X  3.5'  — 
3.3724  =  35.1122  square  feet.  Taking  the  weight  of  a  cubic 
foot  of  water  as  62.5  pounds,  the  weight  of  the  water  displaced 
is  35.1122  X  30  X  62.5  =  65,835  pounds,  say  33  tons.  As  the 
tank  weighs  only  4  tons,  an  additional  weight  of  33  —  4  =  29 
tons  must  be  placed  on  the  tank  in  order  to  sink  it  to  the 
required  depth.  J.  J. 


ACCURACY  IN   CALCULATION 

F.  E.  K. — In  a  right  triangle,  one  of  the  legs  is  2.25  inches 
and  the  other  is  9.5  inches.  I  calculated  the  hypotenuse  in 
three  different  ways  and  got  three  different  results;  thus: 
tan  A  =  2. 25  ^9. 5  =  0. 23684  =  tan  13  deg.,  19  min.;  c  =  a 
-T- sin  A  =  2.25 -i- sin  13  deg.,  19  min.  =  2.25 -:- 0.23033  = 
9.76859.  c  =  6  --  cos  A  =  9.5  -^-  0.97311  =  9.76251.  c  = 
V^.25'  -I-  9.5^  =  9.76281.  I  obtained  the  sine,  cosine,  and 
tangent  from  Machinebt's  Reference  Book  No.  55;  if  this  is 
correct,  why  don't  I  get  the  same  answer  each  time? 

A. — There  are  a  number  of  reasons  why  the  first  two  results 
do  not  agree  with  the  third.     In  the  first  place,  a  table  of 


B 

<^---^ 

90 

ii^i.Z, 

b  =  It.') 

'                1 
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trigonometric  func- 
tions will  give  only 
as  many  significant 
figures  correct  in 
the  final  result  as 
there  are  signifi- 
cant figures  in  the 
functions,  and  fre- 
quently the  last  fig- 
ure may  be  one  or 

even    two   units   too  Triangle.    One   Side   of  which   is   being  found 

large  or  too  small.  As  the  table  used  gives  the  func- 
tions correct  to  five  significant  figures,  you  cannot  expect 
to  get  the  hypotenuse  correct  to  more  than  five  signifi- 
cant figures;  i.  e.,  if  you  obtained  for  a  result  9.7628,  the 
result  may  be  considered  correct.  In  the  second  place,  you 
have  expressed  the  angle  only  to  minutes  and  have  neg- 
lected the  seconds;  the  angle  the  tangent  of  which  is  0.23684 
is  13  deg.,  19  min.,  28  sec,  and  the  sine  of  this  angle  is  0.230465, 
these  values  being  as  close  as  can  be  obtained  with  a  five- 
place  table.  Using  this  value  for  the  sine,  c  =  2.25  -j-  0.230465 
=  9.76287,  or  9.7629  to  five  figures.  Observe  that  this  is  one 
unit  too  large  in  the  last  place.  Using  a  seven-place  table,  and 
calculating  the  tangent  to  seven  figures  also,  tan  A  =  0.2368421, 
from  which  A  =  13  deg.,  19  min.,  28.311  sec;  the  sine  of  this 
angle  is  0 .  2304664 ;  whence,  c  =  2 .  25  -j-  0 .  2304664  =  9 .  762811, 
which  agrees  with  your  third  result  to  six  significant  figures. 
The  seventh  figure,  however,  should  be  2  instead  of  1.        J.  J. 


LAYING   OUT  A  KITE-SHAPED   TRACK 

J.  G.  J.— We  wish  to  lay  out  a  kite-shaped  race  track;  the 
circular  part  is  to  be  one-half  mile  in  length,  and  the  two 
straight  parts  are  to  be  one-quarter  mile  each;  what  should 
be  the  length  of  the  radius? 

A. — Referring  to  the  illustration,  BA  =  BC  =  %  mile;  arc 
AD  =  arc  DC  —  ^4  mile;  A  is  the  point  of  tangency,  and  OA  is 
the  radius  sought.     Since  OA  is  perpendicular  to  AB,  angle 


AOD  =  —  -I-  0.  Tan  <p  =  r 
2 


14  =  4r;  arc  AD  =  ( 1-  0  )»•  =  %• 

tan  0  1 

From  these  two  equations,  r^OA^- = ,  or 

4  2ir  +  40 

4 

To  find  an  approximate  value  of  <p,  substi- 


tan  <p  = . 

2rr  4-  40 
tute  for  tan  0  the  first  two  terms  of  the  tangent  series,  obtain- 
0'  4 

ing  tan  0  =  0  -^ =  .     Clearing  of  fractions,  the 

3  27r  4-  40 

equation  becomes  40^  +  27r0=  -|-  120*  +  67r0  — 12  =  0.  Solving 
this  equation  by  Horner's  method,  0  =  0.4605  radian  =  26.4  de- 
grees, nearly.  This  value  is  probably  a  little  large,  as  only 
two  terms  of  the  tangent  series  were  used;  if  a  closer  value 
Is  desired,  a  table  may  be  constructed  as  follows: 

tan  <Ji  1 


Deg.  Min.  4  2^+4* 

26     10    0.1228346  —  0.1233051  =  —0.0004705 
26     15     0.1232863  —  0.1232167  =  +  0.0000696 
26     20     0.1237387  —  0.1231285  =  +  0.0006102 
The  values  in  the  second  and  third  columns  are  approxi- 
mate values  of  r,  and  are  found  by  substituting  in  the  forms 
at  the  head  of  the  columns  the  value  corresponding  to  0  in 
the  first  column.    Inspection  of  the  table  shows  that  the  dif- 
ference becomes  zero  somewhere  between  0  =  26  degrees,  10 
minutes,  and  0  =  26  degrees,   15  minutes;    by  interpolation, 
0  is  found  to  be  26 
degrees,    14.35545 
minutes  =  26  de- 
grees,   14    minutes, 
21.33  seconds.   Sub- 
stituting this  value 
in  either  of  the  ex- 
pressions for  r,  r  = 
0.1232281  mile  = 
650.6442    feet.     It 
may    be    remarked 

that    problems    of   a  Diagram   for  laying  out  Kite-shaped.  Track 
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nature  similar  to 
this  frequently 
arise  in  practice; 
the  calculation  is 
exceedingly  labori- 
ouSj  and  the  meth- 
od just  explained  is 
the  only  one  known 
to  the  writer  by 
which  all  such 
problems  may  be 
successfully  at- 
tacked. J.  J. 


the  inner  tube,  but  whether  this  will  cause  the  balls  in  the 
outer  tube  to  rise  also  will  depend  on  the  amount  of  friction 
in  the  gearing,  the  mercury,  etc.  Even  if  they  did  move,  the 
system  would  immediately  put  itself  in  static  equilibrium,  and 
the  friction  would  cause  the  rotative  speed  to  decrease.  The 
machine  cannot  start  itself,  and  it  cannot  increase  its  speed 
of  rotation,  nor  even  keep  it  up,  after  it  has  once  been 
started.  j.  j. 


PERPETUAL 

MOTION 

MACHINE 


Fig.   1.     Part  Sectional  and   Top  Views  of 
Perpetual  Motion  Machine 


J.  E.  B.— I  send 
you  herewith  a  cir- 
cular describing  a 
perpetual  motion 
machine.  Will  you 
please  explain  why 
this  machine  will 
not  work? 

A.  — Referring  to 
the  illustrations, 
Fig.  1  represents  a 
half  sectional  view 
and  a  ton  view  of  the  machine.  From  a  very  meager  descrip- 
tion, we  uflderstand  that  the  machine  is  supposed  to  work 
as  follows:  The  casings  S  and  S'  are  filled  with  two  columns 
of  balls,  the  balls  touching  one  another  and  the  tubes  con- 
taining them  having  a  square  cross-sec- 
tion. The  casings  are  half  full  of  mer- 
cury, say  to  the  line  at.  The  whole  ap- 
paratus is  to  be  set  spinning  about  the 
spindle  0,  with  the  result  that  the  cen- 
trifugal force  will  cause  the  mercury  in 
the  outer  column  of  the  casings  to  rise 
higher  than  in  the  inner  column.  Since 
the  balls  are  lighter  than  the  mercury, 
those  in  the  outer  column  will  rise  (and 
those  in  the  inner  column  will  fall) 
with  the  mercury;  this  will  cause  the 
various  gears  to  turn  and  keep  up  the 
motion  indefinitely.  Suppose  the  vessel  Y, 
Pig.  2,  is  partly  filled  with  a  liquid,  and 
is  rotated  about  the  axis  Y'-Y  through 
the  center  of  the  cross-section  of  the 
vessel.  The  surface  of  the  liquid  will 
no  longer  be  flat,  but  curved,  and  a  verti- 
cal section  through  its  center,  as  ACB, 
will  be  a  parabola,  the  surface  being  a 
paraboloid  of  revolution.  The  depth  DC 
will  depend  entirely  on  the  speed,  in 
revolutions  per  minute,  and  for  some 
particular  speed,  it  will  be  DC,  and  the 
curve  will  be  as  shown  in  Fig.  2.  If, 
now,  another  vessel  V,  say  a  tube,  is 
partly  filled  with  a  liquid  and  rotated  about  the  axis  Y'-Y, 
and  with  the  same  speed,  the  surface  mn  will  be  a  part  of  the 
same  paraboloid  ACB.  Here  Y'  corresponds  to  one  of  the  casings 
in  Fig.  1.  It  should  be  noted,  however,  that  for  any  particular 
speed,  the  surface  has  its  own  special  shape,  and  it  will  not 
be  altered  as  long  as  the  speed  is  not  changed;  if  it  decreases, 
the  points  C  and  n  rise,  while  A  and  m  fall,  and  vice  versa. 
Referring  again  to  Fig.  2,  let  P  be  the  position  of  a  particle 
of  the  liquid;  the  centrifugal  force  may  be  represented  by  the 
horizontal  line  PF  and  the  weight  by  the  vertical  line  PG; 
completing  the  parallelogram,  the  diagonal  PN  is  the  resultant, 
and,  according  to  Pascal's  law,  must  be  perpendicular  to  the 
surface  of  the  liquid.  Since  the  centrifugal  force  changes  with 
the  speed  and  the  weight  of  the  particle  does  not  change,  the 
position  of  the  point  P  is  determined  by  the  speed  only.  In 
Fig.  1,  the  mercury  in  the  outer  tube  will  rise  higher  than  in 


UNIT    OF  ENERGY 

R.  S.  P. — In  a  recent  article  in  a  technical  journal,  I  notice 
that  the  kinetic  energy  of  a  shell  is  given  as  a  certain  numb.er 
of  foot-tons;  should  it  not  have  been  foot-tons  per  second?  If 
not,  what  becomes  of  the  time  element  in  the  velocity? 

A. — The  unit  of  energy  is  always  the  same  as  the  unit  of 
work;  it  is  the  unit  of  power  that  contains  the  time  element. 
The  time  element  in  the  velocity  is  cancelled  by  the  time  ele- 
ment in  the  acceleration,  as  will  be  readily  seen  if,  instead  of 
taking  the  unit  of  time  as  one  second,  we  take  it  as  t  seconds. 

wv' 

The  formula,  kinetic  energy  =  V->inv'  =  ,  then  becomes 
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In  this  last  expression,  the  unit  of  time  is  one 


t' 


second,  as  before.    Or,  since •  =  h,  —  =  w  j  )  =  wh; 

2gr  2flr  \  2g  / 

here  h  is  the  distance  that  a  body  would  fall  in  attaining  the 
velocity  v.  If  h  is  expressed  in  feet  and  w  in  tons,  the  product 
is  foot-tons,  and  the  unit  of  time  is  not  involved.  J.  J. 


Figr.    2.     Cross-section   of   a   Vessel,    showing 

Form  assumed  by  Surface  of  Liquid 

when  Vessel  is  rotated 


wJi,    or    I  = 


PRESSURE   ON  A  SCALE 

BAR 

R.  J.  T. — I  enclose  a  sketch  showing  a 
scale  bar.  Desiring  a  formula  for  find- 
ing the  pressure  at  W  for  any  position 
of  the  scale  block  w,  I  derived  the  fol- 
lowing, and  wish  to  know  if  it  is  cor- 

Wih  —  W'-C' 

rect:    WL  ^  wl  +  w^li,  I  = . 

to 
Also,  do  you  know  of  any  literature  con- 
taining formulas  of  this  nature? 

A. — The  formula  is  not  correct,  for 
the  reason  that  you  have  made  a  mis- 
take in  finding  the  value  of  I;  it  should 

WL  —  wJi 

be  I  = ■ .    Furthermore,  if  you 

to 
wish  exact  results,  you  must  take  into 
account  the  weight  and  center  of  grav- 
ity of  that  part  of  the  bar  that  extends 
to  the  right  of  the  pin,  which  should 
preferably  be  a  knife-edge  instead  of  a 
pin.  Calling  this  weight  w..  and  the  dis- 
tance from  the  center  of  the  pin  to  the 
center  of  gravity  Z,,  WL  +  to.l.  —  wl  + 

WL  +  Will  —  Wili 

.     Problems   of   this   kind    are 


treated  in  mechanics  under  the  head  of  moments  and  couples; 
any  good  elementary  work  treating  on  statics  should  give  you 
the  information.  "Mechanics  for  Beginners,"  by  J.  B.  Lock, 
is  a  good  book,  but  is  rather  diflicult  for  a  beginner.        J.  J. 
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Haclitnery 


Diagram   illustrating  Pressure  on  Scale   Bar 


AFTER  spending  much  time  and  care  in  developing  equip- 
ment and  an  organization  to  secure  efficient  production, 
many  manufacturers  are  losing  much  of  the  heneflt  of 
this  work  through  the  use  of  unsuitable  oils  or  cutting  com- 
pounds. It  is  known  that  the  purity  of  an  oil  or  compound 
delivered  to  metal-cutting  tools  is  a  most  important  factor 
in  determining  the  amount  and  quality  of  service  that  will 
be  obtained  from  the  tools.  When  great  care  is  not  taken, 
in  filtering,  to  remove  such  impurities  as  oxide  or  scale  and 

particles   of   metal    from   the 

oil,  the  fluid  frequently  be- 
comes heavily  charged  with 
these  impurities  and  trouble 
is  experienced  through  rapid 
■wear  of  bearings  and  slides  of 
machine  tools,  rapid  destruc- 
tion of  the  cutting  edge  of 
tools,  and  inferior  finish  on 
the  work.  The  following 
analysis  of  cutting  costs 
shows  what  an  important  ef- 
fect the  purity  of  oil  or  cut- 
ting compound  may  have  on 
the  cost  of  production. 


Analysis  of  Cutting-  Cost 

Cutting  costs  can  be  classi- 
fied under  the  following 
heads: 

Labor:  (1)  Operation  of 
machine  tools;  (2)  time  occu- 
pied in  changing  dull  tools; 
(3)  time  occupied  in  resharp- 
ening  tools. 

Power  required  to  drive 
machines. 

Cost  of  steel  for  cutting 
tools. 

The  cost  of  labor  for  oper- 

*  Associate  Editor  of  Machinert. 
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ating  machine  tools  will  naturally  vary  according  to  the  loca- 
tion of  the  factory  and  the  skill  required  for  conducting  the 
various  machining  operations.  This  labor  cost  per  unit  of 
work  produced  is  naturally  cut  down  by  any  increase  effected 
in  the  rate  of  production,  and  one  important  way  of  obtaining 
higher  production  is  to  increase  the  life  of  cutting  tools  so 
that  delays  occasioned  by  shutting  down  machines  for  chang- 
ing tools  is  reduced  as  far  as  possible.  The  use  of  good  cut- 
ting lubricants  may  be  responsible  for  an  increase  in  produc- 

tion  of  as  much  as  35  or  40 

per  cent. 

The  time  required  in  chang- 
ing dull  tools  will  vary  ac- 
cording to  the  complexity  of 
the  machine  and  tools;  and 
in  addition  to  the  direct  cost, 
there  is  an  indirect  cost 
through  loss  of  production 
while  the  machine  and  its 
operator  are  idle.  Even  under 
the  best  conditions,  the  cost 
of  resharpening  tools  is  a  fac- 
tor of  some  importance.  As 
the  use  of  pure  oil  of  suitable 
quality  is  the  means  of  in- 
creasing the  life  of  cutting 
tools,  it  will  be  evident  that 
this  reduces  the  cost  of  chang- 
ing and  resharpening  tools. 

The  power  required  to  drive 
the  machines  is  reduced  by 
increasing  the  speed  at  which 
they  are  driven,  but  it  is  only 
possible  to  take  advantage  of 
this  condition  when  the  cut- 
ting tools  are  kept  sharp, 
which,  in  turn,  requires  the 
use  of  a  suitable  lubricant, 
kept  in  good  condition 
through  proper  filtration.    The 
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Fig.  44.     Arrangement  of  Complete  Central  Station  and  Piping  for  Distribution  and  Purification  of  Oils  and  Cutting  Compounds — the  Eichardson-Phenix 

Co.,    who   built   this   Equipment,    now   favors   Delivery  of   Fluid  to    Machines  direct  from  Pump,   instead  of  using  Gravity  Tank  System 

illustrated,  but  there  are  still  many  Advocates  of  the   Gravity  Tank 


saving  of  power  effected  through  the  use  of  good  cutting  lu- 
bricants is  dealt  with  in  detail  later.  The  cost  of  steel  for 
cutting  tools  is  directly  controlled  by  the  amount  of  service 
obtained  between  grindings,  which  depends  largely  on  the 
quality  of  oil  or  cutting  compound,  as  previously  explained. 

Filtration  of  Oil  Recovered  by  Centrifugal  Separators 

Fig.  43  shows  an  apparatus  for  the  purification  of  oil  re- 
covered from  centrifugal  chip  separators,  which  was  designed 
and  built  by  S.  F.  Bowser  &  Co.,  Inc.,  Fort  Wayne,  Ind.,  for 
installation  in  the  plant  of  the  Timken  Roller  Bearing  Co , 
Canton,  Ohio.  It 
will  be  seen  that 
hopper  A  is  fur- 
nished  with 
chutes  for  deliv- 
ering chips  into 
the  baskets  of 
separators  B,  the 
hopper  being  so 
arranged  that 
chips  may  be  de- 
livered to  it  by 
a  container  car- 
ried on  a  trolley. 
The  separators 
are  placed  on 
the  second  floor 
of  the  building 
in  order  to  fa- 
cilitate shovel- 
ing the  cleaned 
chips  into  a  car 
for  shipment 
Oil  from  the 
separators  is  car- 
ried down  into 
header  C,  which  .       ,     .  ,„..,..  ^  ,         t    ^ 

Fig.  45.     Arrangement  of  Piping  that  delivers  Lard 
delivers     it     into  Oil  to  Drains  in  Floor 


heating  cylinders  D,  which  are  connected  in  series;  in  each 
case  the  pipe  leading  into  the  cylinder  extends  down  to  a 
point  close  to  the  bottom  and  the  oil  flows  up  through  the 
cylinder  and  out  by  way  of  a  pipe  near  the  top.  Each  cylinder 
is  furnished  with  a  steam  coil,  so  that  the  temperature  of 
the  oil  is  raised  to  about  170  degrees  F.  It  will  be  noted  that 
a  by-pass  is  provided  to  allow  one  or  both  of  the  cylinders 
to  be  cut  out  of  the  system  if  necessary. 

The  heated  oil  next  flows  through  tanks  E,  F  and  O.  which 
are  connected  in  series,  the  oil  being  delivered  into  each  tank 
through   a   pipe   extending   down   almost   to   the   apex   of   the 

conical  bottom 
and  escaping 
through  a  pipe 
near  the  top  of 
the  tank.  Tanks 
E  and  F  provide 
for  the  settling 
out  of  chips  and 
other  foreign 
matter  held  in 
suspension  in 
the  oil,  while 
tank  O  is  fur- 
nished with  a 
steam  coil  to 
provide  for  rais- 
ing the  tempera- 
ture of  the  oil 
to  200  degrees  F. 
in  order  to  ster- 
ilize it.  The  rate 
of  flow  is  so  ad- 
justed that  the 
oil  is  held  in 
tank  G  for  fif- 
teen   minutes, 

which  is  regard- 
Oil  to  Rifle-barrel  Drilling  Machine  and   carries  away  ,  _    . . 

that  return  it  to  FUter  -  ed     aS     SUflScient 
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time  to  effect  com- 
plete sterilization. 
Clean  oil  from  tlie 
tanks  flows  into 
storage  tank  H,  from 
which  it  is  pumped 
back  to  the  ma- 
chines. Refuse  oil 
from  the  conical  bot- 
toms of  tanks  E,  F 
and  O  is  pumped 
into  tank  I,  in  which 
it  is  allowed  to  stand 
for  a  sufBcient  length 
of  time  to  allow  im- 
purities to  settle  to 
the  bottom.  It  is 
then  possible  to  draw 
off  the  better  grade 
of  oil  through  cocks 
which  deliver  it  into 
funnel  J,  carried  on 
a  pipe  connection  to 
the  header  leading  to 
storage  tank  H. 
About  75  per  cent  of 
the    oil    recovered 


Fi?.   46.     Battery  of  Hand  Milling  Machines  supplied  with   Cutting   Compound   tlirough  Pipes 
from  Central  Distributing  Station;  Compound  is  returned  to  Filter  through  Drain  Pipes 


from  tank  /  is  suitable  for  use  on  metal-cutting  tools,  and  the 
remainder  of  the  oil  is  used  on  machinery  which  is  of  such  a 
character  that  a  poor  grade  of  lubricant  can  be  employed  with 
satisfactory  results. 

Practice  of  Nash  Motors  Co.  in  Purifying:  Cutting-  Oil 

The  Nash  Motors  Co.,  successor  to  the  Thomas  B.  Jeffery 
Co.,  Kenosha,  Wis.,  is  using  an  interesting  equipment  for  the 
purification  of  oil  recovered  by  the  use  of  centrifugal  chip 
separators.  The  oil  from  the  chip  separators  passes  into  a 
settling  tank  in  which  coarse  dirt  and  chips  are  precipitated. 
From  the  settling  tank  the  oil  runs  by  gravity  through  a 
pipe  into  a  storage  tank,  from  which  it  is  pumped  into  four 
settling  tanks.  These  tanks  are  provided  with  steam  coils, 
which  raise  the  temperature  of  the  oil  to  about  240  degrees  F., 
at  which  it  is  held  for  one  hour,  after  which  the  oil  is  allowed 
to  stand  for  from  twelve  to  twenty-four  hours  to  allow  all 
Impurities  to  settle  to  the  bottom. 

The  centrifugal  chip  separators  are  driven  by  steam  tur- 
bines, which   pass   exhaust  steam   into   the   chip  baskets   to 


facilitate  the  separa- 
tion of  oil,  and  in  so 
doing  the  oil  be- 
comes mixed  with 
water  that  must  be 
removed  before  It  is 
returned  to  the  ma- 
chine tools.  This  is 
done  by  passing  the 
oil  into  a  battery  of 
three  centrifugal 
cream  separators, 
from,  which  the  pure 
oil  is  collected  in 
steel  barrels.  These 
barrels  are  carried 
through  the  shop  on 
trucks  and  the  oil  is 
pumped  into  tanks 
on  the  machines  by 
means  of  hand  pumps 
on  the  barrels. 

Oil  carried  away 
by  chips  and  recov- 
ered through  the  use 
of  centrifugal  sepa- 
rators usually  con- 
tains many  impurities  such  as  particles  of  iron  oxide,  fine 
chips,  etc.,  which  makes  careful  filtration  a  matter  of  great 
importance.  In  place  of  the  methods  of  filtration  that  have 
been  described  in  the  foregoing,  some  manufacturers  have  found 
that  it  is  better  practice  to  use  horizontal  filter  presses  for 
cleaning  oil  recovered  by  centrifugal  chip  separators.  In  these 
presses  the  fluid  to  be  purified  is  passed  through  a  series  of 
porous  diaphragms,  supported  in  a  horizontal  frame;  and  to 
increase  the  rate  of  filtration,  pressure  is  applied  to  the  fluid 
by  a  plunger  operated  by  a  capstan  wheel  and  screw  or  other 
suitable  means.  Experience  has  shown  that  if  finely  ground 
Fuller's  earth,  kieselguhr,  or  similar  mineral  matter  is  added, 
this  material  will  build  up  on  the  diaphragms  of  the  filter 
and  form  a  porous  structure  that  constitutes  a  highly  efficient 
filtering  medium.  Oil  purified  in  this  way  is  often  superior 
in  quality  to  the  original  oil  shipped  from  the  refining  plant. 

Importance  of  Filtering  Oil  or  Cutting  Compound 

Where  it  is  not  the  practice  to  filter  the  oil  or  cutting  com- 
pound used  on  machine  tools,  impurities  carried  in  suspension 
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Tit-    47.     Peterson    Filter    and   Purifier    built   by   Bicbardson-Phenix    Co.,    showing   Arrangement  of   Chip  Baskets,    Baffle   Plates,    Magnetic   Separator 

and  Filtering  Units 
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Close  View  of  Filtering  Unit,  sbowing  Method  of  removing  Cloth  Bag  for  cleaning,  and  Diagram 
showing  that  Mean  Effective  Pressure  is  the  Same  all  over  Surface  of  Filtering  Unit 


by  the  oil  are 
likely  to  cause 
trouble  in  a 
number  of  ways. 
One  of  the  com- 
monest of  these 
is  the  damage 
done  to  machine- 
t  o  0 1  slides  and 
bearings  through 
particles  of  ox- 
ide scale  and 
email  metal 
chips.  In  some 
cases  these  im- 
purities exert  a 
harmful  effect 
upon  the  finish 
produced  by  the 
tools.  They  also 
cause  trouble 
through  scoring 
the  cylinders  of 

pumps  used  for  circulating  oil  on  individual  machines  or  for 
distributing  it  from  a  central  station  to  all  the  machines  in 
the  factory. 

Particles  of  metal  suspended  in  the  oil  delivered  to  cutting 
tools  will  sometimes  cause  the  most  unexpected  difficulties,  of 
which  the  following  is  a  typical  example.  In  a  certain  shop 
it  was  the  practice  to  manufacture  a  brass  product  on  auto- 
matic screw  machines,  and  when  the  demand  for  these  brass 
parts  had  been  temporarily  filled,  the  machines  were  switched 
over  for  operation  on  a  product  made  from  steel  bars.  In  the 
latter  case  high-speed  steel  cutting  tools  were  used.  When 
changing  over  the  machines,  all  chips  were  removed  from  the 
pans,  but  the  same  cutting  oil  was  used  on  both  steel  and 
brass  products;  and  the  oil  recovered  from  either  the  brass 
or  steel  chips  sent  to  the  centrifugal  separator  was  returned 
to  the  reservoirs  in  the  automatic  screw  machines. 

Occasionally  it  was  found  that  the  high-speed  steel  tools 
that  had  formerly  been  giving  satisfactory  service  in  produc- 
ing the  steel  product  would  suddenly  commence  to  tear  the 
metal  and  produce  an  unsatisfactory  finish.  A  careful  investi- 
gation showed  that  this  trouble  was  caused  by  small  particles 
of  brass  carried  by  the  oil,  which  had  been  used  on  the  tools 
for  machining  the  brass  product.  These  particles  of  brass 
tended  to  pack  on  the  cutting  edge  of  the  high-speed  tools, 
and  the  high  temperature  of  these  tools  resulted   in  partly 


FILTER  CLOTH 


fusing  the  brass, 
with  the  result 
that  it  eventu- 
ally covered  the 
cutting  edge  and 
made  the  tool 
dull.  To  the 
naked  eye  noth- 
ing was  visible, 
but  when  exam- 
ined under  a 
strong  magnify- 
ing glass  the 
accumulation  of 
brass  on  the 
tools  was  seen 
to  be  very  pro- 
nounced. After 
an  effective  fil- 
tering system 
was  installed 
these  particles 
of  brass  were 

removed  from  the  oil  and  no  further  trouble  of  this  kind  was 

experienced. 

Central  Distributing  Station  for  Oils  and  Cutting-  Compounds 

The  importance  of  delivering  clean  oil  to  metal-cutting  tools 
has  long  been  recognized,  but  recently  the  development  of 
means  for  oil  purification  has  been  carried  further  than  was 
possible  with  the  form  of  strainers  and  distributing  equipment 
furnished  on  individual  machine  tools.  Many  large  manu- 
facturing plants  are  now  being  furnished  with  central  dis- 
tributing stations  from  which  cutting  oils  and  compounds  are 
delivered  to  all  machines  in  the  factory  by  a  permanent  pipe 
system,  and  similar  systems  of  drain  pipes  carry  the  lubricant 
back  to  the  central  station  where  it  is  purified  for  subsequent 
use.  Such  an  arrangement  is  shown  diagrammatically  in 
Pig.  44;  and  Figs.  45  and  46  show  the  piping  that  carries  the 
lubricant  to  a  rifle-barrel  drilling  machine  and  several  hand 
milling  machines.  Figs.  45  and  46  also  show  drain  pipes  that 
carry  away  the  fluid.  Not  only  does  this  provide  better  facil- 
ities for  the  purification  of  used  oil,  but  it  also  saves  labor 
costs  in  handling  oil  and  assists  in  maintaining  sanitary  con- 
ditions in  the  factory. 

The  Richardson-Phenix  Co.  of  Milwaukee,  Wis.,  specializes 
in  the  construction  of  systems  for  the  distribution  of  oil  or 
cutting  compound  from  a  central  station  to  all  the  machines 
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Fig.    49,     Elohardson-Phenlr    "Batch"    Filter 
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BLIND  FLANGES 


CONTINUOUS  HORIZONTAL 
BLACK  LINE  REPRESENTS  THE 

CLOTH  FILTERING  SLEEVE- 
LTER  SHOWN  TO  LARGER  SCALE 


1 


Fig.    50.     Oil  Reclaiming   System  built  for  Eeraington   Arms   &   Ammunition  Co.  by  S.  F.  Bowser  &  Co.,  Inc. 


In  the  factory,  the  collecting  and  returning  of  this  oil  to  the 
central  station  and  its  purification.  This  company's  system 
of  purification  provides  for  passing  the  oil  through  a  series  of 
apparatus  for  the  removal  of  foreign  matter  carried  hy  the 
oil;  in  all  cases  the  equipment  is  built  to  meet  the  special 
requirements  of  the  plant  in  which  it  is  to  be  used,  and  the 
means  provided  for  purifying  the  lubricant  will  naturally 
vary  in  different  cases.  Fig.  47  shows  one  of  the  more  com- 
plete equipments,  from  which  a  good  idea  may  be  obtained 
of  the  way  in  which  the  Richardson-Phenix  system  is  applied. 


Used  oil  enters  inlets  A  and  passes  down  through  strainer 
baskets  B,  which  remove  the  coarse  chips  and  other  impurities. 
The  fluid  then  flows  under  baflfle  plate  C  and  up  across  the  top 
of  magnetic  separator  D,  where  the  iron  or  steel  chips  are 
removed.  Scrapers  E,  operated  by  an  endless  chain  belt,  travel 
across  the  face  of  this  magnet  and  scrape  off  the  chips  into 
retainer  F,  which  is  provided  with  screened  holes  in  the  bot- 
tom to  allow  the  oil  to  drain  out.  Reference  to  the  cross- 
sectional  view  on  line  B-B  will  show  that  this  chip  retainer 
can  be  slid  to  the  right  and  lifted  from  the  tank  to  empty  the 
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chips.  After  passing  over  the 
magnetic  separator  D.  the 
lubricant  flows  across  dam  G 
into  the  filtering  compart- 
ment, from  which  it  passes 
through  cloth-covered  filter- 
ing units  H,  where  the  most 
finely  divided  particles  of  for- 
eign matter  are  removed;  the 
clean  oil  is  collected  in  com- 
partment /,  from  which  it  is 
drawn  off  through  the  pump 
suction  pipe. 

It  will  be  noticed  that  a 
large  number  of  filtering  units 
H  are  employed  in  the  system 
shown  in  Fig.  47,  and  the 
number  of  these  units  deter- 
mines the  filtering  capacity; 
as  it  is  possible  to  provide 
tanks  with  the  desired  num- 
ber of  units,  the  system  is 
readily  adapted  to  the  capa- 
city requirement  of  the  fac- 
tory in  which  it  is  to  be  used. 
Fig.  48  shows  detail  views  of 
one  of  these  filtering  units 
and  also  the  means  provided 
for  cleaning  it.  It  will  be 
seen  that  it  consists  of  a  cage 
covered  with  galvanized  wire 
mesh  over  which  a  cloth  bag 
is  tightly  stretched  so  that  it 
is  free  from  folds,  which  re- 
tard filtration.  Oil  passes  into  these  filtering  units  from  the 
outside  and  clean  oil  escapes  through  discharge  pipe  A.  These 
discharge  pipes  fit  into  automatic  valves,  and  when  it  is  re- 
quired to  remove  a  unit  from  the  tank  it  is  merely  necessary 
to  take  hold  of  handle  B  and  slide  the  unit  to  the  right,  with- 


Fig.   51.     Detail  of  Strainer  Box  used 
Fig. 


drawing  discharge  pipe  A 
from  the  valve,  which  then 
closes  automatically.  In  many 
cases  the  only  cleaning  re- 
quired is  to  brush  off  any 
dirt  which  has  collected  on 
the  cloth.  When  it  is  desired 
to  substitute  a  fresh  bag  on 
the  unit,  thumb-nuts  G  are  re- 
moved and  the  top  of  the 
filtering  unit  is  lifted  off,  as 
shown  at  the  center  of  Fig. 
48;  this  releases  the  top  edge 
of  the  cloth  bag,  which  ■  may 
be  drawn  down  as  shown  in 
this  view.  Attention  is  called 
to  the  fact  that  the  edges  of 
the  filtering  units  are  made 
perfectly  smooth  so  the  bags 
will  slide  easily  over  them. 
An  important  consideration 
of  passing  oil  or  cutting  com- 
pound through  this  form  of 
filter  is  that  the  net  pressure 
on  the  filter  cloth  is  equal  to 
head  D,  regardless  of  where 
point  X  is  assumed;  thus 
every  square  inch  of  surface 
at  any  point  X  is  subjected  to 
the  same  degree  of  pressure 
tending  to  force  the  fluid  out 
through  discharge  pipe  A.  It 
will  be  evident  that  filtering 
cannot  begin  until  the  level 
of  the  oil  has  reached  discharge  pipe  A,  thus  insuring  a  uni- 
form effective  pressure  over  the  entire  surface  of  the  filtering 
unit.  This  effective  head  D  is  usually  maintained  at  about 
three  inches;  and  although  the  capacity  of  the  filters  could 
be  greatly  increased  by  carrying  a  head  of  two  or  three  feet, 


in  OU  Reclaiming  System  shown  in 
60 


mM] 


Fig.  52.     Oil  Keclalmisg  System  in  which  OU  is  heated  to  facilitate  Sedimentation 
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Fig.   53,     Bowser  Equipment  for  purifying  Emulsions  made  from   Soluble  Oil  and  Water 


the  pressure  developed  would  be  likely  to  force  fine  particles 
of  dirt  through  the  filter,  thus  lowering  its  efficiency.  An 
important  advantage  of  having  the  filtering  units  held  in  a 
vertical  position,  with  the  oil  passing  from  the  outside  to  the 
inside,  is  that  slime  and  sediment  held  by  the  cloth  tend  to 
drop  off  and  settle  at  the  bottom  of  the  tank. 

Equipment  for  Conducting:  "Batch"  Filtration 

A  different  arrangement  of  Richardson-Phenix  filter  tank 
and  sterilizer  is  il- 
lustrated in  Fig.  49. 
A  quantity  of  used 
oil  from  the  ma- 
chines is  run  into 
the  "dirty  oil  stor- 
age compartment" 
through  removable 
strainer  A  that 
catches  all  coarse 
chips  and  dirt. 
While  held  in  the 
dirty  o  i  1  compart- 
ment a  portion  of 
the  foreign  matter 
in  suspension  in  the 
oil  settles  to  the 
bottom  and  may  be 
flushed  out  from 
time  to  time 
through  draw-off  C. 
Oil  flows  through 
a  float -controlled 
valve  D  into  the 
filtering  compart- 
ment, which  is 
equipped  with 
cloth-covered  filter- 
ing units  like  those 
previously  de- 
scribed. Control  of 
the  rate  at  which 
„., ,    ,    „„..      „  oil  flows  into  the 

Oil  Filter  made  by  William  W.  -,.      , 

Nugent  &  Co.  fllterlng      compart- 


ment is  obtained  by  regulating  the  position  of  float  governor 
E  on  the  stem  of  valve  D.  In  this  way  a  head  of  oil  of  from 
one  to  six  inches  above  the  filtering  units  may  be  maintained, 
and  this  controls  the  rate  at  which  filtration  takes  place.  To 
secure  the  best  results,  the  float  valve  should  be  adjusted  so 
that  the  filter  handles  the  oil  as  slowly  as  possible  and  still 
maintains  the  desired  capacity. 

When  it  is  necessary  to  sterilize  the  oil,  steam  is  turned 
into  coil  B  in  the  dirty  oil  compartment,  and  after  passing 
through  the  filtering  units  into  the  "clean  oil  compartment," 
the  oil  is  pumped  back  into  the  upper  compartment.  This 
circulation  of  the  oil  is  continued  until  the  temperature  of  all 
the  oil  has  been  raised  to  140  degrees  F.,  and  it  is  held  at  this 
temperature  for  twenty  minutes. 

It  will  be  seen  that  there  is  an  overflow  pipe  F  in  the  upper 
compartment,  and  if  the  level  of  the  oil  reaches  the  top  of 
this  pipe,  it  runs  over  into  the  lower  compartment.  This  is 
merely  a  safeguard  against  the  overflow  of  oil  onto  the  floor. 
In  practice,  float-valve  D  is  regulated  so  that  the  filters  will 
carry  away  the  oil  as  fast  as  required.  At  the  front  of  the 
filter  there  are  gage  glasses  G  and  H  which  show  the  level 
of  oil  in  the  lower  and  upper  chambers.  These  glasses  are 
protected  by  white  enameled  sheet  metal  reflectors.  This 
system  is  known  as 
"batch"  filtration 
and  sterilization  be- 
cause all  the  dirty 
oil  is  drawn  from 
the  machines  and  a 
new  lot  of  clean  oil 
substituted,  the 
batch  of  dirty  oil 
being  taken  to  the 
filter  and  put  into 
condition  to  be 
used    subsequently. 

Bowser  System  of 

Oil  Purification 

In  the  systems 
built  by  S.  F. 
Bowser  &  Co.,  Inc., 
Fort    Wayne,    Ind., 

Fig.    66.     Detail  of  Filtering  Bag  used   in 
for     the     filtration  Equipment   shown  in  Fig.    64 
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Fig.    56. 


and  sterilization  of  oils  and 
cutting  compounds  used  on 
machine  tools,  the  principles 
employed  are  somewhat  dif- 
ferent from  those  that  have 
already  been  described.  In 
the  type  of  equipment  gen- 
erally used,  dirty  oil  returned 
from  machines  is  first  run 
into  large  settling  tanks, 
where  its  temperature  is 
raised  by  heat  supplied  from 
steam  coils.  This  serves  to 
make  the  oil  more  fluid  and 
facilitates  the  settling  out  of 
impurities;  in  addition,  the 
temperature  may  be  raised 
sufllciently  to  provide  for 
sterilizing  the  oil  before  it  is 
passed  on  through  the  filter- 
ing units. 

Probably  the  best  way  to 
describe  the  manner  in  which 
a  Bowser  system  is  operated 
will  be  to  describe  in  detail 
one  or  two  typical  installa- 
tions. In  all  cases  the  sys- 
tems are  designed  and  built 
to  meet  existing  requirements 
in  the  factory,  but  there  are  certain  established  principles  on 
which  all  of  these  operate,  and  the  examples  selected  are  typi- 
cal of  this  firm's  practice.  Fig.  50  illustrates  an  oil  reclaim- 
ing system  built  for  the  Remington  Arms  &  Ammunition  Co., 
Bridgeport,  Conn.,  which  has  a  capacity  for  handling  24,000 
gallons  per  hour.  Dirty  oil  enters  through  pipe  A  and  is 
passed  through  strainer  boxes  B,  in  which  most  of  the  coarse 
dirt  is  removed.  A  cross-sectional  view  of  one  of  these  strainer 
boxes  is  shown  in  Fig.  51,  and  it  will  be  well  to  explain  how 
this  operates.  The  oil  to  be  purified  enters  the  strainer 
box  at  C,  and  passes  down  through  a  chip  basket  D,  which 
collects  the  larger  chips  and  coarse  dirt  that  have  passed 
through  the  strainers  in  the  machine-tool  oil  pans.  At  the 
center  of  the  chip  basket  will  be  seen  twenty-one  disks  E. 
which  consist  of  iron  frames  covered  with  1/16-inch  wire 
mesh.  It  will  be  apparent  from  the  illustration  that  these 
disks  are  so  arranged  that  oil  which  enters  the  strainer  box 
passes  through  the  wire  mesh  into  channels  F  leading  to  a 
central  duct  O.  The  purpose  of  the  multiple  disk  construction 
is  to  provide  a  maxi- 
mum straining  sur- 
face so  that  oil  may 
be  passed  through 
the  box  as  rapidly  as 
possible.  From  duct 
G  the  oil  passes  on 
to  subsequent  parts 
of  the  system  through 
which  it  passes  dur- 
ing the  process  of 
purification.  In  or- 
der to  clean  one  of 
these  boxes,  the  cover 
is  removed  to  enable 
the  set  of  disks  and 
the  chip  basket  to  be 
lifted  out.  It  will  be 
seen  that  the  disks 
are  clamped  together 
by  a  central  rod,  and 
that  a  shield  is  pro- 
vided at  the  front  of 
opening  C  to  prevent 
excessive  pressure 
from  driving  dirt 
through  the  filtering 
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In  Fig.  50,  connection  G 
leads  from  the  lower  end  of 
the  central  duct  in  the 
strainer  boxes  through  which 
oil  is  discharged  into  mag- 
netic separating  tanks  H. 
The  design  of  these  tanks 
is  quite  different  from  the 
settling  tanks  commonly  used 
in  Bowser  oil  reclaiming  sys- 
tems. Instead  of  being  fur- 
nished with  steam  coils  .  for 
heating  the  oil  to  facilitate 
sedimentation,  these  tanks  are 
provided  with  electromagnets 
mounted  in  the  cast-iron 
bases  /,  which  cause  the  chips 
to  be  quickly  drawn  to  the 
bottom  of  the  tanks.  As  a 
result,  the  oil  can  be  handled 
in  this  system  much  more 
rapidly  than  where  it  is  neces- 
sary to  wait  for  impurities  to 
settle  to  the  bottom  of  the 
tanks.  Unless  special  provi- 
sion were  made  for  overcom- 
ing trouble  from  chips  becom- 
ing magnetized  and  sticking 
to  the  bottom  of  the  tanks, 
it  would  be  exceedingly  difittcult  to  clean  out  the  accumulation 
of  chips.  This  is  provided  for  by  making  the  bottom  of  the 
tanks  of  brass,  which  is  non-magnetic,  so  that  when  the  cur- 
rent is  turned  off  from  the  electromagnet,  the  chips  may  be 
easily  raked  out  through  two  clean-out  doors  J  in  each  tank. 
From  magnetic  separating  tanks  R,  the  oil  passes  through 
pipes  K  into  header  L,  which  is  connected  with  a  battery  of 
four  filter  tanks.  The  Bowser  filters  consist  of  cloth  sleeves 
held  by  clamps  at  top  and  bottom  to  metal  frames.  The  oil 
is  delivered  to  the  filters  by  pipes  communicating  with 
header  h.  The  only  outlet  is  through  the  cloth  sleeve  of  the 
filter  units  and  in  flowing  through  this  cloth,  fine  particles 
of  metal  and  other  foreign  matter  carried  by  the  oil  are  re- 
moved. The  filter  sleeves  can  be  removed  from  the  metal 
frames  and  washed  when  necessary.  The  clean  oil  escapes  into 
filter  tanks  M,  which  are  connected  with  header  V  that  car- 
ries it  to  storage  tank  0,  from  which  it  is  pumped  back  to 
the  machines.  A  filter  of  the  type  used  in  tanks  M  is  shown 
in  detail  at  P. 

Use  of  Heat  to  Facili- 
tate [Sedimentation 

In  the  preliminary 
statement  that  was 
made  concerning  the 
principles  governing 
the  operation  of 
Bowser  oil  reclaim- 
ing systems,  the  fact 
was  mentioned  that 
a  practice  is  often 
made  of  running  the 
dirty  oil  into  settling 
tanks  in  which  the 
temperature  of  the 
oil  is  raised  by  steam 
coils  in  order  to  fa- 
cilitate the  settling 
out  of  impurities 
held  in  suspension, 
and  also  to  provide 
for  sterilizing  the  oil. 
A  good  arrangement 
of  such  a  system  is 
illustrated  in  Fig.  52. 
In  this  system  oil  is 
pumped  from  storage 


screen  at  this  point. 


Fig.  57.     Filter  shown  in  Fig.  56;  also  Pumps,  Pressure  Gages,  Storage  Tank,  etc. 


tank  A  to  headers  B, 
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from  which  connections  are  carried  down  to  the  machine  tools. 
Drain  pipes  from  chip  pans  on  the  machines  carry  the  used 
oil  to  return  pipes  C,  which  deliver  it  back  to  the  settling 
tanks  and  thence  to  storage  tank  A.  In  a  previous  section 
of  this  article,  attention  was  called  to  the  importance  of  re- 
covering oil  from  chips,  and  at  D  in  the  present  illustration 
is -shown  the  manner  in  which  oil  from  the  centrifugal  sepa- 
rators is  delivered  into  return  pipes  C. 

The  first  step  in  purifying  the  oil  consists  of  passing  it 
through  two  heaters  E.  These  are  merely  vertical  cylinders 
connected  in  series.  The  oil  is  delivered  at  the  bottom  of  the 
first  cylinder  and  flows  up  over  the  steam  coil  and  thence  into 
the  second  cylinder,  where  it  passes  over  another  steam  coil, 
the  temperature  of  the  oil  being  raised  in  this  way  to  about 
170  degrees  F.  From  heaters  E  the  oil  is  delivered  into  tanks 
F,  G,  H  and  /,  which  are  connected  in  series  by  pipes  that 
carry  the  oil  down  into  each  tank  to  a  point  close  to  the  con- 
ical bottom  and  allow  it  to  escape  into  the  next  tank  through 
a  pipe  placed  close  to  the  top.  This  affords  the  most  favorable 
condition  for  allowing  impurities  in  the  oil  to  settle  to  the 
bottom  of  the  tank.  Tanks  F  and  G  are  settling  tanks,  that  is 
to  say,  their  function  is  to  allow  the  bulk  of  chips  and  other 
suspended  Impurities  to  settle  out  from  the  heated  oil.  Tanks 
H  and  I  are  sterilizing  tanks  and  are  arranged  with  steam 
coils  that  provide  for  raising  the  temperature  of  the  oil  to 
about  200  degrees  F.  The  rate  at  which  the  oil  flows  through 
the  tanks  is  so  adjusted  that  it  takes  about  thirty  minutes  for 
it  to  flow  through  all  four  tanks;  in  other  words,  it  takes 
fifteen  minutes  to  flow  through  tanks  F  and  G,  in  which  sedi- 


Purlflcatlon  of  Soluble  Oil  Compounds 
The  purification  of  emulsions  made  by  the  mixture  of  so- 
called  "soluble"  oils  with  water  does  not  generally  require  aa 
careful  attention  as  the  more  viscous  oils  used  on  cutting 
tools  when  both  lubricating  and  cooling  are  necessary.  This 
is  due  to  several  causes,  among  which  is  the  fact  that  emul- 
sions are  more  fluid  than  oils  and  so  do  not  tend  to  hold  such 
a  large  quantity  of  chips  and  particles  of  scale  in  suspension. 
Another  important  consideration  which  simplifies  the  purifica- 
tion of  cutting  emulsions  is  that  they  are  usually  employed 
on  those  classes  of  work  where  it  is  merely  necessary  to  cool 
the  tools,  and  as  no  lubricating  action  is  necessary  the  pres- 
ence of  fine  chips  and  dirt  is  not  a  serious  detriment. 

Because  of  these  considerations,  a  much  more  simple  equip- 
ment is  often  employed  for  the  purification  of  emulsions,  and 
Fig.  53  shows  an  outfit  built  by  S.  F.  Bowser  &  Co.,  Inc.,  for 
this  class  of  service,  the  system  illustrated  being  used  in  the 
plant  of  the  Pittsburg  Model  Engine  Co.,  Pittsburg,  Pa.  This 
illustration  shows  a  plan  view  of  the  drain  pipes  into  which 
the  fluid  is  delivered  from  pans  on  machine  tools,  the  fluid 
being  carried  to  a  battery  of  four  strainer  boxes  A  of  the  type 
described  in  detail  in  connection  with  Fig.  51.  After  passing 
through  these  boxes,  the  purified  emulsion  goes  to  drain  tank 
B,  from  which  it  is  pumped  back  to  gravity  tank  C  that  de- 
livers it  to  all  of  the  machines  in  the  factory. 

At  each  intersection  of  the  cross  drain  pipes  D  on  the  main 
header  E,  there  is  a  "cross"  which  is  provided  with  a  cover 
that  may  be  taken  off  to  facilitate  clearing  away  any  stoppage 
that  may  occur  in  the  drain  pipes.     When  large  chips  find 


Fig.  58.     Coolant  appUed  to  Eight  Cutters  on  Multiple  Gear-cutting  Machine  Fig.    59.     Delivery    of    Cutting    Solution    to    Multiple    Nut-tapping    Machine 


mentation  takes  place,  and  fifteen  minutes  to  pass  through 
sterilizing  tanks  H  and  I.  From  tank  I  the  oil  is  carried  down 
into  storage  tank  A,  from  which  it  can  be  withdrawn  for  sub- 
sequent use. 

Oil  that  collects  in  the, conical  bottoms  of  the  settling  tanks 
is  of  poor  quality,  owing  to  the  fact  that  it  contains  practically 
all  of  the  suspended  matter  originally  carried  by  the  entire 
volume  of  oil  passed  through,  these  tanks.  This  oil  requires 
further  treatment  before  it  is  fit  to  be  delivered  to  the  cutting 
tools,  and  this  treatment  is  obtained  by  pumping  it  into  cylin- 
drical tank  J,  in  which  it  is  allowed  to  stand  for  a  sufficient 
length  of  time  to  allow  tbe  impurities  to  settle  to  the  bottom. 
It  will  be  seen  that  there  are  four  draw-off  cocks  on  tank  J, 
and  after  the  oil  has  been  allowed  to  stand  for  a  sufficient 
length  of  time  to  insure  that  the  impurities  have  settled,  the 
upper  cocks  are  opened  one  at  a  time,  to  allow  it  to  flow  into 
funnel  K,  which  is  carried  at  the  top  of  a  pipe  connecting  with 
the  pipe  line  leading  to  storage  tank  A.  The  oil  which  is 
recovered  in  this  way  will  ordinarily  amount  to  about  75  per 
cent  of  the  oil  pumped  into  tank  J,  although  the  quantity  will 
vary  according  to  the  quality  of  the  oil  and  the  service  in 
which  it  has  been  used.  The  poorest  grade  of  oil  drawn  off 
from  the  lowest  cock  is  unsuitable  for  the  lubrication  of  cut- 
ting tools,  and  this  is  usually  employed  for  oiling  conveyor 
chains,  and  other  classes  of  service  where  a  poor  grade  of 
lubricant  may  be  used. 


their  way  into  the  pipe  line  it  is  possible  for  an  accumulation 
of  these  to  gather  and  cause  the  pipe  to  be  blocked  up;  and 
if  trouble  of  this  sort  occurs,  it  is  merely  necessary  to  remove 
the  cover  from  the  "cross"  and  push  through  a  piece  of  wire 
to  carry  the  chips  and  dirt  that  are  giving  trouble  to  the  next 
"cross"  so  that  they  may  be  lifted  out.  This  arrangement  is 
shown  in  detail  at  F,  which  also  illustrates  the  manhole  pro- 
vided in  the  floor  to  give  access  to  the  piping.  In  this  detail 
illustration  it  will  be  seen  that  the  piping  is  located  at  a  con- 
siderable depth  below  the  surface  of  the  concrete  floor,  this 
being  necessary  in  order  to  give  the  piping  the  required  pitch 
to  cause  the  compound  to  run  off  with  the  desired  rapidity. 
At  G  is  shown  the  type  of  box  with  a  removable  cover  that  is 
provided  at  the  end  of  each  cross  drain  pipe. 

Nugent  Oil  Filters 

William  W.  Nugent  &  Co.,  Chicago,  111.,  manufacture  oil 
filters  of  the  type  shown  in  Fig.  54.  This  type  is  made  in  three 
sizes,  having  capacities  for  handling  four,  six  and  twelve 
gallons  per  hour.  Such  filters  could  be  used  to  advantage  in 
filtering  oil  recovered  from  centrifugal  separators  or  for  re- 
claiming dirty  oil  taken  from  the  pans  of  machine  tools.  Oil 
enters  the  filter  at  A  and  passes  through  a  wire  mesh  strainer 
in  upper  compartment  B,  that  removes  the  coarse  material 
from  the  oil.  It  then  flows  into  a  settling  tank  C  in  which  a 
further  purification   is  effected.     From   tank   C  the  oil   flows 
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through  pipes  that  discharge  into  filter  bags  D,  each  pipe  being 
provided  with  a  shut-off  cock.  There  are  three  bags  in  each 
set,  which  are  made  of  cloth  of  different  degrees  of  fineness; 
and  these  bags  are  supported  on  metal  frames  in  such  a  way 
that  the  bags  in  any  one  set  do  not  come  into  contact  with 
each  other.  This  arrangement  is  shown  in  detail  in  Pig.  55. 
The  filtered  oil  is  collected  in  storage  tank  E,  from  which  it  is 
drawn  off  through  cock  F;  and  a  gage  glass  G  shows  the  level 
of  oil  in  the  tank. 

The  Nugent  filters  are  also  made  in  larger  sizes  capable  of 
handling  the  oil  or  cutting  compound  used  in  large  shops. 
These  large  filters  are  equipped  with  any  required  number  of 
filter  bags  to  provide  for  taking  care  of  the  volume  of  oil  to 
be  purified. 

Simple  Filter  for  Cutting  Compounds 

In  the  plant  of  the  Marlin  Arms  Corporation,  New  Haven, 
Conn.,  a  Richardson-Phenix  filter  is  used  for  the  purification 
of  lard  oil  supplied  to  rifle-barrel  drilling  machines  and  cer- 
tain other  machines  in  the  factory.  For  the  purification  of 
soluble  cutting  compounds  used  on  milling  machines,  drill 
presses,  and  some  other  classes  of  machine  tools,  a  simple 
filter  was  designed  and  built  in  the  Marlin  factory.  As  shown 
in  Figs.  56  and  57,  this  filter  consists  of  a  sheet-metal  tank 
with  a  chip  basket  A  through  which  the  compound  flows  to 
remove  coarse  chips.  Five  baffle  plates  B  cause  the  fluid  to 
follow  a  winding  course  in  order  to  facilitate  the  settling  of 
small  chips  and  other  impurities  held  in  suspension.  Between 
each  of  these  baffles  there  is  a  wire  screen  C  held  between 
angle-irons  so  that  it  may  be  lifted  out  for  cleaning.  It  was 
the  original  plan  to  have  each  of  these  screens  covered  with 
muslin  to  provide  a  filtering  medium,  but  subsequent  experi- 
ence has  shown  that  the  fluid  passes  through  more  rapidly  if 
only  the  last  two  screens  are  covered  with  muslin,  and  this 
is  sufl5cient  to  insure  the  removal  of  all  the  suspended  impur- 
ities. Placed  beside  the  filter  tank  there  is  a  storage  tank  for 
clean  cutting  compound,  as  may  be  seen  in  Fig.  57. 

Improvement  in  Efficiency  through  Filtration 

Any  manufacturer  who  contemplates  the  installation  of 
equipment  for  filtering  oil  or  cutting  compound  will  naturally 
ask  the  question,  "How  will  the  use  of  such  an  outfit  be  valu- 
able in  handling  my  work?"  This  can  best  be  answered  by 
citing  one  or  two  typical  experiences  of  manufacturers  who 
have  found  that  trouble  from  rapid  tool  wear  or  poor  finish 
is  due  to  suspended  impurities  carried  by  the  tool  lubricant, 
and  who  have  overcome  such  difficulties  through  the  installa- 
tion of  an  efficient  system  of  filtration. 

In  the  plant  of  the  Boss  Nut  Co.,  Chicago,  111.,  dissatisfac- 
tion was  felt  with  the  method  of  lubricating  dies  and  cutting 
tools.  This  plant  has  an  equipment  of  six  punch  presses  of 
from  two  to  five  tons  each,  and  one  twenty-ton  press;  also  six 
nut  tappers,  having  six  spindles  each.  The  plant  manufac- 
tures square  and  hexagon  nuts,  which  are  stamped  out  of 
6/16-  to  %-inch  metal. 

The  former  method  of  lubrication  was  by  means  of  a  gravity 
tank  on  each  press,  the  lubricant  being  fed  through  a  14-iiich 
pipe  to  the  die,  from  which  it  dripped  off  into  a  pan  under- 
neath the  press.  The  stampings  from  the  presses  fell  into  iron 
pails  with  perforated  bottoms,  so  that  the  lubricant  would  drip 
off  from  the  finished  product.  These  pails,  after  standing  in 
the  pans  for  a  certain  period,  were  lifted  out,  the  drippings 
remaining  in  the  pans.  In  lifting  out  the  pails,  a  certain 
amount  of  cutting  compound  adhered  to  the  bottom,  etc.,  and 
later  dripped  onto  the  floor  around  each  machine.  While  this 
loss  of  lubricant  was  not  great,  in  dollars  and  cents,  the  task 
of  keeping  the  floors  clean,  so  that  the  men  could  do  their 
work  properly,  took  the  time  of  one  or  two  men  about  two 
hours  each  day;  besides,  it  required  two  or  three  men  to  lift 
the  pails  filled  with  punchings  from  the  presses. 

Small  rotary  pumps  were  used  to  deliver  the  used  lubricant 
from  the  drip  pans  to  the  gravity  tank;  and  as  the  fluid  was 
used  over  and  over  again  without  treatment,  it  always  con- 
tained a  great  deal  of  scale  and  other  foreign  matter.  Besides, 
at  the  speed  at  which  the  machines  worked,  a  considerable 
portion  of  the  cutting  compound  at  each  machine  was  lost  by 


drippage  and  by  adhering  to  the  finished  product.  It  required 
the  time  of  two  men  at  least  two  hours  each  day  to  mix  and 
deliver  new  cutting  compound  to  the  various  machines;  and 
when  this  lubricant  became  so  dirty  as  to  render  it  unfit  for 
use,  it  was  thrown  away.  In  adding  or  renewing  the  cutting 
compound,  the  time  of  the  operator  and  the  machine  itself  was 
also  lost,  with  the  result  that  the  machines  were  operating  at 
a  low  efficiency.  By  the  installation  of  a  Richardson-Phenix 
filtering  system,  all  these  faults  were  overcome,  and  the  out- 
put was  increased  upward  of  20  per  cent.  This  system  was 
installed  in  the  following  manner: 

Trenches  were  cut  in  the  fioor,  under  the  presses,  of  suffi- 
cient size  and  pitch  so  that  the  cutting  compound  would  drip 
from  the  machine  into  these  trenches,  which  are  connected 
by  a  pipe  line  to  a  centrally  located  cutting  oil  filter.  The 
trenches  are  covered  with  grating  made  of  %•  by  %-inch  flat 
iron  spaced  V^  inch  apart.  These  gratings  are  removable,  so 
that  they  can  be  easily  cleaned;  and  the  kegs  into  which  the 
finished  product  drops  stand  on  top  of  the  gratings,  so  that  all 
the  drippings  fiow  back  to  the  filter.  One  of  these  kegs  can 
be  easily  and  quickly  slipped  out  from  under  a  press  and  an- 
other one  inserted.  This  permits  handling  the  finished  prod- 
uct as  it  comes  from  the  presses,  and  as  one  man  is  now  able 
to  do  this  work,  it  saves  the  labor  of  two  men. 

Another  advantage  is  that  the  men  operating  the  presses 
do  not  have  to  stop  their  machines  to  fill  the  gravity  tank, 
nor  do  they  have  to  pay  any  attention  to  whether  the  pipe 
leading  from  the  oil  tank  is  full  of  dirt  and  grease,  but  can 
concentrate  all  their  attention  on  production.  This  is  also 
true  of  the  nut-tapping  machines.  Under  the  old  system  it 
often  happened  that  the  operator  actually  had  to  wait  for 
compound  to  be  mixed  or  carried  to  his  machine.  The  ad- 
vantage of  using  a  clean  compound  on  drills  and  taps  is  self- 
evident,  and  while  data  are  not  available  to  show  exactly  how 
much  longer  a  tap  will  last  when  properly  lubricated,  this 
company  is  quite  certain  that  it  is  getting  longer  service  from 
the  same  taps  than  it  ever  got  before. 

Cutting  compound  is  a  mechanical  mixture  and  not  a  chem- 
ical compound;  therefore,  rapid  circulation  through  a  central 
system  tends  to  keep  the  compound  thoroughly  mixed.  For 
this  reason,  this  system  was  so  designed  that  all  the  compound 
in  the  system  is  circulated  ten  times  per  hour,  i.e.,  the  system 
contains  300  gallons  of  cutting  compound,  and  there  is  cir- 
culated in  the  various  machines  3000  gallons  per  hour.  Hooded 
drains  from  the  machines  should  not  be  used,  because  if  the 
oil  in  the  compound  tends  to  separate  and  float  on  top  it  will 
adhere  to  the  hood,  and  only  the  water  will  be  returned  to  the 
filter.  It  was  found  that  a  large  amount  of  lubricant  dis- 
charging into  the  drain  lines  acts  as  an  air-rejector,  which 
fills  the  drain  lines  with  air  pockets  and  holds  back  the  flow; 
therefore  all  air  traps  should  be  carefully  avoided  and  the 
drain  line  into  the  fllter  should  be  located  below  the  top  level 
of  the  compound  in  the  filtering  compartment.  On  this  class 
of  work  there  is  considerable  advantage  in  using  long  sweep 
fittings  or  bends. 

The  advantages  which  this  company  secured  from  the  in- 
stallation of  a  cutting  oil  system  are  as  follows:  The  record 
for  the  month  of  December,  before  the  new  lubricating  system 
was  installed,  was  4,200,000  nuts.  After  the  system  was  in- 
stalled, production  for  the  month  of  January  was  5,300,000 
nuts,  or  an  increase  in  production  of  25  per  cent;  and  in  Feb- 
ruary 5,500,000  nuts  were  produced.  This  increase  was  made 
with  the  same  tools  and  machines  and  the  same  number  of 
men.  The  non-productive  work  of  cleaning  up,  etc.,  was  elimi- 
nated, and  the  men  who  formerly  did  this  worked  on  pro- 
duction. 

In  another  plant  where  the  item  of  tool  up-keep  was  heavy, 
it  was  found  that  the  tools  lasted  from  33  to  250  per  cent 
longer  when  supplied  with  filtered  lubricant.  In  still  another 
plant,  the  drills  had  a  tendency  to  become  slightly  tapered  and 
wedge  in  the  hole;  this  was  found  to  be  caused  by  the  use  of 
dirty  cutting  compound,  and  the  trouble  was  eliminated  when 
the  fluid  was  filtered.  With  such  tools  as  self-opening  dies, 
this  factory  found  that  sediment  in  the  cutting  lubricant  some- 
times clogged  the  mechanism  so  that  it  was  impossible  to 
operate  it. 
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HAVING  observed  the  effect  of  heat-treatment  on  the  prop- 
erties of  steel,  in  the  December  number,  it  is  well  to 
consider  some  of  the  causes  underlying  these  results. 
For  instance,  why  should  the  steel  become  hard  and  brittle 
and  much  stronger  after  hardening?  Why  should  a  hard- 
ened piece  lose  its  strength  and  hardness,  but  gain  in  ductility, 
when  reheated  or  drawn?  In  some  cases  these  changes  are 
very  difflcult  to  account  for,  as  the  exact  cause  of  the  harden- 
ing of  steel  is  not  known,  although  there  are  several  theories. 
These  theories  will  not  be  discussed  here,  but  some  of  the 
points  that  are  thoroughly  understood  will  be  considered. 
If  a  piece  of  0.10  per  cent  carbon  steel  is  heated  from  at- 
mospheric temperature  up  to  about  930  degrees  C.  (1706  de- 
grees P.),  there  will  be  three  points  at  which,  instead  of  rising, 
the  temperature  of  the  piece  pauses  or  may  even  stop.  An 
experiment  will  show  that  0.25  per  cent  carbon  steel  also  has 
three  critical  points.  The  two  lower  points  are  at  practically 
the  same  temperature  as  those  of  the  0.10  per  cent  carbon 
steel,  but  the  upper  point  will  be  at  a  lower  temperature  than 
the  highest  point 
of  the  0.10  per 
cent  steel.  If  this  • 
experiment  is 
repeated  with 
0.50  per  cent 
carbon  steel, 
only  two  points 
will  be  found. 
The  first  will  be 
at  practically  the 
same  tempera- 
ture as  that  of 
the  0.10  and  0.25 
per  cent  carbon 
steels,  but  the 
second  point 
will  be  much 
lower  than  their 
second  point.  In 
the  case  of  0.85 

and  1.50  per  cent  Fig,  i.     position  of  Critical  Points 

carbon  steels, 

just  one  point  will  be  found,  but  this  will  coincide  with  the 
first  point  of  the  lower  carbon  steels. 

Fig.  1  shows  the  location  of  these  points  graphically  after  a 
diagram  by  Sauveur.  This  diagram  should  be  firmly  fixed  in 
mind,  as  it  shows  the  relative  location  of  the  critical  points 
of  the  plain  carbon  steels.  The  carbon  content  of  the  steel 
is  shown,  in  per  cent,  along  the  lower  horizontal  line  BC 
and  the  temperatures  at  which  the  critical  point  occurs  along 
the  vertical  line  BD.  For  instance,  the  points  o,  h  and  c  are 
the  three  critical  points  for  th,e  0.10  per  cent  carbon  steel  and 
d,  e  and  /  for  the  0.25  per  cent  carbon  steel.  The  diagram  was 
obtained  by  getting  the  critical  points  of  many  carbon  steels 
and  then  joining  these  points  by  lines. 

The  question  naturally  arises  as  to  hbw  these  points  are 
obtained.  For  instance,  how  is  it  possible  to  locate  the  three 
critical  points  of  the  0.10  per  cent  carbon  steel?  There  are 
several  methods  for  doing  this,  and  the  ones  most  commonly 
employed  in  practice  make  use  of  the  thermo-electric  pyrome- 
ter. As  it  is  practically  impossible  to  use  a  furnace  that  will 
heat  the  piece  at  a  uniform  rate,  it  is  apparent  that  there 
may  be  pauses  or  retardations  in  the  heating  or  cooling 
that  are  not  caused  by  any  properties  of  the  steel  under  test. 
In  order  to  eliminate  such  pauses  from  the  test,  the  tempera- 
ture of  the  steel  should  be  compared  with  the  tempera- 
ture of  a  body  that  has  no  transformation  points  within  the 
temperature   range   covered   by   the   experiment.     If   this   so- 
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called  neutral  body  is  put  in  the  same  furnace  as  the  test 
piece,  both  bodies  will  be  about  equally  affected  by  any  ir- 
regularities in  the  heating  of  the  furnace.  In  other  words, 
they  will  be  heated  together,  and  when  the  temperature  of  one 
varies,  the  temperature  of  the  other  will  vary  also,  so  that 
there  will  never  be  a  very  marked  difference  in  their  tempera- 
tures; but  when  a  critical  point  of  the  steel  is  reached,  there 
will  suddenly  be  a  great  difference  in  their  temperatures,  as 
the  neutral  body  will  be  unaffected  (possessing  no  critical 
points),  while  the  steel  will  cease  to  rise  in  temperature.  By 
using  a  double  pyrometer  to  measure  the  difference  between 
the  two  bodies,  it  is  always  possible  to  detect  when  a  critical 
point  has  been  reached;  and  a  second  pyrometer  will  show 
at  just  what  temperature  this  point  occurs.  By  this  means  the 
critical  points  of  any  steel  can  be  found. 

The  critical  points  that  occur  in  the  heating  of  a  steel  also 
occur  in  the  (Tooling,  but  at  a  lower  temperature.  If  the  point 
occurs  in  heating,  it  is  called  an  Ac  point;  and  in  cooling, 
an  Ar  point.     The  point  An  that  occurs  in  cooling  is  called 

the  "recales- 
cence  point,"  due 
to  the  fact  that 
the  steel  actual- 
ly gives  off  heat, 
or  recalesces,  at 
this  point.  Many 
writers  use  the 
term  recales- 
cence  point  very 
loosely,  but  it 
should  be  borne 
in  mind  that  the 
only  correct  re- 
calescence  point 
is  the  AVi  point. 
The  import- 
ance  of  knowing 
the  location  of 
these  critical 
points  lies  in  the 

in  heating  Straight  Carbon  Steel  fact   that  the  Cor- 

rect hardening 
temperature  is  just  above  the  upper  critical  point  for  any 
steel;  or  along  the  dotted  line  EFGH.  Theoretically,  it  is  just 
at  the  upper  critical  point,  but  it  is  safer  to  go  a  little  higher. 

Changes  that  Occur  at  Critical  Temperatures 

In  studying  the  changes  that  take  place  at  the  critical  tem- 
peratures, the  range  of  temperature  from  the  lowest  critical 
point  to  the  highest  point  of  any  steel  may  be  called  its 
"critical  range."  If  any  piece  of  steel  is  heated  just  below 
the  foot  of  the  range,  that  is,  ACj  or  Ac^^.^-i,  and  quenched 
in  water,  it  will  be  found  that  there  are  practically  no  changes 
in  its  properties.  If  the  steel  is  heated  to  this  point  or  a 
little  above  and  then  quenched,  it  will  be  found  that  the  piece 
has  been  made  stronger,  harder  and  less  ductile;  that  is,  its 
tensile  strength,  elastic  limit,  and  hardness  have  been  increased 
while  its  elongation  and  reduction  of  area  have  been  decreased. 
If  the  steel  is  hardened  at  successively  higher  temperatures, 
it  will  be  found  that  it  is  made  stronger  and  harder  but  less 
ductile,  in  each  case,  until  the  top  of  the  critical  range  is 
reached,  when  the  maximum  degree  of  strength  and  hardness 
and  the  minimum  of  ductility  are  obtained.  If  the  steel  is 
heated  considerably  above  the  top  of  the  range,  there  is  no 
gain  in  hardness  or  strength;  the  only  effect  is  that  the  grain 
is  made  coarser.  In  other  words,  steel  can  be  hardened  some- 
what by  heating  it  above  its  first  critical  point  and  quench- 
ing, but  the  full  hardness  or  strength  is  not  obtained  until  the 
steel  is  heated  above  the  upper  critical  point.  This  fact  Is 
true  of  all  straight  carbon  steels. 
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To  determine  the  reason  for  this  fact,  it  is  necessary  to 
study  the  steel  in  the  normal  state.  Normalized  steel  con- 
sists of  pearlite  and  ferrite  in  the  case  of  hypo-eutectoid  steel, 
pearlite  alone  in  the  case  of  eutectoid,  and  pearlite  and  cemen- 
tite  in  the  case  of  hyper-eutectoid.  When  a  piece  of  any  of 
these  types  of  steel  is  heated  to  a  temperature  below  the  first 
critical  point,  no  change  takes  place  in  the  microstructure, 
and  hence  there  is  no  change  in  the  physical  properties.  But 
if  it  is  heated  to  the  point  ACi,  there  is  a  very  marked  change 
in  the  properties.  This  is  due  to  the  marked  change  in  the 
microstructure,  for  just  as  soon  as  the  point  Ac^  is  passed, 
the  pearlite,  instead  of  remaining  as  a  mechanical  mixture  of 
alternate  layers  of  cementite  and  ferrite,  becomes  a  solid  solu- 
tion. As  this  change  of  the  pearlite  has  increased  the  strength 
of  the  metal,  it  follows  that  the  solid  solution  of  the  pearlite 
constituents  must  be  stronger  than  pearlite  in  the  normalized 
state. 

As  the  name  implies,  a  solid  solution  has  all  the  charac- 
teristics of  a  liquid  as  regards  the  intimate  mingling  of 
its  constituents.  In  fact,  in  a  solid  solution  it  is  impossible 
to  distinguish,  with  the  highest  power  of  the  microscope,  one 
constituent  from  another.  Hence,  while  before  the  pearlite 
became  a  solid  solution,  the  plates  of  carbide  (cementite) 
could  be  distinguished  from  those  of  ferrite,  after  it  was  con- 
verted into  a  solid  solution  neither  could  be  distinguished, 
because  they  were  so  intimately  mingled.  In  fact,  in  a  solid 
solution  each  crystal  contains  a  portion  of  each  ingredient, 
and  it  is  impossible,  by  any  physical  means,  to  separate  the 
matter  contained  in  the  crystal. 

As  the  temperature  of  the  steel  is  raised  above  the  foot  of 
the  critical  range,  some  of  the  free  ferrite  begins  to  enter 
this  solid  solution  and  more  and  more  of  it  enters  the  solu- 
tion as  the  temperature  is  increased.  In  fact,  when  the  top 
of  the  critical  range  is  reached,  all  the  free  ferrite  has 
entered  the  solid  solution,  and  if  the  steel  is  then  quenched, 
it  will  be  in  the  strongest  possible  state.  If  the  steel  con- 
tained no  free  ferrite  or  free  cementite,  that  is,  if  it  were  a 
eutectoid  steel,  all  the  pearlite  would  go  into  solution  as  soon 
as  the  foot  of  the  range  was  passed  (just  as  it  did  in  the  hypo- 
eutectoid  steel),  and  the  whole  steel  would  then  be  in  the 
state  of  a  solid  solution.  If  it  were  a  hyper-eutectoid  steel, 
the  pearlite  would  go  into  solid  solution  as  soon  as  the  foot 
of  the  range,  AC3.2-1,  was  crossed,  but  the  excess  cementite 
would  not  go  into  solid  solution  until  the  dotted  line  Accm 
was  reached. 

To  summarize,  no  matter  whether  the  steel  is  hypo-eutectoid. 
eutectoid  or  hyper-eutectoid,  when  heated  the  pearlite  goes 
into  solid  solution  at  the  foot  of  the  range,  Ac,  or  Ac-.j.,,.  If 
there  is  any  free  constituent,  as  ferrite  or  cementite,  it  will 
be  gradually  absorbed  into  the  solid  solution  as  the  steel  is 
heated  to  the  top  of  the  range  (Ac,  or  Ac-,.2-i  in  the  case  of 
hypo-eutectoid  steel;  AC3-2-,,  which  is  both  top  and  bottom  of 
range,  for  eutectoid  steel;  and  Accm  for  hyper-eutectoid  steel), 
and  by  the  time  the  top  of  this  range  is  reached,  all  the 
pearlite  will  be  absorbed.  In  other  words,  no  matter  what 
kind  of  steel  we  have,  it  will  be  in  the  state  of  a  solid  solution 
as  soon  as  it  is  heated  to  the  top  of  its  critical  range. 

If  the  steel  is  quenched  or  cooled  with  extreme  rapidity,  it 
will  be  retained,  or  locked,  in  this  state,  so  that  when  it  is 
cold  it  is  still  a  solid  solution;  it  is  then  called  austenite. 
But  in  practice  it  is  impossible,  as  a  rule,  to  quench  or  cool 
the  steel  quickly  enough  to  retain  it  in  this  perfect  solid- 
solution  state,  and  some  of  the  constituents  separate  out  of 
this  solid  solution.  If  the  steel  is  cooled  in  liquid  air,  which  is 
very  cold,  perfect  austenite  may  be  obtained  in  some  cases. 
If  the  steel  is  cooled  in  water,  such  a  close  approximation  to 
the  solid  solution  cannot  be  obtained,  and  if  cooled  in  kerosene, 
the  approximation  will  be  found  to  be  even  more  imperfect. 
With  heavy  oil  or  air  cooling,  a  still  more  imperfect  solid 
solution  is  obtained. 

By  looking  at  a  specimen  of  hardened  steel  under  the  micro- 
scope, it  is  possible  to  determine  just  how  close  it  is  to  the 
solid  solution.  The  perfect  solid  solution  is  called  austenite, 
the  first  stage  in  its  decomposition  is  martensite,  then  come 
troostite,  sorbite,  and  pearlite.  Each  of  these  states  has  its 
characteristic  appearance  under  the  microscope. 


It  has  been  shown  that  by  heating  steel  to  the  top  of  its 
critical  range  the  steel  is  put  in  the  solid-solution  state,  and 
by  quenching  in  mediums  of  varying  effectiveness  the  steel 
may  be  obtained  in  the  cold  state  as  a  solid  solution,  or  one 
of  its  decomposition  products.  But  it  is  possible  to  obtain  the 
exact  decomposition  product  desired  by  heating  to  the  top 
of  the  range,  cooling  rapidly  enough  to  get  austenite  or  mar- 
tensite, and  then  reheating  below  the  range  so  as  to  get 
troostite  or  sorbite.  In  other  words,  it  is  possible  to  obtain 
the  steel  in  the  exact  state  desired  by  simply  hardening  it 
with  the  proper  rapidity,  or  by  hardening  and  then  reheating 
or  drawing  the  steel.  The  hardening  process  converts  the 
steel  into  a  fine-grained  solid  solution  (or  to  an  approxima- 
tion), and  the  drawing  treatment  lets  the  steel  decompose 
into  one  of  the  states  that  experience  has  shown  is  best  suited 
for  the  work  desired. 

In  the  specimens  used  for  determining  the  chart  shown  in 
Fig.  1,  the  steel  was  first  hardened  just  above  the  top  of  the 
critical  range,  which  was  determined  by  means  of  a  neutral 
body  and  pyrometers.  After  this  steel  was  hardened  it  was 
as  close  to  a  solid  solution  as  it  was  desirable  to  get  this 
particular  steel  commercially;  it  was  then  in  the  state  of 
martensite.  Some  pieces  were  then  drawn  at  each  of  the  tem- 
peratures shown  on  the  chart,  and  the  martensite  was  de- 
composed by  this  drawing  into  the  softer  and  weaker,  but  more 
ductile,  decomposition  products,  troostite  and  sorbite.  It 
should  be  mentioned  that  each  of  the  successive  decomposition 
products  of  austenite  is  softer  than  those  preceding  it,  ex- 
cept martensite,  which  is  harder  than  austenite. 

Changres  Produced  by  Annealing-  Process 

In  a  good  many  cases  where  steel  is  to  be  annealed,  the 
only  object  desired  is  to  soften  the  steel  so  that  it  can  be 
machined  or  worked  more  easily.  In  other  cases,  it  is  de- 
sirable not  only  to  make  the  steel  softer,  but  also  to  refine 
the  grain  size  and  to  make  the  steel  soft.  In  order  to  an- 
neal steel  perfectly  for  the  latter  purpose,  it  should  be  heated 
to  the  top  of  the  critical  range,  held  there  until  every  part 
has  been  thoroughly  heated  to  this  temperature,  and  then 
very  slowly  cooled,  preferably  in  the  furnace.  This  will  not 
only  wipe  out  any  coarse  structure  and  make  the  steel  fine 
grained,  but  it  will  leave  the  steel  as  soft  as  possible.  This 
is  due  to  the  fact  that  when  the  steel  is  heated  to  the  top  of 
the  critical  range,  it  goes  into  the  state  of  a  fine-grained  solid 
solution.  Then  by  slow  cooling  the  steel  is  given  no  chance 
to  set  in  this  solid-solution  state,  but  forms  soft,  ductile  sorbite 
or  pearlite.  If  the  steel  is  cooled  more  rapidly,  it  will  not 
be  given  suflicient  time  to  decompose  from  the  solid-solution 
state,  and  troostite  or  sorbite,  or  a  combination,  is  ob- 
tained. If  the  steel  is  cooled  in  the  air,  it  will  be  still  harder, 
due  to  the  fact  that  cooling  in  air  is  a  sort  of  mild  form 
of  hardening.  This  is  shown  very  clearly  in  Fig.  1,  where 
the  steel  has  been  hardened,  then  reheated  to  the  top  of  the 
range  and  air  cooled.  It  will  be  noted  that  both  the  tensile 
strength  and  the  hardness  are  increased. 

The  most  perfect  way  to  anneal  is  to  heat  the  steel  to  the 
top  of  its  range  and  harden;  this  gives  a  fine-grain  hard  steel. 
It  should  then  be  reheated  to  just  below  the  foot  of  the  range 
and  cooled  very  slowly;  this  gives  the  finest  grain  possible, 
together  with  extreme  softness,  and  is  a  method  much  used 
in  France.  It  has  been  found  best  to  harden  hyper-eutectoid 
steel  of  0.85  per  cent  carbon  or  more  just  above  the  line  Ac^.i-^ 
for  if  the  top  of  the  range  ACcm  is  passed,  all  the  excess  cemen- 
tite may  be  in  solid  solution,  but  this  higher  heat  will  enlarge 
the  grain  so  much  that  the  advantage  gained  does  not  pay. 
The  one  exception  to  this  is  the  case  of  high-speed  steels, 
which,  due  to  their  special  ingredients,  may  be  heated  above 
Accm  and  all  excess  elements  changed  into  solid  solution,  with- 
out dangerously  enlarging  the  grain  size. 

The  literature  on  hardening  is  sometimes  very  inexact  and 
unclear,  but  if  it  is  remembered  that  the  line  EFGH  shows 
the  proper  point  for  hardening,  no  confusion  should  result. 
In  all  cases  the  hardening  or  correct  annealing  temperature 
is  the  top  of  the  range  Acj  or  ACj.j  in  steel  under  eutectoid 
carbon  content,  and  ACj.j-i  on  all  eutectoid  and  hyper-eutectoid 
steels  with  the  exception  of  high-speed  tool  steels. 
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Fie.    2.     Photomicrograph    of    Steel    correctly 
hardened 


A    Typical    Heatlngr 
Trouble 

In  considering 
the  practical  opera- 
tions of  liardening, 
It  will  be  found 
that  the  theoretical 
knowledge  gained 
will  stand  us  in 
good  stead.  We 
may  harden  a 
brand  of  steel  for 
months  with  com- 
plete success  and 
then  suddenly  have 
trouble  at  some  in- 
opportune time. 
The  steel  may  not 
harden  the  way  it 
did  before,  or  it  may  crack  in  the  hardening.  The  exact  cause 
is  sometimes  difficult  to  find,  and  the  man  whose  practical 
knowledge  is  not  coupled  with  an  understanding  of  the  why 
and  wherefore  of  his  hardening  operations  frequently  finds 
himself  in  trouble. 

For  instance,  a  hardener  had  been  getting  entirely  satisfac- 
tory results  by  hardening  arbors  in  oil.  He  had  hardened 
thousands  of  them  without  experiencing  any  trouble  when 
suddenly  they  tested  soft  after  the  heat-treatment.  The  hard- 
ener was  the  center  of  all  the  resulting  complaints,  and 
naturally  he  claimed  that  the  analysis  of  the  steel  was  differ- 
ent from  what  he  had  been  getting.  By  using  water  instead 
of  oil  and  heating  considerably  higher,  he  managed  to  make  a 
fairly  satisfactory  job,  but  still  a  considerable  number  cracked 
in  the  hardening.  The  steel  manufacturer  insisted  that  the 
steel  was  within  specifications,  and  actually  showed  by  analy- 
sis that  the  former  pieces  that  hardened  in  oil  and  those  which 
required  water  quenching  were  the  same  steel.  The  hardener, 
who  merely  did  this  work  by  rule,  was  naturally  at  a  loss  to 
overcome  this  trouble  and  eventually  lost  his  position.  In- 
vestigation later  showed  that  the  steel  in  both  cases  was  iden- 
tical, but  that  the  supplier,  having  run  short  of  the  size  bar 
generally  supplied,  had  obtained  permission  to  supply  a  smaller 
one.  As  very  little  stock  was  turned  off  from  this,  the  de- 
carburized  outer  skin,  or  bark,  was  not  completely  removed. 
Therefore,  instead  of  the  steel  being  0.65  per  cent  carbon,  as 
specified,  the  exterior  was  0.35  per  cent  carbon  and  the  interior 
was  0.65  per  cent.  It  therefore  required  water  and  a  higher 
heat  to  make  this  low-carbon  outside  portion  hard  enough. 

If  the  hardener  had  only  studied  the  theory  a  little,  he 
would  have  known  that  this  higher  heat  and  water  quenching 
was  an  indication  that  the  carbon  was  lower.  His  limited 
general  knowledge  kept  him  from  knowing  that  his  first  con- 
tention that  the  analysis  varied  was  correct,  as  far  as  the 
outer  surface  of  the  bar  was  concerned,  and  that  the  steel 
manufacturer  was  also  cor- 
rect as  far  as  the  analysis  of 
the  interior  of  the  piece  was 
concerned.  The  solution"  in 
this  case  was  very  simple,  but 
the  writer  recalls  other  cases 
where  a  thorough  knowledge 
of  both  the  practical  and  theo- 
retical side  was  required  be- 
fore the  trouble  could  be  lo- 
cated and  remedied. 

Determining'  Proper  Heat-treat- 
ment Temperatures 
We  should  keep  in  touch 
with  the  theory  as  much  as 
possible,  even  while  describ- 
ing briefly  some  of  the  prac- 
tical points  to  be  observed  in 
the  heat-treating  of  steel.  Let 
us  suppose,  for  instance,  that 
a  new  type  of  steel  is  to  be 
hardened.      If     the    analysis  Fig.  4.    cast  steei  before 


Fig.  3.     Steel   shown  in  Fig.   2  magnified  to 
400  Diameters 


were  known,  it 
would  help  very 
much  in  estimating 
the  correct  harden- 
i  n  g  temperature, 
but  it  will  be  as- 
sumed that  this  is 
not  known.  If  a 
critical-point  outfit 
can  be  obtained,  the 
critical  points  of 
the  steel  can  be  de- 
termined; then  the 
critical  tempera- 
ture diagram.  Fig. 
1,  will  help  us 
tell  the  correct 
temperature  to  use. 
If  an  outfit  of 
this  nature  is  not  at  hand,  samples  of  this  steel,  all  cut  to 
approximately  the  same  size  and  shape,  should  be  hardened 
in  water  at  different  temperatures,  starting  at  732  degrees  C. 
(1350  degrees  F.)  and  increasing  the  temperature  15  de- 
grees C.  for  each  sample.  The  test  pieces  should  then  be 
broken  by  the  same  method  so  that  the  fractures  will  be 
comparative.  All  soft  pieces  may  be  disregarded  and  only 
the  harder  ones  examined.  Those  with  the  finest  grain  may 
be  separated  from  the  others  and  should  then  be  tested  to 
ascertain  which  is  the  hardest.  Nearly  all  shops  possess  either 
a  scleroscope  or  Brinell  hardness  tester,  but  if  these  are  lack- 
ing, a  file  may  be  used,  although  in  this  case  it  is  a  poor 
substitute. 

It  will  probably  happen  that  several  pieces  will  look  almost 
alike  as  far  as  grain  size  goes;  in  this  case  the  hardest  piece 
will  represent  the  nearest  approach  to  the  correct  hardening 
temperature.  In  other  words,  the  piece  that  combines  the 
finest  grain  with  the  greatest  hardness  is  the  one  most  per- 
fectly hardened.  If  desired,  when  the  temperature  at  which 
this  piece  was  heat-treated  has  been  noted,  the  test  may  be 
repeated  by  hardening,  say,  four  more  pieces  at  intervals  of 
5  degrees  C.  above  and  below  the  hardening  temperature  of 
the  piece  chosen  by  inspection.  These  pieces  should  be  broken 
and  tested  as  before,  and  the  one  showing  the  finest  grain  with 
the  greatest  hardness  will  represent  the  correct  hardening 
treatment.  The  second  experiment  is  performed  only  to  locate 
the  temperature  a  little  more  accurately  than  in  the  first 
experiment,  where  15-degree  intervals  were  used. 

If  the  steel  does  not  show  any  material  increase  in  hard- 
ness at  any  of  the  temperatures  tried,  it  is  probably  a  low- 
carbon  steel  which,  due  to  its  carbon  content,  cannot  be  ma- 
terially hardened.  In  this  case,  a  file  will  not  do  for  the 
hardness  test,  so  a  more  delicate  instrument  must  be  used. 
In  many  cases  it  will  not  be  necessary  to  undertake  the 
above  experiment,  as  the  manufacturer  supplies  the  informa- 
tion regarding  the  hardening 
treatment.  Where  the  chem- 
ical analysis  is  given,  by  re- 
ferring to  Fig.  1  the  harden- 
ing temperature  may  be  quite 
accurately  estimated  and  a  trial 
may  be  made  to  confirm  it. 

If  the  steel  is  an  alloy  steel, 
it  must  be  borne  in  mind 
that  in  addition  to  the  carbon 
content  the  special  alloying 
element  may  influence  the 
correct  hardening  tempera- 
ture; for  instance,  nickel  low- 
ers the  hardening  point  about 
20  degrees  C.  for  every  per 
cent  of  nickel  in  low-carbon 
steels  containing  less  than  5 
per  cent  nickel;  manganese 
also  lowers  it.  Vanadium, 
chromium,    and    silicon   have 

rolled  or  heat-treated  nO   marked   effect. 
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Fig.    5.     Steel    shown    in    Fig.    2,    hardened    at 
too  Low  a  Temperature 


Fig.    6.     Steel   shown  in   Fig.   2,    when   it   has 
been  overheated 


Steel   shown   in    Fig.    2,    when   it   has 
been  burned 


Before  proceeding  further,  we  should  understand  what  hap- 
pened to  the  steel  that  was  tested  for  its  hardening  tempera- 
ture. Let  it  be  assumed  that  it  was  about  0.50  per  cent 
carbon  steel.  All  the  test  pieces  that  were  heated  up  to  a 
point  below  ACj,  Fig.  1,  remained  soft  on  quenching.  The  first 
piece  heated  above  Aci  and  quenched  showed  an  increase  in 
hardness  because  the  pearlite  grains  had  been  transformed 
into  austenite  and  the  quenching  served  to  lock  them,  if  not 
in  this  state,  in  an  approximation  to  it  which  should  be  hard. 
As  the  different  pieces  were  heated  to  successively  higher 
temperatures  through  the  range,  more  and  more  of  the  excess 
ferrite  entered  into  the  solid  solution  of  austenite,  so  each 
of  these  successive  pieces  when  quenched,  therefore,  was 
harder  than  the  previous  one.  When  those  pieces  that  had 
been  heated  above  the  top  of  the  range,  where  they  are  con- 
verted completely  into  a  solid  solution,  were  quenched,  a  maxi- 
mum hardness  was  obtained.  If  these  pieces  were  heated  much 
farther  above  the  top  of  the  range  and  quenched,  there  would 
be  no  gain  in  hardness;  rather  the  steel  would  be  overheated, 
which   results   in   a   large   grain   size   as   already   mentioned. 

Photomicrographs  of  Good  and  Defective  Steels 

Fig.  2  is  a  photomicrograph  showing  the  fine  grain  result- 
ing from  hardening  a  steel  at  the  correct  temperature.  Fig.  3 
shows  the  same  steel  magnified  still  more — to  400  diameters; 
yet  it  still  appears  very  fine  grained.  The  actual  diameter  of 
the  spot  of  steel  shown  in  Fig.  3  is  only  0.008  inch;  thus  it  will 
be  seen  that  this  photomicrograph  shows  a  part  of  the  steel 
about  as  big  as  a  pin  point.  Fig.  4  shows  a  photomicrograph,  of 
100  diameters  magnification,  of  cast  steel  before  it  was  refined 
by  the  rolling  process  and  by  heat-treatment.  The  enormous 
difference  in  the  grain  size  is  apparent  and  serves  to  illus- 
trate what  changes  can  be  wrought  in  steel  by  the  correct 
treatment. 

Fig.  5  shows  a  piece  of  the  same  steel  as  that  shown  in  Fig.  2, 
which  has  been  hardened  at  too  low  a  temperature.  The  steel 
shown  in  Fig.  2  had  a  Brinell  hardness  of  578,  while  that 
shown  in  Fig.  5  had  a  Brinell  hardness  of  only  248.  To  the 
eye  the  fracture  of  both  might  appear  about  the  same,  but 
the  hardness  test 
shows  that  the  sec- 
ond one  has  not 
been  heated  to  the 
top  of  the  range, 
because  it  does  not 
possess  its  maxi- 
mum hardness. 
Fig.  6  is  a  photo- 
micrograph of  the 
same  steel  when  it 
has  been  overheat- 
ed; that  is,  heated 
above  the  top  of 
the  critical  range 
farther  than  is  nec- 
essary.    It  shows  a 

„„   _  .  .  Fig.    8.     Higher   Magnification   of   Steel   shown 

coarser   grain    size,  in  Fig.  7 


yet  it  is  no  harder  than  the  steel  shown  in  Fig.  2.  Noth- 
ing has  been  gained,  therefore,  by  overheating;  in  fact, 
the  coarser  grain  size  is  a  distinct  disadvantage,  because 
the  metal  is  weaker  and  more  brittle.  Fig.  7  shows  the 
same  steel  heated  to  a  temperature  of  1000  degrees  C. 
(1832  degrees  F.),  which  is  so  much  too  high  that  it  has 
resulted  in  burning  the  metal  at  some  points.  This  is  shown 
more  clearly  in  the  higher  magnification.  Fig.  8.  These 
illustrations  show  the  importance  of  finding  the  correct 
hardening  temperature.  If  the  steel  is  heated  below  this 
temperature  to  harden,  the  maximum  hardness  or  strength  is 
not  obtained;  if  it  is  heated  too  far  above  this  temperature, 
it  is  coarsened  and  its  physical  properties  are  impaired;  and  if 
the  heating  is  carried  still  farther,  the  steel  may  be  ruined 
by  being  burned. 

If  the  steel  with  a  very  coarse  grain,  as  shown  in  Fig.  6,  is 
not  heated  to  the  top  of  its  critical  range,  this  coarse  grain 
will  not  be  entirely  eliminated;  but  if  it  is  heated  to  the 
top  of  the  range  and  quenched,  the  coarse  grain  will  be  refined, 
unless  it  has  been  badly  overheated  and  burned.  Fig.  9 
shows  the  same  piece  of  steel  as  that  in  Fig.  6  after  it  has 
been  refined  by  heating  to  the  correct  temperature. 

However,  if  the  steel  has  been  previously  burned  or  abused, 
it  may  be  impossible  to  restore  it  to  a  fine-grained  and  strong 
state.  For  instance,  unless  the  steel  is  remelted,  no  amount  of 
heating  can  repair  the  cracks  produced  in  the  burned  steel 
of  Fig.  8.  Fig.  10  also  shows  a  case  where  no  hardening  tem- 
perature can  bring  the  steel  into  a  state  of  proper  hardness, 
for  the  edges  have  been  very  badly  decarburized  by  the  steel 
mill.  This  is  shown  by  the  fact  that  the  edge  A  appears 
lighter  than  the  inner  part  B.  because  the  former  has  less  car- 
bon bearing  or  pearlite  grains. 

It  must  be  borne  in  mind  that  the  temperatures  given  in 
the  accompanying  table  are  not  to  be  arbitrarily  followed, 
because  other  constituents  in  the  steel,  such  as  manganese, 
affect  the  correct  hardening  temperature.  They  are  given  to 
aid  the  beginner,  so  that  he  will  know  approximately  where 
to  start  his  test  for  the  correct  hardening  temperature,  if  he 
knows  the  analysis  of  the  steel.     It  is  only  possible  to  obtain 

the  exact  tempera- 
ture by  experience. 
In  practice,  after 
the  theoretically 
correct  hardening 
temperature  for  a 
given  steel  has 
been  obtained,  it  is 
advisable  to  heat 
slightly  above  this 
temperature  to  al- 
low for  any  delay 
in  getting  the  steel 
into  the  quenching 
bath  or  any  other 
cause  that  might 
possibly    allow    the 

steel  shown  in  Fig.    6  heated   at  -   xi. 

Correct  Temperature  temperature    Of    the 
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APPROXIMATE  TEMPERATURES   FOR   HARDENING  CARBON 

STEELS 


Carbon, 
Per  Cent 

Uardonlng  'IVmpcfaturc                    | 

Degrees  0. 

Decrees  F. 

0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00  to  2.00 

885 
865 
845 
825 
805 
790 
780 
770 
760 
760 

1627 

1589    - 

1553 

1517 

1481 

1454 

1436 

1418 

1400 

1400 

MacMnerii 

Steel  to  drop  below  the  top  of  the  critical  range.  If  it  drops  one 
degree  below  this  temperature,  the  piece  will  not  possess  the 
maximum  hardness,  while  if  it  is  heated  ten  degrees  above 
th^  top  of  the  range  and  the  temperature  should  fall  one  or 
two  degrees  before  the  piece  is  in  the  quenching  bath,  the  steel 
will  still  be  above  tke  top  of  its  range  and  will  not  lose  any 
of  its  hardness. 

The  alloy  steels,  especially  those  containing  chromium,  can 
be  heated  farther  above  the  top  of  their  critical  range  without 
impairing  their  physical  properties  by  enlarging  the  grain 
than  can  the  plain  carbon  steels.  This  fact  should  not  be 
taken  advantage  of  to  "take  chances"  in  the  treatment,  but 
should  be  considered  as  merely  a  point  in  their  favor  toward 
obtaining  quality. 

Time  Necessary  for  Heat-treatment 

The  next  point  to  be  considered  is  the  time  required  to  heat 
the  piece  to  the  correct  temperature  and  the  length  of  time 
it  should  be  held  at  this  temperature.  Generally,  the  rate  of 
heating  a  piece  to  the  hardening  temperature  is  given  very 
little  attention.  The  excellent  alloy  steels  of  today  can  be 
heated  quite  rapidly  without  impairing  their  quality  to  a 
marked  extent,  and  this  fact  is  taken  advantage  of  in  commer- 
cial hardening  on  a  large  scale.  It  must  always  be  borne  in 
mind  that  when  trouble  does  occur  this  point  should  be  in- 
vestigated, for  too  rapid  heating  may  result  in  cracking  the 
steel  and  impairing  its  qualities.  This  is  especially  true  in 
the  case  of  cheap  grades  of  steel  that  have  been  hardened  and 
are  being  rehardened  without  first  being  annealed  or  care- 
fully preheated. 

No  fixed  rule  can  be  given  for  the  rate  of  heating,  as  this 
point  can  be  determined  only  by  intelligent  experience.  When 
the  piece  has  been  heated  to  the  proper  temperature,  it  should 
be  held  at  this  temperature  until  sufficient  time  has  been  al- 
lowed for  the  complete  grain  transformation  to  take  place 
throughout  the  whole  piece.  It  was  believed  for  some  time 
that  when  the  outside  of  the  piece  was  of  the  correct  tem- 
perature the  interior  portions  were  still  much  below  this  tem- 
perature, but  recent  experiments  have  shown  that  the  interior 
temperature  of  the  piece  lags  only  a  very  little  behind  the 
exterior  temperature.  This  must  not  be  construed  as  a  reason 
for  not  giving  the  piece  time  to  "saturate,"  for  this  time  must 
be  allowed;  its  purpose  is  to  give  time  for  changes  to  be  com- 
pleted in  the  structure  of  the  steel  rather  than  to  effect  a 
complete  temperature  saturation  of  the  whole  piece. 

A  point  of  great  practical  importance  and  one  that  must 
not  be  overlooked  in  discussing  the  heating  of  the  steel  for 
hardening  is  the  pyrometer  and  its  location.  A  great  many 
hardening  furnaces  have  different  temperatures  at  different 
parts  of  their  heating  ovens.  The  writer  has  observed  cases 
where  the  pyrometer  was  in  the  rear  of  the  furnace  and  read 
1420  degrees  F.  At  the  same  time  a  piece  located  near  the 
pyrometer  was  at  a  temperature  of  1400  degrees  F.,  while  a 
piece  in  the  front  of  the  furnace  was  at  a  temperature  of 
only  1380  degrees  F.  When  quenched,  a  marked  variation  in 
the  hardness  of  the  two  pieces  was  naturally  noted.  Wherever 
possible,  the  pyrometer  should  be  as  close  to  the  piece  being 
hardened  as  possible.  If  it  is  impossible  to  realize  this  condi- 
tion, the  hardener  should  make  tests  so  as  to  know  just  what 
discrepancy  exists  between  the  temperature  of  the  pyrometer 


and  the  piece;  in  other  words,  he  should  know  the  temperature 
conditions  that  exist  in  the  fupaa'co,  so  that  even  If  they  can- 
not be  corrected  they  can  be  intelligently  allowed  for. 

All  pyrometer  connections  must  be  kept  tight  and  clean  and 
should  be  soldered  wherever  practicable.  The  pyrometer  should 
be  checked  frequently  with  a  master  outfit  kept  solely  for 
this  purpose. 

Quenching:  Mediums 

Water  quenching  gives  greater  hardness  than  oil,  and  cold 
water  and  cold  brine  give  still  greater  hardness.  In  choosing 
the  quenching  medium,  we  are  therefore  governed  chiefly  by 
the  hardness  desired  and  the  amount  of  drastic  quenching 
that  the  steel  will  withstand  without  cracking  or  severe  dis- 
tortion. A  good  many  concerns  use  steels  entirely  unsuited 
for  the  purpose  intended,  and  get  the  necessary  hardness  by 
what  might  be  termed  "forcing";  that  is,  the  steel  is  quenched 
in  a  very  drastic  medium,  such  as  ice-cold  water,  which  often 
results  in  cracking  the  steel.  By  using  a  better  grade  of  steel 
or  a  steel  of  higher  carbon  content  and  quenching  it  less 
severely,  as,  for  instance,  in  oil,  the  necessary  hardness  or 
strength  may  be  obtained  with  a  larger  factor  of  safety  against 
cracking  and  distortion  of  the  steel.  Some  steels,  however, 
are  made  to  harden  in  water  and  others  in  oil,  and  the  manu- 
facturers of  these  steels  give  instructions  to  this  effect.  In 
the  absence  of  definite  information,  the  beginner  can  best  de- 
termine this  point  for  himself. 

By  removing  the  steel  from  the  quenching  bath  before  it 
has  become  entirely  cold,  the  danger  of  cracking  is  greatly 
reduced,  for  this  allows  the  steel  to  be  slightly  tempered. 
In  some  cases,  excellent  results  may  be  obtained  with  steel 
that  will  crack  if  quenched  entirely  in  water  by  placing  it 
in  water  for  a  few  moments  and  then  removing  it  quickly 
and  plunging  it  in  oil,  where  the  quenching  may  be  completed. 
The  length  of  time  the  work  should  be  held  in  the  water  can 
only  be  determined  by  actual  trial.  Generally,  It  may  be  held 
there  until  the  vibration  felt  along  the  handles  of  the  "pick- 
up" tongs,  due  to  the  violent  formation  of  steam  around  the 
piece,  has  almost  or  entirely  ceased. 

A  very  important  point  in  quenching  steel  is  to  get  the 
work  into  the  bath  as  quickly  as  possible.  Just  as  soon  as  the 
furnace  door  is  opened,  the  inrushing  air  strikes  the  piece 
to  be  hardened  and  chills  it.  As  the  piece  is  removed  from 
the  furnace,  this  chilling  effect  becomes  more  pronounced.  If 
the  piece  is  one  of  complicated  section,  the  smaller  parts  and 
edges  may  be  materially  affected.  For  this  reason,  the  quench- 
ing bath  should  be  located  in  the  most  advantageous  spot 
for  rapid  work. 

Pack-hardening  and  Tempering 

Pack-hardening  must  not  be  confused  with  casehardening, 
where  the  work  is  also  packed.  In  casehardening,  the  object 
of  the  packing  is  to  give  a  pronounced  case  to  certain  por- 
tions of  the  steel;   while  in  pack-hardening,  the  object  is  to 


Fig.    10.     steel   badly   decarburized   at   Steel   MiU 
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heat. the  piece  through  thoroughly  and  to  prevent  the  scaling 
or  oxidation  of  the  surface  that  will  result,  to  a  more  or  less 
extent,  if  the  piece  is  heated  in  the  open  fire.  The  parts  to 
be  heated,  therefore,  are  packed  in  metal  pots  or  boxes  with 
charcoal,  or  some  other  material  that  will  not  have  a  decar- 
burizing  effect  upon  the  steel.  The  pots  are  then  heated 
through  at  the  proscribed  temperature  and  held  at  this  heat 
for  the  proper  length  of  time,  after  which  the  pieces  are  re- 
moved and  quenched. 

It  is  very  important  to  know  just  what  temperature  exists 
within  the  pots  and  how  long  they  require  to  become  heated 
through.  Preliminary  tests  should  be  run  with  pyrometer 
ends  inserted  within  the  pots  and  enough  data  obtained  so 
that  an  accurate  idea  exists  as  to  how  long  each  size  pot 
should  be  heated  with  a  given  size  load  of  steel  within  it. 
The  old  method  of  running  wires,  through  holes  drilled  in  the 
pot  cover,  into  the  interior  contents  of  the  pot  and  withdraw- 
ing a  wire  at  given  intervals  of  time  and  noting  its  color  as 
compared  with  that  of  the  furnace  walls  may  also  be  of  value. 

The  proper  tempering,  or  drawing  temperature,  as  it  is 
also  called,  depends  on  the  use  for  which  the  steel  is  intended. 
If  it  must  be  intensely  hard,  it  should  be  drawn,  or  tempered, 
at  a  very  low  temperature,  or  the  operation  may  be  omitted 
altogether.  If  a  certain  amount  of  toughness  or  ductility  is 
desired,  the  steel  must  be  tempered,  unless  it  is  a  steel  of 
such  analysis,  for  instance  a  low-carbon  steel,  that  it  pos- 
sesses enough  ductility  after  being  hardened  only.  Fig.  1 
shows  that,  as  we  draw  or  temper  a  hardened  steel,  the  solid 
solution  (or  its  ap- 
proximate state)  is 
decomposed  and  con- 
stituents are  formed 
that  make  the  steel 
weaker  and  softer, 
but    more    ductile. 

By  tempering  a 
straight  carbon  steel 
at  about  400  degrees 
C.  (752  degrees  F.) 
it  is  changed  into  the 
troostitic  state,  un- 
less it  is  a  steel  of 
such  nature,  or  is 
hardened  in  such  a 
way,  that  it  con- 
tains some  still 
lower  constituent, 
even  after  hardening,  such  as  sorbite 
and  less  brittle  than  martensite,  and  is  usually  the  most  com- 
mon constituent  found  in  commercially  hardened  and  tem- 
pered steels.  By  tempering  at  600  degrees  C.  (1112  degrees  F.), 
which  is  generally  considered  annealing,  a  sorbitic  structure 
that  is  still  more  soft  and  ductile  than  troostite  is  obtained. 

After  a  steel  has  been  correctly  hardened,  it  should  be 
drawn,  experimentally,  at  different  temperatures  and  tested 
to  find  out  how  it  stands  up  for  the  particular  application 
intended.  Experience  has  shown  the  degree  of  heat  required 
for  tempering  for  quite  a  variety  of  purposes;  and  these  tem- 
peratures may  be  obtained  in  numerous  books  on  hardening. 
In  practice,  there  are  several  methods  of  tempering  hard- 
«ned  steel.  The  steel  may  be  heated  to  the  hardening  tem- 
perature. The  end  desired  hard  is  then  plunged  into  the 
■quenching  bath  until  it  is  fairly  well  hardened  and  is  then 
■withdrawn,  rubbed  bright,  and  held  until  the  heat  of  the  un- 
<juenched  part  has  crept  down  to  the  hardened  end  and  heated 
It  to  the  proper  temper  color,  when  the  whole  piece  is  plunged 
into  the  bath  and  quenched.  In  the  hands  of  a  skillful  and 
experienced  hardener,  this  method  may  be  entirely  satisfactory. 

Another  way  of  tempering  is  to  heat  the  part  in  a  bath  of 
bot  oil.  Oil  can  be  obtained  that  will  stand  a  temperature 
of  about  343  degrees  C.  (650  degrees  F.).  This  is  a  very 
accurate  way,  as  the  exact  temperature  of  the  oil  may  be 
obtained  by  a  thermometer  and  the  piece  is  certain  to  be 
tempered  uniformly  all  over.  For  temperatures  between  260 
to  583  degrees  C.  (500  to  1100  degrees  F.)  a  bath  composed 
of  equal  parts  of  potassium  nitrate  and  sodium   nitrate  may 


Special  Drilling  Macbine  for  T-sections 

Troostite  is  much  softer 


be  used.  Lead  and  sand  baths  are  also  eihployed  for  temper- 
ing. In  every  case,  however,  the  same  object  is  accomplished. 
The  solid  solution  (austenite)  or  its  approximation  (marten- 
site  or  even  troostite)  formed  in  hardening  is  decomposed 
into  a  lower  constituent  or  lower  combinations,  such  aa 
martenso-troostite,  troostite,  troostito-sorbite,  or  sorbite  itself. 
All  of  these  have  more  ductility  and  less  hardness  than  the 
constituents  above  them. 

Some  of  the  main  factors  in  heat-treating  steel  and  the  un- 
derlying theory  have  now  been  considered.  While  it  has  not 
been  possible  to  give  exhaustive  attention  to  every  point,  an 
effort  has  been  made  to  show  that  there  is  a  reason  for  each 
process  and  also  what  that  reason  is.  Much  progress  re- 
mains to  be  made  in  the  investigation  of  some  of  the  causes 
of  the  changes  observed  in  heat-treatment,  but  if  each  hard- 
ener will  study  the  subject  intelligently  and  forget  the  rule 
of  thumb  or  the  mysterious  formula  lent  him  by  some  kind 
acquaintance,  he  will  soon  acquire  a  knowledge  that  will  help 
him  to  overcome  obstacles  and  place  his  work  upon  a  success- 
ful scientific  basis. 

*     *     * 

SPECIAL    DRILLING  MACHINE  FOR 
T-SECTIONS 

The  work  for  which  the  special  drilling  machine  shown  in 
the  accompanying  illustration  was  designed  is  the  drilling  of 
114-inch  T-sections,  approximately  15  feet  long.  The  largest 
drill  used  in  this  machine  is  3/32  inch.    Twenty  holes  can  be 

drilled  at  one  time, 
and  the  extreme  cen- 
ter distance  between 
the  end  drills  is  14 
feet.  The  two  outer 
sets  of  3/32  -  inch 
holes  are  approxi- 
mately 6  inches  from 
the  ends  of  the  work, 
and  there  are  about 
ten  additional  sets 
of  spindles  carrying 
3/32 -inch  drills 
placed  at  various  dis- 
tances between.  The 
power  is  transmitted 
to  the  two  sets  of 
vertical  drill  spin- 
dles by  two  parallel 
horizontal  shafts,  one  of  which  is  driven  by  a  flat  belt  at 
one  end  of  the  machine  and  the  other  by  a  similar  belt  at  the 
other  end.  This  does  away  with  the  use  of  gears,  which  are  nec- 
essary with  but  one  driving  pulley.  All  the  drill  heads  are  ad- 
justable longitudinally.  The  power  feed  for  the  table  is  ac- 
complished through  the  medium  of  a  round  belt  in  the  middle 
of  the  machine  which  runs  on  a  wooden  pulley  from  the  line- 
shaft  above.  The  work-holding  clamps  bear  at  several  points 
along  the  length  of  the  work;  yet  they  are  all  operated  from 
one  position. 

One  operator  can  drill  these  15-foot  T-sections  at  the  rate 
of  fifty  per  hour,  or  900  3/32-inch  holes  per  hour.  Each  drill 
is  lubricated  by  an  individual  oil-cup  located  at  each  spindle. 
The  oil  feed  is  positive,  so  that  the  operator  does  not  need  to 
pay  attention  to  the  matter  of  lubrication. 

The  machine  was  built  by  the  Sellew  Machine  Tool  Co., 
Pawtucket,  R.  I.,  for  Cuddy-Gardner  Co.,  Providence,  R.  I., 
maker  of  carpet  display  racks,  of  which  these  T-sections  are  a 
part.  Though  the  machine  is  of  skeleton  construction,  it  is 
sufficiently  rigid  for  the  work  it  is  called  on  to  do.  V.  B. 


The  largest  and  latest  Zeppelins,  one  of  which,  the  L-33, 
was  brought  down  near  London,  are  680  feet  long  and,  with 
their  crew  of  twenty-two  officers  and  men,  are  estimated  to 
weigh  50  tons.  They  carry  four  gondolas,  in  which  are 
mounted  six  Mercedes  engines,  each  of  240  horsepower,  and 
can  carry  about  2000  gallons  of  gasoline  in  their  tanks.  They 
are  armed  with  seven  guns. 
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TURNING  TOOLS  THAT  SAVE  LABOR  AND  FACILITATE  PRODUCTION 
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Fig.   1.     Shaft  Turning  with  Connected   Compound  and  Plain  Rests 

IN  chucking  operations,  it  is  common  shop  practice,  when- 
ever the  nature  of  the  work  permits,  to  bore  with  a  tool 
held  in  the  turret  on  the  bed  at  the  same  time  that  a  turning 
cut  is  being  taken  with  the  carriage  tool.  Such  use  of  multiple 
cutting  tools  is  generally  understood;  therefore,  although  tur- 
ret operations  are  strictly  instances  of  the  use  of  multiple 
cutting  tools,  this  article  will  be  confined  to  jobs  turned  be- 
tween centers  or  on  arbors  where  multiple  tooling  is  not  so 
generally  used. 

A  large  variety  of  lathe  work  requires  the  use  of  different 
tools,  but  the  work  is  of  such  a  nature  that  two  or  more  tools 
cannot  be  cutting  simultaneously.  This  class  of  work  is 
handled  in  one  of  the  following  ways: 


pC 


SOFT 


GH-DUTY  TOOL-BLOCK 


UARING  AND  NECKING  TOOL 


THREE- JAW  SCROLL  CHUCK 


OR  FACEPLATE  WITH  DOG  /C7(~y ~'~T^'~  "i" 


FOUR-WAY  TOOL-BLOCK  V'^""^*-' 


Fig.   2.     Lathe  Set-up  for  Operations  requiring  Five   Tools 

1.  By  changing  tools  in  the  toolpost.  In  this  case,  an  engine 
lathe  with  one  holder  for  a  single  tool  is  used.  The  piece  is 
kept  between  centers  until  it  is  finished  and  the  tool  is  changed 
as  often  as  necessary.  For  example,  after  rough-turning,  the 
turning  tool  is  replaced  by  a  squaring  and  necking  tool,  a 
chasing  tool,  etc.  Under  this  method  considerable  time  is  lost 
by  stopping  the  lathe  and  changing  tools. 

2.  By  changing  work  for  separate  operations.  The  first  op- 
eration, probably  rough-turning,  is  performed  on  an  entire  lot 
of  parts;  then  the  tool  is  changed  and  the  shoulders  are 
squared  and  necked  (if  that  is  the  second  operatioYi)  on  every 
piece  in  the  lot.     Additional  tools,  if  necessary,  are  used  for 

•Address:    Lodge  &  Shipley  Machine  Tool  Co.,  Cincinnati.  Ohio. 


subsequent  operations.  This  method  is  usually  preferable  to 
the  first,  because  in  the  case  of  light  shafts  or  studs,  which 
is  the  usual  class  of  work  turned  between  centers,  the  work 
can  be  changed  more  quickly  than  the  tool. 

3.  By  using  a  front  tool  for  turning  and  a  rear  tool  for  squar- 
ing and  necking.  These  tools  do  not  both  cut  at  the  same  time, 
but  they  perform  both  operations  without  either  the  tools  or 
the  work  having  to  be  changed.  Pig.  1  illustrates  such  a 
Job.  The  shaft  being  turned  is  a  typical  example  of  lathe  work 
having  different 
diameters  and 
shoulders.  The 
front  tool  on  the 
compound  rest  does 
the  turning.  As 
soon  as  one  of  the 
shoulder  positions 
is  reached  the  rear 
tool  on  the  plain 
rest  is  moved  for- 
ward to  square  the 
shoulder  and  to 
neck,  at  that  point, 
a  little  below  the 
diameter  which  has 
just  been  turned, 
to  give  clearance 
for  the  wheel  on 
the  last  operation 
of  grinding.  The 
compound  and 
plain  rests  are  con- 
nected, so  that  one 
movement  of  the 
cross-feed  screw 
withdraws  the 
front   tool   and   ad- 


Fig.   3.     Special  Nuts  and  Stock  from 
they  are  turned 


vances  the  rear  tool  for  performing  the  squaring  operation. 
This  method  is  applicable  where  not  more  than  one  turning 
tool  and  one  squaring  tool  are  required.  It  saves  all  the  time 
which,  under  the  former  methods,  was  lost  in  stopping  the 
lathe  to  change  the  tools  or  work.  This  equipment  is  made 
still  more  efficient  by  the  addition  of  multiple  stops  for  length- 
feed  and  cross-feed,  which  locate  the  carriage  and  cross-slide 
positions  for  both  lengths  and  diameters.  As  a  result,  it  is 
not  necessary  to  stop  to  make  any  measurements  after  the 
stops  have  been  properly  set  for  the  first  piece  of  a  lot.  To 
obtain  a  comparison,  ten  driving  shafts,  like  that  shown  in 


Fig.  4.     Facing  End  of  Bar  after  boring  out  Nut 
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Fig.  1,  were  turned  with  this  equipment  in  one  hour,  fifty-six 
minutes.  Then  the  same  operator  turned  ten  shafts  in  the 
same  lathe,  but  without  the  connected  rear  rest  or  the  mul- 
tiple stops;  the  time  required  was  four  hours,  three  minutes. 
The  turning  tool   has  a  straight-line  cutting  edge,   which   is 


Fig.    5.     Boring  out   Nut 

set  at  right  angles  to  the  axis  of  the  work,  and  a  round  nose 
of  comparatively  small  radius  of  curvature.  This  leaves  a 
minimum  amount  of  stock  to  be  removed  by  the  squaring  and 
necking  tool. 

4.  By  using  a  four-way  (turret)  tool-block  for  turning,  round- 
ing, and  threading  tools  in  the  compound  rest;  and  a  single 
tool-holder  for  the  necking  tool  in  the  connected  rear  plain  rest. 
This  equipment  is  used  where  one  turning  tool  and  one  neck- 
ing tool  are  not  enough  for  the  different  operations  required 
on  a  piece.  Fig.  2  is  a  tooling  diagram,  in  plan  view,  of  a 
typical  lay-out  of  this  sort.  If  the  work  is  complicated  and 
requires  more  than  five  tools,  four-way  tool-blocks  may  be  used 
on  both  the  front  and  the  rear  rests. 

The  four-way  tool-block  made  by  the  Lodge  &  Shipley  Ma- 
chine Tool  Co.  fits  into  the  regular  T-slot  of  the  compound  rest 
or  rear  connected  plain  rest  in  place  of  the  single  high-duty  or 
round  toolpost.  From  one  to  four  tools  can  be  rigidly  held 
ill  the  four-way  tool-block,  and   it  can  be  quickly  indexed  to 


Fig.   6.     Gang  Tool-block  with  Adjustable   Holders 

bring  any  one  of  the  tools  into  the  working  position.  Its  ad- 
vantages over  the  older  turret  toolpost  are  that  it  may  be 
quickly  put  on  or  taken  off  without  disturbing  the  regular 
compound  rest,  and  also  that  the  angular  feed  of  the  compound 
rest  is  available  for  use  with  any  one  of  the  tools.  The  job 
illustrated  in  Figs.  18,  19,  and  20  could  not  be  handled  in  this 
way  with  a  plain  turret  toolpost.  The  four-way  tool-block, 
connected  compound  and  plain  rests,  multiple  stops,  pan,  pump 
and  tubing  form  the  "manufacturing  equipment,"  and  added 
to  the  engine  lathe  make  it  an  efficient  machine  for  rapidly 
and  accurately  turning  duplicate  parts.  All  the  necessary 
tools  are  carried  on  the  lathe  ready  for  use  in  quick  succes- 


sion, and  the  diameters  and  shoulders  are  determined  without 
stopping  the  lathe. 

Manufacturlngr  a  Thin  Nut 

An  interesting  example  of  lathe  work,  which  also  illus- 
trates the  application  of  the  manufacturing  lathe  just  des- 
cribed, is  turning  washers,  collars  and  thin  nuts  from  bar 
stock.  Fig.  3  shows  various  stages  of  the  lathe  work;  the 
rough  stock  is  shown  at  the  left,  the  stock  after  a  number  of 
nuts  have  been  turned  from  it  in  the  center,  some  of  the  nuts, 
which  are  threaded  on  the  outside,  at  the  right.  Instead  of 
cutting  the  center  of  the  original  stock  into  chips,  a  core  is 
left  nearly  as  large  in  external  diameter  as  the  hole  through 
the  nut.  This  is  not  only  a  saving  in  material,  but  also  in 
time,  because  much  less  weight  of  material  must  be  cut  up 
into  chips.  The  tool  equipment  can  be  clearly  seen  by  refer- 
ence to  Fig.  4.    The  sequence  of  operations  is  as  follows: 

1.  Grip  one  end  of  rough  bar  stock  in  four-jaw  chuck,  and 
support  other  end  by  tailstock  center. 


Fig.   7. 


Connected  Compound  and  Plain  Rests  with  Four-way  and  Gang 
Tool-blocks 


2.  Use  turning  tool  in  four-way  tool-block  on  compound  rest. 
Set  to  proper  diameter  by  cross-feed  stop.  Turn  outside 
diameter  up  to  chuck  jaws.  The  turning  tool  is  not  shown  in 
Fig.  4,  as  it  is  on  the  far  side  of  the  four-way  tool-block. 

3.  Adjust  steadyrest.  Index  to  next  diameter  stop,  which 
has  been  set  for  full  depth  of  thread.  Index  four-way  tool- 
block  to  bring  chasing  tool  A  into  position.  Chase  thread  on 
outside  diameter  for  a  length  of  about  twelve  inches,  making 
final  cut  to  proper  depth  as  determined  by  diameter  stop. 

4.  Start  at  tailstock  end  of  work,  index  to  next  diameter 
stop,  and  revolve  four-way  tool-block  so  as  to  use  the  hooked 
boring  tool  B.  Set  to  diameter  stop  and  bore  to  depth  a  little 
greater  than  thickness  of  one  nut,  up  to  length-feed  stop. 
This  is  the  operation  illustrated  in  Fig.  5. 

5.  Face  end,  as  in  Fig.  4,  using  facing  tool  C  in  rear  con- 
nected plain  rest.  The  correct  carriage  position  is  determined 
by  length-feed  stop. 

6.  With  cutting-off  tool  D  in  four-way  tool-block  feed  straight 
in  for  a  depth  of  about  %  inch.  Length-feed  stop  locates  car- 
riage to  give  correct  thickness  of  nut. 

7.  Turn  back  to  chasing  tool  A  and  use  it  to  bevel  sides  of 
cut  that  has  just  been  started. 


Fig.  8.     Same  Equipment 


Fig.  7,  but  with  Tool-blocks  interchanged 
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Fig.  9.     Chasing  Precision  Screw  in  a  Lathe  with  Two  Tools 


8.  Re-index  four-way  tool-block  to  cutting-of£  tool  D  and  fin- 
ish   cutting   off   nut. 

For  the  next  nut,  start  with  the  fourth  operation,  and  repeat 
the  fifth,  sixth,  seventh  and  eighth. 

Gang-  Tools 

Frequently,  work  is  of  such  a  nature  that  multiple  tool  equip- 
ment can  be  used  with  several  tools  cutting  simultaneously. 
The  individual  tools  are  held  either  in  adjustable  holders  or  in 
a  fixed  block.  Among  the  different  ways  in  which  gang  tools 
are  used,  the  following  may  be  mentioned: 

1.  Dividing  a  heavy  roughing  cut  between  front  and  rear 
tools,   when   turning   a   rough   forging. 

2.  Roughing  with  one  or  two  front  tools  and  finishing  with  a 
rear  tool  at  one  pass  of  the  carriage,  as  in  shaft  turning. 

3.  Turning  different  diameters  simultaneously  by  several 
tools  arranged  in  a  gang  and  set  at  proper  distances  from  each 
other  and  from  the  center  of  the  lathe. 


4.  Turning  the  same  diameter  with  two  or  more  tools  cut- 
ting at  different  places  on  the  work,  so  as  to  reduce  the  length 
of  carriage  travel.  For  example,  if  the  piece  to  be  turned 
measures  six  inches  between  shoulders,  it  can  be  produced  with 
a  carriage  travel  of  three  inches  if  two  tools  are  used  in  a 
gang,  one  starting  at  the  center  and  the  other  at  the  end. 

5.  A  combination  of  the  last  two  methods. 

6.  Forming,  by  feeding  tools  straight  in  with  cross-feed. 
The  time  required  for  setting  up  a  gang  of  tools  is  longer 

than  for  single  tools.  If  the  piece  is  slender,  gang  tools  must 
be  ground  more  frequently  than  single  tools  and  a  somewhat 
finer  feed  used  to  avoid  springing  the  work.  For  these  reasons, 
it  is  by  no  means  advisable  to  use  the  gang  method  wherever 
it  will  show  merely  a  lower  cutting  time  per  piece  than  the 
single  tool.  However,  gang  tooling  is  extensively  used,  and 
with  much  success,  by  a  few  of  the  large  manufacturers  of 
duplicate  parts,  and  can  be  profitably  extended  to  quite  a 
variety  of  work  in  other  shops. 


Fig.    10.     Turning   and   crowning   Pulleys 


Fig.    11.     Turning  Armature  Shaft  with  Gang  Tools 
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A  recently  de- 
veloped gang 
tool-block  is 
shown  in  detail 
in  Fig.  6.  This 
has  separate 
holders  for  four 
(or  more)  tools, 
and  these  hold- 
ers are  adjust- 
able along  the 
dovetailed  upper 
surface    of   the 


First  Lathe  Operations  on  Armature   Shaft 


base  block.  The  latter  fits  into  the  T-slot  of  either  the  com- 
pound or  the  plain  rest  of  the  lathe.  The  tool-holders  are 
reversible,  as  shown  by  the  illustration,  so  that  they  may  be 
placed  either  face  to  face,  back  to  back,  or  back  to  face, 
to  correspond  to  any  reasonable  distance  between  shoulders 
on  the  work  at  hand.  Fig.  7  shows  one  of  these  gang  tool- 
blocks  mounted  on  the  rear  connected  plain  rest  of  a  lathe, 
and  the  four-way  tool-ljlock  on  the  compound  rest.  The  posi- 
tions of  the  gang  and  the  four-way  tool-blocks  may  be  trans- 
posed, as  in  Fig.  8.    In  some  cases,  for  example  the  armature 


the  second  tool 
is  nearly  up  to 
the  starting 
point  of  the  cut, 
it  is  fed  in  to  a 
little  greater 
depth  than  the 
first  tool,  so  that 
it  will  take  a 
second  chip.  A 
number  of  cuts 
must  be  taken 
to  complete  a 
precision  screw,  because  each  cut  is  necessarily  light  to  pre- 
vent distorting  or  tearing  the  work.  By  taking  two  cuts  at 
each  pass  of  the  carriage,  much  time  is  saved. 

Turning-  and  Crowning-  Pulleys 

Fig.  10  shows  four  small  pulleys  mounted  on  an  arbor  and 
located  by  spacing  collars  at  definite  distances  apart,  also  four 
tools  fixed  in  a  special  block  on  the  compound  rest.  The  four 
cutting  tools  are  placed  the  same  distances  apart  as  the  pul- 
leys, so  that  each  tool  starts  to  cut  at  the  edge  of  one  pulley 
and  all  feed  simultaneously  across  the  faces.  A  special  crown- 
ing attachment  is  fastened  to  the  back  of  the  carriage.  This 
consists  of  a  sliding  shoe  working  in  a  groove  made  in  the 
form  of  an  arc  of  a  circle.  As  the  carriage  is  moved  forward 
by  the  power  length-feed,  the  cross-slide  is  automatically 
moved  gradually  out  and  in.     This  causes  the  cutting  tool  to 


Fiir.   13. 


Double   Bevel   Pinions   after   First   Lathe   Operatii 
performed 


shaft  shown  in  Fig.  11,  gang  tool-blocks  with  adjustable  hold- 
ers are  used  in  both  connected  compound  and  plain  rests. 
The  uses  of  gang  tools  just  outlined  can  best  be  illustrated 
by  specific  examples.  The  first  two  cases,  dividing  a  roughing 
cut  between  front  and  rear  tools  and  roughing  and  finishing 
at  one  pass  of  the  carriage,  require  independent  adjustments 
for  both  tools,  which  is  shown  in  a  general  way  in  connection 
with  chasing  precision  screws,  and  therefore  will  not  be  des- 
cribed separately.  Following  that  are  examples  showing  the 
adaptability  of  gang  tools  held  in  fixed  positions  relative  to 
each  other  for  a  variety  of  lathe  work,  and  indicating  the  great 
saving  which  gang  tools  and  the  manufacturing  lathe  effect 
in  turning  duplicate  parts. 

Chasing-  Precision  Screws 

Fig.  9  shows  a  specially  arranged  carriage  with  two  chasing 
tools  for  taking  two  cuts  from  a  long  lead-screw  at  each  pass 
of  the  carriage.  Each  tool  is  carried  in  its  own  holder  on  a 
separate  cross-slide  and  each  slide  has  independent  in  and  out 
adjustment  by  a  cross-feed  screw  with  a  micrometer  collar. 
Two  special  foUow-rests  are  bolted  across  the  front  and  rear 
wings  of  the  carriage,  one  preceding  the  cutting  tools  and  the 
other  closely  following  them;  a  third  rest  between  the  two 
cutting  tools  supports  the  work  from  the  rear. 

Before  start- 
ing a  chasing 
cut,  both  tools 
are  clear  of  the 
work.  The  first 
tool  is  fed  in  to 
the  requisite 
depth,  as  read 
from  the  mi- 
crometer collar, 
and  the  power 
length-feed  of 
the  carriage  is 
engaged.     When  Fig 
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Fig.   15.     Turning  Double  Bevel  Pinions  in  Selective-head  Lathe 

travel  in  a  circular  path  and  produces  the  desired  crown  of 
the  pulley. 

In  this  illustration,  the  four  pulleys  are  all  of  the  same 
diameter;  therefore,  the  four  cutting  tools  are  all  set  the  same 
distance  from  the  center.  A  similar  rig  is  used  for  turning 
and  crowning  cone  pulleys.  Then  the  tools  are  set  at  dif- 
ferent distances  from  the  center,  so  that  the  three,  four,  or 

five  steps  of  a 
cone  pulley  will 
all  be  turned 
simultaneously. 

Turning  a  Small 
Armature  Sbaft 

The  use  of  the 
manufacturing 
lathe  with  gang 
tool-blocks  and 
adjustable  tool- 
holders  in  both 
the     compound 

Second  Lathe  Operations  on  Armature  Shaft  and       Connected 
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plain  rests  is  admirably  illustrated  in  Hio  case  of  tlie  small 
armature  shaft,  machined  as  shown  in  Fig.  11.  The  shaft  is 
15.272  inches  long  over  all,  and  0.876  inch  at  the  largest  turned 
diameter;  the  material  is  1-inch  bar  stock  of  0.30  carbon 
"Corona"  machinery  steel;  the  speed  of  the  work  is  160  feet 
per  minute;  and  the  feed  is  0.015  inch  per  revolution.  An 
.allowance  of  0.010  to  0.012  inch  is  left  for  grinding.  The  shafts 
are  cut  to  length,  faced,  and  uniformly  centered  before  being 
delivered  to  the  lathe.  While  turning,  the  work  is  flooded 
with  a  heavy  stream  of  cutting  compound.  This  reduces  heat- 
ing of  the  work  and  tools,  acts  as  a  lubricant,  and  permits  the 
use  (ft  a  much  higher  cutting  speed. 


Fig.   16.     Tool  Diagram  for  First  Lathe  Operations  on  Double  Bevel  Pinion 

For  this  and  for  similar  pieces  turned  between  centers,  two 
dogs  are  provided.  The  operator  removes  the  dog  from  a 
finished  piece  and  adjusts  it  to  the  next  piece  to  be  turned 
while  a  piece  is  being  cut.  This  saves  the  time  that  would 
otherwise  be  spent  in  "dogging."  Shafts  are  frequently  held 
in  a  chuck  at  the  head  end,  instead  of  with  a  dog;  the  chuck 
can  be  set  quickly,  and  it  reduces  the  unsupported  length  of 
the  work. 

The  first  lathe  operation  on  the  armature  shaft  shown  is  to 
turn  the  diameters  on  the  long  end  of  0.659  inch,  0.669  inch, 
0.688  inch,  and  0.876  inch,  using  a  gang  tool-block  on  the  com- 
pound rest  at  the  front.  The  arrangement  of  tools  is  shown 
In  the  diagram  Fig.  12.  The  cut  on  the  large  diameter  is 
divided  between  two  tools,  so  that  this  length  of  4.875  inches 
is  turned  with  a  carriage  travel  of  not  more  than  2VL'  inches. 


Fig.   17.     Tooling  for  Second  Lathe  Operations  on  Double  Bevel  Pinion 

The  output  on  the  first  operation  is  400  pieces  in  ten  hours, 
or  an  average  time,  including  handling,  of  1%  minute  each. 
The  second  operation  is  to  turn  the  short  end  diameters  of 
0.687  inch,  0.864  inch,  and  0.875  inch  with  the  gang  turning 
tools  carried  on  the  compound  rest  at  the  front  and  also  to 
neck,  for  grinding  with  gang  tools,  on  the  connected  rear  plain 
rest.  The  output  for  the  second  operation  is  300  pieces  in 
ten  hours,  or  an  average  of  two  minutes  each,  including  han- 
dling.    Fig.  14  is  a  diagram   of  the  tool  lay-out  in  the  con- 


Fig.    18.     Manufacturing  Lathe  Set-up  for  turning  Koller-bearing  Cone 

nected  compound  and  plain  rests  for  the  second  operation. 
Many  other  shafts  and  studs  that  are  turned  with  gang  tools 
in  this  way  are  faced  in  the  lathe  and  are  necked  at  every 
.shoulder.  In  such  cases,  it  is  necessary  to  use  a  gang  of 
necking  tools  for  each  end  instead  of  on  the  second  opera- 
tion only.  A  facing  tool  is  carried  in  each  gang  of  necking 
tools  so  that  the  ends  are  faced  without  making  an  addi- 
tional operation. 

Turning  Double  Bevel  Pinion 

The  stock  for  double  bevel  pinions  as  it  is  delivered  to  the 
lathe  bored  ready  for  mounting  on  the  arbor,  and  several  of 


Fig.   19.     Cones  for  Roller  Bearings 

the  pinions  after  the  completion  of  the  first  lathe  operations, 
are  shown  in  Fig.  13.  A  fully  equipped  selective-head  manu- 
facturing lathe  Is  used,  having  a  four-way  tool-block  on  the 
compound  rest  and  a  gang  tool-block  on  the  connected  rear 
rest.    This  piece  is  handled  in  two  settings. 

Details  of  the  tooling  for  the  first  setting  are  given  in  Fig. 
15.  The  gang  tools 
are  fed  straight 
into  the  work, 
necking  at  three 
places  and  facing 
one  end.  This  is 
shown  more  plain- 
ly by  the  tool  dia- 
gram. Fig.  16.  The 
proper  depth  has 
been  predeter- 
mined by  the  di- 
ameter stop.  Other 
cuts  at  the  same 
setting  of  the  work 
are  taken  with 
tools  in  the  four- 
way  block.  The 
broad  turning  tool 
A,  which  turns  the 

reduced         diameter         Fig.   20.     Last  Operation  on  Koller-bearing  Co 
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next  to  the  headstock,  is  fed  straight  in;  then  the  four- 
way  tool-block  is  indexed  and  the  next  groove  is  finished 
with  tool  B.  The  tool-block  is  again  indexed  and  the  long 
diameter  between  the  shoulders  is  turned  with  tool  C.  The 
carriage  and  the  cross-slide  positions  for  all  of  these  cuts  with 
both  front  and  rear  tools  are  located  by  the  multiple  stops 
for  length  and  cross  feeds,  which  have  previously  been  set  in 
the  proper  positions.  Six  pounds  of  chips  per  minute  are 
turned  off  in  this  operation. 

In  the  second  setting,  the  work  is  reversed  on  the  arbor 
and  a  group  of  five  gang  tools  is  used  in  the  compound  rest 
only.     Feeding   straight   in   with    the   cross-slide,   these   tools 

face  the  unfinished 
end  of  the  job, 
form  the  bevel  sur- 
faces on  which  the 
gear  teeth  are  sub- 
sequently to  be  cut, 
and  form  the  back 
of  the  bevel.  The 
set-up  for  this  op- 
eration is  shown  in 
Fig.  17.  The  arbor 
on  which  the  blank 
is  mounted  has  a 
journal  bearing  in- 
side of  a  bronze 
bushing  in  the  tail- 
stock  spindle,  in- 
stead  of  being 
merely  supported 
by  the  tailstock 
center.  This  gives 
a  solid  support  to  the  end  of  the  arbor  against  the  heavy  cuts 
that  are  taken  with  both  sets  of  tools. 

Handling'  a  Job  on  an  ExpandingrArbor 
The  previous  examples  have  been  of  work  turned  between 
centers.  In  many  cases  where  the  piece  is  held  in  a  chuck 
or  on  a  stub  arbor,  gang  tools  are  just  as  applicable.  Fig.  18 
shows  a  set-up  on  an  18-inch  selective-head  manufacturing 
lathe  with  a  four-way  tool-block  on  the  compound  rest  and  a 
special  gang  block  on  the  connected  rear  rest,  for  turning  a 
cone  for  a  roller  bearing.  Fig.  19  shows  rough  and  finished 
cones  and  a  cross-section  through   a  finished   cone,  which   is 
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Tool  Diagram  for  turning  and  forming 
Cluster  Gear 


Fig.  22.     Turning  and  forming  Cluster  Gear 

made  from  a  steel  stamping.  A  novel  point  in  this  tooling 
is  the  use  of  the  angular  travel  of  the  compound  rest  to  turn 
the  conical  surface,  making  the  set-up  in  such  a  way  that 
the  end  of  the  travel  of  the  compound-rest  top  slide  forms  a 
positive  stop  to  locate  the  large  diameter  end  of  the  conical 
surface.     The  average  time  for  each  cone,  including  handling. 


rig.  23,     Forming  Three-step  Counter  Gear  with  Gang  Tools 

is  21/4  minutes  each.    The  sequence  of  lathe  operations  is  as 
follows: 

1.  Chuck  cone  on  expanding  stub  arbor  which  locates  it 
endways  in  a  fixed  position. 

2.  Feed  cross-slide  up  to  first  diameter  stop;  also  have 
compound  rest  set  to  correct  angle  for  turning  conical  part 
or  taper  and  note  reading  of  graduated  dial  on  compound-rest 
screw.  Do  not  move  compound-rest  screw  during  this  opera- 
tion. Engage  power  longitudinal  feed  of  carriage  to  turn 
large  and  small  outside  diameters  simultaneously  with  two 
tools  held  in  four-way  tool-block.  The  length  stop  is  set  to 
trip  the  feed  automatically  at  the  proper  point. 

3.  Hold  carriage  in  last  position  against  length  stop.  Set 
cross-slide  to  second  diameter  stop.  Turn  taper  with  rear 
tool  of  previous  operation,  using  hand  angular  feed  of  com- 
pound rest  and  feeding  against  stop  at  end  of  travel  of 
compound-rest  top  slide. 


Fig.  24.     Diagram  of  Tooling  for  Three-step  Counter  Gear 


4.  Move  cross-slide  out,  feed  compound-rest  top  slide  to 
its  original  position,  as  shown  by  reading  of  graduated  dial, 
and  face  inside  of  rim.    Feed  up  to  next  length  stop. 

5.  Locate  carriage  by  length  stop  and  feed  cross-slide  for- 
ward by  hand,  bringing  into  action  gang  of  three  tools  in  rear 
block.  These  simultaneously  neck  at  both  ends  of  taper  por- 
tion and  face  small  end  of  cone. 

6.  Revolve  four-way  tool-block  to  bring  other  pair  of  tools 
into  position  and  set  to  proper  diameter  by  next  cross-feed 
stop.  While  one  tool  is  forming  inside  of  cup,  the  other  tool 
is  chamfering  small  end  of  piece.  Fig.  20  illustrates  this 
operation. 


Fig.  25.     Cam-shaft  before  and  after  First  Lathe  Operations  on  One  End 
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Fig.  26.     Turning  Cam-shaft 

Turning-  a  Cluster  Gear 
The  cluster  gear  illustrated  in  Fig.  21  is  made  from  a  5%- 
inch  chrome  nickel-steel  bar  of  0.25  carbon.  As  the  heavy 
forming  cuts  taken  on  this  piece  require  a  stiff,  powerful 
lathe,  the  job  is  done  in  a  24-inch  manufacturing  lathe,  fitted 
with  gang  tools  in  both  the  compound  and  connected  rear  plain 
rests.  Fig.  22  shows  the  set-up  in  the  lathe.  Before  delivery 
to  the  lathe,  the  blank  is  bored,  counterbored,  faced  on  the 
large  end,  and  keyseated.  It  is  mounted  on  a  special  arbor 
with  the  faced  end  toward  the  headstock.  This  arbor  has  a 
shoulder  to  correspond  to  the  counterbored  part  of  the  gear 


Fig.    27.     Details    of    Tooling   for    Cam-shaft 

blank;  and  when  the  blank  is  slipped  onto  the  arbor,  it  is 
forced  up  against  this  shoulder.  A  key  in  the  arbor  engages 
the  keyseat  in  the  blank  to  give  a  positive  drive.  The  free  end 
of  the  arbor  is  journaled  inside  a  bronze  bushing  in  the  tail- 
stock  spindle. 

When  rough-turning,  feed  in  the  cross-slide  to  the  first  diam- 
eter stop  and  engage  the  power  length-feed.  The  three  turn- 
ing tools  in  the  gang  on  the  compound  rest  rough-turn  the 
outside  diameters  of  the  three  gears  to  within  1/32  inch  of 
size.  Each  tool  continues  cutting  until  it  has  fed  across  the 
face  of  each  gear;   then  the  automatic  stop  trips  the  length- 


Fig.   28.     Battery  of  18-inch   Selective-head   Manufacturing   Lathes 


February,  1917 


MACHINERY 


513 


feed.  In  the  forming  operation,  hold  the  carriage  in  the  posi- 
tion just  located  by  the  length-feed  stop.  With  gang  form- 
ing tools  and  facing  tool  in  the  rear  tool-block,  rough-  and 
finish-form  the  recessed  diameters  between  the  gears  and  the 
faces  of  the  gears  themselves,  and  face  the  end  toward  the 
tailstock,  feeding  straight  into  the  work  with  the  cross-feed 
screw  up  to  the  diameter  stop.  When  fiiiish-turning,  return 
the  carriage  to  its  first  position,  set  to  the  proper  diameter 
as  determined  by  the  next  cross-feed  stop,  and  finish-turn  the 
outside  diameters  with  the  three  tools  on  the  compound  rest. 
This  stock,  when  delivered  to  the  lathe,  weighed  38  pounds; 
after  completing  the  lathe  work,  the  cluster  gear  blank 
weighed  18i/4  pounds.  The  total  turning  time  was  twelve 
minutes. 

Forming-  a  Counter  Gear 

The  three-step  counter  gear  shown  in  Fig.  23  is  a  job  similar 
to  the  preceding,  but  it  is  made  from  a  Zy^  per  cent  nickel- 
steel  drop-forging,  instead  of  from  bar  stock,  and  it  is  ma- 
chined by  forming  cuts  with  gang  tools  in  both  front  and 
rear  holders,  instead  of  using  one  gang  for  turning  and  one 
for  forming.  Because  the  cross-feed  only  is  used,  a  large  pilot 
wheel  has  been  substituted  for  the  usual  ball-crank  on  the 
cross-feed  screw.  The  arrangement  of  tools,  with  three  straight 
forming  tools  in  the  rear  holder  and  one  forming  tool  and 
three  facing  tools  in  the  front  holder,  is  shown  in  the  diagram 
Fig.  24.  These  gear  blanks  are  machined  all  over  at  one  set- 
ting. The  first  operation  is  to  form  with  the  rear  tools  and 
the  second  to  form  and  face  with  the  front  tools.  The  output 
from  this  18-inch  lathe  is  125  finished  gear  blanks  in  ten  hours. 

Machining:  a  Cam-shaft 

Fig.  26  is  a  general  view  of  an  18-inch  selective-head  lathe 
turning  a  six-cylinder  automobile  cam-shaft.  Fig.  27  shows 
details  of  the  tool  equipment,  with  gang  tools  in  the  four-way 
tool-block  on  the  compound  rest  and  another  gang  of  tools 
on  the  connected  rear  rest.  The  cam-shaft  before  and  after 
this  operation  is  shown  in  Fig.  25.  This  is  another  case  where 
the  cross-feed  only  is  used.  Each  gang  of  tools  is,  in  turn,  fed 
straight  into  the  work. 

Before  the  cam-shaft  is  delivered  to  the  lathe,  the  outside 
diameters  of  the  pump  gear  and  the  center  bearing  have  been 
turned,  so  the  steadyrest  may  be  used  on  the  center  bearing. 
After  placing  the  shaft  between  centers  and  adjusting  the 
steadyrest  as  shown,  the  gang  of  nine  tools  in  the  front  holder 
is  gradually  fed  into  the  work  up  to  the  proper  depth,  as  de- 
termined by  the  diameter  stop.  These  tools  rough-face  one 
end  of  the  cam-shaft  and  rough  out  the  spaces  between  the 
cams,  bearings,  and  gears.  Next,  the  nine  finishing  tools  in 
the  rear  rest  are  brought  forward  to  finish  the  places  which 
have  just  been  machined  by  the  front  tools.  The  rear  tools 
are  slightly  wider  than  the  front  and  finish  the  faces  up  to 
the  diameter  stop. 

This  operation  is  on  one  end  of  the  cam-shaft.  The  other 
end  is  handled  similarly.  The  stock  left  between  the  cams 
is  turned  off  and  the  bearings  are  finished  in  subsequent  lathe 
operations.  The  material  is  5  per  cent  nickel  and  0.18  carbon 
steel  drop-forging;  the  speed  of  work  is  220  revolutions  per 
minute.  The  time  for  roughing  and  finishing  one  end  as 
shown,  including  handling,  is  four  minutes. 

A  Lathe  Department  for  Duplicate  Part  Worli 

Fig.  28  shows  a  row  of  selective-head  manufacturing  lathes, 
such  as  are  used  for  rapidly  and  accurately  turning  duplicate 
parts  as  shown  by  the  preceding  examples.  The  lathe  in  the 
foreground  is  turning  the  double  bevel  pinions  illustrated  in 
Figs.  13  and  15;  the  next  lathe  is  used  for  the  threaded  nut 
described  in  connection  with  Figs.  4  and  5.  Groups  of  these 
finished  parts  may  be  seen  at  the  ends  of  the  lathes.  Each  of 
these  selective-head  lathes  has  the  full  manufacturing  equip- 
ment: connected  compound  and  plain  rests  with  four-way  tool- 
block  or  gang  tool-block  on  -the  compound  rest  and  high-duty 
tool-block  or  gang  tool-block  on  the  plain  rest;  multiple  stops 
for  length  and  cross  feeds  to  duplicate  shoulders  and  diam- 
eters; pan,  pump  and  tubing,  so  that  the  work  may  be  flooded 
with  cutting  compound. 

Noteworthy  features  of  this  installation  are  that  the  lathes 


are  placed  at  right  angles  to  the  lineshaft  and  driven,  without 
a  countershaft,  in  groups  of  four  by  constant-speed  quarter- 
turn  belts  from  a  jack-shaft.  This  style  of  drive  is  possible 
with  the  selective  head,  because  there  are  twelve  mechanical 
spindle-speed  changes  obtainable  through  the  headstock  gear- 
ing and  the  belt  is  never  shifted.  This  gives  a  nearly  clear 
ceiling,  which  keeps  down  the  investment  in  countershafts  and 
belting  and  improves  the  lighting.  Having  all  of  the  lathes 
at  right  angles  to  the  aisles  makes  it  possible  to  get  several 
more  machines  into  the  same  floor  space  without  crowding, 
and  greatly  facilitates  moving  material. 
*     *     * 

ALCOHOL  AS  FUEL 

It  is  ten  years  since  Congress  passed  the  denatured  alcohol 
act,  permitting  anybody  to  distil  industrial  alcohol  free  of  gov- 
ernment tax.  It  was  then  thought  that  this  country  would 
soon  be  flooded  with  alcohol  in  such  quantities  as  to  provide 
a  new,  cheap  fuel,  for  it  was  officially  stated  that  alcohol  could 
be  made  from  sugar  cane,  cornstalks,  potatoes,  barley,  corn, 
wheat,  rye,  sugar  beets,  sweet  potatoes,  wood  pulp,  sawdust, 
apples,  the  waste  of  canneries,  corncobs,  many  weeds  and  a 
thousand  and  one  waste  products  of  the  farms  and  factories. 
And  the  government  issued  a  buUetin^No.  268— describing  the 
tubs,  stills,  etc.,  needed,  and  the  best  methods  of  producing 
alcohol. 

The  prospect  was  that  every  farmer  would  soon  have  his  little 
still  and  turn  his  waste  stuff  into  industrial  alcohol,  but  the 
whole  scheme  was  destroyed  by  the  act  itself,  which  required 
that  every  still  must  be  registered  and  conducted  under  the 
direct  supervision  of  an  internal  revenue  officer;  that  no  one 
would  be  allowed  to  make  less  than  seven  to  ten  gallons  daily, 
and  that  no  still  could  be  shut  down  except  by  the  revenue 
officer.  The  prospective  alcohol  industry  instantly  vanished. 
No  farmer  could  keep  an  industrial  alcohol  plant  running  all 
the  time,  and  he  was  not  allowed  to  use  his  still  occasionally 
or  when  he  had  a  lot  of  refuse  stuff  to  use  up.  And  so  alcohol 
has  not  yet  come  into  general  use  as  a  fuel. 

Now,  however,  a  new  field  seems  opening  up.  Henry  Ford 
asserts  that  the  world's  supply  of  petroleum — and  therefore  of 
gasoline — is  fast  playing  out  and  the  day  of  alcohol  fuel  for 
automobiles  and  tractors  is  just  dawning.  He  advises  brew- 
eries, especially  those  in  states  that  have  recently  gone  dry, 
to  utilize  their  properties  in  the  making  of  industrial  alcohol 
instead  of  the  potable  kind.  But  as  yet  there  is  not  on  the 
market  any  automobile  equipped  for  the  burning  of  alcohol. 
Doubtless  it  will  come,  for  inventors  are  working  hard  to  pro- 
duce it,  and  they  generally  get  what  they  are  after.  There  are 
alcohol  engines  already  in  experimental  operation^  but  they 
have  not  yet  been  so  perfected  as  to  be  introduced  into  com- 
mercial use. 

If  the  automobile  of  the  near  future  can  be  run  with  alcohol, 
which  is  safer  to  handle  than  gasoline,  cleaner  and  of  less 
offensive  odor,  it  will  provide  an  inestimable  boon  in  the  way 
of  a  new  fuel.  The  source  of  supply  is  inexhaustible,  the 
process  of  distillation  simple  and  cheap,  and  unless  some 
gigantic  corporation  gets  hold  of  and  controls  the  industry, 
alcohol  ought  to  be  cheaper  than  kerosene  and  much  prefer- 
able for  fuel.  It  might,  in  time,  be  used  in  stationary  engines, 
in  locomotives,  in  steamships,  and  in  many  domestic  ways; 
but,  first  of  all,  it  would  seem  that  invention  must  find  some 
way  of  making  it  popularly  and  efficiently  available  for  auto- 
mobiles.— ^^eicark  Evening  News. 
*  *  * 
A  central  clearing-house  has  been  established  by  the  Brit- 
ish Minister  of  Munitions  for  the  purpose  of  tracing  and 
registering  machinery  that  is  idle  or  about  to  become  idle. 
This  clearing-house  will  try  to  see  that  contracts  are  placed 
with  manufacturers  having  the  available  equipment;  also  that 
engineering  contractors  who  have  the  facilities  for  particular 
purposes  will  be  placed  in  touch  with  the  Ministry  and  other 
government  departments  that  will  require  their  services. 
This  clearing-house  will  also  help  contractors  who  are  able 
to  undertake  additional  or  more  suitable  work,  at  once  or 
in  the  future,  to  maintain  continuous  employment  of  their 
machines  and  labor. 
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EXPERIMENT  IN  IRON  ORE  SMELTING 

In  connection  with  tlie  course  of  study  in  electry-nietallurgy 
given  at  the  University  of  Pittsburg,  Pittsburg,  Pa.,  under  the 
direction  of  Prof.  S.  L.  Goodale,  a  small  furnace  has  been  used 
for  experiments  in  ore  smelting,  su<'h  as  running  down  iron 


Fig.   1.     Conducting  the  Experiment 

ore  into  pig  iron  and  smelting  copper  ore  to  matte,  etc.    Fig.  1 
shows  the  general  appearance  of  the  furnace. 

Fig.  2  shows  the  furnace  in  sectional  elevation.  A  Harbison- 
Walker  9-inch  by  13-inch  stove  tile  was  used  as  the  basis  in 
building  the  furnace.  This  has  a  9-inch  diameter  circular 
flue  opening,  inside  of  which  is  the  graphite  block  or  blocks 
for  crucible  and  bottom  electric  connection.  The  crucible 
chamber  is  about  5  inches  in  diameter  and  5  inches  deep;  and 
the  lower  graphite  block  rests  on  an  iron  plate  which  is  used 
for  one  of  the  electrodes,  the  lower  graphite  block  serving 
to  keep  the  bottom  connection  cool.  Layers  of  granular  car- 
bon resistor  are  set  between  the  two  graphite  blocks,  and  a 
good  connection  is  made  between  plate  and  graphite  by  pow- 
dered graphite.  Surrounding  the  tile  is  a  wall  of  porous  in- 
sulating brick,  2  inches  thick;  and  a  slab  of  firebrick  is  used 
as  a  cover.  The  iron  and  slag  are  tapped  through  a  small 
hole,  but  this  feature  gave  trouble,  and  in  future  runs  the 
furnace  will  be  bound  solidly  together  and  mounted  on  trun- 
nions so  as  to  pour  out  the  metal  at  the  end  of  the  run. 
A  2-inch  top  electrode  of  graphite  was  used.  The  furnace  takes 
about  30  K.  V.  A.  to  work  fast  enough,  and  the  regulation  of 
the  current  under  the  transformer  limitations  is  rather  diffi- 
cult.   While  these  runs  are  made  on  a  small  scale,  they  serve 
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to  give  the  students  practice  In  manipulation,  and  illustrate 
the  main  principles  of  the  operation  as  conducted  on  a  com- 
mercial scale. 

Fig.  3  shows  the  general  lay-out  of  furnaces  and  control  for 
the  electric  smelting  work.  Current  is  purchased  from  the 
Duquesne  Light  Co.,  from  one  phase  of  a  two-phase  supply, 
being  stepped  down  in  a  transformer  outside  the  building 
from  2200  volts.  The  leads  come  in  through  the  circuit 
breaker  to  a  regulating  transformer  especially  designed  for 
this  installation.  The  regulation  is  such  that  current  can 
be  drawn  at  any  voltage  from  5  to  220,  in  steps  of  5  volts  each, 
by  the  manipulation  of  six  double-throw  switches  mounted 
on  the  transformer.  This  is  a  highly  satisfactory  equipment 
for  its  capacity,  which  is  limited  to  about  600  amperes  at 
voltages  of  110  or  less,  and  to  50  K.  V.  A.  at  higher  voltages, 
although  having  a  generous  overload  capacity. 

The  larger  furnace  to  the  left  in  Fig.  3  is  an  upright  shaft 
type  with  a  top  and  a  bottom  electrode  and  a  lining  of  chrome 
brick.  The  shaft  is  26  inches  deep  and  11  inches  diameter, 
and  the  i/4-inch  sheet-steel  shell  has  an  outside  diameter  of 
30  inches.     The  loss  of  heat  by  radiation  from  this  furnace 


Fig.   2.     Construction  of  Furnace 


Fig.   3.     Furnaces  and  Switchboard  Equipment 

is  excessive;  and  it  should  have  been  built  about  5  to  8  inches 
larger,  with  an  insulating  brick  layer  just  inside  th^  shell. 
The  tilting  furnace  is  strongly  built  of  i^-inch  steel  plate, 
and  is  lined  with  magnesite  down  to  a  smelting  chamber 
of  about  9  by  18  inches.  The  over-all  length  is  37  inches;  and 
the  shell  might  also  have  been  made  somewhat  larger  to 
permit  of  a  more  thorough  heat  insulation. 

The  switchboard  back  of  the  tilting  furnace,  on  which  a 
large  control  switch  is  also  to  be  mounted,  holds  ammeter, 
voltmeter  and  wattmeter,  and  an  integrating  wattmeter  is  to 
be  added.  On  a  shelf  directly  above  this  board  is  a  powerful 
exhaust  fan  and  motor  for  use  when  a  run  is  in  progress  that 
produces  noxious  fumes.  The  intake  to  this  fan  is  shown 
just  over  the  tilting  furnace,  but  may  also  be  shifted  to  the 
large  hood.  The  switchboard  at  the  left  was  formerly  used 
in  connection  with  direct-current  experiments,  and  is  now 
used  in  connection  with  the  water  pipe  rheostat  in  the  corner, 
and  the  alternating  current.  On  arc  experiments  on  a  small 
scale  it  is  far  more  convenient  to  use  a  fairly  high  voltage 
with  a  rheostat  in  the  circuit  than  to  be  more  economical  of 
power  and  try  to  use  a  low  voltage.  C.  L.  L. 
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KEEPING  TRACK  OF  PATTERNS 

In  the  plant  where  the  writer  is  employed,  it  is  necessary 
to  keep  track  not  only  of  our  own  patterns  but  of  many  be- 
longing to  our  customers  as  well.  This  is  done  by  means  of  a 
card  index.  A  separate  card  is  filled  out  for  each  pattern,  and 
these  cards  are  grouped  behind  a  guide  card  bearing  the  cus- 
tomer's name.  The  record  is  itemized  and  shows  whether  the 
pattern  is  of  wood  or  metal.  Core-boxes  are  entered  in  the 
same  manner.  The  receiving  clerk  makes  a  record  of  the 
pattern  number,  also  the  customer's  order  number  for  the 
castings.  The  offlce  is  then  notified  of  the  arrival  of  the 
pattern  and  the  date  is  noted  on  the  card.  When  patterns  are 
returned  with  the  castings,  a  record  of  the  fact  is  made  on 


patterns  are  returned  with  castings.  When  a  pattern  cannot 
be  otherwise  identified,  a  rough  pencil  sketch  is  made  on  the 
card.  By  this  method  it  is  possible  to  keep  a  fairly  accurate 
record  of  the  comings  and  goings  of  miscellaneous  patterns. 
This  simple  method  has  eliminated  all  trouble  in  accounting 
for  patterns  not  owned  by  the  plant,  and  at  the  same  time 
it  has  kept  the  foundry  from  being  littered  up  with  patterns 
or  castings  for  which  it  has  no  order. 

Jersey  City,  N.  J.  H.  D.  Murphy 

FLEXIBLE   BLANKING   TOOLS 

In  punch  and  die  work  every  new  piece  to  be  made  requires 
its  own  blanking  die,  which  is  stored  away  as  soon   as  the 


Marldnny 


Fig.   !■     Flexible  Blanking  Die 


the  card.  In  order  that  there  may  be  no  slip-up  in  returning 
patterns,  they  are  added  to  the  shipping  order  for  the  castings. 
For  example,  the  shipping  room's  order  \yill  read:  "Ship  to 
John  Smith  100  brass  castings  No.  208,  1  metal  pattern  No. 
208,  1  metal  core-box  No.  208."  While  the  shipping  clerk  will 
make  a  part  shipment  of  castings  if  so  instructed,  he  will  hold 
the  final  shipment  until  the  foundry  delivers  the  patterns  as 
called  for  on  his  order. 

Some  patterns  are  left  at  the  plant  indefinitely;  so  when  a 
customer  requests  the  return  of  his  pattern,  if  there  is  no 
order  on  hand  for  castings,  a  regular  shipping  order  is  issued, 
as  in  the  case  of  castings,  and  a  notice  is  sent  to  the  foundry 
to  forward  the  pattern  to  the  shipping  room.  This  shipping 
date  is  then  entered  on  the  card  in  the  same  manner  as  when 


order  is  completed,  and  after  being  kept  on  file  for  a  year  or 
two  lands  in  the  scrap  heap.  This  means  a  waste  to  the  manu- 
facturer; therefore  it  has  been  the  aim  of  many  engineers  and 
tool  designers  to  develop  a  more  inexpensive  and  economical 
die  design.  The  plan  of  making  a  die  of  small  blocks  that  can 
be  used  later  for  other  dies  is  shown  in  Figs.  1  and  2.  In  Fig. 
1,  the  die  consists  of  tool-steel  blocks  A  set  in  a  cast-iron  die- 
shoe  B.  They  are  held  in  place  by  a  templet  D  and  by  pouring 
molten  lead  into  the  die-shoe.  Chunks  of  rubber  C  put  into 
the  die  serve  as  a  knock-out.  The  punch-blocks  E,  Fig.  2,  are 
fastened  in  a  cast-iron  holder  D  in  the  same  manner. 

Fig.  3  illustrates  the  die-blocks,  and  Fig.  4  the  punch-blocks, 
and  it  will  be  seen  by  reference  to  these  illustrations  that  there 
is  a  difference  in  the  shape  of  these  blocks.    This  difference  is 
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Fig.  2.     Flexible  Blanking  Punch 


516 


MACHINERY 


February,  1917 


necessitated  by  the 
different  blanking 
stresses  and  the 
limited  space  for 
the  punch-blocks. 
The  blocks  are 
sliaped  in  a  milling 
machine  with  a 
form  milling  cutter, 
cut  to  length,  hard- 
ened and  ground, 
and  put  in  stock 
for  future  use.  This 
style  of  blanking 
tool  has  been  used 
for  some  time  by 
the  A.  O.  Smith  Co. 


Fig.  3.     Die-block  used  in  Die  shown  in  Fig.   1 

for   blanking   automobile   side   rails   and    cross-bars,   also   for 
gussets  and  many  other  pieces  for  which  dead  accuracy  in  the 
blank  is  not  required. 
Milwaukee,  Wis.  P.  Baldus 


RELATION    OF    PERIPHERAL    SPEEDS    TO 
SPINDLE    PULLEYS   IN    GRINDING 

Grinding-machine  and  grinding-wheel  catalogues  generally 
contain  a  convenient  reference  table  of  correct  wheel-splndle 
speeds  for  peripheral  rates  of  4000,  5000,  6000  and  6500  feet 
per  minute.  These  tables,  however,  are  computed  for  full-size 
wheels  and  are  not  correct  for  wheels  reduced  by  wear.  To 
compensate  for  this  wheel  wear,  many  grinding  machines, 
whether  for  cylindrical  or  wet-tool  grinding,  snagging,  etc., 
are  made  with  two  steps  on  the  pulley.  Then  a  worn  wheel 
may  be  speeded  up  to  its  initial  peripheral  speed  by  shifting 
the  spindle  belt  onto  the  smaller  spindle-pulley  step.  To  insert 
an  auxiliary  table  of  spindle  speeds  in  a  general  wheel  cata- 
logue would  be  out  of  the  question,  as  the  varied  diameters 
of  the  smaller  spindle  pulleys  on  different  makes  of  grinding 
machines  are  legion.  To  publish  an  additional  table  of  spindle 
speeds,  even  though  the  machine  itself  might  be  specified, 
might  lead  to  confusion.  So  it  has  been  left  to  the  operator 
to  shift  his  belt  from  the  larger  spindle  pulley  to  the  smaller 
when  he  thinks  the  change  should  be  made.  As  the  cutting 
action  of  a  wheel  often  depends  to  a  great  extent  on  its  surface 
speed,  the  time  for  making  this  change  should  be  determined 
by  means  of  a  definite  formula  rather  than  by  guesswork. 

For  instance,  a  6-inch  Norton  plain  grinding  machine  with 
a  spindle  speed  of  1773  revolutions  per  minute,  for  a  recom- 
mended peripheral  speed  of  6500  feet  (as  figured  for  a  full- 
size  14-inch  wheel  for  this  size  of  machine),  has  two  steps  on 
the  spindle  pulley;  the  large  step  is  5.5  inches  in  diameter 
and  the  small  step  4 
inches.  What  should 
be  the  minimum 
diameter  of  the 
wheel  before  the  belt 
is  shifted  to  the 
smaller  step  in  order 
to  obtain  an  exact 
peripheral  wheel 
speed    of    6500    feet? 

As  the  spindle 
makes  1773  revolu- 
tions per  minute 
when  the  belt  is  on 
the  large  pulley,  its 
speed  with  the  belt 
on  the  smaller  Is 
6.5:4  =  a;:1773,  or 


5.5  X  1773 

4 
==   2437.875   revolu- 
tions per  minute.   To 
obtain     the    same 
peripheral    speed    as 
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when  the  belt  is  on 
the  large  pulley,  the 
diameters  of  the 
grinding  wheel 
should  be  14  :x  = 
2437.875:1773,     or 

14  X  1773 

=  10.1818 

2437.875 

inches.  Therefore, 
when  the  grinding 
wheel  has  been 
worn  down  to  a  di- 
ameter of  10.1818 
inches,  or  approxi- 
mately   10  3/16 

Fig.  4.    Punch-block  used  in  Punch  shown  in  Fig.  2  inches,    the    Spindle 

belt  should  be  shifted  to  the  smaller  step  of  the  spindle 
pulley  to  obtain  a  peripheral  speed  of  6500  feet  per  minute. 
The  method  used  in  this  example  may  be  reduced  to  a  formula 
for  use  with  any  make  of  grinding  machine  having  a  two- 
step  spindle  pulley. 

Let  Z>  ^  diameter    of  wheel,  full  size; 
D' =  diameter  of  wheel,  reduced  size; 
d  ^  diameter  of  large  pulley  step; 
d' ^  diameter  of  small  pulley  step; 
y  =  revolutions  per  minute  of  spindle,  using  large  pul- 
ley step; 
V  =  revolutions  per  minute  of  spindle,  using  small  pul- 
ley step. 
.     Then  dV  BY 

=  v;  and  =  D' 

6,'  V 

Worcester,  Mass.  Robert  J.  Spence 


Boring  Mill  arranged  to  face  Flanges  of  Large  Steel  Drum 


FACING  ANGLES  ON  BORING   MILL 

The  writer  recently  had  occasion  to  machine  a  cast-steel 
drum  7  feet  in  diameter,  5  feet  high,  weighing  18,000  pounds. 
Its  general  shape  is  shown  at  E  in  the  accompanying  illustra- 
tion. The  drums  were  finished  all  over  and  the  inside  of  the 
flanges  F  were  faced  at  an  angle  with  a  rise  of  liA  inch  to  the 
foot.  As  it  was  impracticable  to  attach  the  tool  for  facing 
these  flanges  to  the  boring  rams  C  or  D  when  inclined  to  the 
required  angle,  the  ram  C  of  the  left-hand  saddle  A  was  used 
as  a  guide  for  ram  D,  and  inclined  to  the  angle  it  was  desired 
to  face.  Bar  G  with  a  point  /  at  its  lower  end,  was  clamped  to 
the  upper  end  of  ram  D,  as  shown.  The  counterweight  chain, 
not  shown,  was  disengaged  from  saddle  A  but  remained  con- 
nected to  saddle  B.  The  counterweight,  however,  was  reduced 
somewhat  to  permit  ram  D  to  rest  more  securely  on  the  end  of 
ram  C  through  bar  G;  the  vertical  feed  of  ram  D  was  disen- 
gaged to  permit  of 
this.  As  tool  H  is  fed 
across  the  flange  by 
the  traverse  feed  of 
the  saddle  B,  the  ram 
D  feeds  down  by 
gravity,  following 
the  incline  of  ram  C, 
which  is  fed  in  the 
same  direction  as 
the  tool  H.  The  plate 
P,  being  free  to  move 
on  ram  G,  compen- 
sates for  the  slight 
difference  between 
the  traverse  feed  of 
saddle  B  and  the 
vertical  feed  of  ram 
C.  It  was  necessary, 
of  course,  to  reverse 
the  drum  in  order  to 
machine  the  flange 
on  the  other  side. 
W.  Wheatley 
Butte,  Mont. 
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MAKING  FERRULES    FROM 
SHEET   STEEL    OR  BRASS 

In  the  manufacture  of  steel  store  fix- 
tures, etc.,  it  is  necessary  to  use  a  num- 
ber of  ferrules  for  supports  at  rivets, 
which  hold  the  two  faces,  or  sides,  of  a 
panel  together.  To  use  steel  tubing  for 
this  purpose  is  expensive  because  of  the 
waste  involved.  The  accompanying  il- 
lustration shows  a  tool  for  making  fer- 
rules from  sheet  steel  or  brass,  without 
waste,  that  is  used  with  success  by  a 
concern  in   the  Middle   West. 

The  tool  consists  of  a  punch  A  and  a 
die  B.  The  steel  is  cut  into  strips  that 
are  as  wide  as  the  circumference  of  the 
ferrule.  The  slot  in  the  die  B  must  be  as  wide  as  the  ferrule  is 
long,  that  is,  %  inch  wide  for  a  i/i-inch  ferrule.  The  radius  C 
must  be  the  same  as  the  radius  of  the  ferrule.  The  metal  is 
placed  between  the  fingers  of  the  punch  A.  Then  as  the  punch 
travels  through  the  die,  it  shears  the  metal  from  the  outer 
edge;  the  final  cut-off  at  G  forms  the  perfect  circle  of  metal. 
By  the  application  of  a  stop  on  the  die,  no  material  is  wasted. 

Chicago,  111.  J.  A.  Zellee 


Punch  and  Die  for  making  Ferrules  from  Sheet 
Steel 


Plainfield,  N.  J. 


turned  up  and  fitted  to  the  nut,  just  so 
it  will  "promise"  to  start  but  will  not 
enter  the  nut.  It  is  then  placed  in  posi- 
tion and  the  nut  is  heated  and  turned 
on.  The  allowance  for  a  shrink  fit,  in 
this  case,  is  small,  so  there  will  be  time 
to  place  the  nut  before  it  sets.  Even 
though  the  bolt  is  cold,  and  will  cool 
the  nut,  the  shrinkage  allowance  will 
permit  the  nut  to  be  moved  on  the  bolt 
when  only  moderately  hot.  This  makes 
one  of  the  most  dependable  lock-nuts. 
Of  course  it  is  very  likely  that  a  torch 
will  be  required  to  remove  the  nut;'  but 
if  that  is  not  available,  a  piece  of  waste 
saturated  with  oil  may  be  used  in  its 
place. 

J.   B.   MURI'HY 


CARE   OF  THE   EYES  IN   MECHANICAL 
WORK 

When  one  gets  a  bit  of  foreign  matter  "in  the  eye,"  as  it 
is  called — meaning,  merely,  between  the  eyeball  and  the  eye- 
lid— about  the  easiest  thing  to  extract  it  with  is  a  long 
graphite  lead-pencil  point.  This  is  firm  enough  to  keep  the 
ej'elid  out  of  the  way,  and  sufficiently  smooth — it  is,  in  fact, 
slippery^not  to  scratch  either  the  eyeball  or  the  inner  surface 
of  the  lid.  It  should  be  newly  sharpened  with  a  clean  knife 
so  as  to  avoid  infection. 

New  York  City.  Robert  Grimshaw 


REMOVING    AND    APPLYING  TIGHT  NUTS 

In  removing  stubborn  nuts,  up  to,  say,  l\i  inch,  it  is  usually 
the  practice,  after  all  wrench,  chisel,  and  hammer  methods 
have  failed,  to  heat  the  piece  in  a  forge  and  then  remove  the 
nut.  If  the  job  is  not  portable,  a  torch  must  be  used.  It  fre- 
quently happens,  however,  that  a  job  cannot  be  carried  to  a 
forge  and  a  torch  may  not  be  available.  If  a  good  handful  of 
cotton  waste  is  twisted  into  a  loose  rope,  saturated  with  oil, 
wrapped  loosely  around  the  refractory  nut,  and  set  afire,  it 
will  nearly  always  expand  the  nut  sufficiently  to  break  the 
rust  joint,  and  permit  the  nut  to  be  readily  removed.  The 
waste  should  be  permitted  to  burn  to  a  crisp,  and  any  nut  that 
still  remains  obstinate  may  as  well  be  cut  off.  In  places  where 
fire  must  be  handled  with  care,  a  piece  of  tubing  may  be  placed 
over  the  burn- 
ing waste.  To  al- 
low for  air,  the 
diameter  of  this 
tube  should  be 
about  six  times 
the  size  of  the 
.  nut  to  be  re- 
moved, and  it 
should  be  not 
less  than  three 
feet  in  length. 

By  the  appli- 
cation of  the  ex- 
pansion princi- 
ple, nuts  may  be 
screwed  onto 
bolts  so  tightly 
that  they  will 
not  work  loose. 
In  this  case,  the 

bolt      should      be  Arrangement  for  keyseating 


HOLDING   STEEL  PIECES   TOGETHER 
WHEN   SWEATING 

If  trouble  is  experienced  in  holding  pieces  of  steel  together 
when  sweating,  the  pieces  should  be  magnetized  after  they 
have  been  tinned.  If  they  are  then  placed  together  in  their 
proper  relation,  and  have  a  fairly  good  flat  surface,  they  will 
not  separate  unless  given  quite  a  jar.  If  the  pieces  do  not 
stick  after  they  have  been  magnetized,  one  of  them  should  be 
reversed  end  for  end.  The  failure  to  stick  is  due  to  the  fact 
that  like  poles  repel  and  unlike  poles  attract.  In  other  words, 
when  the  steel  pieces  are  magnetized,  if  they  are  of  any  form 
except  circular,  a  magnetic  pole  is  created  at  each  end  of 
each  piece.  As  a  south  pole  is  formed  at  one  end  and  a  north 
pole  at  the  opposite  end,  if  the  two  iilagnetized  pieces  do  not 
stick  together.  It  is  safe  to  assume  that  the  two  north 
poles  of  the  pieces  are  together.  By  turning  one  of  the  pieces 
end  for  end,  the  unlike  poles  are  brought  together  and  each 
will  attract  the  other. 

Bridgeport,  Conn.  James  McInttbe 

KEYSEATING  WITH  A  SMALL  PLANER 

The  cutting  of  keyways  in  milling  cutters  and  work  of  simi- 
lar size  can  be  done  quickly  on  a  small  planer.  A  cold-rolled 
round  bar  A,  with  a  slot  and  hole  in  the  end  for  attaching  it 
to  the  toolpost  bar  C,  and  a  slot  seven  inches  from  the  end 
in  which  to  place  the  cutter  is  the  main  equipment.  The  cut- 
ter B  is  the  width  of  the  slot,  four  inches  in  length,  and  pro- 
jects far  enough  out  of  the  bar  to  give  the  necessary  depth 
of  cut.  The  action  of  the  toolpost  swivel  is  stopped  by  a 
block  D  behind  the  toolpost  bar.  A  slotted  angle-plate  F  at 
the  other  end  provides  for  the  alignment  of  the  bar,  and  a 
cross-bar  H  on  the  angle  permits  adjustment  for  depth.  The 
cutter  E  to  be  slotted  is  held  in  the  vise.     The  pressure  for 

cutting  is  exert- 
ed by  hand  and 
is  relieved  on 
the  back  stroke. 
The  alignment 
of  the  cutter  and 
the  bar  is  pro- 
vided for  by  a 
ring  that  slips 
on  the  bar  and 
into  the  work 
while  clamping 
it  in  the  vise. 
Fast  and  accu- 
rate work  can  be 
obtained  in  this 
manner,  equal- 
ing that  done  on 
an  ordinary  key- 
seating  machine. 
R.  M.  Blakely 
Dayton,  Ohio. 


2J,irlunrry 


Milling  Cutter  on   Planer 


518 


MACHINERY 


February,  1917 


QUICK   METHOD   OF   MAKING   ELLIPTIC 
BROACH 

Some  time  ago,  a  ni.sli  order  for  an  elliptic  broach,  Fig.  1, 
<-ame  into  tlie  sliop.  It  was  to  be  made  of  "Ketos"  steel,  abont 
40  inches  long,  with  107  teeth,  a  land  of  1/16  inch,  and  a  slight 
taper.  First  a  forging  was  made  and  four  centers  were  laid 
out  in  each  end  for  the  planing  operation.  The  work  was  then 
secured  to  the  planer,  being  supported  by  a  dead  center  at  one 
€nd  and  an  index  center  at  the  other.     After  being  planed  to 
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Fig.   1.     Elliptic  Broach  cut  on  a  Lathe 

the  elliptical  form  by  successive  centering  and  indexing,  the 
piece  was  filed  to  gage  and  the  teeth  were  cut  in  a  milling 
machine,  which  was  an  exceedingly  slow  operation.  The  tool 
cracked  while  being  hardened.  As  production  work  was  being 
held  up,  another  broach  had  to  be  made  as  quickly  as  possible. 
This  one  was  planed  and  filed  like  the  first  one,  but  during 
these  operations,  a  lathe  was  rigged  up  with  an  attachment, 
Fig.  2,  to  use  in  place  of  the  milling  machine  for  milling  the 
teeth.  The  base  of  the  attachment  was  a  forging  having  two 
uprights,  which  were  bored  for  two  shafts,  one  being  for  the 
belt  pulley  A  and  the  other  for  the  cutter  C.  These  shafts 
were  %  inch  In  diameter  and  cut  from  cold-rolled  screw  stock. 
Two  gears  2i/^  inches  in  diameter  and  24  pitch  were  taken 
from  a  standard  lathe,  and  a  4-inch  pulley  was  used  for  the 
belt  drive.  For  overhead  power,  a  10-inch  pulley  was  put  on 
the  main  lineshaft  and  a  countershaft  from  a  watch  lathe 
was  erected  directly  over  the  apron  of  the  lathe,  which  was 
connected  by  belt  drive  to  the  pulley  on  the  rigging.  The 
power  thus  obtained  was  sufficient  to  drive  the  cutter.  A  roller 
B  of  the  same  diameter  as  the  cutter  was  attached  to  the  slide 


Attachment  for  cutting  Broach  on  Lathe 


of  the  lathe  and  held  against  the  broach.  This  arm  was  made 
adjustable,  and  allowance  was  made  for  the  cutter  to  be  fed 
into  the  work  by  the  rest  screw.  This  attachment  was  secured 
to  the  compound  rest  in  place  of  the  toolpost.  The  cross-feed 
screw  was  removed  and  a  weight  F  was  attached  to  the  slide 
by  means  of  a  cord,  which  ran  over  pulley  E  fastened  to  the 
way  of  the  lathe.  This  cord,  kept  taut  by  the  weight,  held 
the  roller  B  and  cutter  C  in  contact  with  the  revolving  work. 
A  bushing  with  three  set-screws,  which  provided  adjustment, 
was  slipped  over  the  broach;  this  allowed  the  work  to  be 
held  by  a  steadyrest.     Another  steadyrest  was  placed  on  the 


round  part  of  the  broach.  In  lliis  way  duUtering  was  re- 
duced to  a  minimum. 

Two  stops  were  used  to  locate  the  carriage  for  the  suc- 
cessive cuts.  After  one  cut  was  taken,  the  stop  nearest  the 
headsto<'k  was  taken  off  and  clamped  into  position  ahead  of 
the  other.  The  carriage  was  then  run  gently  against  the  stops. 
I5y  this  method,  uniform  spacing  of  the  teeth  was  obtained. 
Very  little  filing  was  required  to  finish  the  broach  milled  in 
the  lathe,  as  compared  with  the  one  cut  in  the  milling  machine. 
The  time  taken  for  rigging  up  for  the  job  was  five  hours,  but 
by  using  the  lathe  for  cutting  the  teeth,  about  forty-five  hours 
was  saved. 

New  Haven,  Conn.  Ekic  Lee 


PROBLEM   IN   ALGEBRA 

The  following  method  is  offered  for  solving  the  simultaneous 
equations  .r'  -\-  y  =  1  and  x  +  y'  =  5,  given  by  J.  G.  K.  in  the 
November  number  of  Machinery.  The  value  of  x  and  y  can 
be  easily  found  by  the  method  of  successive  approximations, 
using  a. table  of  square  roots  as  follows:  Take  the  greatest 
value  for  x,  in  the  second  equation  that  will  make  the  right 
member  positive,  for  the  first  approximation,  and  solve  for  y. 
Substitute  this  root  in  the  first  equation  and  solve  for  .r.  Sub- 
stitute this  value  in  the  second  equation  and  solve  for  y,  and 
so  on  until  the  values  found  are  the  same  for  x  and  y  in  both 
equations.  These  results  can  then  be  tabulated  as  in  the  ac- 
companying table. 


y-  =  5  —  X 

X-  =  1  —  y 

X 

y 

y 

X 

2.0000 
2.2952 
2.3142 
2.3154 
2.3155 

1.7320 

1.64462 

1.63884 

1.63847 

1.6384 

1.7320 
1.6446 
1.6388 
1.6385 
1.6384 

2.2952 

2.3142 

2.31542 

2.31549 

2.3155 

Machinery 

The  method  of  successive  approximation  is  not  only  easier, 
but  has  the  advantage  that  the  work  checks  itself  (except  the 
last  operation). 

Cleveland,  Ohio.  William  W.  Johnson 


PRESS-ROOM  BOXES 

In  the  November  number  of  Machixery  is  described  a  box 
truck  for  transporting  work  step  by  step.  While  this  truck 
has  many  good  features,  the  following  may  be  of  interest.  The 
accompanying  illustration  shows  a  box  used  in  a  press-room 
where  small  sheet-metal  and  wire  parts  are  made.  This  box  is 
placed  on  a  platform  beside  the  operator  and,  when  filled, 
one  or  more  boxes  may  be  placed  above  it  and  also  filled.   When 


Box  for  transporting  Work  in  Press-room 
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the  job  is  completed  or  the  stack  of  boxes  becomes  too  high, 
a  transfer  truck  is  run  under  the  platform  and  the  entire 
load  moved  where  desired.  When  well  made  of  pine  or  bass- 
wood  these  boxes  will  last  for  a  long  time.  The  four-inch 
strip  on  each  end  is  a  convenient  handle,  especially  when  it 
is  desired  to  move  a  box  that  is  only  partly  filled  with  work. 
Beaver  Dam,  Wis.  S.  W.  Palmer 

As  far  as  possible,  metal  should  be  used  instead  of  wood, 
so  as  to  keep  the  fire  risk  low. — Editor. 


HARDENING  PLUG   GAGES 

The  writer  has  recently  had  trouble  with  hardening  plug 
gages.  They  seemed  to  stand  the  file  test,  but  after  lapping 
showed  soft  spots.  The  trouble  evidently  was  in  the  steel, 
although  several  brands  of  carbon  tool  steel  were  tried,  and 
all  worked  out  the  same.  After  they  were  heated  to  about 
1500  degrees  P.  for  two  or  three  hours  in  a  cast-iron  box 
packed  with  charcoal,  the  gages  were  satisfactory.  The  char- 
coal, no  doubt,  had  a  slight  carbonizing  effect  all  over,  but  to  a 
sufficient  depth  on  the  soft  spots  to  render  them  hard  enough 
for  all  practical  purposes.  The  plugs  were  rough-turned  to  0.015 
inch  over  size  before  packing,  and  quenched  from  pack  heat. 

Urbana,  Ohio.  F.  D.  Rifner 


CUTTING    THREADS 

In  the  last  few  years,  modern  shop  management  has 
awakened  shop  superintendents  and  foremen  to  their  full  re- 
sponsibilities. The  demand  for  capable  men,  the  possibility 
of  developing  material  on  hand,  and  the  era  of  time  study  in- 
vestigation and  analysis  have  been  so  fully  advertised  and 
exploited  that  it  seems  incredible  that  shops  can  be  found 
where  the  direct  antithesis  exists.  Yet  in  a  recent  visit 
to  a  factory  a  glaring  illustration  of  this  was  found.  In  a 
shop  where  ordinary  good  practice  prevails,  men  were  cutting 
threads  with  a  90-degree  advance  to  the  center  line,  whereas 
an  advance  along  a  60-degree  line  would  do  the  work  in  one- 
fourth  the  time,  avoid  a  ragged  thread,  and  save  both  tool 
and  temper. 

The  accompanying  illustration  is  not  a  technically  correct 
one,  but  it  illustrates  the  effect  of  the  chip  on  the  tool  to  better 
advantage  and  may  be  readily  comprehended  by  the  average 
man  and  the  apprentice.  A  straight-in  advance,  as  shown  at  A, 
has  a  chip  on  each  side  and  on  the  point,  exerting  a  pressure 
in  such  a  way  that  it  will  result  in  breaking  down  the  point. 
At  B,  the  cut  is  taken  the  same  as  any  cut  in  a  lathe,  and  the 
work  is  done  far  more  satisfactorily  and  in  less  time.  Just 
why  machine-shop  foremen  allow  the  90-degree  advance  to  be 
used  is  a  question.  Time  and  again  the  writer  has  observed 
that  this  and  other  practices  are  permitted,  not  because  of  lack 
of  equipment  or  facilities,  but  because  of  indifference.  Not 
only  are  lathes  equipped  with  compound  rests  allowed  to 
remain  idle  while  others  are  being  used,  but  on  lathes  so 
equipped  the  compound  rest  is  not  employed. 

Indianapolis,  Ind.  F.  E.  Metzler 


VISE  ADJUSTABLE  FOR  HEIGHT 
Some  progressive  vise  manufacturer  would  be  taking  a  step 
in  the  right  direction,  it  seems  to  me,  were  he  to  put  on  the 
market  a  vise  that  could  be  adjusted  to  different  heights.  This 
would  be  a  marked  improvement,  and  would  be  appreciated 
especially  by  tall  men.  They  are  now  obliged  to  bend  over  at 
an  angle  of  45  degrees,  more  or  less,  which  is  an  uncomfortable 
position,  to  say  nothing  of  the  strain  on  the  nerves  and  the 
suspender  but- 
tons. A  few 
men  consider  a 
filing  job  a 
snap,  and  be- 
fore beginning 
get  the  most 
c  0  mfortable 
stool  in  the 
room  and  place 
their  feet  on  a 
box.  But  most 
men  prefer  to 
tackle  a  filing 
job  with  both 
feet  on  the 
floor,  as  a 
standing  posi- 
tion gives  a 
freer  arm 
movement  and 
better  control 
over   the   file. 

When  the  vise  is  at  a  convenient  height,  the  operator  is  able 
to  follow  more  closely  each  stroke  of  the  file,  without  stooping 
over  every  few  minutes  to  see  if  the  file  is  hitting  anywhere 
near  the  mark.  With  a  vise  that  can  be  raised  or  lowered,  as 
shown  in  the  accompanying  illustration,  the  work  may  be 
brought  up  to  a  convenient  height  for  close  work  or  lowered 
for  heavy  work,  for  a  better  leverage,  as  then  one  can  get 
the  force  behind  each  outward  stroke.  Such  a  vise  would 
mean  a  saving  in  time  and  better  work.  In  other  words,  the 
vise  should  fit  the  man,  instead  of  the  man's  fitting  the  vise, 
as  is  now  the  case. 

Plainville,  Conn.  Harry  B.  Stillman 


Suggested  Design  of  Adjustable  Visa 


ORIGINATION   VERSUS  IMITATION 
IN  DESIGN 

The  November  number  of  Machinery  contains  an  article 
entitled  "Origination  Versus  Imitation  in  Design,"  but  the 
following  is  one  case  where  originality  in  design  was  a  good 
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Wrong  and  Right  Ways  of  cutting  Threads 


Case   in  which   an  Original  Plan  was  Economical 

dollars  and  cents  quality.     This  is  not  a  lone  instance,  but 
one  of  a  number  resulting  from  many  years  of  experience. 

In  connection  with  the  design  of  a  certain  water-control 
project,  there  were  available  the  plans  of  two  similar  projects, 
one  of  which  had  copied  very  closely  from  the  other,  both 
good  and  bad  points.  For  the  new  project,  it  would  have 
been  easy  to  copy  from  either,  but  original  designs  were  made. 
The  accompanying  illustration  shows  some  of  the  differences 
between  the  new  and  the  older  designs.     The  top  view  shows 
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the  arrangement,  in  the  older  designs,  of  a  shaft  A  with  cast- 
steel  props  B,  which  are  spaced  about  eight  feet  apart;  the 
bottom  view  shows  the  shaft  and  props  when  designed  after  a 
careful  study  of  the  problem  has  been  made. 

It  is  necessary,  in  order  to  facilitate  erection,  to  have  the 
shaft  In  short  lengths.  The  shaft  has  no  torsional  moment 
except  that  of  overcoming  the  dead  weight  of  the  props  when 
swinging  them  In  position  to  hold  a  load  and  the  friction 
caused  by  the  dead  weight  of  the  shaft  and  props;  this  is, 
of  course,  very  small.  When  the  load  is  applied  there  is  a 
heavy  direct  stress  on  the  props.  In  each  case,  after  the  load 
Is  brought  to  bear,  there  is  a  heavy  load  causing  bending, 
similar  to  that  of  a  beam  with  the  load  concentrated  at  the 
center  and  supported  at  the  ends.  The  condition  is  not  quite 
BO  severe  as  a  load  concentrated  at  the  center,  but  the  assump- 
tion is  on  the  side  of  safety.  In  the  older  design,  the  bending 
is  taken  by  the  shaft,  which  is  made  heavy  enough  to  stand 
it;  so  a  4-inch  shaft  is  used.  To  avoid  turning  it  down,  the 
shaft  is  made  the  same  diameter  throughout.  In  the  later 
design,  the  bending  is  taken  by  the  prop  and  not  by  the  shaft, 
so  that  the  shaft  is  submitted  only  to  the  small  torsion  before 
mentioned.  As  a  result,  a  2i4-iiich  shaft  is  sufficient.  As 
there  are  two  of  these  shafts,  each  over  fifty  feet  long,  there 
is  quite  a  saving  in  the  amount  of  steel  required  for  shafts. 
The  4-inch  shaft  has  a  section  modulus  of  6.3,  while  the  part 
of  the  prop  taking  the  bending  is  4^^  inches  in  diameter  with 
a  2J4-iiich  hole  in  it  and  has  a  section  modulus  of  7.8.  And 
as  the  strength  and  stiffness  of  the  parts  are  a  direct  func- 
tion of  the  section  modulus,  it  can  be  seen  that  in  the  later 
design  strength  has  not  been  sacrificed  to  lightness. 

Since  the  shafts  must  be  coupled  in  the  later  designs,  they 
are  made  in  such  lengths  that  the  ends  come  in  the  center  of 
the  props,  thus  doing  away  with  the  separate  couplings.  As  a 
cast-iron  coupling  0  for  a  4-inch  shaft  weighs  about  290  pounds, 
it  will  be  seen  that  another  large  saving  is  effected  here.  It 
might  also  be  mentioned  that  in  the  later  designs  the  parts 
are  more  easily  erected,  because  the  props  do  not  have  to  be 
moved  so  far  on  the  shaft,  and  the  lighter  weights  are  more 
easily  handled  in  an  awkward  place. 

In  conclusion,  it  might  be  stated  that  if  every  pound  of  metal 
can  be  put  where  it  will  do  the  most  good,  one  of  the  objects 


that  should  be  uppermost  in  the  mind  of  every  designer  has 
been  accomplished;  that  is,  to  get  out  the  best  plans  possible, 
suited  to  the  requirements,  with  the  least  expense. 

Albany,  N.  Y.  Chaules  P.  Wivtekk 


AN   EMERGENCY    STRAIGHTEDGE 

The  writer  has  found  the  tool  points  used  in  the  Pratt  & 
Whitney  tool-holders  for  cutting  U.  S.  S.  threads  to  be  very 
useful  as  a  straightedge.  As  these  tool  points  are  lapped  on 
the  flat,  anyone  can  make  a  selection  from  a  bunch  of  six  or 
seven  and  find  one  that  checks  up  with  a  glass  straightedge 
or  test  bar.    Those  of  the  finer  pitch  are  to  be  preferred. 

Bridgeport,  Conn.  James  McIntybe 


TOOLS  AND  BURNISHERS  FOR  TRUCK 
AXLE  JOURNALS 

In  the  illustrations  are  shown  tools  and  burnishers  used 
by  a  large  Eastern  railroad  on  truck  axle  journals  of  soft 
steel,  containing  about  0.40  per  cent  carbon,  0.55  per  cent 
manganese  and  0.05  per  cent  sulphur  and  phosphorus. 

Fig.  1  shows  the  journal  cutting  tools.  In  order  to  eliminate 
all  danger  of  chattering,  the  straight  cutting  face  of  the  tool 
is  only  3/16  inch  wide.  The  straight  tools  are  made  in  pairs, 
right  and  left,  for  use  in  double-end  axle  lathes.  The  offset 
tools  are  for  use  in  large  gap  axle  lathes,  in  which  is  placed  an 
axle,  with  both  wheels,  to  have  the  Journal  trued.  The  work 
speed  is  from  70  to  90  feet  per  minute,  and  the  feed  of  the 
tools  is  1/32  to  1/16  inch.  If  the  journal  being  trued  requires 
a  cut  over  1/16  inch  deep,  it  is  best  to  take  two  cuts,  one  heavy 
and  the  other  light,  so  the  burnisher  will  not  have  so  much  to  do. 

Fig.  2  shows  the  burnisher.  The  forks  are  all  made  alike 
so  the  parts  can  be  made  interchangeable  when  it  is  desired 
to  have  only  one  fork  and  several  burnishing  wheels.  An 
offset  fork  is  not  recommended  because  it  will  not  have  a  good 
solid  bearing,  on  account  of  the  tremendous  pressure  on  the 
fork,  but  the  straight  fork  will.  Therefore  it  is  necessary  to 
move  the  working  part  of  the  roller  close  to  the  left  side  to 
get  the  burnisher  wheel  up  in  the  fillet  without  having  the 
wheel  or  axle  rub  the  toolpost  or  carriage.    The  inside  of  the 


Fig-.  1.     Turning  Tools  for  Journals  and  Wheel  Seats  (One-fourth  Size) 
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Fig.  2.     Burnisher  for  Truck  Axle  Journals    (One-fourth  Size) 


fork  is-  finished  by  draw-filing.  Two  hardened  and  ground 
washers  are  placed  between  the  fork  and  the  tool,  or  burn- 
ishing wheel,  so  that  there  will  be  no  friction.  The  pin  and 
roller  are  hardened  and  ground;  the  roller  is  also  ground  on 
the  inside.  In  making  burnishers  for  use  on  gap  axle  lathes 
(for  mounted  axles,  of  course),  the  fork  can  only  be  used 
from  the  side  nearest  the  tailstock  of  the  lathe.  In  other 
words,,  the  operator  will  generally  lift  and  turn  the  axle  after 
burnishing  one  end;  as  a  result  it  will  only  be  necessary  to 
use  the  tool  one  way.  In  this  case  only  one  oil-hole  is  required 
through  the  fork,  as  shown.  But  when  the  tool  is  used  in  a 
double-end  axle  lathe,  it  will  be  used  right  and  left,  so  oil- 
boles  should  be  drilled  from  both  sides  in  order  that  the  tool 
can  be  oiled  while  running.  The  bottom  oil-hole  should  always 
be  kept  plugged;  also  the  hole  in  the  center  of  the  pin,  which 
must  be  drilled  in  to  the  required  depth  to  carry  the  oil  in 
from  the  other  hole.  Oil-grooves  are  cut  in  the  pin  (Fig.  3), 
on  the  side  away  from  the  wear,  and  oil-retaining  grooves  are 
cut  inside  of  the  rollers.  The  burnishers  are  made  of  high- 
grade  tool  steel.  When  burnishing,  the  work  speed  is  from 
70  to  90  feet  per  minute  and  the  feed  1/32  to  1/16  inch.  The 
burnishers  must  be  thoroughly  lubricated  at  the  point  of  con- 
tact with  the  work  while  in  operation.  M.  K. 


obtain  the  third  number  in  this  column,  and  so  on  until  there 
are  the  same  number  of  rows  in  each  column. 

Beginning  at  the  top,  cancel  each  corresponding  row  of 
figures  that  is  divisible  by  2;  and  add  the  remaining  figures 
in  the  "multiplicand"  column,  which  gives  the  required  prod- 
uct of  the  original  multiplicand  and  multiplier. 

The  method  will  be  better  understood  by  carrying  through 
the  problem  as  follows: 

Multiplier  Multiplicand 

37  206           206 

18  412 

9  824           824 

4  1648 

2  3296 

1  6592          6592 

7622 

As  a  check  on  the  preceding,  we  have:    206  X  37  =  7622. 
Denver,  Colo.  Staxley  Edwabds 


"RUSSIAN"  METHOD  OF  MULTIPLICATION 

I  was  recently  told  of  an  odd  system  of  multiplication  which 
I  believe  is  known  as  a  "Russian"  method;  and  a  description 
may  prove  of  interest  to  some  readers  of  Machinery.  Suppose 
it  is  required  to  multiply  206  by  37:  Make  up  columns  and 
head  them  "multiplicand"  and  "multiplier,"  respectively.  Start 
by  dividing  the  multiplier,  i.  e.,  37,  by  2  and  disregard  the  re- 
mainder. Write  the  quotient  as  the  second  number  in  the 
column  headed  "multiplier"  and  then  divide  the  quotient  by  2 
to  obtain  the  third  number  in  this  column.  Proceed  in  the 
same  manner  until  1  is  ob- 
tained as  the  final   quotient. 

To  obtain  figures  in  the 
second  column  in  which  the 
multiplicand  is  the  first  num- 
ber, proceed  by  multiplying 
the  multiplicand  by  2  to  ob- 
tain the  second  number;  then 
multiply  this  product  by  2  to 
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Fig.   3.     Detail  of  Burnishing  Roller  Pin 


A  PROTECTOR  AGAINST  BLOTTING 
There  is  nothing  that  fully  expresses  the  feelings  of  a  drafts- 
man who  inadvertently  blots  or  smudges  the  still  wet  ink  of  a 
carefully  made  drawing,  particularly  where  the  design  is  of 
an  intricate  character  or  where  many  parts  come  together. 
Of  course  some  draftsmen  can,  by  reason  of  their  steady  hands 
and  long  training,  draw  ink  lines  in  the  midst  of  a  compli- 
cated mass  of  lines  without  touching  the  drawing  sheet,  but 
such  a  process  is  nerve  racking  and  is  not  always  successful. 
The  blotting  and  smudging  can  easily  be  avoided  by  the 
use  of  a  curved  hand  rest.  This  may  be  made  by  cutting  a 
barrel  stave  to  a  suitable  width,  preferably  about  two  inches, 
and  to  a  length  of  about  fourteen  inches.  It  Is  then  sand- 
papered and  its  edges  smoothed ;  if  desired,  it  may  be  shellacked 
or  varnished.  In  use,  the  device  is  placed  over  the  drawing 
so  that  the  ends  of  the  stave  will  span  the  work,  thus  forming 

a  support  for  the  draftsman's 
hand.  The  stave  will  be  above 
the  drawing  paper,  except  at 
its  ends,  and  will  keep  the 
hands  away  from  the  sheet 
and  thus  prevent  blotting  and 
smudging  the  drawing. 

A.    P.    CONNOB 

Washington,  D.  C. 
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NORMAL   PITCH  AND  CIRCULAR  PITCH-CURVATURE  OP  TEBTH-INTERFERBNCB— PROPORTIONS-8TRBNGTH-MACHININCJ 

BY    RBQINALD    TRAUTSOHOLD  '■* 


THE  requirements  of  smoothness  and  silence  in  operation, 
long  life,  and  high  efliciency  for  high-speed  parallel  gear 
transmission,  which  in  the  case  of  externally  meshing 
gears  are  best  secured  through  the  gradual  engagement  of 
spiral  teeth,  are  likewise  met  by  internal  helical  gearing.  In 
addition  to  these  decided  advantages,  internal  helical  gearing 
discounts  certain  of  the  drawbacks  common  to  internal  spur 
gearing.  That  is,  the  relative  advantage  of  cutting  the  teeth 
at  an  angle  to  the  a.\is  of  the  gear  is  greater  in  the  case  of 
internal  helical  gearing  than  in  external  helical  gearing. 

A  typical  lay-out  of  internal  helical  gearing  is  shown  in 
Fig.  1.  From  this  it  is  plain  that  the  tooth  action  is  identical 
with  that  of  externally  meshing  helical  gears  and  the  arrange- 
ment of  the  teeth  is  similar,  with  the  exception  that  for 
internal  gearing  the  spiral  angles  of  both  gear  and  pinion  are 
of  the  same  hand,  while  for  externally  meshing  gears  the 
hands  of  the  respective  spiral  angles  are  opposite — one  is  right 
and  the  other  left.  This  is  because,  in  internal  gearing,  the 
direction  of  rotation  of  both  gear  and  pinion  is  the  same,  while 
in  the  more  common  type  of  gearing  the  pinion  revolves  in  one 
direction  and  the  gear  in  the  opposite: 

Peculiarities  of  Helical  Gearing 

Helical  gearing  has  two  circular  pitches,  the  normal  pitch, 
which  is  the  shortest  distance  between  centers  of  consecutive 
teeth  measured  on  the  normal  pitch  curve,  and  the  circular 
pitch,  which  is  the  shortest  distance  between  centers  of  con- 
secutive teeth  measured  on  the  pitch  circle  in  the  plane  of  the 
gear,  that  is,  in  a  plane  at  right  angles  to  the  axis  of  the  gear, 
as  in  the  case  of  ordinary  spur  gearing.  This  double  pitch  is 
responsible  in  large  part  for  the  smoothness  and  silence  of 
operation.  Besides,  the  obliquity  of  the  teeth  produces  gradual 
engagement  and  avoids  shock  of  impact,  for  the  effective  pres- 
sure angle  of  the  teeth — the  pressure  angle  in  the  plane  of  the 
gear — is  greater  than  the  normal  pressure  angle  governing  the 
normal  tooth  section.  For  instance,  the  effective  pressure 
angle  of  helical  gears  with  a  14%-degree  normal  profile  pres- 
sure angle  is  greater  than  14 1^  degrees,  the  increase  depending 
upon  the  angle  of  spiral,  or  the  angle  measuring  the  obliquity 
of  the  teeth.  An  increased  pressure  angle  always  tends  toward 
increased  smoothness  in  operation. 

An  increased  pressure  angle  also  reduces  Interference;  and, 
as  interference  is  much  more  marked  in  internal  gearing  than 
in  gears  meshing  externally,  the  decrease  is  more  marked  in 
internal  gearing  and  discounts  in  helical  gearing  that  which 
has  proved  one  of  the  most  serious  drawbacks  to  internal 
spur  gearing  of  the  involute  system.  Theoretically,  at  least, 
the  spiral  angle  of  internal  helical  gearing  could  be  made  suf- 
ficiently great  to  avoid  all  interference,  irrespective  of  the 
number  of  teeth  in  the  pinion  and  the  speed  ratio  of  the  gears, 
making  the  Involute  system  as  adaptable  as  the  cycloidal  sys- 
tem for  internal  helical  -gearing.  In  practice,  however,  it  is 
seldom  advisable  to  make  the  spiral  angle  greater  than  about 
20  degrees,  on  account  of  the  axial  thrust  created  by  the  ob- 
liquity of  the  teeth.  With  a  normal  pressure  angle  of  14% 
degrees  and  a  spiral  angle  of  20  degrees,  the  effective  pressure 
angle  will  be  15  degrees,  27  minutes.  This  increase  in  pres- 
sure angle  will  not,  in  itself,  be  sufficient  to  avoid  interference 
in  gear  combinations  of  usual  speed  ratios,  so  that  correction 
for  Interference  by  rounding  off  the  corners,  as  for  internal 
spur  gear  combinations  of  the  involute  system,  is  still  neces- 
sary. But  the  amount  to  be  removed  from  the  corner  of  the 
internal  helical  gear  teeth  is  not  as  great  as  in  the  case  of 
similar  internal  spur  gear  teeth. 

Normal  Pitch   Ellipse 

The  effect  of  arranging  the  teeth  obliquely  across  the  face 
of  the  gear  is  to  increase  the  pitch  diameter,  the  normal  sec- 
Tor  previous  informatioD  on  internal  gearing,   see   "Internal  Spur  Gearing" 
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tion  and  pitch  remaining  the  same,  owing  to  the  circular  pitch 
being  greater  than  the  normal  pitch.  The  normal  pitch  of  a 
helical  gear  corresponds  to  the  circular  pitch  of  a  spur  gear. 
Referring  to  Fig.  2,  it  is  evident  that  the  normal  pitch  curve 
must  be  a  section  of  an  ellipse  (an  oblique  section  of  a  cylinder 
being  elliptic  in  outline),  the  conjugate  axis  of  which  is  equal 
to  the  pitch  diameter  of  the  helical  gear,  and  the  major  axis 
equal  to  the  pitch  diameter  divided  by  the  cosine  of  the  spiral 
angle.  Actually,  no  such  normal  pitch  ellipse  exists,  for  there 
are  not  enough  teeth  in  the  gear  to  circumscribe  such  a  curve. 
Nevertheless,  it  is  a  short  section  of  the  flattest  part  of  the  el- 
lipse, the  section  straddling  the  conjugate  axis,  which  controls 
the  proportioning  of  the  teeth.     This  normal  pitch  arc,  or 


i 


Fig.   1.     Lay-out  of  Internal  Helical  Gearing  with  a  Speed  Batio  of  4:1 

curve,  is  approximately  an  arc  of  a  radius  equal  to  the  major 
axis  of  the  ellipse  minus  one-half  its  conjugate  axis.  The  nor- 
mal section  of  a  helical  gear  tooth  is  controlled  then  not  by  the 
pitch  diameter  directly,  but  by  a  radius  equal  to  the  pitch  dia- 
meter of  the  gear  divided  by  the  cosine  of  the  spiral  angle 
minus  one-half  the  pitch  diameter. 

Curvature  of  Helical  Gear  Teeth 

Helical  gear  teeth,  being  of  constant  depth,  are  also  slightly 
curved  in  their_  length.  As  In  the  case  of  the  normal  pitch 
curve,  a  close  approximation,  as  the  radius  of  curvature  is 
practically  accurate,  for  the  true  curvature  is  the  flat  section 
of  an  ellipse;  see  Fig.  3.    The  conjugate  axis  of  the  ellipse  is 
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again  the  pitch  diameter  of  the  helical  gear,  but  the  major 
axis  is  equal  to  the  pitch  diameter  divided  by  the  sine  of  the 
spiral  angle.  The  curvature  of  the  tooth,  the  section  of  the 
ellipse  straddling  the  conjugate  axis,  is  then  approximately  the 
arc  of  a  radius  equal  to  the  difference  between  the  major  axis 
of  the  ellipse  and  one-half  its  conjugate  axis.  That  is,  the 
radius  of  tooth  curvature  equals  the  pitch  diameter  of  the  gear 
divided  by  the  sine  of  the  spiral  angle  minus  one-half  the  pitch 
diameter.  For  external  helical  gears,  the  tooth  curvature 
is    convex,    and    for    internal    helical    gears    it    is    concave. 

Interference  of  Internal  Helical  Gear  Teeth 

The  interference  circle,  locating  the  point  on  the  teeth  at 
which  interference  commences,  is  not  fixed  for  internal  helical 
gears  as  it  is  for  internal  spur  gears.  In  the  latter  type  of 
gear,  it  is  located  midway  between  the  pitch  and  base  circles 
for  1414-degree  involute  teeth.  For  internal  helical  gear  teeth 
of  normal  14i/^-degree  involute  standard,  the  interference  cir- 
cle is  relatively  smaller  and  lies  nearer  the  base  circle.  Two 
factors  govern  the  point  at  which  interference  commences: 
the  pressure  angle  and  the  number  of  teeth.  Both  of  these  fac- 
tors are  dependent  on  the  angle  of  spiral,  the  beginning  of  the 
point  of  interference  being  the  same  whether  the  normal  sec- 
tion of  the  tooth  is  considered  or  the  section  In  the  plane  of 
the  gear. 

Although  the  ordinary  pressure  angle  of  the  normal  tooth 
section  of  an  internal  helical  gear  is  14%  degrees,  the  normal 
pitch  arc  that  controls  the  position  of  the  teeth  is  greater  than 
the  pitch  radius  of  an  internal  spur  gear  of  the  same  number 
of  teeth,  pitch,  and  pressure  angle.  In  other  words,  comparison 
may  be  made  with  an  internal  spur  gear  combination  of  greater 
speed  ratio.  The  effect  is  the  same  as  slightly  decreasing  the 
curvature  of  a  gear  section;  the  point  of  interference  is  brought 
nearer  the  top  of  the  tooth  for  the  particular  speed  ratio.  The 
effective  pressure  angle,  considering  the  tooth  section  in  the 
gear  plane,  is  greater  than  14%  degrees  so  that  the  point  at 
which  interference  commences  must  be  nearer  the  top  of  the 
tooth.  A  fixed  relationship  exists  between  the  increased  pres- 
sure angle,  the  normal  pitch  arc  radius,  and  the  number  of 
teeth  in  the  gear  and  pinion. 

With  the  more  advantageous  location  of  the  point  at  which 
interference  commences  in  internal  helical  gears  of  standard 
normal  pitch,  there  is  a  corresponding  reduction  in  the  amount 
of  the  corner  of  the  tooth  that  has  to  be  removed  to  avoid  in- 
terference. The  dedendum  cutting  radius  for  the  normal  tooth 
section  is  obtained  from  the  normal  pitch  arc  radius.  The  pro- 
portion of  this  latter  radius  that  is  taken  is  the  same  as  that 
of  the  pitch  radius  of  an  internal  spur  gear  taken  for  the 
dedendum  cutting  radius  of  the  spur  gear,  so  that  the  actual 
dedendum  cutting  radius  for  helical  internal  gears  is  the 
larger  for  a  given  pitch  (normal),  and  less  of  the  tooth  cor- 
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Fig.  2.     Normal  Pitch  Arc  Radius  of  Helical  Gears 


Fig.   3.     Tooth  Curvature  Arc  of  Helical  Gears 

ner  is  removed.  In  the  plane  of  the  gear,  the  dedendum 
cutting  radius  bears  the  same  relationship  to  the  pitch  dia- 
meter as  in  the  case  of  internal  spur  gears,  although  the  effec- 
tive pressure  angle  is  greater  than  the  pressure  angle  would 
be  in  the  case  of  the  internal  spur  gear — the  circular  pitch 
of  the  spur  gear  corresponding  to  the  normal  pitch  of  the 
helical  gear. 

Formulas  for  the  calculation  of  both  the  dedendum  cutting 
radius  (normal)  and  the  effective  cutting  radius  will  be  de- 
rived, as  well  as  for  ascertaining  the  correction  arc  radius  and 
the  effective  correction  curve  radius  from  which  the  respective 
dedendum  cutting  arcs  are  struck,  but  formulas  for  locating  the 
interference  curves  will  be  omitted,  as  they  are  of  little  prac- 
tical value  and  are  likely  to  lead  to  confusion.  In  laying 
out  internal  helical  gear  teeth,  the  dedendum  cutting  arc  is 
made  tangent  to  the  tooth  profile — the  point  of  tangency  being 
actually  on  the  interference  curve — and  is  struck  about  a 
center  located  on  the  correction  curve. 

Proportions  of  Internal  Helical  Gear  Teeth 

Fig.  4  depicts  cross-sections  of  internal  helical  gear  teeth, 
viewed  first  on  a  normal  plane  and  second  on  the  plane  of  the 
gear.  Although  the  spiral  angle  of  the  gear  illustrated  is  less 
than  20  degrees,  there  is  quite  an  appreciable  difference  in  the 
proportions  of  the  teeth  viewed  from  the  different  angles.  The 
normal  tooth  section  is  similar  to  that  of  an  internal  spur 
gear  of  the  same  pitch  and  pressure  angle  but  with  a  consider- 
ably greater  number  of  teeth  than  are  actually  on  the  internal 
helical  gear.  The  effective  tooth  section,  on  the  other  hand, 
is  similar  to  that  of  an  internal  spur  gear  of  the  same  number 
of  teeth,  but  of  a  greater  pressure  angle  and  larger  pitch. 

The  relative  location  of  the  base-curve  arc  and  the  pitch-curve 
arc  is  not  materially  affected  in  the  two  views,  for  the  radius 
of  this  curve  depends  on  the  respective  pitch  arc  radii  and  on 
the  cosine  of  the  respective  pressure  angles.  As  the  radius 
and  angle  increase,  the  cosine  of  the  pressure  angle  decreases, 
so  there  is  little  relative  difference  in  the  product  of  the 
respective  radii  and  the  cosine  of  their  corresponding  pressure 
angles.  On  the  other  hand,  the  relative  location  of  the  correc- 
tion-curve arc,  in  respect  to  the  pitch-curve  arc,  is  quite  ap- 
preciably different  in  the  two  views.  This  is  due  to  the  fact 
that  the  correction-curve  arc  is  controlled  by  the  pitch-curve 
arcs  and  the  reciprocal  of  the  cosine  of  the  pressure  angle. 
When  the  pitch-curve  radius  is  the  greater  (proportionally) 
and  the  pressure  angle  correspondingly  increased,  the  cosine  of 
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the  angle  is  siiialler  and  the  increase  iu  the  quotient  of  the 
pitch-curve  radius  divided  by  the  cosine  of  the  pressure  angle 
is  quite  marked. 

strength  of  Helical  Gear  Teeth 

The  effective  thickness  of  helical  gear  teeth  bears  the  same 
relationship  to  the  normal  thickness  of  the  tooth  as  does  the 
pitch  diameter  of  helical  gears  to  the  major  axis  of  the  imagi- 
nary normal  pitch  ellipse;  that  is,  it  equals  the  normal  thick- 
ness of  the  tooth  divided  by  the  cosine  of  the  spiral  angle'. 
Furthermore,  more  than  one  set  of  teeth  in  a  gear  combina- 
tion, the  number  depending  on  the  angle  of  spiral  and  the 
pitch  of  the  gear,  are  always  in  contact  and  transmitting  power 
at  the  same  time.  The  result  is  that  the  teeth  of  helical  gears 
are  practically  indestructible  from  fracture  in  operation  and 
a  very  much  finer  normal  pitch  can  be  employed  than  could  be 
used  with  safety  in  spur  gearing  transmitting  the  same  amount 
of  power. 

Instead  of  employing  a  finer  pitch,  the  face  of  the  helical 
gear  could  be  decreased,  but  this  would  necessitate  an  increase 
in  the  spiral  angle  In  order  to  secure  the  advantage  of  the 
same  number  of  teeth  in  contact  at  one  time,  resulting  in  in- 
creased axial  thrust.  As  axial  thrust  serves  no  useful  purpose 
and  is  difficult  to  control,  unless  double  helical  gears  of  the 
herringbone  type  can  be  employed,  an  increased  spiral  angle 
should  be  avoided.  The  use  of  a  finer  pitch  on  account  of  the 
increased  effective  strength  of  helical  gear  teeth  is  then  de- 
cidedly preferable  to  a  decrease  in  the  width  of  the  gear  for 
the  same  reason. 

Notation  for  Internal  Helical  Gearing 

Gear  Pinion 

Angle  of  spiral a  a 

Number  of  teeth N  n 

Diametral  pitch p  p 

Circular    pitch    p'  p' 

Normal   pitch    p"  p" 

Pitch    diameter    D'  d' 

Normal  pitch   arc   radius R"  r" 

Outside    diameter    d 

Inside   diameter    D 

Dedendum  diameter    D" 

Addendum    s  s 

Clearance    /  / 

Dedendum    s  +  f  s-f/ 

Whole   depth  of  tooth W  W 

Thickness  of  tooth    (normal) t  t 

Lead    L  I 

Pressure  angle    p  p 

Effective   pressure   angle    S  S 

Base   arc   radius    B 

Effective  base  arc  radius Be 

Correction  arc  radius 0 

Effective  correction  arc  radius Ce 

Dedendum    cutting    radius 6' 

Effective  dedendum  cutting  radius 6,' 

Addendum  cutting  radius c' 

Effective  addendum  cutting  radius Ce' 

Pair  of  Gears 

Speed  ratio   y 

Center    distance    x 

Formulas  for  Internal  Helical  Gearing- 
2VX                                                     2X 
D'  = =  Np'0.n83     (1)      d'  = =np'0.3183      (la) 

y  — 1  .  v  —  i 

3.1416D'  3.1416(i'        N 

N  = =  nV       (2)  n  = =  —       (2a) 

P'  p'  V 

P"  p" 

cos  a  =  —  ( 3 )  p'  = ( 4 ) 

P'  .                    cos  a 

3.1416  3.1416 

p"=P'COSa  = (5)  p=_ (6) 

p  p" 

d  =  d' +  p"  0.6366  (7)  Z)  =  Z)'  —  p"  0.6366  (8) 

D"=Z)'  +  p"  0.7366  (9)  s  =  p"  0.3183  (10) 

/  =  p"0.05  (11)  s+/  =  p"  0.3683  (12) 

W  =  p"  0.6866  (13)  (  =  p"0.5  (14) 

1/  =  3.1416  2)' cot  a  (15)  2  =  3.1416d'cota  (15a) 

D'        D'  d'        d' 

R"= (16)  r"  = (16a) 

cos  a        2  COS  a         2 

R" 

B  =  R"cosp  (17).  C  = (18) 

cos/3 


sin  5  =  • 


0.25«" 
8ln/3 

coso 

C.  =  ■ 


(19)       c'=  V  (0.2528")*+  (0.25r")" 
0.25038 
(21)  B,  =  0.5D'co8« 


(20) 
(22) 


cos  a 
D' 


(23) 


6»'  =  0.125D' 


d') 


(24) 
(25) 
(B) 


2  cos  5 
c.'=  V  (0.125I>')'+  (0.125d')' 
N       D'      R" 
F  =  — =  — =  —         (A)        X  =  0.5(D'- 
n       d'       r" 
Example  1. — Required:    An  internal  helical  gear  combina- 
tion cut  normally  with  a  4-pitch  involute  cutter;    76  teeth  in 
gear,  19  teeth  in  pinion;    center  distance,  7%  Inches.    That  is, 

76 
p  =  4,  7  =  —  =  4,  X  =  7.5  Inches 
19 

2  X  4  X  7.5 
D'  = =  20  inches 


\ 


4  —  1 
2  X7.5 

d'  = =  5  inches 

4  —  1 
3.1416  X  20 


76 
3.1416 


P 
0.7854 


=  0.8267  inch 
0.7854  inch 


(1) 

(la), 

(4) 

(5) 


4 
=  0.95 


(3)   a  =  18  degrees,  11  minutes 
0.8267 

d  =  5  +  0.7854  X  0.6366  =  5.5  inches 
I>  =  20  —  0 .  7854  X  0 .  6366  =  19.5  inches 
D"  =  20  +  0 .  7854  X  0 .  7366  =  20 .  5785  inches 
s  =  0.7854  X  0.3183  =  0.25  inch 


/  =  0.7854  X  0.05  =  0.0393  inch 
s  +/=  0.7854  X  0.3683  =  0.2893  inch 
W  =  0.7854  X  0.6866  =  0.5393  inch 
t  =  0.7854  X  0.5  =  0.3927  inch 
L  =  3.1416  X  20  X  3.0445  =  191.292  inches 
Z  =  3.1416  X  5  X  3.0445  =  47.823  inches 
20    20 

R"  = =  11 .  0526  inches 

0.95   2 
5    5 

r"  = =  2 .  7632  inches 

0.95   2 
B  =  11 .  0526  X  0 .  96815  =  10 .  7006  inches 


(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(15a) 

(16) 

(16a) 

(17) 


21^""/ 


NORMAL  TOOTH  SECTION 


EFFECTIVE  TOOTH  SECTION 


\ 


Fig.   i.     Internal   Helical   Gear  Tooth  Proportions 
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11.0526 

C  = =  11.4162  inches         (18) 

0.96815 
6'  =  0.25  X  11.0526  =  2.7632  inches       (19) 
c'=  V  (0.25  X  11.05261' 4^T0. 25^  2.7632)" 
=  2.8481  inches  (20) 

0.25038 

sin  5  = =  0.26356  (21) 

0.95 
3=15  degrees,  17  minutes 
Bo  =  0.5  X  20  X  0.96463  =  9.6463  inches  (22) 

20 

Ce  = =10.3667  inches  (23) 

2  X  0.96463 
6e' =  0.125  X  20  =  2.50  inches  (24) 


c'  =  V  (0.125  X  20)'+  (0.125  X  5)' =  2.5769  inches     (25) 
Example  2. — Required:    An   internal  helical   gear   combina- 
tion to  replace  an  internal  spur  gear  set  of  60  and  15  teeth, 
respectively,  3  pitch,  7'/^  inches  between  centers.     The  speed 
ratio  is  to  remain  the  same  and  the  helical  gears  are  to  be 

60 
cut  with  the  same  normal  pitch.    That  is,  p  =  3,  V  =  —  =  4, 

15 
X  =  l .5  inches. 

2X4  X7. 5 
D'  = •=  20  inches  ( 1 ) 


4  —  1 

2X7.5 

=  5  inches 

(la) 

4  —  1 

A^ 

=  56  (Assumed) 

n  = 

:14 

(Assumed) 

3.1416  X  20 

=  1.122  inch 

(4) 

P  — 

56 

3.1416 

72  inch 

(5) 

3 

1.0472 

cos  a  = = 

=  0.93333 

(3) 

1.122 
a  =  21  degrees,  2  minutes 

d  =  5+   1.0472  X  0.6366  =5.6666  inches  (7) 

D  =  20—  1.0472  X  0.6366  =  19.3334  inches  (8) 

D"  =  20  +  1.0472  X  0.7366  =  20.7714  inches  (9) 

s  =  1.0472  X  0.3183  =  0.3333  inch  (10) 

/=  1.0472  X  0.05  =  0.0524  inch  (11) 

s  +/  =  1.0472  X  0.3683  =  0.3857  inch  (12) 

W  =  1.0472  X  0.6866  =  0.72  inch  (13) 

f  =  1.0472  X  0.5  =  0.5236  inch  (14) 

Z/  =-  3 .  1416  X  20  X  2 .  6006  =  163 .  4008  inches  ( 15 ) 

Z  =  3.1416  X  5  X2.6006  =  40.8502  inches  (15a) 
20          20 

R"= =11.4287  inches  (16) 

0.9333       2 
5  5 

r"  = =2.8573  inches  (16a) 

0.9333       2 

B  =  11.4287  X  0.96815  =  11.0647  inches  (17) 


11.4287 
C  = =  11 .  8046  inches 


(18) 


0.96815 

6'  =  0.25  X  11.4287  =  2 . 8572  inches  ( 19 ) 

0'  =  V  (0.25  X  11.4287)'  +  ( 0T2Fx"2TW73) '' 

=  2.9449  inches  (20) 

0.25038 

sina= =0.26827  (21) 

0.9333 
6  =  15  degrees,  34  minutes 
Be  =  0 . 5  X  20  X  0 .  96332  =  9 .  6332  inches  ( 22 ) 

20 

Ce  = =10.3807  inches  (23) 

2  X  0.96332 
6e' =  0.125  X  20  =  2.5  inches  (24) 

Ce'  =  VTO.125  X  20)'  +  (0.125  X  5)'  =  2 . 5769  inches      ( 25 ) 

Discussion  of  Formulas 

The  double  pitch  peculiarity  of  helical  gears  complicates 
the  derivation  of  convenient  formulas  for  the  calculations  in- 
volved in  the  design  of  helical  gearing,  the  pitch  diameters 
and  the  number  of  teeth  being  controlled  by  the  circular  pitch 
and  all  other  diameters  affected  by  the  normal  pitch,  from 
which  the  tooth   proportions  are  also  figured.     The  relation- 


ship existing  between  the  normal  pitch  and  the  measurements 
figured  from  it  is  similar  to  the  lelationship  of  the  circular 
pitch  of  spur  gears  to  their  similar  measurements. 

As  practically  any  pitch  diameter  of  gear,  for  a  given  num- 
ber of  teeth  of  certain  pitch,  can  be  secured  by  varying  the 
spiral  angle  of  helical  gear  combinations,  it  is  customary  to 
consider  the  distance  between  the  pinion  and  gear  shafts  as 
fixed  and  to  proportion  the  pitch  diameters  accordingly.  In 
the  case  of  internal  helical  gearing,  twice  the  center  distance 
divided  by  the  speed  ratio  minus  1  gives  the  pitch  diameter 
of  the  pinion  and  this  multiplied  by  the  speed  ratio  gives  the 
pitch  diameter  of  the  gear. 

The  pitch  circle  diameter  divided  by  the  number  of  tee.th 
in  an  internal  helical  gear  gives  its  circular  pitch,  and  its 
normal  pitch  divided  by  the  circular  pitch  gives  the  cosine  of 
the  spiral  angle.  The  outside  diameter  of  the  pinion,  inside 
diameter  of  the  internal  gear,  and  all  tooth  proportions  are 
then  calculated  from  the  normal  pitch  by  formulas  similar  to 
the  corresponding  formulas  for  internal  spur  gearing,  the  pitch 
diameter  having  first  been  proportioned  according  to  the  cir- 
cular pitch. 

The  normal  pitch  arc  radius  is  the  approximate  radius  of 
the  flat  section  of  the  imaginary  normal  pitch  ellipse  and  is 
found  by  dividing  the  pitch  diameter  of  the  gear  by  the  cosine 
of  the  spiral  angle  and  subtracting  from  the  quotient  one-half 
the  pitch  diameter.  From  the  normal  pitch  arc  radius  are 
figured  the  base  arc  radius,  correction  arc  radius,  dedendum 
cutting  radius,  and  addendum  cutting  radius  for  the  internal 
helical  gear;  all  as  corresponding  dimensions  are  figured  for 
internal  spur  gears. 

The  spiral  lead  is  the  distance  covered  by  the  thread  in  one 
complete  revolution  of  the  pitch  circle  and  is  equal  to  the 
pitch  circumference  multiplied  by  the  cotangent  of  the  spiral 
angle. 

The  sine  of  the  effective  pressure  angle  is  found  by  dividing 
the  sine  of  the  pressure  angle  (normal)  by  the  cosine  of  the 
spiral  angle.  The  cosine  of  the  effective  pressure  angle  is  em- 
ployed for  ascertaining  the  effective  base  arc  radius  and  the 
effective  correction  arc  radius  in  a  similar  manner  to  that  used 
in  calculating  the  corresponding  dimensions  for  internal  spur 
gears,  the  pitch  diameter  of  the  internal  helical  gear  being  the 
other  governing  factor. 

The  effective  dedendum  and  addendum  cutting  radii  are  also 
customarily  figured  from  the  pitch  diameters,  just  as  the  cor- 
responding normal  radii  are  calculated.  A  slight  inaccuracy 
exists  In  such  practice,  for  if  the  tooth  profile  curves  are  arcs 
of  circles  in  planes  normal  to  the  tooth  axis  they  cannot  also 
be  arcs  of  circles  in  an  oblique  plane,  but  must  be  arcs  of  el- 
lipses. The  error  is  slight,  however,  and  carries  practically 
little  weight,  but  slight  wear  being  required  to  rectify  any 
slight  interference  which  may  exist. 

Machining-  Internal  Helical  Gears 

Three  general  methods  of  cutting  internal  helical  gear  teeth 
may  be  employed:  Using  rotary  cutters  in  special  milling 
machines;  planing  the  teeth;  and  employing  end-mill  cutters. 
The  milling  method  is  naturally  the  most  rapid  and  is  the  one 
generally  employed  if  the  gears  are  to  be  made  in  quantities. 
In  this  process,  the  gear  blank  is  made  to  revolve  during  the 
cutting  of  the  teeth,  the  plane  of  the  cutting  tool — rotary  mill- 
being  maintained  normal  to  the  plane  of  the  gear.  This 
method  is  feasible  only  for  gears  of  comparatively  slight  ob- 
liquity (spiral  angle),  as  the  cutter  must  clear  itself  as  it 
traverses  the  face  of  the  gear.  The  practical  spiral  angle  is 
also  limited  and  the  diameter  of  the  gear  must  be  compara- 
tively large  in  order  to  provide  accommodation  within  the 
confines  of  the  blank  for  the  rotary  mill  and  the  spindle  of 
the  milling  machine.  The  rotating  speed  of  the  gear  blank 
is  made  proportional  to  the  spiral  lead  of  the  gear  teeth  and 
the  feed  accommodated  accordingly.  The  cutter  is  propor- 
tioned to  conform  to  the  effective  tooth  section,  so  that  a 
special  cutter  is  required  for  each  gear  of  differing  obliquity, 
if  accuracy  is  essential.  When  the  involute  form  of  tooth  can 
be  deviated  from,  the  same  cutter  may  be  employed  in  ma- 
chining gears  of  differing  spiral  angle,  provided  the  cutter 
used  for  the  mating  pinion  is  proportioned  accordingly. 
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When  planing  the  teeth  of  Internal  helical  gears  the  cutting 
tool  may  be  made  to  conform  to  the  effective  tooth  section  of 
the  guar  and  the  gear  blank  revolved  during  the  cutting  opera- 
tion, as  in  the  milling  process.  In  another  planing  method,  the 
gear  blank  la  held  stationary,  except  for  the  necessary  index- 
ing from  tooth  to  tooth,  and  the  cutter  is  made  to  conform  to 
the  normal  tooth  section.  The  plane  of  the  cutting  tool  is  in- 
clined to  the  plane  of  the  gear  at  an  angle  conforming  to  the 
obliquity  of  the  gear  teeth  and  the  tool  is  guided  by  suitable 
templets  in  a  path  following  the  slight  longitudinal  curvature 
of  the  teeth;  the  radius  of  curvature  of  the  "former"  is  made 
proportional  to  the  pitch  diameter  of  th^  gear  divided  by  the 
sine  of  the  spiral   angle  minus  one-half  the   pitch  diameter. 

Machining  helical  gear  teeth  with  the  Fellows  gear  shapejr 
constitutes  a  third  planing  method.  For  such  process,  the 
pinion  cutter  is  proportioned  to  conform  to  the  normal  tooth 
section,  for  if  machined  in  the  plane  of  the  axis  of  the  gear 
the  cutter  could  not  properly  clear  itself.  Furthermore,  fol- 
lowing the  tooth  space  permits  the  standard  pinion  cutter  to 
be  employed.  The  gear  blank  is  mounted  on  the  work-spindle 
inclined  at  the  angle  of  spiral,  so  that  the  normal  tooth  axis, 
the  obliquity  of  the  gear  teeth,  coincides  with  the  reciprocat- 
ing path  of  the  pinion  cutter  when  the  cutter  is  normal  to 
to  tlie  tooth  space  section.  The  gear  blank  is  revolved  slowly 
in  its  inclined  plane  at  a  speed  proportional  to  the  spiral  lead 
of  the  gear,  the  cutting  pinion  tool  reciprocating  rapidly 
across  the  face  of  the  gear.  Each  tooth  space  is  finished 
on   the   completion   of  each   revolution   of  the   pinion   cutter. 

This  method  of  machining  helical  gear  teeth  is  exceedingly 
accurate  and  efficient,  for  the  teeth  are  generated  by  a  true 
involute  cutter,  just  as  if  the  gear  and  mating  pinion  were 
rolled  together  and  the  teeth  molded.  The  longitudinal  curva- 
ture of  the  tooth  is  automatically  taken  care  of  by  the  cutte» 
following  the  cylindrical  outline  of  the  gear  face.  The  path 
of  the  cutter  is  a  true  ellipse  in  reference  to  the  axis  of  the 
gear  blank  and  at  the  same  time  is  in  a  plane  normal  to  the 
tooth  section  on  account  of  the  slow  revolution  of  the  gear 
blank  while  the  cutter  traverses  the  face  of  the  gear. 

On  the  commencement  of  each  cutting  stroke  and  upon  the 
completion  of  each  stroke,  the  distance  from  the  momentary 
contact  of  cutter  and  gear  blank  to  the  center  of  the  work- 
spindle  is  at  a  minimum  and  at  the  center  of  the  gear  face  is  at 
a  maximum,  giving  the  true  concave  curvature  of  the  internal 
helical  gear  tooth,  the  section  of  an  ellipse  straddling  the  nor- 
mal pitch  diameter  of  the  gear  and  its  conjugate  axis. 

The  cutting  of  internal  helical  gear  teeth  with  end-mills 
does  not  usually  prove  as  satisfactory  as  milling  with  rotary 
cutters,  on  account  of  the  relatively  small  tool  surface  over 
which  the  unavoidable  tool  wear  has  to  be  distributed.  The 
method  is  of  interest,  however,  as  by  it  double  helical  internal 
gears  of  the  herringbone  variety  can  be  most  easily  machined. 
A  central  groove,  or  recess,  slightly  wider  than  the  diameter 
of  the  mill  at  the  top  of  the  teeth  is  cut  about  the  inside 
of  the  gear,  a  shade  deeper  than  the  whole  depth  of  the  tooth. 
The  oblique  teeth  on  the  outer  edge  of  the  gear  are  then  cut  in 
a  similar  manner  to  that  employed  for  cutting  internal  helical 
gear  teeth  with  rotary  cutters  (the  milling  method),  the  end- 
mill  being  proportioned  to  conform  to  the  effective  tooth  sec- 
tion and  the  gear  blank  fed  normally  to  the  mill  and  revolved 
at  the  proper  speed  during  the  cutting  operation.  The  teeth 
on  the  outer  half  of  the  gear  face,  terminating  at  the  central 
groove,  are  finished  at  one  setting  of  the  machine,  after  which 
the  rotation  of  the  gear  blank  is  simply  reversed  and  the  other 
teeth,  those  extending  from  the  central  groove  to  the  inside 
edge  of  the  gear  face,  are  finished  in  like  manner. 

Another  advantage  secured  by  the  employment  of  end-mills 
for  machining  internal  helical  gears  is  the  more  compact  de- 
sign of  gear  which  can  be  utilized,  as  compact,  in  fact,  as  for 
gears  with  planed  teeth.  The  end-mill  and  the  planing  tool  re- 
quire but  little  clearance  between  the  inner  edge  of  the  gear 
face  and  the  web  of  the  gear  blank,  while  rotary  cutters  re- 
quire considerably  more  space  in  which  to  clear  themselves. 

Internal  Helical  Gears  of   Low^  Ratio 

Although  it  is  possible  to  secure  lower  speed  ratios  with 
internal   helical    gears   having   standard    14%-degree   involute 


teeth  (normal  section)  than  is  possible  with  internal  spur 
gears  with  similar  tooth  profiles  (owing  to  the  increase  in 
effective  pressure  angle  due  to  the  spiral  angle),  it  is  not  al- 
ways possible  to  use  a  speed  ratio  as  large  as  the  minimum 
limit  for  the  particular  degree  of  helical  tooth  obliquity.  At 
other  times  the  obliquity  of  the  teeth  is  limited  by  the  ability 
of  caring  for  the  axial  thrust  to  such  an  extent  that  the  desired 
speed  ratio  cannot  be  obtained  on  account  of  excessive  tooth 
interference.  In  such  cases,  the  cycloidal  system  of  gear  teeth 
is  usually  resorted  to,  as  in  the  case  of  internal  spur  gears. 

Internal  Helical  Gears  with  Cycloidal  Teeth 

The  formulas  which  have  been  presented  for  the  solution  of 
internal  helical  gears  of  the  involute  system  also  apply  to 
similar  gears  with  cycloidal  teeth,  the  formulas  for  the  deden- 
dum  and  addendum  cutting  radii  and  also  those  for  ascertain- 
ing the  radii  of  correction  arcs  being,  of  course,  neglected,  as 
avoidance  of  interference  does  not  have  to  be  provided  for  in 
one  instance,  and  in  the  other  the  curve  of  the  tooth  profile 
in  cycloidal  gearing  differs  from  that  in  involute  gearing. 

The  diameter  of  the  generating  circle  for  helical  gear  teeth 
cut  to  the  cycloidal  standard  is  customarily  taken  as  equal 
to  the  radius  of  the  pitch  circle  of  a  spur  gear  of  either  twelve 
or  fifteen  teeth  of  a  circular  pitch  equal  to  the  normal  pitch 
of  the  gear  to  be  developed,  provided  that  the  gear  for  which 
-the  generating  circle  is  chosen  has  as  many  or  more  teeth. 

ROTARY  SHELL  PAINTING  MACHINE 
The  accompanying  illustration  shows  a  machine  for  rotating 
shells  while  they  are  being  sprayed  inside,  several  of  which 
have  been  designed  and  built  by  the  Vermont  Farm  Machine 
Co.,  Bellows  Falls,  Vt.,  for  its  own  use.  This  machine  has  a 
capacity  for  holding  four  shells  at  one  time.  It  consists  sim- 
ply of  a  horizontal  shaft  carrying  four  bevel  gears  which 
engage  with  the  bevel  gears  on  the  four  work-holding  spindles. 
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Rotating  Machine  for  painting  Interiors  of  Sliells  > 

causing  them  to  rotate.  On  the  end  of  the  shaft  is  a  wooden 
pulley  through  which  power  is  transmitted  by  a  small  round 
belt  from  a  motor  underneath  the  machine.  The  device  for 
holding  the  shells  as  they  rotate  consists  of  a  loose  fitting  cup, 
in  which  the  shells  are  centered,  being  held  by  gravity.  The 
machine  can  be  inclined  at  any  desired  angle,  but  45  degrees 
seems  to  be  most  desirable.  In  operation,  two  boys  stand  in 
the  position  indicated.  One  replaces  the  completed  shells  by 
new  ones,  while  the  other  sprays  the  interiors.  The  machine 
runs  at  about  30  revolutions  per  minute.  The  two  boys  can 
paint  about  4000  shells  per  day  of  ten  hours.  V.  B. 

«  «  * 
Clean  castings  may  be  made  from  scrap  brass  and  bronze 
by  placing  a  handful  of  plaster-of-paris  in  the  bottom  of  the 
crucible  before  putting  in  the  metal.  Of  course,  all  iron  should 
be  removed  from  the  scrap  by  passing  it  through  magnetizing 
machines,  if  finely  divided,  or  by  hand.  As  the  plaster-of- 
paris  rises  through  the  molten  metal,  it  carries  off  the  free 
dirt  and  most  of  the  oxides. 
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DAVIS   MULTIPLE-SPINDLE   DUPLEX 
MILLING   MACHINE 

A  duplex  milling  machine  of  the  rotary  continuous-milling 
type  has  been  designed  by  the  Davis  Mfg.  Co.,  57th  Ave.  and 
Mitchell  St.,  Milwaukee,  Wis.  This  is  a  special  machine  in- 
tended for  milling  large  quantities  of  duplicate  castings  or 
forgings.  The  work-holding  table  revolves  in  a  vertical  plane, 
and  the  parts  to  be  milled  are  attached  to  its  periphery.  This 
table  has  a  continuous  feeding  movement,  and  as  each  succes- 
sive part  comes  around  to  the  milling  position,  it  passes  first 
between  a  pair  of  roughing  cutters  and  then  between  a  pair  of 
finishing   cutters. 

The  machine  is  driven  by  a  single-belt  pulley  which  may  be 
seen  at  the  right-hand  side  of  the  illustration.  Motion  is 
transmitted  from  the  belt  pulley  shaft  to  a  second  shaft  within 
the  housing 
through  reduc- 
tion gearing  hav- 
ing a  ratio  of  20 
to  1.  On  the  sec- 
ond shaft  wide 
gears  having  a 
face  width  of  10 
inches  are 
mounted,  and 
these  drive  the 
upper  and  lower 
cutter-spindles. 
The  cutter-spin- 
dle housings  are 
adjustable  paral- 
lel to  the  axis  of 
the  work  -  table 
spindlo,  for 
varying  the  dis- 
t  a  n  c  e  between 

the    milling    cut-  Davis   Duplex   Multiple-spindle    Milling 

ters.     This  ad- 
justment enables  the  machine  to  be  used  for  milling  pieces 
varying  from  1  inch  to  16i/^  inches  in  width. 

The  work-table  is  bolted  to  the  flange  of  a  large  tubular 
sleeve.  The  large  bearing  for  this  sleeve  is  formed  on  a  slide 
or  carriage  that  is  given  a  feeding  movement  at  right  angles 
to  the  axes  of  the  cutter-spindles  and  along  one  extension  of 
the  L-shaped  base  or  bed.  The  particular  work-table  shown 
in  the  illustration  is  of  heptagonal  form,  there  being  seven 
equal  sides  or  faces.  This  machine  is  used  in  the  plant  of 
the  Davis  Mfg.  Co.  for  milling  the  parallel  sides  of  engine 
bearings.  Another  work-table  which  has  been  designed  for 
this  type  of  machine  is  circular  in  form  and  has  a  T-slot 
extending  around  the  periphery.  The  fixtures  intended  for 
use  with  the  circular  table  have  tongues  that  fit  into  the 
T-slot.  The  bases,  which  are  bolted  against  the  work-table, 
are  machined  to  the  proper  radius  on  an  ordinary  boring  mill, 
and  when  applied  to  the  milling  machine  table,  can  be  moved 
around  the  periphery  of  the  table  so  that  there  is  a  minimum 
amount  of  space  between  them.  The  design  of  these  jigs  can, 
of  course,  be  modified  to  suit  the  different  classes  of  work  for 
which  the  machine  is  adapted.  Experience  has  demonstrated, 
however,  that  it  is  economical  to  have  the  work-table  fitted  up 
for  specific  operations,  one  table  replacing  the  other  when  a 
change  of  operations  is  made.  This  change  of  work-tables  can 
be  effected  much  more  quickly  than  by  using  the  same  table 
and  replacing  one  set  of  jigs  or  fixtures  with  another.  The 
circular  table  is  4  feet,  10  inches  in  diameter,  which  is  also 
the   width    between    the    faces    of   the    work-table    illustrated. 


The  tubular  sh.-i-vi-  or  spindle  lor  Uie  work-table  is  mounted 
in  an  exceptionally  large  bearing  and  the  cutter-spindle  hous- 
ings are  rigidly  bolted  to  the  bed  so  that  vibration  and  chatter 
are  eliminated.  The  work-table  is  driven  through  worm-gear- 
ing which  gives  a  smooth,  powerful  drive.  The  necessary 
feed  changes  and  the  control  of  the  feeding  movement  are 
obtained  through  suitable  gearing  and  friction  clutches.  This 
feeding  mechanism  is  enclosed  by  the  casing  seen  at  the  left- 
hand  side  of  the  illustration.  The  slide  or  carriage  for  the 
work-table  is  adjusted  along  the  bedplate  to  locate  the  work 
in  the  right  position  relative  to  the  cutters. 

The  cutter-spindles  have  the  ordinary  conical,  bronze,  ad- 
justable bearings.  The  lower  spindles  are  located  within 
sleeves  to  provide  endwise  adjustment  for  taking  the  finish- 
ing cut,  and  to  compensate  for  the  wear  of  the  cutter.  The 
housings  which  carry  the  milling  cutter  spindles  are  held  in 

position  by  four 
bolts  located  at 
an  angle  of  45 
degrees.  The 
inner  ends  of 
these  bolts  en- 
gage suitable 
grooves,  and, 
owing  to  their 
angular  position, 
each  housing  is 
drawn  firmly 
down  against  the 
bed  and  also 
against  the  cast- 
i  n  g  containing 
the  driving 
gears.  When 
this  machine  Is 
in  operation,  the 

continuous  feed- 
Machine    of    Continuous-milling    Type  ilg  movement  iS 

SO  regulated  that 
one  man  is  kept  busy  removing  the  finished  parts  and  insert- 
ing rough  castings. 


KANE   &   ROACH   STRAIGHTENING   AND 
SHEARING  MACHINES 

Kane  &  Roach,  Niagara  and  Shonnard  Sts.,  Syracuse,  N.  Y., 
are  the  manufacturers  of  the  automatic  straightener  and  shear, 
and  the  hot  roll  straightener  described  in  the  following.  The 
straightener  and  shear  is  intended  for  rolling  mills,  and  espe- 
cially for  tool-steel  mills.  It  is  designed  to  straighten  flat 
strips  from  coils  of  stock  and  to  cut  off  automatically  any 
length  desired.  The  dumping  table  which  receives  the  cut- 
off stock  operates  automatically.  This  No.  1  machine  (see 
Figs.  1  and  2)  is  designed  to  handle  material  varying  in  width 
from  3  to  10  inches  and  in  thickness  from  1/32  to  1/8  inch. 
The  adjustment  on  the  table  can  be  set  to  cut  practically  any 
required  length,  and  during  the  shearing  operation  the  rolls 
stop  feeding  automatically.  The  instant  the  piece  of  stock  is 
sheared  off  the  table  automatically  dumps  the  strip  of  material 
and  returns  to  its  normal  position.  After  the  table  returns, 
the  shears  stop,  open  a  little,  and  the  rolls  start  to  straighten 
and  feed  out  a  new  length  of  stock.  This  cycle  of  operations 
is  repeated  as  long  as  there  is  any- material  to  run  through 
the  rolls.  The  stock  passes  through  the  machine  at  the  rate 
of  from  100  to  125  feet  per  minute,  and  sometimes  the  feed 
is  as  high  as  150  feet  per  minute.  Machines  of  this  type  are 
made  in  several  different  sizes  and  may  be  used  for  cutting 
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Fig.    1.     Kane  &  Koacb  Automatic   Straiehtening   and   Shearing 
Machine 

and  straightening  brass,  copper,  steel,  or  any  kind  of  material 
desired. 

The  straightening  machine  shown  in  Fig.  3  has  also  been 
brought  out  by  this  firm.  This  machine  is  intended  primarily 
for  straightening  round  stock  while  hot  and  just  as  it  comes 
from  the  rolls.  Material  can  also  be  straightened  while  cold, 
although  the  larger  bars  should  preferably  be  straightened 
while  hot.  The  hot  bars,  after  passing  through  the  machine, 
are  given  a  regular  blue  finish  and  the  surface  is  smoothed 
or  polished  almost  as  though  the  bar  had  been  cold-rolled. 
When  bars  are  straightened  while  cold  they  are  also  given  a 
good  finish  and  are  made  true  or  straight,  but  the  surface 
does  not  have  as  good  a  finish  as  that  of  stock  which  is 
straightened  while  hot.  The  straightening  of  a  bar  is  accom- 
plished in  one  passage  through  the  machine,  and  the  material 
moves  at  the  rate  of  20  to  25  feet  per  minute. 

These  machines  are  made  in  four  or  five  different  sizes.  The 
No.  17  hot  roll  straightener  may  be  used  for  stock  varying 
from  Vj  up  to  11/^  inch  in  diameter.  The  No.  18  size,  which 
is  shown  in  Fig.  3,  straightens  stock  varying  from  %  inch 
to  2%  inches  in  diameter.  The  No.  19  size  will  take  stock 
from  1  inch  up  to  31/4  inches  in  diameter;  and  the  capacity 
of  the  No.  20  size  is  for  diameters  varying  from  2  to  5  inches. 
These  machines  may  be  driven  either  by  a  belt  or  motor,  the 
belt  drive  being  shown  in  the  illustration.  A  different  base 
is  used  for  the  motor  drive  and  the  motor  is  geared  directly 
to  the  machine.  The  tables  at  each  end  of  the  machine  for 
supporting  the  stock  are  about  15  feet  long  and  may  be  ad- 
justed vertically  to  suit  the  diameter  of  material  being 
straightened.  There  are  also  guide  boxes  and  guides  between 
the  rolls  of  different  widths  and  heights  to  suit  the  diameter 
of  stock. 

The  particular  machine  illustrated  in  Fig.  3  has  what  is 
known  as  an  independent  adjustment;  that  is,  each  side  or 
each  corner  can  be  adjusted  independently  and  can  be  locked 
tightly  after  the  adjustment  is  made.  These  machines  may 
also  have  a  universal  adjustment  which  is  so  arranged  that 
all  four  adjusting  screws  may  be  operated  by  turning  one 
handle  from  either  side  of  the  machine.  With  this  type  the 
rolls  are  adjusted  either  toward  or  away  from  a  common 
center  and  are  always  kept  in  accurate  alignment.  The  No.  18 
machine  weighs  about  7%  or  8  tons  and  occupies  a  length- 
wise s  p  a  c  e  of 
about  36  feet. 
These  machines 
are  designed  to 
enable  rolling 
mills  to  produce 
round  shafting 
and  round  steel 
bars  which  are 
straighter  and 
have  a  better 
finish  than  the 
round  stock  that 
is  ordinarily  ob- 
tained. Fig.  3.     Kane  &  Koach  No. 


showing  Driving  Mechanism  of  Kane  &  Roach  Straightener 
and  Shear 

OLIVER  MACHINERY   CO.'S   LATHES 

The  engine  lathes  illustrated  in  Figs.  1  and  2  are  recent 
products  of  the  Oliver  Machinery  Co.,  Coldb'rook  and  Clancy 
Sts.,  Grand  Rapids,  Mich.  The  26-inch  heavy-duty  lathe  illus- 
trated in  Fig.  1  has  an  all-geared  headstock  and  it  may  be 
motor-driven  as  shown  in  the  illustration  or  arranged  for  a 
single-pulley  belt  drive.  Twelve  spindle  speeds  varying  from 
8  to  300  revolutions  per  minute  are  available.  The  speed  con- 
trol levers  are  conveniently  located  at  the  front  of  the  head- 
stock  and  the  speed  changing  mechanism  operates  on  the 
selective  principle.  The  front  spindle  bearing  is  6%  by  10 
inches,  and  the  rear  bearing  41/2  by  7  inches.  The  hole 
through  the  spindle  is  large  enough  to  receive  a  3-inch  bar 
of  stock.  The  tailstock  spindle  is  4  inches  in  diameter  and 
is  rigidly  held  by  clamps  acting  on  two  sides.  The  tailstock 
is  adjusted  along  the  bed  by  means  of  a  crank  connected 
through   gearing  with   the   feed   rack. 

The  carriage  has  a  length  of  40  inches  on  the  shears  and 
there  are  two  methods  of  adjusting  it  by  hand.  One  is  by 
means  of  the  regular  handwheel  which  is  used  when  the  car- 
riage is  in  position  for  taking  a  cut,  and  the  other  by  using 
a  rapid-motion  crank  which  is  applied  to  the  extended  end  of 
the  intermediate  gear  shaft  between  the  handwheel  and  rack 
pinion  shaft.  The  apron  is  of  the  double-plate  box  type  with 
bearings  at  both  ends  of  each  shaft.  The  apron  has  a  re- 
movable front  plate  which  gives  access  to  the  internal  mechan- 
ism without  removing  the  entire  apron  from  the  lathe.  Both 
the  longitudinal  and  cross  feeds  are  friction-driven  and  may 
be  thrown  into  action  by  means  of  the  same  lever.  The  ar- 
rangement is  such,  however,  that  both  feeds  cannot  be  engaged 
at  the  same  time,  and  means  are  also  provided  for  locking 
the  feed  mechanism  against  operation  when  the  lead-screw 
is  in  use. 

The  changes  for  feeding  and  thread  cutting  are  obtained 
from  the  quick-change  gear-box  below  the  headstock.  Thirty- 
three  feed  changes  are  available,  ranging  from  0.013  to  0.333 
inch  per  revolution  of  the  spindle.  Thirty-three  threads  vary- 
ing from  1  to  16  per  inch  may  also  be  cut  by  simply  changing 
the  lever  positions  as  indicated  by  the  table  on  the  gear-box. 
Either  direct-  or  alternating-current  motors  of  the  constant- 
speed  type  may  be  applied  to  the  headstock,  and  from  TVj-  to 

15-hofsepower 
motors  are  rec- 
ommended, the 
size  depending 
somewhat  upon 
the  nature  of 
the  work.  The 
taper  attach- 
ment is  secured 
in  place  by  a 
wide  planed 
slide  on  the  back 
of  the  bed,  which 
has  a  T-slot  in  it 

18  Hot  EoU  straightener  tO     which     the 
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Fig.    1.     Oliver  Heavy-duty  26-inch  Engine   Lathe 

holding  bolts  are  locked.  The  swing  over  the  bed  is  28 Vi 
inches,  and  over  the  carriage,  17  inches.  The  maximum  length 
between  the  centers  is  72  inches.  The  general  massiveness 
of  the  design  throughout  is  apparent  from  the  illustration. 
The  speed  lathe  illustrated  in  Fig.  2  swings  a  diameter 
of  12  inches  over  the  bed  and  9i,^  inches  over  the  carriage. 
The  machine  will  turn  a  length  of  36  inches  between  the 
centers  with  a  bed  60  inches  long.  This  lathe  is  regularly 
equipped  with  a  hand-feeding  carriage  and  a  compound  swivel 
rest,  but  these  may  be  omitted 
and  a  plain  bed  furnished  if 
desired.  The  spindle  has 
Parsons  white  bronze  ring- 
oiling  bearings  that  are  ad- 
justable for  wear.  The  end 
thrust  is  taken  at  the  ends 
of  the  cone  pulley,  which  bear 
against  bronze  bushings.  Ad- 
justment is  made  by  expand- 
ing the  cone,  the  smallest  step 
being  threaded  into  the  main 
part  of  the  cone  pulley.  A 
motor  drive  may  be  applied 
to  this  lathe  if  desired.  A 
special  double  adjustable  mo- 
tor bracket  with  foot-lever 
control  is  mounted  below  the 
headstock  on  the  floor  and  at- 
tached to  the  machine  leg. 
On  this  bracket  a  one-horse- 
power constant-speed  motor 
is  located.  The  motor  shaft, 
which  is  extended  and  sup- 
ported at  the  outer  end,  carries  a  four-step  cone  pulley,  from 
which  an  endless  leather  belt  runs  through  the  enlarged  head- 
stock  up  to  the  headstock  cone  pulley. 


AKIMOFF  DYNAMIC  BALANCING  MACHINE 

Manufacturers  of  high-speed  machinery  realize  the  impor- 
tance of  a  dynamic  or  running  balance  for  parts  which  revolve 
rapidly,  in  order  to  prevent  trouble  from  vibration,  excessive 
power  consumption  and  abnormal  wear  of  the  bearings.  The 
machine  illustrated  herewith  is  used  for  testing  the  balance  of 
such  parts  as  motor  armatures,  turbine 
rotors,  automobile  crankshafts,  etc.  It  is 
manufactured  by  the  Dynamic  Balancing 
Machine  Co.,  Philadelphia,  Pa.  Balancing 
the  rotating  elements  of  electrical  ma- 
chinery and  automobile  crankshafts  has, 
up  to  the  present  time,  been  the  most  suc- 
cessful application  of  this  machine.  The 
illustration  shows  the  machine  arranged 
for  testing  the  balance  of  a  motor  arma- 
ture. The  power  for  revolving  this  arma- 
ture and  the  balancing  element  of  the 
machine  is  derived  from  a  Westinghouse 
motor. 

When  a  body  is  balanced  statically  and 
not  dynamically,  two  masses  on  opposite 
sides    of    the    axis    of    rotation,    located 


axially  at  a  distance  from  each 
other,  form  a  couple  which  develops 
vibrations  when  revolving  at  high 
speed,  as  noted  in  defective  commu- 
tators in  electrical  machinery,  etc. 
The  Akimoff  dynamic  balancing 
machine  furnishes  means  for  deter- 
mining the  magnitude  and  plane  of 
the  couple,  by  the  establishment  of 
another  couple,  which,  while  main- 
taining the  static  balance,  counter- 
acts the  couple  which  produces  dy- 
namic unbalance.  The  magnitude 
and  plane  of  this  couple  indicates 
the  correction  to  be  applied  to 
the  body  that  is  being  tested  to  produce  a  perfect  dynamic 
balance. 

A  rigid  horizontal  beam  or  bed  is  hinged  at  one  end  of  the 
machine  and  supported  by  a  spring  at  the  other.  The  body 
to  be  tested,  which  should  be  in  perfect  static  balance,  is  ro- 
tatively  supported  on  the  beam  to  vibrate  in  a  vertical  plane. 
The  object  of  the  spring  is  to  amplify  the  vibrations.  A  so- 
called  "squirrel  cage"  is  located  on  the  under  side  of  the  beam, 
and  in  operation  is  rotated  in  unison  with  the  body  being  tested. 

This  squirrel  cage  consists 
of  two  circular  disks  carry- 
ing an  even  number  of  rods, 
arranged  slidably  in  the  two 
disks  and  parallel  to  the  axis 
of  rotation  of  the  cages.  When 
the  ends  of  the  rods  are  in 
one  plane,  the  cage  is  in  both 
static  and  dynamic  balance, 
but  if  two  opposite  rods  are 
displaced,  the  dynamic  bal- 
ance is  destroyed  and  the 
couple  produced  will  itself 
cause  vibration  of  the  beam. 
One  pair  of  rods  in  the  squir- 
rel cage  would  suffice  if  the 
relative  position  of  the  rods 
could  be  altered  through  the 
transmission  device,  but  for 
convenience  three  or  four 
pairs  are  employed,  and  even 
then  it  is  sometimes  neces- 
sary to  change  the  angular 
position  of  the  cage  so  that 
it  will  be  possible  to  do  the  balancing  by  one  pair  of  rods 
and  not  two. 

In  making  the  test  of  a  body,  the  cage  is  adjusted  so  that 
the  vibrations  produced  in  the  beam  by  the  body  are  counter- 
acted by  those  set  up  by  the  squirrel  cage.  An  arrangement 
by  which  the  rods  of  the  cage  may  be  adjusted  axially  while  the 
cage  is  in  rotation  is  provided,  and  the  rods  can  thus  be  shifted 
the  necessary  amount  until  the  desired  balancing  effect  is 
produced. 


Fig.  2.     Oliver  12-inch  Speed  Lathe 


Akimoff  Dynamic  Balancing  Machine 
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STANDARD  FUSE  BASE  MILLING  MACHINE 

A  highly  specialized  type  of  milling  machine  has  been  con- 
structed by  the  Standard  Mfg.  Co.,  Uridgeport,  Conn.,  for  mill- 
ing fuse  bases.  This  machine  is  illustrated  in  Fig.  1,  and 
an  example  of  its  work  is  shown  in  Fig.  2.  The  operation  con- 
sists in  milling  two  grooves  across  the  fuse  base  at  right 
angles  to  each  other.  After  the  base  is  inserted  in  the  work- 
holding  table,  it  is  located  in  the  correct  position  for  milling 
the  two  grooves,  and,  after  the  milling  operation,  is  ejected 
automatically.  This  machine  is  capable  of  cross-milling  these 
fuse  bases,  as  shown,  at  the  rate  of  900  an  hour.  It  is  driven 
by  a  belt  operating  on  pulley  A.  This  pulley  transmits  motion, 
through  worm-gearing,  to  a  cam-shaft,  from  which  all  parts 
of  the  machine  receive  their  motion  except  the  cutter-spindles. 
The  two  cutter-spindles  are  located  at  B  and  C.  Both  of  these 
are  carried  by  a  vertical  slide,  which  receives  motion  from  a 
cam  acting  through  lever  D.  By  means  of  this  lever  the  two 
cutters  are  moved  downward  for  milling  a  groove  of  the  re- 
quired depth;   and  after  the  cutters  have  been  located  verti- 


Fig.    1.     Special   Machi) 


designed   by   Standard   Mfg.    Co.    for   milling 
Fuse  Bases 


cally  they  are  traversed  across  the  fuse  base  by  a  horizontal 
slide,  the  action  of  which  is  controlled  by  a  cam  on  the  rear 
shaft. 

As  soon  as  a  cut  is  completed,  the  cutters  are  raised  by 
the  cam-operated  lever  D,  and  during  the  return  stroke  of  the 
horizontal  slide  the  work-table  E  is  indexed.  This  indexing 
movement  is  also  derived  from  a  cam  on  the  rear  cam-shaft, 
and  after  indexing,  the  work-table  is  securely  locked  in  posi- 
tion. The  bearing  block  for  cutter-spindle  B  has  both  vertical 
and  horizontal  adjustment  for  changing  the  position  of  the 
cutter  relative  to  the  work.  The  bearing  block  for  spindle  C 
may  also  be  adjusted  vertically  and  horizontally  independently 
of  spindle  B.  Both  the  cutter-spindles  are  rotated  from  one 
belt,  which  operates  over  the  small  flanged  pulleys  shown  in 
the  illustration.  The  connection  between  lever  D  and  the 
vertical  slide  carrying  the  cutter-spindles  is  provided  with  a 
micrometer  adjustment  for  accurately  regulating  the  depth 
of  cut. 

The  work-table  E  is  provided  with  hardened  fixtures  for  re- 
ceiving the  work,  and  block  F  serves  to  locate  each  fuse  base 
after    the    work-table    indexes    from    the    "loading    position." 


When  the  work  has  been 
indexed  past  this  locat- 
ing block,  it  is  held 
firmly  in  position  by  the 
action  of  a  plunger  be- 
neath it,  which  is  forced 
upward  by  a  cam  sur- 
face below  the  work- 
table.  After  the  milling 
operations  are  com- 
pleted, the  work  is  re- 
leased and  ejected  from 
the  work-table  by  a  fin- 
ger G.  The  starting  or 
stopping  of  the  machine  is  controlled  by  the  vertical  lever  H, 
which  operates  a  clutch  on  the  worm-wheel  shaft.  When  a 
groove  is  milled  by  the  cutter  on  spindle  C,  the  fuse  base  is  in- 
dexed 90  degrees,  thus  locating  the  first  groove  at  right  angles 
to  the  cutter  on  spindle  B,  which  mills  the  second  groove. 
Both  cutters  operate  at  the  same  time,  so  that  a  finished  part 
is  ejected  from  the  machine  each  time  the  work-table  indexes. 


Fig. 


Fuse  Base  which  is  milled  in 
Machine  shown  in  Fig.  1 


STEEL   PRODUCTS   ENGINEERING   CO.'S 
GAGE   GRINDER 

The  universal  gage  grinder  now  being  manufactured  by  the 
Steel  Products  Engineering  Co.,  Springfield,  Ohio,  is  adapted 
for  grinding  all  classes  of  snap  or  master  gages  and  it  may 
also  be  used  for  various  classes  of  special  work.  Gages  hav- 
ing a  maximum  depth  of  4I/2  inches  and  a  maximum  length  of 
211/2  inches  may  be  ground.  Fig.  1  illustrates  the  general 
construction  of  the  machine,  and  Fig.  2  shows  more  clearly 
the  relation  between  the  grinding  wheel  and  the  work-table. 

The  wheel-spindle  is  of  the  floating  type  designed  to  elimi- 
nate the  jerk  of  the  driving  belt.  The  cross-feed  is  operated 
by  the  hand-lever  seen  at  the  left-hand  end  of  the  table  in 
Fig.  1,  which  transmits  motion  through  a  rack  and  pinion. 
This  lever  provides  a  quick  movement  for  removing  an  exces- 
sive amount  of  stock.  In  conjunction  with  this  lever  feed  a 
fine  feeding  movement  may  be  obtained  by  a  handwheel  which 
connects  with  a  screw  of  fine  pitch.  This  feeding  movement 
is  used  when  extreme  accuracy  is  required  or  when  it  is  de- 
sired to  obtain  a  smooth  finish. 


No.    1  Universal   Gage  Grinder  built  by  Steel 
Products  Engineering  Co. 
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Fig,  2.     Work-table  and  Wheel-slide  of  Gage  Grinder 

The  ways  ou  which  the  carriage  slides,  are  covered  with 
telescoping  dust  guards  to  protect  the  hearing  surfaces.  The 
table  has  a  flat  working  surface  on  which  the  gages  or  other 
parts  are  fastened  by  means  of  strap  clamps  as  illustrated  in 
Fig.  2.  A  gage  is  used  for  locating  duplicate  parts.  The  table 
may  be  tilted  upward  or  downward  through  an  included  angle 
of  10  degrees.  This  adjustment  permits  locating  the  center  of 
gages  of  different  thicknesses  in  line  with  the  center  of  the 
wheel.  The  traversing  movement  is  regulated  by  a  feed-screw 
and  handwheel  graduated  to  read  to  0.0005  inch.  The  table 
may  be  traversed  414  inches  by  means  of  this  handwheel, 
and  an  additional  17^2  inches  in  the  same  direction  by  the 
spindle-head  adjustment.  The  stand  or  base  of  the  machine 
has  compartments  for  storing  tools,  grinding  wheels,  etc. 


FOX  MULTIPLE-SPINDLE  DRILLING 
MACHINE 
A  small  multiple-spindle  drilling  machine  of  the  sensitive 
type  is  the  latest  addition  to  the  line  of  drilling  machines  man- 
ufactured by  the  Fox  Machine  Co.,  1401  W.  Ganson  St.,  Jack- 
son, Mich.  This  machine,  as  it  is  regularly  built,  is  shown 
in  the  accompanying  illustration;  it  can,  however,  be  con- 
verted into  a  machine  of  the  bench  type,  if  so  desired,  by 
mounting  it  on  a  suitable  baseplate.  The  table  is  cast  separate 
from  the  base  so  that  tables  of  different  size  or  special  fix- 
tures can  be  mounted  on  the  base.     The  table  has  a  wide  oil 

flange  in  which  are 
cast  T-slots  for  receiv- 
ing clamping  bolts  so 
that  jig  stops  may  be 
fastened  to  the  table. 
These  machines  are 
equipped  with  either 
9-inch  or  12-inch  round 
heads.  These  heads 
can  be  provided  with 
from  two  to  ten  spin- 
dles one  inch  diame- 
ter or  from  two  to  six- 
teen %-inch  spindles. 
A  six-arm  pilot  wheel 
keyed  to  the  rack  pin- 
ion shaft  gives  suflB- 
cient  leverage  for  feed- 
ing the  drills  easily. 
All  pinions  are  of 
open-hearth  machinery 
steel  (0.30  per  cent 
carbon )  and  have 
double  bearings  turned 
integral  with  them. 
The  gears  run  con- 
stantly in  an  oil  bath. 
This  machine  has  a 
new  type  of  adjusting 

arm,   so   that  the  ad- 
Fox   DOl    Sensitive   Multiple-spindle    Drilling 

Machine  justments    may    be 


made  rapidly  and  the  bearing  held  securely  to  the  arm.  The 
universal  joints  used  in  the  machine  are  composed  of  three 
wearing  parts  only.  The  two  forks  and  the  center  are  milled 
from  the  solid  and  are  hardened.  No  pins,  screws  or  rivets 
are  used  in  the  construction  of  these  joints.  The  drill  spindles 
are  of  crucible  steel,  and  provision  is  made  for  receiving  the 
thrust  upon  ball  bearings.  The  manufacturer  is  prepared  to 
furnish  cluster  plates  for  these  machines.  These  plates  are 
used  for  a  complicated  lay-out  when  arms  of  the  regular  type 
cannot  be  employed. 


RAM   GRINDING  MACHINE 

The  grinding  machine  illustrated  herewith  is  manufactured 
by  the  Richmond  Adding  &  Listing  Machine  Co.,  Richmond, 
Ind.  While  this  machine  is  known  as  a  plain  grinder,  it  is 
adapted  for  internal  as  well  as  external  grinding  operations, 
and  is  equipped  with  an  adjustable  tailstock  which  permits 
taper  work  to  be  ground.  The  machine  may  be  used  for  tapers 
up  to  10  or  15  degrees,  the  angle  depending  upon  the  length 


Ram  Grinding  Machine   built  by  Richmond  Adding  &  Listing  Machine  Co. 

of  the  work.  The  longitudinal  and  cross  feeding  movements 
are  hand-operated  and  the  feed-screw  dials  are  graduated  for 
adjustments  of  0.001  inch.  The  machine  has  a  swing  of  10 
inches  and  will  take  5s  inches  between  centers.  Grinding 
wheels  8  inches  in  diameter  and  1  inch  wide  can  be  used. 
The  wheel-spindle  is  hardened  and  ground  and  is  mounted 
in  adjustable  manganese-bronze  bearings.  The  headstock  spin- 
dle is  threaded  to  receive  a  chuck  and  faceplate  and  is  pro- 
vided with  adjustable  manganese-bronze  bearings.  The  tail- 
stock  spindle  is  operated  by  a  spring  lever  to  permit  inserting 
and  removing  work  rapidly.  It  also  has  an  adjusting  screw 
and  lock-nut  for  holding  the  center  rigidly  when  grinding 
heavy  parts.  The  attachments  for  this  machine  include  a 
headstock  for  cylindrical  grinding,  a  headstock  for  internal 
grinding,  S^^-inch  and  8-inch  faceplates,  a  tooth  rest  for  use 
when  grinding  small  cutters,  reamers,  etc.,  and  a  clamp  post 
for  wheel  dressing. 


ENTERPRISE  PUNCH  PRESS 

A  small  power-driven  punch  press  of  the  bench  type  has 
been  brought  out  by  the  Enterprise  Machinery  Co.,  34  S. 
Clinton  St.,  Chicago,  111.  The  aim  of  the  manufacturer  has 
been  to  produce  a  power  press  which  will  not  cost  more  than 
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foot-operated  presses  and  will 
do  the  same  work  by  power. 
This  machine  is  Intended  for 
the  use  of  jewelers  or  manu- 
facturers of  electrical  parts 
and  work  made  of  light  metal, 
fiber  or  wire.  The  press  may 
be  bolted  iu  an  inclined  posi- 
tion for  discharging  by  grav- 
ity and  can  be  fitted  with  an 
automatic  feed  for  high-speed 
production.  The  stroke  is 
•)4  inch  and  there  is  i/.-inch 
adjustment.  The  depth  of  tlie 
throat  is  3%  inches,  and  tlio 
die  space,  4  inches.  There 
are  two  striking  pins,  a 
brake  and  a  standard  clutch. 
This  punch  press  is  20  inches  high  and  weighs  110  pounds. 


Power-driven  Punch  Press  of 
Bench  Type 


ROBERTSON   HEAVY-DUTY    POWER   SAW 

The  W.  Robertson  Machine  &  Foundry  Co.,  56-58  Rano  St., 
Buffalo,  N.  Y.,  is  now  manufacturing  a  heavy-duty  power  saw 
having  a  capacity  of  8  by  8  inches.  This  machine  uses  blades 
varying  from  10  to  17  inches  in  length,  and  like  the  other 
sizes  built  by  this  company,  cuts  on  the  draw  stroke  and  lifts 
on  the  return  stroke.  The  lifting  of  the  frame  to  prevent  the 
teeth  from  dragging  over  the  work  is  effected  by  an  oil  com- 
pression lift,  consisting  of  a  two-cylinder  plunger  pump  sub- 
merged in  oil  contained  in  a  tank  beneath  the  bed.  One 
plunger  is  connected  to  and  timed  with  the  crankshaft,  and  the 
other  is  connected  to  the  frame.  In  one  cylinder  there  is  a 
steel  ball  which  acts  as  a  valve.  On  the  cutting  stroke  oil 
is  drawn  into  the  cylinder,  and  at  the  end  of  this  stroke  the 
ball  seats,  and  the  plunger  starts  downward,  which  forces  the 
opposite  plunger  connected  with  the  frame  upward,  thus  re- 
lieving the  saw  on  the  return  stroke.  At  the  end  of  this  idle 
or  return  stroke,  the  plunger  passes  a  small  port  in  the  cylin- 


No.  40  Power  Saw  manufactured  hy  W.  Robertson  Machine  &  Foundry  Co. 

der  wall,  which  allows  the  oil  to  escape  into  the  tank,  so  that 
the  saw  blade  comes  down  into  contact  with  the  work  for  the 
cutting  stroke.  By  means  of  a  simple  adjustment  the  lift 
may  be  varied  from  0  to  %  inch. 

The  box  base  forms  a  large  receptacle  for  holding  the  cooling 
liquid,  which  is  delivered  to  the  saw  blade  by  a  piston  pump, 
operated  by  an  eccentric.  The  volume  of  liquid  is  controlled 
by  a  cock  at  the  end  of  the  supply  line,  and  any  surplus  drawn 
into  the  pump  is  returned  to  the  tank  by  the  automatic  action 
of  a  valve  in  the  pump.  The  pump  valves  are  steel  balls  oper- 
ated by  suction  and  gravity.  The  machine  vise  is  a  quick- 
acting  type  and  swivels  to  45  degrees  for  cutting  at  an  angle. 
The  weight  on  the  saw  blade  when  cutting  may  be  varied  from 
0  to  65  pounds.  The  machine  can  be  furnished  with  legs 
instead  of  the  box  base  if  desired,  and  with  either  a  belt 
or  motor  drive.  It  is  also  made  in  either  single-speed  or  two- 
speed  types. 


COTTON  BENCH  LATHE 

II.  W.  Cotton,  Inc.,  233  Broadway,  New  York  City,  is  the 
manufacturer  of  the  bench  lathe  Illustrated  herewith.  This 
lathe  has  a  swing  of  7  inches  and  a  :56-inch  bed.  The  collet 
capacity  is  for  diameters  up  to  %  inch.  The  spindle  has  the 
usual  3-  and  45-degree  angles,  as  this  form  of  spindle  has  met 
with  general  approval.  *The  spindle  bearings  are  oiled  from 
a  channel  around  the  outside  of  the  bearings  in  the  headstock. 
The  oil  is  conveyed  from  the  oil-well  through  a  piece  of  felt 
placed  in  a  slot  in  the  bottom  of  the  bearings  and  extending 
upward  to  the  spindle.  This  arrangement  allows  any  foreign 
matter  which  may  enter  the  oil  chambers  to  settle  to  the 
bottom,  and  the  felt  makes  it  impossible  for  the  grit  to  reach 


Cotton  7-inch  Bench  Lathe 

the  spindle  bearings;  in  addition,  this  provides  a  continuous 
oiling  system.  The  bench  lathe  is  provided  with  either  a 
two-speed  or  three-speed  countershaft  as  desired,  and  with  a 
12-inch  grooved  pulley  for  grinding  with  the  usual  grinding 
attachments. 

NOBLE   &  WESTBROOK  FILING  MACHINE 

The  filing  machine  shown  in  the  accompanying  illustration 
was  developed  by  the  Noble  &  Westbrook  Mfg.  Co.,  Hartford, 
Conn.  The  machine  is  equipped  with  a  three-step  cone  pulley 
for  the  driving  belt,  as  experience  has  demonstrated  that 
changes  of  speed  are  an  advantage  for  filing  varying  classes  of 
work.  The  foot-treadle  seen 
at  the  base  of  the  machine 
is  connected  to  a  clutch  In 
the  main  drive  and  provides 
a  convenient  method  of  con- 
trol. When  the  foot-treadle 
is  pushed  down  by  the  opera- 
tor, the  machine  is  started, 
and  when  it  is  released  the 
reciprocating  motion  of  the 
file  is  immediately  discontin- 
ued. The  lower  end  of  the  file 
is  steadied  by  a  hardened 
roller  bearing,  which  may  be 
adjusted  by  knurled  adjusting 
screws  at  the  sides  of  the 
table.  As  this  bearing  takes 
the  lateral  thrust  against  the 
file,  the  latter  may  be  sub- 
jected to  considerable  pres- 
sure when  rough-filing  with- 
out bending  and  breaking 
the  file. 

All  bearings  are  made  of 
phosphor-bronze  and  the  work- 
ing parts  are  above  the  file, 
so  that  the  fine  chips  or  filings 
cannot  enter  the  bearing  sur- 
faces and  cause  excessive 
wear.     When  the  machine  is 

used    for    angular    work,    such         Noble  &  Westbrook  Filing  Machine 
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as  filing  the  clearance  in  blanking  dies,  etc.,  the  table  remains 
fixed  and  the  head  is  adjusted.  The  circular  flange  at  the 
base  of  this  head  is  graduated  so  that  the  file  can  be  set  at 
whatever  angle  is  required  without  the  use  of  a  bevel  pro- 
tractor. The  table  is  solidly  supported  by  the  column  of  the 
machine.  The  stroke  of  the  file  may  be  adjusted  from  ly^ 
inch  to  2y2  inches.  The  machine  is  provided  with  an  ad- 
justable chuck  for  holding  standard  straight  files  without 
any  additional  work,  such  as  babbitting,  etc. 


THERMALENE   FOR   WELDING   AND 
CUTTING    METALS 

The  Thermalene  Co.,  Chicago  Heights,  111.,  is  manufacturing 
the  welding  and  cutting  outfit  shown  in  Fig.  1.  The  therma- 
lene used  in  connection  with  this  apparatus  differs  in  com- 
position and  method  of  production  from  the  gases  heretofore 
used  in  welding,  cutting  and  brazing  operations.     Thermalene 


rig.   1.     Thermalene  Welding  and  Cutting  Apparatus 

is  a  combination  produced  by  the  decomposition  of  calcium 
carbide  and  hydro-carbon  oils,  the  heat  generated  by  the  car- 
bide being  used  to  vaporize  the  oils.  The  thermalene  gas  gen- 
erator is  shown  at  the  left  in  Fig.  1  and  the  storage  tank  in  the 
center.  This  acetylene  oil  gas  may  be  used  not  only  for  weld- 
ing, cutting,  brazing  and  soldering  metals,  but  also  for  lighting 
heating  laboratory  work  and  for  a  variety  of  miscellaneous 
purposes.  Ten  pounds  of  carbide  and  one  and  one-half  pint  . 
of  crude  oil  mixed  with  sawdust  generates  about  60  cubic 
feet  of  acetylene  oil  gas  at  a  cost  of  25  cents.  This  gas 
was  formerly  made  in  two  separate  plants,  but  with  the 
apparatus  here  illustrated  the  gas  may  be  generated  at 
one  time  under  any  pressure  desired  and  without  danger 
from  explosion  or  overheating  of  the  carbide. 

Fig.  2  shows  an  automatic  seam-welding  machine  for 
welding   tubes;    this   was    built   especially    for    making 
tubing  from  scrap  rails,  which  contains  a  great  deal  of 
carbon.     It  is  claimed  that  this  work  could  not  be  done 
with  acetylene  and  oxygen,  but  that  thermalene, 
being  a  heavier  and  richer  gas,  mixes  better  with 
oxygen   and   produces   satisfactory   welds.     This 
seam-welding  machine  operates  at  the  rate  of  30 
to  34  inches  per  minute,  and  as  it  is  a  duplex 
type,    from    60    to    68    inches    per    minute    of    114-iiich 
tubing  of  No.  14  inch  gage  may  be  welded.    Thermalene 


Fig.    2.     Automatic   Seam-welding   Machine   for   lubes,    which 
operates  with  Thermalene  Gas 

gas  is  said  to  make  a  weld  that  Is  not  brittle,  and  cast  iron 
welded  with  it  can  always  be  machined. 


BICKFORD    TWIST   DRILL   FLUTING 
MACHINE 

The  twist  drill  fiuting  machine  illustrated  herewith  is  made 
by  the  Bickford  Machine  Co.,  Greenfield,  Mass.  This  machine 
has  been  redesigned  and  embodies  a  number  of  important 
features  not  found  in  the  type  formerly  manufactured.  The 
drill  blank  to  be  fluted  is  held  in  a  chuck,  and  the  drill  ad- 
vances through  a  bushing  which  supports  it  while  the  cutter  is 
milling  the  flute.  After  the  drill  blank  is  inserted  in  the 
chuck,  the  operation  of  the  machine  is  entirely  automatic  until 
the  two  flutes  are  milled,  when  the  feed  is  discontinued.  The 
carriage,  which  holds  the  drill  chuck,  is  moved  forward  and 
back  by  a  crank-wheel,  the  crankpin  of  which  engages  a  slot 
in  an  L-shaped  arm  as  shown  in  Fig.  2.  With  this  arrange- 
ment the  carriage  is  given  a  practically  constant  rate  of 
motion  while  the  drill  flute  is  being  milled.  This  uniform 
movement  is  obtained  by  placing  the  fulcrum  of  the  slotted 
lever  out  of  line  with  the  slot  in  which  the  crank-block  travels. 

The  angle  between  the  cutter-spindle  and  the  line  of  carriage 
travel  or  the  axis  of  the  drill  blank  may  be  varied.  A  train 
of  gearing  between  the  cutter-spindle  and  feed  shaft  enables 
different  feed  ratios  between  the  shafts  to  be  obtained.  The 
drill  blank  has  a  relatively  high  speed  while  the  cutter  is  not 
working  and  a  low  speed  while  the  flutes  or  grooves  are  being 
milled.  This  change  is  effected  by  a  gear-box  containing  a 
set  of  differential  gearing  and  clutches  with  means  for  shifting 


Fig.  1.     Bickford  Twist  Drill  Fluting  Machine 
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from  high  to  low  speed 
and  vice  versa.  This 
change  of  feed  is  con- 
trolled by  a  set  of  ad- 
justable trip  dogs 
mounted  on  the  pe- 
riphery of  the  crank- 
wheel.  A  rotating  mo- 
tion is  given  to  the 
drill  blank  as  the  car- 
riage slide  advances, 
through  a  combination 
of  spur  and  bevel  gear- 
ing. This  machine  is 
so  arranged  that  the 
lead  of  the  spiral  and 
the  increase  in  the 
lead  or  twist  may  be 
varied.  The  combina- 
tion of  a  friction  plate,  clutches  and  trip  dogs  serves  to  stop 
the  rotation  of  the  drill  blank  temporarily  during  its  back- 
ward travel  while  the  rotating  mechanism  is  still  operating, 
so  that  the  drill  blank  is  indexed  for  milling  the  second  flute 
or  groove.  Provision  is  made  for  adjusting  the  movement 
of  the  carriage  slide  both  for  length  and  position. 


Fig. 


PUTNAM   HEAVY-DUTY   CAR- WHEEL 
GRINDER 

A  heavy-duty  car-wheel  grinder  has  been  developed  by  the 
Putnam  Machine  Co.,  Fitchburg,  Mass.,  that  has  a  capacity  in 
wheel  diameters  from  28  to  42  inches  over  the  tread.  The 
actual  swing  of  the  machine  is  44  inches  and  axles  up  to  8 
feet  in  length  can  be  placed  between  the  centers.  The  machine 
is  entirely  self-contained,  as  shown  in  the  accompanying  illus- 
tration, and  the  driven  parts  are  directly  connected  to  motors, 
thus  eliminating  belts.  The  faceplates  have  an  independent 
motor  drive,  power  being  transmitted  through  a  large  shaft 
and  gearing  giving  a  suitable  speed  reduction.  The  face- 
plates are  equipped  with  patented  non-slip  driving  dogs  which 
require  no  adjustment  other  than  to  release  them  by  hand 
when  the  wheels  are  in  position.  The  design  of  the  dogs  is 
such  that  the  engagement  is  entirely  automatic.  The  main 
spindles  have  adjustable  sleeves  so  that  variations  in  differ- 
ent axles  are  automatically  compensated  for  and  the  "dogging 
distance"  from  the  faceplate  to  the  face  of  the  wheel  remains 
constant. 

The  grinding  wheels  are  mounted  on  large  high-carbon  steel 
spindles  with  tapered  bronze  bearings  having  oil  reservoirs. 
Ball  bearings  are  used  to  take  the  thrust  of  the  spindles.  The 
bases  for  the  grinding  wheel  slides  are  cast  integral  with  the 
main  bed  of  the  machine,  which  gives  a  rigid  support  and 
insures  a  permanent  alignment  for  the  grinding-wheel  spin- 
dles. The  grinding  wheels  may  be  adjusted  for  the  different 
standard  wheel  contours  by  a  simple  mechanism  which  may 
be    operated    while    the    machine    is    running.     The    grinding 


wheels  are  driven  by 
means  of  individual 
motors  which  are  di- 
rectly connected  to 
them  through  gearing. 
Provision  is  made 
for  furnishing  a  cool- 
ing compound  to  the 
working  faces  of  the 
grinding  wheels  by 
means  of  a  motor- 
driven  pump  and  the 
necessary  piping.  Spe- 
cial pans  and  channels 
are  provided  through- 
out to  confine  the 
spray  and  prevent,  as 
far  as  possible,  the 
splashing  of  the  cool- 
ing compound  about  the  machine  and  floor.  All  gears  and 
other  dangerous  parts  are  carefully  guarded.  The  headstock  of 
this  machine  is  solidly  bolted  to  the  bed  and  the  tailstock 
may  be  adjusted  longitudinally  by  power  derived  from  a  sepa- 
rate motor.  The  tailstock  is  equipped  with  a  patented  auto- 
matic clamping  device  so  that  as  it  reaches  the  operating  posi- 
tion it  is  clamped  rigidly  to  the  bed.  The  machine  has  a  self- 
contained  calipering  attachment  which  forms  part  of  the  regu- 
lar equipment.    The  net  weight  of  the  machine  is  5000  pounds. 


Opposite  Side  of  Bickford  Fluting  Machine 


FEED   MECHANISM  FOR   ANDERSON   DIE 
FORMING   MACHINE 

The  first  conception  of  the  Anderson  die  forming  machine 
and  "super-helical"  cutters  was  the  result  of  an  effort  to  find 
some  more  rapid  way  of  performing  those  operations  in  the 
making  of  a  die  which  were  done  by  filing,  either  in  a  ma- 
chine or  by  hand.  Used  by  hand,  a  file  requires  great  skill 
in  order  to  secure  satisfactory  results,  and  when  used  in  the 
machine  it  must  be  applied  oTi  one  side  only  in  order  to  make 
the  draft  or  clearance  uniform.  With  the  use  of  the  Anderson 
"super-helical"  cutters  in  the  die  forming  machine,  the  clear- 
ance is  secured  by  tapering  the  cutter  the  proper  amount; 
then  by  having  the  axis  of  the  cutter  at  right  angles  with 
the  table  or  platen  a  clearance  will  be  produced  in  the  die 
that  is  equal  to  the  degree  of  taper  on  one  side  of  the  cutter, 
no  matter  from  what  direction  the  die  is  applied  to  the  cutter. 

In  its  original  form,  no  mechanical  means  were  provided 
on  the  die  forming  machine  for  controlling  the  die  during 
the  operation.  This  shortcoming  has  been  realized  by  experi- 
ence, and  has  led  to  the  development  of  a  universal  pivoted 
feeding  mechanism,  illustrated  in  the  accompanying  illustra- 
tion, which  requires  little  or  no  explanation  to  make  it  clear 
to  the  average  mechanic.  The  die  rests  upon  the  table  or 
platen,  and  is  secured  to  an  arm  or  fixture  by  a  pair  of  adjust- 
able dogs  or  clamps.  This  fixture  also  rests  on  the  platen 
and  is  pivoted  to  a  lever  at  the  rear  of  the  platen.    The  lever 


Car-wheel  Grinder  built  by  Putnam  Machine  Co. 
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has  a  series  of  holes 
placed  about  an  inch 
apart,  into  which  a 
plug  can  be  inserted 
after  passing  through 
one  side  of  a  forked 
projection.  This  serves 
to  locate  the  fixture 
and  die  so  as  to  reach 
the  opening  in  the  die. 
The  lever,  in  turn,  is 
pivoted  to  an  arm  ex- 
tending from  and  se- 
cured to  the  table.  The 
pivot  point  for  the 
lever  is  adjustable  so 
that   fixture   and    arm 


can  be  moved  forward  and  backward  in  order  to  reach 
part  of  the  die. 

If  the  operator  should  desire  to  feed  the  die  by  hand  in 
fitting  a  templet,  the  fixture  can  be  removed  in  five  seconds 
and  placed  on  the  bench,  leaving  the  platen  free.  When  the 
fixture  and  lever  have  been  adjusted  to  the  best  location  with 
respect  to  the  opening  in  the  die,  the  machine  or  cutter  is 
started,  and  the  die  can  be  fed  or  guided  so  as  to  finish 
practically  any  outline  without  the  operator's  touching  the  die 
with  his  hands.  From  the  foregoing  it  will  be  readily  seen 
that  this  principle  has  made  it  possible  to  provide  a  means 
for  guiding  the  die  that  relieves  the  operator  of  the  necessity 
of  holding  the  die  with  his  hand,  and  still  is  so  sensitive  that 
the  most  intricate  outline  can  be  followed  without  difficulty. 
This  fixture  is  now  furnished  as  regular  equipment  on  the 
No.  1  die  forming  machine  made  by  the  Anderson  Die  Machine 
Co.,  590  Water  St.,  Bridgeport,  Conn. 


Anderson  Die  Forming  Machine  with  Universal  Pivoted  Feeding  Mechanism 

any 


THOMSON   THREAD   MILLING  MACHINE 

The  machine  which  forms  the  subject  of  the  following  de- 
scription is  known  as  a  Type  6-C  thread  miller  and  is  built 
by  the  T.  C.  M.  Mfg.  Co.,  Hunterdon  and  First  Sts.,  Harrison, 
N.  J.  It  is  suitable  for  milling  internal  or  external  threads 
on  pieces  up  to  6  inches  in  diameter  by  34  inches  in  length, 
and  finds  application  in  threading  the  smaller  sizes  of  shells, 
water  jackets,  trunnion  blocks,  and  other  parts  of  machine 
guns.  The  machine  is  also  employed  for  threading  automo- 
bile parts,  such  as  hubs,  differential  cases,  universal  joint  mem- 
bers, and  other  parts  having  a  comparatively  short  thread  of  a 
pitch  not  greater  than  ten  .threads  per  inch.  This  machine 
only  performs 
the  threading  op- 
eration and  no 
provision  has 
been  made  for 
facing  the  work. 

The  .spindle  is 
made  of  steel 
and  is  3  inches 
In  diameter  with 
a  hole  1%  inch 
in  diameter  run- 
ning through  it. 
Heavy  split 
bronze  bearings 
support  the  spin- 
dle, and  a  thread- 
ed sleeve  is 
fastened  to  the 
rear  end  to  give 
the  required 
lead  to  the 
thread  that  is 
being  cut.  This 
sleeve  is  en- 
gaged  by  a 
bronze  nut  which 


Type  6-C  Thread  Milling  Machine  built  by  the  T.  C.   M.   Mfg.  Co. 


is  split  to  provide 
means  of  compensat- 
ing for  wear,  and 
these  parts  are  easily 
exchanged  for  others 
suitable  for  cutting 
threads  of  different 
pitch.  The  front  end 
of  the  spindle  carries 
a  faceplate  to  which 
a  chuck  or  special  fix- 
ture can  be  bolted,  ac- 
cording to  the  re- 
quirements  of  the 
work  that  is  being 
operated  upon. 

The  cutter-spindle  is 
made  of  tool  steel  hardened  and  ground  to  size.  It  runs  in 
conical  bronze  bearings  which  are  easily  adjusted  to  com- 
pensate for  wear.  A  cross-slide  on  the  main  carriage  sup- 
ports the  cutter-head,  and  is  operated  by  a  feed-screw  with  a 
large  graduated  collar  to  give  accurate  adjustment  for  depth 
of  cut.  A  substantial  stop  provided  with  micrometer  adjust- 
ment enables  accurate  dimensions  to  be  held  on  repetition 
work.  The  main  carriage  is  traversed  along  the  ways  by  a 
rack  and  pinion  and  its  location  is  determined  by  the  aid  of 
an  adjustable  stop  which  is  so  designed  that  it  may  be  rapidly 
operated. 

The  cutter-head  is  firmly  locked  to  the  carriage,  and  the 
carriage  to  the  bed  of  the  machine  during  the  time  that  the 
thread  is  being  milled,  the  only  moving  parts  being  the  work- 
spindle,  the  work  and  the  revolving  cutter.  This  arrange- 
ment, together  with  the  lead-nut,  which  is  practically  one 
piece  with  the  work,  insures  obtaining  a  maximum  degree  of 
accuracy  and  the  greatest  possible  speed  and  feed  without 
trouble  from  chatter.  The  cutter  is  driven  by  skew  gearing 
from  a  longitudinal  shaft  placed  at  the  rear  of  the  machine, 
and  a  single  pulley  transmits  the  power  to  both  cutter-  and 
work-spindles.  A  clutch  operated  by  a  hand-rod  along  the 
front  of  the  machine  gives  the  operator  complete  control  over 
the  work.  This  clutch  is  automatically  thrown  out  when  the 
thread  milling  operation  has  been  completed,  without  requir- 
ing attention  from  the  operator. 

The  regular  equipment  furnished  with  the  machine  includes 
the  following:  an  oil  pump  and  piping,  a  six-inch  scroll  chuck, 
a  set  of  change-speed  gears,  a  steadyrest,  one  multi-cutter  of 
the  desired  pitch,  and  a  set  of  wrenches  for  making  all  adjust- 
ments. The  machine  is  driven  by  a  countershaft  having 
pulleys  12  inches  in  diameter  by  4  inches  face  width,  which 

run  at  300  revo- 
lutions per  min- 
ute.  The  ma- 
chine pulley 
speed  is  200  rev- 
olutions per  min- 
ute, and  five 
horsepower  is 
required  for 
driving  the  ma- 
chine.  The 
principal  dimen- 
sions of  the  ma- 
chine are  as  fol- 
lows: capacity, 
for  handling 
work  up  to  6 
inches  in  diam- 
eter by  34  inches 
in  length;  over- 
all length  of  ma- 
chine, 6  feet,  6 
inches ;  over-all 
width,  3  feet; 
and  weight  of  ma- 
chine, complete, 
2800  pounds. 
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PLANK  UNIVERSAL  JOINT 

For  use  in  pleasure  <ars  and  commercial  trucks,  the  Plank 
Flexible  Shaft  Machine  Co.,  Grand  Rapids,  Mich.,  has  recently 
placed  on  the  market  the  three-piece  universal  joint  illus- 
trated and  described.  This  Joint  is  of  simple  construction, 
there  being  only  three  working  parts,  namely,  a  center  block, 
a  slip-end  shaft  yoke  and  one  transmission  flange  yoke.  These 
three  parts  make  up  the  complete  joint,  and  they  are  enclosed 
in  a  pressed-steel  grease-tight  housing  which  keeps  all  foreign 
matter  out  of  the  working  parts  of  the  joint  and  at  the  same 
time  retains  the  lubricant. 

A  feature  of  the  design  is  the  liberal  amount  of  bearing  sur- 
face provided  in  the  joint,  which  means  that  it  will  be  corre- 
spondingly long  lived.  Lubrication  is  effected  by  centrifugal 
force  which  distributes  the  lubricant  from  the  dead  center 
toward  the  bearings.  The  bearings  of  the  center  block  are 
housed  in  by  a  grooved  yoke  construction  which  retains  the 
lubricant  in  the  proper  place  at  all  times.  This  construction 
prevents  the  lubricant  from  being  thrown  away  from  the  bear- 
ings by  centrifugal  force. 

The  center  block  is  locked  within  the  grooved  yoke  housing 
by  means  of  a  special  construction  which  provides  a  bearing 


Improved   Three-piece   Universal  Joint  ma4e   by  Plank  Flexible   Shaft 
Machine  Co. 

greater  than  180  degrees  and  allows  the  center  block,  the 
outside  diameter  of  which  is  equal  to  the  inside  diameter 
of  the  housing,  to  be  circular.  In  this  way  a  goodly  amount 
of  metal  extends  beyond  the  180-degree  center  line  and  forms 
an  interlock  which  will  not  allow  the  center  block  to  be 
ejected.  As  a  result,  the  center  block  Is  retained  in  its  proper 
place  without  the  use  of  pins,  bushings,  rivets  or  other  parts. 
All  metal  parts  of  this  universal  Joint  are  made  of  drop- 
forgings,  produced  from  a  high  grade  of  steel,  and  these  are 
carefully  machined.  It  is  the  intention  to  employ  this  same 
form  of  interlock  construction  in  a  smaller  universal  joint 
for  use  on  milling  machines,  multiple-spindle  drilling  ma- 
chines, etc.  The  design  has  been  worked  out  in  such  a  way 
that  torsional  strains  are  distributed  over  as  large  an  area 
as  possible,  thus  providing  great  strength  for  the  center  blocks. 


BLACK  &  DECKER  "LEOTROFLATER" 

The  Black  &  Decker  Mfg.  Co.,  Calvert  and  Lombard  Sts., 
Baltimore,  Md.,  is  now  manufacturing  what  is  known  as  a 
No.  2  automatic  "lectroflater"  tank  outfit.  As  suggested  by 
its  name,  this  is  an  electrically  driven  air  compressor  outfit 
developed  especially  for  the  purpose  of  inflating  automobile 
tires.  However,  the  outfit  may  be  used  to  advantage  as  a 
portable  air  compressor  for  supplying  such  pneumatic  tools 
as  chipping  hammers,  riveters,  etc.,  and  in  this  class  of  service 
is  capable  of  giving  very  satisfactory  results. 

To  use  the  "lectroflater,"  it  is  simply  necessary  to  connect 
the  fuse  block  on  the  outfit  with  an  electric  light  line,  either 
alternating  or  direct  current.  It  will  immediately  start  work- 
ing and  keep  on  until  the  pressure  in  the  tank  reaches  150 
pounds  per  square  Inch;  then  the  automatic  pressure  switch 
shown  on  the  right  comes  into  action  and  stops  the  "lectro- 
flater."   When  enough  air  has  been  used  to  cause  the  pressure 


Black  Ic  Decker  "Lectroflater"  Tank  Outfit  for  inflating  Automobile  Tires 
and  operating:  Fnenmatio  Toola 

in  the  tank  to  drop  to  120  pounds  per  square  inch,  the  auto- 
matic switch  starts  the  "lectroflater"  again  and  brings  the  pres- 
sure back  to  150  pounds  per  square  inch  and  stops.  Thus 
there  will  always  be  free  air  on  tap,  and  plenty  of  pressure. 

The  "lectroflater"  has  no  exposed  mechanism,  electrical  or 
mechanical,  so  that  it  is  impossible  for  anyone  to  be  injured 
through  coming  in  contact  with  moving  armatures,  gears,  rods 
or  shafts.  These  parts  are  enclosed  and  run  in  grease,  which 
practically  eliminates  chance  of  accident  and  reduces  wear 
to  the  minimum.  A  cover  is  furnished  for  the  automatic 
switch  on  the  right,  completely  enclosing  all  mechanical  parts. 
All  reciprocating  parts  are  so  accurately  balanced  that  there 
is  no  vibration  or  pounding.  This  is  the  secret  of  long  life 
in  any  machine.  The  lubrication  of  the  "lectroflater"  is  en- 
tirely automatic,  and  it  only  requires  repacking  with  grease 
about  four  times  a  year.  This  can  be  done  in  five  minutes 
by  the  removal  of  a  small  plate  and  one  grease  cup.  There 
is  no  expensive  lubricating  oil  to  buy  and  no  danger  of  the 
outfit  running  dry  and  ruining  itself  on  account  of  inattention. 
The  cooling  system  is  entirely  automatic  and  requires  no  at- 
tention ;  and  it  has  no  liquid  to  freeze  or  evaporate.  The  auto- 
matic switch  requires  no  attention  and  the  large  gage  shows 
the  exact  pressure  in  the  tank  at  all  times.  An  automatic 
safety  valve  forms  part  of  the  outfit,  as  well  as  a  drain  cock 
for  drawing  off  condensation  at  the  under  side  of  the  tank. 

The  "lectroflater"  system  is  so  designed  that  in  case  an 
accident  should  happen  to  the  compressor  unit  or  the  switch 
unit,  either  can  be  removed  in  five  minutes  by  unscrewing  one 
union  and  the  base  screws,  and  disconnecting  two  wires.  The 
disabled  unit  can  then  be  repaired  and  replaced  with  another. 
Universal  motor  windings  will  run  on  110  volts  direct  current 
or  alternating  current  of  from  25  to  60  cycles.  An  outfit  is 
also  made  with  220-volt  windings.  Length  of  outfit  is  44 
inches;  width,  16  inches;  height,  31  inches;  weight,  140  pounds. 


WASHINGTON  ETCHING  MACHINE 

The  distortion  resulting  from  the  use  of  hardened  steel 
stamps  for  marking  gages  and  other  forms  of  measuring  tools 
or  delicate  instruments  is  generally  recognized  among  ma- 
chinists   and    toolmakers.     The    etching    machine    illustrated 
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herewith  is  designed  for  marking  all  sorts  of  fine  tools  which 
might  be  injured  by  the  use  of  stamps.  A  suitable  resist  is 
applied  to  the  surface  of  the  hardened  tool  and  the  machine  is 
used  for  tracing  the  letters  or  designs  required,  which  are 
afterward  cut  into  the  surface  by  applying  an  etching  fluid. 
The  machine  operates  on  the  pantograph  principle.  It  is 
equipped  with  metal  matrices  or  copy  blocks  which  can  be 
arranged  like  type  in  any  desired  combination  of  letters  or 
figures. 

In  use,  the  stylus  is  guided  by  these  matrices  and  the  trac- 
ing point  reproduces  the  lettering  or  figures  on  a  smaller  scale. 
The  pantograph  mechanism  gives  a  reduction  of  4  to  1  so  that 
if  %-inch  characters  are  required  on  the  work,  matrices  with 
i/^-inch  face  are  necessary.  The  part  to  be  etched  is  held  in 
position  on  the  table  of  the  machine  by  the  clamps  shown, 
and  the  matrices  are  held  in  proper  alignment  by  two  paral- 
lel strips  or  bars,  as  the  illustration  shows.  This  machine  is 
the  product  of  the  Spicer  Tabulating  Machine  Co.,  3318  Volta 
Place,  N.  W.,  Washington,  D.  C. 


hole  in  the  rear  of  the 
upper  hopper  through 
which  articles  may  be 
inserted     for    cleaning. 


BUCKEYE    PORTABLE    FILE    SHARPENING 
MACHINE 

The  Macleod  Co.,  of  2232-2236  Began  St.,  Cincinnati,  Ohio, 
has  brought  out  a  file  sharpening  machine  which  is  a  portable 
self-contained  unit  that  may  be  operated  either  by  steam  or 
compressed  air.  The  file  to  be  cleaned  or  sharpened  is  held  at 
a  fixed  angle  by  suitable  guides  and  is  acted  upon  by  a  blast 
of  either  air  or  steam  carrying  in  suspension  an  abrasive 
material.  A  few  strokes  of  the  file  in  each  direction  are  all 
that  is  required.  The  air  or  steam  pressure  should  vary  from 
80  to  150  pounds  per  square  inch,  the  higher  pressure  giving 
a  much  better  cutting  action  than  the  lower  pressure.  The 
abrasive  is  a  special  fiint,  which  may  be  used  repeatedly  or  as 
long  as  it  possesses  any  cutting  qualities.  A  water  jet  is  used 
in  the  nozzle  which  prevents  the  file  from  becoming  overheated 
and  also  prevents  the  formation  of  dust.  When  the  abrasive 
is  too  small  or  light  for  service,  it  flows  away  with  the  surplus 
water  through  the  overflow.  After  the  abrasive  is  discharged 
against  the  file,  it  falls  into  a  lower  hopper  and  is  then  drawn 
up  again  to  the  operating  nozzle  by  the  suction  of  the  air  or 
steam,  as  the  case  may  be.  This  apparatus  may  also  be  used 
as  a  sandblast  for  cleaning  small  castings,  there  being  a  hand- 


DEMOOY  DRILL- 
ING MACHINE 
In  the  October,  1916, 
number  of  Machineby  a 
description  was  pub^ 
lished  of  a  sensitive 
bench  drilling  machine 
that  had  been  placed  on 
the  market  at  that  time 
by  the  DeMooy  Machine 
Co.,  1833  E.  55th  St., 
Cleveland,  Ohio.  This 
firm  is  now  manufac- 
turing a  drilling  ma- 
chine of  essentially  the 
same  design  except  that 
it  is  provided  with  a 
stand,  as  illustrated,  to 
adapt  it  for  use  as  a  floor 
machine  instead  of  set- 
ting it  up  on  the  bench. 
The  principal  dimen- 
sions of  this  machine 
are  as  follows:  maxi- 
mum distance  from 
spindle  to  table,  37 
inches;  maximum  verti- 
cal movement  of  spin- 
dle, 4  inches;  maximum 
vertical  movement  of 
table,  7  inches;  maxi- 
mum vertical  movement 
of  sliding  arm,  27 
inches;  diameter  of  ta- 
ble over  oil  groove,  11% 
inches;  distance  from  center  of  spindle  to  frame,  7^/^  inches; 
drilling  capacity,  for  holes  up  to  %  inch  in  diameter;  size 
of  tight  and  loose  pulleys,  5  inches  in  diameter  by  1%  inch 
face  width;  speed  of  driving  pulley,  350  revolutions  per  min- 
ute;  height  of  machine,  64  inches;   floor  space  occupied,  26 


Floor  Type  of  Sensitive  Drilling  Uacbine 
made  by  DeHooy  Machine  Co, 


by  15  inches;  and  net  weight  of  machine,  190  pounds. 


Buckeye  File  Sharpening  Machine,  which  may  be  operated  either 
by  steam  or  Compressed  Air 


PEDRICK  HORIZONTAL  BORING  MACHINE 

The  possibilities  of  the  horizontal  boring  machine  recently 
placed  on  the  market  by  the  Pedrick  Tool  &  Machine  Co.,  3639 
Lawrence  St.,  Philadelphia,  Pa.,  for  performing  boring  and 
drilling  operations  and  work  of  a  similar  nature  are  well 
shown  by  the  illustration  presented  in  connection  with  the 
following  description.  Several  inherent  features  of  this  com- 
pany's portable  cylinder  boring-bar  have  been  incorporated  in 
the  present  design,  and  this  has  resulted  in  the  production  of 
a  universal  boring  machine  having  a  range  for  handling  a 
great  variety  of  work.  It  consists  of  a  heavy  bed  to  which 
are  fltted  two  housings  that  are  movable  to  suit  conditions. 
T-slots  are  provided  on  both  sides  of  the  housings  by  means 
of  which  the  bar  supports  are  held  in  position  at  the  required 
height  above  the  bed.  The  main  bearing  for  the  boring-bar 
is  a  long  quill  with  cross-heads  at  both  ends  which  are  bolted 
to  the  front  housing  on  both  sides.  The  quill  is  bored  to  fit 
the  bar,  and  the  cross  members  are  faced  from  the  bore  so 
that  proper  alignment  Is  insured  for  any  setting.  A  hand- 
wheel  shown  in  the  illustration  operates  the  elevating  screw 
for  raising  or  lowering  the  bar  to  the  desired  position. 

For  shops  which  prefer  to  use  individual  electric  motor 
drive,  a  motor  may  be  connected  to  the  drive  as  shown  in  the 
Illustration.  The  main  gear  is  divided  and  the  teeth  in  one 
part  are  opposite  the  spaces  in  the  other  part  of  the  gear,  thus 
imparting  a  smooth  motion  without  appreciable  backlash. 
Gearing  from  the  motor  to  the  drive  is  variable,  and  the  motor 
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may  also  be  connected  to  either  the  primary  or  intermediate 
shafts  of  the  drive,  so  that  various  speeds  are  readily  obtain- 
able for  boring  holes  of  different  diameters.  At  the  end  of 
the  bar  there  is  a  feed  case  which  is  automatic  in  action  and 
provides  three  changes  of  feed.  The  boring-bar  has  a  feed- 
screw in  a  recess  on  one  side,  thus  permitting  much  longer 
traversing  feed  than  the  conventional  traveling  bar  affords. 
Quick  return  of  the  bar  is  made  possible  by  removing  the  half 
feed-nut  and  sliding  the  bar  through  the  bearing.  In  the  end 
of  the  bar  there  is  a  taper  hole  in  which  auxiliary  bars  or 
drills  may  be  fitted  for  boring  holes  of  smaller  size  than  the 
main  bar.  Fitted  with  a  main  boring-bar  three  inches  in  diam- 
eter, this  machine  will  bore  from  the  smallest  hole  up  to  a 
hole  six  inches  in  diameter,  and  an  important  feature  is  that 
the  bar  may  be  used  as  a  traveling  bar  or  as  a  fixed  bar  upon 
which  the  cutter-head  travels.  Both  of  these  movements  are 
accomplished  by  the  same  mechanism,  thus  providing  for  han- 
dling a  wide  range  of  work. 

If  the  hole  being  bored  is  large  enough  to  be  conveniently 
handled  by  the  main  boring-bar,  the  work  is  set  up  on  the  bed, 
and  the  bar  with  a  proper  sized  cutter-head  on  it  is  fed  through 
the  hole  and  through  the  bearing  on  the  back  housing,  so  that 
the  bar  is  rigidly  supported  at  both  ends  and  the  cutter-head 
travels  along  it,  boring  the  hole  to  the  required  diameter.  If 
the  hole  being  bored  is  smaller  than  the  main  bar,  it  is  neces- 
sary to  use  an  auxiliary  bar,  and  in  such  a  case  the  main  bar 
travels  and  feeds  the  smaller  one.  It  will  be  apparent  from  the 
illustration  that  very  little  mechanism  is  required  to  make  a 
horizontal  boring  machine  of  unusual  capacity,  which  is  ca- 
pable of  producing  accurate  work  and  will  machine  a  wide 
range  of  parts.  For  instance,  the  machine  illus- 
trated is  used  to  bore  holes  in  large  machine 
castings,  the  diameters  ranging  from  21/0  to  6 
inches  and  lengths  from  24  to  36  inches,  but 
these  sizes  do  not  represent  the  total  range  of 
the  machine  as  regards  either  length  or  diam- 
eter. A  table  may  be  placed  at  right  angles 
to  the  bed  and  provided  with  a  cross-slide  to 
adapt  the  machine  for  handling  various  classes 
of  work  which  would  not  otherwise  come  within 
its  range. 


this  and  over  a  third  pulley,  held 
under  proper  tension  by  levers  A. 
The  new  feature  is  a  platen  }i 
formed  of  bars,  between  which 
bars  move  freely  up  and  down  hard- 
ened mortised  platen  blocks  C,  Fig.  2. 
These  platen  blocks  are  separated 
from  one  another  by  platen  block 
separators  D,  and  the  blocks  and 
separators  are  locked  in  position  by 
the  platen  lock  E.  The  platen 
blocks  C  have  projections  at  the  top 
against  which  a  rubber  cushion  F 
presses.  The  projections  are  of 
a  predetermined  size  in  relation 
to  the  other  end  or  contact  surface. 
The  rubber  cushion  F  is  placed 
over  these  blocks,  and  over  this  goes 
the  rubber  cushion  holder  G.  The 
pins  provided  on  this  are  for  the  purpose  of  holding  the  weights 
H  which  are  required  to  provide  grinding  pressure.  A  lever  / 
when  in  the  position  shown  in  Fig.  1  holds  the  platen  from  con- 
tact with  the  belts,  and  so  stops  grinding  or  finishing;  when  in 
the  position  shown  in  Fig.  2,  the  platen  is  acting  upon  the  belt. 
Platen  B  is  reciprocated  by  the  crank  J,  Fig.  1,  which  is  ad- 
justable so  as  to  give  more  or  less  reciprocation,  according 
to  the  requirements  of  the  work.  It  will  be  seen  that  with  the 
belts  resting  on  the  work,  the  platen  blocks,  under  pressure 
of  the  weights  pressing  through  the  rubber  cushion,  will  cause 
the  belts  to  conform  to  the  irregularities  in  shape  of  the  work ; 
because  of  the  rubber  cushion,  the  belts  press  harder  on  the 
high  points  of  the  work  than  on  the  low  points,  so  that  in 
the  grinding  action  the  high  points  are  cut  down,  while  the 
low  points  are  less  affected.  This  action  is  increased  by  the 
reciprocation  of  the  platen,  and  may  be  compared  with  an 
operator  trying  to  find  the  high  and  low  places  while  finish- 
ing work  on  a  wheel. 

Below  the-belts  there  is  a  side  oscillating  table  E,  the  oscilla- 
tions of  which  are  adjustable  by  crank  L  as  to  length,  and  by 
screw  M  for  centering  in  relation  to  the  belts.  On  this  plate 
is  placed  turret  Tsl,  the  face  of  which  is  H-shaped,  and  its  bar 
extensions  have  holes.  The  two  tables  0  are  provided  with 
pins  which  register  with  the  holes  in  the  turret.  These 
tables  0  have  other  holes  which  serve  to  hold,  with  correspond- 
ing pins,  the  work-holding  plate  P.  Work-holder  P  may  be 
provided  with  pins  or  bars  to  hold  the  work  from  sliding  side- 
ways; and  the  belts  hold  it  down  on  the  plate. 

In  setting  the  machine,  place  the  work  on  holder  P,  have 
stop  I  in  the  position  shown  in  Fig.  1,  rotate  the  turret  to 


BLEVNEY   FINISHING    MACHINE 

The  accompanying  illustrations  show  a  Type  F 
two-belt  6-  by  14-inch  finishing  machine  with  a 
turret  attachment  for  finishing  flat  surfaces 
that  has  recently  been  placed  on  the  market 
by  John  C.  Blevney,  209  Parkhurst  St.,  Newark. 
N.  J.  Fig.  1  shows  a  machine  with  a  turret  at- 
tachment for  finishing  lock-fronts  while  secured 
to  the  lock,  hinges,  striking-plates,  sash-lifts, 
escutcheon  plates  and  planer  blades;  in  another 
factory  it  surfaces  all  kinds  of  cutting  dies,  etc. 
The  machine  is  of  the  Blevney  two-belt  sys- 
tem, having  a  cushion  belt  running  over  two 
pulleys,  with  an  abrasive  belt  running  above 


Fig.  1.     Type  F  6-  by  14-inch  Finishing  Machine  made  by  John  C.  Blevney 
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Tig.   2.     Close  View  of  Mechanism  of  Blevney  Finishing  Machine 

bring  the  work  under  the  belts,  allow  stop  /  to  assume  the 
position  shown  in  Fig.  2,  adjust  by  means  of  setting  wheel  Q, 
Fig.  1,  so  that  the  work  will  press  the  belts  and  the  platen 
blocks  upward  until  the  upper  edge  of  the  mortise  R  on  block  C 
will  have  the  proper  limit  finishing  distance  in  its  relation 
to  the  adjoining  bar  of  platen  B;  in  other  words,  limit  the 
descent  of  these  blocks.  When  the  upper  edge  R  of  the  mortise 
in  block  C  and  the  adjoining  bar  is  in  contact,  no  further 
finishing  can  take  place.  For  rough  work,  it  is  only  necessary 
to  have  stop  I  in  the  position  shown  in  Fig.  1,  with  the  belts 
under  tension,  when  the  surface  of  the  work  to  be  finished 
is  moved  by  wheel  Q  to  within  %  inch  of  the  belts. 

In  operation,  place  the  work  on  holder  P  and  bring  stop  /  as 
shown  in  Fig.  1;  swing  turret  to  bring  the  work  under  the  belts, 
and  allow  stop  /  to  drop  as  shown  in  Fig.  2;  fill  up  the  second 
holder  P  with  work,  manipulate  stop  /  as  before,  swing  the  work 
under  the  belts,  allow  stop  /  to  assume  the  position  shown  in 
Fig.  1,  take  off  finished  pieces  and  reload  and  proceed  as  before. 


ANDERSON  DIE  MUZZLING  MACHINE 


a  shoulder;  and  then  by  reversing  the  die,  threads  can  be  cut 
close  to  a  shoulder  or  extension. 

The  machine  in  the  main  consists  of  a  hollow  vertical  spin- 
dle mounted  on  a  frame  and  running  in  S.  K.  F.  ball  bearings. 
The  chuck  for  holding  the  cutter  is  a  split  collet,  so  that  the 
cutter  will  run  true  under  all  conditions.  On  the  spindle  is 
mounted  a  friction  member  which  is  driven  by  means  of  a 
spherical  faced  disk  mounted  on  the  armature  shaft  of  the 
motor.  The  motor  is  pivoted  in  the  frame  of  the  machine  in 
such  a  way  that  by  tilting  it  the  speed  of  the  cutting  tool  can 
be  varied  to  suit  dies  of  various  diameters.  The  spindle  can 
be  locked  by  means  of  a  bolt  at  the  side  or  front  of  the  ma- 
chine, so  as  to  enable  the  operator  to  fasten  the. cutter  securely 
in  the  chuck  or  collet;  and  a  sleeve  or  draw-bar  having  a  knob 
or  handwheel  at  the  top  of  the  machine  operates  the  chuck 
mechanism.  This  is  quite  similar  to  the  draw-bar  used  in  ordi- 
nary bench  lathes. 

The  table  is  rectangular  and  provided  with  a  crosswise  slot 
into  which  the  fixture  is  secured.  The  fixture  consists  pri- 
marily of  two  slides  that  permit  adjustment  in  all  directions, 
making  it  possible  not  only  to  operate  on  large  as  well  as 
small  diameters,  but  also  to  vary  the  amount  of  clearance  on 
the  cutting  edges  of  the  die.  On  the  upper  slide  of  this  fix- 
ture is  located  a  pivoted  finger  mechanism  that  is  also  ad- 
justable. This  index  finger  locates  the  cutting  edge  of  the 
die  in  the  right  relation  to  the  cutter.  The  finger  is  pressed 
down  by  a  spring  into  the  die  openings  and  rests  with  a  slight 
tension  on  the  top  of  the  die;  it  is  so  constructed  that  the 
die  can  be  rotated  under  the  finger  from  one  cutting  edge  to 
the  other.  This  does  away  with  the  necessity  of  removing  the 
die  or  raising  the  finger,  so  that  the  die  can  be  turned  under 
this  spring  finger  from  one  cutting  edge  to  the  other,  making 
it  a  rapid  operation.  The  part  of  this  finger  which  engages 
the  die  can  be  removed  and  as  many  shapes  and  forms  of 
fingers  as  necessary  can  be  made  and  applied  by  inserting 
in  a  holder. 

The  table  is  mounted  on  a  square  quill,  the  lower  end  of 
which  is  turned  and  a  fine  thread  chased  thereon.  On  this 
threaded  part  are  two  knurled  nuts,  which  come  in  contact 
with  the  lower  face  of  the  adjustable  knee  that  carries  the 
quill  or  table  spindle.  The  table  is  raised  and  lowered  by 
means  of  a  foot-treadle  mechanism  which  is  located  at  the 
lower  right-hand  side  of  the  pedestal.     The  rods  connecting 


One  of  the  most  diflicult  operations  in  the  man- 
ufacture of  threading  dies  Is  that  known  as 
"muzzling."  This  consists  of  beveling  the  first  two 
or  three  threads  of  the  die  in  such  a  way  as  to 
secure  a  clearance,  so  that  as  the  die  is  fed  onto 
the  work  it  will  cut  without  dragging.  This  clear- 
ance is  similar  to  that  on  the  end  of  a  ma- 
chine reamer,  though  the  clearance  is  internal  in 
the  die  and  the  opposite  in  the  reamer.  The 
muzzling  operation  is  usually  performed  by  hand 
with  a  small  file  and  requires  considerable  skill. 

In  the  development  of  the  machine  shown  in 
the  accompanying  illustrations,  the  Anderson  Die 
Machine  Co.,  590  "Water  St.,  Bridgeport,  Conn.,  has 
endeavored  to  eliminate  hand  work  on  this  particu- 
lar operation.  This  firm's  form  of  "super-helical" 
cutter  has  made  it  possible  to  machine  the  delicate 
threaded  cutting  edges  without  raising  a  burr. 
The  cutter  is  made  to  represent  a  cone,  being 
pointed  toward  the  end;  the  angle  of  the  side  of 
the  cone  depends  on  the  number  of  threads  to 
relieve' or  back  off;  as,  for  example,  a  cutter  with 
an  angle  of  30  degrees  on  the  side  will  machine 
a  clearance  of  about  two  and  one-half  to  three 
threads,  whereas  a  cutter  with  an  angle  of  45 
degrees  on  the  side  will  form  a  clearance  on 
one  and  one-half  thread  only.  It  is  usual  in 
making  dies,  to  back  off  one  side  more  than 
the  other;  that  is,  three  threads  are  backed 
off  on  one  side  and  one  and  one-half  on  the  op- 
posite, so  that  the  die  can  be  used  for  threading 
long  rods  when  it  is  not  important  to  cut  close  to 


Fig.    1 


Die   Muzzling  Machine  made  by 
Anderson  Die  Kaolilne  Co. 


Fig.  2. 


Opposite  Side  of  Machine  shown 
in  Fig.   1 
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Fir-  3.     Close  View  of  Anderson  Die  Muzzling  Machine  in  Operation 

the  foot-treadle  and  lever  which  operates  directly  on  the  end 
of  the  quill  or  table  spindle  are  made  adjustable,  so  that  the 
whole  mechanism  can  be  readily  adjusted  to  suit  the  operator's 
convenience.  If  necessary,  a  safety. spring  device  can  be  in- 
troduced between  the  foot-treadle  and  the  table,  so  that,  re- 
gardless of  the  pressure  applied  by  the  operator  on  the  foot- 
treadle,  the  pressure  on  the  table  spindle  will  be  uniform.  Any 
make  of  motor  not  exceeding  6  inches  in  diameter  can  be  ap- 


plied to  this  machine,  1/6  horsepower,  1700  revolutions  per 
minute  being  ample  for  the  operation.  A  switch  is  con- 
veniently located  for  starting  and  stopping  the  machine,  and 
a  cord  with  attachment  plug  is  provided  so  that  the  machine 
(^an  be  run  from  an  ordinary  lamp  socket. 


"NATCO"   STRAIGHT-LINE  DRILLING 
MACHINES 

The  National  Automatic  Tool  Co.,  Richmond,  Ind.,  has  re- 
cently added  to  its  line  of  multiple-spindle  drilling  and  tap- 
ping machinery  three  sizes  of  "straight-line"  drilling  ma- 
chines, which  are  illustrated  and  described  herewith.  The 
design  of  these  machines  embodies  many  features  that  provide 
for  efficient  operation  and  rapid  production.  For  instance,  the 
machines  may  be  equipped  either  with  or  without  the  "Natco" 
patented  mechanism  to  provide  for  independent  changing  of 
speeds  in  the  rail,  which  permits  of  drilling  large  and  small 
holes  simultaneously  at  the  proper  speeds  and  affords  a  neu- 
tral position  for  all  spindles  that  are  not  in  use.  The  machines 
that  have  independent  change  of  speed  are  provided  with  a 
full  complement  of  upper  joints,  whether  or  not  there  is  need 
for  as  many  drill  spindles  as  the  full  number  that  can  be  car- 
ried in  the  rail. 

Provision  is  made  for  a  three-inch  in  and  three-inch  out 
adjustment  of  the  drill  spindles,  thereby  giving  a  drilling  area 
six  inches  wide  by  the  full  length  of  the  rail.  All  spindles 
are  provided  with  a  two-inch  vertical  adjustment  to  compen- 
sate for  tools  of  uneven  length  or  for  uneven  wear  of  tools. 
The  minimum  center  distance  is  the  diameter  of  the  spindles 
plus  1/16  inch,  which  makes  it  possible  to  drill  holes  very 
close  together.  The  machines  may  be  equipped  with  a  tap- 
ping attachment;  a  spot-facing  attachment  which  is  a  new  fea- 
ture of  the  "Natco"  drilling  machines  and  permits  of  multiple 
spot-facing;  a  lubricating  system  for  lubricating  the  work; 
and  either  belt  or  individual  motor  drive,  in  the  latter  case  a 
five-  to  seven-horsepower  motor  running  at  1800  revolutions 
per  minute  being  used. 

Fig.  1  shows  what  is  known  as  the  No.  39  machine,  which 


"Natco"  No.  89  straight-line  Drilling 
Machine 


"Natco"  No.  40  Straight-line  Drilling 
Machine 


Fig.  3. 


"Natco"  No.  41  Straight-line  Drilling 
Machine 
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inches  in  size;  and  the  No.  41  machine  is  fur- 
nished with  a  30-  by  42-  by  20-inch  box  table, 
or  an  adjustable  table  29  by  42  inches  in  size. 
Both  of  these  maohines  are  equipped  with 
tight  and  loose  pulleys  16  inches  in  diameter 
by  514  inches  face  width,  which  run  at  650 
revolutions  per  minute.  On  the  No.  40  ma- 
chine the  maximum  distance  from  the  top  of 
the  base  to  the  bottom  of  the  spindles  is  32 
inches,  and  on  the  No.  41  machine  the  corre- 
sponding distance  is  46  inches.  The  floor  space 
occupied  by  either  machine  when  equipped  with 
belt  drive  is  66  by  86  inches,  and  when  equipped 
with  motor  drive,  66  by  107  inches.  The  weight 
of  the  No.  40  machine  is  7500  pounds,  and 
the    No.    41    machine    weighs    10,000    pounds. 


MASTER 


12-INCH 
LATHE 


ENGINE 


Lathe  manufactured  by  the  Master  Machine  Works 

is  equipped  with  a  rail  either  24  or  36  inches  in  length.  The 
24-inch  rail  is  bored  for  a  maximum  of  twelve  spindles,  and 
the  machine  with  the  36-inch  rail  may  be  provided  with  as 
many  as  sixteen  spindles.  Six  changes  of  speed  are  available 
on  this  machine,  covering  a  range  of  from  363  to  1188  revolu- 
tions per  minute.  These  speeds  may  be  obtained  as  six  single 
or  three  double  speeds,  in  which  the  ratio  of  low  to  high  speed 
is  2  to  1.  The  rate  of  feed  in  inches  per  minute  varies  from 
one  to  six,  three  feeds  being  obtained  through  a  gear-box  lo- 
cated on  top  of  the  machine.  The  capacity  for  drilling  cast 
iron  is  twelve  %-inch  holes  or  their  equivalent,  or  twelve 
%-inch  cored  holes.  The  driving  pulley  is  14  inches  in  diam- 
eter by  4  inches  face  width  and  is  mounted  on  Hyatt  roller 
bearings.  The  countershaft  runs  at  600  R.  P.  M.  On  this  ma- 
chine the  maximum  distance  from  the  top  of  the  table  to  the 
bottom  of  the  drill  spindles  is  31  inches,  while  from  the  base 
to  the  bottom  of  the  5rill  spindle  the  maximum  distance  is 
49  inches.  The  area  of  the  working  surface  of  the  table  is 
20  by  40  inches;  the  floor  space  occupied  by  the  belt-driven 
machine  is  63  by  61  inches;  the  floor  space  occupied  by  the 
motor-driven  machine  is  63  by  80  inches;  and  the  weight  of 
the  machine  is  4200  pounds. 

The  machines  shown  in  Figs.  2  and  3  are  known  as  the 
"Natco"  No.  40  and  No.  41  drilling  machines,  respectively, 
and  it  will  be  seen  that  they  are  of  very  similar  design.  The 
No.  41  machine  is  slightly  heavier  and  more  powerful  than 
the  No.  40.  The  latter  is  equipped  with  either  a  26-  or  32-inch 
rail  and  is  bored  for  a  maximum  of  either  six  or  eight  spin- 
dles; while  the  No.  41  machine  has  either  a  32-inch  rail  bored 
for  eight  spindles,  or  a  48-inch  rail  bored  for  twelve  spindles. 
Both  of  these  machines  are  furnished  with  six  changes  of  feed 
which  are  independent  of  the  speeds,  the  rate  of  feed  covering 
a  range  of  from  %  to  4%  inches  per  minute,  while  six  changes 
of  speed  are  available,  ranging  from  12S  to  525  revolutions 
per  minute.     The  six  changes  may 

be  obtained  as  six  single  speeds  or  « 

three  double  speeds,  and  the  ratio 
of  low  to  high  speed  is  about  2  to  1. 
The  drill  spindles  are  provided  with 
a  heavy  ball  thrust,  and  the  spindle 
bearings  are  lined  with  bronze. 

The  drilling  capacity  of  the  No. 
40  machine  in  cast  iron  is  up  to 
eight  1-inch  holes  or  eight  21/2-inch 
cored  holes,  while  the  No.  41  ma- 
chine has  a  capacity  of  drilling  in 
cast  iron  up  to  twelve  1-inch  holes 
or  twelve  2 %-inch  cored  holes.  The 
No.  40  machine  is  provided  with  a' 
30-  by  32-  by  20-inch  box  table,  or 
with   an   adjustable  table  29  by  42 


The  Master  Machine  Works,  110  W.  40th  St., 
New  York  City,  are  now  manufacturing  a  light 
lathe  intended  for  tool-room  use  as  well  as  for 
general  manufacturing  operations.  The  head- 
stock  is  of  the  all-geared  design,  and  six  spindle 
speeds  are  available,  ranging  from  28  to  418.  These  speed 
changes  are  controlled  by  means  of  two  levers  located  on  the 
headstock,  and  the  arrangement  is  such  that  no  two  speed 
combinations  can  be  engaged  simultaneously.  The  carbon- 
steel  spindle  is  provided  with  phosphor-bronze  bearings  and 
has  a  hole  through  it  of  ample  size  to  accommodate  a  draw-in 
attachment  and  collets.  The  lead-screw  is  splined  for  the 
driving  worm  which  operates  the  automatic  cross  and  longi- 
tudinal feeds.  The  cross-feed  screw  has  a  micrometer  collar 
graduated  to  read  in  thousandths  inch.  The  lathe  has  a 
geared  feed-box  for'  obtaining  rapid  changes  when  turning  or 
thread  cutting.  The  actual  swing  over  the  bed  is  12  inches 
and  over  the  carriage  6^4  inches. 


RYERSON  BOILER   TUBE   RECLAIMING 
MACHINE 

Joseph  T.  Ryerson  &  Son,  Chicago,  111.,  have  recently  added 
to  their  line  the  boiler  tube  reclaiming  machine  here  illus- 
trated and  described.  This  equipment  is  intended  for  use  in 
railroad  shops  and  provides  for  the  utilization  of  short  boiler 
tubes  which  would  otherwise  be  scrapped.  The  machine  pro- 
vides for  welding  such  tubes  together  in  order  to  make  pieces 
of  the  proper  length  for  use  in  locomotives.  This  equipment 
comprises  a  special  pneumatic  flue  welding  machine  provided 
with  an  extension  mandrel,  an  oil  burning  furnace,  straighten- 
ing and  storage  rack,  automatic  operating  valves,  etc.  The 
entire  outfit  is  of  simple  construction,  and  there  is  no  intricate 
mechanism  to  complicate  the  method  of  operation;  in  addition 
to  its  use  in  reclaiming  short  pieces  of  tubing,  this  machine 
may  also  be  employed  for  ordinary  safe-ending  operations.  As 
regularly  furnished,  the  machine  is  provided  complete  with 
one  size  of  welding  die  and  mandrel;  and  the  oil  burning  fur- 
nace is  equipped  with  a  burner  and  completely  bricked  ready 


Boiler  Tube  Keclaiminr  Machine  built  by  Joseph  T.  Ryerson  &  Son 
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for  service.  Special  machines  may  be  furnished  for  any  spe- 
cial class  of  work. 

Until  recently  the  reclaiming  of  old  boiler  tubes  had  been 
given  little  consideration  by  the  railroads,  owing  to  the  fact 
that  the  reclamation  of  old  materials  in  general  had  not  re- 
ceived much  attention.  Another  reason  for  this  condition  is 
that  while  machines  were  available  for  the  performance  of 
common  safe-ending  operations,  there  were  no  satisfactory  ma- 
chines for  handling  longer  pieces  of  tubing.  The  safe-ending 
process  was  often  carried  to  such  an  extent  that  not  infre- 
quently five  or  six  and  sometimes  more  pieces  were  welded  to 
a  tube  used  in  a  high-pressure  boiler.  When  safe-ending  is 
carried  to  such  an  extent  the  remainder  of  the  tube  is  gen- 
erally not  worth  reclaiming  after  the  last  removal  from  the 
boiler.  More  stringent  regulations  of  the  Interstate  Commerce 
Commission,  coupled  with  the  wide  "safety  first"  movement, 
have  done  much  to  improve  this  class  of  tube  welding,  and 
the  number  of  safe  ends  that  are  pieced  onto  a  tube  is  gen- 
erally less  than  was  the  case  a  few  years  ago.  As  a  result,  a 
great  many  railroad  companies  have  a  large  number  of  short 
tubes  which  are  in  good  condition  and  can  be  used,  provided 
they  can  be  properly  welded  together  to  make  suitable  lengths 
with  not  more  than  one  or  two  welds.  It  is  for  the  reclama- 
tion of  such  pieces  of  tubing  that  the  new  Ryerson  machine 
was  developed.  In  operation,  the  tube  is  heated  and  belled  out 
in  the  usual  way  and  the  safe  end  of  the  tube  inserted.  The 
tube  with  the  safe  end  inserted  is  then  passed  through  the 
furnace  and  over  the  mandrel  until  the  point  to  be  welded 
is  in  the  proper  place  for  heating  in  the  furnace.  When  the 
desired  temperature  has  been  reached,  the  tube  is  shoved  for- 
ward through  the  furnace  until  it  reaches  the  desired  position 
in  the  welding  die,  the  welding  machine  being  in  direct  line 
with  the  furnace. 

This  machine  is  of  the  hammer  type  and  a  stop  or  guide 
is  arranged  on  the  mandrel  which  acts  as  a  gage  to  locate 
the  welding  point  under  the  die  as  well  as  an  automatic  start- 
ing device  for  the  welding  machine.  When  the  farther  end 
of  the  tube  strikes  this  stop  or  guide,  it  operates  a  lever  that, 
in  turn,  opens  the  air  valve  on  the  welding  machine,-  thus 
permitting  entrance  of  air  into  the  cylinder.  As  soon  as  the 
pressure  of  the  tube  is  taken  off  the  gage  stop,  the  air  supply 
is  cut  off  and  the  welder  is  stopped.  Afterward  the  tube  is 
pulled  back  through  the  furnace  affd  the  operation  is  coni- 
pleted.  The  principal  dimensions  of  the  welding  machine  are 
as  follows:  capacity  for  handling  tubes  from  three  to  six 
inches  in  diameter;  floor  space  occupied,  30  by  30  inches;  and 
weight  of  machine,  800  pounds.  The  principal  dimensions  of 
the  furnace  are:  capacity  for  handling  tubes  from  three  to 
six  inches  in  diameter;  floor  space  occupied,  3  feet,  5  inches 
by  5  feet,  6  inches;  and  weight  of  furnace,  2250  pounds. 


RIGID  BORING-BAR 

The  Rigid  Tool  Holder  Co.,  149  Carroll  St.,  S.B.,  Washing- 
ton, D.  C,  is  now  manufacturing  the  tool  shown  in  the  ac- 
companying illustration.    This  is  known  as  an  improved  lever- 
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Improved  Type  of  Boring-bar  made  ty  Rigid  Tool  Holder  Co. 

clamp  boring-bar  and  was  developed  by  the  firm's  manager, 
E.  P.  Gibbs.  The  important  features  of  this  tool  are  its  sim- 
plicity,  the   liberal   amount  of   power  provided   for   clamping 


the  cutter,  the  fact  that  it  is  unnecessary  to  use  special 
wrenches,  and  the  position  of  the  cutter  below  the  center  of 
the  boring-bar,  which  reduces  the  tendency  for  the  tool  to 
dig  into  the  work. 


FEDERAL  PLAIN-HEAD   SCREW  MACHINE 

A  machine  known  as  a  No.  3  or  14-inch  plain-head  screw 
machine  has  recently  been  placed  on  the  market  by  the  Federal 
Machine  Co.,  1602-1618  S.  Lafayette  St.,  South  Bend,  Ind.  It  is 
equipped  with  an  automatic  chuck  and  bar  feed  and  will 
handle  the  following  sizes  of  bar  stock:   round,  up  to  1  16/16 


Federal  Plain-head  Screw  Machine 

inch  in  diameter;  square,  up  to  29/32  inch;  hexagonal,  up  to 
1%  inch.  All  sizes  of  stock  are  handled  by  means  of  an  auto- 
matic chuck  and  tool-steel  spring  collet.  It  will  be  seen  that 
this  machine  is  driven  by  a  three-step  cone  pulley  which  has 
steps  314  inches  in  width,  which  provide  ample  power  to  enable 
the  machine  to  take  heavy  cuts  at  high  speed.  The  head  and 
bed  are  cast  in  one  piece  to  obtain  the  maximum  strength, 
and  the  bed  is  designed  with  thick  walls  and  closely  spaced 
internal  braces  to  further  reduce  the  tendency  for  the  ma- 
chine to  spring  while  taking  heavy  cuts.  Further  provision 
against  trouble  from  this  source  is  made  by  having  a  three- 
point  bearing  on  which  the  machine  rests,  thus  counteracting 
any  twisting  action  due  to  an  uneven  foundation. 

The  spindle  is  made  of  high-carbon  forged  crucible  steel 
bored  from  the  solid  and  accurately  ground  to  size.  The  spin- 
dle bearings  are  lined  with  phosphor-bronze,  the  front  bearing 
being  514  inches  long  and  the  rear  bearing  41^  inches  in 
length.  Six  tool  holes  are  provided  in  the  faces  of  the  turret, 
which  measures  8%  inches  across  the  fiats.  Each  hole  is  fitted 
with  self-raising  and  self-aligning  binders,  and  there  are  bolt 
holes  for  securing  tools  to  the  faces.  The  turret  stud  is  a 
taper  fit  in  the  slide  and  revolves  with  the  turret,  provision 
being  made  for  adjustment;  it  is  claimed  that  this  keeps  the 
alignment  of  the  turret  accurate  throughout  the  life  of  the 
machine.  The  lock  bolt  and  lock  bolt  bushings  in  the  turret 
and  slide  are  made  of  tool  steel  hardened  and  ground  to  size. 
Bar  stock  can  be  fed  through  the  turret,  which  obviates  the 
necessity  of  removing  the  turret  saddle  in  cases  where  it  is 
required  to  cut  off  long  pieces.  By  a  reverse  movement  of  the 
turret  saddle  turn  slide,  the  turret  lock  bolt  is  automatically 
released  and  the  turret  revolves  to  the  next  station.  Ad- 
justable independent  stops  automatically  operate  for  each  posi- 
tion of  the  turret.  The  turret  saddle  is  fitted  with  adjustable 
taper  gibs  for  its  entire  length  which  provide  means  for 
adjusting  the  slide. 

The  cut-off  is  furnished  with  a  combination  lever  and  screw 
feed.  A  square  jaw  clutch  cut  in  the  hub  of  the  lever  is  di- 
rectly engaged  with  the  pinion,  which,  in  turn,  meshes  with  a 
rack  on  the  cross-slide.  The  lever  may  be  brought  into  differ- 
ent positions  by  simply  advancing  or  retarding  the  clutch. 
The  screw  is  instantly  engaged  or  disengaged  by  a  small  ec- 
centric lever  at  the  left-hand  side  of  the  cross-slide;  this  lever 
engages  a  hardened  tool-steel  lock  yoke  of  the  split  nut  type 
placed  between  two  hardened  and  ground  collars  on  the  screw. 
These  collars  serve  the  additional  purpose  of  providing  a 
bearing  for  the  screw  in  the  slide,  and  the  cross-slide  has  ad- 
justable stops  and  a  micrometer  dial  for  fine  adjustment.    The 
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toolposts  have  adjustable  wedges  for  raising  or  lowering  the 
tools,  and  the  cut-off  can  be  removed  from  the  bed  without 
disturbing  the  turret  saddle. 

A  Brown  &  Sharpe  oil  pump  driven  by  a  belt  from  the 
countershaft  delivers  an  abundant  supply  of  lubricant  to  the 
cutting  tools  and  operates  when  the  machine  is  running  in 
either  direction.  The  oil  or  chip  pan  is  cast  integral  with 
the  blocks  supporting  the  bed,  and  the  deep  space  under  the 
bed  from  which  the  chips  can  be  removed  is  a  convenient 
feature.  There  is  a  drop  of  %  inch  from  the  rear  end  of  the 
pan  to  the  oil  strainer  located  directly  below  the  rear  spindle 
bearing,  thus  insuring  quick  return  of  lubricant  to  the  tank, 
which  is  cast  in  one  leg  and  arranged  so  that  it  may  be  easily 
drained  by  simply  removing  a  pipe  plug  from  the  bottom.  In 
addition  to  the  accessories  shown  in  the  illustration,  the  regu- 
lar equipment  of  this  machine  consists  of  a  double  friction 
countershaft,  tool  tray,  splash  board,  reversible  oil  pump,  one 
hardened  and  ground  collet,  and  the  necessary  wrenches  for 
making  all  adjustments.  A  turret  lathe  is  also  made  by  the 
Federal  Machine  Co.  which  is  of  essentially  the  same  design, 
except  that  it  does  not  have  an  automatic  chuck  and  bar  feed, 
oil  pan  and  pump.  The  end  of  the  spindle  is  of  sufficient  length 
to  allow  for  threading  it  for  any  standard  air  chuck. 

The  principal  dimensions  of  this  machine  are  as  follows: 
diameter  of  hole  In  automatic  chuck  plunger,  15/16  inch; 
diameter  of  hole  in  spindle,  19/16  inch;  maximum  length  qf 
work  that  can  be  turned,  8  inches;  maximum  distance  from 
end  of  spindle  to  turret  face,  19  inches;  swing  over  bed,  14 
inches;  swing  over  cut-off  slide,  6%  inches;  distance  from 
center  of  turret  holes  to  top  of  slide,  2%  inches;  diameter  of 
turret  holes,  1^4  inch;  size  of  tapped  holes  in  turret  faces, 
7/16  inch;  diameter  of  countershaft  pulley,  12  inches;  face 
width  of  countershaft  pulley,  4  inches;  size  of  cut-off  tools, 
%  by  114  inch;  floor  space  occupied,  2  feet,  3  inches  by  7  feet; 
and  net  weight  of  machine,  1670  pounds. 


DUNCAN  SCREW  AND  RIVET  HOLDER 

Toolmakers  and  machinists  often  experience  difflculty  in 
holding  screws  or  rivets  when  the  ends  need  to  be  flied  or 
sawed  off.  The  usual  method  is  to  clamp  the  head  of  the 
screw  or  rivet  in  a  vise,  bat  owing  to  the  circular  form  of 
the  head,  the  screw  is  not  firmly  held  and  there  is  likely  to 
be  more  or  less  distortion  of  the  head  due  to  the  clamping 
pressure  of  the  jaws.  The  screw  and  rivet  holder  shown  in 
the  accompanying  illustration  provides  a  simple  and  effective 
method  of  holding  screws  or  rivets  without  marring  them. 
This  holder,  which  has  been  brought  out  by  John  C.  Duncan 
204  E.  North  Ave.,  Pittsburg,  Pa.,  consists  of  a  shank  A  which 
is  clamped  between  the  vise  jaws;  a  circular  plate  B  con- 
taining  holes   of   different  sizes   for   receiving  the  screws   or 


After  a  screw  is  inserted  through  one  of  the  holes,  the 
plate  B  is  turned  to  locate  the  head  opposite  the  clamping 
screw,  which  is  then  tightened.  The  holder  can  be  secured 
between  the  vise  jaws  in  any  position  that  will  be  most  con- 
venient for  the  workman.  The  central  view  shows  the  holder 
in  a  vertical  position,  whereas  the  view  to  the  right  shows  it 
in  a  horizontal  position. 

STECHER  SPINDLE  DRILLING  MACHINE 

For  use  in  drilling  lathe  spindles  and  for  similar  operations, 
the  Charles  Stecher  Co.,  1574-1580  Crossing  St.,  Chicago,  111., 
is  now  building  a  machine  which  is  shown  in  the  accompany- 
ing illustration.  It  will  be  seen  that  the  drill  is  held  in  a 
vertical  position  and  feeds  up  into  the  work,  thus  preventing 
the  hole  from  be- 
coming clogged 
with  chips.  A  small 
force  pump,  which 
is  included  as  part 
of  the  regular 
equipment,  keeps 
the  drill  cool  and 
free  from  obstruc- 
tion. It  will  be  seen 
that  the  machine 
spindle  is  furnished 
with  a  chuck  at  the 
lower  end  which  is 
capable  of  holding 
all  work  that  does 
not  exceed  30  inches 
in  length,  but  for 
longer  pieces  it  is 
desirable  to  employ 
a  chuck  at  both 
ends  of  the  spindle. 

In  drilling  long 
holes,  i.  e.,  those  ex- 
ceeding 24  inches 
in  length,  experi- 
ence has  shown 
that  the  drilling 
can  be  done  much 
faster  by  working 
from  both  ends  of 
the  piece,  because 
in  this  way  the  drill  need  only  be  slightly  in  excess  of  one- 
half  the  length  otherwise  required.  With  a  feed  of  0.005  inch 
per  revolution  of  the  work,  holes  36  inches  in  length  by  1  29/32 
inch  in  diameter  have  been  drilled  in  35  minutes.  These  spin- 
dles were  drilled  from  both  ends,  and  the  time  includes  set- 
ting up  the  work  and  removing  it  from  the  machine.  The 
upper  and  lower  horizontal  shafts  are  provided  with  ball  bear- 
ings and  the  main  spindle  is  provided  with  a  ball  thrust 
bearing.  The  feed  mechanism  is  so  arranged  that  any  desired 
feed  can  readily  be  obtained  by  means  of  removable  gears  fur- 
nished with  the  machine. 

The  principal  dimensions  of  the  machine  are  as  follows: 
distance  between  face  of  chuck  and  drill-holder,  321^  inches; 
diameter  of  hole  through  spindle,  414  inches;  swing  over  face 
of  bed,  14  inches;  diameters  of  cone  pulley  steps,  9yo,  lliA  and 
131/2  inches  in  diameter;  face  width  of  cone  pulley,  3  inches; 
diameter  of  tight  and  loose  pulleys,  14  inches;  face  width  of 
tight  and  loose  pulleys,  4  inches;  speed  of  tight  and  loose 
pulleys,  450  R.  P.  M.;  width  of  column,  12  inches;  height  of 
machine,  7  feet,  6  inches;  diameter  of  steel  scroll  chuck, 
12  inches;  floor  space  occupied,  32  by  48  inches;  and  net 
weight  of  machine,  1800  pounds. 


Spindle  DriUing  Machine  made  by  Charles 
Stecher  Co. 


Duncan   Screw  and  Rivet   Holder 

rivets;  a  clamping  screw  C  for  holding  the  screw  to  be 
operated  upon  firmly  in  position;  and  a  small  spring  detent 
D,  tte  end  of  which  engages  conical  seats  in  plate  B  so  that 
any  one  of  the  holes  in  this  plate  may  readily  be  aligned  with 
the  clamping  screw. 


CLEVELAND  SCREW  EXTRACTOR 

Every  machinist  knows  how  difficult  it  is  to  remove  the  end 
of  a  set-screw  or  bolt  which  has  broken  off  in  the  hole  or  below 
the  top  of  the  hole.  In  many  cases  the  only  method  of  re- 
moving the  broken  end  is  by  drilling  it  out  completely,  which 
usually  requires  considerable  time.    The  Cleveland  Twist  Drill 
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Co.,  Clevolaud,  Ohio,  has  placed  on  the 
market  a  simple  form  of  tool  for  remov- 
ing hrokoii  screw  ends,  known  as  the 
"lOzy-Out"  screw  extractor.  This  extractor 
is  sold  iu  sets  of  three  and  Is  made  in 
different  sizes  which  are  applicable  to  dif- 
ferent classes  of  work.  The  principle 
upon  which  the  extractor  operates  is  in- 
dicated by  the  accompanying  illustration. 
The  gripping  end  is  slightly  tapering  and 
has  left-hand  spiral  ridges.  When  a  screw 
is  to  be  removed  a  hole  is  drilled  in  one 
end,  into  which  the  extractor  is  inserted. 
A  slight  twist  seats  it  firmly  in  the  hole 
and  continued  rotation  to  the  left  causes 
the  left-hand  spiral  to  grip  the  sides  of 
the  drilled  hole,  thus  exerting  an  unscrew- 
ing action  on  the  broken  screw  end,  which 
is  backed  out  on  its  own  thread.  If  the 
screw  should  fit  tightly  or  stick  because 
of  rust,  the  extractor  grips  it  more  tightly. 
With  this  method  of  removal  there  is  no 
danger  of  injuring  the  threads  in  the  hole,  which  is  often  done 
when  the  broken  screw  end  is  removed  in  the  form  of  chips 
by  drilling  a  hole  through  it  from  end  to  end.  These  extractors 
are  made  of  a  tough  grade  of  steel  and  are  specially  treated 
to  withstand  the  torsional  strains  to  which  they  are  naturally 
subjected. 


Cleveland   Screw 
Extractor 


WILSON  SYSTEM  OF  ELECTRIC  WELDING 

For  use  in  repairing  broken  machine  parts  ranging  from 
pieces  of  small  size  up  to  parts  machined  from  heavy  castings, 
the  Wilson  Welder  &  Metals  Co.,  Inc.,  Vanderbilt  Ave.  and 
45th  St.,  New  York  City,  has  developed  a  system  of  electric 
welding.  In  addition  to  its  application  in  the  repair  of  broken 
parts,  the  Wilson  system  may  be  applied  in  the  manufacture 


Fig.    1.     Welding    Tool    or   Electrode    Holder   with   Distant    Control    Switch 

of  such  products  as  metal-cutting  tools  where  a  cutter  of  high- 
grade  tool  steel  is  welded  onto  a  machine  steel  shank.  By 
this  method  cast  steel,  cast  iron,  wrought  iron,  brass,  copper, 
or  any  other  weldable  metal  can  be  welded  with  satisfactory 
results.  It  is  claimed  for  this  system  that  the  consumption 
of  power  is  very  low  and  that  a  material  saving  of  labor  is 
effected  by  having  the  control  of  the  heat  or  amperage  at  the 
arc  placed  conveniently  for  the  operator,  so  that  he  does  not 


have  to  go  back  and  forth  between  the  work  and  control  board 
when  it  is  necessary  to  adjust  the  heat  to  meet  conditions. 
Another  important  feature  is  that  a  number  of  welders  can 
work  from  a  single  machine  without  one  interfering  with 
the  work  of  another;  power  is  located  at  one  point,  where  It 
can  have  proper  supervision,  and  it  can  be  distributed  to  con- 
venient points  throughout  the  shop. 

With  this  system  of  electric  welding,  the  heat  may  be  accu- 
rately controlled  at  the  point  of  application  of  the  metal,  which 
insures  obtaining  welds  of  uniform  quality.  Tliere  is  a  critical 
temperature  at  which  steel  can  be  welded  to  give  the  greatest 


Fig.  2.  (1)  Slate  Panel;  (2)  Double-throw  Switch;  (3)  300-ampere  Fuse; 
(4)  Switch  Receptacle:  (5)  Carbon  Pile;  (9)  Back  End  Disk  Cable; 
(10)  Front  End  Disk  Cable;  (11)  Asbestos  Board;  (12)  Choke  Coil; 
(13)  Ammeter;  (19)  Toggle  Circuit  Breakers;  (27)  Solenoid  Plunger; 
(28)  Solenoid  Casting;  (29)  Solenoid;  (30)  Dash  Pot;  (31)  Piston-rod 
to  Dash  Pot;  (32)  1/10-horsepower  Motor;  (33)  Welding  Circuit  Plug; 
(34)   Control  Circuit  Plug 

tensilev strength  and  ductility,  and  by  heating  above  this,  a 
fracture  of  the  welded  section  will  show  a  segregation  of  car- 
bon and  slag,  which  naturally  weakens  the  weld.  If,  on  the 
other  hand,  the  temperature  is  lower  than  the  critical  tem- 
perature, a  fracture  through  the  welded  section  will  show 
that  the  metal  has  been  deposited  in  globules  with  many  open 
spaces  between  them,  this  being  a  fairly  sure  indication  that 
the  weld  has  been  made  at  too  low  a  temperature.  With  the 
Wilson  system  it  is  claimed  that  the  heat  at  the  arc  does  not 
fluctuate;  therefore  welds  made  are  high  grade  and  uniform. 
Experience  has  shown  that  in  order  to  secure  satisfactory 
results  in  electric  welding,  the  use  of  a  proper  grade  of  metal 
is  of  as  great  importance  as  having  a  properly  designed  ma- 
chine. Recognizing  this  fact,  the  Wilson  Welder  &  Metals  Co. 
has  developed  specially  prepared  welding  metals  which  are 
not  adversely  affected  by  the  heat  of  the  arc.  These  metals 
are  used  in  the  form  of  an  electrode.  This  metal  is  a 
homogeneous  alloy  combined  with  an  excess  of  manganese  to 
compensate  for  losses  while  passing  through  the  electric  arc, 
thus  insuring  a  substantial  amount  of  manganese  in  the  welded 
joint    which    is    essential    to    its    toughness.      In    addition,    a 


Fig.    3.     Four-arc   or   600-ampere   Capacity   Motor-generator    Set   for 
Direct  Current 


Four-arc    or    600-ampcre    Capacity    Motor-generator    Set   for 
Alternating   Current 
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Fig.    S.     Fractured    Steam    Chest    and    Cylinder 
welded 


Locomotive   to    be 


manganese-copper  alloy  welding  electrode  has  been  developed, 
which  is  composed  of  iron  homogeneously  combined  with  such 
an  excess  of  manganese  and  copper  over  the  amount  lost  in 
the  arc  as  will  insure  to  the  welded  joint  an  additional  degree 
of  toughness  and  ductility,  but  leave  it  soft  enough  to  be 
readily  machined.  Fig.  1  shows  the  welding  tool  or  electrode 
holder  provided  with  a  distant  control  switch  in  which  these 
special  welding  electrodes  are  held. 

Fig.  2  shows  the  constant-current  control  panel  for  welding 
and  cutting,  provided  for  use  in  connection  with  the  Wilson 
equipment,  and  in  the  caption  are  listed  the  more  important 
parts,  which  may  be  readily  identified  by  corresponding  num- 


Fig.   6.     View  of  Parts  shown  in  Fig.   5  after  being  repaired  with  Wilson 
Electric  Welder 

the  lever  is  fixed,  and  the  movement  of  the  spring  carriage  is 
produced  by  a  small  electric  motor  so  wired  that  it  may  be  con- 
trolled by  two  push  buttons  located  at  the  welding  tool  or  near 
enough  to  the  welding  tool  so  that  the  operator  can  use  them 
without  changing  his  position.  The  panel  is  also  provided  with 
a  reactance  coil  of  a  size  sufficient  to  assist  the  operator  in 
maintaining  an  arc  with  a  graphite  pencil  when  the  panel  is 
used  for  cutting  or  burning  away  metal  in  preparing  for  the 
welding  operation  or  for  other  purposes.  An  ammeter  is  pro- 
vided to  indicate  the  amount  of  current  used  in  the  welding 
process,  and  a  double-throw  switch  of  200  amperes  capacity  is 
employed  for  changing  from  the  welding  to  the  cutting  circuit. 


Fig.  7.     Cutting  Tools  prepared  for  welding  Points  onto  Shanks 


bers  which  appear  on  the  illustration  and  in  the  caption.  The 
general  function  of  this  panel  is  to  maintain  a  constant  flow 
of  current  between  the  welding  tool  and  the  material  operated 
upon,  regardless  of  variations  in  the  resistance  of  the  welding 
circuit  due  to  varying  lengths  of  arc  or  other  causes.  The 
current  regulator  consists  of  a  carbon  pile  held  under  com- 
pression by  one  or  more  helical  springs,  the  pull  of  which 
is  opposed  by  a  solenoid  through  which  the  current  to  be  regu- 
lated is  passed.  A  suitable  air  dash  pot  is  connected  to  the 
solenoid  plunger  to  prevent  all  "hunting"  or.  chattering  due 
to  the  tendency  of  the  plunger  and  connected  parts  to  travel 
beyond  the  desired  point.  The  pressure  of  the  springs  is 
transmitted  to  the 
carbon  disks  or 
plates  through  a 
lever,  and  the  springs 
are  mounted  on  a 
carriage  in  such  a 
manner  that  the 
point  at  which  they 
act  upon  the  lever 
may  be  changed, 
thereby  increasing  or 
decreasing  the  lever- 
age, as  may  be  nec- 
essary. The  position 
of  the  control  sole- 
noid    in     relation     to  Fig.  8.     Cutting  Tools  with 


In  Fig.  3  is  shown  the  Wilson  arc  welding  motor-generator 
set,  consisting  of  a  direct-current  compound  interpole  generator 
and  an  interpole  direct-current  motor.  This  machine  is  de- 
signed with  especial  reference  to  the  intermittent  nature  of  the 
load  and  is  adjusted  to  operate  with  fixed  brushes  at  any  load 
from  no  load  up  to  the  maximum  capacity  of  the  machine. 
It  will  not  show  any  tendency  to  flash  when  the  maximum 
load  is  suddenly  removed.  The  entire  magnetic  circuit  of  the 
generator  is  constructed  of  thin  sheet-steel  plates,  castings 
being  used  only  for  mechanical  and  not  for  magnetic  purposes, 
thus  providing  an  exceptionally  quick  recovery  coefficient  and 
permitting   the   operation   of  more   than   one  welding   circuit 

from  the  generator 
without  interference. 
It  is  claimed  that 
commutation  will  be 
sparkless  under  all 
conditions  and 
changes  of  load  with- 
in the  rating  of  the 
machine,  and  that 
the  set  will  operate 
without  excessive 
noise  or  vibration. 

The  outfit  is 
mounted  on  a  heavy 
cast-iron  sub-base  and 

elded  onto  Shanks  provided      with      self- 
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Fig.  9.     Cutting  Tools  with  Points  welded  onto  Shanks  after  being  ground  Ready  for  Use 


oiling  bearings  lined  with  hard  babbitt.  The  rotors  of  both 
machines  are  mounted  on  a  single  shaft,  which  is  made  of 
high-carbon  steel  supported  on  two,  three  or  four  bearings. 
The  bearing  housings  of  the  set  are  demountable  to  permit 
of  easy  removal  of  the  rotors.  Compensators  equipped  with 
no  voltage  release  are  furnished  with  each  set.  The  fields 
of  the  direct-current  generator  and  of  the  motor  are  of  the 
ring  type  constructed  of  laminated  steel,  and  the  pole  pieces 
are  also  built  of  laminated  steel,  bolted  in  place  and  so  ar- 
ranged that  any  field  coil  and  its  core  may  be  easily  removed. 
The  field  coils  are  form-wound  without  metal  spools  and  thor- 
oughly insulated. 

Both  machines  are  furnished  with  interpoles,  one  for  each 
main  pole  on  the  machines,  in  order  to  provide  for  obtaining 
improved  commutation  and  fixed  brushes.  The  armatures  are 
of  the  slotted  drum  type,  having  a  core  of  thin  sheet  steel  of 
high  magnetic  quality,  each  sheet  being  varnished  to  reduce 
core  losses.  The  windings  are  formed  coils  or  rectangular 
bars,  thoroughly  insulated.  The  commutators  are  built  of 
hard  copper  bars,  insulated  with  mica  and  rigidly  held  in  place 
by  heavy  clamping  rings.  The  brush-holders  are  of  the  radial 
type  and  fitted  with  carbon  brushes;  they  have  no  sliding  con- 
tacts which  carry  current.  Particular  care  has  been  taken  to 
provide  ample  facilities  for  ventilation  by  means  of  air  ducts 
in  the  cores,  so  that  free  circulation  is  obtained  through  the 
cores  and  windings. 

Fig.  4  shows  the  Wilson  electric  welding  motor-generator  set 
for  alternating  current,  which  consists  of  a  direct-current  com- 
pound interpole  generator  and  a  squirrel-cage  polyphase  in- 
duction motor.  The  general  features  of  this  outfit  are  the 
same  as  those  described  in  connection  with  the  direct-current 
motor-generator  set.  The  stator  core  of  the  induction  motor 
is  built  of  punchings  of  thin  sheet  steel  of  high  magnetic 
quality,  each  sheet  being  varnished  to  reduce  core  losses  to 
a  minimum.  The  core  is  rigidly  supported  by  two  heavy  cast- 
iron  clamping  rings  that  form  the  frame  of  the  stator.  The 
windings  consist  of  form-wound  coils  treated  with  insulating 
compound,  after  which  they  are  taped,  varnished  and  baked. 

The  slots  of  the  winding  of  the  six-  and  eight-arc  machines 
are  lined  with  insulating  material,  form-pressed  coils  being 
used  in  the  smaller  sized  machines.  The  windings  are  securely 
held  in  place  by  wedges  driven  in  between  the  tips  of  the 
core  teeth,  and  the  terminals  of  the  winding  are  brought  out 
so  that  connection  to  the  power  lines  may  be  easily  made.  The 
rotor  core  is  built  from  punchings  of  thin  sheet  steel,  which 
are  treated  in  the  same  way  as  those  of  the  stator.  The  core 
is  keyed  to  the  shaft  between  clamp  plates  to  prevent  bending 
the  end  sheets.  The  rotor  conductors  are  placed  in  partly 
closed  insulated  slots  and  securely  riveted  and  soldered  at  botli 
ends  to  short-circuiting  rings.  The  periphery  of  the  stator 
is  entirely  exposed  to  the  air,  and  where  necessary,  ducts  are 
provided  in  both  the  rotor  and  stator  cores  to  permit  thorough 
ventilation. 


NEW   MACHINERY  AND  TOOLS   NOTES 
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Safety  Goggles:  Chicago  Eye  Shield  Co.,  Chicago,  111.  Gog- 
gles made  of  glass  that  resists  splintering.  Nails  have  been 
driven  through  the  lens  without  shattering  the  glass,  which 
is  of  American  manufacture. 

Hydraulic  Baling  Press  for  Scrap   Metal:    Logemann  Bros. 


Co.,  Milwaukee,  Wis.  This  press  forms  the  metal  scrap  into 
compact  bales.  One  ram  forces  the  scrap  into  a  flat  shape 
and  another,  operating  at  right  angles  to  it,  produces  the 
solid  bales. 

Ball  Bearing  Grinder:  United  States  Electrical  Tool  Co., 
6th  Ave.  and  Mt.  Hope  St.,  Cincinnati,  Ohio.  This  machine 
may  be  operated  with  either  direct  or  alternating  current. 
While  it  is  provided  with  a  knife  switch  located  in  the  base, 
the  push-button  control  will  be  furnished  when  desired. 

Twin  Angle  Compound  Air  Compressor:  Sullivan  Machinery 
Co.,  Chicago,  111.  A  compressor  consisting  of  two  units,  each 
complete  in  itself,  which  are  set  side  by  side  on  a  common 
foundation  and  are  driven  by  a  common  shaft.  Couplings  at 
each  end  of  this  shaft  permit  either  compressor  to  be  cut 
out  of  service  at  any  time. 

Twenty-six-inch  Heavy-duty  Engine  Lathe:  Riter-Conley  Co., 
Pittsburg,  Pa.  A  heavy-duty  geared-head  engine  lathe  that, 
with  a  16-foot  bed,  weighs  16,000  pounds.  The  spindle,  which 
is  56  inches  long,  is  made  of  high-carbon  forged  steel  and  runs 
in  bronze  bushings.  The  steel  gears  that  provide  the  eight 
speed  changes  run  in  oil. 

Heavy  Turret  Lathe:  International  Machine  Tool  Co.,  In- 
dianapolis, Ind.  This  26-inch  lathe  is  adapted  for  both  bar 
and  chucking  work.  The  gears  that  drive  the  spindle  are 
located  on  each  side  of  and  close  to  the  front  main  belt.  The 
swing  over  the  carriage  is  24  inches,  and  both  the  toolpost 
and  the  turret  carriages  liave  a  travel  of  72  inches. 

One-man  Shop  Truck  with  Detachable  Tongue:  Howe  Chain 
Co.,  Muskegon,  Mich.  The  special  features  of  this  truck  are 
the  large  roller  bearing  wheels,  which  support  the  load  to 
insure  easy  running,  and  a  detachable  jack  tongue,  with  a 
small  roller  bearing  lead  wheel.  A  foot  at  the  front  of  the 
truck  takes  the  loads  when  the  tongue  is  detached. 

Truck  Side-rail  Press:  Southwark  Foundry  &  Machine  Co., 
Philadelphia,  Pa.  A  six-cylinder  hydraulic  press  designed  for 
forming  the  side  members  of  automobile  and  motor-truck 
frames.  It  is  built  of  steel  castings  and  forgings  and  will 
handle  two  rails  175  inches  long,  of  5/32-inch  stock,  at  the 
same  time.     The   rate   of  operation   is   100   strokes   an  hour. 

Eighteen-inch  Heavy-duty  Engine  Lathe:  Carl  G.  Westlund 
Co.,  Worcester,  Mass.  This  lathe  is  made  with  8-,  10-  and  12- 
foot  beds,  and  has  a  swing  of  20  inches  over  the  bed;  it  will 
cut  from  three  to  twenty-four  threads  per  inch,  including  pipe 
threads.  It  has  double  back-gears  and  a  three-step  cone  pulley. 
A  14-inch  lathe  of  the  same  design  is  made,  but  it  has  a  single 
back-gear. 

Machine  for  Washing  and  Pickling  Metal  Goods:  Howard 
Iron  Works,  Buffalo,  N.  Y.  This  machine,  which  is  designed 
to  wash  and  pickle  punchings,  stampings,  etc.,  is  made  in  two 
types.  Both  require  sixty  pounds  steam  or  air  pressure  to 
operate  them.  One  type  of  machine  has  a  capacity,  in  unbal- 
anced loads,  of  4000  pounds  and  the  other  machine  will  handle 
loads  of  500  pounds. 

"Prestwich"  Fluid  Gage:  Coats  Machine  Tool  Co.,  Inc.,  New 
York  City.  This  instrument  has  a  fixed  and  an  adjustable 
anvil  which  are  so  placed,  when  set,  that  work  of  the  correct 
size  brings  the  fluid  in  the  small  tube  to  the  level  of  the  indi- 
cating pointer.  A  variation  from  this  size  causes  a  displace- 
ment of  the  anvils  and  a  much  greater  displacement  of  the 
fluid  in  the  tube. 

Vernier  Height  Gage:  L.  S.  Starrett  Co.,  Athol,  Mass.  This 
gage  consists  of  a  bar  graduated  to  read,  by  means  of  a  vernier, 
to  0.001  inch  on  heights  up  to  8  inches,  and  a  hardened  base 
ground  square  with  the  bar.  By  means  of  a  special  attach- 
ment, measurements  may  be  taken  at  the  top  or  bottom  sides 
of  the  gage,  while  the  use  of  another  attachment  makes  it 
possible  to  measure  the  depth  of  recesses  or  the  inside  of  the 
frame  of  a  jig,  etc. 

Adjustable  Fixture  for  Locating  and  Drilling  Holes  in  Jigs: 
Wadell  &  Bowen  Co.,  Newark,  N.  J.  This  fixture  consists  of  a 
table  mounted  on  two  slides  at  right  angles  to  each  other; 
it  also  has  at  its  back  a  vertical  post  to  which  is  fastened  an 
arm.  This  arm  is  adjustable  vertically  and  its  outer  end  is 
bored  for  a  drill  bushing.    The  work  is  adjusted  with  relation 
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to  the  drill  bushing  by  using  length  bars  one  inch  thick  and 
the  micrometer  screws  in  each  slide. 

Light  Tool-room  Lathe:  Master  Machine  Works,  New  York 
City.  A  machine  suitable  for  light  manufacturing  that  re- 
quires no  countershaft,  as  the  belt  passes  directly  from  the 
main  lineshaft  to.  tight  and  loose  pillleys  on  the  headstock. 
The  swing  over  the  bed  is  12  inches,  and  over  the  carriage,  614 
inches;  the  capacity  between  centers  is  214  feet.  The  six 
spindle  speeds  may  be  obtained  by  means  of  two  controlling 
levers  and  the  apron  is  arranged  for  screw  cutting  and  has 
longitudinal  and  cross  power  feeds. 

Semi-automatic  Thread  Milling  Machine:  T.  C.  M.  Mfg.  Co., 
Harrison,  N.  J.  A  machine  designed  primarily  for  milling 
threads  on  rifle  barrels,  fuse  bodies,  etc.  This  machine  has 
cut  in  one  hour  the  14-pitch  thread  on  120  bronze  primers 
1/2  inch  long  and  1  3/16  inch  in  diameter.  The  work  is  held 
in  a  collet  chuck  operated  by  a  hand-lever;  the  work-spindle 
is  rotated  by  a  worm  and  worm-wheel  acting  through  a  clutch 
that  is  automatically  engaged  by  advancing  the  cutter  into 
the  work  and  is  disengaged  when  the  spindle  has  made  a 
complete  revolution  and  the  thread  is  finished. 

Tilting  Band-saw  Machine:  J.  A.  Fay  &  Egan  Co.,  Cin- 
cinnati, Ohio.  This  saw,  while  in  operation,  can  be  moved  by 
power  through  an  arc  of  90  degrees,  45  degrees  each  side  of 
the  vertical.  The  exact  angle  at  which  the  blade  is  tilted  is 
shown  by  an  index.  The  column  is  a  massive  one-piece  cast- 
ing with  broad  floor  bases.  Its  face  is  planed  and  fitted  with 
roller  bearings  and  carries  the  saw  carriage,  guides,  etc.  A 
48-inx;h  square  iron  table  is  also  rigidly  mounted  in  this  col- 
umn. The  mechanism  for  moving  the  blade  is  mounted  upon 
an  auxiliary  column  in  the  rear. 

Steel-jacketed  Electric  Heater  Unit:  Cutler-Hammer  Mfg. 
Co.,  Milwaukee,  Wis.  These  units  are  used  to  heat  crane  cabs 
and  warm  the  feet  of  shearmen  and  tablemen  in  steel 
plants.  They  may  be  used  with  either  direct  or  alternating 
current  of  a  voltage  of  115,  230  or  250  and  have  a  capacity 
of  500  watts.  The  nickel-chromium  resistor,  which  furnishes 
the  heat,  is  enclosed  with  mica,  and  this,  in  turn,  is  surrounded 
with  a  steel  jacket.  Each  unit  is  2  feet  long,  li/^  inch  wide, 
and  3/16  inch  thick.  As  no  assembly  of  parts  is  required,  the 
units  can  be  installed  singly  or  in  groups. 

Cincinnati  Automatic  Bed-type  Millers:  Cincinnati  Milling 
Machine  Co.,  Cincinnati,  Ohio.  The  machines  are  designed  for 
the  quantity  manufacture  of  such  parts  as  enter  into  firearms, 
typewriters,  etc.  They  are  of  the  Lincoln  type  with  the 
table  supported  directly  on  the  bed  without  any  saddle.  The 
automatic  features  reduce  the  work  to  chucking  new  pieces, 
shifting  the  starting  lever,  and  removing  the  finished  work. 
The  working  surface  of  the  table  is  9%  by  24  inches,  and  the 
effective  table  feed,  12  Inches.  There  are  twenty-four  spindle 
speeds  and  twelve  table  feeds,  ranging  from  1  to  18  inches 
per  minute. 

Machine  Tool  Motor  Controller:  Cutler-Hammer  Mfg.  Co., 
Milwaukee,  Wis.  This  controller,  which  is  of  the  drum  lype, 
may  be  used  with  any  class  of  motor-driven  machine  tool. 
A  special  resistance  inserted  in  the  shunt  field  circuit  pro- 
vides a  speed  regulation  in  a  range  of  3  to  1.  The  field  regu- 
lating unit  consists  of  a  field-resistance  commutator  mounted 
on  a  drum  shaft  with  the  necessary  resistances  located  under- 
neath. The  starting  resistance  on  the  armature  circuit  is 
mounted  on  a  separate  frame.  The  armature  contact  fingers 
and  segments  are  of  solid  copper  and  are  so  arranged  that 
dynamic  braking  is  provided  when  the  drum  is  returned  to 
the  "off"  position. 

Lathe  Attachment  for  Boring  and  Grinding  Cylinders:  John 
Gibson  Co.,  San  Francisco,  Cal.  The  attachment  is  intended 
principally  for  reboring  and  regrinding  gas-engine  cylinders, 
and  the  faceplate  is  arranged  to  take  single  or  en  bloc  cylin- 
der castings.  The  attachment  is  screwed  to  the  lathe  spindle 
and  may  be  adjusted  radially  with  reference  to  the  axis  of 
the  lathe  spindle.  As  a  result,  the  abrasive  wheel  or  cutting 
tool  will  travel  in  circles  of  varying  diameters,  corresponding 
to  those  of  the  cylinders  being  operated  upon.  The  screw  con- 
trolling this  adjustment  is  graduated  to  0.001  inch.  This  at- 
tachment is  designed  for  use  on  lathes  having  a  swing  of 
16  inches  or  more. 

Arc  Welding  System  Using  Constant  Current:  Arc  Welding 
Machine  Co.,  Inc.,  New  York  City.  This  system  consists  of  a 
generator  to  furnish  the  energy  for  welding,  a  regulator  to 
maintain  the  current  at  constant  value,  and  a  motor  for  driv- 
ing. By  this  arrangement,  one  size  of  wire  may  be  used 
throughout  the  system,  as  the  current  is  uniform  and  inde- 
pendent of  the  length  of  the  circuit  and  the  other  operators. 
Switches  are  inserted  in  the  line  at  the  points  where  the  weld- 
ing is  to  be  done  and  a  special  controller  is  plugged  in  across 
the  switch.  With  this  controller,  it  is  possible  to  adjust  the 
size  of  the  arc  to  suit  the  work.  When  the  welding  operation 
is  stopped,  the  arc  is  not  broken,  but  is  killed  by  placing  a 
short-circuit  across  it. 

•    •    • 

To  make  your  job  "soft,"  put  a  lot  of  hard  work  Into  It. 


INDUSTRIAL   ENGINEERING  AND 
AMERICANIZATION 

The  immigration  problem  of  the  United  States,  while  serious 
before  the  outbreak  of  the  European  war,  is  likely  to  be  much 
more  serious  following  its  close.  An  investigation  made  under 
the  direction  of  the  transportation  interests  indicates  that 
there  will  be  a  tremendous  influx  of  foreign  people  who  will 
seek  a  more  favored  land  in  order  to  escape  ruinous  taxation 
and  the  horrors  of  another  possible  conflict.  The  part  played 
by  the  engineer  in  the  problem  of  assimilating  the  immigrant 
and  making  him  an  American  citizen  was  discussed  at  a  din- 
ner given  Friday  evening,  January  19,  by  Mr.  and  Mrs.  Astor 
at  their  residence  in  New  York  City.  Dr.  Ira  N.  HoUis,  presi- 
dent of  the  American  Society  of  Mechanical  Engineers,  dwelt 
on  the  moral  equivalent  of  war  and  the  part  played  by  the 
immigrant  in  conquering  the  forces  of  nature  and  making 
them  subservient  to  the  will  of  man.  Dr.  Hollis  expressed 
the  belief  that  the  engineer  and  the  work  of  the  engineer 
would  eventually  bring  about  lasting  peace.  His  is  a  warfare 
for  the  benefit  and  not  the  destruction  of  mankind.  Other 
speakers  were  Howard  E.  CoflBn  of  the  Council  of  National 
Defense,  Gano  Dunn,  president  of  the  J.  G.  White  Engineering 
Co.,  Raymond  B.  Price  of  the  U.  S.  Rubber  Co.,  and  George  A. 
CuUen  of  the  Delaware,  Lackawanna  &  Western  Railroad. 
Richard  A.  Feiss  of  the  Joseph  Feiss  Co.,  Cleveland,  Ohio, 
spoke  on  the  importance  of  teaching  the  immigrant  the  English 
language  and  making  it  a  condition  of  promotion  that  the 
employe  be  able  to  read  and  write  English.  Mr.  Feiss  and 
others  expressed  the  belief  that  no  other  factor  tends  to  make 
a  foreigner  an  American  in  mind  and  heart  as  effectively  as 
the  ability  to  speak  the  language.  If  he  speaks  the  language 
he  becomes  acquainted  with  Americans  and  learns  to  under- 
stand American  institutions  and  customs. 

The  meeting  was  attended  by  about  one  hundred  sixty 
engineers,  professors  of  mechanical  engineering,  editors,  and 
others  interested  in  engineering  in  one  phase  or  another. 
The  object  of  the  movement  is  "to  include  in  industrial  engi- 
neering the  human  factor  in  industrial  organizations;  to  stand- 
ardize welfare  work  in  industry  in  point  of  view,  principle 
and  method;  to  extend  scientiflc  methods  to  the  human  phases 
of  industrial  organization  and  to  train  men  to  carry  out  these 
methods.  The  agents  of  industrial  Americanization  are  held 
to  be  the  engineers  of  America,  in  whose  hands  are  the  human 
as  well  as  the  mechanical  destinies  of  industry." 


A  SAD  AWAKENING 

The  old  saying,  "Never  too  old  to  learn,"  is  just  as  true  to- 
day as  ever.  It  has  been  particularly  exemplified  in  the  muni- 
tion business  in  this  country,  and  especially  among  the  finan- 
ciers in  Wall  St.  The  idea  has  prevailed  in  financial  circles 
that  money  would  do  everything;  for  instance,  that  all  it  was 
necessary  to  do  to  manufacture  a  military  rifle  was  to  furnish 
the  capital,  and  the  rifles  would  be  turned  out  automatically. 
That  this  is  not  the  case  has  been  forcibly  pointed  out  of  late 
by  the  failure  of  several  munition  manufacturers  to  make 
good. 

Two  years  ago  a  large  contract  was  placed  in  this  country 
for  3,800,000  military  rifles  of  a  certain  type.  This  contract 
was  given  to  a  financial  concern  who  had  enormous  resources 
at  its  disposal.  Contracts  were  immediately  let  for  buildings 
of  the  very  latest  construction.  The  best  machinery  available 
in  the  country  for  this  work  was  purchased  and  installed. 
Men  were  hired  from  the  different  arsenals  throughout  the 
country,  and  were  put  in  charge  of  the  various  departments. 
These  men  had  a  wide  experience  in  the  production  of  military 
rifies.  The  fact  was  overlooked,  however,  that  the  production 
of  a  military  rifle  requires  careful  planning  and  a  high  order 
of  executive  ability.  The  men  put  in  charge  had  not  had  ex- 
perience with  work  done  on  so  large  a  scale,  and  hence  the 
planning — the  most  essential  part — was  completely  ignored. 
Brick,  mortar  and  machines  were  thought  to  be  the  chief 
Requisites.  Men  with  good  mechanical  experience  and  execu- 
tive knowledge  who  did  not  appear  to  have  the  "pep"  necessary 
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Fig.   1.     New  Machinery  Warehouse  built  at  Chicago,    111.,   by  Hill,   Clarke  &  Co. 


were  quickly  dispensed  with  and  others  possessing  the  faculty 
of  "shooting  the  bluff"  were  placed  in  charge  at  fabulous 
salaries. 

The  financial  world  has  had  a  sad  awakening  and  one  that 
it  will  remember  for  some  time  to  come.  It  has  learned  that 
managing  ability  is  of  the  greatest  importance  and  should  be 
considered  first.  It  is  to  be  regretted,  however,  that  such  a 
lesson  was  necessary  before  those  possessed  with  large  capital 
were  able  to  see  one  of  the  fundamental  issues  in  connection 
with  the  manufacture  of  any  product,  whether  it  be  made  on 
an  interchangeable  basis  or  not.  D.  T.  H. 

*     *    * 
CHARLES   H.  BESLY  &  <::0.'S  FIRE 

The  offices  and  warehouse  of  Charles  H.  Besly  &  Co.,  118-124 
N.  Clinton  St.,  Chicago,  were  totally  destroyed  by  fire  Satur- 
day morning,  January  13.  The  building  and  contents  were 
fully  insured  and  the  records  found  intact  in  the  vaults.  Ed- 
ward P.  Welles,  the  president,  with  his  customary  energy  im- 
mediately arranged  for  temporary  quarters,  which  were  se- 
cured in  the  Ruprecht  Building,  on  Randolph  and  Jefferson 
Sts.  The  Beloit  factory  is  intact  and  running  night  and  day, 
so  there  will  be  no  trouble  supply- 
ing the  products  manufactured 
there.  Stocks  of  other  tools  and 
supplies  of  all  kinds  which  C.  H. 
Besly  &  Co.  deal  in  are  being  rushed 
to  Chicago,  and  with  the  kindly  co- 
operation of  other  jobbers  in  that 
city  and  elsewhere  the  firm  is  al- 
ready in  a  position  to  fill  orders 
promptly. 

The  statements  that  the  fire  was 
of  incendiary  origin  and  •  that  the 
company  was  manufacturing  muni- 
tions are  incorrect.  Coming,  as  the 
fire  did,  immediately  after  the  ex- 
plosion of  the  DuPont  Powder 
Works  at  Haskell,  N.  J.,  and  the 
destruction  of  the  Canadian  Foun- 
dry &  Machine  Co.'s  plant  at  Kings- 
land,  N.  J.,  many  jumped  to  the 
conclusion  that  this  also  was  an 
incendiary  fire  promoted  by  foreign 
interests.  The  company  expects  to 
rebuild  on  the  old  site  immediately, 
and  its  architects  are  now  prepar- 
ing plans  for  a  new  building,  which 
will  be  a  model  of  its  kind  and  em- 
body many  of  Mr.  Welles'  up-to-date 
ideas  in  the  construction  of  a  ware- 
house and  offices  for  the  use  of  such 
a  business. 


MACHINERY    WAREHOUSE   OF   HILL, 
CLARKE   &   CO. 

To  provide  for  carrying  a  stock  of  machine  tools,  Hill,  Clarke 
&  Co.  of  Chicago,  111.,  have  constructed  a  warehouse  at  Chicago. 
This  building  is  of  brick,  concrete  and  steel  construction,  and 
is  provided  with  all  the  facilities  for  handling  heavy  ma- 
chinery and  "re-manufacturing"  machine  tools,  a  large  part 
of  the  space  in  the  new  warehouse  being  given  over  to  this 
work. 

The  building,  which  is  160  feet  wide  by  360  feet  long,  pro- 
vides a  floor  space  of  about  55,000  square  feet.  From  floor  to 
roof,  the  height  is  40  feet,  and  there  is  a  maximum  clearance 
of  25  feet  under  the  crane  hook.  Two  Pawling  &  Harnisch- 
feger  cranes  are  provided,  each  of  which  has  a  span  of  75  feet; 
the  building  is  divided  into  two  longitudinal  bays,  and  the 
cranes  serve  the  entire  floor  space.  The  crane  in  the  north 
bay  has  a  capacity  of  40  tons,  while  the  crane  in  the  south  bay 
has  a  capacity  of  10  tons.  The  building  is  heated  by  a  battery 
of  two  seventy-five-horsepower  Kewanee  boilers.  There  is  lib- 
eral window  space  all  around  the  building,  and  there  are  eight 
skylights  65  feet  long.    Radiators  run  along  the  entire  window 
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Fig.  3.     Interior  of  Hill,  Clarke  &  Co.'s  Machinery  Warehouse 


space,  and  radiators  are  also  furnished  around  each  of  the  sky- 
lights. To  insure  efficient  circulation  of  the  steam,  a  vacuum 
pump  is  provided. 

Two  excellent  features  of  the  lay-out  of  this  building  are 
seen  in  the  arrangement  of  window  space  and  the  design  or 
the  roof.  It  has  already  been  stated  that  windows  extend 
around  the  entire  building,  so  that  ample  light  is  provided; 
these  windows  are  placed  at  a  height  of  about  eight  feet  from 
the  floor,  so  that  the  workman's  attention  is  not  distracted 
by  occurrences  outside.  The  roof  slopes  in  toward  the  center, 
which  directs  the  drainage  to  central  pipes  provided  for  carry- 
ing away  the  water.  In  winter  this  prevents  the  formation 
of  icicles  on  the  eaves. 

Railroad  shipping  facilities  are  provided  by  a  siding  from 
the  Chicago  Belt  Railroad,  which  makes  connection  with  all 
lines  coming  into  the  city.  In  this  way  excellent  shipping 
facilities  are  provided  both  to  and  from  the  warehouse.  A 
track  enters  crosswise  at  the  rear  end  of  the  building  and  runs 
the  cars  under  one  of  the  electric  traveling  cranes,  making 
loading  and  unloading  an  easy  matter.  The  doors  at  the  front 
of  the  building  are  of  sufficient  height  to  clear  any  load  that 


can  be  placed  on  horse-drawn  or  motor  trucks  by  the  electric 
cranes.  The  building  is  provided  with  a  heavy  concrete  floor, 
which  rests  on  a  bed  of  cinders  18  inches  in  thickness.  This 
floor  is  covered  with  a  one-inch  surface  dressing,  made  of  ce- 
ment and  granite  screenings,  instead  of  cement  and  sand, 
which  does  away  with  all  tendency  of  the  floor  to  "dust,"  not 
only  making  the  building  more  sanitary,  but  also  preventing 
fine  grit  from  finding  its  way  into  machine  bearings  and 
causing  damage. 

Re-manufacturing  Machine  Tools 

For  several  years  Hill,  Clarke  &  Co.  of  Chicago  have  been 
doing  an  extensive  business  in  second-hand  machinery,  and 
have  developed  the  process  of  rebuilding  to  a  high  plane. 
Each  machine  that  comes  into  the  shop  is  completely  disassem- 
bled and  all  parts  are  carefully  examined  to  ascertain  any  pos- 
sible damage  they  may  have  received  while  in  use.  This  prac- 
tice is  followed  even  in  the  case  of  machines  which  are  practi- 
cally new,  the  routine  through  which  all  machines  are  put 
consisting  of  first  thoroughly  cleaning  all  parts  and  testing  all 
flat  surfaces  with  straightedges  or  surface  plates.  The  flat 
surfaces  are  then  hand-scraped  to 
B.  &  S.  surface  plates,  and  if  badly 
worn  they  are  planed  before  being 
scraped.  All  cylindrical  bearings 
are  re-aligned,  and  such  bearings 
are  renewed  when  necessary.  Any 
damaged  parts  are  repaired  or  re- 
placed, the  idea  in  all  cases  being 
to  make  them  as  good  as  new. 

All  enamel  and  filler  is  scraped 
off  the  castings,  which  are  then  re- 
filled and  re-enameled,  and  all 
bright  parts  are  polished,  which,  in 
connection  with  the  refinished  cast- 
ings, gives  the  machine  the  appear- 
ance of  being  new.  All  adjustments 
are  made  under  the  supervision  of 
iDur  competent  foremen,  who  carry 
nut  instructions  given  by  a  superin- 
tendent who  has  had  wide  experi- 
ence in  machine  tool  building.  Fi- 
nally, each  machine  is  tested  under 
belt  to  determine  its  ability  to  give 
satisfactory  results,  both  as  regards 
smoothness  of  operation  and  accu- 
racy of  work  produced.  To  the 
reader  who  is  familiar  with  average 
practice  in  rebuilding  second-hand 
machinery  for  the  market,  it  will 
be  apparent  that  the  practice  of 
Hill,  Clarke  &  Co.  is  carried  much 


Fig.  4.     Lifting  a  Heavy  Machine  from  a  Car    with  a  Pawling  &  Hamischfeger  Electric  Crane 


further   than   that   of   the   average 
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Fig.  5.     Line  of  Brown  &  Sharpe  No.  13  Gear-cutting  Machines  in  Process    of  re-manufacturing 

dealer  in  so-called  rebuilt  machine  tools.  It  was  on  this  ac- 
count that  the  present  firm  adopted  the  term  "re-manufactured" 
machine  tools  to  designate  its  product.  All  machinery  of  this 
class  is  sold  under  the  following  guarantee:  "If  a  machine  is 
not  suited  for  your  work,  if  it  disappoints  you  in  any  way, 
send  it  back  within  thirty  days  from  date  of  shipment,  freight 
prepaid,  and  we  will  cheerfully  refund  your  purchase  price 
in  full."  This  guarantee,  coupled  with  the  favorable  impres- 
sion gained  from  an  inspection  of  the  way  in  which  work  is 
carried  out  in  the  shop,  has  led  many  firms  that  have  never 
before  placed  any  second-hand  tools  in  their  shops  to  purchase 
re-manufactured  machinery. 


are  free  to  pick  and  choose  the 
best  labor,  and  leave  the  common, 
inefficient  labor  to  shift  for  Itself. 
Their  rates  are  fixed  at  a  liberal 
margin  above  cost,  and  as  a  re- 
sult they  are  generally  able  to 
operate  their  utilities  at  a  profit. 
13ut  a  publicly  owned  utility,  if  it 
is  of  broad  extent,  must  neces- 
sarily employ  that  portion  of  the 
community  that  is  representative 
of  the  average.  If  all  utilities 
were  publicly  owned,  it  is  quite 
evident  that  no  profit  from  their 
operation  could  result.  No  gov- 
ernment makes  a  profit;  it  is  im- 
possible. Profit  means  something 
accumulated  at  the  expense  of  the 
customers.  If  everyone  is  cus- 
tomer and  owner  at  once,  there 
can  be  no  such  thing  as  profit  or 
loss,  except  that  in  the  last  analy- 
sis everything  is  consumed. 

All  publicly  owned  utilities  must 
necessarily   be   at  a   disadvantage 
when  compared  with  private  utili- 
ties.    The   private  utility  is   able 
to  hire  a  high-priced  man  to  act 
as   manager   who   may   be   of   un- 
usual ability.     His  talents  are  di- 
rected to  saddling  losses  on  others  and  profits  on  his  own  con- 
cern.   If  the  able  manager  had  to  work  for  all  the  owners  of 
the  community,  his  fine  showing  would  disappear. 
*     *     • 

ENGLISH   AND   METRIC   DRILL  SIZES 

With  the  growth  of 'the  nation's  export  trade,  there  has  come 
an  increasing  demand  that  the  metric  system  of  measurements 
be  used  in  the  manufacture  of  American  machinery.  Al- 
though it  is  improbable  that  this  system  will  displace  the 
English  system  of  measurements  in  this  country,  shops  that 
have  an  export  trade  must  be  familiar  with  both.  For  that 
reason  we  give  here  the  English  and  metric  twist  drill  sizes 
and  the  equivalent  decimal  parts  of  an  inch.  Millimeter  drills 
can  often  be  used  in  manufacturing  where  close  limits  are  de- 
sired, and  as  they  can  be  purchased  in  the  open  market,  the  ex- 
pense of  making  special  reamers  will  be  avoided.  H.  J. 


PUBLIC   OWNERSHIP  DOES  NOT  PAY  ? 

The  opponents  of  municipal  and  government  ownership  of 
public  utilities  claim  that  public  ownership  never  pays  a  profit. 
Of  course  it  does  not;  in  fact,  no 
human  activity  pays  a  profit  in 
the  last  analysis,  as  can  be  easily 
shown.  Let  the  advocates  of  pri- 
vate ownership  analyze  the  eco- 
nomics of  existence.  Let  them 
look  back  through  history  and  de- 
termine what  has  been  the  inherit- 
ance of  mankind.  They  will  find 
that  the  only  human  things  that 
endure  are  the  race  and  a  portion 
of  its  accumulated  knowledge. 
Mankind  bridges  time  by  the  suc- 
cession of  generations;  but  prac- 
tically all  its  works  eventually  dis- 
appear. It  makes  little  difference 
whether  they  are  perishable  prod- 
ucts or  engineering  structures; 
they  are  all  consumed  or  wasted 
away  by  the  tooth  of  time.  We 
are  the  inheritors  of  the  past  in 
name  more  than  in  fact;  food, 
clothing,  dwellings,  factories, 
roads,  railways,  machinery,  ship- 
ping and  every  form  of  wealth  are 
constantly  being  used  up  and  must 
constantly  be  renewed. 

The  companies  enjoying  the  pri- 
vate   ownership    of    public    utilities  Fig.    6.     Re-manufactured  Planers  and   Lincoln  Milling  Machines    Complete  and  Heady  for  Sale 
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ENGLISH  AND  METRIC  TWIST  DRILL  SIZES 


No.  or 

Diameter,      1    Diameter, 

Decimal 

No.  or 

Diameter, 

Diameter, 

Decimal 

No.  or 

Diameter 

Diameter, 
UllUmeters 

Decimal 

Letter  of 
Drill 

Inch 

Millimeters 

Equivalent 
of  Inch 

Letter  of 
Drill 

Incli 

Millimeters 

Equivalent 
of  Inch 

Letter  of 
Drill 

Inch 

Equivalent 
of  Inch 

80 

0.0135 

3.2 

0.1259 

7.0 

0.2756 

79 

0.0145 

30 

0.1285 

J 

0.2770 

1/64 

0.0156 

3.3 

0.1299 

7.1 

0.2795 

0.4 

0.0157 

3.4 

0.1339 

K 

0.2810 

78 

0.0160 

29 

0.1360 

9/32 

0.2812 

77 

0.0180 

3.5 

0.1378 

1 

7.2 

0.2835 

0.5 

0.0197 

28 

0.1405 

7.3 

0.2874 

76 

0.0200 

9/64 

0.1406 

L 

0.2900 

75 

0.0210 

3.6 

0.1417 

7.4 

0.2913 

74 

0.0225 

27* 

0.1440 

M 

0.2950 

0.6 

0.0236 

3.7 

0.1457 

7.5 

0.2953 

73 

0.0240 

26 

0.1470 

1 

19/64 

0.2968 

72 

0.0250 

25 

0.1495 

7.6 

0.2992 

71 

0.0260 

3.8 

0.1496 

N 

0.3020 

0.7 

0.0276 

24 

0.1520 

7.7 

0.3031 

70 

0.0280 

3.9 

0.1535 

7.8 

0.3071 

69 

0.0292 

23 

0.1540 

7.9 

0.3110 

68 

0.0310 

5/32 

0.1562 

5/16 

0.3125 

1/32 

0.0312 

22 

0.1570 

8.0 

0.3149 

0.8 

0.0315 

4.0 

0.1575 

0 

0.3160 

67 

0.0320 

21 

0.1590 

8.1 

0.3189 

66 

0.0330 

20 

0.1610 

8.2 

0.3228 

65 

0.0350 

. 

4.1 

0.1614 

P 

0.3230 

0.9 

0.0354 

4.2 

0.1654 

8.3 

0.3268 

64 

0.0360 

19 

0.1660 

1 

21/64 

0.3281 

63 

0.0370 

4.3 

0.1693 

8.4 

0.3307 

62 

0.0380 

18 

0.1695 

Q 

0.3320 

61 

0.0390 

11/64 

0.1718 

8.5 

0.3347 

1.0 

0.0394 

17 

0.1730 

8.6 

0.3386 

60 

0.0400 

4.4 

0.1732 

R 

0.3390 

59 

0.0410 

16 

0.1770 

8.7 

0.3425 

58 

0.0420 

4.5 

0.1772 

11/82 

0.3437 

57 

0.0430 

15 

0.1800 

8.8 

0.3465 

1.1 

0.0433 

4.6 

0.1811 

S 

0.3480 

56 

0.0465 

14 

0.1820 

8.9 

0.3504 

3/64 

0.0468 

13 

0.1850 

9.0 

0.3543 

1.2 

0.0472 

4.7 

0.1850 

T 

0.3580 

1.3 

0.0512 

3/16 

0.1875 

9.1 

0.3583 

55 

0.0520 

4.8 

0.1889 

23/64 

0.3593 

54 

0.0550 

12 

0.1890 

9.2 

0.3622 

1.4 

0.0551 

11 

0.1910 

9.3 

0.3661 

1.5 

0.0591 

4.9 

0.1929 

U 

0.3680 

53 

0.0595 

10 

0.1935 

9.4 

0.3701 

1/16 

0.0625 

9 

0.1960 

9.5 

0.3740 

1.6 

0.0630 

5.0 

0.1969 

3/8 

0.3750 

52 

0.0635 

8 

0.1990 

V 

0.3770 

1.7 

0.0669 

5.1 

0.2008 

j 

9.6 

0.3779 

51 

0.0670 

7 

0.2010 

9.7 

0.3819 

50 

0.0700 

13/64 

0.2031 

9.8 

0.3858 

1.8 

0.0709 

6 

0.2040 

w 

0.3860 

49 

0.0730 

5.2   . 

0.2047 

9.9 

0.3898 

1.9 

0.0748 

5 

0.2055 

25/64 

0.3906 

48 

0.0760 

5.3 

0.2087 

10.0 

0.3937 

5/64 

0.0781 

4       i 

0.2090 

X 

0.3970 

47 

0.0785 

5.4 

0.2126 

Y 

0.4040 

2.0 

0.0787 

3 

0.2130 

13/32 

0.4062 

46 

0.0810 

5.5 

0.2165 

Z 

0.4130 

45 

0.0820 

7/32 

0.2187 

10.5 

0.4134 

2.1 

0.0827 

5.6 

0.2205 

27/64 

0.4218 

44 

0.0860 

2 

0.2210 

11.0 

0.4330 

2.2 

0.0866 

5.7 

0.2244 

i 

7/16 

0.4375 

43 

0.0890 

1 

0.2280 

11.5 

0.4520 

2.3 

0.0906 

5.8 

0.2284 

j 

29/64 

0.4531 

42 

0.0935 

5.9 

0.2323 

15/32 

0.4687 

3/32 

0.0937 

A 

0.2340 

12.0 

0.4724 

2.4 

0.0945 

15/64 

0.2343 

31/64 

0.4843 

41 

0.0960 

6.0 

0.2362 

12.5 

•  0.4921 

40 

0.0980 

B 

0.2380 

1/2 

0.5000 

2.5 

0.0984 

6.1 

0.2402 

13.0 

0.5118 

39 

0.0995 

C 

0.2420 

33/64 

0.5156 

38 

0.1015 

6.2 

0.2441 

17/32 

0.5312 

2.6 

0.1024 

D 

0.2460 

13.5 

0.5315 

37 

0.1040 

6.3 

0.2480 

35/64 

0.5468 

2.7 

0.1063 

E 

0.2500 

14.0 

0.5512 

36 

0.1065 

1/4 

0.2500 

9/16 

0.5625 

7/64 

0.1095 

6.4 

0.2519 

14.5 

0.5709 

35 

0.1100 

6.5 

0.2559 

37/64 

0.5781 

2.8 

0.1102 

F 

0.2570 

15.0 

0.5905 

34 

0.1110 

6.6 

0.2598 

19/32 

0.5937 

33 

0.1130 

G 

0.2610 

39/64 

0.6093 

2.9 

0.1142 

6.7 

0.2638 

15.5 

0.6102 

32 

0.1160 

17/64 

0.2656 

5/8 

0.6250 

3.0 

0.1181 

H 

0.2660 

i 

16.0 

0.6299 

31 

0.1200 

6.8 

0.2677 

41/64 

0.6406 

3.1 

0.1221 

6.9 

0.2716 

16.5 

0.6496 

1/8 

0.1250 

I 

0.2720 

21/32 

0.6562 
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ENGLISH  AND  METRIC  TWIST  DRILL  SIZES 


No.  or 

Letter  of 

Drill 

Dlnmetcr, 
luch 

Ulnmeter, 
MlUluietcrs 

Dci'liiiul 

nkliilvalont 

of  Inrh 

No.  or 

Letter  of 

Drill 

1      Diameter, 
Inch 

Dlaniptor, 
MlUlincUTB 

DecliiiBl 
K(iulviilnit 

of  Ilicli 

No.  or 
Letter  of 

Drill 

Diameter, 
Inch 

DInmeter, 
Millimeters 

Declmnl 
Bqulvuli'i]! 

of   IlH'h 

17.0 

0.6693 

28.5 

1.1220 

40.0 

1.5748 

43/64 

0.6718 

11/8 

l.!250 

1  37/64 

1.5781 

11/16 

0.6875 

19/64 

1.1406 

1  19/32 

1.59:!7 

17.5 

0.6890 

1 

29.0 

1.1417 

40.5 

1.5945 

45/64 

0.7031 

15/32 

1.1562 

1  39/64 

1 . 6093 

18.0 

0.7087 

29 . 5 

1.1(!L4 

41.0 

1.G142 

23/32 

0.7187 

1  11/64 

1.1718 

15/8 

1.6250 

18.5 

0.7283 

30.0 

1.1811 

41.5 

1 . 6339 

47/64 

0.7343 

13/16 

1.1875 

1 41/64 

1.6406 

19.0 

0.7480 

30.5 

1.2008 

42.0 

1.6535 

3/4 

0.7500 

1 13/64 

1.2031 

1  21/32 

1.6562 

49/64 

0.7656 

17/32 

1.2187 

1  43/64 

1.6718 

19.5 

0.7677 

31.0 

1.2205 

42.5 

1.67.32 

25/32 

0.7812 

1 15/64 

1.2343 

1  11/16 

1.6875 

20.0 

0.7874 

31.5 

1.2402 

43.0 

1.G929 

51/64 

0.7968 

11/4 

1.2500 

1  45/64 

1.7031 

20.5 

0.8071 

32.0 

1.2598 

43.5 

1.7126 

13/16 

0.8125 

1  17/64 

1.2656 

1  23/32 

1.7187 

21.0 

0.8268 

32.5 

1.2795 

44.0 

1.7323 

53/64 

0.8281 

19/32 

1.2812 

1  47/64 

1.7.343 

27/32 

0.8437 

1  19/64 

1.2968 

13/4 

1.7500 

21.5 

0.8465 

33.0 

1.2992 

44.5 

1.7520 

55/64 

0.8593 

15/16 

1.3125 

1 49/64 

1.7656 

22.0 

0.8661 

33.5 

1.3189 

45.0 

1.7716 

7/8 

0.8750 

1  21/64 

1.3281 

1  25/32 

1.7812 

22.5 

0.8858 

34.0 

1.3386 

45.5 

1.7913 

57/64 

0.8906 

1 11/32 

•1.3437 

1  51/64 

1.7968 

23.0 

0.9055 

34.5 

1.3583 

46.0 

1.8110 

29/32 

0.9062 

1  23/64 

1.3593 

1 13/16 

1.8125 

59/64 

0.9218 

13/8 

1.3750 

1  53/64 

1.8281 

23.5 

0.9252 

35.0 

1.3779 

46.5 

1.8307 

15/16 

0.9375 

1  25/64 

1.3906 

1  27/32 

1.8437 

24.0 

0.9449 

35.5 

1.3976 

47.0 

1.8504 

61/64 

0.9531 

1  13/32 

1.4062 

1 55/64 

1.8593 

24.5 

0.9646 

36.0 

1.4173 

47.5 

1.8701 

31/32 

0.9687 

1  27/64 

1.4218 

17/8 

1.8750 

25.0 

0.9842 

36.5 

1.4370 

48.0 

1.8898 

63/64 

0.9843 

17/16 

1.4375 

1  57/64 

1.8906 

1 

1.0000 

1  29/64 

1.4531 

1  29/32 

1.9062 

25.5 

1.0039 

37.0 

1.4567 

48.5 

1.9094 

11/64 

1.0156 

1 15/32 

1.4687 

1  59/64 

1.9218 

26.0 

1.0236 

37.5 

1.4764 

49.0 

1.9291 

11/32 

1.0312 

1  31/64 

1.4843 

1 15/16 

1.9375 

26.5 

1.0433 

38.0 

1.4961 

49.5 

1.9488 

13/64 

1.0468 

11/2 

1.5000 

1  61/64 

1.9531 

11/16 

1.0625 

1 33/64 

1.5156 

50.0 

1.9685 

27.0 

1.0630 

38.5 

1.5157 

1  31/32 

1.9687 

15/64 

1.0781 

1 17/32 

1.5312 

1  63/64 

1.9843 

27.5 

1.0827 

39.0 

1.5354 

50.5 

1.9882 

13/32 

28.0 

1.0937 
1.1024 

1 35/64 

39.5 

1.5468 
1.5551 

2 

2.0000 

17/64 

1.1093 

19/16 

1.5625 

1 

Machinery 

WEDGE   OPTICAL  PYROMETER 

To  meet  the  demand  for  a  simple  form  of  pyrometer  suit- 
able for  use  by  the  average  shop  man,  Barnes  &  Morris,  182 
and  183  Temple  Chambers,  London,  England,  have  recently 
placed  on  the  market  an  instrument  known  as  the  Wedge  opti- 
cal pyrometer.  It  is  stated  that  this  is  a  perfectly  reliable  in- 
strument, and  that  after  half  an  hour's  practice,  any  intelli- 
gent man  can  estimate  tenaperature  with  a  limit  of  accuracy 
of  18  degrees  or  even  9  degrees  F.  in  exceptional  cases.  This 
instrument  can  be  employed  wherever  the  heated  body  is  visi- 
ble, either  directly  or  by  reflection.  Its  range  is  from  any 
temperature  at  which  the  object  becomes  visibly  red,  say  932 
degrees  F.,  up  to  the  highest  temperatures. 

The  pyrometer  consists  of  a  brass  tube  furnished  with  a 
small  telescope  arranged  in  such  a  way  that  the  objective 
of  the  telescope  focuses  the  image  of  the  heated  object  on  a 
movable  prism  placed  inside  the  tube.  The  eye-piece  of  the 
pyrometer  telescope  then  reveals  the  magnified  image  on  the 
prism.  A  suitable  shield  is  provided  to  prevent  exterior  light 
from  reaching  the  eye,  and  at  one  side  of  the  pyrometer  tube 
there  is  a  knurled  head  which  actuates  a  rack  and  pinion  that 
moves  the  prism  through  the  field  of  vision.  This  prism'  is 
made  of  specially  prepared  dark  glass,  so  that  it  cuts  off  the 
light  emitted  by  the  heated  body  at  various  temperatures.  For 
example,  in  looking  at  a  heated  bar  of  steel,  suppose  the  tem- 
perature  is   1832    degrees   F.;    upon    turning    the   screw,    the 


thicker  part  of  the  prism  comes  gradually  into  the  field  of 
vision  and  the  image  gradually  appears  to  become  darker 
and  darker  in  color  until  at  a  given  point  the  color  entirely 
disappears.  This  point  is  marked  by  an  indicator  on  top  of 
the  pyrometer  tube,  which  consists  of  a  scale  that  moves  under 
a  line  on  the  glass  window  through  which  this  scale  is  viewed. 
Reference  to  the  scale  enables  the  temperature  of  the  heated 
object  to  be  read.  Naturally,  a  little  practice  is  required  to 
decide  the  exact  moment  when  the  color  disappears,  and  it  is 
on  this  account  that  a  certain  amount  of  experience  is  neces- 
sary in  order  to  obtain  accurate  results  with  a  Wedge 
pyrometer. 

In  the  case  of  increasing  temperatures  the  method  of  pro- 
cedure is  to  watch  the  object  through  the  telescope  and  grad- 
ually turn  the  milled  head  until  the  color  is  obliterated.  The 
scale  reading  indicates  the  actual  temperature  of  the  heated 
object,  and  the  distance  of  the  object  from  the  observer  makes 
no  difference  to  the  reading,  provided  the  heated  surface  is 
visible.  In  cases  where  layers  of  carbonic  oxide,  carbonic  acid 
gas  or  steam  intervene  between  the  instrument  and  the  heated 
object,  the  reading  of  temperature  obtained  will  be  slightly 
lower  than  the  actual  figure.  For  this  reason,  when  observing 
the  temperature  of  melted  metal  in  a  crucible,  it  is  a  good 
plan  to  plunge  a  tube  a  few  inches  below  the  surface  of  the 
metal,  making  the  observation  directly  down  the  tube.  In  this 
way  the  surface  is  protected  from  fumes  and  greater  accuracy 
is  likely  to  result.    Advantages  claimed  by  the  Wedge  optical 
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Wedge    Optical   Pyrometer   in    -which    Measurement   of    Temperature    is 
dependent  upon  Intensity  of  Light  emitted  from  Heated  Body 

pyrometer  are  its  simple  construction  and  the  ease  witli  which 
it  may  be  operated,  the  fact  that  it  is  self-contained  and  does 
not  require  the  use  of  any  accessories,  elimination  of  danger 
of  breaking  the  instrument — which  is  an  important  feature 
when  compared  with  the  more  complicated  instruments  that 
are  only  suitable  for  use  by  scientific  men — and,  finally,  the 
fact  that  this  instrument  enables  accurate  temperature  regu- 
lation to  be  provided  in  many  instances  where  it  is  not  deemed 
advisable  to  install  more  complicated  forms  of  temperature 
measuring  apparatus.  The  instrument  is  calibrated  to  cover 
any  range  of  temperatures  desired  between  the  limits  of  500 
degrees  C.  (932  degrees  F.)  and  2100  degrees  C.  (3812  de- 
grees F.) ;  generally  speaking,  a  single  instrument  is  arranged 
to  cover  a  range  of  400  degrees  C.  (720  degrees  F.),  the  scale 
being  divided  into' intervals  of  20  degrees  C.  (36  degrees  F.). 
*     *     * 

PUNCH   GRINDING  MACHINE 

The  grinding  machine  here  described,  which  is  in  use  at 
the  factory  of  the  Willemin  Mfg.  Co.,  Inc.,  Providence,  R.  I., 


Fig.    1. 


Punch    Grinding    Machine    in    Operation,    showing    Micrometer 
Adjustment 


moved  to  or  from  the  emery  wheel  by  the  knurled  finger  nut 
shown.  This  machine  has  been  found  useful  for  sharpening 
punches  with  a  circular  shank.  There  are  numerous  other 
uses  to  which  it  can  be  put,  but  it  was  found  especially  ef- 
fective for  squaring  off  a  large  number  of  small  circular  pieces 


Fig.  2.     View  of  Punch  Grinding  Machine  showing  Motor  Drive 

which  had  been  cut  off  in  a  screw  machine.     On  work  of  this 
kind  it  is  a  simple  operation  to  slip  one  of  the  pieces  into  the 
work  arm  and  pass  it  across  the  emery  wheel  face.         V.  B. 
*     *    * 

HUGE  REVERSING  MOTOR 

The  illustration  shows  what  is  said  to  be  the  largest  electric 
motor  in  the  world.  It  was  built  by  the  Westinghouse  Electric 
&  Mfg.  Co.  for  driving  a  35-inch,  two-high  reversing  blooming 
mill  in  a  steel  plant,  and  is  rated  at  15,000  horsepower.  An 
idea  of  the  size  of  this  gigantic  motor  is  gained  from  the  figure 
of  the  man  standing  beside  the  bearing,  who  is  6  feet  tall. 
Reversals  can  be  made  in  two  seconds  from  full  speed  ahead 
to  full  speed  reverse.  The  complete  motor  weighs  250  tons, 
the  rotor  alone  weighing  about  100  tons.-  It  stands  twenty  feet 
high  and  the  shaft  is  two  feet  in  diameter. 


is  noticeable  for  its  simplicity,  yet  it  ac- 
complishes certain  results  more  satisfac- 
torily than  some  larger  and  more  expensive 
machines.  At  right  angles  to  the  center- 
line  of  the  emery  wheel  spindle  is  mounted 
the  work-holding  arm.  There  is  a  large 
hole  at  the  working  end  of  this  arm,  the 
lower  portion  of  which  is  shaped  to  a  V. 
This  facilitates  holding  circular  work, 
which  is  largely  what  a  machine  of  this 
type  is  called  upon  to  handle.  The  other 
end  of  the  work-holding  arm  is  constructed 
to  slide  or  clamp  around  a  rod  which  is 
parallel  to  the  center  line  of  the  emery 
wheel  spindle.  This  arm  also  swings  ra- 
dially around  the  rod  mentioned,  and  in 
this  way  the  work  is  brought  into  contact 
with  the  emery  wheel.  For  large  adjust- 
ments, such  as  two  or  three  inches,  the 
work  arm  is  undamped  from  the  spindle 
on  which  it  slides,  and  moved  to  the  de- 
sired position.  For  minute  adjustments 
up   to   one   inch,   the   entire   rod   may   be 


Westinghouse  15,000-horsepower  Reversing  Motor  for  Blooming  Mill 
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AREAS  OF   CIRCLES  IN  SQUARE  INCHES,   WHEN  DIAMETERS   ARE  GIVEN  IN  MILLIMETERS 


Diameter 
MUU- 

lueters 

Area,  Square 
Inches 

Diameter. 
Milli- 
meters 

Area,  Square 
Indies 

Idameter, 
iMilli- 
meters 

Area.  Square 
laches 

Diameter, 
Milli- 
meters 

Area,  Square 
Inches 

Diameter, 
Milll- 
nietera 

Area,  Stiuare 
iQcbes 

Diameter,, 
Milli- 
meters 

Area,  Square 
Inches 

1 

0.001217 

86 

9.00366 

171 

35.59711 

256 

79.78156 

341 

141.55700 

426 

220.92343 

2 

0.004869 

87 

9.21427 

172 

36.01467 

257 

80.40607 

342 

142.38846 

427 

221.96185 

3 

0.010956 

88 

9.42731 

173 

36.43466 

258 

81.03301 

343 

143.22236  ' 

428 

223.00270 

4 

0.019477 

89 

9.64278 

174 

36.85709 

259 

81.66239 

344 

144.05869 

429 

224.04599 

5 

0.030434 

90 

9.86069 

175 

37.28195 

260 

82.29421 

345 

144.89746 

430 

225.09171 

6 

0.043825 

91 

10.08104 

176 

37.70925 

261 

82.92846 

346 

145.73866 

431 

226.13986 

7 

0.059651 

92 

10.30381 

177 

38.13898 

262 

83.56514 

347 

146.58230 

432 

227.19045 

8 

0.077911 

93 

10.52903 

178 

38.57115 

263 

84.20426 

348 

147.58237 

433 

228.24348 

9 

0.098606 

94 

10.75668 

179 

39.00575 

264 

84.84581 

349 

148.27688 

434 

229.29894 

10 

0.121737 

95 

10.98676 

180 

39.44278 

265 

85.48980 

350 

149.12782 

435 

230.35683 

11 

0.147301 

96 

11.21928 

181 

39.88225 

266 

86.13623 

351 

149.98120 

436 

231.41716 

12 

0.175301 

97 

11.45423 

182 

40.32416 

267 

86.78508 

352 

150.83701 

437 

232.47993 

13 

0.205735 

98 

11.69162 

183 

40.76850 

268 

87.43638 

353 

151.69525 

438 

233.54513 

14 

0.238604 

99 

11.93144 

184 

41.21527 

269 

•88.09011 

354 

152.55593 

439 

234.61276 

15 

0.273908 

100 

12.17370 

185 

41.66448 

270 

88.74627 

355 

153.41905 

440 

235.68283 

16 

0.311646 

101 

12.41839 

186 

42.11613 

271 

89.40487 

356 

154.28460 

441 

236.75533 

17 

0.351819 

102 

12.66551 

187 

42.57021 

272 

90.06590 

357 

155.15258 

442 

237.83027 

18 

0.394427 

103 

12.91507 

188 

43.02672 

273 

90.72936 

358 

156.02300 

443 

238.90764 

19 

0.439470 

104 

13.16707 

189 

43.48567 

274 

91.39527 

359 

156.89586 

444 

239.98745 

20 

0.486948 

105 

13.42150 

190 

43.94705 

275 

92.06360 

360 

157.77115 

445 

241.06969 

21 

0.536860 

106 

13.67836 

191 

44.41087 

276 

92.73437 

361 

158.64887 

446 

242.15437 

22 

0.589207 

107 

13.93766 

192 

44.87712 

277 

93.40758 

362 

159.52903 

447 

243.24148 

23 

0.643988 

108 

14.19940 

193 

45.34581 

278 

94.08322 

363 

160.41162 

448 

244.33102 

24 

0.701205 

109 

14.46357 

194 

45.81691 

279 

94.76129 

364 

161.29665 

449 

245.42300 

25 

0.760856 

110 

14.73017 

195 

46.29049 

280 

95.44180 

365 

162.18411 

450 

246.51742 

26 

0.822942 

111 

14.99921 

196 

46.76648 

281 

96.24752 

366 

163.07401 

451 

247.61427 

27 

0.887462 

112 

15.27068 

197 

47.24491 

282 

96.81013 

367 

163.96634 

452 

248.71356 

28 

0.954418 

113 

15.54459 

198 

47.72577 

283 

97.49794 

368 

164.86111 

453 

249.81528 

29 

1.02380 

114 

15.82094 

199 

48.20906 

284 

98.18819 

369 

165.75831 

454 

250.91943 

30 

1.09563 

115 

16.09971 

200 

48.69480 

285 

98.88087 

370 

166.65795 

455 

252.02602 

31 

1.16989 

116 

16.38093 

201 

49.18296 

286 

99.57599 

371 

167.56002 

456 

253.13504 

32 

1.24658 

117 

16.66457 

202 

49.67356 

287 

100.27354 

372 

168.46453 

457 

254.24650 

33 

1.32571 

118 

16.95065 

203 

50.16660 

288 

100.97353 

373 

169.37147 

458 

255.36040 

34 

1.40727 

119 

17.23917 

204 

50.66206 

289 

101.67595 

374 

170.28084 

459 

256.47672 

35 

1.49127 

120 

17.53012 

205 

51.15997 

290 

102.38081 

375 

171.19265 

460 

257.59549 

36 

1.57771 

121 

17.82351 

206 

51.66031 

291 

103.08810 

376 

172.10690 

461 

258.71668 

37 

1.66658 

122 

18.11933 

207 

52.16308 

292 

103.79783 

377 

173.02358 

462 

259.84032 

38 

1.75788 

123 

18.41759 

208 

52.66829 

293 

104.50999 

378 

173.94269 

463 

260.96638 

39 

1.85161 

124 

18.71828 

209 

53.17593 

294 

105.22459 

379 

174.86424 

464 

262.09489 

40 

1.94779 

125 

19.02140 

210 

53.68601 

295 

105.94162 

380 

175.78822 

465 

263.22582 

41 

2.04639 

126 

19.32696 

211 

54.19852 

296 

106.66108 

381 

176.71464 

466 

264.35919 

42 

2.14744 

127 

19.63496 

212 

54.71347 

297 

107.38279 

382 

177.64349 

467 

265.49500 

43 

2.25091 

128 

19.94539 

213 

55.23085 

298 

108.10732 

383 

178.27778 

468 

266.63324 

44 

2.35682 

129 

20.25825 

214 

55.75067 

299 

108.83409 

384 

179.50851 

469 

267.77392 

45 

2.46517 

130 

20.57355 

215 

56.27292 

300 

109.56330 

385 

180.44466 

470 

268.91703 

46 

2.57595 

131 

20.89128 

216 

56.79761 

301 

110.29493 

386 

181.38326 

471 

270.06257 

47 

2.68917 

132 

21.21145 

217 

57.32473 

302 

111.02901 

387 

182.32428 

472 

271.21055 

48 

2.80482 

133 

21.53405 

218 

57.85429 

303 

111.76552 

388 

183.26774 

473 

272.36097 

49 

2.92290 

134 

21.85909 

219 

58.38628 

304 

112.50446 

389 

184.21364 

474 

273.51382 

50 

3.04342 

135 

22.18656 

220 

58.92070 

305 

113.24584 

390 

185.16197 

475 

274.66910 

51 

3.16637 

136 

22.51647 

221 

59.45756 

306 

113.98965 

391 

186.11274 

476 

275.82682 

52 

3.29176 

137 

22.84881 

222 

59.99686 

307 

114.73590 

392 

187.06594 

477 

276.98697 

53 

3.41959 

138 

23.18359 

223 

60.53859 

308 

115.48458 

393 

188.02157 

478 

278.14956 

54 

3.54985 

139 

23.52080 

224 

61.08275 

309 

116.23570 

394 

188.97964 

479 

279.31459 

55 

3.68254 

140 

23.86045 

225 

61.62935 

310 

116.98925 

395 

189.94015 

480 

280.48204 

56 

3.81767 

141 

24.20253 

226 

62.17839 

311 

117.74524 

396 

190.90309 

481 

281.65194 

57 

3.95523 

142 

24.54704 

227 

62.72985 

312 

118.50366 

397 

191.86846 

482 

282.82426 

58 

4.09523 

143 

24.89399 

228 

63.28376 

313 

119.26452 

398 

192.83627 

483 

283.99902 

59 

4.23766 

144 

25.24338 

229 

63.84010 

314 

120.02781 

399 

193.80652 

484 

285.17622 

60 

4.38258 

145 

25.59520 

230 

64.39887 

315 

120.79353 

400 

194.77920 

485 

286.35585 

61 

4.52961 

146 

25.94945 

231 

64.96008 

316 

121.56169 

401 

195.75431 

486 

287.53792 

62 

4.67957 

147 

26.30614 

232 

65.52372 

317 

122.33229 

402 

196.73186 

487 

288.72242 

63 

4.83174 

148 

26.66527 

233 

66.08979 

318 

123.10532 

403 

197.71184 

488 

289.90936 

64 

4.98634 

149 

27.02683 

234 

66.65831 

319 

123.88078 

404 

198.69426 

489 

291.09873 

65 

5.14338 

150 

27.39082 

235 

67.22925 

320 

124.65865 

405 

199.67911 

490 

292.29053 

66 

5.30286 

151 

27.75725 

236 

67.80263 

321 

125.43902 

406 

200.66578 

491 

293.48477 

67 

5.46477 

152 

28.12611 

237 

68.37845 

322 

126.22179 

407 

201.81112 

492 

294.68145 

68 

5.64911 

153 

28.49741 

238 

68.95670 

323 

127.00699 

408 

202.64827 

493 

295.88056 

69 

5.79589 

154 

28.87114 

239 

69.53739 

324 

127.79463 

409 

203.64287 

494 

297.08210 

70 

5.96511 

155 

29.24731 

240 

70.12051 

325 

128.58470 

410 

204.63989 

495 

298.28608 

71 

6.13676 

156 

29.62591 

241 

70.70606 

326 

129.37721 

411 

205.63935 

496 

299.49429 

72 

6.31084 

157 

30.00695 

242 

71.29405 

327 

130.17215 

412 

206.64125 

497 

300.70134 

73 

6.48736 

158 

30.39042 

243 

71.88448 

328 

130.96953 

413 

207.64558 

498 

301.91262 

74 

6.66631 

159 

30.77633 

244 

72.47734 

329 

131.76934 

414 

208.65234 

499 

303.12634 

75 

6.84770 

160 

31.16467 

245 

73.07263 

330 

132.57159 

415 

209.66154 

500 

304.34250 

76 

7.03152 

161 

31.55544 

246 

73.67036 

331 

133.37627 

416 

210.67318 

501 

305.56108 

77 

7.21778 

162 

31.94865 

247 

74.27052 

332 

134.18339 

417 

211.68725 

502 

306.78310 

78 

7.40647 

163 

3^.34420 

248 

74.87312 

333 

134.99294 

418 

212.69910 

503 

308.00556 

79 

7.59760 

164 

32.74238 

249 

75.47815 

334 

135.80492 

419 

213.72269 

504 

309.23145 

80 

7.79116 

165 

33.14289 

250 

76.08562 

335 

136.61934 

420 

214.74406 

505 

310.45978 

81 

7.98716 

166 

33.54584 

251 

76.69552 

336 

137.43620 

421 

215.76787 

506 

311.69054 

82 

8.18559 

167 

33.95123 

252 

77.30786 

337 

138.25549 

422 

216.79411 

507 

312.92374 

83 

8.38647 

168 

34.35905 

253 

77.92263 

338 

139.07721 

423 

217.82279 

508 

314.15937 

84 

8.58976 

169 

34.76930 

254 

78.53984 

339 

139.99013 

424 

218.85390 

509 

315.39743 

85 

8.79549 

170 

35.18199 

255 

79.15948 

340 

140.72797 

425 

219.88745 

510 

316.63793 
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AREAS 'OF  CIRCLES  IN  SQUARE  INCHES,  WHEN  DIAMETERS  ARE    GIVEN  IN  MILLIMETERS 


Diameter, 
MiUl- 
metera 

Area,  Square 
Inches 

Diameter, 
MUli- 
raeters 

Area,  Square 
Inches 

Diameter, 
Milli- 
meters 

Area,  Square 
Inches 

Diameter, 
MUli- 
meters 

Area,  Square 
Inches 

Diameter, 
MUli- 
meters 

Area,  Square 
Inches 

Diameter, 

MUli- 
meters 

Area,  Square 
Inches 

511 

317.88087 

596 

432.42930 

681 

564.56872 

766 

714.29915 

851 

881.62057 

936 

1066.53298 

512 

319.12624 

597 

433.88162 

682 

566.22800 

767 

716,16537 

852 

883.69375 

937 

1068.81312 

513 

320.37404 

598 

435.33638 

683 

567.88971 

768 

718.03404 

853 

885.76936 

938 

1071.09569 

514 

321.62428 

599 

436.79357 

684 

569.55385 

769 

719.90514 

854 

887.84741 

939 

1073.38069 

515 

322.87695 

600 

438.25320 

685 

571.22043 

770 

721.77867 

855 

889.92790 

940 

1075.66813 

516 

324.13206 

601 

439.71526 

686 

572.88945 

771 

723.65464 

856 

892.01082 

941 

1077.95800 

517 

325.38960 

602 

441.17975 

687 

574.56090 

772 

725.53304 

857 

894.09617 

942 

1080.25031 

518 

326.64958 

603 

442.64668 

088 

576.23478 

773 

727.41387 

858 

896.18396 

943 

1082.54505 

519 

327.91200 

604 

444.11605 

689 

577.91110 

774 

729.29715 

859 

898.27419 

944 

1084.84223 

520 

329.17684 

605 

445.58785 

690 

579.58985 

775 

731.82856 

860 

900.36685 

945 

1087.14184 

52] 

330.44413 

606 

447.06208 

691 

581.27104 

776 

733.07099 

861 

902.46194 

946 

1089.44389 

522 

331.71384 

607 

448.53875 

692 

582,95466 

777 

734.96157 

862 

904.55947 

947 

1091.74837 

523 

332.98599 

608 

450.01786 

693 

584.64072 

778 

736.85458 

863 

906.65943 

948 

1094.05528 

524 

334.26058 

609 

451.49940 

694 

586.32921 

779 

738.75002 

864 

908.76183 

949 

1096.36463 

525 

335.52760 

610 

452.98337 

695 

588.02014 

780 

740.64790 

865 

910.86666 

950 

1098.67642 

526 

336.81706 

611 

454.34804 

696 

589.71350 

781 

742.54822 

866 

912.97393 

951 

1100.99064 

527 

338.09895 

612 

455.95862 

697 

591.40930 

782 

744.45097 

867 

915.08363 

952 

1103.30730 

528 

339.38327 

613 

457.44990 

698 

593.10753 

783 

746,35615 

868 

917.19577 

953 

1105.62639 

529 

340.67003 

614 

458.94362 

699 

594.80819 

784 

748,26377 

869 

919.31034 

954 

1107.94791 

530 

341.95923 

615 

460.43976 

700 

596.51130 

785 

750,17382 

870 

921.42735 

955 

1110.27187 

531 

343.25086 

616 

461.93835 

701 

598.21683 

786 

752.08631 

871 

923.54679 

956 

1112.59826 

532 

344.54492 

617 

463.43936 

702 

599.92480 

787 

754.00123 

872 

925.57867 

957 

1114.92709 

533 

345.84142 

618 

464.94281 

703 

601.63521 

788 

755.91859 

873 

927.79298 

958 

1117.25836 

534 

347.14035 

619 

466.44870 

704 

603.34804 

789 

757.83838 

874 

929.91972 

959 

1119.59205 

535 

348.44172 

620 

467.95702 

705 

605.06332 

790 

759.76061 

875 

932.04890 

960 

1121.92819 

536 

349.74953 

621 

469.46778 

706 

606.78103 

791 

761.68527 

876 

934.18052 

961 

1124.26675 

537 

351.05176 

622 

470.98097 

707 

608.50117 

792 

763.61237 

877 

936.31457 

962 

1126.60776 

538 

352.36044 

623 

472.49660 

708 

610.22375 

793 

765.54190 

878 

938.45105 

963 

1128.95119 

539 

353.67154 

624 

474.01466 

709 

611.94876 

794 

767.47387 

879 

940.58997 

964 

1131.29707 

540 

354.98509 

625 

475.53515 

710 

613.67621 

795 

769.40827 

880 

942.73132 

965 

1133.64537 

541 

356.30706 

626 

477.05808 

711 

615.40609 

796 

771.34510 

881 

944.87511 

966 

1135.99611 

542 

357.61948 

627 

478.58344 

712 

617.13841 

797 

773.28438 

882 

947.02133 

967 

1138.34929 

543 

358.94032 

628 

480.11125 

713 

618.87316 

798 

775.22608 

883 

949.16999 

968 

1140.70490 

544 

360.26360 

629 

481.64148 

714 

620.61035 

799 

777.17022 

884 

951.32109 

969 

1143.06295 

545 

361.58932 

630 

483.17415 

715 

622.34998 

800 

779.16800 

885 

953.47461 

970 

1145.42343 

546 

362.91747 

631 

484.70925 

716 

624.09203 

801 

781.06580 

886 

955.63058 

971 

1147.78634 

547 

364.24806 

632 

486.24679 

717 

625.83652 

802 

783.01725 

887 

957.78897 

972 

1150.15169 

548 

365.58108 

633 

487.78676 

718 

627.58345 

803 

784.97113 

888 

959.94980 

973 

1152.51948 

549 

366.91653 

634 

489.32917 

719 

629.33261 

804 

786.92744 

889 

962.11307 

974 

1154.88970 

550 

368.25442 

635 

490.87401 

720 

631.08460 

805 

788.88619 

890 

964.27877 

975 

1157.26235 

551 

369.59474 

636 

492.42129 

721 

632,83838 

806 

790.84737 

891 

966.44691 

976 

1159,63744 

552 

370.93750 

637 

493.97100 

722 

634,59550 

807 

792.81099 

892 

968.61748 

977 

1162.01496 

553 

372.28270 

638 

495.52315 

723 

636.35460 

808 

794.77704 

893 

970.79048 

978 

1164.39492 

554 

373.63033 

639 

497.07773 

724 

638.11613 

809 

796.74553 

894 

972.96592 

979 

1166.77732 

555 

374.98039 

640 

498.63475 

725 

639.88010 

810 

798.71645 

895 

975.14380 

980 

1169.16214 

556 

376.33289 

641 

500.19420 

726 

641.64651 

811 

800.68981 

896 

977.32411 

981 

1171.54941 

557 

377.68782 

642 

501.75608 

727 

643.41534 

812 

802.66560 

897 

979.50685 

982 

1173.93910 

558 

379.04519 

643 

503.32040 

728 

645.18662 

813 

804.64383 

898 

981.69203 

983 

1176.33123 

559 

380.40499 

644 

504.88716 

729 

646,96023 

814 

806.62449 

899 

983.87965 

984 

1178.72580 

560 

381.76723 

645 

506.45635 

730 

648.73647 

815 

808.60758 

900 

986.06970 

985 

1181.12280 

561 

383.13190 

646 

508.02797 

731 

650.51505 

816 

810.59311 

901 

988.26218 

986 

1183.52224 

562 

384.49901 

647 

509.60203 

732 

652.29606 

817 

812.58108 

902 

990.45710 

987 

1185.92411 

563 

385.86855 

648 

511.17853 

733 

654.07950 

818 

814.57148 

903 

992.65445 

988 

1188.32842 

564 

387.24052 

649 

512.75746 

734 

655.86539 

819 

816.56431 

904 

994.85424 

989 

1190.73516 

565 

388.61493 

650 

514.33882 

735 

657.65370 

820 

818.55958 

905 

997.05646 

990 

1193.14433 

566 

389.99178 

651 

515.92262 

736 

659.44445 

821 

820.55729 

906 

999.26132 

991 

1195.55594 

567 

391.37106 

652 

517.50885 

737 

661.23764 

822 

822.55743 

907 

1001.46821 

992 

1197.96999 

568 

392.7527T 

653 

519.09752 

738 

663.03326 

823 

824.56000 

908 

1003.67773 

993 

1200.38647 

569 

394.13692 

654 

520.68862 

739 

664.83132 

824 

826.56501 

909 

1005.88970 

994 

1202.80538 

570 

395.52351 

655 

522.28216 

740 

666.63181 

825 

828.57245 

910 

1008.10409 

995 

1205.22673 

571 

396.91253 

656 

523.87813 

741 

668.43473 

826 

830.58203 

911 

1010.32092 

996 

1207.65051 

572 

398.30398 

657 

525.47654 

742 

670.24009 

827 

832.59464 

912 

1012.54019 

997 

1210.07673 

573 

399.69787 

658 

527.07738 

743 

672.04789 

828 

834.60939 

913 

1014.76189 

998 

1212.50538 

574 

401.09419 

659 

528.68066 

,744 

673.85812 

829 

836.62657 

914 

1016,98602 

999 

1214.93647 

575 

402.49295 

660 

530.28637 

745 

675.67078 

830 

838.64619 

915 

1019,21259 

1000 

1217.37000 

576 

403.89414 

661 

531.89451 

746 

677.48588 

831 

840.66824 

916 

1021,44160 

1001 

1219.80575 

577 

405,29777 

662 

533.50509 

747 

679.30341 

832 

842.69273 

917 

1023.67304 

1002 

1222,24434 

578 

406.70383 

663 

535.11811 

748 

681.12338 

833 

844.71965 

918 

1025.90691 

1003 

1224.68517 

579 

408.11233 

664 

536.73356 

749 

682.94578 

834 

846.74900 

919 

1028.14322 

1004 

1227.12843 

580 

409.52326 

665 

538.35144 

750 

684.77062 

835 

848.78079 

920 

1030.38196 

1005 

1229.57413 

581 

410.93663 

666 

539.97176 

751 

686.59789 

836 

850.81502 

921 

1032.62314 

1006 

1232.02226 

582 

412.35243 

667 

541.59452 

752 

688.42760 

837 

852.85168 

922 

1034.86675 

1007 

1234.47283 

583 

413.77067 

668 

543.21971 

753 

690,25974 

838 

854.89077 

923 

1037.11280 

1008 

1236.92583 

584 

415.19134 

669 

544.84733 

754 

692.09432 

839 

856.93230 

924 

1039.36128 

1009 

1239.38126 

585 

416.61444 

670 

546.47739 

755 

693.93133 

840 

858.97627 

925 

1041.61220 

1010 

1241.83913 

586 

418.03998 

671 

548.10988 

756 

695.77078 

841 

861.02670 

926 

1043.86555 

1011 

1244.29944 

587 

419.46796 

672 

549.74481 

757 

697.61266 

842 

863.07150 

927 

1046.12134 

1012 

1246.76218 

588 

420.89837 

673 

551.38217 

758 

699.45697 

843 

865.12277 

928 

1048.37956 

1013 

1249.22735 

589 

422.33121 

674 

553.02197 

759 

701.30372 

844 

867.17647 

929 

1050.64022 

1014 

1251.69496 

590 

423.76649 

675 

554.66420 

760 

703.15291 

845 

869.23261 

930 

1052.90331 

1015 

1254,16500 

591 

425.20421 

676 

556.30887 

761 

705.00453 

846 

871.29118 

931 

1055.16883 

1016 

1256,63748 

592 

426.64435 

677 

557.95597 

762 

706.85858 

847 

873.35419 

932 

1057.43679 

1017 

1259,11239 

593 

428.08694 

678 

559.60551 

763 

708.71507 

848 

875.41563 

933 

1059.70719 

1018 

1261,58974 

594 

429.53196 

679 

561.25748 

764 

710.57399  • 

849 

877.48151 

934 

1061.98002 

1019 

1264.06953 

595 

430.97941 

680 

562.91188 

765 
I 

712.43535 

850 

879.54982 

935 

1064.25528 

1020 

1266.56174 
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ACCURACY— THE    FIRST    REQUIREMENT 


Stepping  up  Production  Rates 

With  B  &  S  Grinding  Machines 


WI7!5!?!Wr!!JS! 
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Brown  &  Sharpe  heav™ervige 

Grinding  Machines 

Simple — Sturdy — Accurate 


Send  for  Catalog  136 


Manufacturing  machines  in  every  sense  of  the  word. 
Efficient  by  reason  of  the  simplicity  of  control.  Eco- 
nomical because  this  simplicity  reduces  to  a  minimum 
the  time  required  in  setting  up,  making  changes  in 
speeds  and  feeds  and  adjustments  of  the  automatic  cross 
feed — the  time  thus  saved  being  applied  to  actual  pro- 
duction. Sturdy  and  rigid  of  construction,  they  main- 
tain their  accuracy  under  the  heaviest  constant  service. 
Use  them  in  your  shop  and 

Attain  High  Standards  of  Production 
At  Low  Production  Costs 


The  Installation  of 
Brown  &  Sharpe  Machines 
is  a  Dividend  Paying  Investment 


BROWN  &  SHARPE 

OFFICES:  20  Vesey  St.,  New  York,  N.  Y. ;  652-654  The  Bourse, 
Philadelphia,  Pa.:  626-630  Washington  Blvd.,  Chicago,  HI.; 
305  Chamber  of  Commerce  Bldg.,  Rochester,  N.Y. :  Room  419 
University  Block,  Syracuse,  N.Y.;  2538  Henry  W.  Oliver  Bldg., 
Pittsburgh,   Pa. 
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OF    EVERY    BROWN    &    SHARPE    PRODUCT 

iVithout  Sacrifice  of  Accuracy 

With  B  &  S  Machinists'  Tools 
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Brown  &  Sharpe 
Precision  Tools 


Present-day  precision  tools  must  first  be  accurate. 
Closer  limits  are  being  drawn  as  time  goes  on  and 
higher  standards  of  accuracy  are  demanded.  After 
accuracy  comes  handiness,  for  fast  production  is  pos- 
sible only  with  tools  that  can  be  rapidly  adjusted, 
quickly  used  and  easily  read.  For  over  half  a  cen- 
tury B  &  S  tools  have  had  the  confidence  of  mechanics 
the  world  over.  From  the  introduction  to  the  me- 
chanical world  of  the  first  reliable  steel  rule  put 
on  the  market,  this  line  has  grown  steadily  until  now 
over  a  thousand  different  tools  bear  the  B  &  S  trade 
mark. 


Maintain  Your  High  Standards- 
Use  B  &  S  Precision  Tools  ^^^^  ^^^  ^^^^^^^  ^^^ 


[FG.    COMPANY 

Providence,  Rhode  Island 
U.  S.  A. 


The  Careful  Use  of 

Brown  &  Sharpe  Tools 

Makes  Accuracy  Certain 
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AREAS  OF  CIRCLES  IN  SQUARE  INCHES.  WHEN  DIAMETERS 

ARE  GIVEN  IN 

MILLIMETERS 

Diameter, 

MUU- 
>metera 

Area,  Square 
Inches 

Diameier, 
Mini- 
meters 

Area,  Square 
Inches 

Diameter, 
MUll- 
nieters 

1  Area,  Square 
Inches 

Diameter, 
MUIl- 
meters 

Area,  Square 
Inches 

Diameter, 
Milli- 
meters 

Area,  Square 
Inches 

Diameter, 
Milli- 
meters 

Area,  Square 
Inches 

1021 

1269.03640 

1055 

1354.96324 

1089 

1443.70464 

1123 

1536.26061 

1157 

1629.63113 

1191 

1726.81621 

1022 

1271.52348 

1056 

1357.53311 

1090 

1446.35729 

1124 

1537.99604 

1158 

1632.44934 

1192 

1729.71720 

1023 

1274.01300 

1057 

1360.10541 

1091 

1449.01238 

1125 

1540.73390 

1159 

1635.26999 

1193 

1732.62063 

1024 

1276.50496 

1058 

1362.68015 

1092 

1451.66989 

1126 

1543.47420 

1160 

1638.09307 

1194 

1735.52649 

1025 

1278.99935 

1059 

1365.25732 

1093 

1454.32985 

1127 

1546.21694 

1161 

1640.91858 

1195 

1738.43479 

1026 

1281.49618 

1060 

1367.83693 

1094 

1456.99224 

1128 

1548.96211 

1162 

1643.74653 

1196 

1741.34552 

1027 

1283.99544 

1061 

1370.41897 

1095 

1459.65706 

1129 

1551.70971 

1163 

1646.57692 

1197 

1744.25869 

1028 

1286.49713 

1062 

1373.00345 

1096 

1462.32432 

1130 

1554.45975 

1164 

1649.40974 

1198 

1747.17429 

1029 

1289.00126 

1063  J 

1375.59036 

1097 

1464.99401 

1131 

1557.21222 

1165 

1652.24499 

1199 

1750.09232 

1030 

1291.50783 

1064 

1378.17970 

1098 

1467.66614 

1132 

1559.96713 

1166 

1655.08268 

1200 

1753.01280 

1031 

1294.01683 

1065 

1380.77148 

1099 

1470.34070 

1133 

1562.72447 

1167 

1657.92281 

1201 

1755.93570 

1032 

1296.52826 

1066 

1383.36570 

1100 

1473.01770 

1134 

1565.48425 

1168 

1660.76537 

1202 

1758.88804 

1033 

1299.04213 

1067 

1385.96235 

1101 

1475.69713 

1135 

1568.24646 

1169 

1663.61036 

1203 

1761.78882 

1034 

1301.55843 

1068 

1388.56143 

1102 

1478.37899 

1136 

1571.01111 

1170 

1666.45779 

1204 

1764.71902 

1035 

1304.07717 

1069 

1391.16295 

1103 

1481.06329 

1137 

1573.77819 

1171 

1669.30765 

1205  ■ 

1767.65167 

1036 

1306.59835 

.1070 

1393.76691 

1104 

1483.75003 

1138 

1576.54771 

1172 

1672.15995 

1206 

1770.58675 

1037 

1309.12195 

1071 

1396.37330 

1105 

1486.43920 

1139 

1579.31966 

1173 

1675.01468 

1207 

1773.52426 

1038 

1311.64800 

1072 

1398.98212 

1106 

1489.13080 

1140 

1582.09405 

1174 

1677.87185 

1208 

1776.46421 

1039 

1314.17647 

1073 

1401.59338 

1107 

1491.82484 

1141 

1584.87087 

1175 

1680.73145 

1209 

1779.40659 

1040 

1316.70739 

1074 

1404.20707 

1108 

1494.52132 

1142 

1587.65012 

1176 

1683.59349 

1210 

1782.35141 

1041 

1319.24073 

1075 

1406.82320 

1109 

1497.22023 

1143 

1590.43181 

1177 

1686.45796 

1211 

1784.20303 

1042 

1321.77652 

1076 

1409.44176 

1110 

1499.92157 

1144 

1593.21594 

1178 

1689.32487 

1212 

1788.24835 

1043 

1324.31473 

1077 

1412.06276 

1111 

1502.62535 

1145 

1596.00250 

1179 

1692.19421 

1213 

1791.20047 

1044 

1326.85538 

1078 

1414.68619 

1112 

1505.33156 

1146 

1598.79149 

1180 

1695.06598 

1214 

1794.15503 

1045 

1329.39847 

1079 

1417.31206 

1113 

1508.04021 

1147 

1601.58292 

1181 

1697.94019 

1215 

1797.11202 

1046 

1331.94399 

1080 

1419.94036 

1114 

1510.75130 

1148 

1604.37679 

1182 

1700.81684 

1216 

1800.07145 

1047 

1334.49195 

1081 

1422.57110 

1115 

1513.46481 

1149 

1607.17309 

1183 

1703.69592 

1217 

1803.03331 

1048 

1337.04234 

1082 

1425.20427 

1116 

1516.18077 

1150 

1609.97182 

1184 

1706.57743 

1218 

1805.99761 

1049 

1339.59516 

1083 

1427.83988 

1117 

1518.89915 

1151 

1612.77299 

1185 

1709.46138 

1219 

1808.96434 

1050 

1342.15042 

1084 

1430.47792 

1118 

1521.61997 

1152 

1615.57659 

1186 

1712.34777 

1220 

1811.93350 

1051 
1052 
1053 
1054 

1344.70811 
1347.26824 
1349.83081 
1352.39581 

1085 
1086 
1087 
1088 

1433.22098 
1435.76130 
1438.40665 
1441.05443 

1119 
1120 
1121 
1122 

1524.34323 
1527.06892 
1529.79705 
1532.52761 

1153 
1154 
1155 
1156 

1618.38263 
1621.19110 
1624.00201 
1626.81535 

1187 
1188 
1189 
1190 

1715.23659 
1718.12784 
1721.02153 
1723.91765 

Machinery 

TABLE     CONVERTING     MILLIMETER    DIA- 
METERS INTO  SQUARE  INCHES 

The  accompanying  table  gives  the  areas  of  circles,  in  square 
inches,  when  their  diameters  are  given  in  millimeters.  In 
view  of  the  increasing  demand  for  work  measured  by  the 
metric  system,  caused  by  our  growing  foreign  trade,  con- 
version tables  of  this  kind  are  of  value  in  both  the  shop  and 
the  drafting-room. 

Leeds,  England  A.  Lane 


PERSONALS  I 

-J 

H.  A.  Runge,  vice-president  of  the  Internations  Commercial 
Corporation,  New  York  City,  has  resigned  his  position. 

H.  p.  Gumpper,  until  recently  associated  with  the  Emerson 
Co.,  New  York  City,  efficiency  engineer,  is  now  with  W.  F 
Hebard  in  the  electric  truck  sales  department  of  the  Buda  Co 
Chicago,  111. 

James  W.  Barr,  formerly  the  Eastern  representative  of  the 
Cincinnati  Milling  Machine  Co.,  Cincinnati,  Ohio,  Is  now  gen- 
eral machine  tool  salesman  for  the  Vandyck-Churchlll  Co  of 
New  York  City. 

W.  J.  RadclifCe,  vice-president  and  general  manager  of  the 
E.  A.  Kinsey  Co.,  Cincinnati,  Ohio,  was  elected  president  and 
general  manager  of  the  company  at  a  meeting  of  the  board  of 
directors  January  17. 

L.  C.  Parrott,  for  four  years  assistant  purchasing  agent  of 
the  Standard  Parts  Co.  (formerly  the  Standard  Welding  Co.), 
Cleveland,  Ohio,  has  resigned  his  position  to  become  purchas- 
ing agent  of  the  Otis  Steel  Co.  of  Cleveland. 

H.  A_  Shier,  who  for  the  past  seven  years  has  represented 
the  Bethlehem  Steel  Co.  in  southern  Ohio,  has  resigned  and 
taken  a  position  with  the  Onondaga  Steel  Co.,  Inc.,  Syracuse, 
N.  Y.,  as  representative  in  southern  Ohio  and  western  Pennsvl- 
vania.  ' 

A  luncheon  was  given  at  the  Bankers  Club,  New  York  City 
January  11,  by  Arthur  Williams,  president  of  the  American 
Museum  of  Safety,  in  honor  of  the  new  director,  Arthur  H 
Young,  and  in  recognition  of  the  services  rendered  by  acting- 
director,  A.  A.  Hopkins.  "■^'■^ue. 

D.  M  Kagay  has  taken  the  position  of  manager  of  the  publi- 
cation department  with  S.  F.  Bowser  &  Co.,  Inc.,  Fort  Wayne 
ind.     Mr.  Kagay  was  formerly  advertising  manager  of  the 


Richards-Wilcox  Mfg.  Co.,  Aurora,  111.,  and  editor  of  two  house 
organs  published  by  the  company. 

H.  D.  Savage,  vice-president  of  the  American  Arch  Co.,  has 
been  appointed  manager  of  sales  of  the  industrial  department 
of  the  Locomotive  Pulverized  Fuel  Co.,  with  offices  at  30 
Church  St.,  New  York  City.  He  will  continue  to  act  in  the 
capacity  of  vice-president  of  the  American  Arch. Co. 

Paul  R.  Ketzer,  formerly  Eastern  manager  of  the  Metalwood 
Mfg.  Co.,  Detroit,  Mich.,  has  gone  into  business  for  himself 
and  organized  a  company  called  the  Ketzer  Machinery  Co., 
which  will  specialize  in  power,  steam,  hydraulic  and  special 
machinery  and  tools.  The  office  of  the  company  is  in  the 
Bourse,  Philadelphia,  Pa. 

H.  H.  Gildner,  for  the  past  three  years  chief  engineer  of  the 
S.  K.  F.  Ball  Bearing  Co.,  Hartford,  Conn.,  has  resigned  and 
joined  F.  R.  Blair  &  Co..  Inc.,  50  Church  St.,  New  York  City, 
as  manager  of  the  company's  "Flexite"  department.  Mr. 
Gildner  will  devote  himself  to  the  development  and  sale  of 
"Flexite"  universal  Joints  and  couplings. 

Gorham  C.  Parker  has  resigned  his  position  of  sales  man- 
ager for  the  T.  R.  Almond  Mfg.  Co.,  Ashburnham,  Mass.,  and 
organized  the  Parker  Mfg.  Co.  of  Detroit,  Mich.  The  company 
will  manufacture  a  complete  line  of  three-jawed  keyed  type 
of  drill  chucks.  Mr.  Parker  was  formerly  sales  manager  for 
the  Jacobs  Mfg.  Co.  of  Hartford,  Conn.,  and  is  well  known  In 
the  machinery  trade. 

A.  L.  Humphrey,  vice-president  of  the  Union  Switch  & 
Signal  Co..  has  been  elected  president  of  the  company.  The 
control  of  the  company  will  be  taken  over  by  the  Westing- 
house  Air  Brake  Co.  and  the  capitalization  will  be  increased 
from  $20,000,000  to  $30,000,000.  Mr.  Humphrey  has  had  charge 
of  the  ammunition  contracts  secured  from  several  foreign  gov- 
ernments within  the  past  two  years,  amounting  to  about 
$20,000,000. 

Carl  M.  Hansen,  widely  known  through  his  activities  in  con- 
nection with  accident  prevention,  compensation  and  casualty 
insurance,  has  been  appointed  chairman  of  the  National  Asso- 
ciation of  Manufacturers  Committee  for  accident  prevention 
and  workmen's  compensation.  Mr.  Hansen  is  the  author  of 
"Universal  Safety  Standards,"  a  work  of  thirteen  volumes, 
and  has  been  a  frequent  contributor  to  technical  journals  on 
subjects  relating  to  compensation,  prevention  and  occupational 
diseases. 

J.  G.  Blunt  was  recently  appointed  mechanical  engineer  of 
the  American  Locomotive  Co.  with  headquarters  at  Schenec- 
tady, N.  Y.  Mr.  Blunt  took  the  mechanical  engineering  course 
at  the  University  of  Michigan,  and  after  spending  four  years 
as  machinist  and  draftsman  with  various  manufacturing  con- 
cerns, took  a  position  in  1897  as  draftsman  with  the  Brooks 
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This  is 

Accurate 

Milling 

It  is  milling  crank-case  surfaces 
6%"  X  24"  at  a  90°  angle  in  two 
settings.  The  work  is  done  on 
a  Cincinnati  No.  3  Vertical 
Milling  Machine,  with  a  9"  di- 
ameter cutter,  operating  at  180 
R.  P.  M.,  or  424  feet  per  minute, 
and  at  a  feed  of  1214"  per 
minute,  including  both  longi- 
tudinal and  transverse  feed. 
Error  is  kept  within  the  0.0015" 
limit  allowed  for  both  surfaces. 


Two  "No.  3's"  are  on  this  job.  Average  pro- 
duction from  each  machine,  each  operation, 
100  crank-cases  in  10  hours,  and  the  work 
as  difficult  as  you  can  find. 


The  Cincinnati  No.  3 
Vertical  Milling  Machine 

"Cincinnati"  milling  helps  make  the  Cadillac 
Motor  the  accurate  motor  it  is.  It  will  prove 
equally  efficient  for  your  work.  Ask  us  to 
show  you. 


THE  CINCINNATI  MILLING  MACHINE  CO. 

CINCINNATI,  OHIO,  U.  S.  A. 
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Locomotive  Works  at  Dunkirk,  N.  Y.,  and  later  became  chief 
draftsman  of  the  company.  When  the  engineering  work  of  all 
the  company's  plants  was  consolidated  at  Schenectady  Mr. 
Blunt  was  transferred  as  engineer  of  the  drafting  department 
and  later  was  appointed  superintendent  of  the  general  drawing- 
room,  which  position  he  held  at  the  time  of  his  appointment. 
Charles  M.  Hammond,  president  and  practical  head  of  the 
Hammond  Steel  &  Forging  Co.,  Syracuse,  N.  Y.,  formerly  con- 
nected with  the  Halcomb  Steel  Co.  and  the  Sanderson  Steel 
Co.  of  Syracuse,  has  sold  his  interest  in  the  Hammond  Steel  & 
Forging  Co.  and  retired  to  become  president  of  a  new  con- 
cern, which  will  be  located  in  Auburn,  N.  Y.,  known  as  the 
Cayuga  Tool  Steel  Co.,  Ltd.  Mr.  Hammond  will  have  asso- 
ciated with  him  some  of  the  most  prominent  interests  in 
America  and  Sweden.  It  is  the  purpose  of  the  new  company 
to  erect  and  operate  rolling  mills,  a  hammer  plant,  crucible 
furnaces,  electric  furnaces  and  open-hearth  furnaces  for  the 
manufacture  of  high-grade  steel.  It  is  the  intention  to  spe- 
cialize on  high-grade  tool  and  alloy  steels. 


Philip  G.  Fosdick,  president  of  the  Cincinnati  Gear  Co.,  Cin- 
cinnati, Ohio,  died  January  22,  in  Florida,  aged  fifty-nine  years. 
Mr.  Fosdick  organized  the  Fosdick  Machine  Tool  Co.  of  Cincin- 
nati, but  disposed  of  his  interest  in  the  company  several  years 
ago. 

Col.  Herbert  Hughes,  director  of  William  Jessop  &  Sons,  Inc., 
steel  makers  of  Sheffield,  England,  and  91  John  St.,  New  York 
City,  died  recently  at  the  age  of  sixty-four.  Colonel  Hughes 
represented  the  British  government  at  the  International  Con- 
ference on  Trademarks,  held  at  Washington  a  few  years  ago, 
and  was  well  known  in  commercial  circles  in  America. 

William  E.  Leard  of  New  Brighton,  Pa.,  died  at  Southern 
Pines,  N.  C,  December  17,  aged  seventy-four  years.  Shortly 
after  the  close  of  the  Civil  War  he  engaged  in  the  manufac- 
ture of  drill  presses  in  Cincinnati,  Ohio.     In  1882  he  located 


a   plant   in   New   Brighton,   Pa.,  for   the  manufacture  of  con- 
necting-rods, strap  Joints,  crankshafts  and  machine  keys. 

Alfred  B.  Jenkins,  president  of  Jenkins  Bros.,  New  York 
City,  manufacturers  of  valves  and  mechanical  rubber  goods, 
died  at  his  home  in  West  Orange,  N.  J.,  December  29,  aged 
sixty-eight  years.  Mr.  Jenkins  formed  a  partnership  with  his 
brother,  Charles  Jenkins,  in  1872,  and  the  business  has  been 
carried  on  under  the  same  name  and  management  since.  Mr. 
Jenkins  was  a  veteran  of  the  Civil  War,  and  was  prominent 
in  the  civic  life  of  West  Orange. 

Charles  C.  Ramsey,  president  of  the  Crucible  Steel  Co.  of 
America,  died  January  11,  following  an  illness  of  five  weeks 
with  pneumonia,  aged  fifty-four  years.  Mr.  Ramsey  started 
his  business  career  as  a  stenographer  and  was  promoted  from 
one  position  to  another  until  he  became  manager  of  the  Phila- 
delphia branch  of  Park  Bros.  &  Co.  Later  he  was  made  man- 
ager of  the  New  York  City  branch  of  that  company,  which 
post  he  held  until  the  organization  of  the  Crucible  Steel  Co. 
of  America.  After  serving  for  a  time  with  R.  E.  Jennings  in 
the  management  of  the  Eastern  business  of  the  company,  he 
was  made  fourth  vice-president  and  manager  of  the  Eastern 
office.  He  was  elected  president  in  1910,  following  the  death 
of  Frank  B.  Smith,  then  president.  Mr.  Ramsey  left  a  widow 
and  three  children. 

Ellis  J.  Hannum,  secretary  of  the  Newton  Machine  Tool 
Works,  Inc.,  Philadelphia,  Pa.,  died  suddenly  January  7,  follow- 
ing a  short  illness.  Although  Mr.  Hannum  had  not  enjoyed 
the  best  of  health  during  the  past  few  years,  his  sudden  death 
was  unexpected.  Mr.  Hannum  entered  the  employ  of  the 
Newton  Machine  Tool  Works,  Inc.,  as  a  boy,  and  from  the 
beginning  showed  exceptional  talent  for  freehand  sketching, 
drawing  and  similar  work,  and  It  was  natural  that  he  should 
have  showed  a  preference  for  the  drafting  and  engineering 
departments  in  which  he  progressed  rapidly  under  the  direc- 
tion of  the  late  Mr.  Newton.  During  the  past  two  years  fail- 
ing health  had  caused  him  to  relinquish  his  active  duties  in 
the  engineering  department,  and  during  this  time  he  had 
acted  in  an  advisory  capacity  to  the  drafting  department. 


;  COMING  EVENTS 

February  13. — Section  meeting  of  the  ProTidence 
Engineering  Society,  Providence,  R.  I.  Luther  D. 
Burlingame  will  read  a  paper  "The  Units  of  Meas- 
urements in  Relation  to  the  Metric  System."  Her- 
man R.  Simmons,  secretary,  160  Chapel  St.,  Sayles- 
ville,   R.   I. 

February  21-24. — Tenth  annual  convention  of  the 
National  Society  for  the  Promotion  of  Industrial 
Education,  at  Indianapolis.  Ind.,  Hotel  Claypool, 
headquarters.  Alvin  E.  Dodd,  secretary,  140  W. 
42nd  St.,  New  York  City. 

February  22, — Monthly  meeting  of  the  Rochester 
Society  of  Technical  Draftsmen,  in  Rooms  131-137, 
Sibley  Block,  328  Main  St.,  E.,  Rochester,  N.  T. 
0.  L.  Angevine,  Jr.,  secretary,  857  Genesee  St., 
Rochester. 

May  21-22. — Spring  convention  of  the  National  Ma- 
chine Tool  Builders'  Association  in  Cincinnati,  Ohio. 
Charles  E.  Hildreth,  general  manager,  Worcester, 
Mass. 

May  22-25. — Spring  meeting  of  the  American  So- 
ciety of  Mechanical  Engineers  in  Cincinnati,  Ohio. 
Calvin  W.  Rice,  secretary,  29  W.  39th  St.,  New 
York    City. 

August  30-Sept.  1. — Ninth  annual  convention  of  the 
American  Railway  Tool  Foreman's  Association,  Chi- 
cago. III.,  Sherman  Hotel,  headquarters.  C.  N. 
Thulin,  secretary-treasurer,  933  Peoples  Gas  Bldg., 
Chicago,   111. 

SOCIETIES,  SCHOOLS  AND 
COLLEGES 


by  the  Bureau  of  Mines,  Department  of  the 
Interior,  Washington,  D.  C,  as  Bulletin  No.  109. 

Subsidence  Resulting  from  Mining.  By  L.  E.  Young 
and  H.  H.  Stoek.  205  pages,  6  by  9  inches; 
illustrated.  Published  by  the  Engineering  Ex- 
periment Station,  University  of  Illinois,  Urbana, 
111.,  as  Bulletin  No.  91. 

Different  Methods  of  Workmen's  Compensation  In- 
surance. By  Edison  S.  Lott.  president,  United 
States  Casualty  Co.  14  pages,  6  by  9  inches. 
Distributed  by  United  States  Casualty  Co.,  80 
Maiden  Lane,  New  York  City. 

Measurement  of  Electrical  Energy,  Electricity  Me- 
ters, Rates  for  Electrical  Energy.  By  George  0. 
Schaad  and  C.  A.  Johnson.  93  pages,  6  by  9 
inches;  illustrated.  PubMshed  by  the  University 
Engineering  Experiment  Station,  University  of 
Kansas.  Lawrence,  Kan.,  as  Engineering  Bul- 
letin No.  8. 

Statistics  of  Railways,  1905-1915.  57  pages.  G  by  9 
inches.  Published  by  the  Bureau  of  Railway 
Economics  (established  by  railways  of  the 
United  States  for  the  scientific  study  of  trans- 
portation problems).  The  bulletin  is  designated 
as  consecutive  No.  103,  miscellaneous  series  No. 
26,  and  is  distributed  by  the  Bureau  of  Railway 
Economics,  Washington,   D.   C. 

Manual  for  Engineers.  Compiled  by  Charles  B. 
Ferris.  220  pages,  2%  by  5V4  inches.  Published 
by  the  University  Press,  KnoxvUlc,  Tenn.    Price, 
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nts. 


Purchasing  Agents'  Association  of  Rochester, 
Rochester,  N.  Y.,  decided  at  a  recent  meeting  to 
permit  representatives  of  manufacturers  to  appear 
at  its  meetings  and  address  its  members.  The  be- 
lief is  expressed  that  the  members  will  derive  a 
great  deal  of  benefit  from  demonstrations  made  by 
representatives  of  manufacturing  concerns.  Meet- 
ings of  the  association  are  held  the  fourth  Friday 
of  each  month.  Secretary,  E.  A.  Scheive,  Bosch  & 
Lomb  Optical  Co.,    Rochester,   N.   Y. 

University  of  Illinois,  Urbana,  111.,  maintains  four- 
teen Engineering  Experiment  Station  research  fel- 
lowships. One  other  such  fellowship  has  been  es- 
tablished under  the  patronage  of  the  lUiuois  Gas 
Association.  These  fellowships,  for  each  of  which 
there  is  an  annual  stipend  of  ?500,  are  open  to 
graduates  of  approved  American  and  foreign  uni- 
versities and  technical  schools.  Appointments  to 
these  fellowships  are  made  for  two  consecutive  col- 
legiate years  and  must  be  accepted  under  thos* 
terms.  At  the  expiration  of  this  period,  if  all  re- 
quirements have  been  met.  the  degree  of  Master  of 
Science  will  be  conferred.  Ad.liiiciiial  iiilnnoation 
may  be  obtained  by  addrossint;  tin-  ditr.  i^^i. 


NEW  BOOKS  AND  PAMPHLBTl 


i 


Operating    Details    of    Gas    Producers.      By    K.    H. 
Fernald.     74   pages,   6  by   9   inches.     Published 


This  convenient  compilation  of  tables  and  other 
data  for  engineers  and  business  men  has  just  ap- 
peared in  the  twentieth  edition,  which  is  an  indi- 
cation of  its  practical  worth.  Prof.  Ferris,  pro- 
fessor of  mechanical  engineering  of  the  University 
of  Tennessee,  the  compiler  of  the  work,  selected  the 
data  with  an  eye  to  presenting  in  small  compass 
that  which  would  be  of  the  greatest  general  value 
to  the  average  user. 

Design  of  Marine  Engines  and  Auxiliaries.      By  Ed- 
ward M.   Bragg.     183  pages,   6  by  9  inches;   110 
illustrations    and    folding    plates.      Published    by 
D.    Van    Nostrand    Co.,    New    York    City.      Price, 
$3  net. 
This    work    deals    with    the    reciprocating    marine 
engine,     taking    up    the    determination    of    cylinder 
dimensions,  design  of  engine  parts,  engine  balancing, 
condensers  and    air   pumps,    turning   engines  and   re- 
versing   engines.      Much    time    and    effort    have    been 
expended  on  the  section  on  engine  balancing,   which 
treats    of    single-cylinder    and    multiple-cylinder    en- 
gines up  to  six  cylinders. 

Molybdenum,  Its  Ores  and  Their  Concentration,  with 
a  Discussion  of  Markets,   Prices,  and  Uses,     By 
Frederick    W.    Horton.      Published   by   the   U.   S. 
Bureau    of    Mines,    Department    of    the    Interior, 
as  Bulletin  No.   111.     Price,   30  cents.     Address, 
Superintendent  of  Documents,  Government  Print- 
ing Oflice,   Washington,   D.  C. 
There  are  large  deposits  of  low-grade  molybdenum 
ore    in    the    United    States,    but    there    has    been    no 
production  worth  mentioning  prior  to  1914.     In  fact, 
there    was    no    output    of    molybdenum    ore    in    this 
country  except  in  1905,   1906  and  1907,   when  a  few 
small  lots  of  molybdenite  and  wulfenite  were  mar- 
keted.    In  view  of  the  value  of  molybdenum  in  Im- 
parting characteristics   to  alloy   steels  roughly  simi- 
lar to   those   produced   by   tungsten,    the   Bureau   of 


Mines  has  undertaken  to  ascertain  the  character  and 
extent  of  deposits  of  molybdenum  ore  in  the  United 
States. 

Elementary  Mathematics  for  Engineers,     By   Ernest 
H.   Sprague.     236  pages,  4'A   by  7  inches.     Pub- 
lished    by    Scott,     Greenwood     &    Son,     London, 
England,    and   distributed   in   the   United   States 
by  D.  Van  Nostrand  Co.,  New  York  City.    Price, 
$1.50  net. 
The  aim  of  this  work  is  to  present  the  vast  sub- 
ject of  mathematics  in  a  way  to  avoid  extreme  sim- 
plicity  on   one   hand   and   profundity   on   the   other. 
The   aim  has  been  to  cover  a   wide  field  in  a   smaU 
compass,    to    bring    out    the    essential    parts,    and    to 
introduce   useful  matter   as   a    means  of   illustrating 
principles.     The  work  deals  with  arithmetical  opera- 
tions,    algebra,     plane     trigonometry,     mensuration, 
spherical  trigonometry,   algebraic  geometry,   differen- 
tial   calculus,    integral    calculus,    mathematical    data 
and   formulas,   etc.      It  is  extremely   condensed,   and 
while    not    to    be    recommended    to    a    beginner,    the 
work  should  be  extremely  useful  to  those  who  have 
good  ground   work   and   wish   to  extend   their  knowl- 
edge of   mathematics  or   to  refresh   their  memories. 
Elementary    Cams.      By    Franklin    DeRonde    Furman. 
87  pages,   6  by  9  inches;   69  illustrations.     Pub- 
lished  by   John   Wiley   &   Sons,    Inc.,    New   York 
City.     Price,  $1.25  net. 
Cams  are  defined  as  rotating  or  oscillating  pieces 
of     mechanism     having     specially     formed     surfaces 
against  which  a  follower  slides  or  rolls  and  thus  re- 
ceives  a    reciprocating   or    intermittent    motion    such 
as  cannot   be   generally   obtained   by   gear  wheels  or 
link  motions.     The  author  states  in  his  preface  that 
the    introduction    of    automatic    machinery    in    which 
cams  are   largely   used  calls   strongly   for   a   compre- 
heusive    method    of    technical    analysis.^     The    work, 
written  first  in  the  form  of  lesson  papers  for  Prof. 
Furman's  students  in  Stevens   Institute  of  Technol- 
ogy,  has  been   published   because  of   the   belief  of  a 
general  need  for  a  book  on  the  subject.    It  is  divided 
into  five  sections,  treating  of  definitions  and  classifi- 
cation,   method    of    construction    of    base    curves    in 
common    use,    cam   problems   and    exercise    problems, 
timing   and   interference  of   cams,    and   cams   for  re- 
producing given  curves  or  figures.     The  work  is  one 
that    we    would    recommend    to    anyone    wanting    to 
study  the  principles  of  cam  design. 
Awakening    of    Business.      By    Edward    N.    Hurley. 
237     pages,     5     by    7%     inches.       Published    by 
Doubleday,    Page    &    Co.,    New    York    City,    and 
copyrighted  by  the  Associated  Advertising  Clubl 
of  the  World.     Price,  .$2. 
This  book,   by  one  connected  with  the  Federal  Trade 
Commission  who  has  given  broad  and  comprehensiv* 
attention   to  business  problems,   was  written   with  a 
definite    purpose.      It   is   a    message   of   warning   and 
construction   offered    in    the    hope   of   bettering    busi- 
ness  conditions   and    securing    sound   methods  of   co- 
operation.    It   deals   with   the   fundamentals  of  cost 
accounting,   merchandising,   trade  associations,   price 
fixing,    trade    associations   in    Germany,    commercial 
education,    foreign    trade   opportunities,    business  or- 
ganization  of   foreign   competitors,   banking   and   In- 
vestment   abroad,    cooperation    in    American    export 
trade,    the   Sherman   law,   constructive  policy  of  th« 
Federal  Trade  Commission,   the   Federal  Trade  Com- 
mission   Act,    the    Clayton    law.      The    book    Is   on« 
that    may    be    very    profitably    studied   by    manufac- 
turers   In    view    of    the    serious    problems    likely   to 
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Mechanical   Principles   Cannot   Be   Changed 

But  their  APPLICATION  may  be.    When  ONE  Mechanical 
Motion  can  be  made  to  DO  THE  WORK  OF  TWO 

or  MORE,  EVERYBODY  IS  BETTER  OFF 


And  this  is  one  of  the  Open  Secrets  of  the 

SIMPLICITY  EFFICIENCY 

ACCURACY  STRENGTH 

and  LONGEVITY 

OF  THE 

"PRECISION^^ 

SS  and  Milling  Machine 

It  is  Always  "ON  THE  JOB" 


LucasMachineToolCo., 


NOW  AND 

ALWAYS   or 
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ooDfroDt  tbem  at  the  clone  of  the  European  war 
and  the  probable  development  of  mcrclloKH  foreign 
conipetltlim. 


NEW  CATALOGUES  AND 
CIRCULARS 


Roth  Bros.  &  Co.,  Adams  ami  Louiuis  Sis.,  Chi- 
cago, 111.  Bulletin  182  of  direct-current  motors  and 
genera tora. 

J.  H.  Willlama  tc  Co.,  01  Ukhurds  St.,  Brooklyn, 
N.  Y.  Oireulur  of  Internal  and  double-  and  single- 
end  external  gages. 

Buda  Co.,  Kailway  Exchange  Bldg.,  Chicago,  HI, 
Circular  of  Buda  electric  storage  battery  trucks 
for  use  in  railway  terminals,  factories,  warcrooms, 
storehouses,  etc. 

Spragne  Electrio  Works  of  General  Electrio  Co., 
627  W.  34th  St.,  iJew  York  City.  Circular  of  safety 
panels  and  dead  front  switchboards  which  minimize 
the  danger  of  shock. 

Wagner  Electric  Mfg.  Co.,  St.  Louis,  Mo.  Bul- 
letin 114,  describing  a  modern  lumber  mill  and  its 
electrical  equipment.  Illustrating  a  number  of  motor 
applications  and  types  of  drive. 

Mesta  Machine  Co.,  Pittsburg,  Pa.  Bulletin  M. 
illustrating  and  describing  Mesta  Improved  pickling 
machines  for  ose  In  pickling  sheets,  structural 
shapes,  stamped  metal  products,  pipes,  etc. 

R.  6.  Clyne,  Columbia  Bldg.,  St.  Louis,  Mo. 
Booklet  outlining  service  offered  In  designing  special 
labor-saving  machinery,  tools  and  devices,  develop- 
ing inventions,   redesigning  machinery,   etc. 

Vanadium- Alloys  Steel  Co.,  Pittsburg,  Pa.  Paper 
read  by  Roy  0.  McKenna,  president,  on  "Crucible 
Tool  Steel"  at  the  annual  convention  of  the  sales 
representatives  of  the  company,  January  3. 

Spray  Engineering  Co.,  93  Federal  St.,  Boston, 
Mass.  Bulletin  250,  illustrating  and  describing 
•'Spraco"  equipment  for  washing  and  cooling  venti- 
lating  air   for   steam-turbine-driven   generators. 

Harrison  Safety  Boiler  Works,  Philadelphia,  Pa. 
Catalogue  710  on  Cochrane  heaters,  designated  as  a 
treatise  on  the  utilization  of  the  exhaust  system  of 
heating,  softening  and  metering  of  boiler  feed  water. 

Federal  Machine  Co.,  South  Bend,  Ind.  Circular 
of  No.  3  plain-head  screw  machine  with  automatic 
chuck  and  bar  feed.  The  chuck  capacity  for  round, 
square  and  hexagon  stock  is  1  5/16,  29/32  and  1 1/8 
Inch,  respectively. 

Vacuum  Oil  Co.,  Rochester,  N.  T.  Catalogue  of 
horizontal  gas  engines  of  small  and  medium  size, 
treating  of  classification,  field  of  service,  construc- 
tion, principle  of  operation,  cooling,  gas  used,  meth- 
ods  of  lubrication,  lubricating  oil  and  deposits. 

Foster  Machine  Co.,  Elkhart,  Ind.  Catalogue  of 
the  Foster  No.  5  screw  machine  having  a  bar  ca- 
pacity of  1  13/16  inch  and  a  chucking  capacity  of 
8  inches.  The  various  tools  and  attachments  for 
this  machine  are  also  Illustrated  and  described. 

New  Departure  Mfg.  Co.,  Bristol,  Conn.  Sheets 
Nos.  83  FE  to  86  FE,  inclusive,  for  loose-leaf  binder. 
Illustrating  ball  bearing  applications  in  drilling  ma- 
chines, ball  bearings  in  jib  crane  and  trolley,  the 
use  of  ball  bearings  in  disintegrating  machines  and 
ball  bearings  in  change  speed  and  right-angle  drive 
gearing. 

Joseph  T.  Ryerson  &  Son,  Chicago,  III.  Circular  of 
the  Ryerson  boiler  tube  reclaiming  machine  designed 
for  railroad  shops,  particularly  for  the  purpose  of 
utilizing  short  boiler  tubes  that  otherwise  would 
be  scrapped.  The  machine  welds  short  tubes  to- 
gether into  tubes  of  proper  length  for  locomotive 
service. 

Vanadium- Alloys  Steel  Co.,  Pittsburg.  Pa.  Folder 
descriptive  of  "Vasco-Marvel,"  a  seml-hlgh-speed 
steel  particularly  suited  for  hot  work.  The  circular 
gives  information  on  the  forging,  hardening,  cooling 
and  annealing  of  "Vasco-Marvel"  steel.  A  table 
of  high-speed  steel  standard  classification  of  extras 
Is  included. 

Barnes  &  Morris,  182-183  Temple  Chambers,  Lon- 
don, E.G.,  England.  Circular  and  booklet  of  the 
"Wedge"  optical  pyrometer,  an  optical  instrument 
for  determininj^  the  temperature  of  furnaces,  molten 
metal,  forgings,  etc.  The  instrument  is  calibrated 
to  cover  any  range  desired  between  the  limits  of 
500  and   2000   degrees   C. 

Whitcomb-Blalsdell  Machine  Tool  Co.,  Worcester, 
Mass.  Catalogue  of  Whitcomb-Blaisdell  planers  with 
second-belt  drive,  containing  a  detailed  description 
of  the  machines  and  their  various  parts,  all  of 
which  are  illustrated.  Specifications  are  given  for 
the  20-,  24-,  26-  and  30-inch  planers.  Four  different 
■tyles  of  motor  drive  can  be  furnished  In  connection 
with  these  planers. 

United  Hammer  Co.,  141  Milk  St.,  Boston,  Mass. 
Booklet  describing  Fairbanks  power  hammers  which 
are  adapted  for  a  great  variety  of  work  by  the 
provision  of  special  dies.  These  hammers  are 
equipped  with  motor  or  belt  drive  as  desired.  The 
pamphlet  also  illustrates  special  fork  hammers  and 
a  tire-wcidin;?  attachment  that  can  be  used  with 
any   regular   pattern   Fairbanks  hammer. 

T.  C.  M.  Mfg.  Co.,  Hunterdon  and  First  Sts.,  Har- 
rison. N.  J.  Catalogue  illustrating  and  describing 
the  Morris  Thomson  semi-automatic  thread  milling 
machine  especially  designed  for  quick,  accurate  pro- 
duction of  threads  by  the  use  of  multi-cutters  on 
pieces  varying  from  one  to  twelve  Inches  in  diam- 
eter. The  catalogue  Illustrates  this  line  of  ma- 
chines and  shows  examples  of  the  work  done,  as 
well  as  the  types  of  cutters  used. 

Winfield  Electric  Welding  Machine  Co.,  Warren, 
Ohio.  Circular  entitled  "Electric  Welding  liy  the 
Wlnfleld  Way,"  showing  the  line  of  spot-welding 
and  butt-welding  machines  made  by  this  company 
and   describing  the  principle  on   which   they  operate. 


The  circular  also  shows  views  of  Installations  of 
these  machines  engaged  on  a  variety  of  work  In  dif- 
ferent factories,  and  in  addition  to  Information  on 
the  eonstructlon  of  the  machines,  cost,  etc.,  gives 
tables  of  butt-welding  and  spot-welding  data. 

Leeds  &  Northrup  Co.,  Philadelphia,  Pa.  Bulletin 
806-A,  treating  of  apparatus  for  the  location  of 
thermal  transformation  points.  The  bulletin  con- 
tains charts  of  transformation  curves  obtained  with 
the  Leeds  &  Northrup  apparatus.  It  Is  stated  that 
a  complete  chart.  Including  all  critical  points  during 
the  heating  and  cooling  of  a  sample,  can  be  ob- 
tained In  about  thirty  minutes.  The  heating  Is 
done  in  a  small  electrical  furnace,  and  the  oppa- 
ratus  can  easily  be  Installed  on  a  table  In  an  office 
or   laboratory. 

Gisholt  Machine  Co.,  1202  E.  Wushiugton  Ave., 
Madison,  Wis.  Reprints  of  recent  advertisements  in 
the  "American  Machinist"  on  the  work  done  on 
Gisholt  machines  and  the  history  of  the  Gisholt  Ma- 
chine Co.  The  company  builds  turret  lathes,  auto- 
matic turret  lathes,  vertical  boring  mills,  universal 
tool  grinders,  horizontal  boring  and  drilling  ma- 
chines, double  emery  grinders,  toolpost  tool-holders, 
solid  adjustable  reamers,  boring-bars,  adjustable 
cutters,  special  Jigs  and  fixtures,  and  the  periodo- 
graph — a  workman's  time  recorder. 

Doehler  Die-Casting  Co.,  Court  and  9th  Sts., 
Brooklyn,  N.  Y.  Catalogue  entitled  "Creating  an 
Industry,"  dealing  with  the  die-casting  Industry 
from  Its  Inception  to  its  present  extensively  devel- 
oped state.  The  book  shows  interesting  Illustrations 
of  early  castings  and  molds,  some  of  which  date 
back  as  far  as  1000  B.C.  The  first  part  of  the 
book  deals  with  the  industry  from  prehistoric  to 
modern  times,  and  the  second  part  takes  up  the 
development  in  the  last  decade.  Many  illustrations 
are  shown  of  modern  die-castings  made  from  various 
alloys,  the  composition  and  chemical  properties  of 
which  are  given. 

Hampden  Corundum  Wheel  Co,,  Springfield,  Mass. 
Catalogue  of  grinding  wheels  made  of  corundum, 
carborundum,  oxylum  and  emery.  This  handsome 
piece  of  advertising  literature  contains  illustrations 
of  the  company's  Corundum  Hill  mine  in  North 
Carolina,  and  other  Interesting  matter  on  the  manu- 
facture and  testing  of  wheels.  The  safety  code  for 
the  use  and  care  of  abrasive  wheels  recommended 
by  the  National  Machine  Tool  Builders'  Association 
is  given,  and  data  on  the  speeds  of  wheels,  selection 
of  grains  and  grades  of  wheels,  etc.  The  wheel 
list  is  illustrated,  showing  the  purchaser  exactly 
the  shape  of  wheel  listed  in  each  case,  thus  avoid- 
ing misunderstandings  and  mistakes. 

Albro-Clem  Elevator  Co.,  Seventh  St.  and  Glen- 
wood  Ave.,  Philadelphia,  Pa.  Folder  on  Hlndley 
gearing,  defining  the  distinctive  characteristics  of 
the  Hindley  type  of  worm-gearing  and  showing  how 
it  differs  from  the  ordinary  type  of  worm-gearing. 
The  company  has  specialized  in  the  making  of 
Hindley  gearing  for  many  years,  having  made  and 
sold  it  for  application  in  various  types  of  machines 
and  to  operate  under  varying  conditions  of  load.  It 
is  claimed  that  the  Hindley  gear  has  straight-line 
elements  in  contact,  the  projection  of  which  Is  an 
area;  whereas  in  the  common  type  a  curve  is  in  con- 
tact with  a  straight  line,  the  projection  of  which 
is  a  line;  hence  the  Hindley  gear  Is  superior  in 
point  of  frictional  resistance  and  wear. 

S.  K,  F.  Ball  Bearing  Co.,  Hartford,  Conn.  Bul- 
letin entitled  "S.  K.  F.  Self-aligning  Ball  Bearing 
Hangers  and  Pillow  Blocks,"  describing  the  con- 
struction of  S.  K.  F.  ball  bearing  hangers  and 
pillow  blocks  and  telling  of  some  of  the  advantages 
gained  by  their  use.  The  book  discusses  power 
saving;  the  use  of  smaller  motors;  saving  in  lu- 
brication and  inspection;  and  reduced  fire  hazard. 
Valuable  tables  of  curves  and  engineering  data  upon 
mounting,  lubrication,  testing  lubricants,  felt  seals, 
etc.,  are  also  Included.  Announcement  is  made  of 
the  S.  K.  F.  service,  by  means  of  which  users  or 
prospective  users  of  S.  K.  F.  ball  bearing  hangers 
and  pillow  blocks  can  submit  their  problems  to 
the  transmission  department.  The  engineers  of  the 
company  will  investigate  the  conditions  and  assist 
in  determining  the  best  means  of  reducing  friction 
losses  and  selecting  an  equipment. 
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TRADE  NOTES 


Light  Mfg.  &  Foundry  Co.,  Pottstown,  Pa.,  has 
opened  an  office  in  the  Penobscot  Bldg.,  Detroit, 
Mich.     C.  F.  McRae  will  be  in  charge. 

Covington  Multiple  Drill  Co.  has  moved  from 
Covington,  Ky.,  and  is  now  located  at  2449  W. 
McMicken  Ave.,   Cincinnoti,  Ohio. 

Cleveland  Metal  Products  Co.,  7609  Piatt  Ave.,  Cleve- 
land, Ohio,  has  acquired  the  business  of  the  Cleve- 
land Foundry  Co..  and  assumed  entire  management 
of  the  business. 

Napier  Saw  Works,  Inc.,  Springfield,  Mass.,  is  the 
successor  of  the  Quality  Saw  &  Tool  Works,  manu- 
facturers of  "Quality"  hacksaw  blades  and  metal- 
cutting  specialties. 

Cincinnati  Iron  &  Steel  Co.,  Cincinnati,  Ohio,  is 
distributing  to  Its  business  friends  the  "Cisco" 
Fahrenheit  thermometer  of  the  hand  and  dial  type — 
a  most  acceptable  fixture  for  office  use. 

J.  N.  Lapointe  Co.,  New  London,  Conn.,  manufac- 
turer of  broaching  machines  and  broaches,  has  In- 
creased the  wages  of  its  employes  10  per  cent  In 
addition  to  tlie  monthly  bonus  based  on  the  output 
of  the  company. 

Exeter  Machine  Co.,  Pittston,  Pa.,  which  recently 
went  Into  bankruptcy,  will  be  sold  at  auction  Feb- 
ruary 8.  The  company  built  steam  engines,  and 
recently  completed  a  large  order  of  20-lnch  engine 
lathes  for  foreign  customers. 

Domestic  Machinery  Works,  Wlsslnomlng,  Phlla- 
delpliia.   Pa.,   liave  incorporated  their  business  under 


the  name  of  Richtcr  Machine  Co.  Wolfgang  RIchter 
of  the  original  firm  is  president,  and  F.  V.  McMulUn 
of  the  Pennsylvania  Forge  Co.  Is  secretary  and 
treasurer. 

Chicago  Pneumatic  Tool  Co.,  Chicago,  111.,  held 
an  annual  convention  of  the  sales  and  factory  or- 
ganizations at  the  Great  Northern  Hotel,  January 
11-13,  inclusive.  The  company  reports  that  Decem- 
ber 31  closed  the  biggest  month  and  the  biggest 
year  in  the  history  of  the  company's  business. 

Parker  Rust-Proof  Co.  of  America,  Detroit,  Mich., 
has  acquired  by  purchase  the  Thomas  W.  Coslett 
patents  on  the  "Goslettizing"  process  for  rust- 
proofing  Iron  and  steel.  The  company  also  controls 
the  fundamental  Richards,  Allen  and  Parker  patents 
on  the  rust-proofing  art.  The  company  will  Ucenss 
nuinufacturers  of  motor  cars,  motor  car  parts,  and 
otlier  products  to  rust-proof  the  parts  In  their  own 
plants. 

George  Gorton  Machine  Co.,  Racine,  Wis.,  Is 
erecting  a  one-story  steel  and  brick  structure,  78 
feet  high  by  200  feet  long,  with  concrete  founda- 
tion and  concrete  floor.  The  building  will  have  a 
mouitor  roof,  and  will  be  provided  with  a  twenty- 
ton  Pawling  &  Harnischfeger  electric  traveling 
crane.  The  machines  will  be  Individually  motor 
driven  throughout,  and  some  new  equipment  will  bs 
purchased. 

Moulton  Engineering  Corporation,  consulting  engi- 
neers dealing  with  hydraulic,  electrical,  steam,  me- 
chanical, electrolytic,  structural,  architectural  and 
other  engineering  problems,  have  opened  a  New  York 
office  at  233  Broadway.  The  new  office  will  be 
under  the  direction  of  Horace  W.  Flashman,  who 
for  a  number  of  years  was  associated  with  the 
Westinghouse  Electric  &  Mfg.  Co.  in  engineering 
and  commercial  work. 

Clark  Equipment  Co.,  Buchanan,  Mich.,  Is  a  new 
corporation  organized  for  the  purpose  of  taking  over 
the  Celfor  Tool  Co.  and  the  Buchanan  Electric  Steel 
Co.  The  merger  was  effected  for  the  purpose  of 
strengthening  both  companies  and  enabling  custom- 
ers to  be  served  better  than  in  the  past.  No  change 
in  the  manufacturing  or  selling  methods  of  either 
company  will  be  made,  and  the  personnel  of  the 
organization    will    remain    the    same. 

Marshall  &  Huschart  Machinery  Co.,  Chicago,  111., 
announces  that  Mr.  Marshall,  the  founder  of  the 
company,  has  resigned  as  president,  but  retains  a 
financial  interest  In  the  company  and  will  act  in  an 
advisory  capacity.  The  following  officers  were 
elected  at  the  January  3  meeting  of  the  directors: 
H.  W.  Jones,  president;  George  C.  Edwards,  vice- 
president;  William  H.  Reid,  treasurer;  Frank  Seese, 
secretary;  and  J.  R.  Porter,  general  manager.  There 
will  be  no  change  in  the  general  policy, 

Shepard  Electric  Crane  &  Hoist  Co.,  Montour  Falls, 
N.  Y.,  has  arranged  with  the  "Free  Press,"  a  local 
newspaper,  to  publish  several  columns  of  "Shepard 
news"  weekly,  the  object  being  to  Inform  the  men 
of  the  various  plant  activities,  and  also  to  interest 
the  town  people  and  attract  the  class  of  young  men 
to  whom  the  opportunity  to  learn  a  useful  trade 
and  secure  a  practical  education  would  appeal.  The 
first  number  contains  an  announcement  of  the  night 
school  classes  in  the  Shepard  technical  schooL 
Courses  are  given  In  blueprint  reading,  shop  mechan- 
ics, shop  drawing,  practical  electricity,  and  shop 
mathematics. 

Parker  Mfg.  Co.,  Detroit,  Mich.,  has  been  or- 
ganized to  manufacture  drill  chucks.  The  company 
will  place  a  complete  line  of  three-Jawed  keyed 
type  chucks  on  the  market.  Gorham  C.  Parlcer, 
formerly  sales  manager  for  the  T.  R.  Almond  Mfg. 
Co.,  is  general  manager  and  will  be  made  president 
when  the  concern  is  Incorporated.  Kenneth  P. 
Albridge,  who  was  formerly  associated  with  the 
engineering  department  of  the  T.  R.  Almond  Mfg. 
Co.,  is  production  manager.  The  company  has  lo- 
cated on  Milwaukee  Ave.,  Detroit,  and  is  purchasing 
up-to-date  equipment  for  the  plant.  The  product 
will  be  marketed  through  the  usual  sources,  such  as 
machinery  supply  dealers  and  portable  drill  makers. 

J,  H.  Williams  &  Co.,  61  Richards  St.,  Brooklyn, 
N.  Y.,  have  established  a  system  of  bonus  payments 
which  will  be  put  into  effect  for  the  company's 
entire  organization  in  Brooklyn  and  Buffalo,  In  ac- 
cordance with  the  following  provisions:  Bonuses 
will  be  based  on  thirteen  weeks'  pay  at  a  time, 
and  paid  on  the  next  following  payday  to  all  men 
in  the  company's  employ  at  the  tline.  The  normal 
rate  of  bonus  based  on  the  rate  of  pay  will  be 
10  per  cent  on  salaries  less  than  $1250  [>er  year; 
7V&  per  cent  on  salaries  less  than  $2000  and  equal 
to  $1250;  5  per  cent  on  salaries  of  $2000  or  more. 
The  bonuses  for  hourly  pay  will  be  10  per  cent  on 
less  than  45  cents  hourly  rate;  7%  per  cent  on 
hourly  rates  equal  to  45  cents  but  less  than  60 
cents;  and  5  per  cent  on  hourly  rates  equal  to  60 
cents  or  more.  Bonuses  for  all  piecework  will  be 
figured  at  5  per  cent,   including  overtime. 

Kempsmith  Mfg.  Co.,  Milwaukee,  Wis.,  recently 
notified  Its  shop  employes  of  an  extra  payment  plan 
by  which  all  employes  remaining  with  the  concern 
during  this  year  will  receive  an  extra  payment 
amounting  to  10  per  cent  of  their  total  pay.  The 
plan  affects  about  450  employes  and  will  mean  a 
distribution  of  about  $35,000  in  addition  to  regular 
wages.  The  plan  provides  that  employes  on  the 
payroll  January  1,  1917,  who  continue  in  the  em- 
ployment of  the  company  during  the  year,  wlU  re- 
ceive an  extra  payment  of  10  per  cent  of  their 
total  earnings  for  the  year,  distributed  as  follows: 
2%  per  cent  of  the  earnings  of  the  first  quarter, 
payable  at  the  end  of  that  period;  5  per  cent  of 
the  earnings  for  the  first  six  months,  less  the  sum 
previously  distributed,  payable  at  the  end  of  that 
period;  7%  per  cent  of  the  earnings  for  the  first 
nine  months,  less  the  sums  previously  distributed, 
payable  at  the  end  of  that  period;  and  10  per  cent 
of  the  earnings  for  the  year,  less  the  sums  previ- 
ously distributed,  payable  at  the  close  of  the  year. 
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Mdnufdcture  ^^ Steel  BdlbM 


URING  recent  years  the  ap- 
plication of  ball  bearings 
in  machine  design  has  in- 
creased rapidly,  and  this 
type  of  bearing  is  now 
used    in    many    machines 


where  plain  bearings  were  formerly  con- 
sidered good  enough.  Until  German  ex 
port  facilities  were  shut  off  by  the  war, 

the  majority  of  the  steel  balls  used  in  these  bearings  were 
made  by  the  Deutsche  Waffen  und  Munitions  Fabriken  of 
Berlin,  Germany,  and  the  product  of  this  firm  has  become  so 
celebrated  that  many  persons  think  the  steel  ball  industry 
was  developed  by  the  Germans.  As  a  matter  of  fact,  the  art 
of  ball  making  goes  back  to  a  very  early  date,  and  the  develop- 
ment of  original  methods  for  doing  this  work  is  attributed  to 
the  Chinese.  To  those  who  have  credited  the  Germans  with 
the  development  of  commercial  methods  of  ball  manufacture, 
it  will  doubtless  be  of  intetest  to  learn  that  the  first  commer- 
cial steel  balls  were  made  in  this  country  under  basic  patents 
granted  to  Richardson  of  the  Waltham  Emery  Wheel  Co., 
Waltham,  Mass.,  and  that  the  original  ball  making  machinery 
for  the  plant  of  the  Deutsche  Waffen 
und  Munitions  Fabriken  was  designed 
and  built  in  the  United  States  and 
shipped  to  Germany  ready  for  use.  This 
will  be  explained  in  detail  in  connection 
with  the  following  historical  outline  of 
important  epochs  in  the  steel  ball  in- 
dustry. 

How  the  Steel  Ball  Industry  Came 
Into  Existence 

It  has  been  stated  that  basic  patents  for 
dry  grinders  used  in  roughing  out  ball 
blanks  to  a  spherical  form  were  granted 
to  Richardson  of  the  Waltham  Emery 
Wheel  Co.,  in  1887.  These  patent  rights 
were  subsequently  sold  to  the  Cleveland 
Machine  Screw  Co.,  Cleveland,  Ohio, 
which  had  control  of  patents  on  ball 
making  machinery  taken  out  by  John  J. 
Grant. 

One  of  the  first  firms  to  manufacture 


The  manufacture  of  steel  balls  Is  an 
American  industry  that  has  been  greatly 
developed  since  the  outbreak  of  the  Euro- 
pean war.  This  article,  which  will  appear 
in  three  installments,  will  describe  the  ma- 
chines and  methods  of  manufacturing  balls 
employed  by  the  Hoover  Steel  Ball  Co.,  Ann 
Arbor,  IVllch.,  and  will  take  up  in  detail  all 
the  essential  processes,  including  the  test- 
ing of  the  steel  before  manufacture  and  the 
gaging  and   inspection  of  the  finished   balls. 


'  For  previous  articles  on  the  manufacture  of 
baUs,  published  in  MAfniNEnr,  see  "The  Manu- 
facture of  Steel  Balls."  February,  March  and 
April,  1912.  For  other  information  relating  to 
balls,  see  "Using  Ball  Bearings"  in  the  January. 
1917.  number,  and  articles  there  referred  to. 

'Associate  Editor  of  Machinert. 


steel  balls  on  a  commercial  basis  was 
the  Simonds  Rolling  Machine  Co.  of 
Fitchburg,  Mass.,  and  the  Fitchburg 
Steel  Ball  Co.  was  subsequently  formed 
by  employes  who  left  the  Simonds  firm. 
After  a  brief  career,  the  latter  firm  was 
taken  over  by  the  Cleveland  Machine 
Screw  Co.,  and  with  facilities  acquired 
through  its  own  development  work  and 
purchase  from  other  companies,  it  was  in  a  position  to  manu- 
facture the  majority  of  balls  used  in  the  bicycle  trade.  In 
this  connection  it  will  be  of  interest  to  note  that  up  to  the 
year  1899  balls  one-half  inch  in  diameter  were  the  largest  size 
that  were  manufactured  in  quantities. 

About  1890  the  Cleveland  Machine  Screw  Co.  designed  and 
built  for  the  Deutsche  Waffen  und  Munitions  Fabriken,  of 
Berlin,  Germany,  equipment  used  in  its  original  steel  ball 
plant,  and  this  marked  a  most  important  step  in  the  trade, 
owing  to  the  reputation  for  making  high-grade  balls  that  was 
later  acquired  by  this  firm.  The  machines  built  and  shipped 
to  Germany  had  no  reference  to  American  manufacturing 
rights,  and  the  Cleveland  Machine  Screw  Co.  continued 
to  operate  its  plant  in  the  usual  way. 
In  1894  when  a  consolidation  of  bicy- 
cle manufacturers  was  effected,  the 
Cleveland  Machine  Screw  Co.  was  sold 
to  the  Pope  Mfg.  Co.  of  Hartford,  Conn., 
which  at  that  time  started  to  manufac- 
ture its  own  balls  for  use  in  bicycle 
bearings.  The  requirements  of  balls  for 
the  bicycle  trade  were  not  nearly  as 
severe  as  the  standards  which  must  be 
met  by  balls  used  in  high-grade  annular 
bearings  at  the  present  time.  This  was 
largely  due  to  the  fact  that  the  cup  and 
cone  form  of  races  was  employed,  al- 
lowing compensation  to  be  made,  and 
while  this  form  of  race  did  not  enable 
ball  bearings  to  be  operated  under  the 
most  efficient  conditions,  it  was  the 
means  of  overcoming  discrepancies  due 
to  inaccuracies  in  the  size  of  the  balls. 
Up  to  this  time  there  had  been  six  or 
seven  firms  engaged  in  the  manufacture 
of  steel  balls,  but  with  the  decline  of  the 
bicycle  industry  a  number  failed. 

In  1901  the  Standard  Roller  Bearing 
Co.,  Philadelphia,  Pa.,  acquired  all  obso- 


J.    Hoover,    Vice-president   and    General 
Manager,  Hoover  Steel  Ball  Co. 
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the    manufacture    of 

Bteel    balls.      L.    J. 

Hoover,  who  was  for- 
merly in  the  employ 

of   the    Standard 
•    Roller    Bearing    Co., 

left  that  firm  in  1906 

and     formed     the 

Grant  &  Hoover  Co. 

at  Merchautville, 

N.  J.     The  name  of 

this    firm    was    later 

changed  to  Atlas  Ball 

Co.,    and    the    plant 

transferred  to  Phila- 
delphia, Pa.,  where  it  is  still  in  operation.  On  March  1,  1913, 
the  Hoover  Steel  Ball  Co.  of  Ann  Arbor,  Mich.,  was  organized 
by  Mr.  Hoover  for  the  purpose  of  engaging  in  the  manufac- 
ture of  high-grade  steel  balls  to  take  the  place  of  those  im- 
ported from  Germany.  When  the  European  war  started  in 
1914,  the  blockade  of  German  ports  by  the  British  Navy  shut 
off  the  supply  of  steel  balls  formerly  exported  by  that  country 
to  the  United  States,  and  the  insistent  demand  of  consumers 
for  balls  made  in  this  country  imposed  a  heavy  strain  upon 
the  facilities  of  domestic  producers.  Somewhat  similar  condi- 
tions existed  in  all  branches  of  the  machinery  trade,  making 
it  difRcult  for  the  ball  manufacturers  to  increase  the  capacity 
of  their  plants;  but  the  management  of  the  Hoover  Steel  Ball 
Co.  showed  commendable  initiative  by  contracting  for  the  en- 
tire output  of  machine  building  firms  with  which  orders  were 
placed  for  special  machinery  required  in  ball  manufacture; 
and  these  firms  were  given  financial  assistance  to  enable  them 
to  handle  work  with  the  greatest  possible  rapidity.  As  a  re- 
sult, the  Hoover  Steel  Ball  Co.  has  increased  its  capacity  600 
per  cent,  the  growth  being  well  illustrated  by  Fig.  1  and 
the  heading  illustration,  that  show,  respectively,  the  original 
factory  in  which  the  firm  started  manufacturing  in  March, 
1913,  and  the  plant  as  it  appears  at  present.  An  idea  of  the 
magnitude  of  the  business  will  be  gathered  from  the  fact  that 
the  consumption  of  steel  runs  in  excess  of  900  tons  a  month, 
and  calculated  on  the  basis  of  14-inch  balls,  the  daily  produc- 
tion   is 'between    25,000,000    and    30,000,000    balls    per    day. 

Raw  Material  of  the  Steel  Ball  Industry 

The  steel  from  which  balls  are  made  comes  to  the  factory  in 
coils  or  straight 
rods,  according 
to  its  size.  Stock 
less  than  11/16 
inch  in  diam- 
eter comes  in 
coils  and  is 
known  as  "wire," 
while  all  stock 
exceeding  5/8 
inch  in  diameter 
comes  in  straight 
bars.  The  size  of 
the  stock  is  re- 
ferred to  in  thou- 
s  a  n  d  t  h  s,  i.  e., 
stock  3/8  inch 
in  diameter  is 
known  as  0.375- 
inch  stock.  The 
following  is  a 
typical  analysis 
of  steel  wire 
used  for  making 
balls:  carbon, 
1.00  to  1.05  per 
cent;  silicon, 
0.25  to  0.30  per 
cent;  mangan- 
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ese,  0.15  to  0.20  per 
cent;  chromium,  0.45 
to  0.55  per  cent;  sul- 
phur and  phosphorus, 
not  to  exceed  0.02 
per  cent.  The  follow- 
ing analysis  is  typi- 
cal for  the  larger 
sizes  of  stock  which 
comes  in  straight 
bars:  carbon,  1.02 
per  cent;  manganese, 
0.28;  silicon,  0.21; 
chromium,  0.G5;  sul- 
phur, 0.016;  and  phos- 
phorus, 0.014  percent. 
A  well  equipped  lab- 
oratory is  maintained  in  which  chemical  and  physical  tests 
are  conducted  on  each  shipment  of  steel  to  determine  its  suit- 
ability for  manufacture  into  balls,  and  an  unloading  ticket 
must  be  signed  by  the  head  of  the  laboratory  before  the  steel 
is  taken  from  the  cars  into  the  plant.  Some  very  interesting 
conditions  have  been  brought  to  light  by  the  laboratory  work, 
and  a  later  section  of  this  article  will  be  devoted  to  a  dis- 
cussion of  tests  conducted  on  the  raw  material  and  product, 
data  obtained  ffom  these  tests,  and  a  description  of  methods 
and  apparatus  used  in  the  laboratory.  _^ 

Production  of  Ball  Blanks  by  Cold-heading 

Ball  blanks  made  from  stock  ranging  from  1/16  up  to  and 
including  5/8  inch  in  diameter  are  formed  on  special  cold- 
headers  designed  for  the  production  of  ball  blanks  by  the 
E.  J.  Manvllle  Machine  Co.,  Waterbury,  Conn.  A  battery  of 
these  machines  is  shown  in  operation  in  Fig.  2,  and  in  this 
connertion  it  may  be  mentioned  that  the  Hoover  Steel  Ball  Co. 
is  equipped  with  machines  of  the  following  sizes:  00,  0,  1,  2,  3, 
and  5.  Production  of  ball  blanks  by  the  cold-heading  process 
has  several  advantages  in  its  favor.  In  the  first  place,  there 
is  practically  no  waste,  with  the  exception  of  about  0.040  inch 
of  metal  left  on  the  blank  to  provide  for  finishing.  Blanks 
can  be  held  to  this  close  limit  because  the  steel  is  worked 
cold  and  there  is  no  tendency  for  it  to  become  decarbonized. 
One  man  can  look  after  three  or  four  machines,  so  that  the 
cost  of  labor  is  almost  negligible.  Cold-headers  used  in  the 
production  of  ball  blanks  are  of  the  type  commonly  known  as 
single-blow  solid-die  machines,  and  the  way  in  which  they 
operate  can  best  be  explained  in  connection  with  Fig.  3.    These 

machines  consist 
of  a  heavy  frame 
A  whicli  com- 
plelely  sur- 
rounds the  work- 
ing parts  of  the 
machine,  thus 
insuring  a  high 
degree  of  rigid- 
ity. At  one  end 
of  the>  machine 
there  is  a  driv- 
ing shaft  B;  and 
at  the  opposite 
end  of  the  frame 
is  die-block  C. 
Between  the 
sides  of  the 
frame  is  a  mova- 
ble ram  D  that 
actuates  the 
heading  punch 
E.  Wire  F  to  be 
made  into  ball 
blanks  enters 
the  machine 
through  feed 
rolls  O  and  then 
passes  through 


Cold-header  Department:  Blanks  for  All  Sizes  of  Balls  up  to 
are    made   on   Cold-heading   Machines 
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;ut-off  quill  H.  At  the  side 
if  the  machine  is  supported  a 
iracket  /  in  which  slide  J 
Qay  be  reciprocated  by  a 
rank  motion  from  the  main 
Iriving  shaft.  Slide  J  has  a 
am  groove  cut  in  it  in  which 
oil  E  is  fitted;  this  roll  is 
Qounted  on  cross-slide  L,  so 
hat  a  lateral  motion  is  im- 
larted  to  cutoff  knife  M  lo- 
ated  on  the  end  of  cutter- 
lar  L. 

A  ratchet  feed  advances  the 
?ire  through  the  cut-off  quill 
intil  it  comes  into  contac^ 
irith  a  stop,  which  is  not 
hown  in  the  illustration, 
"his  stop  checks  forward  motion  of  the  stock  when  a  sufficient 
Bngth  has  passed  the  cut-off  knife  to  produce  a  ball  blank 
f  the  proper  size.  Cut-off  knife  M  is  advanced  in  the  manner 
list  described,  severing  the  wire,  but  retaining  it  on  the  cut- 
ff  blade  by  means  of  a  spring  finger.  Advance  of  the  cut-off 
nife  and  wire  slug  is  continued  until  the  slug  reaches  a 
osition  directly  in  front  of  the  opening  in  die  N.  Here  it  is 
eld  stationary  long  enough  for  punch  E  to  begin  to  push  the 
lug  of  metal  into  the  die,  at  which  time  cut-off  knife  M  re- 
reats  and  allows  punch  E  to  continue  its  work  by  pushing 
lie  blank  to  the  bottom  of  the  die  cavity.  Wire  slug  F,  when 
ushed  into  the  die,  is  prevented  from  passing  too  far  by  a 
acking-pin  0,  and  after  the  piece  has  been  headed,  this 
acking-pin  is  advanced  by  the  ejecting  mechanism  operated 
y  lever  P,  which  also  receives  its  motion  from  a  crank  at  the 
ide  of  the  machine  connected  to  the  main  driving  shaft.  In 
[lis  way  the  ball  blank  is  knocked  out  of  the  die  and  dropped 


ously  been  stated  that  blanks 
for  balls  exceeding  %  inch  in 
diameter  are  hot-forged  from 
straight  bars,  and  in  han- 
dling this  work  multiple  dies 
are  employed  which  produce 
strings  of  balls  containing  up 
to  ten  balls,  according  to  the 
size.  The  stock  is  heated  in 
"Frankfort"  furnaces  made 
by  the  Strong,  Carlisle  & 
Hammond  Co.  of  Cleveland, 
Ohio;  these  are  oil  furnaces 
which  are  operated  with  oil 
at  a  pressure  of  8  pounds  per 
square  inch,  and  air  at  a  pres- 
sure of  2  pounds  per  square 
inch.  Twelve  bars  are  ar- 
ranged in  the  furnace  as  shown  in  Fig.  5.  The  hammer-man 
takes  out  the  bar  at  the  left-hand  side  of  the  furnace,  and 
after  forging  a  string  of  balls  at  the  end  of  this  bar  and  cut- 
ting it  up  into  individual  ball  blanks,  returns  the  bar  to  the 
furnace  at  a  point  at  the  extreme  right.  In  this  way,  the 
bars  are  used  in  rotation,  which  prevents  any  bar  from  be- 


Plan   View  of  Cold-header  Hechanism,    illustrating  Method 
of   Operation 


TABLE  II. 


SIZE  OP  STOCK  USED  FOR  MAKING  BALLS  ON 
COLD-HEADERS 


Diameter  of 

Diameter   of 

Diameter   of 

Diameter  of 

Ball,  Inch 

Stock,  Inch 

Ball.  Inch 

Stock.  Inch 

1/8 

0.095 

9/32 

0.200 

5/32 

0.120 

5/16 

0.225 

3/16 

0.145 

3/8 

0.265 

7/32 

0.165 

7/16 

0.312 

1/4 

0.180 

1/2 

0.355 

Machinery 

TABLE  I.    CAPACITIES  OF  COLD-HEADERS  IN  BALL 
BLANKS  PER  HOUR' 


No.  of 
3old-header 

Capacity 

for    Ball         Production. 

Blanks.         Blanks   per 
Diameter            Hour 

In  Inch 

Capacity      I 
HJo    -f            for  Ball         Production. 
Cold-header       ^^-^^^       Bla^l^^per 
•            in  Inch 

00 
0 

1 

3/16 

1/4 

11/32 

7800 
7675 
6250 

2 
3 

5 

3/8 
1/2 
5/8 

6000 
4920 
4080 

Mnrlihin-fi 

1  Note:    Due  to  time  lost  in  setting  up,  trouble  ^^ith  stock  and  breakdowns,  the 
ctual  average   rate  of  production  is  Irom  80   to  yO  per  cent  ut  above   values. 


Fig.  4. 


coming    overheated.      This    is    a    matter    of    considerable    im- 
portance, because  the  furnaces  are  maintained  at  a  tempera- 
ture somewhat  in  excess  of  1800  degrees  F.  in  order  to  provide 
for  heating  the  stock  as  rapidly  as  may  be  necessary;   but 
should  it  happen  that  steel  was  left  in  the  furnace  for  an  undue 
length  of  time,  there  would  be  danger  of  burning  the  steel. 
The   multiple   forging  dies   are   shown   in  detail  in  Fig.  7, 
in  which  it  will  be  seen  that  each  die  opening  is  elliptical; 
the  purpose  of  this  is  to  provide  a  clearance  space  at  each 
side  into  which  excess  metal  may  flow.     It  must  be  borne  in 
mind,  however,  that  while  this  illustration  only  shows  four 
die  openings,  the  number  of  openings  runs  up  to  ten,  accord- 
ing to  the  size  of  ball  blanks  that  are  being  forged.     In  the 
cross-sectional  views,  the  dimensions  of  the  die  are  indicated 
by  letters,  and  in  Table  III  are  given  diameter  A  of  cherrying 
cutter,  distance  B  between  centers,  and  depth  G  to  which  the 
cherrying  cutter  is  sunk  in  making  the  dies  for  three  sizes 
of  balls,  and  these  data  are,  presented  to  indicate  how  dimen- 
sions of  the  dies 
vary    for    differ- 
ent sizes  of  balls. 
The  depth  D  of 
the  gate  between 
adjacent  dies  is 
a  matter  of  con- 
siderable import- 
ance, because  it 
determines    the 
size  of  the  neck 
between  adjacent 
balls  ,   which    is 
depended    upon 
to    hold     the 
string    of    balls 
together   until 
they  are  sheared. 
Also,  this  depth 
must  be   regu- 
lated   so    that 

View  of  stock  Racks  in  Hot-forging  Department  where  Ball  Blanks  exceeding  %  Inch  Diameter 


[irough  an  opening  intD  a  receptacle  placed  to  receive  it,  this 
eing  clearly  shown  in  Fig.  2.     Table  II  gives  the  diameter 
f  stock  used  in  making  blanks  for  several  different  sizes  of 
alls,  and  is  presented  to  show  the  enlargement  that  takes 
lace  during  the  heading  operation.     Various  grades  of  steel 
ave  been  used  for  making  dies  employed  on  the  cold-headers, 
ut  the  most  sat- 
sfactory  results 
ave   been   ob- 
ained  with  the 
0  1  1  0  w  i  n  g 
rades:  "Sander- 
on"  or  "Viking 
Ipecial"    made 
ly   the   Crucible 
It  eel    Co  .    of 
imerica;     "In- 
ra"  made  by  the 
lermaan   Boker 
;o.;     "Gyro" 
nade    by    Brae- 
•urn   Steel  Co.; 
.nd     tool     steel 
larte  by  William 
essop  &  Sons. 

^ot-forg-ing  Ball 
Blanlss 
It     has     previ-  are  made 


there  is  no  ten- 
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dency  to  draw  the  stock  ad- 
jacent to  the  neck  and  form 
a  pipe  in  the  ball  blank, 
which  would  have  a  highly 
detrimental  effect  on  its  struc- 
ture. A  land  of  approximately 
one-third  the  diameter  of  the 
ball  is  provided  for  clearance 
at  the  bottom  of  the  die  and 
the  upper  die  member.  The 
dies  are  made  from  a  special 
die  steel  made  by  the  Ludluni 
Steel  Co.  of  Watervliet,  N.  Y., 
or  from  "Firth-Sterling  Spe- 
cial," made  by  the  Firth-Ster- 
ling Steel  Co.,  McKeesport,  Pa. 
This  is  not  an  alloy  steel,  but 
a  regular  tool  steel  adapted 
for  making  hot-forging  dies. 
In  order  to  produce  round 
balls  in  such  dies,  the  bar 
is  turned  between  each  stroke 
of  the  hammer,  which  results 
in  bringing  the  balls  to  a  close 
approximation  of  the  spheri- 
cal form.  Along  one  side 
of  each  die  is  a  pipe  with 
a  number  of  holes  drilled  in 
it    through    which    water    flows    onto    the    dies    and    work. 

In  purchasing  stock  for  the  production  of  ball  blanks  for 
the  hot-forging  method,  it  is  a  matter  of  considerable  import- 
ance to  have  all  bars  of  the  same  length.  This  is  due  to  the 
fact  that  when  there  is  considerable  variation  in  length,  some 
bars  will  be  used  up  before  others,  with  the  result  that  it  is 
necessary  to  finish  up  a  number'^sf  short  pieces  in  the  furnace 
before  putting  in  an  entire  new  charge.  At  the  end  of  each 
bar  there  is  left  what  is  known  as  a  "short  end,"  and  ex- 
perience has  shown  that  these  short  ends  cannot  be  forged 
into  ball  blanks  of  the  regular  size,  as  they  fail  to  fill  out  the 
dies  properly.  On  this  account,  short  ends  are  collected  and 
forged  into  ball  blanks  of  the  next  smaller  size.  By  ordering 
stock  in  bars  of  a  specified  length,  "short-ends"  are  eliminated. 

After  being  forged,  the  hot  string  of  balls  is  taken  to  punch 
presses  made  by  the  Fefracute  Machine  Co.,  Bridgeton,  N.  J., 
which  are  placed  beside  the  Bradley  helve  hammers  on  which 
the  forging  operation  is  performed,  the  arrangement  being 
clearly  shown  in  Fig.  6.  The  punch  presses  are  equipped  with 
multiple  shearing  dies,  which  consist  of  a  lower  die  member 
with  holes  of  the 
same  size  as  the  balls 
and  a  multiple  punch 
carried  in  the  ram, 
one  punch  being  in 
line  with  each  open- 
ing in  the  die.  The 
string  of  balls  is 
dropped  into  place 
and  the  press  tripped, 
resulting  in  pushing 
the  balls  through  the 
holes  in  the  die  and 
leaving  the  scrap 
metal  which  is 
brushed  off  before 
the  next  operation  is 
performed.  The  bar 
is  then  returned  to 
the  right-hand  side 
of  the  heating  fur- 
nace, as  previously 
mentioned,  and  is 
moved  to  the  left 
each  time  a  heated 
bar  is  removed,  until 
it  reaches  the  ex- 
treme left  ready  for 


Fig.    5.     "Frankfort"    Oil-heated   Furnaces   made   by   Strong,    Carlisle   & 
Hammond  Co..    in  which  Bars   are   heated   for  Hot-forging   Operation 


another  string  of  balls  to  bo 
forged  from  the  heated  metal 
at  its  end.  Three  sizes  of 
helve  hammers  made  by  C.  C. 
Bradley  &  Son,  Inc.,  Syracuse, 
N.  Y.,  are  used  for  forging 
ball  blanks,  which  have  ca- 
pacities for  striking  blows  of 
125,   150   and   300   pounds. 

Fig.  8  shows  the  construc- 
tion of  shearing  punches  used 
for  cutting  up  the  string  forg- 
ings  into  individual  ball 
blanks.  At  A  is  shown  the 
form  of  punch-holder  used, 
which  will  be  seen  to  consist 
of  a  cast-iron  shoe  with  four 
set-screws  for  holding  the 
punches.  These  are  secured 
in  a  clamp  B  which  is  made 
by  drilling  holes  of  the  proper 
size  for  the  punch  shanks  in 
a  block  of  the  desired  form 
and  then  sawing  this  block  in 
half;  the  punches  are  then 
put  in  place  and  the  entire 
clamp  secured  in  punch-holder 
A.  The  diameter  G  of  these 
punches  is  usually  made  about  1/8  inch  less  than  the  diameter 
of  the  balls  in  the  string  forging  that  is  to  be  cut  up.  A  plan 
view  of  the  die  is  shown  at  D,  and  it  will  be  evident  that  the 
spacing  E  between  holes  in  this  die  is  the  same  as  the  center 
distance  between  the  die  cavities  in  the  forging  die.  Also  a 
bridge  is  provided  in  the  shearing  die  of  sufficient  depth  to 
retain  the  neck  left  between  adjacent  ball  blanks  on  the  string 
forging  while  the  balls  are  pushed  through  the  die.  After  the 
shearing  operation  has  been  completed,  the  scrap  metal  is 
brushed  off  the  shearing  die  before  the  next  set  of  ball  blanks 
is  cut  up. 

It  has  been  mentioned  that  balls  ranging  in  size  from  %  inch 
up  to  about  21/^  inches  in  diameter  are  made  by  forging  strings 
of  blanks  according  to  the  process  which  has  just  been  de- 
scribed. In  the  case  of  the  larger  sizes  of  balls — from  2% 
to  4  inches  in  diameter — single  blanks  are  usually  forged 
under  a  steam  hammer,  making  one  blank  at  a  time  at  the 
end  of  the  bar.  Slugs  of  the  proper  size  are  first  cut  off  to 
the  required  length  and  both  ends  chamfered,  the  length  of 
stock  being  determined  by  the  weight  of  the  finished  balls 

after  making  a  prop- 
er allowance  for  the 
material  removed  in 
finishing.  These 
blanks  are  placed  in  . 
the  oil  furnace  and 
heated  to  a  forging 
temperature;  and 
each  time  a  blank  is 
removed'  to  be  forged 
a  new  slug  of  metal 
is  put  into  the  fur- 
nace in  its  place. 
Dies  used  for  this 
kind  of  forging  are 
of  an  entirely  differ- 
ent form  from  those 
used  in  string  forg- 
ing; they  are  cupped 
out  to  the  desired  di- 
ameter, but  are  only 
turned  to  a  depth  of 
one-quarter  the  diam- 
eter of  the  ball  to  be 
forged  and  are  not 
relieved.  When  the 
blank  has  been  heat- 
ed, the  hammer-man 


Bradley  Hammer  and  Ferracute  Power  Press  in  which  a  String  of  Ball  Blanks 
is  forged  and  cut  up  into  Individual  Balls 
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Fig.  7.     Type  of  Die  used  for  hot-forging  Ball  Blanks  for  Balls  exceeding 
^a  Inch  Diameter 
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Fig.    8.     Type    of    Die    used    for   shearing    String    Forgings    into    Individual 
Ball   Blanks 


places  it  in  the  die  and  the  hammer  is  worked  very  slowly 
until  the  blank  begins  to  take  a  spherical  shape,  when  quicker 
and  heavier  blows  are  struck.  Owing  to  the  shallowness  of 
the  die,  the  operator  has  ample  room  to  turn  the  ball  in  all 
directions,  and  he  can  therefore  produce  an  almost  perfect 
sphere.  Blanks  up  to  8  inches 
in  diameter  are  forged  with- 
out varying  more  than  0.005 
inch  from  a  true  spherical 
form. 


TABLE  III. 


DIMENSIONS 
BALL 


OF  HOT-FORGING  DIES  FOR 
BLANKS 


Rougrh  Dry-grinding 


Diameter 

of  BaU. 

Inch 


Diameter 

A  of  Die, 

Inch 


Distance 

I    between 

Centers, 

Inch 


Depth   D    of 

Bridge. 

Inch 


Diameter  E 

of  Stock, 

Inch 


3/4 

7/8 

1 


0.775 
0.905 
1.035 


0.910 
1.060 
1.210 


The  method  of  making  ball 
blanks  varies  according  to 
their  size,  small  blanks  being 
made     on     cold-headers     and 

large  blanks  forged  from  hot  metal  according  to  the  methods 
•which  have  just  been  described.  After  this  preliminary  work, 
all  sizes  of  balls  go  through  essentially  the  same  treatment, 
certain  minor  modifications  being  made  according  to  the  qual- 
ity of  the  balls;  and  the  method  of  treatment  may  also  vary 
somewhat  in  the  case  of  balls  of  extremely  large  size.  These 
modifications  from  standard  practice  will  be  taken  up  in  detail. 


Fig.    9.     Side    View    of    Dry-grinder,    showing    Wheel    dropped    away    from 

Work,  a  Charge  of  Balls  ready  to  be  dropped  into  Grinding  Position, 

and   Ball   being   measured  for   Size   in  Test    Indicator 


Blanks    made    by    either    the    cold-heading    or    hot-forging 
process  are  first  sent   to  the  dry-grinding  room,  where  they 
are  subjected  to  a  rough-grinding  operation  before  going  to 
the  heat-treating  department.     This  rough-grinding  results  in 
removing  a  considerable  part  of  the  surplus  metal  and  bring- 
ing each  ball  to  a  much  closer 
approximation     of     a     truly 
spherical  form  than  it  is  pos- 
sible   to    obtain    in    forgings 
made  by  either  of  the  meth- 
ods that  have  been  described. 
In  the  case  of  hot-forged  ball 
blanks,     this     rough-grinding 
also  removes  the  decarbonized 
steel  from  the  surface  of  the 
blanks    produced    in    forging. 
An  exception  to  the  general  method  of  procedure  is  made 
in  the  case  of  balls  from  1/16  to  3/16  inch  in  diameter.    Such 
balls  are  not  dry-ground  before  being  heat-treated,  but  they 
get  a  rough  and  a  finish  dry-grinding  after  being  hardened. 
Figs.  9  to  11,  inclusive,  show  the  type  of  machine  on  which 
the   dry-grinding   operation   Is   performed,   and   the  best   idea 
of  its  construction  and  method  of  operation  will  be  obtained 


0.387 
0.452 
0.517 


0.065 
0.065 
0.075 


0.609 
0.719 
0.813 

Machinery 


Fig.  10.     Front  View  of  Grinding  Machine,  showing  Grinding  Wheel  raised 

to  Operating  Position  and  Tray  of  Ground  Balls  just  removed  from 

Machine;  Balls  seen  in  Ring  are  not  in  Grinding  Position 
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Fig.  11.     Front  and  Side  Views  of  Dry-grinding  Machine,  illustrating  Principle  of  Operation 


by  reference  to  the  two  views  shown  in  Fig.  11.  The  main 
parts  of  this  machine  consist  of  a  carborundum  grinding 
wheel  A"  and  an  iron  ring  B  which  are  driven  in  opposite 
directions.  Two  rings  C  and  D  are  supported  by  spiders  in 
such  a  way  that  there  is  a  space  between  the  beveled  edges 
of  the  inner  and  outer  rings  sufficient  to  allow  ball  blanks 
that  are  to  be  ground  to  project  through  this  space.  In  the 
side  view  of  the  machine  illustrated  in  Fig.  11,  these  rings 
are  shown  with  the  wheel  lowered,  but  when  the  machine  is 
in  operation  the  balls  held  between  rings  C-and  D  are  in  con- 
tact with  grinding  wheel  A;  and  ring  B  presses  down  and 
holds  them  against  the  grinding  wheel.  In  order  to  provide 
for  grinding  the  balls  uniformly,  the  spindles  on  which  grind- 
ing wheel  A  and  driving  ring  B  are  carried  are  placed  eccen- 
tric to  each  other,  which  results  in  giving  the  balls  an"  oscillat- 
ing motion  in  addition  to  their  motion  of  rotation;  and  as  a 
result  of  this  combined  movement  all  surfaces  of  the  ball 
blanks  are  exposed  to  the  action  of  the  grinding  wheel,  which 
results  in  bringing  them  to  a  close  approximation  of  the 
spherical  form.    The  way  in  which  the  upper  and  lower  spin- 


dles of  the  machine  are  driven  is  best  illustrated  in  Fig.  9, 
which  shows  how  open  and  crossed  belts  are  brought  to  the 
machine  pulleys  from  an  overhead  countershaft. 

Probably  the  best  way  to  describe  the  operation  of  one  of 
these  dry-grinders  is  to  start  at  the  point  where  a  charge  of 
ball  blanks  has  been  ground  down  to  the  required  size  and  is 
to  be  removed  from  the  machine.  To  provide  for  doing  this, 
the  head  which  supports  grinding  wheel  A  is  carried  on  a 
slide  on  the  base  of  the  machine.  Secured  to  the  bottom  of 
this  slide  is  a  rack  E  that  meshes  with  a  pinion  at  the  end 
of  cross-shaft  F.  Keyed  to  the  opposite  end  of  shaft  F  is  a 
worm-wheel  G  that  meshes  with  a  worm  actuated  by  hand- 
wheel  H  that  provides  fine  adjustment.  Secured  to  the  bed  of 
the  machine  is  a  disk  I,  and  in  order  to  drop  grinding  wheel  A 
out  of  contact  with  the  work  held  between  rings  C  and  D, 
the  spring  latch  carried  by  lever  J  is  withdrawn  from  a  notch 
in  disk  I  and  the  lever  is  moved  to  the  left  until  the  latch 
engages  a  stop  notch  in  disk  /,  which  limits  the  downward 
motion  of  the  grinding  wheel.  It  will  be  seen  that  sufficient 
clearance    is    now    provided    between   grinding   wheel    A    and 


Fig.   12.     Special  Grinding  Machines  for  grinding  Rings  shown  at  C  and  I) 
In  Fig.   11 


Fig.   13.     Charging  End  of  American  Rotary  Gas  Furnaces  In  which  Ball« 
up  to  One  Inch  Diameter  are  heat-treated 
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rings  C  and  D  to  enable  tray  K 

to  be  swung  into  position  to 

catch  the  bails  when  they  are 

discharged   from   the   holding 

rings. 
It  will   be  seen   that  inner 

ring    D    is    supported    by    a 

spider   secured    to    the   lower 

end  of  rod  L,  and  in  order  to 

discharge    the    ground    balls, 

ring  D  is  dropped  by  pushing 

down  lever  M.    This  drops  the 

inner    ring    and    allows    the 

ground  balls  to  fall  into  tray 

K.    When  lever  M  is  released, 

ring  D  is  returned  to  its  origi- 
nal  position   by  means   of   a 

compression   spring  N.     Dur- 
ing the  time  that  the  charge 

of    balls    in    the    machine    is 

being  ground,  a  fresh  charge 

of    blanks    is    placed    in    the 

space  between  driving  ring  B 

and   outer  ring   C;  a  few   of 

these  balls  will  be  seen  in  po- 
sition   in   Fig.    9.     After   the 

ground    balls    have    been    re- 
moved and  inner  ring  D  has 

been  returned  to  the  position 
shown  in  Fig.  11,  it  is  neces- 
sary to  place  the  charge  of 
new  blanks  in  position  to  be 
ground.  This  is  done  by  drop- 
ping both  rings  0  and  D  suffi- 
ciently so  that  the  balls  held 
between  outer  ring  G  and  driving  ring  B  may  drop  into  posi- 
tion, after  which  the  two  rings  are  returned  to  the  location 
shown  in  Fig.  11.  This  result  is  accomplished  by  means  of 
lever  0  that  is  carried  at  the  end  of  a  cross-shaft  which  has  a 
pinion  at  its  right-hand  end  meshing  with  the  rack  P  cut  in 
the  sleeve  that  supports  the  spider 'on  which  outer  ring  C  is 
carried. 

In  order  to  drop  a  charge  of  balls  into  place,  the  spring 
latch  carried  by  lever  0  is  released,  and  this  lever  is  pulled 
forward  v.'hich  results  in  dropping  both  rings  C  and  D,  due 
to  the  fact  that  rod  L,  supporting  inner  ring  D,  is  pinned  to 
the  upper  end  of  sleeve  P,  to  which  the  outer  ring  is  connected 
by  means  of  the  spider.  When  the  balls  have  been  dropped 
into  position  as  indi- 
cated, grinding  wheel 
A  is  raised  into  con- 
tact with  the  work 
by  raising  lever  J. 
Rings  C  and  D  are 
ground  to  a  smooth 
surface  and  fine  edge 
in  order  that  the 
balls  may  run  freely 
and  reach  through 
the  space  to  come 
into  contact  with  the 
grinding  wheel  A. 
This  is  done  on  spe- 
cial grinding  ma- 
chines, the  method  of 
grinding  the  inner 
and  outer  rings  be- 
ing clearly  illustrat- 
ed in  Fig.  12.  Lever 
Q  at  the  front  of  the 
grinding  machine 
operates  a  clutch 
that  provides  for 
starting  or  stopping 
the  machine.  It  will 
be  seen  from  Figs.  9 


Fig.    14.     Discharge    End    of    American    Rotary    Gas    Furnaces,    sliowing 

Quenching  Tanks  and  Deflector  through  which  Balls  are  delivered 

to   Baskets   at  Bottom  of  Tanks 


and  10  that  the  grinders  are 
provided  with  an  exhaust  sys- 
tem to  carry  away  the  dust  of 
the  wheel. 

Heat-treatment 

During  the  process  of  mak- 
ing the  steel  for  the  balls  and 
in  forging  and  rough-grinding 
the  ball  blanks  made  from 
this  steel,  severe  internal 
strains  are  likely  to  be  set  up 
in  the  metal  that  would  often 
be  of  sufficient  magnitude  to 
cause  the  balls  to  be  broken 
when  subjected  to  only  a 
small  part  of  their  rated  load 
carrying  capacity.  Trouble 
from  this  source  must  be 
eliminated,  and  this  is  done 
by  subjecting  the  balls  to  a 
preliminary  annealing  opera- 
tion in  rotary  gas  furnaces 
made  by  the  American  Gas 
Furnace  Co.  of  Elizabeth- 
port,  N.  J.,  before  the  final 
hardening  operation.  The 
same  type  of  furnace  is 
used  for  the  annealing  and 
hardening  operations,  but  for 
the  former  the  delivery  chute 
on  the  furnace  is  arranged 
to  discharge  the  balls  into 
pans,  as  shown  at  A  in  Fig. 
13,  while  for  the  latter  the 
balls  are  discharged  into  a  quenching  tank,  as  indicated 
in  Fig.  14.  The  form  of  retort  used  in  these  American 
gas  furnaces  is  shown  in  Fig.  16,  and  it  will  be  seen  to  have 
a  spiral  path  through  which  the  balls  pass  as  the  retort  is 
revolved.  At  the  loading  end  of  each  furnace  there  is  a 
hopper  that  is  kept  filled  with  ball  blanks,  and  the  retort 
draws  blanks  from  this  hopper  and  passes  them  through  the 
furnace  at  such  a  rate  that  the  steel  is  heated  to  the  desired 
temperature  when  the  balls  are  discharged.  For  annealing, 
a  temperature  of  1300  degrees  F.  is  employed,  and  for  harden- 
ing the  balls  are  raised  to  a  temperature  of  from  1425  to  1475 
degrees  F.  according  to  the  size  and  the  composition  of 
the  steel.  Pyrometers  made  by  the  Hoskins  Mfg.  Co.  of  De- 
troit, Mich.,  are  used 
to  determine  the  tem- 
perature of  each  fur- 
nace. 

Quenching-'the  Steel 

Balls 
It  has  been  men- 
tioned that  the  same 
type  of  furnace  is 
used  for  both  the  an- 
nealing and  harden- 
ing operations,  the 
only  change  being  to 
place  the  tube  so 
that  the  ball  blanks 
are  discharged  into 
a  pan  in  the  case  of 
annealing,  and  into 
the  quenching  tank 
in  the  case  of  the 
hardening  operation. 
The  retorts  used  in 
the  furnaces  were 
formerly  made  of 
cast  iron,  and  great 
trouble  was  experi- 
enced through  their 
destruction  after  they 


5.     "Frankfort"  Oil  Furnaces  for  Use  in  heat-treating  BaUs  over  One  Inch  Diameter,   and 
Quenching  Tank  in  which  these  BaUs  are  hardened.     Note  Hoskins  Pyrometer  for 
showing   Temperature   of   Furnaces 
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had  been  In  service  a  short  time.  This  trouble  has  been  over- 
come by  substituting  "Nlchrome"  in  place  of  cast  Iron,  and  re- 
torts made  of  this  material  last  for  a  long  time  before  they 
are  burned  out. 

In  hardening  there  is  a  difference  of  practice  according  to 
the  size  of  the  balls,  those  of  5/16  inch  diameter  and  less 
being  quenched  in  oil  while  balls  of  larger  size  are  quenched 
in  water.  Balls  made  of  some  grades  of  steel  are  quenched 
in  pure  water  and  others  are  quenched  in  brine.  In  all  cases 
the  quenching  tanks  are  provided  with  a  device  of  the  form 
shown  in  Fig.  14,  which  consists  of  a  series  of  conical  sheet 
metal  deflectors  through  which  the  balls  pass  before  reaching 


Fig.     16.     Cross-sectional    View    of    "Niclirome"    Retort    used    in    Rotary 
Gas    Furnaces 

the  wire  mesh  basket  at  the  bottom  of  the  tank.  The  purpose 
of  these  sheet  metal  cones  is  to  deflect  the  course  of  the  balls 
so  that  they  follow  a  winding  path  and  are  completely  cooled 
before  reaching  the  bottom  of  the  tank.  One  complete  furnace 
charge  can  be  run  into  one  of  these  wire  baskets  and  when 
this  is  filled,  the  entire  outfit  is  lifted  out  of  the  tank  by  means 
of  an  electric  hoist  as  shown,  and  the  balls  are  then  removed 
from  the  basket.  The  depth  of  the  quenching  tank  is  about 
14  feet.  Rotary  furnaces  are  used  for  annealing  and  hardening 
the  smaller  sizes  of  balls,  and  in  the  case  of  balls  one  inch  in 
diameter  and  over,  "Frankfort"  oil  furnaces  are  employed,  into 
which  the  balls  are  introduced  on  trays  as  shown  in  Fig.  15. 
When  the  balls  are  heated  to  the  proper  temperature,  these 
trays  are  withdrawn  and  the  balls  are  dumped  into  the 
quenching  tanks  provided  with  the  sheet  metal  cones  de- 
scribed. The  reason  for  quenching  small  balls  in  oil  and  large 
balls   in   water   is  that   the  oil   does   not  absorb   the  heat  as 


Fig.    17.     Water   Bath    in    which    Severe    Strains    are    removed    from    BaUs 

quenched    in    Water    by    subjecting    them    to    Temperature    of    Boiling 

Water  for  Two  Hours.     This  Treatment  also  enables  Balls 

to  dry  rapidly  and  prevents  Rusting 

rapidly  as  the  water,  and  in  the  case  of  very  small  balls,  the 
shock  of  dropping  them  into  water  would  result  in  strains  so 
great  that  many  balls  would  either  be  cracked  or  broken,  and 
the  strength  of  those  balls  in  which  there  were  no  visible 
defects  would  be  seriously  impaired.  In  the  case  of  large 
balls,  there  is  sufficient  heat  to  prevent  trouble  from  this 
cause.  From  time  to  time  sample  balls  are  tested  by  break- 
ing them  on  an  anvil  and  examining  the  structure  of  the 
steel  to  make  sure  that  the  heat-treatment  is  producing  the 
desired  results.  Provision  must  be  made  for  preventing  over- 
heating of  the  oil  or  water  in  the  quenching  baths,  and  this 
is  done  by  having  a  circulating  system  through  which  the  oil 


or  water  passes  into  a  reservoir  outside  the  building  and  then 
through  a  coll  in  this  reservoir  and  back  to  the  tank.  la 
this  way  the  contents  of  the  quenching  tank  are  kept  in  con- 
tinual circulation,  preventing  overheating. 

Water-anneal  to  Prevent  Excessive  Strain 

During  the  process  of  hardening,  internal  strains  are  set  up 
in  the  balls,  and  it  is  necessary,  of  course,  to  remove  these 
strains.  This  is  done  by  subjecting  them  to  what  is  known 
as  a  "water-anneal,"  consisting  of  immersing  wire  baskets 
containing  the  balls  in  a  tank  of  boiling  water  for  two  hours, 
which  is  said  to  remove  excessive  strains.  The  equipment 
used  for  this  purpose  is  shown  in  Fig.  17.  This  practice  of 
"water-annealing"  is  only  followed  in  the  case  of  balls  that 
are  hardened  by  quenching  them  in  water;  for  small  balls 
quenched  in  oil,  the  "water-anneal"  is  unnecessary.  In  addi- 
tion to  annealing,  this  treatment  in  hot  water  prevents  the 
balls  from  rusting  because  they  dry  off  more  quickly  than  if 
they  were  quenched  in  cold  water. 

Finished  Dry-grinding 

After  being  hardened,  the  balls  are  sent  back  to  the  dry- 
grinding  room,  where  they  are  subjected  to  what  is  known  as  a 
finished  dry-grinding  operation.  This  is  the  same  as  the 
rough  dry-grinding  that  the  balls  receive  before  hardening, 
except  that  it  is  done  with  a  finer  wheel  which  results  in 
removing  the  scale  produced  in  hardening  and  also  reducing 
their  diameters  a  little  closer  to  the  finished  size;  the  finished 
dry-grinding  also  serves  to  remove  any  distortion  which  may 
have  been  introduced  during  the  process  of  heat-treatment. 
For  the  rough-grinding  operation,  wheels  of  No.  40  grit  are 
employed.  On  finish-grinding,  the  grit  of  the  wheel  varies 
according  to  the  size  of  the  balls.  Wheels  of  No.  60  grit  are 
used  for  all  balls  exceeding  5/16  inch  in  diameter,  while 
for  smaller  balls  wheels  of  90  or  100  grit  are  employed.  In 
all  cases  the  machines  are  driven  at  the  required  number  of 
revolutions  per  minute  to  give  a  surface  speed  of  4500  to  5000 
feet  per  minute  at  the  point  where  the  ring  wheel  engages 
the  balls. 

The  second  installment  of  this  article,  which  will  appear  in 
the  April  number  of  Machinery,  will  take  up  the  process  of 
ball  manufacture  at  the  time  that  the  finished  dry-ground  balls 
are  delivered  to  the  tumbling  department.  This  installment 
of  the  article  will  describe  in  detail  the  operations  of  tumbling 
or  "oil-rolling,"  oil-grinding,  burnishing,  drying,  polishing, 
inspecting  and  packing  the  finished  balls  ready  for  shipment. 


BRAKE  AND   CLUTCH  LINING 

Fabric  brake  and  clutch  lining  is  made  principally  of  cotton 
or  asbestos,  according  to  a  paper  read  before  the  Association 
of  Mining  Electrical  Engineers  of  Leeds,  England,  by  J.  Oswald 
of  Glasgow.  The  cotton  fabric  has  the  higher  coeflicient  of 
friction,  0.5  to  0.7,  and  is  capable  of  absorbing  much  greater 
work,  in  foot-pounds  per  square  inch,  at  a  given  pressure  than 
the  asbestos.  The  coefl5cient  of  friction  rises  with  increased 
temperature  and  is  practically  unaffected  by  oil  or  water.  The 
choice  between  cotton  and  asbestos  is  determined  'partly  by 
the  amount  of  heat  that  is  likely  to  be  generated;  in  all 
cases  where  400  degrees  F.  is  likely  to  be  exceeded,  asbestos 
should  be  used.  Its  coefficient  of  friction  is  0.3.  On  account 
of  its  nature,  the  asbestos  fabric  is  usually  reinforced  with 
brass  wire,  which  makes  it  more  expensive  than  cotton.  Fail- 
ures with  fabric  linings  are  due  to  the  use  of  the  wrong 
material,  to  failure  to  keep  the  fabric  face  clear  of  the  oppos- 
ing face  when  brakes  are  out  of  action,  to  failure  to  insure 
that  the  fabric. is  kept  well  home  when  applied,  incorrect 
fixing  of  linings  to  the  engaging  media,  and  expecting  too 
much  from  brakes  that  have  been  under-dimensioned  by  the 
makers  for  the  duties  they  must  perform. 


It  is  estimated  that  the  available  water  power  in  European 
Russia,  including  Finland,  the  Ural  district  and  the  Caucasus, 
is  10,000,000  kilowatts,  or  over  13,000,000  horsepower.  Only 
about  one-fortieth  of  this  is  now  being  utilized. 


THE  problem  of  equipping 
for  munitions  manufac- 
■  turing  is  in  no  way  dif- 
ferent from  that  of  equipping 
for  tiie  manufacture  of  motor 
cars,  cream  separators,  pen- 
cil sharpeners  or  any  one 
of  a  hundred  and   one  other 

products  required  in  large  quantities,  unless  it  be  that  muni- 
tions work  is  attended  by  more  or  less  rush  and  frenzy  due 
to  the  nature  of  the  product.  The  fact  that  the  general  pub- 
lic is  greatly  interested  in  any  munitions  activities,  even  to 
the  point  of  inquisitiveness,  helps  to  add  to  the  general  excite- 
ment. Shell  manufacture,  for  instance,  presents  few  really 
mechanical  operations.  The  measure  of  success  of  such  an 
enterprise  is  largely  fixed,  as  in  any  other  manufacturing 
proposition,  by  the  way  in  which  the  working  organization  is 
perfected,  the  plant  equipped  and  the  work  planned.  The 
trouble  with  the  shell  manufacturers  who  have  not  been  over- 
successful  has  seldom  been  in  their  mechanical  practice,  but 
in  the  personnel  of  the  organization,  the  selection  of  the 
equipment  and  the  method  of  procedure  from  the  standpoint 
of  management.  In  manufacturing  any  new  product,  there 
are  certain  preliminary  stages  that  must  be  gone  through 
if  success  is  to  be  attained.  The  shell-making  concerns  who 
have  succeeded  have  recognized  this  principle  and  have  pa- 
tiently gone  through  this  period  before  attempting  actual 
manufacture.  The  temptation  to  start  prematurely  is  great, 
and  is  often  increased  by  the  pressure  of  the  financial  interests 
behind  the  organization.  These  men  naturally  are  impatient 
to  see  things  moving,  even  though  they  do  not  understand  the 
mechanical  difficulties  to  be  surmounted.  Moreover,  the  desire 
to  "make  a  showing"  and  the  insistent  calls  for  deliveries 
augment  the  force  that  induces  some  managers  to  start  manu- 
facturing before  they  really  know  what  they  are  doing.  As 
in  all  such  cases  this  premature  start  serves  to  complicate 
matters,  manufacturing  methods  have  to  be  changed  as  un- 
solved difiiculties  are  encountered,  resulting  in  much  work 
having  to  be  done  over  and  a  general  upsetting  of  plans  and 
schedules. 

The  keynote  to  the  whole  situation  is  found  in  the  old 
adage,  "First  be  sure  you're  right — then  go  ahead."  There 
is  nothing  new  in  this  principle,  but  it  has  proved  to  be  true, 
as  never  before,  by  the  lessons  learned  in  the  shell-making 
industry. 


Much  has  been  said  about  the  shortcomings  of  a  few  of  the  hun- 
dreds of  American  concerns  that  undertool<  munitions  manufacture 
during  the  past  two  years  and  were  unsuccessful  in  carrying  out 
their  contracts.  But  there  is  another  side  to  the  story,  as  is  ex- 
emplified by  those  who  have  been  highly  successful.  How  the  West- 
inghouse  Air  Brake  Co.  organized,  equipped  and  managed  for  the 
production  of  1,250,000  rounds  of  three-inch  shrapnel  and  1,500,000 
additional  time  fuses,  making  a  total  of  5,250,000  parts,  is  described 
here.  This  article  on  management  with  horse  sense  Is  presented 
In  the  hope  that  the  ideas  will  be  of  service  to  those  who  may  be 
suddenly    confronted    with    similar    shell     manufacturing    problems. 


'  For  information  previously  published  in  Machinery  ob  the  organization  and 
mnnagemeDt  of  munitions  plants,  see  "What  is  the  Matter  with  the  Munitions 
Malierg?",  December,  1916. 

=  Associate   Editor  of  MaCHIXERT.  a 


In  view  of  these  pitfalls 
to  be  avoided,  it  is  gratify- 
ing that  many  of  the  con- 
cerns who  took  on  contracts 
for  munitions,  especially 
shells,  went  at  things  in  the 
right  way,  organized  ana 
equipped  along  the  right 
lines  and  filled  their  contracts  satisfactorily  and  on  time. 
Much  has  been  published  about  the  mechanical  operations  of 
these  plants,  but  little  has  been  written  of  the  details  of  organ- 
ization and  equipment  for  the  work.  While  it  is  hoped  that 
the  demand  for  shells  will  not  be  increased,  no  one  can  pre- 
dict how  soon  thousands  of  American  manufacturers  may  be 
called  upon  to  make  shells  for  their  own  government.  In  the 
successfully  handled  contract  described  below  may  be  found 
guiding  points  worth  remembering. 

Prominent  among  those  who  were  successful  in  completing 
their  shell  contracts  on  time,  is  the  Westinghouse  Air  Brake 
Co.  of  Wilmerding,  Pa.  The  company's  first  order  called  for 
1,250,000  complete  rounds  of  3-inch  shrapnel,  which  meant  that 
1,250,000  each  of  brass  cartridge  cases,  steel  shells  and  time 
fuses  had  to  be  produced.  The  work  was  finished  well  within 
the  time  specified  in  the  contract.  Following  this  contract 
was  another  for  1,500,000  time  fuses  and  this  work  was  com- 
pleted February  1,  1917.  Two  months  and  a  half  after  sign- 
ing the  first  contract  the  organization  had  been  perfected,  the 
equipment  installed  and  production  had  commenced.  At  the 
height  of  the  work  10,000  shells,  fuses  and  cartridge  cases 
were  produced  daily  by  the  1500  men  on  the  day  shift  and 
the  1000  men  on  the  night  shift.  Through  the  courtesy  of  A.  L. 
Humphrey,  vice-president  and  general  manager,  and  O.  W. 
Buenting,  general  factory  manager  of  the  company,  these 
details  of  procedure  in  organizing  and  equipping  for  this  work 
are  presented. 

One  reason  for  the  success  of  the  work  in  this  plant  was  the 
limiting  of  the  work  undertaken  to  just  one  size  of  shell.  Many 
less  successful  shell  contractors  befuddled  their  work  at  the 
start  by  taking  small  quantities  of  several  different  sizes 
of  shells.  Each  additional  size  increased  the  prospects  for 
trouble  many-fold. 

Planning-  the  First  Steps 

As  soon  as  a  definite  decision  was  reached  on  what  was  to 
be  manufactured,  a  conference  was  called  of  the  mechanical 
heads  of  departments  and  engineers,  and  suggestions  and 
ideas  were  asked  for.  After  a  jiay  or  two  of  deliberation  an- 
other conference  was  called  and  these  ideas  and  suggestions 
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"The  machine  tool  builders   and   their  salesmen   were  of  great  assistance 
in  advancing  good  ideas" 

were  presented.  With  the  suggestions  as  a  basis,  definite  plans 
were  adopted,  and  active  preparation  for  the  work  began.  The 
final  plans  were  no  one  man's  ideas  but  were  a  combination 
of  ideas  representing  the  best  mechanical  and  executive  brains 
in  the  organization. 

Segregation  of  the  shell  work  was  an  important  factor  in  the 
success   of  the   work.     All   the   shell   work  was   kept  in  one 
building   of   the   plant   and   three   distinct   departments   were 
organized     to     take    care     of 
the  cartridge  cases,   shrapnel 
shells,    and    time    fuses.      A 
tool-room    was    provided    for 
each     department     to     make 
the   tools   and   keep   them    in 
condition.      In    this    way    the 
toolmakers  became  specialists 
in  the  particular  lines  of  tools 
for  which   they  were  respon- 
sible. 

Personnel  of  the   Shell-making' 
Orgranization 

An  important  factor  that 
counted  for  much  at  this  plant 
and  one  that  some  less  suc- 
cessful concerns  lost  sight  of, 
was  the  personnel  of  the  or- 
ganization. No  new  superin- 
tendents or  foremen  were  en- 
gaged for  the  shell  work. 
From  the  already  successful 
organization  making  air 
brake  apparatus,  the  new  or- 
ganization drew  a  few  foremen,  a  large  number  of  assistant 
foremen  and  leading  hands,  and  took  them  into  the  shell- 
making  department.  The  other  way  of  building  a  body  of 
shell-making  executives  would  have  been  to  hire  men  from 
outside.  Such  men  would  have  been  hard  to  get,  even  at 
high  wages,  because  of  the  obviously  temporary  character  of 
the  work,  and  when  secured,  they  would  have  been  untried 
and  of  unknown  ability.  The  company's  own  foremen  were 
of  known  ability,  and  after"  the  contract  was  filled  would  be 
even  more  valuable  on  their  old  jobs.  The  positions  left 
vacant  were  filled  by  moving  men  upward  in  the  line  of  pro- 
motion. As  far  as  possible,  the  most  important  foremen  were 
retained  in  the  permanent  organization  to  insure  that  the  air 
brake  production  would  not  be  Interfered  with. 

Contrasted  with  this  was  the  method  of  getting  together 
the  force  of  operators  necessary  to  run  the  machines  and 
work  on  the  shell  job.  These  were  almost  all  new  men  hired 
through  the  employment  office.  If  men  from  the  air  brake 
plant  asked  to  go  on  the  shell  work  they  were  permitted  to 
do  so,  but  were  told  that  the  job  was  temporary  and  if  they 
went  on  the  shell  work  they  would  have  to  take  chances  on 
re-employment  after  the  work  was  over.  As  a  matter  of  fact, 
not  over  8  or  10  per  cent  of  the  old  employes  were  transferred 
to  the  shell  department.  This  number  was  just  enough  to 
give  stability  to  the  green  men  on  the  job. 

On  the  fuse  work,  it  was  found  that  girls  could  be  employed 


to  advantage  on  many  operations,  such  as  burring,  lapping, 
inspecting  and  assembling,  because  of  their  ability  to  do 
repetition  work  without  tiring  and  their  deftness  on  these 
small  operations. 

Equlppiner  tor  the  Work 

The  planning  of  the  sequence  of  operations,  the  methods 
of  tooling  and  the  nature  of  the  equipment  was  similar  in 
most  respects  to  that  of  many  other  shell-making  concerns, 
and  was  directed  by  the  general  superintendent,  assisted 
by  the  engineers  and  the  designers  on  the  staff.  When  getting 
ready  for  the  work,  many  other  shell  manufacturing  concerns 
were  visited,  and  all  the  assistance  possible  was  gleaned  from 
every  available  source. 

The  machine  tool  builders  and  their  salesmen  were  of  great 
assistance  in  advancing  good  ideas  for  equipment,  tooling, 
etc.  Their  experience  on  similar  propositions  in  different 
parts  of  the  country  had  given  them  an  Insight  into  the  work 
that  was  not  to  be  neglected.  Of  course  the  salesmen  were 
looking  for  sales,  but  their  assistance  was  gladly  accepted 
if  it  appeared  that  their  machines  were  best  suited  to  the 
work,  everything  considered.  No  machinery  was  taken  from 
the  air  brake  plant;  every  machine  used  on  the  shell  Job 
was  new. 

In  buying  the  machinery  and  other  equipment  for  handling 
the  shell  work,  two  important  points  were  constantly  borne 

in  mind.  The  first  was  to 
select  only  such  machinery 
as  would  be  useful  in  regu- 
lar lines  of  manufacture 
after  the  shell  business  had 
passed.  Of  course,  for  oper- 
ations like  graduating  or  mill- 
ing powder  train  grooves,  spe- 
cial machinery  was  needed, 
but  for  turning,  drawing  and 
similar  machining  operations, 
standard  machinery  was  used. 
Owing  to  _  this  policy,  the 
company  is  not  now  in  pos- 
session of  a  lot  of  unsalable 
machinery.  Already  a  large 
percentage  of  the  shell-making 
machines  has  been  absorbed 
into  the  air  brake  plant,  and 
the  absorption  process  is  still 
going  on. 

The  second  point  borne  in 
mind  in  buying  equipment 
was  to  select  as  far  as  pos- 
sible only  such  machinery  as  would  do  the  work  when  run 
by  operators  of  average  intelligence.  Skilled  machine  men 
were  scarce;  therefore  the  "brains  were  kept  in  the  machines" 
as  far  as  possible.  This  means  that  the  simplest  machines 
were  not  purchased,  as  they  would  have  required  skilled  men 
to  get  exact  duplication  of  the  work.     The  machines  selected 


The  metallurgists  were  kept  busy  determining  what  grades  of  metal 
should  be  used" 


-went  over  the  specifications  for  the  various  parts,  word  for  word, 
making  sure  that  everything  was  perfectly  plain" 
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were,  as  far  as  possible,  of  the  automatic  or  semi-automatic 
type,  which  when  once  set  up  would  produce  accurate  work 
in  the  hands  of  the  average  run  of  unskilled  labor  such  as 
applied  for  positions  every  day. 

The  argument  was  presented  by  some  manufacturers  of 
single-purpose  machines  that  one  good  sized  shell  contract 
would  overwork  any  machine  equipment  to  the  extent  that 
the  machines  would  be  "shot  to  pieces"  by  the  time  the  con- 
tract had  been  completed.  It  was  claimed  that  the  wear  and 
tear  that  the  machines  would  receive  at  the  hands  of  green 
operators,  coupled  with  the  pace  that  would  be  followed  in 
getting  out  the  order  would  wreck  any  machine  tool.  For 
these  reasons,  it  was  argued,  high-class  all-around  machinery 
should  not  be  bought,  since  it  would  be  ready  for  the  scrap 
heap  after  its  shell-making  season. 

The  fallacy  of  this  argument  is  well  demonstrated  by  the 
condition  of  the  machines  used  on  this  contract.  Machines 
pulled  down  for  examination  were  found  in  good  condition, 
in  spite  of  the  year-and-a-half  of  day  and  night  service  by 
operators  taken  from  steel  mills,  farms  and  wherever  else 
they  could  be  found.  This  machinery  was  more  costly  than 
single-purpose  machines,  but  the  difference  was  more  than 
made  up  by  the  reduction  in  the  labor  cost  of  producing  the 
shells.  Out  of  the  hundreds  of  thousands  of  dollars  worth  of 
machinery  bought  for  this  contract  not  over  10  per  cent  is  of 
the  special  or  single-purpose  class  to  the  extent  that  it  cannot 
be  used  in  any  other  line  of 
manufacturing.  At  least  25 
per  cent  of  the  machinery  has 
been  absorbed  in  the  railroad 
equipment  plant  and  more  is 
being  taken  in  as  needed. 

Chief  Chemist  and  his  Im- 
portant Work 

While  the  mechanical  en- 
gineers were  determining 
what  machinery  should  be 
used  and  what  tooling  meth- 
ods should  be  adopted  for  pro- 
ducing the  various  shell 
parts,  the  chief  chemist  and 
his  assistants  were  also  busy 
—fifteen  hours  a  day.  First, 
and  one  of  the  most  im- 
portant of  the  steps  taken, 
was  the  checking  of  the 
specifications.  These  were 
studied  by  the  chief  chemist 
in  person,  who  went  over  the 
specifications  for  the  various 
parts,  word  for  word,  making 
sure  that  everything  was  perfectly  plain.  In  many  cases 
where  the  specifications  were  capable  of  being  read  in  two 
ways,  the  obscure  point  was  clarified  by  consultation  with 
the  inspectors.  In  some  cases  also  the  specifications  stated 
that  work  should  be  done  "with  sufficient  accuracy"  or  "in  a 
suitable  manner."  The  chief  chemist  made  it  his  business  to 
find  out  just  what  was  meant  by  these  phrases  so  that  there 


"Every  shipment  of  material  was 
and 


" — every  shell  was  scleroscoped  before  and  after  heat- treatment" 


"On  the   fuse   work  it  was  found  that  girls  could  be   employed   to 
advantage" 

would  be  no  trouble  when  manufacturing  actually  commenced. 
Too  much  cannot  be  said  of  the  wisdom  of  this  preliminary 
work,  as  much  trouble  was  thereby  avoided,  and  when  actual 
manufacturing  commenced  there  were  no  annoying  delays  in 
finding  out  what  had  to  be  done  to  meet  the  requirements  of 
the  specifications. 

The  metallurgists  were  kept  busy  determining  what  grades 
of  metal  should  be  used,  and  samples  from  the  mills  were 
tested  and  the  sources  of  supply  thus  fixed  upon.  In  this  con- 
nection, great  care  was  taken 
that  for  every  class  of  mate- 
rial two  or  more  sources  of 
supply  were  maintained.  In 
this  way  production  hold-ups 
from  delayed  shipments  and 
shortage  of  stock  were  avert- 
ed. Every  shipment  of  ma- 
terial was  held  until  lot  sam- 
ples could  b^  taken  and 
tested.  When  found  0.  K. — 
and  not  before — the  shipment 
was  allowed  to  enter  the 
plant  and  go  into  production. 
The  testing  of  the  shell 
steel  and  the  determination 
of  the  necessary  heat-treat- 
ments were  important  pre- 
liminaries of  the  metallurgi- 
cal work.  Tensile  strength 
tests  had  to  be  made,  and 
after  the  desired  results  were 
obtained,  the  exact  procedure 
to  be  followed  in  heat-treat- 
ing was  arbitrarily  laid  down. 
The  drawing  brass  for  the  cartridge  cases  was  experimented 
with,  actual  tests  in  drawing  were  made  and  the  most  satis- 
factory annealing  temperatures  were  selected.  It  will  thus 
be  seen  that  these  important  points  were  all  settled  before  the 
time  for  actual  shell-making  had  arrived. 

While  actual  manufacturing  was  in  progress  the  chief 
chemist  still  had  plenty  to  do.  Branch  laboratories  were  in- 
stalled at  the  points  where  help  in  maintaining  correct  condi- 
tions would  be  required,  notably  in  the  heat-treating  and  cart- 
ridge case  departments.  The  assistants  in  these  departments 
spent  their  time  in  making  tests  to  assure  that  all  was  going 
well  and  in  many  cases  went  about  looking  for  trouble.  It  was 
found,  for  instance,  that  oftentimes  brass  from  two  different 
shipments,  although  agreeing  in  analysis  would  not  act  alike 
in  turning.  Worked  in  the  same  machine  with  the  same  set 
of  tools,  one  bar  of  brass  would  produce  parts  of  slightly 
greater  dimensions  than  another.  After  careful  investigation 
it  was  found  that  the  fault  lay  in  the  reducing  treatment  that 
the  brass  had  received  at  the  mill.  When  the  brass  was  re- 
duced too  much  between  annealings  it  took  on  a  harder  tem- 
per and  resisted  the  cutting  tools  to  a  greater  degree,  and  the 
tools  did  not  "cut  to  size."  It  then  became  necessary  to  take 
the  heat-treatment  up  with  the  brass  mill  which  thereupon 
adopted  more  exact  methods  in  reducing  and  annealing  so 
that  the  shipments  of  brass  would  be  alike  in  temper.    Causes 


held  until  lot  samples  could  be  taken 
tested" 
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of  trouble  like  this  sometimes 
toolt  longer  to  discover  than 
to  correct,  but  their  elimina- 
tion formed  an  important 
part  of  the  metallurgist's 
duties,  and  contributed  ma- 
terially to  the  success  of  the 
shell  work. 

{Ceeplng-  Peace  with  the 
Inspectors 

Absence  of  friction  between 
the  inspectors  and  the  produc- 
tion force  was  a  noticeable 
feature  of  the  work  on  the 
shell  contracts  at  this  plant 
One  reason  for  this  was  tlu 
definite  instructions  issued  to 
the  foreman  of  each  depart- 
ment   of    the    shell    plant    to 

meet  all  the  inspectors'  requirements — and  to  the  inspectors' 
satisfaction.  There  was  no  room  for  argument,  because  in  this 
shell  plant  "the  inspector  was  always  right."  In  exceptional 
cases,  where  the  inspectors'  requirements  were  deemed  to  be 
too  severe,  the  matter  was  taken  up  by  the  factory  manager 
and  the  inspector-in-chief,  and  quickly  and  amicably  settled. 

Over  all  the  shell  work  was  the  chief  inspector  of  the  plant, 
who  had  assistants  in  every  department.  The  limits  for  each 
dimension  of  all  shell  parts  were  arbitrarily  set  by  the  specifi- 
cations of  the  contract.  The  limits  set  by  the  shell  plant  in- 
spectors were  kept  well  within  those  called  for  by  the  specifi- 
cations, so  that  if  the  shell  parts  were  made  to  the  limits  called 
for  by  the  gages  of  the  plant  inspectors  they  would  surely 
pass  the  more  liberal  gages  of  the  final  inspection. 

Good  gages  and  their  maintenance  were  a  great  aid  to  suc- 
cessful work.  These  gages  were  made  in  the  tool-rooms  ad- 
jacent to  the  shell,  case  and  fuse  production  departments,  so 
that  the  toolmakers  on  each  job  became  proficient  in  making 
the  few  types  of  gages  needed  for  that  particular  department. 

One  of  the  pitfalls  into  which  many  shell  contractors  fell 
was  in  heat-treating.  This  trouble  was  partly  due  to  t^he  at- 
tempt to  do  the  work  without  the  necessary  precautions 
being  taken.  In  this  plant,  the  experiments  conducted  by 
the  metallurgists  before  production  started  helped  to  solve 
this  problem.  This  preliminary  work  resulted  in  determining 
the  exact  heat-treatments  before  the  first  shell  forging  reached 
the  plant.  After  production  started,  every  shell  was  sclero- 
scoped  before  and  after  heat-treatment.  Some  contractors  have 
endeavored  to  "get  by"  with  a  scleroscope  test  on  but  one  or 
two  shells  from  each  heat-treated  lot,  but  the  many  poor  shells 
that  escaped  undetected  caused  a  great  deal  of  trouble.  Owing 
to  the  extreme  care  used  in  all  inspection,  and  especially  to 
the  careful  heat-treatment  inspection,  almost  no  shells  were 
rejected  from  the  entire  lot  of  1,250,000. 

Hiring:  and  Paying-  the  Operators 

When  the  shell  plant  was  completely  equipped  and  ready 
for  operation,  the 
machine  operators 
and  other  employes 
needed  on  the  work 
were  hired  in  espe- 
cially for  this  job, 
as  before  stated.  A 
small  percentage  of 
the  regular  working 
force  of  the  railroad 
equipment  plant  was 
transferred  to  the 
shell  plant  merely 
for  the  purpose  of 
giving  stability  to  the 
working  force.  The 
machinery  was  new, 
the  operations  unfa- 
miliar and  the  men 
green;    therefore,   at 


Machines  pulled  down  for  examination  were  found  in  good  condition 
in  spite  of  the  year-and-a-half  of  day  and  night  service" 


'  —  this  shell  contract 


first  the  pay  was  by  the  day. 
As  soon  as  practicable,  how- 
ever, piecework  prices  were 
set,  based  on  the  showing 
made  while  on  day  work,  and 
the  prices  were  maintained 
without  change  until  the  con- 
tract was  completed.  These 
prices  were  set  high  enough 
to  enable  the  operators  to 
make  from  forty  to  forty-five 
cents  an  hour  on  the  average; 
in  some  cases  proficient  work- 
ers were  able  to  exceed  this 
average  considerably.  The 
piecework  prices  were  not 
changed  unless  the  methods 
of  performing  the  work  were 
changed.  This  positive  set- 
ting of  the  prices  and  their  maintenance  were  made  possible 
because  the  start  on  day  work  afforded  the  opportunity  to  study 
the  feeds,  speeds  and  productions. 

Many  of  the  machine  operators,  especially  at  the  start  of 
piecework,  had  great  ambition  to  turn  out  abnormal  quantities 
of  work  and  increase  their  earnings.  The  result  was  in- 
evitable— the  quality  of  the  work  suffered.  After  a  few  of 
these  performances,  the  foremen  were  given  instructions  to 
check  immediately  a  man  who  tried  "to  cut  loose"  at  the  ex- 
pense of  the  quality  of  the  work. 

Considerable  trouble  was  experienced  in  getting  new  men 
"down  to  earth"  because  the  prevailing  reports  about  shell- 
making  wages  in  general  brought  applicants  who  thought  that 
ten  to  fifteen  dollars  a  day  should  be  their  average  earnings. 
As  a  matter  of  fact,  the  piecework  prices  were  set  high  enough 
to  allow  inexperienced  men  to  miake  higher  wages  than  they 
had  ever  earned  before. 

Shell  Making-  without  Impairing-  Air  Brake  Production 

While  this  production  of  10,000  complete  rounds  of  shrapnel 
a  day  was  going  on,  the  railway  air  brake  plant  had  to  be 
maintained  without  sacrifice.  The  fundamental  policy  of  keep- 
ing the  shell  work  entirely  separate  and  as  far  removed  as  pos- 
sible from  the  railroad  air  brake  department  proved  most  wise. 
Another  important  point  was  that  in  selecting  the  organization 
to  be  used  on  shell  work,  the  foremen  and  other  executives 
were  taken  from  such  positions  on  the  air  brake  work  as 
would  interfere  the  least  with  production.  The  foremen  of 
the  principal  departments  were  undisturbed  with  few  excep- 
tions. By  promoting  many  of  the  under-foremen  and  leading 
hands  to  positions  of  responsibility  on  the  shell  work,  good 
results  were  secured,  because  these  men  were  ambitious  to 
make  good  in  their  new  positions  of  authority  and  exerted 
every  effort  to  be  successful.  The  shell  work  was  begun  at  a 
time  when  the  railroad  business  was  dull,  and  it  seemed  a 
mockery  of  fate  that  as  soon  as  the  shell  work  was  well 
started   the   air  brake  business   rapidly  increased,   and   when 

the  shell  work  was 
at  its  height 'the  air 
brake  plant  was  also 
busy.  This  shell  con- 
tract, totaling  3,750,- 
000  3  -  i  n  c  h  shells, 
cartridge  cases  and 
fuses,  -was  completed 
well  within  the  con- 
tract time  of  one 
year.  The  additional 
contract  for  1,500,000 
time  fuses  was  also 
put  through  within 
the  contract  time  of 
six  months,  and  the 
work  was  carried  on 
without  allowing  the 
air  brake  production 

was  completed  well  within    .    .    .    one  year"  tO    fall    behind. 
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INDUSTRIAL  PREPAREDNESS 

BY    A.    B.    HAZZARD  ' 

There  seem  to  be  varied  and  diverse  opinions  as  to  the  prob- 
ability of  the  United  States  being  able  to  make  a  sufficient 
quantity  of  munitions  in  the  event  of  war.  In  a  recent  issue 
of  the  Philadelphia  Evening  Telegraph  of  January  27,  Howard 
E.  Coffin  of  the  Council  of  National  Defense,  states  that  it 
would  take  from  five  to  thirty  years  to  properly  equip  plants 
and  manufacture  munitions  in  sufficient  quantities  to  supply 
our  army  and  navy  in  case  of  trouble.  In  considering  this 
statement  it  is  well  to  remember  that  Mr.  Coffin,  himself  has 
developed  a  large  and  extensive  automobile  plant  in  less  than 
ten  years  and  is  considered  one  of  the  most  rapid  pro- 
ducers of  automobiles  in  this  country.  We  might  also  point 
out  the  accomplishments  of  the  Ford  plant,  in  Detroit,  which 
in  less  than  fifteen  years  has  done  far  more  difficult  work 
than  the  production  of  munitions,  both  as  regards  accuracy, 
refinement  and  volume  of  production.  It  is  true  that  there 
have  been  a  number  of  failures  of  munition  manufacturers, 
but  they  were  few  in  comparison  with  the  number  who  were 
successful. 

I  stated  in  an  article  published  in  Machinery,  July,  1916, 
that  there  were  in  the  United  States  at  that  time  sufficient 
plants  equipped  with  machinery  that  could  be  changed  over 
to  manufacture  shells  to  turn  out  in  thirty  days  300,000  shells 
a  day.  That  was  a  conservative  statement.  After  carefully 
going  over  the  conditions,  I  believe  it  would  be  possible  to 
make  half  a  million  shells  per  day  in  this  country  with  the 
equipment  in  use  at  the  present  time.  I  know  of  an  instance 
where,  in  five  months,  a  plant  was  equipped  with  shell-making 
machinery  and  turned  out  3000  9.2-inch  English  shells  daily. 
It  should  be  possible  to  machine  an  armor-piercing  shell  of  the 
same  corresponding  size  in  less  time  than  a  British  high- 
explosive  shell. 

As  for  equipment,  conditions  are  now  perfected  to  such  an 
extent  that  machines  can  be  made  in  six  or  seven  hours  that 
are  capable  of  performing  both  the  internal  and  external 
machining  operations  necessary  to  finish  shrapnel  shells.  It 
would  take  longer  to  ship  the  machines  from  the  factory  to 
the  plant  than  it  actually  takes  to  build  them.  This  is  the 
work  of  but  one  concern.  There  are  numerous  other  machine 
tool  builders  prepared  to  turn  out  large  quantities  of  tools 
for  the  machining  of  shells.  The  smaller  shells,  six  inches 
in  diameter  or  less,  could  be  machined  from  bar  stock  in  far 
less  time  than  they  could  be  made  from  forgings,  which  is 
the  practice  now  used  for  manufacturing  shells  for  the  Allies. 
There  are  a  half  dozen  or  more  mills  that  could  turn  out  bar 
stock  and  start  shipment  within  four  or  five  days  from  the 
receipt  of  orders.  In  summing  up  the  conditions  that  obtain 
at  the  present  time  there  is  no  reason  why,  within  thirty  days, 
we  could  not  start  shipment  of  the  finished  product  in  large 
quantities. 

It  is  a  fact  that  automobile  manufacturers  possess  a  limited 
number  of  machine  tools  capable  of  making  munitions.  A  few 
scattered  automatic  machines  in  the  different  plants  could 
probably  be  put  together  in  an  emergency  and  a  large  quantity 
of  small  shells  produced.  However,  they  would  not  be  likely 
to  be  used,  as  these  automatic  machines  have  been  improved 
to  a  great  extent  for  making  munitions  and  would  be  far  more 
efficient  than  those  now  running  in  the  average  motor  car 
plant. 

As  for  high-explosive  shells,  together  with  the  cases,  primers, 
time  fuses,  etc.,  there  are  a  number  of  manufacturers  who  are 
engaged  in  this  line  of  work  and  would  require  but  minor 
changes  to  modify  their  equipment  for  turning  out  these 
shells  according  to  the  government  specifications.  It  might 
be  stated  further  that  there  are  numerous  plants  prepared  to 
make  different  size  shells  and  parts,  all  of  which  are,  no 
doubt,  listed  and  in  the  hands  of  the  Council  of  Defense.  As 
a  matter  of  fact  in  from  three  to  six  weeks,  shipment  could 
be  made  in  quantities  far  greater  than  would  be  needed  by 
the  army  in  case  of  an  emergency. 

There  are  other  materials  probably  just  as  important  that 
should  be  seriously  considered  by  the  Council  of  Defense.    It 


would  be  advantageous  to  publish  specifications  in  detail  of 
the  different  commodities  required  by  both  the  army  and 
navy.  This  would  educate  the  manufacturers  in  different 
lines,  and  would  help  them  to  prepare  for  the  future.  Then, 
again,  this  is  the  best  time  for  standardizing  such  com- 
modities as  can  be  made  exclusively  in  this  country.  This,  in 
itself,  would  be  a  big  saving  of  time.  For  instance,  if  manu- 
facturers of  trucks  or  other  articles  knew  of  a  certain  stand- 
ard specification  it  would  greatly  facilitate  their  work.  There 
is  no  reason  to  make  a  secret  of  these  things,  as  there  is  no 
particular  benefit  to  be  derived  from  this  policy.  We  have 
specifications  of  a  great  many  articles  used  during  the  present 
war  by  the  other  countries  that  have  given  us  valuable  infor- 
mation and  have  done  them  no  harm. 


TREND    OF    INDUSTRIAL    BUILDING   CON- 
STRUCTION 

The  present  trend  of  industrial  building  construction  is  indi- 
cated by  a  recent  investigation  made  by  W.  P.  Anderson, 
president  of  the  Ferro  Concrete  Construction  Co.  of  Cincinnati, 
Ohio,  and  presented  in  a  paper  before  the  recent  annual  meet- 
ing of  the  American  Concrete  Institute  in  Chicago.  The  re- 
sults of  Mr.  Anderson's  investigation  were  drawn  from  in- 
quiries made  of  the  leading  industries,  manufacturers  of  all 
classes  of  metal  goods,  manufacturers  of  textiles,  paper, 
leather,  boots  and  shoes.  Of  the  representative  manufacturers 
who  were  requested  to  furnish  data,  370  concerns  contributed 
information  covering  1230  buildings  erected  during  the  period 
covered  by  the  investigation.  These  varied  greatly  in  size, 
use  and  construction  but  all  were  used  for  industrial  purposes. 
The  returns  year  by  year  are  graphically  represented  in  the 
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Chart  showing  Trend  of  Industrial  Building  Construction 

accompanying  chart  for  the  four  major  classifications— all 
wood,  brick  walls  (steel  frame),  mill  construction,  and  con- 
crete construction.  Of  course  the  abnormal!  disturbances 
during  1914-1916  account  for  the  great  fluctuations  in  that 
period.  But  even  up  to  and  including  1913,  the  advance  of 
concrete  construction  and  the  relative  decadence  of  other 
types  are  distinctly  noticeable.  The  comparative  growth  of 
the  various  types  of  building  construction  is  most  strikingly 
shown  by  comparing  the  periods  1905-1910  and  1911-1916.  In 
the  former,  the  returns  cover  7,014,218  square  feet  of  mill  con- 
struction and  only  5,152,579  square  feet  of  concrete  construc- 
tion, but  in  the  latter  period  the  area  of  concrete  construction 
jumped  327  per  cent,  to  16,926,152  square  feet,  while  the  mill 
construction  showed  a  bare  increase  of  about  10  per  cent 
or  7,709,469  square  feet.  The  estimated  area  for  1916  was 
used  in  making  up  all  of  these  comparisons. 
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MECHANICAL  DEFORMATIONS  IN  METALS 

UY  B.    D.   BALLANTINB  ' 

It  is  Interesting  to  know  what  clianges  take  place  in  a 
metal  when  it  is  cold-worked,  as,  for  example,  when  steel  is 
cold-rolled  or  when  brass  is  burnished.  Sometimes  it  is  ex- 
ceedingly important  for  a  machinist  to  know  not  only  what 
effect  a  certain  cold-working  operation  will  have  on  the  work 
he  has  in  hand  but  also  how  this  effect  is  brought  about. 
In  other  words,  he  should  understand  something  of  the  theory 
which  governs  these  changes.  By  this  knowledge  he  can  often- 
tinles  avoid  annoyances  that  are  likely  to  arise  in  regard  to 
his  work  but  that  he  cannot  foresee  if  he  goes  at  his  work 
blindly.  It  is  not  the  purpose,  however,  to  give  here  a  de- 
tailed outline  of  the  theory,  but  simply  to  touch  on  its  most 
salient  features  and  to  explain  some  of  the  everyday  things 
that  come  up  in  connection  with  the  cold-working  of  metals 
by  the  help  of  this  theory. 

When  a  metal  has  been  strained  beyond  its  elastic  limit, 
allowed  to  rest  for  a  short  time,  and  then  strained  again,  it  is 
found  to  have  a  higher  tensile  strength  than  before  and  its 
elastic  limit  is  also  found  to  have  been  raised.  This  statement 
applies  to  metals  in  general,  and  especially  to  steel.  The 
theory  of  this  phenomenon  is  not  simple  and  has  not  been 
absolutely  established,  but  it  has  come  to  that  stage  where 
additional  information  strengthens  rather  than  weakens  it,  so 
that  it  is  now  almost  universally  accepted. 

When  a  cross-section  of  a  piece  of  steel  which  has  been  sub- 
jected to  strain  beyond  its  elastic  limit  is  examined  under 
the  microscope,  there  appears  on  each  crystal  a  series  of  fine 
dark  parallel  lines  that  are  more  or  less  wavy.  These  are 
technically  known  as  slip  bands  and  are  caused  by  a  break- 
down in  the  crystal,  one  part  having  slipped  on  another  part 
and  caused  a  slight  displacement.  In  Fig.  1  are  representa- 
tions of  two  adjoining  crystals,  showing  how  they  look  before 
and  after  they  have  undergone  strain.  The  steps  S  are  where 
these  bands  occur.  The  average  height  of  the  steps  is  about 
1/50,000  inch.  The  dark  appearance  of  the  slip  bands  is  due 
to  the  reflected  light  in  the  microscope. 

A  number  of  elements  exist  in  allotropic  forms.  For  in- 
stance, pure  carbon  exists  as  diamond  and  as  graphite,  and 
sulphur  exists  as  crystalline  sulphur  and  as  an  amorphous 
sulphur  similar  in  appearance  to  thick  molasses.  When  brass 
or  steel  is  burnished,  the  crystalline  metal  is  converted  into 
an  amorphous  form,  which  is  pressed  down  into  the  tool 
marks.  This  amorphous  metal  flows  into  the  minute  cracks 
and  crevices  of  the  machined  material  practically  as  a  molten 
metal  flows  and  adjusts  itself  until  it  presents  a  smooth  sur- 
face.    The  metal,  when  in  this  amorphous  state,  is  harder, 


BEFORE  STRAINING 


AFTER  STRAINING 


Fig.   1.     Slip  Bands  of  Adjoining  Crystals 

stronger  and  more  brittle  than  when  it  is  in  the  crystalline 
form,  but  it  is  more  easily  attacked  by  acids;  in  fact,  so  much 
more  so  that  the  original  tooled  surface  can  be  restored  by 
etching  with  nitric  acid.  The  amorphous  metal  has  a  higher 
vapor  tension  also.  When  it  is  subjected  to  a  high  tempera- 
ture in  a  vacuum  it  will  sublimate  off  appreciably  faster  than 
in  the  crystalline  form;  it  can  be  reconverted  into  the  latter 
form,  however,  by  being  heated  and  then  allowed  to  cool.  This 
heat-treatment  is  known  as  one  form  of  annealing  and  is  the 
treatment  used  for  softening  brass. 

When  slip  bands  are  created,  a  certain  amount  of  crystalline 
metal  is  converted  into  the  amorphous  state,  which  flows 
around  each  slip  band.     Virtually  all  the  metal  at  each  slip 


band  is  changed  in  this  manner  Into  the  amorphous  condition. 
This  acts  as  a  cementing  material,  and,  since  it  is  harder  and 
stronger  than  the  original  composition,  the  larger  the  num- 
ber of  slip  bands  created,  the  greater  will  be  the  amount  of 
cementing  material  formed  and  consequently  the  harder  and 
stronger  the  resulting  material.  Of  course,  if  the  thing  is 
carried  too  far,  ultimate  fracture  will  result.  The  amorphous 
form  is  brittle,  so  when  no  available  crystalline  metal  is  left 
the  metal  loses  its  ductility,  there  is  no  more  "give"  to  it, 
and  it  cracks.  Everybody  knows  what  the  head  of  a  well 
used  cold  chisel  looks  like,  and  so  is  familiar  with  the  result 
of  overstraining  the  metal.  It  must  not  be  imagined,  how- 
ever, that  all  the  crystalline  metal  is  converted  into  the 
amorphous  form.  The  process  is  carried  on  until  a  skeleton 
of  the  amorphous  metal  pervades  the  mass;  a  further  carry- 
ing on  of  this  straining  operation  will  break  down  this 
skeleton. 

The  foregoing  discussion  leads  to  an  interesting  case.    The 
fact  is  widely  appreciated  that  a  steel  of  fine  grain  is  more 
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Fig.   2.     Characteristic  Appearance  of  Steel  Bolt  broken  by  a  Slow  and  a 
Ouick  Pull 

desirable  than  one  of  coarse  grain  because  it  is  stronger. 
When  molten  steel  cools  and  crystallization  sets  in,  the  nuclei 
of  the  crystals  are  first  formed.  As  these  crystals  grow  and 
as  others  form,  they  approach  one  another  and  a  certain 
amount  of  molten  steel  is  trapped,  giving  the  crystals  no  more 
room  to  form.  When  this  trapped  material  solidifies,  it  does 
so  in  the  amorphous  form.  Consequently  there  is  produced 
the  condition  existing  in  the  preceding  case,  where  the 
greater  the  amount  of  amorphous  metal,  the  greater  is  the 
strength  of  the  steel.  As  the  amount  of  amorphous  metal  in- 
creases with  the  diminishing  size  of  the  crystals,  a  steel  con- 
taining small  crystals  is  stronger  than  one  containing  larger 
ones. 

There  is  prevalent  among  machinists  and  metal  workers  a 
belief  in  the  existence  of  the  so-called  "cold  crystallization" 
of  steel.  The  idea  is  that  a  steel  originally  of  fine  grain  grad- 
ually assumes  a  coarse  structure  when  it  is  subjected  to  con- 
tinued alternate  stresses  and  strains.  No  evidence  to  bear 
out  this  belief  has  been  submitted  to  metalographists.  A  great 
many  bolts  and  springs,  broken  after  continued  service,  have 
exhibited  what  appears  to  be  a  coarse  structure  at  fracture, 
but  this  does  not  warrant  any  such  belief.  The  specimen  will 
show  its  original  grain  if  examined  anywhere  else  than  at 
the  fractured  surface.  This  coarse  appearance  at  the  break 
can  be  ascribed  to  other  causes.  Everybody  has  observed  the 
behavior  of  a  long  piece  of  sealing-wax  or  of  molasses  candy. 
The  stick  can  be  bent  almost  double  if  a  very  slow  and  steady 
pressure  is  applied  to  it,  whereas  it  will  be  broken  off  short 
if  a  sudden  effort  is  made  to  bend  it.  Exactly  the  same  thing 
is  true  of  steel. 

Fig.  2  shows  the  characteristic  appearance  of  a  steel  bolt 
or  bar  when  broken  by  a  slow  pull  and  when  broken  by  a 
quick  one.  In  the  first  instance,  sufficient  time  has  been  given 
for  slip  bands  to  form,  amorphous  metal  has  had  a  chance 
to  flow,  and  the  result  is  a  smooth  break.  In  the  second  case, 
no  such  opportunity  has  been  given  for  the  amorphous  metal 
to  run  and  the  fracture,  which  in  any  normal  material  always 
occurs  through  the  crystals  themselves,  presents  a  ragged  ap- 
pearance in  the  absence  of  any  filling-in  material.  But  that 
is  not  all.  When  a  bolt  is  subjected  to  alternate  stresses  and 
strains,  slip  bands  will  start  to  form.  These  will  begin  at  a 
certain  point  and  gradually  spread  from  crystal  to  crystal.  In 
the  course  of  time  the  amorphous  metal  formed  at  these  slip 
bands  will  be  squeezed  out  by  the  intermittent  pressure  on 
the  bolt  and  a  minute  crack  will  be  formed.    As  the  process 
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is  continued,  the  fracture  will  be  extended  until  the  unaf- 
fected portion  of  the  bolt  will  be  unable  to  bear  the  strain 
and  breakage  will  occur.  If  these  operations  are  carried  on 
fairly  rapidly,  the  steps  caused  by  the  slip  bands,  having  had 
no  chance  to  wear  smooth  by  abrasion,  will  present  a  coarse 
crystalline  appearance  which  has  led  to  the  mistaken  notion 
that  the  metal  has  crystallized  in  coarse  granules.  If  the 
process  is  carried  out  more  slowly,  the  two  surfaces,  one  on 
each  side  of  the  crack,  will  rub  against  each  other,  wearing 
each  other  down  until  they  are  smooth.  Then  when  the  bolt 
breaks,  there  will  be  a  region  on  the  fractured  surface  where 
this  action  has  taken  place  that  will  appear  rather  smoother 
than  the  cross-section  of  that  part  of  the  bolt  giving  way  last. 
This  is  only  one  instance  of  an  illusion  dispelled.  There  are 
many  others  connected  with  the  science  of  metalography.  As 
a  rule,  mankind  does  not  go  far  out  of  its  way  to  make  dis- 
coveries unless  compelled  to.  Urgent  needs  have  fostered  im- 
portant discoveries  and  aided  necessary  developments.  What 
the  Civil  War  did  for  drop-forging  in  creating  a  demand  for 
interchangeable  gun  parts  in  large  numbers,  what  the  present 
war  is  doing  for  the  aeroplane,  the  automobile  has  done  for 
the  science  of  metalography;  and  the  whole  metal-workers' 
realm  is  affected. 

*     *     * 

ORNAMENTAL  MACHINE   SCRAPING   OR 
FROSTING 

The  slides  and  ways  of  machine  tools  are  scraped  for  two 
purposes:  first,  for  correcting  faults  of  machining,  and  second, 
for  ornamenting  the  working  parts.  When  correcting  faults 
the  scraper  is  used  with  a  surface-plate  to  bring  the  fiat  sur- 
faces to  true  planes.  The  practice  has  the  merit  of  hardening 
the  surfaces,  removing  the  cast-iron  dust  and  putting  them  in 
first-class  condition  to  resist  wear.  As  planers  were  improved 
and  planer  practice  was  developed,  it  was  found  that  surfaces 
could  be  planed  so  smooth  and  true  that  scraping  as  a  cor- 
rective process  was  no  longer  necessary.  Of  course  it  would 
lie  far  from  the  truth  to  say  that  scraping  still  is  not  largely 
employed  as  a  corrective  process,  but  this  is  chiefly  the  fault 
of  the  machine  tool  equipment  and  operation.  There  is  no 
valid  reason  why  a  lathe  or  planer  bed  or  table  cannot  be 
planed  so  true  that  it  will  require  no  corrective  hand  work. 
The  true  function  of  scraping  these  parts  should  be  to  clean 


Fig.    1.     Lund    Method    of    frosting    Machine    Tool    Slides 

off  the  cast-iron  dust,  harden  the  surface  so  that  it  is  in  good 
condition  to  resist  wear,  and  improve  the  appearance,  if  orna- 
ment is  desired. 

There  are  various  methods  followed  in  producing  orna- 
mental or  frosted  scraping;  one  that  is  simple,  attractive  and 
easy  to  produce  is  used  by  the  Valley  City  Machine  Works, 
Grand  Rapids,  Mich.  The  method  was  developed  by  Matthew 
Lund,  vice-president  and  general  manager,  when  he  was  em- 
ployed as  a  mechanic  in  the  plant  of  Bement  &  Miles,  Phila- 
delphia,  Pa.,   years   ago.     The   surface   to   be   frosted   bv   Mr. 


Lund's  method  is  laid  off  as  shown  in  Fig.  1,  in  squares  meas- 
uring about  Vi  inch,  and  %  inch  on  the  diagonal.  The  scraper 
used,  shown  in  Fig.  2,  has  a  notched  edge;  the  width  of  the 
two  points  and  the  notch  is  Vt  inch  each,  the  width  over-all 
being  %  inch.  The  lay-out  lines  are  marked  with  a  lead 
pencil,  the  lines  showing  black  on  the  polished  surface.  The 
use  of  chalk  on  a  finished  surface  is  never  advisable,  as  it  is 
likely  to  remain  in  the  pores  of  the  metal  and  cause  rusting 
years  afterward.  It  is  said  to  be  practically  impossible  to 
get  chalk  out  so  that  it  will  not  plainly  show  effects  long 
after  the  machine  has  been  put  in  use. 

Having  laid  out  the  surface  to  be  scraped,  the  operator  be- 
gins at  a  convenient  spot,  using  the  tool  with  a  long  pipe 
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Fig.   2,     Scraper  used   for  producing  the   Lunar  Markings 

handle  which  rests  on  his  shoulder.  The  tool  is  ground  with 
a  sharp  chisel  edge,  and  is  not  used  as  a  scraper  usually  is, 
that  is,  to  cut  away  the  metal  with  a  square  corner.  In  fact, 
the  function  of  the  scraper  is  more  of  a  marking  tool  than  of  a 
metal  removing  tool.  The  edges  of  the  scraper  are  placed, 
say,  on  the  line  A  with  the  left-hand  side  coinciding  with 
line  B.  The  tool  is  then  given  a  sweep  through  a  half  circle 
ending  with  the  left-hand  side  again  next  to  line  B.  The  re- 
sults of  the  sweep  are  indicated  by  two  lunar  markings. 
This  stroke  is  used  progressively  following  the  lay-out  lines, 
and  the  markings  are  made  rapidly.  •  The  second  markings 
are  produced  in  the  same  manner,  but  with  the  scraper  held 
at  right  angles  to  the  first  position.  The  effect  is  pleasing, 
the  work  being  regular  and  the  light  and  shade  effects  all 
that  could  be  desired  for  an  ornamental  frosted  effect. 

Of  course  it  is  understood  that  the  surfaces  scraped  in  this 
way  have  been  proved  beforehand  with  surface-plates  and  cor- 
rected when  necessary  by  scraping  in  the  ordinary  manner. 
The  marks  of  this  scraping  are  eliminated  by  rubbing  with 
emery  cloth  in  a  line  parallel  with  the  length  of  the  ways. 
This  leaves  a  surface  in  prime  condition  for  the  ornamental 
marking  with  the  special  tool. 

Mr.  Lund  has  instructed  many  mechanics  in  this  method 
of  ornamental  scraping,  and  the  practice  has  spread  to  other 
shops.  It  was  instituted  in  order  to  secure  uniform  work 
from  a  number  of  operators,  so  that  operator  No.  23  work- 
ing on  the  carriage  of  a  machine,  for  instance,  will  finish  his 
work  in  the  same  style  as  operator  No.  50  who  is  working  on 
the  bed-plate.  But  it  is  also  rapid;  the  time  required  to  mark 
a  surface  a  foot  square  in  this  manner  is  about  one-half  hour. 
Hence  it  is  evident  that  the  frosting  work  on  a  fair-sized  ma- 
chine tool  need  consume  only  a  few  hours.  Of  course  we  all 
concede  that  it  is  in  a  sense  unnecessary,  yet  it  adds  greatly 
to  the  attractive  appearance  of  a  machine,  and  appearances 
count  for  a  good  deal  in  marketing  high-class  machinery  in 
normal  times.  F.  E.  R. 

*     *     * 

Members  of  the  Atkins  Pioneers,  men  who  have  been  asso- 
ciated with  E.  C.  Atkins  &  Co.,  Inc.,  Indianapolis,  Ind.,  for 
twenty  years  or  more,  celebrated  the  eleventh  anniversary  of 
their  organization,  with  a  banquet  at  the  Spencer  House  in 
Indianapolis,  Ind.,  Saturday  evening,  February  10,  and  a 
theater  party  at  the  Circle  Theater.  The  Pioneers  were 
organized  in  1906,  with  sixty-two  members,  and  the  present 
membership  is  121.  John  H.  Wilde,  the  oldest  member,  who 
had  a  record  of  fifty-one  years'  continuous  service,  died  last 
September.  C.  F.  Aumann,  the  present  treasurer  of  the  asso- 
ciation, is  the  oldest  living  member,  having  been  in  the  Atkins 
service  forty-seven  years.  Membership  in  the  Atkins  Pioneers 
is  open  to  all  employes.  The  object  of  the  association  is  to 
promote  sociability,  loyalty  and  zeal  for  the  business.  The 
officers  are  W.  O.  Williams,  president;  C.  S.  Bronson,  vice- 
president;  C.  A.  Newport,  secretary;  and  C.  F.  Aumann, 
treasurer. 
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MANUFACTURE    OF  STEEL  BALLS 

There  is  no  other  simple  machine  element  that  is  regarded 
with  more  interest  by  those  who  know  than  a  perfect  steel 
ball;  and  it  is  with  great  satisfaction  that  we  present  in  this 
number  the  first  installment  of  a  comprehensive  article  on 
ball  manufacture.  Steel  balls  suitable  for  high-grade  bearings 
must  be  perfect  spheres  of  hardened  steel,  highly  polished; 
they  must  be  without  flaws  or  cracks,  of  uniform  density  and 
of  high  crushing  strength.  The  hardness  must  be  uniform 
and  extend  to  the  center.  While  the  requirements  are  severe, 
they  have  been  met  in  such  measure  as  to  make  the  highest 
grade  balls  an  ideal  product. 

The  machinery  and  processes  employed  in  the  manufacture 
of  balls  are  unique,  being  peculiar  to  that  industry  alone.  The 
ordinary  turning  and  finishing  processes  of  the  machine  shop 
cannot  be  employed  for  making  balls,  as  they  are  too  slow 
and  costly  and  too  inaccurate.  Machining  methods  quite  dif- 
ferent must  be  used  for  manufacturing  balls  for  bearings. 
Machines  and  methods  have  been  developed  which  have  put 
the  making  of  balls  on  a  tonnage  basis,  but,  paradoxically, 
these  machines  are  not  in  themselves  of  such  exquisite  refine- 
ment as  to  warrant  the  conclusion  that  the  product  will  meet 
the  most  exacting  requirements.  As  a  matter  of  fact,  ball 
making  machines  are  crude,  but  they  subject  the  rough  forg- 
ings  to  peculiar  abrasive  and  rolling  actions,  which  tend  to 
produce  a  truly  spherical  form.  Not  all  balls  produced  are 
perfect — far  from  it;  but  by  ingenious  sorting  and  grading 
machines  and  sensitive  gages  the  inferior  grades  are  elimi- 
nated. 

The  importance  of  the  ball  making  industry  can  hardly  he 
over-estimated.  Ball  bearings  are  an  essential  feature  of  many 
modern  machines,  and  the  number  using  anti-friction  bearings 
is  growing.  There  is,  perhaps, "no  feature  of  machine  design 
that  requires  more  study  than  the  proportioning  of  bearings 
so  as  to  give  the  longest  life  consistent  with  a  minimum  of 
frictional  resistance.  But,  at  best,  the  design  of  plain  bear- 
ings is  a  compromise.  Ball  and  roller  bearings  are  steadily 
displacing  them,  as  is  shown  by  the  millions  annually  pro- 
duced. The  factory  whose  practice  will  be  described  in  these 
articles  is  now  producing  the  equivalent  of  25,000,000  "one- 
fourth-inch  balls  daily,  and  will  soon  be  able  to  increase  its 
product  over  60  per  cent. 


IMPORTANCE    OF    STANDARDIZATION 

I'erliaps  the  most  valuable  and  enduring  work  of  the  Aincri- 
caii  Society  of  Mechanical  Engineers  is  the  recommendation 
of  standards  of  practice  for  engineers,  such  as  the  screw 
threads  and  boiler  design  standards.  Standardization  of  prac- 
tice means  increased  efficiency  of  production,  less  waste  of  ma- 
terial, and  greater  security.  Howard  E.  Coffin,  in  an  address 
delivered  before  a  body  of  engineers  recently,  dwelt  strongly 
on  the  need  of  standardization  of  aeroplane  parts.  He  cited 
the  case  of  one  concern  making  screw  machine  parts  for  nearly 
all  the  aircraft  built  in  the  United  States  and  Canada.  One 
form  of  bolt  is  ^ommon  in  all  the  designs;  but  this  bolt  is 
requisitioned  in  eight  different  materials,  several  diameters, 
six  styles  of  heads  and  fifty  different  lengths.  This  means  that 
the  one  concern  may  be  called  on  to  produce  several  thousand 
different  styles  and  sizes  of  one  bolt,  which  might  be  used  with 
equal  satisfaction  if  standardized  in  one  size  and  style. 

The  folly  and  waste  of  such  practice  is  appalling.  It  is  due 
largely  to  the  reluctance  of  one  designer  to  accept  the  figures 
and  forms  laid  down  by  another,  and  to  lack  of  appreciation 
of  the  savings  effected  by  standardized  practice.  The  intelli- 
gent, progressive  and  efficient  engineer  should  be  willing  to 
accept  the  designs  of  others  when  reliable;  acceptance  is  a  step 
toward  standardization. 

We  have  had  occasion  several  times  to  refer  to  the  ex- 
traordinarily valuable  standardization  work  accomplished  by 
the  Society  of  Automobile  Engineers.  This  being  a  young 
society,  unhampered  by  precedent  and  devoted  to  the  interests 
of  a  comparatively  new  industry,  has  had  a  great  advantage 
over  the  older  societies.  Its  committees  have  risen  to  the  occa- 
sion and  by  standardizing  motor  car  details  have  saved  the 
industry  millions  of  dollars  and  set  an  example  for  other 
engineering  societies  to  follow. 

*     *     * 

DELIVERIES   OF  MACHINE    TOOLS 

Price  and  delivery  are  very  important  items  in  any  contract 
or  order  for  machine  tools.  During  the  past  two  years,  de« 
livery  has  usually  been  a  greater  consideration  than  price. 
Some  manufacturers  who  would  not  think  of  quoting  a  ma- 
chine at  $3000  with  the  intention  of  accepting  the  order  and 
invoicing  it  at  $4000  will  deliberately  name  a  delivery  of  three 
months  and  take  the  business  with  the  full  knowledge  that 
they  cannot  hope  to  make  shipment  in  less  than  four  months. 
The  latter  practice  is  not  so  reprehensible  as  the  former  would 
be,  but  to  deliberately  name  an  earlier  delivery  date  than 
can  be  met  is  morally  wrong  and  financially  short-sighted; 
it  is  harmful  to  the  company  indulging  in  such  practice,  and 
it  gives  the  machine  tool  industry  a  bad  reputation. 

Some  companies  which  consistently  fail  to  maintain  prom- 
ised delivery  dates  do  not  do  it  with  intent  to  deceive,  but 
they  do  base  their  promises  upon  the  best  attainable  deliveries 
if  there  should  be  no  hitch  at  any  point  in  the  entire  manu- 
facturing schedule.  Invariably  something  goes  wrong,  thus 
introducing  more  or  less  delay.  With  a  proper  production 
schedule,  the  machine  tool  builder  should  be  able  to  predict 
very  closely  the  date  at  which  any  given  order  can  be  filled — 
barring  strikes,  fires  and  accidents.  One  of  the  leading  ma- 
chine tool  manufacturers  has  for  some  months  been  deliberately 
adding  about  20  per  cent  to  its  shop  production  schedule  when 
making  promises  of  deliveries,  knowing  that  the  dates  thus 
calculated  can  be  easily  anticipated.  The  result  is  that  ship- 
ments, instead  of  being  late,  are  made  ahead  of  the  promised 
dates.  This  has  brought  a  number  of  unsolicited  commenda- 
tory letters  from  customers  who  have  received  their  machines 
earlier  than  promised,  and  much  earlier  than  expected.  It  is 
building  up  good  will  for  that  company  in  the  way  of  reputa- 
tion for  more  than  fulfilling  obligations  in  the  way  of  deliv- 
ery promises. 

If  this  practice  should  come  into  general  use,  no  manufac- 
turer would  feel  that  he  was  losing  business  on  this  account, 
because  all  would  be  on  the  same  basis.  It  would  give  the 
American  machine  tool  industry,  in  general,  a  much  more 
favorable  reputation  abroad;  and  those  firms  which  first  gain 
the  reputation  for  meeting  delivery  promises  will  derive  the 
most  benefit. 
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THE  ASSUMPTION   OF   RISK 

BY  CHESLA  C.   SHERLOCK  ' 

The  doctrine  of  law  that  a  servant  or  employe  upon  en- 
tering certain  classes  of  employment,  assumes  the  ordinary 
risks  and  dangers  of  the  employment  is  an  important  branch 
of  the  law  of  master  and  servant.  Reaching  into  almost  every 
branch  of  our  industrial  life,  its  importance  can  be  compre- 
hended only  when  one  has  realized  how  far-reaching  our  com- 
mercial and  industrial  world  is. 

It  is  a  fundamental  proposition  that  a  servant  assumes  the 
ordinary  risks  and  dangers  of  the  employment  in  which  he 
is  engaged.  The  courts  have  even  gone  further  and  said  that 
he  also  assumes  the  extraordinary  risks  and  dangers  that  he 
knows  and  appreciates.  And  here  is  one  of  the  most  fertile 
fields  for  disagreement  among  the  authorities.  Just  how  far 
an  employe  assumes  apparent  risks,  what  risks  are  apparent 
and  what  are  not,  and  the  like,  are  questions  that  not  only 
puzzle  the  most  capable  lawyers  but  the  text  writers  and  the 
courts  as  well. 

Speaking  in  specific  cases  where  the  risk  of  employment  was 
obvious,  the  courts  have  handed  down  a  long  list  of  conflict- 
ing and  varying  decisions.  One  court  has  held  that  an  em- 
ploye assumes  all  risks  connected  with  the  business  with  which  ■ 
he  is  employed,  even  though  produced  by  the  master's  negli- 
gence, if  he  continues  in  the  employment.  A  railway  com- 
pany is  not  liable  for  the  killing  of  a  conductor  struck  by  a 
trolley  pole  while  he  is  leaning  out  of  a  car  running  at  high 
speed  on  a  straight  track  at  broad  daylight  at  a  place  with 
which  he  is  familiar,  in  order  to  ascertain  a  fact  that  he  can 
learn  by  looking  out  from  the  rear  of  the  car,  since  the  con- 
ductor voluntarily  chooses  the  negligent  rather  than  the  safe 
way. 

As  to  employment  that  is  obviously  hazardous,  the  courts 
held,  in  a  case  where  a  salvage  company  was  called  upon  to 
clear  away  the  debris  from  a  burning  building,  that  one  who 
engages  in  such  work  assumes  the  risk  of  injury  from  falling 
walls.  It  was  also  held  in  this  case  that  "an  employe  of  one 
engaged  in  salving  property  from  the  debris  of  a  fire  cannot 
hold  his  employer  liable  for  injuries  caused  by  falling  walls; 
since,  if  the  danger  was  obvious  he  assumed  the  risk  of  in- 
jury, and  if  it  was  not  obvious  the  master  did  not  violate  his 
duty  to  use  ordinary  care  to  provide  a  reasonably  safe  work- 
ing place."  An  employe  sent  to  remove  a  pile  of  lumber  as- 
sumes the  risk  of  injury  from  its  fall,  because  the  lumber  is 
covered  with  ice  and  defectively  piled,  where  the  defects  are 
plainly  obvious  to  him,  notwithstanding  they  are  due  to  the 
master's  negligence. 

These  cases  illustrate  the  tendency  of  the  courts  in  instances 
where  the  facts  show  that  the  defect  causing  the  injury  was 
obvious,  or  must  have  been  obvious,  to  the  employe.  In  the 
case  of  defective  machinery,  appliances,  or  methods  of  work, 
a  little  different  construction  obtains.  In  a  case  where  a  nail 
projected  above  the  floor  in  the  immediate  vicinity  of  a  danger- 
ous machine  and  a  workman  tripped  on  the  nail  and  was 
thrown  into  the  machine,  it  was  held  that  there  was  no  as- 
sumption of  risk.  This  decision  was  based  on  a  showing  that 
the  nail  was  habitually  covered  with  litter,  so  that,  as  a  defect, 
it  was  not  obvious.  However,  when  a  servant  remains,  with- 
out necessity,  under  a  heavy  steel  plate  that  is  being  hoisted 
in  the  air  by  means  of  a  tackle,  he  assumes  the  risk  and,  if 
injured,  cannot  recover.  One  operating  a  lath  machine  has 
been  held  to  assume  the  risk  of  injury  from  being  thrown 
against  the  saws  by  the  breaking  of  a  stick  or  strip  of  lumber 
with  which  he  undertakes  to  clear  the  chute  carrying  the  saw- 
dust from  the  machine. 

An  employe  does  not  assume  the  risk  of  a  device,  installed 
by  his  master  to  lessen  the  risk  of  injury  from  the  machinery 
at  which  he  is  required  to  work,  being  permitted  by  the  em- 
ployer to  get  out  of  order,  unless  he  himself  has  notice  of  the 
fact  that  it  is  out  of  order.  A  servant  who  assumes  the  risk 
of  getting  his  hand  caught  in  a  machine  at  which  he  is  re- 
quired to  work  may  hold  his  master  liable  for  aggravation  of 
hirj  injury  by  failure  of  a  device  installed  to  stop  the  machine 
in  case  of  such  accident  to  work,  should  his  arm  be  drawn 
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into  the  machine  and  crushed.  A  servant  does  not,  by  con- 
tinuing to  operate  a  machine  that  has  not  been  protected  by 
guards  as  required  by  statute,  assume  the  risk  of  injury  from 
violation  of  the  statute.  A  servant  does  not  assume  the  risk 
of  injury  from  the  master's  violation  of  a  statutory  duty  to 
guard  set-screws.  An  inexperienced  employe  injured  four  days 
after  his  employment  by  an  unguarded  set-screw  was  found 
not  to  have  assumed  the  risk  of  injury  therefrom,  although 
he  knew  of  its  existence,  as  the  injury  was  due  to  the  yielding 
of  sawdust  under  his  feet  throwing  him  against  the  screw, 
the  probability  of  which  he  might  not  have  anticipated. 

The  defense  of  assumption  of  risk  in  its  true  sense  in  an 
action  by  the  servant  for  injuries  caused  by  the  master's  negli- 
gence has  reference  to  those  risks  arising  out  of  the  negligence 
of  the  master  that  are  known  to,  and  the  danger  from  which 
is  appreciated  by,  the  servant.  A  servant  does  not  assume 
the  risk  of  injury  from  the  negligence  of  his  master  merely 
because  he  could  have  discovered  and  avoided  it  by  the  exer- 
cise of  ordinary  care;  his  assumption  of  such  risk  depends 
upon  his  actually  being  aware  of  and  appreciating  the  danger. 
The  test  of  "knowledge  of  danger"  in  determining  whether  an 
injured  employe  had  assumed  the  risk  is  not  the  exercise  of 
ordinary  care  to  discover  danger,  but  whether  the  danger  was 
known  to  or  plainly  observable  by  the  employe.  A  servant 
who  knowingly  engages  to  do  what  no  prudent  man  ought 
to  risk  his  life  in  endeavoring  to  accomplish  cannot,  if  injury 
ensues,  rely  upon  the  law  to  throw  around  him  the  protection 
of  a  fiction  that  his  employer  impliedly  undertook  to  take 
steps  to  minimize  the  hazard  assumed,  at  least  to  the  extent 
of  making  performance  possible. 

Where  a  servant  discovers  a  defect  in  his  tools  or  place 
of  work  that  greatly  increases  his  danger  of  injury  and  reports 
it  to  his  master,  he  has  not,  by  merely  doing  this,  removed 
himself  from  behind  the  defense  of  assumption  of  risk.  If  the 
master  promises  to  remedy  the  defect  and  on  the  strength  of 
the  promises  the  servant  goes  back  to  work,  the  doctrine  of 
assumption  of  risk  is  still  in  force  and,  in  case  of  injury,  the 
servant  cannot  recover  from  the  master  for  his  negligence. 
Some  of  the  courts,  however,  hold  that  where  the  master  prom- 
ises to  remedy  the  defect  before  a  certain  time,  as  an  induce- 
ment for  the  servant  to  return  to  work,  he  is  liable  up  to 
the  specified  time;  but  that  if  the  servant  continues  to  work 
after  that  time  the  liability  of  the  master  ceases.  If  a  master's 
promise  to  repair  a  defective  machine  is  general  or  inferential 
as  to  the  time  of  its  performance,  it  runs  for  a  reasonable 
time,  and  if  not  performed  within  such  period,  the  servant 
assumes  the  risk  of  injury  if  he  continues  to  operate  the  ma- 
chine. To  entitle  a  servant  to  take  advantage  of  a  promise 
by  the  master  to  repair  the  machine  upon  which  he  is  required 
to  work,  the  promise  must  have  been  the  inducing  motive 
which  kept  him  at  work  and  without  "which  he  would  have  quit. 

The  doctrine  of  assumption  of  risk  by  the  servant  not  only 
applies  to  the  master's  negligence  in  the  ^ses  mentioned,  but 
it  applies  to  the  negligence  of  fellow  servants.  It  is  a  funda- 
mental principle  that  fellow  servants  assume  the  risk  of  in- 
jury from  one  another  in  their  common  conduct  of  the  master's 
work.  Practically  the  same  principles  of  law  that  govern  in 
cases  between  master  and  servant  hold  in  cases  between  a 
servant  and  a  fellow  servant.  At  least,  it  is  safe  to  say  they 
do  in  general  principles,  although  there  are  distinctions  in 
almost  any  phase  of  law  that  negative  any  attempt  to  state  a 
broad  general  principle  that  will  apply  in  all  cases. 


Preliminary  estimates  by  John  D.  Northrup,  of  the  United 
States  Geological  Survey,  Department  of  the  Interior,  indicate 
that  the  quantity  of  crude  petroleum  produced  and  marketed 
in  the  United  States  oil  fields  in  1916  was  292.300,000  bar- 
rels. This  quantity  is  greater  by  4  per  cent  than  the  corres- 
ponding output  in  1915,  which  reached  the  record-breaking 
total  of  281,104,104  barrels.  Mr.  Northrup  estimates  that  38 
per  cent  of  the  1916  total  came  from  the  Oklahoma-Kansas 
field,  30  per  cent  from  California,  and  the  remaining  32  per 
cent  from  the  Appalachian,  Lima-Indiana,  Illinois,  North 
Texas,  North  Louisiana,  Gulf  coast,  and  Rocky  Mountain 
fields. 
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SHOP  TRAINING  FOR   MACHINE   TOOL 
SALESMEN 

BY  ALFRED   A.    BERKWITZ  1 

In  recent  years  there  has  been  a  great  deal  written  on  sales- 
manship, and  the  subject  has  been  considered  from  every 
angle.  But  one  point  is  accepted  by  all  writers;  namely,  that 
the  salesman  should  have  a  thorough  knowledge  of  his  product. 
For  this  reason,  most  concerns  send  their  technically  trained 
young  men  to  the  factories  for  a  varying  period  of  time  as  a 
preparation  for  the  sales  department.  There  is  no  standard 
method  of  training  in  use  among  the  different  concerns.  Some 
require  the  shop  training  before  the  men  enter  the  sales  ofllces; 
others  prescribe  a  short  term  of  office  work  before  the  men 
go  into  the  shops.  The  writer  is  in  favor  of  the  latter  method, 
because  the  salesman  learns  the  methods  of  doing  business, 
and,  furthermore,  at  the  end  of  this  period  knows  just  what 
he  needs  to  learn  while  in  the  shops. 

It  is  highly  advisable  that  this  shop  training  should  be 
concentrated,  and  not  too  long.  The  average  technically 
trained  man  does  not  take  long  to  master  as  much  of  the  shop 
practice  and  machine  construction  as  he  will  need.  Further- 
more, since  a  salesman  must  know  men  as  well  as  methods, 
he  should  be  allowed  considerable  freedom  while  at  the  plant.* 
The  man  who  spends  several  weeks  over  a  drawing-board  de- 
tailing some  gear  or  lever  learns  a  certain  amount,  perhaps; 
it  is  certain,  however,  that  he  does  not  learn  nearly  as  much 
as  if  he  had  spent  the  same  length  of  time  as  recommended 
in  the  following.  From  the  writer's  experience  as  an  in- 
structor (secondary  school  and  university),  the  method  here 
outlined  presents  a  logical  means  of  obtaining  the  necessary 
shop  training,  in  a  concentrated  manner. 

After  the  salesman  arrives  at  the  plant,  the  first  few  days 
are  spent  in  becoming  acquainted  with  the  various  officials  and 
inspecting  the  whole  plant,  in  a  general  manner.  Much  de- 
pends on  "getting  in  right"  at  the  start.  The  serious  part 
of  the  work  then  commences,  and  the  first  machine  is  taken 
up.  Let  us  suppose  that  it  is  a  boring  mill.  The  writer  frankly 
confesses  that  beyond  the  fact  that  a  boring  mill  consisted  of 
a  revolving  horizontal  table  and  a  stationary  tool,  to  him  the 
rest  of  the  machine  was  simply  a  series  of  levers  and  covered 
boxes  containing  numerous  gears,  clutches,  etc.  A  nearly  com- 
pleted mill  in  the  shop  should  be  chosen  for  the  first  inspec- 
tion. At  the  outset,  one  fundamental  principle  common  to 
almost  every  machine  tool  should  be  understood:  the  power 
applied  to  the  machine  is  divided  into  two  main  branches,  the 
driving  of  the  tool  or  table,  as  the  case  may  be,  and  the  feeds. 
In  the  case  of  the  boring  mill,  the  power  is  traced  from  the 
belt  or  motor  through  the  various  speed  gears  and  back-gears 
to  the  pinion  which  drives  the  table.  The  writer  strongly  rec- 
ommends sketching  these  gear  trains  on  a  pad;  the  very  act 
of  putting  a  construction  on  paper  helps  to  fix  it  in  one's 
mind.  In  the  same'manner,  the  feed  gearing  is  traced  through 
from  where  it  leaves  the  drive  gearing  to  the  final  tool  move- 
ment. If  any  part  of  the  machine  is  inaccessible,  the  assem- 
bling benches  should  be  visited  and  the  desired  part  inspected 
in  detail.  In  this  way,  a  fairly  good  understanding  of  the 
function  of  each  lever  and  clutch  is  obtained. 

The  next  step  is  to  hold  an  informal  consultation  with  the 
designer  of  the  tool.  With  his  assistance,  a  number  of  assembly 
drawings  of  the  machine  in  question  should  be  selected  from 
the  files;  ordinarily  about  four  or  five  will  be  sufficient  to 
show  the  general  construction.  It  is  advisable  to  choose  only 
such  drawings  as  will  show  the  various  parts  of  the  machine 
assembled;  too  many  detailed  drawings  are  likely  to  cause 
confusion.  These  drawings  should  be  gone  over  carefully  with 
the  designer  and  anything  not  thoroughly  understood  should 
be  discussed.  Blueprints  should  then  be  made  and  kept  in  the 
salesman's  flies  for  reference. 

The  question  may  arise  as  to  the  advisability  of  looking 
over  these  drawings  before  making  the  preliminary  inspection 
of  the  machine  instead  of  afterward.  The  writer  believes  that 
the  latter  method  possesses  several  advantages  over  the  former. 
In  the  first  place,  it  is  much  easier  to  see  a  thing  in  reality 
than  on  paper.    Then,  in  going  over  the  drawings,  the  designer 
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will  usually  refer  to  various  parts  of  the  machine,  presuppos- 
ing a  slight  knowledge  of  its  construction  on  the  part  of  the 
salesman.  If  he  has  not  this  knowledge,  constant  explanations 
are  required  which  may  be  very  annoying  to  the  designer. 
On  the  other  hand,  it  the  main  features  are  understood,  it  is 
much  easier  to  grasp  the  inter-relation  of  the  various  mechan- 
isms, especially  if  the  tool  is  complicated.  In  addition,  many 
good  talking  points  on  the  various  constructions  can  be  ob- 
tained, since  the  salesman's  attention  is  not  absorbed  by  the 
mastering  of  details,  and  more  time  is  had  for  generalization 
and  for  comparison  with  other  makes  of  machines. 

After  the  drawings  have  been  studied,  it  is  a  good  plan  for 
the  salesman  to  make  a  brief  tour  through  the  shop  with  the 
designer.  By  this  means,  every  point  discussed  in  the  con- 
ference is  brought  home  by  actual  inspection  and  the  design 
of  the  whole  machine  is  firmly  fixed  in  mind.  The  concen- 
trated study  of  that  machine  may  now  be  considered  as  ended, 
though,  from  time  to  time,  inspections  will  be  made  of  various 
types  in  different  stages  of  erection.  Furthermore,  it  is  an 
excellent  plan  for  the  salesman  to  have  frequent  chats  with 
the  men  who  operate  these  machines  in  different  parts  of  the 
plant.  Much  valuable  information  regarding  the  output,  mode 
of  operation  and  special  advantages  may  be  obtained  from 
them.  This  is  of  service  if  the  salesman's  prospect  is  a  "me- 
chanical" man — one  who  is  appealed  to  from  the  operator's 
viewpoint. 

As  the  salesman,  both  in  his  training  and  afterward,  is 
brought  in  contact  with  numerous  workmen,  foremen,  and 
designers,  as  well  as  other  officials,  the  smoother  and  the  more 
cheerful  he  makes  his  path,  the  better  and  more  successful 
will  be  his  results.  Due  either  to  experience  or  to  prejudice, 
many  foremen  and  designers  who  have  worked  up  from  the 
ranks  have  no  use  for  a  college-trained  man.  Although  the 
greater  part  of  this  prejudice  is  unfounded,  there  are  occa- 
sionally good  causes  for  it.  Most  technically  trained  young 
men  emerge  from  college  with  a  large  quantity  of  self- 
confidence,  a  good  thing  in  itself.  However,  some  are  in- 
clined to  assume  a  condescending  manner  toward  a  man  whose 
education  has  been  obtained  in  the  school  of  hard  knocks. 
The  latter  are  rather  sensitive  on  this  point  and  readily  de- 
tect and  resent  any .  attempt  to  display  superior  knowledge. 
It  is  always  well  to  listen  to  their  side  of  the  story,  remember- 
ing that  everything  they  state  is  from  experience;  if  they  are 
wrong,  it  is  usually  possible,  by  using  a  bit  of  tact,  to  show 
them  the  correct  solution  or  method.  If  they  are  correct, 
their  methods  should  be  warmly  commended;  a  word  of  praise 
here  and  there  is  a  great  lubricating  agent.  The  average 
modern  workman  has  a  profound  respect  for  education.  Any- 
one who  is  interested  in  his  welfare  is  his  friend. 

After  a  machine  has  been  studied  in  the  foregoing  manner, 
it  is  a  good  plan  for  the  salesman  to  accompany  the  inspector 
on  his  final  tests.  Much  can  be  learned  from  him.  He  usually 
has  had  extensive  experience  and  possesses  a  veritable  store- 
house of  anecdote  and  history  concerning  various  machines 
and  their  development. 

Much  the  same  procedure  is  followed  with  each  machine, 
although,  after  becoming  more  experienced,  the  salesman  can 
carry  on  the  study  of  two  or  even  three  machines  simul- 
taneously. However,  it  is  better  to  concentrate  on  one  ma- 
chine at  a  time,  if  the  available  time  will  permit.  Along  with 
his  practical  training,  the  salesman  should  keep  up  an  ex- 
tensive technical  reading  in  all  lines.  A  knowledge  of  present 
conditions  and  of  the  trend  of  improvement  and  development 
in  his  field  is  of  great  importance.  A  further  aid  is  the  in- 
spection of  any  outside  plants  within  convenient  distance. 
On  these  visits  the  salesman  becomes  acquainted  with  the  con- 
ditions which  his  machines  have  to  meet,  the  methods  of 
manufacture,  and  the  requirements  upon  the  machine-tool 
builder.  He  also  learns  the  demands  of  the  users  of  machine 
tools.  He  should  transmit  this  information  to  his  shops,  and 
if  he  suggests  any  Improvement  of  value,  it  should  be  carried 
out.  Frequently,  though,  a  salesman  will  offer  a  machine 
with  certain  attachments  which  are  of  little  service  to  the 
user  but  are  a  source  of  trouble  to  build.  If  the  salesman 
knows  his  machines  thoroughly  and  also  his  own  factory  con- 
ditions, he  can  often  guide  the  purchaser  in  his  demands. 


March,  1917 


MACHINERY 
GAGING  AND  INSPECTING  THREADS-2 


581 


DEVICES  FOR  TESTING  LEAD  OF  TAPS  AND  SCREWS 
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the  holes  D  which  may  be  i^  inch  apart.  The  other  ball  point 
E  is  inserted  in  a  movable  block  F  mounted  on  ball  bearings. 
This  block  is  connected,  through  lever  G,  with  the  indicator 
or  sensitive  gage  H,  which  is  so  arranged  and  graduated  that 
each  thousandth  inch  can  be  easily  read.  When  the  standard 
plug  is  placed  against  the  device,  the  ball  points  enter  between 
threads  the  same  as  in  the  device  previously  described,  and 
slide  B  is  adjusted  by  the  knurled-head  screw  C  so  that  the 
indicator  points  to  zero.     When  the  screw  or  tap  to  be  tested 


Figr.   16.     Simple  Device  for  testing  Lead  of  Taps  and  Screws 

WHILE  the  pitch  of  a  screw  or  gage  bears  a  definite  rela- 
tion to  the  pitch  diameter,  these  two  elements  are 
generally  tested  separately,  although,  as  will  be  sub- 
■sequently  described,  devices  are  made  for  testing  both  at  the 
same  time.  This  is  only  done,  however,  when  it  is  desired  to 
make  parts,  such  as  screws,  etc.,  interchangeable,  and  not 
when  producing  gages. 

Simple  Device  for  Testing-  Lead  of  Screw  Threads 
Fig.  16  shows  a  simple  device  which  is  used  as  a  comparator 
for  testing  the  lead  of  taps  and  screws.  It  consists  of  a  fixed 
block  A  and  a  sliding  block  B  held  in  a  frame  as  illustrated. 
The  blocks  are  provided  with  pointers  having  ball  points. 
The  sliding  block  operates  an  indicating  needle  C  which,  on 
a  magnified  scale,  indicates  the  error  in  lead.  The  manner 
in  which  this  instrument  is  used  is  as  follows:  The  position 
of  the  pointer  on  the  scale  is  noted  when  the  instrument  is 
brought  in  contact  with  a  standard  plug  that  engages  the 
ball  point;  the  free  block  B  adjusts  itself  to  the  thread  into 
which  its  point  enters  and  carries  with  it  the  needle  C.  Next 
the  tap  or  screw  to  be  tested  is  placed  in  position  against  the 
■device.  If  the  lead  of  the  screw  or  tap  is  correct,  that  is,  if  it 
is  the  same  as  the  standard,  the  pointer  will  occupy  the  same 
position  on  the  scale  as  it  did  when  brought  in  contact  with 
the  plug.  If  the  tap  or 
screw  is  long  or  short  in 
lead,  the  pointer  will 
■show  the  amount  by  its 
movement  either  to  the 
right  or  to  the  left.  The 
circular  arc  of  the  scale 
is  generally  graduated  to 
read  to  0.001  inch. 


Indicating  Comparator  for 
Testing  Lead  of  Taps 

and  Scre'ws 
A  somewhat  more  elab- 
orate device  for  testing 
the  error  in  lead  of  taps 
and  screws  is  shown  in 
Fig.  17.  In  this,  one  ball 
point  A  is  fixed  and  is 
TQOunted  in  slide  B, 
which  is  operated  by  a 
Tcnurled-head  screw  C 
This  ball  point  A  may 
be  screwed   into   any   of 
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Tig.  17.     Indicating  Comparator 


Fig.    18.     Wells   Bros.    Eapid   Screw   and   Tap   Lead   Tester 

is  placed  against  the  ball  points,  any  error  will  then  be  appar- 
ent by  the  motion  of  the  needle.       ' 

Wells  Indicator  for  Testing  Lead  of  Screws  and  Taps 

A  simple  but  effective  device  for  testing  the  lead  of  screws 
and  taps  is  shown  in  Figs.  18  and  19.    This  device  is  made  by 

the  Greenfield  Tap  &  Die 
Corporation,  Greenfield, 
Mass.,  and  as  shown  in 
Fig.  18,  comprises  a  base 
carrying  one  fixed  and 
one  movable  pointer. 
These  pointers  are  made 
to  enter  the  threads  of 
the  screw,  as  shown  In 
Fig.  19,  the  indicator  pre- 
viously having  been  set 
to  zero  by  means  of  a  ref- 
erence plug.  In  using 
this  device,  the  screw  is 
simply  pressed  against 
the  points  and  any  devia- 
tion from  the  correct 
lead  is  shown  by  the  in- 
dicator in  thousandths 
inch.  A  set  of  steel 
blocks  furnished  with 
this  device  permits  of 
the  rapid  testing  of  any 
size    screw.     The    blocks 

for  testing  Lead  of  Taps  and  Screws  vary  in  thickneSS,  thuS  en- 
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Fig.   19.     Indicator  shown  in  Fig.   18 
testing  Lead  of   Screw 


Use 


abling  the  screw 
to  be  placed 
at  tlie  proper 
Ireight  so  that 
tlie  points  will 
come  in  the  cen- 
ter or  on  the 
axis  of  the 
screw.  The 
points  are  re- 
movable so  that 
they  can  be  re- 
placed \y  h  e  n 
they    are    worn. 

Wolfe   Dial    Indi- 
cator for  Testintr 
Lead  of  Taps 

A  dial  indica- 
tor known  as  the 
Wolfe  indicator, 
which  is  parti- 
cularly adapted 
for  testing  the 
lead"  of  taps,  Is 
shown     in     Fig. 


20.  It  can  be  used  for  testing  any  screw  or  tap  having  a  length 
of  one  inch  or  more,  and  an  accuracy  of  0.0002  inch  is  said  to 
be  easily  obtained.  The  dial  of  the  indicator  is  graduated  to 
read  to  thousandths  inch  and  has  a  range  of  0.024  inch  on 
each  side  of  the  zero  mark.  This  instrument  has  two  ball 
points  A  and  B,  which  are  brought  into  contact  with  the 
thread  to  be  tested;  point  A  is  movable  and  point  B  station- 
ary.    Point  B  can  be  unscrewed  from  its  socket  and  screwed 


Fig.   20,     Wolfe   Indicator  particularly  adapted  for  testing  Lead   of   Taps 

into  the  socket  K  when  a  testing  range  of  one  inch  is  desired. 
Point  B  is  held  in  a  sleeve  C  that  can  be  adjusted  by  screw  D, 
the  sleeve  being  held  in  position  by  clamping  screw  E.  The 
loop  or  handle  G  is  use^d  for  holding  the  Indicator. 

In  addition  to  the  indicator  proper,  a  centering  gage  pro- 
vides a  means  for  enabling  taps,  screws, 
etc.  to  be  tested  on  the  center  line,  there- 
by insuring  the  required  accuracy.  This 
centering  gage  can  be  used  on  taper  as 
well  as  straight  taps  and  has  a  capacity 
for  diameters  ranging  from  14  to  li/i 
inch.  The  adjustable  points  on  the  cen- 
tering gage  are  graduated  in  thirty- 
seconds  of  an  inch  and  they  may  be  held 
in  position  by  thumb-screws  L. 

As  the  illustration  shows,  this  center- 
ing gage  also  has  a  main  plate  J  against 
which  the  piece  being  tested  is  held. 
When  using  the  centering  gage  the  grad- 
uated points  are  set  out  from  the  plate  J 
at  a  distance  equal  to  the  radius  of  the  Fig. 


tap  or  screw  to  be  tested.  Thumb-screws  />  are  then  tightened, 
thus  holding  the  points  in  the  adjusted  position.  The  tap  or 
screw  is  next  placed  in  the  centering  gage  and  is  held  down 
on  plate  J  and  against  the  points.  The  indicator,  of  course, 
is  held  in  the  hand  with  the  second  finger  through  the  loop 
O.  The  gage  is  brouglit  so  that  the  stationary  ball  point  B 
enters  the  thread  and-rests  on  the  flat  end  of  point  /.  The 
movable  point  A  enters  the  thread  and  rests  on  the  flat  part 
of  the  point  //.  The  indicator  will  then  show  whether  the 
thread  is  "fast"  or  "slow"  in  thousandths  inch.  If  the  thread 
is  accurate,  the  needle  will  remain  at  zero.  If  it  is  "fast," 
the  pointer  will  move  in  the  direction  of  F;  and  if  "slow," 
it  will  move  in  the  opposite  direction. 

Lead  Test  Indicator 

Pigs.  21  and  22  show  a  thread  test  indicator  used  in  the 
Pennsylvania  Kail- 
road  shops  for  test- 
ing staybolts,  taps, 
and  lea  d-screw.3. 
This  instrument 
comprises  a  stand- 
ard on  which  is 
pivoted  a  sensitive 
spring  pointer  H 
and  a  stationary 
pointer  J.  The  lat- 
ter is  mounted  on 
a  bar  E  which  may 
be  adjusted  min- 
utely lengthwise  by 
screw  L.  The  in- 
dications of  pointer 
H  are  read  on  seg- 
ment M,  the  sup- 
port of  which  may 
be  adjusted,  through 
the  circular  dove- 
tail slot,  about  the 


Fig.    21.     Lead    Test    Indicator    having    Wide 
Application 


center  of  the  pivot  of  H  to  bring  the  reading  to  zero.  This  ad- 
justment is  effected  by  screw  N  and  clamped  by  screw  O. 
Spring  stop-screws  P  limit  the  extreme  movement  of  the 
needle. 

In  use,  the  points  are  adjusted  to  span  a  certain  number 
of  threads  and  the  instrument  is  pushed  up  against  the  screw 
to  be  measured  until  the  measuring  points  are  firmly  pressed 
into  the  thread.  Scale  M  is  then  adjusted  until  the  indicator 
points  to  zero.  The  instrument  is  then  moved  from  one 
place  to  another  along  the  thread  and  if  the  needle  points  to 
zero  in  all  positions  the  thread  is  uniform. 

Another  use  of  this  tool  is  in  finding  the  amount  by  which 
the  threads  are  longer  or  shorter  than  the  true  pitch.  By  this 
test,  the  indicator  is  first  set  to  zero  on  a  reference  screw  of 
known  accuracy;  the  screw  to  be  tested  is  then  put  in  place 
and  measurements  are  taken  at  various  points  along  its  length. 
The  readings  on  the  dial  show  whether  the  pitch  is  long, 
short,  or  regular  and  by  how  much.  The  indicator  can  also 
be  used  for  measuring  the  size  of  thread  at  or  near  the  pitch 
line.  The  indicating  points  are  balls  and  various  sizes  are  pro- 
vided to  suit  the  different  pitches  and  shapes  of  threads.    An 


Indicator  shown  in  Fig.  21  in  Use  testing  Lead  of  Long  Screw 
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extra  set  is  shown  at  Q  in  Fig.  22.  Various  model  screws  for 
comparative  measurements  are  also  shown  at  R,  and  bars  of 
various  lengths  for  carrying  the  fixed  indicating  points  are 
shown  at  A'l  and  A'j.  The  whole  arrangement  makes  the  in- 
strument practically  universal  in  application,  since  base- 
plates of  any  length  may  be  used  and  the  centers  or  yokes 
fastened  to  them  at  the  points  required. 

Testing-  Included  Angle  of  Thread 

Fig.  23  shows  a  simple  device  for  testing  the  included  angle 
of  a  thread.  This  consists  of  a  special  base  carrying  two  cen- 
ter supports,  and  a  rear  support  or  slide  for  holding  cone- 
pointed  inspection  rods. 

The  procedure  followed  in  using  this  device  is  to  place  the 
plug  to  be  inspected  on  the  centers,  and  then  locate  one  of 


Tig.   23.     Device    for   inspecting   Included   Angle   of   Thread 

the  cone-pointed  rods  with  the  carefully  ground  and  lapped 
point  in  the  space  between  the  threads.  A  sheet  of  white 
paper,  for  illuminating  purposes,  is  then  placed  on  the  base, 
as  shown,  and  the  thread  viewed  through  the  magnifying  glass. 
If  it  is  desired  to  determine  just  how  much  the  angle  is  off, 
rods  having  points  ground  to  included  angles  of  60%  or  59i/-> 
degrees  are  used,  the  angle  depending  on  the  pitch  of  the 
thread  and  the  tolerances  permitted.  'Usually,  however,  the 
thread  is  tested  for  "light",  and  if  the  cone  point  does  not 
bear  evenly  on  the  angular  sides  for  the  depth  of  the  thread 
it  is  not  passed.  By  using  the  two  points,  which  are  spaced 
exactly  one  inch  apart,  it  is  also  possible  to  test  the  lead  with 
this  device. 

Limit  Working  and  Inspection  Thread  Gages 

Most  of  the  devices  described  in  the  foregoing  are  somewhat 
limited   in   their   application   and   will   not  be   found   suitable 
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Fig.    25.     Double-end    Limit    Plug    Gage    having    Beveled    Shoulder    for 
inspecting    Chamfered    Thread    Hole 

when  a  large  number  of  threaded  parts  are  to  be  produced 
within  certain  limits  of  tolerances.  As  a  general  rule,  gages 
are  designed  to  handle  one  diameter  and  pitch  of  thread. 
The  most  common  form  of  limit  thread  gage  is  shown  in 
Fig.  24.  For  threaded  holes,  a  limit  plug  gage  ^  having  two 
threaded  ends,  one  of  which  is  made  to  enter  the  hole  and 
the  other  not  to  enter  (when  the  work  is  satisfactory)  is  used. 
For  external  threads,  such  as  screws,  etc.,  a  templet,  as  shown 
at  B,  having  "Go"  and  "Not  Go"  holes,  is  used;  or  for  the  larger 
sizes  two  rings,  as  shown  at  C  can  be  employed.  The  chief 
objection  to  these  gages  is  that  they  do  not  indicate  what 
element  of  the  thread  is  in  error.  For  many  classes  of  work, 
however,  they  fill  all  requirements;  especially  when  the 
necessary  care  is  exercised  in  producing  the  tools  used  in 
cutting  the  threads. 

The  general  practice  is  to  use  the  double-end  templet  B  for 
sizes  up  to  one  inch  in  diameter;  the  "Go"  end  is  knurled. 
For  sizes  over  one  inch,  two  rings,  as  shown  at  C,  are  used. 
These  gages  are  adjusted  to  the  plug  A  and  are  set  by  means 
of  interlocking  screws,  which  cause  the  three  lands  to  con- 
verge to  a  common  center.    For  inspecting  the  U.  S.  standard 


rig.    24.     Limit   Working   and   Inspection    Plug   and   Templet   Screw   Gages 


,     Fig.   26.     Limit  Snap  Gage  and  Setting  Plugs 

thread,  the  threads  in  the  ring  and  plug  have  flat  tops — one- 
eighth  the  pitch — and  sharp  V-bottoms  to  clear  fine  chips, 
dust,  and  dirt,  and  also  to  insure  a  bearing  upon  the  angular 
sides  of  the  thread. 

In  cases  where  the  threaded  bushings,  sockets,  etc.  are  made 
with  a  chamfered  mouth,  the  "Go"  end  of  the  plug  gage,  as 
shown  in  Fig.  25,  is  made  with  an  enlarged  shoulder,  the  front 
face  of  which  is  beveled  to  the  angle  required.  This  shoulder 
is  then  cut  away,  as  shown  at  A,  to  provide  a  means  for  In- 
specting the  accuracy  of  the  angle.  The  threaded  part  has 
three  grooves  to  collect  fine  chips  and  dirt. 

Limit  Snap  and  Plug  Gages  for  Threaded  Work 

A  limit  snap  gage  for  threaded  work,  which  is  manufac- 
tured by  the  Greenfield  Tap  &  Die  Corporation,  is  shown  at 
A  in  Fig.  26.  This  gage  is  used  for  testing  the  pitch  diameter 
of  screw  threads,  and  is  provided  with  hardened  cone  points, 
carefully  ground  to  the  angle  of  the  thread  wall.  The  points 
are  not  placed  directly  opposite  each  other,  but  are  offset  an 
amount  equal  to  one-half  the  pitch.  The  cone  points  are  ad- 
justable and  are  set  by  locking  screws,  which  are  sealed  by 
the  inspector  after  he  has  checked  the  gage.    B  shows  a  setting 
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plug  that  is  sim- 
ilar to  the  plQg 
Bhown  at  A  in 
Fig.  24  and  is 
used  for  sizes 
up  to  14  inch. 
C  is  used  as  a 
setting  plug  for 
sizes  from  V4 
up  to  3  inches; 
and  D  for  sizes 
from  3  inches  up. 
Fig.  27  shows 
the  snap  gage 
illustrated  at  A 
in  Fig.  26,  held 
in  a  stand  and 
used  for  the  rap- 
id inspection  of 
screw  threads. 
This  illustration 
shows  clearly 
the  advantages  of  this  gage.  At  A,  the  screw  being  tested  is 
too  small  and  has  passed  both  sets  of  points;  at  B,  the  screw 
is  too  large  and  will  not  pass  the  upper  or  "Go"  points;  while 
at  C,  the  screw  is  Just  right,  as  it  has  passed  the  upper  points 
and  is  hanging  on  the  lower  ones. 

Limit  Snap  Gages  for  Testing  Lead  and  Pitch  Diameter 

While  the  cone  points  in  the  gage  shown  at  A  in  Fig.  26  are 
set  off  an  amount  equal  to  one-half  the  pitch,  they  do  not 
cover  a  sufficient  number  of  threads  to  detect  errors  in  lead. 


is  held  in  the 
upper  jaw  and 
is  midway  be- 
tween the  lower 
points.  All  three 
are  set  to  a 
known  standard. 
Located  opposite 
the  point  £  is  a 
point  F  having 
a  flat  face  A, 
which  is  adjust- 
ed so  that  the 
small  cylinder 
D  (which  is  of 
such  diameter 
that  it  will  touch 
the  sides  of  the 
thread  half  way 
down  its  depth) 
will  just  enter 
the  thread  of 
the  screw  when  made  to  the  minimum  pitch  diameter.  In 
testing,  if  the  screw  enters  between  the  points,  and  the  "Not 
Go"  plug  D  does  not,  the  screw  is  within  the  required  limits 
for  pitch  diameter;  any  error  in  pitch  is  compensated  for  by 
the  necessary  reduction  in  pitch  diameter. 

Indicating  Gage  for  Inspecting  Lead  and  Pitch  Diameter 

When  the  volume  of  work  to  be  inspected  warrants  the  ad- 
ditional expense,  an  indicating  gage  is  to  be  preferred  to  one 
of  the  rigid  snap  type.     A  satisfactory  indicating  gage  for 
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Fig.   28.     Limit   Snap   Gage   for  testing   Lead   and   Fitch   Diameter 


Fig.  29.     Another  Limit  Snap  Gage  for  testing  Lead  and  Pitch  Diameter 


A  modification  of  this  gage  is  shown  in  Fig.  28.  This  is  pro- 
vided with  two  sets  of  three  points,  making  six  cone  points  in 
all.  The  points  held  in  the  lower  Jaw  of  the  gage  are  spaced 
approximately  %  inch  apart,  depending  on  the  pitch  of  the 
thread,  and  the  upper  points  are  offset  from  a  line  located 
equidistantly  between  the  two  lower  points  an  amount  equal 
to  one-half  the  pitch.  By  the  use  of  this  gage  it  is  pos- 
sible to  detect  errors  in  lead  which  would  prevent  the 
screw  and  nut  from  going  together  as  they  should. 

Another  gage  of  the  snap 
type,  which  inspects  both  the 
lead  and  the  pitch  diameter 
of  a  screw  thread  is  shown 
in  Fig.  29.  This  gage  com- 
prises a  frame  carrying  three 
conical  points  B,  G  and  E, 
which  are  accurately  ground 
to  the  required  angle;  the 
extreme  ends  of  the  points 
are  removed  so  that  the 
points  will  contact  with  the 
sides  of  the  thread.  Points 
B  and  C  are  fixed  in  the  lower 
Jaw  of  the  gage,  so  that  their 
center  distance  is  equal  to  an 
exact  number  of  threads 
representing  twice  the  length 
of  a  nut  of  corresponding 
diameter.     The  third  point  E 


Fig.  30.     Fixture  for  testing  Lead  of  Opening  Die  Chasers 


testing  the  lead  and  pitch  diameter  of  screws  is  shown  in 
Fig.  31.  This  gage  comprises  a  cast-iron  base  A  to  which  is 
attached  a  fixed  Jaw  B,\  the  movable  Jaw  C  is  attached  to  a 
slide  D.  Jaws  B  and  C  are  each  provided  with  two  carefully 
ground  and  lapped  vee  projections,  which  fit  in  the  threads 
of  the  screw  being  tested.  The  extreme  ends  of  the  points 
are  removed,  so  that  the  projections  will  contact  with  the 
sides  of  the  threads.  The  projections  on  blocks  B  and  C  are 
located  exactly  one  inch  apart  and  one  set  of  points  is  offset 

from  the  other  an  amount 
equal  to  one-hali  the  pitch 
of  the  thread  being  inspected. 
Slide  D  is  kept  in  the  forward 
position  by  an  open-wound 
spring,  and  block  C  is  with- 
drawn from  contact  with  the 
work  by  handle  E.  Thus  the 
pressure  on  the  work  being 
tested  is  that  exerted  by  the 
spring  that  holds  the  slide  in 
the  forward  position.  When 
being  inspected,  the  work  is 
placed  on  the  hardened  and 
ground  block  F. 

The  indicating  mechanism 
comprises  two  levers  O  and 
H.  The  short  end  of  lever  O 
contacts  with  the  flattened 
face  of  a  plug  I  on  slide  D. 
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Fig.  31,     Indicating  Gage  for  inspecting  Lead  and  Fitch  Diameter 


Lever  H  is  fulcrumed  at  the  point  J  and  is  kept  in  contact 
with  the  long  arm  of  lever  G  by  a  spring  K.  The  ratio  of  the 
two  levers,  or  the  multiplication  of  the  error,  is  50  to  1,  so  that 
the  marks  on  scale  L  (which  are  spaced  0.05  inch  apart) 
represent  an  error  in  the  diameter  of  the  work  of  0.001  inch. 
With  this  device  it  is  easy,  therefore,  to  detect  errors  as  fine 
as  0.00025  inch,  although  for  the  average  run  of  work,  this 
degree  of  refinement  is  unnecessary. 

Inspecting  Die  Chasers 

The  extensive  use  of  opening  die-heads  for  the  production, 
in  large  quantities,  of  commercially  accurate  screws,  has 
necessitated,  in  many  plants,  the  use  of  fixtures  for  inspecting 
the  chasers  in  order  to  insure  that  the  pitch  is  within  the 
desired  degree  of  tolerance;  also,  in  straight  chasers,  that  the 
threaded  face  is  correct  in  relation  to  the  rear  face.  One 
simple  but  effective  device  for  testing  the  lead  of  die  chasers 

is  shown  in  Fig.  30. 
This  fixture  was 
designed  for  test- 
ing the  lead  and 
registration  of  Geo- 
metric and  Mod- 
ern die  chasers.  It 
consists  of  a  base 
carrying  several 
slides  that  give  the 
required  movement 
and  an  indicator 
for  testing  the 
chaser.  A  chart  is 
prepared  for  check- 
ing up  the  registra- 
tion of  the  starting 
teeth  on  the  chaser. 
In  use,  the  chas- 
er is  located  by 
the  same  slot  that 
locates  it  in  the 
die-head  and,  as 
shown  in  the  illus- 
tration, is  held  in 
place  by  a  spring 
plunger  pressing 
upon  it  at  an  angle 
of  45  degrees.    The 

Fixture    for    testing    Straightness    of  .  , .  j       .      ,         »    j 

Opening    Die    Chasers  top   Slide   IS  lOCatea 


Fig.    32. 


by  a  pointer  which  is  held  on  a  bracket,  and  meshes  with  one 
tooth  of  the  chaser.  The  spindle  of  the  dial  indicator  beara 
against  the  end  of  this  slide.  To  test  the  chasers.  No.  1  Is 
set  at  zero  on  the  dial  indicator,  and  then  the  chart  is  used 
to  determine  if  the  other  chasers  are  correct  in  relation  to  the 
first  by  noting  the  position  of  the  needle  on  the  indicator  as 
each  chaser  is  put  in  place. 

Fig.  32  shows  a  fixture  for  testing  the  straightness  of  Geo- 
metric and  Modern  die  chasers.  In  this  case  the  chaser  is  also 
mounted  on  a  slide,  and  a  pointer,  in  connection  with  a  multi- 
plying lever,  is  used  to  indicate  the  distance  from  the  rear 
face  or  slot  to  the  pitch  line  of  the  chasers.  The  slide  is  ad- 
justed to  bring  each  tooth  successively  in  line  with  the  pointer, 
and  then  the  movement  of  the  indicating  lever  is  noted.  This 
lever  is  kept  in  contact  with  the  slide  so  that  any  change  in 
the  position  of  the  slide  for  the  various  teeth  in  the  chaser  is 
multiplied  by  the  indicator.  The  lower  slide  is  adjusted  to 
bring  the  pointer 
in  line  with  the  va- 
rious teeth  of  the 
chaser  while  they 
are  being  tested. 

Microscope  for  Meas- 
uring- Screw  Thread 
Gages 
The  micrometer 
caliper  with  va- 
rious types  of  ball 
and  cone  points  is 
satisfactory  for 
testing  the  average 
screw  thread.  How- 
ever, it  is  not  suf- 
ficiently fine  for 
testing  accurate 
gages.  The  Schuch- 
ardt  &  Schiitte  pre- 
cision measuring 
and  screw  testing 
microscope,  shown 
in  Fig.  33,  is  in- 
tended for  making 
accurate  measure- 
ments of  small  ob- 
jects, and  it  is  par- 
ticularly   adapted 

Fig.     33.     Schuchardt    Ic    Schutte    Microscope 
for    measuring    and  for    measuring    Screw    Threads 
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Fie.    34.     Comparison   of   a   Screw   Thread    (Below)    and   a   carefully   drawn 
Screw    Thread    Outline 

checking  micrometer  screws,  dividing  scales,  standard  gages, 
and  a  variety  ot  other  precision  work.  The  accuracy  that  can 
be  attained  with  this  machine  is  such  that  the  length  and 
pitch  of  a  screw  can  be  determined  to  within  0.00004  inch, 
the  depth  of  the  thread  to  within  0.0004  inch,  and  the  angle  of 
the  thread  to  within  5  minutes.  In  making  any  or  all  of  these 
measurements,  it  is  not  necessary  to  change  the  position  of 
the  screw  or  gage  after. it  has  been  set. 

Pig.  33  shows  the  instrument  set  up  with  a  small  screw  in 
the  chuck.  In  the  field  of  the  microscope  are  two  cross-hairs 
which  are  used  as  reference  points.  In  measuring  the  pitch 
of  a  screw,  the  vertical  cross-hair  is  first  brought  exactly  over 
the  slope  of  the  thread,  and  readings  are  taken.  A  screw  is 
then  manipulated  to  move  the  object  across  the  field  of  the 
microscope  until  the  cross-hair  comes  in  visual  contact  with 
the  slope  on  the  next  thread,  and  the  readings  are  again  taken. 
The  difference  between  these  two  measurements  represents 
the  pitch  of  the  thread.  In  measuring  the  depth  of  the  thread, 
the  horizontal  cross-hair  is  first  brought  into  visual  contact 
with  the  top  of  the  thread,  and  the  readings  are  taken.  The 
work  is  then  moved  until  the  horizontal  cross-hair  reaches  the 
bottom  of  the  thread,  and  the  reading  again  noted.  The  dif- 
ference between  the  two  readings  is  the  depth  of  the  thread. 

The  field  of  the  microscope  can  be  rotated  to  provide  for 
measuring  the  angle  between  the  slope  or  sides  of  the  thread. 
For  making  such  measurements  the  field  is  rotated  to  bring 
one  of  the  cross-hairs  into  contact  with  one  of  the  angular 
sides  of  the  thread,  and  the  readings  noted.  The  field  is  then 
rotated  until  the  same  cross-hair  comes  in  contact  with  the 
opposite  angular  side  of  the  thread.  The  difference  between 
the  two  readings  represents  the  included  angle  of  the  thread 
within  an  accuracy  of  five  minutes.  The  object  under  exam- 
ination may  be  inclined  to  the  optic  axis  of  the  Instrument  and 
the  angle  of  inclination  determined.  As  the  object  remains  in 
the  same  plane  as  the  axis  of  rotation,  it  is  not  thrown  out  of 
focus  by  the  inclination  of  the  instrument. 

Projection  Method  of  Measuring  Screw  Threads 

A  method  of  Inspecting  screw  threads  which  up  to  the  pres- 
ent time  has  not  been  extensively  applied,  but  which  for  cer- 
tain purposes  (especially  laboratory  use)  can  be  used  with 
success.  Is  the  projection  method.  This  consists  chiefly  in 
comparing  a  screw  gage  to  be  tested  with  a  carefully  drawn 
diagram  magnified  about  fifty  times.  The  gage  to  be  tested 
is  mounted  on  a  suitable  fixture,  and  is  then  illuminated  by 
the  aid  of  a  small  arc  lamp  and  condenser.  Carefully  arranged 
lenses  are  then  used  to  throw  a  magnified  image  of  the  thread 
on  the  chart  or  screen,  and  observations  made  on  the  diagram. 
The  lenses  should  be  chosen  to  produce  a  uniform  magnifica- 
tion over  the  entire  field,  and  distortion  should  be  eliminated. 
As  the  screw  carries  a  diagram  of  the  thread  which  is  mag- 
nified fifty  times,  it  is  an  easy  matter,  as  shown  in  Pig.  34, 
to  compare  the  image  projected  with  the  correct  thread  profile. 
In  Fig.  34,  the  image  has  been  lowered  somewhat  to  increase 
the  depth  of  the  shadow,  and  it  can  be  seen  that  the  thread 
on  the  gage  is  comparatively  rough  and  incorrectly  formed  in 
places.  Another  method  of  comparison  is  to  project,  simul- 
taneously, the  image  of  an  accurate  screw  placed  beside  the 
one  to  be  examined.  The  difference  between  them  is  easily 
detected.  This  method  applies  to  male  gages  and  screws  only, 
as  it  evidently  would  be  Impossible  to  project  the  thread  in  a 
ring  gage  or  nut  in  this  manner. 

Conclusion 

In  closing  this  review  of  the  methods  of  gaging  and  inspect- 
ing screw  threads,  it  must  be  admitted  that  this  subject  is  far 


from  being  satisfactorily  settled.  There  has  been,  however,  an 
awakening  on  the  part  of  manufacturers  to  the  advantages  of 
gaging  methods  properly  applied  and  there  is  no  doubt  but 
that  this  subject  will  receive  a  great  deal  of  study  and  investi- 
gation in  the  next  few  years.  It  is  to  be  hoped  that  the  results 
of  these  investigations  will  be  published  for  the  benefit  of 
manufacturers  in  general. 

*     *     * 

ELECTROPLATING   GAGES  FOR  WEAR 

One  of  the  serious  problems  of  interchangeable  manufacture 
is  the  maintenance  of  gages.  Obviously  a  gage,  whether  ex- 
ternal or  internal,  begins  to  wear  with  the  first  piece  gaged, 
and  wear  is  continuous  with  use.  The  question  is  what  limits 
shall  be  put  on  gage  wear  which,  when  exceeded,  will  require 
them  to  be  returned  to  the  tool-room  for  readjustment?  If 
the  limits  established  are  very  narrow,  the  cost  of  inspecting 
gages  and  restoring  them  to  their  original  condition  will  be 
very  heavy;  and  on  the  other  hand,  if  the  limits  are  wide,  the 
gages  will  eventually  become  so  worn  that  their  usefulness 
as  a  means  for  maintaining  standards  will  be  lost. 

The  electroplating  process  presents  a  means  by  which  gages 
may  be  restored  to  their  original  condition  at  a  minimum 
cost.  The  process  may  be  used  also  as  a  check  on  the  wear 
by  which  any  user  will  be  apprised  of  the  fact  that  the  gage 
has  worn  below  standard.  Suppose  a  hardened  steel  plug  gage 
is  electroplated  with  a  copper  film  0.00005  inch  thick.  The 
total  increase  in  diameter  of  the  plug  gage  is  then  0.00010 
inch.  Suppose  we  establish  this  as  a  limit  of  wear  of  the  plug 
gage.  Then  the  limit  approximately  is  reached  when  the  cop- 
per film  is  worn  through  and  the  hardened  steel  becomes 
visible. 

The  restoration  of  the  gage  to  the  original  size  is  merely  a 
matter  of  suspending  the  gage  in  the  electroplating  bath  a 
certain  number  of  minutes,  the  time  depending  on  the  thick- 
ness to  be  deposited,  the  voltage  and  other  factors  affecting 
the  deposition  of  the  copper.  All  these  factors  may  be  accu- 
rately determined  and  the  electroplating  battery  may  thus  be 
employed  as  an  accurate  means  of  building  up  to  exact  size. 

The  objection  to  this  system  that  doubtless  will  be  urged 
is  that  copper  is  a  soft  material  and  wears  rapidly,  but  a 
tliin  film  of  copper  deposited  on  hardened  steel  wears  com- 
paratively slowly,  as  experience  has  demonstrated.  The  scheme 
is  one  that  is  worthy  of  earnest  attention  of  gage-makers,  tool- 
makers  and  others  concerned  with  the  manufacture,  use  and 
maintenance   of  gages   used   in   interchangeable   manufacture. 


COMMON  SALT   FOR  PRESERVING  WOOD 

BY    MARK    MEREDITH  ' 

Many  methods  are  in  use  for  preserving  wood  and  prevent- 
ing it  from  rotting.  Most  of  these,  such  as  chloride  of  zinc 
and  the  sulphate  of  copper  treatment,  are  comparatively  ex- 
pensive, and  are  applicable  therefore  only  to  the  better  classes 
of  wood;  moreover,  they  can  only  be  used  by  the  large  indus- 
trial works,  and  are  not  suitable  for  private  use.  Jt  has  now 
been  discovered  that  ordinary  common  salt  is  an  excellent 
substance  for  impregnating  wood  and  for  preserving  it  against 
decay.  The  effects  of  the  action  of  common  salt  on  wood 
were  first  noticed  at  the  Great  Salt  Lake  in  Utah.  It  was 
observed  that  the  sleepers  of  a  railway  line  which  was  con- 
tinuously washed  by  the  very  salt  waters  of  the  lake  needed 
no  renewal,  and  after  forty-three  years  were  in  a  far  better 
state  of  preservation  than  oak  sleepers  Impregnated  with  ex- 
pensive chloride  of  zinc  after  fourteen  years,  when  the  latter 
required  renewal.  In  consequence  of  this  discovery,  numerous 
and  comprehensive  experiments  have  been  made  to  ascertain 
the  effect  of  salt  impregnation  of  wood,  and  it  is  reported  to 
have  been  entirely  satisfactory.  It  has  been  determined  that 
a  solution  of  common  salt  kills  all  the  bacteria  of  de- 
composition and  prolongs  the  life  of  the  wood  for  practically 
an  unlimited  period.  The  discovery  should  have  a  tremendous 
effect  on  the  wood  industry,  especially  in  connection  with  ships, 
railways,  house-building,  etc. 


'Address:   G7  D:ile  St.,   Liverpool.   England. 
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FIELD  FOR  DIE-FORGINGS  AND  METHODS, OF  MAKING  TO  AVOID  COMMON  TROUBLES 

BY  JOSEPH  HORNER  'i 


■' 


Fig.   1.     Automobile   Connecting-rod  which  illustrates  Differences   in 
Dimensions  of  Adjacent  Farts 

NOTWITHSTANDING  the  vast  extension  in  tlie  practice 
of  die-forging  during  recent  years,  tlie  results,  in  some 
cases,  have  caused  disappointment.  Many  of  the  forg- 
ings  have  been  found  unreliable,  lilcely  to  fracture,  inaccu- 
rate while  expensive,  and  lacking  in  the  qualities  of  hardness, 
strength  or  toughness.  Nor  do  these  results  cause  much 
surprise  to  men  familiar  with  the  behavior  of  the  ferrous 
metals  and  alloys.  Many  of  these  troubles  arise  from  either 
ignorance  or  neglect;  yet  the  purchasers  are  largely  to  blame 
for  they  often  compare  prices  only.  Sometimes  the  stampers 
are  men  who  have  not  had  the  earlier  and  valuable  training 
of  working  smiths;  in  other  cases  the  heat-treatments  suitable 
to  the  carbon  and  alloy  steels  are  neglected. 

Because  it  is  always  possible,  under  a  hammer  of  sufficient 
power,  to  stamp  any  shape  whatever  from  a  white-hot  piece 
of  metal,  the  practice  has  grown  of  stamping  many  intricate 
and  disproportioned  shapes»from  a  solid  lump  without  the  pre- 
liminary bendings,  upsettings  and   fullerings   that  the  smith 


Fig,  2.     Dies  for  forging  Connecting-rod 

performs  at  the  anvil.  Often  this  treatment  is  correct  and 
economical,  but  frequently  certain  factors  are  ignored,  such 
as  fiber,  proximity  of  heavy  and  light  sections,  deep  ribs,  sharp 
bendings  and  parts  tied  to  each  other  without  freedom  to 
shrink.  The  smith  at  the  anvil  does  not  overlook  these  factors 
because  early  in  his  training  he  learned  that  such  neglect 
will  cause  failure.  Besides,  he  works  largely  in  wrought  iron, 
and  wrought  iron  is  just  a  bundle  of  fibers — crystals  elongated 
by  rolling — sometimes  mixed  with  layers  of  dirt  and  scale, 
and  the  difference  in  strength  with  and  across  the  grain 
amounts  to  several  tons  per  inch.  The  same  is  not  true  of 
mild  steel,  though  some  fiber  is  developed  by  drawing,  and  in 


'  For  information  on  drop-forging  previously  published  in  Machin'Ert,  see 
"Impressions  for  Bosses  on  Drop-forgings,"  November.  1913;  "String  Drop- 
fnrging,"  December,  1912;  "Dies  for  Drop-forging  a  Crankshaft."  October, 
1912:  "Making  Duplicate  Drop-forging  Dies."  August.  1911:  "Drop-forge  Die 
Sinking,"  July.  August,  and  September,  1911,  and  articles  referred  to  in  con- 
nection  with   the  first  installment. 
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pieces   where  strength   is  required,   direction  of   fiber  should 
be  taken  into  consideration. 

Another  cause  of  trouble  is, the  large  and  rapidly  growing 
use  of  the  numerous  kinds  of  alloy  steel.  There  is  no  lack 
of  information  concerning  the  heat-treatment  of  these,  but 
this  treatment  is  frequently  ignored,  being  regarded  as  a  mat- 
ter of  lesser  importance  or  one  which  involves  too  much 
trouble  and  labor.  Alloy  steels  which  are  suitable  for  one 
class  of  forgings  are  unfitted  for  another. 

Comparison  of  Forgringrs  ot  Malleable  Cast  Iron  and 
Steel  Castlng-3 

Much  the  same  conditions  obtained  when  malleable  cast  iron 
and  steel  castings  were  first  used.    Adjacent  parts  were  im- 


Fig.  3.    Valve  Stem 


Fig.   4,     Dies  for  forging  Valve  Stem 


properly  proportioned,  the  effects  of  shrinkage  stresses  were 
not  sufficiently  appreciated,  and  heat-treatment  (annealing) 
was  imperfectly  done.  As  a  result  both  malleable  iron  and 
cast  steel  were  tried  and  then  discarded  for  a  long  season. 
Nor  has  the  prejudice  against  steel  castings  been  wholly  re- 
moved. There  seems  to  be  no  difficulty  in  obtaining  heavy 
steel  castings  that  are  sound  and  to  dimensions,  but  relatively 
few  firms  have  equipped  themselves  to  provide  small  castings, 
of  a  few  ounces  or  pounds  weight,  that  are  sound,  have  mini- 
mum allowances  for  machining,  and  are  of  correct  uniform 
thickness  and  homogeneous  throughout.  Firms  who  must 
have  these  may  find  it  profitable  to  install  a  small  converter 
plant,  and  by  experimenting,  find  the  solution  of  this  problem. 
There  are  many  parts  now  commonly  forged,  of  which  levers 
are  typical  examples,  for  which  sound  steel  castings  would 
be  as  suitable;  perhaps  more  so  in  some  cases,  because  cast- 
ings possess  greater  rigidity. 

The  subject  of  forgings  versus  castings  is  a  live  one.  Forg- 
ings are  frequently  more  homogeneous  than  castings;  that  is, 
they  are  free  from  blow-holes,  a  matter  of  much  importance 
when  tooling  has  to  be  done.  Hard  spots  and  blow-holes  play 
havoc  with  delicate  tools.  Besides,  cored  castings  are  very 
likely  to  turn  out  with  unequal  and  variable  thicknesses  and 
this  increases  the  difficulty  and  cost  of  machining.  This  lack 
of  uniformity  in  thickness  is  of  great  importance  because  of 


Fig.  5.     Stages  of  Lever  Forging 
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Tie-  6.     Making  a  Wrought-iron  Kod  with  Fork  at  Right  Angles 
Fig.  7.     Completed  Steel  Kod 

the  growing  practice  of  holding  pieces  of  repetitive  work  in 
jigs  and  fixtures.  The  facility  with  which  this  is  done  is  hin- 
dered by  variations  in  the  dimensions  of  the  pieces.  This 
trouble  often  determines  a  decision  in  favor  of  forgings  over 
castings.  In  addition,  when  dimensions  are  variable  they  are 
uncertain.  Corresponding  parts  that  are  thicker  in  one  cast- 
ing than  in  another,  require  tedious  readjustments  of  give-and- 
take  settings.     These   are   expensive   to   make   and   are   fre- 


strength  or  are  subjected  to  rapid  wear.  They  are  cast  to  fine 
limits  of  dimensions  and  are  beautifully  finished,  but  until 
they  can  be  produced  in  the  harder  materials  they  cannot 
compete  with  die-forgings. 

Troubles  Due  to  Difference  in  Dimensions  of  Adjacent  Parts 

Considerable  fault  has  been  found  with  some  classes  of  die- 
forgings,  but  a  study  of  the  reasons  for  the  defects  will  show 
the  evils  that  ought  to  be  avoided.  The  study,  however, 
should  begin  with  the  ordinary  products  made  from  mild 
steels,  for  the  diflBculties  are  accentuated  when  alloy  steels 
are  used. 

The  principal  troubles  that  arise,  and  that  are  fruitful  in 
evil  results  are,  first,  large  differences  in  the  dimensions  of 
adjacent  parts,  deep  sections,  and  acute  changes  in  direction, 
as  sharp  bends  or  offsets.  In  a  sense  these  are  related  to 
each  other,  because  in  each  case  the  proper  treatment  is  re- 
lated to  the  character  of  the  material  being  molded.  When 
heated  to  nearly  the  welding  temperature,  steel  is  plastic; 
that  is,  it  flows  and  takes  the  course  of  least  resistance — de- 
velops something  of  a  fibrous  character.  Yet  it  offers  internal 
resistance  to  forces  acting  upon  it,  and  is  over-stressed  if 
these  forces  are  excessive.  Some  of  the  lesser  stresses  may 
be  removed  by  subsequent  annealing,  but  they  may  be  of  too 
violent  a  character  to  respond  fully  to  such  treatment.  The 
anvil  smith  understands  these  facts  and  brings  his  practice 
into  harmony  with  them.  He  cannot  well  injure  a  forging 
that  is  being  shaped  on  the  anvil,  but  harm  may  easily  result 
under  the  blows  of  a  power  hammer  or  the  squeeze  of  a  press. 
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Fig.  8.     Making  a  Steel  Bod  with  Fork  at  Sight  Angles 


Fig.   9.     Dies  for  Forked  Part  of  Bod 


Fig.   10.     Forging  Boss  from  Bectangular  Bod 


quently  rejected,  after  some  of  the  tooling  has  been  done. 

Malleable  cast  iron  suffers  by  comparison  with  cast  steel, 
because  its  tensile  strength,  rigidity,  and  hardness  are  lower. 
It  is  therefore  not  a  desirable  material  to  use  for  levers,  or 
indeed  for  any  parts  that  are  subjected  to  severe  stress  and 
wear.  But  it  is  suitable  for  hubs  and  for  axle-gear  cases  and 
similar  parts.  Good  malleable  castings  are  the  result  of  a 
careful  grading  of  iron,  in  the  first  place,  and  an  equally  care- 
ful annealing.  It  is  for  this  reason  that  deliveries  must  always 
be  delayed  from  three  to  four  weeks  after  the  castings  have 
been  turned  out  of  their  molds. 

Die-castings  have  not  competed  seriously  with  forgings,  or 
with  castings  in  steel  and  in  malleable  iron.  Being  made  of 
soft  alloys,  they  are  not  suitable  for  parts  that  require  much 


The  injury,  therefore,  which  metal  often  suffers  in  mechanical 
forging  is  seldom  inflicted  at  the  anvil. 

In  many  instances  where  welding  would  be  the  method 
selected  as  suitable  at  the  anvil,  the  article  is  stamped  solidly 
and  weldless  under  the  drop-hammer.  This  is  often  better 
for  the  forging,  particularly  when  it  is  made  of  steel,  which 
does  not  weld  quite  so  reliably  as  iron.  But  on  the  other  hand, 
to  stamp  from  the  solid  may  result  in  the  production  of  a  weak 
forging  because  of  short  flber.  This,  though  a  nearly  negli- 
gible fact  when  mild  steel  is  being  used,  is  of  importance 
when  wrought  iron  is  under  treatment;  indeed  with  the  latter 
material,  slender  parts  must  often  be  bent  and  forged  or 
else  attached  to  adjacent  parts  with  welds. 

Differences  in  the  dimensions  of  adjacent  parts  may  seriously 
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Fig,   11.     Bectangular  Bar  that  is  rough-forged  with  Steam  Hammer 


Fig.  12.     Bough  Forging  partly  brought  to  Form  with  Fullers  and  Swages 


March,  1917 


MACHINERY 


589 


Fig.   13.     Finishing  Dies  for  Piece  shown  in  Fig.    12 

diminish  tlie  strengtli  of  forgings  in  which  they  occur. 
Take,  for  example,  an  automobile  connecting-rod,  Fig  1,  which 
has  two  solid  lumps  at  the  ends,  connected  with  a  relatively 
slight  web  or  shank.  The  web  must  be  reduced — drawn  down 
from  a  lump  which  is  somewhat  larger  than  the  dimensions 
of  the  larger  capped  end.  This  forging  is  also  typical  of  many 
double-ended  levers  and  similar  objects,  and  when  the  material 
is  of  a  fibrous  character,  its  quality  is  improved  by  the  work 
done  upon  it  at  a  white  or  a  full  red  heat.  When  such  articles 
are  produced  at  the  anvil,  the  thin  connecting  web  is  reduced 
gradually,  without  suffering  injury,  by  the  gentle  operation 
of  fullering.  When  a  power  hammer  is  available,  the  fuller- 
ing is  often  done  under  that,  the  tup  taking  the  place  of  the 
sledge.  In  each  case  the  reduction  is  gradual  and  the  metal  is 
not  stressed. 


In  the  central  planes  of  the  bosses  and  of  the  web.  This  in- 
creases the  cost  of  the  dies,  but  it  improves  the  product  and 
leaves  less  metal  to  be  removed  by  trimming. 

Forging-  Hole  in  End  of  Connecting--rod 

Another  problem  in  the  making  of  a  connecting-rod  is  the 
forging  of  the  hole  in  the  big  end.  The  part  which  is  to  be- 
come the  cap  is  forged  solidly  along  with  the  big  end  bearing, 
and  a  hole  is  punched  to  avoid  the  cost  of  drilling  and  boring 
through  solid  metal.  Punching  this  hole  displaces  a  large 
amount  of  material  and  is  another  possible  source  of  weak- 
ness. In  roughing  out  the  head,  its  dimensions  measured 
across  are  left  rather  less  than  those  of  the  finished  head  to 
allow  for  the  enlargement  which  results  from  punching  the 
hole.  As  shown  in  Fig.  2,  this  is  done  with  punches,  which 
form  a  part  of  the  dies  themselves,  standing  up  for  nearly 
one-half  the  thickness  of  the  boss  from  each  die.  They  must 
not  meet  or  there  would  be  no  space  left  for  the  fin  from  the 
hole,  which  must  occupy  the  space  between  the  halves  of  the 
punch.  The  operation  of  punching  squeezes  the  surrounding 
metal  outward  to  fill  the  die  and  to  form  the  outside  parts 
of  the  big  end.  Another  method  of  forming  the  hole  is  to 
lay  the  end  in  a  bolster  and  punch  the  hole  all  the  way  through 
with  a  punch  that  will  clear  itself.  The  punch  may  be 
gripped  in  a  withe  or  laid  on  the  forging  and  driven  through 
by  the  tup. 

When  work  is  enlarged  by  punching  in  dies,  the  metal 
is  stretched  and  may  be  opened  out,  which  is  not  good  for  it. 
To  avoid  this,  the  allowances  should  be  so  proportioned  that 
the  outward  pressure  exerted  by  the  punch  will  be  counter- 
acted -by  the  sides  of  the  die  so  that  the  metal  will  be  sub- 


Fig.   14.    Forging  for  Steering-axle 
Arm 


Fig.  15.    Relative  Sizes  of  Forging 
and  Material  used 


Fig.  16.    First  Seduction  in 
forging  Steering-axle  Arm 


Dies   for  forging   Steering-axle 
Arm 


In  marked  contrast  with  this  are  the  results  obtained  by 
stamping  the  same  article  from  a  solid  lump  between  dies  in , 
one  operation.  A  large  quantity  of  metal  is  suddenly  displaced 
from  the  web  portion,  flowing  out  into  gutters  and  setting  up 
intense  stresses  in  the  places  where  the  thinner  metal  joins 
the  heavier.  This  trouble  might  be  avoided  by  adopting  the 
methods  of  the  smith  and  making  the  process  a  gradual  one. 
This  can  be  effected  either  by  employing  more  than  one  pair 
of  dies  or  by  doing  some  preliminary  work  at  the  forge.  Each 
is  equally  suitable,  but  when  a  hammer  is  available  it  per- 
forms the  work  more  rapidly  than  the  anvil  tools.  The  pre- 
liminary reduction  can  be  made  by  the  employment  of  a  full- 
ering tool  held  in  the  hand,  and  moved  over  the  lump  on  the 
anvil  and  struck  by  the  tup;  or  breaking-down  dies  may  be 
used;  or  a  very  rough  reduction  can  be  made  in  the  finishing 
dies,  recesses  having  been  cut  in  the  sides  for  this  purpose. 
The  last  method  is  quicker  than  fullering  with  a  round-faced 
tool  and  cheaper  than  separate  dies  for  breaking  down.  This 
roughing  down  is  done  at  the  side  of  a  die  in  order  to  have 
room  for  the  spreading  out  of  the  displaced  metal.  The  forg- 
ing, after  breaking  down,  is  still  a  mere  shapeless  lump  of 
metal,  but  it  has  undergone  its  maximum  amount  of  reduction. 
It  may  then  be  finished  in  the  die  impressions  which  impart 
its  final  outlines. 

When  the  connecting  web  is  plain  instead  of  recessed,  a 
good  plan  is  to  pass  the  forging  through  two  sets  of  dies, 
divided  in  planes  at  right  angles,  the  roughing  dies  being 
jointed  through  the  axis  of  the  bosses  and  the  finishing  dies 


jected  to  pressure  between  the  punch  and  the  die.  It  is  better 
that  an  excess  of  fin  should  be  thrown  out  in  this  operation 
than  that  the  metal  should  barely  fill  the  die  when  finished. 

When  the  best  results  are  desired — exact  dimensions,  free- 
dom from  stress,  and  good  finish — the  forging  should  be  fin- 
ished in  a  second  pair  of  dies.  The  connecting-rod  forging 
must  be  first  put  through  stripping  dies  to  remove  the  fins, 
reheated,  and  restamped  in  the  finishing  dies.  Unless  large 
numbers  of  rods  are  being  ordered,  it  is  almost  better  not  to 
punch  the  holes,  but  leave  the  end  solid  to  be  drilled,  which 
simplifies  the  dies,  as  no  projections  for  the  holes  are  needed. 

Forging  Articles  with  Deep  Sections 

The  case  of  articles  having  very  deep  sections,  such  as  large 
bosses  and  ribs,  is  nearly  parallel  with  that  of  articles  having 


Fig.    18.     Dies   for        Fig.    19.     Forked   Forging   on   -which   Breaking-down 
Formative  Work  is  Necessary 
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heavy  and  light  sections  adjacent.  In  each  case,  the  metal  is 
distressed  by  severe  work  done  upon  It  unless  the  drawing  is 
done  gradually.  Bosses  on  levers  and  on  deep  forgings,  such 
as  hubs,  are  troublesome  to  draw  at  one  heat.  In  the  case 
of  levers  the  web  should  be  fullered  down  on  the  anvil  or 
under  the  hammer  as  a  preparation  for  the  finishing  dies. 
The  reduction  can  be  done  either  with  a  fullering  tool  or  in  a 
breaking-down  die,  the  choice  depending  generally  on  the 
number  of  pieces  required. 

The  larger  the  dimensions  of  the  forging,  the  more  necessary 
is  the  preliminary  reduction.  In  small  articles  the  omis- 
sion of  a  preliminary  reduction  does  not  matter  much,  be- 
cause the  smaller  mass  of  metal  flows  more  readily  than  the 
larger  one,  though  the  relations  of  thick  and  thin  parts  in  both 
small  and  large  castings  may  be  alike.  Yet,  in  good  prac- 
tice, the  smallest  articles  which  have  much  discrepancy  in 
adjacent  dimensions  are  treated  in  two  or  more  die  impres- 
sions at  one  heat  in  the  same  dies — breaking  down,  finishing, 
and  stripping.  On  the  other  hand,  only  a  portion  of  a  large 
forging  may  be  finished  in  dies.  The  bosses  only  may  be  thus 
treated,  with  a  small  length  of  the  web  adjacent,  the  remain- 
der of  the  web  being  finished  with  a  flatter,  or  under  the  plain 
tup  of  the  hammer.  A  large  volume  of  heavy  work  is  done 
in  this  way.  Much  of  this  work  is  also  being  done  in  the 
forging  press. 

The  valve  stem  shown  in  Fig.  3  requires  preparatory  reduc- 
tion if  the  valve  and  stem  are  formed  in  one  forging;  being  a 
small  piece  it  can  be  dealt  with  at  one  heat  in  one  pair  of 
dies.  The  stem  and  valve  head  are  roughed  down  in  two  suc- 
cessive swaging  recesses  A  and  B,  Fig.  4,  leaving  the  valve 


Fig.  20.     Work  shown  in  Fig. 
19  after  First  Drawing 


Fig.   21.     Dies  for  making  Forked 
Forging  shown  in  Fig.  19 


portion  thicker  or  thinner,  according  as  the  intention  may 
be  to  enlarge  or  reduce  its  diameter  in  the  final  finishing  im- 
pression C.  No  stripping  dies  are  necessary  in  this  case. 
The  fin  is  eliminated  as  soon  as  it  is  formed  by  rotating  the 
forging  in  the  dies.  This  is  readily  done  by  forging  from  a 
bar  long  enough  for  the  other  end  to  be  used  as  a  porter. 

Deep  ribbings  on  webs  of  levers.  Fig.  5,  are  another  source 
of  trouble.  Being  made,  as  these  levers  must  be,  from  a  flat 
bar  of  simple  rectangular  section,  the  pressure  required  to 
produce  the  shape  is  very  severe.  To  attempt  to  impart  the 
final  section  in  one  heat  would  necessitate  raising  the  metal  to 
a  temperature  that  might  injure  it  and  shorten  the  life  of  the 
dies.  If  the  work  is  done  in  successive  stages,  as  shown  at 
A,  B,  and  C,  no  damage  will  result  because  the  reduction  and 
the  formation  will  be  so  gradual.  This  is  the  principle  applied 
when  rolling  steel  beams  and  channels. 

Forging:  Pieces  with  Sharp  Bends 

Acute  changes  in  direction,  as  sharp  bends,  are  found  in 
a  large  number  of  forgings.  Obtuse  angles  are  tolerable 
and  right  angles  are  bad,  but  acute  angles  are  a  danger.  Yet 
even  these  last  entail  no  risk  if  the  forgings  are  made  in  the 
correct  manner.  The  controlling  factors  are  the  kind  of 
material  used,  the  methods  of  formation,  and  the  use  of  con- 
necting radii. 

It  is  always  well  to  regard  this  class  of  forgings  from  the 
point  of  view  of  the  smith  working  at  the  forge  in  wrought 
iron.     His  method  is  either  to  bend  adjacent  portions  or  weld 


Hatch   Cloat   to   be 
forged 


Fig.  23.     Metal  when  reduced 
by  Hammer 


them;  rarely  does  he  attempt  to  cut  out  such  articles  from 
the  solid,  regardless  of  the  direction  of  the  fiber.  He  may  do 
so  when  dealing  with  mild  steel.  He  does  this  partly  to  pre- 
serve the  fiber  intact  in  the  longitudinal  directions,  to  lessen 
his  labor,  and  to  economize  material.  But  none  of  these  rea- 
sons appeals  with  much  force  to  the  die  stamper,  who  is 
therefore  disposed  to  stamp  many  articles  from  the  solid 
which  an  anvil  smith  would  bend  or  weld  more  slowly  and 
more  laboriously.  As  a  result,  levers  with  sharp  bends  are 
frequently  untrustworthy  in  service.  The  characteristics  of 
malleable  materials  are  not  appreciated  so  fully  by  the  die 
stamper  as  they  are  by  the  smith. 

On  the  other  hand,  steel  will  endure  bendings  of  a  much 
more  severe  character  than  wrought  iron  will,  but  it  is  less 
reliable  than  iron  when  welded.  Between  these  two  evils  the 
stamper  must  take  his  choice.  Aside  from  unusual  cases, 
welding  should  be  regarded  suspiciously  in  steel,  but  it  is  not 
always  unavoidable,  and  is  not  so  risky  in  the  mild  steels  as 
it  is  in  the  high-carbon  and  many  of  the  alloy  steels. 

In  each  of  the  following  examples  of  forgings  with 
sharp  offset  pieces,  a  smith  working  at  the  anvil  would  gen- 
erally adopt  welding  methods;  in  steel  this  welding  would 
not  be  adopted.  The  rod  shown  in  Fig.  6,  having  a  fork  ex- 
tending out  at  right  angles,  is  one  of  those  jobs  that  may  be 
made  with  or  without  a  welded  joint.  The  use  of  this  joint 
would  unquestionably  be  the  better  method  for  a  forging 
made  in  wrought  iron.  Then  the  rod  can  be  easily  made  by 
preparing  the  forked  piece  and  uniting  it  to  the  rod  either 
with  a  scarfed  joint  or  a  vee.  A  slight  preliminary  upsetting 
of  the  end  to  be  scarfed  would  be  required  and  a  slight  en- 
largement, by  upsetting,  of  that  portion  of  the  rod  in  the  vicin- 
ity of  the  weld.  The  same  method  might  well  be  adopted  in 
the  case  of  mild  steel.  But  another  way,  and  one  in  which 
welding  is  avoided,  is  to  fork  and  bend  from  a  straight  piece 
of  rod,  as  indicated  in  Fig.  8.  The  method  entails  a  consid- 
erable amount  of  reduction,  but  that  is  a  negligible  matter 
when  it  is  done  under  a  power  hammer.  The  bar  selected 
must  be  large  enough  to  permit  of  the  formation  of  the  two 
parts  E  of  the  fork.  These  prongs  are  divided  with  a  hot  set, 
as  shown  at  A,  and  opened  out  to  a  right  angle  as  at  B,  leaving 
a  good  radius  behind  at  D.  The  piece  bent  round  is  then 
divided  similarly,  and  opened  out,  as  shown  at  C,  and,  ham- 
mered to  approximate  shape  on  a  form.  The  rear  part  of  the 
rod  is  drawn  down  next,  nearly  wholly  on  one  side,  either  by 
fullering  or  directly  between  the  tup  and  anvil  as  far  as  the 
boss  portion,  which  is  left  nearly  the  original  size  of  the  bar 
as  shown  in  Fig.  7. 

The  forging,  however,  need  not  be  completed  wholly  in  dies; 
being  of  considerable  length,  the  dies  would  be  inconveniently 


Fig.  24.     Dies  for  dummying  Hatch  Cleat 
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massive.  It  is  enough  to  finish  the  central  part  in  dies,  Fig.  9, 
and  the  bossed  end  in  another  pair,  leaving  the  stems  to  be 
completed  neatly  in  common  swages.  The  top  die  is  removed 
in  the  upper  part  of  Fig.  9. 

By  proceeding  in  this  way,  the  continuity  of  the  metal  is 
preserved  without  doing  more  injury  to  it  than  steel  can  en- 
dure. The  special  precautions  which  are  necessary  are  to 
avoid  too  quick  a  bending  at  D,  Fig.  8,  and  to  punch  a  small 
hole  when  splitting  down,  as  at  A.  Even  though  a  keen 
angle  may  be  required  in  the  finished  forging,  it  must  not 
be  formed  in  the  first  place.  A  large  radius  or  fillet  must  be 
left,  and  the  larger  the  safer;  it  is  easily  obliterated  in  the 
subsequent  forging  operations.  If  this  precaution  were 
always  taken,  there  would  be  fewer  complaints  of  the  frac- 
ture of  forgings  of  this  kind. 

This  preliminary  work  is  more  readily  done  on  the  anvil 
than  in  dies,  and  the  die-forging,  if  the  numbers  justify 
the  outlay,  should  be  performed  in  two  sets  of  dies,  thus 
relieving  the  finishing  dies  of  the  rather  large  amount  of 
reduction  that  would  otherwise  be  necessary.  By  concen- 
trating the  work  in  one  pair,  the  metal  is  stressed  rather 
severely  and  the  forgings  are  of  unequal  dimensions  and 
variable  weights,  because  the  amount  of  fin  squeezed  out  is 
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Fig.   25.     Dies  for  finish-forging  Hatch  Cleat 

unequal,  as  the  joints  of  the  dies  are  thrown  apart  to  variable 
distances  by  the  fin,  which  cools  and  sets  quickly.  Though 
this  fin  is  subsequently  stripped  the  forgings  are  left  of 
greater  depth  than  they  would  have  been  if  the  dies  had 
closed  on  the  joint.  But  the  method  to  use  also  depends  on 
the  degree  of  accuracy  with  which  the  preliminary  work  has 
been  performed.  In  cases,  like  Fig.  9,  where  there  is  a  forl^ed 
end,  the  fork  must  be  molded  over  a  form  block  A  let  into 
the  dies.  If  the  fork  is  of  small  dimensions,  it  is  generally 
better  to  forge  the  part  solid  and  slot  or  mill  it  out  in  the 
machine  shop. 

In  the  case  of  a  forging  like  that  shown  in  Fig.  11,  where 
the  metal  is  rather  heavy  in  the  locality  of  the  large  boss,  it 
is  always  better  to  take  a  rectangular  bar  large  enough  to 
draw  down  from  than  to  select  a  smaller  one  and  upset  it.  The 
latter  method  should  be  avoided  when  practicable,  because 
it  tends  to  open  the  fiber.  For  drawing  down,  the  shape  of 
the  original  piece,  whether  square  or  cylindrical,  is  of  no  par- 
ticular moment,  the  point  being  to  reduce  smaller  sections 
from  large  ones.  In  the  present  case,  the  forging  is  made 
from  a  piece  of  metal  which  need  have  no  particular  relation 
to  the  finished  work.  It  is  best  taken,  as  in  Fig.  10,  about  as 
thick  in  oije  direction  as  the  distance  A  over  the  bosses,  and 
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Fig.  26.     Weigh  Shaft 

in  the  other  wide  enough  to  include  the  boss  B  and  the  arm  C. 
Its  length  must  be  suflBcient  for  the  stem  D. 

The  rough  dummying  may  be  done  under  the  steam  hammer 
between  tup  and  anvil,  bringing  the  lump  first  into  the  shape 
shown  in  the  upper  part  of  Fig.  10,  and  then  into  that  shown 
in  the  lower  part.  Material  is  drawn  down  to  one  side  C  to 
form  the  arm,  and  set  down  on  the  other  side  D,  after  which 
the  stem  is  drawn  out  and  rounded  roughly.  The  roughing 
out  is  continued  to  form  the  outlines  in  Fig.  12;  this  is  done 
with  fullering  tools  at  A  and  with  swages  at  B.  After  cut- 
ting off  the  angles  with  a  hot  set,  the  forging  can  be  finished 
in  dies.  These  dies  are  shown  in  Fig.  13.  The  recess  A  is 
used  for  bringing  the  stem  nearly  to  the  correct  size  and  out- 
line before  the  final  forging  in  the  main  recess.  The  exten- 
sion of  the  stem  serves  as  a  porter  bar,  which  is  severed  sub- 
sequently with  a  hot  set.  The  open  end  of  the  die  permits  of 
the  extension  of  the  stem  as  its  diameter  becomes  reduced. 
The  fin  formed  at  the  other  portion  is  squeezed  out  through 
the  gutters  shown.  A  stripping  die  may  be  made  or  the  forg- 
ing can  be  taken  out  by  the  porter  bar  and  the  fin  knocked  off 
and  replaced  for  finishing  at  one  heat. 

Forg-ing-  Shapes  by  Making-  Large  Reductions 
The  steering-axle  arm  forging.  Fig.  14,  is  one  that  would  be 
bent  or  welded  by  an  iron  smith.  But  as  pieces  of  this  kind 
are  always  made  in  steel,  and  generally  in  one  of  the  alloy 
steels,  the  question  of  direction  of  fiber  is  negligible.  Bend- 
ing and  opening  out  might  be  done  in  steel  in  this  case,  but  it 
is  hardly  practicable,  because  of  the  collars  about  the  cen- 
tral parts.  It  is  better  to  take  a  cubical  lump  and  effect  the 
shaping  by  reduction.  The  relation  of  the  lump  to  the  forging 
is  indicated  in  Fig.  15,  and  the  first  stage  of  reduction  in  Fig. 
16.  This  reduction  is  effected  without  any  help  from  dies, 
being  done  directly  between  tup  and  anvil,  followed  by  top 
and  bottom  swages  that  impart  the  circular  outlines  to  the 
stems.  Further  reduction  is  effected  in  the  supplementary 
recesses  in  the  dies.  Fig.  17,  following  which  the  entire  forg- 
ing is  finished  in  the  main  recess.  Or  if  the  dimensions  of  the 
dies  are  undesirable  from  lack  of  hammer  power,  only  the 
more  difficult  formative  work  need  be  done.  Fig  18,  leaving 
the  stems  to  be  finished  in  tapered  swages. 

The  forging  shown  in  Fig.  19  is  made  with  some  preliminary 
breaking-down  from  a  piece  of  rod  considerably  larger  than 
the  diameter  of  the  boss.  From  this,  the  forks  and  the  stem 
are  produced  by  drawing.  The  general  plan  is  shown  in  Fig. 
20.  The  material  is  drawn  down  at  the  sides  and  at  the  front, 
forming  a  plain  extension  large  enough  to  include  the  horns. 
The  superfluous  metal  is  cut  out  with  a  hot  set.    At  the  rear, 


27.     'Welding    Large    Lever   to   Weigh 
Shaft — Lever  embracing   Shaft 


Fig.  28.  Lever  with 
Scarfed  Joint 
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Fig.  29.     Dies  for  forging  Lever  of  Weigh  Shaft 

Fig.  30.     Dies  for  forging  Ends  of  Weigh  Shaft 

Fig.  31.     Dies  for  forging  Large  Lever  and  Enlarged  Part  of  Weigh  Shaft 

Fig.  32.     Removing  Hetal  from  Interspace  at  End 

Fig.  33.     Forging  Steel  Weigh  Shaft 

the  stem  part  is  swaged  down.  Finish  can  now  be  imparted 
in  dies  to  the  boss  and  forks,  leaving  the  stem  to  be  finished 
in  common  swages.  The  dies  are  plain,  as  shown  in  Fig.  21. 
Stripping  dies  may  be  made,  or  the  forging  can  be  pulled  out 
by  using  the  stem  as  a  porter,  the  fin  being  knocked  off,  and 
the  forging  returned  for  finishing.  In  neither  of  these  ex- 
amples is  injury  done  to  the  material,  nor  is  there  any  risk 
of  incipient  cracks  nor  of  faulty  welds. 

These  preliminary  reductions  need  not  all  be  done  at  the 
anvil;  all  the  fullering  is  performed  much  more  rapidly 
under  a  power  hammer.  One  or  two  minutes  will  suffice  for 
any  of  the  fullerings  here  mentioned,  and  the  forgings  will 
generally  then  be  hot  enough  to  be  put  through  roughing 
dies,  if  such  are  used,  and  stripped,  but  a  second  heat  will  be 
required  for  finishing. 

Forgring  Awkward  Shapes 

The  hatch  cleat  shown  in  Fig.  22  has  no  great  differences  in 
adjacent  dimensions,  but  the  shape  is  an  awkward  one  to  forge 
by  hand  under  the  steam  hammer.  It  is  properly  a  job  for 
drop-forging,  which  offers  no  especial  difficulties;  but  the 
dummying  may  well  be  done,  without  help  from  dies,  under 
the  power  hammer.  It  includes  two  processes,  roughing  out 
the  two  parts  at  right  angles — the  plate  and  rib — and  begin- 
ning the  bending.  The  best  way  to  make  this  cleat  is  to  take  a 
bar  or  a  lump  having  a  cross-section  about  equal  to  that  of  the 
total  area  across  the  widest  part  A-A  of  the  forging  and 
spread  the  metal  out  under  the  hammer,  as  shown  in  Fig.  23. 
The  bar  should  be  turned  about  at  right  angles  under  the 
hammer  to  deliver  a  few  blows  on  the  flat  part  and  on  the  rib 
alternately,  spreading  both  out  with  a  reduction  of  thickness. 
This  can  be  done,  without  any  aid,  by  laying  the  bar  toward 
one  side  of  the  anvil,  so  that  the  corner  of  the  tup  and  adja- 
cent edges  will  strike  in  the  corners  A,  where  the  reduction 
begins.  Simultaneously,  the  sides  B  will  be  narrowed — not 
by  cutting  but  by  drawing  down  under  the  hammer — and  the 
slope  of  the  rib  at  G  also  imparted  similarly,  the  forging  being 
turned  about  rapidly  so  that  all  the  reductions  will  be  made 
alternately  and  in  succession,  in  one  heat. 

Two  dies  that  may  be  used  for  this  purpose  are  shown  in 
Figs.  24  and  25.  The  first  is  better  for  facility  of  forging,  but 
it  will  not  form  the  screw  holes,  which  the  second  will  do.  As 
an  alternative,  the  first  may  be  used  for  dummying  only, 
leaving  the  finish  and  the  holes  to  be  done  in  the  second. 
The  top  die  is  removed  in  the  upper  part  of  Fig.   25. 

Forering  a  Weigh  Shaft 

The  weigh  shaft.  Fig.  26,  is  a  job  for  welding  if  made  of 
wrought  iron;  if  made  of  steel  it  may  be  welded  or  forged. 
Welding  may  be  used  in  the  case  of  mild  steel,  but  if  the  piece 
has  a  large  carbon  content,  and  with  some  alloy  steels,  weld- 
ing is  not  desirable.  Then  the  alternative  entails  a  large 
amount  of  drawing  down.    This  Is  a  problem  that  arises  often 


in  shops  where  hammer  power  is  limited.  A  smith  knows 
almost  as  if  by  instinct,  how  much  his  hammers  are  capable 
of  doing,  just  as  a  man  working  at  the  anvil  only,  knows  the 
limits  set  to  hand  work  with  fullers  and  swages.  Insufficient 
power  often  causes  the  adoption  of  methods  that  would  not 
be  followed  or  even  considered  if  more  power  were  available. 
It  often  means  the  selection  not  of  the  best  possible  method 
but  of  the  most  practicable.  Heavy  reductions,  though  not 
impossible,  are  tedious  and  expensive  if  done  at  the  anvil 
or  under  light  hammers.  The  alternatives  to  reduction  are, 
then,  upsetting,  which  is  limited  to  small  areas,  and  welding, 
which  is  the  chief  alternative  and  practically  the  only  one. 
As  long  levers  with  offset  pieces  are  a  common  type  the 
methods  outlined  are  suitable  for  work  in  iron  and  in  steel, 
both  those  employing  welds  and  those  dispensing  with  them. 
In  the  method  which' is  best  adapted  to  include  welding,  a 
rod  of  the  same  diameter  as  the  shaft  is  taken  and  the  lugs 
and  the  lever  are  welded  to  it.  The  slight  enlargement  at  A 
is  made  by  taking  a  short  heat  there  and  upsetting,  the  bulb- 
ous formation  that  results  being  reduced  in  swages.  The 
pins  at  the  ends  can  be  reduced  in  swages. 

The  strongest  way  in  which  to  weld  the  lever  is  to  make  it 
embrace  the  rod,  as  shown  in  Fig.  27.  A  scarf,  butt,  or  vee 
weld  should  not  be  used  as  the  surfaces  in  contact  are  nar- 
row and  it  is  not  desirable  to  encroach  into  the  rod.  An  en- 
circling weld  gives  a  large  surface;  it  was  formerly  much  used 
in  welding  the  webs  of  wrought-iron  cranks  to  the  shafts  and 
pins.  To  make  this  weld,  the  lever  is  cut  and  forked,  as 
shown  at  A,  and  bent  around  the  shaft,  as  at  B;  a  welding 
heat  is  then  taken  over  the  section  and  the  joint  closed  with 
a  hand  hammer  or  in  swages.  The  necessary  reduction  and 
finish  are  imparted  in  swages  or  dies,  which  should  be  made 
especially  to  embrace  the  entire  section,  force  the  sides  to- 
gether, and  complete  the  outlines  without  leaving  any  correc- 
tion to  be  made  later. 

The  short  levers  near  the  ends  can  be  welded  on,  each 
pair  of  levers  as  one  piece  to  be  subsequently  divided  in  a 
slotting  machine  or  with  a  saw  running  down  to  a  drilled 
hole.  A  scarfed  joint,  shown  in  Fig.  28,  is  most  suitable  for 
this  place  and  is  preferable  to  a  vee  or  a  butt.  The  bar  must 
be  slightly  fullered  over  the  area  to  be  welded,  and  the  lump 
for  the  lever  will  be  slightly  upset  or  spread  out  by  fullering 
in  the  manner  employed  in  connection  with  weld  joints. 

If  dies  are  used  for  imparting  finish,  two  only  need  be 
made,  one  for  the  central  part — that  about  the  lever,  Fig.  29 — 
and  one  for  the  two  ends,  Fig.  30.  If  the  dies  shown  in  Fig.  31 
are  employed,  the  preliminary  swaging  of  the  enlarged  part 
can  be  omitted,  since  the  dies  embrace  the  whole  of  that  part 
of  the  shaft.  The  same  pair  of  dies  made  for  one  end  of  the 
shaft.  Fig.  30,  will  serve  for  the  other.  They  are  shown  with 
the  forks  out  instead  of  leaving  them  solid  for  the  machine 
shop  to  deal  with.  This  is  the  better  method  when  dies  are 
used.  The  metal  can  be  removed  from  the  interspace,  in  the 
smithy,  by  punching  a  hole  at  the  bottom,  as  in  Fig.  32,  and 
cutting  down  to  it  with  a  hot  set;  but  a  neater  and  less  severe 
method  is  to  punch  or  drill  a  hole  and  saw  down  to  it.  If  the 
hole  is  to  be  punched,  it  may  be  done  at  the  same  heat  as  the 
welding,  using  a  hand  punch  with  a  withe. 

If  such  a  shaft  is  made  in  steel,  which  is  not  so  well  suited 
for  welding,  Fig.  33  shows  how  it  may  be  made  from  a  solid 
bar,  but  at  the  expenditure  of  a  large  amount  of  labor  in  reduc- 
tion. A  bar  of  large  dimensions  is  fullered  down  heavily  at 
three  sections,  which  correspond  with  the  long  lever  and  the 
two  pairs  of  forked  levers.  The  distances  these  are  apart  are 
so  estimated  that  when  the  shaft  is  drawn  down  they  will 
occupy  roughly  their  centers  on  the  finished  shaft.  Conse- 
quently, as  exact  accuracy  is  not  possible,  the  fullered  por- 
tions are  left  as  roughed  in  Fig.  33,  until  the  shaft  is  brought 
to  its  proper  diameter  and  length.  Then  the  formative  and 
corrective  work  is  done  upon  the  lever  parts.  The  amount  of 
formative  work  entailed  is  large.  Much  of  it  must  be  done 
with  fullering  tools,  though  some  truing  is  done  with  sets. 
More  will  be  saved  then  by  making  the  final  correction  in 
dies  similar  to  those  already  shown.  Roughing  and  finishing 
dies  may  be  employed,  or  one  pair  of  dies  with  one  or  two 
removals  to  knock  off  the  fin. 
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Removal  of  Pins 

In  all  examples  of  the  class  of  forgings  just  mentioned,  the 
quantity  of  fin  removed  is  very  large,  so  stripping  dies  are 
desirable.  If  the  attempt  is  made  to  forge  without  roughing 
dies,  the  fins  must  be  knocked  off  with  a  hammer  as  they 
are  formed  or  the  forging  removed  to  the  stripping  dies, 
and  then  returned  to  the  forging  dies  once  or  twice  before  the 
work  is  completed.  In  this  case,  the  forging  may  have  to 
be  reheated. 

Fins  are  not  only  unavoidable  but,  in  moderation,  they  are 
desirable  because  they  prevent  the  damage  to  the  dies  which 
would  result  from  the  violent  collisions  of  their  faces.  They 
form  an  elastic  cushion  between  these  faces.  If  expressed  in 
large  quantities,  as  must  happen  in  some  forgings  or  sec- 
tional parts  of  forgings,  they  are  removed  once,  twice,  or  three 
times  in  successive  reductions  until  that  left  is  very  thin.  If 
a  thick  fin  is  left  at  the  final  correction,  the  forging  will  be 
too  thick  and  over  weight.  This  is  often  a  cause  of  complaint 
against  drop-forgings  and  is  objectionable  because  it  in- 
creases the  labor  of  tooling  and  interferes  with  the  practice 
of  tooling  in  fixtures  when  that  method  is  adopted. 

Only  when  objects  are  wholly  cylindrical  in  section  can  fins 
be  reduced  as  soon  as  they  are  formed,  by  rotating  the  work  in 
the  dies  between  the  hammer  blows.  In  all  other  cases  the 
forging  remains  in  one  relation  to  the  dies  and  the  fin  is 
squeezed  out  in  the  joint  without  being  reduced  at  all.  Con- 
sequently some  spaces  must  be  provided  into  which  the  fin 
will  fiow.  As  the  faces  of  the  dies  at  the  joint  must  make 
actual  contact,  the  provision  for  the  fin  is  made  in  a  direc- 
tion away  from  the  jointing  edges  of  the  dies.  It  often  com- 
prises a  joint,  sloped  to  receive  the  accumulation  of  fin.  As 
this  leaves  only  a  narrow  margin  of  actual  joint  faces,  the 
gutter  is  often  preferred.  This  is  a  good  method  to  adopt 
when  large  amounts  of  fin  are  being  squeezed  out.  The  gut- 
ter Is  brought  moderately  near  the  edges  of  the  die,  leaving 
narrow  flat  faces  between  it  and  the  die,  and  also  beyond  it. 

Associated  with  these  methods,  or  independent  of  them,  is 
the  common  practice  of  sloping  away  the  faces  at  the  joint 
where  the  forgings  terminate  at  ends  or  at  sectional  parts. 
This  permits  of  the  flow  of  metal  in  large  quantities  without 
any  obstruction.  Enough  of  an  opening  must  be  left  for  the 
superfluous  metal  to  get  away  freely,  without  too  sudden 
chilling  and  setting.  The  same  provision  often  serves  for 
severing  the  forging  from  a  porter  bar,  the  narrow  zone  of 
metal  serving  like  a  nick  to  break  off  the  forging  from  the 
porter.  The  thinning  of  the  fin,  generally  at  the  front  edges, 
also  enables  the  stripping  to  be  done  easily.  It  is  often 
knocked  off  with  hammer  blows,  though  stripping  dies  are 
better  and  should  be  used  when  the  quantity  of  forgings  is 
large. 

To  allow  a  large  quantity  of  fin  to  be  expressed  from  forg- 
ings is  not  considered  good  practice,  but  there  are  many  excep- 
tional cases  where  it  should  be  done,  especially  in  the  case 
of  very  irregular  and  awkward  shapes.  It  may  be  true  economy 
when  the  alternative  would  entail  a  large  amount  of  form- 
ative work  at  the  anvil,  or  under  the  hammer  with  fullering 
tools,  sets,  and  swages. 

*     *    * 

PRESS-ROOM  LINESHAFT    IDLER  PULLEY 

The  bugbear  of  most  press-rooms  is  the  throwing  off  of 
power  press  belts  to  stop  the  press  while  the  tools  are  being 
changed  or  when  the  press  is  not  to  be  used  for  some  time. 
Where  the  state  law  does  not  forbid  it,  it  is  often  the  practice 
to  throw  a  power  press  belt  off  both  the  pulleys,  and  tie  a 
knot  in  it,  allowing  it  to  hang  from  the  lineshaft.  This  is 
dangerous,  and  unsightly  as  well.  In  states  where  the  law 
forbids  this  practice,  a  clutch  is  generally  employed.  This 
may  or  may  not  be  satisfactory,  according  to  the  kind  of 
clutch  used,  and  the  equipment  is  rather  expensive. 

At  the  plant  of  the  Frank  Mossberg  Co.,  Attleboro,  Mass., 
the  idler  pulley  construction  illustrated  was  developed  and  is 
being  used  with  marked  satisfaction.  In  view  of  the  diffi- 
culty experienced  with  an  ordinary  loose  pulley  on  the  con- 
stantly revolving  lineshaft,  this  Improved  pulley  construction 
was  designed.    The  pulley  A  is  of  the  ordinary  split  type  and 


Press-room  Lineshaft  Idler  Falley 


is  fixed  to  the 
lineshaft.  Be- 
sides the  regu- 
lar lineshaft 
hanger  shown, 
another  hanger 
C  is  introduced 
which  is  pro- 
vided with  a 
cap  D.  The  cap 
clamps  the 
split  bushing  E 
on  which  the 
loose  pulley  B 
is  mounted. 
Pulley  B  is  also 
of  split  con- 
struction. 
About  %  inch 
clearance  be- 
tween the  split 
bushing  E  and 
the  lineshaft  is 
provided,  thus 
relieving  the 
lineshaft  of  the 
pull  of  the  belt 

when  idle.  A  ring  G  is  attached  to  the  flywheel  of  the  press 
which  forms  a  pulley  of  sufficient  width  to  permit  shifting 
the  belt  to  the  "off"  position.  The  split  construction  of  all 
the  parts  in  this  idler  pulley  permits  it  to  be  erected  or  taken 
down  without  dismantling  the  lineshaft.  V.  B. 

«    *    * 
OUR  COPPER  INDUSTRY 

With  the  entire  output  of  the  first  half  of  this  year  sold 
some  time  ago,  copper  producers  are  working  every  available 
source  of  supply  to  the  limit.  As  a  result,  the  production  of 
copper  in  the  United  States  is  700,000,000  pounds  a  year  more 
than  it  was  in  July,  1914.  Then  the  metal  was  mined  at  the 
rate  of  1,700,000,000  pounds  a  year  and  was  sold  for  13.75 
cents  a  pound.  At  the  beginning  of  this  year,  it  was  pro- 
duced at  the  rate  of  2,400,000  pounds  a  year  and  was  sold 
for  35  cents  a  pound,  though  the  average  price  for  the  year 
was  27.2  cents  a  pound.  Because  of  this  increase  in  value 
and  in  production,  nineteen  of  the  largest  copper  companies 
in  the  country  paid  $77,500,000  more  in  dividends  in  1916 
than  they  did  the  year  before.  This  increased  value  also 
made  it  possible  to  work  sources  that  could  not  be  properly 
developed  two  years  ago. 

While  in  time  of  peace  only  about  one-tenth  of  the  copper 
produced  throughout  the  world  is  used  for  the  manufacture 
of  war  materials,  at  least  three-fourths  of  the  present  im- 
mense production  is  used  for  war  purposes.  In  addition,  the 
100,000,000  pounds  annually  produced  by  Germany,  Austria, 
Turkey  and  Serbia  are  used  in  the  war.  However,  should  the 
war  suddenly  end,  the  demand,  and  hence  the  price  of  copper, 
would  not  immediately  drop.  Europe  has  been  completely 
stripped  of  its  copper.  All  cooking  utensils,  electric  equip- 
ment, etc.,  of  this  metal  have  long  ago  been  used  in  the  manu- 
facture of  materials  of  war.  These  must  be  replaced  as  soon 
as  possible.  Besides,  the  various  nations  require  large 
amounts  for  manufacturing  purposes.  In  1913,  Germany  and 
Austria  imported  500,000,000  pounds  of  copper  from  this  coun- 
try, while  it  is  estimated  that  2,000,000,000  pounds  will  not 
meet  our  own  demands  this  year.  But  a  determined  effort  will 
be  made  to  reduce  the  price  materially.  Committees  have 
been  organized  in  several  European  countries  to  devise  ways 
and  means  of  caring  for  their  fleeds  on  an  economical  basis 
after  the  war.  These  organizations,  with  government  co- 
operation, are  planning  to  buy  their  metal  at  prices  favorable 
to  themselves  or  to  restrain  buying  if  prices  are  not  suitable. 
•     •    • 

High-class  marine  oil  engines  at  the  present  time  command 
a  price  of  from  $60  to  $65  per  horsepower.  Figured  on  a  pound 
basis,  they  sell  at  about  40  cents  a  pound  net  weight. 
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EFFECT    OF   TEMPERATURE    ON    STRUC- 
TURAL   MATERIALS 


BY    E.    N.   PERCY  ' 

During  the  last  two  or  three  years,  the  structural  designer 
has  been  called  upon  to  design  apparatus  intended  for  the 
extremely  difficult  combination  of  pressure  and  high  tempera- 
tures. Such  designs  include  retorts,  autoclaves,  and  distilla- 
tion apparatus.  As  a  matter  of  fact,  power  machinery  is  now- 
adays so  standardized  that  only  in  manufacturing  apparatus 
does  the  designer  find  a  field  for  trained  creative  work.  The 
variations  in  the  strength  of  materials  due  to  change  of  tem- 
perature have  been  fairly  well  investigated  and  made  available 
for  the  engineer,  but  as  most  pressure  work  has  been  done  at 
low  temperatures  the  designer  has  not  found  it  necessary  to 
consult  these  authorities.  With  the  advent  of  superheated 
steam  at  high  pressures  and  the  treating  of  chemicals  under 
pressure  and  high  temperatures,  as  in  the  dye  industry  or 
the  manufacture  of  condensation  products  for  electrical  pur- 
poses, it  is  sometimes  necessary  to  work  under  such  condi- 
tions that  the  factor  of  safety  ordinarily  used  is  necessarily 
lowered. 

The  accompanying  diagram  shows  the  curves  of  strength 
for  different  materials  under  varying  temperatures.  The  data 
for  these  curves  have  been  averaged  from  experiments  made 
by  various  author- 
ities in  different 
parts  of  the  world. 
It  will  be  noted  that 
cast  iron  withstands 
heat  the  best;  the 
strength  has  a  ten- 
dency to  increase  up 
to  900  degrees  F., 
after  which  it  de- 
creases at  a  fairly 
uniform  rate  until 
its  melting  point  is 
reached.  The  use  of 
cast  iron  for  the 
heat  chambers  of 
hot-bulb  engines  op- 
erating at  a  bright 
orange  heat,  that  is, 
in  the  neighborhood 
of  1800  degrees  F., 
is  well  known.  These 
engines  usually  op- 
erate at  a  maximum 
compression  pressure 
of   about    60    pounds 

and  several  checks  by  the  writer  indicate  that  the  factor  of 
safety  averages  3  to  4  and  in  some  cases  is  as  low  as  2. 

The  strength  of  structural  steel  increases  slightly  up  to 
400  degrees  F.,  and  then  decreases  rapidly  until  800  de- 
grees is  reached,  where  it  has  about  40  per  cent  of  its  original 
strength.  From  this  point  on  the  decrease  is  fairly  uniform 
until  its  melting  point,  in, the  neighborhood  of  2000  degrees  F., 
is  reached.  Wrought  iron  weakens  at  lower  temperatures 
than  structural  steel.  It  follows  the  same  general  laws,  but 
shows  a  somewhat  greater  strength  throughout  after  rising 
above  650  degrees  F.  The  strength  of  copper  decreases  from 
the  beginning,  at  a  uniform  rate,  until  its  melting  point  is 
reached. 

These  data  are  modified  by  su^jrounding  conditions  in  each 
particular  design.  For  instance,  with  cast-iron  retorts  it  is 
practically  impossible  to  get  a  tight  casting  in  the  average 
foundry,  and  the  making  of  cast-iron  retorts,  gas  benches, 
and  autoclaves  for  high-temperature  work  is  now  monopo- 
lized by  a  few  foundries  who  make  a  specialty  of  this  type  of 
casting.  As  a  rule,  some  material  is  added  to  the  iron  to 
make  it  more  fluid  so  that  it  will  mold  in  a  more  homo- 
geneous form.  Wrought  iron  and  steel  tend  to  oxidize  rap- 
idly under  high  heats.  This  tendency  is  combatted,  to  some 
extent,  by  the  various  processes  of  covering  with  protective, 

'Address;  4507  Pleasant  Valley,  OakLind,  Cal. 


non-oxidizable  substances,  such  as  aluminum,  porcelain  or 
lead.  Copper  oxidizes  badly  at  high  temperatures  and  can 
only  be  used  for  special  types  of  high-temperature  work. 
Alloys  of  copper  with  tin  or  zinc  are  particularly  objection- 
able because  the  tin  and  zinc  tend  to  separate,  leaving  a  porous 
copper  that  rapidly  breaks  down.  Every  practical  man  knows 
that  brass  "rots"  when  heated.  Tobin  bronze  and  similar 
compounds  of  copper  will  withstand  fairly  high  temperature 
without  deterioration,  and  may  be  forged  or  subjected  to  other 
heat  processes. 

The  industrial  world  at  present  is  in  need  of  a  thorough 
and  detailed  investigation  of  the  strength  of  various  struc- 
tural materials  at  high  temperatures,  also  of  methods  of  pro- 
tecting structural  materials  from  chemical  attack.  At  the 
present  time  it  is  not  possible  to  realize  certain  valuable 
laboratory  processes  because  apparatus  to  withstand  the  chem- 
icals cannot  be  manufactured  on  a  large  scale. 
*     •    * 

USES   OF   SLIDE-RULE 

BY   E.  J.   GIBSON  ' 

When  making  calculations  on  the  slide-rule,  it  is  often  con- 
venient to  be  able  to  set  the  runner  accurately  to  a  mixed 
number  containing  a  common  fraction.  The  prevailing  prac- 
tice is  to  refer  to  a  table  of  decimal  equivalents  and  set  the 

runner  as  nearly  cor- 
rect as  can  be  deter- 
mined by  the  eye. 
This  finding  of  the 
decimal  equivalents 
can  be  eliminated  in 
many  cases  and  the 
runner  set  accurate- 
ly by  a  simple  rule 
that  requires  but  a 
short  mental  calcu- 
lation. 

Multiply  the  inte- 
gral by  the  denomi- 
nator of  the  fraction 
and  set  the  slide  so 
that  the  product  on 
the  C  scale  is  over 
the  integral  on  the  D 
scale.  It  will  now 
be  found  that  the 
graduations  on  the  C 
scale  divide  the  pre- 
ceding integral  space 
on  the   D  scale   into 

strength  Curves  of  Copper,  Iron  and  Steel  ^^  ^^^^  ^^^.^^  ^^  ^^^ 

denominator  of  the  fraction.  Commencing  at  the  integral,  pass 
the  runner  over  as  many  of  the  divisions  as  there  are  in  the 
numerator  of  the  fraction,  and  the  runner  is  accurately  set. 

Example— Set  the  runner  to  5  13/32.  As  5  X  32  =  160,  set 
160  on  the  C  scale  over  5  on  the  D  scale.  Note  that  192  on  the 
C  scale  is  over  6  on  the  D  scale,  thus  dividing  the  space  be- 
tween 5  and  6  on  the  D  scale  into  thirty-two  pai'ts.  Com- 
mencing at  the  figure  5,  move  the  runner  over  13  of  these 
divisions  and  it  is  set  accurately  to  5  13/32. 

Sometimes  it  is  desired  to  convert  the  final  result  of  a  cal- 
culation into  a  mixed  number.  This  can  be  done  by  simply 
reversing  the  process. 

Example — What  is  2.89  expressed  in  the  nearest  sixty- 
fourths?  As  2  X  64  =  128,  set  128  on  the  C  scale  over  2  on 
the  D  scale  and  it  will  be  found  that  2.89  =  2  57/64,  very  nearly. 
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Times  have  changed  since  Ruskin  wrote:  "He  who  works 
with  his  hands  only  is  a  mechanic;  he  who  works  with  hand 
and  head  is  an  artisan;  and  he  who  works  with  hands,  head 
and  heart  is  an  artist,"  but  the  central  thought  is  as  true 
today  as  when  it  was  written.  The  operator  who  runs  a  ma- 
chine without  thought  is  a  mechanic  in  the  degraded  sense  of 
the  word — he  is  virtually  a  part  of  the  machine,  and  will  so 
remain  until  he  learns  to  use  his  head. 

'Address:   129  S.  13th  St.,   Glean,   N.  T. 


IT  has  been  the  experience  of  manufacturers  using  large 
numbers  of  screw  machines  and  other  machine  tools  on 
which  a  lot  of  cutting  oil  is  required  that  the  operators  of 
these  machines  are  likely  to  be  troubled  from  sores  on  their 
hands  and  arms.  This  trouble  has  become  serious  in  some 
shops  where  cases  of  infection  of  small  cuts  and  scratches 
have  resulted  in  employes  losing  considerable  time  and,  in 
some  cases,  in  the  amputation  of  hands  or  arms.  The  intro- 
duction of  employers'  liability  laws  has  stimulated  investiga- 
tion of  this  subject,  and  it  is  now  believed  that  these  cases 
of  infection  are  due  to  the  presence  of  disease-producing  bac- 
teria in  the  oil;  to  overcome  trouble  from  this  source  various 
methods  of  sterilization  have  been  developed.  Chief  among 
these  are  sterilization  by  heat  and  by  introducing  a  germicide 
into  the  oil  or  cutting  compound.  There  is  a  wide  diversity 
of  opinion  in  regard  to  the  development  of  bacteria  in  oils 
or  cutting  compounds  and  the  possibility  of  securing  valuable 
results  by  sterilization.  This  fact  is  indicated  by  the  con- 
tradictory results  obtained  by  different  investigators,  to  which 
reference  will  be  made. 

Sterilization  by  Heat 

When  the  oil  or  cutting  compound  is  sterilized  by  heat,  the 
practice  is  to  have  a  smaller  tank  connected  with  the  storage 
tank  into  which  the  oil  can  be  pumped.  This  tank  is  usually 
provided  with  a  coll  through  which  steam  may  be  passed  to 
heat  the  oil,  and  after  this  has  been  done  the  steam  is  shut  off 
and  cold  water  passed  through  the  oil  to  reduce  its  temperature 
to  that  at  which  it  should  be  returned  to  the  work  to  give 
the  best  results.  The  following  is  a  report  of  tests  conducted 
on  mineralized  lard  oil,  which  show,  first,  that  it  is  possible 
to  develop  bacteria  in  oil,  and,  second,  that  sterilization  at  a 
temperature  of  140  degrees  F.  is  an  effective  means  of  remov- 
ing such  bacteria. 

We  divided  the  oil  into  four  portions  that  were  passed 
through  the  process  of  filtration  which  we  use.  After  being 
filtered,    these    four    portions    were    treated    as    shown    in 


Table  I.  The  counts  were  made  after  incubation  of  forty- 
eight  hours  at  37  degrees  C.  There  was  no  growth  in  the 
portion  heated  at  140  degrees  F.  after  incubation  for  forty- 
eight  hours  at  37  degrees  C.  Another  portion  of  the  oil  was 
heated  at  140  degrees  F.  for  twenty  minutes  and  incubated 
for  twenty-four,  forty-eight,  seventy-two,  ninety-six,  and  one 
hundred  twenty  hours.  At  every  twenty-four  hours  of  in- 
cubation, the  oil  was  examined  for  growth,  and  at  the  ex- 
piration of  one  hundred  twenty  hours  no  growth  appeared. 
You  will  note  that  the  original  dirty  oil  showed  a  bacteria 
count  of  24  per  cubic  centimeter  and  that  the  three  samples 
that  were  heated  for  twenty  minutes  at  a  temperature  of 
80,  100,  and  120  degrees  F.  were  not  properly  treated  to 
kill  all  bacteria,  but  that  treating  the  oil  at  140  degrees  F. 
seemed  to  free  the  oil  from  bacteria. 

In  order  to  check  up  this  last  treatment,  samples  of  the 
oil  that  had  been  treated  at  140  degrees  F.  were  set  aside 
and  allowed  to  Incubate  for  twenty-four,  forty-eight,  seventy- 
two,  ninety-six,  and  one  hundred  twenty  hours.    These  sam- 
ples, which  were  examined  after  every  twenty-four  hours, 
showed  no  trace  of  bacteria,  and  it  is  safe  to  assume  that 
if  after  one  hundred  twenty  hours  no  growth  appeared,  all 
the  bacteria  had  been  killed.    Our  chemist  claims  that  the 
heat-treatment   at   140    degrees   F.    for   twenty   minutes   is 
enough  to  kill  all  the  most  common  bacteria,  such  as  the 
streptococci   and   other  bacteria  which   cause   infection  of 
flesh  wounds,  as  well  as  tuberculosis  bacteria. 
The  results  of  the  preceding  test  seem  to  show  conclusively 
that  bacteria  can  develop  in  mineralized  lard  oil  and  also  that 
sterilization   by   subjecting   the   oil   to   a  temperature  of  140 
degrees  F.   is   the  means   of  killing  these  bacteria.     In  con- 
ducting any  form   of  scientific  research,   it  is  never  safe  to 
place  reliance  upon  results  obtained   in  individual  cases;    in 

TABLE  I.    RESULTS  OF  STERILIZATION  TEST 


Time   Heated,    Minutea 

Temperature,    Degrees  F. 

Bacteria    per    Cubic 
Centimeter  > 

20 

20 
20 
20 

80 

100 
120 
140 

22 
15 

7 

0 
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I  Note :     The   oil   before   treatment  contained  24   bacteria   per   cubic   centimeter. 
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order  to  draw  general  con- 
clusions information  must  be 
obtained  from  a  great  variety 
of  sources.  It  is  entirely  pos- 
sible that  while  this  method 
of  sterilization  would  prove 
effective  for  some  oils,  it 
would  be  totally  inadequate 
for  other  oil  mixtures  and 
cutting  compounds.  It  is  also 
possible  that  elimination  of 
bacteria  might  be  due  to  a 
change  in  composition  of  the 
oil  after  being  used  and  not 
to  the  sterilization  process  to 
which  it  was  subjected. 

That  such  a  possibility  ex- 
ists is  emphasized  by  the  re- 
sult of  research  work  recent- 
ly conducted  in  a  prominent 
laboratory  with  the  view  of 
furnishing  a  well-known  man- 
ufacturing firm  with  exact  in- 
formation as  to  the  causes  of 
infection  of  cuts  on  the  hands 
and  arms  of  men  operating 
machines  where  a  large  quan- 
tity of  oil  or  cutting  com- 
pound is  used.  These  investi- 
gations have  not  yet  been 
brought  to  a  definite  conclu- 
sion, but  they  have  progressed 

far  enough  for  the  investigators  to  be  able  to  state  that  after 
being  placed  in  use  any  oil  mixture  containing  petroleum  un- 
dergoes a  change  in  composition  which  results  in  producing  a 
powerful  germicide  in  the  oil,  thus  rendering  it  absolutely 
sterile.  It  is  the  view  of  investigators  in  this  laboratory  that 
many  cases  of  infection  of  cuts  that  are  attributed  to  bacteria 
carried  by  oil  are  actually  caused  by  bacteria  that  find  their 
way  into  abrasions  of  the  skin  from  dirty  towels  and  an  in- 
finite number  of  other  sources.  It  has  been  suggested  that 
if  such  a  change  in  composition  results  in  making  an  oil  ab- 
solutely sterile,  the  development  of  bad  sores  on  the  hands 
of  machine  operators  may  be  due  to  any  of  the  following 
causes:  (1)  The  oil  may  have  a  slight  soluble  action  on  brass 
parts  of  the  machine  or  brass  products  and  thus  form  a  verdi- 
gris which  causes  infection  of  cuts.  (2)  Certain  aldehydes  or 
other  products  are  formed  in  the  oil,  and  these  cause  trouble 
when  they  get  into  cuts  or  other  abrasions  of  the  skin.  (3)  The 
presence  of  free  fatty  acids  in  the  oil  causes  trouble  in  the 
same  way.  In  the  two  latter  cases  it  is  also  assumed  that  these 
aldehydes  or  acids  find  their  way  into  the  stomach  and  cause 
nausea,  lack  of  appetite,  and  other  indispositions  from  which 
some  industrial 
workers  suffer 
who  operate  ma- 
chines on  which 
a  lot  of  oil  or 
cutting  com- 
pound is  used. 
That  such  con- 
tradictory opin- 
ions as  those 
just  cited  are  ex- 
pressed today 
shows  that  the 
subject  of  oil 
sterilization  i  s 
still  in  what 
may  be  called  an 
experimental 
stage.  The  sub- 
ject is  one  of 
great  import- 
ance, and  it  is 
to  be  hoped  that 


Delivering  Coolant  to  Wheel  on  Blanchard  Surface  Grinde 


PUMP  DISCHARGE 
STERILrZED  OIL  OUTLET  TO  FILTER 


-^ 


Fig. 


Diagram    showing   Arrangement   of   Filter,    Pumi)   and   Sterili; 
Practice   of   Richardson-Phenix   Co. 


definite  conclusions  will  soon 
be  reached  that  will  enable 
oil  to  be  treated  in  a  way 
that  insures  workmen  against 
danger  from  bacteria,  if  this 
really  constitutes  a  source  of 
infection. 

Oil  mixtures  containing  cot- 
tonseed oil  and  other  vege- 
table oils  become  rancid  after 
being  in  use  for  some  time, 
and  this  is  due  to  the  develop- 
ment of  certain  molds  and 
bacterial  growths.  Investiga- 
tions conducted  up  to  the 
present,  however,  tend  to 
show  that  these  are  not  of 
disease-producing  types  and 
so  should  not  be  the  cause  of 
infection. 

Sterilization  by  the  Addition 
of  Germicide 
The  sterilization  of  cutting 
oils  and  compounds  is  still 
in  the  process  of  development, 
and  some  manufacturers  are 
now  experimenting  with  the 
use  of  carbolic  acid,  formalde- 
hyde, creosote  oil,  and  other 
germicides.  Small  quantities 
of  such  chemicals  are  added 
to  the  oil,  and  a  little  thought 
will  make  it  evident  that  such  additions  have  an  important 
advantage  over  sterilization  by  heat  in  that  they  are  circulated 
through  the  pump,  pipe  line,  machines,  and  back  to  the  storage 
tank,  thus  having  an  opportunity  of  keeping  the  entire  system 
in  a  sterile  condition.  In  one  well-known  manufacturing  plant 
it  is  the  practice  to  add  one  ounce  of  creosote  oil  to  each 
twenty-five  gallons  of  cutting  compound  used  in  the  factory. 
Similarly,  a  well-known  firm  of  oil  refiners  recommends  the 
addition  of  2  per  cent  of  carbolic  acid  to  oils  or  cutting  com- 
pounds. Carbolic  is  a  weak  acid,  so  far  as  its  action  on  metals 
is  concerned,  and  this  addition  would  not  result  in  damaging 
the  machine  bearings  or  the  finished  work;  this  acid  is  also 
one  of  the  strongest  germicides  known  to  science,  and  such 
an  addition  ought  to  prove  helpful  in  freeing  oils  and  cutting 
compounds  from  bacteria. 

Pig.  61  shows,  in  diagrammatical  form,  the  arrangement  of 
a  complete  Richardson-Phenix  oil  filter  and  sterilizer.  Dirty 
oil  from  the  machines  enters  the  system  through  pipe  A  and 
passes  through  the  series  of  chip  baskets,  baflle  plates,  mag- 
netic separators,  and  cloth  filters  described  in  the  February 
number.    It  then  passes  to  pump  B,  which  delivers  the  clean  oil 

to  the  machines 
in  the  factory. 
It  will  be  seen 
that  the  main 
pipe  line  is  pro- 
vided with  a 
pressure  relief 
valve  at  C,  so 
that  the  pres- 
sure at  which  oil 
is  delivered  to 
the  tools  will 
not  exceed  that 
which  has  been 
found  most  ef- 
fective. This  is 
an  important 
point,  because 
experience  has 
shown  that  in 
order  to  work  at 
maximum  effl- 
ciency  either  an 
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oil  or  cutting  compound  should 
be  delivered  at  exactly  the 
pressure  that  will  enable  it  to 
remain  in  contact  with  the 
work  instead  of  having  a 
tendency  to  rebound.  The 
fluid  which  escapes  through 
pressure  relief  valve  G  is  re- 
turned through  a  by-pass  pipe 
to  the  suction  chamber  of  the 
pump. 

Sterilization  of  oil  at  a  tem- 
perature of  140  degrees  F.  is 
recommended  once  every  ten 
days,  and  when  this  treat- 
ment is  necessary,  all  the  oil 
in  the  piping  and  machine 
pans  is  allowed  to  drain  down 
into  the  filter  tank  and  ster- 
ilizer. Oil  is  pumped  through 
valve  D  into  sterilizer  E. 
which,  it  will  be  seen,  is  con- 
nected with  a  double  pipe  line 
at  both  top  and  bottom  to  pro- 
vide for  passing  either  steam 
or  cold  water  through  the  coil 
in  the  sterilizer.  After  hav- 
ing passed  through  the 
sterilizer  the  oil  is  carried 
through    a   by-pass   pipe   that 

carries  it  back  to  the  filter  tank  and  thence  through  the  filter 
units  back  to  the  sterilizer.  This  circulation  of  oil  is  continued 
until  all  the  oil  in  the  system  has  reached  a  temperature  of 
140  degrees  F.;  the  oil  is  kept  at  this  temperature  for  twenty 
minutes.  Incidentally,  repeated  passing  of  the  oil  through  the 
filter  also  gives  it  a  thorough  cleaning.  While  the  oil  is  being 
heated,  valves  F  and  F,  are  opened  to  permit  steam  to  pass 
through  the  coil  in  the  sterilizer,  and  after  this  has  been 
done,  these  valves  are  closed  and  valves  G  and  Gi  are  opened 
to  allow  cold  water  to  flow  through  the  coil,  thus  cooling  the 
oil  for  subsequent  use.  Circulation  of  the  oil  through  the  filter 
and  sterilizer  is  continued  while  it  is  being  cooled. 

The  systems  of  filtering  and  distributing  oil  described 
can  be  highly  endorsed,  but  whether  the  system  of  steriliza- 
tion is  effective  is  a  question.  In  order  to  sterilize  effectively 
there  are  two 
points  that  must 
receive  careful 
attention,  t.  e., 
all  the  bacteria 
must  be  killed, 
after  which  the 
s  t  e  r  i 1 i  ae  d  oil 
must  be  placed 
in  a  container 
which  has  also 
been  sterilized  in 
order  to  keep  it 
free  from  germs. 
Even  though  the 
temperature  o  f 
140  degrees  is 
high  enough  to 
insure  the  kill- 
ing of  all  bac- 
teria in  the  oil. 
it  is  doubtful 
whether  thi.s 
would  be  perma- 
nently effective, 
owing  to  the 
fact  that  the 
sterilized  oil  is 
circulated 
through  pipe 
lines     and     ma- 


Fig.   62.     Single-action  Triplex  Plunger  Pump  made  by  Goulds  Mfg,  Co. 


chine  pans  that  have  not  been 
sterilized.  Those  who  are  fa- 
miliar with  the  growth  of  bac- 
teria know  that  they  develop 
at  a  rapid  rate,  and  so,  even 
if  all  bacteria  are  killed  in 
the  oil  treated  in  the  ster- 
ilizer, the  return  of  this  oil 
to  the  unsterilized  pipe  line 
system  would  give  an  oppor- 
tunity for  the  development  of 
bacteria  long  before  the  lapse 
of  the  ten-day  period.  Many 
bacteriologists  would  also  be 
inclined  to  question  the  effi- 
cacy of  sterilization  at  140 
degrees  F.,  as  it  is  generally 
conceded  that  a  much  higher 
temperature  is  required  to  in- 
sure thorough  sterilization.  A 
lower  temperature  may  be  suf- 
ficient to  kill  existing  bac- 
teria, but  the  spores  from 
which  bacteria  develop,  which 
correspond  to  seeds  of  plants, 
have  greater  vitality  than  the 
fully  developed  bacteria,  and 
it  only  requires  a  few  hours 
for  these  to  develop  into 
bacteria. 


Fig.    63. 


Pumps  Used  in  Central  Station  Practice 

Pumps  used  for  distributing  oils  and  cutting  compounds 
from  central  stations  are  usually  of  either  the  plunger  or 
centrifugal  type,  and  each  of  these  has  points  in  its  favor. 
The  following  gives  a  brief  description  of  the  reciprocating 
or  plunger  type  of  pump  and  of  the  centrifugal  pump. 

Reciprocating-  or  Plunger  Type  of  Pump 

Fig.  62  illustrates  a  single-acting  triplex  plunger  pump 
built  by  the  Goulds  Mfg.  Co.  These  pumps  are  ordinarily 
driven  by  individual  electric  motors,  as  shown  in  Fig.  63, 
which  also  illustrates  the  Richardson-Phenix  filter  used  for 
purifying  lard  oil  in  the  factory  of  the  Marlin  Arms  Corpora- 
tion, New  Haven,  Conn.     The  pumps  are  geared  down  so  that 

the  pump  speeds 
vary  from  about 
40  to  60  revolu- 
tions per  min- 
ute. When  de- 
livery of  a  large 
volume  of  lubri- 
cant is  required, 
pumps  with 
three  plungers 
are  used  in  or- 
der to  secure 
uniformity  in 
pressure  and 
rate  of  delivery, 
the  results  ob- 
tained in  this 
way  being  shown 
diagrammat  i  cal- 
ly  in  Fig.  64.  In 
Fig.  62,  A  is  an 
air  chamber 
against  which 
the  pressure  is 
developed,  the 
air  acting  as  a 
cushion  to  ab- 
sorb shock  and 
help  to  main- 
tain the  pres- 
sure   at    a    uni- 
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form  level.  In  case  B  are  contained  inlet  and  discharge  valves 
for  each  of  the  cylinders.  Pumps  of  this  type  are  made  in 
sizes  ranging  from  8i/i  by  10  inches  down  to  4  by  4  inches, 
with  capacities  from  30  to  400  gallons  per  m'inute.  Any 
desired  pressure  may  be  maintained  by  means  of  a  by-pass  and 
pressure  regulating  valves  that  can  be  set  to  give  the  required 
j)ressure.  Table  II  gives  capacities  of  plunger  pumps  for 
various  cylinder  diameters  and  lengths  of  stroke. 

Centrifug-Rl  Pumps 

The  operation  of  centrifugal  pumps  is  based  upon  the  action 
of  centrifugal  force.  Pumps  of  this  type  are  usually  run 
direct-connected  to  an  electric  motor,  as  shown  in  Fig.  65, 
and  oil  or  other  fluid  comes  to  the  pump  through  a  suction 
pipe.  In  starting  the  pump  it  is  usually  necessary  to  prime 
It,  or  in  other  words,  to  fill  the  suction  pipe  and  pump  casing 
with  fluid.  The  impeller  consists  of  a  wheel  with  passages 
formed  in  it  in  such  a  way  that  the  fluid  enters  from  the 
suction  pipe  at  points  near  the  center  of  the  impeller  and  is 
expelled  from  the  periphery  into  the  volute  chamber.  This 
volute  chamber  connects  the  pump  with  the  delivery  pipe. 
Various  arrangements  are  used  for  priming  pumps,  one  of 
the  most  convenient  of  which  is  to  use  a  foot-valve  in  the 
suction  pipe  and  have  a  pipe  connection  with  the  delivery  pipe 
so  that  by  opening  a  valve  the  suction  pipe  and  pump  casing 
may  be  filled.  In  other  cases  hand  pumps  are  used  to  raise 
the  fluid  in  order  to  fill  the  suction  pipe  and  pump  casing. 

Centrifugal  pumps  have  one  important  advantage  where 
lubricant  is  delivered  to  all  machines  from  a  central  distribut- 
ing station  in  that  they  may  be  designed  to  deliver  lubricant 
at  a  specified  pressure  at  the  tools,  and  when  this  pressure  is 
reached  the  pump  will  continue  to  "churn"  without  increasing 
the  pressure.  Large  centrifugal  pumps  are  usually  built 
according  to  specifications  of  the  purchaser  and  are  arranged 
to  develop  a  given  pressure.  Where  pumps  of  this  kind 
deliver  lubricant  to  tools  on  several  floors  and  it  is  required 
to  have  the  same  pressure  on  all  floors,  the  usual  method  of 
procedure  Is  to  design  the  pump  to  deliver  the  required  pres- 
sure on  the  top  floor;  on  lower  floors  where  there  is  less  loss 
of  pressure  due  to  a  smaller  static  head  and  friction  loss  in  the 
line,  gate  valves  can  be  used  to  throttle  down  the  pressure  so 


TABLE  n.    CAPACITIES  OF  RECIPROCATING  PUMPS  ' 


ONE   DOUBLE-ACTING  PISTON  OR  TWO  SINGLE-ACTING  PLUNGERS 


TWO  DOUBLE-ACTING  PISTONS  OR    FOUR  SINGLE-ACTING  PLUNGERS 


THREE  SINGLE-ACTING  PLUNGERS  — CRANKS  120'=  APART 


THREE  DOUBLE-ACTING  PLUNGERS  — CRANKS  120°APART 
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Fig.    64.     Diagram    illustrating    how    Plungers    of    Multiple-plunger    Pump 
tend  to  neutralize  Variations  of  Pressure  in  Different  Cylinders 


'  Xoie:  Figures  are  for  one  single-acting  cylinder.  For  single-acting  triplex 
pumps  multiply   by  3.     For  single-acting  duplex  pumps  multiply  by  2,   etc. 

that  it  will  be  the  same  as  on  the  top  floor.  The  same  practice 
is  used  with  other  types  of  pumps;  but  in  the  case  of  plunger 
pumps  it  is  necessary  to  have  a  pressure-control  valve  and  by- 
pass, as  previously  mentioned.  In  addition  to  their  application 
for  distributing  lubricants  from  a  central  station,  centrifugal 
pumps  are  employed  on  grinding  machines  and  other  machin- 
ery for  pumping  cutting  compound  to  the  wheel  and  work. 

Positive  Pump  Pressure  and  Gravity  Oil  Feeds 

Two  systems  are  in  general  use  for  delivering  lubricant  from 
a  central  station  to  machines  in  the  shop.  One  of  these  con- 
sists of  pumping  the  purified  lubricant  up  to  a  storage  tank  at 
the  top  of  the  building  from  which  it  flows  by  gravity  to  the 
machines  on  different  floors.  The  other  is  to  pump  lubricant 
direct  to  the  different  machines.  Each  system  has  its  advo- 
cates and  each  seems  to  have  certain  points  in  its  favor.  The 
claim  is  made  for  the  gravity  tank  system  that  a  uniform  pres- 
sure is  obtained  for  the  oil,  without  fluctuations  due  to  pulsa- 
tion of  the  pump.  It  is  also  pointed  out  that  should  the  pumps 
fail,  there  is  a  supply  of  oil  in  the  gravity  tank  that  will  carry 
the  machines  for  a  limited  space.  This  may  be  a  point  of 
some  importance,  but  the  claim  made  in  regard  to  variations 
of  pressure  due  to  pulsation  is  not  so  important,  as  will  be 
seen  by  reference  to  Fig.  64,  which  shows  how  each  cylinder 
in  a  triplex  pump,  which  is  one  type  commonly  used  for  this 
service,  tends  to  neutralize  variations  in  pressure  in  the  other 
two  cylinders,  so  that  the  combined  effect  is  a  close  approxima- 
tion of  normal  pressure. 

Regardless  of  whether  a  gravity  tank  or  direct-pump  delivery 
is  employed,  it  is  necessary  to  keep  the  pressure  of  lubricant 
delivered  to  machines  on  different  floors  as  nearly  uniform  as 
possible,  and  this  result  is  secured  by  having  valves  placed  in 
the  pipe  lines  on  each  floor  or  supplying  individual  valves  at 
each  machine.  For  average  work,  the  pressure  in  the  pipe  line 
is  usually  maintained  at  from  28  to  30  pounds  per  square  inch. 
The  valves  at  the  machines  can  be  adjusted  to  throttle  down 
the  pressure  to  exactly  the  required  amount.  In  cases  where 
a  variety  of  machines  on  the  same  floor  call  for  delivery  of 
lubricant  at  different  pressures,  it  is  common  practice  either 
to  have  a  number  of  valves  in  different  branches  of  the  pipe 
line  leading  to  the  different  classes  of  machines  or  to  provide 
an  independent  valve  on  each  machine.  . 

Return  of  Oil  to  the  Central  System 

After  flowing  over  the  tools  and  work  the  lubricant  is  c«l- 
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lected  by  the  usual  means  provided  on  ma- 
chine tools  and  returned  through  drain 
pipes  to  troughs  in  the  floor.  These  are 
covered  with  boards  that  may  be  lifted  to 
give  access  to  the  trough,  when  this  is 
necessary,  the  arrangement  being  shown  in 
Fig.  66.  The  troughs  are  usually  about  6 
inches  wide  by  1  foot  deep,  the  size  depend- 
ing on  the  amount  of  lubricant  to  be 
handled,  and  it  may  be  mentioned  that 
troughs  are  used  in  place  of  pipes  to  prevent 
the  system  from  becoming  clogged  by  chips 
or  through  gumming  of  oil.  In  buildings 
with  concrete  floors  these  troughs  may  be 
placed  in  the  concrete,  but  if  machines  are 
carried  on  wooden  floors  the  drain  pipes 
can  pass  through  the  floors  and  discharge 
into  galvanized-iron  troughs  suspended  from 
the  ceiling  of  the  room  below.  An  advan- 
tage of  having  all  the  oil  handled  from  a 
central  station  is  that  it  reduces  flre  hazard, 
as  no  oil  is  kept  in  the  base  of  the  machine 
and  the  small  quantity  adhering  to  chips  is 
insuflBcient  to  support  a  flre.  The  oil  storage 
and  filter  can  be  located  away  from  the  main 
building  or  put  in  a  fireproof  compartment. 

Planning:  a  Central  Distributing  and 
Purifying  Plant 
In  planning  to  install  a  central  station  for 


Fig.   66.     Cover  lifted  from  Drain  Trough  In  Floor,  showing  Means  of  Access  in  Case  Trough 
hecomes  cloggea 


the  distribution  and  purification  of  oils  and  cutting  com- 
pounds, information  should  be  given  concerning  the  number, 
size,  and  make  of  the  various  machine  tools  which  are  to  be 
supplied  with  lubricant,  the  average  and  maximum  number 
of  machines  that  will  be  operating  at  one  time,  the  kind  of 
oil  or  cutting  compound  used,  and  the  volume  of  lubricant 
which  it  will  be  desired  to  circulate  per  hour.  In  addition, 
information  should  be  given  concerning  the  different  metals 
that  are  to  be  cut.  In  many  instances  it  is  possible  to  make 
use  of  the  existing  oil-storage  and  piping  systems  and  simply 
add  filters  and  sterilizers  to  make  the  system  automatic. 

Limitations  of  the  central  station  for  delivering  oils  and 
cutting  compounds  are  the  high  first  cost  of  installing  such 
a  system  and  the  possibility  of  trouble  arising  that  would 
interfere  with  the  delivery  of  lubricant  to  the  shops,  thus 
causing  loss  of  time  and  damage  to  cutting  tools.  The  liabil- 
ity of  difficulty  from  this  source  is  materially  reduced  by 
installing  one  or  more  reserve  pumps.  Another  criticism  of 
the  central  distributing  station  is  that  a  heavy  additional 
expense  is  involved  if  provision  is  made  for  delivering  different 
kinds  of  oils  and  compounds  to  various  classes  of  machines 
in  the  factory.  The  advantages  of  the  practice  of  distributing 
all  cutting  oils  and  compounds  from  a  central  station  are  as 
follows:  provision  of  clean  oil,  possibility  of  returning  oil 
to  the  tools  at  a  low  temperature,  sterilization  of  the  oil  to 
prevent  infection,  reduction  of  fire  hazard,  longer  life  for 
cutting  oils  and  compounds,  saving  of  labor  in  handling  oil, 
saving  of  oil  wasted  in  handling,  improvement  of  sanitary 
conditions  in  factory,  and  continual  stirring  of  soluble  Gom- 
pounds  which  insures  uniformity  of  solution. 

Filters  and  Trucks  for  Transporting-  Oil 

In  some  cases  where  it  is  undesirable  to  install  a  system  of 


Fig.   65.     Goulds   Centrifugal   Pump   with   Direct-connected   Electrio 
Motor  Drive 


piping  for  the  distribution  of  oil  to  all  machines  from  a  cen- 
tral station,  the  oil  may  be  purified  by  passing  it  through  a 
system  of  strainers  and  filters  similar  to  that  illustrated  in 
Fig.  47  in  the  February  number.  For  this  purpose  separate 
straining  and  filtering  outfits  may  be  built  with  a  capacity 
for  handling  any  desired  amount  of  oil  or  cutting  compound. 
One  of  these  small  units,  built  for  use  in  filtering  kerosene 
in  the  factory  of  the  Hess-Bright  Mfg.  Co.,  Philadelphia,  Pa., 
is  shown  in  Figs.  67  and  68.  "When  an  equipment  of  this  kind 
is  employed  trucks  are  used  for  conveying  oil  to  machines 
in  the  factory  and  for  returning  used  oil  to  the  filter. 
Fig.  69  shows  an  excellent  truck  for  handling  work  of  this 
kind.  It  will  be  seen  that  it  has  two  compartments,  each  of 
which  has  a  capacity  for  160  gallons.  The  truck  is  taken 
around  through  the  shop  and  dirty  oil  is  pumped  out  of  pump 
reservoirs  on  machines  into  the  "dirty-oil  receiving  tank." 
After  this  reservoir  has  been  cleaned  (if  necessary),  a  fresh 
supply  of  oil  is  pumped  in  from  the  "clean-oil  tank"  in  the 
truck  and  the  dirty  oil  is  then  taken  back  to  the  filter.  A 
truck  of  this  kind  does  away  with  danger  of  spilling  oil  on 
the  floor. 

Methods  of  Conducting  Shop  Tests 

In  many  shops  where  facilities  are  not  available  for  deter- 
mining the  relative  value  of  different  oils  and  cutting  com- 
pounds, dependence  is  often  placed  upon  the  judgment  of  the 
shop  superintendent  or  foremen,  and  this  is  likely  to  prove 
unsatisfactory  from  one  of  two  causes.  "When  this  practice  is 
followed,  the  man  who  determines  what  oil  or  cutting  com- 
pound to  use  will  often  base  his  selection  upon  ideas  formed 
at  the  time  he  learned  his  trade,  and  these  may  be  badly  out 
of  date.  The  judgment  of  such  a  man  is  likely  to  lead  him 
to  specify  lard  oil  or  a  mixture  containing  a  high  percentage 
of  lard  oil  for  use  on  many  classes  of  work  where  satisfac- 
tory results  could  be  obtained  with  a  cheap  soluble  oil  com- 
pound. On  the  other  hand,  a  man  who  is  inclined  to  econo- 
mize may  carry  this  to  the  extreme  and  specify  an  oil  or 
cutting  compound  which  may  be  bought  at  a  low  price,  but 
which  will  prove  costly  through  failure  to  keep  the  cutting 
tools  in  good  condition  or  through  tendency  of  the  oil  to  gum, 
turn  rancid,  etc.,  making  it  unfit  for  use  after  a  short  period 
of  service. 

Testing  Oils  and  Cutting  Compounds 

In  the  purchase  of  oils  and  cutting  compounds,  as  in  the 
case  of  all  equipment  and  materials  used  in  machine  shops, 
the  points  of  vital  interest  to  the  buyer  are  first,  the  quality 
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of  service  which  he  will  obtain,  and  second,  the  length  of 
time  for  which  the  lubricants  will  continue  to  render  this 
service.  The  most  obvious  way  of  securing  intprniation  on 
these  points  is  to  conduct  runniue  tests  on  machines  and 
lubricate  the  cutting  tools  with  the  oil  or  compound  which  the 
purchaser  has  under  consideration.  In  this  way  he  may  obtain 
•  information  on  the  following  points:  (1)  The  efficiency  of 
the  oil  or  cutting  compound  as  a  lubricating  or  cooling  me- 
dium, as  determined  by  the  length  of  time  that  the  tools 
"stand  up"  between  griudings.  (2)  The  amount  of  service 
obtained  before  the  supply  of  oil  is  exhausted  through  loss 
from  splashing,  being  carried  away  on  chips,  and  similar 
causes.  (3)  Ability  of  the  fluid  to  radiate  heat  rapidly,  as 
determined  by  noting  the  uniformity  of  temperature  indi- 
cated by  a  thermometer  suspended  in  the  reservoir.  (4)  Free- 
dom from  acids  or  alkalies,  as  indicated  by  lack  of  tarnish 
produced  on  a  polished  metal  disk  immersed  in  the  fluid  for 
several  hours.  (5)  Cost  per  running  hour.  First  cost  only 
becomes  a  matter  of  importance  after  the  user  has  satisfied 
himself  that  the  lubricant  is  capable  of  giving  satisfactory 
service  on  his  work.  The  following  describes  current  prac- 
tice in  conducting  shop  tests  on  oils  and  cutting  compounds. 

Method  of  Conducting  Shop 
Tests 

In  conducting  shop  tests 
the  aim  should  be  to  operate 
the  machine  and  cutting  tool 
as  nearly  as  possible  under 
conditions  that  will  exist  in 
actual  manufacturing.  The 
best  plan  is  to  select  a  piece 
of  work  on  which  the  tool 
can  be  run  for  at  least  one 
week,  and  before  starting 
work,  care  should  be  taken  to 
see  that  the  machine  is  prop- 
erly lubricated  and  that  the 
reservoir,  pump  and  piping 
are  thoroughly  cleaned  to  re- 
move all  the  lubricant  pre- 
viously used.  Attention 
should  also  be  paid  to  the 
cleaning  and  lubricating  of 
all  bearing  surfaces  and  slides 
before  the  machine  is  loaded 
for  test.  If  the  oil  or  cutting 
compound  is  to  be  given 
every  opportunity  of  produc- 
ing satisfactory  results,  it  is 
not  sufficient  to  allow  it  to 
simply  flow  onto  the  top  or 
side  of  the  tool;  the  feed  pipe 
should  be  arranged  in-  such  a 
way  that  a  copious  stream 
will   be    carried    to    the   tool 

point  and  the  surface  of  the  work  being  machined  in  order 
that  both  tool  and  work  may  be  properly  lubricated  and 
cooled.  Care  in  grinding -the  cutting  tools  is  of  equal  im- 
portance because  the  test  must  be  conducted  under  conditions 
equal  to  the  best  that  can  be  expected  in  actual  manufacturing 
operations.  Improper  grinding  of  the  tool  not  only  results 
in  the  generation  of  more  heat,  but  also  in  rapid  destruction 
of  the  cutting  edge;  and  failure  to  provide  means  for  the 
delivery  of  the  required  volume  of  lubricant  is  an  obvious 
injustice  to  the  manufacturer  of  the  lubricant  who  is  en- 
deavoring to  show  what  his  product  is  capable  of  doing.  Many 
good  cutting  compounds  have  been  condemned  through  failure 
to  provide  a  proper  arrangement  of  feed  pipes  and  to  have 
the  tool  properly  ground. 

When  the  machine  reservoir  has  been  properly  filled  with 
oil  or  cutting  compound  care  should  be  taken  to  see  that 
this  lubricant  remains  uniform  throughout  the  test;  this  is 
particularly  important  in  the  case  of  emulsions  made  from 
soluble  oils  and  water.  Attention  to  this  point  will  be  of 
assistance  in  figuring  the  running  cost  per  hour  or  the  cost 
of  lubricant  for  producing  a  given  quantity  of  work.     In  a 


Fig.    67.     Eichardson-Phenix    Filter 

Illustration  shows  Filter  used  in 

for  purifying 


test  of  this  kind  with  different  oils  and  cutting  compounds 
the  following  data  should  be  taken:  (1)  Total  running  time; 
(2)  time  spent  in  grinding  tools;  (3)  time  consumed  by 
delays  and  in  making  repairs;  (4)  "condition  of  tool  at  start; 
(5)  deterioration  of  tool;  (6)  speed  and  feed  employed;  (7) 
number  of  pieces  of  work  produced;  (8)  number  of  gallons 
of  lubricant  in  reservoir  at  start;  (9)  number  of  gallons  of 
lubricant  in  reservoir  at  finish  of  test.  In  this  connection  it 
may  be  mentioned  that  oil  ought  to  be  reclaimed  from  the 
chips  produced  and  this  amount  measured  and  deducted  from 
tlie  quantity  of  lubricant  put  in  tlie  machine  reservoir  to 
start  the  test.  These  data  will  enable  an  intelligent  compari- 
son to  be  made  of  oils  and  cutting  compounds  from  which  the 
purchaser  can   select   those  best  suited   to  his  requirements. 

Simple  Methods  of  Testing:  Quality  of  Oils 

Scientific  testing  of  oils  and  cutting  compounds  calls  for 
the  use  of  somewhat  elaborate  apparatus  and  in  order  to 
secure  accurate  results  the  man  making  such  tests  must 
have  received  training  as  a  chemist.  Where  data  are  required 
on  the  properties  of  a  given  oil  or  compound  and  the  plant 
has   not   the   facilities   of   a   chemical   laboratory,   it   will   be 

desirable  to  send  samples  to 
a  consulting  chemist  who  will 
conduct  an  investigation  for 
a  moderate  fee.  At  the  same 
time  it  is  desirable  for  shop 
men  to  be  able  to  make  a  few 
elementary  tests  on  oil  which 
will  give  information  con- 
cerning its  probable  value 
for  the  service  required. 

Acidity — A  simple  method 
of  determining  whether 
or  not  an  oil  or  cutting 
compound  contains  free  acid 
consists  in  suspending  a 
piece  of  polished  sheet  cop- 
per in  the  oil  for  a  period  of 
two  weeks.  The  presence  of 
acid  is  indicated  by  corrosion 
of  the  polished  metal  surface, 
making  it  somewhat  dull  in 
the  presence  of  even  slight 
traces  of  acid.  If  the  oil  is 
pure  the  copper  will  be  bright 
after  being  removed  from  the 
oil. 

Mineral  Oil— A  good  test 
to  ascertain  whether  mineral 
oil  is  pure  and  has  been  care- 
fully refined  consists  of  drop- 
ping a  small  quantity  of 
strong  sulphuric  acid  into 
the  oil;  this  will  have  no 
effect  on  the  color  if  the  oil  is  pure,  but  if  fatty  material  is 
present  the  oil  will  become  discolored.  , 

Animal  and  Vegetable  Oils — Mineral  oil  and  rosin  oil  are 
sometimes  used  as  adulterants  for  expensive  animal  and 
vegetable  oils.  Mineral  and  rosin  oils  differ  from  other  oils 
in  many  respects,  especially  in  their  appearance  when  exam- 
ined by  reflected  light.  Mineral  oils  show  a  greenish  tinge 
or  "bloom"  when  examined  by  reflected  light,  but  when  seen 
by  transmitted  light,  this  bloom  disappears  and  the  true  color 
of  the  oil  is  seen.  Rosin  oil  has  the  same  characteristic 
except  that  the  bloom  is  blue.  This  bloom  is  due  to  the- 
familiar  phenomenon  known  as  "luminescence,"  i.  e.,  the- 
property  of  becoming  luminous  when  exposed  to  the  sunlight. 
To  test  animal  or  vegetable  oils  for  the  presence  of  min- 
eral or  rosin  oil,  place  a  sample  of  the  oil  in  a  four-ounce 
bottle  and  view  it  by  reflected  light;  the  presence  of  any 
bloom  indicates  these  impurities.  By  suitable  treatment  in 
the  process  of  reflning,  oils  can  be  "de-bloomed"  so  that  the 
characteristic  luminescent  appearance  is  not  seen  when  viewed 
by  ordinary  reflected  light;  but  when  such  oils  are  viewed  by 
reflected  light  from  an  ordinary  enclosed  arc  light,  the  char- 
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acteristic  appearance  will  be  noted.  This  test  will  reveal  the 
presence  of  minute  traces  of  mineral  or  rosin  oil.  Attention 
Is  called  to  the  fact  that  many  so-called  "mineral  lard  oils" 
are  sold  which  consist  of  mixtures  of  lard  oil  and  petroleum, 
and  these  will  naturally  show  the  presence  of  mineral  oil 
when  subjected  to  this  test,  but  the  purchaser  who  is  paying 
for  pure  lard  oil  or  other  pure  oils  of  animal  or  vegetable 
origin,  does  not  want  to  pay  a  high  price  for  a  product  that 
has  been  adulterated  with  cheaper  oils. 

Turpentine — The  most  common  adulterants  found  in  turpen- 
tine are  mineral  oils  although  wood  turpentine  and  rosiu 
spirits  are  sometimes  added.  A  simple  test  for  purity  of  this 
material  is  to  drop  it  onto  a  piece  of  white  paper  which  is 
allowed  to  stand  in  the  air  until  the  turpentine  is  evaporated. 
The  presence  of  other  oils  is  indicated  by  a  stain  left  on  the 
paper;  if  the  turpentine  is  pure,  no  discoloration  will  appear 
after  it  has  evaporated. 

Lard  Oil — Lard  oil  is  sometimes  adulterated  with  cotton- 
seed oil,  and  the  presence  of  over  10  per  cent  of  this  adul- 
terant may  be  detected  by  adding  a  solution  of  silver  nitrate 
which  will  cause  it  to  darken  considerably  through  the 
formation  of  metallic  silver.  This  is  a  simple  test  performed 
by  merely  adding  the  oil  to  a  test  tube  containing  an  equal 
volume  of  alcoholic  solution  of  silver  nitrate  and  heating 
the  mixture  in  a  gas  flame.  The  silver-nitrate  solution  is 
made  by  dissolving  1  part  of  silver  nitrate  in  200  parts  of 
95  per  cent  alcohol  and  40  parts  of  ether. 

Testing-  Fluidity  of  Oils 

Oils  and  cutting  compounds  are  consumed  through  various 
causes,  among  which  may  be  mentioned  carrying  away  by 
chips;  loss  by  oxidation,  gumming  or  turning  rancid;  leakage 
from  truCks  or  other  forms  of  conveyors;  and  spattering  from 
machines.  The  first  two  causes  of  loss  are  due  to  inherent 
properties  of  the  oil  and  must  be  guarded  against  by  tests; 
losses  from  the  latter  causes  can  only  be  prevented  by  the 
exercise  of  care  and  the  provision  of  proper  means  for  han- 
dling lubricants  and  preventing  them  from  being  thrown  from 
the  machines. 

When  oils  have  constituents  that  are  easily  oxidized  or 
likely  to  gum,  it  not  only  results  in  loss  of  oil  but  also  in 
trouble  through  clogging  pipes,  which  retards  the  action  of 
slides  and  other  machine  members,  and  prevents  the  oil  from 
flowing  freely  to  the  point  of  the  tool  and  work.  Oxidation 
results  in  the  formation  of  a  black  sludge  in  the  oil  and  also 
in  the  formation  of  a  tenacious  skin  or  gum,  trouble  from 
these  sources  being  particularly  marked  in  the  case  of  some 
vegetable  oils  and  lard  oil  of  poor  quality.  In  addition,  oxi- 
dation and  gumming  reduce  the  fluidity  of  the  oil  and 
cause  an  excessive  amount  of  oil  to  oe  carried  away  with  the 
chips.  The  same  is  true  of  oils  having  too  high  a  viscosity, 
and   with   such   oils   it   may   be   found   good    practice   to   add 


View   of    Kerosene    Oil   Filter   shown    in    Fig.    67,    set    up    in 
Hess-Bright   Factory 


Fig.     69.     Truck    used    for    removing    Dirty    Oil    from    Machines    and 
substituting  Supply  of  Clean   Oil 

kerosene  oil  or  some  other  "thinner"  to  make  them  run 
more  freely. 

Fig.  70  illustrates  a  practical  test  to  determine  the  probable 
loss  of  oil  through  retention  by  chips.  A  funnel  is  lined 
■with  flannel  and  two  pounds  of  fine  chips  is  placed  in  it. 
Four  ounces  of  oil  is  then  poured  through  the  funnel  and 
allowed  to  drain  into  a  second  measure;  after  allowing  suf- 
ficient time  for  the  oil  to  drain,  the  amount  in  the  second 
measure  will  indicate  how  much  has  been  retained  by  the 
chips.  Tests  of  this  kind  should  be  conducted  with  new  oil 
and  also  with  oil  that  has  been  in  use  under  actual  working 
conditions  for  some  time.  In  some  cases  it  may  be  found 
that  the  new  oil  runs  through  in  a  satisfactory  manner,  but 
that  after  being  used  for  a  time  the  fluidity  -will  have  been 
seriously  reduced.  This  is  particularly  true  of  oils  that  give 
trouble  through  gumming  or  oxidation,  and  of  poor  grades  of 
mineral  lard  oil  in  which  the  lard  oil  has  a  tendency  to 
become  thick  and  separate  from  the  mixture  so  that  it  is 
easily  retained  by  the  chips.  Even  when  great  care  is  taken 
in  the  operation  of  centrifugal  chip  separators  to  recover  oil 
from  chips  the  loss  will  be  quite  heavy  with  oils  of  this  kind, 
and  in  making  the  test  for  fluidity,  oils  that  do  not  run  freely 
through  the  funnel  should  be  viewed  with  suspicion  and  should 
not  be  accepted  if  the  best  results  are  expected. 

In  plants  where  oils  are  tested  in  the  chemical  laboratory 
stress  is  likely  to  be  laid  upon  the  results  obtained  by  saponi- 
fying the  oil  by  boiling  it  with  an  alcoholic  solution  of  caustic 
potash.  This  is  the  chemist's  name  for  the  process  of  making 
soap  from  animal  oil,  and  in  interpreting  the  results  of  his 
investigation  he  may  fall  into  the  error  of  recommending 
the  oil  having  the  highest  saponification  value,  unless  he  is  a 
man  who  has  a  thorough  knowledge  of  the  requirements  that 
must  be  met  to  obtain  satisfactory  results  from  cutting  oils. 
If  so,  he  will  know  that  a  mixed  lubricant  containing  a  large 
amount  of  animal  oil — which  gives  a  high  saponification  value 
— does  not  necessarily  give  satisfactory  results.  This  is  due 
to  several  reasons:  it  may  be  that  the  animal  oil  is  of  poor 
grade,  so  that  it  tends  to  oxidize  and  gum  rapidly;  it  may  be 
too  thick  to  run  freely  to  the  tool  and  work;  or  it  may  give 
trouble  through  failure  to  radiate  heat  rapidly,  etc.  While 
laboratory  tests  are  of  great  importance  in  determining  the 
properties  of  lubricants,  their  results  should  not  always  be 
relied  upon  until  they  have  been  carefully  studied  and  com- 
pared with  the  results  obtained  with  the  oils  under  work- 
ing conditions. 

Laboratory  Tests  on  Oils  and  Cutting-  Compounds 

While  information  obtained  by  practical  shop  tests  gives 
information  of  direct  value  to  the  manufacturer  who  uses 
cutting  oils,  there  are  a  number  of  tests  conducted  in  the 
laboratory  which  yield  information  concerning  the  chemical 
and  physical  properties  of  the  oil  that  are  of  value  in  deter- 
mining what  its  probable  eflSciency  will  be  when  used  in  the 
shop.  The  tests  most  commonly  conducted  on  oils  used  for 
lubricating  and  cooling  metal-cutting  tools  are  for  determin- 
ing the  following  properties:  specific  gravity,  viscosity,  flash 
point,  fire  point,  and  cold  point. 
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Specific  Gravity 

Specific  gravity  is  defined  as  the  ratio  of  the  weight  of  a 
given  volume  of  fluid  under  test  to  that  of  the  same  volume 
of  water.  Water  has  a  specific  gravity  of  1  and  all  oils  and 
cutting  emulsions  have  specific  gravities  less  than  that  of 
water.  The  specific  gravity  of  an  oil  in  some  instances  may 
serve  as  an  indication  of  its  purity,  as  different  oils  have 
characteristic  specific  gravities  by  which  they  can  be  recog- 
nized. The  most  accurate  determination  of  specific  gravity 
is  made  by  means  of  a  pycnometer,  two  types  of  which  are 
shown  at  A  and  B  in  Fig.  71.  The  type  shown  at  B  is  used  for 
obtaining  the  specific  gravity  of  asphalt  and  oils  of  high 
viscosity;  with  these  materials  trouble  would  be  experienced 
in  cleaning  the  type  of  pycnometer  shown  at  A,  which  is 
the  one  most  commonly  used  for  obtaining  the  specific  gravity 
of  such  fluids  as  oils  and  cutting  emulsions.  In  making  a 
test,  the  pycnometer  is  carefully  washed  and  dried,  after 
which  its  weight  is  determined  on  a  chemical  balance.  It  is 
then  filled  with  distilled  water,  care  being  taken  to  liave  the 
water  fill  the  capillary  tube  in  the  stopper,  after  which  the 
combined  weight  of  the  pycnometer  and  water  is  determined 
to  obtain  the  weight  of  this  volume  of  water.  The  pycnom- 
eter is  then  once  more  dried  and  filled  with  oil,  after  which 
it  is  again  weighed  to  obtain  the  weight  of  the  oil.  The 
specific  gravity  may  then  be  easily  calculated  by  dividing  the 
weight  of  the  oil  by  the  weight  of  the  water.  It  is  essential 
that  all  weighing  be  done  at  a  standard  temperature,  which  is 
15.5  degrees  C.  (60  degrees  F.).  If  any  weighing  is  done  at 
another  temperature  the  results  must  be  converted  to  the 
standard  temperature,  because  the  specific  gravity  varies 
with  changes  of  temperature. 

Determination  of  specific  gravity  by  means  of  the  pyc- 
nometer is  a  slow  process,  and  for  commercial  work  sufficiently 
accurate  results  may  be  obtained  in  other  ways.  At  C  is 
shown  a  Westphal  balance  used  for  this  purpose.  The  fluid 
to  be  tested  is  placed  in  the  container  and  the  plummet  sus- 
pended from  the  right-hand  end  of  the  balance  beam  is  im- 
mersed in  the  fluid.  It  will  be  seen  that  the  beam  is  grad- 
uated and  carries  a  counter-poise,  the  position  of  which  is 
adjusted  on  the  beam  so  that  the  balance  comes  to  rest  with 
the  point  at  the  left-hand  end  opposite  the  point  on  the  frame. 
The  specific  gravity  of  the  fluid  is  then  read  direct  from  the 
graduation  on  the  beam  that  comes  under  the  counter-poise. 

Another  rapid  method  of  determining  specific  gravity,  and 
one  which  is  commonly  used,  is  by  means  of  a  Baume  hydro- 
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meter,  a  number  of  which  are  shown  at  E.  This  consists  of  a 
plummet  which  is  weighted  at  the  lower  end  so  that  it  floats 
verti<:ally  in  the  fluid  to  be  tested;  the  depth  to  which  the 
hydrometer  is  immersed  depends  upon  the  specific  gravity  of 
the  fluid.  As  the  specific  gravity  is  dependent  upon  tempera- 
ture, it  is  necessary  to  specify  the  temperature  at  which  the 
determination  is  made.  For  this  purpose  some  of  the  hy- 
drometers shown  are  provided  with  thermometers.  In  the  case 
of  those  that  do  not  have  thermometers,  it  is  necessary  to 
determine  the  temperature  with  a  separate  thermometer  dipped 
into  the  fluid,  and  make  the  necessary  correction,  or  to  avoid 
this,  oil  may  be  tested  at  the  standard  temperature  of  60 
degrees  F.  Baume  gravity  may  be  converted  into  specific 
gravity  by  using  the  following  formula: 

140 

Specific  gravity  = 

130  -}-  Baum6  gravity 

For  very  accurate  work,  however,  the  following  formula 
should  be  used: 

141.5 

Specific  gravity  = 

131.5  -f  Baume  gravity 

Viscosity  may  be  defined  as  the  tangential  force  per  unit 
area  divided  by  shear  per  unit  of  time;  this  property  repre- 
sents a  measure  of  internal  resistance  in  the  fluid  and  indi- 
cates the  magnitude  of  forces  tending  to  retard  a  rapid  flow 
of  the  fluid.  It  will  be  evident  from  this  that  oils  used  for  the 
lubrication  and  cooling  of  cutting  tools  should  not  have  too 
liigh  a  viscosity  because  this  would  prevent  their  rapid  flow 
to  the  point  where  cooling  or  lubricating  action  is  required. 
The  viscosity  of  distilled  water  is  taken  as  the  standard 
against  which  the  viscosity  of  other  fluids  is  compared;  and 
owing  to  the  change  in  the  fluidity  of  oils  which  takes  place 
with  variations  in  temperature  it  is  obviously  necessary  for 
the  determination  of  viscosity  to  be  made  at  standard  tem- 
peratures in  order  that  comparison  may  be  made  with  the 
viscosity  of  water  at  the  same  temperature. 

Viscosity  is  determined  by  an  instrument  known  as  a  "vis- 
oosimeter,"  of  which  there  are  a  number  of  different  forms. 
The  Saybolt  universal  viscosimeter  was  recommended  by  the 
American  Society  for  Testing  Materials  and  has  been  adopted 
as  a  standard  in  the  United  States.  In  England  the  Redwood 
viscosimeter  is  the  standard,  and  the  Engler  meter  has  been 
adopted  as  a  standard  by  the  Germans.  The  Saybolt  vis- 
cosimeter is  shown  set  up  in  Fig.  72.  At  A  is  shown  the  top 
of  a  small  container  into  which  is  poured  the  oil  to  be  tested, 
and  surrounding  this  container  is  a  water  bath  the  tempera- 
ture of  which  is  raised  to  the  degree  at  which  the  test  is  to 
be  made.  Temperatures  of  70,  100,  130,  and  210  degrees  F. 
are  standards  for  the  determination  of  viscosity  (70  degrees 
on  the  Saybolt  viscosimeter  is  practically  obsolete;  some  oils 
deposit  parafl5n  at  this  temperature  and  interfere  with  the 
test) ;  the  temperature  to  use  depends  on  the  viscosity  of  the 
oil,  high  temperatures  being  used  for  oils  of  high  viscosity 
and  low  temperatures  for  oils  of  low  viscosity.  In  stating  the 
viscosity  of  an  oil,  information  must  also  be  given  in  regard 
to  the  temperature  at  which  the  test  was  made.  The  tempera- 
ture of  the  water  bath  is  raised  by  an  electric  heating  element 
B,  which  is  immersed  in  the  water  until  its  temperature  has 
been  raised  to  the  required  degree,  as  indicated  by  ther- 
mometers C  and  D.  This  heating  element  is  then  dipped  into 
the  bath  or  removed,  as  the  case  may  be,  to  maintain  the 
required  temperature. 

The  oil  to  be  tested  is  poured  into  pan  E  and  passes  from 
this  through  strainer  F  into  container  A  in  the  viscosimeter. 
This  container  extends  through  the  bottom  of  the  water  jacket, 
and  has  a  small  lower  opening  fitted  with  a  stopper.  Be- 
neath this  opening  is  a  glass  receiver  G,  which  contains  sixty 
cubic  centimeters  when  filled  to  the  graduation  line  at  the 
neck.  In  conducting  a  viscosity  test,  the  stopper  is  removed 
from  the  bottom  of  container  A  and  oil  is  allowed  to  flow  into 
receiver  G  until  it  is  filled  to  the  graduation  line,  the  time 
in  seconds  required  to  do  this  being  noted  by  means  of  a  stop 
watch,  and  expressed  as  a  number  with  the  temperature,  i.  e., 
Saybolt  viscosity  of  200  at  100  degrees  F.  When  the  "specific 
viscosity"  is  desired,  the  same  test  is  conducted  with  water 
in     place    of    the    oil,     and     the    viscosity    of    the    water 
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or  the  time  required  to  run  sixty  cubic  centimeters  into 
receiver  O  divided  into  the  time  required  for  the  same  amount 
of  oil  gives  the  "specific  viscosity." 

Viscosity  of  oil 

Specific   viscosity  = 

Viscosity  of  water 

Plash  Point 

The  flash  point  of  an  oil  is  the  temperature  at  which  suf- 
ficient vapor  is  given  off  to  develop  a  temporary  flash  or  flame 
when  ig:nited  by  a  taper  or  some  other  convenient  means. 
The  use  of  oils  with  a  low  flash  point  should  be  avoided, 
owing  to  the  danger  of  their  starting  fires.  This  is  par- 
ticularly true  in  the  case  of  automatic  screw  machines,  etc., 
where  kerosene  is  sometimes  used  to  thin  the  oil  to  the 
required  consistency,  and  where  a  large  volume  of  oil  is 
exposed  in  the  pan.  Determination  of  the  flash  point  is  com- 
monly made  in  the  Cleveland  open  cup  apparatus  illustrated 
in  Fig.  73.  This  consists  of  a  cup  A  filled  with  oil,  in  which 
is  immersed  an  accurate  thermometer  B  for  measuring  the 
temperature.  The  oil  is  heated  by  a  Bunsen  burner  C,  so  the 
temperature  will  rise  at  the  rate  of  ten  to  twelve  degrees  per 
minute,  and  with  each  three  to  flve  degrees  rise  in  tempera- 
ture the  small  gas  taper  D  is  applied  by  passing  it  horizontally 
over  the  surface  of  the  oil.  In  most  laboratories  this  test 
is  made  by  applying  the  taper  with  each  rise  of  flve  degrees  F., 
but  the  American  Society  for  Testing  Materials  recommends 
applying  the  taper  after  each  rise  of  three  degrees  F.  When 
the  flash  point  is  reached  there  will  be  a  slight  explosion  at 
the  surface  of  the  oil,  showing  that  the  oil  vapor  is  ignited, 
and  the  temperature  indicated  by  thermometer  B  represents 
the  flash  point. 

Fire  Point 

The  fire  point  of  an  oil  is  the  temperature  at  which  the  oil 
will  continue  to  burn  when  a  Acme  is  applied  to  its  surface. 
The  determination  of  this  temperature  is  made  in  the  Cleve- 
land open  cup,  shown  in  Fig.  73,  used  for  ascertaining  the 
flash  point.  The  two  tests  are  made  together;  that  is  to  say, 
after  the  flash  has  been  determined  the  temperature  is  raised 
still  further  with  application  of  the  taper  at  intervals  of 
three  to  flve  degrees  F.,  until  the  point  is  reached  where  the 
oil  continues  to  burn  when  the  lighted  taper  is  applied  to 
its  surface.  It  will  be  evident  that  after  passing  the  flash 
point  there  will  be  a  momentary  ignition  of  oil  vapor  each 
time  the  taper  is  applied  to  the  oil,  but  this  must  not  be  con- 
fused with  the  flre  point  which  is  not  reached  until  the  tem- 
perature is  sufiBciently  high  to  maintain  a  flame  on  the  sur- 
face of  the  oil  when  it  is  ignited.  The  flre  point  of  oils  suit- 
able for  lubricating  and  cooling  metal-cutting  tools  ranges 
from  30  to  65  degrees  F.  above  the  flash  point,  the  average 
difference  being  40  degrees  F. 

Cold  Point 

Oils  become  more  viscous  as  they  cool  and  finally  solidify. 
Those  with  too  high  a  cold  test  should  not  be  used — especially 
in  cold  weather — because  they  are  likely  to  give  trouble  by 
failing  to  run  freely  to  the  tools  and  work  and  by  clogging 
up  supply  pipes,  etc.  In  the  case  of  lubricants  containing  oils 
reflned  from  crude  petroleum,  cooling  first. causes  the  parafl5n 
particles  to  solidify  which  gives  the  oil  a  cloudy  appearance. 
The  committee  on  lubricants  of  the  American  Society  for  Test- 
ing Materials  has  applied  the  terms  "cloud  test"  to  the  tem- 
perature at  which  this  takes  place  and  "pour  test"  to  the 
temperature  at  which  the  oil  can  just  be  poured.  Both  of  these 
come  under  the  general  heading  "cold  test." 

Fig.  74  illustrates  apparatus  for  determining  these  tem- 
peratures; it  consists  of  a  bottle  about  I14  inch  inside  diam- 
eter and  4  or  5  inches  high  which  is  filled  with  oil  to  a  depth 
of  about  1^  inch.  A  special  cold-test  thermometer  is  inserted 
through  the  cork,  having  colored  alcohol  and  a  long  bulb 
which  is  immersed  in  the  oil.  The  bottle  of  oil  is  placed 
in  a  container  filled .  with  cracked  ice,  and  when  the  tem- 
perature of  the  oil  is  near  the  expected  cloud-test  point  the 
bottle  is  removed  for  each  two  degrees  drop  in  temperature 
and  the  oil  inspected;  when  the  lower  half  becomes  opaque, 
the  thermometer  reading  is  taken  as  the  cloud-test  tem- 
perature. 


Fig.    71.     Pycnometers,    Westphal    Balance    and   Baume    Hydrometers    for 
determining   Specific   Gravity  of   Oils 

The  pour  test  is  simply  a  continuation  of  the  cloud  test, 
except  that  the  temperature  is  noted  for  each  drop  of  flve 
degrees  and  the  bottle  is  tilted  each  time.  When  the  oil 
becomes  solid  and  will  not  flow,  the  previous  five-degree  point 
is  taken  as  the  cold  point  of  the  oil.  In  making  this  test  care 
must  be  taken  to  tilt  the  bottle  slowly  to  avoid  agitating  the 
oil  more  than  necessary.  Where  this  precaution  is  not  ob- 
served, too  low  a  cold  point  will  be  found. 

Free  Fatty  Acids 

Free  fatty  acids  represent  the  amount  of  free  organic  ^cid 
present  in  the  oil,  and  this  should  not  be  confused  with  mineral 
acid,  as  free  fatty  acids  are  a  normal  constituent  of  the  so- 
called  "flxed"  or  fatty  oils.  Free  fatty  acids  are  determined 
by  titrating  in  an  alcoholic  solution  with  a  standard  potash 
solution.  The  "acid  number"  is  another  method  of  expressing 
free  fatty  acids  and  is  the  number  of  milligrams  of  caustic 
potash   required   to   neutralize   one  gram   of  the   fat  or  oil. 

Saponification 
Saponification  value  of  an  oil  is  the  number  of  milligrams 
of  caustic  potash  required  to  completely  saponify  one  gram  of 
the  fat  or  oil.    A  low  saponification  value  generally  indicates 
adulteration  with  mineral  oil. 

Iodine  Number 

Iodine   value   or   number   is   the   number   of   milligrams   of 

iodine  that  one  gram  of  a  fat  or  oil  will  absorb  under  specific 

conditions,    and    for    flxed    oils    the    iodine    value    is    usually 

fairly    constant,    marked    variation    indicating    adulteration. 

Purchase  of  Oils  and  Cutting:  Compounds  Under  Specification 
When  the  quantity  of  oil  or  cutting  compound  used  is  large 
enough  so  that  expenditures  for  this  item  run  into  consid- 
erable sums  during  the  year,  it  is  good  practice  to  have 
definite  specifications  under  which  purchases  are  made.  The 
Navy  Department  has  drawn  up  specifications  for  the  pur- 
chase of  oils,  soluble  oils,  and  cutting  compounds  sold  in  the 
form  of  paste.  Although  these  are  more  complete  than  those 
required  by  the  average  manufacturer,  they  are  given  in 
order  to  show  the  requirements  for  each  of  these  materials. 

NAVY  DEPARTMENT  SPECIFIC ATIONS 
Oil,  Lard,  Mineral 

Purpose — To  be  used  for  machine  cutting-tool  lubricant, 
either  unadulterated  or  compounded  with  mineral  oil  or  soda 
and  water. 

Composition — To  be  clean  and  homogeneous;  free  from  dis- 
agreeable odors,  rancidness,  sediment,  or  ingredients  injurious 
to  persons  handling  the  material;  and  to  be  easily  soluble 
and  retain  oily  consistency  in  kerosene  or  soda  and  cold- 
water  mixtures.  To  have  a  specific  gravity  at  15  degrees  C. 
of  about  0.90,  a  flash  point  in  an  open  tester  of  not  less  than 
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ISO  degrees  C,  and  flow  at  4  degrees  C.  To  contain  not  less 
than  25  per  cent  and  not  more  than  35  per  cent  fixed  saponi- 
flable  oils,  from  60  to  70  per  cent  mineral,  and  not  more  than 
5  per  cent  free  fatty  acid   (calculated  as  oleic  acid). 

Viscosity — Measured  in  a  Saybolt  viscosimeter  (with  thirty 
seconds  water  rate  at  15  degrees  C.)  the  oil  to  show  about  185 
seconds  at  38  degrees  C.  and  115  seconds  at  48  degrees  C. 

Oumviing — A  saucer  with  enough  test  oil  to  cover  the  bot- 
tom when  placed  in  an  oven  at  a  constant  temperature 
of  120  degrees  C.  for  a  period  of  eight  hours,  when  taken  out 
and  permitted  to  cool  gradually,  shall  show  no  signs  of  a 
gummy  residue. 

Corrosion — Strips  of  polished  steel  to  show  no  appreciable 
corrosion  in  two  weeks'  time  when  partly  inimefsed  in 
samples  of  the  oil,  or  in  a  mixture  of  the  oil  and  kerosene,  or 
in  an  emulsion  of  the  oil,  soda,  and  water. 

Physical  Test — Three  gallons  of  the  oil  unadulterated  will 
be  put  into  a  steel  tank  and  pumped  at  the  rate  of  one  gallon 
per  minute  over  a  steel  cylinder  heated  by  an  'electric  coil 
consuming  440  watts  which  maintains  a  constant  temperature 
at  100  degrees  C.  in  air.  After  a  period  of  three  hours  the 
maximum  rise  of  temperature  of  the  oil  shall  not  exceed  30 
degrees  C. 

Soluble  Cutting-  Oils  or  Cutting  Compounds  (Liquid  Form) 

Purpose — To  be  used  in  emulsion  with  water  for  machine 
cutting-tool  lubricant. 

Composition — To  be  a  clean  and  homogeneous  mixture  of 
soluble  alkali  soap  in  mineral  and  fixed  saponiflable  oils.  It 
shall  be  free  from  disagreeable  odors,  sediment,  mineral  acids, 
ingredients  injurious  to  persons  handling,  and  shall  contain 
not  more  than  10  per  cent  water  and  not  more  than  20  per 
cen.t  soluble  alkali  soap. 

Emulsification — To  be  capable  of  readily  mixing  with  water 
in  all  proportions  without  the  use  of  sodium  carbonate  or 
other  addition  to  form  a  stable  emulsion. 

Lubrication — The  emulsified  oil  must  lubricate  turret  and 
automatic  machines  sufficiently  to  prevent  sticking,  and  must 
show  no  tendency  to  leave  a  gummy  residue. 

Corrosion — Strips  of  polished  steel  are  to  show  no  appre- 
ciable corrosion  after  immersion  In  the  emulsion  for  two  weeks. 

Physical  or  Cooling  Efficiency  Test — When  three  pints  of 
oil  are  put  into  emulsification  with  three  gallons  of  water  and 
permitted  to  flow  at  the  rate  of  one  gallon  per  minute  over  a 
steel  cylinder  heated  by  an  electric  coil  consuming  440  watts 
designed  to  maintain  a  constant  temperature  of  100  degrees  C. 
in  air  for  a  period  of  eight  hours,  the  maximum  rise  of  tem- 
perature of  the  emulsion  shall  not  exceed  12  degrees  C. 

Cutting  CompoundrCPastei 
Form) 

Purpose — To  be  used  for 
machine  cutting-tool  lubri- 
cant when  mixed  as  directed. 

Composition  —  To  contain 
not  more  than  50  per  cent 
•water,  not  more  than  25  per 
cent  mineral  oil  and  between 
20  and  30  per  cent  alkali  soap, 
and  the  remainder  fixed  sa- 
ponified oils.  To  be  free  from 
disagreeable  odors,  rancid- 
ness, or  ingredients  injurious 
to  handling;  and  to  be  easily 
soluble  in  water,  forming  a 
suitable  stable  lubricating 
emulsion  which  shows  no 
tendency  to  leave  a  gummy 
residue  and  which  will  not 
appreciably  corrode  strips  of 
polished  steel  in  two  weeks' 
time. 

Physical  Tests — When  pre- 
pared in  an  emulsion  such  as 
recommended  by  the  manu- 
facturer, and  which  shall  con- 
tain not  more  than  16  pounds 
of  compound  and  not  less 
than  24  gallons  of  cold  water, 
it  shall  lubricate  the  tool  so 
that  in  making  1-inch  bolts 
6  inches  long  turned  to  a  fin- 
ished size  in  one  cut  from 
1%-inch  hexagonal  bar  of 
nickel  steel  with  three  inches 
of  chased  thread  on  a  turret 
monitor,  with  a  travel  of  tur- 
ret carriage,  6  inches  in  six 
seconds  and  flow  of  com- 
pound, 5  pounds  per  minute, 
the  following  conditions  will 
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greater  than  35  degrees  F.,  and  the  standard  steel  turning  or 
parting  tool  not  to  require  additional  grinding  until  test  is 
finished  on  ten  bolts.  The  temperature  during  this  test  shall 
be  measured  by  placing  a  chemical  thermometer  on  the  fin- 
ished stock  within  one-half  inch  of  the  tool.  The  standard 
steel  turning  and  cutting  tool  mentioned  is  of  tungsten  tool 
steel,  class  No.  2,  in  accordance  with  Navy  Department  speci- 
fications for  "tool  steel."  The  hexagonal  nickel-steel  bars  will 
be  in  accordance  with  Navy  Department  specifications  for 
"hot-rolled  or  forged  nickel  steel." 

Use  of  Compressed  Air  as  a  Coolant 

In  milling  cast  iron  and  similar  operations  where  the  pro- 
duction of  short  chips  makes  lubrication  of  the  bearing  be- 
tween the  chip  and  lip  of  the  tool  a  matter  of  minor  impor- 
tance, satisfactory  results  may  often  be  obtained  by  the  use  of 
compressed  air  delivered  to  the  tool  and  work  in  such  a  way 
that  it  absorbs  the  heat  generated  by  the  cut.  An  advantage 
of  the  use  of  compressed  air  is  that  there  is  absolutely  no 
tendency  to  gum,  and  the  work  is  clean  and  dry  when  It 
leaves  the  machines;  also,  absence  of  moisture  does  away 
with  all  danger  of  rusting  the  work  or  machine  parts.  Fig. 
75  shows  the  method  of  applying  compressed  air  in  milling 
a  typewriter  part  in  the  plant  of  the  Royal  Typewriter  Co., 
Hartford,  Conn.  This  bar  has  a  slot  7/32  inch  wide  by  13/32 
inch  deep  milled  for  its  entire  length,  which  is  8%  inches. 
The  compressed  air  is  delivered  through  an  air  line  arranged 
in  such  a  way  as  to  decrease  the  pressure  at  the  machine 
to  one  pound  per  square  inch.  At  each  side  of  the  milling  cut- 
ters there  are  pipes  A  bent  to  the  same  radius  as  the  cutters; 
a  number  of  holes  are  drilled  in  these  pipes,  so  that  air  im- 
pinges directly  upon  the  milling-cutter  teeth.  The  pressure 
of  the  air  is  not  sufficient  to  cause  the  chips  to  be  blown 
around,  but  the  air  absorbs  heat  from  the  cutters  and  work, 
preventing  overheating  and  excessive  wear.  The  slot  is 
finished  at  a  single  cut  by  milling  cutters  2%  inches  in 
diameter  which  run  at  120  revolutions  per  minute.  One  piece 
is  finished  in  one  minute,  twelve  seconds.  When  finished^ 
the  work  is  sufficiently  cool  so  that  it  can  be  picked  up  and 
held  in  the  hand. 

Fig.  76  shows  another  example  of  the  application  of  com- 
pressed air  for  cooling  cutting  tools.  In  this  case  the  opera- 
tion is  performed  on  a  Cleve- 
land automatic.  The  work  is 
a  0.20  to  0.30  per  cent  carbon 
machine-steel  piston-pin;  this 
is  of  particular  interest  be- 
cause although  it  is  known 
that  compressed  air  can  be 
used  in  drilling  cast  iron 
with  satisfactory  results,  few 
mechanics  would  expect  to  be 
able  to  use  it  in  deep-hole 
drilling  operations  in  machine 
steel.  The  automatic  screw 
machine  is  fitted  up  with  the 
regular  oil-feed  mechanism 
for  the  turret  tools,  but  in- 
stead of  forcing  1;he  oil 
through  the  piping,  com- 
pressed air  is  delivered  at  a 
pressure  of  75  pounds  per 
square  inch.  The  drill  is  a 
regular  high-speed  steel  oil- 
tube  type,  with  cutting  edges 
ground  to  break  up  the  chips 
so  that  they  may  be  readily 
removed.  So  efficient  is  the 
compressed  air  that  It  is 
found  unnecessary  to  with- 
draw the  tool  until  the  piece 
has  been  completely  drilled 
to  a  depth  of  5  inches,  using 
a  feed  of  0.015  inch  per  revo- 
lution and  a  surface  speed  of 
70  feet  per  minute.  This 
speed  is  lower  than  a  high- 
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but  it  has  been  found  that  a  heavy  feed  with  a  lower  speed 
gives  the  best  results,  as  it  produces  chips  which  may  be 
easily  blown  out.  The  chips  are  quite  cool  when  they  leave 
the  hole  and  an  excellent  finish  is  produced.  Before  adopting 
compressed  air,  lard  oil  was  used  for  this  job,  but  this  proved 
unsatisfactory  due  to  heating  and  binding  of  the  drill  before 
the  lubricant  had  reached  the  bottom  of  the  hole.  •  Apparently 
the  oil  made  the  chips  adhere  to  one  another  and  prevented 
them  from  being  washed  out  freely,  while  with  the  air  the 
chips  are  kept  clean  and  cool  and  are  blown  out  as  rapidly 
as  they  are  produced.  This  method  is  used  at  the  plant  of 
the  Dayton  Motor  Car  Co.,  Dayton,  Ohio. 

Discovery  of  Aquadag-  and  Oildag— Compounds  Containing- 
Deflocculated  Graphite 

In  1906,  Edward  G.  Acheson  was  experimenting  with 
methods  of  treating  carborundum  in  the  electric  furnace,  and 
during  the  course  of  this  work  he  discovered  a  small  amount 
of  very  soft  unctuous  graphite,  which  he  immediately  recog- 
nized as  an  ideal  lubricating  medium.  Commercial  methods 
of  making  this  graphite  were  developed  and  patented. 

Having  developed  a  method  of  producing  this  graphite  Mr. 
Acheson  undertook  the  problem  of  working  out  details  for 
its  application  as  a  lubricant.  His  early  efforts  consisted  in 
using  the  graphite  dry  or  mixed  with  grease,  the  mixture 
being  marketed  under  the  copyrighted  name  "Gredag."  In 
an  effort  to  extend  the  field  of  usefulness  of  this  graphite, 
experiments  were  conducted  with  the  view  of  using  the 
graphite  in  suspension  in  different  grades  of  oil,  but  trouble 
was  encountered  by  the  graphite  settling  out.  In  the  latter 
part  of  1906,  it  was  found  possible  to  obtain  a  stable  mixture 
of  graphite  held  in  suspension  in  water,  by  adding  a  small 
quantity  of  gallotannic  acid.  This  treatment  was  defined  as 
"deflocculation"  and  the  graphite  was  called  "deflocculated" 
graphite.  The  liquid  is  black  and  passes  easily  through  the 
finest  filter  paper.  This  mixture  of  water  and  graphite  was 
given  the  name  "Aquadag."  A  valuable  property  of  "Aqua- 
dag" is  the  fact  that  it  does  not  have  any  tendency  to  rust 
the  tools  or  work.  In  1907,  Mr.  Acheson  succeeded  in  trans- 
ferring deflocculated  graphite  from  the  water  medium  to  an 
oil  medium  in  which  it  also  remained  permanently  suspended, 
and  this  lubricant  was  given  the  name  "Oildag."  Both  these 
lubricants  are  made  by  the  International  Acheson  Graphite 
Co.,  Niagara  Falls,  N.  Y. 

Results  Obtained  with  Compounds  Containing  Graphite 

An  idea  of  the  efficiency  of  "Aquadag"  and  other  com- 
pounds containing  deflocculated  graphite  may  be  gathered 
from  the  experience  of  the  Niagara  Machine  Co.,  Niagara 
Falls,  N.  Y.  The  records  showed  that  the  cutting-off  tool  of 
a  lathe  engaged  in  cutting  off  cold-rolled  steel  rods  about  one 
inch  in  diameter  required  sharpening  about  every  sixty  cuts 
when  an  ordinary  soap  cutting  compound  was  used.  When 
"Aquadag"  was  used  to  lubricate  the  tool,  the  life  of  the 
tool  was  increased  to  980  cuts,  and  the  finish  was  smoother. 


Since  its  discov- 
ery, "Aquadag"  has 
been  used  for  many 
other  machining 
operations  and  has 
given  very  satisfac- 
tory results.  For 
instance,  in  ream- 
ing holes  in  bronze 
bushings  it  was 
found  that  an  ordi- 
nary cutting  com- 
pound resulted  in 
producing  a  hole 
about  0.0002  inch 
under  size,  due  to 
the  expansion  caus- 
ed by  the  heat  gen- 
erated by  the  cut; 
but  when  "Aqua- 
dag" is  used  for 
lubricating,  friction 
and  the  generation 
of  heat  may  be  so 
far  reduced  that 
there  is  practically 
no  expansion,  and 
as  a  result  the  hole 
is  practically  the 
full  size  of  the 
reamer.  That  pow- 
er consumption  is 
reduced  through  the 
use  of  this  cutting 


Fig.   73.     Cleveland  Open   Cup  for  determining 
Flash  Point  and   Fire  Point  of  Oils 


compound  is  demonstrated  by  the  fact  that  in  one  factory  it 
was  necessary  to  run  a  machine  on  back-gear  when  using  an 
ordinary  cooling  compound,  but  when  "Aquadag"  was  used, 
it  was  possible  to  operate  the  machine  on  open  belt,  thus 
securing  the  double  advantage  of  a  reduction  of  power  and  an 
increase  of  speed.  This  lubricant  has  been  used  for  boring, 
cutting  off,  milling,  thread  cutting  and  other  operations,  and 
has  given  uniformly  satisfactory  results.  However,  the  work- 
men are  prejudiced  against  its  use  in  spite  of  the  efficient  re- 
sults obtained,  as  it  makes  them  so  dirty. 

Oils  Used  as  Tool  Lubricants  and  Coolants 

A  great  variety  of  oils  are  used  for  lubricating  and  cooling 
metal-cutting  tools.  The  selection  of  a  suitable  lubricant  will 
depend  upon  the  class  of  machining  operation  and  the  kind  of 
metal  being  machined,  according  to  the  principles  «xplained. 
Some  oils  are  used  pure,  notable  examples  being  lard  and 
petroleum  oil;  in  other  cases  it  is  desirable  to  use  a  mixture 
of  oils  in  order  to  obtain  a  lubricant  of  the  required  consis- 
tency and  of  lower  cost  than  pure  lard  oil,  etc.;  still  another 
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PHYSICAL  AND   CHEMICAL  CONSTANTS  OF  OILS  USED  FOR  LUBRICATION 
AND  COOLING  OF  METAL  CUTTING  TOOLS' 
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'  Values  determined   by  tests  conducted  by  Charles  V.    Bacon,   consulting  chemist  of   New  York  City, 
representative  of  average  quality  obtainable  in   the  market   at   tiie   present   time. 


Care  i^as  taken   to   select  samples   of   oils   that   were   pure   and 
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application  is  iu  the  compounding  of  so-called  soluble  oil  mix- 
tures that  are  diluted  with  water  to  form  the  cutting  emulsions. 
There  are  three  chief  classes  of  oils,  namely  animal  oils, 
vegetable  oils,  and  mineral  oils.  As  their  name  implies, 
animal  oils  are  extracted  from  the  fatty  tissues  of  certain 
animals  and  flsh;  vegetable  oils  are  obtained  from  the  fruits 
or  seeds  of  numerous  plants.  Both  of  these  are  known  as 
"fixed"  oils,  because  they  cannot  be  vaporized  or  distilled 
when  heated  without  undergoing  chemical  decomposition. 
This  distinguishes  such  oils  from  the  "volatile"  oils,  which 
may  be  readily  distilled  by  the  application  of  heat  with- 
out being  decomposed.  These  are  known  as  mineral  oils 
because  they  are  obtained  from  petroleum  or  rock  oil.  Cer- 
tain vegetable  oils  when  exposed  to  the  air  absorb  oxygen 
rapidly,  forming  an  elastic  varnish-like  film,  and  on  this 
account  they  are  known  as  "drying"  oils,  of  which  lin- 
seed oil  is  the  best  known  example.  Other  vegetable  oils 
show  no  tendency  to  form  such  films  and  are  known  as 
"non-drying"  oils.  There  is  a  third  class,  called  "semi-drying" 
oils,  which  comes  between  the  two  preceding  classes.  Either 
non-drying  or  semi-drying  oils  may  be  used  for  cutting  lubri- 
cants. All  fixed  oils  contain  a  certain  amount  of  fatty  acids, 
and  if  allowed  to  stand  in  the  air  this  increases  and  the  oil 
becomes  rancid.  It  is  not  within  the  province  of  this  article 
to  enter  into  a  discussion  of  the  chemistry  of  oils,  but  it  will 
be  of  interest  to  explain  briefly  the  methods  used  In  obtaining 
the  more  important  classes  of  oils  used  for  lubricating  and 
cooling  cutting  tools. 

Cottonseed  Oil — This  oil  gives  good  results  when  used  pure 
for  lubricating  taps  and  threading  tools,  etc.  It  is  also  used 
as  a  constituent  of  some  mixed  oils  and  cutting  compounds. 
As  its  name  indicates  cottonseed  oil  is  obtained  from  the  seeds 
of  cotton  plants,  extraction  being  effectea  by  the  application  of 
pressure.  The  presence  of  dark  brown  cell  materials  in  the 
kernel  imparts  a  deep  red  color  to  the  oil  as  it  runs  from  the 
press,  this  color  depending  largely  upon  the  freshness  of  the 
seeds.  The  crude  oil  is  refined  by  treating  it  with  a  weak  solu- 
tion of  caustic  soda,  which  reduces  the  color  to  a  pale  yellow  or 
light  brown.  The  best  grade  is  known  as  "prime  summer 
yellow"  and  should  be  free  from  water  and  possess  a  sweet 
flavor  and  odor.  A  second  grade,  known  as  "summer  oil" 
will  become  cloudy  and  partly  freeze  at  a  comparatively  high 
temperature,  a  fatty  material  separating  out,  which  is  known 
as  stearine.  By  suitable  treatment,  cottonseed  oil  may  be 
made  to  remain  perfectly  clear  at  32  degrees  F.  for  a  consid- 
erable length  of  time;  oils  of  this  grade  are  known  as  "winter 

oils" — either  "prime 
winter  white"  or 
"prime  winter  yel- 
low." Cottonseed 
oil  comes  in  the 
"semi-drying"  class. 
Fish  Oils— These 
oils  are  more  exten- 
sively used  in  the 
heat  -  treatment  of 
steel  than  in  lubri- 
cating. As  implied 
by  its  name,  men- 
haden oil  is  ob- 
tained from  men- 
haden, which  are 
somewhat  larger 
than  herrings.  In 
extracting  the  oil, 
the  flsh  are  placed 
in  boiling  pans  and 
treated  with  steam 
which  digests  the 
flesh  in  such  a  way 
that  after  standing 
for  some  time  oil  rises  to  the  top  of  the  water  and  is  skimmed 
off.  The  color  of  this  oil  depends  upon  the  freshness  of  the 
flsh  from  which  it  is  extracted  and  upon  the  length  of  time 
that  the  boiling  process  is  continued.  The  darker  grades  of 
oil  are  obtained  when  the  boiling  process  is  conducted  for  too 


long  a  time  or  when  the  flsh  1b  putrid.  The  crude  oils  vary 
In  color  from  yellow  to  brown,  but  are  bleached  In  the  process 
of  refining  to  almost  a  pure  white.  Unfortunately,  various 
grades  of  fish  oil  are  often  substituted  for  menhaden  oil. 
These  are  extracted  from  many  kinds  of  flsh  by  a  method 
similar  to  that  described.    All  flsh  oils  are  characterized  by 


Fig.  74.     Cold  Test  Apparatus  with  One  Bottle 

in  Place  and  One  standing  beside 

Freezing  Mixture  Container 


Fig.  75.     Method  of  cooling  Milling  Cutters  with  Compressed  All 

their  distinctive  odor,  which  is  likely  to  be  very  rank  in  the 
case  of  dark  colored  oils. 

Lard  Oil — This  is  one  of  the  most  generally  used  cutting 
lubricants,  and  is  either  used  pure  or  as  a  constituent  of  oil 
mixtures  or  cutting  compounds.  The  best  grade  of  lard  oil 
is  extracted  from  layers  of  fat,  known  as  "leaves,"  taken  from 
the  loins  of  the  hog.  This  fat  is  placed  in  cloth  bags  and 
subjected  to  hydraulic  pressure  which  squeezes  out  the  oil. 
Other  grades  of  lard  oil  are  obtained  by  boiling  in  water  the 
fats  and  tissues  surrounding  the  abdomen.  The  lard  is 
skimmed  from  the  surface  and  kept  warm  for  several  hours 
to  allow  the  tallow  to  crystallize,  this  process  being  known  as 
"seeding."  The  seeded  lard  is  then  put  into  cloth  strainers 
and  subjected  to  hydraulic  pressure  which  produces  the  lard 
oil  of  commerce.  Lard  oil  may  be  of  the  following  grades: 
"Prime  wyiter  strained,"  "prime,"  "off  prime,"  "extra  No.  1," 
"No.  1,"  and  "No.  2,"  depending  upon  the  class  of  material 
from  which  it  is  extracted.  Judged  from  the  standpoint  of 
users  of  cutting  lubricants,  the  chief  difference  between  these 
lies  in  the  percentage  of  fatty  acid,  which  may  run  as  high 
as  30  per  cent  in  the  case  of  a  very  poor  grade  of  oil.  This  is 
a  severe  detriment  on  account  of  the  corrosive  action  exerted 
by  this  acid  on  the  work — notably  in  the  case  of  brass  prod- 
ucts— and  on  the  bearings  of  machine  tools.  To  give  satis- 
factory results  lard  oil  should  not  contain  over  15  per  cent 
of  fatty  acid.  Depending  upon  the  temperature  and  pressure 
employed  in  its  preparation,  the  "cold  test"  or  temperature 
of  solidification  varies  greatly,  so  that  some  grades  of  lard 
oil  will  deposit  a  fatty  material,  known  as  stearine,  at  ordi- 
nary room  temperature  and  become  stiff  at  50  degrees  F.  High 
grades  of  lard  oil  will  remain  clear  at  much  lower  tempera- 
tures. The  colors  of  lard  oil  range  from  practically  water 
white  to  a  deep  brown,  oils  of  darker  color  heing  the  inferior 
grades. 

Neatsfoot  Oil — As  a  cutting  lubricant,  neatsfoot  oil  is  recom- 
mended for  use  on  broaches — especially  when  working  on  very 
hard  material.  Neatsfoot  oil  is  generally  underst6od  to  be 
obtained  from  the  feet  of  cattle,  but  the  commercial  oil  sold 
under  this  name  is  also  extracted  from  the  feet  of  sheep,  hogs, 
horses,  and  other  animals.  Extraction  is  carried  on  in  the 
following  way.  The  feet  are  scalded  with  boiling  water  to 
loose*  the  hoofs,  which  are  then  pulled  out  and  the  feet  are 
boiled  for  eight  or  ten  hours.  Oil  rises  to  the  surface  of  the 
water  and  is  skimmed  off  from  time  to  time,  being  poured 
through  a  screen  tck  separate  as  much  as  possible  of  the  sus- 
pended matter,  after  which  the  oil  is  dried  with  steam  pipes 
and  filtered.  The  purpose  of  removing  the  hoofs  from  Ihe 
feet  is  to  prevent  darkening  the  color  of  the  oil.  If  proper 
care  is  taken  in  its  preparation,  neatsfoot  oil  is  low  in  fatty 
acid — generally  less  than  %  per  cent — but  commercial  oil  of 
poor  grade  may  contain  as  much  as  25  or  30  per  cent.  Neats- 
foot oil  is  of  a  yellow  color  and  it  flows  freely. 

Olive  Oil — Some  people  recommend  olive  oil  as  a  substitute 
for  lard  oil  for  lubricating  cutting  tools.  It  is  said  to  flow 
more  freely  and  give  less  trouble  through  becoming  thick  in 
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cold  weather.  Olive  oil  costs  more  than  lard  oil,  but  it  is  said 
to  be  a  highly  eflBcient  lubricant  and  the  amount  of  oil  car- 
ried away  by  chips  is  less  than  is  the  case  with  lard  oil. 
This  oil  Is  extracted  from  olives  and  is  sold  in  many  different 
grades,  the  best  of  which — known  as  "edible  oil" — is  obtained 
from  hand-picked  olives.  These  are  crushed  in  a  mill  with- 
out breaking  the  seeds,  and  after  separating  the  fruit  from 
the  seeds  the  oil  is  extracted  in  a  hydraulic  press.  A  second 
grade  of  oil  is  obtained  by  pouring  cold  water  over  the  pressed 
fruit  and  subjecting  it  to  a  second  pressing  operation,  after 
which  the  pulp  is  once  more  mixed  with  hot  water  and  again 
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Tie-  76.     Machine-steel  Piston-pin  drilled  with  Compressed  Air  as  Coolant 

pressed  to  yield  a  third  grade  of  oil.  The  color  of  olive  oil 
varies  from  pale  greenish  yellow  to  a  dark  olive  green;  as 
the  coloring  matter  is  extracted  from  the  olives  with  the  oil, 
the  lower  grades  have  the  highest  color.  These  grades  are 
inferior  for  use  as  lubricants,  because  their  high  fatty  acid 
content  tends  to  give  trouble  from  gumming  and  corrosion. 
Olive  oil  is  a  "non-drying"  oil. 

Petroleum  Oil — Mixed  with  lard  oil  in  various  proportions, 
petroleum  finds  application  as  a  constituent  of  the  well-known 
cutting  lubricant  known  as  "mineral"  lard  oil.  It  is  also  em- 
ployed in  the  soluble  oil  compounds;  and  for  such  machining 
operations  as  milling  and  drilling  it  may  be  used  pure.  Crude 
petroleum  oil  is  obtained  in  many  parts  of  the  world,  notably 
in  the  states  of  Pennsylvania  and  Texas,  in  Mexico,  and  in 
Southern  Russia.  Crude  oil,  as  it  comes  from  the  wells, 
carries  considerable  suspended  mineral  matter  which  must  be 
removed.  As  previously  mentioned,  petroleum  oil  is  of  the  so- 
called  "volatile  oil"  type,  and  is  refined  by  distilling.  The 
stills  are  heated  at  different  temperatures  in  order  to  divide 
the  oil  into  "fractions"  of  various  composition.  Important 
among  these  are  naphtha,  gasoline,  and  kerosene,  which  are 
obtained  at  the  lower  temperatures;  then  come  the  different 
grades  of  lubricating  oils  and  greases  that  are  secured  by  the 
successive  application  of  higher  temperatures.  The  color  of 
those  grades  of  petroleum  oil  used  as  cutting  lubricants  is 
dark  yellow  or  light  brown. 

Rapeseed  Oil — As  a  constituent  of  certain  oil  mixtures  and 
cutting  compounds,  this  oil  finds  a  limited  application  in 
machine-shop  work.  It  sometimes  goes  under  the  trade  name 
of  "Colza"  oil  and  is  extracted  from  rape  seed.  This  is  a  "semi- 
drying"  oil;  the  color  is  pale  yellow  and  it  has  a  high  viscosity 
and  flows  slowly. 

Rosin  Oil — This  oil  is  used  as  a  constituent  of  certain  cut- 
ting compounds.  It  is  obtained  by  subjecting  rosin  to  a  process 
of  destructive  distillation.  This  consists  of  heating  rosin  in  a 
retort  to  a  temperature  sufficiently  high  for  it  to  be  decom- 
posed, allowing  vapors  to  be  driven  off;  among  these  are  the 
vapors  of  rosin  oil.  This  process  is  carried  on  in  cast-iron 
stills  which  hold  charges  ranging  from  three  to  five  tons. 
Crude  rosin  oil  is  a  brown  viscous  liquid  with  a  characteristic 
odor  and  noticeable  luminescence  of  a  bluish  or  violet  tinge. 
When  kept  at  a  temperature  of  300  degrees  F.  for  several  hours 
the  crude  oil  loses  about  4  per  cent  of  its  more  volatile  con- 
stituents and  assumes  a  green  luminescence  which,  however, 
can  be  removed  by  chemical  treatment,  giving  a  finished  oil 
of  a  pale  brown  color.  Rosin  oil  is  a  "drying"  oil,  and  is  not 
suitable  for  use  as  a  lubricant  except  as  a  constituent  of  cer- 
tain mixtures. 

Sperm  Oil — Toolmakers  of  the  old  school  still  regard  sperm 
oil  as  the  best  possible  cutting  lubricant  for  difficult  machining 
operations,  but  its  scarcity  and  high  price  limit  the  use  of  this 
oil  to  relatively  few  shops.  Sperm  oil  is  extracted  from  the 
contents  of  the  head  cavity  and  several  smaller  receptacles 
throHghout  the  body  of  the  sperm  whales.  During  the  life  of 
the  animal  the  contents  of  these  cavities  are  in  a  fluid  condi- 


tion, but  no  sooner  has  this  "head  matter"  been  removed 
than  white  crystalline  flakes  of  wux,  known  as  spermaceti, 
separate  out,  leaving  a  clear  yellow  fluid  possessing  a  distinc- 
tive fishy  odor.  This  sperm  oil  is  the  lightest  and  most  fluid 
of  all  the  fixed  oils.  An  inferior  grade  of  sperm  oil  is  ob- 
tained from  the  blubber  of  sperm  whales.  Practically  all 
sperm  oil  is  extracted  on  shipboard  and  the  crude  oil  is  de- 
livered to  refineries,  where  it  is  placed  in  tanks  and  chilled  to 
32  degrees  F.  and  allowed  to  stand  for  a  couple  of  weeks  to 
freeze  out  the  spermaceti.  The  semi-solid  mass  is  placed  in 
cloth  bags  and  subjected  to  hydraulic  pressure  which  squeezes 
out  the  oil  known  as  "winter  sperm."  The  material  left  in 
the  bags  is  warmed  to  50  degrees  F.  and  again  pressed  to  ob- 
tain "spring  sperm  oil."  A  third  quality  of  oil,  known  as 
"taut  pressed  sperm  oil,"  is  obtained  by  further  pressing  at 
higher  temperature.  Refined  sperm  oil  is  of  a  pale  yellow 
color  and  has  only  a  faint  odor.  Certain  grades  of  fish  oil 
and  whale  oil  are  often  sold  for  sperm  oil. 

Tallow  and  Tallow  Oil — These  materials  are  sometimes  used 
in  making  cutting  compounds.  Tallow  is  the  general  name 
applied  to  the  fat  of  certain  animals;  an  adjective  preceding 
it  indicates  the  source,  as  beef  tallow  is  obtained  from  cattle, 
mutton  tallow  is  obtained  from  sheep  and  goats,  etc.  The 
process  of  melting  out  the  fat  from  the  tissue  and  membrane 
is  generally  carried  on  in  large  kettles  heated  by  live  steam. 
At  temperatures  from  60  to  80  degrees  F.,  tallow  is  a  mixture 
of  solid  and  fluid  fats,  and  if  subjected  to  pressure  the  fiuid 
can  be  separated,  tallow  oil  being  the  name  applied  to  this 
liquid.  Beef  and  mutton  tallow  are  similar  in  general  char- 
acteristics, and  as  regards  their  application  for  commercial 
purposes  the  term  "tallow"  may  indicate  either  one.  Tallow  is 
white  and  the  color  of  tallow  oil  is  pale  yellow. 

Whale  Oil — As  a  cutting  lubricant,  whale  oil  finds  applica- 
tion in  making  cutting  compounds  and  as  a  constituent  of 
mixed  oils.  The  best  grade  of  whale  oil,  known  as  "train"  oil, 
is  extracted  from  the  blubber  of  Arctic  or  Greenland  whales, 
but  the  whale  oil  of  commerce  is  obtained  from  many  species 
of  whales.  Some  whale  oil  is  extracted  on  shipboard,  and 
the  crude  oil  is  delivered  to  refineries  on  the  coasts.  The  blub- 
ber of  a  large  whale  will  sometimes  yield  as  much  as  7500 
gallons  of  oil,  while  a  small  whale  will  only  yield  from  50 
to  100  gallons.  The  best  grades  of  whale  oil  are  obtained  from 
the  first  boiling,   after   which   the  blubber   is  subjected  to   a 
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Fig.    77.     Barrel   for   mixing   Soluble    Oils    and    Cutting    Compounds    with 
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second  treatment,  which  yields  a  slightly  inferior  oil.  These 
are  known  as  No.  0  and  No.  1,  respectively.  A  third  grade 
of  oil  is  extracted  from  the  residual  blubber  and  flesh  of  the 
whale.  Even  the  best  grades  of  this  oil  have  marked  drying 
properties,  making  them  unsuitable  for  use  as  a  lubricant  in 
the  original  condition.  The  color  varies  from  white  to  yellow, 
according  to  grade,  and  is  a  fairly  reliable  indication  of  quality. 
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SOME  DESIGNS  IN  WHICH  A  LITTLE  FORETHOUGHT  WOULD  HAVE  SAVED  MONEY 

BY  F.   B.  JACOBS  ' 

it  NYONE  conversant  with  up-to-date  manufacturing  meth- 
L\  ods  realizes  that  tool  designing  is  a  comparatively  ex- 
-^  "^  pensive  branch  of  engineering,  and  the  mistakes  of  the 
tool  designer  often  have  a  far-reaching  effect.  No  one  realizes 
this  better  than  the  toolmaker  himself.  As  a  practical  illus- 
tration of  the  cost  of  faulty  design,  a  few  simple  operations 
observed  in  several  up-to-date  tool-rooms  are  here  described. 

The  box  jig  illustrated  in  Fig.  1  is  for  drilling  and  reaming 
four  holes  in  a  ring  that  is  held  on  a  pilot  made  integral  with 
the  base.  This  design  made  the  machine  work  difficult,  be- 
•cause  the  space  between  the  pilot  and  the  front  and  back  sides 
of  the  jig  was  only  %  inch,  which  prohibited  the  use  of  an 
ordinary  left-hand  half-diamond-point  tool.  With  a  tool  of 
this  kind,  the  pilot  could  have  been  finished  in  a  half  hour's 
time  after  the  job  was  set  up.  Owing  to  lack  of  clearance, 
the  ends  of  the  jig  struck  the  bottom  of  the  tool,  so  that  it 
was  necessary  to  use  a  specially  made  light,  square-nose  tool 
held  in  a  boring-tool  holder.  It  took  one  hour  to  hunt  up 
stock  and  make  the  tool,  and  four  hours  to  finish  the  job. 
Five  hours'  time  against  a  half  hour  at  a  rate  of  fifty  cents 
per  hour  shows  a  deficit  of  $2.25.  To  be  sure,  $2.25  is  not 
going  to  make  or  break  any  concern,  but  when  this  amount 
■can  be  saved  on  one  simple  operation  by  a  little  thought  on 
the  part  of  the  designer,  the  error  is  inexcusable.  By  making 
the  jig  1%  inch  longer,  which  would  have  allowed  ample 
■clearance,  $2.25  would  have  been  saved.  A  still  better  way 
would  have  been  to  make  the  pilot  of  a  separate  piece  of  steel 
and  fasten  it  to  the  jig  base  by  screws  and  dowel-pins.  In 
this  case  all  the  surfaces  could  have  been  finished  on  the 
shaper,  which  would  eliminate  setting  up  the  piece  on  the 
lathe  faceplate. 

In  a  jig  of  this  type  it  is  necessary  for  the  bushing  plate  to 
fit  the  jig  body  accurately,  as  the  bushings  and  pilot  are  on 
separate  pieces.  There  are  four  fitted  surfaces  on  the  bush- 
ing plate  illustrated,  and  to  machine  them  accurately  they 
were  done  with  the  periphery  of  a  small  end-mill,  all  four 
surfaces  being  machined  at  one  setting.  Notwithstanding  the 
fact  that  the  superfiuous  stock  was  removed  by  a  previous 
■operation,  the  finishing  operation  consumed  two  hours.  If  the 
jig  had  been  designed  a  little  wider,  to  allow  for  a  straight 
Pushing  plate,  the  fitted  surfaces  could  have  been  finished  on 
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Fig.    1.     Uneconomical   Design  of  Box  Jig  lor  drilling:   and   reaming   Four 
Holes  in  a  King 


Fig.    2.     Jig   Casting   with  Solid   Bridge  for   Set-scre-w 

the  shaper  in  a  half  hour's  time.  Thus  the  work  required 
on  this  part  of  the  jig  cost  seventy-five  cents  more  than  it 
should  have,  figuring  on  a  basis  of  fifty  cents  per  hour. 

In  a  jig  with  an  accurately  fitting  bushing  plate,  it  is  neces- 
sary to  bore  the  hole  for  the  hinge  pin,  for  if  the  job  is  done 
otherwise,  a  slight  error  will  cause  a  cramping  action  due  to 
poor  alignment.  Why  the  average  tool  designer  persists  in 
specifying  small  hinge  pins  is  a  question  that  has  never  been 
satisfactorily  answered.  In  this  case  the  hinge  pin  called  for 
was  %  inch.  The  hole  was  bored  on  the  milling  machine  to 
within  0.002  inch  of  the  desired  size  and  then  reamed  with  a 
hand  reamer  0.001  inch  under  size  to  allow  for  a  drive  fit  on 
one  end  of  the  pin,  the  remainder  being  filed  to  a  slip  fit.  The 
toolmaker  could  not  find  a  suitable  small  boring-bar,  so  he 
made  one,  which  took  an  hour.  Owing  to  the  small  size  of  the 
hole,  several  very  light  chips  had  to  be  taken  with  a  fine  feed, 
which  brought  the  total  time  of  finishing  this  work  to  two  and 
one-half  hours.  Had  the  specifications  called  for  a  larger 
hinge  pin,  say  %  inch,  heavier  cuts  could  have  been  taken, 
making  it  possible J;o  finish  the  hole  in  an  hour.  Thus  it  is 
seen  that  this  slight  error  cost  seventy-five  cents. 

The  bushing  plate  in  question  was  made  of  steel,  finished 
very  accurately.  This  was,  of  course,  necessary,  for  if  the 
buttons  for  truing  up  the  holes  before  boring  were  set  on  a 
surface  that  was  out  of  parallel,  accurate  results  could  not 
be  guaranteed.  It  took  three  hours  to  plane  the  bushing  plate, 
•which  is  altogether  too  much.  If  the  plate  had  been  made  of 
cast  iron,  with  bosses  cast  for  the  buttons,  the  planing  could 
have  been  done  in  an  hour;  the  extra  two  hours  spent  add 
another  dollar  to  the  unnecessary  part  of  the  cost  of  the  jig. 
Thus  it  is  seen  that  $4.75  was  the  cost  of  a  few  slight  errors. 
If  the  jig  had  been  designed  properly,  the  average  toolmaker 
would  have  experienced  no  difficulty  in  completing  the  work 
in  thirty-eight  hours,  which  is  a  very  fair  estimate  and  allows 
him  plenty  of  time  to  gossip  at  the  tool-crib  window  and  to 
make  a  few  shop  calls.  Thirty-eight  hours  at  fifty  cents  per 
hour  equals  $19;  and  as  the  cost  of  the  errors  is  one-fourth 
this  amount,  the  jig  cost  25  per  cent  more  than  it  should. 
In  an  attempt  to  lessen  the  number  of  parts  of  a  jig,  the 
tool  designer  often  makes  unnecessary  work  for  the  toolmaker. 
An  illustration  of  this  is  shown  in  Fig.  2,  which  represents  a 
jig  casting  with  a  solid  bridge  over  the  top  for  the  purpose 
of  carrying  a  set-screw  for  holding  the  work.  Owing  to  the 
solid  construction,  the  surfaces  A,  B  and  0  had  to  be  planed 
by  means  of  a  reach  tool,  which  is  always  comparatively  slow 
cutting;  and  as  three  settings  were  necessary,  five  hours  was 
consumed  in  finishing  these  surfaces.  In  this  case,  the  bridge 
should  have  been  made  of  a  separate  piece  of  cold-rolled  or  ma- 
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Fig:.  3.     Simple  Jig  for  drilling  Cotter-pin  Hole 


chine  steel  fastened 
in  place  by  means 
of  two  fillister-  or 
hexagon-head  cap- 
screws;  then  all 
three  surfaces  could 
have  been  finished 
at  one  setting  and 
in  one  hour.  In 
some  cases  a  solid 
form  of  construc- 
tion is  to  be  recom- 
mended, but  the 
tool  designer  should 
consider     carefully 


the  amount  of  machine  work  necessary  to  execute  his  designs 
before  putting  them  down  in  black  and  white. 

In  Fig.  4  is  shown  a  handy  form  of  jig  for  drilling  a  small 
cotter-pin  hole  in  the  piece  shown  to  a  larger  scale  at  A. 
Jigs  of  this  kind  are  excellent  for  some  purposes,  as  they  are 
comparatively  cheap  and  quickly  operated.  In  this  instance, 
however,  it  is  a  case  of  too  much  jig  for  a  very  simple  opera- 
tion. To  be  sure,  the  jig  looks  simple,  as  it  consists  of  two 
plates,  with  the  upper  one  hinged,  and  two  jaws  to  grip  the 
work.  As  a  matter  of  fact,  it  represents  about  fifteen  hours' 
work  for  the  average  toolmaker.  For  this  particular  operation 
a  more  satisfactory  jig  is  illustrated  in  Fig.  3;  this  is  nothing 
more  nor  less  than  a  block  of  steel  with  a  hole  drilled  in  it 
for  receiving  the  work  and  a  hole  for  guiding  the  drill.  The 
larger  hole  is  slightly  relieved  at  the  top  and  bottom,  as  other- 
wise the  burr  thrown  up  by  the  drill  would  make  it  diflicult 
to  remove  the  piece.  The  hole  for  the  drill  is  countersunk  at 
the  top  for  starting  the  drill  readily.  This  jig  can  be  made  of 
a  piece  of  cold-rolled  steel  and  protected  against  wear  by  case- 
hardening.    As  the  hole  for  the  drill  does  not  have  to  be  lo- 


Fig.  4. 


More   Costly  Form  of  Jig  than  that  shown  in  Fig.   3  for  drilling 
Cotter-pin  Hole 


cated  any  nearer  than  within  0.005  inch  of  the  required  dimen- 
sion, this  jig  can  be  made  by  any  toolmaker  in  an  hour,  and, 
furthermore,  it  is  much  easier  to  operate  than  the  one  previ- 
ously shown,  as  the  action  of  holding  the  jig  in  the  hand 
keeps  the  shoulder  of  the  piece  against  the  locating  surface. 
This  jig  would  drill  several  hundred  thousand  pieces  before 
wearing  out,  in  which  event  it  could  be  replaced  at  slight  cost. 
The  built-up  design  of  jig  illustrated  in  Fig.  5  is  sometimes 
employed  even  in  well  regulated  shops.  It  is  a  costly  form  of 
construction,  as  many  pieces  have  to  be  fitted  accurately.  In 
the  jig  shown,  the  body  is  made  of  four  pieces;  the  baseplate, 
two  end  pieces,  and  the  ledge  under  the  front  of  the  bushing 
plate.  As  it  is  necessary  to  finish  each  piece  all  over,  there 
is  at  least  nine  hours'  work  on  the  shaper,  besides  an  hour's 
work  in  assembling.  If  the  body  were  cast  in  one  piece,  it 
would  be  a  comparatively  easy  matter  to  finish  it  in  four 
hours.  Built-up  jigs  are  generally  ordered  when  the  manage- 
ment is  in  a  hurry,  or  thinks  it  is,  which  is  the  same  thing 


as  far  as  the  tool-room  is  concerned.  To  be  sure,  this  con- 
struction saves  the  patternmaker  a  little  time  at  the  expense 
of  the  tool-room,  but  there  is  no  ultimate  saving,  and  as  the 
design  in  question  offers  no  real  advantages,  it  seldom  finds 
favor  with  up-to-date  designers.  At  best,  it  is  a  relic  of  the 
days  when  toolmakers  made  jigs  to  suit  themselves;  and  as 
this  form  of  jig  could  be  finished  all  over  and  then  elaborately 
ornamented  by  scraping,  it  was  a  general  favorite  with  the 
toolmakers  of  a  quarter  of  a  century  ago.  When  we  are  in  a 
hurry  the  temptation  to  "start  something"  right  away  is  great. 


Fig.   5.     Costly  Built-up  Jig 

and  often  results  in  throwing  an  unnecessary  burden  on  the 
tool-room.  As  90  per  cent  of  these  so-called  "hurry  jobs"  gen- 
erally result  in  tools  far  below  normal  in  efficiency  and  away 
above  normal  in  cost,  it  is  best  to  plan  carefully  and  proceed 
in  the  regular  way.  It  is  the  writer's  opinion,  based  on  many 
years"  of  experience  in  the  manufacturing  world,  that  fully 
one-half  the  so-called  "hurry  orders"  for  tools  are  purely 
imaginary.  It  is  common  for  managers  to  put  through  hurry 
orders  for  tools  which,  after  they  are  completed,  often  lie 
on  the  toolmaker's  bench  for  several  days,  and  sometimes 
weeks,  before  being  used. 

Needless  expense  caused  by  inefficient  tool  designing  may 
be  found  even  in  the  case  of  very  simple  pieces.  A  good  exam- 
ple of  this  is  illustrated  in  Fig.  6,  which  shows  a  ring  nut 
used  on  adjustable  reamers,  counterbores,  and  similar  tools; 
this  nut  has  four  slots  milled  in  its  periphery  for  the  accom- 
modation of  a  spanner  wrench.  In  milling  these  slots,  the 
toolmaker  first  puts  the  dividing  headstock  and  tailstock  on 
the  milling  machine,  if  he  is  fortunate  enough  to  find  one 
vacant.  Next  he  goes  to  the  tool  crib  for  an  arbor  and  cutter, 
and  after  the  job  is  set  up  he  proceeds  with  the  milling  opera- 
tion. It  requires  about  one  hour  to  mill  the  four  slots  in 
each  of  the  nuts.  Of  course,  if  the  toolmaker  is  fortunate 
enough  to  find  a  nut  arbor  long  enough  at  the  threaded  end 
to  hold  the  two  nuts  at  one  setting,  the  time  will  be  reduced 
somewhat.  As  spanner  wrenches  are  hard  to  find  in  any  shop, 
these  nuts  are  generally  set  up  by  means  of  a  cold  chisel, 
which  soon  batters  them  out  of  shape.  A  better  form  is  shown 
in  Fig.  7.     In  this  case,  four  holes  are  drilled  for  the  accom- 


Fig.   6.     King  Nut  used  on 
Adjustable  Beamers 


Fig.   7.     Improved  Form 
of  Ring  Nut 
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fifteen  seconds  is  saved  in  getting  the  work  in  and  out  of  tlie 
Jig.  To  be  sure,  fifteen  seconds  does  not  amount  to  mucli  in 
itself,  but  when  drilling  200,000  pieces,  fifteen  seconds  saved 
on  each  piece  amounts  to  3,000,000  seconds  on  the  whole 
lot.  Three  million  seconds  equals  833  hours,  in  round  num- 
bers, and  at  thirty  cents  per  hour,  which  is  a  fair  wage  for 
work  of  this  kind,  it  means  an  actual  saving  of  $249.90. 


Fi?.   S.     Simple  Piece  for  which  Jig  is  to  be  made 

modation  of  a  tommy  bar,  which  can  be  cut  off  from  a  rod  of 
cold-rolled  -steel  in  a  few  seconds.  As  any  boy  can  lay  off 
and  drill  eight  of  these  holes  in  a  few  minutes,  it  is  seen  that 
this  design  is  the  more  economical  in  the  long  run. 

Simple  jigs  can,  of  course,  be  constructed  cheaper  than 
complicated  ones;  but  it  does  not  follow  that  the  simple  jig 
is  the  most  efiicient  in  service,  and  this  factor  brings  up  a 
point  that  must  not  be  overlooked;  that  is,  the  tool  designer 
must  be  Informed  as  to  how  many  pieces  are  wanted  that  he 
may  design  his  jig  accordingly.  If  only  six  pieces  like  that 
shown  in  Fig.  8  are  wanted,  it  would  not  be  economical  to 
design  a  jig  for  this  purpose,  as  the  six  pieces  may  be  clamped 
together,  strapped  to  the  platen  of  the  milling  machine,  and 
all  bored  at  one  setting,  due  care  being  exercised  to  see  that 
the  spacing  of  the  holes  is  correct.  If  fifty  pieces  are  wanted, 
it  would  hardly  be  worth  while  to  design  a  complicated  jig, 
as  a  simple  templet  jig,  shown  in  Fig.  9,  will  be  more  efficient 
than  the  method  of  boring  on  the  milling  machine.     This  is 
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Fig.  9.     Suitable  Jig  for  making  Piece  shown  in  Fig.  8  in  Small  Quantities 


Fig.   10.     Suitable  Jig  for  making  Moderate   Number  of  Pieces  like  that 
shown  in  Fig.  S 

Notwithstanding  the  fact  that  the  illustrations  of  poor  tool 
designing  shown  in  this  article  are  simple,  they  will,  no  doubt, 
bring  to  the  mind  of  the  practical  man  many  instances  where 
a  saving  can  be  shown  by  designing  efficient  jigs.  It 
would  not  be  fair  to  say  that  the  tool  designer 
must  be  a  practical  toolmaker  in  order  to  design  effi- 
cient tools.  He  should,  however,  familiarize  himself 
with  the  rudiments  of  actual  tool-room  practice  to 
avoid  simple  blunders  of  the  kind  mentioned.  Any 
toolmaker  or  tool-room  foreman,  provided  he  is  a 
broad-minded  man,  will  not  hesitate  to  point  out  to 
the  tool  designer  where  money  can  be  saved  by  de- 
signing jigs  and  fixtures  that  are  readily  machined. 
Tool  designing  as  practiced  at  present,  in  the  ma- 
jority of  shops  at  least,  is  far  from  efficient,  owing  to 
the  fact  that  the  men  are  prone  to  think  that  their 
responsibility  ceases  as  soon  as  their  drawings  have 
passed  inspection  by  the  checker.  Tool  designers, 
taken  as  a  class,  can  remedy  this  defect  by  spending 
an  occasional  hour  or  so  in  the-  tool-room  noting 
actual  operations  and  the  time  consumed  in  com- 
pleting them.  By  applying  the  knowledge  thus  gained  in 
their   designs   they   will   add   materially   to   their   efficiency. 
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the  simplest  form  of  jig  that  can  be  devised,  as  it  consists 
merely  of  a  plate  with  bushed  holes  to  provide  against  wear 
and  a  few  pins  for  locating  the  work.  It  is 
fastened  to  the  piece  to  be  drilled  by  means  of 
two  machinist's  clamps.  If  several  hundred 
pieces  were  wanted,  the  templet  jig  would  prove 
too  slow,  as  much  time  would  be  lost  in  clamp- 
ing the  templet  to  the  work;  besides,  the  drill- 
ing operation  is  unhandy,  as  it  is  necessary  to 
support  the  work  on  parallels.  A  simple  and 
convenient  form  of  jig  for  this  case  is  shown 
in  Fig.  10.  Here  the  templet  jig  is  provided 
with  four  legs,  to  eliminate  setting  the  work 
on  parallels,  and  two  quick-acting  clamps. 
However,  if  a  very  large  number  of  pieces  are 
to  be  drilled,  say  200,000,  it  would  be  econom- 
ical to  design  a  quick-acting  jig,  like  that  shown 
in  Fig.  11.  Here  the  work  rests  on  a  hardened 
pad,  to  prevent  undue  wear,  and  the  feet  of  the 
jig  are  provided  with  hardened  ends.  Two  ad- 
justable screws,  set  to  grip  the  work  when  the 
clamp  bar  is  fastened,  hold  the  work  in  place, 
and  the  clamp  bar  is  fastened  by  means  of  an 
eccentric  latch.    In  comparing  this  jig  with  the 

one  illustrated  in  Fig.  10,  it  will  be  found  that  rig.    ll.     Jig   Suitable   for   making   Large   Number  of  Pieces  like  that  shown  in  Fig.  8 
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DESIGNING  AND  MACHINING  INTERNAL  AND  CROWN  BEVEL  GEARS  OF   VARYING-  AND  PARALLEL-DEPTH   TYPES 

BY  REGINALD  TRAUT8CHOLD  2 


THE  use  of  internal  bevel  gearing  is  limited  to  installa- 
tions in  which  the  included  angle  between  the  gear  and 
the  pinion  shafts  (the  shaft  angle),  viewed  from  the 
rear  of  the  gears,  is  appreciably  greater  than  90  degrees.  This 
gearing  is  used,  therefore,  far  less  frequently  than  bevel  gear- 
ing of  the  common  externally  meshing  type.  The  pinion  cone 
of  revolution,  in  internal  bevel  gearing,  rolls  on  the  interior 
surface  of  the  concave  gear  cone  of  revolution,  while  in  the 
more  common  type  of  bevel  gearing,  the  pinion  cone  of  revo- 
lution rolls  upon  the  exterior  surface  of  the  convex  gear  cone 
of  revolution.  The  shaft  angle,  viewed  from  the  rear  of  the 
gears,  for  internal  bevel  gearing  may  range  from  an  angle 
quite  appreciably  greater  than  90  degrees  to  one  approaching 
180  degrees,  a  range  of  considerably  less  than  90  degrees.  The 
shaft  angle  of  ordinary  externally  meshing  bevel  gears,  on 
the  other  hand,  may  range  from  a  comparatively  small  angle 
to  one  approaching  180  degrees,  a  range  more  than  double  that 
of  internal  bevel  gearing. 

Notwithstanding  the  more  limited  range  of  internal  bevel 
gearing,  the  possibility  of  securing  relatively  high  speed  ratios 
within  a  limited  space  gives  this  type  of  transmission  an  im- 
portant field — a  field  that  would  be  more  generally  recognized 
and  more  thoroughly  covered  if  the  design  of  internal  bevel 
gears  were  more  commonly  understood.  Failure  to  recognize 
the  adaptability  of  internal  bevel  gearing  is  quite  probably 
due  to  an  unfortunate  practice,  which  has  become  almost  uni- 


•For  other  articles  on  internal  gearing,  see  "Internal  Helical  Gearing"  in 
the  February,  1917,  number  of  Machinery  and  "Internal  Spur  Gearing"  In 
the  January  number. 

-Address:  39  Charles  St.,  New  York  City. 
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Fig.    1.     Relation  of   Center  Angles  to   Angle   of  Axes 


Fig.   2.     Typical  Internal  Bevel  Gears 

versal,  of  designating  the  shaft  angle  in  a  different  manner 
from  that  employed  for  the  designation  of  the  shaft  angle  for 
externally  meshing  bevel  gears.  In  the  common  variety  of 
bevel  gears,  the  shaft  angle  is  correctly  designated  as  the 
sum  of  the  center  angles  of  the  gear  and  pinion,  as  shown 
in  Fig.  1;  but  in  internal  bevel  gearing,  the  shaft  angle  is 
usually  designated  as  the  angle  measured  by  the  difference 
between  the  center  angles  of  the  gear  and  the  pinion.  Actually, 
the  included  shaft  angle — the  true  shaft  angle — is  not  meas- 
ured directly  by  the  difference  between  the  center  angles  of 
the  gear  and  the  pinion,  but  by  the  supplement  of  the  angle 
measured  by  such  difference,  as  can  be  seen  by  referring  to 
Fig.  1. 

But  for  the  fact  that  the  true  shaft  angle  must  necessarily 
be  obtuse  in  internal  bevel  gearing — that  is,  the  included  angle 
between  the  gear  and  the  pinion  shafts  must  be  greater  than 
90  degrees — the  calculations  involved  in  the  design  of  internal 
bevel  gearing  are  no  more  complicated  than  those  required  in 
laying  out  the  more  common  variety  of  externally  meshing 
gears.  The  tooth  proportions  do  not  differ  in  any  way  from 
those  of  ordinary  bevel  gears,  being  on  the  octoid  system,  as 
only  such  form  can  be  practically  conjugated  by  bevel-gear 
generating  machines.  In  the  formulas  that  will  be  presented 
for  the  derivation  of  the  center  angles,  the  supplement  of  the 
true  shaft  angle — the  "designated  shaft  angle" — is  employed, 
notwithstanding  the  fact  that  this  may  tend  to  a  certain  con- 
fusion, as  the  formulas  are  thereby  simpler  in  form  and  more 
conveniently  applicable. 

Fig.  2  illustrates  a  typical  lay-out  of  internal  bevel  gearing 
with  the  more  important  dimensions,  etc.,  indicated  according 
to  the  notation  given  in  the  following.  The  tooth  proportions 
on  the  outer  pitch  circle  are  those  employed  in  designating 
sizes  of  gears,  as  the  factors  entering  the  various  formulas, 
etc.,  unless  other  dimensions  are  specifically  noted. 
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Notation  for  Internal  Bevel  Gearing- 

Ovar  Pinion 

Diametral  pitch p  p 

Circular  pilch p-  p' 

Pitch  diameter,  outer />'  d' 

NumDer  of  teeth N  n 

Face b  b 

Apex   distance a  a 

Addendum,  outer s  s 

Clearance,  outer /  / 

Dedenduni,  outer *  +  /  s  +  f 

Depth  of  tooth,  outer W  W 

Center  angle E  E' 

Face   angle F  F' 

Cutting  angle C  C 

Angle   increment J  J 

Angle  decrement K  K 

Diameter  increment V  v 

Backing   Y  y 

Outer  diameter  *  ^ear.  inner  end  of  teeth  /  ^  ^ 
(  pinion,  outer  end  of  teeth  ) 

Inner  diameter  *  ^^^^   '°'^^;  ^""^  °f,  ^eeth  /      ^„  ^„ 

I  pinion,  outer  end  of  teeth  s 

Thickness  of  tooth  on  outer  pitch  circle t  t 

Thickness  of  tooth  on  Inner  pitch  circle t'  t' 

N 
Speed  ratio R  =  — 

n 

n 
Speed  ratio  reciprocal R'  ^=  — 

N 

Shaft  angle,  true B 

Shaft  angle,  designated B' 

Formulas  for  Internal  Bevel  Gearing 

N  n  3.1416 

2J  =  — ;   orp  =  —        (1)  2)'  = (2) 

D'  d'  p 

y  n 

D'  =  —;   or  !>' =  .Y//0.3183    (3)  d' =  — ;  or  d' =  n2)'0.3183  (3a) 
V  p 

sinB' 

Tan£  = (4)  E'  =  E  —  B'  (4a) 

sin  B'  —  R' 
D'  d'  1 

0  = ;  ora  = (5)        s  =  — ;  or  s  =  p'0.3183    (6) 

2sinS  2sin£'  p 

1.157 

s  +  /  = ;   ors  |-/  =  p'0.3683     (7)  W  =  2s+/      (8) 

P 

s  2  sin  B  2  sin  E' 

Tan  ./==—;   or  Tan  J  = ;   or  Tan  J  = (9) 

a  N  it 

s  +f  2.314  sin  E 

TanS:  = ;  or  Tan  A' = ; 

a  N 

2.314  sin  £' 

or  Tan  A  = (10) 

n 
F  =  E  —  J  (11)  F'  =  E'  +  J  (11a) 

C  =  E  +  K  (12)  C'  =  E'  —  K         (12a) 

V  =  scosE  (13)  v  =  scosE'         (13a) 

Y  =  ssinE  (14)  y  =  ssinE'         (14a) 
D=rD'  — 2s  cos  E      (15)             d  =  d'  +  2s  cos  E'    (15a) 

D"  =  D  —  2{bsmF)  (16)        d"  =  d  —  2(h  sin  F')    (16a) 
1.5708                 p'  t(a~b) 

t= ;   0Tt  =  —  (17)  f  ^ (18) 

p  2  a 

Discussion  of  Formulas 

The  formulas  presented  for  the  pinion  member  of  an  in- 
ternal bevel  gear  combination  do  not  differ  in  any  way  from 
the  formulas  governing  the  design  of  ordinary  externally  mesh- 
ing bevel  gears.  In  the  case  of  the  internal  bevel  gear,  how- 
ever, the  formulas  are  radically  different  and  somewhat  more 
complicated,  on  account  of  the  internal  arrangement  and  the 
variable  center  angle  of  the  gear.  The  latter  condition  is  sim- 
ilar to  the  varying  effect  of  externally  meshing  bevel  gears 
having  an  obtuse  shaft  angle,  complicated  by  the  concave  face 
of  the  gear. 

The  center  angle  of  the  gear  member  is  found  by  first  ascer- 
taining the  tangent  of  the  angle.  This  is  equal  to  the  sine  of 
the  designated  shaft  angle  of  the  combination — the  supplement 
of  the  angle  included  between  the  respective  shafts  of  the 
gears — divided  by  the  difference  between  the  sine  of  the  desig- 
nated shaft  angle  and  the  reciprocal  of  the  speed  ratio.  The 
center  angle  of  the  pinion  is  then  readily  found,  being  the 
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Fig.  3.     Crown  Bevel  Gears 

difference  between  the  center  angle  of  the  gear  and  the  desig- 
nated shaft  angle. 

The  tangents  of  the  angle  increment  and  decrement  are, 
respectively,  the  addendum  and  the  dedendum  divided  by  the 
apex  distance,  the  latter  being  the  quotient  of  the  pitch  diam- 
eter (outer)  divided  by  twice  the  sine  of  the  center  angle. 
For  standard  14%-degree  octoid  teeth,  twice  the  sine  of  the 
center  angle  divided  by  the  number  of  teeth  in  the  corre- 
sponding gear  or  pinion  gives  the  tangent  of  the  angle  in- 
crement, and  the  product  of  the  sine  of  the  center  angle  by 
2.314  divided  by  the  number  of  teetli  gives  the  tangent  of 
the  angle  decrement. 

The  face  and  cutting  angles  of  the  internal  bevel  gear  are 
equal,  respectively,  to  the  center  angle  minus  the  angle  in- 
crement, and  to  the  center  angle  plus  the  angle  decrement,  the 
increase  and  decrease  of  the  center  angle  being  the  opposite  of 
the  pinion  and  ordinary  externally  meshing  bevel  gears.  That 
is,  the  angle  increment  is  subtracted  from  the  center  angle  to 
obtain  the  face  angle,  instead  of  being  added  to  that  angle, 
and  the  angle  decrement  is  added  to  the  center  angle  to 
obtain  the  cutting  angle,  instead  of  being  subtracted,  as  for 
ordinary  bevel  gears. 

The  diameter  increment  of  the  gear  (actually  a  decrement) 
is  found  as  usual,  being  the  product  of  the  addendum  and 
the  cosine  of  the  center  angle.  Twice  this  value  is  subtracted 
from  the  outer  pitch  diameter  of  the  gear  to  obtain'  the  outer 
diameter  of  the  gear — the  diameter  across  the  outer  ends 
of  the  teeth.  The  outer  diameter  of  the  pinion  member  is 
equal  to  the  sum  of  its  outer  pitch  diameter  and  twice  the 
product  of  the  cosine  of  its  center  angle  and  the  addendum. 

The  inner  diameter  of  the  gear — the  axial  distance  between 
the  inner  ends  of  the  teeth — is  equal  to  the  outer  pitch  diam- 
eter of  the  gear  minus  twice  the  product  of  the  face  of  the 
gear  by  the  sine  of  its  face  angle.  The  corresponding  pinion 
diameter  is  equal  to  the  difference  between  its  outer  pitch 
diameter  and  twice  the  product  of  its  face  by  the  sine  of  its 
face  angle. 

The  thickness  of  the  teeth  of  both  the  gear  and  the  pinion 
on  the  outer  pitch  circles  is,  as  usual,  equal  to  half  the  cir- 
cular pitch,  or  to  1.5708  divided  by  the  diametral  pitch;  while 
on  the  inner  pitch  circles,  the  thickness  of  the  teeth  is  re- 
duced directly  with  the  difference  between  the  apex  distance 
and  the  face  of  the  gears.  That  is,  the  thickness  of  the  teeth 
on  the  inner  pitch  circles  is  equal  to  their  thickness  on  the 
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outer  pitch  circles  multiplied  by  the  ratio  of  the  difference 
between  the  apex  distance  and  the  face  of  the  apex  distance. 

Example  in  Deslgrn  of  Internal  Bevel  Gearing- 

Example: — Required,  an  internal  bevel  gear  combination: 
4  diametral  pitch,  64  teeth  in  gear,  20  teeth  in  pinion, 
2-inch  face;  shaft  angle,  135  degrees,  p  =  4,  I)  =  2  inches, 
B'  =  180  —  135  =  45  degrees,  «'  =  20  ^  64  =  0.3125. 

2)' =  3.1416 -H  4  =  0.7854  inch  (2) 

i>' =  64 -f- 4  =  16  inches   (3)       (f '  =  20 -^  4  =  5  inches    (3a) 
0.70711 

Tan£  = =1.79192;  (4) 

0.70711  —  0.3125 

£  =  60  degrees,  50  minutes 

E'  =  60  degrees,  50  minutes  —  45  degrees 

=  15  degrees,  50  minutes  (4a) 

16 

a  = =  9.1616  inches  (5) 

2  X  0.87321 

s  =  1 -i- 4  =  0.250  inch  (6) 

s +/  =  1.157 -^4  =  0.289  inch  (7) 

W  =  0.250  +  0.289  =  0.539  inch  ( 8 ) 

Tan  J  =  0.250  -i-  9.1616  =  0.02728; 

/=  1  degree,  34  minutes  (9) 

Tan  K  =  0.289  -^  9.1616  =  0.03154; 

£■=  1  degree,  48  minutes  (10) 

F  =  60  degrees,  50  minutes  — •  1  degree,  34  minutes 

=  59  degrees  16  minutes  ( 11 ) 

F'  =  15  degrees,  50  minutes  +  1  degree,  34  minutes 

=  17  degrees,  24  minutes  (11a) 

C  =  60  degrees,  50  minutes  +  1  degree,  48  minutes 

=  62  degrees,  38  minutes  (127 

C  =  15  degrees,  50  minutes  — •  1  degree,  48  minutes 

=  14  degrees,  2  minutes  (12a) 

F  =  0.250  X  0.48735  =  0.1218  inch  (13) 

V  =  0.250  X  0.96206  =  0.2405  inch  (13a) 

Y  =  0.250  X  0.87321  =  0.2183  inch  (14) 
1/ =  0.250  X  0.27284  =  0.0682  inch                   (14a) 

D  =  16  — 2  X  0.1218  =  15.7564  inches  (15) 

d  =  5  +  2  X  0.2405  =  5.4810  inches  ( 15a ) 

7)"  =  15.7564  —  2(2  X  0.85955)  =  12.3182  inches  (16) 

d"  =  5.4810  —  2(2  X  0.29904)  =  4.28484  inches  (16a) 

<  =  1.5708 -^  4  =  0.3927  inch  (17) 

0.3927(9.1616  —  2) 

r  = =0.3069  inch  (18) 

9.1616 

Crown  Bevel  Gears 

The  transition  of  bevel  gearing  from  the  externally  meshing 
type  to  internal  bevel  gearing  is  marked  by  the  type  known 
as  the  crown  gear;  that  is,  a  bevel  gear  having  a  center  angle 
of  90  degrees,  as  shown  in  Fig.  3.  Such  gearing  can  be  classi- 
fied, with  equal  logic,  as  of  either  the  external  or  the  internal 
meshing  variety,  but  the  latter  is  preferable,  for  its  use  is 
quite  as  limited  as  that  of  internal  bevel  gearing,  if  not  more 
so.  The  surface  of  revolution  of  the  crown  gear  is  resolved 
into  a  plane  surface  from  a  cone  of  revolu- 
tion, so  that  the  pitch  diameter  of  the  gear 
is  the  same  as  its  outside  diameter.  The 
backing  of  the  crown  gear — the  distance 
from  the  outer  point  of  the  teeth  to  the  pitch 
line — is  equal  to  the  addendum,  and  the  apex 
distance  is  equal  to  one-half  the  pitch  diam- 
eter of  the  gear. 

The  center  angles  of  pinions  meshing  with 
crown  gears  are  naturally  quite  different,  for 
a  given  shaft  angle,  from  those  of  the  pin- 
ions in  either  the  ordinary  internally  or  ex- 
ternally meshing  bevel  gear  combinations 
and  are  much  more  easily  calculated;  the 
center  angle  of  the  crown  gear  is  always  90 
degrees.  The  center  angle  of  the  pinion 
member  is  equal  to  90  degrees  minus  the 
designated  shaft  angle  (the  designated  shaft 
angle  of  the  crown  gear  is  the  true  shaft 
argle  of  the  combination  minus  90  degrees — 
the  center  angle  of  the  crown  gear — )  or  180 
degrees  minus  the  shaft  angle.    Obviously,  the 


shaft  angle  determines  the  center  angle  of  the  pinion  and  also 
fixes  a  definite  speed  ratio  which  cannot  be  varied  without 
changing  the  shaft  angle,  and  which  is  considerably  less  than 
the  speed  ratio  obtainable  with  the  same  shaft  angle  by  the 
use  of  internal  bevel  gearing.  For  instance,  with  a  shaft 
angle  of  135  degrees,  shafts  bearing  the  same  relative  position 
to  each  other  as  in  the  example  given  in  the  design  of  internal 
bevel  gearing,  the  center  angle  of  the  pinion  meshing  with  a 
crown  gear  will  be  45  degrees  (90  degrees  —  B')  or  (180  de- 
grees —  B)  and  the  speed  ratio  will  be  fixed  at  1.414  to  1,  the 
ratio  of  the  pitch  diameters  of  the  crown  gear  and  its  pinion 
bearing  such  relation.  In  the  case  of  the  internal  bevel  gear 
combination  with  a  shaft  angle  of  135  degrees,  the  center  angle 
of  the  pinion  was  but  15  degrees,  50  minutes,  and  the  speed 
ratio  3.2  to  1. 

Parallel-depth  Internal  Bevel  Gearing 

The  variation  in  the  depth  of  ordinary  bevel  gears,  both  of 
the  internal  and  the  common  external  type,  seriously  com- 
plicates machining  operations  and  has  led  to  the  development 
of  bevel  gears  with  constant-depth  teeth.  For  internal  and 
crown  bevel  gearing,  this  type  is  shown  in  Fig.  4.  The  pecu- 
liarity of  this  type  of  design  is  that  the  center,  face,  and  ' 
cutting  angles  are  all  equal.  The  radial  pitch  lines  on  either 
tooth  profile  alone  converge  to  the  common  apex  point,  while 
the  imaginary  cones  represented  by  the  conical  surfaces  of  the 
face  and  cutting  planes  are  similar  but  normally  separated 
from  the  pitch  cone  of  revolution  by  the  addendum  and  the 
dedendum  distances  of  the  gear  teeth,  respectively. 

The  true  octoid  form  of  tooth,  the  modification  of  the  in- 
volute now  universally  employed  for  standard  bevel  gears  on 
account  of  the  necessity  of  such  form  for  the  successful  opera- 
tion of  all  kinds  of  bevel-gear  generating  machines,  can  be 
common  to  only  one  point  along  the  length  of  the  various 
teeth.  It  has  become  general  practice  to  make  the  section 
of  the  teeth  on  the  inner  pitch  circle  conform  to  such  standard. 
This  gives  to  the  outer  section  of  the  teeth  a  decidedly 
squatty  appearance,  the  thickness  of  the  teeth  on  the  outer 
pitch  circle  being  considerably  greater  than  that  of  the  true 
octoid  tooth  of  the  same  depth.  With  the  exception  that  the 
angles  increment  and  decrement  do  not  exist  in  parallel-depth 
internal  bevel  or  crown  bevel  gears  and  that  the  tooth  pro- 
portions are  figured  from  the  inside  pitch  diameters  of  the 
gears,  the  formulas  presented  for  the  solution  of  regular  stand- 
ard types  of  internal  bevel  gearing  apply  as  well  to  parallel- 
depth  internal  bevel  gearing. 

Machining'  Internal  Bevel  Gears 

Internal  bevel  gears  and  crown  gears  are  machined  in  ways 
very  similar  to  those  employed  for  ordinary  bevels.  That 
is,  there  are  three  general  processes  of  machining  such  gears — 
milling,  planing,  and  generating.  The  resulting  teeth  are 
more  or  less  exact  reproductions  of  octoid  teeth  when  cut  by 
either  of  the  first  two  methods,  but  are  of  the  true  octoid  form 
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Fig    4.     Bevel  Gearing  with  Parallel  Depth  Teeth 
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Filed    Surface   of    Milled   Internal 
Bevel  Gear  Teeth 


only  when  gener- 
ated; that  is,  gears 
with  tapering-depth 
teeth'. 

Milling  the  teeth 
necessitates  five  ad- 
justments of  the 
blank,  or  work:  one 
position  for  the 
gashing  cuts  and 
two  for  the  finish- 
ing cuts  on  either 
side.  In  milling  the 
tapering-  depth 
teeth,  the  cutter  is 
selected  for  the 
outer  pitch  circle 
profile,  but  must  be 
sufficiently  narrow  to  pass  through  the  tooth  space  at  the  inner 
end  of  the  finished  teeth.  In  milling  the  parallel-depth  teeth, 
the  cutter  is  selected  for  the  inner  pitch  circle  profile  and 
the  resulting  teeth  have  a  correct  profile  for  the  inner  end 
throughout  their  length,  but  the  depth  is  more  and  more  dis- 
proportional  to  the  true  octoid  as  the  outer  ends  of  the  teeth 
are  approached. 

The  ordinary  planing  process  is  quite  similar  to  the  milling 
process;  but  special  bevel-gear  planing  machines  are  also  em- 
ployed which  cut  teeth  closely  resembling  the  octoid  form. 
These  special  planers  employ  three  templets  for  guiding  the 
three  simple  planing  tools  used  for  cutting  the  teeth.  One  of 
these  tools,  usually  of  the  straight-faced  type,  is  employed 
only  for  gashing,  the  sides  of  the  teeth  being  finished  with 
specially  formed  tools,  one  for  each  side.  All  the  teeth  are 
finished  on  one  side  before  the  second  finishing  tool  is  used. 
Generating  machines  for  conjugating  the  true  octoid  tooth 
employ  one  of  two  general  methods,  the  planing  or  the  mill- 
ing process.  The  machines  operating  on  the  planing  principle 
have  a  crown  gear,  provided  with  cutting  tools  representing 
its  sides  in  successive  positions,  which  meshes  with  a  master 
bevel  gear  carrying  on  its  arbor  the  gear  blank  to  be  cut. 
The  crown  and  master  gears  rotate  in  mesh  and  present  the 
work  to  the  cutting  tools,  the  work  and  the  cutting  tools 
virtually  rolling  together  to  conjugate  the  teeth.  Generating 
machines  employing  the  milling  process  differ  in  having  the 
sides  of  the  teeth  of  an  imaginary  crown  gear  represented  by 
the  plane  surfaces  of  milling  cutters.  J'he  crown  gear  equiva- 
lent is  stationary  and  the  master  bevel  rolls  over  it,  thus 
presenting  the  work  to  the  milling  cutters  in  successive  posi- 
tions. Both  types  'of  generating  machines  conjugate  true 
octoid  teeth. 

Filing  Milled  Bevel  Gear  Teeth 

The  tooth  section  of  the  tapering-depth  bevel  gears  cut  on 
milling  machines  or  by  the  ordinary  planing  method  is  of  the 
correct  octoid  form  only  at  the  outer  end  of  the  teeth.  The 
constant  cutting  profile  of  the  tool  leaves  an  excess  of  material 
from  the  tip  of  the  outer  end  of  the  tooth  to  the  full  depth  of 
the  tooth  at  the  inner  end.  The  excess  metal  increases  from 
the  outer  to  the  inner  ends  of  the  teeth,  on  account  of  the 
variation  in  the  depth  of  the  addendum  and  dedendum  of  the 
teeth,  which  is  due  to  the  face,  center,  and  cutting  angles 
being  dissimilar.  This  surplus  material  must  be  removed  with 
a  hand  tool.  Usually  a  file  is  employed,  whether  the  gears  are 
of  the  internal  or  the  external  type,  but  the  surplus  material 
is  removed  with  much  more  diflSculty  in  the  case  of  internal 
bevel  gears. 

Fig.  5  illustrates  the  surface  of  internal  gear  teeth  which 
has  to  be  cut  away  in  order  that  the  pitch  lines  of  the  tooth 
profiles  may  correctly  converge  to  the  apex  center  and  allow 
the  proper  meshing  of  teeth.  The  figure  also  indicates  the 
difficulties  which  are  encountered  when  filing  internal  bevel 
gear  teeth  due  to  the  awkward  position  of  the  teeth  for  clear- 
ance in  swinging  the  file.  In  filing  externally  meshing  bevels, 
the  machinist  is  placed  in  no  such  position,  so  that  a  clear 
swing  can  be  taken  and  the  task  of  accurately  filing  is  not 
particularly  difficult  for  the  skilled  workman. 


Parallel-depth  Bevel  Gear  WeakneHS 
The  parallel-depth  design  of  bevel  gearing  evades  the  neces- 
sity of  filing  the  teeth,  but  has  one  possible  drawback  in  its 
relative  weakness.  As  the  tooth  section  is  of  the  true  octoid 
form  only  at  the  inner  end,  the  remainder  of  each  tooth  is  of 
less  rugged  proportions,  notwithstanding  the  appearance  of 
stubby  and  powerful  design.  The  thickness  of  the  teeth  is  cor- 
rect for  full  tooth  strength  throughout  the  entire  length,  but 
the  gradual  relative  decrease  in  depth,  though  apparently  add- 
ing strength,  reduces  the  power  much  as  would  the  wearing 
away  of  the  top  of  the  teeth  in  actual  service.  This  draw- 
back is  not  a  serious  one,  however,  and  parallel-depth  bevel 
gears  are  quite  generally  considered  the  equal  of  gears  with 
teeth  of  the  true  octoid  form  of  varying  depth.  Certainly  they 
are  equal,  if  not  superior,  to  bevel  gears  of  varying  tooth  depth 
which  are  cut  on  milling  machines  or  ordinary  planers  and 
have  to  be   finished   by   filing  or   other   hand   tool   operation. 

SCREW  THREAD  TOLERANCES 
A  hearing  was  held  in  Washington  in  February  with  refer- 
ence to  the  matter  of  establishing  by  law  tolerances,  clear- 
ances and  allowances  in  specifying  screw  threads  in  manu- 
facturing plants  under  the  control  of  the  War  and  Navy  De- 
partments. Bearing  on  the  importance  of  having  settled  as 
clearly  as  possible  all  dimensions  involved  in  the  production 
of  munitions  of  war,  it  has  been  said  recently  by  an  authority 
as  to  the  experience  in  Great  Britain  that  there  is  no  doubt 
that  if  when  the  war  broke  out  a  more  satisfactory  system 
had  been  in  use  and  gages  had  been  so  designed  that  they 
could  have  been  cheaply  and  rapidly  produced  in  quantity, 
the  country  would  have  been  saved  many  thousands  of  pounds 
and  much  delay  in  the  turning  out  of  shells.  It  is  appreciated 
that  in  order  to  bring  about  the  best  results  in  this  country 
in  screw  thread  tolerance  practice  it  is  necessary  that  civilian 
industrial  authorities  should  be  consulted  thoroughly  as  well 
as  officers  and  engineers  of  the  government,  and  that  more- 
over the  standards  settled  upon,  whether  these  shall  be  of  one 
series  or  of  various  grades  suitable  for  different  classes  of 
workmanship,  shall  be  entirely  commercial  in  regular  manu- 
facture. In  the  formulation  of  the  standards,  civilian  makers 
of  taps  and  screws,  and  also  users,  will  be  consulted.  Dr. 
Stratton  of  the  United  States  Bureau  of  Standards  feels  that 
it  is  entirely  feasible  for  the  industries  and  the  military  de- 
partments to  follow  the  same  practice.  It  is  perfectly  obvious 
that  in  the  time  of  war  this  would  have  to  be  the  case. 

Accurate  measurement  of  screw  threads  in  commercial  prac- 
tice has  been  a  slow  development.  Different  societies  in- 
cluding the  American  Society  of  Mechanical  Engineers  and 
the  Society  of  Automobile  Engineers,  have  had  committees 
working  on  the  subject  for  a  number  of  years.  It  is  felt  now, 
however,  that  through  concerted  effort  of  representative  ex- 
perts in  government  and  civil  life  the  complex  questions  con- 
nected with  determining  just  how  accurately  screw  products 
can  be  made  commercially  must  be  brought  to  an  early  issue, 
and  the  government  specifications  generally  acquiesced  in, 
meeting  the  necessities  for  the  high-grade  workmanship  which 
exists,  of  course,  in  various  apparatus  used  by  the  government ' 
including  airplanes. 

SUBSTITUTE  FOR  BABBITT  METAL 
On  account  of  the  scarcity  of  copper  in  Germany,  determined 
efforts  have  been  made  to  substitute  alloys  containing  little 
or  no  copper  for  those  containing  high  percentages.  It  is 
stated  in  Glasers  Annalen  that  German  metallurgists  have  suc- 
ceeded in  producing  a  bearing  metal  alloy  containing  a  very 
small  percentage  of  copper,  and  a  fairly  small  percentage 
of  tin,  which  has  all  the  properties  of  the  highest  grade  of 
bearing  metal.  The  alloy  consists  of  3.3  per  cent  copper, 
12  per  cent  lead,  21.3  per  cent  tin,  and  63.4  per  cent  zinc. 
The  alloy  is  produced  by  melting  red  brass  and  adding  to 
it  first  the  tin  and  lead,  and  finally  the  required  amount  of 
zinc,  which  before  being  added  to  the  molten  alloy  is  pre- 
heated to  about  400  degrees  F.  The  alloy  has  a  hardness 
of  42  on  the  Brinell  scale. 
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FIXING  VALUE  OF  FUEL  OILS  FOR  METALLURGICAL  FURNACES  ON   A  B.  T.   U.  BASIS 

BY   GEORGE   P.    PEARCE  ' 


THE  oil  furnace  for  heating  stock,  whether  for  welding, 
forging  or  beading,  is  most  convenient  and  satisfactory, 
and  if  the  basic  principles  upon  which  its  efficient 
operation  depends  were  better  known,  there  would  be  an  elimi- 
nation of  almost  all  the  usual  oil  furnace  troubles,  combined 
with  greater  efficiency  in  fuel  consumption  and  output.  Heat- 
ing stock  is  a  simple  process  if  economy  of  operation  is  of 
no  consequence;  making  a  fire  on  the  ground  and  putting  the 
stock  in  the  hottest  part  is  one  of  the  most  primitive  acts  of 
man.  Today,  owing  to  the  ever-increasing  keenness  of  com- 
petition, it  has  become  a  matter  of  great  complexity  to  heat 
stock  at  the  lowest  cost. 

There  are  many  things  to  consider  in  efficient  furnace  de- 
sign. Probably  the  most  important  is  the  method  of  deliver- 
ing the  oil  to  the  furnace  with  the  least  amount  of  air  that 
will  properly  burn  it.  Most  of  the  oil  burners  operate  on 
the  atomizing  principle,  that  is,  they  mechanically  break  up 
the  oil  stream  into  innumerable  particles  or  globules  which 
greatly  increase  the  exposed  area  and  thus  accelerate  com- 
bustion. The  efficiency  of  this  type  of  burner  is  inversely 
proportional  to  the  size  of  the  globules,  provided  they  are 
approximately  uniform.  Even  the  smallest  of  these  globules 
is  extremely  large  when  compared  with  the  oil  molecule,  and 
the  act  of  burning  takes  an  appreciable  time;  it  must  also  be 
remembered  that  these  globules  are  many  diameters  apart, 
and  the  air  between  them  does  not  get  much  opportunity  to 
become  consumed;  so  an  excess  of  air  must  be  supplied. 

There  are  new  burners  on  the  market  which  operate  on 
the  principle  of  vaporizing  the  oil,  that  is,  reducing  it  to  the 
molecular  state,  which  allows  perfect  mixing  so  that  the  air 
supply  can  be  cut  down  to  the  minimum  amount  with  a  cor- 
responding increase  in  efficiency.  The  furnace  itself  must  be 
adapted  to  the  burner  that  will  be  used,  and  should  be  just 
large  enough  so  that  all  the  oil  is  completely  burned  before 
the  gases  leave  the  furnace.  Many  oil  furnaces  are  operating 
with  flames  shooting  out  from  two  to  six  feet,  which  simply 
means  that  they  are  inefficient  and  are  burning  a  large  per- 
centage of  the  oil  supply  outside  the  furnace  where  it  is 
wasted.  On  a  well  designed  and  correctly  operated  furnace 
the  escaping  flames  are  about  six  inches  high  and  without 
any  blast  action.  Combustion  should  be  almost  complete  be- 
fore the  gases  reach  the  stock  which  is  being  heated.  There 
are  two  advantages  to  this:  first,  the  maximum  heat  is  deliv- 
ered to  tjhe  stock;  and  second,  since  the  oxygen  is  practically 
exhausted,  there  is  no  tendency  to  scale  the  stock.  The  furnace 
walls  must  be  well  insulated  to  prevent  radiation  and  conduc- 
tion losses,  and  also  to  actually  increase  the  temperature  in 
the  furnace.  Openings  must  be  kept  to  a  minimum  in  area 
for  the  same  reason.  An  efficient  furnace  should  be  able  to 
heat  a  l^-inch  diameter  mild  steel  bar  from  room  temperature 
so  rapidly  that  in  three  minutes  the  first  drop  of  molten 
steel  will  fall  from  it. 

Medium  sized  furnaces,  say  those  heating  stock  weighing 
between  five  pounds  and  one  hundred  pounds,  should  be  de- 
signed so  that  they  will  heat  the  stock  as  fast  as  it  can  be 
handled,  and  thus  eliminate  loss  of  time  through  the  workmen 
waiting  for  the  furnace  to  heat  the  stock.  The  error  must 
not  be  made  of  making  the  furnace  any  larger  than  is  con- 
sistent with  proper  combustion,  good  heat  insulation  and  ca- 
pacity for  the  required  amount  of  stock.  This  design  when 
properly  operated  will  heat  the  stock  with  the  least  possible 
consumption  of  fuel,  which  is  not  only  economical,  but  greatly 
increases  the  comfort  of  the  men  who  have  to  work  near  it 
as  well.  With  proper  combustion,  the  presence  of  obnoxious 
and  poisonous  gases  is  practically  eliminated,  and  if  the  shop 
is  high,  the  use  of  chimneys  can  be  avoided. 

Any  saving  in  oil  that  might  be  obtained  from  slow  heating 
sinks  into  insignificance  if  the  men  and  machinery  have  to 
wait,   because   the  men's   time   and   the   overhead    and   fixed 


charges  are  much  greater  than  the  value  of  the  oil,  and, 
furthermore,  slower  output  per  furnace  means  more  men, 
furnaces,  equipment  and  buildings.  As  forging  machines,  in 
general,  are  very  quick-acting  and  can  easily  perform  their 
cycle  of  operations  in  less  time  than  the  piece  of  stock  can 
be  heated,  it  is  obvious  that  the  utmost  economy  under  these 
conditions  can  only  be  obtained  by  heating  the  stock  at  its 
maximum  rate,  which  is  to  get  the  interior  hot  enough  befpre 
the  exterior  surface  starts  to  melt  or  gets  to  a  temperature 
high  enough  to  spoil  the  stock  for  its  particular  work.  It  is 
doubtful  if  a  practical  furnace  has  ever  been  built  which 
would  heat  stock  at  this  rate.  From  the  above  considerations, 
it  is  apparent  that,  in  general,  the  most  important  factor  in 
over-all  economy  is  the  rapidity  of  heating,  and  no  fear  need 
at  present  be  felt  of  reaching  the  limit. 

The  stock  is  heated,  of  course,  because  the  temperature  of 
the  furnace  is  higher  than  that  of  the  stock,  and  as  soon  as  it 
reaches  the  temperature  of  the  furnace  it  is  no  longer  being 
heated.  This  is  obvious,  but  to  keep  the  furnace  at  the  tem- 
perature to  which  it  is  desired  to  heat  the  stock  is  very  in- 
efficient, however  desirable  it  may  seem  from  the  standpoint 
of  avoiding  burnt  stock.  Maximum  economy,  which  also 
means  maximum  output,  can  only  be  obtained  by  keeping  the 
furnace  temperature  as  high  as  possible,  and  it  must  be  noted 
that  the  difference  in  temperatures  is  constantly  being  reduced 
as  the  temperature  of  the  stock  increases,  that  is,  the  rate  of 
heating  decreases  as  the  temperature  of  the  stock  increases. 

To  find  the  relative  effects  of  various  furnace  temperatures 
on  the  rate  of  heating  stock,  a  series  of  experiments  was  made 
with  the  following  results: 

RELATIVE  HEATING  TIME  OF  STOCK  FOR  VARIOUS  FUR- 
NACE AND  STOCK  TEMPERATURES 


Temperature 

Stock  Temperat 

ures.  Degrees  F. 

of  Furnace, 
Degrees  F. 

500 

700        I        900 

1100 

1300 

1400 

1600 

2.20 

3.40 

4.75 

6.45 

8.50 

9.75 

2000 

0.75 

1.20 

1.60 

2.20 

2.90 

3.45 

2500 

0.50 

0.75 

1.15 

1.45 

1.90 

2.15 

2700 

0.30 

0.45 

0.65 

0.75 

1.00 

1.15 

Machinery 

Eliminating  the  1600-degree  furnace,  because  it  is  not  prob- 
able that  such  low  temperatures  will  occur  in  practice,  and 
taking  the  relative  heating  rate  for  unit  time  for  the  other 
three  furnaces,  the  results  are  as  follows: 


Temperature  of  Furua 
Degrees  F. 

2000 
2500 
2700 


Average  Relative  Heating  Rate 

1.00  (Taken  as  unity) 
1.80 

2.74 


Thus  it  is  seen  that  while  the  2000-degree  furnace  is  heating 
100  pieces,  the  2500-degree  furnace  will  heat  180  pieces,  and 
the  2700-degree  furnace  will  heat  274  pieces.  An  increase  of 
only  700  degrees  F.  has  increased  the  furnace  output  174  per 
cent.  It  is  very  apparent  that  the  rate  of  heating  varies  much 
more  rapidly  than  the  difference  in  temperature,  and  a  prac- 
tical rule  has  been  deduced  from  the  tests  as  follows: 


Temperature 
of  Furuace. 
Degrees  F. 

2000 

2500 
2700 


Average  Relative 
Heating  Rate 

1.00 

1.80 
2.74 


Ratio  of  Tliird 

Power  of 
Temperature 

1.00 
1.95 
2.45 


'Address:  538  Tenth  Ave.,  Moline,    lU. 


As  the  third  power  ratio  and  the  relative  heating  rate  so 
nearly  coincide,  our  practical  rule  is:  "The  relative  heating 
rate  varies  as  the  third  power  of  the  actual  temperature  for 
furnaces  used  to  heat  stock  for  forging  purposes."  This, 
of  course,  applies  only  to  furnaces  used  for  heating  stock  to 
the  same  temperatures.    A  comparison  between  a  welding  and 
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bending  furnace  by  this  rule  would  probably  give  erroneous 
figures;  in  fact,  the  bending  furnace  would  probably  be  unable 
to  give  a  welding  temperature  at  all,  but  the  effect  of  an 
increase  in  temperature  of  the  welding  furnace  on  its  output 
could  be  solved  by  the  above  rule,  and  the  same  applies  to  the 
bending  furnace. 

As  the  obtaining  of  high  temperatures  is  of  such  great 
value,  it  is  well  to  investigate  what  the  factors  are  that  de- 
termine this  condition,  and  as  we  already  have  discussed  high 
insulation,  minimum  radiation  and  conduction,  minimum  air 
supply  and  efficient  burners,  the  only  thing  left  is  the  actual 
composition  and  heat  value  of  the  oil  itself.  The  composition 
of  oils  as  used  for  furnace  work  does  not  vary  greatly,  al- 
though their  heating  value  does.  As  an  instance  of  this,  the 
petroleum  of  West  Virginia  is  83.5  per  cent  carbon,  13.3  per 
cent  hydrogen,  and  has  a  heating  value  of  18,324  B.T.U., 
while  the  oil  known  as  "Mineral  Seal"  has  83.3  per  cent  car- 
bon and  13.2  per  cent  hydrogen,  and  yet  gives  20,065  B.T.U.; 
also  the  oil  known  as  "Petrolea"  has  84.4  per  cent  carbon,  13.4 
per  cent  hydrogen,  and  gives  20,410  B.T.U.  The  ultimate 
analysis  of  any  oil  does  not  give  more  than  a  general  indica- 
tion of  its  heating  value.  The  reason  for  this  is  because  the 
energy  of  disassociation,  which  is  not  very  well  known,  varies 
for  different  oils;  and  the  condition  of  the  oxygen,  whether 
combined  with  the  hydrogen  or  not,  the  amount  of  ash, 
moisture,  etc.,  are  all  variables.  The  actual  B.T.U.  content 
is  the  most  direct  indication  of  the  oil  value.  The  B.T.U. 
value  and  the  approximate  analysis  of  any  oil  being  known,  it 
is  a  simple  matter  to  calculate  the  flame  temperature  T  as 
follows: 

B.T.U.  — H—h 

T  = 

8 
where  H  =  heat  converted   into  work  by  expansion  of  gases 
of  combustion; 
h  =  heat  absorbed  by  steam  produced ; 
S  =  mean  specific  heat  of  products  of  combustion. 

Applying  this  formula  to  five  oils  of  different  B.T.U.  con- 
tents, the  following  temperatures  are  derived: 


B.T.U.  Value  of  Oil 
16,000 
17,000 
18,000 
19,000 
20,000 


.\pproximate  Temperatures 
of  Combustion,  Degrees  F. 

2952 
3142 
3332 
3522 
3712 


It  is  apparent  that  the  B.T.U.  value  has  a  great  influence 
on  the  temperatures  that  can  be  obtained  in  the  furnace. 
Moisture  affects  the  flame  temperature  in  two  ways:  first,  by 
reducing  the  available  B.T.U.  value  by  the  amount  absorbed 
in  the  form  of  latent  heat,  which  is  very  high,  being  about 
1000  B.T.U.  per  pound  of  water  or  moisture;  second,  by  its 
high  specific  heat  when  in  the  form  of  superheated  steam. 
In  the  formula,  the  effect  is  apparent,  by  the  subtraction  of 
the  latent  heat  from  the  B.T.U.  and  the  division  by  the  specific 
heat  times  the  amount  of  moisture  present.  Oil  should,  there- 
fore, be  given  ample  time  to  settle  as  much  of  the  contained 
water  as  possible,  and  full  credit  should  also  be  obtained  for 
it  from  the  oil  supply  company. 

From  the  preceding  table  it  is  seen  that  the  B.T.U.  value 
has  a  more  important  effect  on  the  flame  temperature  than 
might  at  first  be  assumed.  It  is  now  necessary  to  find  what 
effect  this  has  upon  the  relative  heating  values  when  used 
in  metallurgical  furnaces.  The  rule  connecting  heating  values 
with  temperature  has  been  obtained,  so  by  applying  this  rule 
to  the  temperatures  obtained,  it  is  a  simple  calculation  to  get 
the  relative  heating  values.  First,  some  particular  heating 
value  must  be  chosen  as  unity,  and  as  an  oil  of  17,000  B.T.U. 
value  is  in  extensive  use  for  this  purpose,  it  will  be  taken  to 
represent  unity.  On  this  basis  the  following  table  gives  rela- 
tive heating  values: 


B.T.U.  Value  of  Oil 

16,000 
17,000 
18,000 
19,000 
20,000 


Thus  it  is  seen  that  while  17,000  B.  T.  U.  oil  is  heating  100 
pieces,  19,000  oil  will  heat  140  pieces.  As  the  ultimate  econ- 
omy should  be  expressed  on  an  actual  cost  basis,  the  equiva- 
lent value  of  the  various  oils  will  now  be  taken  up.  This 
relative  value  of  oils  will  vary  somewhat  for  each  specific  case, 
as  the  saving  due  to  quicker  heating  is  more  than  proportional 
to  the  extra  stock  heated  by  the  same  amount  of  oil,  for  there 
is  more  stock  heated  in  the  same  time;  thus  the  same  amount 
of  labor  and  equipment  will  have  greater  production,  and 
the  value  of  this  will  necessarily  depend  upon  the  particular 
work  being  done.  It  will  be  a  conservative  estimate  to  simply 
estimate  the  value  of  the  oil  upon  its  relative  heating  value, 
and  taking  17,000  B.T.U.  oil  at  $1.50  per  barrel  as  unity,  the 
following  table  gives  the  various  values  of  the  other  oils 
per  barrel: 


B.T.U.  Value  of  Oil 

16,000 
17,000 
18,000 
19,000 
20,000 


Valiio  per  Barrel 

$1.24 
1.50 
1.78 
2.10 
2.46 


Relative  Heating  Value 
0.83 
1.00 
1.19 
1.40 
1.66 


It  is  important  to  note  that  a  high  flame  temperature  cannot 
be  obtained  by  any  haphazard  methods.  The  oil  must  be 
completely  burned  without  smoke  in  approximately  the  theo- 
retical amount  of  air  and  in  correctly  designed  furnaces.  If 
this  is  not  thoroughly  done  or  excess  air  is  used,  then  the 
saving  due  to  the  increased  B.T.U.  value  may  easily  be  lost, 
as  a  very  little  excess  air  will  quickly  eliminate  the  increase 
in  temperature  and  increased  rate  of  heating  due  to  the 
richer  oil. 

*  *     * 

FARM  TRACTORS 

The  present  high  cost  of  living,  due  in  part  to  scarcity  of 
farm  products,  has  brought  squarely  before  the  American 
people  agricultural  conditions  and  the  problem  of  producing 
food  more  cheaply.  The  farmer  has  gradually  been  growing 
poorer  and  poorer  because  the  returns  for  his  labor  were  in- 
adequate for  decent  support.  The  rising  costs  of  farm  labor 
and  the  scarcity  of  laborers  are  acute  difficulties.  Thousands 
of  acres  of  tillable  soil  in  the  East  have  been  abandoned  and 
the  former  occupants  have  gone  to  the  towns  and  cities  where 
they  can  earn  a  living  easier.  The  abandonment  of  the  farms, 
increased  population  and  inefficient  means  of  distribution,  to- 
gether with  the  demands  of  the  millions  in  Europe  for  food, 
have  raised  prices  to  unprecedented  heights.  Farm  tractors 
are  being  developed  in  a  variety  of  forms  and  are  regarded  by 
their  optimistic  promoters  as  a  partial  solution  of  the  farmer's 
problem.  What  the  ultimate  form  of  the  farm  tractor  will  be 
is  not  yet  clear. 

There  is  a  great  variety  of  styles,  each  of  which  apparently 
has  certain  advantages.  One  make  that  can  be  operated  by  one 
man  the  same  as  a  team  has  the  power  of  six  horses,  and 
may  be  used  for  doing  all  kinds  of  farm  work.  The  turning 
radius  is  so  short  that  the  tractor  can  make  a  complete  turn 
in  a  ten-foot  circle.  The  fuel  used  is  No.  1  engine  distillate. 
Advantages  claimed  for  the  farm  tractor  are  that  it  eats 
nothing  when  not  working,  and  that  it  can  be  used  not  only 
as  a  tractor  but  for  generating  stationary  power,  driving  grind- 
ing machinery,  threshing  machines  and  other  machinery  on 
the  farm.  The  farm  tractor  is  not  subject  to  disease;  it  can 
be  operated  from  early  dawn  until  late  at  night,  day  after  day, 
without  fatigue.  Some  of  the  successful  farm  tractors  are 
built  on  the  caterpillar  principle,  being  supported  on  endless 
belts  or  chains  that  give  a  large  area  of  contact  to  support 
the  load  on  soft  ground  and  provide  for  traction. 

*  *     * 

Gasoline  readily  vaporizes  when  exposed  to  the  air  of  any 
temperature  down  to  15  degrees  F.  below  zero.  The  vapor  is 
nearly  three  times  as  heavy  as  air,  and  when  mixed  with  the 
proper  quantity  of  air  becomes  violently  explosive.  If  con- 
fined where  there  is  poor  ventilation,  this  mixture  will  some- 
times remain  in  the  explosive  condition  for  several  months. 
The  vapor  will  ignite  from  an  open  flame,  a  spark  from  an 
emery  wheel,  a  suflSciently  heated  surface,  and  even  from  a 
spark  of  static  electricity  from  the  human  body. 
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A   COUNTING  SCALE 

There  is  always  a  definite  ratio  between  the  weights  which 
hang  on  the  tip  of  a  scale  beam  and  the  load  on  the  platform. 
On  a  scale  of  the  type  shown  in  Pig.  1,  this  ratio  is  usually 
1  to  100;  that  is,  one  pound  on  the  counterpoise  A  will  bal- 
ance one  hundred  pounds  on  the  platform  B.  By  taking  ad- 
vantage of  this  relation,  it  is  possible  to  count  with  accuracy 
drop-forgings  or  the  product  of  automatic  machines,  nuts,  bolts, 
etc.  Since  they  are  practically  of  uniform  weight,  one  piece 
laid  on  the  counterpoise  will  balance  one  hundred  similar 
pieces  on  the  platform;  ten  pieces  will  balance  one  thou- 
sand, etc. 

To  ascertain  quantities  less  than  one  hundred,  it  will  be 
necessary  to  do  a  little  work  on  the  scale  beam  C,  shown  in 
Fig.  2.  If  one  piece  hung  from  the  tip  pivot  D  balances  one 
hundred,  it  will  balance  only  one-half  as  many  when  hung 
half  way  between  the  pivots  D  and  E,  or  one-hundredth  as 
many  at  one-hundredth  the  distance.  So  the  distance  from 
D  to  E  should  be  divided  into  one  hundred  equal  parts,  and 


Figs.   1  to  3.     Counting  Pieces  on  a  Scale 

the  lines  separating  these  parts  marked  with  a  scriber  on 
the  lower  edge  of  the  beam.  It  may  be  easier  to  divide  the 
whole  into  ten  parts  and  each  of  these  into  ten  parts.  No 
attention  should  be  paid  to  the  graduations  already  on  the 
beam. 

To  count  an  unknown  quantity  of  pieces,  balance  the  empty 
box  by  moving  the  poise,  which  in  this  case  has  no  other  use. 
Fill  the  box  with  the  pieces  and  put  one  on  the  counterpoise  A; 
if  this  does  not  balance,  add  others  on  counterpoise  A.  When 
the  last  one  put  on  is  seen  to  be  too  much,  take  it  off  and, 
by  means  of  a  fine  thread  looped  over  the  beam,  as  shown  in 
Fig.  2,  move  the  piece  along  the  scale  beam  until  a  balance 
is  obtained.  Note  the  mark  on  the  lower  edge  of  the  beam 
at  this  point.  If  there  are  seven  pieces  on  the  counterpoise, 
and  the  one  on  the  scale  stops  at  30,  there  are  730  pieces  in 


the  box.  It  is  not  necessary  to  graduate  the  beam  into  one  hun- 
dred parts.  If  ten  equal  spaces  are  made,  the  pieces  can  be 
balanced  to  the  nearest  ten  and  the  few  remaining  can  be 
counted  by  hand.  If  the  pieces  weigh  less  than  i/4  pound  each, 
they  should  be  counted  on  a  smaller  and  more  sensitive  scale, 
since  the  one  illustrated  Is  not  adapted  for  fine  work.  The 
ratio  between  the  counterpoise  and  the  platform  is  indicated 
on  the  weights,  as  shown  in  Fig.  3.  It  may  not  always  be 
1  to  100,  but  it  will  alw-ays  be  a  fixed  factor. 

Rutland,  Vt.  W.  H.  Sargent 


REMOVING   BROKEN    TAPS   AND    SCREWS 
FROM  BRASS   PARTS 

A  jobbing  shop,  eager  for  work  to  carry  it  through  a  dull 
season,  took  a  large  contract  at  a  figure  that  would  yield  a 
small  profit  if  no  unforeseen  difficulties  were  encountered — 
and  then  the  difficulty  appeared.  One  of  the  last  operations 
on  a  brass  part  was  the  tapping  of  a  blind  hole.  Whenever 
the  No.  4-40  bottoming  tap  broke  off  too  short  to  be  extracted 
by  ordinary  means,  as  it  did  with  discouraging  frequency, 
there  was  nothing  to  do  but  to  scrap  the  part,  on  which  some 
two  dollars'  worth  of  lathe,  miller,  and  drill-press  work  had 
been  expended.  The  jigs  were  furnished  by  the  customer  and 
no  change  in  the  order  of  operations  was  possible.  As  the 
size  of  tap-drill  was  specified  on  the  blueprint  and  the  cus- 
tomer refused  to  permit  the  use  of  a  larger  drill,  the  shop 
owner  could  only  gaze  sadly  at  the  growing  scrap  heap  which 
threatened  to  absorb  all  his  anticipated  profits. 

Misfortunes,  we  are  told,  seldom  come  singly,  and  when  the 
pile  of  spoiled  parts  had  grown  until  its  cost  exceeded  .$20u, 
the  second  bit  of  ill-luck  arrived.  The  "boss"  dropped  his 
cherished  watch  on  the  floor  and  on  opening  the  back  of 
the  case  he  saw  lying  loose  the  heads  of  the  two  steel  screws 
which  are  tapped  into  the  pillars  to  hold  the  barrel  bridge 
in  place.  Trying  the  heads  with  a  file,  he  found  them  hard 
and  foresaw  an  expensive  repair  job  that  would  further  deplete 
his  shrinking  "roll." 

When  the  watch  was  returned  and  he  was  told  that  all  that 
had  been  necessary  was  to  remove  the  broken  screws  and  sub- 
stitute new  ones,  he  asked  the  watch  repairer  to  reveal  the 
method  of  extraction.  As  soon  as  he  acquired  this  "secret," 
he  returned  to  the  shop  and  made,  in  an  enamel-lined  kettle, 
a  fairly  strong  hot  solution  of  ordinary  alum.  Then  placing 
his  brass  parts  therein,  in  a  few  minutes  he  was  able  to  loosen 
the  fragments  of  taps  so  that  they  were  easily  removed. 

It  sometimes  happens,  especially  in  clock  repairing,  that  a 
broken  screw  must  be  removed  from  a  brass  part  which  has 
other  steel  members  riveted  to  it.  In  this  case,  as  it  would 
be  difficult  and  expensive  to  take  off  and  replace  the  riveted 
parts,  another  method  is  employed.  All  but  the  seat  of  opera- 
tions receives  a  protective  coat  of  vaseline,  then  very  dilute 
cold  sulphuric  acid  (twenty  or  thirty  drops  to  a  pint  of 
water)  is  put  upon  the  screw.  This  acts  slowly,  and  has  to 
be  replaced  by  fresh  acid  as  it  becomes  exhausted,  but  in  time 
will  do  the  work.  Great  care,  of  course,  must  be  taken  to 
remove  all  acid  when  the  job  is  completed,  the  usual  plan 
being  to  neutralize  it  with  ammonia  and  then  rinse  thoroughly 
with  hot  water. 

New  London,  X.  H.  Gnr  H.  Gardxer 

SELF-LOCATING  HOOK  BOLT 

The  October  number  of  Machinery  contained  the  descrip- 
tion of  an  improved  hook  bolt,  the  advantage  of  which  was  a 
support  at  the  back.  The  writer  considers  the  design  de- 
scribed rather  expensive,  and  submits  an  alternative  arrange- 
ment, as  shown  in  the  accompanying  illustration.     This  hook 
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Self-locating  Hook  Bolt  with  Support  at  Back  of  Head 

bolt  is  simple,  inexpensive,  can  be  supported  at  the  back  of 
the  clamping  point,  and  is  self-locating. 

In  the  illustration,  A  is  a  hook  bolt  used  to  clamp  the  work 
B  against  the  locating  pad  C  in  the  jig  D.  The  back  of  the 
hook  bolt  is  seated  against  a  finished  pad  on  the  jig  E,  thus 
providing  ample  support  at  its  weak  point.  F  is  a  handwheel 
that  is  threaded  to  receive  the  end  of  the  hook  bolt;  a  nut 
may  be  used  in  place  of  the  wheel,  if  preferred.  By  turning 
the  handwheel  F,  the  clamp  is  released,  the  hook  bolt  turning 
on  the  radius  G  until  the  face  of  the  bolt  rests  on  the  face  of 
the  pad,  as  shown  at  H.  To  clamp  the  work  B,  all  that  is 
necessary  is  to  turn  the  handwheel  and  the  hook  bolt  rides 
again  on  the  radius  G,  until  the  face  J  seats  on  the  pad  E. 
Thus  the  hook  bolt  is  self-locating  and  it  is  unnecessary  for 
the  operator  to  look  into  the  jig  to  see  if  the  hook  bolt  is  in 
the  proper  position  for  clamping  and  hold  it  while  it  is  being 
tightened.  This  hook  bolt  can  be  used  in  a  closed  box  jig 
and  provides  the  necessary  support  back  of  the  head,  which 
makes  it  a  useful  and  inexpensive  clamping  device. 

New  York  City  Thomas  Obchabd 


ECCENTRIC  BUSHINGS 

In  laying  out  drill  jigs  it  is  often  necessary  to  provide  for 
two  holes  that  are  very  close  together.  On  simple  drilling, 
when  fixed  bushings  only  are  used,  this  is 
easily  done  by  the  use  of  reducing  bushings, 
as  shown  in  Fig.  1;  but  for  reamed  holes 
which  have  to  be  so  accurate  that  the  "spot, 
drill,  and  ream"  operations  cannot  be  per- 
formed, eccentric  bushings  have  to  be  used. 
For  two  reamed  holes  of  different  sizes,  four 
eccentric  bushings  must  be  provided.  The 
form  of  these  bushings  is  shown  in  Fig.  3  and 
their  proportions  and  disposition  in  Fig.  4. 
Every  toolmaker  knows  how  difficult  and  ex- 
pensive the  making  of  eccentric  bushings  is 
for  the  ordinary  tool-room. 

A  case  came  to  the  writer  the  other  day 
where  a  0.127-inch  reamed  hole  and  a  0.5-inch 
hole  0.344  inch  distant,  as  shown  in  Fig.  2, 
were  to  be  drilled  and  reamed  at  the  same 
setting  in  the  jig.  This  was  done  by  using 
only  one  eccentric  bushing,  made  of  soft 
crucible  steel,  of  the  form  shown  in  Fig.  5. 
A  locating  block  A,  Fig.  6,  was  used  to  give 
the  proper  alignment  to  this  bushing,  and 
another  locating  block  B  was  set  on  top  of  A 
to  locate  the  bushings  shown  in  Fig.  7  so 
that  it  would  be  impossible  for  the  operator 
to  put  the  eccentric  bushing  in  the  wrong 
position  and  transpose  the  holes.  As  the 
bushings  are  concentric,  the  locating  block  B 
and  the  bushings  can  be  fitted  freely  at  their 
contact,  thus  facilitating  changes  by  the 
operator. 

Montreal,  Canada  J.  G.  Blanchet  Figs, 


BONUS   SYSTEM  FOR   SMALL   SHOP 

An  interesting  and  successful  bonus  plan  for  shop  employes 
has  recently  been  developed  at  the  plant  of  the  Guerber  Engi- 
neering Co.,  Bethlehem,  Pa.,  which  specializes  in  general  ma- 
c'hine  work  as  well  as  in  the  production  of  structural  steel 
shapes  and  railway  track  material.  The  shops  employ  an 
average  of  about  160  men  in  the  different  departments  ot 
operation,  exclusive  of  office  force,  engineers,  or  outside  iron 
erectors. 

This  bonus  system  is  the  result  of  extensive  investigation 
in  the  past  few  months,  brought  about  through  the  continual 
difficulty  of  operating  the  shops  at  maximum  capacity.  It 
was  found  that  for  the  first  ten  months  of  the  past  year  only 
about  one-third  of  the  force,  or  an  aggregate  of  fifty  shop 
employes,  had  worked  at  full  time  during  many  of  the  months, 
naturally  reducing  the  efficiency  of  the  plant.  While  this 
might  be  attributed,  in  a  way,  to  the  prevailing  shortage  of 
experienced  and  efficient  workmen,  it  was  shown  to  the  satis- 
faction of  officials  of  the  company  that  the  primary  cause 
was  the  fact  that  employes  would  not  work  regularly  and  con- 
sistently, owing  to  the  increased  wage  scale  which  has  been 
placed  in  effect  generally  in  the  past  two  years  and  the  conse- 
quent added  surplus  to  the  earnings  of  the  men.  Thus  it  was 
deemed  advisable  to  devise  a  system  of  bonus  payments  for 
regular  attendance  at  work,  and  the  results  attending  the 
introduction  of  the  plan  attest  its  effectiveness. 

The  bonus  is  based  upon  a  certain  percentage  of  the  em- 
ploye's wages  for  each  month  and  is  paid  to  all  workmen  who 
engage  at  full  time  on  the  regular  working  days  during  the 
respective  month.  This  percentage  is  placed  at  a  minimum 
of  5  per  cent  of  the  wages  if  fifty  or  less  employes  work  full 
time  during  the  month;  for  each  additional  ten,  or  fraction 
of  ten,  employes  who  so  engage  during  the  month,  the  rate  is 
increased  by  1  per  cent,  until  a  maximum  of  16  per  cent  is 
reached  in  the  event  of  the  regular  attendance  of  practically 
the  entire  force — between  151  and  160  men^in  the  particular 
month. 

In  addition  to  the  men  entitled  to  the  bonus  payment  for 
regular  daily  attendance  during  the  month,  all  employes  who 
work  full  time  except  for  one  turn,  or  part  of  one  turn,  are 
given  a  bonus  of  one-half  of  that  earned  by  the  workmen  who 
have  a  perfect  record.  However,  the  number  of  employes  who 
may  have  missed  one  turn,  or  day,  is  not  added  to  the  num- 
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ber  of  men  who  have  worked  at  full  time,  ia  the  determina- 
tion of  the  bonus;  the  rate  of  bonus  is  entirely  dependent 
on  and  governed  by  the  maximum  number  of  full-time  work- 
ers for  the  particular  month;  the  greater  the  number  of  men 
who  work  regularly,  the  larger  is  the  bonus  for  each  employe. 

It  is  interesting  to  note  that  during  the  first  two  months 
of  operation,  November  and  December,  1916,  noticeable  results 
have  been  attained  through  the  inauguration  of  this  novel 
bonus  plan.  Approximately  twice  the  maximum  number  of 
men  were  engaged  at  full  time  against  the  total  of  any  previ- 
ous month  of  the  year;  the  record  for  November  was  slightly 
better  than  that  of  the  following  month,  owing  to  the  holiday 
season.  In  November,  all  departments  of  the  plant  estab- 
lished new  records  for  monthly  production. 

Newark,  N.  J.  L.  R.  W.  Allisox 


SPECIAL  VISE   JAWS 

An  improvement  that  the  writer  thinks  would  add  greatly 
to  the  usefulness  of  the  ordinary  vise  and  at  the  same  time 
save  labor,  would  be  to  provide  for  each  size  of  vise  false 
jaws  of  various  designs.  For  heavy  work,  when  a  rough  face 
with  a  good  grip  is  necessary,  the  vise  should  have  heavy 
coarse-cut  jaws.  Fig.  1,  that  would  hold  the  work  without 
any  possibility  of  its  slipping  or  turning.  For  fine  or  polished 
work,  the  jaws  should  have  a  perfectly  smooth  face.  Fig.  2, 
that  would  not  mark  or  mar  the  work.  For  round  work,  the 
vise  should  have  V-shaped  jaws.  To  hold  work  in  a  perpen- 
dicular position,  the  vees  should  be  arranged  as  shown  in 
Fig.  4,  but  to  hold  work  in  a  horizontal  position  the  jaws 
shown  in  Fig.  3  should  be  used.  Anyone  who  has  tried  to 
hold  round  work  in  the  ordinary  vise  will  appreciate  the  use- 
fulness of  these  V-shaped  jaws.  It  is  almost  impossible  to 
clamp  round  stock  tight  enough  to  keep  It  from  turning;  the 
writer  broke  three  vises,  at  different  times,  trying  to  get  the 
vise  to  hold  the  work.  By  having  two  or  three  sizes  of  vees 
in  each  pair  of  jaws  to  take  different  sizes  of  round  work,  less 
pressure  would  have  to  be  exerted  to  obtain  a  firm  grip  on 
the  work,  thereby  reducing  the  stress  and  lessening  the  chances 
of  the  vise  breaking. 

The  false  jaws  could  be  made  and  kept  in  stock  by  the  vise 
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Figs.   1  to  4.  -  Suggested  Forms  of  Vise  Jaws 

manufacturer,  and  could  be  ordered  separately  or  in  a  com- 
plete set,  as  the  occasion  required.  They  should  be  of  a 
simple  design  that  could  be  easily  and  quickly  applied  without 
the  use  of  set-screws  or  nuts.  No  man  who  has  but  a  few 
pieces  of  work  to  do  cares  to  spend  time  looking  for  a  screw- 
driver or  a  special  wrench  to  secure  the  jaws  in  position; 
they  should  fit  the  vise  snugly  and  yet  slip  on  and  off  like 
an  old  coat. 

Plainville,  Conn.  Harry  B.  Stillman 


ORILLANO  COUNTERBORE 
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SPLINING  TOOL  FOR  SHAPER 

The  writer  has  designed  a  splining  tool  for  a  shaper  that 
has  proved  very  satisfactory  for  shaping  out  dies,  keyways, 
etc.;  this  tool  is  shown  In  the  accompanying  illustration.  Its 
advantage  is  that  it  does  away  with  the  toolpost.  When  the 
old-style  tool  is  used  the  tool  must  be  let  down  so  far,  in 
order  to  give  clearance  to  the  toolpost,  that  a  large  job  can- 
not be  done  efficiently  because  of  the  tendency  of  the  tool  to 
chatter  and  to  dig  into  the  work.  But  with  this  design  the 
tool  is  simply  made  long  enough  to  go  through  the  piece  to  be 
shaped,  and,  being  rigidly  held,  it  will  not  chatter.  In  the 
illustration,  the  dimensions  are  given  for  the  stud 
that  fits  in  back  where  the  toolpost  is  located,  but  this 
should  always  be  fitted  to  the  machine  on  which  it  is 
to  be  used. 
Bridgeport,  Conn.  Gcstave  Bahb 
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PREVENTING  NUTS  JARRING  LOOSE 

Not  long  ago  some  of  the  nuts  on  a  small  grinding 
machine  were  continually  jarring  loose  because  of  vi- 
bration. An  investigation  showed  that  both  bolts  and 
nuts  were  made  of  cold-rolled  steel,  and  were  soft; 
they  also  fitted  loosely.  To  remedy  this  trouble,  some 
bolts  were  turned  up  in  the  lathe,  and  the  threads 
were  made  a  tight  fit  in  the  nuts.  The  latter  were 
then  casehardened  and  screwed  onto  the  bolts  with  a 
six-inch  wrench.  They  have  caused  no  trouble  since. 
By  using  soft  bolts  and  hardened  nuts,  and  having  a 
tight  fit,  the  nuts  are  given  a  chance  to  "freeze"  to 
the  bolts,  making  a  tight  and  permanent  connection. 
This  freezing  cannot  take  place,  as  a  rule,  where 
both  the  bolt  and  the  nut  are  soft;  nor  where  both 
are  hardened.    A  very  tight  fit  is  not  required. 

Plainfield,  N.  J.  J.  B.  Murphy 


Splining  Tool  for  Use  in  Shaper 


TRUING  SCROLL  CHUCK  JAWS 

In  connection  with  the  devices  for  grinding  chuck 
jaws  true,  described  in  the  October  number  of  Ma- 
chinery, the  writer  would  say  that  the  device  shown 
in  the  accompanying  illustration  has  given  satisfac- 
tion for  some  time.  It  is  used  in  a  shop  that  is  turn- 
ing and  boring  bevel  gears,  with  cast  teeth,  on  a  Hart- 
ford automatic  screw  machine  equipped  with  an  auto- 
matic scroll  chuck.     At  first,  a  ring  with  three  ad- 
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justing  screws  was  used  to  hold  the  jaws  rigid,  but  this  had  to 
be  set  so  far  back  in  the  chuck,  to  clear  the  grindinR  wheel, 
that  the  looseness  in  the  chuck  jaws  caused  the  gears  to  run 
out,  sometimes  necessitating  three  or  four  trials  before  the  jaws 
were  set  true.  So  it  was  decided  to  make  a  machine-steel 
ring  A  with  elongated  slots  for  adjustable  studs  B.  A  hole  C 
was  drilled  in  each  jaw  to  take  the  studs. 

The  operation  is  as  follows:  The  jaws  are  closed  on  the 
gear  by  hand  and  the  plate  is  placed  on  the  jaws  with  the 
studs  in  the  holes.  The  nuts  are  then  tightened  and  the 
relative  positions  of  the  studs  and  jaws  are  noted.  The  plate 
is  then  lifted  off,  the  jaws  opened,  and  the  gear  removed,  after 
which  the  jaws  are  closed  until  the  studs  enter  the  holes  in 
the  same  relative  positions  as  before,  and  the  chuck  is  tight- 
ened by  hand.  See  Pig.  1.  The  slight  play  in  the  stud  holes 
allows  the  jaws  to  close  farther  than  when  the  gear  is  in 
position,  thus  allowing  the  grinding  wheel  to  remove  suffi- 
cient stock  to  true  the  jaws  and  maintain  the  correct  radius. 
The  pressure,  being  exerted  on  the  extreme  end  of  the  jaws, 
places  them  practically  in  the  same  position  as  when  working, 


BODY  OF  CHUCK 


Figs.  1  to  3.     Device  for  truing  Scroll  Chuck  Jaws 

thus  securing  a  true  grinding.     Figs.  2  and  3  show  the  plate 

with  and  without  studs.    These  plates  are  made  in  three  sizes. 

Woonsocket,  R.  I.  Hakry  Brook 


SHARP-POINT   CENTER  PUNCH 

For  accurate  drilling  it  is  generally  the  practice  to  begin 
with  a  small  drill  near  the  size  of  the  web  of  the  larger  drill. 
On  this  principle,  the  writer  always  grinds  the  center  punch 
to  a  more  acute  point  than  it  ordinarily  has — always  about 
30  degrees.  This  makes  a  deep  impression  and  the  small  drill 
■will  follow  in  the  center,  provided  the  burr  raised  by  the 
center  punch  is  hammered  down  to  compress  the  metal.  The 
bottom  of  the  center-punch  mark  will  be  visible  until  the  drill 
is  well  started,  so  that  it  is  possible  to  see  how  near  the  drill 
is  to  the  center,  without  scribing  a  circle  with  the  dividers. 
The  point  of  the  center  punch  will  not  break  off  if  the  tool  is 
turned  slightly  by  the  fingers  during  the  center-punching 
operation. 

Akron,  Ohio  E.  J.  Higgins 

A   LABOR-SAVING   JIG 

The  box  drill  jig  shown  in  the  accompanying  Illustration 
was  used  for  drilling  three  holes  in  a  certain  piece  that  was 
to  be  produced  in  quantity.  The  jig  is  made  from  a  forging, 
two  stationary  bushings  being  inserted  In  the  top  and  one  in 
the  bottom.  As  the  jig  and  work  weighed  about  twelve  pounds, 
it  was  hard  for  the  workmen  to  be  constantly  lifting  the  jig 
and  turning  it  over  for  the  operation  on  the  other  side.  So 
two  pieces  of  steel  were  machined  to  a  radius  and  attached 


Drill  Jig  provided  with  Rocker  to  facilitate  reversing  its  Position 

to  the  jig  between  the  four  feet  on  the  side  opposite  the  leaf. 
With  the  aid  of  these  rockers,  the  jig  is  now  easily  turned 
over  from  one  side  to  the  other.  They  do  not  interfere  in 
any  way  with  the  working  parts,  and  when  changing  work, 
the  jig  is  supported  by  the  rockers. 

In  this  way,  the  jig  is  always  on  the  drilling  table,  and 
there  is  no  likelihood  of  the  operator  letting  it  fall  to  the 
ground  or  banging  it  down  with  a  tired  arm  and  snapping 
the  bushing  or  legs,  which  are  hardened  to  glass  hardness. 
In  addition,  the  operator  does  not  have  to  work  so  hard  and 
the  production  is  considerably  increased. 

New  Haven,  Conn.  Ekic  Lee 


INSERTED-TOOTH   MILLING   CUTTER 

The  inserted-tooth  cutter  shown  in  the  accompanying  illus- 
tration is  one  that  was  recently  made  to  replace  a  solid  high- 
speed butt  mill.  The  nature  of  the  work  is  such  that  it  re- 
quires a  small  cutter  about  3i^  inches  in  diameter. 

The  holder  shown  contains  twelve  teeth  of  No.  2  stellite, 
this  being  the  best  grade  for  milling  cast  iron  when  the  chip 
is  light  and  a  good  deal  of  scale  must  be  removed,  which  were 
the  conditions  in  this  case.  The  solid  mills  had  twenty  teeth, 
but  twelve  is  all  that  is  practical  in  this  inserted-tooth  holder. 
However,  this  mill  cuts  just  as  well  as  the  other,  as  the 
stellite  cutters  can  be  run  about  50  per  cent  faster  and,  with 
only  a  slight  increase  in  feed,  the  same  chip  per  tooth  will 
be  produced.  The  chief  feature  of  the  holder  is  that  when  the 
cutters  become  ground  down  until  there  is  no  room  for  chips, 
the  taper  pins  can  be  driven  out  and  the  cutters  reset.  In  the 
case  of  the  solid  mills,  it  was  necessary  to  anneal,  cut  over, 
and  harden  them.  The  cutters  of  this  mill,  as  shown,  have 
two  cutting  edges,  one  on  the  45-degree  bevel  and  the  other 
on  the  face,  which  need  be  only  a  little  longer  than  the  feed 
per  revolution  of  the  mill.  The  cutters  are  set  in  on  an  angle 
of  10  degrees  to  the  face,  so  that  when  they  are  driven  out 
to  be  reground.  there  is  room  for  grinding  on  the  face  as  well 
as  the  bevel.     The  No.  4  taper  pin  that  holds  the  cutter  in 


XTURE  FOR  GRINDING    FLAT  ON  I 


Inserted-tooth    Milling    Cutter 


March,  1917 


MACHINERY 


621 


place  is  ground  flat  on  one  side,  the  same  amount  of  stock 
being  taken  off  the  entire  length  of  the  pin.  This  is  accom- 
plished by  making  a  fixture  as  shown  in  the  illustration, 
which  needs  no  explanation.  The  taper  holes  for  the  pins, 
which  are,  of  course,  drilled  and  reamed  before  the  slots  are 
cut,  are  drilled  on  the  dividing  head,  so  that  they  are  accu- 
rately spaced  and  pitched  at  the  same  angle  to  the  cutter  slot 
as  the  side  of  the  taper  pin  is  to  the  cutter.  This  insures 
that  the  pins  will  bear  their  full  length.  It  will  be  noticed 
that  the  thrust  on  the  cutters,  when  in  use,  tends  to  drive  them 
back,  thus  drawing  in  the  pins  and  tightening  their  hold. 

The  body  of  the  holder  is  made  of  a  good  grade  of  cast 
iron,  as  the  compressive  strength  is  much  greater  than  that 
of  steel  and  it  retains  its  shape  better.  It  was  later  found  that 
cutters  from  large  inser'ted-tooth  mills  of  standard  make  could 
not  be  used  after  they  had  become  less  than  lU  inch  in 
length,  as  the  slots  for  the  cutters  are  I14  inch  long  and  it  is 
not  good  practice  to  use  a  cutter  shorter  than  the  slot.  So 
these  cutters  were  used  in  the  smaller  holders,  thus  saving 
the  cost  of  new  high-speed  cutters. 

New  Britain,  Conn.  E.  M.  Bidwell 


SPRING  THREADING   TOOL 

The  accompanying  illustration  shows  a  spring  threading  tool 
that  the  writer  designed  and  has  used  successfully  on  screw 
gages  and  taps  for  a  year  and  a  half.    The  tool-holder  F  and 


Spring  Threading  Tool 

spring  are  one  piece  and  made  of  carbon  tool  steel,  spring 
tempered.  The  body  of  the  tool  E  is  made  of  carbonized  cold- 
rolled  steel  and  has  a  projection  that  forms  a  support  on  one 
side  of  tool-holder  F;  this  keeps  the  tool-holder  from  making 
a  staggered  thread.  A  hole  is  drilled  through  this  projection 
1/64  inch  larger  than  washer  A,  which  gives  tool-holder  F  a 
free  chance  to  spring.  Washer  A  is  made  of  hardened  tool 
steel,  and  is  0.0015  inch  longer  than  tool  body  E  is  thick. 
Tightening  nut  G  clamps  on  washer  A,  and  tightens  the  blade 
in  the  holder  F.  The  small  coil  spring  B  holds  the  nut  against 
the  washer  A  and  keeps  out  chips  while  the  blade  is  being 
removed.  D  is  an  adjustable  screw  for  the  blade  clamp. 
Kenosha,  Wis.  F.  S.  Ripley 


PIERCING  AND   DRAWING  GANG  DIE 

An  interesting  gang  die  was  used  to  make  the  piece  shown 
half  size  in  Pig.  1.  As  shown  at  a  greatly  reduced  scale  in  Fig. 
3,  the  dies  are  made,  like  a  half  sub-press  die.  by  using  a  cast- 
iron  die-block  B  and  a  punch-holder  C  fitted  with  two  hard- 
ened and  ground  guide  pins  D.  The  die  E  is  made  from  a  piece 
of  special  tool  steel  1%  by  5  by  11  Inches,  which  was  planed  all 
over,  after  which  the  holes  for  the  different  operations  were 
roughed  out.  The  piece  was  then  carefully  annealed  to  re- 
lieve any  strains  that  might  be  in  the  steel.  It  was  then 
finished  to  size,  hardened  at  1450  degrees  F.,  and  drawn  in 
oil  to  450  degrees  F.,  when  it  showed  a  variation  of  0.003  inch. 
The  edges  of  hole  F  are   rounded   considerably   to   facilitate 
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Piece  made  in  Gang  Die 


drawing  down  the  piece; 
a    spring    pad    is    used. 

The  part  /f  is  a  piece 
of  tool  steel,  worked  out 
to  the  finished  size  of 
the  boss,  that  has  been 
hardened  and  fastened 
into  the  cast-iron  die- 
block  B,  as  shown  in 
Fig.  2.  The  opening  /, 
Fig.  3,  in  the  die  is  fit- 
ted with  a  pad  con- 
trolled by  a  heavy 
spring  and  suitable 
plates  fastened  to  die- 
block  B.  In  the  ends  of 
punches  J  and  If  are  re- 
cesses in  which  the  part  that  forms  the  boss  is  inserted.  In 
this  way,  when  the  punch  is  to  be  ground  down,  the  part  form- 
ing the  boss  can  be  removed  and  afterward  inserted.  Punch  J/ 
is  3/8  inch  shorter  than  the  cutting  punch  J.  the  piercing 
punches  L  are  3/16  inch  shorter  than  punch  /,  and  the  slotting 
punch  K  is  1/8  inch  shorter  than  punch  J  and  has  a  shear 
of  about  3/32  inch,  as  shown.  A  5/8-inch  spring  stripper, 
held  in  position  by  shoulder  screws,  is  used  to  hold  the  stock 
and  strip  it  from  the  punches.  ^ 

The  dies  were  used  in  a  No.  65  Consolidated  geared  press 
running  at  forty  strokes  a  minute.  As  a  finished  piece  was 
turned  out  at  each  stroke  of  the  press,  from  12,000  to  15,000 
pieces  were  made  in  a  day.  The  piece  shown  in  Fig.  1  was 
made  from  hot-rolled  strip  steel  0.093  by  2.75  by  75.5  inches. 
In  operation,  the  strips,  which  are  long  enough  to  make 
twenty  blanks,  are  fed  up  against  the  gage  marked  "First 
Stop"  in  Fig.  3,  and  the  press  is  tripped.  A  hole  R,  Fig.  1, 
is  then  punched  in  the  strip  and  the  boss  A  is  drawn  up  by 
punch  M.  Owing  to  the  tendency  of  the  metal  to  crack  across 
the  boss  A  when  the  piece  is  made  in  one  operation,  this  part 
is  drawn  up  1/16  inch  larger  than  the  finished  size  and  with 
round  corners,  and  later  squeezed  down  to  the  desired  size. 
As  only  the  outside  of  the  boss  is  used  it  is  necessary  to  make 
the  shape  of  this  part  a  little  full  in  order  to  get  as  true  a 
radius  as  possible  and  also  to  make  the  metal  fill  the  die. 

The  strip  is  then  moved  forward  until  the  hole  U  fits  over 
the  gage  pin  marked  "Second  Stop,"  and  the  boss  drops  into 
the  clearance  hole  G.  When  the  press  is  again  tripped,  the 
slot  S  and  holes  T,  Fig.  1,  are  formed  by  the  punches  K  and 
I/,  respectively.  The  strip  is  then  pushed  forward  over  the 
blanking  die  I  where  pilot  pins  in  the  punch  (not  shown) 
engage  the  holes,  centering  the  blank.  Punch  J  then  cuts  out 
the  blank  and  travels  down  and  finishes  the  boss  in  die  H, 
which  is  set  solid  in  the  cast-iron  bolster.  On  the  up  stroke 
of  the  press,  the  blank  is  forced  up  by  the  pad  in  die  7,  which 
is  controlled  by  a  spring  bumper  fastened  to  the  bottom  of  the 
die.  This  pad,  working  in  conjunction  with  the  spring  strip- 
per, forces  the  blank  back  into  the  strip  of  steel  and  it  is  carried 
out  over  the  die  when  the  stock  is  fed  forward  for  the  next 
blank.  No  stripper  is  necessary  to  remove  the  blank  from  the 
forming  punch  J  because  this  punch  is  made  slightly  tapered 
at  the  large  part  of  the  ball.    A  plunger  acting  with  the  arm 
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Fig.    2.     Cross-section    through    Eoughing    and    Finishing    Dies 
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necessary  to   plot  the  mean   and   the  extreme   tools  in  order 
to  obtain  a  fairly  accurate  ratio  for  the  intermediate  sizes. 

Leslie  A.  Wells 
This  type  of  gage  was  mentioned  in  the  article  referred  to 
but  was  not  illustrated. — Editok. 


REMOVING   RUSTY    SCREWS 

Those  of  us  whose  days  are  spent  in  manufacturing  shops 
might  open  our  eyes  in  surprise  if  we  could  see  the  variety 
of  tasks  laid  before  our  brother  in  the  trade  who  conducts  a 
jobbing  business  in  the  country.    As  he  is  often  the  only  man 


Fig.  3.     Punch  and  Die  for  making  Piece  shown  in  Fig.  1 

of  the  press  knocks  the  blank  out  of  the  strip  into  a  chute. 
All  parts  of  this  die  must  be  accurately  made  or  the  stock  will 
crawl,  which  would,  of  course,  result  in  producing  an  unsatis- 
factory job. 

Chicago,  111.  A.  H.  Wilso?; 


BUILT-UP  SNAP   GAGES 

In   the   October   number   of   Machinery   a   type   of   built-up 
snap  gage  was  described  that  is  very  well  thought  out  but  is 
possibly   capable   of   improvement.     The   method   of  grinding 
the  tolerance  in  the  upper  jaw  necessitates  two  grinding  oper- 
ations   when    repairing    after    continued    use.     In    the   gage 
shown   in  Fig.   2,   the   tolerance  is  ground   once   only   in  the 
central  piece  and  the  jaws  are  ground  parallel.     This  makes 
it  possible  to  repair 
the    gage   by   simply 
removing    the    jaws 
and    grinding    them 
true    on    a    surface 
grinder;    when   reas- 
sembled, the  gage  is 
in    condition    to    be 
used,     as     before. 
By    the    use    of    the 
chart  shown  in  Fig. 
1,  it  is  possible  to  de- 
termine   the    propor- 
tions   of   gages   that 
are  not  given  in  the 
table.     This  chart  is 
self-explanatory    and 
is    simply    plotted 
from  the  largest  and 
smallest   gages   re- 
quired   and    reading 
to   the    nearest   frac- 
tion.   This  system  of 
plotting  is  especially 
advantageous  when 
standardizing  a  line 
of  tools,  as  it  is  only  Fig 
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PROPORTIONS  OF  BUILT  UP  GAGES 
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Fig.   2.     Proportions  of  Built-up   Snap   Gages 

in  the  community,  except  the  cross-roads  blacksmith,  with 
any  knowledge  of  the  metal-working  arts,  everything  smaller 
than  a  locomotive  and  larger  than  a  watch  comes  to  him  for 
repairs,    and    his    ingenuity    and    resourcefulness    become    so 

highly  developed 
that  he  is  very 
seldom  fazed  by  a 
job  and  obliged  to 
send  it  out  of  town. 
One  such  mechanic, 
however,  thought 
that  he  had  met  his 
Waterloo  whe^  a  sea 
captain  brought  in  a 
sextant  damaged  by 
exposure  to  salt 
water.  In  order  to 
take  the  instrument 
apart,  it  was  neces- 
sary to  remove  sev- 
eral steel  screws  that 
were  so  rusted  into  a 
steel  part  that  they 
defied  a  screwdriver. 
Prolonged  soaking  in 
oil  having  proved  in- 
effectual, he  sought 
the  aid  of  a  neigh- 
boring Jeweler.  The 
jeweler    was    also    a 

Chart   for  determining   Proportions  of  Gages  repairer      of      Specta- 
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cles,  so  he  had  abundant  experience  with  rusted  steel  screws, 
as  many  men  in  his  trade  make  a  practice  of  tightening  loose 
screws  by  rusting  them  in  with  potassium  cyanide,  regardless 
of  the  feelings  of  anyone  who  may  subsequently  wish  to  with- 
draw them.  Carefully  removing  all  oil,  the  jeweler  put  a  bit 
of  beeswax  on  each  screw,  heated  the  part  until  the  wax  melted, 
and  easily  turned  them  out. 

The  sextant  had  a  hardened  steel  worm,  journaled  at  the 
ends  in  brass  bushings  fast  in  steel  lugs.  The  worm  was 
rusty  and  both  ends  were  stuck  to  their  bushings  by  rust. 
Here  the  machinist  was  on  familiar  ground,  and  needed  no 
help.  Procuring  some  mercury  from  the  village  drugstore,  he 
put  worm  and  all  into  it,  allowing  the  mercury  to  act  until 
the  bushings  were  destroyed.  Polishing  the  ends  of  the  worm, 
he  then  made  new  bushings  and  soldered  them  in  place.  As 
the  ordinary  plumbers'  solder  and  flux  were  evidently  un- 
suited  to  this  kind  of  work,  he  used  non-corrosive  fluid  and 
155-degree  solder,  both  of  which  were  furnished  by  the  jew- 
eler, in  whose  trade  they  are  daily  employed.  The  machinist 
then  polished  the  worm  thread  by  an  old  method.  He  turned 
a  cylinder  of  soft  wood,  between  the  centers  of  a  lathe,  and 
mounting  the  worm  in  its  own  bearings  on  the  tool-block, 
he  fed  it  toward  the  wood  until  it  cut  grooves  in  the  soft 
material.  Applying  fine  emery  and  oil  to  this  wooden  "spiral 
gear,"  he  soon  restored  to  the  worm  its  pristine  finish  and 
the  sextant  was  ready  to  be  assembled. 

New  London,  N.  H.  Gut  H.  Gardner 

THE    GEOMETRICAL  PROBLEM 

In  the  January  number  of  Machinery,  J.  J.  states  in  "A 
Geometrical  Problem"  that  neither  FD  nor  FG  (or  its  equiva- 
lent y)  can  be  found  by  trigonometry  or  geometry.    However, 

the  following  is  a 
simple  solution  by 
trigonometry;  see 
diagram.  From  the 
problem,  OG  = 
0.3125,  the  taper  of 
the  hole  is  1  inch 
per  foot,  and  the 
radius  of  the  circle 
is  1  inch.  Draw 
OD  and  the  alti- 
tude DK.  As  angle 
GDK  =  2  degrees, 
23  minutes,  9  sec- 
onds, angle  OGD  = 
92  degrees,  23  min- 
utes, 9  seconds.  Ac- 
cording to  the  law 
of  sines,  in  any  tri- 
angle the  sides  are  proportional  to  the  sines  of  the  opposite  an- 

OG  OD 

gles.    Therefore,  in  triangle  OGD, = ,  or  sin  ODG 

sin  ODG     sin  OGD 
0.3125  X  sin   92    deg.,    23   min.,    9   sec. 
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A    Geometrical    Problem 


OG  X  sin  OGD 


OD  1 

Since,   sin   92   degrees,   23   minutes,   9   seconds  =  sin   87   de- 
grees, 36  minutes,  51  seconds   (subtracting  from  180  degrees) 
0.3125  X  0.99913 

sin  ODG  = =  0.31222,  from  which  it  is  found 

1 
that  angle  ODG  =  18  degrees,  11  minutes,  35  seconds.  Add- 
ing angles  ODG  and  GDK  gives  angle  ODK  =  20  degrees,  34 
minutes,  44  seconds.  Then  DK,  or  2/  =  cos  ODK  X  1  inch  = 
0.93619  inch  and  OK  or  VgX  =  sin  ODK  X  1  inch  =  0.35149 
inch,  making  X  equal  to  0.70298  inch. 
Detroit,  Mich.  Lowell  C.  Blomstrom 

Referring  to  J.  J.'s  solution  of  "A  Geometrical  Problem"  by 
analytical  geometry  in  the  January  number  of  Machinery,  I 
would  like  to  call  attention  to  the  fact  that  the  problem  can 
be  solved  by  plain  geometry  or  trigonometry.  One  of  the 
many  solutions  is  given  in  the  following. 

Extend  BD  to  E,  draw  DC  parallel  to  the  center  line,  and 


draw    OE   at   right 

angles    to    BE.     A 

taper  of  1  inch  per 

foot  gives  an  angle 

of  2  degrees,  23 

minutes,  9  seconds, 

which  is  the  size  of 

angles    BDC    and 

EOD.     Sin  BDG  = 

0.04163,     which     is 

also  sin  EOD;  and 

cos  BDC  =  0.99913, 

which    is    also    cos 

EOD.      As    OD    = 

0.3125  inch,   OE  = 

0.3125  X  0.99913  = 

0.31223  inch  and  DE 

=  0.3125  X  0.04163 

=  0.013  inch.  BE  = 

Vr~^^  0.31223^   = 

0.95    inch.     So   BD 

=  0.95  —  0.013  = 

0.937  inch.    Therefore,  CD,  or  j/  =  0.937  X  0.99913  =  0.93618 

inch,  and  AB  or  z  =  0.625  +  (1/12  X  0.93618)  =  0.70301  inch. 
Detroit,  Mich.  O.  F.  Schweitzer 

Solutions  somewhat  similar  to  these  have  been  received  from 

Edmund  Barany  of  Newark,  N.  J.,  "W.  S.  Portzinger  of  Lan- 
sing, Mich.,  and  J.  P.  Ryan,  of  Hartford,  Conn. — EniTOR. 


A    Geometrical    Problem 


TOOLS  FOR  BACKING  OFF  FORM  CUTTER 

Having  occasion  to  make  a  form  cutter  and  not  having  a 
backing-off  machine  or  attachment,  the  following  method  was 
adopted,  which  proved  entirely  satisfactory.  A  male  form  tool 
was  made  from  a  model;  this  tool  and  its  holder  are  shown 
at  A  in  the  accompanying  illustration.  Then  a  blank  cutter 
was  turned,  with  this  tool  located  about  0.01  inch  below  the 
center  of  the  lathe  to  get  the  proper  "bite."  The  blank  cutter 
was  then  milled  for  ten  teeth  having  a  land  of  %  inch. 

An  indexing  holder  B  was  made  to  back  off  the  teeth  in  the 
crank  shaper,  using  the  same  male  tool  with  which  the  blank 
cutter  was  turned.  This  holder  consists  of  a  piece  of  cold- 
rolled  steel  %  by  1%  by  3  inches,  a  center  stud  G  upon  which 
the  cutter  revolves,  and  two  dowels  D.  Each  tooth  was  set 
forward  off  center  3/32  inch.  The  cutter  and  holder  were 
held  in  the  shaper  vise  and  a  tooth  was  planed  at  a  very  slow 
speed  until  the  tooth  was  brought  to  the  cutting  edge.  The 
micrometer  stop  was  used  on  succeeding  teeth. 

Jersey  City,  N.  J.  Wabren  H.  Dunbrack 


Form  Cutter  and  Tools  for  backing  it  off 
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CENTER   OF  A  SQUARE 

W.  H.  H. — Will  you  kindly  decide  the  following  question? 
A  claims  that  a  square  has  no  center — that  only  a  circle  or 
sphere  can  have  a  center;  B  claims  that  a  square  has  a  center. 
Wliich  is  right? 

A. — A  square  figure  has  no  center  in  the  geometrical  sense; 
that  is,  there  is  no  point  that  measures  the  same  from  all 
points  in  the  periphery,  as  is  the  case  with  the  center  of  a 
circle  or  sphere.  But  a  square  figure  has  a  center  of  gravity; 
that  is,  the  point  on  which  a  plane  figure  will  balance.  The 
answer  to  the  question  depends  on  what  is  meant — the  geo- 
metrical center  or  the  center  of  gravity.  In  one  case  A  is 
correct,  and  in  the  other,  B. 


CENTRIFUGAL  FORCE  IN  PULLEYS 

H.  F.  C. — We  have  use  for  a  small  grinding  wheel  Vi  inch 
diameter  to  be  run  at  30,000  R.  P.  M.  by  an  1800  R.  P.  M.  motor. 
The  first  speed  from  the  motor  is  secured  from  a  4-inch  pulley 
which  drives  a  2-inch  pulley;  the  next  speed  is  obtained  from 
a  14-inch  pulley  driving  a  1%-inch  pulley.  The  countershaft 
on  which  the  2-inch  and  the  14-inch  pulleys  are  mounted  will 
run  at  about  3500  R.  P.  M.  This  gives  the  14-dnch  pulley  a 
peripheral  speed  of  12,800  feet  per  minute,  which  is  entirely 
too  high,  of  course,  for  cast  iron.  Can  you  tell  me  what 
peripheral  speed  is  safe  for  aluminum  pulleys? 

A. — The  specific  gravity  of  cast  iron  is  about  7.20  and  that 
of  aluminum  2.56;  hence,  cast  iron  is  about  2.80  times  as 
heavy  as  aluminum.  Cast  iron  and  aluminum  are  rated  at 
about  the  same  strength,  viz.,  15,000  pounds  per  square  inch 
cross-section.  The  centrifugal  force  developed  in  rotating 
bodies  varies  as  the  speed  of  the  number  of  rotations — hence, 
an  aluminum  pulley  14  inches  diameter  can  be  run  as  much 
faster  than  a  cast-iron  pulley  of  the  same  diameter  as  the 
square  root  of  the  ratio  of  their  specific  gravities,  or  the  square 
root  of  2.80,  which  is  1.67,  nearly. 


FINDING  HEIGHT  OF  CHIMNEY 

C.  H.  G.— We  have  a  tall  chimney  at  our  factory  and  wish 
to  find  its  height  without  plumbing  it;  how  can  this  be  done? 
A. — Referring  to  the  illustration,  set  up  a  transit  at  B, 
measure  very  carefully  the  distance  BA,  sight  the  telescope 
to  the  top  of  the  chimney,  and  measure  the  angle  CBA.  Then, 
in  the  right  triangle  CBA,  right-angled  at  A,  the  side  AB  and 
the  angle  B  are  known,  from  which  the  height  AC  can  readily 
be  found.  If  no  transit  is  at  hand,  the  height  can  be  deter- 
mined quite  closely  in  the  following  manner:  Select  a  time 
when  the  sun  is  about  midway  between  the  horizon  and  the 
zenith,  so  that  it  will  cast  a  comparatively  long  shadow. 
Take  a  pole  of  some  convenient  length,  the  longer  the  better, 
stand  it  upright  so  that  the  end  of  its  shadow  will  just  reach 
to  the  end  of  the  shadow  cast  by  the  chimney,  and  measure 

the  distance  from 
the  pole  to  the  end 
of  its  shadow,  which 
will  be  the  same  as 
the  distance  EB. 
Also  measure  the 
length  of  the 
shadow  cast  by  the 
chimney,  which  cor- 
responds to  the  dis- 
tance AB.  Then, 
from  the  similar 
triangles  ACB  and 
EDB,AC(  =  x):ED 
^AB-.EB.  Suppose 
AB    =    92    feet,    8 

Diagram  for  finding  Height  of  Chimney  inchCS,     EB     =--     11 


feet,  5  inches,  and  the  pole  is  9  feet  long;  then  x:9  = 
92  8/12  :  115/12,  or  a? :  9  =  1112:  137;  from  which  a;  =  73 
feet,  very  nearly,  which  is  the  height  of  the  chimney.        J.  J. 


ABSOLUTE   MEASURE   OF   FORCE 

II.  A.  E. — Please  state  what  is  meant  by  absolute  measure 
of  force.  What  does  "absolute"  mean  in  this  case,  and  also, 
in  the  expression  "absolute  term?" 

A. — Roughly  speaking,  absolute  may  be  defined  as  unchang- 
ing, or  unchangeable.    In  an  equation  like  7x'  —  23a;^  +  96a;  — 


Figs.   1  to  3.     Methods  of  measuring  Force 

215  =  0,  the  term — 215,  is  called  the  absolute  term  because  its 
value  is  always  the  same,  regardless  of  what  value  or  values 
may  be  assigned  to  x.  A  force  is  measured  by  the  effects  it 
will  produce;  and  one  way  of  measuring  a  force  is  by  using 
a  spring  scale,  as  shown  in  Fig.  1.  The  weight  W  pulls  the 
indicator  P  to  a  certain  mark  on  the  scale,  thus  not  only  indi- 
cating the  weight  of  W  but  also  the  force  with  which  W 
stretches  the  spring.  This  method  of  measuring  force  is  in- 
convenient, for  the  reason  that  we  need  the  same  mass  to 
indicate  always  the  same  force  when  used  as  a  measure  of 
force.  In  the  present  case,  the  weight  of  the  body  W  (and, 
consequently,  the  pull  on  the  spring)  will  depend  on  where  the 
body  is  weighed,  whether  at  sea  level  or  otherwise,  and  on 
the  latitude  of  the  place,  the  barometric  pressure,  the  tem- 
perature of  the  air,  etc.  If,  however,  a  beam  scale,  Fig.  2,  is 
used,  and  the  arm  AC  equals  the  arm  BC,  the  pointer  P  being 
at  0  when  no  weights  are  in  the  scale  pans,  a  weight  W  in 
one  scale  pan  must  exactly  equal  a  weight  W  in  the  other, 
in  order  to  keep  the  pointer  at  0.  If  W  is  known,  an  equal 
mass  W  can  easily  be  found,  regardless  of  any  of  the  condi- 
tions just  mentioned.  In  so  far  as  the  earth's  surface  is  con- 
cerned, the  measurement  of  W  will  be  absolute;  but  at  the 
center  of  the  earth  or  at  a  certain  point  between  the  earth 
and  the  moon,  for  example,  where  the  body  has  no  weight,  a 
beam  scale  could  not  be  used  either.  Suppose  that  the  weight 
W  is  suspended  from  a  cord,  say  a  mile  long,  as  in  Fig.  3, 
and  that  a  force  acting  on  it  causes  the  weight  to  move  a  foot 
in  a  certain  time,  and  at  the  end  of  this  time,  to  have  a 
velocity  v.  The  path  may  be  assumed  to  be  a  straight  line. 
If  the  force  is  doubled,  the  velocity  at  the  end  of  the  same 
time  will  also  be  doubled;  and  if  the  force  is  halved,  the 
velocity  at  the  end  of  the  same  time  will  be  halved.  Since  the 
mass  of  a  body  is  absolute  (it  depends  only  on  the  amount  of 
matter  that  the  body  contains),  we  have  here  a  way  of  deter- 
mining an  absolute  measure  for  force,  and  may  say  that  the 
absolute  unit  of  force  is  that  force  which  acting  on  a  mass  of 
one  gram  for  one  second,  produces  a  change  of  \felocity  of 
one  centimeter  per  second;  this  force  is  called  one  dyne,  and 
is  also  called  the  C.  G.  S.  (centimeter-gram-second)  unit  of 
force.  J.  J. 
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TO  DRAW  A  CIRCLE  TANGENT  TO  THREE 
GIVEN   CIRCLES 

M.  A.  C. — Is  there  any  exact  geometrical  construction  for 
drawing  a  circle  tangent  to  three  circles  that  are  tangent  to 
each  other?  For  example,  if  the  diameters  of  three  circles  are 
2,  1  7/16,  and  1 1/16  inch,  what  is  the  smallest  circle  that  will 
enclose  them? 

A. — There  is  no  method  known  to  the  writer  whereby  this 
problem  may  be  solved  by  applying  the  principles  of  what  is 
called  Euclidean  geometry — ^the  kind  that  is  ordinarily  studied 
in  schools.  It  may  be  solved,  however,  by  what  is  called 
modern  or  protective  geometry  (although  the  construction  is 
not  easy)   in  the  following  manner:    Let  0,  0„  and  0.  be  the 
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Method  of  drawing  a  Circle  Tangent  to  Three   Given  Circles 

centers  of  the  three  given  circles.  Draw  AS  and  A^S  tangent 
to  the  two  circles  0  and  O,,  intersecting  at  8;  draw  BS,  and 
BjSi  tangent  to  the  two  circles  0  and  O,,,  intersecting  at  8-^; 
draw  8i8.  Through  the  centers  of  the  given  circles,  draw  OC^. 
OjC,,  and  O2C3,  all  perpendicular  to  818.  Draw  the  diameters 
DD„  EE^,  and  FF^  parallel  to  SjiS.  Through  the  three  points 
D,  Dj,  Cj,  the  three  points  E,  E,,  d,  and  the  three  points 
F,  Fi,  C,,  pass  arcs  of  circles  intersecting  dO.  C3O2,  and  CjOi 
in  Dj,  £2,  and  F.,,  respectively.  On  OCi  lay  off  OD3  =  OD,;  on 
Ofi:,  lay  off  OjBj  =  O2E.;  and  on  dCj  lay  off  O^F,  =  O^F-^.  Now 
draw  on  tangent  to  the  circles  0  and  Oj,  and  draw  IE  tangent 
to  the  circles  0, 
and  O2;  they  in- 
tersect at  H. 
Draw  HD„  HE., 
and  HF^;  they 
intersect  the 
three  circles  in 
M,  K,  and  P,  the 
points  of  tan- 
gency  for  the 
circumscribing 
circle.  Through 
M,  y.  and  P,  by 
the  usual  con- 
struction, pass  a 
circle;  this  will 
be   the    circle 
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sought.        J.   J.  Fig.   1.     Model  of  Stephenson  Link  Motion  used  as  Base  for  finding   Offset   of   Saddl 


Fig.  2.     Chart  for  determining  Amount  of  Offset  of  Saddle-pin 

OFFSET   OF  SADDLE-PIN  OF  STEPHENSON 
LINK  MOTION 

H.  L.  W. — The  writer  has  been  unable  to  find  any  formula 
for  calculating  the  offset  of  the  saddle-pin  of  the  Stephenson 
link  motion.  The  need  for  offset  is  mentioned  in  works  on 
locomotive  design,  but  no  rule  is  given  for  obtaining  it. 

A. — The  general  practice  of  locomotive  builders  has  been  to 
determine  the  offset  of  the  saddle-pin  by  trial,  using  a  saddle 
with  slotted  holes  in  the  pad  to  permit  it  to  be  adjusted  until 
the  irregularities  introduced  by  the  angularity  of  the  connect- 
ing-rod are  compensated  for.  No  practicable  formula  is  known 
by  which  the  offset  can  be  calculated,  but  C.  J.  Mellin,  con- 
sulting engineer  of  the  American  Locomotive  Co.,  has  kindly 
furnished  the  accompanying  data,  which  may  be  used  in  find- 
ing the  offset  without  trial.  The  method  was  worked  out  on  a 
valve  model  with  given  dimensions  of  gear  as  a  base,  varia- 
tions being  made  of  these  dimensions  and  other  conditions. 
The  offset  is  obtained  by  additions  and  subtractions  as  indi- 
cated in  the  following:  The  model  or  base  dimensions.  Fig.  1, 
are  as  follows:  A  ^  96  inches;  B  =  24  inches;  G  =  48  inches; 
D  =  12  inches;  E  =  1/2  inch. 

Example:  Given  a  valve  motion  of  the  "open  rods"  type 
in  which  A  =  108  inches;  B  =  26  inches;  C  =  60  inches; 
JD  =  13  inches;  and  E  =  0  inch  to  find  the  offset,  the  eccen- 
tric throw  being  5  inches,  and  F,  3  inches.  The  base  figure 
of  the  offset  is  5/8  inch,  found  in  the  diagram  Fig.  2.  The 
amounts  added  to  the  base  or  subtracted  from  it  are  taken 
from  the  following  for  "open  rods": 

Add  1/16  inch  to  offset  for  each  additional  12  inches  to  A; 
subtract  1/32   inch   from   offset  for  each   additional   2  inches 

to  B;  subtract 
1/16  inch  from 
offset  for  each 
additional  12 
inches  to  C;  sub- 
tract 1/4  inch 
from  offset  for 
each  additional 
1  inch  to  D;  add 
1/16  inch  to  off- 
set if  E  is  0, 
from  which  we 
obtain  5/8  + 
1/16  —  1/32  — 
1/16  —  1/4  + 
1/16  =  13/32 
inch  offset. 
If    the    valve 
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motion  is  of  tlie  "crossed  rods"  type,  then  add  1/8  inch  to 
offset  for  eacli  additional  12  inches  to  A;  subtract  1/16  inch 
from  offset  for  eacli  additional  2  inches  to  B;  subtract  1/8 
inch  from  offset  for  each  additional  12  inches  to  C;  sub- 
tract 1/2  inch  from  offset  for  each  additional  1  inch  to  D; 
add  1/8  inch  to  offset  if  E  is  0.  If  too  much  offset  is  given, 
the  cut-oft  will  be  longer  on  the  front  end  of  the  cylinder  than 
on  the  back  with  open  rods,  and  vice  versa  with  crossed  rods. 
The  connecting-rod  is  shown  out  of  position  in  Fig.  1  for 
the  sake  of  clearness.  The  crank-pin  will  be  at  G  if  the 
valve  motion  is  of  the  "open  rods"  outside  admission  valve 
type  and  at  G,,  if  of  the  "crossed  rods"  type. 


STRENGTH  OF  A  RIBBED   PLATE 

N.  P.  F. — The  ribbed  cast-iron  plate  shown  in  Fig.  1 
is  uniformly  loaded  over  a  surface  29  inches  in  diameter 
at  the  center  and  firmly  supported  at  the  four  corners.  What 
load    will   it   safely   support   and   at   what   load   will    it   fail? 

Answered  by    John  S.  Myers,  Philadelphia,  Pa. 

There  is  always  more  or  less  uncertainty  as  to  the  strength 
of  ribbed  cast-iron  sections  on  account  of  shrinkage  strains, 
blow-holes,    and    other    inherent    defects    which    may    develop 


Fig.    1.     Dimensions  of  Eibbed  Plate 

under  load  but  which  may  not  be  apparent  to  the  inspector. 
This  is  especially  true  of  those  cases  where  the  ribs  are 
under  tension,  as  in  the  present  example.  In  view  of  such 
considerations  some  designers  virtually  neglect  the  ribs  when 
estimating  the  strength,  treating  the  casting  as  a  flat  plate 
slightly  thicker  than  the  actual  plate,  thus  allowing  something 
for  the  stiffening  effect  of  the  ribs.  While  this  rough  and 
ready  method  has  simplicity  in  its  favor,  and  may  be  quite 
satisfactory  when  applied  with  discretion,  it  is  not  very  satis- 
fying from  a  technical  viewpoint.  If  the  ribs  are  of  no  cal- 
culable value,  why  not  omit  them  from  the  casting  as  well  as 
from  the  calculations?  The  logical  method  seems  to  be  to 
calculate  the  strength  based  on  the  full  value  of  the  ribs  and 
allow  a  stress  sufficiently  low  to  take  into  account  possible 
imperfections  in  both  theory  and  practice. 

Assuming  the  casting  to  break  along  the  line  A-A,  the  sec- 
tion would  be  about  the  equivalent  of  that  shown  in  Fig.  2. 
The  area  of  the  section  is  A  =  7  X  11.5  -f  3  X  48  =  224.5  square 
inches.  Taking  moments  of  the  areas  about  the  center  of  the 
three-inch   plate,    the    distance    to    the   center    of   gravity    is 
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Fig.   2,     Equivalent  Section  througli  Casting  on  Line  A-A 

7  X  11.5  X  5 


X  = =  1.8  inch,  approximately. 

224.5 
Taking  the  areas  times  the  square  of  their  distance  from 
the  center   of  gravity,   plus   their  moment   of   inertia  about 
their  own  axis,  the  moment  of  inertia  of  the  section  is  /  =  80.5 
11.5  X  7"        48  X  3" 

X  3.2=  +  144  X  1.8=  -^ 1 =  1727.    The  section 

12 


12 
modulus    for    the   tension    side    is    then    Z 
The  casting  may  now  be  considered  as 


/       1727 

—  = =  258. 

C         6.7 
beam  loaded  as 
W 
indicated  in  Fig.  3,  when  the  bending  moment  is  M  =  —  X  22 

2 
TV 

X  6  =  8W.      The   general    formula    for    the   relations   of 

2 
moment  M,  stress  S,  and  section  modulus  Z  is  If  =  SZ.     As- 
suming a  value  of  S  =  4000  and  substituting  the  values  of  M 
and  Z  gives  8W  =  4000  X  258  or  TF  =  129,000  pounds  as  the 
safe  load  based  upon  the  comparatively  high  working  stress  in 
the  tension  side  of  the  ribs  of  4000  pounds  per  square  inch. 
If  the  load  is  suddenly  applied  or  the  casting  is  subjected  to 
shock,  about  half  this  value  will  represent  the  safe  load. 
Since  the  elasticity  of  cast  iron  in  tension  and  compression 
I 
is  not  the  same,  —  does  not  represent  the  true  section  modu- 

C 
lus,  being  only  approximately  true.  Also  the  expression 
M  ^  SZ  is  only  supposed  to  hold  good  within  the  elastic 
limit,  and  with  strict  propriety  cannot  be  applied  for  the 
breaking  load.  However,  in  view  of  the  other  uncertainties 
of  the  problem,  precision  is  far  from  attainable  and  this  rela- 
tion may  be  assumed  to  be  approximately  true  for  the  break- 
ing load  also.  Taking  a  stress  of  16,000  pounds  per  square 
inch,  which  is  four  times  the  assumed  working  stress,  failure 
would  occur  at  a  load  of  approximately  4  X  129,000  =  516,000 
pounds;  but  if  the  plate  is  subjected  to  shock,  a  load  less 
than  half  this  amount  might  cause  failure. 
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Fig.   3.     Loading  as  a  Beam 
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CONRADSON   PLAIN  MILLING  MACHINE] 

This  machine  is  arranged  with  a  duplex  helical  drive  to  the 
spindle  which,  in  connection  with  changes  obtained  'from 
sliding  gears  in  the  speed-box,  affords  twelve  speed  changes 
from  12  to  273  revolutions  per  minute.  This  is  the  feature 
which  represents  marked  departure  from  standard  practice 
in  the  design  of  plain  milling  machines. 

C.  M.  Couradson  of  Eau 
Claire,  Wis.,  is  now  building 
a  No.  3  plain  milling  machine 
with  single-pulley  drive,  which 
is  illustrated  and  described 
herewith.  It  will  be  seen  that, 
in  a  general  way,  the  design 
of  this  machine  follows  estab- 
lished practice,  except  for  the 
arrangement  of  the  speed  and 
feed  gearing.  It  is  worthy  of 
notice,  however,  that  the  ma- 
chine is  of  exceptionally 
heavy  construction.  The  du- 
plex helical  drive  to  the  spin- 
dle is  similar  to  that  em- 
ployed on  the  Conradson  en- 
gine lathe.  From  the  single 
driving  pulley,  which  is  14 
inches  in  diameter  by  4  inches 
face  width,  power  is  trans- 
mitted through  heat-treated, 
chrome-nickel  steel  change- 
gears,  which  furnish  the  de- 
sired range  of  speeds.  These 
gears  are  mounted  in  a  cylin- 
drical case  which  may  be  os- 
cillated in  such  a  way  that  engagement  is  made  between  either 
a  worm  and  a  worm-wheel  keyed  to  the  milling  machine  spin- 
dle or  between  a  spiral  pinion  and  a  spiral  gear  keyed  to  the 
milling  machine  spindle.  Thrust  is  taken  by  heavy-duty  S.K.P. 
ball  bearings. 

This  arrangement  will  be  readily  understood  by  reference 
to  Fig.  3,  which  shows  the  mechanism  in  detail.     It  will  be 


Fig.    1.     Couradson    No.    3 


seen  that  driving  pulley  A  is  provided  with  a  fsiction  clutcii  B 
for  engaging  or  disengaging  the  drive.  This  clutch  is  secured 
to  shaft  C  that  runs  through  the  center  of  sleeve  D.  Carried 
at  the  left-hand  end  of  shaft  C  are  two  sliding  gears  E  and  F 
which  may  be  engaged  with  gears  G  and  H  to  secure  the  first 
two  speed  changes.  In  either  position  of  gears  E  and  F,  it 
will  be  seen  that  power  is  transmitted  back  through  pinion  /, 

which  is  keyed  at  the  left- 
hand  end  of  sleeve  D.  A  third 
speed  change  is  secured  by 
sliding  gears  E  and  F  to  their 
extreme  right-hand  position, 
so  that  the  clutch  teeth  on 
gear  F  engage  direct  with  cor- 
responding clutch  teeth  on 
pinion  7.  In  this  position, 
gears  G  and  H  will  continue 
to  revolve  on  the  intermediate 
shaft,  but  they  play  no  part 
in  the  transmission,  as  a  di- 
rect high-speed  drive  is  se- 
cured through  sleeve  D. 

Near  the  center  of  sleeve  D 
there  are  mounted  two  pin- 
ions J  and  E  that  mesh  with 
sliding  gears  L  and  M  on  the 
lower  shaft  in  the  speed-box. 
Gear  M  may  be  engaged  with 
pinion  J,  as  shown,  or  the 
gears  may  be  slid  over  to 
bring  gear  L  into  engagement 
with  pinion  E.  Of  course,  it 
will  be  evident  that  the  opera- 
tion of  sliding  gears  E  and  F 
is  controlled  by  knob  N,  while  operation  of  sliding  gears  L 
and"!/  is  controlled  by  knob  0.  spring  plungers  being  provided 
to  enter  notches  in  the  rods  that  carry  these  knobs  when  the 
sliding  gears  are  engaged  in  various  positions.  From  shaft  P 
in  the  speed-box,  power  is  transmitted  to  the  milling  machine 
spindle  by  rocking  the  cylindrical  speed-box  to  engage  worm 
and  wheel  Q  or  spiral  gears  R,  in  the  manner  to  which  refer- 


Plain    Milling    Machine    with    Duplex    Helical 
Drive 


Fig.  2.    Side  and  Front  Views  of  Conradson  No.   3  Plain  Milling  Machine  shown  in  Fig.  1 
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Tig.    8.     Crogs-sectional   View    through    Speed-box    showing    Arrangement    of  Change-gears 


ence  has  already  been  made.  The  worm  drive  and  the  spiral 
gear  drive  are  of  widely  different  ratio,  thus  providing  a 
greater  range  of  spindle  speeds  than  would  otherwise  be  ob- 
tainable. Also,  these  helical  gear  drives  furnish  an  excep- 
tionally smooth  transmission.  Rocking  of  the  speed-box  to 
engage  either  the  worm-wheel  or  spiral  gear  drive  is  con- 
trolled by  a  lever.  This  mechanism  provides  twelve  changes 
of  speed,  covering  a  range  of  from  12  to  275  revolutions  per 
minute,  the  changes  being  in  practically  geometrical  pro- 
gression. 

Power  for  operating  the  feed  mechanism  is  transmitted  to 
the  gear-box  by  means  of  a  chain  drive  from  sprocket  T, 
Fig.  3.  This  feed-box  is  arranged  with  a  cone  of  gears,  the 
desired  rate  of  feed  being  obtained  by  engaging  the  proper 
gear  ratio  with  a  diving  key.  Movement  of  this  key  is  con- 
trolled by  a  screw,  at  the  end  of  which  is  located  dial  A. 
Fig.  2,  which  is  graduated  to  facilitate  obtaining  the  desired 
rate  of  feed.  This  mechanism,  in  connection  with  compound- 
ing lever  B,  provides  for  securing  sixteen  changes  of  feed, 
ranging  from  %  inch  to  20  inches  per  minute.  The  feed  can 
be  changed  while  the  machine  is  running,  and  the  direct- 
reading  index  on  dial  A  obviates  the  necessity  of  using  tables. 
All  feeds  are  instantly  reversible. 

The  over-arm  is  made  of  steel,  and  is  4i^  inches  in  diameter; 
this  arm  is  clamped  by  wedges  actuated  by  two  levers  that 
will  be  seen  at  the 
top  of  the  machine. 
The  maximum  dis- 
tance from  the  cen- 
ter of  the  spindle  to 
the  under  side  of  the 
arm  is  6%  inches, 
and  the  maximum 
distance  from  the 
end  of  the  spindle  to 
the  arbor  support  is 
25%  inches.  Two  ar- 
bor supports  are  fur- 
nished, one  of  -vyhich 
supports  the  end  of 
the  arbor,  and  the 
other  the  middle. 
The  front  spindle 
bearing  is  414  inches 
in  diameter;  and  the 
spindle  has  a  No.  11 
taper  hole  and  a 
13/16-inch  hole  run- 
ning through  it.  A 
faceplate  forged  in- 
tegral with  the  spin- 
dle provides  for 
driving  face  cutters. 

The  table   is   12% 
by    6314     inches     in 


size,  and  the  working  surface  is  12%  by  53  inches  in  size. 
There  are  three  %-inch  T-slots  in  the  table,  and  the  table 
feeds  34  inches  in  either  direction.  Each  operating  screw  is 
provided  with  a  graduated  dial  reading  to  0.001  inch,  and 
all  handwheels  are  clutched.  The  maximum  cross-feed  is  10 
inches,  and  the  maximum  vertical  feed  is  20  inches.  The 
vise  furnished  with  the  machine  has  jaws  6  1/8  inches  wide 
by  1  9/16  inch  deep,  and  has  a  maximum  opening  of  3  5/8 
inches.  The  floor  space  occupied  by  the  machine  is  96  inches 
in  line  with  the  spindle  by  115  inches  at  right  angles  to 
the  spindle;  and  the  net  weight  of  the  machine  is  4750 
pounds. 


Fig.  1.     Landis  Floor  Type  of  Horizontal  Boring,  Milling  and  Drilling  Machi; 


LANDIS   FLOOR-TYPE   BORING,   MILLING 
AND  DRILLING  MACHINE 

The  Landis  Tool  Co.,  Waynesboro,  Pa.,  is  now  manufactur- 
ing a  horizontal  floor  type  of  boring,  milling  and  drilling  ma- 
chine designed  to  insure  durability^  simplicity  of  operation, 
and  adaptability  for  a  wide  range  of  work.  This  machine  may 
be  used  not  only  for  boring,  drilling  and  milling,  but  for  tap- 
ping, splining,  oil-grooving  and  rotary  planing  operations.  It 
is  driven  from  a  motor  mounted  on  top  of  the  column. 
The  drive  is  direct-connected  to  the  main  drive  shaft,  there 
being  no  belting  whatever.    The  spindle  drive  is  controlled  by 

a  pair  of  friction 
cone  clutches,  located 
at  the  back  of  the 
saddle  and  accessible 
for  adjustment.  This 
arrangement  pro- 
vides a  reversal  of 
the  spindle  for  back 
facing  and  tapping. 
The  driving  pinion 
for  the  ,  spindle 
meshes  with  a  large 
gear,  the  teeth  of 
which  are  integral 
with  the  faceplate. 
This  location  of  the 
spindle  driving  gear, 
by  eliminating  tor- 
sional strains,  pre- 
vents one  of  the  most 
frequent  causes  of 
chatter  when  mill- 
ing. The  front  end 
of  the  spindle  slides 
through  an  adjust- 
able bearing  carried 
on  the  spindle  sleeve, 
but  the  spindle  does 
not  rotate  in  this 
bearing.  The  rotation 
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rig.  2.     Saddle  of  the  Landis  Boring,  Milling  and  Drilling  Uachine 

is  in  another  adjustable  bearing,  and  on  the  external  diameter 
of  the  spindle  sleeve.  The  advantage  of  this  design  is  In  the 
provision  for  taking  up  wear  on  the  sliding  spindle  bearing. 

A  prominent  feature  of  this  tool  is  the  concentric  screw 
feed  of  the  spindle,  accomplished  by  means  of  a  differential 
train  of  gears.  This  method  of  feeding  permits  continuous 
traverse  of  the  spindle  without  resetting.  The  feed  is  applied 
between  the  main  bearings,  and  requires  no  overhanging  sup- 
port at  the  end  of  the  saddle.  The  spindle  is  traversed  by  a 
long  bronze  nut,  which  engages  a  square  thread  on  the  spin- 
dle and  which  has  a  bearing  only  on  the  sides  of  the  thread. 
This  arrangement  provides  a  long  bearing,  and  the  nut  and 
spindle  rotate  together  at  the  same  rate  of  speed,  except  when 
the  feed  is  engaged.  The  end  thrust  in  the  spindle,  in  either 
direction,  is  taken  on  ball  bearings. 

The  thrust  of  the  spindle  when  milling  is  taken  directly 
on  the  main  saddle  casting,  and  is  entirely  independent  of  the 
€nd  thrust  of  the  spindle  for  boring.  The  application  of  feed 
and  speed  gear  trains  in  the  saddle,  as  one  unit,  gives  a  cen- 
tralized and  convenient  control. 

Twelve  changes  of  feed  and  twelve  changes  of  speed  are 
available.  All  feeds  are  per  revolution  of  the  spindle  and 
are  identical  whether  applied  to  the  spindle,  saddle  or  column 
traverse,  and  no  two  feeds  can  be  engaged  at  the  same  time. 
Any  one  of  the  twelve  feeds  can  be  used  in  connection  with 
one  of  the  twelve  spindle  speeds.  Power  rapid  traverse,  inde- 
pendent of  the  regular  feeds,  is  provided  for  the  spindle,  sad- 
dle and  column  in  every  direction.  With  one  lever,  the  ma- 
chine can  be  instantly  started  and  stopped,  or  reversed,  inde- 
pendent of  the  main  drive  or  motor. 

The  gear  shifts  are  all  of  the  sliding  transmission  type,  and 
are  tightly  enclosed.  This  feature  adds  not  only  to  the  life 
and  appearance  of  the  machine,  but  also  provides  safety  for 
the  operator.  All  traversing  gears  are  located  between  the 
ways,  and  close  to  the  guiding  side.  The  gears  and  shafts 
are  made  of  chrome-nickel  steel  specially  heat-treated.  The 
spindle  is  made  of  high-carbon  hammered  crucible  steel  and 
is  accurately  ground  to  secure  correct  alignment.  The  oiling 
of  the  saddle  parts  is  accom- 
plished by  the  syphon  system, 
which  insures  a  continuous 
supply  of  clean  oil  to  the 
bearings.  The  counterweight 
for  the  saddle  operates  inside 
the  column,  out  of  the  way  of 
the  operator,  thus  assuring 
safety  in  accordance  with 
state  laws. 

When  a  swivel  table  is  used 
with  this  machine,  the  differ- 
ent sides  of  work  may  be  fin- 
ished without  resetting.  Scales 
and  verniers  reading  to  thou- 
sandths of  an  inch  are  pro- 
vided for  locating  either  the 


Spindle  Driving  and  Feeding  Mechanism 


main  or  outer  supporting  saddles  and  columns  in  the  desired 
positions.  There  is  also  an  adjustable  dial  reading  to  thou- 
sandths of  an  inch  for  use  in  connection  with  the  spindle. 
The  column  is  of  very  heavy  construction  and  has  a  liberal 
bearing  surface  on  the  horizontal  runway.  It  may  be  adjusted 
along  this  runway  either  by  hand  or  power,  and  is  provided 
with  reversible  feeds  for  milling  and  a  rapid  traverse.  The 
spindle  has  a  continuous  feeding  movement  of  40  inches;  the 
minimum  distance  from  the  center  of  the  spindle  to  the  floor 
plate  is  18  inches,  and  the  maximum  distance,  72  inches.  The 
maximum  distance  from  the  faceplate  to  the  outer  spindle 
support  is  88  inches.  This  machine  has  been  designed  espe- 
cially to  meet  the  requirements  of  shipyards,  navy  yards,  tur- 
bine works  and  similar  plants,  and  it  is  capable  of  handling 
a  wide  range  of  heavy  work. 


Fig.   4.     Section  removed  from  the   Saddle  shown  in  Fig.   3 


WESTINGHOUSE    GRINDER  MOTOR 

The  grinder  motor  illustrated  has  been  recently  placed  on 
the  market  by  the  Westinghouse  Electric  &  Mfg.  Co.,  East 
Pittsburg,  Pa.  It  is  designed  for  use  on  two-  and  three-phase, 
sixty-cycle,  alternating-current  circuits,  and  is  constructed 
especially  to  meet  the  severe  conditions  to  which  such  motors 
are  subjected  in  grinding  and  polishing  work.  This  grinder 
motor  is  obtainable  in  three  sizes,  having  capacities  of  5,  IV^ 
and  10  horsepower,  respectively.  The  TV^-  and  10-horsepower 
two-phase  motors  are  supplied  with  automatic  starters.  For 
the  5-horsepower  two-  and  three-phase  motors,  an  ordinary 
knife  switch  is  employed,  and  a  special  starting  switch  for 
the  7%-horsepower  two-  and  three-phase  motors.  Pedestal 
bases,  grinding  wheels,  and  tool-rests  are  furnished  by  the 
grinding  machine  manufacturer. 

To  protect  all  parts  against  wear  and  injury  from  grit  and 
metallic  dust,  the  bearings  are  made  dustproof,  and  the  motor 
is  wholly  enclosed.  A  large  radiating  surface  is  provided, 
however.  The  end  brackets  are  solid  and  are  cast  integral 
with  the  feet,  which  are  extra  heavy  and  arranged  so  that 
they  can  be  bolted  rigidly  to  the  pedestal.    The  heavy  grinding 

wheels  with  which  these  mo- 
tors are  designed  to  be  used 
put  a  great  strain  on  the  shaft 
and  bearings.  These  parts 
are  therefore  made  extremely 
strong  and  rugged.  The  shaft, 
which  is  made  of  axle  steel,  is 
of  extra  large  diameter,  and 
is  extended  at  both  ends  to  re- 
ceive the  grinding  wheels. 
The  bearings,  which  are  the 
only  wearing  parts,  have  large 
bearing  surfaces,  insuring 
long  life.  Each  is  thoroughly 
lubricated  by  two  oil-rings. 
The  end  thrust  is  taken  up  by 
adjustable   collars. 
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The  rotor  of  the  motor,  which  is  of  the  squirrel  cage  form, 
cannot  be  damaged.  There  are  no  moving  contacts.  The  rotor 
bars  are  firmly  fastened  in  the  iron  core  and  are  short-circuited 
by  end  rings.  No  bolts  or  screws  are  used,  and  there  is  nothing 
about  the  rotor  that  can  work  loose  even  under  the  most  severe 
service,  or  that  will  deteriorate  under  heat.  The  stator  wind- 
ing is  thoroughly  treated  with  an  oil-  and  moisture-resisting 
varnish.    In  motors  larger  than  five  horsepower,  the  winding 


Alternating-current    Grinder    Motor    made    by    Westing- 
house    Electric   &   Mfg.    Co. 

consists  of  coils  wound  on  forms  and  completely  insulated, 
then  laid  in  the  open  stator  slots  and  securely  held  in  place 
by  means  of  wedges. 


BRISTOL  AUTOMATIC  TEMPERATURE 
CONTROLLER 

In  the  field  of  temperature  measurement  as  applied  in  in- 
dustrial works  and  manufacturing  plants  the  logical  steps  are, 
first,  to  measure  and  indicate  the  temperature  with  a  reading 
Instrument;  second,  to  automatically  record  the  temperature 
with  a  graphic  recording  instrument;  third,  to  automatically 
control  the  temperature.  At  this  time  the  manufacturers  are 
endeavoring  to  use  automatic  apparatus  wherever  possible, 
thus  eliminating  the  personal  element,  and  there  is  a  demand 
for  automatic  temperature  controllers  in  many  processes.  The 
Bristol  Co.,  Waterbury,  Conn.,  has  developed  a  comprehensive 
new  line  of  automatic  temperature  controllers  for  gas-  and  oil- 
fired  and  electrically  heated  furnaces.    The  new  Bristol  tem- 


Fig.    1.     Measuring  and   Controlling   Elements — Thermo- 
electric   Typo 


Fig.    2.     Interior   View   of   Controlling   Element 

perature  controller  employs  three  elements:  a  measuring  ele- 
ment, a  contacting  element  and  an  operating  element. 

The  measuring  element  consists  of  a  number  of  different 
types  of  Bristol  electric  pyrometers  and  thermometers;  notably 
the  Bristol  thermo-electric  pyrometer  with  Weston  millivolt- 
meter  movement  and  patent  Bristol  separable  couples,  also 
the  Bristol  vapor-filled  type  of  thermometer  which  is  exten- 
sively used  for  recording  temperatures.  The  controlling  ele- 
ment is  combined 
with  the  measuring 
element  and  consists 
primarily  of  a  pat- 
ented electrical  con- 
tact closing  device, 
which  operates  at 
predetermined  high 
and  1  o  w  tempera- 
tures, and  by  means 
of  which  electrical 
circuits  are  closed  or 
opened,  thus  ener- 
gizing or  disconnect- 
ing the  operating  ele- 
ment. The  operating 
element  consists  of 
the  device  which  ac- 
tually regulates  the 
heat  supply  in  the 
furnace;  as,  for  in- 
stance, in  the  case  of 
a  gas-fired  furnace,  a 
pair  of  electrically 
operated  gas  and  air  valves,  and  in  the  case  of  an  electric  fur- 
nace a  special  relay  switch  opening  and  closing  the  circuits  of 
the  heating  element  of  the  furnace. 

Construction  details  of  the  new  Bristol  temperature  con- 
trollers may  be  seen  by  reference  to  the  accompanying  illus- 
trations. Fig.  1  shows  an  external  view  of  the  measuring  and 
controlling  elements  of  the  thermo-electric  type,  and  Fig.  2 
is  an  interior  view  of  the  controlling  element,  from  which  it 
may  be  seen  that  the  indicating  arm  is  completely  insulated 
from  the  operating  circuits.  The  contacting  device  is  abso- 
lutely frictionless.  These  Bristol  thermo-electric  temperature 
controllers  can  be  furnished  for  all  temperatures  up  to  3000 
degrees  F.,  and  with  high  resistance  movements  for  use  either 
with  base  or  precious  metal  couples.  Fig.  3  shows  one  of  the 
special  gas  and  air  valves,  two  of  which  are  used  in  connec- 
tion with  gas  furnaces  if  air  is  supplied  at  pressure,  and  both 
gas  and  air  valves  are  operated  simultaneously  so  as  to  insure 
having  the  proper  mixture  at  all  times. 

Fig.  4  shows  one  of  the  vapor  type  Bristol  thermometer- 
thermostats,  complete  with  sensitive  bulb  and  connected  to  the 
special  relay  switch  employed  for  adapting  these  instruments 
to  the  control  of  temperatures  in  electric  ovens  and  furnaces. 
Fig.  5  shows  an  interior  view  of  a  similar  Bristol  thermometer- 
thermostat.    The  special  design  of  contact  closing  device  has 


Fig.    3.     Special    Gas   and   Air   Valve    used   in 
Connection   with   Gas   Furnaces 
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Fig.    4.     Vapor    Type    of    Bristol    Thermometer-thermostat    connected    to 
Special  Relay  Switch 

proved  durable  in  long  continued  service.  Both  the  high  and 
low  contacts  are  shown  in  this  illustration,  but  with  the 
Bristol  automatic  electrical  controlling  valves  for  both  gas 
and  air  supply,  only  one  contact  is  required.  These  tempera- 
ture controllers  are  needed  for  a  great  variety  of  applications 


Fig:.    5.     Interi<JV    View    of   Bristol    Thermometer-thermostat 

and  may  be  adapted  to  hundreds  of  processes  where  similar 
Bristol  instruments  are  already  being  used  successfully  for 
measuring  and  recording  temperature. 


NATIONAL  FRICTION  CLUTCH 

In  the  "Crowley"  friction  clutch,  which  has  just  been  placed 
on  the  market  by  the  National  Clutch  Co.,  Fulton  and  Lincoln 
Sts.,  Chicago,  111.,  use  has  been  made  of  what  are  known  as 
"friction  wedge  plates."  There  are  two  of  these  plates,  and 
they  are  transversely  tapered  and  work  in  opposite  directions; 
plate  A  is  part  of  the  hub  keyed  to  the  driving  shaft,  so  that 
this  is  the  driving  member,  and  plate  B  is  part  of  the  pulley 
and  rotates  freely  upon  the  hub  that  carries  plate  A.  When 
the  three  fingers  are  pressed  against  compression  plate  C,  it 
forces  the  pulley  along  the  hub  so  that  the  tapered  faces  of 
plates  A  and  B  are  brought  into  contact.  As  previously  men- 
tioned, these  plates  are  transversely  tapered  and  they  work 
in  opposite  directions.  Plate  B  is  driven  by  the  belt  on  the 
pulley,  and  plate  A  is  keyed  to  the  shaft  to  provide  for  carry- 
ing the  load;  when  the  clutch  is  first  engaged,  frictional  con- 
tact between  plates  A  and  B  starts  the  machine,  and  then  as 
the  load  is  picked  up,  the  two  friction  plates,  working  in  oppo- 
site directions,  bring  the  two  wide  parts  of  the  plates  together, 
thus  increasing  the  pulling  power  of  the  clutch. 

There  are  three  longitudinal  grooves  in  the  hub,  one  of 
which  is  shown  in  the  illustration,  which  run  the  full  width 
of  the  pulley;  also  there  is  a  circular  groove  running  around 


the  hub  at  right  angles  to  the  axis  of  the  shaft.  The  longi- 
tudinal grooves  are  filled  with  felt,  which  becomes  saturated 
with  oil  and  provides  the  clutch  with  a  lubricating  system 
that  has  sufficient  capacity  for  one  month's  service.  Adjust- 
ment of  the  clutch  is  taken  care  of  by  loosening  set- 
screw  D  in  spider  E  and  turning  this  spider  on  the  threaded 
part  of  the  hub,  to  the  right  to  tighten,  and  to  the  left  to 
loosen.    These  clutches  are  heavily  constructed  to  adapt  them 


"Crowley"  Friction  Clutch  made  by  National  Clutch  Co. 

for  severe  service;  at  the  same  time,  they  are  of  compact  con- 
struction, operate  easily,  and  release  instantly.  "Crowley"  fric- 
tion clutches  are  built  in  sizes  from  2  to  20  inches  in  diameter. 


AUTOMATIC   PROFILING  ATTACHMENT 

Houston,  Stanwood  &  Gamble  Co.,  Cincinnati,  Ohio,  is  now 
manufacturing  an  automatic  profiling  attachment  which  forms 
the  subject  of  the  following  description.  This  device  consists 
of  a  radius  rod  A  with  a  distance  between  its  centers  equal 
to  radius  B  of  the  nose  of  the  shell.    One  end  of  this  radius  rod 


<      F 
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turns  on  a  pin  I'listcncd  to  the  cross-slide  liiat  carries  the  tool, 
while  the  pin  at  the  other  end  of  the  radius  rod  is  attached  to  a 
elide  ('  that  moves  alonp;  a  longitudinal  guide  D  attached  to  the 
rear  of  the  carriage.  There  is  a  stop  U  on  this  longitudinal 
guide  against  which  the  slide  is  held  by  means  of  a  weight  F, 
which  Is  attached  to  the  slide  by  a  wire  cable  and  pulley.  In 
addition  to  the  parts  referred  to,  there  is  a  bar  O  with  a  cap 
H  and  powerful  clamp  /,  by  means  of  which  the  stop-bar  Is 
located  and  held  in  the  desired  position. 

In  this  diagram  it  is  assumed  that  the  shell  will  be  machined 
in  the  usual  position  with  its  nose  toward  the  tailstock  of  the 
lathe.  As  the  longitudinal  guide  and  the  slide  which  it  car- 
ries move  with  the  carriage,  the  cylindrical  portion  of  the  shell 
is  turned  in  the  same  way  as  it  would  be  on  a  lathe  without 
a  profiling  attachment.  When  the  carriage  reaches  the  posi- 
tion shown  in  the  diagram,  at  the  beginning  of  the  curvature 
of  the  shell  nose,  slide  C  engages  cap  H,  which  prevents  fur- 
ther movement  of  the  slide  relative  to  the  bed  of  the  lathe 
and  to  the  shell;  but  the  carriage  and  tool  continue  their 
longitudinal  movement,  which  causes  rod  A  to  move  through 
the  sector  of  a  circle.  In  this  way,  the  cross-slide  is  moved 
in  to  form  the  nose  of  the  shell. 

This  action  is  automatic  up  to  the  point  at  which  the  tool 
reaches  the  end  of  its  cut  at  the  point  of  the  shell.  Then  the 
operator  must  stop  the  longitudinal  feed  of  the  carriage,  with- 
draw the  tool  from  the  cut,  and  return  the  carriage  to  the 
starting  point  by  means  of  the  wheel  that  governs  hand 
traverse  of  the  carriage.  As  the  operator  moves  the  carriage 
toward  the  headstock,  slide  C  is  held  against  stop  H  by  means 
of  weight  F  until  stop  E  is  reached,  after  which  slide  G  moves 
with  the  carriage  to  the  starting  point,  thus  completing  the 
cycle  of  the  turning  operation.  It  will  be  apparent  that  the 
operation  of  this  profiling  attachment  is  automatic,  and  that 
the  only  attention  required  from  the  operator  is  that  incident 
to  any  lathe  turning  operation,  i.  e.,  adjustment  of  the  tool  to 
the  cut,  starting  and  stopping  the  carriage  feed,  and  returning 
the  carriage  to  the  starting  point. 


WALTHAM   GEAR-CUTTING  MACHINE 

Waltham  Machine  Works,  Newton  St.,  Waltham,  Mass.,  have 
recently  added  to  their  line  the  4-inch  gear-cutting  machine 
illustrated  and  described  herewith.  Sufficient  power  is  pro- 
vided for  cutting  16-pitch  gears.  The  operations  of  feeding 
the  slide  and  indexing  the  work  are  automatic,  and  are  con- 
tinued until  the  machine  stops  upon  completion  of  the  last 
cut.  An  index  is  used  which  is  10  inches  in  diameter;  and 
the  indexing  mechanism  is  so  arranged  that  it  can  be  easily 
adjusted  for  any  even  number  of  divisions  into  which  the 
index  is  cut,  making  it  possible  to  use  one  index  for  several 
different  divisions,  eight  being  the  smallest  number  of  divi- 
sions that  can  be  obtained.  These  indexes  are  interchangeable 
with  those  used  on  Waltham  3-inch  gear-cutting  machines,  and 
additional  indexes  can  be  furnished  at  any  time.  The  use  of 
a  cutter  not  over  1%  inch  in  diameter  is  recommended,  as  a 
small  cutter  of  this  kind  tends  to  give  a  smooth  cut,  and  the 
machine  was  designed  for  the  use  of  a  tool  of  this  kind  work- 
ing at  its  full  capacity.  The  cutter-slide  is  lifted  during  the 
return  of  the  work-slide,,  so  that  the  indexing  is  done  without 
loss  of  time.  Alignment  of  the  cutter  to  the  center  of  the 
work  is  obtained  by  rotating  the  front  bearing  of  the  cutter- 
spindle,  which  is  threaded  for  this  purpose.  The  bearing 
should  be  clamped  after  the  position  of  the  cutter  has  been 
obtained  and  a  gage  is  furnished  to  assist  in  centering  the 
cutter. 

Adequate  protection  is  afforded  to  prevent  chips  from  find- 
ing their  way  into  the  bearings,  and  the  cutting  oil  or  com- 
pound is  carefully  controlled  while  the  chips  are  fed  into  a 
receptacle  directly  below  the  work-slide,  from  which  oil  is 
drained  to  a  reservoir  located  at  the  back  of  the  machine.  An 
individual  oil-pump  is  provided.  Complete  protection  of  the 
indexing  mechanism,  cams,  and  slides  against  damage  from 
chips,  is  obtained  by  a  plate  attached  to  the  cutter-slide  and 
held  in  contact  with  the  back  side  of  the  hood  on  the  work- 
slide.  A  removable  cover  completely  encloses  the  work  and 
cutter  when  the  machine  Is  in  operation;   this  arrangement 


makes  the  machine  especially  well  adapted  for  cutting  brass, 
as  it  does  away  with  trouble  due  to  tendency  to  become  clogged 
with  chips.  The  work-slide  is  driven  through  a  worm  and  gear 
keyed  to  the  cam-shaft,  and  a  positive  movement  is  given  by 
the  cam  both  for  the  cut  and  return,  the  latter  being  made  in 
one-seventh  revolution.  With  the  standard  cam  provided,  the 
available  adjustment  of  the  stroke  is  from  2  to  3  inches,  but 
shorter  cams  can  be  furnished  for  cutting  pinions  and  other 
short  stroke  work.  Location  of  the  work-slide  fh  relation  to 
the  cutter  can  be  adjusted  laterally  by  turning  a  pinion  shaft 
on  the  front  of  the  work-slide,  and  the  depth  of  cut  is  con- 
trolled by  a  graduated  handwheel  at  the  top  of  the  cutter- 
slide. 

A  countershaft  suitable  for  use  on  a  wall  is  furnished  with 
the  machine.  It  is  placed  directly  over  the  machine,  and  in 
order  to  allow  for  the  lift  of  the  slide,  the  cutter-spindle  is 
driven  by  a  horizontal  belt  from  an  intermediate  shaft  at- 
tached to  the  machine.  This  shaft  has  an  adjustment  for 
tightening  the  belt,  and  reversible  idler  pulleys  are  used.  In 
connection  with  two-step  pulleys  on  the  countershaft  and 
cutter-spindle,  this  makes  possible  a  number  of  different  speeds 


Four-inch  Gear-cutting  Machine  built  by  Waltham  Machine  Works 

for  the  cutter  without  changing  the  speed  of  the  countershaft. 
For  general  classes  of  work,  this  speed  should  be  about  700 
revolutions  per  minute.  Four  steps  are  provided  on  the  worm 
spindle  cone  pulley, .  giving  a  variety  of  feeds.  The  work- 
spindle  takes  a  spring  chuck  so  that  the  work  can  be  held 
either  by  this  means  or  by  special  arbors  suited  to  the  needs  of 
the  particular  class  of  work  to  be  handled.  Complete  equip- 
ment of  the  machine  includes  an  individual  oil-pump,  a  coun- 
tershaft, one  index,  one  work-slide  cam,  and  one  cutter-arbor. 
Work-holding  arbors  are  furnished  as  an  extra  equipment,  and 
a  cabinet  base  can  be  provided  for  those  who  do  not  wish  to 
use  the  machine  on  a  bench.  The  space  occupied  by  this 
gear-cutting  machine  is  28  by  18  inches,  and  it  weighs  approxi- 
mately 500  pounds. 


ELLIS-SMITH   POWER   HACKSAW 

Ellis-Smith  Mfg.  Co.,  Inc.,  216  Niagara  St.,  Buffalo,  N.  Y.,  is 
now  manufacturing  a  small  high-speed  power  hacksaw  espe- 
cially adapted  for  use  in  garages  and  repair  shops.  This  ma- 
chine is  24  inches  long,  6  inches  wide,  stands  on  10-inch  legs, 
and  has  a  capacity  for  sawing  work  up  to  4  by  4  inches  in 
size.  The  slide  is  furnished  with  large  adjustable  V-bearings; 
the  saw  arm  takes  a  9-inch  blade  and  is  driven  by  a  crank 
working  between  the  V-bearings.  This  design  provides  a  com- 
pact form  of  construction.  The  saw  frame  is  equipped  with 
a  sliding  weight  to  provide  for  obtaining  the  desired  pressure 
between  the  saw  and  the  work.  This  machine  is  furnished 
with  an  automatic  stop,  and  for  use  in  plants  not  equipped 
with  power  a  crank  can  be  furnished  for  driving  the  machine 
by  hand. 
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FORBES   &   MYERS    GRINDER 

In  the  June,  1914,  number  of  Machinery,  a  description  was 
published  of  a  motor-driven  grinder  which  had  just  been  placed 
on  the  market  by  Forbes  &  Myers,  178  Union  St.,  Worcester, 
Mass.  Recently  this  firm  has  modified  the  design  of  the 
grinder  to  provide  connections  to  an  exhaust  system.  In  gen- 
eral design,  the  machine  is  similar  to  the  former  moflel;  it 
is  equipped  with  wheels  12  inches  in  diameter  by  2  inches 
face  width,  and  driven  by  a  two-horsepower  fully  enclosed 
motor.  The  tool-rests  are  adjustable  in  two  directions;  the 
spindle  is  1  inch  in  diameter  through  the  wheels  and  is  car- 
ried in  ball  bearings  of  ample  size,  and  heavy  malleable  iron 
guards  are  provided  over  the  wheels. 

As  previously  mentioned,  the  new  feature  consists  of  the 
provision  for  collecting  dust.  Heavy  particles  collect  in  a 
basin  under  the  wheels,  which  can  be  reached  by  removing 
the  cover  from  the  lower  half  of  the  wheels;  finer  dust  is 
carried  out  through  a  pipe  at  the  rear  of  each  wheel.     Even 


Forbes  &  Myers  Grinder  for  connection  to  Exhaust  System 

when  not  connected  to  an  exhaust  fan,  the  design  of  this 
grinder  is  such  that  most  of  the  fine  dust  is  carried  out 
through  the  pipe,  due  to  the  natural  circulation  of  air  caused 
by  the  wheels.  This  grinder  is  built  in  only  one  size,  with  a 
motor  adapted  for  connection  to  circuits  of  two  or  three  phase, 
twenty-five  or  sixty  cycle,  and  of  any  voltage.  The  speed  of 
the  wheels  is  1800  R.P.M  when  operated  on  sixty-cycle  cur- 
rent, and  1500  R.P.M.  when  operated  on  twenty-five-cycle  cur- 
rent. The  grinder  finds  application  for  general  work  in 
machine  shops  and  forge  shops,  and  for  snagging  small  cast- 
ings in  foundries.  Numerous  other  uses  can  be  found  for  this 
machine  in  grinding  light  work. 


"LOXON"   NUT   LOCK 

p.  R.  Blair  &  Co.,  Inc.,  50  Church  St.,  New  York  City,  are  now 
manufacturing  what  are  known  as  the  "Loxon"  nut  locks. 
It  is  claimed  that  these  provide  as  positive  a  lock  as  that 
furnished  by  a  castellated  nut  and  cotter-pin.  The  "Loxon" 
nut  lock  can  be  easily  applied  and  locked;  and  it  is  also 
an  easy  matter  to  release  a  nut  held  with  this  device.  Another 
advantage  claimed  for  this  nut  lock  is  that  it  can  be  used 
repeatedly  and  is  suitable  for  use  on  soft  steel,  cast  iron, 
brass,  bronze,  aluminum,  etc.  The  "Loxon"  nut  locks  should 
not  be  used  on  hardened  steel.  These  nut  locks  are  made  in 
six  sizes  for  use  on  bolts  5/16,  %,  7/16,  %,  9/16,  and  %  inch 
in  diameter.  In  place  of  the  regular  square  washers,  special 
shapes  can  be  furnished  for  use  in  counterbored  holes,  against 
shoulders,  etc. 

The  accompanying  illustration  shows  the  method  of  applying 
"Loxon"  nut  locks.     It  will  be  seen  that  there  is  a  square 


washer  and  a  "seat- 
ing ring/'  which 
come  between  the 
under  side  of  the 
nut  and  the  work. 
The  seating  ring  is 
made  of  hardened 
steel  and  rough- 
ened so  that  the 
points  imbed  them- 
selves in  the  metal, 
and  one  corner  of 
the  washer  is  bent 
up  against  one  face 
of  the  nut  to  lock 
it  in  place.  In  the 
accompanying  illus- 
tration the  lower 
nut  represents  a  casting  or  piece  of  work  of  any  sort,  while 
the  upper  one  may  be  supposed  to  have  been  applied  to  a  stud 
or  machine  bolt.  "Loxon"  nut  locks  are  equally  serviceable 
for  locking  cap-screws  in  place. 


"Loxon"  Nut  Lock  made  by  F.  K.  Blair  &  Co., 


Inc. 


REYNOLDS  SCREW  COUNTER 

Reynolds  Pattern  &  Machine  Co.,  101-103  Third  Ave.,  Moline, 
111.,  has  recently  added  to  its  line  a  machine  adapted  for 
counting  and  delivering  a  fixed  number  of  screws  into  a  pack- 
age. The  machine  shown  in  the  accompanying  illustration  de- 
livers eight  screws.  Those  who  are  familiar  with  the  screw- 
driving  machines  of  this  company's  manufacture,  will  see  that 
the  present  equipment  is  of  similar  design  in  so  far  as 
the  hopper  and  delivery  chute  are  concerned.  It  has  been 
especially  developed  to  meet  the  requirements  of  hardware 
manufacturers,  etc.,  who  have  occasion  to  pack  a  certain  num- 
ber of  screws  with  each  unit  of  their  output,  these  screws 
being  used  by  the  purchaser  in  assembling  the  goods  contained 
in  the  package. 

In  operation,  a  quantity  of  screws  is  put  into  the  magazine 
or  hopper,  and  when  the  operator  has  placed  the  other  articles 
in  the  package  into  which  the  screws  are  to  be  delivered,  the 
package  is  set  in  place  beneath  the  delivery  chute  and  the 
operating  lever  of  the  machine  is  depressed.  Through  suitable 
connections,  this  operates  an  escapement  which,  in  turn,  de- 
livers the  screws  into  the  chute  down  which  they  pass  and 
drop  into  the  package  placed  to  receive  them.  The  machine 
may  be  set  for  delivering  any  number  of  screws,  according 
to  the  requirements  of  the  work,  and  provides  a  rapid  method 
of  handling  work  with  automatic  control  that  eliminates  errors 
due  to  the  carelessness  of  employes. 


Screw  Counter  built  by  Reynolds  Pattern  &  Machine  Co. 
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GRAND  RAPIDS  UNIVERSAL   GRINDER 

The  machine  shown  In  Fig.  1  is  known  as  tlie  Grand  Uapids 
No.  2  universal  cutter,  drill  and  tool  grinder,  -and  has  just 
been  placed  on  the  market  by  the  Grand  Rapids  Grinding  Ma- 
chine Co.,  Grand  Rapids,  Mich.  In  working  out  the  design  of 
this  machine,  equal  attention  has  been  paid  to  the  provision 
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Fig.  1.     Grand  Eapids  No.  2  Universal  Drill,  Cutter  and  Tool  Grinder 

of  means  for  grinding  drills,  cutters  and  reamers,  so  that  all 
of  this  work  is  done  by  the  machine  proper  and  not  by  attach- 
ments. The  spindle  speed  for  the  small  cutter  grinding  wheel 
is  necessarily  much  higher  than  that  required  for  the  large 
drill  grinding  wheel,  so  that  a  double  spindle  construction  is 
necessary.  This  is  taken  care  of  by  using  a  "Fabroil"  cloth 
pinion  on  the  cutter  grinding  spindle,  which  is  not  only  noise- 
less at  high  speed,  but  eliminates  other  troubles  incident  to 
the  use  of  metal  gears,  and  the  "Fabroil"  gear  is  as  strong 
as  the  cast-iron  gear  with  which  it  operates.  Both  spindles 
are  carried  in  large  bronze  bearings,  which  are  ring-oiled  and 


Fig.   3.     Sharpening   Faces   of   Inserted-tooth  Uilllng  Cutter 

work  held  between  centers,  20  inches;  longitudinal  movement, 
15  inches;  transverse  movement,  7  inches;  vertical  movement, 
6%  inches;  capacity  for  face  mills,  up  to  12  inches  in  diam- 
eter; and  capacity  for  internal  work,  from  %  inch  in  diameter 
and  up  to  314  inches  in  depth. 

Points  of  particular  interest  in  the  construction  of  this 
machine  are  as  follows:  The  table  will  swing  through  a  full 
360  degrees,  and  the  same  two  screws — one  at  the  front  and 
one  at  the  back  of  the  sub-table — that  lock  it  in  the  position 
to  which  it  has  been  swiveled  also  lock  the  table  securely 
down  upon  the  sub-table.    A  scale  reading  to  1/16  inch  taper 


Fig.   2.     Grinding  a  Milling   Cutter   held   on   Centers 

easily  adjusted  for  either  radial  wear  or  end  play.    The  spin- 
dles are  made  of  crucible  steel  accurately  ground  to  size. 

For  drill  grinding,  the  holder  has  a  capacity  for  drills  from 
Ys  inch  to  2l^  inches  in  diameter,  and  what  is  more  important, 
one  standard  holder  provides  for  obtaining  any  desired  angle 
of  point  and  any  desired  clearance;  two-,  three-,  or  four-lip 
drills  of  any  size  or  type  of  shank  may  be  ground,  even  though 
the  shank  is  larger  than  the  diameter  of  the  drill.  A  wheel 
truing  device  is  provided  for  truing  the  grinding  face  of  the 
wheel,  so  that  it  may  be  kept  accurate.  The  cutter  grinding 
part  of  the  machine  will  handle  any  cutter,  reamer,  or  tool 
that  any  universal  grinder  will  handle,  provided  it  comes 
within  the  capacity  of  the  machine,  which  is  as  follows: 
diameter  of  work  held  between  centers,  9V2  inches;  length  of 


Fig.  4.     Sharpening  Sides  of  Teeth  of  Cutter  shown  in  Fig.  3 

per  foot  is  provided  for  making  settings  of  the  machine  for 
taper  grinding  operations.  An  auxiliary  lever  is  furnished 
that  can  be  instantly  mounted  on  the  longitudinal  movement 
handwheel  by  simply  slipping  it  over  the  wheel,  and  tightening 
it  up  by  means  of  a  thumb-screw,  thus  providing  a  lever  action 
that  is  convenient  for  many  classes  of  grinding.  The  head- 
stock  is  provided  with  tongue  slots  in  both  directions,  so  that 
it  can  be  mounted  either  in  line  with  or  across  the  table; 
and  the  vise  is  also  carried  on  the  headstock,  so  that  it  can 
be  mounted  in  either  position.  This  vise  has  a  swivel  action 
of  its  own,  so  that  it  presents  the  work  to  the  wheel  in  either 


Tig.   6.     Table   set   over  for  grinding   Tapered   Cutter 


March,  1917 


MACHINERY 


635 


Fig.    6.     Performance    of    Internal    Grinding   Operation 

horizontal,  vertical  or  angular  position.  Both  vertical  and 
cross-feed  screws  operate  in  bronze  nuts  that  provide  generous 
bearings  for  the  screws,  which  have  dials  reading  to  0.001  inch. 


BICKETT  MILLING  AND   PROFILING 
MACHINE 

In  working  out  the  design  of  a  No.  0  vertical  milling  and 
profiling  machine  which  has  recently  been  placed  on  the  mar- 
ket by  the  Bickett  Machine  &  Mfg.  Co.,  1118  Richmond  St.,  Cin- 
cinnati, Ohio,  a  departure  has  been  made  from  the  practice  of 
using  an  adjustable  knee,  all  adjustment  being  provided  in 
the  spindle  head  of  the  machine.  It  is  claimed  that  this  pro- 
vides a  more  rigid  table  support,  thus  reducing  vibration  to  a 
minimum  and  maintaining  alignment  at  all  times.  This  ma- 
chine is  especially  designed  for  operation  at  high  speed,  and 
may  be  driven  at  2500  revolutions  per  minute.  It  is  adapted 
for  such  work  as  die-sinking,  letter  cutting,  cam  milling,  splin- 
ing,  etc.,  and  finds  application  in  factories  engaged  in  the 
manufacture  of  sewing  machines,  typewriters,  electrical  and 
scientific  instruments,  firearms,  adding  machines,  etc. 

The  use  of  radial-thrust  bearings  adapts  this  machine  for 
operation  at  the  high  speeds  referred  to,  and  also  enables  ad- 
vantage to  be  taken  of  a  high  transmission  efficiency  by  reduc- 
ing friction  losses  to  a  minimum.  These  ball  bearings  are 
self-oiling  and  will  run  for  a  long  time  without  requiring 
attention;  their  use  has  been  the  means  of  practically  elim- 
inating trouble  from  hot  bearings.  If  desired,  the  machine 
can  be  furnished  with  a  lever  feed  attachment  in  place  of  the 
handwheel  and  elevating  screw.  This  attachment  is  con- 
venient when  rapid  vertical  adjustment  is  required,  as  in  cer- 
tain classes  of  profiling.  In  working  out  the  design,  attention 
has  been  paid  to  providing  means  for  convenient  operation. 

The  spindle  is  made  of  crucible  steel,  accurately  ground  to 
size.  It  is  fitted  with  a  No.  3  Hardinge  collet,  which  is  held 
by  a  draw-in  attachment  operated  from  the  top  of  the  spindle. 
The  spindle  head  is  gibbed  to  the  column  of  the  machine,  and 
the  vertical  adjustment  is  two  inches,  obtained  by  means  of  an 
elevating  screw  at  the  rear  of  the  spindle.  Two  changes  of 
speed  are  provided, 
and  as  mentioned,  the 
machine  may  be  safe- 
ly driven  at  2500  rev- 
olutions per  minute 
under  continuous  op- 
eration. The  spindle 
pulley  is  1V4  inch 
wide  by  4  inches  in 
diameter;  it  is  flanged 
at  the  bottom  and 
provided  with  a  belt 
guard.  The  interme- 
diate pulleys  are  2i^ 
inches  in  diameter 
and  are  flanged  on 
both  sides.  The  two- 
step  cone  pulley  has 

steps  8   and   6   inches  Duplex  Mining  Machine  built  by 


in  diameter;  and  the  tight  and  loose  pulleys  are  3'/^  inches 
in  diameter  by  1%  inch  face  width. 

A  handy  belt  shifter  is  provided  for  starting  and  stopping 
the  machine.  The  table  is  7  by  10  inches  in  size  and  has  three 
»/i-inch  T-slots  machined  in  it.  This  table  may  be  rotated  by 
means  of  an  Acme-thread  screw,  which  is  carefully  fitted  to 
a  large  worm-wheel.  The  worm  feed  can  be  easily  engaged 
or  disengaged  and  is  provided  with  means  of  compensation 
for  wear.  The  longitudinal,  transverse  and  vertical  feed-screws 
are  provided  with  adjustable  dials  graduated  to  read  to  0.001 
inch,  and  all  screws  have  Acme  threads. 

The  equipment  furnished  with  this  machine  includes  the 
following:  one  toolmaker's  vise  with  jaws  6  inches  wide  by  1 
inch  high,  with  a  maximum  opening  of  6  inches;  one  No.  3 
Hardinge  collet;  one  draw-in  attachment;  and  the  necessary 
wrenches  for  making  all  adjustments.  A  pedestal  26 Vi  inches 
high  may  be  furnished  as  a  special  equipment.  The  principal 
dimensions   of   the   machine   are   as   follows:    total   height   of 


Bickett   No.   0   Vertical  Milling   and   Profiling   Machine 

machine  without  pedestal,  26%  inches;  width  of  base,  11 
inches;  length  of  base,  20  inches;  distance  from  top  of  rotary 
table  to  spindle  nose,  4^4  inches;  maximum  longitudinal  feed, 
6  inches;  maximum  transverse  feed,  5  inches;  maximum  ver- 
tical   feed,    2    inches;    and    weight    of    machine,    200    pounds. 

NEWTON  DUPLEX  MILLING  MACHINE 
One  of  the  latest  additions  to  the  line  of  machinery  built 
by  the  Newton  Machine  Tool  Works,  Inc.,  Philadelphia,  Pa., 
is  the  duplex  milling  machine  illustrated  and  described  here- 
with. A  feature  of  its  design  is  the  exceptional  provision  made 
for  power  control;  it  will  be  noted  that  the  spindle  saddles 
move  vertically  on  the  uprights,  while  these  uprights  move 
horizontally  on  the  bed.  Both  saddles  and  uprights  have  re- 
versing feed  and  reversing  fast  power  traverse;  provision  is 
also  made  for  independent  or  simultaneous  adjustment  of  the 
spindle  saddles,  and  of  the  uprights.  For  the  spindle  saddles, 
the  vertical  feed  per  revolution  of  the  spindle  is  from  0.012 

to  0.134  inch,  and  the 
same  feed  in  inches 
per  minute  covers  a 
range  of  from  0.068 
to  7.40.  Reversing 
fast  traverse  for  the 
spindle  saddles  cov- 
ers a  range  of  from 
6.10  to  63.4  inches 
per  minute.  The 
feeds  of  the  uprights 
cover  a  range  of  from 
0.011  to  0.113  inch 
per  revolution  of  the 
spindle,  or  from  0.059 
inch  to  6.360  inches 
per  minute.  Revers- 
ing fast  traverse  for 

Newton  Machine  Tool   Works,   Inc.  the  Uprights  COVCrS  a 
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range  of  from  5.25  to  54.50  inches  per  minute.  The  available 
range  of  spindle  speeds  is  from  5.4  to  55.2  revolutions  per 
minute. 

This  machine  is  driven  by  a  Fort  Wayne  Electric  Co.'s  230- 
volt,  twenty-horsepower  electric  motor  running  at  from  300  to 
900  revolutions  per  minute.  It  is  provided  with  a  work-table 
which  has  square  lock  bearings  on  the  base  with  overlapping 
gibs.  Drive  is  provided  through  an  angular  rack  and  worm 
pinion,  with  hand  adjustment,  and  there  are  nine  changes  of 
sliding  gear  feed  provided  by  a  gear-box,  in  which  the  gears 
run  in  oil.  Available  feeds  for  the  work-table  are  from  0.041 
to  0.42V  inch  per  revolution  of  the  spindle,  or  from  0.222  inch 
to  23.93  inches  per  minute.  Reversing  fast  traverse  for  the 
table  covers  a  range  of  from  19.7  inches  to  17  feet  per  minute. 
The  dimensions  of  the  table  are  as  follows:  width  over  finished 
surface,  42  inches;  length  over  all,  14  feet;  and  available 
length  for  milling  operations,  12  feet,  6  inches.  The  work- 
table  can  be  arranged  to  mill  to  greater  lengths  when  the 
requirements  of  the  work  to  be  handled  on  the  machine  make 
such  a  provision  a  matter  of  necessity. 

Attention  has  already  been  called  to  the  fact  that  the  spindle 
saddles  are  adjustable  vertically  on  the  uprights,  and  that 
these  uprights  are  provided  with  means  for  making  horizontal 
adjustment  on  the  bed.  Each  spindle  is  driven  through  a 
worm  and  worm-wheel  encased  to  provide  for  flooded  lubrica- 


sleeve,  4  inches;  diameter  of  spindle  at  large  end  of  taper, 
6  9/16  inches;  diameter  of  spindle  In  sleeve,  4  3/8  inches; 
diameter  (outside)  spindle  flange,  9  inches;  and  approximate 
outside  diameter  of  spindle  driving  worm-wheel,  27  inches. 
The  spindles  are  bored  in  the  nose  to  accommodate  a  straight 
plug  3  inches  in  diameter,  and  are  arranged  to  drive  cutters 
by  means  of  face  keys  1^4  inch  wide.  If  desired,  the  spindles 
can  be  bored  taper  up  to  No.  6  Morse  and  drilled  through  to 
accommodate  a  cutter  retaining  bolt.  The  machine  is  adapted 
for  using  cutters  up  to  16  inches  in  diameter  when  working 
on  cast  iron. 


FOSTER   UNIVERSAL   TURRET    LATHE 

It  will  he  seen  that  this  universal  turret  lathe  is  adapted  for 
performing  hoth  chucking  operations  and  operations  on  bar 
stock.  Single-pulley  drive  and  a  geared  head  make  it  an  easy 
matter  to  employ  either  belt  drive  or  motor  drive.  Two  tool- 
carrying  units  are  provided,  one  of  which  is  a  slide  carrying  a 
hollow  hexagon  turret,  and  the  other  a  cross-slide  with  a  square 
turret  at  the  front  and  provision  for  securing  special  tool- 
holders  at  the  back.  .  Details  of  the  mechanism  are  fully  ex- 
plained in  the  following  article. 

The  Type  I-B  universal  turret  lathe  shown  in  the  accom- 
panying illustrations  is  just  being  put  on  the  market  by  the 


Fig.    1.     Foster  Type  I-B  Universal  Turret  Latlie  with  Two   Tool-carrying 
Units 


Fig.   2.     End   View   of  Foste 


Universal  Turret   Lathe,    showing   Motor 
Drive 


tion,  and  the  drive  for  each  spindle  is  independently  clutched 
at  the  inside  of  the  driving  worm-wheel  sleeve.  The  spindle 
saddles  are  counterweighted,  and  provision  is  made  for  simul- 
taneous or  independent  vertical  hand  adjustment;  a  similar 
provision  is  made  for  the  reversing  vertical  feed  and  reversing 
fast  power  traverse.  The  saddles  have  narrow-guide  align- 
ment control  bearings  on  the  uprights,  and  provision  for 
rigidly  bolting  in  any  desired  position.  The  uprights  have 
independent  and  simultaneous  horizontal  hand  adjustment, 
and  reversing  fast  power  traverse,  with  provision  for  rigidly 
bolting  in  any  desired  position.  Both  the  saddles  and  up- 
rights are  fitted  with  taper  shoes,  and  the  saddle  elevating  and 
upright  adjusting  screws  have  bearings  at  each  end  to  insure 
their  operation  under  tension.  The  spindles  can  rotate  inde- 
pendently or  in  unison.  Each  spindle  sleeve  is  furnished  with 
independent  hand  adjustment  up  to  6  inches,  and  measure- 
ment of  the  spindle  sleeve  and  vertical  saddle  adjustment  is 
provided  through  conveniently  arranged  scales. 

The  principal  dimensions  of  the  spindle  and  allied  members 
are  as  follows:  distance  from  face  of  uprights  to  center  of 
spindles,  6%  Inches;  distance  from  center  of  spindles  to  table, 
2  inches  to  35  inches;  distance  between  ends  of  spindles,  1*2 
inches  to  90   inches;    diameter   of  spindle  in   driving  worm 


Foster  Machine  Co.,  Beardsley  Ave.  and  Ward  St.,  Elkhart, 
Ind.  The  first  machine  has  been  in  successful  operation  in 
this  company's  shop  since  the  early  part  of  December,  and  a 
complete  set  of  jigs  and  fixtures  for  eflicient  and  economical 
manufacturing  of  this  machine  is  now  in  the  course  of  con- 
struction. The  machine,  which  is  of  the  universal  turret 
lathe  type  and  capable  of  handling  both  bar  and  chucking  work 
with  equal  facility,  has  been  designed  by  Oskar  Kylin,  now 
chief  engineer  of  the  Foster  Machine  Co.  The  machine,  as 
shown  by  Figs.  1,  2  and  3,  is  of  the  geared  head  type  with 
two  tool-carrying  units,  one  of  which  is  equipped  with  a  hollow 
hexagon  type  of  turret  and  the  other  with  a  cross-slide.  The 
latter  extends  across  the  ways  of  the  bed  and  carries  on  the 
front  end  a  square  turret  adapted  for  holding  forged  cutters. 
The  rear  end  forms  a  table  and  has  several  tapped  holes  to 
provide  for  mounting  a  variety  of  tool-holders.  The  illustra- 
tions show  a  machine  equipped  with  draw-back  automatic 
chuck  for  bar  work,  but  this  can  be  replaced  by  a  three-jaw 
geared  scroll  chuck  for  chucking  work. 

AU-geared  Head 

Fig.  2  shows  a  machine  arranged  for  motor  drive,  but  it 
can  also  be  driven  by  means  of  a  plain  tight  and  loose  pulley 
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coHiitershaft  mounted  in  the  ceiling.    Fig.  4 
shows   a   view   of   the   geared    train    in   the 
head,  the  upper  guard  being  removed  to  show 
the  mechanism.    As  seen  in  this  illustration, 
the   pulley    shaft    is    mounted    in    Bhosphor- 
bronze  boxes  and  carries  a  wide  faced  pin- 
ion,  which   on   one   side   engages   the   large 
gear  underneath  it  for  the  forward  driving 
of  the  spindle,  and  on  the  other  side  a  revers- 
ing idler  for  the  reverse  motion  of  the  spindle.     The  friction 
driving  member,  which  is  mounted  inside  and  between  these 
two  gears,  is  of  powerful  construction  and  operated  by  means 
of  the  long  lever  seen  in  Fig.  4.     Twelve  speed  changes  for 
the  spindle  in  either  direction  are  obtainable  by  three  clus- 
ters of  sliding  gears,  operated  by  levers  mounted  on  the  top 
of  the  head  casting,  as  shown  plainly  in  Fig.  1.     All  sliding 
gears  and  gears  engaged  by  them  are  heat-treated  and  hard- 
ened.   The  teeth  are  of  the  Fellows  standard  stub  tooth  form, 
with  a  20-degree  pressure  angle  which  insures  greater  strength, 
less  wear  and   quieter   running.     This   gear   tooth   system   is 
used  for  all  the  gears  throughout  the  machine. 

An  important  feature  of  the  design  is  the  oiling  system 
used  for  the  automatic  lubrication  of  all  gears  and  bearings 
throughout  the  entire 
head.  The  gears  run 
in  a  bath  of  oil,  and 
the  splash  is  caught 
by  a  system  of  over- 
head ribs  and  conduct- 
ed back  into  the  main 
cavity  of  the  head. 
The  belt,  whether 
driven  by  means  of  an 
overhead  countershaft 
or  by  an  individual 
motor  as  shown  in 
Fig.  3,  is  capable  of 
delivering  to  the  pul- 
ley about  six  horse- 
power. This  is  some- 
what in  excess  of  the 
heaviest  requirements 
of  the  machine,  even 
when  several  cuts  are 
taken  simultaneously, 
which  is  a  frequent  oc- 
currence on  a  machine 
of  this  type  and  repre- 
sents a  time  -  saving 
feature.  However,  the 
friction  clutch  in  the 
gears   in    the   head   is 

proportioned  to  stand  a  load  in  excess  of  the  greatest  amount 
of  power  that  will  be  delivered  by  the  belt. 

The  spindle  is  made  of  a  forging  of  high-carbon  machine 
steel  and  is  journaled  in  bronze  boxes  of  exceptional  length, 
in  spite  of  the  fact  that  the  wear  is  reduced  to  a  minimum 
by  means  of  the  automatic  flooded  lubrication.  The  twelve 
spindle  speeds  range,  as  seen  in  Fig.  5,  from  20  to  480  revolu- 
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Fig.  4.    Arrangement  of  Gears  in  Head — Cover  removed  to  show  Mech: 


Fig.   5,     Range  of  Spindle  Speeds  and  Directions  for  making  Changes 

tions  per  minute,  and  these  are  arranged  in  as  perfect  geo- 
metrical progression  as  is  obtainable  with  geared  trains.  This 
range  is  wide  enough  to  provide  the  correct  cutting  speed  for 
work  ranging  from  hard  cast  iron  of  the  largest  diameter 
that  can  be  carried  in  the  three-jaw  scroll  chuck  down  to  and 
including  the  smallest  diameter  bar  which  it  is  practicable  to 
turn  in  a  machine  of  this  size. 

Gear-boxes 

The  gear-box,  which  is  mounted  on  the  end  of  the  bed  and 
shown  in  Fig.  6,  is  designed  to  carry  and  enclose  the  gears  for 
driving  the  feed-rod  which  actuates  the  various  feed  move- 
ments for  the  tool-carrying  units.  In  this  connection,  it  is  time- 
ly to  call  attention  to  the  location  of  the  feed  changing  mech- 
anism for  the  twelve 
changes  of  feed.  The 
gears  and  mechanisms 
for  this  purpose  are 
located  in  the  aprons 
of  the  tool  carriages 
with  the  exception  of 
one  gear-shift  located 
in  the  gear-box,  the 
gears  in  this  shift 
being  heat-treated  and 
hardened  sliding  gears. 
This  sliding  gear  clus- 
ter is  operated  by 
means  of  a  plunger 
shown  in  Fig.  1,  which 
carries  a  knob  for  con- 
venience of  operation. 
In  addition  to  the 
gears,  the  gear-box 
carries  a  forked  lever 
for  operating  the  au- 
tomatic chuck  and 
also  supports  the  bars 
that  are  employed  for 
the  bar  feed. 

Cross-slide  and  Carnag-© 
with  Carriag-e  Apron 
The  feed  chart, 
which  is  illustrated  separately  in  Fig.  7,  shows  the  unusually 
wide  feed  range  which  covers  changes  from  0.0016  to  0.100  inch 
per  revolution  of  the  spindle,  and  also  shows  the  method  of 
obtaining  these  changes.  The  feed  changes  obtainable  are  suf- 
ficient to  provide  the  proper  feed  for  any  work  from  soft  cast 
iron  to  wide  forming  in  steel  and  also  for  the  varying  depths 
of  cuts  which  necessitate  varying  feeds  for  maximum  produc- 
tion. As  already  mentioned,  the  feed  mechanism  is  located  in 
the  apron  and  changes  are  obtainable  by  means  of  sliding 
gears  operated  by  plungers.  The  sliding  gear  clusters  are 
made  of  chrome-nickel  steel  and  heat-treated.  Thus  the  maxi- 
mum strength  and  wearing  quality  is  obtained  in  connection 
with  compactness  and  lightness  of  the  apron  unit.  The  driving 
pinion  which  engages  the  rack  mounted  on  the  front  side 
of  the  bed  is  also  made  of  chrome-nickel  steel  which  is  heat- 
treated.  The  gear  train  is  driven  from  the  feed-rod  by  means 
of  the  worm  and  gear  as  shown  plainly  in  Fig.  8,  which  shows 
the  apron  dismounted  from  the  machine. 

Attention  is  called  to  the  automatic  drop-out  friction  which 
engages  and  disengages  the  longitudinal  feed  movements.  This 
is  operated  by  -means  of  the  six  screw  stops  mounted  in  a 
revolvable  spool  as  seen  in  Fig.  8.  When  one  of  these  stop- 
screws,  as  the  carriage  is  moving  longitudinally  forward  on 
the  bed,  abuts  against  the  adjustable  stop-rod,  it  causes  a  longi- 
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ludinal  movement 
of  the  stop-spool, 
which  releases  a 
catch  -and  causes 
the  horizontal  lever 
to  drop  and  thus  re- 
lease the  feed  fric- 
tion. The  advan- 
tages of  this  de- 
sign are  quick  oper- 
ation and  assur- 
ance that  the  drop- 
out action  will  al- 
ways occur  at  one 
and  the  same  point. 
The  design  of  the 
friction  release  for 
the  cross  move- 
ments of  the  slide 
is  similar  to  that 
of  the  longitudinal 
friction  release. 
However,  this  is 
not  automatic,  but 
hand-operated  by  means  of  the  short  vertical  lever.  The  re- 
verse for  the  longitudinal  and  cross  motions  is  also  located 
in  the  apron  and  is  obtainable  by  means  of  sliding  gears. 
For  the  purpose  of  duplicating  diameters,  there  is  mounted 
on  the  front  end  of  the  cross-feed  screw,  a  dial  of  large 
diameter,  on  which  are  mounted  a  number  of  clips  which  are 
brought  to  register  with  a  zero  mark  on  the  cross-slide.  Very 
close  duplication  of  work  can  thus  be  obtained.  On  the  cross- 
slide  is  mounted  a  square  turret  for  carrying  four  forged  cut- 
ters. This  turret  is  so  designed  that  the  vertical  lock-bolt  is 
located  underneath  that  corner  where  the  cutting  action  almost 
invariably  takes  place,  and  is  operated  by  a  handle  mounted 
on  the  top  of  the  turret.  Forward  movement  of  this  lever, 
when  the  lock-bolt  is  engaged,  binds  the  turret  rigidly  to  its 
seat.  The  rear  of  the  cross-slide  forms  a  table  and  has  several 
tapped  holes  in  it  for  the  purpose  of  mounting  a  variety  of 
standard  and  special  tool-blocks  or  tool-holders.  This  feature 
is  especially  valuable  when  manufacturing  parts  in  large  lots, 
as  it  provides  means  for  mounting  specially  designed  tools  anil 
also  for  holding  forming  tools  too  wide  to  be  mounted  in  the 
square  turret. 

A  clamp  handle  is  provided  on  the  top  of  the  carriage  for 
clamping  the  carriage  to  the  bed.  Another  feature  worthy  of 
special  mention,  which  is  valuable  in  connection  with  thread 
cutting,  is  the  mechanism  at  the  front  end  of  the  cross-slide 
that  enables  the  tool  to  be  withdrawn  the  necessary  amount 
and  at  the  proper  time  reset  and  feed  the  proper  amount  for 
taking  the  next  cut.  This  mechanism  consists  of  a  disk 
mounted  loosely  on  the  cross-feed  screw,  to  be  turned  in  the 
reverse  direction  and  then  again  brought  back  to  a  starting 
point,  at  which  point  the  bar  strikes  the  end  of  the  semi- 
annular  groove  and  thus  registers  the  former  position  of  the 
cross-slide.  The  disk,  which  is  held  at  the  cross-slide  by  means 
of  a  brass  shoe  and  set-screw,  can  then  be  slipped  past  this 
point  each  time  the  proper"  amount  for  the  feeding  of  the  next 
cut  of  the  thread  cutting  tool. 

Hexagon  Turret  and  Saddle  with  Saddle  Apron 

The  turret  is  of  the  hollow  hexagon  type  and  has  an  un- 
usually large  bearing  on  the  saddle.  The  vertical  lock-bolt, 
mounted  as  close  as  possible  to  the  cutting  tool,  is  withdrawn 
by  means  of  the  lever,  and  this  lever  also  operates  the  binding 
mechanism  for  the 
turret.  The  first  part 
of  the  upward  move- 
ment of  the  lever 
toward  the  left  un- 
binds the  turret  from 
its  seat  and  further 
movement  with- 
draws the  lock-bolt 
and  leaves  the  turret 


free  to  be  indexed  by  hand.  This  is  an  economical  and  quick 
way  of  indexing  a  turret  on  this  type  and  size  of  machine.  The 
seven  stop-screws,  one  of  which  is  for  the  corner  stock  stop, 
which  are  held  in  a  revolvable  spool  carried  by  the  saddle,  are 
geared  to  the  turret  and  thus  indexed  with  it.  Forward  move- 
ment of  the  saddle  causes  a  stop  to  butt  against  a  stop-block 
mounted  between  the  ways  of  the  bed.  A  slight  forward  move- 
ment of  the  saddle  causes  a  longitudinal  movement  in  the  stop 
and  stop-spool,  which  is  transmitted  to  a  catch  that  is  thus  re- 
leased and  causes  the  feed  lever  to  drop.  The  feed  friction  is 
thereby  released  and  forward  movement  of  the  saddle  arrested. 
The  design  is  similar  to  that  of  the  saddle  apron  which  has  al- 
ready been  described.  The  feed  changes  obtainable  in  this  unit 
are  the  same  as  those  for  the  cross-slide  unit,  and  the  feed 
changes  are  the  same  as  shown  in  Fig.  7. 

Desiyrn  of  the  Bed 

As  plainly  seen  in  Figs.  1,  2  and  3,  the  head  Is  cast  integral 
with  the  bed.  The  comparatively  short  span  between  the  front 
and  rear  legs  made  it  possible  to  design  a  bed  of  extraordinary 
rigidity  without  the  use  of  an  undue  amount  of  metal.     The 
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Fig.  7.     Bange  of  Feeds  per  Bevolution  and  Direction*  for  making  Changes 


Fig.  8.    Rear  View  of  Apron,  showing  Mechanism  for  making  Feed  Changes 

front  and  rear  walls  of  the  bed  are  connected  by  a  number 
of  heavy  ribs,  thereby  preventing  distortion  of  any  individual 
section  of  the  bed  by  distributing  the  strain  throughout  the 
entire  bed  section.  The  carriage  ways  are  of  the  V-type  and  of 
very  liberal  dimensions.  This  makes  the  unit  pressure  on  the 
ways  caused  by  the  tool  carriages  very  low  and  reduces  wear. 

Oil  Pump  and  Piping- 
Figs.  2  and  3  show  the  method  and  system  used  for  supply- 
ing the  cutting  tools  with  coolant.  The  oil-pump  is  driven 
by  belt  from  the  main  pulley  shaft  and  is  mounted  on  the  rear 
side  of  the  gear-box.  The  coolant  is  drawn  from  the  well  in 
the  steel  pan  and  delivered  by  means  of  the  pump  through 
piping  and  flexible  tubes.  Each  tool-carrying  unit  has  its 
separate  pipe  fitted  with  swinging  joints  and  stop-cocks  for 
adjusting  the  position  and  flow  of  the  stream  of  coolant.  In 
addition,  coolant  can  also  be  supplied  through  the  hollow  hexa- 
gon turret,  for  oil-tube  drills  and  similar  cutting  tools  requir- 
ing this  device.  Special  attention  is  called  to  the  arrangement 
of  the  piping  enclosed  by  the  oil-pump,  making  priming  of 
the  pump  unnecessary. 

Motor  Drive 

Figs.  2  and  3  show  the  machine  arranged  for  individual 
motor  drive  with  the  General  Electric  five-horsepower  motor 
mounted  on  the  rear  of  the  front  leg.    This  makes  a  neat  and 

d  compact  arrange- 
ment; but  this  ar- 
rangement is  special 
inasmuch  as  the  ma- 
chine i  s  regularly 
equipped  with  the 
overhead  tight  and 
loose  pulley  counter- 
shafts driven  from 
the   lineshaft. 
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Tool  and  Surface   Grinder  built  by  Peter  J.   Metz   Machine   Works 

METZ  TOOL  AND  SURFACE   GRINDER 

Peter  J.  Metz  Machine  Works,  560-562  W.  Washington  St., 
Chicago,  111.,  are  now  manufacturing  a  tool  and  surface  grinder 
shown  in  the  illustration  accompanying  this  description.  It  is 
intended  for  general  shop  and  tool-room  service,  and  has  been 
designed  for  grinding  flat  surfaces  such  as  blanking,  stamping 
and  piercing  dies,  punches,  lathe  and  planer  tools,  and  similar 
work.  The  spindle  is  made  of  high-carbon  steel  and  runs  in 
split  conical  boxes  made  of  anti-friction  phosphor-bronze  and 
provided  with  adjusting  nuts.  This  construction  permits  of 
easy  compensation  for  wear.  A  graduated  dial  is  provided  on 
the  vertical  feed-screw,  the  graduations  reading  to  0.001  inch, 
but  finer  adjustment  can  be  readily  obtained  when  such  degree 
of  accuracy  is  required.  Traverse  movement  is  obtained  by 
a  screw  feed  operated  by  a  handwheel. 

Longitudinal  movement  of  the  table  is  obtained  by  a  rack 
and  pinion,  with  a  handwheel  located  at  the  front  of  the  ma- 
chine, which  is  found  convenient  when  grinding  dies,  gages, 
and  tools.  Under  one  wheel  there  is  an  adjustable  tool-rest, 
and  under  the  other  wheel  there  is  a  short  surface  table  having 
a  %-inch  milled  T-slot  at  the  center.  All  bearing  surfaces  are 
protected  from  dust  and  dirt,  and  the  ways  are  hand-scraped 
to  a  perfect  bearing.  Provision  has  been  made  for  oiling  all 
bearings  that  are  subject  to  wear,  and  the  table  is  provided 
with  a  dovetail  slide  with  gibs  for  taking  up  wear.  Attention 
is  called  to  the  fact  that  all  operating  handles  are  located 
at  the  front  of  the  machine  where  they  are  convenient  for 
the  operator  to  reach  at  all  times.  This  machine  is  furnished 
complete  with  two  grinding  wheels,  a  countershaft,  wheel 
guards,  and  tool-rests. 

The  principal  dimensions  are  as  follows:  size  of  grinding 
wheels,  8  inches  in  diameter  by  1  inch  face  width;  diameter  of 
spindle  between  flanges,  %  inch;  distance  from  center  to  cen- 
ter of  wheels,  19 V^  inches;  size  of  working  surface  of  table. 
9  by  24  inches;  longitudinal  movement,  24  inches;  traverse 
adjustment,  9  inches;  speed  of  countershaft,  500  revolutions 
per  minute;  size  of  pulley,  4  inches  in  diameter  by  2%  inches 
face  width;  size  of  driving  pulley  countershaft,  12  by  S'i 
inches;  size  of  tight  and  loose  pulleys  on  countershaft,  6  inches 
in  diameter  by  4  inches  face  width ;  height  from  floor  to  center 
of  spindle,  iOVz  inches;  length  of  spindle  bearing,  4%  inches; 
floor  space  occupied,  18  by  22i^  inches;  and  weight  of  machine, 
550  pounds. 


HENDEY   CRANK   SHAPER 

The  20-inch  crank  shaper  which  forms  the  subject  of  the 
following  description,  is  a  recent  addition  to  the  product  of  the 
Hendey  Machine  Co.,  Torrington,  Conn.  It  will  be  seen  that 
the  frame  and  base  are  cast  integral,  and  an  oil  pan  is  pro- 
vided in  the  base  to  catch  all  drip  from  the  bearings  and  keep 
the  floor  clean.  The  bull  gear  hub  is  cast  solid  and  is  liberally 
proportioned  to  take  all  strain  in  the  drive  when  the  machine 
is  at  work.  The  crankpin  is  hardened  and  ground,  and  the 
crankpin  block  is  also  hardened,  ground  and  bushed  with  a. 
cast-iron  sleeve  for  the  crankpin  bearing.  The  ways  for  the 
ram  have  an  included  angle  of  fifty  degrees,  and  the  gib  for 
the  ram  is  combined  with  the  cap  in  a  single  casting,  making 
a  very  rigid  construction  and  at  the  same  time  allowing  for 
ample  adjustment  in  a  horizontal  direction.  The  ram  has  a 
bearing  in  the  frame  111/4  by  34  inches,  and  the  ram  casting 
is  braced  to  provide  the  necessary  rigidity  for  taking  heavy 
cuts.  It  is  possible  to  set  the  ram  in  any  position  while  the 
machine  is  either  working  or  at  rest,  the  length  of  the  stroke 
obtained  for  any  position  being  shown  by  an  index. 

The  cross-feed  mechanism  is  operated  entirely  at  the  end 
of  the  cross-rail  in  all  its  adjustments,  and  a  dial  and  indicator 
control  the  amount  of  feed,  which  can  be  varied  while  the 
machine  is  in  motion.  It  is  possible  to  start,  stop  or  reverse 
the  feed  while  the  machine  is  running  by  means  of  a  ball  lever 
at  the  top  of  the  case.  The  feed  is  operated  only  on  the  reverse 
stroke.  A  quick  and  positive  method  of  binding  the  tool-head 
swivel  to  the  head  of  the  ram  is  furnished  by  a  single  screw. 
Power  down  feed  is  optional,  and  the  down-feed  screw  has  a 
micrometer  dial  reading  to  0.001  inch.  The  driving  cone  has 
four  steps,  and  the  shaft  has  an  outboard  bearing  in  the  end 
of  the  casting  that  forms  a  guard  for  the  belt.  An  expanding 
friction  cone  clutch  drive  of  large  diameter  engages  with  a 
cone  operated  by  a  long  horizontal  lever  at  the  side  of  the 
frame.  This  shaper  is  back-geared  and  this,  together  with  the 
four-step  cone  pulley,  provides  eight  changes  of  speed.  A  belt- 
shifting  mechanism  is  furnished  as  part  of  the  regular  equip- 
ment, on  which  cams  are  arranged  to  move  the  shifters  alter- 
nately and  the  belt  can  be  changed  much  quicker  than  by 
hand. 

When  so  desired,  the  machine  may  be  arranged  for  in- 
dividual motor  drive,  in  which  case  an  adjustable  speed  motor 
is  employed  with  connection  to  the  power  shaft  by  means  of  a 
slight  chain  drive.  The  motor  should  develop  about  five  horse- 
power and  run  at  from  400  to  1200  revolutions  per  minute, 
although  a  slightly  higher  speed  range  can  be  employed.  A 
constant-speed  motor  and  gear-box  can  also  be  employed  in 
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Fig.    1       KicharUson    "Direct-rcailing"-  Slidu-rulo    with    All    Scale 
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place  of  the  equipment  referred  to.  The  cross-rail  is  clamped 
to  the  column  with  a  square  lock  and  the  elevating  screw  Is 
telescopic.  An  adjustable  bottom  support  is  provided  for  the 
table  which  slides  on  a  channel-shaped  track  serving  to  protect 
it  from  chips  and  dirt  that  would  throw  the  table  out  of  align- 
ment. The  vise  has  a  graduated  base  that  is  held  down  by  four 
bolts,  and  this  base  also  acts  as  a  clamp  to  hold  the  vise  firmly 
down  upon  the  table.  A  boss  is  cast  on  the  under  side  of  the 
vise,  which  supports  the  vise  ways,  and  at  the  same  time  ties 
these  ways  together  to  provide  additional  stiffness.  The  thrust 
of  the  screw  which  actuates  the  sliding  vise  jaw  is  taken  at 
the  head  end  of  the  vise  casting. 

The  principal  dimensions  of  this  machine  are  as  follows: 
actual  stroke,  20%  inches;  horizontal  travel  of  table,  241^ 
inches;  vertical  travel  of  table,  15  inches;  minimum  distance 
from  ram  to  table,  4  inches;  size  of  top  of  table,  16  by  20 
inches;  size  of  side  of  table,  I614  by  15  inches;  range  of  power 
cross-feed,  0.008  to  0.200  inch;  size  of  ram  bearing  in  frame, 
111/4  by  34  inches;  travel  of  head  slide,  7l^  Inches;  power 
feed  of  head  slide,  0.005  to  0.060  inch;  opening  of  vise,  13 
Inches;  size  of  vise  jaws,  12  by  2%  inches;  keyseating  capacity, 
SVz  inches;  toolpost  opening  for  tools,  %  by  1%  inch;  range 
of  strokes  per  minute,  from  8  to  115;  floor  space  occupied,  54 
by  92  inches;  and  net  weight  of  machine,  4100  pounds. 


RICHARDSON  SLIDE-RULES 

The  two  rules  described  in  this  article  are  known  as  a 
"direct-reading"  slide-rule  and  a  "merchant's"  slide-rule,  re- 
spectively. The  former  has  the  usual  A,  B,  C  and  D  scales, 
and  scales  for  handling  problems  involving  the  use  of  trigo- 
nometric functions,  logarithms  of  numbers,  log  functions  of 
angles,  and  commonly  used  engineering  constants.  The  mer- 
chant's slide-rule  is  a  simplified  rule  with  scales  for  performing 
the  usual  operations  of  multiplication  and  division,  and  special 
scales  for  the  solution  of  problems  in  percentage  and  interest. 

George  W.  Richardson,  4212  W.  24th  Place,  Chicago,  111.,  is 
now  manufacturing  two  slide-rules  which  form  the  subject  of 
the  following  description.  One  of  these  is  known  as  a  "direct- 
reading"  slide-rule,  and  the  other  is  termed  a  "merchant's" 
slide-rule.  Both  are  made  entirely  of  metal  with  the  scales 
and  numerals  marked  in  black  and  red  on  a  white  background. 
An  advantage  of  the  metal  construction  is  that  there  is  no 
tendency  for  the  slide  to  bind  during  damp  weather. 

Richardson  Direct-reading'  Slide-rule 

Reference  to  Fig.  1,  which  shows  the  Richardson  direct- 
reading  slide-rule,  will  make  it  apparent  to  those  familiar 
with  the  Mannheim  slide-rule  scales  that  the  Richardson  rule 
is  provided  with  the  standard  A,  B,  C  and  D  scales.  With 
these  scales  are  performed  problems  in  multiplication,  divi- 
sion, the  extraction  of  square  roots  and  cube  roots,  etc.,  with 
which  all  users  of  slide-rules  are  familiar. 

So  far  as  we  know,  Mr.  Richardson  is  the  first  to  graduate  a 
special  logarithmic  slide-rule  scale  for  problems  in  addition 

and  subtraction.     On  the  slide  between  the  B  and  C  scales,  it 

% 
will  be  seen  that  there  is  graduated  a  logarithmic  scale  read- 
ing 0,  1,  2,  3,  4,  5,  6,  7,  8,  9,  0,  and  below  the  D  scale  (and  also 
below  the  scale  marked  "Tan")    there  is  graduated  a  similar 


logarithmic  scale.  Suppose  it  is  required  to  add  together  12, 
16  and  14.  The  method  of  procedure  is  as  follows:  Place  the 
cross-line  on  the  runner  over  12  on  the  lower  logarithmic 
scale  and  bring  the  left-hand  index  of  the  upper  logarithmic 
scale  under  the  cross-line.  Next  move  the  runner  to  the  right 
until  the  cross-line  comes  over  16  on  the  upper  logarithmic 
scale,  and  read  the  sum  of  these  two  numbers,  28,  under  the 
cross-line  on  the  lower  logarithmic  scale.  Next  move  the 
slide  to  the  right  until  the  left-hand  index  again  comes  under 
the  cross-line  on  the  runner;  then  move  the  runner  over  until 
14  on  the  upper  logarithmic  scale  comes  under  the  cross-line, 
and  read  the  sum  of  28  and  14,  42,  on  the  lower  logarithmic 
scale.  Problems  in  subtraction  are  performed  by  reversing 
this  practice. 

Problems  involving  the  use  of  logarithms  may  be  handled 
direct  upon  this  slide-rule.  If  a  number  is  known  and  it  is 
desired  to  find  the  logarithm  of  that  number,  the  method  of 
procedure  is  to  move  the  runner  along  so  that  the  number 
whose  logarithm  is  desired  lies  under  the  cross-line  on  the 
runner.  Then  directly  below  this  cross-line  on  the  logarithmic 
scale  will  be  found  the  mantissa  of  the  desired  logarithm. 
The  characteristic  of  the  logarithm  is  determined  by  inspec- 
tion, according  to  the  usual  method.  Conversely,  knowing  the 
logarithm  and  desiring  to  obtain  the  number  corresponding 
to  that  logarithm,  the  runner  is  moved  out  to  the  logarithm, 
and  the  number  read  on  the  D  scale.  In  this  way,  all  prob- 
lems involving  the  use  of  logarithms  can  be  handled  without 
the  use  of  tables. 

Trigonometric  problems  can  also  be  handled  on  the  Rich- 
ardson direct-reading  slide-rule.  At  the  top  of  the  rule,  over 
the  A  scale,  will  be  seen  a  scale  graduated  40  minutes,  50 
minutes,  1  degree,  70  degrees,  and  to  the  right  of  this  scale 
appears  the  word  "Sin."  When  an  angle  is  known  and  it  is 
desired  to  obtain  the  sine  of  that  angle,  the  runner  is  moved 
along  so  that  the  cross-line  lies  over  the  angle;  the  deSired 
sine  of  that  angle  is  then  read  on  the  A  scale.  For  instance, 
the  sine  of  30  degrees  is  seen  to  be  0.5.  Knowing  the  value  of 
the  sine,  the  corresponding  angle  may  be  obtained  by  revers- 
ing this  process. 

Below  the  D  scale  there  is  a  similar  degree  scale  with  the 
word  "Tan"  marked  at  the  left.  In  the  present  case,  how- 
ever, it  will  be  seen  that  the  scale  starts  with  6  degrees  and 
runs  up  to  45  degrees.  The  reason  for  this  is  that  up  to  6 
degrees  the  tangent  of  an  angle  is  the  same  as  the  sine  of 
that  angle,  so  that  for  obtaining  the  tangents  of  angles  less 
than  6  degrees  the  sine  scale  may  be  employed.  For  angles 
from  6  to  45  degrees,  tangents  are  obtained  in  the  same  way 
that  has  already  been  explained  for  the  sine  scale,  in  the  case 
of  tangents  use  being  made  of  the  "Tan"  scale  and  the  D 
scale.  Reversing  this  process  enables  ope  to  obtain  the  value 
of  the  angle  from  the  known  value  of  the  tangent.  From  the 
relation  between  the  sine  and  cosine  and  the  tangent  and 
cotangent  of  an  angle,  cosines  and  cotangents  may  be  obtained 
from  the  sine  scale  and  tangent  scale,  respectively.  These 
scales  also  provide  for  operating  with  logarithms  of  trigo- 
nometric functions. 

To  facilitate  the  handling  of  many  problems  in  engineering. 
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the  graduations  of  the  B  and  C  scales  on  the  slide  have  been 
extended  as  partially  shown  by  the  portion  of  the  slide  extend- 
ing to  the  left,  so  that  provision  is  made  for  graduating  con- 
stants on  the  space  at  each  side  of  these  scales.  For  instance, 
take  the  case  of  problems  involving  the  use  of  data  expressed 
in  meters  where  it  is  desired  to  obtain  results  expressed  in 
inches.  At  the  upper  left-hand  corner  of  the  rule  opposite 
the  end  of  the  A  scale  (and  at  the  lower  right-hand  corner 
opposite  the  D  scale)  there  are  holes  which  are  known  as  "key 
holes."  Taking  the  case  of  a  problem  involving  the  use  of 
meters,  the  slide  is  run  along  until  the  letter  Q  appears  in 
the  key  hole.  We  are  then  ready  to  proceed  with  our  prob- 
lem. Suppose,  for  the  case  of  simplicity,  that  it  is  desired 
to  determine  the  number  of  inches  in  4.5  meters.  The  run- 
ner is  moved  along  the  A  scale  until  the  cross-line  lies  over 
4.5,  and  the  desired  result  is  then  obtained  by  reading  the 
number  that  appears  under  the  cross-line  on  the  B  scale.  For 
instance,  it  will  be  seen  that  4.5  meters  equals  177  inches. 
There  are  twenty-two  of  these  constants  graduated  on  the 
slide,  which  greatly  facilitate  the  performance  of  many  engi- 
neering problems.  A  list  on  the  back  of  the  rule  gives  the 
key  letter  and  significance  of  each  constant.  '" 

Richardson's   Merchant's  Slide-rule 

For  the  use  of  merchants  and  other  business  men,  many  of 
whom  have  not  made  a  detailed  study  of  mathematics  and  have 
not  been  instructed  in  the  use  of  the  slide-rule,  Mr.  Richardson 
has  developed  a  simple  rule  illustrated  in  Fig.  2.  At  the  top 
of  this  rule  there  are  two  scales  marked  D'  and  D^  which  are 
graduated  similarly  to  the  C  and  D  scales  of  the  ordinary 
slide-rule.  These  can  be  used  for  problems  in  multiplication 
and  division.  At  the  center  of  the  slide  there  is  a  scale  cor- 
responding to  the  two  upper  scales  on  the  rule,  but  reading 
in  the  opposite  direction.  This  scale  is  marked  CI,  and  is 
used  to  obtain  reciprocals  of  the  numbers  graduated  on  the 
scale  at  the  top  of  the  slide.  For  instance,  setting  the  runner 
at  2  on  the  scale  marked  D^  the  corresponding  reciprocal  0.5 
will  be  found  on  the  scale  marked  CI. 

One  of  the  most  valuable  uses  of  this  slide-rule  is  in  the  cal- 
culation of  problems  in  percentage  and  interest,  for  which 
purpose  it  is  the  means  of  saving  a  great  deal  of  time.  At  the 
bottom  of  the  rule  will  be  seen  a  scale  marked  D'  at  the  left, 
while  the  word  "Prin"  appears  at  the  right  of  this  scale.  At 
the  bottom  of  the  slide  there  is  a  scale  at  the  left  of  which 
appears  "%,"  while  at  the  right  of  this  scale  is  the  word 
"Rate."  Similarly,  at  the  top  of  the  slide  there  is  a  scale 
with  "Days"  marked  at  the  right-hand  end,  while  at  the  ex- 
treme top  of  the  rule  is  a  scale  at  the  right-hand  end  of  which 
appears  the  word  "Int." 

In  order  to  explain  the  use  of  this  rule  for  the  rapid  solution 
of  problems  of  this  kind,  suppose  it  is  desired  to  calculate  the 
interest  due  on  a  loan  of  $4800  for  seventeen  days,  interest 
being  at  the  rate  of  5i^  per  cent.  On  the  "Prin"  scale,  set  the 
cross-line  on  the  runner  over  4800.  Move  the  slide  so  that  5^^ 
on  the  "Rate"  scale  comes  under  the  cross-line.  Then  without 
moving  the  slide,  move  the  runner  along  until  the  cross-line 
is  over  17  on  the  "Days"  scale.  The  interest  due  will  then 
be  read  under  this  cross-line  on  the  top  scale  marked  "Int." 
The  amount  due  is  found  to  be  $11.91.  This  result  can  be 
obtained  in  a  few  seconds,  where  it  would  involve  several 
minutes  time  for  an  average  accountant  to  obtain  the  result. 
*  *  ♦ 
EXPOSITION  AT  SPRINGFIELD.  MASS. 

An  industrial  exposition  and  conference  will  be  held  in 
Springfield,  Mass.,  May  26- June  2.  This  will  be  the  first  event 
of  the  kind  ever  held  in  the  country,  and  is  the  result  of  the 
feeling  in  the  great  manufacturing  centers  of  the  eastern 
states  and  New  England  that  something  tangible  should  be 
done  to  fortify  the  industrial  interests  to  meet  conditions 
likely  to  follow  the  close  of  the  European  war.  The  exposi- 
tion grounds  are  well  situated;  the  buildings  erected  in  the 
summer  of  1916,  are  on  a  railroad  siding  and  afford  ample 
accommodations  for  expositions  and  conferences.  Further 
information  can  be  obtained  from  John  C.  Simpson,  general 
manager,  Springfield,  Mass. 


NEW   MACHINERY  AND  TOOLS   NOTES 


Welded  Stellite  Tools:  Haynes  Stellit^J  Co.,  Kokomo,  Ind. 
These  tools  consist  of  a  drop-forged,  heat-treated,  carbon-steel 
shank  to  which  a  stellite  cutting  edge  is  electrically  welded. 
They  are  made  in  all  standard  toolpost  sizes  and  with  straight, 
right-hand  and  left-hand  shanks. 

Small  Swaging  Machine:  Etna  Machine  Co.,  Toledo,  Ohio. 
While  this  machine  will  handle  the  usual  run  of  small  swaging 
work,  it  will  swage  any  tapers  that  can  be  handled  with  a  com- 
paratively short  die.  Its  greatest  capacity  is  1  inch  in  diam- 
eter and  the  dies  are  3  inches  long.  The  flywheel  should  run 
at  400  revolutions  per  minute. 

Universal  Tool  Grinding  Machine:  Acme  Grinder  Co.,'  Cin- 
cinnati, Ohio.  This  machine  is  intended  for  tool  sharpening 
and  small  grinding  of  a  similar  nature.  The  headstock  and 
the  vise  swivel  in  all  directions.  The  vertical  screw  for  ele- 
vating and  lowering  the  knee  is  provided  with  a  ball  thrust 
bearing  to  reduce  the  friction. 

Universal  Turret  Table:  Milliken  Machine  Works,  West 
Newton,  Mass.  This  tool  consists  of  a  base,  designed  to  be 
bolted  to  the  machine  table,  and  a  revolving  top.  A  tongue 
in  the  base  fits  in  the  slots  of  the  machine  table,  while  the 
revolving  plate  has  T-slots  and  a  hole  for  locating  work  cen- 
trally. This  tool  may  be  used  on  milling  machines,  ^hapers, 
surface  grinders,  drilling  machines,  etc. 

Shaping  Machine  for  Locomotive  Boxes:  Newton  Machine 
Tool  Works,  Inc.,  Philadelphia,  Pa.  The  principal  features  of 
this  machine  are  a  vertical  feed  and  an  angle-plate  for  mount- 
ing horizontally  the  part  to  be  machined.  The  boxes  are  placed 
in  a  horizontal  position  so  that  the  marks  on  the  boxes  are 
visible.  The  feed  of  this  machine  is  accomplished  by  a  pawl, 
and  this  arrangement  insures  a  definite  amount  of  feed  at 
each  stroke. 

Trumbull  Tapping  Machine  for  Thin  Work:  F.  S.  Trum- 
bull, Bridgeport,  Conn.  The  essential  part  of  this  machine  is  a 
small  electric  motor,  upon  the  shaft  of  which  is  mounted  a 
Gronkvist  automatic  collapsible  chuck.  This  machine  will  tap 
holes  up  to  1/4  inch  in  diameter.  Two  coil  springs  force  the 
work  into  the  tap  after  it  is  placed  in  position  and  a  pedal 
is  used  to  back  off  the  spindle.  A  switch  automatically  stops 
the  machine  when  the  pedal  is  released. 

Portable  Band  Wheel  Grinding  Machine:  W.  C.  Barnhirt, 
Seattle,  V/ash.  With  this  machine  band  wheels,  pulleys,  and 
similar  work  may  be  ground  without  being  removed  from  their 
bearings.  The  grinding  wheel  is  revolved  simply  by  frictional 
contact  with  the  surface  being  finished,  so  its  use  is  limited 
to  parts  that  can  be  driven  at  a  peripheral  speed  of  from  5000 
to  9000  feet  per  minute.  Varying  the  angle  of  the  abrasive 
wheel  with  reference  to  the  axis  of  the  pulley  changes  the 
speed  of  the  wheel. 

Hand  Milling  Machine:  Superior  Machine  &  Engineering 
Co.,  Detroit,  Mich.  This  machine  is  designed  to  handle  fine 
work.  Its  range  of  mills  is  from  %  inch  to  5  inches  in  diam- 
eter. If  desired,  a  slotting  attachment  or  vertical  milling  head 
may  be  applied  in  place  of  the  regular  head.  Both  the  head 
and  the  knee  slide  are  on  the  same  column.  In  the  back  of 
the  column  is  a  two-speed  gear-box,  and  in  a  box  outside  the 
column  are  two  transposing  gears;  provision  is  made  for  ob- 
taining a  wide  range  of  speeds. 

Plain  Grinding  Machine:  Fitchburg  Grinding  Machine  Co., 
76  Winter  St.,  Fitchburg,  Mass.  In  the  June,  1914,  number  of 
Machinery,  descriptions  were  published  of  the  styles  A  and  B, 
6  by  15  plain  cylindrical  grinding  machines  which  had  just 
been  placed  on  the  market  at  that  time  by  the  Fitchburg 
Grinding  Machine  Co.  As  originally  designed,  the  machines 
were  equipped  for  belt  drive,  but  in  order  to  meet  the  demand 
for  the  use  of  electric  power,  machines  of  this  type  are  now 
being  constructed  with  an  individual  motor. 

Releasing  Tap-  and  Die-holder:  Ideal  Brass  Co.,  Indianapo- 
lis, Ind.  This  tap,  which  is  driven  by  two  pins,  is  brought 
up  to  the  work  and  continues  to  cut  after  the  turret  stops 
until  its  movement  causes  the  pins  to  release.  By  adjusting 
the  amount  of  tool  travel  after  the  turret  stops,  it  is  possible 
to  work  up  close  to  a  shoulder.  When  the  holder  starts  to 
reverse,  a  roller  runs  up  a  taper  groove  until  it  grips  the  shank 
and  backs  up  the  tool.  Left-handed  threads  may  be  cut  by 
placing  this  roller  in  a  second  taper  groove  provided  for 
the  purpose.  By  placing  rollers  in  both  grooves,  a  non- 
releasing  holder  is  obtained. 


PUTNAM  CAR  WHEEL  GRINDER-CORRECTION 

The  net  weight  of  the  heavy-duty  car  wheel  grinder  built 
by  the  Putnam  Machine  Co.  of  Fitchburg,  Mass.  and  described 
in  the  February  number  is  50,000  pounds  with  the  motors, 
and  45,000  pounds  without  the  motors.  Owing  to  a  typo- 
graphical error  the  weight  was  staled  in  the  description  to 
be  5000  pounds. 
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THE  AMERICAN  INSTITUTE  OF  WEIGHTS 
AND   MEASURES 

The  revival  of  the  agitation  for  tlie  adoption  of  the  metric 
system  has  aroused  the  opponents  of  the  system,  and  an  or- 
ganization called  tho  American  Institute  of  Weights  and 
.Measures  was  formed  in  1916  to  support  the  present  English 
system  of  weights  and  measures.  At  a  meeting  of  the  council 
of  the  institute,  held  at  the  Engineers'  Club,  New  York  City, 
February  19,  the  following  officers  were  elected:  president, 
W.  R.  Ingalls;  vice-presidents,  Henry  D.  Sharpe  and  D.  H. 
Kelly;  treasurer,  Walter  M.  McParland;  commissioner  and 
secretary,  F.  A.  Halsey. 

The  objects  of  the  new  institute  are  declared  to  be:  the 
maintenance  and  improvement  of  our  present  (English)  sys- 
tem of  weights  and  measures,  for  the  good  of  our  commerce 
and  industry  and  the  well-being  of  our  country;  the  educa- 
tion of  the  people  with  respect  to  the  importance  of  our  weights 
and  measures,  through  tbe  dissemination  of  correct  informa- 
tion with  respect  to  them  and  to  the  danger  inherent  in 
changes  of  our  basic  standards  of  measurement;  the  improve- 
ment of  old  and  the  development  of  additional  standards  as 
they  may  be  needed  by  reason  of  new  conditions  in  commerce, 
industry,  science  and  engineering;  the  promotion  of  wise 
legislation  for  the  conservation  of  our  basic  English  units  of 
weights  and  measures,  and  opposition  to  hasty  legislation,  in- 
volving   changes    from    our    fundamental    English    standards. 

The  annual  dues  of  association  members  are  $100  for  asso- 
ciations which  are  national  in  scope  and  $25  for  all  others. 
The  annual  dues  of  corporation  members  employing  less  than 
500  employes  are  $25,  and  of  those  employing  more  than  500 
and  less  than  1000,  $50;  and  $25  for  each  additional  thousand 
employes,  or  fraction  thereof,  up  to  a  maximum  of  $500.  The 
annual  dues  of  individual  members  are  $5. 

The  institute  will  open  offices  in  New  York  City.  Applica- 
tions for  membership  should  be  sent  to  F.  A.  Halsey,  com- 
missioner. Hill  Bldg.,  Tenth  Ave.  and  36th  St.,  New  York  City. 
*     *     » 

SHEET  METAL   TESTING    MACHINE 

Tensile  strength  tests  are  unsatisfactory  for  determining  the 
quality  of  thin  sheet  metal  that  is  to  be  worked  in  power 
presses,  etc.,  because  of  two  reasons:  in  the  first  place,  such 
tests  do  not  yield  reliable  data  for  very  thin  sheets;  second, 
the  quality  of  metal  which  is  to  be  worked  by  drawing,  stamp- 
ing, folding,  etc.,  is  dependent  upon  ductility  and  similar  prop- 
erties rather  than  upon  tensile  strength.  The  following  article 
describes  a  machine  for  determining  what  is  known  as  the 
Erichsen  value,  i.  e.,  the  depth  in  millimeters  before  the  metal 
is  torn,  of  an  impression  made  by  forcing  the  sheet  metal 
through  a  die.  A  chart  gives  Erichsen  values  for  various 
metals,  based  upon  data  obtained  by  several  thousand  tests. 

In  determining  the  quality  of  metal  sheets,  the  only  method 
used  in  the  past  has  been  the  "tensile  strength"  test.  The 
tensile  strength  testing  machine  does  not  give  reliable  results 


a— DEPTH  OF  IMPRESSION 


Fig.    2.     Partial   Cross-sectional   View   of   Machine,    showing   Arrangement 
of   Die,    Tool    and   Holder   in   which    Specimen    is    secured 

with  thin  sheets,  and  in  the  practical  application  of  metal 
sheets  it  is  not  so  much  the  tensile  strength,  but  the  drawing, 
stamping,  compressive  and  folding  qualities  which  determine 
whether  the  material  is  well  suited  for  manufacturing  pur- 
poses. A.  M.  Erichsen,  a  Norwegian  metallurgical  engineer, 
has  devised  a  method  for  testing  metal  sheets  on  which 
patents  have  been  granted  in  the  U.  S.  A.  and  in  all  foreign 


STANDARD  TOOL  FOR  TESTING  METAL  SHEETS 


EXTRA  TOOL  FOR  TESTING  STRIPS 
OF  ABOUT  A 'width 


EXTRA  TOOL  FOR  TESTING  CARTRIDGE  CUPS 


Y''''W////M. 


izz^^'m^ 


STANDARD  TOOL  WITH  SPECIAL    DIE  AND  HOLDER   FOR    TESTING  WIRES   1.6  MM.    DIAM 


Fig.    1.     Erichsen   Sheet    Metal    Testing   Machine 


Fig.   3.     Dies,   Tools   and  Work-holders   for  testing  Various  Materials 

countries.  Herman  A.  Holz,  50  Church  St.,  New  York  City, 
has  the  American  sales  agency  for  this  machine.  This  method 
determines  in  a  simple  and  rapid  manner  the  actual  work- 
ability of  metal  sheets  to  the  point  of  fracture.  A  specimen 
of  the  sheet  or  strip  is  clamped  between  two  dies  and  held  in 
such  a  way  that  the  metal  has  "play"  and  can  flow,  while 
a  tool  having  a  rounded  end  (a  perfect  semi-ball)  is  moved 
gradually  forward  under  the  influence  of  a  ram,  actuated  by 
a  micrometer  screw,  until  fracture  occurs.  The  test  piece 
is  under  the  permanent  observation  of  the  operator,  so  that 
the  point  of  fracture  can  be  determined  with  great  accuracy 
(to  0.01  millimeter).  The  depth  of  the  impression  required 
to  produce  fracture  can  be  read  off  directly  from  a  micrometer 
scale  and  represents  the  "Erichsen  value"  of  the  sheet,  which 
is  a  basis  of  the  workability  of  all  metal  sheets  for  manufac- 
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turing  purposes.  Great  tenacity  ccynbined  with  high  tensile 
strength  will  give  the  best  drawing  and  compressive  values, 
which,  however,  are  neither  proportional  to  the  effective 
modulus  of  elongation  nor  to  the  ultimate  tensile  strength. 

Advantagres  of  the  Erichsen  Method 

The  advantage  of  the  Erichsen  method  lies,  first  of  all,  in 
the  possibility  of  obtaining  actual  test  figures  in  a  few  mo- 
ments, and  without  any  previous  preparation  of  the  test  piece. 
It  is  therefore  possi-- 


very  sof  h  and  i  oogh 
fnol-  drawable  ] 


ble  to  test  in  a  short 
time  a  large  number 
of  different  qualities 
of  metal  sheets  or 
strips,  thus  providing 
an  effective  means 
of  control  both  for 
the  manufacturer  and 
the  purchaser  of  the 
material.  Another 
advantage  is  that  all 
Erichsen  mach  i  n  e  8 
are  made  from  the 
same  precision  gages 
and  are  adjusted  in 
exactly  the  same 
manner;  hence  the 
results  obtained  in 
testing  homogeneous 
material  are  strictly 
comparable.  It  is 
therefore  easy  to 
lay  down  standard 
specifications  regard- 
ing the  quality  of 
metal  sheets  by  sim- 
ply agreeing  on  cer- 
tain minimum  Erich- 
sen values.  Another 
important  point  of 
advantage  is  that 
the  "dome"  produced 
by  the  indentation 
permits  ready  obser- 
vation of  the  macro- 
structure  of  the 
drawn  metal,  often 
giving  valuable  in- 
formation about  the 
treatment  which  the 
material  has  under- 
gone. The  operation 
of  the  machine  is  so 
simple  that  any  in- 
telligent work  man 
can  readily  use  it. 
While  iis  high  accu- 
racy makes  it  suit- 
able for  use  in  test- 
ing laboratories,  the  machine  can  just  as  well  be  used  in  the 
shops,  as  it  is  of  very  solid  and  rugged  construction. 

Observation  of  Tested  Specimen 

While  the  Erichsen  machine  permits  the  accurate  measure- 
ment of  the  thickness  of  the  test  specimen,  which  should  be 
noted  when  starting  the  test  (see  instructions  for  operating 
the  machine),  there  are  two  other  points  that  should  be  ob- 
served :  ( 1 )  Formation  of  the  fracture.  Investigate  whether  the 
fracture  runs  around  the  dome  or  whether  a  previous  fracture 
in  a  certain  direction  is  noticeable.  In  the  latter  case  the 
metal  is  fibrous  and  not  very  well  suited  for  drawing  and 
folding  purposes;  it  will  then  also  have  a  low  drawing  value. 
Pronounced  fibrous  formation  is  often  noticeable  in  first 
quality  sheet  iron  and  tinned  iron  sheets,  while  in  the  case  of 
iron  and  steel  strip  the  fibrous  formation  disappears  more  and 
more  when  being  repeatedly  annealed  and  cold-rolled.    On  the 


Brass. 


Firsh  class  sheet" 
(smool-h  wifhoul"  veins) 

Tinned  Sheeh 


Rough 
(nol-  drawable) 


Fig:.   4. 


other  hand,  non-ferrous  sheets  are  usually  not  fibrous,  with 
the  exception  of  zinc  sheet,  the  workability  of  which  is 
thereby  considerably  reduced.  The  second  point  to  be  observed 
is:  (2)  Macro-structure.  Investigate  whether  the  dome  retains 
a  surface  similar  to  that  of  the  sheet  in  its  original  state  or 
whether  it  becomes  rough  or  close-grained.  If  it  becomes 
rough,  it  is  not  suitable  for  drawing  or  pressing  operations. 
This  loose  structure  appears  in  ferrous  and  non-ferrous  sheets, 
and  is  caused  by  excessive  annealing.     The  Erichsen  method 

thus  provides  also  a 

means  of  controlling 
the  proper  anneal- 
ing process.  The 
dome  frequently  ap- 
pears close-grained  on 
the  surface,  mostly 
in  copper  and  brass 
sheets.  In  copper 
sheets  this  results 
from  the  infiuence  of 
reducing  gases  on 
copper  protoxide, 
which  occurs  chiefly 
when  copper  is  an- 
nealed in  open  re- 
verberatory  furnaces. 
This  fine  grain  can 
often  be  seen  in 
copper  sheets  with 
the  naked  eye.  In 
brass  sheets,  this  evil 
may  be  traced  to  va- 
rious causes;  very 
often  it  is  produced 
by  too  sharp  picK- 
ling.  A  high-quality 
drawing  and  press- 
ing sheet  should, 
therefore,  have:  (1) 
A  good  Erichsen 
value.  (2)  As  little 
as  possible  fibrous 
formation.  (  3  )  A 
smooth  surface  of  the 
testing  dome,  which 
must  not  show  a 
rough  or  close-grain- 
ed appearance.  Fur- 
thermore, the  sheet 
must  be  free  from 
scale  and  flaws  (no- 
ticeable with  the 
naked  eye),  and  any 
blisters  and  hollow 
spots  that  may  be 
present  in  the  sheet 
will  show  up  imme- 
diately upon  com- 
mencing    the     test. 


pronounced  veins 
(inferior  qualil-y) 


Second  qua  I  i  by 
[loose  and  rough) 

Zinc Sheeh 


Second  qualify 
(many  velnsj 


some  fibres 
[smool-h  firsi' qualil-y] 


many  veins 
(under  shandardj 


Fractured   Test  Specimens  of   Different  Materials   showing   Variations  in   Erichsen   Value 
and   Nature   of    Tear 


Standard  Specifications  for  Trade  Qualities 

The  curves  in  Fig.  5  show  the  relation  between  the  thick- 
ness and  the  Erichsen  value  of  good  metal  sheets.  Their 
meaning  to  the  trade  will  be  readily  understood;  a  brass 
stamping  sheet  of,  say,  one  millimeter  thickness,  should  not 
crack  in  the  Erichsen  machine  below  14.25  millimeters  depth 
of  indentation.  If  it  has  less  than  14.25  millimeters  Erichsen 
value,  its  quality  is  below  standard.  These  standards  were 
laid  down  by  Mr.  Erichsen  by  averaging  several  thousands  of 
tests  in  his  many  years'  experience.  They  permit  excellent 
comparisons  to  be  made  between  the  manufacturer  and  pur- 
chaser of  the  sheets,  although  most  of  the  large  users  of  metal 
sheets  will  work  out  special  standards  for  their  various  re- 
quirements. In  case  the  drawing  values  determined  exceed 
those  given  in  Mr.  Erichsen's  standard  curves,  the  sheet  may 
be  said  to  be  of  good  trade  quality  or  even  better. 
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Chart   showing  Kormal  Erlchsen  Valuea  for  Various  Thicknesses 
of  Different  Kinds  of  Sheet  Metal 


Directions  for  Use  of  Machine 


The  first  operation  is  to  measure  the  thickness  of  the  sheet 
to  be  tested.  Set  scale  A,  Fig.  2,  to  zero  by  shifting  the 
movable  collar  on  which  it  is  engraved  until  the  spring  B 
snaps  into  a  small  hole.  Insert  the  sheet  specimen  (about 
3l^  by  31^  inches)  in  die  G,  turn  the  wheel  until  the  sheet 
is  firmly  clamped  between  die  C  and  holder  D,  as  shown  in 
the  diagram,  and  read  off  the  thickness  of  the  sheet  on  scale 
A,  which  is  divided  into  0.01  millimeter.  The  total  range  of 
this  scale  is  5  millimeters,  and  readings  can  be  continued  on 
scale  E.  After  the  thickness  of  the  sheet  has  been  measured, 
turn    the    handwheel    back    five    small    divisions    on    scale    A 


TABLE  I.    NORMAL,   ERICHSEN  VALUES   OF   1/64-INCH 
ANNEALED  FERROUS  SHEETS 


Material 

Depth,  m.  m. 

Depth,  inch. 

9.5 

8.2 
8.0 
7.5 
7.5 
6.7 
8.5 

0.374 

0.323 
0.315 
0.295 
0.295 
0.264 
0.335 

Machinery 

S.  M.  stamping  sheet,  pickled 

Second  quality  tinned  sheet  

(0.05  millimeter),  in  order  to  give  the  test  piece  a  certain 
amount  of  play,  which  is  the  same  for  all  gages  of  sheet  (i.  e., 
O.05  millimeter).  To  secure  the  holder  D  in  this 
position,  tighten  wing  screw  F  at  the  right  side  of  the 
machine.  Now  shift  scale  collar  A  until  the  zero 
point  of  the  micrometer  scale  meets  the  zero  point 
on  scale  E.  Then  shift  the  gear  by  pressing  against 
milled  ring  G  and  turn  the  handwheel  to  the  right 

(in  clockwise  direction).  Tool  H  now  moves  forward 
into  the  sheet,  and  the  bulging  will  be  immediately 
noticed  in  the  mirror. 

Watch  the  image  carefully  in  the  mirror  until  the 


moment  of  fracture  Is  readied,  when  the  depth  of  impression  is 
read  off  on  scale  E  (in  millimeters)  and  on  A  (in  hundredths  of 
a  millimeter).  In  approa(^hing  the  point  of  fracture,  the  wheel 
should  be  turned  slowly,  so  that  readings  may  be  accurate  to 
0.01  millimeter.  After  the  depth  of  impression  has  been  read 
and  noted,  loosen  the  screw  /'',  turn  the  wheel  quickly  to  the 
left,  until  the  gear  shifter  snaps  automatically  back  to  the 
outer  gear,  and  the  machine  is  ready  for  another  test.  It  is 
obvious  that  the  machine  should  be  mounted  firmly  and  in 
such  a  position  that  as  much  light  as  possible  falls  on  the 
dome  of  the  indentation,  so  that  it  can  be  closely  watched  In 
the  mirror.  Not  only  the  threads,  but  also  the  die  and  tool 
should  be  kept  lubricated.  It  will  be  noticed  in  testing  thick 
sheets  (2  to  5  millimeters)  that  the  power  required  to  produce 
fracture  is  considerably  reduced,  if  grease  is  kept  on  the  die 
and  tool;  this  question  of  lubrication,  however,  does  not  influ- 

TABLE  n.     NORMAL  ERICHSEN  VALUES  OF    1  '64-INCH 
ANNEALED  NON-FERROUS  SHEETS 


Brass  stamping  sheet 

Yellow  metal 

Pure  nickel  

German  silver  stamping  sheet 

A-1  German  silver  sheet 

Copper  sheet 

Aluminum  sheet 

Zinc  sheet 

Silver  sheet,  0.875 


Depth,  m.m. 

Depth,  inch 

13.5 

0.532 

11.7 

0.461 

11.6 

0.453 

11.5 

0.453 

11.0 

0.433 

10.5 

0.413 

8.7 

0.343 

6.5 

0.256 

7.5 

0.295 

Machinery 

ence  in  any  way  the  measurement  of  the  Erlchsen  value.  The 
size  of  the  test  pieces  for  use  in  the  standard  machine  should 
be  3%  by  Zy^  inches,  and  strips  up  to  2%  inches  in  width  can 
be  tested  with  the  standard  tools.  For  narrower  strips  up  to 
1  inch  and  5/16  inch,  respectively,  additional  interchangeable 
tools  are  required. 

Tube  Testing 

Pieces  of  metal  tube  are  cut  open  and  carefully  straightened 
out  with  a  mallet.  The  Erichsen  test  is  then  conducted  in  the 
same  manner  as  with  sheet  metal.  The  appearance  of  the 
surface  of  the  dome  will  then  often  give  valuable  information. 
Drawing  grooves  (caused  by  tools  in  the  tubemaking  ma- 
chinery) and  long  drawn  fiaws  will  be  shown  as  sharp  trans- 
verse fibers  and  result  in  premature  fracture,  while  excessive 
annealing  will  be  recognized  in  the  known  manner  (see  under 
"Observation  of  the  Tested  Specimen"). 

Testing  Spring  Quality  of  Sheets  and  Strips 

Sheets  and  strips  are  often  purchased  on  the  specification 
of  "spring  hardness."  These  grades  are  to  be  based  upon  the 
deflection,  and  the  values  given  in  Table  III  refer  to  brass 
sheet  of  0.5  millimeter  (0.02  inch)  thickness. 

Hardness  Tests 

As  the  depth  of  the  Erichsen  impression  varies,  on,  material 
of  identical  composition,  in  a  certain  relation  to  the  Brinell 
hardness  of  the  sheets,  the  Erichsen  machine  may  also  be 
looked  upon  as  a  valuable  apparatus  for  determining  the 
degree  of  hardness  of  iron  and  steel  sheets  and  strips.  The 
Erichsen  machine  thus  offers  means  for  the  manufacturing 
plants  to  establish  their  own  standards  also  for  the  hardness 
of  metal  sheets  and  strips,  which  cannot  be  determined  accu- 
rately by  the  well-known  methods  of  hardness  determination. 


TABLE  III.    SPRING   HARDNESS   AND  ERICHSEN   VALUES  FOR 
BRASS  SHEETS ' 


Grade  of  Spring 
Hardness 

Soft 

! » Hard 

'4  Hard 

!4Hard 

?4  Hard 

'/.Hard 

Spring 
Hard 

Double 
Spring 
Hard 

Deflection,  per  cent 
Erichsen  value 

0, 
13.7 

3 
12.3 

5 
11.3 

10 
10.5 

15 
9.8 

25 

8.5 

35 

7.4 

Ma 

50 

7.2 

-hineru 

»The  depth  of  the  Erichsen  impreaalon  of  sheets  of  other  thickness  is  proportionate  to 
the  standard  Erichsen  curve. 
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COLORED   MOVING  PICTURES 

While  colored  moving  pictures  are  not  new,  recent  Improve- 
ments have  been  made  in  the  color  process  which  may  result 
not  only  in  increasing  the  popularity  of  the  movie  show  (if 
that  be  possible)  but  in  making  moving  pictures  much  more 
effective  in  commercial  work,  either  as  a  means  of  advertising 
or  selling  goods.  The  Prizma  pictures,  which  represent  the 
latest  development  In  the  color  process,  are  not  only  superior 
to  the  plain  black-and-white  pictures  because  of  the  natural 
color  effects  obtained,  but  have  a  "depth"  which  is  more 
realistic. 

The  Prizma  films  are,  to  the  casual  observer,  similar  to  films 
for  black-and-white  pictures,  although  they  possess  latent 
values  obtained  by  the  use  of  a  gelatin  color  screen  or  filter 
on  the  camera.  This  screen,  which  is  between  the  film  and 
the  lens,  is  in  the  form  of  a  thin  circular  disk  and  has  four 
equally  spaced  sections  with  two  pairs  of  •  complementary 
colors.  The  first  pair  is  composed  of  red  and  green-blue,  and 
the  second  of  yellow  and  blue.  When  the  camera  is  in  use, 
one  exposure  is  made  for  each  of  the  four  colors,  so  that 
four  negatives  are  obtained  for  each  revolution  of  the  color 
screen.  These  exposures  occur  at  the  rate  of  twenty-four  a 
second  and  the  screen  is  geared  to  revolve  six  revolutions  per 
second,    in   unison   with    the   movement   of   the   film,    so   that 


Projector  equipped  with  Color  Wheel  Attachment 

it  makes  one  complete  turn  during  the  time  that  four  ex- 
posures are  made. 

The  camera  controls  a  single  strip  of  film  of  standard  width, 
which  is  perforated  on  the  edges  as  usual  and  is  pulled  down, 
step  by  step,  back  of  a  single  lens.  When  an  exposure  is  made 
through  the  red  screen  or  color  filter,  the  light  rays,  excepting 
from  any  shades  of  red  that  may  be  before  the  camera,  are 
excluded;  similarly,  all  but  the  green  rays  are  excluded  by  the 
green  filter,  and  so  on.  Between  the  film  and  the  lens  there 
is  a  shutter  to  cover  the  film  at  the  time  it  is  being  drawn 
down  after  each  successive  exposure.  .  Simultaneously  with 
every  fourth  exposure  and  at  the  time  that  the  red  screen  is 
opposite  the  lens,  a  little  light  is  admitted  to  the  edge  of  the 
film  through  a  special  aperture,  thus  marking  every  fourth 
or  red-screen  negative  so  that  it  can  be  distinguished  readily 
from  the  others.  This  mark  enables  the  different  film  sec- 
tions to  be  joined  together  properly,  or  so  that  the  film,  from 
one  end  to  the  other,  has  four  successive  exposures  for  each 
revolution  of  the  color  screen.  When  the  film  has  been  joined 
in  this  way,  it  will  keep  in  step  with  the  color  wheel  at- 
tachment of  the  projector  after  it  has  once  been  synchronized. 

The  positives  used  in  reproducing  the  picture  are  printed 


as  usual  and  may  be  exhibited  on  any  standard  projector  after 
equipping  it  with  a  color  wheel  attachment,  as  shown  in  the 
accompanying  illustration.  The  color  wheel  A  is  driven 
through  gearing  of  such  ratio  that  it  makes  one  revolution 
for  a  film  movement  equivalent  to  four  pictures  or  exposures, 
the  same  as  the  color  filter  of  the  camera.  This  projector  color 
wheel  is  held  in  a  given  position  by  a  spring  detent,  which 
engages  any  one  of  six  slots  (the  number  of  slots  correspond- 
ing to  the  number  of  color  screens),  so  that  the  wheel  can 
be  synchronized  with  the  film  when  starting  a  reel,  by  simply 
turning  if  one  or  more  screen  sections  backward  or  forward, 
as  may  be  required.  The  light  from  B  passes  through  the 
different  screens  and  then  through  the  film,  the  movement  of 
which  is  controlled  by  the  mechanism  in  projector  C. 

While  the  spectator  has  the  impression  that  each  picture 
contains  all  of  the  colors  and  tints  that  appear  to  the  eye, 
this  is  an  illusion;  what  actually  is  shown  is  a  red  picture,  a 
blue-green  picture,  an  orange-yellow  picture  and  a  blue  picture. 
These  four  shades  photographically  cover  the  entire  range  of 
visible  colors  and  follow  each  other  in  such  rapid  succession 
that,  owing  to  the  persistence  of  vision,  the  impression  re- 
mains that  all  of  the  colors  and  tints  appear  simultaneously. 
For  instance,  the  red,  white  and  blue  of  the  American  flag 
apparently  appear  simultaneously,  although,  in  reality,  these 
colors  follow  each  other  in  rapid  succession,  but  the  impression 
remains  that  all  three  colors  were  seen  in  every  picture. 
Black-and-white  pictures  may  be  shown  by  simply  swinging 
the  color  wheel  A  away,  so  that  the  light  does  not  pass  through 
it,  the  geared  drive  being  so  arranged  that  one  gear  revolves 
about  the  other,  planetary  fashion,  when  changing  the  position 

of  the  wheel. 

♦    ♦    * 

CORROSION   OF  METALS 

BY  W.   H.   DOOLBY  ' 

When  we  consider  the  rapidity  with  which  iron,  steel  and 
other  metals  corrode  under  ordinary  conditions,  with  the  re- 
sultant expenditure  of  many  millions  of  dollars  annually  for 
depreciation  and  expense  of  renewals,  we  see  that  the  problem 
of  metal  corrosion  is  one  of  great  importance  to  the  metal 
trades.  This  question  also  interests  a  large  proportion  of 
civilized  people,  because  the  security  of  life  depends,  to  a  large 
degree,  on  the  durability  and  safety  of  structures  and  machines. 

What  is  corrosion?  Everyone  has  noticed  the  reddish-brown 
deposit  that  gathers  on  the  surface  of  iron  and  steel  that 
has  been  exposed  to  the  air — particularly  damp  air.  This  red- 
dish substance  is  called  "rust"  by  the  ordinary  person,  and 
is  composed  principally  of  oxide  of  iron,  which  is  formed  of 
two  parts  of  iron  and  three  parts  of  oxygen.  It  is  represented 
in  most  technical  magazines  and  books  by  the  symbol  PejOa. 
The  first  two  letters  represent  the  Latin  term  ferrus,  meaning 
iron,  and  the  letter  O  represents  oxygen.  The  iron  and  the 
oxygen  from  the  air  unite  in  such  a  way  that  they  cannot  be 
separated  without  resorting  to  a  process  equivalent  to  smelt- 
ing. Oxide  of  iron  has  great  attraction  for  water,  so  it  absorbs 
moisture  from  the  air.  The  corrosion  of  iron  or  steel  is  the 
iron  oxide  combining  with  water.  The  result  is  similar  in 
composition  to  iron  ore,  which  is  smelted  and  reduced  to  iron 
in  a  blast  furnace.  Corrosion  of  metal  is  often  spoken  of 
by  workmen  as. the  "eating  of  metals";  by  scientific  men  it 
is  called  "oxidation." 

Corrosion  takes  place  first  on  the  surface  of  iron  and  steel 
and  follows  the  path  of  least  resistance.  It  does  not  take 
place  evenly  over  the  surface  of  the  metal.  Sometimes  it  will 
penetrate  a  plate  before  attacking  the  adjacent  surfaces.  This 
is  due  to  the  fact  that  corrosion  varies  as  the  material  in  the 
metal  and  the  treatment  the  metal  receives  in  the  iron  mill. 
For  example,  the  more  porous  the  metal  the  more  rapidly  It 
will  corrode.  Blow-holes  furnish  a  splendid  foundation  for 
corrosion,  as  do  also  such  impurities  as  slag,  scale  or  segre- 
gated parts  of  the  metal.  This  is  the  reason  why  it  is  impos- 
sible to  tell  just  why  one  piece  of  metal  will  corrode  more 
quickly  than  another  piece  of  the  same  kind. 

Corrosion  takes  place  faster  in  the  presence  of  acids  than 
under  ordinary  conditions.     This  is  why  corrosion  proceeds 
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ACCURACY  —  THE    FIRST    REQUIREMENT 


Production  Men  Say, 

^^B.  &  S.  Machines  and  Cutters 
Increase  Output  and  Lower 
Production  Costs  ^' 


Deep  stock-removing  cuts  can  be  taken 
continually  with  these  sturdy,  powerful 

HEAVY   SERVICE    MILLING    MACHINES 


That  is  the  kind  of  service 
for  which  they  are  designed. 
Their  great  rigidity  and  pow- 
erful drive  enable  them  to 
handle  with  ease  the  largest 
and  heaviest  jobs  that  come 
within  the  capacity  of  a  col- 
umn and  knee  type  machine. 
And  combined  with  this  is  the 
ability  to  do  work  where  the 
finest  limits  in  practice  are 
demanded. 

Such  features  in  design  as 
our  speed  and  feed  changing 
mechanisms,  handy  arrange- 
ment of  all  operating  levers 
and  hand  wheels,  etc.,  permit 
quick  setting  up  and  rapid 
handling. 

All  of  these  points  count 
in  getting  a  quick  start  and 
maintaining  a  high  rate  of 
production. 

When  Brown  &  Sharpe  Cutters  are  used 
these  machines  reach  a  maximum  of 
efficient  service.  Correct  in  design  and 
the  product  of  high-grade  materials  and 
skilled  workmanship,  these  cutters  make 
possible  the  rate  and  quality  of  production 
demanded   by  most  exacting  production 


Let  us  tell  you  more  about  these  efficient  machines  and  cutters.     Send  today  for  catalog. 

Brown    &    Sharpe    Mfg.    Co., 


New  York,    N.   Y. :  652-654  The  Bourse,   PhUadelphia,    Pa  ;   626-630   Washington   Blvd.,    Chicago,    111. ;   415   Chamber   of   Com- 
N.    Y. ;    Room    419,     University    Block,     Syracuse,  N.    Y. ;   2538   Henry  W.    Oliver  Bldg..    Pittsburgh,   Pa. 


OFFICES:     20  Vesey   St., 

merce    Bldg.,    Rochester, 

REPRESENTATIVES:      Carey    Machinery    &    Supply    Co.,    Baltimore,    Md. ;  The   E.    A.    Kinsev   Co.,    Cincinnati,    O.,    Indianapolis,    Ind. ;  Pacific   Tool   & 

Supi)ly    Co.,    San    Francisco.    Cal.;    Strong,    Carlisle    &    Hammond    Co..    Cleveland,  O.,  Detroit.  Mich.;  Colcord-Wright  Machinery  &  Supply  Co.,  St.  Louis, 

Mo  ;    Perine    Machinery    Co.,    Seattle.    Wash.;    Portland    Machinery    Co.,    Portland;   Ore. 
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}F    EVERY    BROWN    &    SHARPE    PRODUCT 


L 


Operators  Say, 

"B.  &  S.  Machines  and  Cutters 
Enable  Us  to  Do  More  and 
Better  Work  and  Do  It  Easier'' 


Design  a  machine  that 
is  easy  to  set  up  and 
handy  to  run  and — 

You  have  fulfilled  two  very  im- 
portant requirements  from  an 
operator's  point  of  view. 

This  fact  has  been  kept  ever  in 
mind  in  designing  Brown  &  Sharpe 
Heavy  Service  Milling  Machines. 
That's  why  operators  are  able  to 
do  more  and  better  work  and  main- 
tain a  uniform  high  rate  of  pro- 
duction. 

One  feature  that  lessens  manual 
labor  on  all  heavy  machines  and 
enables  production  rates  to  be  kept 
up  continually  throughout  the  day 
is  the  power  fast  traverse  for  the 
table.  No  back-breaking  turning 
of  hand  wheel  to  move  the  heavily 
loaded  table  up  to  cut,  across  in- 
tervening space  between  portions 
to  be  milled,  or  to  return  table  at  end  of  cut 
and  all  this  is  quickly  done  by  power. 

The  handy  arrangement  of  all  operating  levers  and  hand  wheels  at  front  of  machine  and  the 
method  of  clamping  knee  from  the  front  of  machine  are  among  the  many  features  that  help  in 
"speeding  up"  and  "easing  up"  operation. 

When  these  efficient  machines  are  equipped  with  Brown  &  Sharpe  Cutters  a  highly  efficient 
combination  is  obtained — one  that  makes  for  contented  workmen,  a  high  quality  product  and 
low  production  costs. 

We  make  standard  cutters  in  45  styles  and  over  5000  sizes.     Special  and 
formed  cutters,  singly  and  in  gangs,  to  order.     Send  today  for  catalog. 

Vovidence,    R.    I.,    U.   S.  A. 

CANADIAN:     The    Canadian    Fairbanks-Morse    Co.,    Ltd.,    Montreal,    Toronto,    Winnipeg,   Calgary,    V'ancouver,   St.- John,    Saskatoon. 

FOREIGN:  Buck  &  Hickman,  Ltd.,  London,  Birmingham.  Manchester,  Sheffield,  Glasgow;  P.  G.  Kretschmer  &  Co..  Frankfort  a.M.,  Germany; 
V.  Lowener,  Copenhagen,  Denmark,  Stockholm,  Sweden,  Christiania,  Norway;  Fenwick  Freres  &  Co.,  Paris,  France,  liiege.  Belgium,  Turin,  Italy, 
Zurich,    Switzerland,    Barcelona,    Spain;   F.    W.    Home    Co.,    Tokio,    Japan;  L.   A.   VaU,  Melbourne,  Australia;  F.  L.   Strong,  Manila.   P.  I. 


Clean-cut  chips  from  piece  after  piece  indicate  the 
action  of  good  cutters.  Thus  do  B.  &  S.  Cutters  in 
shops  everywhere  tell  the  story  of  lowered  production 
costs. 


Just  a  simple  movement  of  a  handilv  located  lever 
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more  rapidly  after  a  thunder  shower,  when  the  lightniuK  has 
changed  part  of  the  nitrogen  of  tlie  air  into  nitric  acid. 
Alltalies  seem  to  retard  corrosion.  Certain  impurities,  sucli 
as  carbon,  silicon  and  phosphorus,  have  a  tendency  to  resist 
corrosion,  which  is  why  cast  iron  does  not  rust  rapidly  in 
air,  while  other  impurities,  like  manganese  and  sulphur,  tend 
to  increase  corrosion.  Steel  corrodes  according  to  the  amount 
and  condition  of  carbon  in  it.  It  is  known  that  steel  may 
contain  carbon  in  either  a  free  or  a  combined  condition.  That 
is,  the  carbon  may  be  present  in  steel  in  the  form  of  graphite, 
when  it  is  called  free  carbon;  or  it  may  be  united  with  the 
iron  in  such  a  way  that  it  cannot  be  separated,  when  it  is 
called  combined  carbon.  The  free  carbon  prevents  corrosion. 
When  corrosion  once  sets  in,  it  increases  progressively.  It  is 
50  per  cent  more  rapid  during  the  second  than  during  the 
first  year.  This  is  due  to  the  fact  that  in  the  process  an  acid 
is  formed  which  tends  to  increase  the  rate  of  corrosion.  For 
this  reason  corrosion  should  not  be  allowed  to  continue,  or 
even  begin. 

Up  to  the  present  time,  no  process  has  been  discovered  that 
will  completely  prevent  corrosion.  There  are  various  ma- 
terials, like  paints  and  oils,  that  may  be  applied  to  the  surface 
of  the  metal  and  reduce  corrosion  to  a  minimum.  But  before 
any  substance  can  be  applied,  the  rust  must  be  removed.  Any 
vigorous  treatment  may  be  employed  to  remove  the  rust,  and 
the  process  will  not  crack,  injure  and  break  the  metal.  Rust 
is  usually  removed  on  a  large  and  economical  scale  by  scraping 
and  hammering.  The  scraping  is  done,  on  a  flat  surface,  by 
vigorously  rubbing  a  steel-wire  brush,  both  lengthwise  and 
crosswise,  thus  removing  the  loose  scales  and  projecting  masses 
of  rust.  A  hammer,  file,  cold  chisel  and  a  painter's  wall 
scraper  should  then  be  used.  The  wall  scraper  should  be  used 
to  remove  any  thick  formation  of  rust.  After  this  treatment, 
the  steel  brush  should  again  be  used,  and  should  be  followed 
by  coarse  emery  cloth  or  sandpaper.  Sometimes  steel  wool 
or  steel  shavings  are  used,  for  the  final  removal  of  all  loose 
and  scaly  formation.  The  process  of  rust  removal  is  com- 
pleted by  removing  the  finely  powdered  dust  and  wiping  the 
surface  clean  with  a  dry  cloth.  Sometimes  the  removal  of 
rust  is  made  easier  by  the  use  of  a  painter's  torch,  as  this 
evaporates  the  moisture  in  the  iron  rust  and  reduces  the  scaly 
corrosion  to  a  powder.  Of  course,  the  best  results  are  ob- 
tained with  a  sandblast,  but  this  is  often  too  expensive  to 
use  in  the  ordinary  machine  shop. 

When  thoroughly  cleaned,  the  metal  may  be  covered  with 
the  material  that  will  prevent  corrosion  to  a  great  degree. 
In  order  to  be  effective,  the  paint  or  oil  that  is  to  be  used 
should  not  damage  the  metal  and  at  the  same  time  should 
not  allow  the  oxygen  and  moisture  of  the  air  to  come  into 
contact  with  it.  In  fact,  any  material  to  be  used  for  preventing 
rust  on  iron  and  steel  should  be  easy  to  apply;  must  protect 
the  metal,  to  a  great  extent,  from  the  air;  and  must  cost  but 
little.  Oils  and  greases  are  used  to  protect  iron  and  steel  sur- 
faces only  when  the  exposure  is  not  permanent  or  severe. 
Machinery  and  tools  are  often  "slushed"  with  grease  during 
a  period  when  the  shop  is  closed.  Various  paints,  varnishes 
and  oils  are  used.  They  are  very  good  as  long  as  they  prevent 
water  from  coming  into  contact  with  the  metallic  parts.  Very 
often,  though,  the  oil  dries  out  of  the  pigment,  leaving  the 
dry  paint  porous  enough  to  absorb  moisture  from  the  air. 
This  is  particularly  true  with  regard  to  oxide  paint  pigment 
that  is  mixed  with  oil  and  used  as  a  coating  for  structural 
steel  and  iron. 

Progressive  manufacturers  and  shop  men  are  beginning  to 
realize  that  it  is  absolutely  necessary  to  have  a  definite  ar- 
rangement whereby  corrosion  is  removed  from  metallic  sur- 
faces at  definite  periods.  A  large  number  of  men  are  con- 
stantly employed  on  large  structures  removing  the  rust  and  re- 
covering with  a  suitable  paint.  If  all  owners  would  take  due 
precaution,  frightful  accidents,  causing  the  loss  of  life,  such  as 
the  collapse  of  large  steel  structures,  bridges,  gas  works  and 
products  of  large  railways,  would  be  reduced  to  a  minimum. 
*  *  * 
Extensive  molybdenum  deposits  have  been  discovered  near 
Mandal,  Norway.  The  present  production  is  about  three  tons 
per  week. 


PROGRESSIVE   FRACTION   ADDER 

Fraction  adders  similar  to  that  here  described  have  for  .a 
long  time  been  generally  known,  but  this  one  contains  some 
new  features  of  interest.  It  consists  of  six  parts,  viz:  base 
,1,  rotating  disk  Ji,  pinion  V,  center  stud  D,  one-tooth  pinion 
JJ,  and  main  stud  (/.  A  is  divided  into  sixty-four  graduations 
wliich  line  up  accurately  with  the  same  number  of  graduations 
on  disk  li.  Opposite  each  graduation  on  base  A  is  a  frac- 
tion. The  graduations  are  marked  0,  1/64,  1/32,  3/64,  1/16, 
etc.,  up  to  63/64  in  a  counter-clockwise  direction.  There  is 
another  set  of  figures  on  A  underneath  disk  B,  which  can  be 
seen  through  the  hole  a.  These  fractions  also  start  with  0  and 
end  with  63/64,  but  in  this  case  they  progress  in  a  clockwise 
direction.  The  shoulder  stud  D  extends  only  through  B,  thus 
giving  it  freedom  to  rotate.  Shoulder  stud  G  extends  through 
B  and  is  riveted  to  base  A,  allowing  free  rotation  of  part  B. 
Pinion  E  is  securely  fixed  to  stud  G  which,  being  fixed  to  base 
A,  holds  it  in  a  predetermined  position.  Through  hole  b 
will  be  seen  the  character  0  under  pinion  C.  The  figures  0,  1, 
2,  3,  4  and  5  are  stamped  on  disk  B  equal   distances  apart, 


Device   for   adding   Fractions   up   to   Six   Inches 

and  become  visible  through  the  hole  i,  as  C  rotates  one-sixth 
revolution  for  every  complete  revolution  of  B. 

The  operation  of  the  device  is  simple  and  may  best  be  under- 
stood by  an  example.  The  adder  as  illustrated  is  approxi- 
mately in  the  neutral  position.  Suppose  the  fractions  14.  % 
and  %  are  to  be  added.  The  point  of  a  lead  pencil  is  placed 
in  the  small  hole  on  B  corresponding  with  i/i  on  A,  and  with 
the  pencil  as  a  lever,  B  is  moved  in  a  clockwise  direction  until 
the  graduation  at  the  point  corresponds  with  0  on  base  A. 
Then  the  pencil  point  is  placed  in  the  hole  corresponding  to 
%  and  B  is  rotated  until  the  point  lines  up  agajn  with  0 
on  A.  This  operation  is  again  repeated,  placing  the  pencil 
point  at  the  graduation  corresponding  to  %.  Now  the  sum 
of  these  three  fractions  may  be  read  directly.  Through 
hole  b  the  figure  1  is  visible  and  through  hole  a  Vs  is  visible, 
indicating  that  the  sum  is  1%.  When  the  addition  of  frac- 
tions exceeds  1  it  means  that  B  is  rotated  somewhat  more 
than  one  complete  revolution,  and  in  this  case  0  engages  with 
the  tooth  on  pinion  E  and  rotates  one-sixth  revolution,  expos- 
ing the  numbers  1,  2,  3,  etc. 

The  hole  c  is  for  hanging  up  the  adder.  The  principle  in- 
volved in  the  rotation  of  C  is  the  well-known  Geneva  move- 
ment. Except  for  the  two  studs  this  adder  is  made  entirely 
of  aluminum.  The  illustration  and  description  were  secured 
through  the  courtesy  of  P.  J.  Perry,  Nashua,  N.  H.  V.  B. 

•     *     • 

The  Engineer  of  London  states  that  the  British  shipyards 
now  have  double  the  output  that  three  years  ago  was  con- 
sidered maximum. 
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CINCINNATI  VERTICALS 


Unusual  Spindle  Power. 

Heat  Treated  Alloy  Steel  Hardened  Gearing. 
Massive  Spindle  Head  Construction. 
Handy — Can  mill  around  a  rectangle  without 
stopping  feed  or  speed. 

These  are  some  reasons  why  you  should  use  Cincinnati  Verticals 

THE  CINCINNATI  MILLING  MACHINE  CO. 

CINCINNATI,  OHIO,  U.  S.  A. 
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SHRAPNEL   DEFECT  CARD 


LONG 

SHORT 

ECCENTRIC 

DEFECTIVE  FORGING 

PROFILE 

FINISH  INSIDE 

FINISH  OUTSIDE 


SHRAPNEL  DEFECT   CARD 

Any  mechanical  man  will  com-ede  the  value  of  a  sketch  for 
conveying  a  mechanical  Idea  in  preference  to  verbal  explana- 
tion. It  is  diflflcult  for  mechanical  men  to  express  themselves 
without  the  use  of  a  pencil,  and  sketching  is  really  a  great 
assistance  in  conveying  thought.  The  Vermont  Farm  Ma- 
chine Co.,  Bellows  Falls,  Vt.,  has  taken  advantage  of  this  fact 
in  connection  with  shrapnel  inspection.     The  shrapnel  defect 

card  shown  here- 
with has  proved  an 
effective  way  of 
conveying  informa- 
tion from  one  in- 
spector to  another. 
On  these  cards, 
which  are  printed 
in  quantity,  the  in- 
spector finding  the 
body  diameter 
large  puts  a  check 
mark  after  the 
word  "Large"  and 
rolls  the  card  up, 
slipping  it  into  the 
shell.  That  shell  is 
then  sent  along 
with  the  others  to 
what  corresponds 
to  a  repair  depart- 
ment, where  there 
are  experts  who 
pass  on  the  advisa- 
bility of  scrapping 
or  repairing  the 
shell.  The  advan- 
tage of  this  defect 
card  is  the  ease 
with  which  the  re- 
pair men  can  deter- 
mine which  portion 
of   the   shell   is  de- 
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in  two  parts.  The  pressure  between  the  shaft  and  the  bear- 
ing is  designed  not  to  exceed  175  pounds  per  square  inch. 
Eccentric  and  thrust  collars  carry  the  weight  of  the  eccentric 
and  are  lubricated  by  a  positive  oil  pump  circulating  system. 
As  there  is  an  oil  strainer  in  circuit,  a  continuous  supply  of 
clean  oil  is  secured.  The  spider  is  set  clear  of  the  concaves, 
so  that  the  latter  can  be  reset  without  disturbing  the  head  or 
the  spider.  The  concaves  are  made  sectional  and  in  four 
horizontal  belts  to  facilitate  handling  the  sections  and  so 
that  only  the  worn  parts  need  be  renewed.  The  head  is 
rigidly  secured  to  the  shaft  on  its  smooth  tapered  part  and 
thus  reinforces  the  shaft  at  the  place  where  the  greatest 
stress  is  applied.  It  is  held  in  position  by  a  nut  sleeve  fixed 
to  the  shaft,  but  without  threads  on  the  shaft.  This  nut 
operates  in  a  follower  "zinced"  in  the  top  of  the  head.  As 
a  result,  the  tendency  of  the  head  to  rotate  on  the  shaft 
forces  the  head  down  tightly  on  the  tapered  part  of  the 
shaft,  so  that  it  is  automatically  locked  in  position.  The  head 
and  concaves  that  take  the  principal  wear  from  crushing  are 
constructed  of  semi-steel  castings  of  a  special  mixture  and 
are  deeply  chilled  on  their  working  surfaces  so  as  to  have 
wear-resisting  qualities.  They  have  a  maximum  fiber  stress 
of  3500  pounds  per  square  inch. 


Reproduction  of  Shrapnel  Defect  Card 


fective.  The  expense  of  printing  a  card  of  this  nature  is  not 
greatly  in  excess  of  any  printed  form  card.  For  this  reason 
the  idea  here  incorporated  should  be  applicable  to  the  inspec- 
tion of  any  kind  of  duplicate  machine  parts.  V.  B. 

*     *     * 

LARGEST  GYRATORY  CRUSHER 
The  largest  gyratory  crusher  in  the  world  has  been  in- 
stalled at  the  plant  of  the  Michigan  Limestone  &  Chemical 
Co.  at  Calcite,  Mich.,  by  the  Kennedy-Van  Saun  Mfg.  &  Engi- 
neering Corporation,  New  York  City.  It  is  34  feet  high, 
weighs  700,000  pounds,  and  has  a  capacity  of  25,000  tons  of 
limestone  each  twenty  hours.  The  crushing  space  between  the 
head  and  concaves  holds  30  tons  of  stone;  while  the  hopper, 
which  flares  out  above  the  head  and  concaves  with  an  out- 
side diameter  of  about  22  feet,  holds  35  tons  more.  The  spider 
is  made  in  a  single  casting  and  is  within  one  inch  of  the 
railroad  height  limit  even  when  shipped  in  a  well-bottom 
car.  On  account  of  its  weight,  the  top  shell  could  not  be 
shipped  in  one  piece  and  was  therefore  constructed  in  two 
horizontal  sections.  These  are  connected  by  heavily  flanged 
male  and  female  tapered  machine  joints,  securely  bolted,  so 
that  the  strength  of  the  shell  is  increased  instead  of  reduced. 
The  crusher  is  driven  by  a  300-horsepower  motor.  As  con- 
tinuity of  operation  is  of  greatest  importance,  the  English 
rope  system  is  used.  The  li^-inch  manila  ropes  lead  over 
a  66-inch  cast  steel  sheave  having  eighteen  machined  rope 
grooves. 

The  main  shaft,  which  is  made  of  hydraulically  forged 
steel,  is  about  3  feet  in  diameter  at  its  largest  part  and  about 
28  feet  long.  It  is  designed  on  the  basis  of  a  maximum  fiber 
stress  of  10,000  pounds  per  square  inch.  The  eccentric  is  of 
the  spherical  ball-and-socket  type  and  is  self-aligning.  Its 
steel  bearing  has  a  phosphor-bronze  bushing  that  is  constructed 


PERSONALS 


C.  C.  Cleland  has  been  appointed  sales  manager  of  the 
Reliance  Gauge  Column  Co.,  Cleveland,  Ohio,  succeeding  P. 
Roberts. 

H.  F.  Wright,  formerly  with  the  Weston-Mott  Co.,  Flint, 
Mich.,  has  been  made  factory  superintendent  of  the  Hannifin 
Mfg.  Co.,  Chicago,  111. 

J.  A.  Nelson  has  resigned  the  position  of  vice-president  of 
the  East  Jersey  Pipe  Corporation,  New  York  City.  Mr.  Nelson 
is  taking  a  short  vacation  and  has  made  no  plans  for  the 
future. 

Joseph  R.  Greenwood  has  resigned  his  position  of  general 
manager  with  the  Ballwood  Co.,  and  has  associated  Ijimself 
with  Charles  H.  Higgins,  architect  and  engineer,  30  Church 
St.,  New  York  City. 

E.  Carlson,  for  the  past  two  and  one-half  years  assistant 
superintendent  with  the  Stewart  Die  Casting  Co.,  has  resigned 
to  take  the  position  of  chief  engineer  with  the  Indiana  Die 
Casting  Co.,  Indianapolis,  Ind. 

Spencer  Weart,  second  vice-president  of  the  Bound  Brook 
Oil-less  Bearing  Co.,  Bound  Brook,  N.  J.,  was  recently  elected 
president  by  the  board  of  directors,  and  George  0.  Smalley, 
general  manager,  was  elected  treasurer. 

G.  W.  Wagstaff,  who  has  heretofore  represented  the  Bethle- 
hem Steel  Co.  in  the  northern  Ohio  territory,  has  associated 
himself  with  the  Onondaga  Steel  Co.,  Inc.,  Syracuse,  N.  Y., 
and  will  represent  this  company  in  northern  Ohio,  northern 
Pennsylvania,  Buffalo  and  Detroit. 

H.  L.  Harrison  has  joined  the  Modern  Tool  Co.,  Erie,  Pa.,  in 
the  capacity  of  factory  manager.  Mr.  Harrison  was  formerly 
connected  with  the  Packard  Motor  Car  Co.,  the  Maxwell- 
Briscoe  Co.  and  the  American  Car  &  Foundry  Co.  He  has  been 
for  many  years  engaged  in  factory  supervision  and  tool  de- 
sign. 

George  M.  Meyncke,  engineer  with  the  Dayton  Engineering 
Laboratories  Co.,  Dayton,  Ohio,  has  resigned,  and  joined  the 
Hyatt  Roller  Bearing  Co.,  Newark,  N.  J.,  as  engineer  in  charge 
of  machine  tool  design,  with  headquarters  in  Cincinnati,  Ohio. 
Mr.  Meyncke  will  devote  his  energies  to  promoting  the  use  of 
Hyatt  roller  bearings  in  machine  tools. 

William  H.  Bennett,  who  for  nearly  a  year  has  been  ad- 
vertising manager  of  the  Searchlight  Co.,  Chicago,  111.,  has 
joined  the  force  of  the  Service  Motor  Supply  Co.  of  Chicago. 
The  change  was  made  because  of  the  consolidation  of  the 
Searchlight  Co.  with  the  Air  Reduction  Co.  of  New  York  City, 
and  the  removal  of  the  Searchlight  interests  to  the  East. 

C.  A.  Call  has  been  appointed  assistant  sales  manager  and 
advertising  manager  of  the  Gurney  Ball  Bearing  Co.,  James- 
town, N.  Y.,  succeeding  Otto  Bruenauer.  Mr.  Call  was  formerly 
inanager  of  publicity  of  the  Terry  Steam  Turbine  Co.,  Hart- 
ford, Conn,  and  prior  to.  that  engagement  was  for  five  years 
connected  with  the  advertising  department  of  the  General 
Electric  Co.,  Schenectady,  N.  Y. 

A.  H.  Ackermann,  formerly  vice-president  and  general  man- 
ager of  the  U.  S.  Light  &  Heat  Corporation,  and  C.  C.  Brad- 
ford, formerly  sales  manager  of  the  same  concern,  announce 
the  formation  of  the  Bradford-Ackermann  Corporation,  with 
offices  in  the  Forty-second  St.  Bldg.,  New  York  City,  to  repre- 
sent manufacturers  of  electric  apparatus,  factory,  automobile 
and  railway  supplies  for  domestic  and  export  trade. 
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I  "Money  is  safest  placed  in  wares  of  reputation"  and  is  ALWAYS  safe  in  a  i 

"PRECISION" 
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Milling  Machine 


Even  at  the  PRESENT  PRICE  of  COAL,  the 

LUCAS 

Power  Forcing  Press 

IS  MORE 

ECONOMICAL 

THAN  A 

HAND  PRESS 

Saves  four-fifths  of  time  on 
STRAIGHTENING  alone 


I' "-^s  Machine  Tool  Co, 


NOW  AND 
.ALWAYS  OF> 


Cleveland,  0.,U.S.  A. 
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Prank  M.  Erb,  formerly  superintendent  of  production  of  tlie 
R.  D.  Nuttall  Co.,  Pittsburg,  Pa.,  lias  resigned,  and  will  open 
an  office  In  the  Second  National  Bank  Bldg.,  Pittsburg,  early 
In  March  as  a  manufacturer's  district  representative.  Mr.  Erb 
will  handle  castings  and  forgings,  and  among'the  companies 
he  will  represent  are  the  National  Forge  &  Tool  Co.,  Brie,  Pa.; 
the  Silver  Mfg.  Co.,  Salem,  Ohio;  and  the  Standard  Steel  Cast- 
ing Co.,  Cleveland,  Ohio. 

W.  S.  Rogers  has  resigned  as  president  of  the  Bantam  Anti- 
Friction  Co.,  Bantam,  Conn.,  but  will  continue  to  fill  the  posi- 
tion of  chairman  of  the  board  of  directors,  and  will  act  in 
an  advisory  capacity.  Miss  Nellie  S<'ott,  who  has  been  with 
the  company  since  its  beginning,  was  elected  president  and 
general  manager;  and  Miss  Ruth  Edwards,  who  has  been  with 
the  company  for  nearly  eight  years,  was  elected  treasurer. 
Henry  Edwards  was  elected  vice-president  and  C.  B.  Heath, 
secretary. 

E.  B.  Merriam,  for  several  years  assistant  engineer  of  the 
switchboard  department  of  the  General  Electric  Co.,  Schenec- 
tady, N.  Y.,  has  resigned  to  head  the  industrial  service  depart- 
ment of  the  company,  recently  organized  to  supervise  the  edu- 
cation, employment  and  provision  of  opportunities  for  advance- 
ment of  the  employes  at  the  Schenectady  plant.  Mr.  Merriam 
has  been  connected  with  the  General  Electric  Co.  for  sixteen 
years,  starting  as  a  student  in  the  testing  department,  and 
later  doing  service  in  commercial,  manufacturing  and  engi- 
neering development  and  research  work. 

Dr.  W.  F.  M.  Goss,  for  many  years  associated  with  the 
schools  of  engineering,  Purdue  University,  Lafayette,  Ind.,  and 
since  1907  dean  of  the  college  of  engineering  of  the  University 
of  Illinois,  Urbana,  111.,  has  resigned,  to  take  the  presidency 
of  the  Railway  Car  Manufacturers'  Association.  The  Railway 
Car  Manufacturers'  Association,  of  recent  origin,  is  made  up 
of  representatives  of  fifteen  different  concerns  engaged  in  the 
manufacture  of  railway  freight  and  passenger  cars.  It  will 
seek  to  establish  cooperative  relations  with  the  purchasers 
of  cars  and  to  aid  especially  in  the  matter  of  standardizing 
the  design  and  specifications. 


C.  K.  Lassiter  has  been  appointed  vice-president  of  the 
American  Locomotive  Co.,  30  Church  St.,  New  York  City,  in 
charge  of  manufacturing.  Mr.  Lassiter  entered  the  service 
of  the  Richmond  Locomotive  Works  in  1892  as  clerk  in  the 
piecework  department.  In  1894  he  was  made  chief  clerk  to 
the  late  Joseph  Bryan,  then  president  of  the  Richmond  Loco- 
motive Works,  and  in  1902  was  transferred  to  the  Schenec- 
tady plant  of  the  American  Locomotive  Works  as  chief  clerk 
to  the  general  manager.  He  was  later  appointed  mechanical  _ 
expert  in  charge  of  designing,  developing  and  maintaining  all' 
shop  equipment,  shop  systems  and  piecework  departments. 
He  developed  and  installed  the  new  drop-hammer  department 
for  making  forgings  for  all  the  company's  plants  and  also 
standardized  the  small  works  department.  In  1907  he  was 
transferred  to  the  New  York  office  and  made  mechanical  su- 
perintendent in  charge  of  all  betterments,  designing,  specify- 
ing and  maintaining  shop  equipment  and  power-house  opera- 
tions for  all  the  plants.  Mr.  Lassiter  is  also  president  of  the 
Baush  Machine  Tool  Co.,  Springfield,  Mass.,  and  president  of 
the  Quigley  Furnace  &  Foundry  Co.  of  Springfield. 

P "     ■  ^- -       - 

OBITUARIES 


F.  E.  Reed,  formerly  president  of  the  F.  B.  Reed  Co.,  Worces- 
ter, Mass.,  now  part  of  the  Reed-Prentice  Co.,  died  at  his  home 
in  Thompson,  Conn.,  February  18,  aged  sixty-nine  years.  Mr. 
Reed  retired  from  active  business  in  1912. 

Charles  T.  Schoen,  who  is  given  credit  as  being  the  originator 
of  the  pressed  steel  railroad  car,  died  at  his  home  in  Moylan, 
near  Philadelphia,  Pa.,  February  4,  of  pneumonia,  aged  seventy- 
two  years.  Mr.  Schoen  began  the  manufacture  of  pressed  steel 
specialties  for  wooden  cars  and  established  a  small  plant  in 
Allegheny,  Pa.,  now  known  as  the  North  Side,  Pittsburg.  A 
few  years  later  he  organized  the  Pressed  Steel  Car  Co.,  and 
was  its  president  when  he  retired  ^om  that  business  fifteen 
years  ago.  He  then  built  a  plant  at  Butler,  Pa.,  for  the  manu- 
facture of  the  Schoen  pressed  steel  car  wheels,  now  known 
as  the  Standard  Steel  Car  Co. 


!  COMING  EVENTS 

March  29. — Monthly  meeting  of  the  Rochester 
Society  of  Technical  Draftsmen,  in  Rooms  131-137. 
Sibley  Blocli,  328  Main  St.,  E.,  Rochester.  N.  T. 
O.  L.  Angevine,  Jr.,  secretary,  857  Genesee  St., 
Rochester. 

May  21-22. — Spring  convention  of  the  National  Ma- 
chine Tool  Builders'  Association  in  Cincinnati,  Ohio. 
Charles  E.  Hildreth,  general  manager,  Worcester, 
Mass. 

May  22-25. — Spring  meeting  of  the  American  So- 
ciety of  Mechanical  Engineers  in  Cincinnati,  Ohio. 
Calvin  W.  Rice,  secretary,  29  W.  39th  St.,  New 
Torlc   City. 

May  26-June  2. — Industrial  export  exposition  and 
conference,  Springfield,  Mais. 

June  13-16. — Annual  convention  American  Railway 
Master  Mechanics'  Association  at  Atlantic  City,  N.  J. 
J.  W.  Taylor,  Karpen  Bldg.,  Chicago,  111.,  secretary. 

June  13-20. — Annual  meeting  of  the  Railway  Sup- 
ply Manufacturers'  Association  at  Atlantic  City, 
N.  J.,  in  connection  with  A.  R.  M.  M.  and  M.  C.  B. 
Associations'  conventions.  J.  D.  Conway,  secretary 
and  treasurer,  2136  Oliver  Bldg.,  Pittsburg,  Pa. 

June  18-20. — Master  Car  Builders'  Association's 
convention  at  Atlantic  City,  N.  J.  J.  W.  Taylor, 
Karpen  Bldg.,  Chicago,   111.,  secretary. 

August  30-Sept.  1. — Ninth  annual  convention  of  the 
American  Railway  Tool  Foreman's  Association,  Chi- 
cago, 111.,  Sherman  Hotel,  headquarters.  0.  N. 
Thulin,  secretary-treasurer,  935  Peoples  Gas  Bldg., 
Chicago,    111. 
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Belolt  College,  Beloit,  Wis.  Cat.alogue  1916-1917, 
with  announcements  for  1917-1918. 

Stevens  Institute  of  Technology,  Hoboken,  N.  J. 
Annual  catalogue  containing  the  names  of  the  mem- 
bers of  the  faculty,  course  of  instruction,  require- 
mepts  for  admission,  sample  examination  papers 
and  lists  of  students  and  alumni. 

Pratt  Institute,  Brooklyn,  N.  T.,  will  present 
its  annual  exhibit  of  evening  work  Wednesday 
evening,  March  7.  The  shops,  laboratories  and 
drawing-rooms  of  the  school  will  be  open  to  vis- 
itors from  eight  to  nine,  to  give  all  interested  in 
industrial  education  an  opportunity  to  observe  the 
students  at  work  in  the  various  courses,  and  to 
inspect  the  results  and  methods  as  well  as  the 
equipment  and  general  facilities  of  the  institute 
for    conducting    industrial    training. 


IBW  BOOKS  AND  PAMPHLETS 

The  Tractive  Resistance  on  Curves  of  a  Twenty- 
eight-ton  Eleotrio  Car.  By  Edward  C.  Schmidt 
and  Harold  H.  Dunn.  54  pages,  6  by  9  inches; 
Illustrated.     Published   by   the   Engineering    Ex- 


periment  Station,    Urbana,    111.,    as   Bulletin    No. 
92.      Price,    25   cents. 
Industrial  Arts  Index.     By  Marion  E.  Potter,  Louise 
D.    Teich   and   Helen   M.    Craig.      530   pages,   6%, 
by  10  inches.     Published  by  the  H.  W.   Wilson 
Co.,    White   Plains,    N.    Y. 
This  is  the  fourth  annual  cumulation  of  the  sub- 
ject   index    to    a    selected    list    of    engineering    and 
trade  periodicals  for  1916. 

Condensed   Report   of  the   American  Uniform   Boiler 
Code   Congress,    held   in   Washington.    D.    C,   De- 
cember 4-5,    1916,   under  the  auspices  of  the  In- 
dustrial Commission  of  Ohio.    87  pages,  8  by  lOy^ 
inches.       Published     by     the     American     Union 
Boiler  Law  Society,   Erie,   Pa.     Thomas  E.   Dur- 
l)an.   chairman,   Erie  City  Iron  Works,    Erie,   Pa. 
National  Pipe  Standards.     Appendix  to  1913  Edition 
Book  of  Standards.     Published  by  the  National 
Tube    Co.,    Pittsburg,    Pa. 
The    purpose    of    the    Appendix    is    to    supply    the 
latest   information   on   the   subject   contained   in   the 
1913  edition  of  the  book  of   "National  Pipe   Stand- 
ards."      The     information     is     for     the     most     part 
supplementary,    but    in    some    cases    replaces    other 
data    entirely. 

The    New   New    England.      By    Frank    Trumbull.      24 

pages,  5  by  8  inches.     PubUshed  by  the  Chamber 

of  Commerce  of  the  United  States  of  American 

Immigration  Committee,  New  York  City. 

The    booklet    is    a    reprint    of    an    address    made 

before  the  New  England  Society  in  New  York  City, 

December  22,   1916,   discussing  some  of  the  changes 

caused    by    immigration    and    the    problems    created 

by   the  influx   of   foreigners. 

steam     Boilers — Their     Theory     and     Design.       By 
H.   de   B.   Parsons.     377  pages,   8  by  9  inches; 
157     illustrations.       Published      by     Longmans, 
Green    &   Co.,    New    York    City.      Price,    $4    net. 
This   work,    first    published   in    1903,    has   Just    ap- 
peared   in    the    fifth    edition.      The    author    states   in 
the    preface    that    many    changes    have    been    made 
in  the  text  in  order  to  improve  and  bring  the  subject 
matter    up    to    date,    and    that    these    changes    have 
made  it   practii-ally   a   new   work.     The   contents   by 
chapter   heads   are   as  follows:     Physical   Properties; 
Combustion:    Fuels;    Furnace    Temperature    and    Ef- 
ficiency   of    Boiler:    Boilers    and    Steam    Generators: 
Chimney    Draft;    Materials:    Boiler    Details;    Boiler 
Fittings;    Mechanical   Stokers;    Artificial    Draft;    In- 
crustation;    Corrosion — General     Wear     and     Tear — 
Explosions;     Chimney     Design:     Smoke     Prevention; 
Testing — Boiler     Coverings — Care     of     Boilers     and 
Superheated   Steam. 

Manufacturing    Costs    and    Accounts.      By    A.    Ham- 
ilton  Church.     452  pages,    6  by  9   inches;    illus- 
trated.      Published    by    the    McGraw-Hill    Book 
Co.,    Inc.,    New   York   City.     Price,   $5  net. 
This     work  .  was     written     for     the     purpose     of 
gradually    introducing    students    to    the    imderlying 
principles  on  which  manufacturing  accounting  of  all 
kinds    must    rest.      It    is    presented    in    three    parts, 
dealing    with    a    general    outline    of    man\ifacturing 
accounts,    cost    accounting    and    factory    reports    and 
returns,    respectively.      The    author    has    endeavored 
to    make    the    principles    of    cost    accounting    as    ap- 
plied  to   manufacturing   so   clear   that   the   cost   man 
may    intelligently    apply    them    to    his   own    peculiar 
problems  no   matter  how   involved  they   may  appear 


to  be.  In  view  of  the  faulty  methods  of  keeping 
costs  of  m,Tnufactured  products  so  often  employed 
there  is  Tmdoubtedly  need  of  a  comprehensive  work 
like  this  for  the  enlightenment  of  those  responsible 
for  cost  systems. 

Failure  of  Brass.    1.     By  Paul  D.  Merica  and  R.  W. 
Woodward.      109  pages,    7  by   10   inches;   116  il- 
lustrations.     Published    by    the    Department    of 
Commerce,    Washington,    D.    C,    as    Technologic 
Paper  of  the  Bureau  of  Standards  No.   82. 
This    report    is    on    the    microstructure    and   initial 
stresses  in  wrought  brasses  of  the  type  60  per  cent 
copper  and  40  per  cent  zinc.     An  experimental  In- 
vestigation  was   made   at   the   Bureau   of   Standards 
of   the   causes   of   failure   of   a   number  of   articles, 
particularly    bolts    of   wrought    brass   of    this   alloy 
with  reference  to  the  presence  of  initial  stress.    The 
investigation  shows  that  an  average  Initial  stress  of 
5000  pounds  per  square  inch  is  to  be  regarded  as  a 
safe   limit   for   rods   and   Iwlts  of   this   type  of  ma- 
terial,   under   ordinary    service    conditions,    in    which 
the  service  load  is  itself  not  greater  than  from  5000 
to  10.000  pounds  per  square  Inch. 
The  Mechanical  World  Pocket  Diary  and  Tear  Book, 
453    pages,    4    by    6    inches;    illustrated.      Pub- 
lished   by    Emmott    &    Co.,    Ltd.,    Manchester, 
England,    and   distributed   in   the   United   States 
by  the  Norman,   Remington  Co.,   Baltimore,  Md. 
Price.  35  cents;  by  mail,  40  cents. 
This  collection  of  useful  engineering  notes,   rules, 
tables  and  data  has  been   published  for  thirty  con- 
secutive   years.      Several    new    features    have    been 
introduced    in    this   edition.     The   section   on   steam 
and  steam   engines  has  been  largely  rewritten,   and 
new  tables  have  been  introduced,   giving  dimensions 
of     piston     rings,     governors,     etc.,     with    notes    on 
lubrication    and    anti-friction    bearings.      The    heat- 
treatment   of   steel    receives   attention,    this   sectloa 
including  notes  on  annealing,  hardeniog,   tempering, 
etc.     The   contents  of  the   year  book   are   so  exten- 
sive   and    varied    that    no    comprehensive    statement 
can  be  given  in  the  limits  of  this  notice.     SuflJce  It 
to    say,    that    it    is    a    most    valuable    and    compre- 
hensive collection  of  engineering  data  which  almost 
any  machine  designer  or  draftsman  will  find  useful. 
Weights 'and  Measures.     284  pages,  7  by  10  inches; 
illustrated.     Published  by  the  Bureau  of  Stand- 
ards,    Department    of    Commerce,    Washington, 
D.    C. 
This   is   a    report   of   the   eleventh   annual   confer- 
ence   of    representatives    from    various    states,    held 
at    the    Bureau    of    Standards,    Washington,    D.    C, 
May    23-26.      Some    of    the    principal    matters    con- 
tained  are   short   reports  on  legislation  and  general 
conditions    existing    in    the    United    States;    sugges- 
tions,   discussions   and    resolutions   as    to   the    proper 
method  of  sale  of  coke,  fruits,  vegetables,  etc.,  and 
of  wrapped  meats;   technical  papers  on  the  selection 
and   maintenance  of  apparatus   in   industrial  plants, 
on     the     inspection,     test,     installation    and    main- 
tenance   of    railroad    track    scales,    and    on    liquid 
measuring    pumps;    reports    and    discussions    in    rela- 
tion  to  the  adoption   and  use  of  the  metric  system 
of    weights    and    measures,    and    of    the    Centigrade 
scale  of  temperatures;   and  discussions  by  manufac- 
turers of   weights  and   measures  and   weighing   and 
measuring   devices,    of   tolerances   and    specifications, 
of    new    types   of    scales    and    other   matters   of   In- 
terest. 
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MACHINE  SCREWS 

How  Many  Can  You  Use  ? 


We  are  particularly  anxious  to  figure 
with  domestic  users  of  large  quantities 
and  respectfully  suggest  that  if  you 
are  interested,  you  write  us  at  once, 
specifying  sizes  and  quantities.  We 
are  confident  we  can  make  it  pay  you. 


H  AMM  ACHER,  SCHLEMMER  &  CO. 

Hardware,   Tools  and  Supplies 
NEW  YORK  SINCE  1848  4th  AVE.  AND  13th  ST. 
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Uanufaotnre  of  Arttllory  Ammunition.     U;  L.  P.  Al- 
ford,  F.  II.  Oolvln,  Kobort  MinvHon,  H.  11.  Suver- 
krop  and  John  II.   Van  Dor  Venter.     705  pngea, 
6  by  0  Inchoa;   069  llhiBtratlunB.     PiibliBhed   by 
the  McGraw-Hill  Hook  Co.,  Inc.,  New  York  City. 
Price,  $0. 
This  work,   which   1h  largely  a   reprint  of  articles 
that    have   appeared    In    the    "American    Machinist," 
was  ptibiisbcd  with  the  aim  of  preserving  in  perma- 
nent form  u  record  of  the  work  done  in  the  United 
States    and    Canada    In    making    niiinltlona    for    the 
European  countries  at   war.     The  foreword   l)y  How- 
ard    E.     Collin,     member    of    the     Nnval     OnnHUlling 
Board,   refers  to  the  experience  gained  by  American 
manufacturers    in    making    munitions    and    tlie    value 
of  books  that  place  on  record  the  moans  and  meth- 
ods employed.     The   subject   matter  is  presented   In 
four  main  sections,  and  an  appendix.     The  Urst  sec- 
tion   deols    with    shrapnel;    the    second    with    liigh- 
explosive  shells;   the  third  with  cartridge  cases;  and 
the   fourth   with   fuses   and   primers.     The   appendix 
takes   up   machine   tools   for   munition   manufacture; 
composition    and    properties    of    shell    steel;     heat- 
treatment   of   shells,    painting   of   shells,    etc.      The 
Iwok  contains  much  excellent  material,  and  doubtless 
could  bo  used  advantageously  in  planning  and  equip- 
ping for  the  making  of  shrapnel  and  high-explosive 
rounds. 


Hendey  Machine  Co.,  Torrington,  Conn.  Circular 
illustrating  and  describing  the  Hendey  20-inch 
crank   shaper. 

I<ees-Bradner  Co.,  Cleveland,  Ohio.  Booklet  con- 
taining formulas  and  operating  instructions  for  the 
No.  5A   Lees-Bradner  gear  generator. 

Peter  A.  Frasse  &  Co.,  Inc.,  45  Boulevard,  Hart- 
ford, Conn.  Leaflet  of  oxy-acetylene  welding  and 
cutting,  illustrating  some  repairs  made  by  this 
process. 

St.  Louis  Machine  Tool  Co.,  St.  Louis,  Mo.  Leaf- 
let illustrating  and  giving  specifications  for  self- 
contained  countershafts  and  plain  and  pull  coun- 
tershafts. 

Monarch  Engineering  &  Mfg.  Co.,  Baltimore,  Md. 
Catalogue  entitled  "The  Crucible  Problem  Solved," 
illustrating  Monarch  melting  and  refining  furnaces 
without  crucibles. 

Strauss  Transit  System,  Inc.,  185  Jefferson  Ave., 
B.,  Detroit,  Mich.  Catalogue  illustrating  the 
Strauss  inverted  elevated  railway  system  for  pas- 
senger tratBc  in  and  between  cities. 

Stanley  Belting  Corporation,  32-40  S.  Clinton  St., 
Chicago,  111.  Pamphlet  describing  and  giving  price 
list  of  Stanley  belting,  a  solid  woven  cotton  belting 
impregnated  with  a   special  compound. 

Haynes  SteUite  Co.,  Kokomo,  Ind.  Catalogue  6, 
treating  of  the  use  and  application  of  stellite  and 
its  value  for  instruments,  fine  tools,  cutlery,  etc. 
Price  lists  and  stock  sizes  of  stellite  bars  are 
given. 

F.  E.  Blair  &  Co.,  Inc.,  50  Church  St.,  New  York 
City.  Circular  descriptive  of  the  "Loxon"  lock- 
nut.  It  is  claimed  that  these  nut  locks  are  as 
safe  as  a  castellated  nut  and  cotter-pin,  and 
cheaper. 

Bickett  Machine  &  Mfg.  Co.,  1118  Richmond  St.. 
Cincinnati,  Ohio.  Circular  descriptive  of  the  Bickett 
No.  0  vertical  milling  and  profiling  machine  which 
has  a  longitudinal  feed  of  6  Inches,  a  vertical  feed 
of  2  inches,  and  a  transverse  feed  of  5  inches. 

Mesta  Machine  Co.,  Pittsburg,  Pa.  Bulletin  D 
describing  Mesta  automatic  plate  valves''  (Iversen 
patent)  which  are  being  used  successfully  in  both 
new  and  rebuilt  air  and  gas  compressors,  ammonia 
compressors,    vacuum   pumps,    and    blowing    engines. 

Powdered  Coal  Engineering  &  Equipment  Co.,  1903 
MeCormick  Bldg.,  Chicago,  111.  Bulletin  3  on  the 
carburization  and  burning  of  powdered  coal  as  a 
fuel,  being  a  paper  read  before  the  American  In- 
stitute of  Mining  Engineers,  Chicago  Section,  De- 
cember 22,  1916,  by  Alonzo  G.  Kinyon,  chief  con- 
sultant  of    the    company. 

Fire  Detecting  Wire  Co.,  Inc..  101  Park  Ave 
New  York  City.  Pamphlet  entitled  "Fire  Detec- 
tion," treating  of  the  fire  detecting  wire  system 
for  interior  automatic  fire  alarms,  which  combines 
automatic  and  manual  operations.  It  is  claimed 
that  this  system  positively  and  unfailingly  alarms 
when  the  fire  is  insignificant,  before  it  gets  under 
dangerous    headway. 

New  Departure  Mfg.  Co.,  Bristol,  Conn.  Sheets 
87  KE  to  90  PE.  inclusive,  for  loose-leaf  catalogue 
showing  some  unusual  methods  of  ball  bearing  in- 
stallation of  interest  to  the  machine  designer.  The 
method  of  mounting  bail  bearings  in  a  special  ma- 
chine worm-drive  mechanism  and  the  application  of 
single-  and  double-row  bearings  on  a  vertical  spindle 
adapted  for  heavy  grinding  work  are  also  illustrated. 

American  Locomotive  Co.,  30  Church  St.,  New 
York  City.  Bulletin  1018  on  the  Walschaert  valve 
gear,  illustrating  and  describing  its  principles  in 
full  detail.  This  bulletin  which  shows  by  diagrams 
all  the  principal  events  in  a  cycle  for  outside  and 
inside  admission  valves  driven  by  the  Walschaert 
gear  should  be  generally  appreciated  by  designers, 
engineers,  students  and  all  who  are  interested  In 
valve  motion  design. 

Gripwell  Pulley  Covering  Co.,  157  Cedar  St 
New  York  City.  Pamphlet  descriptive  of  "Gripwell" 
pulley  covering,  which  is  a  refined  vegetable  oil 
compound  of  great  adhesive  power.  It  is  used  in 
connection  with  a  specially  prepared  canvas,  which 
enables  the  belt  to  exert  Its  maximum  amount  of 
power  without  the  necessity  of  being  tightened 
and  without  the  use  of  Idlers.  Price  list  of  "Grip- 
well"   puUey   covering   and   cement   is   included. 


Vanadium-Alloys  Steol  Co.,  Pittsburg,  Pa.  I^allet 
treating  of  "Vnsco  Special,"  "Vasco  Electric"  and 
"Vnsco  Latrobe"  carbon  tool  Bteels.  "Vasco  Spe- 
cial" steel  Is  particularly  suitable  for  the  finer 
grades  of  tools,  such  as  tapB,  rcamcrB,  milling  cut- 
tors,  and  lathe  tools.  "VaBco  Electric"  is  recom- 
mended for  all  general  tool  purposes,  being  adapted 
for  such  work  as  shear  blades,  taps,  reamers,  mill- 
ing cutters,  etc.  "Vasco  Latrobe"  is  a  low-priced 
steel  Buitablc  for  cold  chisels,  granite,  and  similar 
tools. 

National  Safety  Council  Is  issuing  monthly  "Safe 
Practices"  leaflets  which  contain  the  findings  of 
fifty  safety  experts  engaged  In  working  out  the 
maximum  and  minimum  requirements  in  safeguard- 
ing. The  three  issued  are  entitled  "Ladders," 
"Stairs  and  Stairways,"  and  "Holler  Rooms."  The 
National  Safety  Council  was  established  to  bring 
about  an  understanding  of  accident  causes  and  find 
and  apply  remedial  measures.  Details  as  to  th» 
council's  activities  can  be  obtained  from  W.  H. 
Cameron,  general  manager.  National  Safety  Coun- 
cil,   208  S.    La   Salle  St.,   Chicago,    111. 

Moore  &  White  Co.,  Philadelphia,  Pa.  Pamphlet 
entitled,  "Speed  Changes  Without  Prictional  Slip." 
which  treats  of  the  need  for  a  progressive  speed- 
change  device  and  its  application  in  various  ma- 
chines, the  elimination  of  slip  in  the  Moore  & 
White  speed-change  device,  and  the  use  of  the 
Moore  &  White  speed-change  device  on  paper  ma- 
chinery, laundry  machinery,  textile  machinery, 
cement  kilns,  enameling  and  japanning  machinery 
and  printing  presses.  The  principle  of  the  Moore  & 
White  speed-change  device  is  described  and  illus- 
trated, and  tables  of  dimensions  and  prices  are 
given. 

Greenfield  Tap  &  Die  Corporation,  Greenfield, 
Mass.  Bulletin  1,  "How  to  Measure  Screw 
Threads,"  the  first  of  a  series  of  treatises  on 
threading  and  gaging  problems  to  be  Issued  by  the 
company.  The  bulletin  shows  the  wrong  and  right 
way  of  gaging  tapped  holes  and  the  influence  of 
variations  in  pitch  diameter  and  lead  on  screw 
thread  fits.  The  effect  of  wear  on  the  accuracy  of 
a  thread  micrometer  is  illustrated,  and  the  defects 
of  the  ring  or  templet  gage  are  shown.  With  these 
examples  of  erroneous  and  defective  methods  of 
screw  thread  measurements  are  contrasted  the  limit 
system  developed  by  the  company  which  tests  the 
pitch  diameter.  The  means  for  testing  errors  in 
lead  are  also  shown.  The  bulletin  concludes  with 
tables  of  proposed  tap  hole  limits  for  U.  S.  standard 
taps,  S.  A.   E.   taps  and  machine  screw  taps. 


E 


TRADE  NOTES 


Ogden  E.  Adams,  159  St.  Paul  St.,  Rochester, 
N.  Y..  has  opened  a  new  salesroom  for  metal- 
working  machinery  at  the  above  address. 

Canadian  S.  K.  F.  Co.,  Ltd.,  47  King  St.,  W., 
Toronto,  Canada,  has  been  organized  under  a  Do- 
minion charter,  for  the  manufacture  and  sale  of 
S.   K.   F.   self-aligning  ball  bearings  in   Canada. 

Evans  Friction  Cone  Co.,  Newton  Highlands, 
Mass.,  is  the  successor  of  G.  F.  Evans,  Newton 
Center,  Mass.  The  company  manufactures  the 
Evans  friction  cone  for  varying  the  speed  of  ma- 
chines. 

Baush  Machine  Tool  Co.,  200  Wason  Ave.,  Spring- 
field, Mass.,  announces  that  its  gear  department 
will  in  future  be  represented  in  the  field  by  H.  A. 
Daniels,  who  is  thoroughly  familiar  with  this  line 
of  business. 

Stroh  Steel-Hardening  Process  Co.,  Pittsburg,  Pa., 
has  opened  an  oflice  at  728  Monadnock  Block,  Chi- 
cago, 111.,  in  charge  of  F.  Lloyd  Mark,  western  sales 
manager.  The  Chicago  oIBce  will  take  care  of  the 
business    in    the    central    and    near    western    states. 

Modern  Tool  Co.,  Second  and  State  Sts.,  Erie, 
Pa.,  manufacturer  of  grinding  machines  and  thread- 
ing tools,  has  removed  its  district  office  in  Detroit, 
Mich.,  to  1223  Dime  Bank  Bldg.  The  Detroit  office 
will  continue  as  heretofore  in  charge  of  H.  T. 
White. 

International  Company,  Inc.,  Fourth  and  Chest- 
nut Sts.,  Philadelphia,  Pa.,  has  opened  offices  at 
this  address  in  charge  of  J.  Guattari,  the  founder 
and  formerly  president  of  the  International  Im- 
port &  Export  Co.  The  company  has  offices  in 
Italy,    France,    Cuba    and    South    America. 

Machine  Tool  &  Supply  Co.,  321-323  B.  Second 
St.,  Davenport,  Iowa,  has  been  incorporated  to 
deal  in  new  and  second-hand  machinery.  The  com- 
pany has  secured  a  store  and  has  a  large  stock  of 
machinery  on  hand.  The  state  of  Iowa  and  a 
portion  of  Illinois  in  the  immediate  vicinity  of 
Davenport   will   be   covered. 

Andrews  &  George,  Tokyo.  Japan,  has  been  reor- 
ganized and  the  name  clianged  to  the  Andrews  & 
George  Co.  on  account  of  the  death  of  Ernest  W. 
George.  The  paid-up  capital  of  the  company  has 
been  increased  and  the  present  company  assumes 
ail  assets,  obligations  and  liabilities  of  the  former 
concern,  which  was  established  about  twenty-two 
years  ago. 

General  Electric  Co.,  Schenectady,  N.  Y„  has 
established  an  industrial  service  department  for 
the  purpose  of  supervising  education,  employment 
and  the  provision  of  opportunities  for  advancement 
of  employes,  at  the  Schenectady  plant.  The  new 
department  is  in  charge  of  E.  B.  Merriam.  for 
several  years  assistant  engineer  of  the  switchboard 
department. 

Burdett  Oxygen  Co.,  St.  Johns  Court  at  Fulton 
St.,  Chicago,  111.,  announces  that  it  began  the 
operation  of  its  Oklahoma  plant,  located  at  Stock 
Yards  Station,  Oklahoma  City,  in  February,  and  Is 
now  in  position  to  furnish  oxygen  to  users  In  that 
territory.      This   Is    the    twelfth   plant   InstaUed    by 


the  company  In  the  various  Industrial  centars  of 
the  country. 

Moline  Tool  Co.,  Moline,  111.,  manufacturer  of 
the  "Hole  Hog"  line  of  multiple-spindle  drilling 
nrtuhiues,  has  moved  into  Its  new  factory,  which 
1h  a  large  sawtooth  roof  structure  provided  with 
modern  equipment  for  the  manufacture  of  machine 
tools.  The  company  was  obliged  to  expand  It* 
facilities  beyond  the  capacity  of  the  old  plant  lo 
order  to  meet  Ihe  demand  for  Its  machines  and  1* 
now   operating   both    new   and   old   shops. 

Trindl  Machine  Works,  Fowler  Bldg.,  57-01  B. 
24th  St.,  Chicago,  III.,  Is  a  new  concern,  estab- 
lished by  J.  II.  Trindl,  formerly  of  Trindl  & 
Ryser.  The  firm  will  engage  In  the  manufac- 
ture and  jobbing  of  pistons,  piston  rings,  wrlat- 
plns,  crankshafts,  valves,  etc.,  as  well  as  general 
machine  work.  Cylinder  grinding  will  be  made 
a  Bpeclalty,  several  of  the  latest  type  grinding 
machines    having    been    Installed    for    this    work. 

Newman  Mfg.  Co.,  719  Sycamore  St.,  Cincinnati, 
Ohio,  and  08  W.  Washington  St.,  Chicago,  111., 
has  added  another  floor,  40  by  175  feet,  to  Its  Cin- 
cinnati idant,  which  now  comprises  six  gtorles. 
The  company  manufactures  machine-tool  attach- 
ments, adjustable  electric  light  brackets,  brass 
and  bronze  work,  signs,  etc.  S.  J.  Newman  of  the 
company  states  that  the  businesB  Is  expanding 
rapidly  and  that  the  prosiiects  for  1917  are  excel- 
lent. 

Hannifin  Mfg.  Co.,  621  Kolmar  Ave.,  Chicago,  111., 
maker  of  pneumatic  chocks,  pneumatic  counter- 
shafts, air-operated  vises,  self-opening  dies,  etc., 
has  Just  completed  a  large  addition  to  Its  plant 
that  will  increase  the  floor  space  8000  square  feet. 
The  company  has  doubled  Its  equipment  and  will 
be  able  to  double  the  output.  A  two-story  ofl9ce 
building  has  been  erected  and  the  shop  has  been 
provided  with  modern  wash-rooms  and  shower  baths 
for  the  employes. 

Westinghouse  Electric  &  Mfg.  Co.,  Hast  Pitts- 
burg, Pa.,  is  planning  the  erection  of  a  new  plant 
in  Essington,  near  Philadelphia,  that  will  cost 
approximately  $6,000,000.  The  new  plant  is  being 
built  outside  the  Pittsburg  district  for  the  reason 
that  expansion  in  East  Pittsburg  is  no  longer  pos- 
sible on  account  of  the  limited  space  available. 
The  company  has  acquired  a  tract  In  Essington 
of  about  500  acres  fronting  on  the  Delaware  River. 
About  100  acres  will  be  utilized  for  the  plant 
in  the  beginning. 

Bosch  Magneto  Co.,  Springfield,  Mass.,  and  Plain- 
field,  N.  J.,  has  reorganized  its  purchasing  depart- 
ment. The  purchasing  for  both  factories  Is  now 
done  in  Springfield.  The  purchases  are  classified 
as  product — ail  materials  and  parts  entering  Into 
product —  and  non-product — including  equipment  and 
supplies.  The  purchase  of  product  material  will 
be  in  charge  of  S.  T.  Plimpton,  and  of  non- 
product,  of  P.  G.  Puffer.  The  purchasing  agents 
will  be  assisted  by  John  Pauly  and  C.  E.  Spald- 
ing, respectively. 

Champion  Tool  Works  Co.,  2422  Spring  Grove 
Ave..  Cincinnati,  Ohio,  manufacturer  of  "Cham- 
pion" lathes,  has  broken  ground  for  a  new  plant 
which  will  be  located  at  Winton  Place,  Cincin- 
nati. The  building,  which  will  be  150  by  300  feet 
and  afford  45,000  square  feet  fioor  space,  will 
be  equipped  with  the  best  facilities  for  manufac- 
turing machine  tools.  The  company  expects  to 
increase  its  line,  making  several  larger  sizes  of 
lathes,  and  with  these  added  facilities  it  will  be 
able  to  make  prompt  deliveries. 

Hess-Bright  Mfg.  Co.,  Front  St.  and  Erie  Ave., 
Philadelphia.  Pa.,  announces  the  opening  of  two 
branch  sales  offices — one  for  the  eastern  portion 
of  the  country  at  1974  Broadway,  New  York  City, 
and  the  other  for  the  central  section,  at  1036 
Guardian  Bldg..  Cleveland,  Ohio.  H.  E.  Brunner 
is  in  charge  of  the  New  York  office,  and  is  as- 
sisted by  H.  A.  Fonda.  The  Cleveland  office  la 
under  the  direction  of  R.  E.  Clingan,  assisted  by 
Walter  Rippien  and  M.  S.  McNay.  These  offices 
were  opened  in  order  to  give  better  ball  bearing 
service  to  the  trade  than  has  heretofore  been 
afforded. 

Ford  Motor  Co.,  Detroit,  Mich.,  has  made  plans 
for  the  construction  of  the  fir^t  units  of  a  mammoth 
plant  on  an  eighty-acre  tract  near  Newark,  N.  J,, 
between  the  Passaic  and  Hackensack  Rivers.  Plans 
have  been  made  for  the  immediate  erection  of  a 
plant  costing  between  $1,000,000  and  $2,000,000, 
and  the  lay-out  is  so  arranged  as  to>permit  expan- 
sion indefinitely.  It  is  the  intention  to  ultimately 
invest  about  $10,000,000  and  to  employ  about  10,000 
men.  The  annual  capacity  will  be  about  three 
hundred  to  four  hundred  cars  a  day.  The  Detroit 
factory  Is  now  making  3000  cars  a  day,  and  the 
Canadian  factory  about  half  as  many,  yet  the 
company  Is  behind  in   its  orders. 

Shepard  Electric  Crane  &  Hoist  Co.,  Montour 
Falls,  N.  Y.,  is  making  extensive  additions  to  its 
plant.  A  bay,  45  feet  wide  by  210  feet  long,  will 
be  added  to  the  east  side  of  the  structural  shop,  to 
be  used  as  a  punching  and  shearing  shop,  and  a 
bay  of  the  same  dimensions  will  be  added  to  the 
west  side  to  accommodate  the  wash-rooms,  smith 
shop,  tool  storage  and  machine  shop.  These  exten- 
sions will  be  of  brick,  steel  and  glass  set  in  steel 
sash,  and  will  have  sawtooth  roofs.  The  additions 
to  the  machine  shop  will  consist  of  an  extension 
of  the  erecting  and  machine  shop  bays  of  about 
200  feet  and  the  construction  of  a  new  bay  85 
feet  wide  that  will  extend  along  the  entire  length 
of  the  present  shop  and  extension,  to  be  used  as  a 
store-room.  The  power-room  will  also  be  enlarged. 
Part  of  the  present  boiler-room  will  be  converted 
into  a  tool  forging  and  hardening  plant,  while  the 
space  now  used  for  the  drafting-room  and  stores 
will  be  added  to  the  tool-room.  Considerable  new 
equipment  and  machinery  will  be  installed.  A  larg* 
brick  building,  located  within  a  block  of  the  shops, 
is   being   remodeled   for   an   administration   building. 
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NE  of  the  problems  con- 
nected with  the  man- 
agement of  machine 
shops  is  the  care  of  the 
numerous  small  tools 
used  on  machine  tools 
and  in  assembling  departments.  As 
the  "business  end"  of  a  machine  tool 


This  article  is  a  review  of  tlie  different  systems 
adopted  in  many  well  organized  machine-building 
plants  of  various  classes  and  sizes  to  insure  proper 
care  and  promote  delivery  of  tools,  and  to  prevent 
loss  of  productive  time  resulting  from  misplaced 
tools  or  poor  equipment.  The  article  deals  with  the 
arrangement  of  the  tool  supply  rooms,  different 
types  of  tool  storage  fixtures,  classes  of  tools  that 
should  be  cared  for  systematically,  checking  sys- 
tems or  methods  of  accounting  for  tools  when  in 
use,  general  practice  in  regard  to  grinding  turn- 
ing and  planing  tools  to  standard  shapes,  and  other 
essential  features. 


\g> 


is  the  cutting  end,  it  is  important  to 

use  tools  that  cut  effectively  and  to  keep  the  machine  on  the 
job;  and  when  the  parts  produced  in  these  machines  are  being 
assembled  it  pays  to  use  reamers  that  ream,  wrenches  that 
are  right  as  to  size  and  fit,  and  good  tool  equipment  in  every 
department.  These  are  the  principal  reasons  why  modern 
machine-building  plants  have  tool  supply  rooms  and  systematic 
methods  of  caring  for  the  many  different  kinds  of  tools  used 
in  machine  shops.  A  store-room  for  tools  of  certain  classes  is 
found  in  almost  every  machine  shop,  but  there  is  considerable 
variation  in  regard  to  the  types  of  tools  that  are  stored,  the 
cooperation  between  the  tool  supply  and  manufacturing  de- 
partments and  the  extent  to  which  systematic  methods  are 
applied  to  insure  the  prompt  delivery  of  tools  in  good  condi- 
tion. For  instance,  the  tool  supply  room  may  be  merely  a 
place  for  storing  small  or  auxiliary  tool  equipment  when  not 
in  use,  or  it  may  be  so  managed  that  such  tools  are  not  only 
stored  but  maintained  in  good  condition  and  delivered  to  the 
different  manufacturing  departments  in  such  a  prompt  and 
systematic  manner  as  to  add  to  the  efficiency  of  the  entire  plant. 

Location  and  Plan  of  Tool  Supply  Room 

When  a  machine  shop  has  only  one  room  or  department 
where  tools  are  stored,  this  should  ordinarily  be  located  in  a 
central  position  relative  to  that  part  of  the  shop  requiring 
the  largest  number  of  tools,  provided  the  general  construction 
of  the  shop  will  permit.  If  the  plant  is  large  enough  to  be 
divided  into  separate  departments,  the  usual  method  is  to 
have  a  tool  crib  in  each  one;  frequently  the  department  sup- 
ply rooms  are  auxiliaries  of  the  main  supply  room,  which  may 
or  may  not  be  a  tool-room  as  well  as  a  place  for  tool  storage. 


'  For  previous  articles  on  tool-room  systems  pnblished  in  Macbineet,  see 
"Tool  System  of  Cadillac  Motor  Car  Co."  in  the  June  and  October,  1916, 
numbers. 

'Associate  Editor  of  Machinbbt. 


Some  shop  managers  prefer,  even  for 
large  plants,  one  main  tool  storage 
department  from  which  all  tools  are 
obtained.  This  method,  however,  has 
only  been  adopted  to  a  limited  extent 
and  chiefly  where  the  nature  of  the  work  is  such  that  many 
tools  are  not  used  exclusively  on  any  one  line  of  work,  but  are 
required  in  various  departments.  In  connection  with  this  plan, 
as  applied  to  a  large  shop,  the  tools  should  be  delivered  to  the 
workmen,  in  which  case  the  accessibility  of  the  tool  supply 
room  is  not  so  important  as  when  each  employe  must  obtain 
the  tools  required. 

The  storage  of  tools  is  generally  under  the  supervision  of 
the  tool-room  foremen  in  plants  having  toolmaking  depart- 
ments, and  where  there  is  a  single  tool  supply  room,  this  is 
often  a  department  of  the  tool-room,  but  it  should  be  sepa- 
rated completely  from  it  by  a  grating  or  partition,  and  should 
be  under  lock  and  key.  One  arrangement  which  has  proved 
satisfactory  for  comparatively  small  shops  is  to  have  the  tool 
supply  room  in  such  a  location  that  one  window  or  opening 
for  the  delivery  or  return  of  tools  is  connected  with  the  tool- 
room and  the  other  window  with  the  machine  shop.  The  tool- 
grinding  department  of  a  medium-  or  small-sized  shop  is 
usually  adjacent  to  the  store-room  or  is  practically  a  part  of  it. 
This  department  usually  contains  a  drill  grinder,  a  tool  and 
cutter  grinder  for  sharpening  reamers,  milling  cutters,  etc., 
and  a  universal  tool-grinding  machine  for  sharpening  forged 
turning  and  planing  tools,  provided  such  tools  are  kept  in 
the  store-room.  In  the  larger  plants  where  the  different  de- 
partments have  separate  tool  supply  rooms,  the  grinding  of 
such  tools  as  reamers,  milling  cutters,  taps,  etc.,  is  generally 
done  in  the  tool-room. 

In  locating  the  bins,  drawers,  or  racks  for  tools  or  supplies, 
it  is  important  to  place  the  sections  which  are  to  contain  the 
tools  in  greatest  demand  nearest  the  delivery  and  receiving 
windows.  The  extent  to  which  different  classes  of  tools  are 
used  varies,  of  course,  in  different  shops  and  depends  to  some 
extent  upon  the  nature  of  the  manufacturing  operations.     In 
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general,  such  tools  as  drills, 
taps,  reamers,  gages,  Jigs, 
milling  cutters  and  files  are 
used  frequently.  If  blueprints 
are  kept  in  the  store-room, 
these  should  also  be  conven- 
iently located  with  reference 
to  the  delivery  window.  At- 
tention to  this  matter  of  tool- 
location  prevents  needless  de- 
lay in  delivering  tools  to  the 
workmen. 

Classes  of  Tools  and  Supplies 
Kept  In  Store-rooms 

Tool  supply  rooms  are  gen- 
erally intended  for  tools  such 
as  drills,  reamers,  taps,  mill- 
ing cutters,  form  tools  for 
screw  machines,  box-tools  for 
screw  machines  and  turret 
lathes,  standard  and  special" 
gages,  jigs  and  fixtures  (ex- 
cept those  which  are  heavy 
and  cumbersome),  punches 
and  dies,  new  files,  wrenches, 
lathe  dogs,  soft  hammers, 
sledges,  pneumatic  hammers, 
and  many  other  small  tools 
of  the  portable  class.  In  ad- 
dition, there  may  be  a  variety  of  general  supplies,  such  as 
standard  bolts,  nuts  and  washers,  taper  dowel  pins,  cotter- 
pins,  brass,  copper,  iron  or  steel  wire,  and  so  on.  In  the  larger 
plants  supplies  of  the  general  classes  mentioned  may  be  kept 
in  a  separate  department,  and  the  tool  supply  room  be  used 
exclusively  for  auxiliary  tool  equipment,  such  as  is  required 
either  in  connection  with  machine  tool  operation  or  in  the 
erecting  department.  Another  method  of  handling  supplies 
which  is  quite  prevalent  is  to  keep  the  principal  stock  in  a 
supply  room  and  a  small  stock  in  the  tool  cribs,  the  material 
which  is  stored  with  the  tools  being  of  the  class  that  is  needed 
continually  by  the  manufacturing  departments. 

The  variety  of  tools  in  any  supply  room  naturally  depends 
somewhat  upon  the  class  of  work  done  in  the  shop  or  depart- 
ment with  which  it  is  connected.  For  instance,  in  some  ma- 
chine shops  milling  machines  are  used  extensively,  and  conse- 
quently a  large  stock  of  milling  cutters  is  required;  other 
shops  use  a  relatively  small  number  of  milling  cutters,  but  a 
great  many  taps,  reamers  and  drills,  and  there  are  many  other 
similar  variations. 

Storage  of  Tools  on  Basis  of  Usefulness  as  Well  as  Value — 
When  deciding  what  tools  shall  be  placed  in  a  tool  supply  room, 
several  factors  may  be  considered.  In  some  shops  the  store- 
room is  used  only  for  tools  which  are  valuable  and  which  for 
the  most  part  are  products  of  the  toolmaker.  Such  tools  are 
cared  for  simply  because  they  are  valuable  and  perhaps  easily 
deranged  by  careless  handling.  According  to  the  modern  idea 
of  tool-room  systems,  however,  tools  are  kept  in  a  special  store- 
room not  merely  because  they  are  expensive  to  produce,  but 
because  of  their  usefulness  and  to  insure  prompt  delivery  of 
adequate  tool  equipment  when  needed,  as  well  as  to  eliminate 
loss  of  productive  time  resulting  from  misplaced  tools  or  fix- 
tures. The  rough  bolts  and  clamps  used  on  planers  and  other 
machines  for  holding  castings  and  forgings  to  the  machine 
table  have  little  value  so  far  as  first  cost  is  concerned;  but 
if  such  equipment  is  not  available-  when  needed,  or  is  in  poor 
condition,  the  time  of  setting  up  a  machine  may  be  so  delayed 
as  to  greatly  increase  the  machining  cost,  and  such  delay  may 
affect  the  work  of  other  departments.  '  In  order  to  avoid  diffi- 
culties of  this  kind,  it  is  the  practice  in  the  more  progressive 
plants  to  include  in  the  stock  of  the  tool  store-room  whatever 
small  tools  are  essential  to  machining  or  assembling  opera- 
tions, even  though  they  may  not  be  expensive  or  of  delicate 
construction.  When  the  tool  store-room  is  based  on  this  plan, 
it  is  closely  related  to  the  various  manufacturing  processes  and 
tends  to  increase  the  rate  of  production  and  general  eflflciency 
of  the  plant. 
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Storage  of  Large  Jigs  or 
Fixtures — While  it  is  gen- 
erally considered  advisable  to 
keep  all  small  tool  equipment 
in  a  special  department,  many 
shops,  especially  those  in 
which  heavy  machinery  is 
built,  have  jigs,  fixtures  or 
other  tools  which  are  too 
heavy  and  cumbersome  to  be 
moved  to  and  from  the  tool 
supply  room  each  time  they 
are  used;  moreover,  such 
large  tools  are  often  used  ex- 
clusively in  one  department, 
and  there  is  an  advantage  in 
having  them  near  the  ma- 
chine to  which  they  belong. 
Heavy  tools  that  cannot  be 
handled  easily  are  often  kept 
in  a  definite  place  on  the  shop 
lloor,  especially  if  they  are 
used  frequently  or  exclusively 
in  one  department;  in  other 
plants,  auxiliary  supply  rooms 
are  provided.  It  is  a  good 
plan  to  have  all  equipment 
of  this  kind,  regardless  of 
where  it  is  stored  when  not 
in  use,  under  the  supervision  of  the  tool  supply  department. 
While  heavy  jigs,  fixtures,  etc.,  may  not  be  deranged  as  easily 
as  smaller  and  more  delicate  tools,  the  fact  remains  that  if 
no  one  is  responsible  for  their  upkeep,  and  systematic  inspec- 
tion is  not  provided  for,  minor  defects  often  accumulate  until, 
in  some  cases,  the  tool  is  in  poor  condition. 

Storage  of  Clamps,  Bolts  and  Packing  Blocks — The  clamps 
and  bolts  used  for  holding  castings  or  forgings  on  the  work- 
tables  of  machine  tools,  when  special  jigs  or  fixtures  are  not 
used,  are  kept  at  the  different  machines  in  many  shops  and 
often  are  moved  from  one  part  of  the  shop  to  another  as  they 
may  be  needed  by  different  workmen.  Ordinarily  when  such 
equipment  is  not  cared  for  systematically,  it  is  the  direct  cause 
of  unnecessary  delay  in  setting  up  machines.  Bolts  of  the 
right  length  are  often  difficult  to  find  and  the  threads  become 
battered  so  that  nuts  must  be  run  on  or  off  with  a  wrench. 
Sometimes  it  will  be  necessary  for  a  machine  operator  to  re- 
cut  a  bolt  with  a  hand  die,  and  meanwhile  the  machine  is  idle. 
Equipment  of  this  kind  should  be  kept  in  the  tool  supply 
room  and  be  cared  for  the  same  as  cutting  tools,  gages,  etc. 
Where  this  plan  is  followed  it  is  common  practice  to  include, 
in  addition  to  a  stock  of  clamps  and  bolts  of  various  sizes 
and  lengths,  packing  blocks  for  the  clamps.  In  some  plants, 
a  standard  wrench  is  sent  out  with  each  set  of  bolts,  clamps 
and  blocks,  so  that  the  time  for  setting  up  a  machine  is  re- 
duced as  far  as  possible.  When  bolts  are  returned  to  the 
supply  room,  each  one  should  be  examined  to  see  that  the 
nuts  can  be  turned  freely  by  hand.  ^ 

Storage  of  Blueprints — Tool  store-rooms  are  not  only  used 
for  equipment  of  the  general  classes  mentioned,  but  in  many 
cases  for  keeping  blueprints  as  well,  especially  in  plants  where 
duplicate  machines  are  being  built  constantly.  When  blue- 
prints are  kept  in  this  way  they  are  usually  given  out  in 
exchange  for  a  check  the  same  as  a  tool.  A  duplicate  set  of 
prints  may  be  filed  in  the  office  of  the  machine  shop  foreman 
or  superintendent  for  reference  purposes  only.  These  office 
prints  should  preferably  be  bound  or  filed  together  in  sets, 
so  that  the  foreman  always  has  a  complete  set  for  his  own 
use,  instead  of  being  obliged  to  refer  to  those  which  are  scat- 
.  tered  about  the  shop. 

One  method  of  handling  blueprints  which  has  proved  satis- 
factory is  to  mount  them  on  thin  steel  plates,  heavy  cardboard 
or  wood.  A  thin  material  is  preferable,  owing  to  the  relatively 
small  space  required  for  storage.  Blueprints  mounted  in  this 
way  are  protected  while  in  the  shop  and  they  can  easily  be 
filed  for  future  use. 

In   a  great  many  machine   shops  blueprints  are   destroyed 
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when  they  are  no  longer  needed  in  the  shop  for  a  certain  job. 
The  reason  for  destroying  them  instead  of  filing  them  away 
for  future  use  is  that  in  many  cases  the  blueprints  are  either 
soiled  or  torn  to  such  an  extent  that  it  is  preferable  to  make 
new  ones  when  they  are  needed  again.  Naturally  the  extent 
to  which  blueprints  are  soiled  varies  with  the  length  of  time 
they  are  kept  in  the  shop,  and  may  depend  considerably  upon 
the  kind  of  work  done,  so  that  the  practice  of  destroying  them 
might  not  always  be  justified. 

storage  Fixtures  for  Tools 

The  fixtures,  such  as  racks,  shelves,  bins  and  drawers  in 
which  various  kinds  of  tools  are  stored,  should,  so  far  as  pos- 
sible, be  compactly  arranged,  in  order  to  economize  in  space. 
The  light  should  also  be  distributed  evenly  so  that  there  are 
no  dark  shelves  or  bins,  and  it  is  important  to  arrange  each 
fixture  in  such  a  way  that  the  tools  may  be  removed  without 
difficulty.  Each  tool  or  tool  set  should  have  a  definite  place 
in  the  tool  cabinet  and  provision  be  made  for  identifying  and 
locating  different  classes  of  tools.  A  common  method  of  mark- 
ing different  sections  of  a  tool  supply  room  is  by  means  of 
letters  and  numbers,  the  letters  indicating  main  sections  and 
the  numbers  showing  the  location  of  racks,  bins,  drawers  or 
other  storage  places  in  each  section. 

General  Arrangement  of  Storage  Fixtures — When  designing 
storage  fixtures  of  any  kind,  it  is  advisable  not  to  conceal  the 
tools  any  more  than  is  necessary,  although  drawers  or  trays 
are  often  considered  preferable  for  small  drills,  taps,  reamers 
and  other  tools  that  might  be  lost  or  misplaced  if  kept  in  open 
bins  or  shelves.  Shelves  or  box-shaped  enclosures  should  be 
large  enough  to  permit  the  hand  to  be  inserted  without  in- 
terference. Trays  or  open  shelves  for  small  tools  should  have 
shallow  or  low  jftirtition  strips  for  separating  different  sizes 
of  tools,  and  if  such  receptacles  slope  toward  the  front  the 
tools  may  be  seen  better  and  removed  more  easily.  Edged 
tools,  such  as  reamers  and. milling  cutters,  should  be  separated 
so  that  they  will  not  strike  against  each  other.  Reamers,  taps, 
etc.,  are  sometimes  held  vertically  by  inserting  the  slianks  in 
holes  made  in  a  special  rack;  such  tools  are  also  kept  in 
trays  or  drawers  having  low  partition  strips  to  prevent  direct 
contact  between  different  tools.  Fig.  1  shows  reamer  and  drill 
cabinets  in  a  tool  supply  room  of  the  Cadillac  Motor  Car  Co. 
The  reamers  are  placed  in  separate  pockets  formed  in  cross- 
wise strips  so  that  they  do  not  roll  against  each  other  and 
thus  injure  the  cutting  edges  (see  the  three  drawers  to  the 
left  which  have  been  removed). 

The  height  of  tool  racks  and  cabinets  usually  varies  from 
five  or  six  feet  to  the  height  of  the  tool  supply  room  ceiling. 
Low  racks  (see  Figs.  2  and  3)  are  usually  found  in  shops 
having  plenty  of  space.  A  ladder  supported  by  a  track  and 
rollers  is  convenient  for  high  racks  such  as  are  found  in  many 
city  shops,  located  where  land  and  space  have  a  relatively 
high  value.  (See  Fig.  23.)  Wood  is  generally  used  for  tool 
racks  and  cabinets  in  tool  supply  rooms,  although  many  of 
the  new  plants  have  steel  shelving. 


Unit  System  of  Construction — Most  tool  store-rooms  have 
fixtures  which  are  of  permanent  construction.  It  is  desirable, 
however,  to  so  construct  the  storage  equipment  that  it  can  be 
rearranged  and  expanded  to  accommodate  a  larger  stock  of 
tools,  if  this  should  be  necessary  on  account  of  the  growth  of  a 
plant.  This  unit  system  of  construction,  as  applied  to  the  tool 
supply  room  of  the  Tabor  Mfg.  Co.,  Philadelphia,  Pa.,  is  illus- 
trated in  Fig.  4.  The  tool  cabinets  consist  of  a  main  rack 
having  square  sections  which  may  be  sub-divided  for  storing 
different  types  of  tools  by  means  of  boxes,  trays  and  drawers 
of  standard  size.  The  sections  or  compartments  of  the  main 
rack  are  24%  inches  square  and  17  inches  deep.  These  racks 
are  made  of  wood  and  are  rigidly  constructed,  as  they  sustain 
heavy  loads  when  filled  with  tools.  The  boxes  which  are  in- 
serted in  these  square  compartments  for  holding  certain  classes 
of  tools  are  made  in  fifteen  standard  sizes,  as  given  in  Table  I. 

Fig.  4  shows  some  of  the  combinations  that  are  possible  with 
this  construction;  thus,  section  A  is  fitted  with  sixteen  square 
sections  or  boxes,  section  B  has  eight  rectangular  boxes,  sec- 
tion C  four  square  boxes,  and  so  on.  The  compartments  are 
fitted  with  whatever  combination  of  boxes  is  best  adapted  to 
the  size  and  number  of  tools  they  are  to  contain.  The  tool 
rack  shown  in  Fig.  5  also  illustrates  the  flexibility  of  the  unit 
system  of  construction.  When  drawers  can  be  used  to  better 
advantage  than  open  boxes  for  the  storage  of  small  tools,  cut- 
ters, etc.,  these  are  inserted  in  double  vertical  rows  as  shown. 

Racks  for  Clamping  Bolts  and  Packing  Blocks — Fig.  6  shows 
the  form  of  storage  racks  used  by  the  Tabor  Mfg.  Co.  for 
clamping  bolts  such  as  are  often  required  for  holding  cast- 
ings or  forgings  on  the  work-tables  of  machine  tools.  The 
bolts  are  suspended  from  T-slots  formed  in  the  standard 
storage  boxes  used  at  this  plant.  The  symbol  for  each  size  of 
bolt  and  the  hooks  for  the  workmen's  checks  are  placed  adja- 
cent to  the  various  compartments.  The  method  of  keeping 
packing  blocks  is  shown  in  Fig.  7.  Standardizing  equipment 
of  this  kind  is  of  especial  importance  in  shops  doing  general 
work   for  which   special   fixtures   have  not  been   constructed. 

Cahinets  and  Racks  for  Milling  Cutters — Many  tool  supply 
rooms  have  cabinets  of  the  general  type  shown  near  the  de- 
livery window  in  Fig.  8  for  storing  milling  cutters.  These 
particular  cabinets  are  of  octagonal  form  and  each  of  the  eight 
sides  is  covered  with  cutters  suspended  on  pegs.  As  the  cabi- 
net can  be  revolved  about  a  vertical  axis,  any  side  may  be 
reached  easily.  The  swinging  or  folding  door  type  of  cutter 
rack  illustrated  in  Fig.  10  is  now  used  quite  extensively. 
These  swinging  doors  are  hinged  to  a  vertical  shaft  and  each 
door  provides  two  sides  for  the  storage  of  cutters.  Another 
compact  design  is  similar  in  construction  to  the  familiar  slid- 
ing barn  door.  Each  door  of  the  cabinet  has  wheels  above 
and  below  it  which  engage  horizontal  tracks  for  guiding  the 
doors  as  they  are  rolled  in  or  out.  There  are  several  parallel 
doors  arranged  in  a  group  with  a  space  of  about  twelve  inches 
between  them.  The  cutters  are  suspended  upon  pegs  or  hooks. 
Fig.  9  shows  milling  cutters  stored  on  shelving.  Different 
types   are   grouped    together,    and    these   groups   are   plainly 


Fig.  2.     CoUet  Rack 


Fig.   3.     Tool  Rack  of'Open-bin  Type 


658 


MACHINERY 


April,  1917 


in  shallow  drawers,  the  rack  illustrated  in  Fig.  12  was  in- 
stalled and  proved  very  satisfactory.  This  rack  is  made  of 
2-  by  4-inoh  timbers  to  which  are  secured  a  large  number  of 
sheet  steel  strips  upon  which  the  blueprints  are  suspended 
as  indicated  by  the  illustration.  The  lengths  of  these  steel 
strips  are  varied  in  accordance  with  the  size  of  the  blueprints, 
the  largest  prints  being  at  the  bottom  of  the  rack  and  the 
smallest  ones  at  the  top.  The  numbers  of  the  prints  were 
written  on  "stickers"  and  pasted  on  the  steel  strips  or  arms. 

Tool  Checking-  Systems 

In  every  tool  store-room  it  is  essential  to  have  some  sys- 
tematic method   of  determining  what  tools  are  In  use  and 

TABLE  I.   DIMENSIONS  OF  STANDARD  BOXES  AND  TRAYS' 


Fig.  4.     Diagram  illustrating  ITnit  System  of  Construction  for  Tool  Hacks 

marked.  Instead  of  placing  the  cutters  loosely  on  the  shelves, 
they  are  provided  with  removable  holders  consisting  of  base 
blocks  and  vertical  pegs  which  pass  through  the  cutter-arbor 
holes. 

Racks  for  Taps  and  Dies — The  rack  for  taps  shown  in  Fig.  11 
is  so  arranged  that  the  taps  are  held  in  position  by  their 
shanks,  which  are  inserted  in  holes  of  suitable  size.  Thi.= 
form  of  rack  (which  is  used  by  the  Cleveland  Automatic  Ma- 
chine Co.)  prevents  taps  from  being  nicked  or  otherwise  in- 
jured by  striking  against  one  another.  Each  tap  has  a  label 
giving  its  size,  and  there  is  also  a  hook  for  receiving  the  work- 
man's check  when  the  tap  is  in  use.  A  rack  for  spring  screw- 
threading  dies  is  shown  at  the  left  of  Fig.  11.  The  hollow 
shanks  of  the  dies  fit  over  pegs  on  the  rack  which  hold  them 
in  position. 

Racks  for  Snap  Gages — A  good  type  of  rack  for  snap  gages 
is  shown  in  Fig.  13  (see  upper  part  of  cabinet).  Metal  parti- 
tions are  used  to  separate  different  gages,  the  height  of  these 
partitions  and  the  space  between  them  being  varied  in  accord- 
ance with  different  gage  sizes.  These  partitions  extend  across 
the  shelf  at  the  bottom,  but  curve  backward  toward  the  top, 
so  that  the  upper  ends  of  the  gages  project  far  enough  to  be 
easily  gripped  for  removing  them  from  the  cabinet.  This  form 
of  rack  is  found  in  the -tool  supply  rooms  of  the  Cadillac  Motor 
Car  Co.  Incidentally,  this  illustration  shows  how  steel  parti- 
tions can  be  used  to  form  compact  bins  or  compartments  of 
the  general  type  shown  just  below  the  gage  rack.  The  con- 
secutive numbers  of  the  bins  are  stamped  on  circular  checks 
or  tags  suspended  from  rings  so  that  they  are  free  to  swing 
and  do  not  interfere  with  the  insertion  or  removal  of  the 
tools.  Fig.  11  shows  (at  the  right  of  the  tap  rack)  a  form  of 
snap  gage  rack  used  by  the  Cleveland  Automatic  Machine  Co. 
The  gages  are  held  in  place  by  boards  having  slots  on  the 
edges  into  which  the  gage  jaws  are  inserted. 

Rack  for  Storing  Blueprints — When  blueprints  are  kept  in 
the  tool  store-room  they  are  often  filed  in  drawers,  but  this  is 
an  inconvenient  and  troublesome  method  and  requires  more 
room  than  is  necessary.  When  the  drawers  are  filled  with 
blueprints  it  is  difficult  to  prevent  them  from  curling  up  and 
catching  when  the  drawer  is  pulled  out,  and  occasionally  a 
blueprint  will  slide  out  at  the  rear  end.  In  a  shop  where  con- 
siderable trouble  had  been  experienced  with  blueprints  stored 


Number 
of  Box 

Outside 
Dimensions, 

Inches                i 

Number 
of  Box 

OuUide 

Dimensions, 

Inches 

I 
2 
3 
4 
5 
6 
7 
8 

24    by    24 
24    by    12 
24    by    8 
24    by    6 
24    by    4 
12    by    12 
12    by    8 
12    by    6 

9 
10 
11 
12 
13 
14 
15 

12    by    4 
8    by    8 
8    by    6 
8    by    4 
6    by    6 
6    by    4 
4    by    4 

Machinery 

1  The  length  or  depth   is   17   inches  or  less  in   all   cases. 

where  they  are  located  in  the  shop,  to  prevent  loss  of  tools 
and  to  enable  any  tool  to  be  found  readily  if  necessary.  The 
method  which  has  been  adopted  almost  universally  is  to  use 
brass  checks  which  are  numbered  to  correspond  with  num- 
bers given  to  different  workmen.  These  checks  may  be  placed 
in  the  store-room  tool  cabinet  where  the  tool  belongs,  or  they 
may  be  filed  on  a  board  in  the,  store-room,  so  that  the  number 
of  tools  in  the  possession  of  any  particular  workman  may 
readily  be  determined.  There  are  various  modifications  of 
this  checking  system  which   are  intended  either   to  simplify 


Fig.    6.     Rack    illustrating    Flexibility    of    Unit    Construction 
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the  system,  or  to  make  it  a  more  effective  means  of  accounting 
for  tools  and  of  preventing  mistakes  or  fraudulent  practices. 

Single  Check  System — The  single  check  system,  as  com- 
monly applied  to  tool-rooms,  is  so  arranged  that  each  work- 
man has  a  certain  number  of  checks  which  he  receives  when 
first  employed.  These  checks,  as  previously  mentioned,  are 
stamped  with  the  employe's  number,  and  whenever  he  obtains 
a  tool  from  the  store-room,  a  check  must  be  given  to  the  tool- 
room attendants  as  a  receipt.  This  check,  according  to  the 
usual  method,  is  placed  on  a  hook  located  where  the  tool 
belongs  in  the  bin,  rack  or  drawer  of  the  cabinet.  When  the 
tool  is  returned  to  the  tool-room  the  check  is  given  back  to 
the  workman.  If  the  tool  should  be  sent  from  the  tool-room 
to  the  grinding  department  or  forge  shop,  a  special  tool-room 
check  is  either  put  in  its  place  or  a  written  record  is  kept; 
consequently,  the  location  of  every  tool  not  in  the  store-room 
is  shown  either  by  the  number  of  the  workman's  check  or  by  a 
tool-room  check  or  a  separate  record. 

Use  of  Checks  and  Tool  Tags — Instead  of  placing  the  em- 
ploye's checks  in  the  tool  racks  where  the  tools  belong  when 
not  in  use,  they  are  placed  on  a  check  board  in  some  tool  sup- 
ply rooms.  One  system  which  has  proved  satisfactory  in  a 
large  plant  where  there  are  many  tool  supply  rooms  for  the 
different  departments  is  as  follows:  The  bins  or  other  storage 
places  for  all  tools  are  numbered  consecutively  and  for  each 
special  tool  there  is  a  card  in  the  tool  supply  room  and  also  a 
tool  tag.  These  tags  and  the  cards  are  used  in  connection 
with  the  delivery  of  the  tools  to  the  employes.  The  cards  show 
the  names  and  numbers  of  the  parts  on  which  the  tools  are 
used,  the  names  and  numbers  of  the  tools,  and  the  bin  num- 
bers for  locating  the  tools  in  the  supply  room;  these  cards  are 
filed  numerically  according  to  the  part  numbers.  The  tool 
tag  for  each  special  tool  is  marked  with  the  name  of  the  tool 
and  its  number.  There  is  a  check  board  for  special  tools 
and  another  for  commercial  or  standard  tools.  The  tool  tags 
are  filed  on  the  check  board  for  special  tools.  Whenever  an 
employe  receives  a  special  tool,  his  check  is  placed  on  a  hook 
of  the  check  board  over  a  tool  tag  marked  to  correspond  to 
the  number  of  the  tool.     Numbers  stamped  on  the  different 


Fig.  6.     Rack  for  Clamping  Bolts  of  Various  Lengths 


Fig.   7.     Packing  Blocks  kept  in   Tool   Supply  Room 

tools  may  be  used  to  identify  them  or  determine  their  loca- 
tion in  the  supply  room  by  referring  to  the  card  file.  The 
commercial  tool  check  boards  are  arranged  in  alphabetical 
order  according  to  the  names  of  commercial  tools,  using  the 
noun  in  each  case;  different  hooks  may  represent  different 
sizes,  as  in  the  case  of  drills. 

All  Checks  Kept  in  Tool  Supply  Room — The  most  common 
objection  to  giving  checks  to  workmen  is  that  they  are  some- 
times lost  or  borrowed.  A  lost  check  may  cause  considerable 
trouble,  especially  if  it  is  found  by  some  other  workman  who 
uses  it  in  a  fraudulent  way.  Deception  might  be  difficult  in  a 
small  shop,  but  in  a  large  plant  the  store-room  attendants 
might  not  know  whether  the  proper  check  was  received  or 
not.  In  order  to  prevent  checks  from  being  misplaced  or  lost, 
it  is  the  practice  in  many  plants  to  charge  a  certain  amount 
for  each  check  that  is  missing  when  the  workman  leaves  the 
employ  of  the  company. 

In  order  to  avoid  the  difficulties  resulting  from  losing  them, 
checks  are  not  given  to  the  workmen  in  many  shops,  but  are 
permanently  kept  in  the  tool  store-room.  Each  man  is  allowed 
a  certain  number  of  checks,  which  are  usually  kept  on  a  check 
board  in  the  store-room.  This  board  has  a  hook  or  slot  for 
each  man  who  may  require  tools,  and  there  is  some  kind  of 
record  or  card  file  showing  the  names  of  the  workmen  corre- 
sponding to  each  check  number.  The  names,  in  many  cases, 
are  on  the  check  board.  When  a  man  calls  for  a  tool,  one  of 
his  checks  is  removed  from  the  board  and  is  put  in  the  place 
occupied  by  the  tool,  for  which  a  hook  is  usually  provided. 
When  the  tool  is  returned  by  the  workman,  the  check  is  re- 
moved from  the  tool  cabinet  and  is  replaced  on  the  tool-room 
board.  While  this  system  prevents  the  loss  of  checks  by  work- 
men, it  is  not  faultless,  as  carelessness  on  the  part  of  the  tool- 
room attendant  will  sometimes  result  in  misplaced  checks, 
or  failure  to  return  checks  to  the  board  when  the  tools  are 
returned  by  the  workmen. 

There  is  another  method  of  keeping  all  checks  in  the  tool- 
room which  differs  from  the  one  just  described  in  that  the 
checks  are  placed  on  the  check  board  when  the  tools  are  de- 
livered instead  of  being  hung  in  the  vacant  places  of  the 
tool  cabinet.  A  board  large  enough  to  receive  tags  bearing 
the  names  of  all  the  men  requiring  tools  is  placed  in  a  con- 
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Fig.  8,     View  in  Tool  Supply  R 


(Upper  Section)   Method  of  storing  Milling  Cutters  on  Shelves 
by  Means  of  Special  Holder* 


venient  location  and  opposite  eacli  name  there  is  a  hook  for 
receiving  checks  whenever  tools  are  delivered.  The  tools  are 
all  numbered  and  the  checks  are  numbered  to  correspond. 
When  a  tool  is  delivered,  the  check  which  bears  its  number 
and  hangs  near  it  is  removed  and  placed  on  the  board  oppo- 
site the  name  of  the  man  to  whom  the  tool  was  delivered. 
When  this  tool  is  returned  the  check  is  removed  from  the 
board  and  hung  in  its  place  in  the  tool  cabinet. 

Checks  having  Different  Exchange  Values — When  a  number 
of  tools  are  required  by  one  workman,  special  checks  are 
sometimes  used,  one  arrangement  being  to  have  the  work- 
man's number  on  one  side  and  numerals  on  the  other  side 
indicating  the  number  of  tools  received.  For  instance,  the 
reverse  side  of  checks  may  be  numbered  2,  3,  4,  5,  etc.  If  the 
workman's  number  is  50  and  he  should  require  four  tools, 
the  check  given  to  the  tool-room  attendant  would  have  the 
number  50  on  one  side  and  4  on  the  reverse  side,  the  latter 
number  showing  that  he  has  four  tools  of  the  kind  belonging 
in  that  particular  section  of  the  tool  cabinet  where  the  check 
is  placed.  These  special 
checks  should  'be  of  a  dif- 
ferent size  and  shape  from 
those  ordinarily  used  so  that 
the  attention  of  the  tool- 
room attendant  will  be  di- 
rected to  the  numeral  on  the 
reverse  side  of  the  check 
when  the  tools  are  returned. 
The  exchange  value  of  the 
check  may  depend  entirely 
upon  the  shape  instead  of 
numbers. 

Double  Check  System  — 
When  a  single  check  is  ex- 
changed for  a  tool  and  is 
placed  where  the  tool'  be- 
longs in  the  tool  cabinet,  it 
might  be  impossible  for  the 
man  in  the  tool  supply  room 
to  determine  how  many  tools 
a  workman  has  in  his  pos- 
session without  examining 
the  entire  stock  of  tools,  pro- 
viding there  were  no  separate 
record.  The  double  check 
system  shows  the  number  of 
tools  received  by  each  work- 
man and  for  that  reason  is 
preferred  in  some  plants. 
Double  check  systems  vary 
somewhat  as  to  details,  but 
the  methods  here  described 
give    the    general    principles. 


lis.  10.     SwingiDg-leaf  Type  of  Milling  Cutter  Rack 


With  one  system  there  is  a  board  in  the  tool  store-room 
which  has  two  check  hooks  for  each  employe  and  near  each 
pair  of  hooks  there  is  a  label  giving  the  name  of  the  employe 
and  the  corresponding  check  number.  When  a  man  is  en- 
gaged by  the. concern  he  is  given  a  certain  number  of  round 
checks,  and  a  corresponding  number  of  square  checks  are 
hung  on  one  of  the  hooks  opposite  his  name  on  the  store-room 
board.  Whenever  a  workman  receives  a  tool,  he  gives  a  round 
check  in  exchange  for  it  and  this  check  is  placed  on  the  hook 
adjacent  to  the  man's  name  and  number.  At  the  same  time, 
a  square  check  from  the  opposite  hook  is  removed  and  in- 
serted in  that  part  of  the  tool  cabinet  from  which  the  tool 
was  taken.  When  this  tool  is  returned,  the  square  check  is 
replaced  on  the  board  and  a  round  check  on  the  other  hook 
is  given  back  to  the  workman.  With  this  system  the  number 
of  round  checks  hanging  opposite  each  name  shows  how  many 
tools  that  particular  man  has  in  his  possession,  without 
searching  through  the  '  tool  cabinet.  The  square  checks, 
which  are  also  numbered,  show  who  received  the  tools  that 

are  not  in  the  tool  racks. 
Another  double  check  sys- 
tem, which  is  a  modification 
of  the  one  just  described, 
differs  from  it  in  regard  to 
the  method  of  filing  the 
checks.  Each  employe  re- 
ceives a  certain  number  of 
checks  bearing  his  number, 
and  there  is  a  check  for  each 
tool  in  the  store-room  which 
hangs  near  the  tool  when  the 
latter  is  not  in  use.  In  the 
store-room  there  is  a  board 
with  each  employe's  number 
on  it  and  a  single  hook  ad- 
jacent to  each  number.  Upon 
the  receipt  of  a  tool  from  the 
store-room,  the  workman 
gives  a  check  wbich  is  placed 
;  on  the  hook  in  the  tool  cabi- 
net where  that  particular 
tool  belongs.  At  the  same 
time,  the  tool  check  from  the 
cabinet- is  hung  on  the  hook 
adjacent  to  the  employe's 
number,  on  the  tool-room 
board.  When  the  tool  is  re- 
turned the  exchange  of 
checks  is  made  in  the  reverse 
order.  If  a  tool  that  is  out 
in  the  shop  is  wanted  by  some 
other  workman,  the  man  in 
the    store-room    can    readily 
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Fig.    11.      Racks  for  Taps  and  Snap  Gages 


Fig.   12.     Rack  for  Storage  of  Blueprints 


tell  who  received  it  and  the  tool-room  board  also  shows  how 
many  tools  are  in  the  possession  of  each  employe,  which  in- 
formation might  be  of  considerable  importance  in  case  a  man 
were  leaving  the  employ  of  the  company.  A  double  check 
system  is  sometimes  preferred  in  large  shops,  especially  where 
men  are  leaving  constantly. 

An  Exchange  of  Checks — There  is  another  modification  of 
the  double  check  system  which  is  based  on  an  exchange  of 
tool  checks  and  employe's  checks.  Each  workman  is  provided 
with  a  certain  number  of  checks,  the  same  as  in  the  sys- 
tem just  described.  Near  each  tool  in  the  store-room,  checks 
of  special  shape  are  kept  on  suitable  hooks.  The  name  and 
size  of  the  tool  is  stamped  on  each  of  these  tool  checks.  When 
a  workman  requires  a  tool  he  exchanges  his  check  for  the 
tool,  which  is  also  accompanied  by  the  tool  check.  This  sys- 
tem is  intended  to  prevent  mistakes  on  the  part  of  the  store- 
room attendant,  such  as  placing  the  wrong  check  on  the  hook 
of  some  missing  tool  and  holding  the  wrong  man  responsible 
for  it,  because  the  check  accompanying  each  tool  is  a  receipt 
for  the  man  who  obtains  the  tool. 

Double  Chech  System  with  All  Checks  in  Tool-room — The 
double  check  system,  as  well  as  one  requiring  a  single  set  of 
checks,  may  be  so  arranged  that  no  checks  are  allowed  in  the 
possession  of  the  employes  who  are  thereby  prevented  from 
losing  them.  One  method  requires  the  use  of  two  check 
boards,  each  having  a  number  of  hooks  corresponding  to  the 
number  of  employes  using 
tools.  Each  hook  on  what  is 
known  as  the  "in-board," 
contains  the  same  number  of 
checks,  the  number  usually 
being  ten  or  fifteen.  The 
hooks  on  the  "out-board"  are 
intended  to  receive  checks 
representing  the  number  of 
tools  delivered.  As  each  man 
is  engaged  by  the  company, 
he  is  given  an  identification 
number  which  establishes 
his  identity  in  the  tool  sup- 
ply room.  Every  tool  in  this 
room  is  identified  by  a  small 
check  which  is  kept  with  the 
tool  when  the  latter  is  not  in 
use.  If,  for  example,  employe 
No.  50  is  given  a  reamer,  a 
check  from  hook  No.  50  on 
the  "in-board"  is"  transferred 
to  hook  No.  50  on  the  "out- 
board," and  on  the  same  hook 
on  the  "out-board"  is  placed 
the  check  for  identifying  the 
tool.     With   this   system,    the 


Fig.   13.     (Upper  Section)   Back  for  Snap  Gages.     (Lower  Section)    Bins 
formed  of  Steel  Partitions 


man  in  the  tool-room  can  readily  determine  how  many  tools 
are  out,  the  type  of  tool  and  to  whom  they  were  delivered. 
When  a  man  leaves  the  employ  of  the  company,  a  receipt 
from  the  tool-room  showing  that  all  tools  have  been  returned 
must  be  presented  to  the  time-keeper  before  the  man  is  paid. 
Checks  which  show  how  Long  Tools  have  been  Out — In 
order  to  determine  the  length  of  time  tools  are  kept  by  work- 
men, special  checks  may  be  used  in  conjunction  with  the 
regular  checking  system.  These  checks,  which  are  of  special 
form  and  kept  in  the  store-room,  are  numbered  from  1  to  31 
to  correspond  with  the  days  of  the  month.  When  an  employe 
receives  a  high-grade  or  expensive  tool,  such  as  a  standard 
gage,  his  check  is  filed  where  the  tool  belongs,  and  a  special 
check  showing  the  day  of  the  month  on  which  the  tool  was 
delivered  is  placed  in  the  tool  cabinet.  If  the  tool  has  not 
been  returned  at  the  end  of  the  month,  the  workman  is  noti- 
fied, and  if  he  still  needs  the  tool  it  must  be  taken  back  to 
the  store-room  before  he  uses  it  again;  another  "date  check" 
is  then  placed  in  the  tool  cabinet,  thus  indicating  that  this 
particular  tool  was  again  delivered  on  the  first  of  the  month. 

Written  Receipts  for  Tools 

Written  receipts  are  preferred  to  metal  checks  in  some 
shops.  One  method  is  to  place  printed  slips  or  forms  in  suit- 
able boxes  which  are  conveniently  located  about  the  shop. 
When  a  tool  is  required,  the  workman  writes  the  name  of  the 

tool  on  the  slip,  his  check 
number,  the  date  and  his 
signature.  When  a  tool  has 
been  received,  the  slip  is 
given  to  the  store-room  at- 
tendant. One  method  is  to 
file  these  slips  in  numerical 
order  according  to  check 
numbers,  back  of  guide  cards 
showing  the  various  classes 
of  tools.  When  the  tool  is 
returned  the  slip  is  removed 
from  the  file  and  given  to  the 
workman  who  destroys  it.  A 
sample  order  blank  for  tools 
used  in  connection  with  a 
system  of  this  kind  is  illus- 
trated in  Fig.  14.  The  names 
of  tools  most  commonly  used 
are  printed  on  the  order  and 
the  names  of  other  tools  are 
written  on  the  blank  lines 
provided. 

In  some  plants  the  re- 
ceipt is  not  given  back  to  the 
workman  when  the  tools  are 
returned,    but    is    transferred 
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Tool  Supply  Room.    Dept.-,^?*^- 

Pleaas  inrnlsh  m«  the  follow{a<i 

.Drills — Z_Arbori2-*ia4^ 

_Files Brushes 

_Taps 

-Die 


C/     Date   '^^V'^— 


Fier.  14. 


Written  Order  for  Tools   which  Is  used 
instead  of  Brass  Checks 


•from  one  file 
to  another  and 
is  kept  as  a 
permanent  rec- 
ord. In  case 
the  workman 
receives  sup- 
plies which  are 
not  returnable, 
such  as  pipe 
fittings,  etc.,  a 
different  order 
blank  is  used 
and  instead  of 
transferring  it 
to  a  permanent 


file,  as  is  done  with  the  receipts  for  returnable  tools  the  order 
or  requisition  is  sent  to  the  accounting  department  so  that  the 
supplies  can  be  charged  against  the  particular  department 
which  receives  them. 

Delivering  Tools  to  Workmen 

In  most  machine  shops  tools  are  obtained  from  the  supply 
room  by  the  workmen  who  use  them,  but  tool-room  boys  are 
sometimes  used  for  delivering  the  tools  and  returning  them  to 
the  supply  room.  In  connection  with  this  system  an  annun- 
ciator or  other  electrical  signaling  device  should  be  used.  An 
annunciator  is  placed  in  the  tool  supply  room  and  connected 
by  suitable  wiring  with  push-buttons  located  throughout  the 
shop.  When  an  employe  wants  a  tool  he  presses  the  nearest 
button  and  may  hang  his  tool  check  on  a  hook  near  this  push- 
button. The  annunciator  shows  which  one  of  the  buttons 
was  pressed  and  a  tool-room  boy  goes  to  that  part  of  the  shop 
and  finds  out  what  tool  is  required.  If  the  tool  is  of  special 
design  it  is  the  general  practice  for  the  workmen  to  designate 
it  by  a  number  or  symbol  of  some  kind  which  is  found  either 
on  the  blueprint  or  on  a  list  of  operations  accompanying  the 
blueprint.  This  number  or  symbol  enables  the  man  in  the 
tool  supply  room  to  locate  the  tool  or  set  of  tools,  as  the  case 
may  be,  either  directly  or  by  referring  to  a  card  file  or  other 
record. 

Delivery  of  Tools  in  Sets 

In  shops  where  machines  and  parts  are  manufactured  in 
duplicate  it  is  economical  to  provide  some  systematic  method 
of  issuing  tools  in  sets  which  include  all  the  tools  required 
for  a  series  of  operations  on  any  part.  In  some  cases  special 
tools  are  kept  in  sets  permanently,  but  usually  such  sets  are 
made  up  of  both  standard  and  special  equipment  and  the 
standard  or  commercial  tools  are  used  singly  as  well  as  in 
sets.  For  instance,  a  set  of  tools  may  consist  of  a  drill  jig, 
several  drills  and  reamers  and  one  or  more  taps.  In  this  case 
the  jig  and  possibly  a  reamer  might  be  special  and  the  other 
tools  of  standard  or  commercial  forms  and  sizes.  When  a 
great  many  duplicate  parts  are  produced,  if  sets  of  tools  are 
kept  together  permanently,  obviously  a  large  stock  will  be 
necessary.  To  reduce  the  stock  of  tools,  the  standard  types 
are  often  used  either  separately  or  in  conjunction  with  the 
different  special  tools  to  form  sets  which  may  be  needed  for 
manufacturing  operations. 

In  connection  with  the  delivery  of  tools  in  sets,  it  is  essen- 
tial to  have  records  that  will  enable  the  man  in  the  tool  sup- 
ply room  to  collect  the  tools  quickly  for  any  regular  manu- 
facturing operation.  If  the  operations  are  on  a  new  part  or 
on  a  series  of  parts,  the  department  which  decides  what  tools 
are  to  be  used  should  provide  the  tool  supply  room  with  a 
list  which  may  be  used  as  a  guide  in  collecting  that  particular 
set  of  tools,  provided  they  are  not  kept  permanently  in  sets. 
The  tools  used  for  screw  machine  operations,  such  as  box- 
tools,  form  cutters,  etc.,  are  often  kept  in  sets  with  a  record 
of  the  "set  up"  for  future  reference.  In  the  plant  of  the 
Tabor  Mfg.  Co.,  the  planning  department,  which  decides  the 
kind  of  tool  equipment  for  each  job,  issues  a  list  of  tools  which 
is  sent  to  the  tool  supply  room  prior  to  the  time  that  these 
tools  will  be  required  in  the  shop.     With  this  system   (which 


will  be  described  In  detail  later)  the  set  of  tools  is  made  up 
in  advance  so  that  no  time  is  lost  when  the  tools  are  actually 
needed  in  the  shop. 

Upeclal  Boxes  for  Sets  of  Tools — With  the  system  of  issuing 
tools  in  sets  adopted  in  the  plant  of  the  Cadillac  Motor  Car 
Co.,  many  sets  of  tools  for  different  manufacturing  operations 
are  placed  in  boxes  (see  Fig.  18)  which  are  delivered  to  the 
workmen  in  exchange  for  checks.  If  the  special  and  com- 
mercial tools  for  operations  on  any  part  are  of  such  a  nature 
that  the  use  of  a  box  is  practicable,  this  box  is  given  a  num- 
ber and  a  list  of  its  contents  is  placed  on  the  inside  of  the 
cover.  These  box  numbers  are  listed  upon  cards  representing 
special  tools  which  are  arranged  in  files  under  the  part  num- 
bers. Part  numbers  are  given  to  every  part  of  the  automobile 
and  are  used,  in  conjunction  with  tool  numbers,  to  identify 
different  special  tools.  For  instance,  if  the  foreman  of  the 
drill  ^ress  department  wants  to  begin  work  on  part  No.  12,800, 
this  number  is  given  to  the  man  who  goes  to  the  tool  supply 
room  after  the  tools  for  whatever  operations  are  to  be  per- 
formed on  this  part.  The  attendant  in  the  tool  supply  room 
refers  to  a  card  in  the  file  of  special  tools  which  is  marked 
with  this  part  number  and  shows  the  number  of  the  box  con- 
taining the  set  of  tools.  These  boxes  are  stored  in  numerical 
order  and  on  racks  built  for  the  purpose  (see  Fig.  15)  so  that 
any  box  can  be  found  readily.  The  tool  list  on  the  box  lid 
shows  what  tools  remain  in  the  box  and  what  tools  belong  in 
the  regular  tool  racks.  Ordinarily,  the  special  tools  are  kept 
in  the  boxes  while  in  storage  and  the  commercial  tools  are 
distributed,  although  some  commercial  tools  are  also  kept  in 
the  boxes  permanently. 

If  it  is  not  practicable  to  keep  a  set  of  tools  in  a  box,  a  tool 
list  is  used  which,  shows  all  the  special  and  commercial  tools 
required  for  any  part  number  or  operation  number.  These 
lists  are  made  out  in  duplicate,  one  copy  being  for  the  tool 
supply  room  and  the  other  for  the  department  foreman.  (See 
Fig.  19.)  The  tool  lists  which  are  on  file  in  the  tool  supply 
room  (arranged  under  the  part  numbers)  are  kept  in  linen 
envelopes,  and  when  tools  of  any  list  are  in  use,  the  em- 
ploye's check  is  placed  in  the  envelope  with  the  list.  All  the 
tools  on  a  list  may  be  covered  by  one  check  and  all  must  be 
accounted   for  before  this  check   is  given  back  to  the  work- 


(Right-hand   Section)    Storage  for  Boxes  in  which   Sets  of   Tools 
are   delivered   to   Manufacturing   Department 
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man.  The  tools  handled  in  this  way  are  asked  for  somewhat 
before  they  are  actually  needed,  so  that  the  tool  supply  room 
attendant  will  have  time  to  collect  the  tools  in  a  tray  before 
they  are  called  for. 

Many  of  the  tools  (probably  half)  are  not  handled  by  either 
of  the  methods  previously  referred  to.  To  illustrate,  we  will 
assume  that  a  drill  jig  and  a  drill  are  required.  The  part 
number  on  which  the  jig  is  to  be  used  would  be  given  and 
the  drill  would  be  called  for  by  simply  giving  the  name  and 
size. 

Sets  of  Tools  for  Tapping  Operations — The  tools  used  for 
tapping  operations  are  commonly  kept  in  sets  and  are  given 
in  exchange  for  one  check,  the  same  as  a  single  tool.  A  typi- 
cal set  of  tools  of  this  kind  is  illustrated  in  Fig.  17,  which 
shows  the  form  of  "tap  block"  used  by  the  Brown  &  Sharpe 
Mfg.  Co.  These  tap  blocks  equipped  with  tools  for  tapping 
holes  of  all  sizes  are  kept  in  the  tool  supply  rooms.  They 
contain  a  tap  drill;  a  "size  drill"  for  drilling  a  clearance  hole; 
a  set  of  three  taps;  a  counterbore  to  enlarge  the  hole,  if  de- 
sired, from  the  tap  size  to  the  body  size  of  a  screw;  a  counter- 
bore  for  the  screw  head;  a  gage  showing  to  what  depth  the 
screw  head  counterbore  should  be  sunk;  and  a  tap  wrench. 
If  a  workman  desires  to  drill  and  tap  holes  of  a  certain  size, 
he  asks  for  a  tap  block  corresponding  to  that  size,  which  is 
delivered  in  exchange  for  one  check. 

Portable  Cabinets  for  Sets  of  Tools — The  portable  cabinet 
or  cupboard  of  the  form  shown  in  Fig.  16  is  used  by  the  Brown 
&  Sharpe  Mfg.  Co.  for  delivering  tools  in  sets.  The  particular 
cabinet  shown  in  the  illustration  contains  the  jig  for  a  10- 
inch  spiral  head  and  the  necessary  cutting  tools,  such  as 
drills,  reamers,  etc.  This  cabinet  is  mounted  on  casters  so 
that  it  can  easily  be  rolled  along  the  shop,  floor  to  whatever 
machine  is  to  do  the  work.  The  jig  is  kept  in  the  bottom  part 
of  the  cabinet  and  is  on  a  platform  that  runs  on  a  track,  so 
that  when  the  door  is  lowered,  the  jig  can  be  pulled  out  easily, 
after  which  it  is  hoisted  from  the  platform  and  placed  on 
the  table  of  the  machine.  The  upper  section  of  the  cabinet, 
which  is  shown  with  the  door  open,  contains  all  the  drills, 
counterbores,  reamers,  etc.,  that  are  used  in  connection  with 
the  jig. 

Storing  Heavy  Sets  of  Tools  on  Skids — Sets  of  tools  for  cer- 
tain machining  operations  are  kept  together  in  boxes  in  the 
shops  of  the  T.  B.  Wood's  Sons  Co.,  Chambersburg,  Pa.,  and 
the  larger  and  heavier  sets  are  placed  on  skids  when  not  in 
use  so  that  an  elevating-platform  type  of  truck  can  be  pushed 


Fig.   17.     Block  containing  Set  of  Tools  for 
Drilling,  Counterboring  and  Tapping 


Portable  Cabinet  containing  Jig  and  the  Necessary 
Cutting  Tools 


under  the  tool  box 
when  it  is  to  be 
moved.  The  boxes 
rest  on  a  platform 
which  has  skids  on 
each  side  that  are 
high  enough  to  per- 
mit rolling  the 
truck  beneath  the 
platform.  A  view 
of  the  storage  place 
for  these  tool  boxes 
is  shown  in  Fig. 
20,  which  also 
shows  a  truck  in 
position  beneath 
one  of  the  boxes.     The  lighter  boxes  are  placed  on  shelves. 

Tool  Lists  Stamped  on  Jigs  and  Fixtures — The  record  of  the 
small  tools  used  with  jigs  and  fixtures,  such  as  drills,  ream- 
ers, milling  cutters,  etc..  Is  generally  on  a  blueprint  or  sep- 
arate list  of  operations,  for  the  guidance  of  the  foremen  or  to 
enable  the  tools  to  be  selected  readily  by  the  attendant  in 
the  supply  room.  At  the  Newark  works  of  the  Westinghouse 
Electric  &  Mfg.  Co.,  all  jigs  or  fixtures  have  stamped  on  them 
the  sizes  or  names  of  whatever  small  tool  equipment  may  be 
required  and  this  practice  has  been  adopted  in  various  other 
plants.  For  instance,  if  a  jig  is  used  for  drilling  a  number  of 
different  size  holes,  the  diameter  of  the  drill  for  each  hole  is 
either  given  directly  or  is  indicated  by  a  number  or  letter, 
in  accordance  with  the  different  methods  of  indicating  com- 
mercial twist  drill  sizes.  The  size  of  each  drill  is  marked 
near  the  hole  in  the  jig  to  which  the  drill  belongs.  If  a  jig 
is  needed  for  drilling  a  certain  part,  the  employe  gives  the 
item  or  part  number  and  the  tool  number,  which  may  be  ob- 
tained from  the  blueprint.  A  card  index  file  in  the  tool  supply 
room  shows  where  this  particular  jig  is  located.  When  the 
jig  is  obtained,  drills  of  the  different  sizes  stamped  upon  it 
are  collected  and  any  other  tools,  such  as  counterbores,  ream- 
ers, etc.,  that  may  be  included  in  the  list.  With  this  method, 
the  jig  or  fixture  itself  serves  as  a  permanent  record  of  all 
the  small  tools  required. 

Storing  Special  Tools  Separately  instead  of  in  Permanent 
Sets — The  practice  of  keeping  special  tools  permanently  in 
sets  for  duplicate  manufacturing  operations,  is  not  followed  in 
some  shops,  especially  when  the  work  is  diversified  instead 
of  being  confined  to  the  manufacture  of  a  standardized  prod- 
uct. At  the  works  of  the  American  Machine  &  Foundry  Co., 
where  a  variety  of  work  is  done,  the  tools  for  different  series 
of  operations  are  stored  separately  in  whatever  part  of 
the  tool  supply  room  each  type  of  tool  belongs.  This  method 
is  followed  regardless  of  whether  the  tool  is  special  or  a 
standard  commercial  type.  For  instance,  a  special  reamer 
which  may  have  been  intended  primarily  for  use  with  a  cer- 
tain jig  is  not  kept  with  that  jig,  but  with  other  reamers, 
because,  even  though  the  reamer  is  special,  it  may,  in  many 
cases,  be  used  for  other  parts  that  are  designed  later;  there- 
fore, the  special  reamer,  tap,  or  other  tool,  is  not  regarded  as 
a  special  type  in  the  sense  that  it  is  to  be  used  excli^^ively 
for  any  one  part.  The  prompt  delivery  of  tools  to  each  ma- 
chine is  insured  by  the  following  system:  Each  machine 
manufactured  by  the  company  is  given  a  symbol  and  all  the 
parts  of  this  machine  have  numbers  assigned  to  them.  The 
foremen  of  the  departments  receive  cards  for  the  different 
parts  which  they  are  required  to  produce.  These  cards  are 
marked  with  the  machine  symbol  and  the  part  number,  and 
give  a  complete  list  of  the  tools  needed  for  machining  each 
part.  To  illustrate  the  method,  assume  that  a  drilling  ma- 
chine will  soon  be  ready  for  drilling  part  No.  1726.  Before 
the  machine  has  finished  the  work  on  which  it  has  been  em- 
ployed, the  department  foreman  refers  to  the  card  file  and 
removes  the  card  bearing  the  part  number  1726.  This  card, 
together  with  the  blueprint  for  the  job,  which  has  the  same 
symbol  and  part  number  on  it,  is  taken  to  the  tool  supply 
room  by  one  of  the  men  who  attends  to  the  delivery  of  tools 
to  the  machine.     All   the  tools  listed   on   the   card   are  then 
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Fig.    18.     Set  of  Tools  and  Box  in  wliich  they   are   sent  to   Manufacturing 
•    Department 

collected  by  the  man  in  the  supply  room  so  that  they  are 
ready  for  use  when  needed  and  there  is  no  delay  at  the  ma- 
chine. If  a  special  tool  like  a  drill  jig  is  required,  it  can  be 
located  readily  in  the  storage  rack  by  the  jig  number  on  the 
card. 

Tools  that  are  to  be  used  exclusively  for  one  operation  are 
marked  with  a  tag.  For  instance,  a  reamer  which  must  be 
kept  to  a  certain  diameter  within  close  limits  has  a  tag  tied 
to  it  which  indicates  that  it  is  not  for  general  use. 

Sets  of  Tools  Kept  by  Workmen 

In  every  shop  there  are  employes  who  use  certain  tools 
daily,  but  these  tools  are  of  the  class  usually  furnished  by  the 
company.  If  they  were  kept  in  the  tool  supply  room  it  would 
be  necessary  in  many  cases  to  obtain  them  every  morning, 
which  would  mean  loss  of  time.  In  many  shops  it  is  the 
practice  to  give  out  sets  of  tools  of  the  class  needed  contin- 
ually and  these  are  kept  by  the  employe  permanently  or  until 
they  need  to  be  replaced.  A  record  of  the  tools  that  are  given 
out  is  kept  in  the  tool  supply  room  and  when  a  man  leaves 
the  employ  of  a  company  the  stock  of  tools  he  returns  must 
agree  with  the  record,  which  is  modified  from  time  to  time 
to  suit  any  changes  which  have  been  made  during  the  period 
of  employment.  Such  tools  as  cold  chisels,  files  and  file  cards, 
scrapers,  bench  brushes,  oil-cans,  etc.,  are  commonly  issued 
in  this  way.  The  number  of  tool  checks  originally  given  to 
each  employe  is  usually  marked  on  his  card  and  if  for  any 
reason  this  number  should  be  either  increased  or  decreased, 
the  number  on  the  card  is  changed  accordingly.  When  a  man 
leaves  the  employ  of  the  company  if  the  number  of  checks 
turned  in  to  the  supply  room  does  not  agree  with  the  number 
on  the  record  card,  an  investigation  is  made  and  the  lost 
checks  accounted  for,  if  possible,  before  the  employe  is  paid. 
If  the  missing  checks  are  found  in  the  tool  racks,  thus  indi- 
cating that  the  employe  still  has  tools  in  his  possession,  the 
cost  of  these  tools,  or  some  part  of  the  cost,  may  be  charged 
against  him. 

The  method  adopted  by  one  manufacturer  is  to  provide  a 
printed  list  of  tools  which  may  be  kept  permanently  by  em- 
ployes. Each  foreman  has  a  conductor's  punch  and  the  shape 
of  the  perforation  serves  to  identify  the  foremen  of  different 
departments.  Before  tools  are  issued  to  a  new  employe,  a 
punch  mark  must  be  made  by  the  foreman  in  the  space  pro- 
vided on  the  card  opposite  each  tool  which  may  be  needed  by 
that  particular  workman;  if  more  than  one  of  the  tools  is 
required,  the  number  is  marked  on  the  card.  This  tool  list 
is  given  to  the  tool-room  attendant  in  exchange  for  the  tools 
and  is  kept  as  a  permanent  record  so  that  if  the  man  should 
leave  the  employ  of  the  company  the  card  shows  what  tools 
should  be  returned  to  the  tool  supply  room.  Tools  that  are 
worn  out,  such  as  files,  are  exchanged  for  new  ones,  which 
does  not  interfere  with  the  record  on  the  card. 

Identification  of  Special  Tools 

When  an  employe  calls  for  a  tool  at  a  tool  supply  room, 
the  tool  may  be  identified  either  by  name  or  in  some  other 


way,  the  practice  varying  in  different  shops.  The  necessity 
for  a  systematic  method  of  identifying  the  tools  needed  for 
various  operations  depends  to  some  extent  upon  the  class  of 
work  manufactured  and  the  extent  to  which  special  tool 
equipment  is  needed.  Standard  commercial  tools  such  as 
reamers,  drills,  and  taps,  may  readily  be  identified  by  the  name 
and  size,  but  the  use  of  names  for  special  tools  would,  in 
many  instances,  cause  confusion  and  mistakes  and  result  in 
a  waste  of  time.  For  instance,  if  several  special  tools  were 
used  on  some  part,  it  might  be  difficult  to  give  these  tools 
names  which  would  clearly  distinguish  one  from  the  other, 
even  though  the  men  in  the  supply  room  were  familiar  with 
the  various  classes  of  tools. 

Special  tools  may  be  identified  either  by  a  number  given 
to  the  tool,  by  a  number  assigned  to  the  part  on  which  the 
tool  is  to  be  used,  or  by  a  part  and  tool  number  combined. 
If  a  part  requires  only  one  special  tool,  the  part  number  and 
name  of  the  tool  might  be  used  to  identify  the  latter,  but 
when  several  special  tools  are  needed  both  part  and  tool  num- 
bers are  preferable.  In  some  cases  the  part  number  and  the 
operation  number  are  used.  With  the  Taylor  system  of 
classification,  all  tools  are  given  symbols  composed  of  letters 
(with  numbers  .added  when  necessary  to  indicate  tool  sizes) 
which  indicate 
the  type  of  tool 
and  its  location 
in  the  tool  sup- 
ply room  (this 
system  will  be 
referred  to  un- 
der the  heading 
"Tool  Classifica- 
tion").  The 
number  or  sym- 
bols used  to  in- 
dicate the  tool 
equipment  may 
be  on  the  blue- 
prints or  on  spe- 
cial sheets  or 
cards  that  con- 
tain a  list  of  all 
the  operations. 
Tool  and  Oper- 
ation Lists  Kept 
by  Department 
Foremen — At  the 
plant  of  the  In- 
tertype  Corpora- 
tion in  Brook- 
lyn, N.  Y.,  the 
tools   required 
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Fig.    19.     List   showing   what   Special   and 

Commercial   Tools   are   required  for 

Operations  on  a  Given  Part 


for  operations  on  different  parts  are  shown  by  cards  which 
are  sent  to  the  foremen.  The  card  in  each  case  gives  the 
part  number,  the  name  of  the  part,  the  name  and  number  of 
the  assembled  unit  to  which  the  smaller  part  belongs,  the 
various  operations  in  their  successive  order,  and  the  tools 
required  for  these  operations.  These  cards  are  kept  per- 
manently by  the  department  foreman  who  refers  to  them  in 
order  to  determine  what  tools  are  needed  for  different  opera- 
tions. For  example,  if  part  No.  S-60  is  to  be  machined,  the 
foreman  refers  to  this  particular  card  in  the  file,  finds  out 
exactly  what  the  different  operations  are  and  the  name  of  the 
special  tools,  such  as  gages,  arbors,  fixtures,  etc.,  which  may 
be  needed  for  the  different,  operations.  The  employe  who  is 
to  do  the  work  is  given  the  part  number  and  the  operation 
number,  so  that  the  tools  may  be  located  in  the  tool  supply 
room.  There  is  one  of  these  tool  supply  rooms  for  each  sep- 
arate department.  A  card  file  in  the  tool  supply  room  con- 
tains a  card  for  each  part  that  is  machined  in  that  particular 
department.  These  cards  are  filed  consecutively  by  the  part 
numbers,  so  that  it  is  a  simple  matter  to  locate  any  of  the 
tools  by  referring  to  this  card  file.  For  instance,  if  a  work- 
man calls  for  the  tools  for  machining  part  No.  U-47,  operation 
6,  card  No.  U-47  is  located  in  the  file  for  operation  6,  and  on 
this  card  is  found  the  name  of  the  tool  or  tools  and  the  shelf 
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number.  All  the  tools,  such  as  drill  jigs,  dies,  special  mill- 
ing cutters,  etc.,  have  heavy  cardboard  tags  attached  to  them. 
These  tags,  which  are  plainly  visible,  are  marked  with  the 
part  number,  the  name  of  the  tool,  the  operation  number, 
and  also  the  equipment  number  which  is  used  when  taking 
an  inventory  of  the  tool  stock.  When  the  tool  is  located  by 
referring  to  the  shelf  number  shown  on  the  card  file,  the  tag 
is  removed  from  the  tool  and,  together  with  the  employe's 
check,  is  left  -where  the  tool  belongs.  The  check  identifies 
the  workman  and  the  tag  shows  what  tool  is  out  and  also 
exactly  what  operation  it  is  used  for. 

Tool  Symbols  Based  on  Class  of  Work — The  method  of 
identifying  tools  such  as  jigs,  fixtures,  dies,  etc.,  at  the  fac- 
tory of  the  Ellis  Adding-Typewriter  Co.,  Newark,  N.  J.,  is  by 
means  of  symbols  on  the  tools  and  blueprints  which  are  based 
on  the  general  class  or  part  of  the  meManism  for  which  the 
tools  are  used.  The  symbol,  except  in  the  case  of  special 
tools,  is  composed  of  a  letter  and  number;  the  letter  indicates 
the  general  section  of  the  typewriter  or  adding  mechanism  to 
which  the  part  belongs,  and  the  number  shows  whether  this 
part  is  a  shaft,  screw,  collar,  casting,  drop-forging,  punched 
part,  spring,  or  a  miscellaneous  piece  not  belonging  to  the 
more  common  classes  mentioned.  The  meaning  of  the  sym- 
bols will  be  more  apparent  after  referring  to  the  following 
list  of  some  of  the  letters  used  and  the  general  classes  of 
mechanism  they  represent:  A,  accumulator  mechanism;  B, 
base,  frames,  case,  spring  barrel,  carriage  ways;  C,  carriage, 
(non-shift  parts);  D,  left-hand  operating  parts,  governor;  E, 
escapements;  F,  tabulating  mechanism;  G,  tally  roll  and  car- 
riage return. 

The  different  parts  which  the  numbers  represent  are  as 
follows:  0-9,  shafts;  10-29,  studs,  pins,  and  screws;  30-44, 
collars  (screw  machine  parts  having  holes);  45-49,  castings; 
50-74,  punched  parts;  75-79,  drop-forgings;  80-89,  springs;  90- 
99,  miscellaneous  parts  not  in  above  classification. 

To  illustrate  the  method  of  using  these  letters  and  numbers, 
assume  that  a  symbol  is  required  for  a  shaft  in  the  accumu- 
lator mechanism.  The  symbol  for  this  shaft  would  be  com- 
posed of  the  letter  A  and  some  number  between  0  and  9.  If 
the  part  were  a  stud,  pin,  or  screw  for  the  accumulator 
mechanism,  the  letter  A  would  be  followed  by  some  number 
between  10  and  29,  as  shown  by  the  list  previously  referred 
to.  This  symbol  or  part  number  is  marked  both  on  the  blue- 
print and  on  any  special  tool  that  may  be  required,  such  as  a 
jig,  fixture,  or  die. 

The  symbol  or  part  number  makes  it  possible  to  locate 
readily  a  special  tool  in  the  supply  room.  To  illustrate,  sup- 
pose a  jig  is  required  for  part  A8.  This  tool  will  be  found  in 
section  A  of  the  supply  room,  and  as  the  tools  are  filed 
numerically  in  that  section  tool  A8  can  readily  be  located. 
If  a  tool  is  used  for  one  of  a  series  of  operations,  the  par- 
ticular operation,  in  each  case,  is  shown  by  another  number 
which  is  added  to  the  symbol.  For  instance,  if  a  die  is  marked 
E55-2,  the  letter  E  shows  that  it  is  for  some  part  of  the  es- 
capement, the  number  55  indicates  that  it  is  a  punched  part. 


Fig.   20.     Sets   of   Tools   stored    in   Boxes   with   Heavier   Boxes   on    Skidded 
Platforms  to  facilitate  Removal  with  Elevating-platform  Type  of  Truck 


and  the  figure  2  following  this  symbol  shows  that  the  die  is 
used  for  the  second  operation.  Similarly,  the  die  for  the  pre- 
ceding operation  would  have  1  after  the  symbol,  and  if  the 
third  or  fourth  operation  were  required,,  the  additional  dies 
used  would  be  marked  3  and  4,  respectively,  after  their  classi- 
fication symbols. 

As  it  has  been  necessary  to  manufacture  many  special  parts 
which  differ  from  the  standard  parts  of  the  adding  typewriter, 
a  different  method  of  marking  the  blueprints  and  tools  is 
used  for  the  special  pieces.  The  part  number  consists  of  a 
whole  number  and  a  decimal.  The  whole  number  is  used  in- 
stead of  a  letter  to  avoid  confusion  or  interference  with  the 
regular  symbols,  and  the  decimal  has  the  same  meaning  as 
a  whole  number  preceded  by  a  letter.  For  instance,  JMo.  25.7 
represents  some  kind  of  special  shaft,  whereas  25.46  would 
represent  a  special  casting,  since  7  comes  between  0  and  9 
which,  according  to  the  preceding  list,  are  numbers  assigned 
to  shafts,  and  46  is  between  45  and  49  which  are  the  casting 
numbers. 

Cabinets  for  Idcntiftjing  Files— When  files  are  obtained 
from  the  tool  supply  room,  the  usual  method  of  identifying 
them  is  by  the  names  given  to  different  classes  of  files.  This 
method  of  identification  frequently  results  in  confusion  and 
delay  owing  to  the  fact  that  the  correct  names  are  not  always 
given  by  the  employes.  In  some  cases  the  man  receiving  the 
file  asked  for  but  not  the  kind  wanted,  does  not  like  to  admit 
that  he  was  in  error  and  the  result  is  that  a  file  is  frequently 
used  when  it  is  not  exactly  what  is  required  for  the  job.  In 
order  to  insure  prompt  delivery  of  files  of  the  size,  form,  and 
grade  wanted,  sample  boards  or  cabinets  are  used  in  some 
shops.  A  cabinet  in  the  tool-room  of  the  Taft-Peirce  Mfg.  Co., 
is  shown  in  Fig.  21.  Every  size  and  shape  of  file  in  the  tool 
supply  room  is  represented  in  this  cabinet  and  each  file  is 
numbered  so  that  the  workmen,  after  determining  the  size 
and  style  required,  can  order  it  by  number  instead  of  using  a 
name,  or  a  manufacturer's  number  in  the  case  of  toolmakers' 
files.  On  some  sample  boards  the  name  of  the  file  is  given  in- 
stead of  the  number. 

Numbers  for  Identifying  Lathe  and  Planer  Tools— Forged 
tools,  such  as  are  used  for  turning  and  planing  operations, 
are  sometimes  identified  by  numbers  to  insure  the  delivery 
of  a  tool  of  the  required  shape.  The  different  forms  of  tools 
are  shown  on  a  chart  and  each  form  is  given  a  number  which 
may  be  used  instead  of  a  name  when  an  employe  obtains 
tools  from  the  tool  supply  room.  In  one  shop  where  such  a 
tool  chart  is  used,  the  names  of  the  different  tools  correspond- 
ing to  the  numbers  are  also  given. 

Check  Boards  for  Tool  Supply  Rooms 

When  employes'  checks  are  placed  on  a  board  in  the  tool 
supply  rooms  as  a  record  of  tools  in  use,  the  board  usually 
has  hooks  which  are  numbered  consecutively  to  correspond 
with  the  numbers  given  to  different  workmen.  The  board  or 
cabinet  illustrated  at  A,  Fig.  22,  has  vertical  rows  of  inclined 
slots  for  receiving  the  checks.  While  this  cabinet  is  more 
expensive  than  a  plain  board  with  hooks,  the  design  is  com- 
pact and  a  door  is  provided  so  that  the  cabinet  may  be  locked 
if  desired.  There  are  ten  vertical  rows  of  slots  which  are 
numbered  along  the  top,  as  the  illustration  shows.  Each 
horizontal  row  of  slots  is  also  given  a  number.  By  combining 
these  numbers  at  the  left-hand  side  of  the  board  with  those 
at  the  top,  any  check  may  readily  be  located.  For  instance, 
check  No.  61  is  placed  in  column  1,  opposite  6  at  the  left-hand 
side  of  the  board.  In  a  similar  manner,  the  number  of  any 
slot  may  be  determined  quickly.  This  method  eliminates  a 
confusing  mass  of  numbers  and  permits  placing  the  check 
slots  close  together  so  that  the  board  requires  a  relatively 
small  space.  As  the  end  view  shows,  the  check  slots  are  at 
an  angle  of  45  degrees,  so  that  all  checks  will  be  retained  in 
their  respective  positions.  The  slot  should  be  somewhat  less 
in  depth  than  the  diameter  of  the  check  so  that  the  latter  may 
easily  be  lifted  out  of  the  cabinet. 

The  check  board  illustrated  at  B  has  sixteen  sides  arranged 
as  shown  in  the  plan  view.  This  board  or  cabinet  is  provided 
with  hooks  and  will  hold  1600  checks  of  ordinary  size,  when 
made    to    the    dimensions   given    on    the    illustration.     It    is 
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Fig.  21.    Cabinet  containing  Sample  Files  which 

are  identified  at  Tool  Supply  Koom  by 

Number  instead  of  Name 


mounted  on  a  ball 
bearing  so  that  any 
one  of  the  sides 
niay-easily  be 
turned  to  a  con- 
venient position  for 
removing  a  check. 
Another  check 
holder  of  the  re- 
volvable  type  is 
shown  at  C  This 
is  simply  a  wooden 
(•ylinder  6  inches 
in  diameter  by  24 
inches  long,  pro- 
vided with  100 
hooks.  Two  balls 
held  between  the 
cup-shaped  ends  of 
the  screws  shown 
facilitate  the  rotat- 
ing of  the  cylinder. 
The  cabinet  for 
tool  checks  shown 
in    Fig.    24    is    the 


type  used  in  the  tool  supply  rooms  of  a  large  automobile  fac- 
tory. This  cabinet  is  composed  of  several  check  boards  whicli 
are  hinged  together.  One  board  remains  in  a  fixed  position 
and  the  others  are  opened  like  the  leaves  of  a  book.  All  em- 
ployes' checks  are  placed  on  the  hooks  when  tools  are  obtained 
instead  of  being  deposited  in  different  parts  of  the  supply  room. 

Grlndingr  Turnlngr  and  Planing  Tools  to  Standard 
Shapes 

The  grinding  of  the  class  of  tools  used  on  turning  and 
planing  machines  is  considered  an  important  function  of 
the  tool  store-room  in  many  plants  where  this  system  has 
been  put  into  use.  There  are  a  number  of  reasons  why 
machine  operators  are  not  permitted  to  grind  those  tools 
that  are  adapted  to  be  ground  by  hand.  In  the  first  place, 
numerous  experiments  have  proved  that  slight  changes  in  the 
shape  of  a  tool  of  the  type  used  for  turning,  planing,  etc., 
may  have  a  decided  effect  on  its  cutting  qualities  and  upon 
the  length  of  time  that  the  tool  can  be  used  before  regrinding 
is  necessary;  therefore,  it  naturally  follows  that  these  tools 
should  all  be  given  whatever  shape  has  proved  to  be  most 
effective.  In  other  words,  tools  should  be  standardized,  espe- 
cially as  regards  the  shape  of  the  cutting  ends.  The  develop- 
ment of  special  tool-grinding  machines  and  the  establishment 
of  tool-grinding  departments  in  many  shops  has  made  it  possi- 
ble to  have  all  the  cutting  tools  uniform  and  ground  according 
to  approved  principles. 

Disadvantages  of  Grinding  Tools  by  Hand— "When  each  man 
is  independent  as  to  the  grinding  of  tools,  the  results  depend 
upon  his  experience,  skill,  or  interest  in  doing  things  the  right 
way.  Some  workmen  grind  their  cutting  tools  properly  and 
others  violate  every  principle  of  tool  grinding.  Correct  grind- 
ing is  not  always  done  even  when  the  workman  knows  how 
different  tools  should  be  formed.  Sometimes  the  shape  of  the 
tool  is.  sacrificed  in  order  to  grind  it  quickly  or  easily.  The 
way  an  old  shopmate  used  to  grind  thread  tools  illustrates 
this  point.  The  plan  followed  was  to  bevel  the  top  of  the 
face  downward  toward  the  front  because  the  narrow  point 
of  the  tool  could  easily  be  ground  away.  The  scheme  worked 
well  and  the  edge  was  sharp,  but  the  "negative  rake"  neither 
improved  the  cutting  qualities  of  the  tool  nor  the  form  of  the 
thread  cut  with  it.  This  man  was  an  old  shop  foreman  and 
knew  how,  but  was  not  particular  about  details. 

Another  important  reason  why  hand  grinding  by  machine 
operators  is  not  regarded  favorably  by  many  manufacturers 
is  that  machines  are  frequently  idle  while  the  tools  are  being 
ground.  The  amount  of  productive  time  lost  in  this  way 
varies  with  different  classes  of  work  and  also  with  the  per- 
centage of  hustle  in  the  operator.  Some  operators  grind  dull 
tools  while  cuts  are  being  taken,  but  the  extent  of  this  prac- 
tice depends  upon  conditions.     The  time  taken  to  sharpen  a 


tool  is  sometimes  increased  considerably  because  the  grinding 
wheel  is  naturally  more  or  less  of  a  social  center. 

Tools  that  lie  about  machines  deteriorate  in  many  Instances, 
their  condition  often  depending  upon  the  initiative  of  the 
man  operating  the  machine;  moreover,  in  many  shops  where 
individual  sets  of  tools  are  found,  there  is  little  incentive 
for  keeping  tools  in  good  condition.  For  instance,  an  operator 
who  understands  tool  grinding  may,  as  the  result  of  his  own 
efforts,  secure  a  set  of  lathe  or  planer  tools  that  have  been 
carefully  forged  and  ground,  but  such  tools  are  often  borrowed 
permanently  by  other  workmen,  so  that  attempting  to  keep 
up  a  set  of  tools  is  rather  discouraging. 

When  tools  of  the  class  referred  to  are  kept  in  the  tool  sup- 
ply room  with  the  other  tool  equipment,  but  the  grinding  of 
such  tools  is  done  by  the  machine  operator,  the  results  may 
depend  largely  upon  #inditions.  In  comparing  this  system 
with  the  one  which  provides  for  grinding  all  tools  to  standard 
shapes  by  means  of  a  special  grinder,  instead  of  by  individual 
workmen,  the  size  of  the  plant  and  general  nature  of  the  work 
should  be  considered.  In  a  relatively  small  shop  where  a 
great  variety  of  work  is  done  by  competent  machinists,  the 
tools  are  often  ground  to  suit  different  operations  and  there 
may  be  advantages  in  allowing  the  workmen  to  grind  their 
own  tools.  Whether  or  not  the  size  of  the  plant  will  warrant 
the  installation  of  a  special  tool-grinding  department  for  forged 
tools  is  another  point  to  be  considered,  some  contending  that 
such  machines  should  be  used  in  small  shops  as  well  as  in 
those  of  larger  size. 

Economy  of  Tool-grinding  Department — In  a  plant  employ- 
ing about  2000  men  it  was  estimated  that  a  saving  of  over 
$5000  a  year  was  effected  by  standardizing  the  grinding  of 
small  tools  and  doing  this  work  in  a  special  grinding  depart- 
ment, instead  of  allowing  the  employes  to  grind  some  of  the 
tools  by  hand.  This  method  of  grinding  was  applied  not  only 
to  milling  cutters,  gear-cutters,  reamers,  drills,  taps  and  dies, 
but  to  lathe  and  planer  tools,  chisels,  scrapers,  boring-bar  cut- 
ters, box-tool  cutters,  etc.  Every  day  the  dull  tools  were  put 
in  boxes  and  sent  to  the  grinding  department.  The  dull  tools 
were  first  replaced  by  sharp  ones  and  then  ground  by  men 
who  were  kept  at  this  work  exclusively. 

Location  of  Tool  Grinder — The  grinding  machine  used  for 
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sharpening  forged  turning  and  planing  tools  is  usually  located 
either  in  the  tool  supply  room  or  in  a  separate  section  of  this 
room;  it  is  also  sometimes  put  in  the  tool-room  or  out  in  the 
shop.  If  there  is  not  enough  tool  grinding  to  keep  one  man 
busy,  the  grinder  is  generally  located  where  it  will  be  conven- 
ient for  the  operator  whose  time  is  partly  given  to  other  work. 

In  some  shops  the  grinding  of  forged  lathe  and  planer  tools 
is  done  in  the  department  where  the  tools  are  forged  and 
dressed.  One  method  is  to  first  forge  the  tools  to  standard 
shapes  and  then  rough-grind  them  on  a  universal  tool  grinder 
before  hardening;  after  the  hardening  operation  the  tools  are 
finish-ground  and  are  then  stored  in  racks  until  needed  in 
the  shop.  This  practice  of  grinding  forged  turning  and  plan- 
ing tools  in  the  forging  department  has  been  adopted  by  the 
American  Machine  &  Foundry  Co.  with  satisfactory  results. 
All  dull  tools  are  collected  daily  and  one  man  grinds  nearly 
all  the  tools  of  the  class  mentioned.  The  shops  are  equipped 
with  grinding  wheels  so  that  the  employes  may  grind  their 
own  tools,  although  this  practice  is  not  encouraged  by  the 
management.  It  might  be  assumed  that  hand  grinding  would 
prevail  generally,  but  the  fact  is  that  the  wheels  in  the  shop 
are  only  used  occasionally  by  men  operating  the  machines 
because  they  consider  that  the  tools  ground  to  standard  forms 
in  a  tool  grinder  designed  for  that  purpose  are  superior  to 
those  ground  by  hand;  consequently  the  wheels  are  used  prin- 
cipally for  sharpening  tools  that  have  been  dulled  slightly 
or  for  making  slight  changes  in  tools  to  adapt  them  to  sperial 
operations. 

Stock  of  Sharp  Tools — When  sharpened  tools  are  issued  from 
the  tool  store-room,  it  is  advisable  to  have  a  sufficient  num- 
ber of  each  size  and  shape  to  last,  say,  two  days  before  the 
supply  is  exhausted.  As  the  dull  tools  are  returned,  they  are 
allowed  to  accumulate  so  that  a  number  can  be  ground  at  one 
setting  of  the  machine.  Tools  of  the  same  size  and  form  should 
be  ground  successively  in  order  to  reduce  the  time  required 
for  adjusting  the  tool  grinder.  Fig.  23  shows  the  rack  in 
which  sharp  tools  are  stored  in  the  tool  supply  room  of  the 
Tabor  Mfg.  Co. 

Maintenance  of  Tools 

A  tool  store-room  where  tools  are  kept  while  not  in  use 
soon  contains  main-  funis  that  are  not  fit  for  service  or  that. 


Fig.   23.     Back  in   which   Forged   Turning  and  Planing  Tools  are   kept  in 
Tool  Supply  Koom 


Fig.    24.     Check   Boards  of   Folding   Type 

at  least,  seriously  interfere  with  the  efficiency  of  manufac- 
turing processes.  One  of  the  important  functions  of  the  tool 
supply  department  is  to  see  that  all  tools  are  kept  in  good 
condition  and  that  there  are  enough  tools  of  each  type  re- 
quiring duplicates  to  meet  the  demands  of  the  shop.  This  in- 
volves sharpening  dull  cutting  tools  and  replacing  or  repair- 
ing any  tools  that  may  be  partly  or  entirely  deranged,  either 
because  of  wear  or  breakage.  In  large  shops,  especially,  it  is 
also  important  to  have  some  systematic  method  of  investigat- 
ing defective  tools  to  determine  whether  or  not  they  are 
worth  repairing  and  the  cause  of  tool  breakage,  so  that  the 
design  or  construction  may  be  altered  if  it  is  apparent  that 
such  changes  are  necessary. 

A  tool  maintenance  system  which  has  proved  satisfactory  in 
a  large  manufacturing  plant  is  so  arranged  that  the  replace- 
ment and  repair  of  tools  is  done  on  as  systematic  a  basis  as 
the  regular  manufacturing  work.  If  a  tool  needs  to  be  re- 
placed because  of  breakage  or  excessive  wear,  the  employe 
must  first  have  his  foreman  sign  a  "tool  release  card";  the 
employe  may  then  return  the  tool  to  the"  tool  crib,  where  he 
either  receives  another  one  or  the  tool  check,  if  another  tool 
of  the  same  kind  is  not  needed.  The  release  card  and  the 
damaged  tool  are  kept  together  in  the  store-room,  pending  a 
weekly  examination  by  an  inspector  who  determines  whether 
or  not  the  tools  should  be  repaired  or  discarded.  In  many 
cases,  the  tools  become  defective  on  account  of  long  usage, 
but  if  it  is  apparent  that  the  damage  is  the  direct  result  of 
faulty  construction  or  gross  carelessness  on  the  part  of  the 
user,  steps  are  taken  either  to  modify  the  design  or  stop  the 
careless  practice. 

In  case  regrinding  or  repairs  are  necessary  it  is  essential 
to  record  in  the  tool  supply  room  what  tools  are  sent  out  and 
to  see  that  they  are  returned  to  the  right  place.  The  card 
or  form  used  in  such  cases  gives  the  number  of  the  department 
in  which  the  tool  is  used,  the  name  of  the  man  in  charge  of 
the  tool  crib,  the  name  of  the  tool,  the  nature  of  the  repairs 
or  operation  required,  the  number  of  the  tool  crib,  and  the 
order  number  against  which  the  time  needed  for  the  repairs 
and  any  material  that  may  be  required  is  charged.  A  copy  of 
this  form  accompanies  the  defective  or  dull  tool  and  is  kept 
in  the  tool-room  where  the  repairing  or  sharpening  is  done, 
as  a  record  of  this  work;  a  second  copy  is  kept  in  the  tool 
crib  to  show  what  tools  have  been  sent  to  the  tool-room,  and 
the  office  also  receives  a  copy,  which  is  held  temporarily  as  a 
reminder  that  the  work  is  being  done. 

When  files  need  to  be  replaced  as  a  result  of  wear,  a  special 
order  is  used.  The  worn  file  is  taken  to  the  department  fore- 
man, who  examines  it  and  then  makes  out  an  order  for  an- 
other file,  if  in  his  judgment  the  old  file  should  be  replaced.- 
On  this  order  is  written  the  name  of  the  file,  the  size,  the 
number  of  files  needed,  the  department  number,  the  tool  crib 
number,  the  date,  and  the  number  of  the  employe  to  whom 
the  file  should  be  delivered.  This  order  also  bears  the  signa- 
ture of  the  department  foreman.  The  same  order  is  used  to 
obtain  new  files. 
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Determlnlngr  Caviaea  of  Tool  BreaknHre 
The  number  of  tools  which  must  be 
replaced  because  of  breakage  can  often 
be  reduced  considerably  by  instituting 
a  systematic  method  of  determining 
the  cause  of  breakage  In  each  case. 
A  plan  which  has  proved  successful 
requires  the  use  of  printed  forms  or 
slips  (see  Fig.  25)  which  are  given 
to  all  foremen.  When  an  employe 
breaks  a  tool  he  must  obtain  one  of 
these  slips  from  the  foreman  in  order 
to  secure  another  tool  or  the  check 
which  has  been  deposited  in  the  tool 
supply  room.  The  printed  slip  con- 
tains a  list  of  tools  commonly  used 
and  blank  spaces  in  which  the  names  of  other  tools  may  be 
written.  If  a  half-inch  tap,  for  example,  is  broken,  the  size 
of  the  tap  is  marked  in.  the  space  opposite  the  word  "tap"  on 
the  card.  The  cause  of  breakage  is  indicated  by  a  cross  made 
by  the  foreman  opposite  whatever  term  on  the  card  indicates 
the  cause.  These  forms  are  filed  back  of  each  man's  "record 
card"  and  are  examined  at  the  end  of  each  week  or  month 
to  determine  what  workmen  are  breaking  the  most  tools  and 
the  causes  for  such  breakage. 

Ideal  Tool  Supply  Room  System 

The  ideal  tool  supply  room  system  does  not  exist,  if  by  sys- 
tem we  mean  a  complete  plan  or  organization  which,  without 
modifying  any  of  the  details,  may  be  applied  universally.  A 
system  that  would  be  ideal  in  one  plant  or  machine  shop 
might  require  some  modification  in  another  shop  to  suit  local 
conditions.  The  variation  may  be  a  slight  change  of  detail 
or  a  reduction  of  the  entire  system  to  a  more  simple  form, 
whenever  the  manufacturing  conditions  and  problems  are  rela- 
tively simple  and  do  not  require  the  more  complex  system 
necessary  when  a  great  variety  of  work  is  produced.  While 
such  changes  are  often  essential,  there  is  a  tool  supply  room 
system  which  may  be  considered  ideal  in  principle.  Such  a 
system  would  include  not  only  the  care,  maintenance  and  ac- 
counting for  all  tool  equipment  of  the  classes  previously  re- 
ferred to,  but  prompt  delivery  of  such  tools  to  various  manu- 
facturing departments  before  the  tools  are  actually  needed. 
While  systematic  methods  of  issuing  tools  and  of  maintaining 
them   in  good  condition  are  common,  the  tool  supply  rooms 


Form  used  when  Tools  are  broken  by 
Workmen 


of  a  great  many  machine  shops  are 
either  partly  or  entirely  independent 
of  the  manufacturing  department,  in- 
stead of  being  so  interwoven  with  the 
entire  system  of  shop  management 
that  they  are  controlled  the  same  as 
any  other  department.  It  turning, 
planing  and  milling  operations  are 
necessary  in  manufacturing  a  certain 
machine,  the  departments  doing  the 
work  will  be  so  controlled  in  a  well 
organized  shop  that  they  will  act  in 
unison,  so  that  the  maximum  output  of 
the  finished  product  may  be  obtained. 
Inasmuch  as  the  efficiency  of  any  de- 
partment or  of  an  entire  plant  may  be 
affected  considerably  by  the  condition  of  the  small  tool  equip- 
ment, it  is  also  important  that  the  tool  supply  room  be  con- 
trolled with  reference  to  the  work  of  manufacturing,  instead 
of  placing  this  department  in  the  same  class  as  a  safety  de- 
posit vault  and  regarding  it  merely  as  a  place  of  storage. 
If  a  certain  machine  will  soon  complete  a  job,  considerable 
delay  may  be  avoided  if  the  tools  for  the  next  successive  job 
are  collected  in  advance  and  placed  at  the  machine.  It  is  evi- 
dent, however,  that  these  tools  will  be  useless  to  the  machine 
operator  unless  the  parts  to  be  worked  upon  are  also  at  the 
machine,  together  with  the  necessary  blueprints  and  whatever 
additional  instruction  regarding  the  sequence  of  operations, 
etc.,  may  be  necessary;  therefore,  it  is  apparent  that  there 
should  be  some  form  of  centralized  control  to  insure  prompt 
delivery  not  only  of  tools  but  of  raw  material,  such  as  castings, 
forgings  or  bar  stock.  Naturally  the  details  of  any  special 
system  will  be  subject  to  more  or  less  variation  and  may  be 
affected  by  such  conditions  as  the  arrangement  of  the  shop  or 
factory  and  the  uniformity  or  diversity  of  the  product. 

Tool  Supply  Room  System  under  Scientific  Management 

The  method  of  controlling  the  delivery  and  maintenance  of 
tools  adopted  by  the  Tabor  Mfg.  Co.  of  Philadelphia  will  be 
described  as  a  practical  example  of  a  system  based  on  the 
principle  that  all  the  departments  of  a  manufacturing  plant 
should  be  so  closely  allied  that  they  are  like  the  different 
parts  of  a  machine  which  move  in  perfect  unison  and  accom- 
plish results  by  concerted  action.  The  control  of  the  entire 
plant  is  centralized  so  that  every  department,  including  the 


Fig.    26.      Bulletin   Board   of   Tabor   Mfg.    Co.    for    controlling   Manufacturing   Operations   and   Delivery   of   Tool* 
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tool  supply  room,  is  governed  with  reference  to  the  work  of 
the  entire  manufacturing  organization.     The  planning  depart- 
ment decides  how  and  when  work  should  be  done  and  governs 
the  operations  on  every  machine  as  well  as  the  work  of  the 
assembling  department;  in  addition,  the  planning  department 
specifies  the  time  in  which  each  operation  should  be  completed, 
and  provides  for  supplying  the  necessary  tools  and  materials 
in  advance  so  that  all  delay  is  avoided.     The  foreman  has 
nothing  to  do  with  the  kind  of  work  done  on  different  ma- 
chines nor  with  the  methods  of  machining  or  assembling  parts. 
Before  referring  to  the  tool  supply  room  system,  a  general 
outline  of  the  methods  of  utilizing  and  controlling  these  vari- 
ous departments  will  be  given.     After  a  machine  is  designed 
it  is  divided  into  general  groups  which  can  be  assembled  as 
units,  the  aim  being  to  so  plan  all  work  that  the  various  parts 
of  a  machine  may  be  finished  in  a  successive  order  which  con- 
forms to  the  natural  and  most  direct  way  in  which  the  ma- 
chine would  be  built.    The  successive  order  of  all  operations, 
as  well  as  the  tools  and  machines  to  be  used,  is  determined 
beforehand,    and 
the  exact  methods 
of    procedure    are 
outlined  in  detail 
so  that  all   parts 
not  only  conform 
in  size  and  shape 
to    the    approved 
design,    but    all 
work    is    done    in 
the    manner    pre- 
scribed.    A  route 
chart  is  first  made 
up    which    shows 
graphically    every 
step  in  the  build- 
ing of  a  machine. 
This  chart  may  be 
compared  to  a 
river  and  its  trib- 
utaries, the  main 
river  representing 
the  complete  ma- 
chine,    and     the 
tributaries  the  dif- 
ferent   units    and 
parts  which,  when 
united,    form    the 
machine.     Every 
operation  and  tool 
is  listed  and  these 
lists    are    so    ar- 
ranged   that    the 
parts  which  form 
units  and  the  dif- 
ferent units  which  ^'^'  ^^'     ^'^'  "^  Tools  and  Instruction  Card  for  Machining  Operation 
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where  each  slip  belongs  when  they  are  transferred,  as  de- 
scribed later.  On  each  order  there  is  a  special  symbol,  the 
letters  of  which  indicate  the  exact  nature  of  the  operation. 
The  machine  number,  the  drawing  number,  the  number  of 
pieces  required,  the  amount  of  bonus,  and  the  time  within 
which  the  work  must  be  finished  to  earn  the  bonus,  are  also 
given  on  each  operation  order. 

Bulletin  Board  ControUingr  Manufacturing  Operations  and 

Delivery  of  Tools 
In  the  planning  department  there  is  a  large  bulletin  board 
(see  Fig.  26)  containing  three  pairs  of  hooks  for  each  machine, 
vise  or  other  working  places  in  the  various  departments.  A 
symbol  shows  which  machine,  vise,  etc.,  each  set  of  hooks  rep- 
resents. The  three  duplicate  operation  orders  are  first  placed 
together  on  the  lower  pair  of  hooks  to  show  that  the  work 
represented  by  these  slips  is  to  be  done.  The  operation  orders 
are  perforated  so  that  they  may  readily  be  placed  over  the 
hooks.  We  shall  assume  that  the  operation  order  is  for  a 
casting  which  is  to  be  planed.    Before  the  planer  on  which  the 

work  is  to  be  done 
is  ready  for  it,  an 
order  is  issued  to 
move  the  casting 
from  the  place  of 
storage  to  the  ma- 
chine. When  the 
casting  or  any 
other  material  re- 
quired has  been 
placed  near  the 
machine  (suitable 
storage  racks  or 
spaces  are  pro- 
vided), the  opera- 
tion orders  are 
transferred  to  the 
set  of  hooks 
marked  "jobs  at 
machine  ready  to 
be  done."  When 
the  work  is  start- 
ed, one  slip  is 
placed  on  the 
hooks  marked 
"job  on  machine." 
This  slip  is  left 
on  the  bulletin 
board  in  the  plan- 
ning department, 
and,  as  other  slips 
are  made  out  for 
each  job  passing 
through  the  shop, 
a  thorough  knowl- 
edge   of    working 


make  up  main  groups  are  merged  together  graphically  on  the 
chart  just  as  they  would  be  made  and  assembled  if  all  the 
work  were  done  in  a  systematic  and  orderly  manner  from 
start  to  finish.  In  addition  to  this  route  chart,  there  are 
smaller  route  sheets  for  the  different  parts  which  also  show 
what  operations  are  required  and  their  successive  order.  On 
tliese  route  sheets  there  is  a  record  of  all  work  which  must 
precede  the  manufacturing  operations,  such  as  making  the 
necessary  detail  drawings  or  special  tools  that  may  be  re- 
quired, ordering  the  material,  recording  the  delivery  of  ma- 
terial, etc. 

When  all  the  material  and  tools  are  ready,  the  work  of  man- 
ufacture may  begin,  but  the  order  in  which  machines  and  parts 
of  different  machines  are  built  is  also  governed  systematically 
and  in  accordance  with  their  relative  importance.  The  route 
chart  previously  mentioned  may  not  be  needed  for  minor  man- 
ufacUiring  operations,  in  which  case  there  is  only  a  route  sheet. 
An  operation  order  or  slip  is  made  out  in  triplicate  for  each 
Job.    These  three  slips  are  of  different  colors,  which  indicate 


conditions  throughout  the  entire  plant  may  be  obtained  by 
studying  the  board  and  noting  the  location  and  number  of 
the  various  operation  orders.  One  of  three  order  slips  previ- 
ously referred  to  is  transferred  to  a  separate  bulletin  board 
in  the  planning  department  to  show  that  the  list  of  tools  and 
the  card  of  instruction  for  that  particular  job  should  be  trans- 
ferred from  the  file  to  the  machine  or  wherever  the  work  is 
to  be  done.  The  third  operation  order  is  placed  on  a  bulletin 
board  (see  Fig.  28)  in  whatever  department  is  to  do  the  work. 
This  bulletin  board  shows  the  department  foreman  or  "gang 
boss"  what  operations  have  been  assigned  to  each  machine, 
bench  vise  or  other  working  place,  and  the  order  in  which 
they  are  to  be  completed.  It  is  the  duty  of  the  foreman  to 
see  that  each  man  has  whatever  tools  may  be  needed  from 
the  tool  supply  room  for  at  least  three  jobs  ahead  of  the  one 
on  which  the  man  is  working  at  the  time,  or  more  than  three 
if  the  total  time  for  three  jobs  requires  less  than  three  hours. 
The  order  in  which  the  various  parts  are  to  be  machined  is 
shown  by  the  relative  positions  of  small  index  slips  seen  at 
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the  left-hand  side  of  the  bulletin  board  shown  in  Fig.  28. 
These  slips  are  numbered  in  accordance  with  the  numbered 
positions  of  the  operation  orders  on  the  board,  and,  as  previ- 
ously mentioned,  the  sequence  in  which  work  is  done  is  regu- 
lated entirely  by  the  planning  department  in  accordance  with 
the  class  of  work  and  its  importance. 

Up  to  this  point  the  work  has  been  controlled  entirely  by  the 
planning  department  which  has  attended  to  ordering  and  de- 
livering the  necessary  material  and  has  specified  just  how 
and  where  the  work  is  to  be  done.  Each  operation  order 
on  the  shop  bulletin  board  shows  the  number  of  the  machine, 
vise  or  other  working  place  to  which  the  work  has  been  as- 
signed. The  tool  list  indicates  what  auxiliary  tool  equipment 
is  to  be  used,  the  different  tools  being  indicated  by  symbol.s 
which  will  be  explained  later.  The  instruction  card  contains 
not  only  detailed  instructions  regarding  the  exact  method  of 
doing  the  work,  but  also  specifies  the  time  for  each  of  the  ele- 
ments which  make  up  the  complete  operation  and  gives  the 
speed  and  feed  to  be  used  whenever  machine  work  is  to  be  done. 
A  sample  tool  list  and  also  an  instruction  card  are  shown  in 
Fig.  27. 

Importance  of  Establishing  Standards 

The  data  pertaining  to  speeds,  feeds  and  the  time  for  each 
element  in  the  work  represent  a  vast  number  of  experiments 
and  tests  which  have  been  made  previously  and  under  certain 
standard  conditions;  therefore  it  is  necessary  for  the  manage- 
ment to  maintain  standards  which  are,  at  least,  equal  to  those 
existing  when  the  tests  were  made,  because  if  this  were  not 
done,  it  would  obviously  be  impossible  for  the  men  in  the 
shop  to  duplicate  the  time  and  the  speeds  and  feeds  listed 
on  the  instruction  card.  For  instance,  after  the  best  com- 
bination of  speed  and  feed  has  been  determined  for  turning  a 
given  material  in  a  lathe  when  using  a  tool  that  is  properly 
ground  and  a  driving  belt  capable  of  supplying  the  necessary 
power,  it  is  apparent  that  such  data  would  be  of  little  value 
as  a  guide  for  similar  turning  operations  unless  the  same  or 
better  conditions  were  maintained.  In  other  words,  the  man- 
agement assumes  certain  responsibilities  and  prescribes  the 
exact  conditions  under  which  work  must  be  done;  conse- 
quently standards  must  be  established  and  maintained.  This 
means  that  cutting  tools  must  be  kept  sharp,  that  forged  tools 


Fig.    28.     Shop   Bulletin   Board    which    shows    Department    Foreman    what 
Work  is  to  be 'done 


Fig.  29.     View  in  Tool  Supply  Room  of  Tabor  Mfg.   Co. 

such  as  are  used  on  turning  and  planing  machines  must  be 
ground  in  accordance  with  approved  principles  and  to  stand- 
ard shapes,  that  bolts,  clamps  and  packing  blocks  be  stand- 
ardized, that  belts  be  kept  at  a  tension  which  will  enable  the 
necessary  power  to  be  transmitted,  and  that  the  tool  equip- 
ment in  general  be  maintained  in  good  condition. 

Much  of  the  foregoing  may  be  considered  irrelevant  to  the 
subject  of  tool  supply  room  systems,  but  what  follows  will 
show  how  closely  this  department  at  the  plant  of  the  Tabor 
Mfg.  Co.  is  related  to  the  manufacturing  departments,  and  how 
the  storage,  delivery  and  maintenance  of  tools  are  done  in  a 
systematic  way  and  in  accordance  with  the  demands  of  the 
planning  department.  Before  explaining  in  detail  the  meth- 
ods of  handling  the  tool  equipment,  a  description  of  the  systena 
of  tool  classification  will  be  given. 

Classification  of  Tools 

While  it  is  the  general  practice  to  place  tools  of  the  same 
class  together  in  the  supply  room  to  facilitate  finding  different 
tools  as  they  are  called  for  by  the  workmen,  the  classification 
ordinarily  is  not  intended  to  include  the  system  of  identifying 
tools.  In  most  shops  the  part  number  or  tool  number  on  a 
drawing  or  list  of  operations  is  simply  given  to  a  certain  ma- 
chine part  or  tool  arbitrarily,  but  does  not  of  itself  indicate  to 
what  class  the  tool  belongs. 

With  the  system  of  tool  classification  devised  by  F.  W. 
Taylor  and  adopted  by  the  Tabor  Mfg.  Co.,  the  symbol  for 
each  tool  is  composed  of  letters,  each  of  which  indicates  some- 
thing definite  about  that  particular  tool.  When  the  tool  cabi- 
net is  arranged  to  correspond  with  this  system  of  classifica- 
tion, it  is  easy  for  anyone  to  locate  a  tool  readily  in  a  large 
supply  room,  after  a  brief  explanation  of  the  system,  due  to 
the  fact  that  the  location  of  any  tool  depends  on  the  system 
and  not  upon  the  memory  of  the  man  in  the  supply  room. 
This  system  is  based  on  a  general  classification  for  all  tools 
and  the  dividing  of  these  general  classes  into  divisions  and 
sub-divisions,  down  to  a  tool  of  a  certain  type,  form  and 
size.  For  instance,  the  symbol  might  be  composed  of  let- 
ters which  show  that  the  tool  is  used  for  turning,  has  a 
round  nose  or  cutting  end,  and  is  bent  to  the  left.  A  num- 
ber added  to  this  combination  of  letters  would  show  that 
the  tool  was  made  of  stock  of  a  certain  width.  The  general 
classification  is  as  follows: 
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A — Miscellaneous  tools,  not  elsewhere  classified. 

B— Bending  tools.  All  tools  for  producing  changes  in  shape 
by  bending,  folding,  spinning,  etc. 

C— Clamps  and  holding  devices  of  all  kinds,  including  bolts 
and  screws. 

D — Drilling  and  boring  tools.  Tools  that  remove  metal  from 
the  interior,  such  as  drills,  boring-bars,  cutters,  and  all 
appliances  relating  to  them,  and  lathe  boring  tools,  etc. 

E — Edge  tools.  Edge  tools  for  working  wood,  and  tools  for 
working  plastic  materials,  such  as  clay,  molding  sand, 
putty,  etc. 

F — Heating  tools.  All  kinds  of  tools  used  for  heating,  light- 
ing, melting  and  molding,  oil  tempering,  annealing,  dry- 
ing, cooking,  etc. 

H — Hammers  and  all  tools  that  work  by  striking  or  being 
struck,  such  as  sledges,  tups,  etc.,  chisels,  sets,  flatters,  etc. 

L — Transportation  tools.  All  tools  used  in  moving  materials 
from  one  place  to  another,  such  as  buckets,  boxes,  etc., 
trucks,  shovels,  wheelbarrows,  bogies,  brooms,  riggers' 
tools,  slings,  chains,  etc. 

M — Measuring  tools.  All  instruments  of  precision,  weights, 
measures,  gages,  etc.,  electrical  instruments,  etc. 

P — Paring  tools.  All  tools  that  remove  metal  from  the  surface 
by  cutting,  except  slotter  and  milling  tools.  (See  class  D 
for  lathe  boring  tools.) 

R — Milling  tools.    All  tools  for  milling  or  sawing  metal. 

S— Slicing  tools.   All  part 


Fig.  31.     Receiving  Bench  where  Returned  Tools  are  examined  and  sorted 
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ing  tools  and  slotter 
tools. 

T — Templets  and  all  in- 
struments for  dupli- 
cating work,  includ- 
ing jigs  and  fixtures. 

U — Abrading  tools.  All 
tools  used  for  rubbing, 
scraping,  filing,  grind- 
ing, shearing,  punch- 
ing, breaking,  etc. 

W — Wrenches  and  all 
tools  used  for  caus- 
ing rotation. 

X^Painting  tools.  All 
tools  used  for  cover- 
ing a  surface  with  an 
adhesive  foreign  ma- 
terial, and  any  for 
removing  same. 

These  general  classes  of  tools  are  divided  and  sub-divided, 

and  as  each  divi- 
sion and  sub-divi- 
sion is  represented 
by  a  letter,  the  com- 
bination of  letters 
indicates  the  exact 
type  and  form  of 
tool,  although  the 
man  in  the  shop  or 
tool  supply  room 
does  not  need  to 
know  the  meaning 
of  the  various  sym- 
bols because  the 
list  of  tools  previ- 
ously mentioned  in- 
sures the  delivery 
of  the  proper  tool 
equipment.  The 
man  in  the  tool 
supply  room,  how- 
ever, should  under- 
stand the  system  of 
classification  so  that 
he  may  readily  lo- 
cate any  tool  by 
means  of  the  sym- 
bol. In  connection 
with  this  system 
there  is  a  record  in 
the  form  of  a  loose- 
leaf  book  which 
contains    symbols 

Fig.  30.    Shop  Tool  Stand  for  holding  Tool  List, 

Instruction  Card,  Blueprints,  and  Sets  of  Tools  lOr     the     general 


TABLE  IL    KEY   FOR  SUB-CLASSIFYING  STANDARD  SHAPE 
CUTTING  TOOLS 


classes  of  tools,  as  well 
as  all  sub-classes.  This 
book  is  not  needed  for  lo- 
cating tools  in  the  supply 
room,  but  it  shows  what 
symbols  should  be  given 
to  a  new  tool  and  enables 
a  tool,  the  symbol  of 
which  is  unknown,  to  be 
located  if  the  name  is 
given. 

Table  II  illustrates  the 
arrangement  of  the  dif- 
ferent classes  of  cutting 
tools  under  the  general 
class  designated  as  "par- 
ing tools,"  and  by  the  let- 
ter P.  The  symbol  for  a 
turning  tool  having  a  blunt  round  nose  and  a  cutting  end  bent 
30  degrees  to  the  left  will  illustrate  the  principle  of  this  sys- 
tem of  classification.  Turning  tools  belong  to  class  P,  since 
they  are  included,  as  shown  by  the  previous  list,  in  the  gen- 
eral group  used  for  removing  metal  from  a  surface  by  cut- 
ting, except  slotting  and  milling  tools;  therefore,  P  would 
be  the  first  letter  of  the  symbol.  The  next  letter  is  found  by 
referring  to  another  sheet  indexed  under  the  letter  P.  On  this 
sheet  is  a  list  of  the  different  shapes  of  the  cutting  edges  (see 
Table  II),  and  as  R  represents  a  round  nose  or  cutting  edge, 
the  symbol  becomes  PR.  Each  symbol  on  this  sheet  P  has 
another  sheet  marked  PC,  PR,  and  so  on.  Sheet  PR  would  be 
referred  to,  in  this  case,  and  it  would  show  what  letter  should 
be  added  to  PR  to  indicate  that  the  round  cutting  edge  is  of 
blunt  form.  This  letter  is  B,  so  that  the  symbol  is  now  PRB. 
Sheet  PRB  is  next  examined  to  find  the  letter  for  a  tool  having 
a  culLing  end  bent  30  degrees  to  the  left.  Letter  B  represents 
such  a  bend,  and  the  symbol  PRBE  thus  obtained  is  com- 
pleted by  adding  a  figure  to  it,  which,  in  the  case  of  forged 
tools,  shows  the  width  of  the  tool  shank  as  measured  on  the 
long  side.  For  instance,  the  symbol  %PRBE  shows  that  the 
tool  is  a  %-inch  blunt,  round-nose  tool  bent  30  degrees  to  the 
left.  The  classification  sheets  show  definitely  that  this  sym- 
bol is  complete,  because  no  sheet  will  be  found  indexed  under 
PRBE,   which   indicates  that  there   is  no   other   sub-division. 

Arrangement  of  Tools  According:  to  Classification 

The  tool  racks  are  of  standard  form,  as  previously  explained 
under  the  heading  "Storage  Fixtures  for  Tool  Supply  Rooms." 
All  tools  are  placed  in  the  different  compartments  of  these 
standardized  racks  in  the  exact  order  indicated  by  the  symbol. 
For  instance,  the  symbol  %PRBB  for  a  turning  tool  would  be 
used  for  locating  this  tool  in  the  rack  in  practically  the  same 
way  that  the  name  of  the  tool  would  be  determined  by  refer- 
ring to  the  book  of  tool  classifications.     Symbols  at  the  end 
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of  each  rack  along  the  aisle  illustrated  in  Fig.  29  show  the 
first  and  last  symbol  included,  so  that  a  glance  at  these  "key- 
boards" enables  one  to  determine  whether  or  not  a  certain 
symbol  or  tool  is  in  that  particular  rack  section.  (One  of 
these  keyboards  may  be  seen  above  the  tool  rack  in  Fig.  23.) 
On  one  of  these  boards  will  be  found  the  symbol  DBG-DDTT 
(up  to  117/32").  This  particular  symbol  shows  that  all  tools 
listed  in  the  inventory  between  these  letters  are  in  this  rack. 
For  example,  tools  having  the  symbol  DCBG  are  in  this  rack, 
because  DCBG  comes  between  DBG-DDTT,  according  to  the 
alphabetical  order;  a  symbol  like  DDTS  would  also  be  in- 
cluded in  this  rack,  because  S  precedes  the  last  letter  T  of 
the  symbol  DDTT. 

Each  twenty-four-inch  unit  or  compartment  of  a  rack  also 
has  a  symbol  which  serves  the  same  purpose  for  this  depart- 
ment as  the  keyboard  previously  mentioned  does  for  the  en- 
tire rack.  Thus,  if  the  symbol  DDTT  is  over  a  twenty-four 
inch  unit,  it  shows  that  only  tools  of  this  classification  are 
in  that  particular  department,  although  there  may  be  different 


The  standard  twenty-four-inch  compartment  at  the  upper  left- 
hand  corner  of  a  rack  at  one  end  of  the  tool  supply  room  cor- 
responds to  the  first  page  of  a  dictionary.  The  next  rack,  or 
the  second  one  to  the  right  of  the  first,  represents  the  second 
page;  the  third  is  directly  below  the  first,  the  fourth  to  the 
right  of  the  third,  and  so  on  as  shown  by  the  order  of  the 
letters  on  the  diagram  Fig.  4.  These  twenty-four-inch  units 
are  read  from  left  to  right  down  to  the  eighth  or  last  rack  of  a 
standard  section.  In  this  particular  tool  supply  room  most 
racks  are  composed  of  two  sections,  each  containing  eight 
twenty-four-inch  compartments,  and  the  second  section  is  read 
like  the  first  one,  beginning  at  the  upper  left-hand  corner  and 
reading  each  horizontal  pair  of  units  or  compartments  from' 
left  to  right.  When  the  twenty-four-inch  units  are  subdivided 
with  boxes  or  drawers,  these  are  also  read  from  left  to  right, 
as  in  reading  a  book. 

To  illustrate  the  method  of  locating  a  tool  from  the  symbol, 
we  shall  assume  that  the  tool  having  the  symbol  DDTT  1"  is 
required.     (This  happens  to  be  the  symbol  for  a  one-inch  taper 


Fig.  32.     View  of  Tool-room  of  Gisholt  Machine  Co.,   Madison,   Wis.,    show 

Note  Revolving  Tool 

sizes  of  these  tools,  as  in  the  case  of  drills,  reamers,  etc.  If 
there  were  two  symbols  over  a  twenty-four-inch  compartment, 
as  DCBG-CFN,  this  would  mean  that  all  tools  between  DCBG 
and  DCFN  were  in  this  twenty-four-inch  section,  although  part 
of  the  tools  included  under  the  end  symbols  might,  in  some 
cases,  be  in  the  preceding  or  successive  compartment  of  the 
tool  rack.  Boxes  or  drawers  within  the  twenty-four-inch  com- 
partments are  labeled  with  brass  tags  (painted  black  with 
letters  filled  in  with  white),  each  bearing  the  symbol  and 
size  of  the  tools  in  each  box,  tray  or  drawer.  For  example,  a 
drawer  marked  1"  DDTT  means  that  only  one-inch  taper  shank 
twist  drills  are  in  it. 

In  order  to  locate  a  tool  quickly  when  its  symbol  is  given, 
it  is  essential  to  know  the  order  in  which  the  racks  are  ar- 
ranged. The  general  classes  of  tools  represented  by  various 
letters  from  A  to  X,  according  to  the  list  previously  given,  are 
stored  in  the  racks  in  alphabetical  order.  The  tools  in  the 
general  class  A  are  followed  by  those  in  the  B  class,  and  so  on. 


ing  Section  used  for  Milling  Cutters,   Reamers,  Drills,   Counterbores,  Gages,  etc. 
Cabinets   in  Foreground  > 

shank  twist  drill,  but  it  is  not  necessary  to  know  this  in  order 
to  locate  the  drill.)  The  main  rack  is  first  located  by  looking 
for  the  letter  D  the  same  as  when  locating  a  word  in  a  dic- 
tionary. This  leading  letter  D  may  not  always  locate  the  right 
rack,  because  more  than  one  of  the  racks  may  have  symbols 
beginning  with  D.  The  two  symbols  on  the  keyboard  at  the 
end  of  the  rack  containing  this  tool  will  be  such  that  the 
first  one  precedes  the  tool  symbol  and  the  second  one  follows 
it,  according  to  the  alphabetical  order.  The  rack  marked 
"DBG-DDTT  up  to  1 17/32","  shows  that  it  contains  the  tool 
DDTT  1".  The  symbol  on  the  twenty-four-inch  compartment 
containing  this  particular  tool  is  next  located,  this  serving  the 
same  purpose  as  the  word  at  the  top  of  the  column  in  a  dic- 
tionary, which  shows  that  the  word  is  somewhere  in  that  par- 
ticular column.  The  keyboard  at  the  end  of  the  rack  indi- 
cates that  symbol  DDTT  is  not  at  the  beginning  of  the  rack, 
so  that  the  first  few  sections  are  skipped  and  the  heading  DD 
is  looked  for,  the  same  as  de  or  dee  would  be  in  searching 
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for  the  word  deed  in  a  dictionary.  If  the  symbol  DDTS  is 
found,  evidently  DDTT  is  farther  along.  After  finding  DDTT 
above  a  twenty-four-inch  division,  the  box,  drawer  or  bin  con- 
taining one-inch  tools,  in  this  particular  case,  is  found.  When- 
ever tools  of  one  kind  or  type  are  kept  in  a  variety  of  sizes  they 
are  arranged  according  to  the  size,  the  small  tools  coming 
first.    By  this  plan  the  tools  can  be  located  without  delay. 

The  exact  method  of  obtaining  the  tools  for  a  certain  opera- 
tion in  the  shop  will  be  explained.  We  shall  assume  that  the 
tools  are  those  shown  by  the  symbols  on  the  tool  list  illustrated 
in  Fig.  27.  These  tools  are  intended  for  a  certain  operation 
on  machine  L-IO.  (Incidentally  these  tools  correspond  to  the 
ones  used  for  the  operations  given  on  the  instruction  card 
shown  in  the  same  illustration.)  The  foreman  or  gang  boss, 
as  previously  mentioned,  is  guided  in  assigning  work  to  the 
men  under  him  by  the  shop  bulletin  board  in  his  department. 
(See  Fig.  28.)  The  foreman  waits  until  machine  L-10  is  two 
or  three  jobs  ahead  of  the  particular  operation  under  considera- 
tion;  the  tool  list  for  that  particular  operation  is  then  sent 


seen  in  Fig.  29.)  The  two  lower  shelves  contain  the  tote 
boxes  in  which  different  sets  of  tools  are  placed,  and  the  upper 
shelf  is  for  holding  the  tool  lists,  which  are  temporarily  at- 
tached to  suitable  boards  having  spring  clamps.  With  this 
arrangement  several  tool  lists  may  be  made  up  at  one  time, 
the  tools  called  for  on  each  being  placed  in  a  separate  box. 
Each  tool  that  is  removed  from  a  box,  drawer  or  rack  is  re- 
placed by  a  workman's  check,  which  is  placed  either  on  a  hook 
or  in  a  pocket  provided  for  that  purpose,  in  the  case  of  a 
drawer.  As  each  tool  on  a  list  is  obtained,  it  is  checked  off 
the  list  by  extending  a  pencil  line  or  mark  along  a  heavy  white 
line  at  the  left  of  the  column  showing  the  number  of  tools 
required.  (These  tool  lists  are  small  blueprints,  so  that  the 
heavy  checking  line  seen  on  the  tool  list  in  Fig.  27  is  white 
against  a  blue  background.)  This  checking  of  the  tools  is 
done  to  insure  the  delivery  of  the  complete  set  called  for  on 
the  list.  When  a  set  of  tools  is  made  up,  the  tool  list  is  placed 
in  a  pocket  of  the  metal  tote  box  and  then  the  tools  are  ready 
to  be  sent  out  to  whatever  machine  or  other  part  of  the  shop 


Fig.   33.     Jig  and  Fixture  Storage  Section,   Gisholt  Machine  Co.     Note  Hand  Power  Traveling  Crane  for  lifting  and  carrying  Heavy  Fixtur 


to  the  tool  supply  room  by  one  of  the  boys  who  transfer  tools. 
The  tool  list  is  accompanied  by  enough  brass  checks  to 
cover  the  number  of  tools  required.  These  checks  bear  the 
workman's  shop  number,  and  there  are  four  different  shapes 
representing  a  corresponding  number  of  exchange  values,  the 
same  as  four  coins  of  different  denominations.  For  example, 
a  round  check  may  be  given  in  exchange  for  one  tool,  a  square 
check  for  two  tools,  an  octagonal  shaped  check  for  four  tools, 
and  a  scalloped  edge  check  for  six  tools.  The  use  of  these 
■different  shapes  reduces  the  number  of  checks  to  be  handled. 

Method  of  Collecting-  Sets  of  Tools 

When  the  tool  list  and  checks  covering  the  number  of  tools 
required  are  brought  to  the  tool  supply  room,  one  of  the  at- 
tendants, using  the  tool  list  as  a  guide,  starts  to  collect  the 
tools,  beginning  first  with  those  which  are  farthest  from  the 
delivery  window.  In  connection  with  this  work  an  "issuing 
truck"  is  used,  which  has  three  shelves.     (This  truck  may  be 


is  marked  on  the  tool  list.  (Wooden  boxes  fitted  with  com- 
partments to  protect  the  cutting  edges  are  used  for  tools  that 
might  be  injured  if  placed  together  in  a  metal  box. 

Signal  Lights  for  Tool  Delivery 

Inside  the  tool  supply  room  window  there  are  three  red 
lights  arranged  in  a  vertical  row,  which  represent  the  three 
floors  of  the  machine  shop.  Each  of  these  lights  is  connected 
with  a  similar  light  on  the  first,  second,  and  third  floors,  so 
that  they  can  be  used  for  attracting  the  attention  of  the  boys 
who  deliver  and  return  tools.  For  instance,  if  a  set  of  tools 
is  ready  for  some  machine  on  the  first  floor,  the  lower  light 
is  turned  on  and  one  of  the  boys  comes  for  that  set  of  tools. 

Tool  Stands  for  Machines 
When  the  box  containing  the  set  of  tools  is  brought  to  a 
machine,  it  is  placed  on  the  lower  shelf  of  one  of  the  portable 
tool  stands  illustrated  in  Fig.  30.     The  particular  tool  stand 
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shown  has  only  one  box  of  tools,  but  ordinarily  there  are  three 
boxes  containing  the  tool  equipment  for  a  corresponding 
number  of  jobs  which  are  to  follow  the  one  on  which  the 
machine  is  working  at  the  time.  In  this  way  'all  delay  due 
to  waiting  for  tools  is  entirely  eliminated,  and  as  soon  as  one 
job  is  finished,  the  foreman  or  gang  boss  sees  that  the  ma- 
chine is  properly  set  up  for  the  next  operation.  This  tool 
stand  is  provided  with  pockets  for  holding  the  necessary  blue- 
prints, tool  list  and  instruction  card.  When  these  lists  and 
cards  are  brought  from  the  planning  department  they  are 
placed  in  the  pocket  marked  "jobs  to  be  done,"  and  they  are 
put  in  the  pocket  on  the  opposite  side  when  the  work  is  done. 

Return  of  Tools  to  Place  of  Storage 

As  soon  as  a  certain  operation  is  completed,  all  of  the  tools, 
including  any  clamps,  bolts,  or  blocking  that  may  have  been 
needed,  are  returned  to  the  tool  supply  department  with  the 
list  used  in  making  up  the  tool  set.  Even  though  some  of 
the  tools  are  to  be  used,  on  the  next  successive  job  they  must 
first  be  returned  to  the  tool  supply  room  for  inspection  to 
show  that  all  the  tools  are  in  the  proper  condition.  If  this 
plan  were  not  followed  tools  might  be  used  that  were  not  up 
to  the  required  standard.  When  the  tool  box  reaches  the  de- 
livery window,  the  tool  list  is  removed  and  placed  in  a  small 
compartment  near  the  window  provided  for  that  purpose. 
The  tools  are  then  taken  to  the  "receiving  bench"  shown  in 
Fig.  31,  where  they  are  carefully  examined  so  that  all  dull 
tools  may  be  separated  and  placed  in  boxes  on  a  shelf  just 
beneath  the  receiving  table.  All  tools  that  are  to  be  sent  out 
for  sharpening  are  replaced  by  checks  marked  to  indicate  the 
department  to  which  the  tool  has  been  sent.  The  remaining 
tools,  after  being  assorted  to  facilitate  distributing  them,  are 
placed  on  the  "putting  away  truck." 

The  truck  used  when  distributing  tools  is  similar  to  the 
one  employed  for  collecting  them  in  sets,  except  that  the  two 
upper  shelves  are  spaced  or  partitioned  so  that  when  tools 
are  assorted  on  the  table,  they  can  be  transferred  to  these 
spaces,  which  will  keep  the  different  types  In  order.  As  each 
tool  is  returned,  the  workman's  check  is  removed  from  the 
tool  rack  and  placed  on  a  check  ring  which  keeps  the  checks 
together  and  prevents  their  being  lost.  For  each  tool  that  is 
sent  out  to  be  ground  or  repaired,  the  workman's  check  on 
the  tool  rack  is  replaced  by  one  of  special  form  showing  to 
which  department  the  tool  is  sent. 

When  the  tools  of  a  set  have  been  put  away,  the  workman's 
checks  and  the  tool  list  are  sent  back  to  the  place  where  the 
work  was  done,  the  tool  list  being  placed  in  that  pocket  of 
the  tool  stand  representing  jobs  that  have  been  finished. 
These  lists  are  then  removed  and  filed  away  in  the  planning 
department  for  future  use. 

Outgoing  Grinding  and  Repair  Racks 

All  tools  that  have  been  dulled  in  use  and  need  grinding  or 
sharpening  are  transferred  from  the  receiving  table  to  a 
nearby  compartment  marked  "outgoing  grinder  rack."  The 
boxes  for  such  tools  as  dull  drills  or  forged  turning  and  plan- 
ing tools  are  kept  at  the  receiving  table  until  enough  tools 
have  collected  to  warrant  issuing  an  order  for  grinding 
them;  they  are  then  transferred  to  the  "outgoing"  rack  and 
are  taken  from  this  rack  by  a  "move  man,"  to  whatever  ma- 
chine or  department  is  to  do  the  work. 

The  "outgoing  repair  rack"  serves  the  same  purpose  as 
the  other  rack  referred  to,  except  that  it  is  for  tools  requiring 
repairs  other  than  grinding.  There  is  also  an  "incoming 
tool  rack"  for  holding  tools  which  have  either  been  ground  or 
repaired;  new  tools  are  also  placed  in  this  rack  before  being 
filed  away  in  one  of  the  regular  compartments.  At  the  time 
tools  are  ordered,  the  proper  symbol  is  given  to  them  accord- 
ing to  their  class  and  sub-class  and  this  symbol  is  stamped  on 
the  tool.  The  forged  tools  used  for  turning,  planing,  etc., 
have  symbols  stamped  on  the  shanks,  which  show  the  size 
and  classification,  the  name  of  the  steel,  and  the  lot  number 
in  which  the  steel  was  received.  The  brand  of  steel  is  repre- 
sented by  letters  which  are  an  abbreviation  of  the  trade  name. 
These  symbols  are  stamped  in  a  definite  place,  the  classifica- 
tion symbol  being  on  the  top  of  the  shank  near  the  end,  the 


lot  number  on  one  side,  and  the  symbol  for  the  brand  of  steel 
on  the  opposite  side.  Incidentally,  the  grinding  of  dull  tools, 
is  controlled  by  the  planning  department  the  same  as  manu- 
facturing operations. 

Summary 

In  order  to  determine  what  tool  supply  room  system  has. 
been  adopted  most  widely  by  manufacturers  in  various  parts, 
of  the  United  States,  information  pertaining  to  the  more  im- 
portant features  has  been  obtained  from  a  great  many 
machine-building  plants  which  differ  widely  in  size  and  also- 
as  regards  manufacturing  conditions.  This  investigation 
showed  that  while  details  vary  considerably  to  suit  local  con- 
ditions, there  are  certain  methods  of  handling  small  tool 
equipment  which  have  been  employed  quite  generally.  A 
brief  review  of  the  system  which  seems  to  be  the  most  preva- 
lent will  be  given. 

When  a  man  is  first  employed  he  is  given  a  set  of  tools 
which  are  kept  permanently.  This  set  may  include  files,  cold 
chisels,  bench  brushes,  or  whatever  equipment  the  employe- 
uses  in  connection  with  his  daily  work.  A  record  is  kept 
which  shows  what  equipment  should  be  in  the  possession  of 
any  employe,  especially  if  he  is  about  to  leave. 

The  tools  which  are  kept  in  the  tool  supply  room  are  ac- 
counted for  when  out  in  the  shop  by  means  of  brass  checks,  in 
93  per  cent  of  the  shops  previously  referred  to.  Ordinarily 
a  certain  number  of  these  checks  (usually  ten  or  fifteen)  are- 
given  to  each  employe  requiring  tools,  the  number  being  re- 
corded on  the  tool  record  previously  referred  to.  When  these- 
checks  are  exchanged  for  tools  they  are  usually  placed  where 
the  tool  belongs  when  not  in  use.  In  some  of  the  shops  the- 
checks  are  filed  on  check  boards,  in  which  case  a  tool  tag 
may  be  placed  with  the  check  to  show  what  kind  of  tool  is- 
out;  a  double  set  of  checks  is  also  employed  in  a  few  shops,, 
different  methods  of  using  them  having  been  explained  pre- 
viously. In  7  per  cent  of  the  selected  list  of  shops,  some  form- 
of  written  receipt  is  given  in  exchange  for  tools. 

When  tools  are  called  for  at  the  tool  supply  room,  special 
tools  such  as  jigs,  fixtures,  dies,  etc.,  are  ordinarily  identified 
by  a  number  or  a  letter  and  number  combined,  which  repre- 
sents either  a  part  number  or  a  tool  number;  the  operation 
number  may  also  be  included  if  separate  operations  are  neces- 
sary. Sets  of  tools  such  as  a  jig  with  its  drills,  etc.  or  a  mill- 
ing fixture  and  the  necessary  cutters  are  commonly  delivered 
to  workmen  in  single  boxes.  The  special  tools  of  a  set  are- 
usually  kept  together,  whereas  the  standard  commercial  tools, 
such  as  twist  drills,  standard  taps,  reamers,  and  so  on,  are 
kept  with  other  tools  of  their  class  and  are  collected  (in  ad- 
vance of  the  time  needed  in  some  shops)  to  form  a  set  when 
necessary.  In  many  shops  that  are  continually  manufactur- 
ing duplicate  parts,  all  the  tools  of  a  set,  whether  special  or 
standard,  are  kept  together  permanently  in  suitable  boxes, 
and  a  list  shows  what  tools  form  a  complete  set. 

When  a  shop  is  large  enough  to  have  a  tool-room  (where 
new  tools  are  made)  and  one  or  more  tool  storage  rooms, 
most  cutting  tools,  such  as  milling  cutters,  reamers,  drills, 
etc.,  are  sharpened  in  the  tool-room.  Drills  are  frequently 
sharpened  in  the  tool  storage  room  even  when  therb  is  a  sep- 
arate tool-room.  In  the  shops  of  the  selected  list  previously 
mentioned,  22  per  cent  of  the  drill  grinding  is  done  by  the- 
machine  operators,  either  by  hand  on  an  ordinary  grinding 
wheel,  or  by  means  of  a  drill-grinding  machine.  The  tools 
for  general  turning  and  planing  operations  are  ground  by  the 
employes  using  them  in  84  per  cent  of  the  shops.  The  grind- 
ing of  tools  to  standard  shapes  in  universal  tool  grinders  is 
done  in  the  remaining  16  per  cent  of  the  shops.  In  most 
cases  where  tools  are  ground  by  hand,  individual  sets  of 
tools  are  kept  at  the  different  machines,  although  the  prac- 
tice of  keeping  the  main  stock  of  tools  in  the  supply  room 
and  issuing  them  in  exchange  for  checks  is  quite  prevalent. 
When  tools  are  ground  by  the  employe,  the  practice  varies 
somewhat  in  different  shops.  For  instance,  in  some  cases 
sharp  tools  are  obtained  from  the  supply  rooni  and  are  ground 
by  men  until  they  need  redressing  when  they  are  exchanged 
for  other  sharpened  tools.  In  other  shops  rough  tools  are 
delivered  to  the  workmen  to  be  ground. 
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EMPLOYER'S  INDEMNITY  INSURANCE 

BY    CHESLA    C.   SHERLOCK  ' 

Two  questions  arise  under  employer's  indemnity  insurance: 
What  injuries  are  covered  by  an  indemnity  policy?  and, 
What  employes  are  covered?  As  to  injuries,  it  seems  that  the 
first  consideration  is  whether  or  not  the  employe  was  en- 
gaged in  the  usual  course  of  his  employment  at  the  time  the 
injury  was  received.  Indemnity  policies  generally  specify  this 
requirement,  so  it  is  of  prime  importance  to  settle  that  ques- 
tion first  of  all. 

The  manner  in  which  the  courts  apply  this  principle  of  law 
can  be  determined  by  an  examination  of  a  few  specific  cases. 
In  a  Missouri  case,  it  was  held  that  where  a  policy  undertook 
to  protect  a  wooden-box  manufacturer  from  liability  for  dam- 
ages on  account  of  bodily  injuries  to  his  employes  while  on 
duty  in  his  factory,  arising  in  the  course  of  operation  of  the 
business  described  in  the  policy,  recovery  could  be  had  for 
injuries  caused  by  the  fall  of  an  elevator  even  though  such 
elevator  was  not  mentioned  in  the  policy.  This  decision  was 
on  the  theory  that  the  use  of  an  elevator  in  the  business  de- 
scribed was  sufficiently  within  the  usual  course  of  employ- 
ment to  come  under  the  trade  named  in  the  policy. 

In  another  Missouri  case,  the  court  went  to  the  extreme 
when  it  allowed  a  recovery  by  an  employer  for  kidney  dis- 
ease contracted  by  the  employe  in  the  handling  of  infected 
rags  and  paper  in  the  usual  course  of  her  employer's  business. 
The  court  held  this  to  be  an  injury  "accidentally  suffered" 
within  the  meaning  of  an  employer's  liability  policy.  It  is 
a  general  rule,  under  the  workmen's  compensation  acts,  how- 
ever, that  there  can.be  no  recovery  for  a  purely  occupational 
or  industrial  disease.  In  this  case,  it  is  presumed,  the  disease 
was  not  deemed  to  be  an  occupational  disease  so  recovery 
was  allowed. 

In  a  Wisconsin  case,  where  a  workman  employed  in  an  iron 
and  steel  works  was  injured  by  the  fall  of  a  girder,  which 
was  being  raised  by  an  independent  crew  building  an  addition 
to  the  works,  it  was  held  to  be  within  the  terms  of  an  indem- 
nity policy  against  claims  for  compensation  for  injuries  in 
"all  operations  connected  with  the  business  of  iron  and  steel 
works."  A  Minnesota  contract  held  that  there  could  be  no 
recovery,  when  insurance  was  taken  on  a  special  building,  if 
injury  resulted  while  additions  or  alterations  were  being  made 
in  said  building,  and  further  provided  that  the  insurance 
was  not  to  be  in  force  until  said  building  was  fully  com- 
pleted and  ready  for  occupation.  The  court  said,  however, 
that  when  an  employe  was  injured  by  a  defective  elevatoi- 
which  was  not  fully  completed,  there  could  be  a  recovery  under 
the  terms  of  the  policy  contract. 

The  Federal  courts  have  not  been  so  liberal  in  their  views. 
In  one  case,  where  a  policy  provided  that  the  insured  was  to 
carry  no  explosives  on  the  insured  premises,  and  it  was  shown 
that  the  Injured  employe  was  injured  by  an  explosion,  there 
was  no  recovery.  It  was  held  in  a  case  where  an  ice  com- 
pany sought  to  indemnify  itself  against  injuries  to  its  em- 
ployes, who  were  engaged  in  cutting  ice,  where  the  company 
had  warranted  in  the  policy  that  such  was  their  only  employ- 
ment, that  when  the  employes  received  injuries  in  the  fall 
of  an  ice  house,  there  could  be  no  recovery.  Where  a  policy 
described  an  assured's  business  as  that  of  "wholesale  dry 
goods  and  stock  of  merchandise"  and  stated  that  the  machin- 
ery used  was  that  usual  to  such  buildings,  it  was  held  that 
injuries  to  an  employe  engaged  in  running  machinery  for 
polishing  rusted  cutlery,  put  in  the  building  after  the  issuance 
of  the  policy,  were  not  covered  by  it.  It  has  been  held  in 
two  identical  cases,  where  a  policy  sought  to  indemnify  one 
for  injuries  arising  through  a  violation  of  statute,  that  there 
can  be  no  recovery  on  such  a  policy.  An  employer  must  obey 
the  law  and  not  seek  to  relieve  himself  of  liability  by  in- 
surance. 

It  seems  to  be  a  well  settled  rule  'that  where  an  insurance 
company  assumes  to  conduct  the  defense  when  a  company 
Is  sued  by  an  injured  employe,  the  insurance  company  can- 
not later  attempt  to  escape  its  liability  on  a  policy  claiming 
that  the  injury  was  incurred  in  violation  of  the  terms  of  said 
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policy.  This  reasoning  is  along  the  line  that  the  company, 
knowing  the  full  facts  of  the  case,  is  estopped  to  later  deny 
its  liability. 

Where  a  lumber  company  described  its  business  in  a  policy 
as  operating  a  "sawmill,  planing  mill,  mill  yards,  kilns,  sheds, 
woodsmen,  and  teamsters"  it  was  held  that  an  employe  in- 
jured while  boring  an  artesian  well  did  not  come  within  the 
terms  of  the  policy  and  hence  there  could  be  no  recovery.  In 
Massachusetts  the  compensation  law  makes  no  reference  as  to 
the  liability  of  companies  for  injuries  caused  outside  the 
limits  of  the  commonwealth.  It  has  accordingly  been  held 
that  where  an  insurance  company  agreed  to  indemnify  a  manu- 
facturer against  loss  either  within  or  without  the  common- 
wealth, but  where  the  policy  made  reference  to  the  statute, 
the  insurance  company  was  not  liable  for  a  death  caused  by 
injuries  received  outside  the  limits  of  the  state.  These  deci- 
sions show  that  the  injury  for  which  recovery  is  allowed  must 
occur  within  the  scope  of  employment,  must  not  be  the  result 
of  failure  of  the  employer  to  obey  the  law,  and  must  be 
within  the  terms  of  the  insurance  policy. 

There  is  often  a  marked  difference  of  opinion  as  to  what 
employes  come  under  an  indemnity  policy  and  the  importance 
of  this  proposition  cannot  be  over-estimated.  In  fact,  it  has 
caused  the  courts  as  much  trouble  as  the  question  of  what 
injuries  are  included  within  the  terms  of  the  policy.  It  is 
quite  generally  settled  that  an  employe  or  his  representative 
has  no  right  of  action  against  an  insurance  company,  when 
based  upon  a  policy  issued  to  the  employer;  especially  is  this 
true  of  one  who  was  not  employed  by  the  insured  at  the  time 
when  the  policy  was  issued. 

Where  the  names  of  the  employes  are  entered  on  the  face  of 
the  policy  at  the  time  the  policy  was  issued,  the  courts  have 
held  that  there  can  be  no  recovery  in  favor  of  an  employe 
whose  name  was  not  shown  on  the  policy.  It  was  proved  in 
one  case  that  the  employe  killed  had  been  employed  several 
times  and  that  a  portion  of  his  earnings  was  applied  along 
with  the  rest  toward  the  payment  of  the  premium  on  the 
policy.  But  in  the  face  of  these  facts,  the  court  held  that 
there  was  no  remedy  for  the  employe  whose  name  was  not 
shown.  Where  a  policy  is  issued  to  cover  employes  of  a  cer- 
tain building  and  the  building  is  sold  and  the  policy  trans- 
ferred with  it,  it  has  been  held  that  the  policy  does  not  cover 
the  case  of  employes  who  were  not  employed  at  the  time  the 
policy  was  issued.  These  considerations  are  of  marked  im- 
portance to  every  employer  of  labor  and  no  man  in  such  cir- 
cumstances can  afford  to  neglect  consideration  of  them. 

*  *     * 

EFFECT  OF  AUTOMOBILE  DEVELOPMENT 
ON   THE  RAILROADS 

During  the  past  two  years  many  railroad  presidents  have 
called  attention,  in  their  annual  reports,  to  the  fact  that 
great  inroads  are  being  made  by  automobiles  in  the  passenger 
business.  Yet  the  railroads  have  found  that  the  development 
of  the  automobile  and  automobile  truck  has  been  of  great 
financial  benefit  to  them.  According  to  the  Railway  Age 
Gazette,  this  development  has  prevented  the  building  of  many 
branch  lines.  As  good  roads  built  by  the  state  or  county  serve 
as  feeders  for  all  railroads  that  they  cross,  many  rural  dis- 
tricts are  sending,  by  automobiles,  to  railroads  forty  or  fifty 
miles  away  as  much  freight  and  passengers  as  the  railroads 
would  receive  if  branch  lines  were  built.  This  makes  it  pos- 
sible for  the  railroads  to  spend  on  the  betterment  of  the  ex- 
isting lines  the  money  that  would  otherwise  have  had  to  be 
spent  for  the  building  of  the  branch  lines,  and  also  prevents 
incurring  interest  charges  that  might  be  as  large  as  the  profits 

on  the  lines. 

*  *     * 

The  number  of  electric  steel  furnaces  in  the  world  lias  about 
doubled  in  the  past  three  years,  and  is  now  nearly  three  hun- 
dred. Thirty  furnaces  have  been  built  in  Great  Britain  since 
the  war  began,  though  it  is  said  that  this  nation  must  have 
cheaper  electric  current  to  make  the  best  use  of  them.  Fifty 
were  constructed  in  the  United  States  in  1916,  while  Germany's 
output  of  electric  steel  rose  from  90,000  metric  tons  in  1914 
to  130,000  tons  in  1915. 
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THE  TIME  HAS  COME  FOR  EVERY  AMERICAN,  DUG  FEOM  WHATEVER 
CLAY,  CAST  IN  WHATEVER  MOLD,  TO  STAND  UP  AND  BE  COUNTED, 
FOB  OR  AGAINST  HIS  COUNTRY.' 


AN    ECONOMIC    ALLIANCE    OF   NATIONS  ' 

"The  war  after  the  war"  is  a  phrase  in  common  use  to  rep- 
resent future  conditions  which  some  business  men  look  for- 
ward to  with  anxiety  and  which  others  think  will  not  come 
to  pass.    One  financial  authority  says: 

The  competition  after  the  war  between  Europe  and  the 

United  States  is  not  going  to  be  the  bitter  commercial  strug- 
gle that  is  talked  of. 

The  control  of  a  large  share  of  the  world's  trade  by  a 
gigantic  political  and  financial  combination  is  foreshadowed 
and  will  doubtless  be  effected,  not  by  a  futile  trade  war,  nor 
by  the  setting  up  of  high  tariff  walls;  but  through  an  eco- 
nomic alliance  of  nations,  by  carefully  organized  reciprocal 
trading  arrangements,  by  eliminating  wasteful  competition 
and  all  expense  that  can  be  saved.  "The  war  after  the  war" 
will  be  team  work  by  a  group  of  nations — a  peace  campaign 
conducted  by  centralized  authority.  The  vital  necessity  of 
working  together  for  their  own  protection  during  the  war  has 
been  so  clearly  evident  to  the  Allies  that  they  would  be  foolish 
not  to  profit  by  their  experience. 

The  overshadowing  alliance  will  comprise  the  British  Em- 
pire; France,  already  in  close  working  relations  with  Great 
Britain;  Russia,  which  has  been  financed  during  the  war 
almost  entirely  by  Great  Britain  and  France;  and  some  of  the 
smaller  nations.  The  moment  peace  is  declared  Germany  will 
begin  to  work  for  the  Russian  trade — greatly  aided  by  her 
proximity  to  Russian  markets,  her  intimate  commercial  rela- 
tions with  Russia,  and  by  the  powerful  influence  of  many 
Russians  with  German  blood  or  affiliations. 

We  are  the  farthest  away  from  all  European  markets,  our 
productive  costs  are  the  highest,  our  war  policy  has  estab- 
lished no  claim  to  the  gratitude,  not  even  to  the  respect,  of 
any  European  nation.  We  can  enter  into  no  combination; 
we  cannot  even  make  a  working  arrangement  to  protect  our 
markets  under  present  laws,  for  we  have  no  margin  to  bargain 
with.     Our  tariff  is  now  the  lowest   (average)   since  1789. 

In  trying  to  forecast  the  future,  two  years  seems  a  safe 
minimum  period  to  allow  for  the  closing  of  the  war  and  for 
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such  adjustments  as  must  be  made  by  tlie  fighting  nations 
before  conditions  in  Europe  become  normal.  Important  change* 
in  public  sentiment  may  take  place  in  that  time.  War  has 
revolutionized  the  attitude  of  the  English  people  and  their 
representatives  toward  many  economic  questions,  and  it  may 
have  a  similar  effect  here.  Incredible  as  it  seems.  Congress 
may  even  divorce  the  tariff  from  politics  and  reframe  it  on 
business  principles.  The  Tariff  Commission  and  the  anti- 
dumping amendment  represent  a  beginning. 
.  *     ♦     » 

TOOL-ROOM   SYSTEMS 

The  tool-room  is  the  solar  plexus  of  the  manufacturing  plant; 
disorganize  the  tool-room  and  the  plant  is  knocked  out.  A 
good  workman  is  judged  by  his  tools,  and  by  the  same  token 
one  familiar  with  manufacturing  practice  can  generally  "size 
up"  a  shop  as  regards  efficiency  and  excellence  of  product  by 
an  inspection  of  the  tool-room  equipment.  Many  of  the  troubles 
of  apparently  well  equipped  plants  are  due  to  lack  of  small 
tools  and  care  of  the  tools  provided.  The  tool-room  is  a  com- 
paratively new  feature  in  the  shop  world,  dating  from  the 
recent  period  when  the  Journeyman  began  to  use  tools  fur- 
nished by  the  master  as  well  as  those  carried  in  his  own  tool- 
chest.  In  the  early  days  the  Journeyman  carried  with  hira 
everything  needed  in  his  trade,  but  with  the  development  of 
the  manufacturing  system  this  was  no  longer  possible.  When 
the  master's  tool-chest  could  no  longer  hold  the  extra  equip- 
ment required  by  the  workmen,  the  common  tool-room  came 
into  existence.  Then  the  shop  began  to  furnish  all  the  tools 
required  on  the  machines,  such  as  milling  cutters,  taps,  drills, 
counterbores,  reamers,  saws,  gages,  and  ,so  on.  The  develop- 
ment of  the  plan  of  furnishing  tools  has  been  carried  much 
further,  and  in  some  plants  hammers,  micrometers,  try-squares 
and  other  personal  tools  are  supplied  to  the  men  on  checks, 
the  same  as  the  tools  required  for  machining,  fitting,  testing 
and  gaging. 

The  leading  article  in  this  number  on  tool-rooms  Is  a  review 
of  the  methods  of  caring  for  tools  representative  of  the  prac- 
tice of  American  plants,  the  aim  being  to  present  a  study  of 
the  typical  tool-room  and  to  include  features  of  special  merit 
found  in  a  few. 

GOVERNMENT   DRAWINGS 

Drawings  furnished  by  the  United  States  government  to 
concerns  undertaking  the  manufacture  of  shells,  fuses  and 
other  munitions  of  war  leave  much  to  be  desired.  Those  re- 
sponsible for  government  drawings  apparently  have  not  seen 
fit  to  take  a  leaf  from  the  practice  of  up-to-date  manufacturing 
concerns,  and  their  draftsmen  are  still  making  drawings  of 
the  form  common  in  manufacturing  plants  thirty  years  ago. 
Instead  of  making  detail  drawings  on  small  sheets  convenient 
to  handle  and  read,  they  still  follow  generally  the  practice  of 
showing  all  details  on  one  sheet.  This  means  that  unneces- 
sarily large  blueprints  must  be  handled  when  studying  de- 
tails of  the  parts,  and  that  each  workman  must  be  given  a 
large  blueprint,  or  that  it  must  be  cut  up  and  handed  out  in 
a  mutilated  condition.  The  practice  is  inefficient  'and  time- 
wasting  to  a  degree;  it  should  be  avoided  in  manufacturing 
practice  altogether. 

Another  bad  practice  common  in  government  drawings  is 
making  very  fine  lines,  which,  when  poorly  blueprinted,  are 
almost  undecipherable.  This,  coupled  with  the  fact  that  the 
draftsmen  seem  to  have  a  deep-rooted  aversion  to  drawing 
more  lines  than  are  absolutely  necessary,  makes  the  study 
of  government  drawings  anything  but  a  pleasant  task.  We 
recently  saw  drawings  of  the  U.  S.  Navy  14-inch  armor  piercing 
shell,  and  were  able  only  after  a  long  study  to  understand 
its  comparatively  simple  structure.  The  draftsman  had  shown 
in  one  view  what  properly  should  have  appeared  in  two  or 
three  views.  What  valid  reason  there  can  be  for  practices 
like  this  is  not  easily  comprehended.  It  leads  to  the  question, 
how  can  government  departments  be  kept  up-to-date?  How 
can  they  be  kept  from  becoming  fossilized  and  behind  the 
times?  It  is  a  big,  vital  question  that  concerns  the  welfare 
of  every  citizen. 
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ADVANTAGES   OF  DIRECT   SELLING 

BY    JAMBS    N.    HEALD  ' 

In  marketing  machine  tools,  there  are  both  advantages  and 
disadvantages  in  selling  direct,  and  these  must  be  weighed 
in  connection  with  the  kind  of  machine  being  handled  when 
determining  which  method  is  better.  If  a  manufacturer  is 
building  a  machine  like  a  lathe  or  a  sensitive  drilling  machine, 
in  which  case  there  are  likely  to  be  many  competing  manu- 
facturers whose  products  go  into  shops  of  all  kinds  from  a 
machine-tool  factory  to  a  small  repair  or  job  shop — it  is 
probable  that  the  wisest  plan  would  be  to  secure  the  best 
machine-tool  dealer  available  in  any  given  section  and  assist 
him  as  far  as  possible  by  doing  good  advertising  work.  If, 
on  the  other  hand,  a  manufacturer  is  building  a  special 
machine  for  a  particular  line  of  work,  such  as  a  grinding 
machine  or  an  automatic  turret  lathe,  in  the  sale  of  which 
considerable  engineering  information  is  desirable,  it  is  prob- 
able that  selling  direct  through  the  manufacturer's  own  repre- 
sentatives will  be  preferable.  Persons  who  are  considering 
the  purchase  of  such  machines  will  want  detailed  information 
with  regard  to  the  output  that  can  be  expected  or  guaranteed, 
the  method  of  tooling  up  the  machine,  the  best  way  of  chuck- 
ing or  holding  the  work,  etc.  They  may  also  want  a  demon- 
strator to  get  them  started  properly  in  the  operation  of  the 
machine. 

When  a  manufacturer  contemplates  buying  a  lathe,  drilling 
machine  or  planer,  he  usually  feels  that,  if  the  tool  appears  to 
be  properly  made  and  of  good  design,  his  men  will  get  out  of 
it  all  that  he  can  properly  expect;  but  in  the  case  of  a  special 
machine — and  this  is  particularly  true  in  regard  to  grinding 
machines — he  wants  to  secure  the  greatest  possible  amount  of 
information  concerning  the  output  that  the  manufacturer  will 
guarantee,  the  amount  of  stock  to  be  left  for  grinding,  the 
best  way  of  chucking  the  work,  the  type  of  wheel-head  that 
will  best  cover  his  range  of  work,  and  so  on.  This  information 
can  satisfactorily  be  given  only  by  the  manufacturer's  own 
representative,  who  has  assembled  these  machines  in  the 
factory,  run  them  in  under  belt,  and  has  operated  them  for 
weeks  or  months  on  regular  commercial  work  in  the  company's 
own  factory.  Furthermore,  the  manufacturer's  representative 
in  going  from  shop  to  shop,  sees  a  great  variety  of  work  being 
handled  on  these  machines  and  various  methods  and  schemes 
in  operation  for  handling  it.  He  can,  therefore,  give  the  pros- 
pect he  is  calling  upon  valuable  information  and  suggestions 
in  connection  with  the  work;  and  there  is  hardly  anything 
more  convincing  to  a  person  who  is  considering  the  purchase 
of  a  machine  than  definite  and  exact  information  as  to  how 
work  of  similar  character  is  being  handled  in  another  factory 
and  exactly  what  results  are  being  secured,  both  as  regards 
output  and  quality. 

There  is  another  aspect  of  this  proposition.  The  manufac- 
turer of  a  lathe,  for  instance,  in  a  certain  territory  secures  the 
best  representative  possible  and  then  takes  the  business  sent 
him  by  that  dealer  as  the  amount  that  he  can  properly  expect 
from  that  section.  In  other  words,  the  manufacturer  must  be 
content  with  the  business  that  the  dealer  receives  from  his 
own  clientele.  The  manufacturer  of  a  specialty,  however,  can- 
not be  satisfied  with  the  orders  that  would  come  from  the 
regular  customers  of  one  dealer  only.  Instead,  he  feels  that 
he  is  entitled  to  the  business  that  would  come  from  all  the 
customers  in  that  territory  who  could  use  his  machines. 
These,  of  course,  are  not  the  regular  customers  of  any  one 
dealer,  but  are  divided  up  among  all  the  dealers  in  a  certain 
territory.  In  many  cases,  the  buyers  are  in  the  habit  of  mak- 
ing most  of  their  purchases  from  the  dealers  with  whom  they 
are  on  most  intimate  terms.  Therefore,  the  specialty  manu- 
facturer who  is  pushing,  his  business  to  the  limit  to  secure 
everything  that  he  thinks  should  come  his  way,  wants  the 
business  that  will  come  from  all  the  customers  in  that  terri- 
tory and  not  from  those  that  are  natural  traders  with  some 
one  machine-tool  dealer,  no  matter  how  good  an  organization 
or  how  satisfactory  any  particular  dealer  may  be  to  do  busi- 
ness with  in  the  regular  lines. 
The  ordinary  machine-tool  salesman  is  trying  to  sell  thirty, 
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or  more,  different  tools  and  when  asked  in  regard  to  numerous 
details  of  different  machines,  he  must  perforce  refer  to  his 
catalogues  and  literature  to  seek  the  answer — he  cannot  carry 
all  these  details  in  his  head.  In  the  case  of  a  special  line,  like 
grinding  machines,  should  the  prospective  buyer  pick  up  a 
bushing  and  ask  one  of  these  salesmen  how  many  he  will 
guarantee  to  grind  per  hour,  how  much  stock  should  be  left 
for  grinding,  and  whether  this  or  that  operation  should  be 
done  first,  about  all  the  salesman  can  say  is  that  he  knows  "it 
is  a  mighty  fine  machine,"  and  that  he  will  take  up  the  mat- 
ter with  the  manufacturer  and  will  let  the  buyer  know  as  soon 
as  he  can  hear  from  the  factory.  When  the  machine-tool 
builder  is  selling  direct,  his  representative  can  answer  such 
questions  promptly  because  he  has  been  in  the  factory  and  has 
seen  the  machine  built;  he  has  taken  it  apart  and  has  put  it 
together;  he  has  been  in  other  shops  where  work  just  like 
this  is  being  done  and,  perhaps,  has  ground  similar  pieces  in 
his  own  factory  before  going  on  the  road.  He  can  therefore 
give  the  customer  information  regarding  the  machine,  its 
operation,  and  its  output  that  is  absolutely  convincing;  and 
because  in  the  case  of  grinding  machines  a  great  amount  of 
information  is  needed  among  the  trade,  this  knowledge  of 
the  manufacturer's  representative  is  always  exceedingly  wel- 
come. 

The  manufacturer's  representative,  as  he  is  passing  along, 
will  often  see  work  lying  on  the  floor  of  the  shop  that  ought  to 
be  put  on  a  grinding  machine  instead  of  being  finished  as  it  is, 
and  oftentimes  his  suggestions  lead  to  a  sale  of  machines  for 
work  that  the  customer  or  his  superintendent  had  never 
thought  of  finishing  in  this  manner,  and  which  proves  to  be  a 
most  economical  change  in  manufacturing  methods. 

The  manufacturer's  representative  is  always  looking  for 
points  in  connection  with  the  sale  of  grinding  machines  and 
grinding  machines  only,  while  the  ordinary  machine-tool  sales- 
man is  likely,  upon  meeting  the  purchasing  agent  or  the 
superintendent,  after  passing  a  few  remarks  about  the  weather, 
to  ask,  "What  is  on  your  mind  today?"  and  so  far  as  the  sales- 
man is  concerned,  it  does  not  matter  whether  it  is  arhor 
presses  or  milling  machines.  He  is  willing  to  talk  about 
either  and  will  finish  his  call  and  go  away  perfectly  satisfied 
without  having  mentioned  grinding  machines  at  any  time 
during  his  call.  Therefore,  the  method  of  direct  selling  has 
a  good  many  of  the  advantages  that  we  get  in  a  single-pur- 
pose machine  tool,  so  far  as  efficiency  in  that  particular  direc- 
tion is  concerned. 

It  may  be  argued  that  the  manufacturer  can  send  out  a 
representative  to  work  in  connection  with  the  dealer  and  his 
salesmen,  and  in  that  way  the  advantages  of  both  systems  can 
be  secured.  This  plan,  however,  does  not  work  out  satisfac- 
torily, as  experience  has  proved.  In  the  first  place,  the 
writer  repeatedly  has  seen  the  condition  develop  of  the  dealer's 
salesman  giving  the  customer  insufficient  and  incorrect  in- 
formation rather  than  asking  the  manufacturer's  representa- 
tive to  go  with  him  to  see  the  person  making  the  inquiry. 
The  dealer's  salesman  seems  to  think  that  it  is  a  reflection 
upon  his  selling  ability  if  he  asks  the  manufacturer's  repre- 
sentative to  go  with  him  and  assist  in  giving  the  information 
wanted.  He  will  run  the  risk  of  losing  the  order  on  account 
of  insufficient  information  rather  than  to  ask  assistance  from 
the  manufacturer's  representative.  In  many  cases  this  is  not 
knowingly  done,  because  the  salesman  does  not  appreciate 
how  incomplete  the  information  really  is  that  he  furnishes. 

Another  difficulty  in  this  scheme  of  working  together  de- 
velops in  this  way.  When  the  manufacturer's  representative 
goes  to  a  certain  city,  he  calls  at  the  dealer's  office  and  in- 
quires what  he  can  do  for  him  in  that  section.  The  dealer  will 
probably  tell  him  of  some  places  where  it  would  be  well  for 
him  to  go,  but  they  are  all  among  the  dealer's  regular  cus- 
tomers— none  among  the  people  who  regularly  buy  of  the  other 
dealers  in  that  section;  yet  those  are  really  the  ones  who  need 
going  after  the  most. 

If  however,  the  manufacturer's  representative  starts  out 
independently  to  canvass  the  territory,  street  by  street  and 
shop  by  shop,  what  is  the  result?  He  will,  after  a  time,  run 
across  a  person  who  becomes  interested  in  the  machine.  They 
talk   over   the  advantages  and   various   points,   and  the  pros- 


678 


MACHINERY 


April,  1917 


pective  customer  becomes  interested  In  having  one  of  these 
machines  in  his  factory.  Ho  then  says,  "Now  what  is  the 
best  price  and  terms  you  can  give  me?"  The  manufacturer's 
representative  is  then  at  the  end  of  his  rope;  he  is  not  sup- 
posed to  quote  prices  and  give  terms;  lie  does  not  know  what 
terms  that  particular  customer  usually  receives  from  the 
manufacturer's  agents  in  that  section.  He  may  have  been 
getting  a  certain  period  of  time  in  the  past,  or  the  agents  may 
insist  on  his  paying  cash,  or  they  may  require  a  lease  before 
they  will  sell  him  machinery,  or  they  may  have  had  trouble 
in  regard  to  other  sales  and  are  not  anxious  to  sell  him  at 
all,  and  finally,  he  may  be  a  person  who  has  not  bought  ma- 
<hines  from  them  before.  The  manufacturer's  representative 
can  only  say,  "I  will  have  one  of  our  agent's  salesmen  see  you 
about  the  matter  of  terms,  etc.,"  which  is  exceedingly  unfortu- 
nate because  the  time  to  make  a  sale  is  when  the  customer  is 
in  the  mood,  and  a  day  or  two  later  when  the  other  salesman 
comes  around,  probably  alone,  the  prospect  has  changed  his 
mind,  or  other  questions  have  come  up  that  the  manufacturer's 
representative  could  answer  satisfactorily,  but  the  dealer's 
man  cannot,  and  then  the  sale  hangs  fire  and  often  falls 
through  entirely.  Therefore,  the  company  with  which  the 
writer  is  associated  feels  that  after  its  man  has  gone  out  and 
brought  the  prospect  to  the  point  where  he  is  ready  to  place 
an  order,  the  salesman  might  as  well  take  the  order,  as  for 
him  to  drop  the  matter  at  the  most  vital  point  and  turn  it  over 
to  another  person  who  must  be  paid  a  commission  greater 
than  what  it  then  costs  to  carry  out  the  remainder  of  the  deal. 

Another  objection  to  selling  through  a  machine-tool  dealer  is 
that  sometimes  the  customer  is  sore  on  account  of  having  had 
something  "put  over  on  him"  by  the  dealer  a  month  or  a  year 
previous  with  regard  to  the  sale  of  a  second-hand  machine, 
or  on  account  of  some  dispute  as  to  settlement  of  account,  or 
concerning  equipment  that  was  not  furnished  on  a  machine, 
and  does  not  want  to  buy  from  that  dealer.  Direct  selling 
obviates  this  difficulty,  and  in  many  cases  the  customer  feels 
that  if  trouble  should  develop  with  the  machine,  he  can,  per- 
haps, get  fully  as  prompt  service  in  buying  direct  from  the 
manufacturer  as  he  would  if  bought  in  a  less  direct  manner. 

With  regard  to  the  cost  of  direct  selling,  the  writer  would 
say  that  the  company  with  which  he  is  connected  has  found 
that  the  selling  expense  has  been  considerably  less  than  the 
commission  allowed  the  dealer  for  selling  in  the  same  terri- 
tory. He  believes,  however,  that  the  advantages  of  working 
directly  among  the  users  in  any  section  are  great  enough  to 
warrant  paying  more  money  for  this  service,  if  necessary, 
than  the  dealer's  commissions  would  amount  to,  because  it  is 
difficult  to  measure  exactly  the  value  of  work  of  this  kind, 
and  the  general  results  obtained  over  a  period  of  years  are 
really  the  only  test. 

In  closing  it  will  be  proper  to  mention  one  limitation  of 
this  proposition,  whicli  is,  that  it  is  not  advisable  to  carry  the 
direct-selling  plan  into  effect  in  districts  where  the  number  of 
machine  purchasers  is  small,  or  a  great  distance  from  the  fac- 
tory, such  as  in  the  South  and  on  the  Pacific  Coast.  In  such 
sections  it  is  more  convenient  for  the  manufacturer  to  work 
with  the  regular  machine-tool  dealer;  but  in  thickly  settled 
sections  the  method  of  direct  selling,  under  certain  conditions, 
seems  to  the  writer  to  produce  more  satisfactory  results,  and 
to  be  more  advantageous  in  many  ways  if  one  is  manu- 
facturing a  special  tool  similar  to  those  mentioned. 


MACHINE   HOUR  RATES 

BY    C.    C.    GRAY  > 

The  records  of  machine-tool  operating  expense  included  in 
the  article  on  "Reversing  Planer  Motors"  in  the  November 
number  of  Machinery  were  obtained  from  machines  operating 
oii  entirely  different  work,  in  various  sections  of  the  shop. 
The  widely  varying  cost  of  supervision  and  clerical  work  is 
due  not  alone  to  the  fact  that  the  machines  were  doing  differ- 
ent work,  but  also  to  the  fact  that  they  occupied  varying 
areas  of  floor  space,  on  which  basis  the  proportion  of  salaries, 
«tc.,  is  estimated.    The  following  explanation  of  how  to  com- 


'  .\(iarcs8:     Westinghouse    Electric    &   Mfg.    Co.,    East    Pittsburg,    Pa. 


pute  machine  hour  rates,  as  practiced  by  a  number  of  com- 
panies in  this  country,  may  serve  to  illustrate  the  point. 

Every  shop,  in  addition  to  workmen's  wages,  has  other  ex- 
penses, such  as  interest  and  depreciation  on  cost  of  buildings 
and  accessories;  repairs  and  renewals  to  existing  equipment; 
general  operating  expenses,  including  losses  due  to  defective 
workmanship,  design,  and  material;  and  salaries  of  super- 
visors, engineering  staff,  and  clerks.  These  overhead  charges 
must  be  included  in  the  cost  of  every  article  manufactured. 
A  method  frequently  employed  is  to  determine,  from  time  to 
time,  the  percentage  that  the  total  charge  bears  to  the  cost  of 
the  total  or  actual  productive  labor  and  then  obtain  the  total 
labor  charge  by  multiplying  the  actual  labor  cost  by  1  plus 
the  percentage  to  be  added  for  overhead  charge.  This  is  an 
easy  way  to  take  care  of  overhead,  but  is  inaccurate  and  does 
not  show  the  relative  importance  of  different  types  and  sizes 
of  machines,  especially  where  a  great  variety  of  materials  is 
manufactured  in  shops  using  a  large  number  of  different  types 
and  sizes  of  tools.  Under  such  conditions,  the  percentage 
varies  within  wide  limits  for  different  kinds  of  work. 

One  of  the  most  satisfactory  methods  of  distribution  is  to 
set  off  against  each  machine  its  proportion  of  the  total  over- 
head charge.  The  portion  chargeable  to  each  depends  entirely 
on  local  conditions,  and  thorough  familiarity  with  the  condi- 
tions is  needed  in  order  that  the  charges  may  be  apportioned 
equitably.  In  a  shop  where  only  one  type  of  article  is  manu- 
factured and  castings  are  passed  directly  from  one  machine 
to  the  next,  a  simple  and  logical  plan  is  to  divide  the  total 
overhead  charge  among  the  machines  in  proportion  to  the 
floor  space  charged  to  each.  Such  conditions,  however,  do  not 
exist  in  the  majority  of  shops,  as  usually  several  sizes  and 
kinds  of  articles  are  turned  out  and  various  sizes  and  types  of 
machines,  differing  greatly  in  their  operating  characteristics, 
are  used.  In  most  cases,  not  only  must  the  floor  space  be  con- 
sidered, but  also  the  time  each  machine  is  actually  in  opera- 
tion, the  nature  of  the  work  being  done,  and  the  amount  of 
supervision  and  engineering  attention  needed.  Large  shops 
that  handle  different  classes  of  materials,  as  a  rule,  are 
divided  into  departments  or  sections,  each  of  which  may  be 
considered  as  a  separate  smaller  factory.  Thus  the  overhead 
charges  against  each  department  or  section  may  be  appor- 
tioned among  its  tools  in  proportion  to  the  floor  space  occu- 
pied, proper  allowance  being  made  for  special  local  conditions 
or  supervision  and  engineering  attention.  In  making  an 
analysis  of  the  method  for  determining  the  hourly  overhead 
charges,  or  machine  hour  rates,  per  machine  tool,  it  will  be 
found  that  these  overhead  charges  may  be  grouped  into  three 
main  classes,  as  follows:  charges  against  the  entire  factory, 
charges  against  each  section  or  department  of  the  factory, 
charges  against  each  machine  tool. 

Charges  against  the  entire  factory  are:  fixed  charges,  or 
interest  and  depreciation,  taxes  and  insurance  on  buildings, 
grounds  and  accessories;  variable  charges,  or  repairs  and  re- 
newals on  building  and  accessories  (omitting  all  charges  that 
can  be  set  off  directly  to  a  particular  section  of  the  factory); 
charges  against  store-room  and  tool-room,  defective  design, 
material,  or  workmanship;  and  salaries  not  chargeable  to  a 
definite  section,  including  cost  of  superintendence,'  engineer- 
ing and  drawing,  and  clerical  force,  including  office  boys  and 
general  laborers. 

Charges  against  each  section  or  department  of  the  factory 
are:  fixed  charges,  which  include  an  equitable  portion  of  the 
total  factory  fixed  charge,  and  interest  and  depreciation  on 
auxiliary  apparatus  located  in  the  section;  variable  charges, 
which  include  a  portion  of  the  variable  charges  as  well  as 
similar  charges  belonging  to  the  section,  such  as  repairs  and 
renewals,  store-room  and  tool-room  charges,  defective  design, 
material,  and  workmanship,  lubricants,  and  manufacturing 
supplies;  and  salaries,  including  a  portion  of  the  total  salaries 
as  well  as  those  belonging  exclusively  to  the  section;  that  is, 
formen,  clerks,  errand  boys,  laborers,  crane-men,  etc. 

Charges  against  each  machine  tool  are:  a  portion  of  the 
fixed  charges,  of  the  variable  charges,  of  the  salaries  charge, 
interest  on  cost  of  machine-tool  taken  at  6  per  cent,  deprecia- 
tion in  value  of  machine-tool,  and  cost  of  power  to  operate 
tool,  including  lighting  and  crane  service. 


April,  1917 


MACHINERY 
GAGING  AND  INSPECTING  GEARS' 


679 


FIXTURES  FOR  TESTING  PITCH,  PITCH  DIAMETER,  TOOTH  SHAPE,  TOOTH  THICKNESS  AND  CONCENTRICITY 

BY    DOUGLAS   T.    HAMILTON  2 

GEARS  are  inspected  during  the  process  of  manufacture 
to  determine  if  the  shape,  diameter,  width,  tooth  forms, 
etc.,  are  correct  within  the  required  tolerances,  and  they 
are  also  given  concentricity  tests.  Gears  in  which  the  teeth 
are  not  concentric  with  the  hole  or  are  unevenly  spaced  are 
noisy,  especially  when  they  are  operated  at  high  speeds.  The 
teeth,  therefore,  receive  the  most  careful  attention  in  the  in- 
spection department,  as  the  efficiency  of  a  gear  under  actual 
working  conditions  is  governed  more  by  the  shape  and  accu- 
racy of  the  teeth  than  any  other  one  factor.  In  this  connec- 
tion, the  tooth  shape,  pitch  and  pitch  diameter  are  the  three 
most  important  points  to  consider.  In  the  following,  attention 
will  be  directed  chiefly  to  the  testing  of  the  teeth  in  spur,  heli- 
cal, bevel  and  worm  gears. 


Inspecting:  Gear  Blanks 

The  methods  of  testing  blanks  for  spur  gears  do  not  differ 
from  those  for  testing  many  other  interchangeable  parts,  in 
which  plug  gages,  snap  gages  and  regular  micrometer  calipers 
are  used.  For  inspecting  bevel  gear  blanks,  these  tools  are 
employed  in  connection  with  properly  shaped  templets.  The 
type  of  inspection  tool,  of  course,  is  governed  to  a  large  extent 
by  the  character  and  shape  of  the  work.    An  important  point  in 

machining  blanks 
for  spur  gears 
is  to  have  the  sides 
finished  accurately 
in  relation  to  the 
hole,  so  that  the 
arbor  on  which  the 
gears  are  held,  espe- 
cially when  several 
are  mounted  to- 
gether, will  not  be 
sprung  out  of  truth. 
A  satisfactory 
means  of  testing 
this  is  to  place  the 
gear  blank  on  an 
accurate  arbor  held 
on  centers,  and  ro- 
tate it  past  the 
spindle  point  of  a 
dial  test  indicator. 
In  testing  the  shape 
of  gears,  when  a 
bevel  surface,  etc., 
is  to  be  produced, 
a  templet  is  generally  employed  if  great  accuracy  is  not 
essential. 

Templets  for  Gear  Blanks 

As  has  been  previously  mentioned,  spur  gear  blanks  are  in- 
spected by  regular  plug  and  snap  gages  or  micrometer  calipers. 
Bevel  gear  blanks,  on  the  other  hand,  require  some  form  of 
templet  for  testing  the  relation  of  the  angular  faces  to  the 
hole  and  to  each  other.  One  form  of  templet  gage  for  bevel 
gear  blanks  is  shown  in  Pig.  1.  Reference  to  this  illustration 
will  show  that  this  gage  comprises  a  central  plug  which  fits 
in  the  hole  in  the  gear  blank,  and  a  templet  fitting  in  a  notch 
cut  in  the  plug.  This  notch  is  cut  to  the  center  so  that  the 
flat  gaging  face  of  the  templet  and  the  axis  of  the  plug  coincide. 
With  this  device  it  is  possible  to  test  the  truth  of  the  hole 
with  relation  to  the  angular  face  of  the  gear,  and  at  the  same 
time  inspect  the  angle  of  the  face. 

A  convenient  form  of  miter  gear  templet  is  shown  in  Fig.  2. 
This  is  made  of  sheet  steel,  and  completely  encloses  the  gear. 


Fig.   1,      Combination  Plug  and  Templet  Gage 
for  inspecting  Bevel  Gear  Blanks 


Fig.    2.     Templet   for   inspecting   Miter   Gear   Blanks 

thus  controlling  both  the  angular  face  and  the  over-all  length. 
In  laying  out  this  form  of  templet,  the  first  step  is  to  find 
the  center  of  a  circle  which  will  touch  all  three  sides  of  the 
isosceles  triangle  as  shown  by  the  dotted  outline.  This  is  a 
simple  problem  in  trigonometry,  as  is  shown  by  the  illustration. 

Bevel  Protractor  for  Testing-  Bevel  Gear  Blanks 

The  ordinary  bevel  protractor  familiar  to  all  mechanics  is 
commonly  used  for  testing  bevel  gear  blanks.  A  special  appli- 
cation of  this  principle  is  shown  in  Fig.  3.  This  device  con- 
sists of  two  hinged  bases  carrying  sliding  blocks,  in  which  studs 
are  held  for  supporting  the  gear  blanks  being  tested.  In  addi- 
tion to  having  regular  protractor  graduations  for  setting  the 
gear  axes  to  the  required  angle,  graduations  are  provided  for 
showing  the  longitudinal  settings  of  the  sliding  blocks  on 
the  two  arms.  These  longitudinal  graduations,  however,  can- 
not be  used  to  advantage  as  a  measurement  of  the  center  dis- 
tances of  bevel  gears,^  but  by  swinging  the  movable  arm  back 
to  an  included  angle  of  180  degrees,  the  device  could  be  used 
for  spur  gears.  As  the  angular  face  of  a  bevel  or  miter  gear  is 
of  prime  importance,  two  blanks  could  be  held  in  this  fixture 
and  rotated  together,  to  test  for  concentricity  and  correctness 
of  angular  face. 

Gear  Tooth  Templets  and  Calipers 

The  simplest  form  of  gear  tooth  templet  is  shown  at  A  in 
Fig.  4.  This  is  a  piece  of  sheet  steel  with  a  slot  in  its  lower 
end  equal  in  width  to  the  thickness  of  the  tooth  at  the  pitch 
line  and  of  a  depth  equal  to  the  height  of  the  tooth  from  the 
pitch  line.  The  chief  objection  to  this  templet  is  that  it  wears 
quickly  at  the  sharp  corners  a  and  soon  becomes  inaccurate. 
B  shows  a  form  of  templet  which  is  used  chiefly  for  bevel  gears 
and  is  more  like  a  scriber  than  a  templet.    It  is  used  to  scribe 


^  For  previous  articles  on  gaging  and  inspecting,  see  '*Gaging  and  Inspecting 
Threads"  in  the  February  and  March,  1917,  numbers  of  Machinery  and 
articles  referred  to  in  connection  with  the  first  installment. 

^Address:     Fellows  Gear  Shaper  Co.,  Springfield,  Vt. 


Fig.  3,     Protractor  for  testing  Truth  of  Bevel  Gears 
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Fig.    4.     Templets   used   in   cutting   Gear   Teeth 

a  line  on  a  gear  indicating  the  depth  to  which  the  teeth  are 
to  be  cut  at  the  rear  or  large  end.  It  is  used  only  when  a 
few  gears  of  one  size  are  to  be  made. 

Gear  Tooth  Caliper 

The  gear  tooth  caliper  shown  in  Figs.  5  and  6  is  a  widely 
used  tool  in  the  shop  for  measuring  gear  teeth,  especially  after 
cutting  the  first  tooth.  This  test  is  especially  desirable  if 
there  is  any  doubt  about  the  accuracy  of  the  blank  diameter. 
(The  outside  diameter  of  a  gear  blank  can  be  found  by  adding 
2  to  the  number  of  teeth  and  dividing  by  the  diametral  pitch.) 
To  test  the  tooth  thickness,  two  trial  cuts  are  taken  for  a  short 
distance  at  one  side  of  the  blank  until  a  full  tooth  is  pro- 
duced.   The  vernier  scale  of  the  caliper  is  set  so  that  when 


Fig.   5. 


Brown  &  Sharpe  Gear  Tooth  Caliper  in  Use  measuring  Tooth 
of  Bevel  King  Gear 


it  rests  on  the  top  of  the  tooth,  as  shown  in  Fig.  6,  the  lower 
ends  of  the  caliper  jaws  will  come  to  the  pitch  circle.  The 
horizontal  scale  then  shows  the  chordal  thickness  at  this  point. 
When  a  gear  tooth  is  measured  with  this  caliper,  the  chordal 
thickness  T  (see  detail  of  the  tooth)  is  obtained,  and  not  the 
thickness  along  the  pitch  circle.  Hence,  when  measuring  teeth 
of  coarse  pitch,  especially  if  the  diameter  of  the  gear  is  small, 
dimension  T  should  be  obtained.     It  is  also  necessary  to  find 


the  height  x  of  the  arc  and  add  it  to  the  addendum  S  to  obtain 
the  correct  height  II,  in  order  to  measure  the  chordal  thick- 
ness at  the  proper  point  on  the  sides  of  the  tooth. 

If  a  =  one-half  the  angle  subtended  from  center  of  gear  by 
one  gear  tooth;  N  =  number  of  teeth  in  gear;  T  =  chordal 
thickness  of  tooth  at  pitch  line;  and  R  =  pitch  radius  of  gear; 

then: 

a  =  90  deg.  -^  N;  T  =  2R  X  sin  o 

The  height  x  of  the  arc  equals  1  minus  the  cosine  of  angle  a, 

multiplied  by  the  pitch  radius  of  the  gear,  or  expressed  as  a 

formula,  x  =  iJ  (1  —  cos  o).    The  vernier  scale  is  therefore 

set  to  the  dimension  H,  or  x  +  addendum  8. 

Tolerances  for  Spur  Gears 

The  three  most  important  factors  In  a  gear  are  the  profile 
of  the  teeth,  pitch  diameter  and  center  distances.  The  outside 
diameter  is  not  so  important,  as  there  is  always  clearance 
provided  at  the  bottom  of  the  teeth.     Tolerances  should  be 
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Fig.   6.     Diagram  illustrating  Calculation  Necessary  to  determine 
Thickness   of   Tooth   with   Caliper  shown  in   Fig.    6 

based  on  the  pitch,  and  the  accompanying  table  gives  the 
tolerances  for  gears  from  16  to  4  diametral  pitch.  The  toler- 
ances on  the  shape  of  the  teeth  when  they  are  of  the  involute 
form  depend  upon  several  factors.  In  the  first  place,  if  the 
gears  are  to  transmit  a  heavy  load  at  comparatively  high 
speeds,  and  the  noise  is  to  be  reduced  to  a  minimum,  the 
tooth  curves  must  be  as  accurate  as  it  is  commercially  pos- 
sible to  make  them.  On  the  other  hand,  if  the  gears  are  to 
run  at  slow  speeds  and  noise  is  not  objectionable,  much  wider 
tolerances  are  permissible.  On  the  average  run  of  good  gears, 
especially  for  automobile  transmissions,  an  endeavor  is  made 
to  hold  the  involute  curve  to  tolerance  of  0.0005  inch.  The 
variation  in  tooth  spacing  should  not  exceed  0.002  inch  if  the 
best  results  are  to  be  expected.  Gears  having  ground  teeth, 
however,  are  held  to  closer  limits  than  this  for  spacing, 
usually  0.0005  inch.  This  is  especially  true  of  gears  used 
in  torpedoes. 

MANUFACTURING  TOLERANCES  FOR  SPUR  GEARS 


Pitch 

Center 
Distance 

Pitch   Diameter 

Outside   Diameter 
Blanks, 

16 

-t-  0.002 

—  0.003    to  —  0.005 

0.000 

to  —0.005 

14 

-t-  0.003 

—  0.004     to  —  0.006 

0.000 

to  —0.005 

12 

-H  0.0035 

—  0.0045  to  —0.007 

0.000 

to  —0.006 

10 

-+-  0.004 

—  0.005    to— 0.008 

0.000 

to  —0.006 

8 

-t-  0.005 

—  0.006    to  —  0.009 

0.000 

to  —0.007 

6 

-+-  0.006 

—  0.007    to— 0.010 

0.000 

to  —0.008 

5 

-+-  0.007 

—  0.008    to— 0.011 

0.000 

to  —0.010 

4 

±  0.008 

—  0.009    to— 0.012 

0.000 

to  —0.015 
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Fig.    7.      Special   Plug   Gage   for   gaging    Gear   Center   Distances 
Tolerances  for  Bevel  Gears 

In  mounting  a  bevel  pinion  which  must  run  in  proper  mesh 
with  a  ring  gear,  it  is  essential  that  backlash  be  provided  for 
to  prevent  crowding  the  teeth.  The  apex  angles  of  the  pinion 
and  ring  gear  are  frequently  held  to  limits  as  close  as  0.005 
inch.  For  gears  that  are  hardened,  however,  it  is  necessary  in 
some  cases  to  allow  a  greater  tolerance  than  this  to  take  care 
of  warpage  which  causes  a  change  of  the  angle  of  the  bevel 
gear.  When  this  is  done  it  is  usual  to  allow  for  a  reasonable 
amount  of  backlash  between  the  teeth,  the  limits  varying  from 
0.005  to  0.007  inch,  and  never  exceeding  0.010  inch.  This 
means  that  a  bevel  gear  must  be  straightened  before  being 
assembled  if  the  warpage  is  in  excess  of  the  amount  given; 
otherwise,  it  will  be  noisy  in  action  and  inefficient. 

The  tolerances  on  the  teeth  of  bevel  gears  are  dependent 
upon  the  uses  to  which  the  gears  are  to  be  put.  Generally  the 
tooth  curves  are  held  to  within  0.002  inch  and  the  spacing 
of  the  teeth  to  the  same  tolerance.  As  previously  mentioned, 
however,  when  a  gear  is  hardened,  the  tolerance,  of  necessity, 
must  be  greater  than  this  to  provide  for  warpage  of  the  teeth. 


.     Fig.   8.     Enlarged  View  of  Graduated  Disk  B  shown  in  Fig.   7 

Bevel  gears  of  the  straight-tooth  type,  when  used  in  automo- 
bile transmissions,  are  generally  run  in,  using  emery  and  oil 
to  grind  down  any  slight  irregularities  in  the  teeth  due  to 
warpage  in  hardening. 

Testing-  Center  Distances  of  Spur  Gears 

As  has  been  previously  mentioned,  the  center  distances  of 
spur  gears  which  must  run  quietly  is  an  important  considera- 
tion in  the  cutting  of  gear  teeth.  Fig.  7  shows  a  simple  but 
effective  gage  for  testing  the  center  distances  of  spur  gears. 
The  gage  consists  chiefly  of  two  accurately  ground  collars  B 
and  C,  which  are  held  on  plug  gages  E  and  D,  as  shown,  the 
former  being  provided  with  bushings  to  suit  the  diameters  of 
the  holes  in  the  gears. 

To  illustrate  the  use  of  this  tool,  we  will  assume  that  the 
center  distance  A  is  5  inches.  The  collars  B  and  C  are  made 
so  that  the  sum  of  their  combined  radii  will  equal  this  amount. 
In  other  words,  collar  B  could  be  2  inches  and  C  8  inches  in 


diameter.  Referring  now  to  Fig.  8,  which  shows  the  angular 
spacing  for  variations  in  the  center  distance  of  the  gears,  we 
will  assume  that  F  represents  the  zero  or  datum  line  from 
which  the  center  distances  are  measured.  It  is  now  evident 
that  if  we  turn  graduated  collar  B  through  an  angle  of  36  de- 
grees, 51  minutes  in  a  clockwise  direction,  the  center  distance 
is  +  0.001  inch.  Similarly,  if  collar  B  is  turned  the  same 
amount  in  a  counter-clockwise  direction,  the  center  distance 
will  be  —  0.001  inch.  If  the  collar  is  rotated  through  an  angle 
of  90  degrees  in  either  direction,  the  center  distance  will  be 
+  0.005  inch  or  —  0.005  inch,  depending  upon  the  direction 
in  which  the  collar  is  turned.     By  making  a  series  of  plain 


Fig.    9.     Standard   Fixture   for  testing   Concentricity  and   Center  Distances 
of   Spur   Gears 

collars  to  replace  collar  C,  any  required  center  distance  can  be 
measured  to  very  accurate  limits. 

Testing  Pitch  Diameter  and  Concentricity  of  Spur  Gears 

Many  interesting  fixtures  have  been  devised  for  testing  the 
pitch  diameter,  center  distance  and  concentricity  of  spur 
gears.  A  standard  fixture  used  for  this  purpose  which  is  built 
by  the  Morse  Twist  Drill  &  Machine  Co.,  New  Bedford,  Mass., 
is  shown  in  Fig.  9.  This  fixture  consists  principally  of  a  base 
carrying  one  fixed  and  one  movable  slide,  each  slide  carrying 
a  stud  on  which  the  gears  to  be  tested  are  held. 

The  gear  held  on  the  stud  in  the  fixed  slide  is  usually  a 
carefully  cut,  and  sometimes  ground,  master  gear,  which  is 
brought  into  mesh  with  the  gear  to  be  tested.  The  movable 
slide  carries  a  rod  A,  which  contacts  with  a  rod  B,  the  latter 
operating  an  indicating  needle  C  through  a  multiplying  lever 
arrangement.  When  the  center  distance  as  well  as  the  con- 
centricity of  the  gear  is  to  be  tested,  the  movable  slide  is  set 
to  the  required  center  distance  by  means  of  a  vernier  scale 
on  the  bed;  then  when  the  gears  are  rotated,  any  inaccuracies 
in  either  center  distance  or  concentricity  are  noted  on  the 
scale  over  which  the  indicating  needle  moves.  If  it  is  desired 
to  test  concentricity  only,  no  attention  is  paid  to  the  vernier, 
and  the  gear  to  be  tested  is  kept  in  contact  with  the  master 
by  a  spring,  not  shown,  the  latter  being  rotated  and  the  fluctua- 
tion of  the  needle  noted. 


xture    for    testing    Fitch    Diameter    and    Concentricity   of    Spur 
Gears 
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Fixture  for  Testing:  Pitch    Diameter   and   Concentricity  of  Spur 
Gears 

Another  simple  but  accurate  fixture  for  testing  the  pitch 
diameter  and  concentricity  of  spur  gears  is  shown  in  Figs. 
3  0  and  12.  The  fixture  consists  of  a  cast-iron  base  upon  which 
two  accurately  fitting  slides  are  held,  each  slide  being  pro- 
vided with  a  stud  for  holding  the  gears  being  tested.  The 
right-hand  slide  is  moved  by  means  of  a  long  adjusting  screw, 
while  the  left-hand  slide  has  only  a  limited  movement,  but 
transfers  its  motion  greatly  magnified  to  the  indicating  needle 
shown.  The  sectional  view.  Fig.  12,  shows  how  the  motion 
is  transferred  to  the  indicating  needle,  which  measures  the 
difference  in  concentricity  and  errors  in  mesh  to  0.00039  inch. 

To  detect  differences  in  eccentricity,  it  is  most  convenient 
to  place  the  gear 
to  be  tested  on 
the  spindle  car- 
ried in  the  left- 
hand  slide,  and 
to  use  a  blank 
with  a  single 
tooth  on  the 
other.  This 
single  tooth  is 
then  meshed  in 
succession  with 
all  the  teeth  of 
the  gear  under 
test,  and  by  ob- 
serving the  dif- 
ferent positions 
of  the  indicating 
needle,  it  is  pos- 
sible to  deter- 
mine the  eccen- 
t  r  i  c  1  ty  with 
great     accuracy. 

Another  spur  gear  testing  fixture  differing  only  in  a  few 
minor  details  from  that  shown  in  Fig.  9  is  illustrated  in 
Fig.  11.  This  fixture  comprises  a  base  A  carrying  a  slide  B 
on  which  a  stud  is  mounted  for  holding  the  gear  C  to  be  tested. 
The  master  gear  D  is  carefully  ground  all  over,  and  is  held 
on  a  fixed  stud  on  a  projection  boss  of  the  fixture.  Slide  B 
is  adjusted  by  a  screw  to  bring  the  gears  into  mesh,  the 
screw  being  a  sliding  fit  in  the  boss  E  of  the  fixture.  This 
screw  carries  a  washer  as  shown,  and  between  it  and  boss  E 
is  a  stiff  open-wound  spring  which  serves  to  keep  the  gears 
in  mesh  with  the  required  tension.  The  movement  of  slide  B, 
which  indicates  irregularities  in  the  teeth  or  lack  of  concen- 
tricity, is  read  off  on  the  dial  test  indicator  F,  mounted  as 
shown  and  operated  by  a  bracket  adjustably  mounted  on  the 
movable  slide  B.  Transmission  gears  for  automobiles  are  gen- 
erally held  to  a  maximum  eccentricity  of  0.003  inch. 

Power-driven  Gear  Testing-  Fixture 

Another  gear  testing  fixture  for  automobile  transmission 
and  timer  gears  is  shown  in  Fig.  13.  In  this  case  the  fixture 
is  power-driven.  Briefly,  it  consists  of  a  cast-iron  plate  A 
ribbed  at  the  bottom  and  machined  on  the  top  surface;  a  cast- 
iron  plate  B  with  a  projecting  arm  C  on  which  is  secured  a 
shoulder  stud  D;  a  cast-iron  segment  plate  E  drilled  and 
reamed  at  one  end  to  fit  fulcrum  stud  D,  and  having  at  the 
opposite  end  a  shoulder  stud  F  on  which  revolves  a  master 


gear  of  the  same  pitch  as  the  gear  to  be  tested;  an  indicator 
pointer  0  drilled  to  pass  down  over  fulcrum  stud  D  and  axle 
stud  F;  a  graduated  brass  plate  /  secured  to  the  base  A;  and  a 
shaft  J,  the  lower  end  of  which  revolves  on  a  stud  beneath  the 
plate  B.  To  this  shaft  is  secured  a  worm-wheel,  and  on  the 
part  which  projects  above  this  worm-wheel  the  gear  to  be 
tested  is  rigidly  secured  by  means  of  a  key. 

The  worm  L  is  made  of  machine  steel,  casehardened,  and  is 
driven  by  a  i^-inch  half-round  belt  passing  over  pulley  M. 
A  steel  spring  N  is  fastened  to  plate  B  and  index  hand  G. 
The  segment  plate  E  is  machined  on  its  bottom  face,  which 
slides  on  the  upper  face  of  plate  B.  On  the  upper  face  of 
plate  E  rests  the  index  hand,  and  on  top  of  this  is  a  steel 
washer  around  axle  stud  F.  On  this  washer  rests  the  master 
gear,  which  is  perfect  in  every  respect.  The  gear  to  be  tested 
is  revolved  by  power  in  the  manner  indicated,  and  any  ir- 
regularity in  the  diameter  is  shown  on  the  graduated  plate. 

Fixture  for  Testing  Concentricity  and  Thickness  of  Teeth 

of  Transmission  Gears 
A  gear  testing  fixture  designed  especially  for  handling  trans- 
mission gears  and  capable  of  adjustment  so  that  it  can  handle 
various  sizes  is  shown  in  Fig.  14.  The  gear  to  be  tested  is 
held  on  a  bushing  provided  with  a  squared  shank,  which  is 
inserted  in  the  holder  A;  this  holder  is  provided  with  a  cor- 
responding square  hole  and  held  down  in  the  fixture  by  means 
of  plate  B.  An  ejecting  mechanism  comprising  a  handle,  as 
shown,  is  provided  for  raising  the  spindle  of  the  arbor  out 

of    the    bushing 


Fiff.    12.     Sectional  View  showing  Construction  of  Fixture  shown  in  Fig.   10 


when  it  is  de- 
sired to  remove 
the  latter.  The 
testing  device 
consists  pri- 
marily of  a  slide 
C  carrying  two 
teeth  of  a  rack 
D.  The  latter  is 
held  to  the  slide 
by  means  of 
screws,  as 
shown,  so  that  it 
can  be  removed 
and  rack  teeth 
of  the  desired 
pitch  and  shape 
substituted  to 
suit  the  work 
to  be  handled. 
The  testing  is 
done  by  means 
of  a  Lowe  test  indicator  which  is  held  on  bracket  E.  This 
indicator  is  constructed  somewhat  differently  from  that  ordi- 
narily supplied,  the  shank  being  cut  off  short,  as  shown,  and 
the  multiplying  lever  F  bearing  against  pin  G,  which  is  driven 
into  movable  slide  G.  A  handwheel  H  attached  to  a  shaft 
which  carries  a  pinion  I  meshing  in  a  rack  in  the  lower  sur- 
face of  the  slide  is  used  for  adjusting  it  back  and  forth  to 
suit  the  size  of  gear  being  tested.     It  will  be  understood,  of 
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course,  when  testing  the  gear  that  after  the  latter  has  been 
placed  on  the  arbor  and  the  arbor  inserted  in  the  hole  in  the 
bushing  A,  handwheel  H  is  operated  to  bring  the  rack  teeth  D 
up  in  contact  with  the  gear.  The  gear  is  then  rotated  by  hand 
and  the  movement  of  the  indicator  K  noticed,  and  if  the  gear 
runs  out  more  than  ±  0.0015  inch  it  is  rejected.  This  indi- 
cator, of  course,   is  set  by  means  of  a  master  ground   gear. 

Fixture  for  Testlngr  Concentricity  of  Pinion  Shafts 

An  interesting  fixture  for  testing  the  concentricity  of  pinion 
shafts  is  shown  in  Fig.  16.  This  comprises  a  base  A  carrying 
a  tailstock  and  headstock  B  and  C,  respectively;  in  tailstock  B 
is  a  rigid  male  center,  and  in  headstock  C  an  indicating  center. 
The  pinion  shaft  E  to  be  tested  is  mounted  on  these  two  cen- 
ters. Located  in  a  plane  at  right  angles  to  the  slide  of  the 
main  body  of  the  fixture  is  a  slide  F,  which  carries  the  master 
gear  G  and  a  dial  indicator  H.  The  teeth  in  the  pinion  are 
kept  in  mesh  with  the  master  gear  by  means  of  a  spring  be- 
hind slide  F.  A  bracket  on  the  rear  side  of  the  fixture  car- 
ries a  second  dial  indicator  I,  the  spindle  of  which  is  brought 
in  contact  with  the  ground  bearing  of  the  pinion  shaft.  The 
third  indicator  shown  projecting  from  the  headstock  at  J,  and 
shown  in  detail  in  Fig.  15,  is 


of  the  multiplying  lever  indi- 
cating type. 

As  shown  in  Fig.  15,  this 
indicator  comprises  a  sleeve 
A,  which  is  made  a  good  fit 
for  the  hole  in  the  head- 
stock  C,  Fig.  16.  It  carries  a 
cone-pointed  bushing  B,  which 
projects  from  the  headstock, 
the  pinion  shaft  being  tested 
having  a  hole  so  that  the  cone 
bushing  supports  it  on  the  op- 
posite end  from  the  rigid  cen- 
ter. It  should  be  mentioned 
that  the  cone-center  in  the 
hole  has  been  ground  by  lo- 
cating the  pinion  shaft  from 
the  bearing  at  the  rear  of  the 
pinion.  Sleeve  A,  Fig.  15,  is 
slabbed  down  on  the  front  end 
and  machined  to  carry  the  in- 
dicating needle  G.  This,  as 
shown,  carries  an  indicator 
point  D,  which  can  be  ad- 
justed to  suit  the  diameter  of 
the  hole  in  the  work  and  is 
locked  by  the  nut  shown.  The 
rear  end  of  needle  G  is  pointed 
and  moves  over  an  index 
plate  E,  which  is  provided 
with  graduations  spaced  0.069  inch  apart.  The  multiplying 
lever  has  a  ratio  of  %  to  8%  inches,  or  69  to  1,  so  that  each 
graduation  on  the  scale  represents  0.001  inch  error  in  the  work. 
The  tolerances  on  this  part  are:  concentricity  of  pitch  circle  of 
teeth,  ±  0.0015  inch;  tolerance  for  eccentricity  of  bearing, 
±  0.0005  inch;  tolerance  for  eccentricity  of  hole,  ±  0.0005  inch. 

In  operation,  the  pinion  E,  Fig.  16,  is  located  between  the 
centers,  screw  K  being  adjusted  to  eliminate  end  play  between 
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Fig.    15.      Details   of   Multiplying   Lever   Indicator   J,    Fig.    16 


Fig.    16.     Fixture    for    testing    Concentricity    oi    Pinion    Sliaft 

the  centers.  The  pinion  shaft  is  then  rotated  in  mesh  with 
the  master  gear,  and  the  various  indicators  show  the  following 
results:  indicator  H  tests  the  accuracy  of  the  pitch  diameter 
and  spacing  of  the  teeth;  /  tests  the  concentricity  of  the  bear- 
ing in  relation  to  the  hole;  and  J  tests  the  truth  of  the  hole 
in  relation  to  the  shank  bearing  diameter.  In  this  way 
each  important  part  of  the  pinion  shaft  can  be  tested  and 
held  to  close  limits.  On  gears  of  this  type  the  maximum  ec- 
centricity is  0.003  inch. 

____^  Precision  Spur  Gear  Testing- 
Fixture 
Fig.  17  shows  a  precision 
gear  testing  device  for  spur 
gears.  It  tests  the  following 
elements  of  the  gear:  pitch 
diameter;  truth  of  pitch  diam- 
eter with  hole;  thickness  of 
teeth  on  the  pitch  line;  and 
parallelism  of  teeth  with  axis 
of  gear. 

In  this  fixture  revolving 
stud  A  is  mounted  in  a  fixed 
position  and  forms  a  basis 
from  which  the  principal  di- 
mensions are  checked.  The 
removable  plug  B,  which  is 
mounted  on  the  sliding  block 
G  that  slides  in  the  ways  I>, 
is  located  in  relation  to  stud  A 
by  the  locating  pin  E.  Blocks 
G  and  F  are  connected  by  two 
bolts,  only  one  being  visible 
in  the  illustration.  One  end 
of  the  bolts  is  screwed  into 
block  C,  while  the  other  end 
is  a  free  fit  in  block  F.  The 
blocks  are  normally  separated 
by  two  springs  on  the  bolts, 
the  function  of  which  will 
be  explained  later. 
The  indicating  mechanism  Q  is  located  in  relation  to  plug  B 
by  the  vernier  B..  The  scale  of  the  vernier  is  fastened  to 
block  G,  while  the  vernier  is  fastened  to  part  /,  making  it 
integral  with  the  indicating  mechanism.  The  vernier  and  in- 
dicating mechanism  are  adjusted  by  nuts  K.  The  part  J  is 
secured  in  the  T-slot  by  the  nut  directly  below  it,  and  is  ad- 
justable along  the  slot,  which  extends  the  full  length  of  the 
fixture.  The  indicating  mechanism  and  vernier  are  locked  by 
nuts  L;  the  indicating  mechanism  is  adjusted  vertically  on 
the  pillars  .¥  and  secured  by  thumb-screws  V. 

In  operation,  a  master  gear  is  placed  on  driving  stud  A, 
and  the  gear  to  be  tested  on  plug  B,  being  free  to  revolve  on 
the  latter.  The  locating  pin  E  is  then  inserted  in  the  proper 
hole  along  the  edge  of  gib  0,  thus  locking  block  F  securely 
and  locating  the  two  blocks  in  the  proper  relation  to  each 
other.  The  gear  is  now  revolved  by  the  master  gear,  which 
is  rotated  by  a  handle  on  the  squared  end  of  the  stud.  The 
indicator  then  shows  if  the  teeth  are  concentric  with  the  hole, 
and  if  the  pitch  diameter  is  correct.  While  block  F  is  locked 
to  gib  0,  block  C  is  free  to  move  within  certain  limits.  This 
movement  is  indicated  on  dial  P  by  the  multiplying  levers. 
If  the  size  of  the  gear  varies  or  if  it  is  out  of  round,  block  G 
will  slide  back  and  forth  against  the  tension  of  the  springs. 
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thus  imparting  move- 
inoiU  to  the  indicating 
lever. 

Tlie  removable  gage  Q, 
for  measuring  the  thick- 
ness of  the  teeth,  is  held 
against  them  by  spring 
tension;  any  variation 
will  then  be  shown  upon 
the  dial  by  means  of  the 
multiplying  lever.  For 
testing  the  parallelism  of 
the  teeth  and  axis,  the 
mechanism  is  slid  up  or 
down  along  the  pillars  M. 
The  indicating  needles, 
of  course,  are  set  at  zero 
by  means  of  a  carefully 
machined  and  checked 
master  gear,  prior  to 
testing  the  gears. 


Fig.    17,     Device  for  testing  Fitch   Diameter,  Concentricity  of  Bearings,  Tooth  Thick- 
ness at  Pitch  Line  and  Parallelism  of  Teeth  with  Axis  of  Gear 


Fixture  for  Testing  Involute  Curve  of  Spur  Gear  Teeth 

Many  interesting  devices  have  been  developed  for  testing 
spur  gears,  especially  the  shape  of  the  involute  curve  on  the 
teeth.     One  method  consists  in  rolling  the  spur  gear  in  con- 


mechanism.  This  slide, 
it  will  be  noticed,  has  a 
rack  attached  to  its  lower 
surface  connecting  witli 
the  segment  gear  J  that 
is  operated  by  handle  K. 
For  testing  the  accuracy 
of  the  Involute  curve,  the 
gear,  together  with  the 
two  disks,  is  rolled  along 
the  straightedges  and  the 
teeth  are  brought  into  con- 
tact with  the  tooth  point- 
er L  of  the  multiplying 
lever  M.  This  lever  trans- 
mits a  movement  to  the 
needle  of  the  indicator. 
The  multiplying  lever  has 
a  ratio  of  10  to  1  and  the 
indicator  is  graduated  in 
thousandths  inch,  so  that 
each  graduation  on  the  indicator  represents  0.0001  inch  varia- 
tion in  the  shape  of  the  curve.  One  objection  to  this  device 
is  the  shape  of  the  indicator  pointer  L.  Instead  of  being 
rounded,  this  should  be  made  to  a  sharp  point  so  as  to  trace 
the  involute  curve  without  introducing  any  error. 


I 


Fig.   18.     Fixture  for  testing  Involute  Curve  of  Spur  Gear  Teeth 


tact  with  a  master  and  determining  whether  it  is  correct  or 
not  by  the  feel.  Another  interesting  device,  which  is  shown 
in  Fig.  18,  determines  the  shape  of  the  involute  curve  in  such 
a  manner  that  the  amount  of  error  can  be  read  off  on  an  indi- 
cator in  thousandths  inch.  This  device,  it  will  be  noticed,  con- 
sists of  a  base  A  in  which  a 
dovetail  slide  B  is  operated  by 
handle  C.  This  slide  has  a 
carefully  machined  slot  in  its 
top  face,  in  which  a  disk  D 
rotates.  Disk  D  is  attached 
to  a  spindle  E,  which  carries 
the  gear  to  be  inspected,  and, 
in  addition,  two  hardened, 
ground  and  lapped  disks  F 
and  O.  These  disks  run  on 
straightedge  H  and  are  made 
equal  in  diamjeter  to  the  base 
•circle  from  which  the  in- 
volute curve  on  the  gear 
teeth  is  laid  out. 

Located  at  right  angles  to 
slide  B  is  a  secondary  slide  I 
that    carries    the    indicating 


Fig.   IB.      MacCord  Odontoscope  for  testing  Involute  Curve  of  Gear  Teeth 


Another  use  of  this  testing  fixture  is  to  determine  whether 
the  teeth  of  the  gear  are  in  line  with  the  axis  or  not.  To 
make  this  test  the  gear  and  the  member  to  which  it  is  attached 
are  held  rigidly  on  the  straightedges.  Handle  K  is  operated 
so  that  slide  /  is  moved  back  and  forth,  passing  the  indicator 

point  across  the  face,  of  the 
tooth,  and,  of  course,  in  line 
with  the  axis.  In  this  way 
the  straightness  of  the  tooth 
surfaces  in  relation  to  the 
axis  of  the  hole  in  the  gear 
can  be  accurately  tested. 

MacOord  Odontoscope  for  Test- 
ing Gear  Teeth  Involute  Curve 
Another  system  for  testing 
the  truth  of  involute  curves  is 
by  means  of  the  MacCord 
odontoscope,  shown  in  the 
diagram  Fig.  19.  By  this 
method  it  is  possible  to  test 
the  accuracy  of  the  involute 
curve  to  a  nicety.  The  fix- 
ture consists  of  two  templets 
A  and  B,  which  are  cut  out 
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Fig.    20.     Fixture   for   testing   Spur    Gears   for   Noise    under   Load 

of  fairly  thick  sheet  metal  and  correspond  to  the  teeth  of  a 
pair  of  gears.  These  are  secured  to  arms  turning  about  the 
axes  G  and  D,  the  distance  between  which  is  adjustable. 
Shaft  B  carries  a  graduated  segment  K,  which  may  be  slowly 
rotated  by  arm  L  and  tangent  screw  E  or  any  other  equivalent 
device.  Motion  is  thus  communicated  to  C,  the  teeth  A  being 
kept  in  contact  with  B  by  a  light  weight  or  spring,  not  shown. 
Cylindrical  barrels  F  and  G  are  accurately  turned  to  the 
same  diameter  as  the  pitch  circle  from  which  the  involute 
curves  are  struck  off.    F  is  fixed  on  the  axis  C,  while  O  car- 


Fig. 


21.     Fixture  used  in  testing  Large  Bevel  Ring  Gears  for  Truth  after 
grinding  Back   and  Front   Faces 


K^ 


ries  a  pointer  H  that  turns  freely  on  axis  D  and  is  connected 
by  a  spring,  not  shown.  The  tendency  is  to  wind  the 
fine  flexible  wire  /  up  on  G,  which  is  secured  to  both 
barrels  in  the  manner  of  a  cross  belt.  It  will  thus  be 
seen  that  barrels  F  and  G  turn  In  opposite  directions 
■with  a  constant  velocity  ratio.  The  velocity  ratio  of 
C  and  D,  however,  is  determined  by  the  templets  A 
and  B  that  will  not  remain  in  mesh  unless  the  con- 
tour of  the  teeth  is  strictly  conjugate.  While  turn- 
ing the  tangent  screw  in  one  direction  or  the  other, 
it  is  possible  to  examine  the  action  during  the  arc  of 
approach  or  retreat  of  the  teeth,  and  if  the  templets 
are  correctly  formed,  the  segment  K  and  pointer  E 
will  move  at  the  same  rate  and  in  the  same  direc- 
tion, so  that  if  the  pointer  is  set  at  zero  in  the 
graduated  arc  it  will  remain  at  zero  throughout  the 


action,  any  movement  indicating  an  inaccuracy  in  the  shape 
of  the  involute  curve.  For  actual  work  the  sensitiveness  of 
the  involute  is  increased  by  introducing  multiplying  gears  be- 
tween barrels  C  and  G,  thus  producing  a  greater  deflection 
of  needle  H  for  a  given  magnitude,  and  causing  minute  errors 
to  be  indicated. 

Testing  Spur  Gears  for  Noise  under  Load 

After  the  gears  are  cut  and  inspected  for  other  defects,  they 
are  generally  given  a  noise  test.     In  making  this  test  it  is 
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Fig.    22. 


Running    Test    for    Noise    on    Bevel    Ring    Gears    and    Pinion, 
accomplished   by   Hand 


the  general  practice  to  hold  the  gears  to  be  tested  in  some 
sort  of  fixture  in  which  a  load  can  be  applied  while  the  gears 
are  running  at  high  speed.  It  is  also  customary  to  have  the 
load  either  approximate  or  exceed  that  which  will  be  carried 
by  the  gear  under  actual  working  conditions.  Fig.  20  shows 
a  gear  testing  fixture  for  spur  gears  which  embodies  the  fea- 
tures just  mentioned.  This  consists  of  a  base  carrying  three 
slides.  The  slides  at  the  rear,  which  are  guided  by  ways  on 
the  bed,  are  held  accurately  in  line  with  each  other  and  are 
gibbed  to  the  bed.  The  right-hand  bracket  carries  a  dead 
center  and  the  left-hand  bracket  a  driving  center,  rotated  by 
the  pulley  shown.  The  gear  to  be  tested  is  held  on  a  mandrel 
and  is  in  mesh  with  another  gear  held  on  a  spindle  that  rotates 
in  bronze  bearings.  The  outer  end  of  this  spindle  carries  a 
disk  and  band  brake. 

In  operation,  the  gear  to  be  tested  is  located  as  shown,  and 
the  gear  on  the  spindle  is  brought  into  mesh  with  it  by  the 
hand-lever  at  the  front  of  the  machine.  The  power  is  turned 
on  slowly  at  first  and  then  gradually  increased.  At  the  same 
time  the  band  is  tightened  on  the  disk  to  increase  the  power 
required  to  rotate  the  gear  on  the  spindle.  The  operator  mean- 
while observes  closely  the  noise  produced.  If  this  is  in  the 
nature  of  a  singing  hum,  the  gear  is  all  right,  but  if  it  is 
an  intermittent  noise  or  clash,  it  indicates  that  the  teeth  are 
unevenly  spaced,  eccentric  with  the  hole  or  incorrectly  formed. 

Testing-  Bevel  Drive  Ring-  Gears 

Several  methods  are  employed  for  testing  bevel  drive  ring 
gears  for  automobile  transmissions.  One  of  the  most  im- 
portant tests  is  to  determine  within  fixed  limits  the  relation 


Fig.  23.     Special  Fixture  for  testing  Running  Action  of  Bevel  King  Gear  and  Pinion 
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Fig.   24.    Fixture   for   testing  Eocentriclty  of   Steering   Gear   Sector 


of  the  teeth  to  the  back  face  and  hole.  In  the  helical  type 
of  ring  gear  this  is  generally  accomplished  by  what  is  known 
as  a  ball  test.  The  ring  gear  to  be  tested  is  fastened  by  the 
bolt  holes  to  a  carefully  ground  ring,  which  forms  a  part  of 
the  fixture  and  is  free  to  rotate.  The  inspecting  is  done  by 
means  of  a  dial  test  indicator  held  in  an  arm,  in  the  lower 
or  measuring  end  of  which  is  a  carefully  ground  and  lapped 
ball  that  Is  brought  in  contact  with  the  teeth  being  tested. 
The  spindle  carrying  the  ball  is  kept  in  contact  with  the  gear 
teeth  by  means  of  a  stiff  spring,  and  the  ball  is  raised  up  out 
of  contact  with  the  teeth  by  a  lever.  The  spaces  between  the 
teeth  are  tested  in  this  way  after  the  gear  has  been  hardened, 
and  the  gear  is  allowed  to  run  out  about  0.003  inch. 

Testing-  Ground  Paces  of  Bevel  Ring  Gears 

In  grinding  the  rear  face  of  a  bevel  ring  gear,  it  is  the  usual 
practice  to  locate  the  gear 
from  the  pitch  line  of  the 
teeth  by  means  of  accurate 
balls.  After  the  front  and 
rear  faces  and  hole  have  been 
ground,  the  gear  is  tested  in 
the  manner  shown  in  Fig.  21. 
This  fixture  consists  of  a  cast- 
iron  base  A  to  which  a  hard- 
ened and  ground  steel  ring  B 
is  fastened.  In  the  top  face 
of  this  ring  are  carried  steel 
balls  on  which  the  gear  rests. 
The  ring  gear  is  located  from 
the  hole  by  a  hardened  and 
ground  stud  C,  which  is 
fastened  to  the  cast-iron  base. 

The  test  for  truth  is  accom- 
plished with  the  test  Indica- 
tor D  held  in  the  bracket  E. 
Bracket  E  is  free  to  swing 
about  the  stud  on  which  it  is 
mounted  when  the  clamp 
shown  is  released.  The  in- 
spector, in  testing  for  truth, 
rotates  the  gear  on  the  balls 
as  shown  in  tlie  illustration, 
and  at  the  same  time  watches 
the  movement  of  the  indica- 
tor needle  to  see  if  any  inac- 
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Fig.  25. 


curacy  has  been  caused  by  the  grinding  operation.  As  extreme 
accuracy  in  this  part  is  necessary,  a  duplicate  fixture  is  used 
in  the  grinding  department  by  the  operator  (the  one  who 
grinds  the  inside  face  of  the  gear)  to  determine  if  the  final 
grinding  operation  is  correct  before  the  gears  leave  the  grind- 
ing department. 

Testing  Bevel  Drive  Gears  for  Noise  under  Load 

Bevel  drive  gears  are  given  a  noise  test  in  a  similar  manner 
to  that  described  in  connection  with  transmission  gears.  Sev- 
eral devices  have  been  developed  for  the  purpose,  one  of  which 
is  shown  in  Fig.  22.  This  is  made  out  of  a  discarded  Lincoln 
type  milling  machine.  The  testing  fixture  coniprises  two 
brackets  held  on  the  table,  and  a  special  holder  on  the  spindle 
for  the  ring  gear.  The  brackets  A  and  B  which  carry  centers 
for  supporting  the  pinion  arbor  are  held  to  the  special  table  C 

by  T-bolts  and  nuts.  The 
bracket  A  is  provided  with  a 
wing-nut,  so  that  it  can  be 
easily  removed  to  insert  and 
remove  the  work. 

The  ring  gear  is  held  in  a 
similar  manner  to  that  em- 
ployed in  the  Gleason  bevel 
gear  generator,  being  located 
from  the  front  inside  face  by 
a  shoulder  plate  D  to  which 
the  gear  is  bolted.  ,  Spring 
pins  located  in  the  special 
faceplate  E  are  also  used  to 
support  the  rim  of  the  gear. 
The  machine  is  provided  with 
a  special  hardened  and  ground 
spindle  on  which  the  ring 
gear  fixture  is  retained.  The 
spindle  is  hollow  and  a  pull- 
rod  passing  through  it  is 
used  to  clamp  the  gear  and 
shoulder  plate  D  up  against 
the  fixture.  To  the  rear  end 
of  the  spindle  is  attached  the 
handle  F,  which  is  used  to 
rotate  the  ring  gear  that 
meshes  with  the  pinion  held 
on  the  arbor.  In  use,  the 
operator  brings  the  ring  gear 
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Fixture  for  testing  Center  Distance  of  Steering  Gear  Sector  and 
Worm 
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and  its  mating  pinion  into  niesli,  and  then  rotates  the  handle  F 
slowly,  listening  carefully  to  find  out  at  which  points  of  the 
rotation  noise  is  produced  or  where  the  teeth  bear  hard.  In 
addition  to  this,  the  ring  gear  and  mating  pinion  are  given 
a  noise  test  under  load,  while  being  rotated  at  a  high  speed. 

Testing:  Runniner  Action  of  Bevel  Drive  Gears 

A  bevel  ring  gear  and  pinion  must  be  accurately  mounted 
to  give  satisfactory  results,  and  in  order  to  determine  whether 
the  gear  will  run  correctly  or  not  when  mounted,  it  is  ad- 
visable in  most  cases  to  test  the  gear  under  actual  working 
conditions  in  a  special  fixture  that  has  been  designed  for  the 
purpose,  and  so  arranged  that  any  errors  in  the  ring  gear 
are  magnified.  A  simple  testing  device  which  gives  satisfac- 
tory results  is  shown  in  Fig.  23,  and  consists  of  a  base  A  upon 
which  is  mounted  an  adjustable  bracket  B  that  carries  the 
bevel  pinion,  and  a  bracket  C  that  carries  the  ring  gear.  The 
pinion  shaft  D  is  driven  by  a  worm-wheel  E,  which,  in  turn, 
receives  power  from  a  worm  held  on  shaft  F,  the  latter  being 
rotated  by  handwheel  G.  Mounted  upon  fixture  C  is  the  bevel 
ring  gear,  which  is  mounted  so  that  it  is  free  to  be  rotated 
by  the  pinion.  Located  on  the  spindle  to  which  the  ring  gear 
is  attached  is  a  fine-pitch  spur  gear  H  which  meshes  with  a 
pinion  held  in  a  bracket  /.  The  ratio  between  this  spur  gear 
and  pinion  is  10  to  1.  Located  on  the  pinion  shaft  is  a 
pointer  J  which  rotates  around  the  graduated  dial  K,  the 
latter  being  attached  directly  to  the  bracket  /. 

In  operation,  the  pinion  and  bevel  ring  gear  are  carefully 
mounted  and  then  handwheel  G  is  rotated  at  a  uniform  speed. 
If  the  bevel  pinion  and  ring  gear  are  properly  cut  and  in  cor- 
rect mesh,  the  indicator  J  will  travel  over  the  dial  K  with  a 
steady,  uniform  motion.  On  the  other  hand,  if  the  meshing 
is  incorrect,  corresponding  with  incorrect  mounting  in  use, 
the  pointer  will  move  over  the  dial  with  a  jerky,  irregular 
motion.  The  block  B  carrying  the  horizontal  pinion  shaft  is 
adjustable  so  that  the  gears  can  be  made  to  mesh  incorrectly 
in  order  to  study  the  effect  of  this  action.  The  fixture  is  so 
designed,  however,  that  there  is  one  correct  position  that 
cannot  be  varied  more  than  0.001  inch. 

Testing-  Fixture  for  Steering-  Worm  Sectors 

Fig.  24  shows  a  testing  fixture  which  is  used  for  determining 
the  amount  of  eccentricity  of  a  steering  worm  sector,  as  used 
on  the  Cadillac  motor  car.  This  particular  steering  worm 
sector  is  made  eccentric  so  that  by  adjusting  an  eccentric  bush- 
ing any  wobble  can  be  taken  up  in  the  steering  sector  until 
It  has  been  worn  down  to  an  "equal  radius."  The  teeth  on 
this  sector  are  not  concentric  with  the  shank,  and  as  they 
wear  more  in  the  center  than  at  either  "end,  this  allowance 
for  adjustment  is  necessary.  In  order  to  check  up  the  amount 
of  eccentricity  on  this  sector,  a  special  testing  fixture  has 
been  devised  as  shown  in  Fig.  24.  Here  the  steering  worm 
sector  is  shown,  by  heavy  dotted  lines,  mounted  in  two  V-blocks 
and  held  down  just  tight  enough  to  prevent  any  loose  motion 
by  means  of  a  toe-clamp  A  and  nut  B.  The  sector  is  then 
swung  around  past  the  rack  tooth  C,  which,  of  course,  con- 
tacts with  the  teeth  in  the  sector.  The  amount  that  the 
center  of  the  worm  is  eccentric  with  the  two  extreme  ends 
of  the  sector  is  then  determined  accurately  by  means  of  the 
dial  test  indicator  D,  which  is  acted  upon  by  the  pin  E  held 
in  the  slide  F.  This  slide  is  moved  up  against  the  tension  of 
spring  H  by  pulling  on  button  O. 

Fixture  for  Testing-  Center  Distance  of  Steering  Sector 
and  Worm 
After  the  amount  of  eccentricity  of  the  worm  sector  has 
been  tested  in  the  fixture  shown  in  Fig.  24,  the  next  step  is 
to  test  the  center  distance  of  the  worm  in  connection  with  the 
sector,  working  the  latter  on  the  high  point,  as  indicated  in 
Fig.  25.  Here  it  will  be  noticed  that  the  worm  is  held  on  a 
shaft  A  provided  with  a  key  for  driving  it,  this  shaft,  in  turn, 
being  rotated  by  handle  B.  The  sector  is  held  in  a  swinging 
member  or  arm  C  operated  by  handle  D.  The  worm  Is  placed 
on  shaft  A,  sector  E  is  then  placed  in  swinging  arm  C,  and 
the  latter  is  swung  in  until  the  sector  meshes  properly  with 
the  worm.  From  time  to  time  this  fixture  is  tested  and  set 
by  a  master  sector  and  worm  and  then  a  reading  is  taken 


on  the  dial  test  indicator  /•'.  When  the  work  being  tested  Is 
put  in  this  fixture,  the  needle  must  indicate  within  ±  0.001 
inch  of  the  zero  point  registered  by  the  master.  In  order  to 
see  that  the  worm  is  not  eccentric,  it  is  rotated  by  means  of 
handle  B,  and  as  the  swinging  arm  0  is  only  held  in  by  means 
of  the  hand,  the  eccentric  movement  of  the  sector  is  easily 
taken  care  of  as  the  arm  is  forced  back  by  the  rotation  of 
the  worm.  This,  of  course,  gives  an  indicating  reading  on 
the  dial  test  indicator,  and  the  amount  of  eccentricity  can  also 
bo  determined  in  the  same  fixture. 

*  «     « 

SOME    CAUSES   OF   INEFFICIENCY 

BY  CLARENCE    F.    GETZLAFF  ' 

All  machine  shops  are  endeavoring  to  attain  100  per  cent 
efficiency,  but  from  the  writer's  point  of  view — which  is  that 
of  a  machinist — a  wrong  starting  point  is  usually  taken.  Most 
managements  seem  to  think  that  feeds  and  speeds  are  the  sole 
factors  of  efficiency  and  production.  Although  the  writer  be- 
lieves that  a  machine  should  produce  all  there  is  in  it,  the 
minute  a  machine  is  crowded  to  its  utmost  capacity  it  is  being 
forced  beyond  the  laws  of  tolerance.  Furthermore,  burning 
up  tool  steel  never  resulted  in  efficient  production. 

More  time  is  wasted  on  setting  up  a  job  than  on  almost  all 
other  operations  combined,  for  the  simple  reason  that  a  fore- 
man cannot  watch  a  man  as  closely  on  the  preparatory  work 
as  he  can  on  the  actual  running.  But  it  is  not  only  the  ma- 
chinists that  keep  down  efliciency;  the  foremen  are  also  at 
fault.  Some  of  them  are  so  impatient  that  the  minute  a  cast- 
ing for  which  they  happened  to  be  waiting  comes  into  the 
shop,  they  compel  a  machinist  to  break  up  a  job  to  get  out  the 
rush.  This  means  setting  up  the  first  job  twice,  which  is  likely 
to  cost  thousands  of  dollars  a  year. 

Much  time  is  also  lost  in  the  tool-room  waiting  for  tools 
that  are  stored  on  the  shelves  without  a  number  or  other 
means  of  identifying  them,  so  that  they  must  be  looked  for 
until  found.  Tools  are  also  often  brought  back  to  the  tool- 
room in  a  broken  or  burned  condition,  but  are  accepted  by 
the  tool-room  "jack"  on  account  of  his  lack  of  knowledge  of 
these  things.  And,  strange  to  say,  drill-press  tables  are  still 
used  as  anvils  and  lathe  beds  as  tool  and  file  racks. 

In  a  good  many  shops  there  is  a  lack  of  judgment  in  regard 
to  lubricating  and  cleaning  the  machines.  In  one  shop,  where 
the  power  was  supplied  by  a  five-horsepower  gasoline  engine, 
the  writer  called  the  attention  of  the  owner  to  the  fact  that 
the  engine  was  badly  in  need  of  repair.  But  the  owner  simply 
said,  "Oh,  she  is  getting  weak  in  the  joints,  but  she  is  still 
doing  business."  How  long  is  a  machine  allowed  to  do  busi- 
ness after  its  bearings  are  worn,  and  how  does  it  run  after 
it  comes  out  of  the  repair  shop? 

*  *     * 
WIDE-FACE  GRINDING  WHEELS 

A  comparatively  short  time  ago  a  grinding  wheel  with  a 
1%-inch  or  2-inch  face  was  considered  a  wide-faced  wheel, 
but  the  demand  for  greater  production  and  lower  manufact- 
uring costs  has  brought  wider  and  wider  wheels  into  use, 
and  now  wheels  ranging  from  3  to  12  inches  face  are  common. 
Their  introduction  has  brought  about  a  change  in  machine 
design  and  construction;  more  power  and  greater  weight  and 
rigidity  are  essential.  The  spindles  must  be  of  the  best  ma- 
terial, with  ample  bearing  surfaces  and  large,  well  made 
boxes.  Greater  economy  in  the  production  of  special  shapes 
(form  grinding)  has  resulted  from  the  wide  wheel  practice. 
Production  has  been  increased  and  the  field  of  cylindrical 
grinding  has  been  widened.  Work  up  to  10  inches  long  is  now 
ground  with  a  wheel  of  10-inch  face  without  traversing.  The 
non-traversing  method  is  correct  for  all  work  that  does  not 
have  an  exceedingly  close  limit,  or  which  is  not  so  delicate  and 
frail  that  it  is  not  practicable  to  take  the  extra  heavy  cut. 
Longer  work  than  10  inches  is  traversed  with  advantage,  but 
even  then  production  is  increased  by  the  use  of  wide  wheels, 
provided  the  traverse  of  the  work  is  practically  equal  to  the 
width  of  the  wheel  for  each  revolution  of  the  work. — Howard 
W.  Dunbar  in  "Grits  and  Grinds." 
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MOLYBDENUM   AND    ITS   USE   IN   STEEL' 

Molybcleuuiu  is  said  to  impart  remarkable  drawing  qualities 
to  uickol  steel,  and  to  make  armor  plate,  when  ajinealed,  more 
readily  planed,  at  the  same  time  increasing  the  strength  of 
the  hardened  steel.  Its  effect  on  steel  is  similar  to  that  of 
tungsten,  but  it  is  much  more  active.  While  molybdenum  is 
as  abundant  as  tungsten  and  costs  only  one-third  as  much,  its 
use  in  steel  manufacture  has  been  greatly  retarded  by  the  poor 
results  obtained  by  the  first  experimenters;  but  these  results 
were  due  to  impurities  in  the  molybdenum  and  to  the  heat- 
treatment  given  to  the  steels. 

Pure  molybdenum  is  a  malleable  white  metal  that  will  not 
scratch  glass  and  is  suflSciently  soft  to  be  filed  and  polished. 
Its  exact  melting  point  is  not  known.  The  Bureau  of  Stand- 
ards has  placed  it  at  about  2500  degrees  C.  Osmium,  tanta- 
lum, and  tungsten  are  the  only  metals  with  higher  melting 
points.  Its  specific  gravity  increases  appreciably  with  the 
amount  of  mechanical  working  to  which  it  is  subjected.  The 
General  Electric  Co.  has  found  that  the  specific  gravity  of 
ductile  molybdenum  before  drawing  is  10.02;  and  after  draw- 
ing, 10.04  for  a  wire  3.75  millimeters  in  diameter,  and  10.36 
for  a  wire  0.038  millimeter  in  diameter.  The  tensile  strength 
of  molybdenum  wire  0.0028  inch  in  diameter  is  from  230,- 
000  to  270,000  pounds  per  square  inch;  of  tungsten  wire  of 
the  same  size,  480,000  to  530,000  pounds;  and  of  hard-drawn 
piano  wire  0.003  inch  in  diameter,  507,000  pounds. 

Molybdenum  produced  by  the  reduction  of  molybdic  oxide 
with  carbon  in  an  electric  furnace  does  not  possess  the  same 
physical  properties  as  pure  molybdenum,  owing  to  its  absorp- 
tion of  carbon.  It  is  gray,  brittle,  very  hard,  scratches  steel 
and  quartz,  and  has  a  much  lower  melting  point  and  specific 
gravity  than  the  pure  metal.  When  pure  molybdenum  is-^ur- 
rounded  with  carbon  and  heated  to  about  1500  degrees  C,  it 
absorbs  carbon  and  becomes  hard;  when  carbon-bearing 
molybdenum  is  melted  with  molybdenum  dioxide,  the  product 
takes  on  the  physical  properties  of  the  pure  metal. 

Molybdenum  increases  the  tendency  of  steel  to  harden  on 
cold-working  and  the  effects  of  oil  quenching  followed  by  tem- 
pering, but  the  effect  produced  depends  to  a  large  degree  on 
the  treatment  of  the  steel.  Molybdenum  considerably  increases 
the  tensile  strength  of  normalized  steel  with  only  a  slight 
reduction  of  ductility;  this  infiuence  is  most  marked  in  high- 
carbon  steel.  Hardened  and  tempered  steel  containing  1  to  2 
per  cent  of  molybdenum  shows  very  high  tenacity  values  ac- 
companied by  high  ductility,  but  higher  percentages  of  molyb- 
denum, when  hardened  and  tempered,  make  the  steel  inferior. 

Molybdenum  steel  is  generally  made  by  the  crucible  process 
though  the  electric  furnace  and  the  open-hearth  processes  are 
used.  The  molybdenum  is  added  in  the  form  of  molybdenum 
powder  or  ferro-molybdenum.  The  latter  contains  about  80 
per  cent  of  molybdenum  and  has  a  melting  point  several  hun- 
dred degrees  C.  lower  than  that  of  the  ordinary  commercial 
brands  of  powdered  molybdenum.  Besides,  the  powdered 
metal  seems  to  be  more  prone  to  oxidation  than  the  ferro-alloy, 
but  it  generally  contains  4  or  5  per  cent  of  various  oxides 
of  molybdenum  that  may  aid  in  removing  excess  carbon. 
Molybdenum  is  also  added  in  the  form  of  alloys  of  chromium, 
tungsten,  nickel,  vanadium^  etc.  Standard  alloys  of  this  type 
are  chrome-molybdenum,  which  contains  50  per  cent  of  each 
element;  molybdenum-nickel,  which  contains  75  per  cent 
molybdenum  and  25  per  cent  nickel;  and  ferro-molybdenum- 
tungsten,  which  contains  molybdenum  and  tungsten  in  the  pro- 
portion of  3  to  1.  From  1  to  7  per  cent  vanadium  is  some- 
times added  to  the  last-named  alloy. 

In  the  presence  of  chromium  and  manganese,  molybdenum 
acts  similarly  to  tungsten  and  in  combination  with  either  of 
these  elements  and  carbon  it  produces  a  self-hardening  steel 
that  is  said  to  be  a  little  tougher  than  the  corresponding 
tungsten  steel.  A  typical  steel  of  this  kind  contains  4  to  6 
per  cent  molybdenum,  1  to  2  per  cent  chromium,  and  1.85  per 
cent  carbon.  The  addition  of  molybdenum  also  enables  a  steel 
to  retain  its  temper  and  hardness  at  a  red  heat.  These  quali- 
ties are  developed  by  cooling  the  steel  moderately  fast  from  a 

'Extract  from  the  buUetin,  "Molybdenum;  its  Ores  and  their  Concentra- 
tion," issued  by  the  United  States  Bureau  of  Mines. 


high  temperature  treatment  tliat  prevents  the  usual  critical 
<:liaiiges  and  keeps  the  steel  in  the  austenitic  condition.  Many 
tliiiik  that  high-.speed  steels  produced  with  molybdenum  are 
superior  to  the  corresi)oiuling  tungsten  steels  both  as  regards 
touglmcss  and  durability;  they  also  take  a  fine  cutting  edge. 
The  superior  toughness  of  these  steels  is  attributed  to  the  fact 
that  they  contain  more  iron,  as  less  molybdenum  than  tungsten 
is  used  to  obtain  the  same  result.  Besides,  a  lower  heat  is 
required  in  their  tempering.  If  a  temperature  of  1000  or  1100 
degrees  C.  is  exceeded,  the  life  of  the  tools  may  be  shortened. 

Some  users  claim,  however,  that  molybdenum  tool  steels  are 
likely  to  crack  in  quenching  and  that  they  do  not  hold  their 
cutting  edge  after  retreatment  as  well  as  before.  This 
deterioration  in  the  steel  upon  repeated  heating  for  dressing 
and  treatment  has  been  ascribed  to  the  disappearance  of 
molybdenum  from  the  outer  skin  of  the  steel  through  volatil- 
ization. Others  have  found  that  this  steel  is  likely  to  be 
seamy  and  to  contain  physical  imperfections;  also,  that  it  is 
likely  to  fire-crack  under  treatment.  In  a  few  instances,  ser- 
vice tests  with  these  steels  have  shown  irregular  cutting 
speeds  and  have  indicated  the  tendency  of  the  molybdenum  to 
render  the  tools  brittle  and  weak  in  their  bodies. 

Molybdenum  tool  steels  of  high  carbon  content  require  great 
skill  in  their  preparation,  owing  to  the  difficulty  of  judging 
by  color  the  definite  temperature  required  for  hardening. 
Further,  great  care  is  necessary  in  annealing,  after  it  has  been 
worked  into  bars  and  before  it  is  cut  into  shapes  for  tools, 
previous  to  hardening.  Most  of  these  objectionable  features 
are  probably  due  to  the  use  of  impure  ingredients  in  the  manu- 
facture of  steels  or  to  improper  heat-treatment.  Most  Ameri- 
can manufacturers  use  molybdenum  in  conjunction  with  tung- 
sten, cobalt,  chromium,  manganese,  nickel,  and  vanadium, 
for  many  of  the  difficulties  are  thus  avoided.  Characteristic 
steel  of  this  type  contains  16  to  18  per  cent  tungsten,  1.5  to  2 
per  cent  molybdenum,  4  to  4.5  per  cent  chromium,  and  0.6 
per  cent  carbon.  This  steel  is  said  to  be  superior  in  cutting 
efiiciency  to  the  corresponding  tungsten-chromium  steel  and 
to  have  a  finer  texture.  A  high-speed  steel  in  which  cobalt  is 
used  in  conjunction  with  tungsten,  contains  16  to  18  per  cent 
tungsten,  4  to  5.5  per  cent  cobalt,  and  0.25  to  1.5  per  cent 
molybdenum.  The  addition  of  small  percentages  of  vanadium 
is  said  to  increase  the  strength  and  cutting  efiiciency. 

The  molybdenum  steels  used  in  making  permanent  magnets 
are  similar  in  composition  to  the  high-speed  molybdenum 
steels.  They  generally  contain  from  2  to  3  per  cent  molybde- 
num, 0.5  to  0.7  per  cent  carbon,  and  sometimes  about  0.5  per 
cent  chromium.  Some  of  these  steels,  however,  contain  as 
much  as  6  per  cent  molybdenum.  After  hardening,  these  steels 
retain  their  magnetism  longer  than  hardened  carbon  steel  and 
are  said  to  be  superior  to  tungsten  magnet  steels.  An  alloy 
containing  2  to  5  per  cent  molybdenum,  about  10  per  cent 
chromium,  and  little  or  no  carbon  is  said  to  be  practically  acid- 
proof.  Molybdenum-tungsten-chromium-iron  alloys  have  also 
been  made  that  are  insoluble  in  hydrochloric,  sulphuric,  or 
nitric  acid,  and  an  alloy  containing  60  per  cent  chromium,  35 
per  cent  iron,  and  2  or  3  per  cent  molybdenum  is  said  to  resist 
even  the  action  of  boiling  aqua  regia.  Differences  in  the  heat- 
treatment  of  these  alloys  have  a  great  effect  on  their  acid- 
resisting  qualities.  The  addition  of  molybdenum  gives  a  wider 
heat-treatment  range  and  greater  tensile  strength  to  chrome- 
nickel  steel.  The  high  tensile  strength  and  elastic  limit  of 
steel  containing  1  per  cent  chromium,  2  to  3  per  cent  nickel, 
and  0.25  to  0.5  per  cent  molybdenum  make  them  of  special  value 
for  crankshafts,  propeller  shafts,  and  other  machine  parts  that 
are  subjected  to  alternating  and  repeated  stresses.  These 
steels  are  also  employed  in  the  manufacture  of  guns  of  large 
bore  and  rifle  barrels  as  they  are  highly  resistant  to  the  erosive 
action  of  the  gases  generated  by  the  explosives. 

Small  percentages  of  molybdenum  are  used  in  certain  pat- 
ented non-ferrous  alloys  consisting  essentially  of  chromium 
and  cobalt.  These  alloys  are  known  under  the  trade  name  of 
stellite  and  possess  remarkable  high-speed  qualities  when  used 
for  machine  tools.  They  are  also  employed  for  cold  chisels, 
woodworking  tools,  cutlery,  etc.  Their  use  in  cutlery  is  of 
particular  interest,  as  they  do  not  tarnish  under  atmospheric 
influences  and  are  unaffected  by  fruit  acids. 


visitor  who  is  conducted 

through  the  plant  of  the 

Hoover  Steel  Ball  Co.  of 

Ann  Arbor,  Mich.,  finds 

it  exceptionally  easy  to  become  acquainted  with 

what  is  going  on  in  each  shop,  because,  although 
the  plant  is  large,  it  is  engaged  in  making  a  single  product, 
manufacturing  operations  on  different  sizes  of  balls  being  con- 
ducted in  essentially  the  same  way  throughout.  This  condition 
stands  out  in  marked  contrast  to  that  found  in  plants  engaged 
in  the  production  of  a  variety  of  different  parts,  as  the  manu- 
facturing operations  necessarily  vary,  making  it  more  difficult 
to  see  just  what  is  being  done. 

Fig.  18  shows  the  condition  of  the  product  at  each  step  in 
the  process  of  manufacture,  and  it  will  be  of  interest  to  study 
this  illustration  carefully,  as  it  shows  just  what  is  done  to 
the  balls  by  each  operation  through  which  they  pass  before 
completion.  At  A  is  shown  a  string  of  hot-forged  ball  blanks 
before  they  have  been  sheared  apart,  and  at  B  are  illustrated 
two  ball  blanks  made  by  the  cold-heading  process.  Blanks  pro- 
duced by  either  of  these  methods  are  first  subjected  to  a  rough 
dry-grinding  operation  which  reduces  them  to  an  approxi- 
mately spherical  form,  as  shown  at  C,  although  the  surface  is 
covered  with  a  multitude  of  small  flats  and  scratches  left  by 
the  grinding  wheel.  At  D  are  shown  two  rough-ground  blanks 
after  they  have  been  subjected  to  the  process  of  heat-treatment, 
and  it  will  be  noticed  that  their  appearance  is  essentially  the 
same  as  that  of  the  rough-ground  blanks  shown  at  C  except 
that  the  surface  is  darkened  as  a  result  of  the  heat-treatment. 
Two  blanks  are  shown  at  E,  which  have  received  the  finish 
dry-grinding  after  being  hardened,  and  it  will  be  noticed  that 
the  appearance  of  these  blanks  is  the  same  as  that  of  the 
rough-ground  blanks  G  except  that  the  flats  and  scratches 
are  not  so  pro- 
nounced. At  F 
and  G  are  shown 
two  blanks  that 
have  gone 
through  a  pro- 
cess known  as 
"oil-rolling"  and 
two  blanks  that 
have  been 
through  the  oil- 
gr  indi  ng  pro- 
cess.    The   ap- 


B  C 


Fig.    18.     (A)    String   of   Hot-forged   Ball   Blanks.      (B)    Ball   Blanks   made   by   Cold-heading   Process 

(C)  Rough  Dry-ground  Balls.     (D)  Rough  Dry-ground  Balls  after  hardening.     (E)  Finish 

Dry-ground   Balls       (F)    Oil-rolled    Balls.      (G)    Oil-ground    Balls. 

(H)  Polished  Balls  ready  for  Inspection 


pearance  of  both  these  balls  is  practically  the  same  except 
that  the  oil-ground  balls  have  been  reduced  to  exactly  the 
desired  size.  At  H  are  shown  two  finished  balls  after  being 
polished,  ready  to  be  sent  on  to  the  inspection  department, 
where    they    will    be    subjected    to    a    series    of    rigid    tests. 

Oil-rolling'  Balls  in  Tumbling-  Barrels 
After  receiving  the  finish  dry-grinding,  the  balls  are  of  ap- 
proximately spherical  form,  but  the  surface  is  covered  with 
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flat  spots  and  scratches  left  by  the 
grinding  wheel  and  there  is  still  a 
considerable  amount  of  excess  metal 
on  the  balls  to  be  removed.  The  first 
step  is  to  subject  them  to  a  process  known  as  oil-rolling,  which 
consists  of  tumbling  a  charge  of  balls  in  an  iron  barrel  con- 
taining oil  and  abrasive.  This  oil  and  abrasive  is  refuse  from 
machines  on  which  a  subsequent  operation  known  as  "oil- 
grinding"  is  performed;  this  operation  will  be  described  in 
detail  later,  and  the  nature  of  the  abrasive  will  be  explained 
at  that  time.  Most  of  the  tumbling  barrels  used  in  this  de- 
partment have  capacity  for  a  charge  of  1500  pounds  of  balls, 
and  these  were  built  especially  for  the  Hoover  Steel  Ball  Co.; 
but  some  800-pound  barrels  made  by  the  Baird  Machine  Co. 
of  Bridgeport,  Conn.,  are  also  employed.  Some  of  these  barrels 
are  shown  in  operation  in  Fig.  19.  The  purpose  of  oil-rolling 
is  to  smooth  off  the  flats  and  scratches  left  by  the  dry-grinders 
and  to  remove  excess  stock,  about  0.004  inch  being  allowed 
for  removal  in  the  oil-grinding  operation.  Balls  up  to  lYz  inch 
in  diameter  are  given  this  oil-rolling  treatment. 

It  is  necessary  to  leave  the  balls  in  these  tumbling  barrels 
from  twenty  to  thirty-six  hours,  according  to  the  amount  of 
stock  that  must  be  removed,  and  as  each  ball  rotates  in  such  a 
way  that  its  entire  surface  is  uniformly  exposed  to  the  action 
of  the  abrasive  and  of  the  balls  adjacent  to  it,  this  treatment 
results  in  the  production  of  perfect  spheres.  Experience  en- 
ables the  foreman  of  the  oil-rolling  department  to  judge  with 
considerable  accuracy  the  length  of  time  that  it  is  necessary 
to  leave  balls  in  the  tumbling  barrels  in  order  to  reduce  them 
to  the  proper  size  for  oil-grinding.  When  this  time  has  almost 
expired,  a  number  of  balls,  selected  at  random  from  the  con- 
tents of  each  barrel,  are  taken  out  and  measured  with  a 
micrometer  in  order  to  see  how  closely  they  approach  the  re- 
quired size.  The 
oil -rolling  is 
then  continued 
with  successive 
gagings  until  the 
balls  have  been 
reduced  to  the 
required  dimen- 
sion plus  0.004 
inch,  after  which 
they  are  re- 
moved from  the 
barrels,  cleaned, 
and  then  taken  to  the  oil-grinding  department.  In  reducing 
balls  by  the  process  of  oil-rolling,  it  occasionally  becomes 
necessary  to  add  more  abrasive  to  the  supply  of  oil  and  abra- 
sive obtained  from  the  oil-grinders.  When  this  is  done.  No.  36 
carborundum  is  used,  as  this  coarse-grain  abrasive  increases 
the  speed  at  which  the  balls  are  reduced  to  the  required  size. 
How  the  Process  of  Oil-grinding  is  Conducted 
There  are  two  grades  of  balls  made  in  the  Hoover  factory, 
known  as  "Micro-chrome"   and   "A  grade"   balls,  the  former 
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being  the  better 
quality.  Both 
grades  are  re- 
duced to  the 
final  size  by  the 
process  known 
as  "oil-grinding" 
that  is  conduct- 
ed on  machines 
of  the  form 
shown  in  Pigs. 
20  and  22.  The 
construction  and 
operation  of  the 
oil-grinding  ma- 
chines will  be 
best  understood 
from  Fig.  22, 
which  shows  de- 
tails of  its  con- 
struction. These 
machines  are 
provided  with 
two  iron  rings 
A  and  B,  each 
of  which  has  an 


Fig.  19.     View  in  Oil-rolling  Department,  showing  Special  Tumbling  Barrels  of  Large  Capacity 


latch  a  Is  with- 
drawn from  the 
notch  in  ring  H 
by  pulling  back 
grip  /  that  is 
connected  to  the 
end  of  the  rod 
on  which  latch 
Q  is  carried. 
Then  the  wheel 
is  lowered  by 
gravity,  care  be- 
ing taken  to  hold 
tight  to  the 
crank  at  the  end 
of  lever  F  so 
that  it  is  slowly 
raised  to  a  verti- 
cal position  in- 
stead of  flying 
up  and  allowing 
ring  B  to  drop 
heavily  onto  the 
balls  carried  in 
the  lower  ring. 
It  will  be  seen 


annular  groove  cut  in  it  of  a  suitable  size  to  accommodate  the 
balls  C  to  be  ground.  It  will  be  noted  that  there  is  a  small 
groove  at  the  bottom  of  the  annular  groove  in  the  lower  ring  A. 
which  provides  for  holding  a  supply  of  oil  and  abrasive. 
Ring  A  has  the  annular  groove  for  the  balls  cut  at  the  bottom 
of  a  larger  groove,  and  ring  B  has  a  flange  in  which  ihe  ball 
groove  is  cut  that  drops  into  this  large  groove  in  ring  A; 
the  arrangement  will  be  readily  understood  from  the  Illustra- 
tion. It  will,  of  course,  be  understood  that  the  grinding  ring 
is  filled  with  balls,  the  number  that  constitutes  a  complete 
charge  varying  according  to  the  size  of  balls  that  are  being 
ground. 

To  provide  for  loading  and  unloading  the  machine,  lower 
ring  A  is  drawn  out  onto  a  table  D  which  is  provided  for  that 
purpose,  and  after  a  fresh  charge  of  balls  has  been  put  in 
place,  this  ring  is  pushed  back  into  position  under  the  upper 
ring  B  that  is  secured  to  the  spindle  of  the  machine.  A  sheet 
metal  shield  is  then  pushed  into  place  in  front  of  the  rings 
in  order  to  prevent  splashing  of  the  oil.  Ring  A  is  located 
in  approximately  the  desired  position  by  means  of  a  hole  in 
the  machine  bed  into  which  an  extension  on  the  under  side 
of  ring  A  drops,  but  the  extension  on  this  ring  is  a  loose  fit 
in  the  hole  to  allow  ring  A  to  align  itself  properly  with  ring  B. 

The  upper  ring  is  secured 
to  the  spindle,  and  in  order  to 
start  the  grinding  operation 
it  must  be  lowered  into  con- 
tact with  the  balls  carried  in 
the  annular  groove  of  ring  A. 
This  is  accomplished  by  a 
rack  on  the  fepindle  sleeve 
that  meshes  with  pinion  E  se- 
cured to  lever  F. 

In  order  to  raise  ring  B  out 
of  contact  with  the  work  so 
that  ring  A  may  be  drawn 
out  onto  turntable  B,  lever  F 
is  pulled  down  into  the  hori- 
zontal position  shown  in  the 
illustration.  In  this  position 
spring  latch  O  drops  into  a 
notch  on  ring  H  that  is  se- 
cured to  the  frame  of  the  ma- 
chine, thus  holding  ring  B  in 
the  suspended  position.  After 
the  machine  has  been  reload- 
ed and  it  is  desired  to  drop 
ring  B  into  contact  with  the 
work  preparatory  to  starting 
the  grinding  operation,  spring 


Fig.  20.  Oil-grinding  Machine  on  which  Final  Grinding  Operation  is 
performed  —  Attention  is  called  to  Dials  showing  Approximate  Time 
when  Grinding  will  be  finished,  and  Indicator  for  testing  Size  of  Balls 


that  there  are  three  grinding  heads  provided  on  each  ma- 
chine, and  these  are  furnished  with  independent  tight  and 
loose  pulley  drives,  so  that  any  head  may  be  stopped  without 
interfering  with  the  operation  of  the  other  two.  This  is  done 
by  throwing  the  belt  from  the  tight  to  the  loose  pulley  by 
means  of  lever  J,  which  actuates  the  belt  shifter.  The  oil- 
grinders  are  provided  with  a  dial  similar  to  that  of  a  clock, 
so  that  the  time  for  grinding  can  be  observed;  the  grinding 
operation  usually  takes  from  twenty  to  forty-five  minutes,  ac- 
cording to  the  size  of  the  balls  and  the  amount  of  stock  that 
must  be  removed.  When  the  machine  is  set  up  ready  to  start 
the  grinding  operation,  this  dial  is  set  to  the  approximate 
time  at  which  the  grinding  operation  will  be  completed,  and  a 
little  while  before  this  time  is  reached  several  balls  are  se- 
lected at  random  from  different  points  around  the  ring,  and 
are  measured  with  an  indicator  to  see  how  near  they  come 
to  the  required  size.  The  dials  on  the  machine  and  the  test 
indicator  are  shown  in  Fig.  20. 

Cleaning:  and  Polishing-;  Oil-ground  Balls 

As  soon  as  the  balls  have  been  ground  down  to  the  desired 
diameter,  they  are  removed  from  the  machine  and  taken  to 
tumbling  barrels  containing  hardwood  sawdust,  in  which  they 

are  rolled  for  a  suflBcient 
length  of  time  to  clean  off  all 
oil  and  abrasive.  The  charge 
in  each  tumbling  barrel  is 
then  taken  out  and  put  into 
riddles  through  which  the 
sawdust  is  sifted,  as  shown 
in  Fig.  21,  to  separate  it  from 
the  balls;  the  balls  next  go 
to  the  tumbling  barrels  con- 
taining a  mixture  of  oil  and 
Vienna  lime.  They  are  rolled 
in  this  mixture  for  a  suffi- 
cient length  of  time  to  give 
them  a  preliminary  polish, 
after  which  they  are  removed 
and  again  cleaned  in  tumbling 
barrels  filled  with  hardwood 
sawdust.  The  sawdust  is 
sifted  from  the  balls  in  rid- 
dles, after  which  they  are 
rolled  for  from  twenty  to 
twenty-five  minutes  in  kegs 
containing  strips  of  kid  simi- 
lar to  that  from  which  gloves 
are  made,  the  arrangement  of 
this   polishing  equipment   be- 
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ing  shown  in  Fig.  23. 
Rolling  the  balls  in 
this  way  gives  them 
a  high  polish,  which 
is  the  final  step  in 
the  process;  and  the 
finished  balls  are 
then  ready  to  be 
taken  to  the  inspec- 
tion department. 

The  following  data 
concerning  condi- 
tions under  which 
oil-grinders  are  op- 
erated and  abrasives 
and  oils  used  on 
these  machines  will 
prove  of  interest.  It 
has  been  mentioned 
that  two  grades  of 
balls  are  made,  which 
are  known  as  "Micro- 
chrome"  and  "A 
grade,"  the  former  being  the  better  quality.  On  the  "Micro- 
chrome"  balls  the  grinders  are  run  at  195  revolutions  per 
minute  and  the  abrasive  used  is  a  mixture  of  No.  3-F  car- 
borundum and  "Atlantic  Red"  machine  oil  made  by  the 
Standard  Oil  Co.  On  "A  grade"  balls,  the  grinders  are  run 
at  a  speed  of  325  revolutions  per  minute  and  the  abrasive 
is  an  equal  mixture  of  Nos.  180  and  150  carborundum  to  which 
No.  4  "Road  Oil"  is  added,  this  oil  also  being  the  product  of 
the  Standard  Oil  Co.  Used  oil  and  abrasive  from  the  grinding 
machines  is  collected  and  used  in  the  tumbling  barrels. 

Special  Treatment  for  Large  Balls 

Certain  variations  from  the  practice  described  in  the  pre- 
ceding paragraphs  are  necessary  in  the  case  of  large  sized 
balls  which  would  be  too  heavy  to  handle  in  tumbling  barrels. 
For  instance,  "A  grade"  balls  over  li^  inch  in  diameter  and 
"Micro-chrome"  balls  over  %  inch  in  diameter  are  burnished 
on  oil-grinders  running  at  high  speed  and  in  which  very  fine 
abrasive  and  light  oil  are  used  instead  of  being  subjected  to  a 
tumbling  operation  in  barrels  containing  a  mixture  of  oil 
and   lime,   as   previously    described.     If   large   balls   of   this 


kind  were  put  in  a 
tumbling  barrel, 
there  would  be  too 
much  shock  from  the 
balls  striking  one 
another;  hence  the 
variation  In  practice. 

Production  of  OU- 

roUed  Balls 
It  has  been  ex- 
plained that  in  the 
regular  process  of 
manufacture  the 
balls  go  from  the 
tumbling  barrels  to 
the  oil-grinders  on 
which  they  are  re- 
duced to  the  required 
size  readr  for  polish- 
ing. There  are  some 
poorer  grades  of 
balls,  however,  that 
do  not  go  to  the  oil- 
grinders;  these  balls  are  reduced  to  size  by  oil-rolling  in  the 
tumbling  barrels,  after  which  they  are  polished  and  sent  to 
the  inspection  department.  The  method  of  polishing  is  the 
same  as  that  to  which  the  better  grades  are  subjected,  which 
was  previously  described.  In  oil-rolling  the  balls,  a  mixture 
of  No.  36  carborundum  and  No.  4  "Road  Oil"  is  used  in  the 
tumbling  barrels. 

Manufacture  of  Brass  and  Copper  Balls 

In  addition  to  its  regular  product,  the  Hoover  Steel  Ball  Co. 
does  quite  an  extensive  business  in  the  manufacture  of  brass 
and  copper  balls  of  various  sizes.  One  important  use  of  these 
balls  is  for  various  forms  of  valves,  although  they  find  a  num- 
ber of  other  applications.  The  general  features  of  the  meth- 
ods used  in  producing  these  balls  are  the  same  as  those  em- 
ployed in  making  steel  balls,  but  there  are  certain  modifica- 
tions which  will  prove  of  interest.  Brass  and  copper  ball 
blanks  up  to  H4  inch  in  diameter  are  produced  on  Manville 
cold-headers,  and  blanks  for  balls  exceeding  this  size  are  cast. 
In  the  case  of  very  large  balls  the  practice  is  often  adopted 
of  making  the  blanks  hollow,  which  is  done  by  casting  them 


rig.  21,     SmaU  Tumbling  Barrels  for  cleaning  Balls  in  Sawdust,  and  Kiddles  for  separating 
Sawdust  from  Balls 


Fig.  22.     Side  and  Front  Views  of  Oil-grinding  Machine,   iUustrating  Method  of  Operation 
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Fig.  23.    Kegs  in  which  Balls  are  polished  by  rolling  in  Leather  —  Attention 
is  called  to  Small  File  of  Leather  on  Floor  in  Foreground 

With  a  sand  core  that  is  subsequently  removed.  Then  in  order 
to  prepare  the  blank  for  finishing,  the  holes  left  by  the  core 
prints  are  drilled,  reamed  and  tapped  so  that  threaded  plugs 
may  be  screwed  in.  These  hollow  ball  blanks  are  then  sub- 
jected to  the  regular  process  of  manufacture,  and  it  is  a  diffi- 
cult matter  to  detect  the  place  where  the  plugs  have  been 
screwed  in. 

As  in  the  case  of  steel  balls,  these  blanks  are  first  sub- 
jected to  a  process  of  dry-grinding  to  make  them  approxi- 
mately spherical.  Brass  and  copper  balls  are  too  soft  to  stand 
treatment  in  tumbling  barrels,  as  they  would  be  covered  with 
bruises  from  impact  with  each  other.  After  being  dry-ground, 
they  receive  the  regular  process  of  oil-grinding  and  are  then 
polished  in  machines  of  the  same  design  as  those  used  for  oil- 
grinding;  but  in  polishing,  the  balls  are  rolled  in  oil  without 
any  abrasive,  which  results  in  giving  them  quite  a  high  polish, 
although  the  surface  produced  is  not  as  highly  finished  as 
in  the  case  of  steel  balls  which  are  subjected  to  burnishing 
and  polishing  operations  after  being  oil-ground.  In  treating 
brass  and  copper  balls  in  the  oil-grinding  machine,  care  must 
be  taken  not  to  subject  them  to  too  great  pressure,  and  in 


order  to  guard  against  this  the  rings  on  the  machine  are  filled 
with  brass  and  steel  balls  arranged  alternately;  the  steel  balls 
support  the  pressure  of  the  upper  ring  and  the  head  on  which 
it  is  carried,  and  allow  the  balls  to  be  ground  and  polished 
without  being  subjected  to  sufficient  pressure  to  flatten  them. 

Inspection  ot  Finished  Balls 

After  each  step  in  the  process  of  manufacture,  the  balls  re- 
*eive  a  general  inspection  to  make  sure  that  nothing  is  wrong 
with  the  adjustment  of  the  machines  or  with  the  material 
from  which  the  balls  are  made  that  will  prevent  the  produc- 
tion of  balls  that  come  up  to  the  standard.  After  receiving 
their  final  polish,  the  finished  balls  go  to  the  inspection  de- 
partment, where  they  are  subjected  to  a  number  of  searching 
tests  in  order  that  all  defective  balls  may  be  eliminated  and 
that  those  balls  which  pass  inspection  may  be  divided  into 
various  grades  according  to  the  accuracy  of  their  dimensions. 

The  first  step  is  to  clean  the  balls  thoroughly,  which  is  done 
by  placing  them  in  metal  baskets  provided  with  long  handles 
so  that  the  load  of  balls  may  be  dipped  into  gasoline  to  remove 
grease  and  particles  of  leather  carried  over  from  the  polishing 
department.    After  this  washing,  the  balls  are  put  into  canvas 


Fig.   25. 


Close  View  of  Battery  of  Automatic  Gaging  Machines 
Inclined  Blades 


Fig.    24.     Type    of    Glass    Plate    on    which   Preliminary   Inspection    is 
conducted 


bags  and  rolled  on  a  table  so  that  the  bags  will  absorb  the 
gasoline  and  wipe  off  the  dirt.  The  balls  are  given  a  pre- 
liminary wiping  in  one  of  these  bags,  after  which  they  are 
placed  in  a  second  bag  that  is  cleaner  and  Insures  the  re- 
moval of  the  last  traces  of  gasoline  and  dirt. 

Making  Plate  Inspection 
• 
After  cleaning,  the  first  actual  examination  is  conducted  on 
what  are  known  as  "inspection  plates,"  one  of  which  is  shown 
in  Pig.  24.  These  plates  are  used  on  benches  that  run  all  the 
way  around  the  two  inspection  rooms,  so  that  advantage  may 
be  taken  of  the  liberal  amount  of  daylight  provided  by  the 
windows  which  extend  from  below  the  bench  up  to  the  ceiling. 
The  plates  are  made  of  glass  and  painted  black.  A  reflector 
is  set  up  at  the  back  of  each  inspection  plate  which  throws 
light  on  the  balls;  and  a  strip  of  thin  flexible  cardboard  is 
drawn  back  and  forth  beneath  the  balls  to  rotate  them  and 
bring  all  surfaces  into  view.  Several  times  while  making  this 
inspection,  all  the  balls  on  the  plate  are  rubbed  with  a  cloth 
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to  change  their  axes  of  rotation  and  insure  exposing  the  whole 
surface.  The  first  step  is  to  pick  out  balls  having  fire  cracks, 
flats,  etc.,  and  these  are  sold  to  novelty  manufacturers  for  use 
in  the  familiar  form  of  toys  that  return  to  a  standing  position 
after  being  tipped  over,  due  to  a  bjfll  which  rolls  down  to 
the  lowest  point  at  the  cavity  in  the  center. 

During  the  next  step  in  the  process  of  inspection,  attention 
is  paid  to  a  white  spot  on  each  ball  that  is  thrown  from  the 
reflector  at  the  back  of  the  inspection  plate.  As  previously 
mentioned,  a  card  is  drawn  back  and  forth  under  the  plates 
to  make  them  revolve,  and  the  inspectors  first  pick  out  what 
are  known  as  "wigglers,"  which  is  the  name  given  to  balls 
that  are  out  of  round  and  go  through  a  series  of  contortions 
while  being  rolled.  After  this  has  been  done,  the  balls  on  the 
plate  are  gone  over  carefully  and  all  those  that  show  any  de- 
fect are  picked  out.  During  this  process  of  inspection,  the 
balls  are  sorted  into  eight  grades,  as  follows:  (1)  "Fire 
cracked,"  balls  that  have  been  cracked  during  the  process  of 
heat-treatment;  (2)  "Junk",  balls  which  have  flats,  holes,  etc.; 


Fig.   26.     Close  View  of  Battery  of  Automatic  Gag-ins  Machines  with 
Horizontal  Blades 

(3)  "Rubbish,"  same  defects  as  (2)  but  not  so  bad;  (4)  "Dead 
soft,"  balls  that  are  covered  with  small  pits  caused  by  impact 
with  hard  balls  during  the  process  of  tumbling;  (5)  "Out  of 
round,"  balls  known  as  "wigglers"  by  the  Inspectors;  (6)  "Fifth 
grade,"  balls  with  small  cuts  and  scratches  on  them;  (7) 
"Fourth  grade,"  balls  showing  same  defects  as  "Fifth  grade," 
but  not  of  so  serious  a  character;  (8)  Balls  having  no  defects 
suflSciently  serious  to  be  visible  to  the  eye.  The  inspectors 
engaged  in  making  the  plate  inspection  are  provided  with 
small  magnets  somewhat  the  shape  of  a  pencil  with  which 
they  handle  the  balls  with  amazing  dexterity. 

A  large  majority  of  the  balls  come  under  the  eighth  classifi- 
cation, which  includes  those  that  show  no  visible  defects  while 
going  through  the  plate  inspection.  Disposal  of  the  defective 
balls  varies  somewhat  according  to  their  size.  Many  of  the 
small  balls  with  defects  of  the  kind  referred  to  are  sold  to 
various  manufacturers,  according  to  the  class  of  service  re- 
quired of  them.  For  instance,  very  poor  balls  are  sold  to 
novelty  makers  for  uses  already  referred  to.     Other  balls  that 


Fig.  27.     Dial  Indicator  with  10  to  1  Leverage  Hatio,  for  testing  Accuracy 
of  Balls   to   0.0001    Inch 

are  not  good  enough  for  use  in  high-grade  ball  bearings  are 
plenty  good  enough  for  the  use  of  certain  manufacturers  of 
hardware  specialties,  such  as  roller  bearing  castors  for  furni- 
ture, roller  bearing  roller  skates,  etc.  Large  balls  that  are 
found  defective  are  returned  to  the  manufacturing  depart- 
ment, where  they  are  ground  down  to  a  smaller  size  in  order 
to  remove  the  defects  from  the  surface  of  the  metal;  and 
these  balls  are  then  carried  through  the  regular  process  of 
manufacture,  which  has  already  been  fully  described. 

Gaging  Balls  for  Size 

Balls  that  are  used  in  annular  bearings  must  be  of  abso- 
lutely the  same  size  in  order  to  give  satisfactory  results. 
If  this  is  not  the  case,  the  large  balls  will  support  all  the  load, 
and  the  undue  amount  of  service  to  which  they  will  be  sub- 
jected will  cause  them  to  be  destroyed  more  rapidly  than 
would  otherwise  be  the  case.  In  order  to  fit  properly  in  the 
races,  it  is  desirable  for  the  balls  to  be  of  exactly  the  specified 
size,  but  provided  all  the  balls  are  of  the  same  size,  they  are 
capable  of  giving  very  satisfactory  results  even  though  they 
are  either  slightly  over  or  under  the  specified  size.  In  the 
final  process  of  inspection,  the  balls  are  gaged  and  sorted 
out  into  different  grades,  according  to  whether  they  are  of 
exactly  the  specified  size  or  somewhat  under  or  over  this  size. 
Attention  is  called  to  the  fact  that  this  variation  in  high- 
grade  steel  balls  does  not  exceed  a  few  ten-thousandths  inch. 
As  balls  of  the  different  grades  are  all  of  the  same  size,  they 
are  capable  of  giving  perfectly  satisfactory  results.  Some 
users  of  balls  gage  them  at  their  own  plants  and  make  this  sub- 
division, while  others  buy  gaged  balls  ready  for  assembly. 


Fig.  28.     Methods  used  for  counting  Balls  preparatory  to  packing 
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In  gaging  those  balls  which  show  no  defects  in  conducting 
the  plate  inspection,  practice  varies  according  to  the  size  of 
the  balls,  but  in  all  cases  the  object  Is  the  same,  namely,  to 
sort  the  balls  out  Into  those  which  are  of  absolutely  the  de- 
sired size  and  those  which  vary  by  different  degrees  either 
above  or  below  the  standard.  Balls  up  to  and  including  %  inch 
in  diameter  are  gaged  on  automatic  machines  which  sort  them 
into  seven  different  grades,  as  follows:  balls  exceeding  0.0002 
inch  over  size;  balls  0.0002  inch  over  size;  balls  0.0001  inch 
over  size;  balls  of  the  specified  size;  balls  0.0001  inch  under 
size;  balls,  0.0002  inch  under  size;  and  balls  more  than  0.0002 
Inch  under  size.  Automatic  gaging  machines  are  used  for 
this  grading,  two  batteries  of  such  machines  being  shown  in 
Figs.  25  and  26.  The  balls  are  placed  in  hoppers  A,  at  the 
bottom  of  each  of  which  there  is  a  plate  in  which  a  number 
of  holes  are  drilled  in  a  ring,  these  holes  being  of  slightly 
larger  size  than  the  balls  to  be  gaged.  The  plates  are  re- 
volved, and  as  each  hole  comes  into  line  with  the  delivery 
tube,  the  ball  carried  in  this  hole  drops  into  the  tube  and 
runs  down  over  gage  blades  B  which  are  set  at  a  slight  angle 
to  each  other  so  that  balls  of  the  different  sizes  referred  to 


ing  too  fast.  The  gaging  blades  are  set  by  master  balls,  in 
order  to  have  the  desired  angle  between  them;  and  before  the 
balls  are  packed,  the  accuracy  of  the  blade  setting  is  tested. 

Special  Indicator  for  Testingr  Balla 

For  gaging  balls  larger  than  %  inch  in  diameter  use 
Is  made  of  an  instrument  of  the  form  shown  in  Fig.  27.  This 
will  be  seen  to  consist  of  an  ordinary  Brown  &  Sharpe  dial 
test  Indicator  accurate  to  0.0001  inch,  that  is  set  up  on  the 
table  on  which  is  also  carried  a  holder  for  the  ball  to  be  tested. 
Connection  between  the  ball  and  the  dial  test  indicator  is 
made  by  a  lever,  the  fulcrum  of  which  is  so  placed  as  to  give 
a  ratio  of  1  to  10,  and  in  this  way  readings  obtained  are  accu- 
rate to  0.0001  inch.  The  girls  who  conduct  this  inspection 
handle  the  balls  very  rapidly  and  sort  them  out  into  different 
sizes  according  to  the  amount  of  deviation  from  the  normal  size. 

Countingr  and  Packing:  Balls 

It  is  necessary  to  use  great  care  in  handling  finished  balls  to 
prevent  them  from  becoming  rusty.  On  this  account  It  would 
not  do  to  have  the  balls  touched  by  hand;   but  even  If  this 


Fig.  29.     General  View  of  Eoom  in  Inspection  Department,  showing  Different  Forms  of  Equipment  used  for  testing,    counting  and  packing  Balls 


win  drop  between  the  gage  blades  and  enter  tubes  that  carry 
them  to  the  proper  drawers  in  the  cabinets  beneath. 

It  will  be  seen  that  two  types  of  machines  are  shown  in 
Figs.  25  and  26.  In  Fig.  25  the  gage  blades  are  placed  on  an 
incline  so  that  the  balls  run  over  them  by  gravity,  and  as  the 
balls  are  always  in  contact  with  the  gage  blades,  the  tubes 
leading  to  the  drawers  of  the  cabinet  can  be  placed  much 
closer  together  than  on  the  type  of  machine  shown  In  Fig.  26, 
where  the  gaging  blades  are  In  a  horizontal  position.  On  the 
latter  type  of  machine  an  agitator  is  necessary  to  keep  the 
balls  moving  over  the  gage  blades.  This  agitator  consists 
of  a  crank  G  and  connecting-rod  D  that  actuates  a  link  mech- 
anism which  causes  a  horizontal  bar  to  rise  in  the  space  be- 
tween the  gaging  blades.  This  bar  rises  slightly  and  then 
moves  forward,  carrying  the  balls  with  it,  after  which  the 
agitator  bar  slowly  drops  and  leaves  the  balls  once  more  sup- 
ported on  the  gaging  blades.  In  this  way  the  balls  are  moved 
along  over  successive  tubes  and  finally  drop  through  between 
the  gaging  blades — the  position  being  determined  by  the  size 
of  the  balls — so  that  different  sizes  of  balls  are  sorted  out  as 
previously  described.  A  stop  checks  the  progress  of  the  ball 
as  It  passes  onto  the  gaging  blades,  and  prevents  it  from  roll- 


were  possible,  to  attempt  to  count  the  product  of  the  Hoover 
Steel  Ball  Co.  by  hand  would  Involve  a  prohibitive  amount  of 
time.  For  these  reasons,  several  methods  of  mechanical  count- 
ing have  been  developed  which  give  extremely  sp.tisfactory 
results.  The  apparatus  used  for  this  mechanical  counting  Is 
shown  In  Fig.  28.  The  balls  are  placed  in  hopper  A  and 
dropped  down  in  holes  in  sliding  plate  B,  which  is  pushed 
forward  so  that  the  holes  are  under  the  hopper  during  the 
"loading"  period.  The  plate  is  then  drawn  forward  to  allow 
the  balls  to  drop  out  into  a  box  placed  to  receive  them.  Each 
stroke  of  the  plate  counts  out  one  hundred  balls,  and  plates 
for  counting  balls  of  various  sizes  are  made  Interchangeable 
so  that  all  of  them  may  be  used  on  a  given  machine.  Balls 
up  to  1/2  inch  in  diameter  are  counted  by  the  machine,  and 
balls  from  9/16  to  7/8  inch  in  diameter  are  counted  mechani- 
cally by  means  of  board  C,  Into  the  grooves  of  which  the  balls 
are  loaded  up  to  an  Index  line.  Plates  of  this  kind  are  made 
for  various  sizes  of  balls,  and  each  plate  holds  500  balls.  Large 
balls  are  counted  by  hand,  care  being  taken  not  to  touch  the 
balls  with  the  bare  fingers.  After  counting,  the  balls  are  packed 
in  cartons  lined  with  waxed  paper,  and  these  are  packed 
In  substantial  wooden  boxes  for  shipment  to   the   consumer. 
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ADVANTAGES  AND  PECULIARITIES  OP  CONSTRUCTION-PROPORTIONS  OF  WORM  THREADS  AND  GEAR  TEETH- 
METHODS  OP  MAKING  INTERNAL   WORM-GEAR 

BT  REGINALD  TRAUTSCHOLD  2 


Fig.    1.     Lay-out  of  Internal   Worm-gearing 

NOTWITHSTANDING  the  comparatively  wide  use  of  ex- 
ternally meshing  worm-gearing  with  its  possibilities 
for  high  speed  ratios  and  its  relatively  high  efficiency 
when  properly  designed  and  mounted — in  spite  of  the  popular 
belief  that  such  gearing  is  inefficient — little  or  nothing  has 
been  done  to  develop  and  put  to  practical  use  worm-gearing 
of  the  internally  meshing  type.  As  the  same  advantages  can 
be  secured  with  internal  worm-gearing  (in  fact,  the  advantages 
are  somewhat  greater,  as  internal  worm-gearing  is  neces- 
sarily a  modification  of  the  efficient  Lanchester  worm  con- 
struction) failure  to  use  the  internal  worm  can  only  be  due 
to  lack  of  knowledge  as  to  its  design  and  proper  machining. 
Fig.  1  shows  a  typical  lay-out  of  worm-gearing  and  illus- 
trates the  two  principal  peculiarities  of  the  construction: 
First,  the  worm  and  gear  shafts,  viewed  from  the  back  of  the 
worm,  must  always  lie  in  intersecting  planes,  that  include 
an  angle  of  greater  than  90  and  less  than  180  degrees;  and 
second,  the  worm  is  of  the  globoid  form.  The  angularity  of 
the  shafts,  most  conveniently  expressed  in  terms  of  the  com- 
plement of  the  angle  actually  included  between  them  (angle 
B')  and  termed  the  "shaft  angle,"  cannot  be  90  degrees  (B' 
=  0  degrees),  as  is  the  common  construction  for  externally 
meshing  gears,  on  account  of  the  impossibility  of  directly  driv- 
ing a  worm  so  located.  It  should,  however,  be  less  than  180 
degrees  (B'  =  90  degrees),  for  at  such  shaft  angularity  the 
worm  would  develop  into  an  ordinary  spiral  pinion  and  re- 
quire a  driven  gear  with  spiral  teeth. 

Derivation  of  W^orm  Formula 

The  globoid  form  of  the  worm  depends  on  the  angularity 
of  the  shafts,  the  diameter  of  the  gear,  and  the  face  of  the 
gear.  Fig.  2  diagrammatically  depicts  the  derivation  of  the 
formula  for  ascertaining  the  radius  of  longitudinal  curvature 
to  the  pitch  line  profile  of  the  worm,  and  also  the  "lay-out 
method"  for  arriving  at  the  value  of  this  dimension.  The 
pitch  outline  of  the  worm  is  shown  superimposed  on  the  sec- 
tional pitch  outline  of  the  gear,  the  diagrams  of  the  two  mem- 
bers being  their  actual  positions  when  viewed  from  above  the 
parallel  shaft  planes.     The  length  of  the  worm  is  arbitrarily 

•    'For   articles   on    other    types   of    internal    gearing,    previously    published    in 
Machinbbt,    see    "Internal    Bevel   Gearing,"    March,    1917,    and    articles    there 
referred  to. 
'Address:     39  Charles  St.,    New   York   City. 


fixed  by  the  projections  of  the  points  u  and  v  at  which  the 
axis  of  the  worm  would  intersect  the  outer  pitch  lines  of  the 
gear.  The  line  contact  between  the  worm  and  the  gear  in  any 
plane  that  includes  the  axis  of  the  gear  is  evidently  not  the 
curve  of  the  large  pitch  diameter  d'  of  the  worm,  but  the 
curve  straddling  the  minor  axis  of  an  ellipse.  This  ellipse 
has  a  minor  axis  equal  to  the  large  pitch  diameter  of  the  worm 
and  a  major  axis  equal  to  the  pitch  diameter  of  the  worm 
(large)  divided  by  the  cosine  of  the  shaft  angle  B';  it  is  shown 
in  dotted  outlines,  centered  about  the  worm.  The  curve 
bounding  the  flattened  sides  of  this  ellipse,  in  the  vicinity  of 
its  minor  axis,  is  virtually  an  arc  of  a  radius  equal  to  the 
major  axis  of  the  ellipse  minus  one-half  the  large  pitch  diam- 
eter of  the  worm.  This  radius  r'  is  that  of  the  pitch  surface 
of  the  gear  in  the  radiating  axis  planes. 

The  pitch  diameter  on  the  edge  of  the  gear  T  is  then  equal 
to  the  pitch  diameter  D'  minus  twice  the  difference  between 
the  gear  face  radius  r'  and  the  product  of  this  radius  by  the 
cosine  of  half  the  angle  a  included  by  the  slopes  of  the  ends 
of  the  gear  teeth.  Points  u,  v,  and  w — the  last  the  projection 
of  the  central  contact  point  between  the  gear  and  pinion- 
lie  on  the  contact  curve  between  the  gear  pitch  surface  and 
the  longitudinal  pitch  profile  of  the  worm.  An  arc  passing 
through  these  three  points  will  closely  approximate  this  con- 
tact curve.  The  radius  of  such  an  arc  and  the  radius  of  the 
longitudinal  pitch  profile  of  the  worm  (see  calculations  in 
Fig.  2)  is  designated  G  and  is  equal  to  the  length  I  of  the 
worm  divided  by  four  times  the  product  of  the  sine  and  cosine 
of  the  angle  E  included  between  the  axis  of  the  arc  and  its 
semi-chord.  The  sine  of  the  contact  angle  of  the  worm  C  is 
equal  to  the  product  of  the  length  of  the  worm  and  the  cosine 
of  the  shaft  angle  divided  by  the  pitch  diameter  of  the  gear 
at  the  ends  of  the  teeth  T. 

Obliquity  of  Gear  Teeth 

Unless  the  angular  pitch  of  the  worm  (the  angular  lead  of 
the  worm   thread   nteasured   on   the   projection   of  the  spiral 
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Fig.   2.     Diagram  showing  Derivation  of  Worm  Formula 
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piUh  line)  that  Ip,  the  angle  A  iuclucled  between  the  projected 
pitch  line  and  the  central  plane  normal  to  the  axis  of  the 
worm,  and  the  shaft  angle  W  are  the  same,  the  gear  teeth 
must  cross  the  gear  face  obliquely.  The  angle  of  this  gear- 
tooth  obliquity  depends  on  the  shaft  angle,  the  angular  lead 
of  the  worm,  the  hand  of  the  worm,  and  the  hand  of  the  drive. 
The  hand  of  the  drive  is  designated  right  or  left  as  the  shaft 
angle  B'  when  viewed  from  the  back  of  the  worm,  lies  to  tho' 
right  or  the  left  of  the  plane  of  the  gear.  The  angular  lead 
of  the  worm  may  be  measured  by  an  angle  which  is  either  less 
or  greater  than  the  shaft  angle;  that  is,  angle  A  may  be  less 
or  greater  than  angle  B'.  With  the  possibility  of  the  worm 
being  either  of  the  right-hand  or  left-hand  variety,  the  drive 
right-hand  or  left-hand,  and  the  angular  lead  of  the  worm 
either  greater  or  less  than  the  shaft  angle,  there  are  eight 
different  arrangements  of  gear  tooth  obliquity,  for  each  of 
which  a  simple  relation  exists  between  the  various  angles. 
These  are  shown  in  Figs.  3  to  10.  The  accompanying  table 
gives  convenient  formulas  for  arriving  at  the  value  of  either 

GEAR-TOOTH   OBLIQUITY 


Arrangement 

Angular  Lead  (Worm)  A 

Tooth  Obliquity  (Gear)  F' 

Fig.    3 

A  =  B'  —  F' 

(  +  ) 

F'  =  B'  —  A 

(  +  ) 

Fig.    4 

A  =  F'  —  B' 

(— ) 

F'  =  B'  +A 

(  +  ) 

Fig.    5 

A  =  B'  —  F' 

(— ) 

F'  =  B'  —  A 

(— ) 

Fig.   6 

A  =  F'  —  B' 

(  +  ) 

F'  =  A+B' 

(— ) 

Fig.    7 

A  =  B'  +  F' 

(  +  ) 

F'  =  A—B' 

(  +  ) 

Fig.    8 

A  =  F'  —  B' 

(— ) 

F'  =  A+B' 

(  +  ) 

Fig.    9 

A  =  B'  +  F' 

(— ) 

F'  =  A  —  B' 

(— ) 

Fig.  10 

A       F'  —  B' 

(  +  ) 

F'  =  A+B' 

(— ) 

Machinery 

the  angular  lead  of  the  worm  or  the  obliquity  of  the  gear  teeth 
for  these  eight  arrangements.  The  hand  of  obliquity  is  desig- 
nated as  plus  (  +  )  for  right  hand  and  minus  ( — )  for  left 
hand. 

■Worm-thread  Proportions 

The  normal  cross-section  of  the  worm  thread  establishes 
the  shape  and  proportions  of  the  gear  teeth  and  is,  of  course, 
the  conjugate  of  the  gear  tooth  spaces.  It  is  quite  similar 
to  an  Acme  female  screw  thread  cut  upon  a  pitch  curve  with 
a  radius  equal  to  twice  the  longitudinal  pitch  profile  radius 
of  the  worm  divided  by  the  cosine  of  the  angular  worm  thread 
pitch,  minus  the  longitudinal  pitch  profile  radius  of  the  worm. 
Fig.  12  depicts  the  same  pitch  curve  for  the  hob  used  in  cut- 
ting the  gear  teeth. 

The  teeth,  disregarding  their  position  about  a  curved  sur- 
face, are  quite  similar  in  shape  and  proportions  to  standard 
29-degree  involute  rack  teeth  in  normal  section.  The  main 
difference  is  in  the  increased  dedendum  of  the  worm  thread 
and  in  the  proportions  being  based  on  the  normal  circular 
pitch.  In  the  longitudinal  plane  of  the  worm,  the  effective  sec- 
tion is  heavier  than  the  normal  section  and  the  obliquity  of 
the  sides  of  the  threads  is  greater,  the  distortion  depending 
on  the  angular  lead  of  the  worm.  The  longitudinal  pitch  of 
the  worm,  corresponding  to  the  circular  pitch  of  the  gear  but 
measured  on  an  arc  of  smaller  radius,  is  equal  to  the  normal 
distance  between  threads,  measured  on  the  pitch  surface  of  the 
worm,  divided  by  the  cosine  of  the  angular  lead  of  the  worm. 

Gear-tooth  Proportions 

As  the  teeth  of  internal  worm-gears,  like  those  of  the  ordi- 
nary type  of  externally  meshing  worm-gears,  are  most  ef- 
ficiently and  expeditiously  cut  with  a  hob,  the  tooth  spaces 
are  proportioned  to  conform  to  the  shape  of  the  worm  thread. 
That  is,  the  gear  teeth  themselves  are  proportioned  by  the 
elimination  of  the  tooth  spaces.  These  tooth  spaces  are  pro- 
portioned, proper  allowance  being  made  for  clearance,  etc.,  as 
are  the  worm  threads.  The  gear-tooth  section  on  the  center 
plane  of  the  gear  (see  Fig.  11)  differs  from  the  normal  section 
of  both  the  worm  thread  and  the  gear  tooth  and  also  from  the 
longitudinal  worm-thread  section,  the  obliquity  of  the  gear 
teeth  and  the  angularity  of  the  worm  threads  not  being  the 
same,  as  a  rule.     The  pitch   circle  of  the  gear   is  measured 


by  its  i)itcli  diameter,  and  the  circular  pitch  is  equal  to  the 
pitch  circumference  divided  by  the  number  of  gear  teeth. 
Tlio  width  of  the  tootli  space  on  tho  pitch  circle  is  equal,  of 
course,  to  one-half  the  circular  pitch.  The  pressure  angle 
of  the  gear  teeth  meshing  with  a  worm  with  a  standard  29- 
degreo  thread  is  measured  by  an  angle  having  a  tangent  equal 
to  the  tangent  of  an  angle  of  14  degrees,  30  minutes  divided 
by  the  cosine  of  the  angle  of  gear-tooth  obliquity. 

In  normal  cross-section,  the  proportions  of  the  tooth  space 
more  nearly  conform  to  the  normal  section  of  the  worm  thread 
but  differ  in  that  the  gashing  of  the  tooth  spaces  is  about  a 
surface  of  lesser  curvature  than  the  curved  profile  surface 
of  the  worm.  The  normal  pitch  of  the  gear  is  equivalent 
to  its  circular  pitch  multiplied  by  the  cosine  of  the  angle  of 
gear-tooth  obliquity.  The  width  of  the  tooth  space  on  the 
pitch  curve,  which  for  each  pair  of  adjacent  teeth  is  ap- 
proximately equal  to  an  arc  of  a  radius  equal  to  the  pitch 
diameter  of  the  gear  divided  by  the  cosine  of  the  angle  of 
gear-tooth  obliquity  minus  one-half  the  pitch  diameter  of  the 
gear,  is  equal  to  half  the  normal  pitch.  The  pressure  angles 
of  adjacent  gear  teeth  include  an  angle  of  29  degrees.  The 
addendum  of  internal  worm-gear  teeth  is  the  same  as  that  of 
14%-degree  standard  involute  teeth  of  similar  pitch  and 
diameter;  the  other  tooth  proportions,  the  dedendum,  clear- 
ance, etc.,  are  also  similar  but  for  the  slight  increase  in  clear- 
ance that  is  provided  to  allow  for  wear. 

Notation  for  Internal  Worm-g-earing: 

Speed    ratio R 

Shaft    angle B' 

Obliquity  of  gear  teeth F' 

Angular  lead  of  worm A 

Number  of  teeth  in  gear N 

Number  of  threads  to  worm n 

Circular  pitch p' 

Normal   circular   pitch p" 

Longitudinal   worm   pitch p 

Angularity  of  sides  of  gear a 

Face  of  gear F 

Pitch  radius  of  gear  throat r' 

Pitch  diameter  of  gear D' 

Pitch  diameter  at  ends  of  gear  teeth T 

Pitch  diameter  of  worm  (large) d' 

Effective  pressure  angle  of  gear  teeth V 

Addendum    s 

Clearance    / 

Depth  of  teeth  and  worm  threads W 

Inside  diameter  of  gear D 

Outside  diameter  of  worm  (large) d 

Length    of    worm I 

Length  of  contact  arc  i' 

Longitudinal  contact  arc    (gear) ; . .   G 

Height  of  contact   arc y 

Contact   angle    (worm) : E 

Longitudinal  pitch  profile  radius  of  worm G 

Angular  worm  contact J 

Axial  thread  space  angle  of  worm y 

Formulas  for  Internal  Worm-g-earingr 

A  =  B'  +  F'  or  F'  —  B';  F'  =  B'  -\- A  or  A  —  B'      (See  table) 
3.14161)'  p" 

P' = (1)        p' = =p"sec2*"    (la) 

N  cos  F' 

F 
p"=p'cosF'    (2)     Sina  =  —    (Usually  a  =  30  degrees)    (3) 
2/^ 
r'  =  d'  sec  B'  —  0.5d'        r'  ~  P    ( When  a  =  30  degrees )      ( 4 ) 
D'=Np' 0.318S  (5) 

T  =  D'  —  2{r'  —  r'cosa) 

?'  =  D'  — 0.26792^    (When  o  =  30  degrees)  (6) 

tan  14  deg.,  30  min. 

Tany  = =  0.2586  sec  f^'  (7) 

cosF' 
s  =  p"0.3183  (8)  /  =  p"0.0650  (9) 

s -f /  =  P"0.3833  (10)      W  =  p"0.7016  (11)      D  =  Z>'  — 2s  (12) 
sin  a 

d'  = 

2r'(secB'  — 0.5) 
F 

d'  = (When  a  =  30  degrees)  (13) 

secB'  —  0.5 
N 
n  =  —  (14)  d  =  d'-\-Zs  (15) 

R 
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G  = 


(20) 


I  cos  B' 

sinC  = (17) 

T 
27 

CotE  = (19) 

I 

J  =  360  — 4£  (21) 


4  sin  E  cos  E 

3.1416GJ 

l'  = =  0.01745Gr/     (22) 

180 

r         p'D'  : 

p=  —  = (23)  U  =  - 

n        2GcosB' 

Discussion  of  Formulas 


(24) 


The  circular  pitch  is  the  quotient  of  the  pitch  circumfer- 
ence of  the  worm-gear  divided  by  the  number  of  teeth  in  the 
gear,  or  is  equal  to  the  normal  circular  pitch  multiplied  by 
the  secant  of  the  angle  of  obliquity  of  the  gear  teeth.  It 
governs  the  diameters  of  the  gear  but  it  is  in  no  way  indicative 
of  the  strength  of  the  teeth.  The  normal  circular  pitch,  which 
is  the  criterion  of  the  strength  and  wearing  qualities  of  the 
gear  teeth,  and  governs  the  proportions  of  the  worm  thread  in 
effective  section,  is  less  than  the  circular  pitch.     It  is  the 


Figs.    3  to   10.     Diagram   depicting  Gear-taath  Obliquity 

product  of  the  circular  pitch  and  the  cosine  of  the  angle  of 
gear-tooth  obliquity. 

The  angularity  of  the  sides  of  the  gear  (the  ends  of  the 
teeth)  is  controlled  by  the  pitch  diameter  (large)  of  the  worm 
and  the  shaft  angle;  it  is  usually  30  degrees.  A  larger  angle 
increases  the  face  of  the  gear  and  aggravates  wear  through 
increased  friction,  and  a  smaller  angle  gives  insuflScient  con- 
tact surface  for  efficient  transmission  of  power.  The  arbitrary 
fixing  of  the  angularity  of  the  sides  at  30  degrees  enables  a 
number  of  the  design  formulas  to  be  greatly  simplified  and 
made  more  adaptable  for  accurate  computations. 

The  pitch  radius  of  the  gear  throat  is  dependent  on  the 
pitch  diameter  of  the  worm  and  the  shaft  angularity,  being 
the  contact  line,  in  the  plane  of  the  gear's  axis,  between  the 
inclined  worm  and  gear.  This  radius,  when  the  angularity 
of  the  sides  of  the  gear  is  30  degrees,  equals  the  face  of  the 
gear,  a  dimension  that  is  customarily  chosen  arbitrarily  or 
is  fixed  by  the  amount  of  power  to  be  transmitted  by  the 
gearing. 

As  the  gear  teeth  cross  the  gear  face  obliquely,  the  pressure 
angle  of  the  teeth  in  the  plane  of  the  gear  is  obtained  from 
its  tangent.    This  tangent  is  equal  to  the  tangent  of  the  normal 
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NORMAL  TOOTH  SPACE  SECTION 


Fig,   11.     Gear-tooth  Froportions 

pressure  angle  (which  is  usually  14  degrees,  30  minutes) 
divided  by  the  cosine  of  the  angle  of  obliquity  of  the  gear 
teeth. 

The  clearance  allowed  in  worm-gearing  is  customarily 
greater  than  is  allowed  in  gearing  operated  through  rolling 
contact.  This  increase  is  arbitrarily  taken  as  equal  to  p"  0.015. 
The  addendum  and  dedendum  are  calculated  from  the  normal 
circular  pitch,  not  from  the  circular  pitch.  The  increase  does 
not  affect  the  addendum  but  does  enlarge  the  dedendum  and 
the  whole  tooth  depth  dimensions. 

Inasmuch  as  the  angularity  of  the  sides  of  the  gear  and 
the  pitch  radius  of  the  gear  throat  are  controlled  by  the  large 
pitch  diameter  of  the  worm,  there  is  a  fixed  relationship 
between  the  large  pitch  diameter  of  the  worm  and  the  factors 
that  it  controls.  The  general  formula  for  the  large  pitch 
diameter  of  the  worm  is  the  sine  of  the  angle  of  the  sides  of 
the  gear  divided  by  the  product  of  twice  the  pitch  radius  of 
the  gear  throat  by  the  secant  of  the  shaft  angle  minus  0.5. 
By  making  the  angularity  of  the  sides  of  the  gear  equal  to  30 
degrees,  the  formula  is  simplified  to  the  gear  face  divided  by 
the  secant  of  the  shaft  angle  minus  0.5. 

The  necessary  number  of  simple  threads  to  the  worm  is  most 
easily  found  by  dividing  the  number  of  teeth  in  the  gear  by 
the  required  speed  ratio.  Preferably  the  number  of  threads 
should  be  a  whole  number,  but  this  is  not  absolutely  neces- 
sary, for  any  number,  mixed  or  whole,  of  complete  threads 
may  be  employed.  A  mixed  number  of  threads,  however,  com- 
plicates the  checking  up  of  the  worm.  The  length  of  the  worm 
is  controlled  by  the  shaft  angle  and  should  be  made  equal  to 
the  face  of  the  gear  divided  by  the  sine  of  the  shaft  angle.  A 
shorter  worm  will  not  develop  the  full  efficiency  of  the  con- 
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Fig.   12,     DetaU  of  Hob  for  Internal  Worm-gear 
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struction  and  a  longer  worm  will  not  be  effective  over  the 
added  length. 

The  longitudinal  contact  arc  on  the  pitch  circumference  of 
the  gear,  measured  by  the  sine  of  the  angle  included  between 
the  projection  of  the  semi-chord  of  the  arc  and  its  center  axis, 
Is  equal  to  the  projection  of  the  normal  contact  curve  on  the 
pitch  circumference  divided  by  the  pitch  diameter  of  the  ends 
.of  the  gear  teeth.  The  height  of  this  arc,  also  the  height  of 
the  normal  contact  arc,  is  equal  to  one-half  the  difference 
between  the  pitch  diameter  of  the  gear  and  the  product  of  its 
pitch  diameter  at  the  ends  of  the  teeth  by  the  cosine  of  the 
angle  measuring  the  longitudinal  contact  arc  of  the  gear.  The 
cotangent  of  the  contact  angle  E  (see  Fig.  2)  is  then  equal  to 
twice  the  height  of  the  contact  arc  divided  by  the  length  of  the 
worm  and  the  radius  of  the  arc  is  equal  to  the  length  of  the 
worm  divided  by  four  times  the  product  of  the  sine  and  cosine 
of  the  angle  of  the  contact  arc  E. 

The  angle  included  by  the  contact  arc,  or  the  angular  worm 
contact,  is  equal  to  360  degrees  minus  four  times  the  contact 
angle  E,  from  which  the' length  of  the  contact  arc  is  readily 
obtained  by  direct  proportion,  the  longitudinal  pitch  profile 
radius  of  the  worm  being  known. 

The  longitudinal  worm  pitch,  or  the  distance  between  cen- 
ters of  threads  measured  on  the  pitch  arc,  obviously  equals 
the  length  of  the  contact  arc  divided  by  the  number  of  threads 
to  the  worm.  It  is  also  equal  to  the  product  of  the  circular 
pitch  of  the  gear  and  its  pitch  diameter  divided  by  twice  the 
product  of  the  longitudinal  pitch  profile  radius  of  the  worm  by 
the  cosine  of  the  shaft  angle. 

Example  in  Deslg'n   of  Internal  Worm-gre'kring 

Example: — Required,  an  internal  worm-gear  combination;  48 
teeth  in  gear;  speed  ratio,  12  to  1;  right-hand  worm;  right- 
hand  drive;  1  inch  circular  pitch;  angle  of  sides  of  gear  teeth, 
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Fig.  13.     Special  Fixture  for  cutting  Internal  Worms  and  Hobs 


30  degrees;  shaft  angle,  30  degrees;  angular  lead  of  worm, 
+  15  degrees;  and  face  of  gear,  3  inches.  That  is,  B'  =  30  de- 
grees, A  =  15  degrees,  o  =  30  degrees,  N  =  iS,  F  =  3  inches, 
p'  =  l  inch,  «  =  12:1. 

/'"  =  30  —  15  =  -f  15  degrees  (arrangement  Fig.  3,  from  table) 

p"  =  1  X  0.96593  =  0.966  inch  (2) 

r'  =  3  inches  (4) 

Z)' =  48  X  1  X  0.3183  =  15.2784  inches        (5) 

T  =  15.2784  —  0.2679  X  3  =  14.4747  inches      (6) 

Tan  7  =  0.2586  X  1.0353  =  0.26773         (7) 

7  =  14  degrees,  59  minutes 

s  =  0.966  X  0.3183  =  0.3075  inch  (8) 

/  =  0.966  X  0.0650  =  0.0628  inch  (9) 

s +/  =  0.966  X  0.3833  =  0.3703  inch       (10) 

W  =  0.966  X  0.7016  =  0.6777  inch         (11) 

D  =  15.2784  —  2  X  0.3075  =  14.6634  inches     ( 12 ) 

3 

d'  = =  4.582  inches  ( 13 ) 

1.1547  —  0.5 
48 
w  =  — =  4  (14) 

12 
d  =  4.582  -f  2  X  0.3075  =  5.197  inches  (15) 

3 

1  = =  6  inches  (16) 

0.5 
6  X  0.86603 

SinC= =  0.3589  (17) 

14.4747 
0  =  21  degrees,  2  minutes 
y  =  0.5  (15.2784  —  14.4747  X  0.93337)  =  0.88407  inch     (18) 
2  X  0.88407 

CotE= =  0.29469  (19) 

6 
£  =  73  degrees,  35  minutes 
6 

G  = =  5.533  inches  ( 20 ) 

4  X  0.95923  X  0.28262 
J  =  360  —  4  (73  degrees,  35  minutes)  =65  degrees,  40 

minutes  (21) 

I'  =  0.01745  X  5.533  X  65.666  =  6.340  inches  (22) 

6.340 

p  = =1.585  inch  (23) 

4 

The  Hob 

The  outside  diameter  of  the  hob  for  cutting  the  gear  teeth 
must  be  equal  to  the  outside  diameter  of  the  worm  plus  twice 
the  clearance;  the  increase  in  diameter  usually  provided  for 
the  hobs  of  ordinary  externally  meshing  worm-wheels  to  allow 
for  wear  should  also  be  provided.  That  is,  the  addendum 
and  dedendum  dimensions  of  the  hob  should  be  made  the 
same,  the  increase  in  diameter  being  the  same  as  the  increase 
in  the  clearance  allowed  for  the  gear  and  worm.  The  length  of 
the  hob  should  be  about  10  per  cent  greater  than  that  of  the 
worm  employed  in  driving  the  gear  to  be  cut,  in  order  to  in- 
sure a  gradual  bite  into  the  metal  of  the  worm-wheel  without 
danger  of  marring  the  edges  of  the  completed  gear  teeth,  the 
cutting  teeth  of  the  hob  engaging  the  edges  of  the  gear  face 
before  the  mid-tooth  section. 

The  proportions  of  the  hob  teeth  on  the  normal  cutting 
planes  (see  Fig.  12),  with  the  exception  of  the  elongated  ad- 
dendum and  the  corresponding  increase  in  their  length,  are 
similar  in  every  respect  to  those  of  the  worm  thread  and  re- 
quire no  explanation.  The  draft  and  clearance  of  the  hob 
teeth,  however,  are  of  the  utmost  importance.  The  normal 
pitch  curve  radius  for  each  individual  tooth  of  the  hob,  like  the 
corresponding  radius  for  the  worm,  equals  twice  the  longi- 
tudinal pitch  profile  radius  divided  by  the  cosine  of  the  angle 
of  the  angular  thread  (tooth)  pitch  minus  the  longitudinal 
pitch  profile  radius.  This  pitch  curve  radius,  common  to  the 
hob  and  the  worm,  is  that  of  the  curve  of  the  flattened  sides 
of  an  ellipse  with  a  minor  axis  equal  to  twice  the  pitch  pro- 
file radius  and  a  major  axis  equal  to  the  minor  axis  divided 
by  the  cosine  of  angular  worm  lead. 

Machining:  Internal  Worm  and  Hob 
The  worm  and  hob  are  machined  in  the  same  manner,  the 
same,  or  similar  cutting  tools  being  employed.     No  special 
equipment  is  ordinarily  required  for  the  lathe,  other  than  a 


April,  1917 


MACHINERY 


699 


radius  link — conforming  in  length  to  the  longitudinal  pitch 
profile  radius  of  the  worm  or  hob — for  guiding  the  cutting  tool 
about  the  face  of  the  worm.  The  pivot  end  of  the  link  is 
fixed,  in  relation  to  the  lathe  bed,  in  the  normal  central  plane 
of  the  worm,  while  its  swinging  end  carries  the  toolpost,  etc., 
the  cross-feed  being  located  on  the  link.  The  cutting  tool  is 
ground  to  conform  not  to  the  normal  thread  space  but  to  the 
thread  space  in  an  axial  plane,  that  is,  angle  V,  and  extreme 
care  should  be  exercised  to  see  that  the  angle  between  the 
sides  of  such  space  is  the  same  for  the  worm  as  for  the  hob 
used  in  cutting  the  mating  gear.  As  in  all  cases  where  a  cut- 
ting tool  is  made  to  conform  to  an  axial  space  that  differs 
in  form  from  the  normal  section  of  the  gash  cut,  adequate 
rlearance  for  the  cutting  tool  must  be  provided. 

A  slight  variation  in  the  angularity  (obliquity)  of  the 
threads  cut  at  the  center  of  the  worm  or  hob  and  that  of  those 
cut  toward  the  ends  of  the  worm  cannot  be  avoided  in  this 
method  of  guiding  the  cutting  tool  about  the  face  of  the 
worm,  for  the  carriage  travel  along  the  lathe  bed — actuated 
by  the  feed-screw  of  the  lathe — must  necessarily  be  at  a  con- 
stant speed.  With  the  path  of  the  cutting  tool  the  arc  of  a 
circle,  the  cutting  tool  must  travel  farther  than  the  distance 
along  the  lathe  bed  covered  by  the  carriage  in  its  journey 
from  end  to  end  of  the  worm.  The  travel  of  the  cutting  tool 
is  measured  by  the  arc  of  the  longitudinal  profile  curve  of  the 
worm,  while  the  travel  of  the  carriage  is  only  the  axial 
length  of  the  worm;  the  relationship  of  the  paths  is  as  I'  to  I. 
Hence,  the  circumferential  feed  of  the  tool  must  be  grad- 
ually increased  as  it  passes  the  normal  center  plane  of  the' 
worm  and  must  be  retarded  as  it  approaches  the  center  of 
the  worm.  The  increased  circumferential  feed  of  the  cutting 
tool  toward  the  ends  of  the  worm  increases  the  obliquity  of 
the  end  threads,  the  increase  in  obliquity  being  gradual  toward 
either  end.  This  slight  increase  in  the  angularity  of  the 
threads  at  the  ends  of  the  worm  and  hob  proves  somewhat 
of  an  advantage  when  the  gearing  is  first  put  into  operation. 
Should  the  worm  be  unusually  long,  however,  some  special 
fixture  is  necessary,  for  the  difference  between  the  circumfer- 
ential and  axial  lengths  of  the  worm  will  otherwise  cause 
considerable  variation  in  the  obliquity  of  the  worm  thread, 
particularly  if  the  radius  of  profile  curvature  is  comparatively 
short,  as  would  probably  be  the  case.  However,  this  method 
can  be  used  for  almost  any  length  of  worm,  the  difference  in 
length  of  the  operating  arcs  of  the  two  swinging  segments 
being  much  less  than  the  difference  in  the  lengths  of  the 
operating  paths  of  the  carriage  and  of  the  cutting  tool  in  the 
"radius-arm  method." 

The  special  fixture  shown  in  Fig.  13  can  be  used  with  any 
lathe  of  suitable  swing.  It  is  automatically  actuated  by  the 
regular  feed-screw  of  the  lathe  and  consists  essentially  of  two 
swinging  segments  pivoted  to  a  supporting  base  clamped  firmly 
to  the  lathe  bed.  The  feed-screw  engages  the  operating  worm- 
gear  of  the  fixture,  which,  in  turn,  drives  a  spur  pinion  mesh- 
ing with  the  toothed  edge  of  the  lower  of  the  two  swinging 
segments.  This  toothed  segment,  which  is  a  sector  of  a  gear 
of  the  same  pitch  as  the  driving  pinion  and  a  pitch  radius 
closely  approximating  the  average  longitudinal  pitch  profile 
radius  of  the  worms  and  hobs  suitably  proportioned  for  the 
fixture,  carries  a  driving  pin  that  fits  into  a  sliding  wearing 
block  in  the  upper  swinging  segment  and  causes  the  latter  to 
swing  about  its  pivot  center  as  the  toothed  segment  is  shifted 
by  the  screw  of  the  lathe.  The  upper  segment  carries  the  tool 
carriage  and,  with  the  distance  of  the  cutting  end  of  the  tool 
from  the  pivot  center  of  the  upper  segment  set  to  correspond 
with  the  longitudinal  pitch  profile  radius  of  the  worm  or  hob, 
the  path  of  the  cutting  tool  follows  the  profile  curve  of  the 
blank,  being  carried  from  end  to  end  of  the  work  at  such  a 
speed  that  the  obliquity  of  the  groove  cut  conforms  to  the 
angular  lead  of  the  worm  thread. 

A  slight  variation  in  the  angularity  of  the  threads  cut  at 
the  center  of  the  worm  or  hob  and  that  of  those  cut  toward 
the  ends  of  the  worm  cannot  be  avoided  with  this  type  of 
guiding  fixture,  unless  the  pivot  radius  centers  of  the  two  seg- 
mental parts  of  the  fixture  are  the  same.  A  fixture  designed 
on  such  lines  would  have  a  very  limited  capacity.  A  special  fix- 
ture would  be  required  for  cutting  each  worm  or  hob  of  differ- 
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Fiff.   14.     Correction  of  Gear-tooth  ObUqulty  by  Central  Hob  Teeth 

ing  longitudinal  pitch  profile  radius,  pitch  diameter  <^.  varia- 
tion in  ratio  of  longitudinal  pitch  profile  radius  to  pitch  diam- 
eter. A  particular  fixture  for  each  worm  cut  would  materially 
complicate  the  question  of  necessary  equipment  for  manufactur- 
ing internal  worm-gearing,  though  simplifying  the  type  of  fix- 
ture that  could  be  used.  By  making  the  toothed  segment  pivot 
radius  slightly  different  from  the  average  longitudinal  pitch 
profile  radius  of  the  worms  for  which  the  fixture  is  propor- 
tioned, an  appreciable  amount  of  adjustment  can  be  made  so 
that  worms  of  varying  size,  etc.,  can  be  cut  with  the  same 
fixture,  and  at  the  same  time  the  variation  in  the  rate  of 
feed  of  the  cutting  tool,  due  to  the  non-concentricity  of  the  two 
swinging  segments,  remains  very  slight.  The  variation  in  the 
rate  of  feed  of  the  cutting  tool  would  be  almost  negligible 
and  might  be  a  slight  acceleration  at  the  ends  of  the  worm  or 
hob  or  a  gradual  retardation  in  feed. 

Machining'  Internal  Worm-gear 

Cutting  the  gear  teeth  with  the  globoid  form  of  hob  pre- 
sents even  less  diflnculty  than  bobbing  the  ordinary  externally 
meshing  type  of  worm-wheel,  when  the  gear  blank  has  once 
been  correctly  located  in  reference  to  the  hob,  and  the  shaft 
angle  is  accurately  set.  The  worm-gear  must  be  driven  at  the 
proper  lead  by  an  independent  set  of  gears  and  at  a  speed 
commensurate  with  the  speed  at  which  the  hob  is  driven;  that 
is,  the  relationship  between  the  speeds  of  the  hob  and  the  gear 
blank  must  be  the  same  as  that  between  the  worm  and  the  gear 
when  in  operation.  With  the  gear  blank  and  hob  properly 
mounted,  etc.,  a  light  cut  is  first  taken  to  locate  the  spacing 
of  the  gear  teeth  correctly.  The  locating  gashes  are  made 
along  the  face  edges  of  the  gear  with  the  end  teeth  of  the 
hob,  as  the  outside  radius  of  the  hob  is  greater  than  the  inside 
radius  of  the  gear  face  in  the  plane  of  contact.  The  obliquity 
of  the  gashes  differs  slightly  from  that  of  the  mid-tooth  section 
later  cut  by  the  central  teeth  of  the  hob,  on  account  of  the 
method  employed  in  cutting  the  hob.  As  the  depth  of  the  cut 
is  increased  and  the  central  cutting  teeth  come  into  play,  how- 
ever, the  obliquity  of  the  teeth  is  correctly  cut  at  mid-section 
and  the  obliquity  at  the  ends  gashed  out  by  the  end  teeth  of 
the  hob  corrected  on  one  side  of  the  tooth  space.  The  side 
of  the  teeth  corrected  for  obliquity  depends  upon  the  relation- 
ship of  the  radius  of  the  toothed  segment  of  the  special  fixture 
used  in  cutting  the  hob  to  the  pivot  radius  of  the  cutting  tool 
used — the  longitudinal  pitch  profile  radius  of  the  worm. 

When  the  radius  of  the  toothed  segment  Is  slightly  longer 
than  the  effective  tool-carriage  pivot  radius,  the  obliquity  of 
the  end  hob  teeth  is  very  slightly  less  than  that  of  the  central 
cutting  teeth;  this  results  in  a  trivial  retardation  of  the  feed 
of  the  cutting  tool  as  it  approaches  the  ends  of  the  worm  and 
hob.  Should  the  longitudinal  pitch  profile  radius— the  effec- 
tive tool-carriage  pivot  radius — be  the  longer,  on  the  other 
hand,  there  will  be  a  slight  increase  in  the  obliquity  of  the 
end  threads  and  a  corresponding  increase  in  the  feed  of  the 
cutting  tool  at  the  ends  of  the  worm.  The  obliquity  correction 
by  the  central  hob  teeth  is  to  shave  off  one  side  of  each  tooth, 
the  amount  of  metal  removed  increasing  from  the  center  of 
each  tooth  to  the  end,  the  removal  of  metal  alternating  from 


700 


MACHINERY 


April,  1917 


end  to  end  of  tooth  as  graphically  depicted,  on  an  exaggerated 
scale,  in  Fig.  14. 

Effect  of  Shaving  Teeth  on  Tooth  Action 

The  effect  of  thus  removing  a  slight  amount  of  metal  from 
alternate  semi-lengths  of  the  sides  of  each  gear  tooth  is  to  pro- 
vide a  very  slight  clearance  for  the  initially  engaging  worm 
thread.  This  clearance,  either  in  advance  of  or  behind  the 
worm  thread,  is  negligible  when  the  central  threads  of  the 
worm  come  into  action,  and  is  effectively  concentrated  on  the 
sections  of  the  gear  teeth  in  intimate  contact  with  the  end 
worm  threads.  These  end  worm  threads  actually  transmit  but 
a  very  small  proportion  of  the  power  delivered  and  are  more 
valuable  as  pilots  for  the  proper  engagement  of  the  central 
worm  threads  than  for  the  small  amount  of  power  they  may 
transmit.  The  heavy  pressure  of  the  worm  is  thus  gradually 
shifted  from  end  to  end  of  the  gear  teeth,  resulting  in  a  much 
smoother  operation  of  the  gearing  while  new.  The  tooth  action 
is  improved  for  new  gearing,  without  in  any  way  detracting 
from  the  smooth  action  of  older  gears  that  have  become 
slightly  worn.  This  is  particularly  so  if  the  wear  has  been 
equal  on  both  the  worm  threads  and  the  gear  teeth,  a  requisite 
for  the  satisfactory  operation  of  any  type  of  worm-gearing. 
*    *    • 

LOYALTY 

BY   J.  P.    BROPHY  1 

The  editorial  in  the  February  number  of  Machineey  entitled 
"Building  Up  an  Organization"  is  interesting,  but  I  do  not 
altogether  agree  with  the  ideas  expressed.  The  editorial  says: 
The  manufacturing  concerns  that  have  achieved  a 
reputation  for  square  dealing  and  general  reliability  are 
those  which  by  years  of  effort  and  training  have  built  up 
an  organization  of  efficient  and  loyal  employes. 
The  last  two  words,  "loyal  employes,"  I  am  sorry  to  say,  do 
not  mean  very  much  to  me.  Loyalty  is  supposed  to  mean  a 
generous  amount  of  good  feeling  nearly  approaching  love  for 
those  to  whom  you  are  loyal.  It  might  be  supposed  that  any 
man  in  your  employ  from  five  to  twenty  years,  who  has  been 
well  treated  in  every  respect,  must  be  satisfied  with  his  job  or 
he  would  not  remain  so  long,  and  should  be  considered  loyal. 
If,  as  an  employer,  you  have  always  considered  the  employe's 
comfort  to  the  best  of  your  ability,  treating  him  with  due  con- 
sideration to  the  extent  of  having  the  surroundings  as  com- 
fortable as  possible  and  guarding  against  any  unjust  treatment 
by  those  in  power,  you  certainly  would  expect  some  returns  in 
fair  treatment  when  the  opportunity  presented  itself;  not  that 
you  would  expect  more  work  from  the  old  employe  than  from 
the  man  who  has  been  employed,  say,  for  a  few  months,  but 
when  trouble  arises  in  the  factory,  you  would  think  that  the 
old-time  employe  would  do  the  fair  thing  and  not  be  carried 
away  by  the  arguments  of  men  who  are  here  today  and  some- 
where else  tomorrow.  From  my  experience  during  the  last 
few  years,  I  have  become  convinced  that  loyalty  is  rarely  ever 
found  in  those  in  whom  you  would  naturally  expect  it.  In  my 
estimation,  if  you  have  5  per  cent  of  actually  loyal  employes, 
you  are  lucky,  regardless  of  whether  you  employ  50  or  5000. 
Building  up  an  organization  is  all  right,  and  can  be  done 
as  far  as  efficiency  is  concerned,  because  this  is  controlled  by 
good  management,  but  loyalty  cannot  be  considered  to  go  hand 
in  hand  with  efficiency.  The  foregoing  extract  is  nicely  worded 
and  will  be  read  by  many  who  will  be  much  interested  in  it. 
However,  I  have  never  found  loyal  employes  in  abundance. 
They  usually  keep  under  cover  and  certainly  do  not  act  when 
the  time  arrives  to  defend  the  company  that  has  employed 
them  for  a  number  of  years.  Of  course,  in  any  line  of  business, 
large  or  small,  there  are  generally  some  loyal  men.  But,  if 
you  will  consider  what  loyalty  really  means,- 1  think  you  will 
agree  that  the  human  element  crops  out  in  most  employes 
and  results  in  actions  that  are  detrimental  to  the  employer. 

Loyalty  to  country  is  certainly  expected  and  should  be  de- 
manded, but  loyalty  in  the  work-shop  is  a  different  proposition. 
The  word  loyalty  looks  good  in  print  and  it  is  a  fine  thing 
when  lived  up  to.  When  two  men  can  speak  freely  to  each 
other  on  almost  any  subject,  feeling  safe  in  so  doing,  the  ideal 
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condition  exists  and  one  to  be  cherished  through  life.  As 
already  stated,  we,  and  thousands  of  others,  have  tested  the 
matter  of  loyalty  many  times,  in  our  business  troubles,  and 
have  found  it  a  farce.  It  is  well  to  be  cautious  to  whom  you 
speak  confidentially  in  trying  times.  The  risk  is  great  and 
the  damage  irreparable  in  many  instances.  When  It  is  too 
late,  you  will  ponder  and  try  to  solve  the  problem.  Old  em- 
ployes should  consider  their  company's  welfare,  but  many  men 
lack  the  courage.  There  is  a  sneaky  attitude  noticeable, 
especially  if  it  means  the  gain  or  loss  of  a  few  dollars;  and 
when  money  is  Involved  many  employes  are  not  dependable. 
It  is  regrettable  for  me  to  have  to  speak  so  plainly  on  this 
subject;  it  would  be  a  gratification  to  take  the  opposite  point 
of  view. 

If  you,  Mr.  Editor,  have  not  had  these  experiences,  you  are 
lucky.  You  will  probably  not  escape  this  unpreventable  shock 
that  hardens  every  tender  feeling  you  ever  entertained  for 
your  men.  If  your  nature  is  of  the  forgiving  type,  you  may 
pass  through  life  making  excuses  for  those  who  prove  treach- 
erous rather  than  loyal.  I  am  not  trying  to  destroy  the  belief 
that  loyalty  exists  in  this  world  of  ours;  sometimes  it  is  found 
where  least  expected.  It  does  seem  impossible  that  a  vast 
number  of  old  employes  with  whom  you  come  in  contact  con- 
stantly could  be  anything  but  loyal. 

Another  paragraph  in  the  editorial  says  that  we  should  edu- 
cate a  certain  percentage  of  our  employes  each  year  in  the 
elements  of  the  trades,  as  that  practice  is  necessary  to  insure 
against  strikes  and  labor  troubles.  I  emphatically  and  with- 
out hesitation  make  the  statement  that  if  those  who  have  had 
labor  troubles  were  not  afraid  to  speak  their  minds,  they 
would  testify  that  such  practice  will  not  be  an  insurance 
against  strikes.  No  matter  what  you  do  or  how  you  do  it, 
can  you  for  one  moment  feel  safe  when  you  have  labor 
troubles.  Even  your  old  employes  who  should  be  considered 
old  friends  will  desert  you.  It  is  exceptionally  distasteful  for 
me  to  have  to  express  myself  so  forcibly  on  a  subject  of  such 
great  importance,  but  in  all  the  strikes  and  labor  troubles  I 
have  ever  had  to  contend  with,  I  have  discovered,  in  many 
instances  through  being  on  the  alert,  that  there  were  few 
men  in  the  employ  of  the  company  I  represented  that  showed 
the  slightest  inclination,  regardless  of  how  long  they  had 
been  employed,  to  say  one  word  in  favor  of  the  company.  A 
great  number  of  men  whom  I  thought  the  most  trustworthy 
have  proved  the  reverse.  It  made  no  difference  whether  there 
was  any  justification  in  these  labor  troubles  or  not,  the  ma- 
jority of  the  men  proved  to  be  the  opposite  of  what  should  be 
expected,  considering  the  length  of  time  they  were  with  the 
company  and  the  manner  in  which  they  were  treated  for  many 
years.  Loyalty  is  like  radium,-  extremely  difficult  to  find  and 
almost  priceless  when  discovered. 
*    •    • 

The  New  York  Connecting  R.  R. — Hell  Gate  Bridge  Route 
— for  through  passenger  service  between  New  England  and 
the  West  and  South,  was  dedicated  to  the  service  of  the  public 
by  Samuel  Rea,  president  of  the  Pennsylvania  R.  R.  Co. 
March  9.  The  special  train  which  conveyed  the  inspection 
party  and  which  was  the  first  train  operated  over  the  new  link, 
left  the  Pennsylvania  Station,  New  York  City,  passed*  through 
the  East  River  tubes  to  the  Sunnyside  Yards,  Long  Island, 
then  traversed  the  line  of  the  New  York  Connecting  R.  R.  to 
the  northern  end  of  Hell  Gate  Bridge,  and  thence  proceeded 
to  the  junction  of  the  New  York,  New  Haven  &  Hartford  R.  R. 
in  the  Bronx.  Gustav  Lindenthal,  designer  of  the  Hell  Gate 
Bridge  and  chief  engineer  of  the  East  River  Bridge  Division, 
stated  in  his  address  at  the  dedication,  that  the  project  has 
cost  over  $27,000,000.  It  completes  the  car  rail  connection 
via  New  York  City,  between  the  Pennsylvania  and  New  Haven 
systems,  and  consists  of  a  four-track  elevated  line  about  six 
miles  in  length  built  of  concrete  and  steel,  which  joins  the 
New  York,  New  Haven  &  Hartford  R.  R.  with  the  lines  of 
the  Pennsylvania  R.  R.  system,  by  way  of  the  East  River  tubes, 
the  Pennsylvania  Station  in  New  York  City,  and  the  Hudson 
River  tubes.  It  makes  possible  through  train  service  from  all 
points  in  New  England  to  Philadelphia,  the  West  and  the 
South.  The  Hell  Gate  Bridge  is  a  single  1000-foot  span  sup- 
ported by  a  double  arch  of  steel  across  the  East  River. 
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REFERENCE  has  been  made  in  a  previous  installment 
to  the  diversity  of  practice  which  exists  in  the  lubrica- 
tion and  cooling  of  metal  cutting  tools,  and  it  was 
pointed  out  that  this  is  largely  due  to  numerous  variable 
factors  entering  into  the  action  of  an  oil  or  cutting  compound 
which  make  it  diflBcult  to  determine  exactly  the  nature  of  the 
service  performed  by  the  fluid.  When  one  manufacturer  is 
using  a  soluble  cutting  compound  costing,  say,  two  cents  a 
gallon,  and  another  manufacturer  uses  petroleum  oil  costing 
twenty-four  cents  a  gallon  for  the  same  purpose,  it  would  ap- 
pear that  the  latter  practice  involves  unnecessary  expense, 
and  possibly  this  is  the  case.  But  the  difference  may  not  be 
as  marked  as  a  mere  comparison  of  cost  makes  it  appear, 
owing  to  the  fact  that  the  oil  may  wear  longer  and  may  enable 
the  cutting  tools  to  be  operated  for  a  greater  length  of  time 
before  they  require  grinding;  or  the  work  may  be  improved  in 
quality  and  the  wear  of  machine-tool  equipment  decreased. 

A  careful  investigation  of  practice  in  representative  Ameri- 
can manufacturing  plants  goes  to  show  that  there  are  par- 
ticular classes  of  work  in  which  each  of  the  commonly  used 
cutting  lubricants  gives  exceptionally  good  service,  and  a  dis- 
cussion of  this  subject  will  be  presented  to  supplement  the 
tabulated  data  in  Table  IV.  Briefly,  this  information  may  be 
summarized  as  follows:  Pure  lard  oil  is  one  of  the  most 
efficient  lubricants  available,  but  owing  to  its  high  price,  which 
is  slightly  in  excess  of  $1  per  gallon  under  present  market 
conditions,  the  use  of  this  lubricant  undiluted  is  not  generally 
recommended  except  for  such  machining  operations  as  tapping, 
reaming,  and  similar  classes  of  work  where  a  high  flnish  and 
great  accuracy  are  required.  In  many  such  cases  it  has  been 
found  impossible  to  find  a  satisfactory  substitute. 

For  automatic  screw  machine  work  some  manufacturers 
still  use  pure  lard  oil,  but  here  the  need  of  a  large  volume 
of  oil  causes  the  question  of  economy  to  play  an  important 
part;  as  the  so-called  "mineral  lard  oil"  mixtures,  ranging 
fi-om  30  per  cent  of  lard  oil  and  70  per  cent  of  mediupi 
petroleum  oil  up  to  equal  parts  of  lard  oil  and  petroleum  oil, 
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have  been  found  to  give  practically  as  good  results  as  pure  lard 
oil,  it  seems  desirable  to  use  these  mixtures.  Furthermore, 
mineral  lard  oil  has  an  advantage  over  pure  lard  oil  in  that 
it  is  more  fluid  and  thus  runs  more  freely  to  the  tool  and 
work;  also,  this  mixed  oil  is  not  so  likely  to  give  trouble  from 
gumming.  Lard  oil  possesses  a  peculiar  unctuous  property 
that  is  not  found  in  other  oils,  and  it  is  a  matter  of  common 
experience  that  trouble  is  likely  to  develop  on  automatic 
screw  machine  work — particularly  in  cases  where  forming, 
threading  and  tapping  operations  have  to  be  performed — unless 
the  lubricant  used  contains  lard  oil  as  one  of  its  constituents. 

Mineral  lard  oil  mixtures  are  used  for  automatic  screw  ma- 
chine work  and  for  numerous  other  machining  operations, 
and  the  following  mixtures  have  been  found  highly  satisfac- 
tory: (1)  Equal  parts  of  lard  oil  and  petroleum  machine  oil. 
(2)  Lard  oil,  30  per  cent,  and  mineral  oil,  70  per  cent.  (3) 
On  Cleveland  automatic  screw  machines  for  cutting  steel  of 
different  grades,  from  10  to  12  per  cent  pure  lard  oil  and  88 
to  90  per  cent  neutral  mineral  oil  of  about  32  degrees  B6. 
gravity.  The  fluidity  of  this  mixture  permits  it  to  reach  the 
extreme  cutting  point  of  the  tool  and  it  possesses  sufficient 
viscosity  to  form  the  required  film  on  the  work.  (4)  One 
part  lard  oil  and  three  parts  Pennsylvania  petroleum 
oil.  (5)  Mineral  lard  oil  reduced  with  from  33  1/3  to  66  2/3 
per  cent  kerosene  or  paraffin.  (6)  Ten  gallons  lard  oil  to 
one  gallon  kerosene.  (7)  For  drilling,  reaming  and  gear 
planing,  30  per  cent  lard  oil  and  70  per  cent  petroleum. 

With  the  view  of  reducing  the  cost  of  lubricants,  some  manu- 
facturers have  resorted  to  the  use  of  pure  petroleum  oil  on 
such  machining  operations  as  milling  and  turning,  which 
seems  to  be  a  step  in  the  direction  of  economy  that  is  justified, 
because  the  mineral  oil  is  giving  satisfactory  service.  A  fur- 
ther step  in  reducing  the  cost  was  made  through  the  introduc- 
tion of  the  so-called  soluble  oils  and  compounds  used  with 
water  to  form  the  well-known  white  cutting  emulsions  which 
are  available  at  prices  ranging  from  about  IVo  to  15  cents  a 
gallon,  according  to  the  degree  of  dilution.  Opinion  is  divided 
in  regard  to  the  advisability  of  using  these  water  emulsions. 
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but  the  following  seems  to  be  representative  of  experience  in 
shops  where  the  question  has  received  most  careful  consid- 
eration. For  milling,  drilling,  grinding  and  other  operations 
where  short  chips  are  produced,  making  cooling  the  most  im- 
portant service  performed  by  the  fluid,  these  water  emulsions 
give  very  satisfactory  results.  They  flow  freely,  and  as 
water  has  a  higher  specific  h'feat  than  any  of  the  oils,  these 
emulsions  are  more  efficient  than  oil  for  cooling.  J^  cases 
where  lubrication  of  the  tool  is  also  important,  it  is  good 
practice  to  add  more  of  the  soluble  oil  or  paste  compound  in 
mixing  the  emulsion  than  where  cooling  only  is  necessary; 
but  under  the  most  favorable  conditions  these  emulsions  have 
but  a  slight  lubricating  action,  so  that  they  are  unsuitable 
for  use  where  long  chips  are  produced.  In  such  cases,  some 
kind  of  oil  will  give  more  satisfactory  results. 

It  has  been  a  matter  of  fairly  general  experience  that  the 
soluble  oil   compounds   are  unsuitable   for   use  on   automatic 


screw  machines,  turret  lathes  and  other  machines  having  slides 
and  bearings  into  which  the  emulsion  can  easily  find  its  way. 
When  fluids  containing  water  are  used  on  machines  of  this 
kind,  the  detergent  action  is  a  source  of  trouble  because  the 
oil  is  washed  out  of  the  bearings,  and  serious  wear  results. 

The  preceding  is  a  brief  summary  of  experience  with  the 
use  of  pure  lard  oil,  mineral  lard  oil,  pure  mineral  oil  and 
soluble  cutting  compounds,  which  are  the  four  classes  of 
lubricants  used  on  the  majority  of  the  cutting  tools  in  Ameri- 
can factories.  Detailed  information  is  given  in  the  following 
paragraphs  concerning  the  lubricants  used  for  typical  machin- 
ing operations  on  different  kinds  of  metal.  In  each  case  the 
recommendations  are  presented  in  the  order  in  which  these 
different  lubricants  are  generally  used.  To  supplement  this 
information,  Table  IV  gives  lubricants  that  are  more  com- 
monly employed  for  various  machining  operations  on  different 
classes  of  metal;  and  Table  V  gives  a  list  of  soluble  oil  com- 
pounds and  their  manufacturers,  together  with  the  degree  of 
dilution  recommended  by  these  manufacturers  for  different 
classes  of  machining  operations.  In  addition  to  the  soluble 
compounds  there  are  a  number  of  commercial  oil  mixtures  on 
the  market;  some  of  these  are  used  "straight"  while  others 
are  diluted  with  kerosene,  fuel  oil,  etc.  Table  VI  gives 
recommendations  in  regard  to  the  classes  of  work  for  which 
these  are  adapted  and  the  degree  of  dilution  recommended 
for  different  classes  of  work. 

General  Lubricants  for  Different  Machining  Operations 

In  attempting  to  make  recommendations  for  lubricants  for 
various  machining  operations  on  different  classes  of  metals, 
letters  were  sent  out  to  a  list  of  representative  builders  and 
users  of  different  types  of  machine  tools,  asking  them  to  fur- 
nish information  concerning  the  lubricants  and  coolants  they 
had  found  most  satisfactory.  Information  obtained  from 
these  sources  was  supplemented  by  the  observation  of  Ma- 
chinery's editors  while  visiting  manufacturing  plants  engaged 
in  a  great  variety  of  work.    "When  these  data  were  analyzed  it 
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CUTTING  LUBRICANTS  FOR  MACHINING  OPERATIONS  ON  DIFFERENT 
CLASSES  OF   MATERIAL' 


Operation 

High-caibon 
and  Alloy  Steel 

Low-carbon 
Steel 

Cast  Iron 

Wrought  lion 

Malleable  Iron 

Brass 

Bronze 

Copper 

Aluminum 

Monel  Met*! 

Turning 
Forming 

Boring 

Milling 

Drilling 

Reaming 

Tapping 

Tapping  nuts 

Broaching 

Gear  cutting 

v  Gear  planing 

Gear  hobbing 

Gear  shaper 

.AJuto.  screw 
machine  work 

Thread 
cutting 

Thread  milling 

Threadingdies 

Cold-saws 

Grinding 

Mineral  lard 
Compound 
Mineral  lard 
Paraffin  oil 

28°  Be. 
Mineral  lard 
Paraffin  oil 

28    Be. 
Mineral  lard 
Compound 
Mineral  lard 
(Hard)  Tur- 
pentine 
Lard  oil 
Sperm  oil 
Lard  oil 
Cottonseed 

Compound 

Dry 
Mineral  lard 
Compound 

Dry 

Dry 
Compound 

Dry 
Compound 

Dry 
Compound 

Dry 
Compound 

Dry 

Dry. 

Dry 

Kerosene 

Dry 
Compound 

Dry 

Dry 

Dry 

Dry 

Kerosene 

Mineral  lard 
Compound 

Dry 

Compound 

Dry 
Compound 

Dry 

Dry 

Dry 

Kerosene 

Compound 

Mineral  lard 

Mineral  lard 

Compound 

Dry 
Comp.  air 

Dry 
Comp.  air 

Compound 

Water 
Compound 
Mineral  lard 

Compound 

Dry 

Compound 

Dry 

Dry  or  comp. 

Kerosene 

Compound 

Dry 

Mineral  lard 

Kerosene 

Compound 

Compound 

Mineral  lard 

Kerosene 

Beeswax  or 

tallow 

Kerosene 

Compound 

Lard  oil 
Mineral  lard 

Lard  oil 
Cottonseed 

Dry 

Mineral  lard 

Lard  oil 

Compound 

Lard  oil 

Mineral  lard 

Lard  oil 

Compound 

Compound 

Dry 

Dry 

Mineral  lard 

Lard  oil 
Compound 

Lard  oil 
Compound 

Lard  oil 
Lard  oil  and 
white  lead 

Lard  oil 

Lard  oil 
Kerosene 

Mineral  lard 
Compound 

Neatsfoot  oil 
Compound 

Mineral  lard 
Compound 

Mineral  lard 
Compound 

Neatsfoot  oil 
Compound 

Mineral  lard 

Compound 

Dry 

Neatsfoot  oil 

Compound 

Lard  oil 

Dry 

Neatsfoot  oil 
Compound 
Compound 

Neatsfoot  oil 
Compound 

Mineral  lard 

Compound 

Dry 

Lard  oil 
Mineral  lard 
Compound 

Kerosene 

Dry 

Compound 

Dry 

M'          lid 

Compound 
Mineral  lard 
Compound 

Dry 
Dry 

inera    ara     *  *  ..v.            « 

Lard  oil 
Mineral  lard 

Lard  oil 
Mineral  lard 

Lard  oil 
Mineral  lard 

Mineral  lard 

Dry 
Compound] 
Compound 

Lard  oil 

Compound 
Mineral  lard 

Paraf.  and 
mineral  lard 
Mineral  lard 

Cottonseed 
Mineral  lard 

Paraffin  oil 

28"  Be. 
Mineral  lard 

Compound 
Mineral  lard 

Compound 

Compound 

Compound 

Mineral  lard 
Paraffin  and 
mineral  lard 
Mineral  lard 
Cottonseed 

Mineral  lard 
Paraffin  oil 

Mineral  lard 

Mineral  lard 

Mineral  lard 
Compound 

Lard  oil 

Cottonseed 

Mineral  lard 

Paraffin  oil 

28"  Be. 

Lard  oil 

Sperm  oil 

Mineral  lard 

Dry 

Dry 
Compound 

Dry 
Compound 

Dry 

Dry 

Mineral  lard 

Djff 

Kerosene 

Lard  oil  and 
white  lead 

Dry 

Mineral  lard 
Compound 

Lard  oil 
Mineral  lard 
Mineral  lard 
Compound 
Compound 

Dry 
Compound 
Compound 

Mineral  lard 

Compound 

Dry 

Compound 

Dry 
Compound 

Dry 

Compound 
Compound 

Compound 

Dry 
Soda  water 

Compound 

Compound 

Compound 

Compound 

* 

Machinery 

'  Babbitt,  hard  rubber  and  fiber  are  machined  dry  with  few  exceptions.     Lard  oil  or  soap  may  be  iiaert  when  tapping  babbitt;  water  when  turning  hard  rubber,  and 
compound    when    tapping,    boring,    milling,    drilling    and    reannng;    t\irpentine    or  kerosene  is  used  when  drilling  and   reaming  glass. 
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at  once  became  evident  that  there  are  no  accepted  standards 
of  practice;  different  manufacturers  use  different  lubricants 
for  the  same  work,  and  as  previously  explained,  each  may 
obtain  the  same  amount  of  service  for  his  money,  owing  to 
variations  in  the  life  of  different  oils  and  of  tools  lubricated 
with  these  oils,  regardless  of  the  fact  that  oils  used  for  the 
same  purpose  may  be  of  widely  different  price.  In  Table  IV 
information  is  given  concerning  lubricants  for  the  different 
machining  operations  on  materials  commonly  worked  in  ma- 
chine shops.  It  will  be  noticed  that  in  most  cases  two  lubri- 
cants are  named,  these  being  given  in  the  order  in  which  they 
are  most  generally  used.  It  was  impracticable  to  tabulate 
all  the  information  available  concerning  lubricants  for  dif- 
ferent machining  operations  and  metals,  but  the  following 
paragraphs  supplement  the  table  by  giving  additional  cutting 
lubricants  that  have  been  found  to  give  good  service.  As  in 
the  case  of  Table  IV,  these  are  named  in  the  order  in  which 
experience  has  shown  they  are  most  generally  used.  Where 
the  use  of  "compound"  is  recommended,  it  means  any  of  the 
emulsions  made  by  mixing  soluble  oil  or  paste  with  water. 
Attention  is  called  to  the  fact  that  no  recommendations  are 
made  in  the  case  of  such  materials  as  cast  iron,  etc.,  where 
it  is  good  practice  to  conduct  the  machining  operation  dry. 

Automatic  Screw  Machine  Work — High-carbon  and  alloy 
steel:  lard  oil,  mineral  lard  oil  consisting  of  ten  parts  min- 
eral lard  oil  and  one  part  kerosene.  Low-carbon  steel:  min- 
eral lard  oil,  asphaltic  base  petroleum  oil,  paraflBn  oil  and 
mineral  lard  oil  in  equal  proportions.  Wrought  iron:  mineral 
lard  oil,  asphaltic  base  petroleum  oil.  Brass:  mineral  lard 
oil,  light  paraffin  oil.  Bronze:  mineral  lard  oil,  asphaltic 
base  petroleum  oil.  Copper:  mineral  lard  oil.  Aluminum: 
mineral  lard  oil,  compound.  Hard  rubber:  dry,  compressed 
air.  Fiber:  dry.  In  all  cases  the  mineral  lard  oil  mixture  may 
run  anywhere  from  equal  parts  of  mineral  oil  and  lard  oil 
down  to  70  per  cent  mineral  oil  and  30  per  cent  lard  oil. 


Fig.   79.     Application  of  Lubricant  to  Tools  on  Automatic   Screw  Machine 

Boring — High-carbon  and  alloy  steel:  mineral  lard  oil,  lard 
oil,  paraffin  oil.  Low-carbon  steel:  mineral  lard  oil,  petroleum 
oil,  compound.  Brass:  compound.  Bronze:  compound.  Cop- 
per: lard  oil  or  kerosene.     Aluminum:  kerosene. 

Broaching — High-carbon  steel:  neatsfoot  oil,  compound. 
Low-carbon  steel:  neatsfoot  oil,  compound.  Wrought  iron: 
neatsfoot  oil,  compound.  Malleable  iron:  neatsfoot  oil,  com- 
pound.    Bronze:    neatsfoot  oil,   compound. 

Cutting  off  with  Cold-saws — High-carbon  and  alloy  steel : 
mineral  lard  oil,  mixture  of  two  parts  kerosene  and  one  part 
signal  oil,  petroleum  oil.  Low-carbon  steel:  mineral  lard  oil. 
petroleum  oil,  compound,  mixture  of  two  parts  kerosene  and 
one  part  signal  oil.  Wrought  iron:  mineral  lard  oil,  petroleum 
oil,  compound.     Bronze:   compound. 

Cutting  off  with  Hacksaw  Machines — On  all  metals  use  soda- 
water  mixture  of  two  pounds  soda  to  three  gallons  water. 


TABLE  V.    APPROXIMATE  DEGREES  OP  DILUTION   (PARTS  OP  WATER  PER  PART  OF  OIL   OR 
PASTE)   FOR  CUTTING  COMPOUNDS  ON  DIFFERENT  MACHINING  OPERATIONS 


A.L.A.  Mfg.  &  Sup.  Co. 

American  Oil  Corp.  . . . 

American  Oi!  Prod.  Co. 
Baum's  Caetorine  Co.. 
Bayerson  Oil  Works. . . 
Climax  Refining  Co 


Crescent  Oil  Co . 


J.  L.  Fannon  &Co 

Garnet  Co.- 

Hawkeye  Oil  Co 

George  A.  Haws.  Inc  ■ 

Interstate  Chemical  Co. 

Lucent  Oil  Co 

Magie  Bros 


Moore  Oil  Co. 

Oil  City  Oil  &GreaseCo.  | 

Paragon  Refining  Co. 

Pennsylvania  Lubricat- 
ingCo 

B.G.Pratt  Co 


Racine  Tool  &  Mach.  Co. 


W.  C.  Robinson  & 
Son  Co 


L.  Sonneborn  Sons,  Inc. 


Compounds  and  Oils 


A.  L.  A.  Compound 
A.  L.  A.  Hydrosol 
Am.  Cutting  Comp. 
Oleosity 
Opco-lardo 
Baum's  Compound 

Emulso 
Climax  Perfection 
Aqualene 
Duocene 
Solucene 
Lardoleum 

Triprocess 

Faultless 

Marnile 

Key  brand 

Key  sol 

Tul-lub 

Challenge 

Rock  brand 

Buckeye 

Solubo 

Germania  Lubro 

Emulsol 

Palubco 

Kutwell 

Kut-o-lene 

Hydroil 

New  Departure 

Peerless  compound 

Peerless  soluble  oil 

Aquasol 

Soluble  cutol 

Oriole 

Amalie  C 

Amalie  D 

Kleen-kut 


Cost  per 
Gallon 


D.  A.  Stuart  &  Co..  Inc.  A 

AA 

UIco  Oil  Co Nagle  soluble  oil 

Union  Petroleum  Co . . .  Exanol 

,.,     „  Vorco  soluble  oil 

Vortex  Mfg.  Co Alumincut 

«,t  ■      o   T>      ,      ^  Eco.  cutting  lubricant 

White  &  Bagley  Co  Eco.  grinding  lubricant 

WhiteStar Refining  Co.  White  Star 


0.98 
0.08> 

0.06M1 

0.40 

0.45 

0.07'41 

0.061 

0.081 

0-50 

0.60 

0.60     ■ 

0.051 

0.45 

0.061 

1.00 

0.60 

O.U 

0.60 

0.38 

0.45 

0.08' 


0.65 
0.50 
0.51 
0.63 
0.07 
0.10 
0.45 


Turning 
and  Borini 


MilUng  Drilling 


10  to  13 
12  to  16 


25 

25 
7  to  10 

15 

18 
30  to  50 
10  to  162 

20 

20 

35 


20  to  30 
16 


20 

25 

28 

60 

60 

50 

60 
30  to  35 
35  to  40 


25  to  34 
25  to  34 
15  to  25 

15 

18 
30  to  50 
25  to  50 

20 

20 

16 


16 

16 

40  to  50 


16 
10  to  40 

40 
25  to  50 
6  to  48 

48 


30  to  35 
35  to  40 


25  to  34 
25  to  34 
15  to  25 


)to50 
50 
20 


25  to  30 

20 
20  to  30 

12 


3  to  10 

12 
10  to  35 

40 
25  to  60 
6  to  24 


10 


15 
50 
40 
32 
20 
15 
50 
50 
15  to  18 
20 


50 
15 
25 
30 
10  to  25 
50 
20 
20 
35 


36 


Ciinding    Threading 


25  to  30 

20 
20  to  30 


12 
40  to  50 


40  to  60 
40  to  60 


40  to  45 
40  to  50 


60 
60 
50  to  100 
200 
50 
20 


32 


25  to  40 

16 
6toll 


Straight 
10 


5  to  10 
13  to  16 


20 
12  to  15 

50 

50 
12  to  15 
15  to  18 


25 

25 
15  to  25 

15 

18 
8to26 
10  to  16 

30 


Gear 
Cutting 


10  to  15 

16 
6  to  11 

8 

15 
Straight 

10 

12 

12 

8 
20  to  30 
16  to  20 


24 

SO 

30 

50 

50 
25  to  30 
30  to  40 


10  to  25 
10  to  25 


5  to  25 

10  to  16 

20 


Gear 
Mobbing 


15 

Straight 

10 


Nut 
Tapping 


6  to  11 
16 


Straight    Straight 

5 

10 

20  to  30 

16  to  20 

16 
Straight 


20 

25 

24 

45 

45 

50 

50 
25  to  30 
30  to  40 


10  to  25 
10  to  25 
10  to  15 

10 

15 
8  to  25 


Broaching 


12  to  15 
50 


25  to  30 
25  to  40 


5  to  15 

10  to  16 

20 


Straight 


Straight 


26  to  35 
30  to  40 


5 

10 

3  to  20 


Machinery 


iCost  ot   paste  per  pound.     2  Vdd  one  quart  of  kerosene  to  each  fifty  gallons 
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TABLE  VI.    COMMERCIAL  OIL  MIXTURES  RECOMMENDED  FOR  VARIOUS 

MACHINING  OPERATIONS 


Name  of 
Company 

Compounds 
and  0.li 

Coil  per 
Gallon 

Turning  and 
Boring 

Milling 

Dfilling 

Cold-iaw« 

Grinding 

Threading 

Gear 
Cutting 

Gear 
Hobbing 

Nut 
Tapping 

Broaching 

$0.60 


0.50 
0.60 
0.60 
045 
0.65 
0.50 
0.40 

40  to  m'/, 

fuel  oil 

20  to  80% 

ker. 

50%  ker. 
Straight 
15%  ker. 
259t  ker. 
50% 

307o 
30%  ker. 
20%  paraf. 

40  to  50% 

fuel  oil 

20  to  30% 

ker. 

50%  ker. 
16%  ker. 
25%  ker. 
25%  ker. 

70%, 

50% 
30%  ker. 
20%  ker. 

40  to  60% 
fuel  oil 

20  to  30';; 
fuel  oil 

60%  ker. 
16%  ker. 
26%  ker. 
40%  ker. 

70% 

60% 
30%  ker. 
20%  ker. 

40  to  607c 

fuel  oil 

20  to  30<;! 

ker. 

60%  ker. 
26%  ker. 
26%  ker. 

209!  fuel  oil 

40  to  60% 
fuel  oil 

20'Ji  fuel  oil 

20%fuel  oil 

20  to  30% 
fuel  oil 

Extra  special 
cutting  oil 
No.  660  cut- 
Franklin  Oil           ting  oil 
&  Gae  Co.          Perfection 
cutting  oil 
No.  660  cut- 
ting oil 
Penn.  Lubri-  1 

16%  ker. 

Straight 

Straight 

Straight 

30  to  60% 

30% 

Straight  or 
40%  paraf. 

Straight 

16'^  ker. 

Straight 

Straight 

Straight  or 

15'/,.  ker. 

20  to  40% 
30% 

Straight  or 
40'>!  paraf. 

Straight 
Straight 

15%  ker. 

Straight 

Straight 

Straight  or 

15%  ker. 

30% 

40% 

Straight  or 
W/i  paraf. 

Straight 
Straight 

15%  ker. 
Straight 
Straight 
Straight 
20  to  40% 
50% 

30%  ker. 
50%  paraf. 

16%  ker. 
Straight 
16%  ker. 
25%  ker. 
30  to  50% 
60'/<, 

Straight 
Straight 

20tol 

eating  Co. 

G.  Whitfield 

Richards 

D.  A.  Stuart 
&  Co.,  Inc. 

Union  Petro- 
leum Co. 

ren-o-iard" 

Near-a-lard ' 

Dascolene 
Dasco  miner- 
alized lard  oil 
Daeco  gear 
cutting  oil 
Dasco  auto, 
cutting  oil 
Dasco  screw 
cutting  oil 

Mineral  lard 

" 

50%  ker. 
50%.  ker. 

16  to  1  of 
soda  water 

16  to  1  of 
soda  water 

30%  paraf. 

Straight 

40%  28° 

paraf.2 

30%fueloil3 

30%>  paraf. 
Straight 

30%  paraf. 
Straight 

309J.  paraf. 

Straight 

«.,,,„>,. 

Straight 

Straight 
30%  ker. 

Straight 

Straight 

30%  28° 

paraf. 

Machinery 

im  28°     i      40';!  28° 

paraf.2     |      paraf.2 

Straight*    1     30%  28° 

naraf 

0.55 

40'X  28°     :     40'/,  28° 
paraf.2     '      Daraf.2 

'Dilute  with  kerosene,    fuel  oil,  light  gravity  neutral   or  paraffin  oil. 
okel  high-carbon  steel.     ■'For  use  on  cast  iron. 


''Dilute  mixture  with  30  per  cent  300-degree  burning  oil.     'For  machining  3%   per  cent 


Drilling — High-carbon  and  alloy  steel:  mineral  lard  oil,  lard 
oil.  Low-carbon  steel:  mineral  lard  oil,  petroleum  oil,  com- 
pound. Very  hard  steel:  turpentine  or  mixture  of  turpentine 
and  spirits  of  camphor,  kerosene.  Cast  iron:  compressed  air. 
Wrought  iron:  mineral  lard  oil,  petroleum  oil,  compound. 
Malleable  iron:  compound,  petroleum  oil.  Brass:  compound. 
Bronze:  compound.  Copper:  lard  oil,  mineral  lard  oil,  kero- 
sene. Aluminum:  kerosene,  beeswax  or  tallow  (rubbed  on 
rotating  drill  after  cutting  two  or  three  holes.  Monel  metal: 
compound.  Glass:  turpentine,  turpentine  and  spirits  of  cam- 
phor, kerosene. 

Forming — High-carbon  and  alloy  steel:  mineral  lard  oil, 
lard  oil,  paraffin  oil,  mixture  of  two  parts  kerosene  and  one 
part  signal  oil.  Low-carbon  steel:  mineral  lard  oil,  petroleum 
oil,  compound,  mixture  of  two  parts  kerosene  and  one  part 
signal  oil.  Wrought  iron:  petroleum  oil,  compound.  Brass: 
compound.  Copper:  lard  oil  or  kerosene.  Aluminum:  kero- 
sene. 

Gear  Cutting — High-carbon  and  alloy  steel:  lard  oil,  mineral 
lard  oil.  Low-carbon  steel:  mineral  lard  oil,  petroleum  oil, 
compound.     Bronze:  lard  oil,  mineral  lard  oil,  compound. 

(fear  Robbing — High-carbon  and  alloy  steel:  lard  oil,  min- 
eral lajd  oil.  Low-carbon  steel:  mineral  lard  oil.  Cast  iron: 
compound.  Brass:  compound.  Bronze:  mineral  lard  oil,  com- 
pound. 

Gear  Planing — High-carbon  and  alloy  steel :  mineral  lard  oil. 
Low-carbon  steel:  mineral  lard  oil.     Bronze:  mineral  lard  oil. 

Gear  Shaping — High-carbon  and  alloy  steel:  lard  oil,  min- 
eral lard  oil,  turpentine,  kerosene.  Low-carbon  steel:  mineral 
lard  oil,  compound,  turpentine,  kerosene  (on  steel  where 
trouble  is  experienced  from  tearing  the  metal,  add  a  small 
amount  of  powdered  sulphur  to  the  lard  oil  or  mineral  lard 
oil).    Cast  iron:  compound.    Brass  and  bronze:  compound. 

Grinding — High-carbon  and  alloy  steel:  compound.  Low- 
carbon  steel:  compound.  Cast  iron:  compound.  Wrought 
iron:  compound.    Brass:  compound.     Bronze:  compound. 

Milling — High-carbon  and -alloy  steel:  mineral  lard  oil,  com- 
pound, petroleum  oil,  paraffin  oil,  lard  oil.  Low-carbon  steel: 
compound,  mineral  lard  oil,  petroleum  oil.  Cast  iron:  com- 
pressed air.  Wrought  iron:  mineral  lard  oil,  compound, 
petroleum  oil,  soda  water.  Brass:  compound.  Bronze:  com- 
pound, kerosene.  Copper:  mineral  lard  oil,  lard  oil,  kerosene. 
Aluminum:   kerosene. 

Reaming — High-carbon  and  alloy  steel:  lard  oil,  mineral  lard 
oil,  sperm  oil,  mixture  of  lard  oil  and  white  lead  of  about 
consistency  of  glue.  Low-carbon  steel:  lard  oil,  mineral  lard 
oil,  compound,  lard  oil  and  white  lead.  Wrought  iron:  lard 
oil,  mineral  lard  oil.  Brass:  compound.  Copper:  mineral  lard 
oil,  lard  oil,  kerosene.    Aluminum:  lard  oil,  kerosene. 

Tapping — High-carbon  and  alloy  steel:  lard  oil,  mineral  lard 
oil,  mixture  of  90  per  cent  tallow  and  10  per  cent  graphite, 
cottonseed  oil.  Low-carbon  steel:  lard  oil,  mineral  lard  oil, 
tallow  and  graphite,  lard  oil  and  white  lead  mixed  to  consis- 
tency of  glue,  cottonseed  oil.  Cast  iron:  lard  oil,  compound, 
white  lead.  Wrought  iron:  lard  oil,  compound.  Malleable 
iron:  lard  oil,  compound.  Brass:  lard  oil,  lard  oil  and  white 
lead  mixed  to  consistency  of  glue.  Copper:  lard  oil.  Alumi- 
num:  lard  oil,  kerosene,  beeswax  or  tallow   (rubbed  on  rotat- 


ing tap  after  each  operation).  Babbitt:  lard  oil,  soap  (packed 
into  hole  before  tapping).     Nuts:   mineral  lard  oil  compound. 

Thread  Cutting — High-carbon  and  alloy  steel:  lard  oil,  min- 
eral lard  oil,  cottonseed  oil,  grapeseed  oil.  Low-carbon  steel: 
mineral  lard  oil,  mixture  of  mineral  lard  oil  and  25  to  50  per 
cent  kerosene,  turpentine  and  white  lead,  lard  oil,  cottonseed 
oil,  grapeseed  oil.  Very  hard  steel:  turpentine.  Wrought 
iron:  mineral  lard  oil,  compound.  Brass:  compound.  Bronze: 
mineral  lard  oil.  Copper:  mineral  lard  oil.  Aluminum: 
kerosene.  Monel  metal:  mixture  of  lard  oil  and  white  lead 
reduced  to  consistency  of  glue. 

Thread  Milling — High-carbon  and  alloy  steel:  mineral  lard 
oil,  paraffin  oil.  Low-carbon  steell  mineral  lard  oil,  paraffin 
oil  of  28  degrees  Be.  gravity. 

Threading  with  Dies — High-carbon  and  alloy  steel:  lard  oil, 
sperm  oil.  Low-carbon  steel:  lard  oil,  mineral  lard  oil,  com- 
pound. Wrought  iron:  lard  oil,  mineral  lard  oil.  Brass:  min- 
eral lard  oil,  compound.     Copper:   lard  oil,  mineral  lard  oil. 

Turning — High-carbon  and  alloy  steel:  mineral  lard  oil, 
lard  oil,  compound,  paraffin  oil  of  28  degrees  Be.  gravity,  sig- 
nal oil.  Low-carbon  steel:  mineral  lard  oil,  signal  oil,  petro- 
leum oil,  compound.  Wrought  iron:  petroleum  oil,  compound. 
Brass:  compound.  Bronze:  compound.  Copper:  lard  oil  or 
■kerosene.  Aluminum:  kerosene.  Monel  metal:  compound. 
Hard  rubber:  cold  water. 

Importance  of  Complete  Stability  of  Cutting-  Emulsions 

When  cutting  emulsions  are  made  by  mixing  paste  or 
soluble  oil  with  water  it  is  important  for  the  oil  or  paste  to 
be  uniformly  mixed  in  the  water  and  for  the  emulsion  to  be 
stable  at  all  temperatures  under  which  it  is  likely  to  be  used. 
When  this  is  not  the  case,  there  is  danger  of  certain  con- 
stituents of  the  oil  settling  out  in  layers,  resulting  in  lack  of 
uniformity  of  the  emulsion,  which  will  prevent  it  from*  having 
the  maximum  lubricating  effect,  and  may  cause  rusting  of 
machines  and  product.  The  user  of  cutting  compounds  will 
do  well  to  place  in  tall  glass  bottles  test  samples  mixed  with 
water  in  the  proportions  recommended  for  the  class  of  work 
on  which  the  emulsion  is  to  be  applied  and  observe  whether 
there  is  any  tendency  for  the  constituents  to  settle  out.  Any 
compounds   which    show    this   tendency    should   not   be   used. 

Mixing-  Cutting:  Oils  and   Emulsions 

In  order  to  secure  the  best  results  with  mixtures  of  oil  or 
cutting  emulsions  which  the  consumer  mixes  in  his  own  shop, 
great  care  should  be  taken  to  follow  the  instructions  given  by 
the  firm  from  which  oils  are  purchased,  as  even  slight  devia- 
tions from  the  recommended  practice  will  often  seriously  re- 
duce the  efficiency  in  cooling  or  lubricating.  It  is  good  prac- 
tice to  standardize  cutting  lubricants  as  far  as  possible,  and  in 
every  case  a  competent  person  should  have  charge  of  their 
handling  and  mixing.    Satisfactory  results  cannot  be  expected 
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Fig.    80.     Arrangement    of    Piping    for    delivering    Oil    to    Tools    on 
Turret    Lathe 

where  the  practice  is  followed  of  allowing  each  operator  to 
make  up  his  own  mixture,  as  this  tends  to  destroy  uniformity 
and  there  will  be  many  cases  in  which  unsuitable  mixtures  will 
be  used.  It  is  a  good  plan  to  have  a  printed  schedule  of 
lubricating  practice  placed  in  the  hands  of  each  shop  superin- 
tendent and  department  foreman,  showing  the  kind  of  lubri- 
cants to  use  for  all  classes  of  work.  Such  schedules  will  show 
the  formulas  used  by  the  man  who  has  charge  of  making  up 
oil  mixtures,  and  in  cases  of  trouble  they  will  assist  in  deter- 
mining whether  the  proper  lubricant  has  been  supplied  for 
handling  a  given  job.  This  practice  will  also  be  the  means  of 
reducing  the  consumption  of  lubricants  and  of  obtaining  lubri- 
cants that  will  give  satisfactory  results. 

In  mixing  cutting  emulsions  and  oils — particularly  in  cases 
where  there  is  a  lot  of  mixing  to  be  done — equipment  should 
be  provided  that  will  enable  this  work  to  be  conducted  with 
the  least  possible  delay,  and  that  will  also  guard  against  the 
loss  of  material  that  is  bound  to  occur  when  buckets  and  other 
slipshod  methods  are  used  for  handling  various  metals.  Fig. 
77,  which  appears  in  the  third  installment  of  this  article, 
published  in  the  March  number,  shows  an  excellent  arrange- 
ment of  equipment  for  conducting  mixing  operations.  This 
consits  of  a  barrel  located  on  the  floor  above  the  main  storage 
tank  from  which  lubricant  is  pumped  to  the  gravity  tank  that 
supplies  the  various  machines  in  the  factory.  Leading  into 
this  barrel  there  are  a  steam  pipe  and  a  water  pipe,  either  of 
which  may  be  opened  to  provide  for  boiling  the  ingredients  of 
cutting  emulsions  or  diluting  them  as  required.  Below  the 
Ijarrel  is  a  valve  connecting  with  a  pipe  leading  to  the  storage 
tank;  after  the  mixture  has  been  made  up  this  valve  is  opened 
to  allow  the  lubricant  to  run  into  the  tank. 

Formulas  for  Homemade  Cutting'  Emulsions 

The  following  are  formulas  for  cutting  emulsions  whicli 
well-known  manufacturers  have  found  to  give  very  satisfac- 
tory results.  It  will  be  noted  that  some  of  these  are  recom- 
mended for  general  application  on  those  classes  of  work  on 
which  compounds  give  satisfactory  results,  while  in  certain 
other  cases  compounds  are  especially  recommended  for  specific 
machining  operations.  In  this  connection,  the  reader's  atten- 
tion is  called  to  the  formulas  for  making  emulsions  that  are 
given  out  by  many  oil  manufacturers.  Naturally  these  have 
especial  reference  to  trademarked  oils  sold  by  these  firms, 
and  as  they  call  for  the  use  of  these  special  ingredients,  no 
mention  is  made  of  them  in  the  following  section  of  this 
article. 

Soda-water  mixtures  are  still  used  to  a  considerable  extent, 
■but  while  they  possess  an  advantage  over  plain  water  in  that 
there  is  no  tendency  to  rust  the  tools  or  work,  soda  water 
has  no  greater  lubricating  effect  than  pure  water.  The  fol- 
lowing gives  the  formula  for  a  soda-water  mixture  containing 
lard  oil,  which  has  a  lubricating  effect  in  addition  to  the 
usual  properties  of  pure  soda  water:  Mix  i/4  pound  sal  soda, 
V2  pint  lard  oil  and  Yz  pint  soft  soap  with  enough  water  to 
make  ten  quarts.  This  mixture  is  boiled  for  one-half  hour  and 
is  ready  for  use  after  cooling  to  normal  temperature.  This 
will  give  very  satisfactory  results  for  all  classes  of  work  on 


Fig.  81.     Jointed  Delivery  Pipe  which  makes  it  Possible  to  direct  Fluid 
exactly    to    Desired    Position 

which  cutting  compounds  can  be  used,  except  for  drilling,  and 
in  this  case  the  stock  soda-water  solution  should  be  thinned 
down  considerably  to  prevent  foaming. 

For  general  use  in  drilling,  milling  and  other  operations  for 
which  a  cutting  compound  may  be  used,  the  following  formula 
produces  a  coolant  that  will  be  found  to  give  very  satisfactory 
results:  Take  two  galvanized  iron  buckets  and  fill  one  two- 
thirds  full  with  No.  1  lard  oil  and  the  other  two-thirds  full 
with  No.  1  screw  cutting  oil.  To  one  pail  add  a  pint  measure 
of  Proctor  &  Gamble's  white  soap  chips  and  to  the  other  pail 
add  one-half  pound  of  powdered  ^oda.  The  contents  of  these 
two  pails  are  then  poured  into  a  wooden  barrel  and  thoroughly 
boiled  with  live  steam  which  results  in  dissolving  the  soap  and 
soda  and  thoroughly  mixing  it  with  the  oil.  After  this  has 
been  done,  the  barrel  is  filled  with  cold  water  and  thoroughly 
stirred  to  secure  a  uniform  mixture,  after  which  the  contents 
are  run  into  the  storage  tank  of  the  central  distributing 
station,  from  which  pumps  deliver  it  to  circulating  pipes  lead- 
ing to  the  machines  in  the  factory. 

For  drilling  and  milling  operations,  the  following  formula 
gives  a  good  cutting  compound:  Dissolve  2Vo  pounds  soda 
ash  in  water  and  mix  with  2  or  3  gallons  lubricating  oil. 
These  constituents  are  thoroughly  stirred  to  secure  a  uniform 
mixture  and  are  then  added  to  40  gallons  water. 

For  all  milling,  turning  and  drilling  operations,  the  follow- 
ing formula  produces  a  good  compound:  Dissolve  1%  pound 
sal  soda  in  10  gallons  water  and  boii  the  solution  with  a  steam 
jet,  then  add  1  gallon  lard  oil. 

For  reaming  and  tapping  holes  for  staybolts,  one  of  the 
largest  locomotive  shops  in  the  country  uses  a  compound  made 
up  according  to  the  following  formula:  Mix  18  gallons  good- 
grade  lard  oil,  60  pounds  tallow  and  100  pounds  white  lead. 

To  make  a  grinding  compound,  the  following  formula  is 
highly  recommended:  Dissolve  75  pounds  soft  soap  and  30 
pounds  sal  soda  in  15  gallons  boiling  water.  Keep  the  mixture 
boiling  and  stir  in  10  gallons  lard  oil.  To  this  mixture  add 
1  ounce  creosote  oil  as  a  disinfectant.  When  cool,  mix  1  gal- 
lon of  this  stock  solution  with  3  gallons  water  to  make  the 
compound  delivered  to  the  wheel  and  work. 

To  make  a  lubricant  for  gear-cutting  with  rotary  cutters 
or  hobs,  the  following  formula  produces  an  emulsion  that  gives 
excellent  results:  Stir  together  'iVs  gallons  mineral  lard  oil 
and  2%  pounds  sal  soda,  and  when  thoroughly  mixed  add  to 
one  barrel  of  soft  water.  This  compound  does  not  thicken  or 
leave  a  gummy  residue. 

Effect  of  Oil  or  Cutting-  Compound  on  Power  Required 
to  Drive  Machine  Tools 

There  is  considerable  diversity  of  opinion  concerning  the 
effect  of  oil  or  cutting  compound  on  the  amount  of  power 
required  to  drive  the  machine.  Some  investigators  in  this 
field  have  been  unable  to  secure  results  that  show  any  reduc- 
tion of  power  consumption  through  the  use  of  oil  or  cutting 
compound  as  compared  with  operating  tools  dry.  Others  have 
found  a  marked  difference  in  favor  of  the  lubricated  cutting 
tools,  and  it  seems  reasonable  to  assume  in  cases  where  no 
improvement  has  been  found  that  the  tool  was  probably  work- 
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Ing  on  those  classes  of  metal  where  fairly  satisfactory  results 
might  be  obtained  without  the  use  of  a  lubricant.  The  follow- 
ing gives  the  experience  of  one  or  two  investigators  who  have 
found  cutting  lubricant  to  be  a  valuable  factor  in  reducing 
the  amount  of  power  required  by  the  machine. 

At  the  plant  of  the  Dullard  Machine  Tool  Co.,  Bridgeport, 
Conn.,  a  machine  was  working  on  a  steel  casting  which  had 
about  %  inch  left  on  the  diameter  for  machining.  The  sur- 
face to  be  finished  was  about  16  inches  wide,  and  two  large 
streams  of  cutting  compound  were  delivered  to  the  tools  which 
were  taking  two  cuts,  one  at  the  top  and  one  at  the  side. 
The  cutting  compound  was  delivered  at  the  rate  of  about 
tliirty-six  quarts  per  minute  directly  to  the  tools,  but  even 
under  these  conditions  the  chips  turned  blue  when  they  came 
out  from  the  cutting  compound.  With  a  view  to  determining 
the  effect  of  the  compound  upon  the  machine's  power  factor, 
the  experiment  was  tried  of  shutting  off  the  flow  while  the 
machine  was  in  operation  under  the  conditions  mentioned. 
When  this  was  done  the  machine  made  one-half  revolution  and 
then  the  belt  went  off.  It  was  expected  that  the  tools  were 
either  broken  or  burned,  but  an  investigation  showed  that 
they  were  still  in  perfectly  good  condition  because  the  ma- 
chine had  not  run  far  enough  to  cause  damage  in  this  way. 

After    putting    on 

the  belt,  the  ma- 
<hine  was  started 
and  continued  to  run 
satisfactorily  until 
the  flow  of  lubricant 
was  again  shut  off; 
then  the  machine 
went  less  than  one- 
half  revolution  be- 
fore the  belt  was 
again  t  h  r  <tw  n  off. 
This  experiment  was 
tried  a  sufficient 
number  of  times  to 
show  conclusively 
that  there  was  a  di- 
rect relation  between 
the  power  factor  and 
the  lubricant.  With 
the  view  of  obtain- 
ing definite  informa- 
tion on  this  subject, 
the  machine  was  pro- 
vided with  a  motor 
attached  to  a  record- 
ing watt  meter,  and 
with  this  equipment 
it  was  found  that  on 
heavy  cutting  there  was  a  difference  of  as  much  as  43  per 
cent  in  the  power  required  to  machine  a  piece  with  and  with- 
out the  application  of  cutting  lubricant  to  the  tools.  With 
machines  working  on  smaller  work  and  taking  lighter  cuts, 
less  difference  was  found. 

Further  experiments  conducted  along  the  same  lines  showed 
that  pieces  machined  without  the  use  of  cutting  lubricant 
became  so  badly  heated  that  they  were  difficult  to  handle,  and 
the  expansion  and  subsequent  contraction  had  seriously  af- 
fected the  accuracy  of  the  dimensions.  For  instance,  a  hole 
15  Inches  in  diameter  when  a  piece  was  cold  became  15.009 
inches  when  a  light  facing  cut  was  taken  across  the  top  of 
the  casting,  so  that  measurements  made  while  the  piece  was 
hot  had  to  be  corrected  for  expansion,  which  was  often  a  diffi- 
cult matter.  The  elimination  of  such  inaccuracies  and  the 
saving  of  power  are  of  sufficient  advantage  to  warrant  the 
use  of  cutting  lubricants  in  turning  such  materials  as  cast 
iron,  where  the  use  of  lubricant  is  not  an  absolute  necessity. 

Experiments  conducted  in  England  by  Dempster  Smith 
showed  that  where  lubricants  were  used  in  drilling  with  twist 
drills,  using  a  feed  of  0.040  inch  per  revolution,  the  torque 
was  72  per  cent,  and  with  a  feed  of  0.030  inch  per  revolution 
the  torque  was  increased  to  92  per  cent  of  the  value  obtained 
when  operating  the  drill  dry.    When  machining  soft,  medium 
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Fig.  82.     Multiple-spindle    Drill   Presses   with 


and  hard  steel,  the  respective  thrusts  were  26,  37  and  12  per 
cent  less  when  a  lubricant  was  used  than  when  the  drill  was 
operated  dry,  but  no  marked  difference  was  found  for  differ- 
ent rates  of  feed,  as  in  the  case  of  the  torque.  Experiments 
conducted  with  boring-bars  and  trepanning  tools  showed  the 
following  relation  of  power  consumption  for  different  conditions 
of  operation:  Tool  operated  dry,  relative  power  consumption, 
1;  pure  water  delivered  to  tool,  relative  power  consump- 
tion, 0.91;  soap  and  water  delivered  to  tool,  relative  power 
consumption,  0.94;  emulsion  of  oil  and  water  delivered  to 
tool,  relative  power  consumption,  0.87. 

Another  investigator  found  that  thorough  lubrication  of 
twist  drills  reduces  end  thrust  by  35  per  cent  and  torque  by 
20  per  cent  of  the  values  secured  when  operating  the  tool  dry, 
thus  effecting  a  large  saving  of  power  as  well  as  increasing 
the  working  efficiency  and  duration  of  sharp  cutting  edges  for 
the  drill. 

On  March  12,  1912,  Harry  E.  Harris,  who  at  that  time  was 
engineer  of  tests  for  Wells  Bros.  Co.,  Greenfield,  Mass.,  read 
a  paper  before  the  American  Society  of  Mechanical  Engineers 
in  New  York  City  entitled  "Data  on  Taps  and  Tapping,"  in 
which  was  given  the  following  information  on  the  lubrica- 
tion of  taps  and  the  effect  of  cutting  lubricant  upon  the  power 

consumed  by  the  ma- 
chine. Table  VII, 
which  was  presented 
in  connection  with 
that  paper,  shows  the 
effect  of  varying  the 
tap  drill  sizes  and 
using  different  lubri- 
cants for  performing 
the  tapping  opera- 
tion. The  data  pre- 
sented in  this  table 
show  that  the  power 
required  to  break  a 
properly  made  %- 
inch,  13-thread  per 
inch  U.  S.  standard 
tap  is  approximately 
10  0  0  inch  -  pounds. 
For  comparative  pur- 
poses this  breaking 
strain  is  taken  as 
100,  and  the  lesser 
strains  required  for 
tapping  holes  under 
different  conditions 
are  expressed  as  per- 
centages of  this 
breaking  strain.  Mul- 
tiplying the  percentage  given  in  the  table  by  10  gives  the 
actual  average  power  in  inch-pounds.  The  test  pieces  were 
common  hexagon  cold-punched  nuts,  accurately  reamed  to 
respective  sizes,  and  the  taps  were  regular  i/^-inch  U.  S.  stand- 
ard taps.  This  series  of  tests  shows  the  following  points: 
(1)  Up  to  a  certain  point,  lubricants  have  the >  same  effect 
on  the  driving  power  required  as  would  be  exerted  by  the 
presence  of  more  or  less  metal  to  be  removed.  For  instance, 
a  tap  in  a  i^-inch  nut  with  a  0.425-inch  tap  hole,  using  machine 
oil  instead  of  sperm  oil,  would  have  practically  the  same  effect 
on  the  power  required  as  reducing  the  diameter  of  the  tap  hole 
25  per  cent  of  the  total  depth  of  the  thread.  Referring  to 
Table  VII,  it  will  be  seen  that  the  power  is  approximately 
doubled  In  both  cases;  16.5  per  cent  to  34.2  per  cent  in  chang- 
ing from  sperm  oil  to  machine  oil  for  a  tap  hole  0.425  Inch  in 
diameter;  and  16.5  for  sperm  oil  with  a  0.425-inch  tap  hole 
changes  to  35.5  for  the  same  cutting  lubricant  with  a  0.400-inch 
tap  hole.  (2)  Animal  lard  oil,  sperm  oil,  and  graphite  and 
tallow  mixture  are  the  best  lubricants  of  those  tested.  (3) 
A  good  soap  compound  is  better  than  mineral  lard  oil  for  tap- 
ping. (4)  Machine  oil  is  a  detriment  instead  of  a  help,  as 
taps  are  cut  better  dry  than  with  this  lubricant.  (5)  Breakage 
of  taps  can  be  greatly  reduced  by  the  use  of  a  proper  lubri- 
cant, and  taps  should  never  be  run  dry  when  machining  steel. 


Flexible    Tubes    for   delivering   Cutting    Compound 
Tools 
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Fire  Hazard  in  Use  of  Cutting:  Oil 
The  use  of  water  for  cutting  purposes,  while  quite  desirable 
from  a  fire  standpoint,  was  soon  found  to  produce  inferior 
results  as  compared  to  oil,  owing  to  the  fact  that  for  certain 
classes  of  work  a  greater  measure  of  lubrication  was  desirable, 
and  the  water  caused  trouble  by  rusting  the  machines.  The 
use  of  oil  has  therefore  increased  rapidly  in  the  last  fifteen 
years,  owing  to  the  great  development  of  high-speed  tools, 
until  at  present  the  modern  machine  shop  frequently  contains 
large  quantities  of  cutting  oil  pretty  well  exposed  and  dis- 
tributed throughout  the  shop.  This  oil  is  used  over  and  over 
again  in  circulating  systems  which  may  involve  an  individual 
pan  or  reservoir  for  the  oil  and  a  pump  for  each  machine  or 
a  system  of  pipes  through  which  the  oil  is  carried  back  to  a 
main  storage  tank,  and  then  forced  by  one  large  pump  back 
into  the  system,  feeding  several  machines. 

The  fire  hazard  which  these  large  quantities  of  oil  may  pre- 
sent was  strongly  emphasized  during  the  past  year,  when  a 
large  machine  shop  was  completely  destroyed  by  fire.  The 
building  was  not  equipped  with  sprinklers  and  the  construc- 
tion was  not  of  the  best,  but  the  rapidity  with  which  the  fire 
spread  brought  up  the  question  as  to  whether  the  large  quan- 
tities of  cutting  oil,  which  in  that  case  contained  a  consid- 


The  majority  of  factories  use  the  individual  pumping  sys- 
tem, in  which  a  pump  is  provided  for  each  machine.  A  few, 
however,  have  large  systems  in  which  one  pump  may  supply 
fifty  or  more  machines.  In  some  mills  both  systems  are  used. 
Paradoxical  as  it  may  seem  at  first,  it  is  believed  that  the 
multiple  feed  system,  where  it  can  be  properly  arranged,  is  the 
safer.  With  this  system  it  is  possible  to  reduce  materially  the 
amount  of  oil  in  important  buildings,  as  the  storage  tank  and 
pump  can  be  located  outside.  This  arrangement,  of  course, 
requires  more  or  less  piping  carrying  oil,  but  this  Is  believed 
to  be  less  of  a  hazard  than  the  presence  of  a  large  number  of 
open  oil  pans. 

Splashing-  and  Oil-soaking-  of  Floors 

From  a  study  of  the  conditions  in  several  plants,  it  became 
evident  that  there  is  a  wide  difference  in  the  amount  of  oil 
which  gets  on  the  floor.  Some  shops  have  made  a  special  study 
of  guards  for  catching  oil  and  preventing  it  from  reaching  the 
floor,  while  others  have  apparently  paid  no  attention  whatever 
to  this  matter.  One  shop  did  a  piece  of  investigation  work 
that  showed  unusual  interest  in  solving  this  problem.  A 
machine  was  set  up  in  an  open  space  where  it  could  be  easily 
observed,  and  blotting  paper  was  placed  all  around  it  on  the 


TABLE3  VII. 


EFFECTS  OF  VARIOUS  LUBRICANTS  AND  DIFFERENT  TAP  DRILL  DIAMETERS 
ON  CUTTING  ACTION  AND  BREAKING  OF   TAPS' 


0.425  Inch  Diameter  of  Tap  Hole.     75  Per  Cent  Thread 


'Spenn  Oil 


Graphite.    10 
Per   Cent; 
Tallow,  90 
Per   Cent 


Per  cent  of  breaking  strain . 

Breakages  in  tests 

Quality  of  thread  cut 


15.9 

None 

Smooth 


16.5 

None 

Smooth 


16.9 

None 

Smooth 


18.9 

None 

Smooth 


19.9 

None 
Smooth 


29.9 

14  per  cent 

Rough 


34.2 

15  per  cent 

Torn 


0.410   Inch   Diameter   of   Tap   Hole.     90   Per    Cent   Thread 


Per  cent  of  breaking  strain . 

Breakages  in  tests 

Quality  of  thread  cut 


23 

None 

Smooth 


25.1  36.5  60.2  68.5 

None  None        50  per  cent  71.5  per  cent 

Smooth  Smooth  Rough        Torn  badly 


0.400  Inch  Diameter   of  Tap  Hole.     100   Per   Cent   Thread 


Per  cent  of  breaking  strain. 

Breakages  in  tests 

Quality  of  thread  cut 


35.5 

None 

Smooth, 

but  with 

tops  torn 


41 

None 

Slightly 

rough, 

tops  torn 


57.5  71.8 

None  I 66  per  cent 
Smooth,       Torn    and 
but  with  partly 

tops  torn        stripped 


100 
100  per  cent 
Torn    and 
wedged,  so 
as  to  pre- 
vent tap 
cutting 
through 

Moclniiiri, 


■  By  multipbing   the  ahore  percentages  by   10.   the  actual   average  power  required  in  inch-pounds  may  be  obtained. 


erable  proportion  of  kerosene,  had  not  been  an  important  fac- 
tor in  the  rapid  spread  of  the  fire. 

It  was  therefore  decided  to  have  the  Inspection  Department 
of  the  Associated  Factory  Mutual  Fire  Insurance  Cos.,  31  Milk 
St.,  Boston,  Mass.,  conduct  an  investigation  of  the  matter  of 
cutting  oil  hazard,  and  the  following  information  is  taken 
from  its  report.  This  investigation  has  been  conducted  along 
three  lines;  first,  a  study  by  means  of  reports  prepared  by 
the  regular  inspectors  of  conditions  in  risks,  covering  the 
amount  and  character  of  the  oils  used,  the  general  conditions 
with  respect  to  oil-soaking  of  the  floors,  use  of  sawdust,  etc.; 
second,  a  laboratory  investigation  covering  flash  and  fire 
points,  spontaneous  combustion  tests  and  viscosity  measure- 
ments of  samples  obtained  from  risks,  and  also  of  mixtures 
prepared  in  the  laboratory;  third,  a  series  of  fire  tests  to 
determine  the  hazard  of  oil-soaked  wood,  the  readiness  of  igni- 
tion and  spread  of  fires  in  oil-soaked  sawdust  and  steel  chips, 
the  ignition  of  oil  in  pans,  methods  of  extinguishing  oil 
fires,  etc. 

The  amount  of  oil  used  varies  considerably  with  the  kind  of 
machine,  some  using  not  more  than  four  or  five  gallons,  while 
a  few  of  the  large  automatics  use  thirty  to  fifty  gallons.  Ten 
gallons  per  machine,  however,  may  be  considered  a  fair  average. 


floor.  The  foremen  of  the  different  departments  were  then 
assembled,  and  the  machine  was  started.  Each  man  was  in- 
structed to  watch  a  certain  part  of  the  floor,  and  whenever 
a  drop  of  oil  struck,  it  was  traced  back  to  the  point  from 
which  it  came,  and  a  guard  was  constructed  to  catch  this  oil. 
By  this  means  the  machine  was  completely  guarded,  so  that  it 
threw  no  oil  whatever  on  the  floor.  This  process  was  re- 
peated with  the  different  types  of  machines  in  the  plant,  result- 
ing in  a  clean  shop  with  practically  no  oil  on  the  floor, 
greater  economy  and  much  safer  conditions  as  respects  fire 
hazard. 

The  manufacturers  of  machine  tools  make  guards  to  be  used 
with  their  machines,  but  these  are  sold  separately  and  are 
ordered  in  only  a  few  cases  by  the  purchasers  of  the  machines. 
It  is  undoubtedly  true  that  it  is  impossible  to  guard  some 
machines  completely  without  interfering  with  the  operation, 
but  this  is  not  true  in  the  majority  of  cases,  and  there  is 
certainly  room  for  a  great  deal  of  improvement  over  present 
conditions  in  many  risks. 

A  frequent  offender  in  the  splashing  of  oil  on  the  floor  is 
the  pump,  where  the  individual  feed  is  used.  The  pumps 
are  sometimes  placed  at  one  side  of  the  oil  pan  of  the  machine, 
and   as   the   stuffing-boxes   frequently   leak,    they   throw   large 
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Fig.  83.     Means  of  distributing  Lubricant  on  Espen-Lucas  Planer  Type 
Milling    Machine 

quantities  of  oil  on  the  floor.  Tiie  pump  should  always  be 
placed  over  the  pan  of  the  machine,  and  properly  guarded  to 
prevent  splashing.  Another  frequent  source  of  trouble  is  the 
carelessness  of  the  workmen  in  handling  finished  pieces  drip- 
ping with  oil. 

Probably  little  can  be  done  in  the  way  of  improvement  that 
would  require  much  cooperation  on  the  part  of  the  workmen, 
but  it  is  possible  to  improve  conditions,  at  least  in  some  plants, 
with  respect  to  the  receptacles  in  which  the  finished  pieces 
are  placed,  both  as  regards  their  character  and  location,  so 
as  to  reduce  the  amount  of  dripping  to  a  minimum.  The 
receptacle  should  be  oil-tight,  and  should  be  placed  as  close 
to  the  machine  as  practicable.  A  sheet-iron  drain  or  trough 
should  also  be  provided  between  the  machine  and  the  box,  so 
that  the  finished  pieces  would  normally  be  conveyed  over  this 
drain  from  the  machine  to  the  box.  These  precautions  are 
only  necessary  in  cases  where  the  finished  work  comes  in  con- 
tact with  large  quantities  of  oil,  and  has  no  opportunity  to 
drain  in  the  machine  before  being  removed. 

Use  of  Kerosene  In  Cutting:  Oils 

The  practice  of  adding  kerosene  to  cutting  oils,  which  has 
developed  in  the  last  few  years,  has  been  resorted  to  for  one 
or  more  of  the  following  reasons:  first,  to  obtain  a  cutting  oil 
which  will  cool  the  work  and  tool  rapidly,  and  carry  the  chips 
away  quickly,  but  which  will  still  possess  considerable  lubri- 
cating value;  second,  to  cheapen  the  cost  of  the  cutting 
medium;  third,  to  prevent  gumming  or  thickening  of  the  cut- 
ting oil. 

It  is  clear  that  the  addition  of  kerosene  at  10  to  12  cents 
a  gallon  results  in  a  material  reduction  in  the  cost  per  gallon 
of  the  cutting  oil.  The  actual  reduction  in  price,  however,  is 
less  than  would  appear  at  first  thought,  as  kerosene  evap- 
orates appreciably  at  room  temperatures,  and  it  is  generally 
necessary  to  add  more  kerosene  from  time  to  time,  while  with 
the  straight  cutting  oils,  or  cutting  oils  thinned  with  light 
mineral  oils,  this  evaporation  is  practically  negligible.  The 
amount  of  kerosene  added  varies  widely,  ranging  from  3  to 
75  per  cent. 

In  a  few  special  operations,  such  as  cutting  aluminum, 
there  appears  to  be  a  firmly  fixed  idea  on  the  part  of  some 
manufacturers  that  nothing  but  straight  kerosene  can  be 
used.     There  is  no  doubt  but  that  the  cutting  of  aluminum 


presents  difficulties  not  found  with  steel,  but  one  large  manu- 
facturer of  machine  tools  has  found  it  possible  to  use  an 
oinulsiou  for  cutting  aluminum  with  entirely  satisfactory 
results. 

From  a  careful  investigation  of  the  matter,  both  by  means 
of  laboratory  tests  and  a  study  of  conditions  in  different  risks, 
the  conclusion  has  been  reached  that  the  use  of  kerosene  is 
not  necessary  in  any  case  for  cutting  metal  with  the  possible 
exception  of  aluminum.  The  kerosene  has  but  slight  lubri- 
cating value,  and  acts  merely  as  a  diluent  to  thin  down  the 
oil.  This  reduction  in  viscosity  is  undoubtedly  necessary  for 
some  purposes,  but  can  be  effected  by  using  light  mineral  oils 
of  high  flash  point.  Thus  a  shop,  which  has  been  using  25 
per  cent  kerosene  and  75  per  cent  lard  oil,  can  prepare  a  satis- 
factory substitute  by  mixing  about  40  per  cent  extra  light 
spindle  or  transil  oil  with  60  per  cent  lard  or  mineral  lard  oil. 
This  mixture  will  have  a  much  higher  flash  point  than  that 
containing  kerosene,  and  will  have  approximately  the  same 
viscosity   and   lubricating  efficiency. 

In  extreme  cases  where  it  is  absolutely  necessary  to  have  a 
very  thin  oil  the  kerosene  may  be  replaced  with  300-degree 
fire  test  oil.  By  using  this  product  it  is  possible  to  obtain 
mixtures  with  practically  as  low  viscosities  as  the  kerosene 
mixtures  having  up  to  50  per  cent  kerosene,  but  which  have 
materially  higher  flash  and  fire  points.  It  is  believed,  how- 
ever, that  it  is  necessary  to  resort  to  300-degree  oil  only  in 
a  few  cases. 

In  cutting  aluminum  some  manufacturers  have  claimed  that 
straight  kerosene  or  a  mixture  containing  a  large  proportion 
of  kerosene  is  necessary.  On  the  other  hand,  one  large  manu- 
facturer of  machine  tools  and  measuring  instruments  has  used 
an  emulsion  for  cutting  aluminum  with  entirely  satisfactory 
results.  Even  though  emulsions  do  not  prove  generally  satis- 
factory for  this  purpose,  there  is  little  doubt  but  that  the  300- 
degree  fire  test  oil  could  be  used  in  place  of  kerosene. 

Tests  were  made  on  oil-soaked  mixtures  of  sawdust  and 
bicarbonate  of  soda  containing  varying  proportions  in  order 
to  determine  the  effect  of  the  bicarbonate  of  soda  on  the  com- 
bustibility of  the  sawdust  and  oil.  The  following  mixtures 
were  prepared,  the  proportions  being  by  weight. 


Sawdust, 

Bicarbonate  of 

Soda, 

Lard  Oil 

S'o. 

Pnrts 

Parts 

Parts 

1 

100 

20.. 

100 

2 

100 

100. . 

100 

3 

100 

100.. 

200 

4 

100 

200.. 

200 

In  sample  No.  1  the  bicarbonate  of  soda  produced  no  visible 
effect  on  the  combustibility  of  the  mixture.  In  No.  2  the 
combustibility  of  the  mixture  was  considerably  retarded,  but 
the  amount  of  oil  in  this  combination  was  considerably  less 
than  is  generally  found  in  sawdust  before  it  is  considered  suf- 
ficiently saturated  to  warrant  removal.  No.  3,  where  the 
quantity  of  oil  was  doubled,  and  which  still  contained  less 
than  is  frequently  found  in  oil-soaked  sawdust  in  mills,  burned 
freely;  the  same  was  true  of  No.  4.  It  is  evident  from  these 
tests  that  no  amount  of  bicarbonate  of  soda,  which  could  be 
used  at  a  reasonable  cost,  would  have  any  .important  effect 
on  the  combustibility  of  oil-soaked  sawdust.  > 

Conclusions 

The  development  of  high-speed  tools  has  resulted  in  condi- 
tions which  require  the  application  of  a  cooling  and  lubri- 
cating medium,  on  the  tool  and  work.  Water  and  soda  solu- 
tions were  at  first  used  for  this  purpose,  but  these  do  not 
furnish  sufficient  lubrication,  and  are  somewhat  objectionable 
on  account  of  rusting  the  machines.  Oil  has  therefore  largely 
replaced  water  for  this  purpose,  and  its  use  has  produced 
much  better  results  from  a  manufacturing  standpoint,  making 
a  considerable  increase  in  the  speed  of  the  cutting  tools  pos- 
sible. In  the  modern  machine  shop  large  quantities  of  oil, 
sometimes  containing  a  high  percentage  of  kerosene,  are  used 
in  open  pans  as  a  part  of  circulating  systems  in  which  the  oil 
is  applied  continuously  to  the  work. 

The  character  of  the  oils  in  use  varies  widely  in  different 
plants,  but  mineral  lard  oils,  which  are  simply  mixtures  of 
lard  oil  and  mineral  oil,  sometimes  with  other  animal  oils  or 
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fats,  are  most  commonly  used.  Kerosene  mixed  with  the  cut- 
ting oil  has  been  used  considerably  in  the  last  few  years.  In 
the  majority  of  cases  the  chief  reason  for  the  use  of  the 
kerosene  is  to  cheapen  the  cutting  oil. 

Type  of  System 

The  multiple  feed  system  for  supplying  cutting  oil  to  ma- 
chines when  properly  arranged  is  preferable  to  the  individual 
feed.  With  the  multiple  feed  it  is  possible  to  locate  the  main 
storage  tank  outside  of  important  buildings  and  therefore 
greatly  reduce  the  amount  of  oil  inside  the  buildings.  This 
advantage,  it  is  believed,  more  than  offsets  the  objection  to 
the  introduction  of  oil-filled  pipes  in  buildings. 

Prevention  of  Oil  Splashing 

A  great  deal  of  improvement  is  possible  in  the  matter  of 
preventing  oil  from  getting  on  the  floor  by  the  provision  of 
proper  oil  guards.  In  some  classes  of  automatic  machines  it 
is  not  possible  to  keep  all  the  splash  from  reaching  the  floor, 
but  in  many  cases  this  can  be  done,  and  in  all  cases  the  greater 
part  of  the  splash  can  be  caught.  Oil-tight  receptacles  for 
the  finished  pieces  should  be  provided,  and  these  should  be 
located  as  near  the  machine  as  practicable.  Drains  or  troughs 
should  also  be  arranged  to  catch  the  drip  when  the  pieces  are 
being  conveyed  from  the  machine  to  the  box.  The  pumps  on 
individual  feed  systems  should  be  given  attention  by  locating 
them  over  the  oil  pans,  and  keeping  the  stufling-boxes  in  good 
condition,  or  providing  adequate  guards. 

Starting-  of  Fires 

The  hazard  resulting  from  the  use  of  large  quantities  of 
cutting  oils  depends  to  a  considerable  extent  on  the  character 
of  the  oil  and  the  condition  of  the  floor.  If  a  straight  cutting 
oil  is  used,  a  fire  cannot  be  readily  started  with  a  match  or  a 
small  quantity  of  burning  waste.  Where  straight  cutting  oil 
has  leaked  through  from  the  floor  above  onto  the  ceiling,  a 
fire  can  be  started  from  a  comparatively  small  source,  whereas 
without  oil  no  fire  would  result  from  the  same  cause.  Fires 
could  not  be  started  from  a  match  or  small  quantity  of  oily 
waste  on  floors,  even  where  the  floors  were  covered  with  as 
much  as  50  per  cent  of  kerosene  mixed  with  cutting  oil.  In 
ceiling  tests  the  oily  wood  ignited  much  more  easily  when 
kerosene  was  used  than  when  it  was  absent,  the  ease  of  igni- 
tion being  proportional  to  the  percentage  of  kerosene  present. 

Spread  of  Fires 

The  tests  showed  clearly  with  what  difficulty  a  small  fire 
spreads  in  a  horizontal  direction  on  the  top  of  a  floor,  even 
though  the  wood  is  oil-soaked  with  a  mixture  containing  a 
considerable  proportion  of  kerosene.  This  is  purely  a  result 
of  unfavorable  draft  conditions.  The  draft  from  such  a  fire 
is  inward  and  upward  so  that  the  heat  does  not  reach  the  wood 
or  oil  to  raise  it  to  the  flash  point.  If,  however,  as  the  result 
of  the  presence  of  other  readily  combustible  material  a  fire 
of  any  size  is  started,  the  presence  of  oil-soaked  floors  is 
undoubtedly  an  important  factor  in  increasing  the  rate  of 
spread  and  producing  a  hot  fire.  Where  the  oil-soaked  wood 
is  in  a  vertical  partition,  a  fire  does  not  develop  very  rapidly 
from  a  small  source  unless  there  is  an  open  space  under  the 
partition  to  furnish  a  good  draft.  The  effect  of  the  kerosene 
on  the  partition,  however,  is  very  definite  and  marked,  the 
height  of  the  flames  being  dependent  on  the  percentage  of 
kerosene  used.  Fires  on  the  under  side  of  a  ceiling  spread 
without  difficulty.  This  is  due  to  the  fact  that  the  heat  from 
the  fire  comes  in  contact  with  the  wood  immediately  adjacent 
to  the  flame  and  heats  it  up  to  the  flash  point.  Here  again  the 
spread  of  the  fire  is  in  proportion  to  the  percentage  of  kerosene. 

Fire  in  Open  Pans 

In  open  pans  where  straight  cutting  oils  of  a  high  flash 
point  were  used,  the  oil  could  not  be  ignited  from  a  fire  of 
small  size  such  as  fifty  grams  (approximately  two  ounces) 
of  cotton  waste.  Where  kerosene  was  used,  however,  a  fire 
could  be  started  with  the  same  quantity  of  waste  and  spread 
rapidly.  The  ease  of  ignition  of  the  kerosene-cutting-oil  mix- 
ture depended  on  the  percentage  of  kerosene. 


Fire  in  Oily  Steel  Chips 

The  presence  of  steel  chips  on  the  floor  or  in  pans  aids 
materially  in  igniting  the  oil  and  spreading  the  fire.  In  pans 
containing  steel  chips  and  a  mixture  with  a  large  percentage 
of  kerosene,  it  was  possible  to  ignite  the  oil  with  a  match, 
whereas  with  smaller  percentages  of  kerosene  this  could  not 
be  done. 

Fire  in  Oil-soaked  Sawdust 

The  use  of  sawdust  on  floors  for  absorbing  cutting  oils 
greatly  increases  the  fire  hazard.  Where  a  straight  cutting  oil 
is  used,  a  fire  can  be  started  in  the  oil-soaked  sawdust  with 
a  match,  although  it  does  not  spread  rapidly.  If  the  oil  con- 
tains kerosene,  however,  fires  can  be  easily  started  by  means 
of  a  match  and  spread  very  rapidly,  particularly  where  a 
large  percentage  of  kerosene  is  present.  When  the  cutting  oil 
contains  over  60  per  cent  of  lard  oil,  there  is  a  possibility  of 
spontaneous  ignition  of  the  sawdust  under  favorable  condi- 
tions. The  use  of  bicarbonate  of  soda  mixed  with  sawdust 
in  any  quantity,  which  would  not  be  prohibitive  in  cost,  does 
not  materially  affect  the  combustibility  of  the  oil-soaked 
sawdust. 

Exting-uishers  for  Cutting--oil  Fires 

For  extinguishing  cutting-oil  fires  in  pans,  sawdust  and 
bicarbonate  of  soda  was  found  as  efficient  as  any  other  ma- 
terial. In  cases  where  large  pans  or  several  pans  were  in- 
volved, the  sawdust  and  bicarbonate  of  soda  could  not,  of 
course,  be  used,  but  such  fires  would  have  then  passed  outside 
the  field  of  hand  apparatus. 

Use  of  Emulsions 

The  use  of  emulsions  in  place  of  cutting  oils  could  un- 
doubtedly be  greatly  extended  in  many  plants  by  adopting 
emulsions  especially  compounded  according  to  the  character 
of  the  work  in  hand.  The  increased  use  of  emulsions  would 
result  in  a  material  reduction  in  the  fire  hazard  and  in  the 
cost  of  lubrication. 

Elimination  of  Kerosene 

The  use  of  kerosene  cutting  oils  does  not  appear  to  be 
necessary  under  any  conditions  with  one  possible  exception. 


Fig.    84.     Provision    for   delivering   Copious   Flow   of   Compound    to    insure 
Adequate   Cooling  of  Tools  and  Work 
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Tliis  exception  Is  In  the  cutting  of  aluminum,  but  even  here 
the  matter  Is  open  to  question.  Two  or  three  manufacturers 
claim  that  kerosene  is  necessary  for  this  purpose,  but  one 
large  manufacturer  of  machine  tools  and  measuring  instru- 
ments uses  an  emulsion  with  entirely  satisfactory  results. 
In  any  event,  it  seems  probable  that  even  though  the  emulsion 
does  not  suit  all  requirements  in  cutting  aluminum,  300- 
degree  fire  test  oil  can  be  generally  employed  in  place  of 
kerosene. 

Kerosene  possesses  but  slight  lubricating  properties,  and  its 
chief  function  is  as  a  diluent  to  reduce  the  viscosity  of  the 
cutting  oil.  This  object  can  be  attained  by  using  the  proper 
amount  of  light  spindle  oil,  or  in  extreme  cases  by  adding 
:{00-degree  fire  test  oil.  In  no  cases,  it  is  believed,  should  oil 
for  general  cutting  purposes  have  a  Are  point  of  less  than 
300  degrees  F.,  and  in  the  great  majority  of  cases  it  can 
be  higher.  That  the  use  of  kerosene  can  be  eliminated  is 
shown  by  the  fact  that  since  this  investigation  was  started, 
a  number  of  shops  have,  without  interfering  with  the  efficiency 
of  their  plants,  given  up  the  use  of  kerosene. 
*  *  * 
COOPERATION  IN  SAFETY  WORK 

Two  great  safety  organizations — the  American  Museum  of 
Safety  and  the  National  Safety  Council — have  been  drawn  into 
close  affiliation  by  the  appointment  of  Arthur  H.  Young  as 
director  of  the  American  Museum  of  Safety.  Mr.  Young  is 
a  member  of  the  National  Safety  Council,  and  for  several  years 
was  in  charge  of  the  safety  work  of  the  Illinois  Steel  Co.  in 
South  Chicago. 

It  is  fitting  that  these  two  safety  organizations  should  work 
in  close  cooperation.  The  one  visualizes  what  has  been  accom- 
plished by  safety  engineers  in  the  matter  of  protecting  belts, 
shafting,  pulleys,  presses,  gears  and  other  dangerous  features 
of  machinery,  in  promoting  safety  of  travel  and  health  of  in- 
dustrial workers  by  sanitary  measures  and  appliances.  The 
other  organization  deals  more  with  the  administration  and 
promotion  of  safety  work  through  the  instruction  of  superin- 
tendents, foremen  and  workers  in  manufacturing  plants.  The 
National  Safety  Council  has  in  a  few  years  made  a  marked 
reduction  in  the  number  of  accidents  in  the  plants  represented 
in  its  branch  councils.  These  plants  have  shown  conclusively 
that  safety  work  is  economic — it  pays  well. 

The  work  of  the  two  societies  has  defined  to  some  extent  the 
field  of  the  safety  engineer,  a  comparatively  new  profession 
likely  to  attract  many  technically  educated  young  men  as 
the  possibilities  of  the  work  are  better  realized.  It  is  diffi- 
cult to  estimate  accurately  the  savings  that  have  already  re- 
sulted from  safety  work  or  to  predict  the  savings  that  will  be 
made  as  it  is  developed  and  as  those  responsible  for  produc- 
tion become  familiar  with  its  fundamental  principles  and  the 
beneficent  effect  of  human  conservation. 
*     *     * 

APARTMENTS    FOR    WORKING    MEN 

Factory  owners  and  executives  in  Cincinnati  are  particularly 
interested  in  two  model  tenements  that  have  just  been  com- 
pleted on  the  west  side  of  Logan  St.,  midway  between  Findlay 
and  Elder  Sts.  They  s6e  in  them  the  possible  solution  of 
housing  economically  industrial  workers  in  large  cities  in  an 
entirely  sanitary  and  wholesome  manner.  Col.  William- Cooper 
Proctor,  the  man  financially  interested  in  this  improvement, 
plans  to  add  five  more  units  if  the  present  ones  prove  suc- 
cessful. The  land  for  these  has  already  been  purchased.  These 
■  seven  units  when  completed  will  represent  an  investment  of 
approximately  half  a  million  dollars.  It  is  understood  that 
while  Col.  Proctor  has  gone  into  the  proposition  more  or  less 
from  a  philanthropic  standpoint,  he  plans  to  demonstrate  that 
it  is  by  no  means  an  act  of  charity.  In  fact,  he  is  confident 
that  he  can  show  it  is  a  paying  investment. 

The  average  rental  to  be  charged  will  be  probably  about 
$1.10  per  room  per  week;  this  will  include  heat  from  a  modern 
vapor  system.  The  apartments  vary  in  size  from  one  to  four 
rooms.  The  location  is  close  to  several  crowded  industrial 
centers  and  within  fifteen  to  twenty  minutes  walk  of  the  heart 
of  the  city.     This  location  in  such  a  crowded  district,  while 


particularly  handy  for  the  workers,  necessitates  as  much  econ- 
omy as  possible  in  the  use  of  space.  Five-story  buildings  were 
decided  upon.  Each  of  the  present  units  contains  fifty-three 
apartments.  Besides  the  modern  heating  system  in  each  apart- 
ment, there  is  a  gas  stove  and  other  necessary  conveniences. 
Screens  are  supplied  for  all  windows.  The  children  through- 
out each  tenement  have  the  advantage  of  a  well-equipped  play- 
ground and  nursery  on  the  roof. 

A  notable  feature  of  the  project,  and  one  of  prime  import- 
ance, is  the  thoroughly  fireproof  construction  used.  The  walls 
are  of  brick,  and  the  structural  columns  and  beams  and  the 
floors  are  of  reinforced  concrete.  The  partitions  between  the 
rooms  are  fireproof,  and  the  doors  are  metal.  In  addition  to 
this,  the  stairways  serve  the  double  purpose  of  stairway  and 
fire  escape,  for  while  they  are  protected  from  the  weather,  they 
are  not  entirely  enclosed. 

The  use  of  reinforced  concrete  construction  for  th4s  type 
of  building  is  a  new  departure,  but  it  has  proved  enti-rely  suc- 
cessful, not  only  from  the  point  of  the  economical  use  of 
space  for  columns  and  beams,  but  from  the  point  of  economy, 
the  reinforced  concrete  construction  being  considerably 
cheaper  than  structural  steel  columns  and  beams  with  hollow 
tile  and  concrete  joist  floors.  William  Emerson,  of  New  York 
City,  who  has  made  a  study  of  tenement  construction,  drew 
up  the  plans  for  these  model  tenements.  The  building  work 
has  been  done  by  the  Ferro  Concrete  Construction  Co.,  Cin- 
cinnati, Ohio. 

*      4=      * 

AMERICAN   METRIC   ASSOCIATION 

The  American  Metric  Association  has  been  formed  to  fur- 
ther the  use  and  adoption  of  the  metric  system  of  weights 
and  measures,  made  legal  for  all  transactions  by  Act  of  Con- 
gress in  1866.  The  officers  are:  president,  George  F.  Kunz: 
vice-presidents,  William  J.  Schieffelin,  E.  P.  Albrecht,  and 
O.  E.  Stanley;  treasurer,  Arthur  P.  Williams;  and  secretary, 
Howard  Richards,  Jr. 

In  stating  the  purpose  of  the  American  Metric  Association, 
an  address  by  Hon.  William  C.  Redfleld,  secretary  of  commerce, 
before  the  Philadelphia  Chamber  of  Commerce,  January  10, 
1917,  is  quoted,  in  part,  as  follows: 

The  fact,  of  course,  is  that  the  metric  system  adopted  by 
thirty-four  nations  is  simpler,  easier,  more  effective  and  more 
widely  used  than  any  other.  It  has  made  its  way  by  its  merits. 
Nobody  wishes  it  to  make  its  way  by  any  other  means.  There 
is  no  argument  for  the  retention  of  our  present  system  of 
weights  and  measures  that  is  not  an  argument  against  our 
decimal  system  of  currency.  No  reason  supports  our  decimal 
system  of  currency  that  does  not  support  a  decimal  system  of 
measures.  This  handicap  we  must  throw  off,  not  necessarily 
at  once,  but  by  adopting  some  reasonable  method  as  an  evolu- 
tion out  of  darkness  toward  light — out  of  foolishness  toward 
reason. 

Membership  is  open  to  those  in  sympathy  with  the  objects 
of  the  association.  The  annual  dues,  payable  in  advance,  are 
$2  a  year  for  individuals;  $5  a  year  for  firms  and  corporations; 
and  $10  a  year  for  organizations.  Life  membership  is  $50  for 
individuals  and  $100  for  other  classes  of  members.  The 
association  has  headquarters  at  156  Fifth  Ave.,  New  York 
City.  Applications  for  membership  should  be  sent  to  Howard 
Richards,  Jr.,  secretary,  at  that  address. 
*  *  * 
CONSOLIDATION  OF  PUBLISHING  HOUSES 
The  McGraw  Publishing  Co.,  Inc.,  and  the  Hill  Publishing 
Co.,  both  of  New  York  City,  have  consolidated  as  the  McGraw- 
Hill  Publishing  Co.,  Inc.  The  new  company  acquires  the 
Electrical  World,  Electrical  Merchandising,  Electrical  Railway 
Journal,  Engineering  Record,  Metallurgical  and  Chemical  Engi- 
neering, The  Contractor,  American  Machinist,  Power,  Engineer- 
ing News,  Engineering  and  Mining  Journal  and  Coal  Age. 
The  Engineering  News,  owned  by  the  Hill  Publishing  Co.,  and 
the  Engineering  Record,  belonging  to  the  McGraw  Publishing 
Co.,  Inc.,  will  be  joined  in  one  publication  known  as  the  Engi- 
neering News-Record.  The  officers  of  the  consolidated  con- 
cern are  James  H.  McGraw,  president;  Arthur  J.  Baldwin,  vic«- 
president  and  treasurer;  E.  J.  Mehren,  vice-president  and  gen- 
eral manager. 


LETTERS  ON  PRACTICAL  SUBJECTS 
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We  pay  only  for  articles  published  exclusively  in  Machinery 


PRESSURE   ON  A  SGALE   BAR 

Referring  to  the  inquiry  by  R.  J.  T.,  concerning  the  pressure 
on  a  scale  bar,  in  the  February  number  of  Machinery,  a  scale 
maker  would  first  attach  to  the  short  arm  of  the  scale  beam  A 
a  balance  ball  B  heavy  enough  to  counterbalance  the  long 
arm  when  the  poise  is  at  zero.  Then  he  would  balance  the 
beam  over  a  knife-edge  C,  placed  lengthwise,  in  order  to  find 
the  neutral  axis.  He  would  mark  this  line  and  set  the  pivots 
D  and  E  with  their  edges  on  the  mark.     The  metal  will  now 


Diagrams  illustrating  Pressure  on  Scale  Bar 

be  equally  distributed  to  the  right  and  left  of  pivot  D  and 
above  and  below  the  pivot  line.  This  disposes  of  the  trouble- 
some factors  w„  w^,  and  h,  h,  and  LW  will  equal  Iw.  The  weight 
of  the  poise  w  may  be  found  by  either  of  the  following  for- 
mulas: 

G  :  L  =  W  :  w 
Pounds  per  inch  of  marking  X  1 


Xn  at  H 
in  which  G  =  "run,"  or  length  of  graduated  portion; 
L  =  distance  between  pivots; 
W  =  load  on  pivot  E. 
X„  is  the  "multiplication,"  or  relation  between  the  counter- 
poise weights  and  the  load  on  platform:  that  is,  if  it  requires 
1/2  pound  at  K  to  balance  100  pounds  on  the  platform,  Xn  is  200. 
If  the  beam  is  attached  to  a  scale  having  multiplying  levers, 
then  W  is  the  load  on  the  platform  divided  by  Xa  of  scale 
levers. 
Rutland,  Vt.  W.  H.  Sargent 


SETTING  UP  HEAVY  MACHINERY 

In  the  installation  of  a  new  flanging  press  recently,  the 
management  of  a  metal-working  plant  found  itself  confronted 
with  a  serious  problem.  Though  four  ten-ton  cranes  served 
the  floor  where  the  new  press  was  to  be  erected,  their  com- 
bined lifting  capacity  was  only  forty  tons,  if  the  nominal 
ratings  were  observed,  and  not  over  fifty-five  tons  if  they 
were  overloaded  to  the  limit.  In  addition,  it  was  practically 
impossible  to  hitch  all  four  cranes  to  the  load  so  that  each 
would  take  its  equal  share  of  the  strain;  and  even  if  this 
were  feasible  there  still  remained  twenty-five  tons  of  iron  10 
be  handled  in  some  other  way,  as  the  main  frame  casting  of 
the  press  weighed  a  little  over  eighty  tons. 

A  standard  gage  railway  spur  that  entered  one  end  of  the 
plant  for  handling  incoming  materials  was  continued  down 
the  shop  nearly  to  the  site  for  the  new  press,  where  it  was 
divided  and  a  line  placed  on  each  side  of  the  press  foundation. 
The  heavy  casting  was  then  shunted  in  on  a  special  car, 
because  of  its  bulk  and  weight,  and  "spotted"  just  beyond  the 
foundation.      Two    railroad    wrecking    cranes    of    sixty    and 


eighty  tons'  capacity,  obtained  from  the  nearby  division  ends 
of  two  railroad  systems,  were  then  run  into  the  plant — one 
down  each  switch.  Hitches  were  taken  on  the  casting  and  it 
was  unloaded  and  lowered  on  its  foundation;  the  actual  time 
the  hitches  were  on  the  casting  was  a  little  over  forty  minutes. 

The  cranes  were  charged  for  at  the  rate  of  $16  and  $20  an 
hour,  respectively,  the  charge  being  computed  from  the  time 
the  units  left  the  railroad  yards  until  they  returned.  But 
the  cost  of  placing  the  press  was  so  much  less  than  would 
have  been  incurred  by  any  of  the  other  methods  suggested 
that  the  management  felt  that  an  appreciable  saving  in  cost — 
not  to  mention  the  additional  working  time  of  the  press 
gained  by  the  quick  set-up — was  obtained  by  this  method. 

Pittsburg,  Pa.  Charles  C.  Lynde 


PROTECTOR  AGAINST  BLOTTING 

The  barrel  stave  as  an  educational  appliance  applied  to  the 
ignoble  portion  of  a  recalcitrant  youth  is  too  little  used;  but 
as  an  accessory  to  the  drawing-board  to  prevent  blotting  or 
smudging,  as  suggested  by  A.  P.  Connor  in  the  February  num- 
ber of  Machinery,  the  writer  would  prefer  a  T-square  with 
two  strips  of  cork  aflSxed  to  the  under  side  of  the  blade  by 
drafting  tacks,  or  even  with  two  thick  rubber  bands,  snapped 
around  it.  Anyway,  no  man  with  jiggly  hands  is  fit  to  be  a 
draftsman.  R-  G- 


FAULTY  GEAR  AND  RACK  CONSTRUCTION 

Often  a  mistake  in  design  will  go  through  the  draftirg- 
room  and  be  incorporated  in  the  completed  machine  for  some 
time  before  it  is  noticed.  The  machine,  on  account  of  this, 
may  give  some  unlooked-for  results  and  attract  attention,  but 
the  real  seat  of  trouble  may  not  be  suspected.  It  will  be 
known  that  there  is  something  wrong  and  the  chances  are 
that  a  hundred  different  persons  noting  the  trouble  will  ad- 
vance as  many  theories  as  to  the  cause.  These  mistakes  usually 
turn  out  to  be  such  simple  and  foolish  things  that,  after  their 
discovery,  we  wonder  how  in  the  world  they  were  made. 

A  mistake  of  this  nature  is  here  given.  Figs.  1  and  2  show 
side  and  end  elevations  of  a  track  wheel  which  it  was  found 
advisable  to  drive  positively,  because  of  the  slippery  condition 
of  the  track,  rather  than  rely  on  the  uncertain  traction  be- 
tween track  and  wheel.  The  wheel  is  driven  by  pinion  A 
meshing  with  gear  C,  which  is  integral  with  the  flanged  wheel 
B.  Parallel  to  the  track  D  runs  a  rack  E  with  which  gear  C 
meshes,  thus  forming  a  positive  drive  for  the  track  wheel, 
which  merely  supports  the  load.  More  than  the  estimated 
energy  was  required  to  move  the  machine  supported  by  these 
wheels,  and  after  this  apparent  oversight  had  been  checked 
the  power  allowed  was  found  to  be  ample;  but  it  was  not 
sufficient  to  run  the  machine  properly.  The  first  hint  of  the 
trouble  came  from  the  shearing  of  the  key  in  pinion  A. 
Investigation  of  the  parts  beyond  this  pinion,  where  the 
trouble  was  obviously  located,  revealed  the  following  condi- 
tions: The  outside  diameter  of  wheel  B  was  15  inches.  The 
pitch  diameter  of  the  driving  gear  was  15%  inches.  There- 
fore, during  one  revolution  of  the  gear  the  machine  was  moved 
forward  a  distance  equal  to  the  pitch  circumference  of  the 
gear  or  about  49 ^^  inches.  But  as  the  diameter  of  wheel  B 
was  only  15  inches,  one  revolution  of  this  wheel  meant  only 
a  little  more  than  47i^  inches  of  travel;  hence,  the  load  on 
each  wheel  was  dragged  about  2%  inches  for  each  revolution 
of  gear  C. 

This  condition  was  remedied  by  making  gear  C  revolve 
upon  a  sleeve  of  the  wheel  B,  as  shown  in  Fig.  3,  where  gear 
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Figs.  1  to  3.     Faulty  and  Improved  Gear  and  Rack  Construction 

C  is  idle  on  wheel  B,  which  is  keyed  to  shaft  h\  A  short 
study  of  this  arrangement  will  show  that  it  also  has  objec- 
tionable features,  for  the  pressure  of  gear  C  against  axle  F  as 
a  fulcrum  is  equal  to  twice  the  force  necessary  to  revolve  the 
gear.  Work  is  therefore  dissipated  through  a  part  of  each 
revolution  due  to  this  force  on  the  gear  bearing  and  consequent 
friction  between  the  bearing  surfaces  at  a  large  diameter. 
The  best  arrangement  would  have  been  to  have  made  the 
wheel  diameter  and  pitch  diameter  of  the  rack  gear  the  same. 

Otto  Abdt 


PERSPECTIVE  DRAWINGS 

The  making  of  perspective  drawings  is  generally  termed  a 
"deuce  of  a  job"  and  often  an  isometric  or  some  other  dis- 
torted angular  projected  view  is  made  to  serve  the  purpose. 
Isometric  drawings  are  satisfactory  for  working  drawings, 
but  for  patent-office  work  and  other  cases  where  appearance 
is  a  great  factor  the  true  perspective  is  preferable.  This, 
however,  brings  with  it  a  nightmare  of  centrolineads  or  the 
expedient  of  putting  the  vanishing  points  within  the  limits 


r-iru 


Making   Perspective   Drawings   with   Curve   Radiator 

of  the  drawing-board,  which  may  give  an  unnatural  view- 
point and  hence  a  distorted  picture  of  the  article  represented, 
especially  if  one  is  working  with  an  18-  by  24-inch  drawing- 
board. 

The  following  kink  will  perhaps  be  useful  to  many  drafts- 
men, when  making  patent  or  other  small  drawings.  First, 
cut  a  sheet  of  drawing  paper  about  one-quarter  inch  smaller 
than  the  drawing-board.  Then,  from  three-sheet  bristol 
board,  cut  two  pieces  curved  as  shown  at  A.  These  should  be 
free  from  irregularities,  but  their  radii  can  be  made  to  con- 
form to  each  draftsman's  taste  in  vanishing  points;  the  cen- 
ters from  which  the  radii  are  drawn  form  the  two  vanishing 
points  of  the  drawing.  Paste  these  two  pieces  upon  the  sheet 
of  drawing  paper,  being  careful  that  the  edges  are  down 
close;  then  when  dry  tack  the  paper  upon  the  board  and 
set  true  by  means  of  the  center  line. 


By  using  a  curve  ra.diator  against  the  bristol  board,  the 
vanisliing  lines  from  each  side  may  be  obtained  witliout  the 
trouble  of  changing  the  arms,  as  when  a  centrolinead  is  used, 
while  the  thickness  of  the  bristol  board,  0.01  inch,  offers  no 
ol)stacle  to  the  use  of  the  T-square  or  triangle  for  parallel 
lines.  For  constant  use,  the  curves  may  be  made  of  stiffer  and 
more  durable  material  that  will  lie  flat,  and  holes  may  be 
drilled  in  it  for  thumbtacks.  A  few  moments'  study  of  the 
figure  will  give  a  good  idea  of  the  manner  of  using  this  device. 

East  Orange,  N.  J.  B.  E.  Barnks 


TRACING  FRAME   FOR  BRISTOL   BOARD 

Tlie  frame  shown  in  the  accompanying  illustration  has  been 
found  useful  for  tracing  on  bristol  board.  Recently  the  writer 
had  to  reproduce  twelve  Van  Dyke  drawings  on  bristol  board 
for  a  patent  application;  by  using  this  frame,  the  work  was 
done  in  less  than  one-half  the  time  it  would  have  taken  to 
lay  it  out.  The  frame  is  also  useful  for  tracing  the  outline  of  a 
machine  previously  patented,  on  which  an  improvement  is 
to  be  made.  The  construction  is  simple.  A  rabbet  along  the 
inner  edges  of  the  frame  holds  a  pane  of  glass,  which  in  this 
case  is  8l^  by  1314  inches,  the  size  of  a  patent  sheet.  Tin 
is  then  tacked  on  both  sides  of  the  frame  and  inclined  at  an 


Tracing  Frame   for  Bristol  Board 

anigle  of  45  degrees  to  reflect  the  light  where  it  is  most  needed. 
At  first  the  writer  used  a  carbon  lamp,  but  it  was  found  that 
a  Mazda  lamp  gave  better  light  and  less  heat.  Of  course  the 
room  must  be  darkened  when  the  frame  is  used. 

Cincinnati,  Ohio  Hakry  W.  Davis 


USE   AND   ABUSE   OF   EXPANSION 
MANDRELS 

In  most  shops  where  the  split  bushing  type  of  expansion 
mandrel  is  used,  a  great  number  of  bushings  are  damaged  by 
being  cut  with  the  tool  when  facing  the  work,  are  broken  into 
pieces,  or  are  out  of  true.  These  conditions  are  generally 
brought  about  by  inserting  the  bushing  and  arbor  as  shown 
in  Fig.  1,  thus  leaving  the  bushing  unsupported  at  the  large 
end  of  the  tapered  hole.  The  correct  position  of  the  bushing 
and  arbor  is  shown  in  Fig.  2.  After  the  hole  is  bored  and  one 
end  is  faced  in  the  usual  way,  the  split  bushing  is  inserted  by 
hand  with  the  large  end  of  the  tapered  hole  toward  the  un- 
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Figs.    1    to    6.     Correct    and    Incorrect    Methods    of    using    Expansion 
Mandrels 
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faced  end  of  the  work.  As  the  distance  A,  Figs.  2  and  3,  is 
a  little  more  than  the  amount  to  be  faced  off,  it  supports 
that  part  of  the  bushing  where  the  greatest  pressure  occurs; 
it  also  provides  clearance  for  the  tool  when  facing,  and  elim- 
inates the  danger  of  cutting  the  bushing.  The  taper  arbor 
is  driven  or  pushed  in  as  shown  in  Fig.  3. 

To  withdraw  the  arbor,  special  bushings  are  used  in  the 
manner  shown  in  Fig.  4.  The  small  expense  incurred  by 
making  a  few  special  packing  bushings,  as  shown  in  Fig.  5, 
or  the  adjustable  ones  shown  in  Fig.  6  will  soon  be  repaid, 
when  once  made,  for  they  are  practically  indestructible.  These 
bushings  should  be  stored  with  and  handed  out  with  the 
arbors  and  split  bushings.  The  two  dimensions  given  in  Fig.  5 
have  proved  convenient  for  most  sizes  of  work,  though  other 
dimensions  may  be  made  as  required.  The  travel  of  the  tool, 
when  turning  diameters,  should  always  be  in  the  direction 
of  the  arrow  shown  in  Fig.  2.  F.  H.  C. 


HEAVY-DUTY  PUNCH 

The  heavy-duty  punch  with  a  90-degree  teat,  shown  in 
Machinery  for  January,  would  be  improved  by  grinding  off  the 
face  from   two   opposite  sides   toward   the  teat,   forming  two 


A 

C-+ H D 

B 

Ma<hinrry 

SECTION  A-B 

SECTION  C-D 

Heavy-duty  Punch 

slanting  surfaces,  as  shown  in  the  accompanying  illustration. 
The  punch  will  grip  the  plate  nicely  and  start  easily,  instead 
of  requiring  all  the  power  at  once.     Where  the  two  oblique 
planes  meet,  the  line  should  be  eased  off  a  bit. 
New  York  City  Robert  Grimshaw 

SLIP  BUSHING 

There  Is  a  type  of  slip  bushing  in  fairly  common  use  that 
the  writer  has  not  seen  illustrated  or  mentioned  in  any  books 
on  jigs  that  he  has  read,  and  yet  it  is  cheaply  made  and  a 
great  deal  more  easily  handled  and  clamped  than  the  knurled- 
head  type.  Fig.  1  shows  the  bushing  in  the  handling  position. 
The  dimension  P  can  be  taken  as  one-half  E  plus  14  inch,  but 
it  should  never  be  less  than  1  inch  in  order  to  allow  room  for 
the  finger  to  be  inserted.  Fig.  2  shows  how  the  bushing  Is 
clamped  in  operation.  When  it  is  flat  against  the  work,  chips 
forced  up  the  flutes  of  the  drill  cannot  lift  the  bushing  out 
of  place.    Fig.  3  gives  the  dimensions  of  the  clamp  hook. 

Philadelphia,  Pa.  Haery  S.  Kartsheb 


Rapid  Method  of  counting  Pieces  in  a  Pile 

COUNTING  NUMBER  OF  PIECES  IN  A  PILE 

In  the  December  number  of  Mac  hi.nkry  there  is  presented 
a  method  for  determining  the  number  of  pieces  in  a  pile  with- 
out actually  counting  them.  This  method  may  be  simplifled 
as  follows:  Add  the  number  of  pieces  in  the  top  row  to  the 
number  of  pieces  in  the  bottom  row  and  multiply  the  result 
by  one-half  the  number  of  rows.  To  this  result  add  the  odd 
number,  if  any,  at  the  top  of  the  pile.  This  can  be  stated  as 
a  simple  formula: 

N 
8=  (T  +  B)  —  -rO 
2 
in  which   S  ^=  total  number  of  pieces; 

r  —  number  of  pieces  in  top  row; 
iJ  =  number  of  pieces  in  bottom  row; 
N  =  number  of  rows ; 
O  =  number  of  odd  pieces  at  top  of  pile. 
For  example,  in  the  case  shown  at  A,  T  =  15,  S  =  20,  A'  =  G, 
0  =  4.     Inserting   these   values   in   the   formula  and   solving, 
6 

S=(15  +  20) 1-4  =  35X3  +  4  =  109 

2 
In  the  case  shown  at  B,  T  =1,  B  =  7,  N  =  7,  0  =  0.    Insert- 
ing these  values  in  the  formula  and  solving, 
7  7 

8=  (1  +  7)  --  +  0  =  8  X  —  -f  0  =  28 
2  2 

Flint,  Mich.  J.  W.  McDade 


REGRINDING  CHUCK  JAWS 

The  truing  of  lathe  chuck  jaws,  which  are  usually  hardened 
and  therefore  require  grinding,  is  an  operation  that  must  be 
performed   frequently,  especially  when  the  chucks  are  used 


Figs.    1  to  3.     Cheap,  Handy  Slip  Bushing 


Figs.    1  to  4.     Methods  of  regrinding  Chuck  Jaws 

on  accurate  work.  Some  of  the  errors  usually  made  when 
doing  this  work  can  be  easily  avoided  by  a  little  care.  When 
new,  the  jaw  is  a  free  sliding  fit  in  the  body  of  the  chuck; 
and  if  worn  much,  from  constant  use,  it  sometimes  becomes 
very  loose.  For  this  reason,  if  the  stress  on  the  jaws  is  simi- 
lar to  that  indicated  in  Fig.  1,  they  assume  a  shape  like  that 
shown  (exaggerated)  in  Fig.  3;  if  the  stress  is  like  that 
indicated  in  Fig.  2,  the  result  is  as  shown  in  Fig.  4. 

If  surface  C  is  to  be  trued,  the  usual  way  is  to  chuck  a 
ring  by  the  inside  as  shown  at  S,  The  stress  on  the  jaws  is 
then  as  indicated  by  the  arrows  in  Fig.  4,  and  all  the  pressure 
will  be  at  point  E,  and  not  distributed  along  the  length  of  jaw 
as  it  should  be.  A  better  method  is  to  chuck  a  smaller  ring, 
as  shown  at  A,  and  grind  up  as  close  to  it  as  conditions  will 
permit.     Afterward,  the  jaws  may  be  taken  out  of  the  body 
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ftiid  the  small  surface  covered  by  ring  A  ground,  either  by  the 
use  of  a  small  cutter  grinder  or  free  hand,  the  previously 
ground  surface  being  used  as  a  guide.  In  the  same  way.  If 
It  is  required  to  true  up  the  steps  D  for  inside  chucking,  the 
stress  on  the  jaws,  while  it  is  being  done,  should  be  as  indi- 
cated in  Fig.  4,  or  similar  to  that  existing  when  the  chuck 
is  actually  in  use.  The  ring  B  used  for  this  purpose  can  be 
.made  very  thin,  so  that  the  surface  covered  by  it  will  be 
small  and  easily  removed  later. 

Philadelphia,  Pa.  A.  Dane 


FIVE-OPERATION  COMBINATION  DIE 
The  combination  die  described  in  the  following  performs 
five  distinct  operations  in  the  making  of  the  cup  shown  in 
Fig.  2.  This  die  is  comparatively  simple  in  construction  and 
yet  is  very  effective  for  manufacturing  cups  like  that  illus- 
trated, although  limited  somewhat  in  the  thickness  of  metal 
of  which  the  cups  may  be  made.  In  this  case,  the  cup  is  made 
of  a  good  quality  of  tin,  0.008  inch  thick.  It  is  half  of  a  float 
for  indicating  the  oil  or  gasoline  level  in  automobile  engine 
crank-cases  or  gasoline  tanks. 

The  die,  Fig.  1,  is  intended  for  use  in  a  simple  single-stroke 
power  press,  the  operations  of  blanking,  forming,  piercing, 
embossing  and  trimming  all  taking  place  consecutively  or 
simultaneously.  For  the  best  results  the  die  is  preferably 
made  of  the  four-post  type,  thereby  affording  accurate  align- 
ment for  the  upper  and  lower  working  members.  As  the  upper 
member  descends,  a  circular  piece  a  little  larger  than  the 
required  size  is  blanked  out,  leaving  about  1/16  Inch  to  be 
trimmed   off  the  edge,   thereby   giving  uniform   depth.     This 


Fig.   2. 


Cup  made  in  Die  shown 
in   Fig.    1 


blanking  is  done  by  the 
punch  A  entering  the 
die  B.  As  the  upper 
member  descends  far- 
ther the  spring  pad  0  is 
forced  downward  and 
the  blank  contacts  with 
core  D,  which  com- 
mences the  cupping. 
The  Inside  edge  of 
punch  A  forces  the 
metal  over  core  D,  and 
knockout  E  recedes  as 
the  punch  descends.  Just 
before  the  end  of  the 
stroke,  the  excess  metal 
from  the  lower  edge  of  the  cup  is  sheared  or  pinched  off  be- 
tween the  edge  of  core  D  and  the  internal  radius  &  on  punch  A, 
thereby  accurately  trimming  the  cup.  This  method  of  trim- 
ming is  employed  in  jewelry  manufacture  in  making  shallow 
cups  at  one  stroke  of  the  press.  These  tools  are  generally 
known  as  pinch  tools.  The  ring  of  scrap  which  is  removed 
from  the  edge  of  the  cup  in  trimming  is  raised  to  the  surface 
at  the  up  stroke  of  the  press  by  the  spring  pad  C  together 
with  the  cup.  At  the  end  of  the  stroke  the  punch  G  pierces 
and  embosses  the  small  central  hole  in  the  cup.  The  scrap 
drops  through  a  clearance  hole  in  the  core  into  the  scrap  pan. 
It  is  important  that  the  radius  b  on  the  inside  of  the  punch 
be  as  small  as  possible  without  causing  the  metal  in  the  cup 
to  wrinkle  or  pull  excessively  when  drawing.  The  more  nearly 
this  radius  approaches  a  square  corner,  the  more  positive  is 
the  shearing  action  when  the  cup  is  being  trimmed. 

A  few  of  the  dimensions  of  this  die  must  be  very  accurate 
to  make  it  a  successful  working  tool.  For  instance,  the  diam- 
eter a  of  the  hole  in  the  punch  should  not  be  more  than  0.0005 
inch  larger  than  the  dimension  d  of  core  D.  This  is  essential 
to  insure  the  correct  trimming  action  of  the  die.  Except  as 
previously  described,  this  tool  is  similar  in  general  construc- 
tion to  any  other  well  designed  die.  It  is  essential  that  most 
of  the  working  faces  be  highly  polished.  Compressed  air  and 
a  spring  pin  knockout,  together  with  the  positive  knockout,  are 
used  for  removing  the  completed  cup  and  scrap  at  each  stroke 
of  the  press.  The  die  operates  successfully  in  a  press  making 
between  75  and  85  revolutions  per  minute,  and  when  accurately 
made  will  turn  out  many  thousand  pieces  without  attention. 

Ypsilanti,  Mich.  A.  E.  Sanford 


SECOND  ANNEALING  OF  FORGINGS 

Much  care  is  being  taken  in  many  shops  to  obtain  correct 
feeds  and  speeds  in  order  to  produce  maximum  output  with 
minimum  labor  cost,  but  the  economy  of  second  annealing  is 
generally  overlooked.  Often  small  parts  that  have  been  forged 
and  annealed  in  the  blacksmith  shop  and  sent  to  the  machine 
shop  are  found  to  be  difficult  to  machine.  If  a  light  rough- 
ing cut  is  taken  and  they  are  again  annealed,  the  machining 
is  more  easily  accomplished.  In  one  case,  as  soon  as  a  quan- 
tity of  grinding-wheel  spindles  was  received  from  the 'black- 
smith shop,  one  was  put  in  the  lathe  and  centered;  when  the 
first  cut  was  taken,  the  spindle  ran  out  of  true  and  had  to 
be  straightened.  After  being  straightened,  it  was  again  put 
into  the  lathe,  but  cutting  a  thread  on  it  was  still  very  diffi- 
cult. Because  too  much  time  was  occupied  in  machining,  it 
was  decided  to  take  a  slight  roughing  cut  off  all  the  spindles 
and  then  anneal  them.  By  taking  a  light  cut  before  anneal- 
ing, the  strain  was  taken  off  the  pieces  and  the  thread  was  cut 
in  about  one-third  the  time;  besides,  a  much  better  job  was 
produced. 

New  Haven,  Conn.  Erio  Lbie 


Fig.   1.     Cross-sectional  View  of  Combination  Die 


FOUR-GEAR  EPICYCLIC  TRAIN 

In  the  March,  1916,  number  of  Machinery  there  appeared 
an  article  entitled  "Four-gear  Epicyclic  Trains,"  which  de- 
scribed two  types  of  gears,  one  "Imperfect"  and  the  other 
"mechanically    perfect."     The   latter   was   a   train   composed 
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wholly  of  gears  with  a  standard  tooth  and  space.  No  doubt 
this  is  more  to  be  desired,  in  some  instances,  than  what  is 
known  as  a  mongrel  tooth.  The  writer  takes  exception,  how- 
ever, to  the  statement  regarding  the  imperfect  mechanism 
which  was  here  described  as  the  nearest  approach  to  the 
perfect.  This  mechanism  was  shown  with  a  planet  pinion 
mounted  on  a  pulley  and  in  mesh  with  two  gears  of  different 
pitch  diameters,  which  causes  great  wear  on  the  teeth  as 
well  as  a  prohibitive  amount  of  backlash,  not  to  mention 
noise. 

The  gear  shown  in  Fig.  1  was  designed,  and  twelve  units  have 
been  built,  for  use  in  connection  with  a  chucking  machine. 
This  supplied  the  power  for  feeding  an  11/16-inch  drill  through 
eight  inches  of  chrome-nickel  steel.  Fig.  1  shows  the  driving 
pulley,  together  with  the  cast-iron  casing  that  completely  en- 
closes the  gears  and  forms  an  oil-tight  case.  With  the  proper 
oil  channels,  this  construction  provides  lubrication  for  all 
parts  subject  to  wear. 

For  purposes  of  explanation  it  will  be  assumed  that  all 
gears  are  cut  with  10-pitch  cutters  and,  with  the  exception 
of  gears  A  and  F,  have  a  standard  form  of  tooth  and  space. 
Gears  A,  D,  F,  and  G  have  a  pitch  diameter  of  four  inches. 
Gears  D  and  G  have  the  required  forty  teeth,  while  A  and  F 
have  thirty-nine  teeth.  Gear  G  is  keyed  to  the  shaft  0. 
Pinions  B,  C,  and  E 
have  a  pitch  diameter 
of  1.5  inch  and  have 
fifteen  teeth.  Gears  A 
and  F  have  long  hubs 
extending  into  the  sup- 
port, these  hubs  be- 
ing pinned  together  as 
a  unit.  The  screw  S 
locks  the  whole  in- 
tegral with  the  sup- 
port to  prevent  turn- 
ing. The  web  of  the 
pulley  contains  a  boss 
into  which  is  forced  a 
bronze  bushing  that 
acts  as  a  bearing  for 
the  shaft  to  which  are 
keyed  pinions  B  and 
C.  The  pulley  revolves 
on  the  long  hub  of  gear 
F,  the  bronze  bush- 
ing  taking    the   wear. 

Plates  H  and  E  are 
ioined  rigidly  by  the 
segment  blocks  R,  Fig. 
3.  These  plates  con- 
tain   bronze    bushings 
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Fig.  1.     Longitudinal  Section 


inch,  while  the  circu- 
lar pitch  of  D  and  O 

is  —  =  0.314  inch, 
40 

giving  a  minimum 
backlash  of  0.008 
inch  per  tooth.  It 
is  evident  that  as 
the  pitch  is  in- 
creased, the  back- 
lash is  decreased 
proportionately,  and 
vice  veisa.  It  is 
shown  in  Fig.  2 
that   as   the   pulley 

revolves      and      pin-  ^'^'    '■     showing   Section  on  M-M,   Fig.    1 

ion  B  passes  over  each  tooth  of  A,  gear  D  is  moved  the  dif- 
ference between  the  circular  pitch  of  these  two  gears,  or  0.008 
inch.  One  revolution  of  the  pulley  will  advance  this  gear  one 
tooth,  and  forty  revolutions  will  produce  one  complete  revolu- 
tion of  D,  which  being  connected  to  pinion  E  of  the  second 
unit,  through  H  and  K,  causes  gear  G  to  advance  one  tooth. 
As  a  result,  to  produce  one  revolution  of  shaft  0  the  pulley 

must   make    40    X    40 

=  1600  revolutions. 

It  is  quite  practical, 
if  occasion  requires, 
to  extend  this  gearing 
by  the  addition  of 
more  units,  which  will 
greatly  reduce  the  di- 
ameter but  will  slight- 
ly increase  the  length. 
The  possibilities  of  a 
large  reduction  are  un- 
limited. One  big  ad- 
vantage of  this  type  of 
reduction  is  the  facil- 
ity with  which  the 
gears  may  be  chosen 
for  known  reductions. 
If  this  is  of  such  pro- 
portions as  to  prohibit 
the  use  of  a  single 
unit,  on  account  of  the 
large  diameter,  re- 
quired, the  square  root 
or  cube  root  of  the  re- 
duction may  be  taken 
and  two  or  three  units 
used,     thus     reducing 


in  which  revolves  the  shaft  to  which  pinion  E  is  keyed.    This 

unit   is   screwed   and   doweled   to   gear  D   through   plate  H. 

As  gears  A  and  F  have  thirty-nine  teeth,  they  will  have 

iir      4ir        j  iw 

a  corresponding  circular  pitch  of  —  =  —  +  ( =-  40  )  =  0.322 

39      40'      V  40 


B,    C,  AND  E 


THICKNESS  OF  TOOTH 
A,   D,   F,  AND  G 
CIRCULAR  PITCH,    D  AND  G  =  0.3142 
CIRCULAR  PITCH,  A  ANB  F  =  0.322 


of  Four-gear  Epicyclic  Train 

the  diameter,  as  stated.  The  root  is  always  the  reduction 
ratio  of  one  unit,  and  represents  the  number  of  teeth  in  gears 
D  and  G.    For  this  reason  it  must  be  a  whole  number. 

If  it  should  be  necessary,  the  driving  pulley  and  shaft  O 
may  be  made  to  run  in  opposite  directions  by  transposing 
the  number  of  teeth  in  the  stationary  and  the  movable  gears. 
The  former  in  that  case  will  have  forty  teeth  and  the  latter 
thirty-nine.  Because  of  its  compactness  and  the  small  amount 
of  attention  necessary,  when  provided  with  a  proper  oil  open- 
ing for  refilling,  this  gear  seems  to  be  especially  fitted  for 
hard  usage  where  great  reduction  is  necessary. 

Hartford,  Conn.  A.  S.  Burrill 


Fig.  2.     Showing  Differential  Action  of  Epicyclic  Gears 


LOCATING   WORK  FOR  BORING 

The  boring  of  a  hole  accurately  in  a  certain  position  is  one 
of  the  things  in  machine  construction  that  requires  both  care 
and  skill.  It  is  only  natural,  therefore,  that  quite  a  number 
of  devices  have  been  developed  for  facilitating  such  opera- 
tions. The  December  number  of  Machinery  describes  a  tool 
with  which  satisfactory  results  have  been  secured.  The  method 
is  to  designate  the  location  of  the  hole  in  the  work  by  means 
of  accurately  scribed  lines  on  the  face  where  the  hole  is 
started.    The  work  is  then  set  up  square  and  parallel  on  the 
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Pointer  used   for   locating 
Center 


milling  machine  and  the  intersec- 
tion of  the  linos  nuulo  to  coincide 
with  a  pointer  that,  by  means  of 
an  indicator,  has  been  adjusted  so 
that  the  point  is  known  to  run 
true  with  the  boring  spindle.  Good 
results  can  be  obtained  in  this 
manner,  as  when  the  surface  is 
properly  prepared  fine,  clean  lines 
from  a  height  gage  or  a  scribing 
block  will  be  close  enough  for 
quite  accurate  work.  In  the  final 
polishing  before  marking,  the 
grain  should  be  laid  so  that  it 
will  not  run  parallel  with  the 
lines  to  be  marked,  as  that  will 
make  them  difficult  to  see;  and 
by  using  a  glass  it  is  quite  possi- 
ble to  set  the  lines  on  the  work  to 
coincide  with  the  accurately  ad- 
justed point.  It  has  been  found 
by  experience  that  work  can  be 
kept  within  ±  0.001  inch  by  such 
a  method.  In  the  illustration  is 
shown  the  tool  which  the  writer  uses  in  locating  work 
by  the  above  plan;  this  has  the  merit  of  being  very  easy 
to  make  and  use.  It  is  made  from  a  steel  ball,  1/4  or  5/16 
inch  in  diameter,  that  is  annealed  and  drilled  for  the  rod  that 
is  to  act  as  the  pointer.  The  simplest  way  of  drilling  this 
hole  is  to  hold  the  ball  in  the  draw-in  chuck  in  the  bench  lathe. 
When  drilled,  the  ball  is  rehardened.  In  the  case  of  a  i^-inch 
ball,  the  writer  has  made  the  pointer  from  0.08-inch  drill  rod 
about  1%  inch  long.  One  end  of  the  rod  is  fitted  to  the  ball 
and  the  other  is  turned  to  a  50-  or  60-degree  point.  It  Is  then 
hardened  on  the  pointed  end  only.  The  point  should  be  ground 
so  that  it  will  be  sharp  and  true.  The  hole  is  a  drive  fit  for 
the  rod,  so  by  holding  the  rod  carefully  in  the  vise  the  ball 
can  be  lightly  yet  securely  tapped  on;  the  tool  is  completed 
by  rounding  the  end  of  the  rod  where  it  comes  through  the  ball. 
In  use,  this  tool  is  held  in  a  three-jawed  chuck  in  the  milling- 
machine  spindle,  but  it  should  be  tightened  very  lightly,  as 
the  pointer  must  be  readily  deflected  by  a  gentle  pressure. 
Then  the  machine  is  started,  running  on  one  of  the  faster 
speeds;  and  as  the  work  on  the  table  is  moved  close  up  to 
the  pointer,  the  hand  is  carefully  steadied  and,  by  a  gentle 
pressure  of  the  thumb-nail,  the  point  of  the  tool  is  brought 
into~its  true  position,  which  of  course  is  determined  by  the 
entire  absence  of  any  side  movement  of  the  point.  This  sfiould 
be  verified  by  means  of  a  glass.  Then  with  the  spindle  still 
running,  the  work  is  brought  almost  in  contact  with  the 
point  and  moved  up,  down  and  sidewise  until  the  lines  are 
exactly  located;  a  glass  should  also  be  used  for  this  purpose. 
While  the  tool  is  very  simple  to  make  and  use,  the  writer 
prefers  it  to  the  various  more  or  less  complicated  adjustable 
instruments  that  have  been  suggested  for  locating  holes  by 
lines  on  the  milling  machine.    But  for  satisfactory  results,  the 


lines  must  be  sharp  and  clean;  prick-punch  marks  must  not 
be  placed  where  the  centers  come,  the  lines  themselves  must 
be  used;  the  chuck  should  bo  tightened  very  lightly;  the 
pointer  must  not  touch  the  work;  and  the  machine  used  should 
not  stand  on  a  weak,  shaky  foundation. 

Woonsocket,  R.  I.  AuTiiim  W.  Suiteii 


MULTIPLE   KEYWAYS   IN   MILLING 
CUTTERS 

I  have  seen  milling  cutters  made  with  three  keyways  in 
the  bore,  the  purpose  being  to  increase  the  length  of  time 
between  grindings.  The  operator  is  Instructed  to  mount  the 
cutter  on  the  arbor  first  with  No.  1  keyway  engaged  with  the 
key;  then,  when  the  teeth  become  somewhat  dull,  to  change 
to  No.  2  keyway;  and  then  again  to  No.  3.  The  theory  is  that 
the  teeth  of  a  milling  cutter  approximately  opposite  the  key 
always  cut  deepest  and  dull  first  because  of  the  clearance  of 
the  cutter  hole  on  the  arbor.  Thus,  by  changing  the  position 
of  the  cutter  on  the  arbor  in  succession,  the  teeth  are  dulled 
equally  all  around,  and  the  life  of  the  cutter  between  sharpen- 
ings  is  increased.  The  scheme  is  one  that  could  be  used  prob- 
ably with  satisfaction  by  careful  operators,  but  even  then  I 
doubt  if  the  gain  would  pay  for  the  trouble  of  loosening  the 
arbor  nut  and  changing  the  cutter  position  on  the  driving  key 
in  order  to  lengthen  the  life  between  grindings.  It  seems  as 
though  the  gain  would  be  small. 

But  the  idea  of  three  keyways  in  the  cutter  suggests  the 
question:  why  not  cut  four  keyways  in  all  milling  cutters  and 
provide  multiple  spline  arbors  to  drive  them?  There  would 
be  no  sheared  keys  and  the  drive  would  be  stronger  than  with 
the  present  common  single  key  arrangement.  The  cutters 
would  run  with  less  eccentricity,  do  better  work  and  revolu- 
tion marks  on  finished  work  would  not  be  so  common. 

M.  E3.  Canek 


COLD-ROLLED   STEEL  SHAFTING 

In  answer  to  the  request  in  the  February  number  of 
Machinery  for  information  on  cold-rolled  steel  shafting,  the 
writer  would  call  attention  to  the  tests  made  by  Prof.  R.  H. 
Thurston  of  Cornell  University  in  1902.  The  results  of  these 
are  published  in  Jones  &  Laughlin  Steel  Co.'s  catalogue  of 
power  transmission  machinery.  According  to  these  tests,  the 
elastic  limit  is  increased  from  15  to  97  pec  cent  and  the 
tenacity  from  20  to  45  per  cent.  The  resistance  to  transverse 
loads  is  increased  from  11  to  30  per  cent  at  the  elastic  limit, 
and  from  13  to  69  per  cent  at  the  yield  point.  Resistance  to 
torsional  stress  is  increased  at  the  elastic  limit  from  28  to, 
40  per  cent,  and  at  the  yield  point,  from  31  to  64  per  cent; 
at  the  point  of  fracture  there  Is  a  decrease  of  from  4  to  10  per 
cent.  Professor  Thurston  says  that  the  effect  of  cold-rolling 
extends  undiminished  to  the  center  of  a  bar.  The  results  of 
tests  with  bars  that  were  turned  down  from  1%  inch  in  diam- 
eter are  given  in  the  accompanying  table. 

Pittsburg,  Pa.  B.  Olsen 


RE3SULTS  OP  TESTS  ON  COLD-ROLLED  AND  HOT-ROLLED  STEEL  BARS 


Cold-rolled    Steel                                                                                                                                                1 

Diameter  of 
Bar,   Inches 

Load,    Pounds  per   Square   Inch 

Elongation  in 
8  Inches, 
Per  Cent 

Reduction    of 
Area,  Per  Cent 

Resilience, 
Cubic 

Pounds  Per 
Inch 

Modulus  of 
Elasticity 

Elastic  Limit 

Yield  Point 

Marimiun 

Ultimate 

Elastic  Limit 

Ultimate 

0.349 

0.526 
0.772 
1.019 

54,000 
59,500 
53,500 
52,000 

62,500 
66,000 
66,000 
62,000 

73,637 
75,739 
76,636 
73,778 

51,613 
55,060 
54,548 
50,205 

7.50 
10.12 
12.31 

14.87 

1 
1 

53.70 
54.10 
55.70 
57.80 

48.14 

56.21 
47.02 
42.25 

5,600 

7,340 

9,000 

10,480 

30,393,000 
31,560,000 
30,476,000 
30,056,000 

•       Hot-rolled  Steel                                                                                                                                     | 

0.355 
0.509 
0.754 
1.010 

30,000 
31,900 
29,750 
30,250 

35,250 
35,500 
35,750 
35,250 

58,606 
58,809 
59,747 
61,210 

40,164               22.06 
41,569              24.31 
41,793              29.25 
43,392               30.00 

68.0 
61.7 
64.2 
63.8 

15.32 

17.51 
15.67 
14.43 

10,900 
12,860 
15,280 
16,740 

29,418,000 
29,073,000 
28,337,000 
29,126,000 
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CHAMFERING  PINS   IN  AUTOMATIC 
SCREW  MACHINE 

In  chamfering  pins  in  automatic  screw  machines,  a  produc- 
tion of  8100  a  day,  four  seconds  for  each  pin,  as  given  in  the 
January  number,  seems  slow.  When  the  writer  had  Bessemer 
steel  wire  spindles  to  cut  off  with  the  tool  arrangement  there 
illustrated,  he  ran  the  machine  at  the  rate  of  two  seconds  for 
each  piece,  with  a  net  daily  production  of  16,200,  which  is 
just  double  the  speed  mentioned;  and  they  had  to  be  cut  off 
without  much  of  a  teat  showing.  The  writer  made  200,000 
pieces  at  that  rate;  but  as  this  is  faster  than  the  machine  is 
scheduled  to  run,  the  next  time  this  job  came  through  it  was 
run  at  the  rate  of  one  piece  every  three  seconds  (the  fastest 
listed  speed  of  the  machine).  The  two-second  speed  was  ob- 
tained by  compounding  the  gears.  The  cutting-off  tool  was 
fed  at  0.001  inch  per  revolution,  and  the  200,000  pieces  were 
made  with  no  trouble.  A  straight  high-speed  steel  cut-off  blade 
was  used  as  close  to  the  collet  as  possible.  The  cams  could 
have  been  made  with  double  lobes  (giving  a  production  of  four 
seconds  for  two  pieces)  but  for  the  fact  that  the  limit  in  length 
was  too  close,  being  ±  0.001  inch,  and  it  is  difficult  to  get  the 
lobes  of  the  lead  cam  exactly  the  same  height. 

Bayonne,  N.  J.  Johx  Neup.wer 


THEORY   OF  ENLARGED  HERRINGBONE 
PINIONS 

The  article  entitled  "Theory  of  Enlarged  Herringbone 
Pinions"  in  Machinery  for  January,  advocated  enlarging  the 
pitch  diameters  of  both  the  gear  and  the  pinion,  which  in- 
creases the  center  distance  and  the  pressure  angle.  The  result 
is  a  new  pair  of  gears  and,  in  the  example  there  given,  a  pair 
of  gears  of  odd  pitch,  odd  pressure  angle,  and  odd  center 
distance.  The  writer  of  that  article  proceeded  by  finding  a 
new  pitch  diameter  for  the  pinion  that  entirely  avoids  inter- 
ference with  the  standard  addendum  rack  tooth,  and  then 
gave  to  the  gear  a  proportionately  larger  pitch  diameter.  This 
gives  a  new  and  larger  center  distance  and,  since  the  base 
circle  diameters  remain  the  same,  there  is  also  a  larger  pres- 
sure angle. 

The  formula  suggested  there  for  finding  the  new  pitch 
diameter  gives  a  pressure  angle  that  is  higher  than  neces- 
sary to  avoid  interference.  The  formula  given  was  as 
follows: 

Number  of  teeth  2 

(cos  pressure  angle ) ^ -| ■  = 

Diametral  pitch  Diametral  pitch 

nominal  pitch  diameter.  ' 

In  Fig.  1  ara  shown  the  pitch  circle  for  a  20-degree  pressure 

angle  and  the  new 
pitch  circle  given  by 
this  formula.  It  will 
be  seen  that  the  in- 
terference line  for 
the  raclc  given  by 
the  new  pitch  diam- 
eter is  within  the 
original  interfer- 
ence line.  This  is  not 
taken  care  of  in  the 
formula  and  results 
in  a  pitch  diameter 
and  pressure  angle 
that  are  unneces- 
sarily high.  The 
addendum  could  be 
made  equal  to  the 
dimension  A,  which 
would  be  greater 
than  standard,  and 
still  avoid  inter- 
ference. 

Fig.    1.     Diagram   showing  how   Suggested  J(;    seems     tO    the 

Formula    gives    Unnecessarily    High 

Pressure  Anglo  Writer  that  a  much 


,^^0^^^^^"^ 

i::i;^=|-:=^^^ 

■^^'■^•^i^'^fK^^r,  ,'ih 

,O^OT»^JPiH;»-~l..^___^ 

\     \                        FOR   22*  24*  PRI 

V\    .22''24-  " 

Mnrhinrry 

better  way  to  solve 
the  problem  of  in- 
terference would 
have  been  to  find 
the  lowest  pressure 
angle  at  which  the 
fifteen-tooth  pinion 
would  mesh  with 
the  standard  adden- 
dum rack  without 
interference.  The 
standard  center  dis- 
tance and  the 
standard  pitch  can 
then  be  maintained, 
which  is  an  obvi- 
ous advantage.  The 
formula  for  finding 
the  lowest  pressure 
angle  at  which  a 
gear  of  any  num- 
ber of  teeth  will 
mesh  with  a  rack 
of  standard  adden- 
dum without  inter- 
ference is  obtained 
as  follows:  From 
Fig.  2, 


^, 

V'' 

(sin  a)'  1 

2 

i^^---^EriDUM   LflE  Of 

i       1 

.-tereer/ 

\     bTANDAHO  ADDENDUM    RACK 

TOOTH 

i 

fl 

< 

V--"' " 

k PITCH 

Mnrhinrry  \ 

Fig.  2.     Diagram  showing  how  Pressure  Angle 

that  avoids  Interference  is  determined 

for  Any  Number  of  Teeth 


N 


Maximum  addendum  of  rack  =  —  (sin  o)' 

2 
where  N  =  number  of  teeth  and  a  =  pressure  angle.     When 

N 
the  addendum  is  standard,  the  formula  becomes  — •  (sin  o)'  =  1, 

2 


from  which 


2  I    2 

(sin  a)^  =  — ,  or  sin  a  =\\  — . 

N  ^    N 


For  fifteen  teeth. 


the  angle  a  is  21  degrees,  25  minutes,  whereas  the  formula 
suggested  in  the  article  referred  to  gives  a  as  equal  to  22  de- 
grees, 24  minutes. 

The  difference  between  the  results  obtained  by  these  for- 
mulas is  that  the  formula  here  presented  gives  the  exact 
results  sought,  viz.,  the  lowest  possible  pressure  angle  with  the 
elimination  of  interference,  while  all  other  dimensions  are 
unchanged;  whereas  the  other  formula  gives  an  unnecessarily 
high  pressure  angle  and  changes  the  center  distance  and 
pitch.  Excessive  sliding  action,  and  the  consequent  excessive 
wear  on  the  pinion  tooth  faces,  is  avoided  in  both  cases,  but 
this  is  not  quite  so  important  as  it  might  seem  since  the 
pinion  is  almost  invariably  the  driver;  therefore,  the  pinion 
faces  only  come  into  contact  on  the  arc  of  recess  and,  when 
the  sliding  action  is  greatest,  the  load  is  shared  by  another 
pair  of  teeth  being  in  contact. 

Auburn,  R.  I.  Arthur  Browx 


HARDENING  PLUG   GAGES 

With  reference  to  the  article  on  hardening  plug  gages  made 
of  straight  carbon  tool  steels,  in  the  February  number  of 
Machinery,  the  writer  would  suggest  the  following  method: 
Place  in  a  pot  like  that  used  for  cyanide  hardening  two  parts 
rocft  salt  and  one  part  chloride  of  barium,  and  heat  to  1525 
degrees  F.,  as  shown  by  a  pyrometer.  Preheat  the  piece  to 
be  hardened  to  a  dull  red,  and  then  immerse  it  in  the  salt 
solution,  leaving  it  in  the  solution  until  it  is  the  same  tem- 
perature as  the  salt.  Then  qi»ench  it  in  a  solution  composed 
of  one  quart  salt,  one-half  pint  sulphuric  acid,  and  ten  gallons 
water.  In  dipping,  the  piece  should  be  plunged  straight  down 
in  the  water  and  given  a  swirling  motion.  In  the  absence 
of  the  salt  bath,  an  open  charcoal  fire  can  be  used  for  heating, 
care  being  taken  to  heat  slowly  and  uniformly  to  a  good 
cherry  red;  the  piece  should  then  be  quenched  in  the  brine 
solution.  It  may  be  well  to  mention  that  "Cello  Vanadium," 
"Ketos,"  and  any  of  the  ball-bearing,  chrome-carbon  alloys  will 
give  better  results  and  last  many  times  as  long  as  straight 
carbon  tool  steels. 

New  Britain,  Conn.  William  C.  Betz 


QUESTIONS    ON     PRACTICAL    SUBJECTS    (.)!<     GENERAL,    INTEREST 


FORMING  CARDBOARD  SHAPES 

E.  S. — Can  you  Kivo  mo  information  as  to  tlie  method  of 
making  dies  for  cutting  cardboard  and  tlie  manner  of  forming 
cardboard  novelties?  I  am  particularly  interested  in  the 
proper  procedure  to  follow  in  blanking  and  forming  a  card- 
board lid,  oval  in  shape  and  one-quarter  inch  deep;  that  is, 
having  a  rim  all  around  one-quarter  inch  high. 

The  question  is  submitted  to  readers  having  had  experience 
In  this  line  of  die  and  press  work. 


BEVEL   GEAR   CUTTERS 

A.  B.  G. — How  are  bevel  gear  cutters  given  relief  on  the 
teeth,  and  why  are  the  teeth  given  side  relief?  How  is  the 
relief  calculated? 

A. — A  bevel  gear  cutter  is  a  thin  spur  gear  cutter  that  dif- 
fers from  a  regular  spur  gear  cutter  in  no  apparent  detail 
except  that  of  thickness.  The  standard  Brown  &  Sharpe  bevel 
gear  cutters  are  made  of  a  thickness  that  permits  them  to  cut 
bevel  gear  face  widths  up  to  one-third  the  length  of  the  pitch 
cone.  Hence,  the  cutter  is  two-thirds  the  thickness  of  the 
standard  spur  gear  cutter  for  the  same  pitch  and  number. 
Bevel  gear  cutters  and  spur  gear  cutters  are  not  given  side 
relief  except  that  incident  to  form  cutters  in  general  which 
are  made  to  be  ground  without  changing  the  shape.  This  type 
of  form -cutter,  originated  by  Joseph  Brown,  provides  relief 
on  the  sides  of  the  teeth  of  gear-cutters  and  all  other  form  cut- 
ters in  which  the  tops  of  the  teeth  are  narrower  than  the  base, 
because  the  tooth  outline  is  not  concentric  with  the  axis  of 
the  cutter  but  eccentric  to  it,  each  tooth  having  its  own  center. 


DIFFERENTIAL   INDEXING 

G.  M.  A.— Will  you  explain  how  it  is  possible  to  make  59, 
60  and  61  divisions  on  a  39-hole  circle,  by  moving  the  crank 
26  holes,  as  given  in  Machinery's  Handbook  on  page  926. 
There  are  several  other  indexings  given  in  the  table  that  I  do 
not  understand. 

A. — The  table  referred  to  is  for  simple  and  differential  in- 
dexing on  the  Brown  &  Sharpe  milling  machine.  The  divi- 
sions referred  to  are  obtained  by  means  of  gearing  connecting 
the  dividing  head  spindle  with  the  index  plate.  As  the  crank 
is  turned,  the  index  plate  is  moved  slowly  backward  or  for- 
ward, and  thus  the  movement  of  26  holes  in  the  39-hole  circle 
to  obtain  a  division  of  59,  for  instance,  is  apparent  but  not 
actual.  The  gearing  moves  the  index  plate  the  fractional  part 
of  a  turn  required  to  make  up  the  difference  between  26/39 
and  40/59;  hence  the  term,  differential  indexing.  You  will 
note  in  the  table  that  the  gearing  for  the  two  divisions  59 
and  61  differs,  and  that  there  is  no  gearing  specified  for  60 
divisions;  60  divisions  are  obtained  without  gearing,  the  same 
as  on  a  plain  dividing  head. 


CARBON   "POINTS"   IN  STEEL 

E.  P.  P. — Which  is  the  correct  term  to  use  In  specifying  the 
carbon  content  of  steel,  "percentage"  or  "points"?  For  in- 
stance, should  we  say  "10  per  cent"  or  "10  points"  carbon? 
What  is  the  difference  between  the  two  terms  when  used  to 
designate  the  carbon  content  of  steel? 

A.— The  point  system  used  in  specifying  the  carbon  content 
of  steel  is  based  on  the  division  of  one  per  cent  into  one  hun- 
dred parts;  hence,  in  the  case  cited,  you  should  say  "10  points 
carbon,"  as  what  you  mean  is  one-tenth  of  one  per  cent  car- 
bon and  not  10  per  cent.  If  you  wish  to  express  the  carbon 
content  in  percentage  in  the  case,  say,  of  50-point  carbon  steel, 
the  expression  should  be  "one-half  per  cent"  carbon.  The 
term  "points"  probably  originated  in  an  inversion  of  the  read- 
ing of  the  decimal  of  one  per  cent;  the  decimal  0.40,  for  in- 
stance, was  read  "40-point"  instead  of  "point  40"  in  order  to 
emphasize  the  amount  of  carbon  and  not  the  fact  that  it  was  a 


fraction.  Later  the  term  became  "points."  This  is  used 
in  stock  quotations,  but  its  significance  varies  with  the  com- 
modity. When  used  in  cotton  quotations  a  point  is  one- 
hundredth  of  a  cent,  but  when  used  In  stock  quotations  it  is 
one  cent. 


POSITION  OF  CONE  PULLEYS  ON  LATHES 

D.  M.  C. — Will  you  kindly  tell  why  engine  lathes  have  the 
large  end  of  the  cone  pulley  next  to  the  faceplate,  while  on 
bench  and  precision  lathes  the  large  end  of  the  cone  is  gen- 
erally at  the  opposite  end  of  the  spindle? 

A. — The  reason  that  the  large  end  of  the  cone  pulley  of  a 
back-geared  engine  lathe  is  placed  next  to  the  faceplate  is 
that  it  favors  design  throughout.  The  large  spindle  gear, 
driven  through  the  back-gear  to  get  the  maximum  torque, 
should  be  placed  as  near  the  spindle  nose  as  possible  in  order 
to  reduce  torsional  deflection  to  a  minimum,  and  the  large 
end  of  the  cone  should  be  placed  close  to  it.  Rational  design 
calls  for  a  larger  spindle  cross-section  at  and  near  the  nose 
than  at  the  opposite  end,  which  means  that  the  cone  pulley 
bearings  will  be  made  in  proportion  to  the  spindle  bearings 
in  the  headstock.  Hence  the  large  step  of  the  cone  is  put 
over  the  largest  part  of  the  spindle.  The  reason  that  bench 
lathes  are  generally  made  with  the  cone  pulley  facing  in  the 
opposite  direction  is  that  it  favors  the  use  of  the  compound 
slide-rest  when  adjusted  for  turning  angles  close  to  the  face- 
plate. It  is  possible  to  make  much  wider  angle  settings  with 
the  cone  pulley  in  the  reverse  position  than  if  the  cone  pulley 
were  placed  the  same  as  on  back-geared  engine  lathes.  There 
is  also  less  interference  with  the  belt  in  doing  the  common  run 
of  faceplate  work. 


PROBLEM   IN   TRIGONOMETRY 

I.  W. — Referring  to  the  illustration,  ACB  Is  a  right  triangle, 
right-angled  at  C.  Please  show  how  to  find  the  angle  B  from 
the  dimensions  given. 

A. — It  is  first  necessary  to  find  the  length  of  BE  or  AF;  with 
BE  known,  the  angle  can  be  found  from  its  tangent  or  cosine, 
and  if  AF  is  known,  the  angle  can  be  found  from  its  sine. 
Let  BE  =  c  and  AF  =  a;  then  from  geometry,  since  the  tri- 

3 

angles   BED   and   DFA    are   similar,    a:3  =  l:c,    or   a  =  — . 

c 
Also,    (c  -f  1)^  -f   (a  -f  3)^  =  10-.      Expanding   this    expres- 
sion we  get:   c'  +  2c  +  1  +  a^ 
+  6a  +  9  =  100,  or  c'  +  2c  + 
a'    +    6a    =    90.      Substituting 
the  value  of  a,  gives:  (f  +  2c  + 

3  V  /  3  " 

-f  6  X   f  —  I  =  90.    Clear- 


ing of  fractions  and  combining 
terms,  c*  +  2c'  —  90c'  +  18c 
4-9  =  0.  Solving  this  equation, 
preferably  by  Horner's  method, 
c  =  8.41994.  Therefore,  c  +  1 
=  9.41994,  and  cos  B  =  9.41994 
-:-  10  =  0.941994.  From  a  table 
of  natural  trigonometric  func- 
tions, B  =  19  degrees,  36  min- 
utes, 39  seconds.  To  prove  that 
the    value    of    c    is    correct    as 

3                 3 
calculated,  a  =  —  =  

c  8.41994 

=  0.356297;  o  -f  3  =  3.35630,  to 
six  significant  figures;  c  +  1  = 
9.41994;  and  9.41994'  +  3.35630' 
=  100.0000.  J.  J. 


Diagram  illustrating  Method  of 
finding  Angle  B  in  a  Sight- 
angle  Triangle 
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TO   HARDEN    AN    ANNULAR    DISK 
WITHOUT   WARPING 

E.  P.  F.  &  M.  Co.— We  send  you  a  sketch  of  a  steel  disk  of 
which  we  have  a  number  to  make,  and  ask  for  suggestions  as 
to  the  method  of  hardening  so  that  they  will  not  warp  beyond 

reasonable  limits 
for  grinding.  We 
maohine  the  disks 
to  within  about 
1/16  inch  of  the 
size  shown  in  the 
sketch.  They  are 
then  hardened  and 
ground  to  finish 
size.  We  have  had 
some  trouble  from 
warping  during  the 
hardening  process, 
and  would  appre- 
ciate advice  as  to 
how  the  trouble  can 

Annular  Disk  to  be  hardened  be   avoided. 

A. — The  ring  is  of  a  specially  difficult  shape  to  harden  with- 
out warping,  because  it  is  so  much  thicker  at  the  periphery 
than  at  the  inner  edge  of  the  hole,  and  also  because  the  cross- 
section  is  not  symmetrical  with  reference  to  a  center  line. 
Hence,  the  overhang  when  heated  and  chilled  tends  to  con- 
tract and  force  the  ring  into  a  conical  shape.  You  might 
employ  the  method  used  by  makers  of  circular  saws  for  hold- 
ing the  disk  from  warping  when  hardening.  Saws  are  hard- 
ened between  perforated  circular  disks,  between  which  the 
saw  is  firmly  clamped  as  it  is  immersed.  Another  method  that 
might  be  used  with  success,  provided  the  hardener  is  skillful, 
is  to  mount  the  ring  on  a  revolving  mandrel  so  that  about 
one-half  the  width  of  the  solid  portion  is  immersed  in  the  cool- 
ing bath.  The  ring  should  be  revolved  quickly  and  immersed 
all  over  as  it  revolves.  The  object  is  to  cool  the  exterior  first, 
because  of  the  greater  mass  of  metal,  and  thus  to  obtain  simul- 
taneous cooling  throughout,  with  little  or  no  tendency  to 
change  shape.  This  condition  might  also  be  accomplished  by 
providing  a  shield  of  sheet  metal  to  cover  the  inner  part  of 
the  ring  on  both  sides  to  about  one-half  its  width.  The  shield 
should  be  scalloped  on  both  edges  so  as  to  permit  the  water 
to  reach  the  hot  metal  beneath,  but  not  as  freely  as  it  would 
without  the  shield. 


of  the  two  calculations  will  be  the  volume  above  the  second 
plug.  In  this  way  it  is  possible  to  obtain  the  volume  for 
any  desired  height.  J.  J. 


VOLUME   OF   GAS   SPACE  IN  WET 
GAS   METER 

J.  W. — I  should  like  a  formula  for  calculating  the  gas  space 
for  different  heights  of  water  level  in  a  gas  meter  similar  to 
that  shown  in  the  illustration. 

A. — It  is  impossible  to  give  a  formula  for  this  purpose,  as 
you  have  not  given  sufficient  information  regarding  the  in- 
terior  conditions — the   shape   of   the   ends,    the   shape   of  the 

blades  B,  etc.  Even  if 
this  had  been  furnished, 
it  is  doubtful  if  a  for- 
mula could  be  derived 
that  would  be  of  prac- 
tical value.  It  would 
seem  best  to  make  a 
special  calculation  for 
every  case;  or,  better 
still,  to  fill  the  drum 
with  water,  using  for 
the  purpose  either  an 
actual  meter  or  a  model 
of  it,  and  then  let  the 
water  flow  out  of  holes 
drilled  in  one  end  at 
the  d  e  s  i  r  e  d  heights. 
(These  holes  should  be 
drilled  and  plugged  before  the  drum  is  filled  with  water.) 
After  it  is  filled,  remove  the  top  plug  and  weigh  the  water 
that  flows  out;  this  weight  multiplied  by  360/13  will  give  the 
■volume  of  space,  in  cubic  inches,  occupied  by  the  water.  Then 
remove  the  second  plug  and  repeat  the  calculation;  the  sum 
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GIVEN    THE    CHORD    AND    ARC    TO    FIND 
THE   RADIUS 

G.  H.  C. — If  the  length  of  a  given  circular  arc  is  5/8  inch 
and  the  length  of  the  chord  is  9/16  inch,  how  can  I  find  the 
radius? 

A. — The  easiest  way  to  solve  a  problem  of  this  kind  is  first 
to  find  an  approximate  value  for  the  central  angle  AOB  =  4> 
(see  illustration),  then  assume  several  other  angles  in  that 
neighborhood,  and,  finally,  calculate  (/>  by  interpolation.  Rep- 
resent the  length  of  the  arc  by  L  and  the  length  of  the  chord 
by  C;  then,  for  the  present  case,  C  -f-  L  =  9/16  -^  5/8  =  0.9, 
and  C  =  0.9L.  The  table  on  pages  62  and  63  of  Machinery's 
Handhook  gives  the  length  of  arc  and  the  length  of  chord 
(both  to  a  radius  1)  from  1  degree  to  180  degrees.  Multiply- 
ing the  value  of  L  for  different  angles  by  0.9  until  the  product 
is  equal  to  the  value  of  C  for  that  angle  or  very  nearly  equal 
to  it,  we  find  that  for  0  =  90  degrees,  0.91/  =  0.9  X  1.571 
---=  1.4139,  and  G  =  1.414.  As  these  two  values  are  practically 
equal,  0  is  very  nearly  equal  to  90  degrees.  The  radius  r  evi- 
l/2 X  9/16 

dently  equals =  0.3977.    It  would  not  be  safe  to  rely 

sin  1/2  <p 
on  this  value  of  r 
to  more  than  three 
significant  figures; 
hence,  if  a  more  ac- 
curate value  is  de- 
sired, proceed  as 
given  in  the  follow- 
ing. It  is  first  nec- 
essary to  use  a 
more  accurate  ta- 
ble. Using  a  six- 
place  table,  calcu- 
late L,  C,  and  C  -^ 
L  for  90  degrees,  91  degrees,  and  92  degrees  ((7  =  2  sin  1/2  0), 
and  then  arrange  in  a  table  as  here  shown. 
0 

Deg.  L  C  C  -^  I. 

90 

91 


To  find  Radius  when  Chord  and  Arc  are  given 


92 


1.57080 
1.58825 
1.60570 


1.41421 
1.42650 
1.43868 


0.900312 
0.898158 
0.895983 


Now  using  second  differences,  and  applying  Newton's  for- 
mula for  interpolation,  we  find  that  for  C/L  =  0.900000, 
0  =  90.1455  degrees  =  90  degrees,  8  minutes,  44  seconds".  For 
this  angle,  L  =  1.57334  =  0  radians,  C  =  1.41601,  and  0.9  X  L 
=  1.416006  =  C.  Hence,  r  =  0.28125  -^  sin  1/2  0  =  0.28125 
-^  sin  45  degrees,  4  minutes,  22  seconds  =  0.397243  inch.  Note 
that  L  =  r4>  =  0.397243  X  1.57334  =  0.624998.  J.  J. 


FOOD  VALUES   IN  CALORIES 

J.  W.  Q. — A  short  time  ago,  a  test  was  conducted  whereby 
twelve  policemen  were  fed  three  meals  a  day  for  twenty-flve 
cents  each,  and  it  was  stated  that  the  food  value  was  about 
3000  calories  per  man  per  day.  What  is  a  calorie  and  what 
relation  does  it  bear  to  the  food  value? 

A.— The  calorie  is  a  heat  unit  and  was  originally  defined 
as  the  amount  of  heat  required  to  raise  the  temperature  of 
1  kilogram  of  water  1  degree  C;  this  is  now  called  the 
kilogram-calorie  or  large  calorie,  and  is  the  unit  used  in 
thermodynamic  calculations.  The  range  of  temperature  is  now 
frequently  taken  from  17  degrees  C.  to  18  degrees  C,  under 
which  conditions,  1  kilogram-calorie  is  equivalent  to  about 
426.65  meter-kilograms  or  30SG  foot-pounds.  This  unit,  how- 
ever, is  too  large  for  use  by  chemists  and  others  who  deal  in 
small  quantities,  and  they  have  therefore  adopted  what  is 
called  the  gram-caloric  or  small  calorie,  which  is  1/1000  of 
the  kilogram-calorie.  Consequently,  1  gram-calorie  =  3.086 
foot-pounds  of  work  or  energy.  To  determine  the  number  of 
calories  in  any  particular  article  of  food,  the  food  is  heated 
until  all  the  water  is  driven  out;  the  dried  part  that  remains 
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Is  weighed  anil  completely  burned  in  a  suitable  apparatus 
(called  a  calorimeter)  containing  a  known  weiglit  of  water, 
and  the  rise  in  temperature  of  the  water  is  noted.  From  these 
data,  the  calorific  value  of  the  material  is  obtained.  Now, 
when  food  is  eaten,  the  digestive  process  really  profluces  the 
same  effects  as  slow  combustion,  and  tlius  generates  heat,  tlie 
amount  generated  being  exactly  the  same  as  when  the  material 
is  burned.  This  heat  performs  several  functions  in  connec- 
tion with  animal  life:  it  keeps  the  body  temperature  constant, 
and  It  furnishes  the  energy  necessary  for  breathing,  move- 
ment, exercise,  work,  etc.  If  more  food  is  eaten  tliaii  is  re- 
quired to  produce  these  effects,  the  surplus  energy  is  stored 
in  the  body  in  the  form  of  fat  and  the  weight  increases;  but 
if  less  food  is  eaten  than  the  body  demands,  it  draws  first  on 
the  fat  to  supply  the  extra  energy,  and  when  this  is  gone,  it 
consumes  the  lean  and  other  tissues,  and  the  weight  decreases. 
A  full-grown,  normal  man,  under  ordinary  conditions,  requires 
about  3000  calories  per  day  in  order  neitlier  to  gain  nor  lose  in 
weight,  and  perform  his  daily  work.  J.  J. 


EFFICIENCY   OF   MACHINES 

R.  A.  F. — Will  you  please  explain  what  is  meant  by  the  word 
"efficiency"  when  applied  to  machines? 

A. — Speaking  in  general  terms,  the  efficiency  of  a  machine 
may  be  defined  as  the  ratio  of  the  work  delivered  by  the 
machine  to  the  work  supplied  to  it.  For  instance,  if  75  foot- 
pounds of  work  or  energy  are  supplied  to  a  machine  and  the 
machine  can  deliver  only  60  foot-pounds  of  useful  work,  the 
machine  is  said  to  have  an  efficiency  of  60  -^  75  =  0.80,  or  80 
per  cent.  It  frequently  happens,  however,  that  the  work  will 
be  proportional  to  a  force  or  some  other  quantity,  in  which 
case  the  efficiency  may  be  measured  by  a  comparison  of  two 
forces  or  other  quantities.  For  instance,  referring  to  the  illus- 
tration, let  P  be  a  force  acting  on  one  end  of  a  rope  that 
passes  over  a  pulley  and  has  a  weight  Q  attached  to  the  other 
end.  If  P  moves  through  a  distance  p,  Q  will  move  through  a 
distance  q,  and,  by  the  principle  of  virtual  velocities;  Pp  ^Qq, 
when  it  is  assumed  that  there  are  no  wasteful  resistances, 
such  as  friction  of  the  bearings,  bending  of  the  rope,  etc.  The 
efficiency  in  this  case  would  evidently  be  1,  or  100  per  cent. 
Since,  however,  there  are  waste- 
ful resistances,  they  may  be  rep- 
resented by  W  and  the  distance 
through  which  they  act  by  w; 
consequently,  the  foregoing  ex- 
pression becomes  Pp  —  Ww  = 
Qq,  or  Pp  =  Qq  -{-  Ww,  and  the 
expression  for  efficiency  becomes 

Pp 

■ .     Since  every  machine 

Qq  +  Ww 

or  part  of  a  machine  offers  waste- 
ful resistances,  the  efficiency 
must  always  be  less  than  100 
per  cent,  i.  e.,  it  must  always  be 
a  fraction  less  than  unity.  Re- 
ferring again  to  the  illustration, 
let  Pa  be  the  force  required  to  move  the  load  Q  when 
wasteful  resistances  are  neglected,  and  let  P  be  the 
force     actually     required      to     move     the     load;      then     the 

efficiency   may   be   defined    as   e    =   ,    in    which    c    is   the 

P 
efficiency.  If  a  machine  is  made  up  of  a  number  of  separate 
parts,  the  efficiency  of  the  entire  machine  is  the  product  of 
the  efficiencies  of  the  several  parts,  i.  c,  e  ^  Cj  X  e,  X  Pj,  etc. 
In  the  case  of  any  heat  engine,  the  energy  of  the  working 
fluid  (gas,  air,  steam,  etc.)  is  proportional  to  the  temperature; 
hence,  if  T,  is  the  temperature  of  the  fluid  as  it  enters  and  7', 
the  temperature  on  leaving  (both  absolute),  the  thermal  effi- 
ciency is  7',  —  7*2  -■-  7*1.  J.  J. 


Diagram     illustrating     Deter- 
mination   of    Efficiency    of 
Machines 


FINDING    THE    ANGLES    OF  A   TRIANGLE 

A.  F.  O. — I  recently  had  to  lay  out  a  triangular  piece,  the 
lengths  of  the  sides  of  which  were  1  5/16  inch,  3  1/4  inches,  and 
311/16  inches;  later  I  desired  to  know  the  angles,  but  could 


not    measure    them    accurately    enough    with    a    protractor, 
riease  show  me  how  to  calculate  the  angles. 

A. — There  are  a  number  of  formulas  for  (calculating  the 
angles,  one  of  which  Is  given  on  page  153  of  Machinery's 
IIandiiook.  This  formula  may  be  put  into  an  easier  form 
for  calculating  by  a  slight  rearrangement  and  factoring  of  the 


terms,  thus:  cos  A  =  ■ 


b'  +  c' 


1  r 


also  cos  B  = 


2a 


26c 
(b  +  a)(b- 


1 

26 
-a) 


c  + 


{b  +a)(b  —  a) 


c 


In  these  two  formu- 


las, «  is  the  shortest  side  and  c  the  longest  side.  Referring  to 
the  figure,  it  will  be  noticed  that  the  angles  A,  B,  and  C  are 
opposite  the  sides  a, 
b,  and  c,  respec- 
tively. The  chief 
advantage  of  these 
two  formulas  is 
that  having  calcu- 
lated the  fraction 
by  one  formula,  the 
result  can  be  sub- 
stituted in  the  sec- 
ond formula;  also,  it  is  not  necessary  to  square  three  dif- 
ferent numbers.  In  the  present  case,  a  =  1  5/16^  =  1.3125, 
6   =   31/4   =   3.25,    and    c   =   3  11/16   =   3.6875;  '  therefore. 


Diagram   illustrating  Metliod   of  finding  Angles 
of  a  Triangle 


cos  A 


2  X  3.25 


3.6875  -f 


(3.25  -f  1.3125)  (3.25  —  1.3125) 


3.6875 
The  angle  the  cosine  of 


= (3.6875  +  2.39725)  =  0.93611. 

6.5 

which  is  0.93611  is  20  degrees,  35  minutes,  30  seconds.    Again 
1 

substituting,  cos  B  = (3.6875  —  2.39725)  =  0.49153 

2  X  1.3125 
=  cos  60  degrees,  33  minutes,  31  seconds.    Angle  G  =  180  de- 
grees —  (20  degrees,  35  minutes,  30  seconds  +  60  degrees,  33 
minutes,  31  seconds)  =  98  degrees,  50  minutes,  59  seconds.  J.  J. 


GOVERNOR  FOR   REGULATING  SPEED 
OF  VICTROLA 

F.  H.  G. — The  illustration  shows  a  sectional  view  and  plan 
of  a  governor  for  a  victrola.  The  sleeves  B  slide  up  and  down 
the  splined  shaft  A  and  are  connected  to  each  other  by  four 
flat  springs  C  that  carry  lead  weights  D  in  the  middle.  As  the 
weights  revolve,  the  centrifugal  force  throws  them  out  against 
the  resistance  of  the  springs  (and  gravity)  and  brings  the 
sleeves  closer  together,  causing  them  to  move  a  lever  operat- 
ing a  friction  device  that  reduces  the  speed.  I  should  like  a 
formula  fitting  this  type  of  governor. 

A. — We  know  of  no  formula  that  will  apply  to  a  case  of 
this  kind,  and  we  doubt  very  much  the  possibility  of  deriving 
one  that  would  be  of  any  practical  value.  It  is  the  opinion 
of  the  writer  that  the  results  to  be  obtained  with  a  device 
like  this  could  only  be  determined  by  direct  experiment.  The 
curve  of  flexure  of  the  springs  will  be  similar  to  that  of  a 
beam  fixed  at  both  ends,  and  it  will  be  further  modified  by 


y[ 


Sectional   and   Plan   Views   of   Victrola   Governor 

the  character  of  the  lead  weights;  that  is,  by  their  size  and 
shape.  If  a  number  of  such  governors  were  to  be  constructed, 
and  of  different  sizes,  it  is  probable  that  an  empirical  formula 
could  be  derived  that  would  give  results  sufficiently  accurate 

for  practical  purposes.  J.  J. 

*     *     * 
Japan  has  supplanted  Germany  in  furnishing  electric  light 
bulbs  to  Russia  and  the  cheaper  electrical  devices  to  China. 
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*  NB^W^  MACHINERY  AND  TOOLS 

THE    COMPLETE    MONTHLY    RECORD    OF    NEW    AMERICAN    METAL -WORKING    MACHINERY 


JORDAN  AUTOMATIC  PROFILE  SHAPER 

The  design  of  this  machine  has  been  so  worked  out  that  a 
die  is  completely  finished  without  requiring  subsequent  hand 
work.  Furthermore,  the  method  of  operating  is  so  simple  that 
it  may  he  safely  entrusted  to  a  hoy  of  average  intelligence. 
In  starting  to  make  a  die,  a  templet  of  the  required  outline  is 
made  from  1/8-inch  sheet  steel,  and  if  this  templet  is  to  he 
used  repeatedly,  it  is  casehardened  around  the  edge  of  the 
opening.  When  the  templet  is  of  no  further  use,  it  may  he 
employed  as  a  stripper  plate.  If  a  number  of  dies  of  the  same 
outline  are  required,  it  is  often  practicable  to  produce  several 
dies  at  the  same  time. 

A  number  of  machines  have  been  developed  to  facilitate  the 
making  of  blanking  dies,  the  idea  being  not  only  to  save  on 
the  high  wages  paid  to  toolmakers  and  diemakers,  but  also 
to  produce  work  of  the  highest  quality.     Most  of  these  ma- 


intelligence  can  operate  it  and  obtain  results  equal  to  those 
produced  by  a  high-grade  toolmaker  working  by  hand;  further- 
more, the  time  required  to  finish  the  dies  is  usually  from  one- 
tenth  to  one-twentieth  of  that  required  to  do  the  work  by  hand, 
and  if  a  number  of  dies  of  the  same  outline  are  required,  it 
is  possible  to  make  two  or  three  dies  at  one  setting. 

This  machine  is  adapted  for  an  extremely  wide  range  of 
work  and  is  substantially  constructed-  to  stand  up  under  severe 
conditions  of  service.  Its  most  important  feature  is  the  uni- 
versal table,  which  is  best  illustrated  in  Fig.  4.  Probably  the 
best  way  to  explain  the  operation  of  this  machine  is  to  de- 
scribe the  steps  taken  in  making  a  die.  First  it  is  necessary 
for  an  exEict  templet  of  the  die  to  be  made,  14-inch  sheet  steel 
being  used  for  this  purpose;  this  is  hardened  around  the  open- 
ing if  the  templet  is  to  be  used  repeatedly.    For  this  purpose 


Fig.    1.     Front    of    Automatic 
Profile  Shaper 


•Fig.  2 


Side  View  of  Machine,   showing  Arrangement 
of  Universal  Table  and  Tool 


chines  have  to  be  operated  by  hand,  and  it  is  generally  neces- 
sary to  employ  an  experienced  toolmaker  for  this  class  of 
work;  the  contour  of  the  die  must  also  be  laid  out  by  hand, 
no  matter  how  many  of  one  set  of  dies  are  required,  and  after 
the  die  leaves  the  machine  it  has  to  be  finished  by  hand.  An 
interesting  addition  to  the  group  of  machines  for  handling 
work  of  this  kind  has  recently  been  developed  by  the  Luster- 
Jordan  Co.,  Inc.,  Franklin  Ave.  and  Washington  St.,  Norris- 
town,  Pa.  This  machine  is  almost  fully  automatic,  and  is  said 
to  produce  a  die  which  is  accurate  in  every  respect,  the  edge 
being  as  clean  as  that  of  a  hand-made  die,  and  the  taper  per- 
fect all  the  way  around  the  die  opening.  Provision  may  be 
made  for  obtaining  any  desired  taper,  and  there  is  no  danger 
of  spoiling  the  die,  no  matter  how  long  the  machine  runs 
without  attention  from  the  operator.  The  control  of  the  ma- 
chine is  so  simple  that  it  is  claimed  that  any  boy  of  average 


cyanide  hardening  will  be  found  satisfactory.  No  matter  how 
simple  or  how  complicated  the  die  may  be,  or  whether  one 
or  more  dies  of  the  same  shape  have  to  be  made,  it  is  claimed 
that  it  is  always  easier  to  make  a  templet  from  steel  %  inch 
in  thickness  than  to  lay  out  a  die  and  cut  it  by  hand,  because 
this  machine  completely  finishes  the  die  and  can  be  operated 
by  non-skilled  labor.  After  cutting  the  die,  the  templet  may 
be  used  as  a  stripper  plate  if  it  is  of  no  further  use.  When 
the  templet  has  been  made,  the  die  should  be  roughed  out  as 
far  as  possible,  although  this  is  not  absolutely  necessary  so 
long  as  one  hole  can  be  made  through  which  to  pass  the  tool. 
The  die  is  placed  on  the  machine,  and  if  it  happens  that  the 
die  is  smaller  than  the  hole  in  the  table,  a  pair  of  parallels 
is  placed  underneath  it;  then  the  templet  is  put  in  position 
on  top  of  the  die  with  a  space  of  about  %  inch  between  the 
templet  and  the  die.    This  space  serves  as  a  clearance  for  the 
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Fig.    4. 

tool,  and  the  die  and  templet  are  held  by  two  clamps  which 
are  adjustable  for  varying  thicknesses  of  the  die. 

The  tools  used  on  this  machine  are  generally  made  from  a 
piece  of  drill  rod,  which  is  milled  in  the  center  to  a  triangular 
form  with  the  cutting  edge  obtained  by  recessing  the  lower 
part  of  the  tool;  for  instance,  if  it  is  required  to  cut  %  inch 
at  a  time,  the  tool  is  recessed  %  inch.  The  tool  Is  inserted  in 
the  ram  of  the  machine  and  guided  from  above  by  the  sup- 
porting arm.  Lubrication  is  obtained  by  a  geared  pump,  which 
not  only  supplies  the  tool  with  lubricant,  but  also  takes  care 
of  the  entire  lubrication  of  the  machine.  Adjustment  of  the 
length  of  stroke  may  be  obtained,  so  that  at  the  highest  posi- 
tion of  the  ram,  the  cutting  edge  of  the  tool  is  in  the  space 
between  the  die  and  templet.  It  will  be  apparent  that  the 
tool  works  up  and  down  as  on  a  vertical  shaper,  and  transverse, 
longitudinal  and  rotary  motions  of  the  table  are  available  for 
feeding  the  work  to  the  tool.  The  cutting  action  of  the  tool 
continues  until  the  upper  part  strikes  the  templet,  this  por- 
tion of  the  tool  serving  as  a  guide.  From  this  it  will  be  ap- 
parent that  the  tool  can  never  cut  below  the  "finishing  line" 
on  the  die,  i.  e.,  it  is  practically  impossible  to  spoil  the  die. 
Two  locks  on  the  ram  make  it  an  easy  matter  to  adjust  the 
stroke  from  the  front  of  the  machine. 

Three  self-aligning  roller  bearings  provide  for  easy  sliding 
of  the  table  on  the  bed  of  the  machine,  and  provision  is  made 
for  counterbalancing  the  table  under  different  conditions,  the 
counterweights  being  applied  in  such  a  way  that  they  press 
the  work  carried  on  the  table  toward  the  tool.  At  the  end 
of  every  up  stroke  of  the  tool,  the  table  is  automatically  locked 
and  remains  locked  while  the  tool  takes  its  cut.  This  is  ef- 
fected by  a  brake  shoe  on  the  upper  part  of  the  ram.  Upon 
the  completion  of  the  up  stroke,  this  brake  shoe,  by  means  of 
friction,  moves  an  eccentric  lever  which  presses  the  gib  of 
the  table  into  such  firm  contact  that  the  table  is  secured 
against  movement.  When  the  down  stroke  has  been  completed, 
i.  e.,  after  the  cutting  has  been  finished,  the  ram  automatically 
releases  the  brake  shoe  so  that  the  table  may  slide  back  for 
the  next  cut.  In  order  to  facilitate  removal  of  the  tool,  the 
upper   supporting  arm   swings   on   a  hinge.     It  will  be  seen 


that  the  main  drive  of  the  machine  is  by  a  two-step  cone 
pulley  which  is  furnished  with  a  friction  clutch  and  accel- 
erates the  return  of  the  tool. 

The  regular  ei|uii)nient  furnished  with  this  machine  includes 
two  clamps  and  adjusting  locks,  three  cutting  tools  of  various 
diameters,  and  one  complete  set  of  wrenches  for  making  all 
adjustments  on  the  machine.  In  this  connection  it  may  be 
mentioned  that  cutting  tools  are  furnished  in  sizes  ranging 
from  Vs  to  1  inch,  inclusive,  by  intervals  of  Vs'inch.  Special 
tools  and  tool-holders  equipped  with  ordinary  tool  bits  may 
be  furnished  as  extra  equipment  for  slotting  and  keyseating 
operations,  and  a  file-holder  on  the  ram  may  also  be  supplied 
as  extra  equipment.  The  principal  dimensions  of  the  machine 
are  as  follows:  capacity  for  circular  work,  up  to  8  inches  In 
diameter;  capacity  for  oval  work,  up  to  12  by  6  inches  in  size; 
size  of  table,  22  by  8  inches;  distance  from  center  of  cutter 
to  supporting  arm,  16Vz  inches;  stroke  of  ram,  %  to  6  inches; 
speed  of  countershaft,  225  R.  P.  M.;  power  required  to  drive 
the  machine,  2  horsepower;  range  of  cutting  speed,  20  to  35 
feet  per  minute;  dimensions  of  cone  pulley  steps,  8  and  lO'^ 
inches  in  diameter  by  2  inches  face  width;  over-all  height  of 
machine,  58  inches;  distance  from  floor  to  table,  48  inches; 
and  floor  space  occupied,  28  by  38  inches. 
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In  general  respects,  the  design  of  this  heavy-duty  drilling 
and  boring  machine  follows  standard  practice  in  the  construc- 
tion of  tools  of  this  type.  The  same  is  true  of  the  universal 
spacing  machine  with  the  exception  of  the  table  and  the  pro- 
vision of  a  vernier  adapter  for  making  accurate  settings  of 
the  work  preparatory  to  boring  holes.  By  means  of  this 
adapter,  which  is  described  in  detail,  settings  can  be  made 
accurate  to  0.00001  inch. 

The  illustrations  presented  in  connection  with  the  following 
description  show  a  heavy-duty  drilling  and  boring  machine, 
and  what  is  styled  a  "universal  spacing  machine,"  which  are 
products  of  the  Medina  Machine  Co.,  State  Rd.,  Medina,  Ohio.  It 
will  be  apparent  that  the  design  of  the  two  machines  Is  the 
same,  with  the  exception  of  the  base  and  table,  which  have 
been  modified  as  shown  in  Fig.  2  to  adapt  the  spacing  machine 
for  performing  those  classes  of  precision  boring  for  which  it 


Fig.    1.     Medina  Heavy-auty  DrilUng  ana  Boring   Machine 
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is  intended.  A  general  description  of  the  drilling  and  boring 
machine  will  be  presented,  and  this  will  apply  also  to  the 
spacing  machine,  with  the  exception  of  features  of  design  of 
the  table,  which  will  be  described  in  detail. 

Heavy-duty  Drillingr  and  Boring-  Machine 
This  machine  has  been  especially  developed  to  meet  the  re- 
quirements of  heavy-duty  work,  and  the  bed  is  well  ribbed 
throughout  to  adapt  it  for  severe  conditions  of  service.  On 
heavy  work,  lubrication  is  of  exceptional  importance,  and  to 
provide  for  continuous  circulation  of  cutting  compound,  a 
reservoir  is  provided  in  the  base  to  receive  the  fluid  which 
is  first  drained  through  a  screen  to  remove  chips  and  dirt. 
The  column  is  of  heavy  box  construction,  and  the  ways  are 
planed  up  far  enough  to  provide  for  mounting  special  heads 
for  multiple-spindle  drilling.  In  working  out  the  design,  care 
has  been  taken  to  make  the  machine  of  simple  construction 
and  easy  to  operate.  All  control  levers  are  placed  within  easy 
reach  of  the  operator  when  standing  at  the  front  of  the  ma- 
chine, and  all  gears  are  guarded  to  comply  with  the  safety 
laws  in  various  states. 

The  spindle  is  so  designed  that  perfect  alignment  and  ad- 
justment may  be  maintained  without  the  bearings  tending  to 
bind  or  become  heated.  The  driving  gear  is  mounted  close 
to  the  working  end  of  the  spindle,  so  that  torsional  strains 
are  practically  eliminated.  As  the  machine  is  intended  for 
heavy  work,  provision  of  means  for  taking  the  spindle  thrust 
is  a  matter  of  importance,  and  such  means  are  provided  by 
an  S.  K.  P.  ball  thrust  bearing.  The  spindle  and  spindle 
sleeve  are  of  forged  crucible  steel,  accurately  ground  for  the 
entire  length;  the  spindle  slides  through  the  sleeve,  and  only 
the  sleeve  runs  iu  bearings.  There  is  a  conical  shaped  journal 
at  the  lower  end  of  the  spindle  sleeve;  the  upper  end  is  straight 
and  has  a  close  fitting  conical  sleeve  that  extends  over  the 
spindle  sleeve  proper,  and  is  driven  simultaneously  with  it  by 
means  of  a  key. 

This  arrangement  provides  for  variation  of  the  spindle 
sleeves  through  expansion,  and  has  no  effect  upon  the  conical 
bearings,  although  the  spindle  and  sleeves  are  maintained  in 
perfect  alignment.  The  spindle  head  is  rigidly  fastened  to 
the  column  and  is  self-contained  in  a  unit  with  the  spindle. 


Fig.   3. 


Type  of  Gear-box  used  on  Both  Spacing  and 
Drilling  Machines 


Medina  Universal   Spacing  Machine   for  Jig   Boring  and   Similar 
Operations 


driving  gear,  and  feed  works.  This  head  contains  a  housing 
for  the  driving  bevel  gear  and  feed  worm  and  worm-wheel, 
so  that  these  members  run  in  grease.  The  spindle  drive  is 
direct  from  the  bevel  pinion  of  the  geared  speed-box  to  a 
large  driving  bevel  gear  mounted  on  the  spindle  sleeve,  which 
drives  the  spindle  through  the  sleeve  with  two  steel  keys  of 
special  design,  the  arrangement  being  such  that  there  is  no 
torque  in  the  driving  sleeve.  The  spindle  is  driven  at  its  point 
of  largest  diameter,  and  as  previously  mentioned,  the  driving 
gear  is  placed  close  to  the  work. 

Starting  and  stopping  the  machine  is  effected  by  a  powerful 
Johnson  friction  clutch,  which  is  easily  adjusted  without  dis- 
turbing any  other  parts.  A  tight  fitting  cover  closes  the 
speed-box,  which  is  oil-tight  to  enable  the  driving  gears  to 
run  in  oil,  and  this  also  provides  thorough  lubrication  for  the 
Hyatt  roller  bearings  which  are  used.  The  box  contains  nine 
machine  steel  hardened  change-gears  and  four  semi-steel  wide- 
faced  gears  that  operate  from  the  clutch.  Only  two  idle  gears 
are  in  mesh  when  the  machine  is  in  operation.  Speed  changes 
are  made  by  a  roll-in  gear.  Whether  the  machine  is  driven 
by  belt  or  motor,  the  drive  may  be  constant  speed,  variations 
being  obtained  by  the  gears  in  the  speed-box.  When  motor 
drive  is  employed,  the  motor  can  be  mounted  on  a  bracket 
at  the  rear  of  the  machine,  and  if  a  variable-speed  motor  is 
employed,  speed  changes  may  be  obtained  from  the  motor, 
no  speed-box  being  used.  In  single-purpose  manufacturing  the 
speed-box  can  sometimes  be  eliminated  and  a  single-speed  drive 
or  a  three-step  cone  pulley  and  countershaft  made  to  give  the 
desired  service.  The  gear-box  is  aligned  with  the  spindle  cen- 
ter by  a  boss  turned  on  the  front  end  of  the  box,  which  fits 
into  a  bore  in  the  head  which  provides  for  obtaining  proper 
alignment. 

Changes  of  feed  are  obtained  through  a  feed-box  with  semi- 
steel  gears  and  a  slip  key  that  provides  for  engaging  the  par- 
ticular pair  of  gears  that  are  required.  Bearings  in  the  feed- 
box  are  bored  and  bronze-bushed,  so  that  accurate  alignment 
is  maintained,  and  one  feed  gear  is  provided  with  a  safety 
friction  which  prevents  danger  of  stripping  the  teeth.  An  auto- 
matic knock-out  is  provided  to  disengage  the  feed  clutch  at 
any  desired  point,  and  handwheels  within  easy  reach  of  the 
operator  provide  for  obtaining  hand  feed  and  quick  return  to 
the  spindle.  The  table  is  of  plain  box  section,  strongly  ribbed, 
and  has  a  channel  extending  around  the  edge  to  carry  away 
cutting  compound.  Heavy  straps  are  provided  to  secure  the 
table  to  the  column  and  maintain  the  required  alignment.  The 
table  is  raised  and  lowered  by  telescopic  jack-screws,  so  that 
It  is  not  necessary  to  cut  a  hole  through  the  floor  to  provide 
clearance  for  the  lower  end  of  the  screw. 

The  principal  dimensions  of  the  machine  are  as  follows: 
diameter  of  spindle,  2V2  inches;  Morse  taper  in  spindle.  No.  5; 
maximum  spindle  traverse,  14  inches;  maximum  distance  from 
spindle  to  table,  32  inches;  distance  from  center  of  spindle 
to  face  of  column  above  knee,  12  inches;  working  size  of  plain 
table,  19  by  20  inches;  maximum  lift  of  table,  16%  inches; 
range  of  eight  spindle  speeds  as  follows,  54,  85,  108,  132,  170, 
207,  265  and  414  revolutions  per  minute;  range  of  four  avail- 
able power  feeds  as  follows,  0.006,  0.011,  0.016  and  0.032  inch 
per  spindle  revolution;  size  of  driving  pulley,  20  inches  in 
diameter  by  5  Inches  face  width;  recommended  speed  for  driv- 
ing pulley,  400  revolutions  per  minute;  power  required  to 
drive  machine,   10   horsepower;    capacity,   up   to   3-inch   high- 
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Tig.  4.     General  View  of  Table,   showing  Method  of  using  Vernier  Adapter  to  get  Settings  Accurate  to  0.00001  Inch 

speed  drills;  maximum  over-all  height  of  machine,  9  feet, 
3  inches;  floor  space  occupied,  34  by  65  inches;  and  weight 
of  machine,  5000  pounds. 


Universal  Spacing  Machine 

To  meet  the  requirements  of  jig  boring  .and  similar  opera- 
tions, the  Medina  Machine  Co.  has  developed  a  machine  known 
as  a  universal  spacing  machine,  which  is  shown  in  Fig.  2.  In 
addition,  the  machine  is  suitable  for  manufacturing  work 
where  it  is  required  to  bore  holes  to  close  limits  without  the 
use  of  jigs.  This  is  done  through  the  use  of  set-blocks  and 
an  adapter  gage,  which  make  it  possible  to  space  holes  within 
0.00001  inch.  It  will  be  seen  that  the  base  of  the  machine 
is  provided  with  three  T-slots  running  lengthwise  to  provide 
for  clamping  jigs,  angle-plates,  or  other  work-holding  devices. 
This  base  is  provided  with  a  planed  strip  at  the  rear,  which 
runs  the  entire  length  of  the  base  and  is  used  in  connection 
with  hardened  blocks,  against  which  the  gage  blocks  may  be 
set.  This  strip  is  made  accurate  for  square  and  straight,  so 
that  it  constitutes  a  reliable  reference  point.  The  platen  is 
also  provided  with  three  T-slots  for  holding  work  or  clamping 
down  a  small  auxiliary  table.  This  platen  is  provided  with 
finished  edges  which  are  planed  square  and  provided  with 
hardened  strips,  as  in  the  case  of  the  base.  Clamp  strips  are 
provided  at  the  ends  and  sides  for  clamping  down  work  in 
the  desired  position.  The  smaller  or  auxiliary  platen  is  used 
in  connection  with  either  the  base  or  main  platen  of  the  ma- 
chine, according  to  the  requirements  of  the  work.  As  will  be 
seen,  two  T-slots  are  provided  for  securing  the  work  in  place.  In 
many  cases  it  is  desirable  to  set  up  the  large  platen  on  paral- 
lels, as  shown  in  the  illustration. 

A  gage  block  end  stop  with  a  hardened  steel  face  is  provided 
to  fit  in  the  center  slot  of  the  base  or  large  platen.  Clamp 
bolts  hold  the  stop  in  any  desired  position.  Gage  blocks  are 
provided  in  sets  of  three,  which  are  made  of  tool  steel,  hard- 
ened, ground  and  lapped,  -two  ends  and  one  flat  being  square 
and  the  ends  parallel  to  each  other.  These  blocks  are  made 
in  the  following  lengths:  0.250,  0.5,  0.750,  1,  2,  3  and  4  inches. 
They  are  of  approximately  this  length,  any  variation  under  or 


over  this  amount  being  etched  in  the  block  and  expressed  as 
decimals  carried  out  to  the  fifth  place,  so  that  they  are  cor- 
rect to  0.00001  inch.  These  blocks  are  used  in  connection  with 
an  adapter  gage  and  also  with  Johansson  blocks  when  so  de- 
sired. This  adapter  gage  is  furnished  with  a  tapered  strip  of 
uon-shrinkable  steel,  which  is  hardened,  ground  and  lapped. 
The  taper  is  0.250  inch  in  twenty-five  millimeters,  so  that  each 
millimeter  space  represents  0.001  inch.  The  vernier  splits  one 
millimeter  into  fifty  spaces,  making  each  vernier  space  equiva- 
lent to  0.00002  inch,  and  by  estimating  half  spaces  settings  are 
made  to  0.00001  inch.  This  degree  of  accuracy  may  be  ob- 
tained in  making  settings,  but  in  practice  there  are  other 
limitations  that  prevent  securing  quite  such  precision  in  the 
spacing  between  holes.  Three  of  these  adapter  gages  are  pro- 
vided with  gage  blocks,  using  one  on  one  end  against  the 
gage  block  end  stop,  and  two  on  one  side  of  the  platen  next 
to  the  machine  for  spacing.  The  scales  are  placed  so  that 
they  are  visible  when  the  adapter  rests  on  the  platen,  making 
two  of  one  hand  and  one  of  another. 


SAYLOR   SHELL   WASHING  MACHINES 

The  line  of  shell  washing  machines  developed  by  the  Potts 
town  Machine  Co.,  Pottstown,  Pa.,  was  designed  with  the 
intention  of  washing  the  shell  as  thoroughly  inside  as  out- 
side. The  smaller  machine  shown  in  Fig.  1  is  made  to  accom- 
modate shells  up  to  six  inches.  It  consists  of  a  large  rec- 
tangular tank  in  which  revolves  a  six-station  wheel  having 
a  cradle  for  accommodating  six  shells.  The  construction  of 
this  wheel  is  similar  in  every  respect  to  the  well-known  ferris 
wheel.  The  wheel  is  revolved  constantly  and  the  operator 
removes  a  shell  and  loads  one  from  the  two  stations  of  the 
wheel  that  are  raised  out  of  the  tank,  unloading  and  loading 
being  accomplished  with  the  small  crane.  ^ 

The  cradle  in  which  the  shell  is  laid  is  free  to  swivel,  and  it 
is  so  balanced  that  the  tendency  is  to  tilt  the  nose  of  the  shell 
downward.  Two  of  these  cradles  are  out  of  the  tank  all  the 
time;  the  one  to  the  right  is  in  a  position  for  unloading  while 
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Fier.   6.     Detail  View  of  Vernier  Adapter   and    Gage   Block  of  Type  shown    in  Use  In  Fig.  4 
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Fig.   1.     Saylor  Continuous   Shell  Washing  Machine  for  Six-inch  Shells 


Fig.   3,     Opposite  Side  of  Saylor  Shell  Washing  Machine   shown  in  Fig.    1 


the  one  to  the  left  is  in  a  position  for  loading.  In  the  loading 
position,  the  cradle  is  prevented  from  tilting  the  shell  nose 
downward  by  a  rest  on  which  the  end  of  the  cradle  bears.  The 
shells  enter  the  liquid,  heel  downward,  and  are  held  in  this 
position  for  a  sufficient  time  to  allow  them  to  be  filled  with  the 
liquid.  This  is  effected  by  a  barrier  of  sheet  metal  that  is 
interposed  in  the  path  of  the  cradles,  causing  them  to  tilt 
in  a  backward  position. 

After  each  cradle  has  remained  tilted  with  the  shell  nose 
in  an  upward  position  for  a  sufficient  time  to  allow  it  to 
become  filled  with  liquid,  it  breaks  contact  with  the  barrier 
and  tilts  to  an  angular  position  with  the  shell  nose  pointing 
downward.  This  causes  it  to  line  up  with  the  nozzle  of  a 
steam  pipe  which  blows  a  strong  jet  of  steam  directly  into 
the  shell,  greatly  agitating  the  liquid  and  causing  every  par- 
ticle of  dust,  dirt,  and  chips  to  be  effectively  removed.  The 
shell  is  then  moved  on  to  the  next  position,  where  a  second 
jet  of  steam  repeats  the  process.  These  two  jets  of  steam 
not  only  clean  the  shell  thoroughly  inside,  but  they  also 
agitate  the  entire  mass  of  liquid  and  keep   the  temperature 


raised.  One  operator  is  used  on  this  machine  to  load  and 
unload  the  wheel,  and  the  machine  has  washed  as  many  as 
2000  shells  in  a  ten-hour  day. 

The  shell  washing  machine  shown  in  Figs.  3  and  4  is  made 
on  practically  the  same  lines,  with  the  exception  that  the 
motion  instead  of  being  continuous  is  intermittent.  The  ferris 
wheel  has  six  positions,  as  in  the  other  machine,  but  the 
machine  must  be  tripped  by  the  operator  for  every  shell  that 
is  loaded,  and  the  wheel  revolves  one-sixth  revolution  when 
the  clutch  is  thrown  out.  The  mechanism  is  tripped  by  the 
operator  who  presses  a  hand-lever  that  transmits  power 
through  the  hollow  shaft  to  a  bellcrank  at  the  back  of  the  ma- 
chine. The  movement  of  the  bellcrank  is  transmitted  to  a 
lever  which  throws  the  clutch  into  engagement,  at  the  same 
time  throwing  the  trip  lever  out  of  the  path  of  the  trip  pin,  of 
which  there  are  six  equally  spaced  around  a  disk  which  is 
integral  with  the  main  shaft  and  bears  a  fixed  relation  to  the 
six  arms  of  the  ferris  wheel.  Aside  from  this  one  feature,  this 
shell  washing  machine  is  essentially  the  same  as  the  one  pre- 
viously described  and  takes  shells  up  to  twelve  inches. 


Fig.  3.     Saylor  Intermittent  Shell  Washing  Machine  for  Twelve-inch  Shells 


Fig.  4.     Opposite  Side  of  Saylor  Shell  Washing  Machine  shown  in   Fig.  3 
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PARKER   DRILL   CHUCK 

To  niopl  tlie  lociuiroiiioiits  ol'  liish  spoed  drilling  operations, 
till"  I'arkcr  Mfg.  Co.,  410  Kerr  Bldg.,  Detroit,  Mich.,  is  now 
making  a  drill  chuck  that  forms  the  subject  of  this  description. 
Six  sizes  of  this  chuck  are  made  for  the  requirements  of  gen- 
eral drilling  operations,  and  six  sizes  for  use  on  portable  tools. 
The  body  is  made  of  steel  and  extends  nearly  to  the  extreme 
diameter  of  the  chuck,  the  purpose  being  to  eliminate  distor- 
tion under  severe  strains  and  to  prevent  the  jaw  hole  or  run- 
way from  breaking  through  the  metal  in  the  body.  This  per- 
mits the  use  of  jaws  of  large  diameter  and  affords  a  firm  seat 
for  the  nut  that  controls  the  jaws  in  operation.  If  so  desired, 
a  hole  can  be  drilled  in  the  body  to  permit  the  use  of  a  piece 
of  drill  rod   for  preventing  rotation  should  the  operator  lose 


Drill  Chuck  made  by  Parker  Mfg.  Co. 

his  pinion  and  wish  to  open  or  close  the  chuck  by  hand  when 
in  use  on  a  portable  drill  or  drill  press.  The  pinion  holes  are 
equipped  with  hardened  bushings  so  that  the  holes  will  not 
become  elongated  when  the  operator  is  adjusting  the  jaws 
to  the  required  diameter. 

The  split  nut  is  made  of  alloy  steel,  properly  hardened  and 
ground,  and  the  shape  of  the  thread  is  especially  designed 
to  withstand  tremendous  strain.  By  a  special  process  of  heat- 
treatment,  the  jaws  are  left  hard  on  the  gripping  surface  and 
threaded  portion,  while  the  metal  Is  soft  farther  back  to  insure 
toughness  and  tensile  strength;  each  jaw  is  ground  all  over  to 
the  correct  diameter,  insuring  interchangeability.  The  ferrule 
is  made  of  chrome-nickel  steel  and  heat-treated  to  give  the 
desired  physical  properties;  the  teeth  are  milled  in  such  a 
way  that  when  the  teeth  of  the  ferrule  and  pinion  are  in  mesh 
the  lines  converge  to  a  given  point.  The  pinion  is  made  of 
vanadium  steel  and  is  of  large  diameter,  with  the  teeth  cut 
to  insure  their  meshing  properly  with  the  teeth  on  the  ferrule. 


SCOTT  BORING-TOOL  HOLDER 

The  G.  H.  Scott  Machine  Co.,  Cleveland,  Ohio,  has  recently 
placed  on  the  market  a  new  boring-tool  holder,  which  is  illus- 
trated and  described  herewith.     The  method  of  adjusting  this 


Fig.  2.     Graduations  on  Scott  Tool-lioldi-r  that  facilitate  SoUing 

tool  consists  of  offsetting  both  the  inner  anil  outer  parts;  it  is 
possible  to  offset  the  tool  up  to  i/t  inch  by  intervals  of  0.001 
inch.  The  graduations  provided  on  the  tool  enable  the 
mechanic  to  bore  several  duplicate  holes  without  resetting  his 
tool  each  time,  by  simply  throwing  the  tool  to  the  central 
position  and  then  working  back  to  the  same  graduation  mark. 
The  inner  rotating  part  of  the  holder  is  made  of  hardened 
steel;  the  inserted  tool  is  held  in  place  with  a  safety  set-screw, 
and  the  inner  rotating  center  is  securely  held  by  another  sei- 
screw.  The  construction  of  this  tool-holder  insures  absolute 
rigidity  in  all  positions.  It  is  furnished  with  a  i/4-inch  straight 
shank  to  fit  either  the  drill  or  milling  machine  chuck.  It  has 
a  capacity  for  tool  shanks  up  to  7/16  inch. 


SIMPLEX   V-BLOCKS 

The  Simplex  Tool  Co.,  Woonsocket,  R.  I.,  is  now  making  the 
V-blocks  illustrated  and  described  herewith.  These  blocks  are 
2 Mi  by  214  by  1%  inch  in  size,  and  are  made  of  steel  which 
is  hardened,  after  which  the  blocks  are  ground  on  all  the  sur- 
faces.   Attention  is  called  to  the  following  features.    The  vee  is 


V-blocks  made  by   Simplex  Tool   Co. 

ground  to  a  90-degree  angle  and  is  in  perfect  alignment  with 
the  sides  and  base,  at  right  angles  to  the  ends,  and  central 
with  the  sides.  The  clamp  is  designed  so  that  it  will  not  inter- 
fere when  the  block  is  used  on  its  side.  Two  grooves  are  pro- 
vided in  the  sides  for  convenience  in  clamping,  thus  leaving 
the  top  clear  for  the  work.  These  V-blocks  are  made  in  pairs 
to  insure  perfect  alignment  when  used  together,  but  they  may 
be  bought  either  singly  or  by  the  pair. 


Fig.  1.     Boring-tool  Holder  made  by  G.  H.  Scott  Machine  Co. 


INTER-STATE   LUBRICANT   PUMPS 

The  Inter-State  Machine  Products  Co.,  Inc.,  Rochester,  N.  Y., 
is  now  building  two  types  of  the  "Sterling"  circulating  oil 
pump,  which  are  illustrated  in  Pigs.  1  and  2.  It  will  be  seen 
that  these  are  of  practically  the  same  design  except  that  one 
is  provided  with  an  automatic  relief  valve  for  controlling  thp 
maximum  pressure,  while  the  other  is  not.  These  pumps  are 
of  the  geared  type  with  which  most  mechanics  are  familiar, 
and  are  suitable  for  use  on  all  classes  of  machine  tools  in 
which  it  is  desired  to  deliver  oil  or  cutting  compound  to  the 
work.     "Sterling"  pumps  are  made  to  operate  in  one  or  both 
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Fig.    1. 


Inter-State  Jlachine  Products  Co.'s    "Sterling"   Lubricant  Pump 
with  Automatic  Relief  Valve 


directions,  and  on  the  type  provided  with  an  automatic  relief 
valve  the  operator  can  shut  off  the  fluid  at  the  point  of  dis- 
charge without  creating  pressure  in  the  pump.  It  is  not  neces- 
sary to  provide  an  auxiliary  relief  valve  beneath  the  pump. 
The  recommendation  is  made  that  the  suction  be  provided 
with  a  strainer,  and  it  is  also  an  advantage  to  place  the  pump 
as  near  the  level  of  the  fluid  as  possible.  The  principal  dimen- 
sions are  as  follows:  diameter  of  inlet,  %  inch;  diameter  of 
outlet,  %  inch;  size  of  driving  pulley,  SV2  Inches  in  diameter 
by  1%  inch  face  width;  capacity,  1%  gallon  at  300  R.P.M.; 
21/4  gallons  at  400  R.P.M.,  and  2%  gallons  at  500  R.P.M.;  and 
weight  of  pump,  11  pounds. 


"BELTOL" 

E.  R.  Senn  &  Co.,  405  Lexington  Ave.,  New  York  City,  are 
now  manufacturing  a  compounded  oil  known  as  "Beltol."  This 
oil  is  applied  to  leather  belting  for  the  purpose  of  bringing 
out  those  physical  properties  which  will  enable  advantage  to 


Fig.  2.     Inter-State  Machine  Products  Co.'s     'Sterling"    Lubricant  Pump 
without    Automatic    Relief    Valve 

be  taken  of  the  maximum  efficiency  in  power  transmission. 
The  oil  is  applied  from  a  small  container  and  is  poured  slowly 
onto  the  inside  of  the  belt  half  way  between  the  two  pulleys 
while  the  belt  is  in  motion.  It  is  recommended  that  applica- 
tion of  "Beltol"  be  made  once  every  seven  days,  and  the  claim 
is  made  that  this  treatment  will  result  in  an  increase  of  effi- 
ciency In  power  transmission  ranging  from  3  to  28  per  cent, 
according  to  the  original  condition  of  the  belting.  "Beltol" 
was  developed  in  1899  by  the  French  chemist  M.  Du  Puis,  and 
is  being  manufactured  in  England  and  France  as  well  as  in 
America. 


HIGH-SPEED   "DUMORE"   GRINDER 

In  the  April,  1914,  number  of  Machinery,  an  illustrated  de- 
scription was  published  of  the  "Dumore"  grinder  made  by 
the  Wisconsin  Electric  Co.,  1402  Dumore  Bldg.,  Racine,  Wis. 
This  machine  was  designed  for  operation  at  30,000  revolutions 
per  minute.  To  meet  the  requirements  of  shops  turning  out 
large  quantities  of  automatic  screw  machine  products,  where 


difficulty  has  been  experienced  in  keeping  button  dies  in  con- 
dition for  operation  at  maximum  efficiency,  a  grinder  known 
as  a  "high-speed  equipment  C"  has  recently  been  placed  on 
the  market  by  the  same  company.  The  motor  is  of  the  same 
design  as  that  on  the  regular  "Dumore"  grinder,  but  to  adapt 
this  machine  for  the  use  of  a  %-inch  round  carborundum 
"pencil"  and  obtain  an  efficient  cutting  speed,  the  machine 
has  been  designed  for  operation  at  the  unusually  high  speed 
of  50,000  revolutions  per  minute. 

In  order  to  employ  this  high  speed,  it  was  necessary  to  make 
changes  in  the  design  of  the  internal  spindle,  which  is  made 
shorter  and  more  rigid  than  the  spindle  of  the  standard  ma- 
chine; also  a  specially  balanced  chuck  has  been  made.  In 
place  of  the  regular  driving  pulley,  a  large  pulley  is  cast  and 
this  pulley  is  carefully  balanced;  power  can  then  be  trans- 
mitted from  the  large  pulley  to  a  small  pulley  on  the  internal 
spindle  ta  give  the  required  speed.     In  addition  to  the  usual 


"Dumore"    Grinder   made   by  Wisconsin   Electric  Co.   for  Operation   at 
60,000  R.  P.  M. 

grinding  of  button  dies,  some  shops  are  using  the  machine 
to  grind  a  chamfer  on  the  front  of  the  dies  in  order  to  break 
the  chips  whichever  way  is  most  convenient  on  the  class  of 
work  that  is  being  handled,  i.  e.,  the  man  who  dresses  the 
tools  grinds  this  chamfer  to  break  up  the  chips  or  take  off  a 
long,  continuous  shaving  as  required. 


HOSKINS   HIGH-RESISTANCE   PYROMETER 

The  utility  of  any  equipment  is  fixed  by  the  utility  of  the 
various  units  of  which  it  Is  composed.  Thus  the  worth  of  a 
pyrometric  equipment  depends  upon  the  accuracy  and  durabil- 
ity of  the  instrument  itself,  and  upon  the  desirable  properties 
of  the  thermo-couples.  The  one  is  worth  nothing  without  the 
other,  and  the  dependency  of  the  instrument  is  defined  exactly 
by  that  of  the  thermo-couple  which  supplies  the  operating  milli- 
voltage.  Inasmuch  as  it  is  the  thermo-couple,  rather  than  the 
instrument,  that  requires  renewal,  the  couples  should  all  have 
the  same  properties  if  they  are  to  be  used  with  a  given  in- 
strument; that  is,  they  must  all  generate  the  same  millivoltage 
under  identical  conditions,  and  this  millivoltage  must  not 
change  while  the  couple  is  in  service.  If  they  do  not  possess 
uniform  properties,  it  becomes  necessary  to  calibrate  them 
to  fit  a  given  instrument.  If  the  pyrometer  Itself  is  of  low 
resistance,  it  is  obvious  that  the  variation  of  the  resistance 


Hoskins  High-resistance   Pyrometer 
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of  the  couple  is  an  important  consideration.  On  the  other 
hand,  if  the  instrument  is  of  higli  resistance,  a  variation  in 
tlie  resistance  of  tlie  couple  hecomes  negligible. 

The  Hoskins  Mfg.  Co.,  459  Lawton  Ave.,  Detrojt,  Mich.,  has 
developed  a  new  high-resistanoe  pyrometer,  together  with  a 
special  thermo-couple  which  has  one  important  advantage.  The 
couple  requires  absolutely  no  calibration,  so  that  it  is  possible 
,  for  the  user  of  this  equipment  to  purchase  material  for  mak- 
ing the  elements,  in  coils,  by  the  pound.  When  in  need  of  a 
new  tliermo-couple,  it  can  be  made  merely  by  cutting  off  suit- 
able lengths  of  wire  and  twisting  and  welding  the  ends  to- 
gether. No  calibration  is  necessary  because  of  the  uniform 
properties  of  the  wire.  The  user  is  thus  assured  of  continuous 
service  from  his  pyrometric  equipment,  because  of  the  elimina- 
tion of  delays  caused  by  calibration  of  new  couples.  The  ele- 
ments forming  this  thermo-couple  are  special  chromium  and 
nickel  alloys  known  by  the  trade  name  of  "194-343."  They 
generate  high  millivoltage  and  are  said  to  be  long-lived  be- 
cause of  their  immunity  to  the  action  of  hot  gases. 

The  illustration  shows  the  instrument  to  be  of  the  so-called 
"horizontal  edgewise"  type;  it  is  said  to  be  more  accurate  than 
the  vertical  type  because  the  balance  errors  of  the  needle  are 
practically  eliminated.  The  advantages  claimed  for  high- 
resistance  meters  are  well  known,  the  principal  one  being 
that  long  couple  extension  leads  may  be  used,  since  a  change 
in  their  resistance  caused  by  outside  temperature  variations 
is  of  no  consequence.  "These  meters  are  made  in  six  ranges, 
the  upper  temperatures  being  800,  1100,  1400,  1500,  2000  and 
2500  degrees  F.,  and  it  is  possible  to  use  thermo-couple  "194- 
343"  on  all  the  instruments  having  any  of  the  three  last-named 
temperature  limits. 


"CISCO"   RELIEVING   ATTACHMENT 

The  Cincinnati  Iron  &  Steel  Co.,  Cincinnati,  Ohio,  has  re- 
cently added  to  its  line  the  "Cisco"  relieving  attachment  for 
use  on  lathes  of  its  manufacture.  It  is  claimed  that  while 
this  attachment  is  simple  and  easily  operated,  it  is  thoroughly 
efficient.  The  drive  is  taken  from  a  gear  on  the  outside  end 
of  the  spindle,  which  replaces  the  spindle  bushing  and  necessi- 
tates no  change  in  the  spindle  construction.  This  gear  is 
engaged  by  an  idler  which,  in  turn,  drives  the  change-gears 
on  the  swinging  quadrant;  only  six  change-gears  are  required 
to  obtain  the  correct  changes  for  relieving  cutters  with  the 
following  numbers  of  flutes:  1,  2,  3,  4,  5,  6,  7,  8,  10,  12,  14,  16 
and  20. 

The  quadrant  swings  on  a  gear-box  which  is  bolted  to 
the  front  of  the  headstock  and  contains  the  gears  for  driving 
the  sliding  shaft.  The  shaft  Is  journaled  in  a  bracket  on 
the  carriage,  so  that  it  does  not  limit  the  travel  of  the  cross- 


"Cisco"   Lathe  equipped  with  New  Relieving  Attachment 

slide  when  relieving.  The  drive  from  this  shaft  to  the  cam- 
shaft is  through  universal  joints  and  a  shaft  and  sleeve, 
which  compensate  for  slide  and  swivel  adjustments.  The 
swivel  can  be  turned  to  an  angle  of  30  degrees,  and  all  bottom 
slide  and  top  slide  adjustments  can  be  made  in  connection 
with  the  relieving  attachment  in  exactly  the  same  way  as  in 
the  regular  lathe.  Relieving  can  also  be  done  in  connection 
with  the  taper  attachment. 

The  cam-shaft  is  readily  removed  for  changing  cams,  two 
of  which  are  furnished  with  each  attachment;  these  are 
single  and  double  impulse.  The  cam  operates  against  a 
hardened  steel  roller  held  in  a  hardened  steel  slide,  which 
is  connected  to  the  top  slide  screw,  and  has  a  spring  rod 
with  two  adjusting  nuts  governing  the  amount  of  throw 
or  relief,  or  it  can  be  made  to  hold  the  slide  and  roller  away 
from  the  cam  when  the  compound  rest  is  required  for  regular 
work.  The  change-gears  are  well  guarded  and  an  index-plate 
is  furnished,  which  shows  the  correct  gear  arrangements. 
This  relieving  attachment  can  either  be  fitted  to  new  lathes 
in  course  of  construction  or  it  can  be  shipped  for  attachment 
on  lathes  originally  bought  without  means  of  relieving  cutters. 


ch  Engine  Lathe  built  by  Champion  Blower  &  Forge  Co. 


CHAMPION  ENGINE  LATHE 
A  recent  product  of  the  Champion  Blower  &  Forge  Co.,  Lan- 
caster, Pa.,  is  a  machine  known  as  the  "Lancaster"  13-inch 
engine  lathe,  which  forms  the  subject  of  the  following  de- 
scription. It  will  be  seen  that  this  lathe  is 
equipped  with  a  four-step  cone  pulley,  back- 
gears,  positive  geared  feed,  automatic  longi- 
tudinal feed  and  power  cross-feed,  a  compound 
rest,  and  a  screw  chasing  dial.  All  parts  of 
the  lathe  are  manufactured  with  jigs  and  fix- 
tures so  that  they  are  interchangeable.  The 
lead-screw  is  made  of  high-carbon  steer  of  spe- 
cial analysis  to  give  the  desired  durability. 
All  sliding  surfaces  are  carefully  scraped,  and 
the  spindle  and  other  cylindrical  parts  are 
ground  to  obtain  the  desired  accuracy.  Three 
changes  of  feed  are  obtained  by  simply  mov- 
ing the  handle  to  one  of  three  stations,  and 
the  gears  are  easily  changed  for  cutting 
threads  of  different  pitch,  the  range  for  thread 
cutting  being  from  4  to  40  per  inch,  either 
right-  or  left-hand,  and  including  the  11^^ 
per  inch  pipe  thread.  By  compounding  gears, 
many  other  threads  may  be  cut. 

To  adapt  this  lathe  for  heavy  work,  the  bed 
is  cross-ribbed  with  box  section  braces  cast 
at  intervals  over  its  entire  length.  There  are 
.three  vees  and  one  flat  bar  for  the  slot  guides 
of  the  headstock  and  tailstock.  The  rack  is 
made  from  a  solid  steel  bar.     A  bearing  15i,4 
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inches  in  lengtli  is  provided  for  the  headstock  on  the  bed; 
and  the  spindle,  which  is  made  of  60-point  carbon  crucible 
steel,  has  a  %-inch  hole  for  its  entire  length.  The  front  spin- 
dle bearing  is  1%  inch  in  diameter  by  314  inches  long,  and 
the  spindle  is  bored  No.  3  Morse  taper.  Phosphor-bronze  bush- 
ings are  provided  in  the  spindle  bearings,  and  these  are  care- 
fully scraped  to  fit  the  spindle.  The  tailstock  is  offset  to  allow 
the  compound  rest  to  swing  parallel  with  the  bed.  A  safety 
device  is  provided  "on  the  apron  which  prevents  throwing  in 
the  h&lf-nuts  when  either  feed  is  connected. 

The  principal  dimensions  of  this  lathe  are  as  follows:  swing 
over  shears,  ISYo  inches;  swing  over  compound  rest,  8  inches; 
swing  over  carriage,  9  inches;  maximum  distance  between 
centers  for  5-foot  bed,  30  inches;  size  of  front  spindle  bearing, 
1%  inch  diameter  by  314  inches  long;  size  of  rear  spindle 
bearing,  IVi  inch  diameter  by  2%  inches  long;  taper  of  cen- 
ters, No.  3  Morse;  size  of  cone  pulley  steps,  7,  5%,  4%  and  3i/4 
inches  in  diameter  by  2  inches  face  width;  ratio  of  back-gears, 
8 14  to  1;  number  of  spindle  speeds,  16;  maximum  travel  of 
tailstock,  5  inches;  maximum  travel  of  compound  rest,  4 
inches;  size  of  tools  used,  %  by  1%  inch;  and  weight  of  ma- 
chine with  5-foot  bed,  1000  pounds.  The  regular  equipment 
furnished  with  this  lathe  includes  a  plain  or  compound  rest, 
follow-rest  and  steadyrests,  change-gears,  large  and  small  face- 
plates, double  friction  countershaft,  and  the  necessary  wrenches 
for  making  all  adjustments. 


GARDNER    HEAVY-DUTY    DOUBLE 
GRINDER 

The  Gardner  Machine  Co.,  Beloit,  Wis.,  has  recently  devel- 
oped and  added  to  its  line  of  disk  and  ring  wheel  grinders,  a 
new  double-spindle  grinding  machine.  Prior  to  the  time  of 
bringing  out  this  new  No.  15  grinder,  the  largest  of  this  type 
on  the  market  had  a  capacity  for  18-inch  ring  wheels  or  20-inch 
disk  wheels.  The  machine  here  described  carries  20-inch  ring 
wheels  or  24-inch  disk  wheels,  both  of  which  types  of  grinding 
members  are  interchangeable.  All  disk  grinding  is  done  dry, 
but  the  machine  is  equipped  with  a  complete  water  system 
so  that  wet  grinding  may  be  done  when  ring  wheels  are  used. 
A  covered  opening  in  the  rear  of  the  machine,  shown  in  Fig.  1 
directly  behind  the  sliding  work-table,  is  provided  for  attach- 
ing a  dust  exhaust  system.  The  spindles  are  3  inches  in 
diameter  by  37%  inches  long.  They  are  accurately  ground  to 
size  and  mounted  in  removable  bronze  bushings  lined  with 
high  quality  babbitt,  bored,  reamed  and  scraped  to  a  close 
running  fit.  Each  bearing  is  10  inches  long.  Hardened  and 
ground  collars  6  inches  in  diameter  by  1  inch  thick  are  placed 
on  the  outer  end  of  the  spindles.  The  fully  machined  cast- 
iron  spindle  pulleys  are  12  inches  diameter  by  8V2  inches 
face  width. 


/ 


Fig.   1.     Front  View  of  Gardner  No.   15  Disk  and  Ring  Wheel  Grinder 


Fig.  2.     End  View,  showing  Arrangement  of  Spindle  Head  and  Sub-base 

Fig.  1  shows  a  front  view  of  the  machine.  Each  spindle  is 
mounted  in  a  sliding  head,  which,  in  turn,  moves  in  a  sub- 
base,  the  latter  being  firmly  bolted  in  the  desired  position  on 
the  machine  base.  This  construction  is  shown  quite  plainly 
in  Fig.  2.  The  cast-iron  hood  ends  are  fastened  to  the  sub- 
base  and  move  only  when  the  latter  are  adjusted  for  position. 
The  sliding  heads  work  through  a  felt-lined  hole  in  the  hoods 
and  have  a  combined  lateral  travel  in  the  sub-base  of  3Vi 
inches,  which  is  more  than  would  be  required  in  actual  prac- 
tice. As  shown  in  Fig.  1,  the  sub-bases  are  set  for  grinding 
opposite  sides  of  very  wide  pieces;  but,  if  it  were  desired  to 
grind  parallel  sides,  the  sub-bases  would  be  moved  toward  the 
center  and  bolted  down.  A  wrench  placed  on  the  two  pinions 
appearing  beneath  each  pulley  makes  this  adjustment  an  easy 
matter.  It  will  be  seen  that  with  this  hood  construction  the 
ways  for  the  sliding  heads  are  always  protected  against  grit 
and  dirt. 

The   sliding   work-table    in    the    center    of   the    machine    is 
shown  in  Fig.  1.    The  fixture  holding  the  piece  of  work  to  be 
finished   is  mounted   on   this  table,   and   the  whole  is  moved 
in  and  out  between  the  grinding  wheels  by  means  of  a  hand- 
lever,  pinions  and  rack  attached  to  the  under  side  of  the  table. 
The  lever  and  gears  are  shown  more  distinctly  in  Fig.  2.    As 
shown  here,  the  large  gear  is  the  driver, 
but  these  two  gears  can  be  reversed  when 
a  slower  and  more  powerful  stroke  is  re- 
quired.   The  shafts  carrying  the  gears  are 
extended  across  and  underneath  the  slid- 
ing table  through  the  other  side,  so  that 
if  desired  the  same  gears  and  lever  can 
be  mounted  on  the  right-hand  side  of  the 
water  basin.     The  entire  base  of  the  ma- 
chine is  cored  out  with  solid  bottom  and 
connected    to    the   water    basin    in    front, 
giving  a  capacity   of   approximately   sev- 
enty gallons  of  water  or  grinding  com- 
pound. 

Fig.  3  is  a  close  view  of  the  left-hand 
end  of  the  machine,  showing  the  feed 
mechanism,  micrometer  stop-screw  and 
adjustable  back-stop.  A  3-inch  square 
steel  bar,  carrying  a  rack  on  the  top,  is 
supported  in  ways  at  each  end  and  ex- 
tends practically  across  the  entire  front 
of  the  machine.  At  the  left-hand  end 
of  this  bar  is  attached  in  front  a  short 
rack  which  engages  with  a  pinion  on 
the    hand-lever    shaft.      By    pulling    the 
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Fig.    3.     Close   View   of   Feed   Mechanism,    Micrometer   Stop-screw   and 
Adjustable  Back-stop 

horizontal  hand-lever  to  the  right  the  long  feed-bar  moves 
to  the  left,  which  action  causes  the  two  feed-gears  to  turn 
in  the  opposite  direction.  These  gear  shafts  carry  bevel  pin- 
ions which  engage  with  a  gear  on  the  bottom  of  the  vertical 
shafts  mounted  in  the  sub-bases.  At  the  top  of  these  vertical 
shafts,  pinions  are  attached  which  mesh  with  racks  fastened 
to  the  under  side  of  the  sliding  heads.  The  rack  on  the  left- 
hand  head  is  fastened  on  the  front  side  of  the  head  center 
line,  and  on  the  right  head  the  rack  is  attached  back  of  the 
center.  This  relation  causes  the  heads  to  move  in  opposite 
directions,  or  toward  and  away  from  each  other.  By  means 
of  bevel  gears  the  hand-lever  is  connected  to  the  foot-treadle. 
A  coil  spring  attached  to  the  foot-treadle  forces  the  heads 
back  when  the  pressure  is  removed. 

A  micrometer  stop-screw  is  located  at  the  extreme  left  in 
line  with  the  feed-bar.  As  previously  explained,  the  sliding 
heads  move  toward  the  center  of  the  machine,  the  feed-bar 
moves  to  the  left  and  butts  against  the  micrometer  screw.  A 
worm  nut  adjusts  this  hardened  screw  and  is  acted  upon  by  a 
worm  on  the  inclined  shaft  which  terminates  directly  behind 
the  hand-lever  with  a  small  graduated  handwheel.  The  back- 
stop screw  is  located  a  little  farther  to  the  right  and  forms  a 
part  of  the  feed-bar  gib.  A  hardened  block  is  attached  to  the 
feed-bar  and  comes  in  contact  with  the  hardened  back-stop 
screw,  thereby  limiting  the  backward  travel  of  the  sliding 
heads.  It  should  be  mentioned  that  suitable  covers  are  regu- 
larly provided  for  all  gears  and  racks,  but  are  removed  in  the 
illustrations  in  order  that  the  construction  may  be  more 
plainly  seen. 

It  will  be  seen  from  the  preceding  description  that  both 
heads  move  simultaneously  toward  the  center,  but  if  desired 
either  may  be  locked  in  position  and  only  one  moved.  The 
greatest  opening  between  the  disk  wheels  is  24  inches,  and 
between  the  ring  wheels,  20  inches.  The  over-all  dimensions 
of  this  machine  are  95  inches  long  by  51  inches  wide.  Its 
weight,  exclusive  of  any  grinding  wheels,  wheel  press  or  coun- 
.  tershaft,  is  5000  pounds. 


stature  naturally  need  drafting-boards  set  in  different  posi- 
tions if  they  are  to  work  in  the  most  comfortable  posture. 
With  the  view  of  enabling  advantage  to  be  taken  of  this  condi- 
tion, the  Improved  Drafting  Hoard  Co.,  Nashua,  N.  H.,  has 
recently  developed  what  is  known  as  the  "Universal"  drafting- 
board,  which  is  designed  to  suit  the  tastes  and  requirements 
of  all  draftsmen,  whether  users  of  the  horizontal  or  upright 
boards.  This  new  drafting-board  may  be  used  in  either  a 
horizontal  or  upright  position  with  equal  effectiveness,  and 
it  may  be  set  at  intermediate  angles  between  these  positions. 

Three  advantages  are  claimed  for  the  "Universal"  drafting- 
board  when  used  in  a  horizontal  position:  First,  the  board  is 
generally  inclined  a  few  degrees  from  the  true  horizontal,  but 
the  angle  of  inclination  may  be  quickly  increased  or  dimin- 
ished to  meet  requirements.  This  enables  the  draftsman  to 
bring  the  upper  edge  of  the  board  nearer  his  eyes  when  neces- 
sary, instead  of  forcing  him  to  stretch  over  the  board  and 
strain  both  his  body  and  eyes.  Second,  the  same  board  can 
be  used  by  both  short  and  tall  men,  either  sitting  or  stand- 
ing, since  the  height  can  be  easily  adjusted  to  suit  men  of 
different  stature  and  draftsmen  who  work  in  various  postures. 
Third,  when  set  to  the  required  angle  and  height,  the  drafting- 
board  is  held  absolutely  stationary. 

Used  in  a  vertical  position,  this  drafting-board  will  be  found 
useful  by  those  who  are  finding  in  this  position  a  way  to  more 
efficient  and  hygienic  work.  When  used  upright,  the  board 
is  generally  inclined  a  few  degrees  from  the  vertical,  but  this 
inclination  can  be  adjusted  according  to  the  requirements  of 
different  users.  Attention  is  called  to  the  fact  that  the  con- 
venience of  the  "Universal"  drafting-board  in  this  position  lies 
in  the  fact  that  the  draftsman  can  raise  or  lower  the  board  by 
applying  a  slight  pressure  of  the  hand,  and  the  value  of  this 
feature  is  not  likely  to  be  overestimated.  Draftsmen  using 
an  upright  board  are  frequently  required  to  bring  different 
sections  of  the  board  opposite  the  eye,  and  if  the  making  of 
such  changes  requires  considerable  physical  effort,  this  not 
only  leads  to  unnecessary  fatigue,  but  interruptions  are  likely 
to  cause  important  details  to  be  overlooked  in  working  out 
designs.  Using  the  board  in  a  vertical  position,  draftsmen 
may  either  sit  or  stand,  and  the  board  may  be  instantly  set 
so  that  it  is  stationary  in  any  required  position. 

Both  the  horizontal  and  vertical  positions  are  frequently 
used,  but,  as  its  name  implies,  the  "Universal"  drafting-board 
can  also  be  set  to  any  other  position  between  the  horizontal 
and  vertical.  The  board  is  provided  with  an  automatic  parallel 
rule  which  is  capable  of  being  set  to  any  angle  with  the  hori- 
zontal, and  so  attached  to  the  board  that  there  is  no  inter- 


IMPROVED   DRAFTING-BOARD 

It  is  generally  known  that  the  draftsman's  work  subjects 
him  to  considerable  physical  strain,  and  this  is  particularly 
true  when  he  is  working  on  large  drawings.    Men  of  different 
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ference  with  the  length  of  drawings. 
The  lower  part  of  the  frame  is  de- 
signed to  form  a  foot-rest,  and 
wooden  bloclis  covered  with  felt 
prevent  scratching  the  floor.  Di- 
rectly beneath  the  board  there  is  a 
cabinet  fitted  with  compartments 
for  storing  instruments  and  other 
drawing  equipment.  The  board 
may  be  furnished  with  or  without 
the  cabinet,  and  with  or  without 
the  Improved  Drafting  Board  Co.'s 
standard  reference  table.  The  metal 
frame  is  enameled  white  and  fin- 
ished with  nickel-plated  fixtures, 
while  the  board  is  made  of  narrow 
strips  of  kiln-dried  pine.  The  stand- 
ard board  takes  drawings  up  to  28 
by  40   inches  in   size,   while  larger 

drawings  may  be  attached  to  the  back  of  the  board  and  rolled 
over  the  edge. 


POTTSTOWN    LATHES 


The  machine  illustrated  in  Fig.  1  is  fundamentally  a  single- 
purpose  lathe,  being 
designed  for  the 
rapid  machining  of 
3-inch  shells.  It  is 
constructed  along 
simple  lines,  with  the 
primary  idea  of  re- 
moving metal  at  the 
maximum  rate.  As 
there  is  no  necessity 
for  a  cross-feed,  the 
carriage  only  has 
longitudinal  power 
feed.  There  is  a 
choice  of  three  feeds, 
i.  e„  1/64,  1/32  and 
1/16  inch  per  revolu- 
tion. The  feed  is 
changed  by  a  handle 
on  the  simply  con- 
stru  cted  gear-box, 
which  is  placed  con- 
veniently in  front 
of  the  lathe  to  the 
left  of  the  operator. 

Power  is  transmit- 
ted from  a  motor  to 

a  siRgle  pulley,  attached  to  the  end  of  the  shaft  shown  on  the 
front  of  the  lathe;  this  is  a  high-speed  shaft,  which  runs  in 
bronze  bearings  and  is  supported  by  the  bracket  attached  to 


Pottstown  24-inch  Lathe  for  machining   Shells  from  9  to   12  Inches 


the  front  of  the  frame.  This  driving  shaft  carries  a  4-inch 
pinion  which  engages  with  the  28-inch  master  gear  on  the 
main  spindle,  affording  a  positive  drive.  The  driving  pulley 
is  12  inches  in  diameter  by  5  inches  wide.  The  diameter  of 
the  main  spindle  is  3 15/16  inches,  and  it  runs  in  scraped 
babbitt  bearings  of  liberal  proportions.    The  headstock  as  well 
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Fig.    1.     Lathe    for    machining   3-inch   Shells,    built    by    Pottstown    Machin 


Fig     2.     Pottstown   17-inch  Lathe  for  machining  6-inch   Shells 


as  the  tailstock  are 
cast  integral  with 
the  lathe  bed,  thereby 
affording  the  great- 
est possible  rigidity. 
The  diameter  of 
the  tail  -  spindle  is 
2  15/16  inches,  and  it 
is  provided  with  a 
No.  4  Morse  taper. 
The  distance  between 
centers  is  14  inches 
maximum,  this  being 
sufficient  provision 
for  3  -  inch  shells. 
The  carriage  is  pro- 
vided with  two  tool- 
posts  and  an  auto- 
matic trip  for  the 
feed.  The  lever  which 
throws  the  feed  into 
engagement  has  an 
extension  that  con- 
tacts with  an  adjust- 
able rod  held  by  a 
bracket  fast  to  the 
bed  of  the  lathe.  By 
setting  this  rod  at  the  correct  position,  the  carriage  may  be 
stopped  automatically  wherever  desired. 

The  general  lines  of  the  17-inch  lathe,  illustrated  in  Fig.  2, 
are  similar  to  the  one  just  described, 
and  it  was  designed  primarily  for  the 
making  of  6-inch  shells.  Unlike  the 
3-inch  lathe,  this  machine  has  a  sepa- 
rately attached  tailstock  that  may  be  ad- 
justed in  the  ordinary  way.  The  gen- 
eral dimensions  are  as  follows:  diam- 
eter of  spindle,  4  7/16  Inches;  distance 
between  spindle  head  and  tailstock,  30 
inches,  maximum;  diameter  of  tail- 
spindle,  2  15/16  inches;  size  of  driving 
pulley,  20  inches  diameter  and  6  inches 
face  width;  ratio  of  pulley  speed  to 
spindle  speed,  7  to  1;  diameter  of  spin- 
dle gear,  28  inches;  and  swing  over  bed, 
17  inches.  The  carriage  is  provided 
with  two  toolposts,  and  there  are  three 
variations  of  feed,  namely,  1/64,  1/32 
and  1/16  inch  per  revolution. 

The   24-inch   lathe,   shown   in   Fig.    3, 
was   designed   primarily    for   machining 
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sliells  from  9  to  12  inches,  and  it  is  not  only  adaptable  for  large 
shell  work,  but  is  also  well  suited  for  turning  rough  forgings. 
This  lathe  is  ordinarily  10  feet  long  over-all,  but  it  may  be  had 
in  any  length  up  to  20  feet.  Tlie  general  dimensions  are  as  fol- 
lows: diameter  of  spindle,  6  inches;  distance  between  spindle 
head  and  tailstock,  4  feet,  9  inches,  maximum;  size  of  driving 
pulley  28  inches  diameter  and  6  inches  face  width;  pulley  ratio 
to  spindle,  16.6  to  1;  diameter  of  spindle  gear,  28  inches;  swing 
over  bed,  24  inches;  and  diameter  of  tail-spindle,  3  15/16  inches. 
The  carriage  is  equipped  with  two  toolposts,  and  the  lathe 
is  provided  with  a  range  of  three  feeds,  viz.,  1/32,  1/16  and  1/8 
inch  per  revolution.  The  length  of  the  carriage  on  the  ways 
is  36  inches  and  the  width  of  the  cross  brace  on  the  carriage 
is  12  inches.  AU  of  these  lathes,  which  are  built  by  the  Potts- 
town  Machine  Co.,  Pottstown,  Pa.,  have  no  provision  for  change 
of  spindle  speed  within  themselves,  although  various  speeds 
are  obtainable  from  a  variable-speed  motor  with  which  they 
are  equipped. 


M.   E.   C.   THREE-JAW   AIR  CHUCK 

The  Manufacturers  Equipment  Co.,  175-179  N.  Jefferson  St., 
Chicago,  111.,  has  recently  added  to  its  line  a  three-jaw  air- 
operated  chuck  intended  for  handling  light,  medium  and  heavy 
work.     With  the  view  of  furnishing  ample  strength,  all  parts 

of  the  chuck  are 
made  of  steel,  and 
reference  to  Fig.  3 
will  show  that  the 
mechanism  consists 
of  a  combination  of 
gears,  racks  and 
levers,  the  design 
being  worked  out 
^^  in  such  a  way  that 

^,      x-^v-— y  «l    jj^       'II       Wt^^M  large    contact    sur- 

^  \  Jttf    J9lt;^     "T'  /  .M^^K  faces  and  high  lev- 

erage ratios  are 
provided  for  han- 
dling heavy  work. 
Provision  of  high 
leverage  ratios  also 
permits  using  a 
smaller  air  cylinder  than  would  otherwise  be  possible,  and  for 
exceptionally  heavy  work  a  larger  cylinder  can  be  provided  to 
afford  the  necessary  grip. 

This  three-jaw  air-operated  chuck  may  be  used  in  place  of 
manually  operated  chucks  for  work  handled  in  small  quan- 
tities, and  where  manufacturing  operations  are  being  per- 
formed on  large  quantities  of  work  of  the  same  kind,  the 
rapidity  of  operation  is  the  means  of  making  a  material  sav- 
ing in  the  cost  of  production.  These  chucks  are  furnished 
with  regular  step  jaws  or  with  jaws  for  use  in  connection  with 
"false"  jaws  for  chucking  pieces  of  irregular  shape.  The  claim 
is  made  that  these  air-operated  chucks  are  the  means  of  in- 
creasing production  from  25  to  75  per  cent.  The  way  in  which 
this  saving  is  effected  will  be  readily  understood  when  it  is 


Fig.  1. 


Three-jaw  Air-operated  Chuck 


Fig.   3.     Mechanism  of  M.   E.   C.   Air-operated  Three-jaw  Chuck 

realized  that  a  large  proportion  of  medium-sized  work  can  be 
chucked  and  released  without  stopping  the  machine  spindle; 
this  fact,  together  with  the  ease  of  operation,  which  merely 
requires  the  moving  of  a  valve  handle,  enables  the  operator 
to  pay  more  attention  to  the  maintenance  of  a  high  rate  of 
production  than  would  otherwise  be  the  case.  M.  E.  C.  three- 
jaw  air-operated  chucks  are  regularly  made  in  8-,  10-,  12-,  15- 
and  18-inch  sizes,  while  larger  chucks  will  be  made  to  special 
order. 


HETHERINGTON-McCABE    GRINDING 
WHEEL   DRESSER 

A  tool  known  as  the  "Brandenburg"  self-lubricating  grind- 
ing wheel  dresser  is  now  being  manufactured  by  the  Hether- 
ington-McCabe  Co.,  Piqua,  Ohio.  In  working  out  the  design, 
particular  care  has  been  paid  to  developing  a  construction 
that  makes  it  practically  Impossible  to  wear  out  the  bearings. 
This  result  is  obtained  by  the  combination  of  a  hardened 
steel   spindle   and   a   cast-iron    bearing   lubricated   with    flake 
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Fit.  2.     U.  £.   C.   Three-jaw  Air-operated  Chuck  in  Use  on  Lathe 


"Brandenburg"  Grinding  Wheel  Dresser  made  by  Hetherington-McCabe  Co. 

graphite.  The  particular  claim  made  for  the  graphite  is  that 
it  does  not  tend  to  catch  emery  dust  and  hold  it  in  the  bear- 
ings. Not  only  does  the  graphite* prevent  trouble  from  hold- 
ing abrasive  which  would  rapidly  destroy  the  bearing,  but  it 
also  fills  the  pores  of  the  cast  iron  and  provides  a  bearing 
surface  that  is  not  affected  by  heat  and  that  is  practically  fric- 
tionless.  The  cutters  start  to  spin  almost  immediately  when 
placed  in  contact  with  the  wheel,  so  that  they  perform  their 
function  of  dressing  and  truing  the  wheel  instantly  without 
grinding  off  the  points  of  the  cutter.  It  is  claimed  that  this 
dresser  will  never  become  hot  and  will  never  draw  the  temper 
of  the  cutters.  A  safety  hood  provided  over  the  cutters  pre- 
vents sparks  or  abrasive  from  flying  into  the  workman's  eyes, 
and  the  chamber  or  hollow  handle  is  filled  with  flake  graphite, 
a  sufficient  supply  being  carried  to  last  for  several  months. 
This  tool  is  always  ready  for  use  without  requiring  atten- 
tion, and  a  feature  of  the  graphite  lubrication,  in  addition  to 
eliminating  the  tendency  that  oil  has  to  hold  abrasive  in  the 
bearings,  is  that  no  oil  can  be  thrown  on  the  grinding  wheel 
and  cause^  it  to  glaze.  Graphite  is  fed  to  the  bearings  by 
gravity  and  vibration.  This  dresser  uses  standard  cutters, 
114  inch  in  diameter,  as  well  as  a  larger  cutter  1%  inch  in 
diameter  with  a  %-inch  hole,  which  are  said  to  give  increased 
service  on  wheels  down  to  6  inches  in  diameter  by  %  inch 
face  width,  although,  possibly,  greater  accuracy  can  be  secured 
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Fie.    2- 


Sectional    View    of    "Brandenburg"    Grinding    Wlieel    Dresser, 
showing   Provision   for  Lubrication 


with  the  standard  cutters  of  1%-inch  diameter.  From  the 
preceding  statement  it  will  be  apparent  that  the  two  sizes  of 
cutters    are    interchangeable    in    the    "Brandenburg"    holder. 


OLIVER    SAWING,    FILING    AND   LAPPING 
MACHINE 

In  the  December,  1915,  number  of  Machinery  a  description 
was  published  of  a  bench  type  of  combination  sawing,  filing 
and  lapping  machine  which  had  just  been  placed  on  the  markei 
at  that  time  by  the  Oliver  Instrument  Co.,  1168  Cass  Ave., 
Detroit,  Mich.  Recently  this  firm  has  brought  out  a  floor  type 
of  machine,  the  upper  part  of  which  is  of  similar  design  to  the 
bench  type  formerly  manufactured.  This  machine  is  intended 
for  the  heaviest  classes  of  work  in  making  dies,  gages,  tem- 
plets, and  similar  parts,  in  addition  to  which  it  may  be  em- 
ployed in  certain  classes  of  manufacturing. 

All  moving  parts  are  enclosed  and  run  in  a  bath  of  oil,  and 
all  bearings  are  carefully  protected  from  dirt  and  dust;  the 
reciprocating  parts  are  balanced  so  that  the  action  of  the  ma- 
chine is  quite  smooth.  The  table  is  12  inches  square  and  tilts 
to  any  angle  up  to  10  degrees  either  way  from  the  center. 
This  table  is  fitted  with  a  slide  which  has  a  travel  of  5  inches 

and  is  operated  by  a 
screw;  the  slide  is  4 
inches  wide  and  has  three 
rows  of  tapped  holes,  by 
means  of  which  the  piece 
being  operated  upon  can 
be  solidly  clamped  and 
fed  to  the  saw  or  file. 
Various  fixtures  are  pro- 
vided for  holding  the 
work. 

An  over-arm  is  used  for 
sawing,  and  the  depth  of 
throat  is  sufficient  to  pro- 
vide for  working  to  the 
center  of  a  19-.inch  circle. 
Saws  of  various  widths 
can  be  used,  and  the  ir- 
regular outline  of  a  die 
may  be  followed  closely, 
leaving  a  minimum 
amount  of  metal  to  be  re- 
moved by  the  filing  opera- 
tion. As  illustrated,  the 
machine  is  equipped  with 
motor  drive,  and  it  will 
be  seen-  that  the  motor  is 
attached  to  the  pedestal 
and  belted  to  a  jack-shaft 
at  the  base,  a  three-step 
cone  pulley  allowing  vari- 
ous speeds  to  be  obtained 
for  working  different  ma- 
terials. Tight  and  loose  pulleys  can  also  be  provided  for 
belt  drives,  and  the  shifter  extended  through  the  pedestal  and 
actuated  by  a  treadle  at  the  base  of  the  machine.  Doors  in 
the  pedestal  open  out  against  stops  and  have  pockets  on  the 
back  to  hold  fixtures  and  tools. 


Oliver   Sawing,    Filing  and   Lapping 
Machine  with  Pedestal  Base 


G.   E.   LIGHTING  FIXTURE 
In  one  of  the  suburbs  of  Buffalo,  there  has  recently  been 
Installed  a  new  type  of  ornamental  street  lighting  unit,  which 
is  both  efficient  and  economical.    This  type  is  equally  suitable 


for  lighting  large  open  spaces,  such  as  docks,  lumber  and 
railroad  yards,  platforms  at  railroad  and  interurban  street 
railway  stations,  and  streets  and  open  places  in  industrial 
plants.  In  the  old  type  of  lighting  unit,  a  large  proportion 
of  the  rays  are  thrown  upward  and  lost,  while  those  of  the 
new  unit  are  all  directed  at  a  downward  angle  to  the  surfaces 
where  illumination  is  needed. 

An  artistic  fixture  contains  a  prismatic  refractor  used  to  col- 
lect the  upward  rays  of  the  100  candlepower  Mazda  C  lamp 
used  in  this  case,  and  directs  the  light  outward  at  a  slight 
downward  angle. 
This  saves  and  ap- 
plies to  a  useful 
purpose  the  light 
which  is  thrown 
upward  and  wasted 
with  the  average 
installation.  The 
candlepower  of  the 
light  with  this  unit 
may  vary,  but  the 
Mazda  C  lamp 
should  be  used 
without  exception. 
This  unit  is  the 
latest  addition  to 
the  line  of  out-of- 
door  lighting  fix- 
tures made  by  Gen- 
eral Electric  Co., 
Schenectady,   N.   Y. 

G.  E.   Ornamental   "Refractor"  Lighting 
Fixture 


AMERICAN    AMMUNITION    CO.'S    THREAD 
MILLER 

For  performing  internal  and  external  thread  milling  opera- 
tions in  munition  factories,  the  American  Ammunition  Co., 
Inc.,  Bordentown,  N.  J.,  has  recently  developed  a  semi-automatic 
machine  that  is  used  in  connection  with  either  hand-  or  power- 
feed  milling  machines.  While  especially  developed  for  the 
class  of  work  referred  to,  this  thread  miller  is  also  adapted  for 
cutting  threads  in  many  other  classes  of  work. 

The  spindle  is  fitted  with  a  collet  that  has  a  capacity  of  1\ 
inch  on  pieces  not  more  than  4  inches  long,  and  1  inch  clear 
through  the  spindle.  It  is  adapted  for  either  inside  or  out- 
side milling,  and  by  changing  the  lead-nut  and  screw  provi- 
sion can  be  made  to  cut  any  pitch  up  to  %  inch,  either  right 
or  left  hand.  It  is  used  with  a  multiple-tooth  straight,  re- 
lieved cutter,  and  finishes  the  work  at  one  revolution.  Where 
a  final  finishing  cut  is  required,  by  changing  one  screw  the 
machine  will  automatically  make  two  revolutions,  one  for 
roughing  and  the  other  for  finishing.  The  spindle,  gears  and 
lead-screws  are  casehardened,  and  the  nut  is  made  of  bronze, 
with  provision  for  taking  up  wear.  It  will  fit  any  hand-  or 
power-feed  milling  machine,  and  where  a  greater  angle  is  being 


Fig.    1.     Mechanism   of   American    Ammunition    Co.'s    Thread    Miller, 
showing  Principle  of  Semi-automatic  Operation 
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Fig.    2.     American   Ammunition    Co.'s    Thread   Miller   for   Internal   and 
External  Threads 

cut  than  can  be  taken  care  of  with  the  clearance  of  the  cutter, 
this  milling  attachment  can  be  raised  or  lowered  so  that  the 
cutter  will  be  directly  underneath  or  on  top  of  the  work,  when 
the  attachment  can  be  set  at  the  proper  angle  to  clear  the 
threads. 

A  stop-plate  A,  Fig.  1,  revolves  loosely  on  the  gear  hub  and  is 
stopped  by  the  two  pins  B  giving  a  total  of  about  1 1/10  revo- 
lution to  the  spindle.  The  worm  is  brought  into  contact  with 
the  worm-wheel  by  wedge  C,  which  is  attached  to  a  stationary 
part  of  the  frame  or  knee  of  the  milling  machine,  so  that  a 
forward  motion  of  the  table  with  the  milling  attachment  auto- 
matically raises  the  worm  into  contact  with  the  gear  and 
starts  the  machine,  while  a  w^ithdrawal  of  the  work  reverses 
this  motion  and  releases  the  worm.  Rod  D  passes  through  a 
hole  in  the  arm,  being  regulated  in  its  motion  by  two  pairs 
of  lock-nuts.  Behind  the  lock-nuts  for  raising  the  arm  is  a 
spiral  spring  to  bring  the  arm  into  full  contact  and  start  the 
work  revolving  before  the  cutter  is  in  contact,  additional  for- 
ward motion  of  the  table  to  the  full  depth  being  possible  by 
the  compression  of  spring  E.  The  feed  pulley  is  driven  by  a 
round  belt  from  the  countershaft  and  operates  continuously. 

With  the  table  run  back,  the  piece  to  be  threaded  is  placed 
in  the  collet,  and  the  collet  is  closed  by  a  pilot  wheel;  this 
motion  revolves  the  spindle  until  the  loose  stop-plate  A  comes 
against  the  stop  H.  The  table  is  then  run  forward  by  a  lever 
or  screw,  which  automatically  brings  the  worm  into  mesh  and 
starts  the  work  revolving,  the  motion  beginning  just  before 
the  cutter  comes  into  contact  with  the  work.  It  begins  re- 
volving and  runs  con- 
tinuously until  the 
loose  stop-piece 
comes  into  position 
/'',  which  throws  out 
the  clutch  and  leaves 
the  machine  stand- 
ing. On  bringing  the 
table  back,  the  worm 
drops  and  releases 
the  wheel,  when  the 
collet  may  be  opened 
by  means  of  the 
handwheel,  allowing 
the  threaded  work  to 
be  taken  out  and  an- 
other piece  substi- 
tuted  in   the   collet; 

the     screwing     up     of  Boiler    Tube    Testing    Machine 


Fig.  3.     Side  Viev 


of  American  Ammunition  Co.'s 
on   Hand   Milling  Machine 


Thread  Miller  set  up 


the  collet  again  brings  the  wheel  to  the  starting  point  G. 
The  machine  is  automatic  in  its  operation,  the  only  hand 
operations  being  the  backward  and  forward  movement  of  the 
table,  and  the  opening  and  closing  of  the  collet.  For  internal 
work  it  is  also  necessary  to  move  the  cross-slide  of  the  machine. 

WATSON-STILLMAN   BOILER  TUBE 
TESTING    MACHINE 

The  Watson-Stillman  Co.,  192  Fulton  St.,  New  York  City, 
has  added  to  its  line  of  hydraulic  machinery  a  new  testing 
machine  for  subjecting  boiler  and  other  tubing  to  internal 
hydrostatic  pressure.  This  machine  is  designed  to  be  used 
either  with  a  hand-  or  power-driven  pump,  so  that  it  is 
adaptable  either  for  use  in  shops  doing  only  occasional  testing 
or  for  large  capacity.  The  machine  consists  of  a  frame  with 
two  rectangular  tie-bars,  at  one  end  of  which  is  a  stationary 
abutment;  and  at  the  other  end  there  is  a  moving  abutment 
in  the  form  of  a  carriage  mounted  on  rollers,  which  can  be 
adjusted  to  the  length  of  the  tubes  to  be  tested  and  secured 
to  the  side  frames  by  pins;  and  a  high-pressure  hydraulic 
pump  to  subject  the  tubes  to  a  predetermined  internal  hy- 
draulic pressure. 

The  tube  to  be  tested  is  placed  in  the  machine  with  one  end 
against  the  fixed  abutment;  the  moving  abutment  is  then 
brought  to  bear  against  the  other  end  of  the  tube  pinned  to 
the  frame,  and  the  tube  is  made  pressure-tight  by  turning  the 
handwheel.  Two  intermediate  clamps  operated  by  small  hand- 
wheels  preVent  the 
tube  from  buckling 
while  under  pressure. 
The  tube  is  then 
filled  from  a  water 
main,  overhead  tank 
or  by  the  low-pres- 
sure pump.  After 
the  tube  is  filled,  a 
high  -  pressure  hand 
or  power  pump  is 
used'  to  raise  the 
pressure  to  the  de- 
sired test,  as  shown 
on  the  gage. 

There  is  a  pan  un- 
der the  bed  of  the 
machine  to  catch  the 

built    by   Watson-Stillman.^  Co.  waste     water,     which 
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serves  also  as  a  reservoir  if  a 
pump  is  used  for  the  initial 
filling.  The  machine  illus- 
trated is  designed  to  test 
boiler  tubes  up  to  4*^  Inches 
outside  diameter  to  a  pres- 
sure of  1200  pounds  per 
scjuare  inch.  The  minimum 
opening  is  5  feet  and  the 
maximum  opening  15  feet, 
and  the  weight  of  the  ma- 
chine is  2000  pounds.  Other 
sizes  of  the  same  general  de- 
sign can  be  built  to  meet 
special  requirements. 


OLSON    CYLINDER 
GRINDING  MACHINE 

The  Olson  cylinder  grind- 
ing machine  which  forms  the 
subject  of  the  following  de- 
scription is  manufactured  by 
the  T.  C.  Olson  Machine  Co., 
Madison,  Wis.,  and  the  E.  A.  Fuller  Sales  Co.  of  the  same  city 
is  the  sales  agent.  This  machine  was  first  developed  by  T.  C. 
Olson,  who  operated  a  machine  shop  doing  repair  work  for 
several  garages,  in  the  handling  of  which  there  was  need  for  a 
cylinder  grinder.  Machines  available  at  that  time  for  handling 
work  of  this  kind  were  so  expensive  that  Mr.  Olson  did  not 
feel  justified  in  investing  ih  a  cylinder  grinding  machine. 
Eventually  he  reached  the  conclusion  that  a  satisfactory 
grinder  for  his  work  could  be  made  at  moderate  cost,  and 
this  led  to  the  design  and  construction  of  the  original  machine 
of  this  type.  It  proved  very  satisfactory  in  operation,  and 
several  machine  tool  salesmen  and  garage  owners  were  so 
favorably  impressed  with  the  results  obtained  that  Mr.  Olson 
finally  decided  to  put  the  machine  on  the  market.  With  this 
object    in    view,    the    T.    C.    Olson    Machine    Co.    was    formed. 

Among  the  features  of  design  of  this  machine  the  following 
may  be  mentioned:  An  automatic  belt-tightening  device  main- 
tains a  uniform  tension  on  the  belt  regardless  of  the  position 
of  the  head  on  the  body  of  the  machine.  After  the  cylinder 
has  been  set,  it  is  only  necessary  to  shift  the  grinding  head  in 
order  to  bring  successive  holes  into  position  for  grinding.  The 
table  has  only  a  forward  and  backward  motion,  which  takes 
care  of  the  feed  and  gives  a  particularly  rigid  construction 
for  the  table.  An  adjustable  automatic  feed  tripping  device  is 
provided,  and  after  this  has  once  been  set,  the  feed  is  auto- 
matically tripped  at  each  end  of  the  travel.  The  head  which 
carries  the  grinding  spindle  is  adjustable  by  means  of  a  double 
eccentric  motion,  which  enables  the  grinding  wheel  to  move 
from  the  center  to  the  position  of  maximum  capacity.  This 
grinding  head  is  furnished  with  a  fine  micrometer  adjustment 
to  facilitate  grinding 
work  to  exactly  the 
required  size.  The 
machine  will  handle 
any  cylinder  from 
that  of  the  smallest 
motorcycle  engine  up 
to  cylinders  8  inches 
in  diameter,  and 
work  ranging  from 
single-cylinder  blocks 
up  to  blocks  with  six 
holes  may  be  han- 
dled with  equal  fa- 
cility. The  drive 
may  be  by  either  in- 
dividual motor  or 
belt;  and  the  regular 
equipment  includes  a 
pair  of  angle-irons 
for  truing  up  the 
castings  on  the  table. 


Olson   Cylinder   Grinding  Machine   with   Work  set   up   for  grinding 


The  principal  dimensions  of 
the  machine  are  as  follows: 
minimum  size  cylinder  that 
can  be  ground,  2%  inches  in 
diameter; ■  maximum  size  cyl- 
inder that  can  be  ground  with 
5-inch  wheel,  8  inches  in  di- 
ameter; maximum  capacity 
of  head  and  spindle  in  cross 
adjustment,  27  inches;  maxi- 
mum travel  of  table  or  length 
of  hole  that  can  be  ground, 
15  inches;  maximum  vertical 
distance  from  top  of  table  to 
spindle  center,  9  inches;  mini- 
mum vertical  distance  from 
top  of  table  to  spindle  center, 
3  inches;  speed  of  wheel- 
spindle,  5000  R.  P.  M.;  rate 
of  feed,  1/8  and  3/16  inch; 
diameter  of  revolving  head 
boxes,  7%  inches;  length  of 
revolving  head  boxes,  4 
inches;  length  of  bronze  wheel 
spindle  bearings,  6  inches;  power  required  for  driving,  3  horse- 
power; maximum  height  of  machine,  44  inches;  floor  space 
occupied,  64  by  56  inches;  and  net  weight,  1600  pounds. 


'Filsmith"    13-inch  Engine  Lathe 


"FILSMITH"  ENGINE  LATHE 

The  Philip  Smith  Mfg.  Co.,  Sidney,  Ohio,  is  now  manufac- 
turing the  "Filsmith"  13-inch  engine  lathe  equipped  with  a 
three-step  cone  pulley  and  double  back-gears.  The  headstock 
is  braced  with  heavy  webs  to  insure  rigidity  under  the  heaviest 
cuts.  Fifty-point  carbon  crucible  steel  is  used  for  making  the 
spindle,  which  is  finished  by  grinding;  and  the  spindle  bear- 
ings are  lined  with  phosphor-bronze.  Rigidity  is  further  pro- 
vided for  by  making  the  bed  with  heavy  walls  and  box  girders 
cast  at  frequent  intervals.  The  tailstock  is  so  shaped  that  the 
compound  rest  can  be  set  at  right  angles  when  turning  work 
of  small  diameter. 

A  bearing  18  inches  in  length  is  provided  for  the  carriage 
on  the  vees,  and  the  bridge  is  7^4  inches  wide  and  furnished 
with  T-slots  for  clamping  special  work.  The  compound  rest  is 
provided  with  taper  gibs  and  graduated  in  the  usual  way  for 
handling  angular  work.  The  apron  and  its  bearings  are  cast 
in  one  piece,  making  a  stiff,  rigid  construction;  and  all  holes 
in  the  apron  are  drilled,  tapped  and  reamed  in  a  jig.  All  small 
gears  are  made  of  steel,  and  the  studs  are  of  steel,  hardened 
and  ground.  A  safety  device  prevents  throwing  in  half-nuts 
when  either  feed  is  connected,  thus  preventing  breakage. 
Screws  for  actuating  the  power  cross-feed  and  compound  rest 
are  provided  with  the  usual  graduated  dials;  and  the  lead- 
screw  is  cut  from  a  master  screw  which  is  frequently  tested 

for  accuracy.  The 
spindle  bearings  in 
the  headstock  are  of 
the  self-oiling  type. 
It  will  be  seen  that 
a  quick-change  mech- 
anism is  provided  by 
means  of  which  four 
changes  of  feed  are 
instantly  obtainable. 
All  gears  are  thor- 
oughly guarded  to 
meet  the  safety  re- 
quirements of  the 
different  states.  Steel 
is  used  for  making 
the  feed-rack,  and  all 
sliding  surfaces  are 
carefully  scraped  to 
a  bearing,  while  all 
cylindrical  parts  are 

built   by  Philip  Smith   Mfg.    Co.  ground   tO  sizC. 
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Tho  stiuidard  eiiiiipineiit  furiiKslieil  with  the  inacliino  in- 
cludes a  compound  rest,  follow-rest,  steadyrest,  double  friction 
countershaft,  and  the  necessary  wrenches  for  making  all  ad- 
justments. Special  equipment  obtainable  for  use  in  connection 
with  this  machine  includes  the  following:  No.  s'draw-in  chuck, 
with  capacity  up  to  %  inch;  No.  2  draw-in  chuck,  with  ca- 
pacity up  to  %  inch;  chuck  plates;  taper  attachment;  auto- 
matic stop;  and  chasing  dial.  This  lathe  is  built  with  beds 
6,  8  and  10  feet  in  length. 

The  principal  dimensions  of  the  machine  are  as  follows: 
swing  over  bed,  13 ^4  inches;  swing  over  carriage,  8V4  inches; 
distance  between  centers  for  G-foot  bed,  35  inches;  maximum 
tailstock  travel,  514  inches;  diameter  of  tailstock  spindle,  1% 
inch;  size  of  front  spindle  bearing,  2%  hy  4  inches;  size  of 
rear  spindle  bearing,  1  13/16  inch  by  3  inches;  diameter  of 
hole  through  spindle,  15/16  inch;  diameter  of  spindle  nose, 
2  1/16  inches;  capacity  for  thread  cutting,  4  to  20  threads 
per  inch;  size  of  cone  pulley  steps,  BVz,  6%  and  8  inches  in 
diameter  by  214  inches  face  width;  ratio  of  back-gears,  3  to  1 
and  8  to  1;  number  of  spindle  speeds,  18;  countershaft  speeds, 
300  and  400  revolutions  per  minute;  range  of  spindle  speeds, 
27  to  600  revolutions  per  minute;  toolpost  capacity,  I14  by  % 
inch;  and  net  weight  of  machine  with  6-foot  bed,  1250  pounds. 


Motion   Study   Watch   developed   by 
Mortimer  J.   Silberberg 


SILBERBERG   MOTION   STUDY  WATCH 

The  instrument  illustrated  has  recently  been  brought  out 
by  Mortimer  J.  Silberberg,  122  S.  Michigan  Ave.,  Chicago,  111., 
and  its  design   comprises  an   improvement  on  previous  time 

study  watches  and  stop 
watches,  inasmuch  as  a  deci- 
mal computed  dial  has  been 
combined  with  a  high-grade 
split  hand  watch.  The  split 
hand  watch  with  a  decimal 
computed  dial  has  become  a 
necessity,  as  time  and  mo- 
tion study  has  been  steadily 
advancing  and  our  indus- 
tries have  been  demanding  a 
greater  refinement  of  the 
original  single  hand  instru- 
ments, in  order  to  keep  pace 
with  the  more  complicated 
motion  problems  which  are 
constantly  arising. 

This  watch  has  a  decimal 
dial,  divided  in  tenths  and 
hundredths  of  a  minute,  and 
contains  figures  spaced  two  hundredths  of  a  minute  apart, 
indicating  at  any  point  of  elapsed  time  exactly  what  the  cor- 
responding hourly  production  would  be.  This  feature  is  iden- 
tical with  the  time  study  watch  which  was  the  original  in- 
strument placed  on  the  market.  The  combination  of  this  dial, 
however,  with  a  split  hand  watch  constitutes  an  improvement 
which  will  greatly  facilitate  time  and  motion  study  in  that 
at  one  observation  both  the  productive  and  non-productive 
time  of  an  operation  can  be  obtained,  whereas,  heretofore,  on 
the  single  hand  instruments  two  readings  were  necessary  to 
obtain  this  result. 

The  computations  on  the  dial  have  been  described  in  the 
past,  but  it  may  be  mentioned  that  they  denote  pieces  or  opera- 
tions per  hour.  The  watch  embodies  two  hands,  one  of  which 
is  controlled  by  the  side  plug,  and  the  other  by  the  crown;  or 
if  it  is  desired  to  use  both  as  a  unit,  both  hands  may  be  con- 
trolled by  the  crown.  The  crown-controlled  hand  may  be  used 
to  determine  the  gross  time,  and  the  plug-controlled  hand  to 
take  out  the  non-productive  time,  or  delays,  thereby  at  one 
reading  giving  an  observer  both  the  gross  and  net  of  an  opera- 
tion. 

*     *     * 

Belgian  diamond  cutters  have  opened  a  factory  in  Birming- 
ham, England.  It  is  possible  that  at  the  close  of  the  war  this 
city  will  become  a  rival  of  Amsterdam  and  Antwerp  in  this 
industry. 


NEW   MACHINERY  AND  TOOLS   NOTES 

Lathe  with  Relieving  Attachment:  Springfield  Machine 
Tool  Co.,  631  Southern  Ave.,  Springfield,  Ohio.  This  lathe  is 
made  especially  to  cut  metric  threads  and  has  a  cutter  re- 
lieving attachment. 

Precision  Gages:  Superior  Machine  &  Engineering  Co., 
Detroit,  Mich.  This  company  is  now  making  precision  gages 
of  all  kinds  and  is  paying  especial  attention  to  thread  gages 
of  both  the  plug  and  ring  type. 

Solidified  Oil:  Sun  Co.,  Toledo,  Ohio.  "Nusco"  is  an  oil 
solidified  with  tallow  to  a  jellylike  consistency,  which  is  intended 
for  use  in  grease  cups;  it  is  claimed  that  the  mixture  can  be 
used  satisfactorily  at  temperatures  much  below  0  degrees  P. 

Universal  Square:  D.  J.  Kelsey,  New  Haven,  Conn.  This 
instrument,  which  is  made  of  celluloid,  consists  of  a  square, 
to  the  inner  angle  of  which  a  movable  arm  is  attached.  The 
piece  above  this  arm  is  graduated  and  the  arm  may  be  quickly 
set  to  the  more  common  angles  and  held  firmly  by  a  thumb- 
screw. 

Double  Back-geared  18-Inch  Lathe:  Flather  &  Co.,  Nashua, 
N.  H.  This  lathe  is  double  back-geared  in  ratios  of  1  to  3.5 
and  1  to  11.04;  the  speeds  are  in  geometrical  ratio,  with  an 
increment  of  1.5  and  range  from  15  to  371  revolutions  per  min- 
ute. Gear  ratios  can  be  quickly  changed  and  the  back-gears  are 
easily  thrown  in  by  a  gear  shift  which  controls  either  back- 
gear  ratio. 

Combination  Holders:  Eclipse  Interchangeable  Counter- 
bore  Co.,  Detroit,  Mich.  This  tool  is  an  Eclipse  holder  with  an 
integral  Wiard  collet  shank.  As  the  holder  is  supplied  with 
a  knurled  collar,  it  may  be  securely  grasped  when  being  placed 
in  or  removed  from  the  chuck  while  the  spindle  is  running. 
The  holders  are  made  in  sizes  to  correspond  with  chuck  sizes 
Nos.  0,  1,  2,  and  3. 

Sectional  Steel  Shelving:  National  Scale  Co.,  6  Mechanic 
St.,  Chicopee  Falls,  Mass.  The  shelving  known  as  the  "Multi- 
Unit"  is  de'signed  to  withstand  long-continued  severe  use. 
All  parts  are  interchangeable  and  can  be  had  in  plain  steel 
or  black  or  olive-green  enamel.  Although  only  the  stand- 
ard size,  36  by  12  by  12  inches,  is  made  at  present,  a  variety 
of  sizes  will  soon  be  available. 

Transformation-point  Recording  Apparatus:  Leeds  & 
Northrup,  Philadelphia,  Pa.  With  this  apparatus,  it  is  possible 
to  locate  accurately  the  transformation  point  of  a  steel  while 
it  is  being  heat-treated.  The  changes  in  temperature  of  both 
the  steel  test  piece  and  of  a  piece  of  material  which  lias  no 
transformation  point  are  recorded  on  a  chart,  and  the  trans- 
formation point  is  the  place  where  the  lines  cross  each  other. 

Two-pronged  Electric  Soldering  Iron:  Clemens  Electrical 
Corporation,  Buffalo,  N.  Y.  With  this  iron  the  heat  is  gen- 
erated by  touching  the  object  to  be  soldered,  brazed,  or  an- 
nealed with  the  two  high-resistance  points  of  the  iron;  removing 
the  iron  from  the  work  breaks  the  circuit.  The  heating  points 
are  made  of  solid  brass  and  are  held  in  position  and  sepa- 
rated by  an  asbestos  bushing.  From  6  to  5  volts  only  is  re- 
quired. 

Vise-jaw  Attachment:  Universal  Equalizer  Co.,  Cincinnati, 
Ohio.  This  attachment  is  designed  to  hold  pieces  of  any  shape 
firmly  in  the  vise.  It  is  made  of  cold-rolled  tempered  steel 
in  sizes  that  will  fit  any  standard  vise  and  consists  of  a  num- 
ber of  lugs  arranged  with  curved  contacts  in  a  channel.  These 
lugs  act  as  compensating  wedges  and  force  the  grip  lugs  to 
protrude  from  the  channel  and  equalize  any  pressure  that 
may  be  applied. 

Atlas  Double  Back-geared  Lathe:  Cleveland  Lathe  &  Ma- 
chinery Co.,  Cleveland,  Ohio.  The  feed-rod  and  lead-screw 
drives  of  this  machine  are  both  reversing  in  the  he9,d.  The 
apron  has  a  separate  reverse  for  feeds  and  the  carriage  has  an 
indicating  dial  for  thread  cutting.  The  spindle  is  bored  for 
No.  5  Morse  taper  shanks.  The  lathe  has  power  cross-feeds 
and  a  positive  quick-change  drive  feed  shaft.  There  are 
eighteen  available  speeds. 

Machine  for  Facing  Shell  Bases:  Chandler  &  Farquhar 
Co.,  Boston,  Mass.  This  machine,  which  was  designed  for 
rough-facing  the  bases  of  6-inch  shells,  has  a  magazine  in 
which  four  shells  may  be  placed.  This  magazine  is  driven  by 
a  worm  33  inches  in  diameter  to  feed  the  shells  over  the 
tools.  Hardened  steel  inserts  hold  the  shells  in  the  magazine 
while  they  are  being  faced.  The  tools  are  arranged  on  the 
cutter-head  in  three  rows. 

Locomotive-cylinder  and  Valve-chamber  Boring  Machine: 
Newton  Machine  Tool  Works,  Inc.,  Philadelphia,  Pa.  With 
this  machine  the  cylinder  and  the  cylindrical  valve  chamber 
in  locomotive-cylinder  castings  may  be  bored  at  one  setting. 
The  spindle  is  7  inches  in  diameter  and  it  has  a  feed  of  12 
inches,  by  power  or  by  handwheel.  An  attachment  is  pro- 
vided for  facing  the  cylinder  heads,  either  when  the  cylinder  is 
being  bored  or  at  some  other  time.  There  are  six  changes  of 
feed. 
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Rivet  Cutter:  Rivet  Cutting  Gun  Co.,  Cincinnati,  Ohio. 
The  manufacturer  claims  that  with  this  machine  75  per  cent 
of  the  cost  of  cutting  rivets  and  bolts  by  hand  will  be  saved; 
the  machine  may  also  be  used  for  punching  plates  when  the 
holes  are  afterward  to  be  reamed  to  size.  The  machine  con- 
sists of  a  cylinder  in  which  is  a  piston  mounted  on  slides.  A 
cup-shaped  casting  at  the  lower  end  of  the  cylinder  carries  the 
cutting  tool,  the  shank  of  which  passes  through  the  casting 
at  the  lower  end  of  the  cylinder. 

Roller  Lock-nut:  Roller  Lock  Nut  Co.,  New  York  City. 
The  locking  device  of  this  nut  is  a  steel  roller  which  is  held 
in  place  by  a  brass  spring.  This  roller  permits  forward  move- 
ment of  the  nut,  but  backward  movement  forces  the  roller  into 
the  threadway.  The  application  of  wrench  pressure  causes  the 
roller  to  bite  deeper  into  the  threadway,  but  the  movement  of 
the  nut  causes  the  roller  to  drop  into  a  recess  in  the  side,  so 
that  the  nut  can  be  spun  off  by  hand.  It  is  claimed  that  the 
thread  of  the  bolt  is  not  injured  in  any  way. 

Heavy-duty  Quick-change  Lathe:  Axelson  Machine  Co., 
Los  Angeles,  Cal.  With  this  lathe  only  two  levers  are  re- 
quired to  secure  changes  for  cutting  any  of  the  thirty  two 
threads,  which  range  from  three  to  forty-six  per  inch;  these 
changes  can  be  made  while  the  machine  is  running.  The 
lathe  is  built  in  16-  and  18-incli  sizes;  the  standard  bed  is 
6  feet  long,  but  other  lengths  up  to  12  feet  can  be  furnished. 
The  spindle  speeds  of  the  larger  lathe  range  from  12  to  349 
revolutions  per  minute  and  for  the  smaller  lathe  from  6.67  to 
420  revolutions  per  minute. 

Miller  with  Oscillating  Head:  Superior  Machine  &  Engi- 
neering Co.,  Detroit,  Mich.  This  machine  Is  especially  suit- 
able for  milling  small  parts,  and  takes  mills  up  to  %  inch 
in  diameter.  All  parts  are  easily  accessible  and  are  protected 
from  dirt  and  chips.  The  head  is  oscillated  by  a  crank  disk 
21/4  inches  in  diameter,  the  pin  of  which  works  in  a  slot.  The 
feed  is  operated  by  a  pawl  and  ratchet  and  may  be  made  as 
coarse  as  required  for  work  of  this  kind.  As  both  the  pin  in 
the  crank  disk  and  the  spindle  head  are  adjustable,  there  is 
considerable  range  in  the  length  of  the  slot  that  may  be  cut. 

Riveting  Machine:  Hanna  Engineering  Works,  Chicago, 
111.  This  machine,  which  is  sold  by  the  Vulcan  Engineering 
Sales  Co.,  Chicago,  uses  a  combination  of  toggles,  levers,  and 
guide  links  to  give  a  gradual  increase  in  the  amount  of  pres- 
sure applied.  The  toggle  action  takes  place  while  the  piston 
is  traveling  through  the  first  half  of  its  stroke,  during  which 
time  the  die  covers  the  greater  part  of  its  travel.  The  die 
completes  its  stroke  while  the  piston  travels  through  the  re- 
maining half  of  the  cylinder.  This  slow  movement  of  the  die 
gives  the  metal  in  the  rivet  time  to  flow  and  fill  the  hole;  be- 
sides, the  rivet  has  a  chance  to  set  before  the  pressure  is 
released  on  the  return  stroke  of  the  die. 

Duplex  Turning  Carriage:  Amalgamated  Machinery  Cor- 
poration, Chicago,  111.  Although  designed  for  use  on  shell- 
turning  machines,  this  carriage  will  fit  any  lathe  of  sufficient 
strength  and  size.  It  consits  of  two  tool-slides  mounted  on  a 
single  carriage  driven  by  a  single  feed-screw.  The  radius- 
turning  tool-slide  is  carried  directly  on  the  radius  arm,  the 
under  side  of  which  is  recessed  to  form  a  seat  for  a  large 
swivel  bearing  that  fits  over  a  male  swivel  seat  on  a  free  travel- 
ing lower  slide.  This  device  permits  any  form  of  tool  to  be 
used  and  to  be  set  in  any  way,  because  it  is  always  carried  at 
the  same  position  relative  to  the  shell  radius.  With  this  de- 
vice the  operator  gages  his  speed  by  the  limits  of  the  cutting 
tool  used  for  the  straight  cut. 

Gear-tooth  Rounding  Machine:  Cross  Gear  &  Engine  Co., 
Detroit,  Mich.  This  machine  was  designed  for  rounding  the 
ends  of  the  teeth  of  any  sliding  gears  and  will  cut  any  degree 
of  roundness  on  the  end  of  a  tooth,  from  simply  taking  off  the 
edges  to  a  full  half  circle.  It  will  remove  burrs  from  spur 
gears  or  bevel  pinions  quicker  and  more  neatly  than  by  filing, 
as  well  as  sharp  angular  corners  and  burrs  left  on  spiral  gears 
by  the  hob.  When  desired,  a  bevel  gear  can  be  cut  on  one  side 
of  a  tooth.  The  machine  has  rounded  to  a  full  half-circle  all 
the  teeth  of  a  13.3-tooth,  7-pitch,  cast-iron  flywheel  in  twelve 
minutes,  and  of  a  17-tooth,  5-pitch,  chrome-nickel,  steel  gear 
in  two  minutes.  It  will  round  the  teeth  of  spur  gear  flywheels 
up  to  30  inches  in  diameter  and  12-inch  face  and  with  any 
number  of  teeth  from  8  to  250,  including  odd  numbers. 

Rolls  for  Straightening  16-foot  Plates:  Hilles  &  Jones  Co., 
Wilmington,  Del.  The  rolls  in  this  set  are  made  of  0.55  per 
cent  carbon  open-hearth  steel  forgings.  They  have  a  finished 
diameter  of  16  inches  and  are  arranged  in  two  tiers,  three  rolls 
in  the  upper  and  four  in  the  lower.  The  rolls  in  the  upper 
tier  are  spaced  to  alternate  with  those  in  the  lower  and  are 
journaled  in  a  single  casting  at  each  end.  Each  of  these  cast- 
ings may  be  raised  or  lowered  by  means  of  two  screws  which 
are  operated  by  a  twenty-horsepower  motor.  The  main  driv- 
ing gear  is  keyed  to  one  of  the  inner  rolls  of  the  lower  tier; 
the  other  rolls  are  driven  by  pinions  meshing  with  idlers. 
These  rolls  are  driven  by  a  125-horsepower  motor.  The  two 
end  rolls  in  the  lower  tier  have  a  vertical  adjustment  of  1  inch, 
the  device  for  which  is  operated  by  a  fifteen-horsepower  motor. 

Automatic  Polishing  and  Buffing  Machine:     Chase  Turbine 


Mfg.  Co.,  Orange,  Mass.  This  machine  can  be  used  for  pol- 
ishing or  buffing  any  circular  or  cylindrical  work.  The  wheel- 
spindle  is  made  to  hold  three  wheels  at  one  time,  each  wheel 
having  a  2-inch  face.  This  makes  it  possible  to  have  a  cutting, 
polishing,  and  coloring  wheel  on  at  the  same  time,  with  the 
result  that  when  the  work  is  mounted  in  the  chuck  the  three 
wheels  may  be  applied  in  succession,  so  that  when  the  work 
is  removed  it  is  ready  for  the  plater.  The  machine  may  have 
a  vertical  or  a  horizontal  work-head.  In  either  case,  the  work 
is  held  on  an  expanding  chuck  that  is  operated  by  a  rod  ex- 
tending through  a  spindle  in  the  head.  Levers  operated  by  a 
treadle  force  the  expander  out  of  the  chuck  body,  so  that  the 
work  may  be  put  in  or  removed.  At  the  same  time,  the  clutch 
is  released  from  the  pulley,  thus  stopping  the  spindle.  The 
work-head  may  be  swiveled  so  as  to  bring  the  work  into  any 
position  with  relation  to  the  wheels. 


•     *     * 


NOTES   ON  LOCK  MAKING 

Locks  are  old  and  common  devices  for  securing  the  safety 
of  possessions.  They  were  made  by  the  Egyptians  four  thou- 
sand years  ago,  and  until  late  in  the  nineteenth  century  were 
produced  by  hand  work  only.  When  they  began  to  be  made  in 
large  numbers  the  manufacture  was  long  conducted  on  the 
plan  of  making  the  lock  first  and  fitting  the  key  to  the  lock, 
the  same  as  the  old  hand  lock-makers  had  done.  The  result 
was  unsatisfactory,  as  much  time  and  skill  were  required  to 
fit  the  keys  properly.  Finally  a  genius  reversed  the  process, 
made  the  key  first  and  fitted  the  lock  to  the  key.  The  reversed 
practice  revolutionized  lock  making  and  helped  to  put  it  on 
a  sound  manufacturing  basis. 

The  practice  followed  in  the  manufacture  of  Yale  locks  is 
to  mill  the  steps  in  the  key  blanks  on  a  special  milling  ma- 
chine, which  in  a  measure  resembles  a  typewriter  in  having 
a  number  of  finger  keys.  The  lock  keys  are  usually  made  in 
duplicate,  and  are  milled  simultaneously.  The  operator  is 
furnished  with  a  typewritten  list  for  the  lot  of  keys  to  be 
milled,  and  each  finger  key  on  the  machine  has  a  number; 
the  list  gives  the  combination  desired  to  be  milled  in  each 
pair  of  keys. 

The  keys  are  clamped  in  the  machine  vise  and  the  desig- 
nated finger  keys  are  depressed  and  locked  in  position.  The 
machine  is  then  started  and  the  lock  keys  are  milled.  They 
then  go  to  the  lock  assemblers — generally  girls.  The  girl 
picks  up  a  lock  barrel,  pushes  a  key  into  the  slot  and  then 
drops  the  required  number  of  pins  into  the  holes,  using  long 
and  short  pins,  which  are  so  selected  that  the  tops  of  the 
pins  stand  approximately  flush  with  the  periphery  of  the 
barrel  when  supported  by  the  key  beneath,  being  then  in  the 
unlocked  position.  When  the  excess  is  filed  off  flush  with  a 
flat  file,  the  barrel  is  ready  to  assemble  in  the  lock  which  has 
corresponding  pins  and  springs  placed  in  position.  These 
latter  pins  hold  the  barrel  in  the  locked  position  when  the 
key  is  out  of  the  lock. 

Another  interesting  phase  of  the  manufacture  of  Yale  locks 
is  broaching  the  keyway  in  the  barrel.  The  Yale  locks  are 
fitted  with  so-called  paracentric  keys — that  is,  keys  having  a 
cross-section  of  alternate  grooves  and  ridges.  The  keyholes 
are  broached  on  special  vertical  broaching  machines,  using 
broaches  about  ''six  feet  long.  These  broaches  are  made  of 
paracentric  cross-section,  and  finish  a  keyhole  at  one  stroke, 
cutting  on  the  downward  stroke  without  feed.  The  effect  of 
feed  is  produced  by  tapering  the  broach  so  that  the  teeth  cut 
into  the  barrel  progressively  as  the  broach  descends.  The 
broaches  virtually  are  vertical  saws  that  cut  their  way  into 
the  barrel,  making  a  paracentric  path  instead  of  the  straight 
cut  produced  by  the  ordinary  saw  blade. 
*  *  * 
MUNITION  EXPERTS  APPOINTED 

The  Council  of  National  Defense  has  appointed  a  munition 
standards  board  composed  of  qualified  experts  in  the  manu- 
facture of  munitions,  as  follows:  Frank  A.  Scott  of  the  Warner 
&  Swasey  Co.,  Cleveland,  Ohio;  W.  H.  Vandervoort  of  Root  & 
Vandervoort  Engineering  Co.,  East  Moline,  111.;  E.  A.  Deeds 
of  the  Dayton  Engineering  Laboratories  Co.,  Dayton,  Ohio; 
Frank  Pratt  of  the  General  Electric  Co.,  Schenectady,  N.  Y. ; 
Samuel  Vauclain  of  the  Baldwin  Locomotive  Works,  Philadel- 
phia, Pa.;  and  John  E.  Otterson  of  the  Winchester  Repeating 
Arms  Co.,  New  Haven,  Conn. 
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USING   MACHINES   FOR   DIFFERENT 
OPERATIONS 

BY   W.   D,   FORBES  ' 

The  standard  machine  tools  that  make  up  the  equipment  of 
machine  shops  carry  with  them  certain  presupposed  mechan- 
ical operations.  The  lathe — the  most  useful  of  all  tools — was 
developed  with  the  idea  of  turning  material  on  centers,  in 
the  chuck  or  on  the  faceplate.  The  planer  has  for  its  primary 
object  the  production  of  linear  surfaces;  so  also  have  the 
shaper,  slotter,  and  milling  machines.  The  drilling  machine 
was  designed  to  rotate  a  drill,  either  feeding  it  into  the  work 
or  feeding  the  work  over  the  drill.  The  vertical  boring  mill 
is  adapted  for  facing  flat  surfaces,  boring  cylinders,  or  finish- 
ing exteriors;  while  the  horizontal  type  is  designed  more 
especially  for  boring  cylinders  and  facing.  But  these  ma- 
chines are  often  used  for  other  operations.  For  instance,  a 
limited  amount  of  milling  can  be  done  on  the  lathe  by  mount- 
ing a  milling  cutter  on  an  arbor  and  clamping  the  work  to 
the  carriage.  The  horizontal  boring  mill  can  be  conveniently 
and  advantageously  made  to  do  the  same  class  of  work, 
especially  those  makes  having  power  feeds  provided  in  all 
directions.  Milling  machines  can  be  used  for  boring  and 
drilling. 

These  operations,  however,  may  properly  be  called  make- 
shifts, except  in  the  case  of  horizontal  boring  mills  provided 
with  feeds.  Makeshifts  are  generally  uneconomical  efforts, 
although  they  are  often  justified  and  necessary  because  of 
the  lack  of  proper  tools  or  because  the  proper  tools  are  doing 
work  that  cannot  be  interrupted  without  producing  more  un- 
economical conditions  than  the  employment  of  the  makeshift. 
To  put  it  another  way,  the  use  of  standard  tools  except  for 
the  purposes  for  which  they  were  designed  cannot  properly 
be  called  economical  manufacturing.  An  exception  to  this 
was  brought  to  the  writer's  attention  a  short  time  ago  by  a 
manufacturer  who  used  sensitive  drilling  machines  as  milling 
machines  with  most  satisfactory  results.  He  was  making 
good  deliveries  on  a  large  contract  for  war  materials  when 
an  old  customer  brought  to  him  a  large  number  of  small  com- 
position articles  that  required  four  narrow  milled  slots  about 
1/16  inch  wide  the  entire  length  of  the  piece,  which  was  1% 
inch,  the  depth  of  the  cut  being  about  1/16  inch.  These  slots 
were  placed  90  degrees  apart,  but  exact  spacing  was  not  de- 
manded. Between  the  four  milled  slots,  and  at  right  angles 
to  them,  four  milled  cuts  of  the  same  width  had  to  be  made 
and  the  cutter  had  to  be  sunk  into  the  piece  to  a  depth  of  % 
inch,  producing  a  circular  recess.  The  cutter  had  to  be  of 
such  a  diameter  that  when  the  last  cut  was  made  the  longi- 
tudinal slots  and  the  semicircular  ones  would  be  connected. 

The  manufacturer  had  no  milling  machines  available  for 
this  work;  and  besides  his  milling  machines  were  too  large 
for  such  light  milling.  He  was  loath  to  sidetrack  an  old 
customer  and  inquiries  among  machine-tool  men  showed  that 
it  was  impossible  to  obtain  light  milling  machines,  so  he  con- 
sidered the  possibility  of  doing  tlie  work  on  some  other  class 
of  machine  tool.  The  only  available  machines  lie  could  find 
were  sensitive  drilling  machines.  Now,  a  sensitive  drilling 
machine  is  a  light  tool  and  hardly  one  that  most  persons  would 
consider  available  for  milling-machine  work;  yet- this  manu- 
facturer saw  that  it  was  exactly  the  tool  for  this  particular 
job,  as  the  pieces  that  had  to  be  milled  were  composition. 

First  of  all,  he  made  a  special  vise — small,  of  course — 
which  was  so  designed  that  it  would  hold  one  of  the  composi- 
tion pieces  lengthwise  at  the  end  of  the  jaws  and  hold  the 
piece  vertically  by  semicircular  recesses  of  the  proper  depth 
near  the  center  of  the  vise.  This  vise  was  designed  to  rest  in 
a  dovetailed  piece,  in  which  it  could  be  moved  by  means  of  a 
screw,  and  the  base  was  bolted  to  the  platen  of  the  drilling 
machine.  A  milling  cutter  of  the  proper  thickness  and  diam- 
eter was  fitted  to  a  taper  shank  arbor  that  fitted  the  spindle 
of  the  machine;  of  course,  this  cutter  revolved  in  a  horizontal 
plane.  By  means  of  proper  stops  in  the  vise  jaws,  the  piece 
was  clamped  by  its  ends  so  that  it  overhung  the  edge  of  the 
vise;  these  stops  were  adjustable  in  order  that  the  depth  of 
the  cut  in  the  piece  could  be  readily  regulated  both  for  the 
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first  cut  and  to  accommodate  the  smaller  diameter  of  the  cut- 
leu-  after  being  ground.  When  the  piece  was  clamped  In  the 
vi.se  and  the  cutler  started,  the  piece  was  fed  horizontally 
past  the  cutter  by  means  of  the  feed-screw.  After  the  first  cut 
was  made,  the  piece  was  turned  90  degrees  by  bringing  the 
milled  slot  to  a  mark  on  the  top  of  the  vise  jaws.  After  the 
four  straight  milling  cuts  were  made,  the  semicircular  slots 
were  milled  by  placing  the  piece  vertically  in  the  jaws  in  the 
recess.  The  four  slots  that  were  milled  first  were  used  for 
indexing  for  the  position  of  the  semicircular  ones.  Of  course, 
a  stop  was  provided  to  bring  the  piece  to  the  same  position 
each  time,  which  would  give  the  proper  depth. 

A  careful  study  of  this  improvised  milling  arrangement 
proved  that  notwithstanding  the  fact  that  a  hand  feed  had  to 
l)e  used,  more  rapid  work  was  produced  than  was  possible  on 
the  regular  type  of  hand  milling  machines.  Besides  this  drill- 
ing-milling machine  cost  less  than  half  as  much  as  a  light  mill- 
ing machine,  and  subsequent  use  showed  that  in  many  ways 
this  makeshift  was  really  an  economical  manufacturing 
arrangement. 

All  machine-tool  designers  have  in  view  the  production  of 
a  tool  that  will  function  satisfactorily.  This  is,  of  course,  the 
primary  idea;  the  second  is  to  design  a  tool  that  will  meet  as 
large  a  demand  as  possible.  But  it  seems  to  the  writer  that 
machine-tool  designers  have  been  tied  to  certain  ideas  that 
result  in  putting  on  the  market  machine  tools  with  too  great 
a  range  of  work  and  it  would  be  advantageous  to  break  away 
from  these  traditions  or  usages.  A  record  of  the  length  of 
cuts  made  on  a  universal  milling  machine  used  for  jobbing 
shows  that  for  over  a  year  the  cuts  averaged  slightly  less  than 
two  inches,  yet  the  machine  was  able  to  cover  a  surface  of  over 
five  times  this  length.  This  record  also  showed  that  the  ver- 
tical adjustment  averaged  less  than  %  inch  while  there  was  a 
possible  adjustment  of  over  8  inches  on  the  machine.  It  must 
be  remembered,  however,  that  often  a  short  milling  cut  has  to 
be  taken  at  one  end  of  a  shaft  while  a  second,  third  or  fourth 
cut  must  be  taken  on  other  parts  of  the  shaft,  which  demands 
that  the  platen  be  moved  several  inches  between  the  cuts.  It 
is  therefore  evident  that  a  machine  having  only  a  two-inch 
cut  would  not  do  for  a  jobbing  machine. 

There  are,  however,  manufacturing  propositions  where  it 
would  undoubtedly  be  wise  to  change  this  system  of  wide  pos- 
sibilities to  much  narrower  limits  by  producing  milling  ma- 
chines, for  instance,  that  are  adapted  only  for  the  shorter  cuts. 
This  idea  was  forcibly  brought  to  the  writer's  attention  when 
he  was  shown  a  room  full  of  milling  machines  that  were  mak- 
ing cuts  as  short  as  %  inch  and  none  longer  than  1  inch;  yet 
every  one  of  these  machines  was  able  to  mill  many  times 
these  lengths  and  this  range  was  known  when  they  were 
bought.  Had  these  machines  been  designed  for  special  work, 
three  machines  could  have  been  made  from  the  material  in 
each  one.  This  would  have  materially  reduced  the  cost  of 
the  plant  besides  resulting  in  quicker  work  and  lessening  the 
power  required  to  run  the  machines.  It  would  be  a  bold 
machine  builder  who  would  risk  his  money  by  placing  on  the 
market  a  milling  machine  with  only,  say,  a  2%-inch  travel  of 
feed;  and  the  purchasers  of  such  machines  would  be  few  in 
number;  yet  when  it  comes  to  a  manufacturing  proposition, 
such  special  designs  should  have  far  more  consideration  than 
is  now  given  to  them. 

Another  illustration  is  the  screw-cutting  feature  of  a  lathe. 
Usually,  the  lead-screw  has  sufficient  length  to  cut  a  thread 
in  any  position  between  the  centers,  when  farthest  apart,  or 
the  entire  length  between  centers.  This  demands  a  consider- 
able outlay  of  money  if  the  feed-screw  is  really  well  made, 
and  about  80  per  cent  of  the  length  of  the  lead-screw  is  doing 
nothing  the  majority  of  the  time.  Now,  on  lathes  up  to  16 
inches  swing,  threads  more  than  6  inches  long  are  rarely  cut. 
Why  not,  therefore,  design  the  lathe  so  that  the  lead-screw 
will  be  of  sufficient  length  to  cut  a  thread,  say,  12  inches  long 
and  have  this  short  lead-screw  moving  with  the  carriage  so 
that  it  can  cut  the  thread  anywhere  between  its  centers? 
This  would  reduce  the  cost  and  make  for  accuracy,  as  it  is 
much  easier  to  produce  a  short  accurate  lead-screw  than  a 
long  one.  We  are  constantly  confronted  with  the  high  cost  of 
production,  and  it  seems  manifestly  absurd  for  manufacturing 
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machines  to  be  designed  with  the  idea  of  doing  anything 
more  than  a  single  operation.  The  case  of  a  light  sensitive 
drilling  machine  of  low  cost  performing  milling  cuts  that  are 
usually  done  on  high-priced  milling  machines  seems  to  open 
up  a  line  of  thought  in  this  direction. 
*  *  * 
THE   MASTER   CATALOGUE 

One  way  to  reduce  the  cost  of  buying  and  selling  is  to  do 
away  with  the  present  system  of  making  catalogues  of  all 
shapes  and  sizes  and  adopt  a  uniform  size  sheet  for  data 
sheets,  price  lists,  catalogues,  etc.  When  outlining  the  idea 
to  the  National  Association  of  Purchasing  Agents,  W.  L. 
Chandler,  assistant  treasurer  of  the  Dodge  Sales  &  Engineer- 
ing Co.,  said  that  this  plan  would  make  the  information  more 
available  and  increase  the  value  of  the  catalogues  to  the  buyer. 
Much  of  the  printed  matter  which  is  thrown  into  the  waste 
basket  yearly  because  the  buyer  has  no  place  to  file  it  would 
be  kept  for  reference  by  the  adoption  of  this  plan.  It  was 
suggested  that  the  details  of  this  scheme,  or  "master"  cata- 
logue, be  worked  out  by  a  board  composed  of  representatives 
of  national  trade,  engineering,  and  other  associations,  but  the 
following  plan  was  outlined. 

The  sheets  should  be  8i/^  inches  by  11  inches  in  diameter 
so  that  they  can  be  kept  in  standard  vertical  letter  files; 
market  reports  and  correspondence  pertaining  to  the  different 
price  lists,  such  as  quotations,  discounts  or  letters  giving 
weights,  freight  rates,  and  other  data  can  be  filed  with  the 
sheets  to  which  they  apply.  To  prevent  the  master  catalogue 
from  becoming  obsolete,  colored  paper  may  be  used.  For 
example,  say  that  in  1917  all  sheets  will  be  printed  on  white 
paper  and  will  bear  the  date  of  issue,  and  in  1918  they  will 
be  printed  on  yellow  paper  while  other  colors  will  be  used 
for  1919,  1920  and  1921.  White  will  again  be  used  in  1922 
and  the  other  colors  repeated  in  regular  order.  Thus  five 
colors  will  carry  through  the  life  of  the  catalogue.  The  seller 
will  have  a  record  to  show  that  buyers  have  received  white 
sheets,  and  during,  say,  December,  1921,  he  will  notify  them 
that  such  sheets  are  still  in  effect  and  entitled  to  remain  in 
the  catalogue  if  the  buyer  is  still  interested  in  such  material. 
Upon  such  advice,  the  sheet  will  be  stamped  by  the  buyer 
"0.  K.  1922"  and  left  in  the  catalogue.  During  January,  1922, 
the  buyer  will  remove  from  the  catalogue  all  white  sheets  that 
have  not  received  this  stamp.  If  his  interest  in  the  material 
has  ceased,  the  sheet  will  be  destroyed;  if  his  interest  remains, 
he  will  notify  the  seller  about  such  sheets  as  are  open  to  doubt. 

On  classes  of  material  for  which  data  five  years  old  is  not 
dependable  the  sections  of  the  catalogue  known  to  contain  this 
data  may  be  revised  as  often  as  judgment  dictates.  The  col- 
ored sheets  lend  the  same  help  in  a  revision  of  any  frequency. 
The  use  of  this  master  catalogue  will  greatly  reduce  the 
waste  circulation  and  expense  of  printing  catalogues.  It  will 
not  limit  the  quantity  of  the  information  contained  on  the 
sheets  or  in  the  books  and  will  not  in  any  way  restrict  adver- 
tising matter,  except  that  which  the  seller  desires  to  have 
the  buyer  retain  in  his  file.  The  sheets  or  books  may  be 
printed  from  any  plates  used  for  bound  catalogues  and  will 
give  every  opportunity  for  the  proper  treatment  of  the  sub- 
jects involved.  The  catalogue  may  be  printed  on  paper  of  a 
quality  equal  to  that  of  any  book  now  used  for  the  purpose; 
the  illustrations  may  be  just  as  effective  as  desired;  and  the 
ink  may  be  of  any  color  to  best  present  the  goods.  The  only 
restriction  will  be  as  to  the  size  of  the  sheets  or  books  (thick- 
ness is  not  restricted)  and  the  issuance  of  separate  sheets  or 
books  where  one  seller  might  handle  goods  of  more  than  one 
classification. 

«     *     * 

The  date  of  the  spring  meeting  of  the  American  Society  of 
Mechanical  Engineers  in  Cincinnati,  Ohio,  has  been  changed 
from  May  22-25  to  May  21-24.  A  feature  of  the  spring  meeting 
will  be  a  joint  session  on  May  22  with  the  National  Machine 
Tool  Builders'  Association.  The  session  will  be  in  charge  of 
the  Cincinnati  local  committee  and  a  committee  representing 
the  National  Machine  Tool  Builders'  Association.  Papers  will 
be  presented  on  employes'  service  work  and  industrial  educa- 
tion as  developed  in  Cincinnati. 


CUTTING  INTERNAL  HELICAL  GEARS 
ON  THE  FELLOWS  GEAR  SHAPER 

BY    REGINALD    TRAUT8CHOLD  1 

On  page  526  of  the  article  "Internal  Helical  Gearing"  which 
appeared  in  the  February  number  of  Maciiineby,  a  method  of 
cutting  internal  helical  teeth  on  the  Fellows  gear  shaper  is 
described,  which  calls  for  further  explanation.  The  method 
described  presupposes  the  employment  of  a  regular  Fellows 
gear  shaper  such  as  the  No.  6  designed  for  spur  gears,  and 
necessitates  inclining  the  work-arbor  so  that  the  reciprocating 
path  of  the  cutter  is  in  line  with  the  gear  teeth.  This  is  not 
the  method,  however,  by  which  helical  gears  are  cut  on  the 
gear  shaper;  while  theoretically  a  gear  might  be  cut  in  this 
fashion,  there  are  certain  practical  difficulties  which  thorough 
research  makes  plain.  In  order  to  complete  the  gear  teeth  prop- 
erly with  the  work-spindle  inclined  at  an  angle  coinciding 
with  the  helical  angle  of  the  gear  to  be  cut,  it  would  be  neces- 
sary to  move  the  blank  axially  on  its  work-spindle  as  it  ro- 
tates. Otherwise  the  teeth  would  not  be  properly  finished. 
The  center  distance  of  cutter  and  work  would  be  at  a  minimum 
in  only  one  position  as  the  cutter  moves  up  and  down.  It 
would  be  necessary  to  generate  the  teeth  in  all  planes  at  this 
minimum  position.  From  this  it  becomes  obvious  that  the 
axial  movement  would  be  a  necessity.  As  the  maximum  gear 
face  which  may  be  handled  upon  the  gear  shaper  is  5  inches, 
it  is  evident  that  with  1/20  inch  feed  per  rotation  of  the 
blank  the  work  must  be  rotated  100  times  to  complete  a  gear 
of  5  inches,  and  in  all  probability  the  teeth  would  not  be 
smoothly  cut.    Wavy  feed  lines  might  be  in  evidence. 

The  action  of  helical  gears  rotating  on  parallel  axes  is  iden- 
tical with  that  of  spur  gears.  In  the  Fellows  helical  gear 
shaper  the  cutter  is  a  helical  gear  provided  with  proper  clear- 
ance. The  axis  of  the  cutter-spindle  is  parallel  with  the  axis 
of  the  work-spindle.  The  cutter-spindle  is  provided  with  a  heli- 
cal guide  of  a  lead  corresponding  to  that  of  the  cutter.  As 
the  cutter-spindle  reciprocates,  the  guide  imparts  the  neces- 
sary twisting  motion  to  pass  the  cutter  through  the  proper 
path  for  shaping  the  gear.  The  work  is  relieved  on  the  return 
stroke  by  a  slight  movement  of  the  apron  which  carries  the 
work-spindle.  The  mechanism  which  performs  this  duty  is 
identical  with  that  of  the  standard  spur  gear  machine.  If  a 
section  were  taken  through  the  work  and  the  cutter  at  right 
angles  to  the  axes  of  the  two,  the  outlines  of  two  involute 
spur  gears  would  appear,  one  being  the  cutter  and  the  other 
the  work. .  When  the  helix  advance  in  a  helical  gear  is  slightly 
in  excess  of  the  circular  pitch  measured  in  the  plane  at  right 
angles  to  the  axis  of  the  gear,  all  possible  advantage  of  the 
helical  gear  has  been  obtained.  Further  increase  is  of  no  ad- 
vantage and  results  in  setting  up  undue  endwise  thrust.  It 
has  been  ascertained  that  two  helical  angles,  viz.,  15  degrees 
and  23  degrees,  cover  nearly  all  cases  which  may  arise.  The 
fact  that  helical  teeth  are  much  stronger  in  action  than  spur 
teeth  permits  the  use  of  finer  pitches  with  the  corresponding 
decrease  in  helical  angle.  For  this  reason  it  is  usually  possible 
to  so  design  the  gears  that  the  helical  angle  falls  within  the 
scope  of  those  mentioned  above,  which  are  the  standards  laid 
down.  When  a  special  case  arises  which  cannot  be  covered  by 
the  guides  and   cutters  as  standardized,   special   cutters   and 

guides  are  furnished. 

»     *     « 

CHANGE  OF  DATE  OF  SPRINGFIELD 
EXPOSITION 
The  date  of  the  industrial  exposition  and  export  conference- 
to  be  held  in  Springfield,  Mass.,  has  been  changed  from  May 
26-June  2,  to  June  23-30,  in  order  to  meet  the  wishes  of  a 
number  of  manufacturers  who  require  more  time  to  make 
ready  their  exhibits.  F.  H.  Page,  president  of  the  National 
Equipment  Co.,  has  been  made  chairman  of  a  general  commit- 
tee representative  of  a  wide  variety  of  American  business  in- 
terests, which  is  planning  a  series  of  small  meetings  in  manu- 
facturing centers  to  acquaint  the  trades  generally  with  the- 
opportunity  to  reach  a  great  home  market  as  well  as  to  co- 
operate for  a  united  front  in  the  foreign  field.  John  C.  Simp- 
son is  general  manager  of  the  exposition. 


'Address:  39  Charles  St..  New  York  City. 


100 


MACHINERY 


April,  1917 


Concentration 
of  Control 


This  is  our  No.  6  Wire  Feed  Screw  Machine. 

Roller  feed.     Hole  through  spindle  2  1-16" 

diameter.    Turns  any  length  to  10". 


reduces  setting-up  time  to 

a  minimum  and  speeds  up 

every  stage  of  production 

from    the    feeding   of   the 

bar  to  the  cutting  off  of  the  finished  piece.     All  operating  levers,  clamps  and  v^^heels 

are  right  under  the  hands  of  the  operator.     All  working  parts  are  simple  and  positive 

and  can  be  operated  w^ithout  the  necessity  of  the  operator  shifting  his   position. 

Round,  square  or  hexagonal  bar  stock  can  be  handled.     Automatic  feed  advances 

stock  through  spindle  M^here  it  is  automatically  and  positively  gripped  in  chuck. 

On  small  lots  and  hurry  jobs 

Brown  &  Sharpe 

Wire  Feed  Screw  Machines 

maintain  a  rate  of  production  that  w^ill  satisfy  the  demands  of  the  most  exacting  pro- 
duction men. 

In  our  line  of  screw  machines  you'll  find  just  the  one  that  fits  your  particular  needs. 
Let  us  tell  you  about  the  complete  line.     Send  for  catalog  today — NOW. 
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Is  your  tool  room  equipment  as  O 
efficient  as  the  rest  of  your  plant  • 


B&S 

Tools 


B&S 

Cutters 


A  well  arranged,  well  equipped  tool-room  is  more  important  now  than  ever.  With 
every  department  of  your  plant  rushed  to  almost  beyond  capacity  you  can  give  great 
assistance  to  your  workmen  and  inspectors  by  providing  a  liberal  tool-room  equipment 
of  B  &  S  Tools.  With  the  right  tool  to  fulfill  each  shop  requirement  much  faster  pro- 
duction can  be  obtained  by  their  use  and  a  better  product  will  result. 

Forced  production  comes  hard  on  cutters  too.  Cutters  that  will  stand  up  for  long 
periods  between  resharpenings  even  under  adverse  conditions  can  be  the  rule  instead 
of  the  exception  if  you  specify  B&S  Cutters.  In  considering  efficiency  in  your  tool- 
rooms remember  that — 

**  Brown  &  Sharpe"  Equipped 
Is  Well  Equipped 
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PRODUCTIVE   CAPACITY    A   MEASUBE    OF 
VALUE   OF   AN   INDUSTRIAL   PLANT 

BY    H.    L.    OANTT  ' 

If  there  is  any  one  thing  which  has  been  made  clear  by  the 
war,  it  Is  that  the  most  important  asset  which  cither  a  man 
or  a  nation  can  have  is  the  ability  to  do  things.  The  recogni- 
tion of  this  fact  is  having  a  far-reaching  effect,  and  malies 
clear  that  the  real  assets  of  a  nation  are  properly  equipped 
industries  and  men  trained  to  operate  them  efficiently.  The 
money  that  has  been  spent  on  an  industrial  property  and  the 
amount  of  money  needed  to  reproduce  it  are  both  secondary 
in  importance  to  the  ability  of  the  plant  to  accomplish  the 
object  for  which  it  was  constructed. 

To  determine  the  value  of  an  industrial  property,  it  is  neces- 
sary to  Itnow  the  cost  at  which  the  plant  can  produce  its 
product  as  well  as  the  amount  produced.  While  there  are 
many  methods  of  cost  accounting,  they  are  based  mostly  on 
one  of  two  propositions:  (1)  The  cost  of  an  article  must  in- 
clude all  the  expense  incurred  in  producing  it,  whether  such 
expense  actually  contributed  to  the  desired  end  or  not;  (2)  the 
cost  of  an  article  should  include  only  those  expenses  actually 
needed  for  its  production,  and  any  other  expense  incurred  by 
the  producers  must  be  charged  to  some  other  account. 

By  the  first  proposition,  the  expense  of  maintaining  in  idle- 
ness any  part  of  a  plant  is  cliarged  to  the  cost  of  the  product 
made  in  the  part  of  the  plant  that  is  in  operation;  by  the 
second,  the  expense  is  deducted  from  the  profits.  When  plants 
are  operated  at  full  capacity,  both  plans  give  the  same  cost. 
When  they  are  operated  at  less  than  full  capacity,  the  expense 
of  carrying  the  idle  machinery  makes  the  cost  of  the  product 
greater;  while  by  the  second  plan,  the  cost  remains  con- 
stant. It  is  most  interesting  to  note  that  when  costs  are  fig- 
ured by  the  second  plan,  an  immediate  effort  is  made  to  deter- 
mine why  the  machinery  is  idle  and  to  put  it  in  operation. 
It  is  realized  at  once  that  this  machinery  should  be  operated 
even  if  only  a  part  of  the  expense  of  maintaining  it  is  earned. 

In  many  large  plants  charts  that  show  the  idle  time  of  the 
machines  and  the  reasons  for  this  idleness  are  prepared  each 
month;  they  have  already  had  an  educational  influence  on 
the  managers  of  those  plants,  as  they  malte  it  possible  to 
contrast  the  efficiency  of  the  management  with  that  of  the 
workmen.  They  show  that  idle  machinery  which  cannot  be 
used  should  be  disposed  of,  and  the  money  received  and  the 
space  occupied  put  to  some  useful  purpose.  Simple  owner- 
ship of  a  machine  costs  money,  inasmuch  as  it  takes  away 
from  available  assets.  For  instance,  if  a  machine  is  bought 
for  $1000,  the  firm  loses  the  interest  on  that  sum,  say  at  5  per 
cent  per  year,  and  must  pay  taxes  on  the  macliine  at,  say, 
2  per  cent,  and  an  insurance  of  1  per  cent.  Further,  the  ma- 
chine probably  depreciates  at  the  rate  of  20  per  cent  per 
year,  and  $50  or  more  per  year  must  be  paid  as  rent  for  the 
space  it  occupies.  All  these  expenses,  together  amounting  to 
$330,  go  on  whether  the  machine  is  used  or  not.  So  the  simple 
fact  of  having  bought  this  machine  and  kept  it  takes  from 
the  available  assets  approximately  one  dollar  per  day. 

If  the  cause  for  idleness  is  ascertained  each  day,  it  is  possible 
to  find  the  expense  of  each  cause  of  idleness  as  shown  by  the 
chart.  However,  no  conclusions  should  be  based  on  the  fig- 
ures for  one  month,  but  on  the  results  of  a  series  of  months 
during  which  the  problem  has  been  carefully  studied.  That 
idleness  which  is  due  to  lack  of  orders  shows  that  the  selling 
policy  is  wron?  or  that  the  plant  is  larger  than  it  should  be. 
If  it  is  due  to  lack  of  help,  the  labor  policy  needs  investiga- 
tion. If  it  is  due  to  lack  of  material  or  poor  material,  there 
is  inefficiency  in  the  purchasing  policy  and  the  storekeeping 
system.  While  such  a  chart  will  not  give  a  measure  of  the 
efficiency  with  which  these  fujictions  are  performed,  it  does 
give  an  indication  of  that  efficiency.  In  several  cases  where 
such  charts  have  been  gotten  out,  they  have  resulted  in  the 
scrapping  of  machinery  that  had  been  idle  for  years;  the  space 
thus  made  available  was  then  put  to  more  useful  purposes. 
In  one  case,  this  chart  resulted  in  the  renting  of  temporarily 

•Abstract  of  a  paper  presented  at  the  annual  meeting  of  the  American 
ooclety  of  Mechanical  Engineers,   December,  1916. 


idle  machinery  at  a  rate  which  went  far  toward  covering  the 
expense  of  carrying  that  machinery. 

Under  the  first  system  of  cost  accounting,  the  facts  brought 
out  by  this  method  are  not  available,  and  the  Increased  cost 
that  a  reduced  output  must  bear  is  a  great  source  of  confusion 
to  the  salesman.  The  second  system  with  its  constant  costs 
shows  that  non-producing  machinery  is  a  handicap  to  the  in- 
dustry, Just  as  workmen  who  do  not  serve  some  useful  pur- 
pose in  a  plant  or  industry  are  a  handicap  to  the  plant  or 
industry. 

Another  factor  that  enters  into  the  value  of  a  "going  plant" 
is  the  organization.  The  value  of  an  organization  lies  not 
so  much  in  the  personality  of  the  manager  or  leader  (who  may 
die  or  go  elsewhere)  as  in  the  permanent  results  of  his  train- 
ing and  methods,  which  should  go  on  with  the  business,  and 
are  therefore  an  asset  and  not  an  accident.  Andrew  Carnegie 
has  said  that  his  organizations  were  of  more  value  to  him 
than  his  plants. 

*  •     * 

THE  JOHN  ERICSSON  MONUMENT 

Last  fall  Congress  appropriated  $35,000  for  the  erection  of 
a  monument  in  Washington  to  the  memory  of  John  Ericsson, 
as  noted  in  the  October  number  of  Machinery.  A  special 
commission  was  appointed  by  the  government  to  take  care  of 
the  details  in  connection  with  the  erection  of  the  monument. 
This  commission  met  at  Chicago,  March  10,  and  it  was  decided 
that  $25,000  was  needed,  in  addition  to  the  appropriation  made 
by  the  government,  to  erect  a  fitting  memorial.  It  is  proposed 
to  raise  this  amount  by  private  subscription,  and  all  American 
engineers,  organizations  and  societies  are  invited  to  aid  in 
commemorating  John  Ericsson,  who  rendered  signal  service 
to  the  country  at  a  time  when  its  very  existence  hung  in  the 
balance.  It  is  the  first  time  that  the  United  States  government 
has  made  an  appropriation  for  the  erection  of  a  monument 
to  an  engineer,  and  engineers  generally  will  no  doubt  be  proud 
to  aid  in  the  efforts  of  the  John  Ericsson  Monument  Commis- 
sion. Subscriptions  toward  the  monument  will  be  received 
by  Erik  Oberg,  associate  editor  of  Machinery,  148  Lafayette 
St.,  New  York  City,  who  is  a  member  of  the  commission,  and 
will  be  acknowledged  by  publication  as  directed  by  the  com- 
mission. 

*  *     * 

AMERICAN  MUSEUM  OF  SAFETY  AWARDS 

The  jury  of  award  of  the  American  Museum  of  Safety,  New 
York  City,  has  announced  the  award  of  four  of  the  five  gold 
medals  given  annually  for  noteworthy  achievements  in  safety 
work.  The  E.  H.  Harriman  memorial  medal,  which  is  given 
annually  to  the  American  steam  railroad  that  has  been  most 
successful  in  protecting  the  lives  and  health  of  its  employes 
and  of  the  public,  has  not  yet  been  awarded.  The  Anthony  N. 
Brady  memorial  medal  has  been  awarded  to  the  Connecticut 
Co.,  with  headquarters  at  New  Haven,  Conn.  The  Scientific 
American  medal  was  awarded  to  the  Pullman  Co.  for  originat- 
ing the  Dean  end-frame  for  passenger  cars.  The  Louis  Liv- 
ingston Seaman  medal  has  been  given  to  the  Julius  King  Opti- 
cal Co.  of  New  York  City;  and  the  Travelers  Insurapce  Co.'s 
medal  to  the  Commonwealth  Steel  Co.  of  St.  Louis,  Mo.,  for 
its  safety  system  and  protective  devices. 


Recently  an  accident  occurred  to  one  of  the  machines  in 
the  plant  of  Samuel  W.  Moore  &  Sons,  Inc.,  Newark,  N.  J., 
which  brought  out  a  most  interesting  point  concerning  the 
bearings.  The  machine  in  question  is  a  special  paraffining 
machine  used  in  the  manufacture  of  paraffined  paper  containers. 
The  top  shaft  was  accidentally  hit  and  bent  to  an  angle  of 
ten  degrees.  When  the  accident  occurred  it  was  feared  that  a 
new  shaft  would  have  to  be  substituted  immediately,  thus 
causing  a  tie-up  of  the  whole  plant  for  two  days  while  the 
repair  was  made.  But  on  investigation  the  machine  was  found 
to  be  still  in  good  running  order.  The  bent  shaft  was  mounted 
on  S.  K.  F.  self-aligning  ball  bearings  and  they  carried  it 
without  binding,  because  the  self-aligning  feature  compensated 
for  the  bend. 
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CINCINNATI  AUTOMAHC  MILLERS 

With  Intermittent  Feed  and  Autoniatic  Spindle  Stop 

For  Manufacturing 

RIFLE  AND  MACHINE  GUN  COMPONENTS 

and  Similar  Parts  in  Quantities 

They  have  the  inter- 
mittent feeding  fea- 
ture, which  has  proven 
so  successful  on  our 
r8'%bsofute%°'u'nma?red:     V  earHcr  machincs,  with 

?h%^Tutter^Tau\lrmairc^'       M  .X^       tMs    addition  —  after 

ally   brought  to   a   stand-  ^Ki^fl^to^tai.^_^  .^'^      ^--''Sk  xi  j.      •         j.     1  XT 

stiii-the  work  returns       V^^^HKHi^h.^  >>^  ,.<<»      the  cut  IS  taken  the 

under  while  ^^^^^^^^^^^^^^^^B^  ^w^iSrlv  •       i-i  •  j_ 

spindle    is    stationary.  ^^^^^^^^^I^L.     .tfffS^  Spmdle        IS        StOPPeQ 

automatically  so  that 
the  work  returns  be- 
neath it  while  the  cutter  is  stationary — no  danger  of  marring  the  sur- 
face of  the  work  because  of  a  revolving  cutter^ 

Consider,  too,  the  advantage  of  this  from  the  standpoint  of  safety. 
The  operator  removes  the  finished  piece  and  chucks  a  new  one  while 
the  cutter  is  stationary.   He  can't  get  caught  by  a  swiftly  revolving  al- 
though idle  cutter.    After  he  chucks 
the  new  piece,  he  moves  one  lever — 
and  immediately  both  the  spindle  and 
feed  movements  start  again. 

This  is  one  improvement  on  the 
Cincinnati  Automatic.  There  are 
others  equally  vital.  Do  you  wonder 
this  new  machine  has  already  made  a 
place  for  itself  in  the  esteem  of  a 
number  of  big  munitions  shops? 

For  manufacturing  parts  in  quan- 
tities it  offers  exceptional  advantages. 

Bulletin  containing   details  will  be 
sent  you  upon  request. 

THE  CINCINNATI  MILLING  MACHINE  CO. 

CINCINNATI.   OHIO 
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DETROIT  PLANT  OF  PARKER  RUST-PROOF  CO. 

Parker  Rust-Proof  Co.  of  America  is  erecting  a  large  plant 
In  Detroit,  Mich.,  for  the  rust-prooflng  of  steel  and  iron  parts. 
The  company  has  secured  the  patent  rights  to  a  number  of 
rust-prooflng  processes,  including  the  Coslettizing  process,  and 
is  doing  work  for  the  motor  car  companies  in  rust-prooflng 
parts.  The  new  plant  will  cover  four  and  a  half  acres,  and 
plans  have  been  made  for  erecting  branch  plants  in  all  the 
principal  industrial  cities.  The  rust-prooflng  process  employed 
makes  use  of  chemicals  having  an  affinity  for  steel  and  pro- 
duces a  black  oxide  on  the  surface  which  is  virtually  an  In- 
tegral part  of  the  metal.  Hence  it  is  permanent,  as  a  thin 
film  of  the  metal  itself  has  been  changed.  In  this  respect  it 
differs  from  paint  or  enamel,  which  only  serves  to  exclude 
the  atmosphere,  but  does  not  necessarily  prevent  slow  rust 
in  the  metal  beneath. 


NEW  RUSSIAN  MACHINERY  CORPORATION 

A  large  corporation  has  been  organized  in  Petrograd,  Russia, 
by  well-known  financiers  and  engineers  to  build  a  full  line  of 
small  tools,  machine  tools  and  wood-working  machinery  which 
do  not  conflict  with  the  lines  of  American  machinery  now 
handled  by  the  M.  Mett  Engineering  Co.  The  officers  of  the 
corporation  are  A.  B.  Putilov,  president;  M.  A.  Mett,  managing 
director;  and  L.  S.  Neuschul,  financing  director.  The  latter  is 
well  known  among  American  machinery  manufacturers,  hav- 
ing spent  considerable  time  in  the  United  States  in  the  past 
two  years,  during  which  he  purchased  several  million  dollars' 
worth  of  machinery  for  export  to  Russia.  The  company  has 
been  organized  with  a  large  paid-up  capital,  and  has  acquired 
the  plants  of  Fillipov  Bros,  and  Dangayer  &  Kayser,  near 
Moscow,  at  a  cost  of  15,000,000  rubles.  The  temporary  New 
York  office  is  at  the  Hotel  Vanderbilt,  J.  M.  Wimpie  acting  as 
representative. 


HIGH  FREIGHT  RATES 
Ocean  freight  rates  and  their  effect  upon  American  business 
have  been  cited  in  some  striking  instances.  The  freight 
charges  to  the  Straits  Settlements  on  a  hundred  or  so  iron 
beds  invoiced  in  the  United  States  at  $339  were  $686;  though 
this  place  is  half  way  around  the  world,  it  is  not  exactly  off 
the  routes  of  trade.  The  combined  freight  and  insurance 
charges  to  South  Africa  of  a  shipment  of  glassware,  which  had 
a  value  of  $526  P.  O.  B.  New  York,  was  $534.  To  get  $1300 
worth  of  nails  to  South  Africa  cost  $600.  Of  course,  times  are 
abnormal,  and  so  are  ocean  freight  rates. 


PERSONALS 

Albert  A.  Dowd,  consulting  mechanical  engineer,  has  with- 
drawn from  "The  Consultants"  at  101  Park  Ave.,  New  York 
City. 

Carl  A.  Smarling  was  made  superintendent  of  the  Rider- 
Ericsson  Engine  Co.,  at  Walden,  N.  Y.,  following  the  recent 
reorganization. 

George  Smart,  for  the  p^st  twelve  years  editor  of  the  Iron 
Trade  Review,  Cleveland,  Ohio,  has  joined,  the  editorial  staff 
of  the  Iron  Age. 

H.  B.  Ibsen  has  severed  his  connection  with  Wismach  &  Co. 
and  is  now  manufacturing  reference  gages  under  the  name  of 
Ibsen  &  Co.,  P.O.  Box  572,  Milwaukee,  Wis. 

Cass  L.  Kennicott,  a  well-known  water  softener  expert,  has 
associated  himself  with  the  Permutit  Co.,  New  York  City,  and 
has  been  put  in  charge  of  the  company's  Chicago  office,  208  S. 
La  Salle  St. 

M.  C.  M.  Hatch,  superintendent  of  fuel  service  of  the  Dela- 
ware, Lackawanna  &  Western  Railroad,  has  resigned  to  take 
the  position  of  assistant  to  the  president  of  the  Locomotive 
Pulverized  Fuel  Co.,  of  New  York  City. 

W.  E.  Wolfram,  for  the  past  eleven  years  superintendent  of 
the  projectile  department  of  the  Bethlehem  Steel  Co.,  South 
Bethlehem,  Pa.,  has  resigned.  Mr.  Wolfram  intends  to  make 
an  extended  trip  to  the  Pacific  coast. 

E.  P.  Dillon,  formerly  assistant  to  the  manager  of  the  rail- 
way and  lighting  department  of  the  Westinghouse  Electric  & 


Mfg.  Co.,  East  Pittsburg,  Pa.,  has  been  appointed  manager  of 
the  power  division  of  the  New  York  office. 

E.  D,  Kilburn,  manager  of  the  power  department  of  the  New 
York  office  of  the  Westinghouse  Electric  &  Mfg.  Co.,  has  been 
appointed  district  manager  to  succeed  W.  S.  Rugg,  who  has 
been  made  manager  of  the  railway  department. 

Robert  L.  Arms,  for  several  years  connected  with  the  sales 
department  of  Manning,  Maxwell  &  Moore,  Inc.,  has  associated 
himself  with  Sherrltt  &  Stoer  Co.,  Inc.,  603-604  Finance  Bldg., 
Philadelphia,  Pa.,  as  assistant  to  the  general  manager. 

W.  S.  Rugg,  formerly  district  manager  of  the  New  York 
office  of  the  Westinghouse  Electric  &  Mfg.  Co.,  has  been  ap- 
pointed manager  of  the  railway  department,  succeeding  C.  S. 
Cook.    Mr.  Rugg's  headquarters  will  be  at  East  Pittsburg,  Pa. 

Thomas  P.  Bradshaw,  mechanical  engineer,  has  resigned 
from  the  staff  of  the  American  Museum  of  Safety,  New  York 
City,  to  enter  the  position  of  mechanical  safety  engineer  with 
the  American  Smelting  &  Reflning  Co.,  120  Broadway,  New 
York  City. 

L.  K.  Berry,  district  manager  of  New  York  for  the  Warner 
&  Swasey  Co.,  Cleveland,  Ohio,  has  been  appointed  assistant 
sales  manager  with  headquarters  in  Cleveland.  Eugene  R. 
Gardner  becomes  district  manager  for  New  York,  assisted  by 
R.  L.  Glaser. 

Leon  P.  Alford,  editor-in-chief  of  the  American  Machinist 
for  nearly  six  years  has  resigned  and  has  taken  the  position 
of  chlef-of-staff  of  Industrial  Management,  formerly  the  En- 
gineering Magazine.  John  A.  Van  Deventer,  managing  editor 
of  the  American  Machinist,  has  been  made  editor-in-chief. 

William  H.  Reece,  of  Florence,  Mass.,  for  twenty  years 
superintendent  of  the  Northampton  Emery  Wheel  Co.,  and  also 
of  the  Reece  &  Hamman  Co.,  has  taken  a  position  in  charge 
of  the  grinding  and  polishing  machine  department  of  the 
Noble  &  Westbrook  Mfg.  Co.,  Hartford,  Conn.  The  company 
is  building  a  full  line  of  grinding  and  polishing  machinery. 

Harrison  W.  Craver,  chief  librarian  of  the  Carnegie  Library 
in  Pittsburg,  Pa.,  since  1908,  has  resigned  to  take  the  position 
of  director  of  the  library  of  the  United  Engineering  Societies, 
29  W.  39th  St.,  New  York  City.  Mr.  Graver's  new  position  will 
put  him  in  charge  of  what  is  believed  to  be  the  largest  engi- 
neering library  in  the  world,  with  approximately  150,000  vol- 
umes on  its  shelves. 

Alfred  H.  Bartsch,  for  seven  years  advertising  manager  of 
the  Bosch  Magneto  Co.,  has  resigned  to  become  a  member  of 
the  firm  of  McLain-Hadden-Simpers  Co.,  advertising  and  mer- 
chandising council,  of  Philadelphia  and  New  York  City.  Rob- 
ert S.  Westcott,  who  has  been  assistant  advertising  manager 
of  the  Bosch  Magneto  Co.  for  the  past  seven  years,  has  assumed 
the  duties  of  advertising  manager  in  the  company's  advertis- 
ing offices  at  1764  Broadway,  New  York  City. 

G.  K.  Atkinson  has  joined  the  organization  of  the  Wood 
Turret  Machine  Co.,  Brazil,  Ind.,  as  chief  engineer.  During 
the  past  two  years,  Mr.  Atkinson  was  associated  in  an  execu- 
tive capacity  with  the  Cincinnati  Planer  Co.,  and  prior  to  that 
connection  was  with  the  Stelnle  Turret  Machine  Co.  He 
organized  and  was  president  of  the  Modern  Machine  Tool  Co., 
of  Cincinnati,  manufacturer  of  turret  machines,  since  ac- 
quired by  Greenlee  Bros.  &  Co.,  of  Rockford,  111. 

Edward  P.  Hughes,  for  ten  years  district  sales  manager  of 
the  Cataract  Refining  &  Mfg.  Co.,  Buffalo,  N.  Y.,  manufacturer 
of  lubricating  oils  and  cutting  compounds,  has  resigned  the 
position  to  become  sales  manager  for  the  Detroit  Soluble  Oil 
Co.,  Detroit,  Mich.  Mr.  Hughes  has  had  years  of  valuable 
experience  in  handling  lubricating  and  cutting  oils,  having 
been  three  years  with  the  Standard  Oil  Co.,  prior  to  his  long 
connection  with  the  Cataract  Refining  &  Mfg.  Co. 

George  Schow,  consulting  director  of  the  Northern  En- 
gineering &  Trading  Co.,  Christiania,  Norway,  is  on  a  busi- 
ness trip  in  the  United  States  seeking  representation  tor  a  few 
more  lines,  including  electrical  machinery,  sewing  machine 
motors  and  other  household  electrical  goods.  Norway  and 
Sweden  offer  a  great  market  for  electrical  household  devices 
because  of  the  low  cost  of  electric  power;  Russia  also  offers  a 
market  for  these  devices.  Mr.  Schow's  address  while  here  is 
2955  Logan  Blvd.,  Chicago,  111. 


!  OBITUARIES 

S.  E.  Weir,  superintendent  of  the  American  Blower  Co.,  De- 
troit, Mich.,  died  February  13. 

Albert  Clark  Stebbins,  a  vice-president  of  the  Niles-Bement- 
Pond  Co.,  Ill  Broadway,  New  York  City,  died  February  28  at  his 
home  in  Plainfield,  N.  J.,  aged  seventy-three  years.  He  was  born 
in  the  town  of  Monson,  Mass.  In  1865  he  became  an  appren- 
tice in  the  machine  shop  of  Lucius  W.  Pond,  Worcester,  Mass. 
He  continued  as  a  machinist  in  this  shop  until  about  1870, 
when  he  was  appointed  New  York  representative  of  L.  W. 
Pond,  with  an  office  on  Liberty  St.  About  1875,  when  the 
Pond  business  passed  into  the  hands  of  David  W.  Pond,  son 
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Mechanical   Principles   Cannot   Be   Changed 

But  their  APPLICATION  may  be.    When  ONE  Mechanical 
Motion  can  be  made  to  DO  THE  WORK  OF  TWO 

or  MORE,  EVERYBODY  IS  BETTER  OFF 


And  this  is  one  of  the  Open  Secrets  of  the 

SIMPLICITY  EFFICIENCY 

ACCURACY  STRENGTH 

and  LONGEVITY 

OF  THE 

"PRECISION" 


Boring 
Drilling  and 


Milling  Machine 

It  is  Always  "ON  THE  JOB" 


Lucas  MachineToolCo., 


NOW  AND 
.ALWAYS  OF, 


Cleveland,  0.,U.SA 
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of  Lucius  W.,  Mr.  Stebblns  returned  to  the  Worcester  shop  In 
the  capacity  of  superintendent.  In  1887  the  shop  at  Worces- 
ter was  taken  over  by  the  Pond  Machine  Tool  Co.,  of  Plain- 
field,  N.  J.,  and  the  shop  equipment  was  moved  to  new  build- 
ings In  Plalnfleld.  Mr.  Stebbins  went  to  the  Plainneld  works 
as  vice-president  and  general  manager,  and  directed  the  con- 
struction and  equipment  of  the  new  shops.  He  continued  In 
this  capacity  until  the  organization  of  the  Nlles-Bement-Pond 
Co.,  when  he  was  elected  vice-president  of  this  company  and 
local  manager  of  the  Pond  works.  Mr.  Stebblns  left  no  chil- 
dren; his  wife  died  in  1902.  He  served  a  term  as  member  of. 
the  city  council  of  Plalnfleld  and  at  the  time  of  his  death  was 
Tlce-president  of  the  Dime  Savings  Bank  of  that  city. 

FREDERICK  B.  REED 

Frederick  E.  Reed,  whose  death  on  February  18  was  briefly 
noted  in  the  March  number,  was  born  in  Croydon,  N.  H.  Mr. 
Reed's  parents  moved  to  Worcester  when  he  was  young,  and 
he  was  first  employed  in  1870  as  a  bookkeeper  for  the  Wood 
&  Light  Machine  Co.  of  Worcester,  where  his  father,  John 
Reed,  also  was  employed.  Later  he  became  chief  draftsman  for 
the  company,  and  in  1875  he  bought  the  interest  of  Vernon 
Prentice  in  the  firm  of  A.  F.  Prentice  &  Co.  of  Worcester. 
Mr.  Reed  early  realized  the  need  of  a  better  education,  and 
after  having  spent  two  years  in  the  shop,  he  took  a  course  in 
Worcester  Academy  and  at  Howe's  Business  College,  and 
studied  drawing  at  the  evening  school  provided  by  the  Worces- 
ter County  Mechanics  Association.  He  became  sole  pro- 
prietor of  A.  F.  Prentice  &  Co.,  after  two  years'  connection, 
and  the  name  was  changed  to  F.  E.  Reed  in  1877.  This  firm 
name  was  retained  until  1890,  when  John  R.  Back,  who  had 
been  the  ^op  superintendent  for  years,  became  financially  inter- 
ested and  the  name  was  changed  to  F.  E.  Reed  &  Co.,  and  to 
F.  E.  Reed  Co.  in  1894.  Mr.  Reed  organized  the  Reed-Curtis 
Machine  Screw  Co.  and  the  Reed  Foundry  Co.,  and  was  inter- 
ested in  the  Mathews  Mfg.  Co.  and  the  Worcester  Lawn  Mower 
Co.  He  was  second  president  of  the  Worcester  Branch  of  the 
National  Metal  Trades  Association,  and  had  been  a  director 
of  the  First  National  Bank  of  Worcester.  He  was  a  vice- 
president  of  the  National  Machine  Tool  Builders'  Association 
and  later  treasurer.  He  retired  in  1912  when  he  sold  his 
business  to  the  Reed-Prentice  Co.  for  $1,250,000  in  cash. 

Mr.  Reed's  success  in  the  machine  tool  field  may  be  attributed 
to  his  thorough  and  far-seeing  business  ability,  and  to  his 
even  and  courteous  treatment  of  everyone  with  whom  he 
came  in  contact.  His  thoroughness  showed  itself  in  his  ma- 
chines, in  the  refinement  of  little  features  that  are  often  neg- 
lected or  overlooked.  When  he  laid  the  foundations  for  his 
first  shop,  the  same  thoroughness  showed  itself  in  the  plan- 
ning. In  his  early  days  as  a  machine  shop  owner,  Mr.  Reed 
had  hard  work  to  make  both  ends  meet.  In  panic  times  in 
the  late  seventies,  he  had  but  six  or  eight  men  at  work,  and 
sometimes  only  one  (J.  E.  Snyder)  besides  himself.  Times 
were  so  hard  that  many  weeks  the  single  men  had  to  wait 
for  their  wages,  but  they  always  got  them,  and  it  was  a  well- 
known  fact  that  his  word  was  as  good  as  his  bond.     In  his 


Frederick  E,  Beed 

accounting,  Mr.  Reed  was  also  thorough.  When  he  started, 
he  was  his  own  bookkeeper,  and  it  is  said  that  the  books  of 
the  concern  were  a  remarkably  fine  example  of  accounting. 
For  this  reason  he  knew  just  where  he  was,  at  all  times, 
on  costs  of  manufacture  and  selling  and  was  able  to  operate 
on  a  very  close  margin  when  necessary.  The  overhead  ex- 
penses were  extremely  low  and  the  organization  had  no  non- 
producers.  At  the  outset,  Mr.  Reed  did  his  own  designing. 
He  was  an  excellent  draftsman,  and  the  same  attention  to 
details  made  his  work  in  designing  as  good  as  his  shop  man- 
agement. He  was  a  firm  believer  in  the  policy  of  keeping  up 
production  of  machine  tools  in  dull  times,  and  often  accumu- 
lated large  stocks  by  building  persistently  when  there  was 
little  or  no  market.  His  foresight  was  always  rewarded  when 
the  demand  again  developed,  being  then  in  a  position  to  supply 
his  customers  when  other  makers  were  struggling  to  repair 
their  shattered  shop  organizations  and  to  mend  the  gaps  made 
in  their  selling  force. 


I  COMING  EVENTS 

April  23-26. — Annual  convention  of  the  National 
Metal  Trades  Association  in  New  York  City;  Hotel 
Aster,  headquarters.  Homer  D.  Sayre,  secretary, 
Peoples  Gas  Bldg.,  Chicago,   111. 

April  26. — Monthly  meeting  of  the  Kocbester 
Society  of  Technical  Draftsmen,  in  Rooms  131-137, 
Sibley  Block,  328  Main  St.,  E.,  Rochester,  N.  Y. 
O.  L.  Aneevine,  Jr.,  secretary,  857  Genesee  St., 
Rochester. 

May  21-22. — Spring  conTention  of  the  National  Ma- 
chine Tool  Builders'  Association  in  Cincinnati,  Ohio. 
Charles  B.  Hlldreth,  general  manager,  Worcester. 
Mass. 

May  21-84.— Spring  meeting  of  th*  American  So- 
ciety of  Mechanical  Engineers  in  Cincinnati,  Ohio. 
Calvin  W.  Rice,  secretary,  29  W.  39th  St.,  New- 
York   City. 

June  13-16. — Annual  convention  American  Railway 
Masttr  Mtcbanlcs'  Association  at  Atlantic  City.  N.  J. 
J.  W.  Taylor,  Karpen  Bldg.,  Chicago,  111.,  secretary. 

June  13-20.— Annual  meeting  of  the  Railway  Sup- 
ply Mannfactnrera'  Association  at  Atlantic  City, 
N.  J.,  in  connection  with  A.  R.  M.  M.  and  M.  C.  B. 
Associations'  conventions.  J.  D.  Conway,  secretary 
and    treasurer,    2186   Oliver    Bldg.,    Pittsburg,    Pa. 

June  18-20. — Master  Car  Builders'  Association's 
convention  at  Atlantic  City,  N.  J.  J.  W.  Taylor, 
Karpen   Bldg.,   Chicago.    111.,    secretary. 

June  23-30,— Industrial  exposition  and  export  con- 
ference at  Springfield,  Mass.  John  C.  Simpson,  gen- 
eral manager. 

August  SO-September  1. — Ninth  annual  convention 
of  the  American  Railway  Tool  Foreman's  Associa- 
tion, Chicago,  111.;  Sherman  Hotel,  headquarters. 
C.  N.  Thulln,  secretary-treasurer,  935  Peoples  Ga» 
Bldg.,   Chicago,   111. 

September  10-15. — Annual  convention  of  the  Na- 
tional Safety  Council.  New  York  City;  Hotel  Astor, 
headquarters.  Marcus  A.  Dow,  president.  Grand 
Central  Station,    New   York   City. 

Beytember  10-16. — Exposition  of  aafety  appliances 


at  the  Grand  Central  Palace,  New  York  City,  under 
the  auspices  of  the  American  Musuem  of  Safety,  18 
W.    24th   St.,    New    York    City.      Arthur   H.    Young, 

director. 


Delaware  College,  Newark,  Del.  Catalogue  1916- 
1917,   with  announcements  for  1917-1918. 

Grove  City  CoUege,  Grove  City,  Pa.  Catalogue 
for  1916-1917  with  calendar  and  courses  of  study 
tor   1916-1917. 

LoweU  Textile  School,  Lowell,  Mass.  Quarterly 
bulletin  containing  annual  report  of  the  trustees  for 
the  year  ended  June  30,  1916. 

Polytechnic  Institute  of  Brooklyn,  Livingston  and 
Court  Sts.,  Brooklyn,  N.  Y.  Catalogue  1917-1918. 
with  calendar  and  outline  of  courses. 

School  of  Mines  and  Metallurgy,  tlnlverslty  of  Mis- 
souri, RoUa,  Mo.  Bulletin  for  January,  1917,  con- 
taining an  article  on  "Road  Problems  in  the  Ozarks," 
by  Elmo  G.  Harris,  with  a  list  of  publications  on 
rural  roads  compiled  by  Harold  L.   Wheeler. 

New  England  Association  of  Commercial  Engi- 
neers. 53  Devonshire  St.,  Boston,  Mass.  Business 
directory  of  members  for  1917.  Those  who  manu- 
facture, sell,  or  are  in  any  way  connected  with 
concerns  that  manufacture  or  sell  machinery  oi- 
supplies  used  by  lighting,  railway  or  ijower  plants, 
are    eligible    for    membership. 

Barber-Colman  Association,  Rockford,  111.,  has 
Just  published  a  typographical  work  of  art  called 
"Knots,"  9  by  12  inches,  containing  168  pages  of 
text  and  illustrations.  "Knots"  is  to  be  a  yearly 
publication  that  will  be  issued  in  the  interest  of  co- 
operation and  good  will  between  the  Barber-Colman 
Co.  and  its  employes.  The  title  was  selected  be- 
cause of  its  emblematic  qualities  and  because  the 
tying  of  knots  in  yarn  mechanically  had  an  im- 
portant Influence  in  the  development  of  the  Barber- 
Colman  Co.  The  business  was  founded  principally 
on   the   hand   knotter   and   warp-tying   machine   used 


in  textile  mills  for  tying  broken  warp.  From  this 
smaU  beginning  was  developed  the  Barber-Colman 
power  warp-tying  machine  for  mechanically  tying 
the  threads  or  ends  of  new  warp  to  the  correspond- 
ing end  of  an  old  warp,  thereby  saving  much  time- 
and  labor  compared  with  hand  tying.  The  manu- 
facture of  miUing  cutters  was  taken  up  in  1908, 
and  gear-bobbing  machines  in  1910.  The  book  i» 
profusely  Illustrated  with  halftones  showing  the 
plant,  departments,  personnel  of  the  working  forces, 
and  the  branch  ofBces  in  various  cities.  Much  space 
is  given  to  sports  and  athletic  events  which  have 
been  popular  features  of  the  annual  outings  of  the 
employes'  association. 

NEW  BOOKS  AND  PAMPHLETS 


Combustion  in  the  Fuel  Bed  of  Hand-fired  Furnaces. 
By    Henry    Krelsinger,    F.    K.    Ovitz   and   0.    E. 
Augustine.     76  pages,  6  by  9  Inches;  illustrated. 
Published    by    the    Department   of    the    Interior, 
Bureau  of  Mines,  as  Technical  Paper  137. 
Traveling     Engineers'     Association — Proceedings     of 
the     Twenty-fourth     Annual     Convention.       414 
pages.    5V4    by    8i^    Inches;    illustrated.      Pub- 
lished   by    the    Association,    W.    O.    Thompson, 
secretary,  N.  Y.  C.  R.  R.,  Cleveland,  Ohio. 
The  Cooperative  System  of  Education.     By  Clyde  W. 
Park.      48    pages,    6    by    9    inches;    illustrated. 
Published    by    the    Department    of    the    Interior, 
Bureau    of    Education,    Washington,    D.    0.,    a» 
Bulletin    No.    37. 
This     pamphlet     gives     an     account     of     the     co- 
operative educational  system   developed   in   the   Col- 
lege of   Engineering,   University   of  Cincinnati,    Cin- 
cinnati,  Ohio. 

Resistance  of  an  Oil  to  Emulsification.     By  Winslow 

H.    Herschel.      37    pages,    6    by    9    inches;    eight 

illustrations.      Published    by    the    Department   of 

Commerce,    Washington.    D.    C,    as    Technologic 

Paper  of  the  Bureau  <^f  Standards  No.   86. 

When   oil   is   used  over   and  over,    as  is  the  usual 

practice  in  power  plants.   It  may  emulsify  In  a  few 

days  if  not  of  good  quality  and  have  to  be  thrown 

away,   because  it  will   not   pass  through   the   filters. 
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WHEN  YOU  WANT 

SUPPLIES 

FOR  YOUR  TOOL  ROOM 

First,  you  need  our  large  catalogue  showing  a  full  line  of  Bolts, 
Screws,  Nuts,  Washers,  Rivets,  Burrs  and  a  full  assortment  of 
tools,  including  Drills,  Files,  Reamers,  Taps,  Dies,  Wrenches,  Ham- 
mers, Pliers,  etc.,  etc. 

During  the  past  three  years  "rush,"  many  very  large  concerns 
have  found  our  stock  a  most  handy  source  for  large  and  varied  as- 
sortments of  staple  supplies.  Send  in  a  list  of  what  you  need  and 
let  us  quote. 

ASK  FOR  GENERAL  CATALOG  No.  77 


I     HAMMACHER,  SCHLEMMER  &  CO.  | 

=  Hardware,   Tools  and  Supplies  = 

^         New  York  Since  1848  Fourth  Avenue  and  Thirteenth  Street  = 

illllllillillllllilllllllliilllllllllllllllllllllilllllllllllllllllillllllllllllllllllllll^ 
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A  liilK)rutory  test  hna  been  devlHcd  by  lupHns  of 
which  It  can  be  predicted,  whether  or  cot  the  oil 
will  give  ■atlxfactory  Kcrvlce.  The  test  cooBlBtit  of 
vIoleDtly  atlrrlng  a  bhiiiII  Rumple  of  the  oil  with 
water  under  Btaiidnrd  condltloiiH.  By  the  use  of 
the  teat  described  any  power  plant  engineer  can 
keep  track  of  the  deterioration  of  the  oil,  and  thus 
learn  when  It  la  time  to  clean  out  the  lubricating 
Kyateni, 

Lettering    for    Draftamen,    Engineera    and    Studenta. 
By    Charlea    W.    Uelnhardt.      54    pages,    7%    by 
10%    inches:    75   illustrations   and   plates.     Pub- 
lished by   the  D,   Van  Nostrand  Co.,   New  York 
City.     Price,  $1  net. 
This    practical    system    of    freehand    lettering    for 
working    drawings    has    had    an    unusual    sale,    and 
now  appears   In    the    fourteenth   edition,    revised   and 
enlarged.      The    new    odltion    contains    the    analyzed 
Greek   alphabet,    showing   various   methods  of  laying 
out    and    constructing     titles,     as    well    as    practice 
sheets.     The  book  is  one  that  we  heartily  commend 
to  all  draftsmen  needing  knowledge  of  better  styles 
In    lettering,    and    that    means    many.      It    treats    of 
inclined  lettering,  upright  lettering,    freehand  letter- 
ing  applied    to   working    drawings,    various    frcehaml 
alphabets,  including  the  Greek  alphabet,  lettering  of 
titles,    lettering   for  photo-reproduction,   etc. 
Export  Trade  Directory.     536  pages,   6  by  9  inches 
nearly.     Published  by  the  "American  Exporter." 
17    Battery    Place,    New    York    City.      Price,    »5. 
The    new    edition    of    the    Export    Trade    Directory 
just   published,    comprises   536   pages,    as   contrasted 
with    only    369    pages    in    the    fourth    edition.      The 
directory    has    kept    pace    with    the    Increase    of    the 
foreign   business  of   the   United    States   and   now   in- 
cludes over  2000  Arms,  of  which  1295  are  New  York 
export    houses.       The    directory    also    includes    lists 
of   value   to  every   exporter,    such   as,    for   example, 
the    large    banking    houses    making    a    specialty    of 
dealing  in  foreign  exchanges,  buying  manufacturers' 
drafts,    etc.      The   new   work    contains   an   extension 
of  the  lists  of  foreign  trade  forwarding  agents,   in- 
cluding   concerns   of    this    character    in   other    cities 
than    New    York.      Specifications   of   shipping   routes 
to    foreign    markets,    locations   of    American   consuls 
abroad  and  foreign  consuls  in  the  United  States  are 
also  features  of  value  to  those  interested  In  devel- 
oping  their   foreign  trade. 


NEW  CATALOGUES  AND 
CIRCULARS 


Sprague  Electric  Works  of  General  Electric  Co., 
627-531  W.  34th  St.,  New  York  City.  Bulletin  41514 
of  single-phase  variable-speed  motors. 

Sprague  Electric  Works  of  General  Electric  Co., 
527-531  W.  34th  St.,  New  York  City.  Pamphlet  of 
Sprague  direct-  and  alternating-current  electric  fans. 

Buda  Co.,  Chicago,  111.  Catalogue  containing  di- 
mensions and  specifications  of  the  four  types  of 
electric  industrial  trucks  manufactured  by  this 
company. 

Medina  Machine  Co.,  Medina,  Ohio.  Circular  of 
the  Medina  vertical  drUllng  and  boring  machine, 
with  constant-speed  drive,  four  power  feeds,  and  a 
speed-box    containing    hardened    change-gears. 

American  Laundry  Machinery  Co.,  Norwood  Sta- 
tion, Cincinnati,  Ohio.  Circular  illustrating  equip- 
ment -for  washing  or  reclaiming  wiping  rags.  " 
is  claimed  that  an  appreciable  saving  is  effected  by 
the  use  of  this  equipment. 

Fiske  Bros,  Befining  Co.,  24  State  St.,  New  York 
City  Pamphlet  treating  of  "CUmax"  mineral  lard 
oil  which  is  applicable  for  use  on  all  classes  of  cut- 
ting operations.  It  can  be  used  straight  or  as  a 
base  for  many  cutting  oils. 

Hess  4  Son,  1031-1033  Chestnut  St.,  Philadelphia, 
Pa  Circular  on  "Epicassit,"  a  metallic  protective 
coating  for  metal  articles  or  structures  of  all  kinds 
being  a  metal  powder  which  is  mixed  with  a  liquid 
and  applied  with  a  brush,  and  then  melted  by.  any 
convenient   source  of  heat. 

Universal  Equalizer  Co.,  Bell  Block,  Cincinnati. 
Ohio.  Circular  of  the  "Universal"  equalizing  vise 
Jaw  attachment  for  gripping  irregular  shapes.  The 
attachment  may  be  applied  to  any  machinist's  vise, 
and  with  it  in  place  irregular,  tapered,  round  and 
other   shapes    can    be   held    firmly. 

Southwark  Foundry  &  Machine  Co.,  Philadelphia, 
Pa.  Catalogue  of  leather  packings,  valves,  shock 
absorbers,  forging  presses,  punching  and  shearing 
presses,  flanging  presses,  extrusion  presses,  hy- 
draulic accumulators,  hydraulic  riveters,  hydro- 
static wheel  presses,  and  other  hydraulic  machinery 
and    fittings. 

Hy-grade  Machine  Co.,  5606  Curtis  Ave.,  Cleve- 
land, Ohio.  Circular  of  the  "Hy-grade"  cylinder 
grinder  for  grinding  the  bore  of  engine  cylinders. 
It  has  a  working  space  under  the  machine  of  18  by 
22  inches,  and  a  grinding  spindle  16  inches  long, 
which  gives  ample  capacity  for  handling  the  general 
run  of  work. 

Charles  H.  Walker,  1565  W.  Grand  Boulevard, 
Detroit,  Mich.  Circular  descriptive  of  the  "Cross" 
gear-tooth  rounding  machine,  especially  designed 
for  rounding  the  ends  of  sliding  meshing  gears, 
such  as  automobile  transmission  gears,  automobile 
flywheels,  and  gears  of  this  kind  used  in  machine 
tools  and  other   machinery. 

Independent  Pneumatio  Tool  Co.,  Chicago,  111. 
Catalogue  10,  illustrating  and  describing  pneumatic 
tools  and  electric  drills.  Dimensions  of  the  various 
tools  are  given,  as  well  as  information  on  the  care 
and  operation.  This  catalogue  shows  a  new  line 
of  piston  air  drills  equipped  with  pressed  vanadium 
steel  connecting-rods  and  pistons. 

Heaa-Bright  Mfg.  Co.,  Front  St.  and  Erie  Ave., 
Philadelphia,  Pa.  Catalogue  entitled  "Ball  Bear- 
ings in  Machine  Tools,"  Illustrating  various  types  of 


niiii'hine  tools  equipped  with  IIcHs-Brlght  annular 
ball  bearings.  The  catalogue  treats  of  the  uses  of 
Ilesa-Itrlght  ball  bearings,  special  features,  and  re- 
sults obtained  by  their  application. 

Boston  Gear  Works,  Norfolk  Downs,  Mass.  Cata- 
logue F-7  of  gears,  racks,  sprockets,  chains,  bear- 
ings, universal  Joints,  worms,  worm-wheels,  ratchets, 
etc.  The  Boston  Gear  Works  was  established  in 
Hoston  in  1891  and  removed  to  Norfolk  Downs  in 
1906.  The  main  building  contains  29.000  square  feet 
(►f  floor  space,  and  the  total  floor  space  available  is 
about  87.000  square  feet.  The  plant  Is  fully  equipped 
for  handling  all  kinds  of  gear  work. 

Prentiss  Vise  Co.,  110  Lafayette  St,,  New  York 
City.  Catalogue  of  Prentiss  vises,  which  Is  the 
ttftleth  illustrated  price  list  of  vises  Issued  by  th<' 
company.  The  catalogue  contains  information  on 
the  use  and  abuse  of  a  vise  and  describes  the  mech- 
anism of  the  Prentiss  self-adjusting  Jaw  vise.  The 
various  parts  of  the  vises  are  illustrated  and  the 
names  used  to  designate  them  are  given,  (or  con- 
venience  in  ordering  repair  parts. 

Hetherington  McCabe  Co,,  Plqua,  Ohio.  Circular 
descriptive  of  the  "Brandenburg"  self-lubricating 
emery  wheel  dresser.  This  tool  has  a  steel  spindle 
and  a  cast-iron  bearing  lubricated  with  flake 
graphite,  which  fills  the  pores  and  makes  the  bear- 
ing practically  frictionless.  This  frictionless  bear- 
ing permits  the  immediate  spinning  of  the  cutters 
when  placed  against  the  emery  wheel,  so  that  they 
dress  and  true  the  wheel  instantly  without  the 
points  of  the  cutter  wheels  being  ground  off. 

W,  S,  Barstow  &  Co,,  Inc,  60  Pine  St.,  New 
York  City.  Catalogue  entitled  "The  Puzzle  of  Pros- 
perity and  Its  Solution,"  treating  of  the  question 
of  increasing  production  to  keep  pace  with  the 
growing  demand  for  manufactured  products,  by  (1) 
building  new  plants;  (2)  enlarging  existing  ones; 
and  (3)  scientifically  rearranging  machinery,  equip- 
ment and  processes  so  that  production  may  be  in- 
creased without  materially  adding  to  the  invest- 
ment. The  book  contains  views  of  bridges,  trestles, 
industrial    plants,    etc.,    built    by    this   company. 

Ingersoll-Band  Co.,  11  Broadway,  New  York  City. 
Form  3037,  covering  the  straight-line  type  of  dry 
vacuum  pump.  Form  8038,  treating  of  the  duplex 
type  of  dry  vacuum  pump.  Both  types  of  machines 
are  equipped  with  Ingersoll-Rogler  valves,  are 
capable  of  maintaining  a  high  vacuum,  and  will 
handle  discharge  pressures  of  several  pounds.  The 
maximum  degree  of  vacuum  possible  varies  in  the 
different  machines  to  within  0.6  inch  of  the  barom- 
eter. These  vacuum  pumps  are  made  in  steam-  and 
power-driven  types,  in  a  large  range  of  sizes  and 
capacities. 

American  Pulley  Co.,  4208-60  Wissahickon  Ave., 
Philadelphia,  Pa.  Pamphlet  entitled  "Building  No. 
25,"  containing  illustrations  of  a  building  recently 
erected  by  the  company  for  the  purpose  of  safe- 
guarding the  health  of  its  employes  and  for  their 
comfort  and  convenience.  On  the  first  floor  is  the 
health  officer's  room,  where  his  records  are  kept 
and  reports  prepared.  The  first-aid  room  is  also 
located  on  this  floor.  On  the  second  floor  are  steel 
lockers,  wash  basins,  and  shower  baths.  There  is 
alsp  a  roof  garden,  part  of  which  is  enclosed  for  use 
in  bad  weather, 

Parker  Bust-proof  Co.  of  America,  Detroit,  Mich. 
Catalogue  descriptive  of  the  Parker  process  of  rust- 
prooflng  iron  and  steel.  This  process  will  not  in- 
crease or  decrease  the  size  or  contour  of  an  article. 
For  example,  in  rust-proofing  screws,  the  pitch  Is 
in  no  way  affected.  Machined  parts,  links  and  me- 
chanical appliances  completely  assembled  can  be 
treated  without  affecting  their  operation.  The  book 
illustrates  a  large  number  of  articles  that  can  be 
successfully  treated  by  this  process,  among  which 
are  flexible  conduit,  fans,  pinions,  shock  absorbers, 
cylinders  and  miscellaneous  motor  parts,  axles, 
wheels,  twist  drills,  taps  and  reamers,  chains,  fur- 
nace registers,  balconies,  stair  rails  and  metallic 
window  sash,  cabinet  and  builders'  hardware,  metal- 
lic office  furniture  and  equipment,  screw  machine 
products,  wire  mesh  screens,  steam  fittings,  cash 
registers,  typewriters,  etc.  The  Parker  process 
forms  an  excellent  base  for  parts  that  are  subse- 
quently to  be  Japanned,  enameled  or  painted. 
Bright  nickeled  parts  can  also  be  subjected  to  the 
Iirocess,  and  parts  formerly  made  of  brass  can  be 
made  of  cast  iron,  by  rust-proofing  and  brass-plating. 

TRA]i)E  NOTES 

standard  Mfg.  Co.,  Bridgeport,  Conn.,  has  changed 
its  name  to  Bilton  Machine  Tool  Co. 

Worcester  Lathe  Co.,  Worcester,  Mass.,  has  moved 
from  134   Gold  St.   to  68  Prescott  St. 

Oliver  Instrument  Co.,  1168  Cass  Ave.,  Detroit, 
Mich.,    has   moved   its   factory   to  Adrian,    Mich. 

D.  &  W.  Machine  Co.,  Inc.,  New  York  City,  has 
moved  its  offices  from  149  Broadway  to  1472  Broad- 
way. 

Master  Machine  Works,  110-112  W.  40th  St.,  New- 
York  City,  has  changed  its  name  to  Master  Ma- 
chine Tool  Co. 

Steinle  Turret  Machine  Co.,  Madison,  Wis.,  manu- 
facturer of  Steinle  turret  lathes,  has  completed  a 
tine  oflice  building  and  some  additions  to  the  plant 
to  increase   the   manufacturing    facilities. 

Se  Laval  Steam  Turbine  Co.,  Trenton.  N.  J., 
manufacturer  of  steam  turbines  and  helical  reduc- 
tion gears,  has  opened  a  district  sales  office  in  the 
Smith  Bidg.,  Seattle,  Wash.,  in  charge  of  William 
Pullcn. 

Edward  R,  Ladew  Co.,  Inc.,  manufacturer  of 
leather  belting,  has  removed  its  New  York  offices 
to  more  commodious  quarters  at  54-56  Franklin  St., 
where  it  in  equipped  to  meet  requirements  with 
prompt  deliveriec 


Jackaon  Machine  Tool  Co.,  Jackson,  Mich.,  manu- 
facturer of  dle-slnklng  machines,  is  erecting  a  new 
building  280  by  182  feet  to  provide  better  facilities 
for  taking  care  of  the  rapidly  growing  demand  for 
Its    dle-slnklng    machines. 

Mott  Sand  Blast  Mfg,  Co,,  898  E.  134th  St.,  New 
York  City,  will  occupy  Its  new  plant  In  Brooklyn 
early  in  April.  The  plant  has  been  fitted  up  with 
facilities  for  manufacturing  sandblast  and  allied 
equipment.    In    which    the   company   specializes. 

J,  B,  Stone  Tool  &  Supply  Co.,  24  Goebel  Bldg., 
Detroit,  Mich.,  has  been  given  the  agency  for  the 
Hale  of  machine  tools  built  by  the  Greaves-KluKman 
Tool  Co.,  Cincinnati,  Ohio,  and  will  act  as  exclusiv* 
representative  in  eastern  Michigan,  Detroit  terri- 
tory. 

Wood  Turret  Machine  Co,,  Brazil,  Ind.,  manu- 
facturer of  the  "Tilted  Turret"  screw  machine 
and  the  automatic  chucking  turret  lathe,  has  com- 
pleted a  new  office  building  and  an  addition  to  its 
factory  that  will  increase  the  manufacturing  facil- 
ities about  50  per  cent. 

Standard  Farts  Co.,  Cleveland,  Ohio,  a  consolida- 
tion of  the  Standard  Welding  Co.  and  the  Perfec- 
tion Spring  Co.,  has  purchased  control  of  the  Bock 
Bearing  Co.,  Toledo,  Ohio.  William  E.  Bock,  presi- 
dent of  the  Bock  Bearing  Co.,  has  been  made  a 
director  of   the   Standard   Parts  Co. 

Lansing  Stamping  Ic  Tool  Co.,  Lansing,  Mich., 
manufacturer  of  internal  grinding  machines  and 
stampings  of  all  kinds,  has  made  plans  for  the 
erection  of  a  large  factory  in  the  near  future  to 
provide  better  means  for  taking  care  of  the  phe- 
nomenal demand  for  its  internal  grinder  and 
stampings. 

Burdett  Oxygen  Co,,  Chicago  111.,  has  completed 
the  erection  of  an  oxygen  plant  at  Salt  Lake  City, 
Utah,  and  is  now  in  a  position  to  furnish  pure  oxy- 
gen to  users  in  the  Salt  Lake  City  territory.  The  new 
plant  is  one  of  a  chain  erected  by  the  Burdett  Oxy- 
gen Co.  The  capacity  of  its  Los  Angeles  plant  was 
recently   increased  50  per   cent. 

Dodge  Mfg,  Co,,  Mishawaka,  Ind.,  has  acquired 
the  properties  and  control  of  the  products  of  the 
Oneida  Steel  Pulley  Co.  and  the  Keystone  Steel 
Pulley  Co.,  both  of  Oneida,  N.  Y.  This  purchase 
brings  under  one  management  the  production  of 
Dodge  wood  and  Iron  solid  and  split  pulleys,  and 
"Oneida"  and  "Keystone"  steel  split  pulleys. 

Kelly  Beamer  Co.,  Cleveland,  Ohio,  has  increased 
its  factory  floor  space  50  per  cent.  The  added  facil- 
ities were  required  to  take  care  of  the  greatly  In- 
creased volume  of  orders  for  Kelly  reamers  received 
from  automobile,  steam  pump  and  engine  builders. 
The  pay  of  the  factory  and  office  employes  has  been 
raised  10  per  cent  as  a  partial  offset  to  the  high 
cost  of  living. 

Bradford-Ackermann  Corporation,  Forty-second  St. 
Bldg.,  New  York  City,  a  corporation  recently  formed 
by  A.  H.  Ackermann  and  C.  C.  Bradford,  announces 
that  arrangements  have  been  concluded  with  Ashton. 
Laird  &  Co.  for  the  sole  selling  rights  of  "Astra" 
high-temperature  gas  apparatus  and  oxygen  waUiug 
appliances,  manufactured  from  the  designs  and  pat- 
ents of  E.  Raven  Rosenbaum. 

Asia  Publishing  Co.,  280  Madison  Ave.,  New  York 
City,  has  started  a  monthly  magazine  devoted  exclu- 
sively to  the  Orient  and  our  relations  with  it,  called 
"Asia."  The  new  magazine  is  to  be  run  on  broader 
lines  than  a  trade  paper,  the  effort  being  to  convey 
through  the  publication  an  interpretation  of  the  life 
and  spirit  of  China,  Japan  and  other  great  Oriental 
countries,    in   terms  of  their  industrial   progress. 

High  Speed  Tools  Corporation,  71  Broadway,  New 
York  City,  has  taken  over  the  business  of  the 
Boerder  Process  Steel  Co.  of  Toledo,  Ohio.  The 
new  concern  will  engage  in  the  manufacture  of  high- 
speed steel  milling  cutters,  twist  drills,  reamers, 
and  other  tools  cast  by  the  Boerder  process.  It  is 
incorporated  under  the  laws  of  New  York  state 
with  a  capital  of  $1,000,000.  Ernest  Wolfes  is  the 
president,  and  A.  Boerder  is  general  manager. 

Reynolds  Pattern  &  Machine  Co.,  Moline,  111.,  has 
moved  its  plant  to  Massillon,  Ohio.  The  company 
was  recently  incorporated  under  the  laws  of  Ohio, 
with  a  capital  of  $200,000  and  the  name  changed 
to  the  Reynolds  Machine  Mfg.  Co.  The  board  of 
directors  have  elected  Floyd  C.  Snyder,  president; 
Oliver  F.  Binford,  secretary  and  treasurer;  E.  H. 
Birney,  vice-president;  and  George  l).  Reynolds, 
general  manager.  Mr.  Reynolds  was  general  man- 
ager of  the  Moline  plant,  which  employed  about  one 
hundred  men. 

Bider-Ericsson  Engine  Co,,  20  Murray  St.,  New 
York  City,  has  been  reorganized  and  plans  have 
been  made  to  extend  the  business  of  the  company 
materially.  The  new  officers  are  Samuel  Andrews, 
president;  A.  W.  Christiansen,  vice-president  and 
general  manager;  Sanford  Abrams,  treasurer;  and 
D.  C.  Dominick,  secretary.  The  company  is  pre- 
pared to  supply  the  trade  with  "Reeco"  water  sup- 
ply systems,  consisting  of  power  pumps,  gasoline 
and  kerosene  engines  and  pumpers,  electric  pumps, 
hot-air  pumping  engines,  towers  and  tanks,  pneu- 
matic   tanks   and   electric   lighting    plants. 

Brown's  Copper  &  Brass  Boiling  Mills,  Ltd,,  New 
Toronto,  Ontario,  Canada,  has  awarded  the  con- 
tract to  the  Southwark  Foundry  &  Machine  Co., 
Philadelphia,  Pa.,  covering  the  installation  of  a 
2000-ton  hydraulic  extrusion  press  equipment  for  the 
manufacture  of  brass  rod.  The  extrusion  press  will 
be  in  operation  early  in  May;  and  with  the  present 
equipment  in  the  company's  new  rod  mill  the  out- 
put will  be  increased  to  over  5,000,000  pounds  of 
finished  rods  monthly.  The  new  mill  for  sheet 
metals  will  be  in  full  operation  in  May,  and  the 
capacity  will  also  be  over  5,000,000  pounds  monthly. 
The  company  has  erected  a  large  office  building  ad- 
jacent to  Its  mills  on  the  Lake  Shore  Boulevard. 
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^^^^^^^^^^V  OR  years,  the  mechani- 
^^^^^H  HHE     cal   world  has  paid 
^^^^^H  am^B    great    deal  atten- 

^^^^^H  ^^^B  to  the 

|^^|g^^H||m2     sweepings      of      gold, 
^^B  silver,  aluminum,  cop- 

per,   brass,    lead    and 
other    metals     of     comparatively     high 

value.  Practically  no  effort  has  been  made,  however,  to  re- 
claim the  scrap  from  high-speed  steel,  although  it  has  greater 
value  than  any  of  the  other  metals  except  gold  and  silver.  It 
is  true  that  high-speed  steel  tool  shanks  are  forged  down  for 
tool  bits  in  some  factories,  but  in  most  rases  the  scrap  is  sold 
for  any  price  that  it  will  bring. 

High-speed  steel  scrap  has  always  been  of  more  or  less  doubt- 
ful quality,  and  naturally  most  steel  manufacturers  do  not 
care  to  take  in  tlie  scrap  of  other  brands  of  steel  than  their 
own;  consequently  the  market  price  for  scrap  has  been  low 
in  comparison  with  the  price  of  the  original  steel.  That  this 
does  not  bear  the  same  relation  to  its  original 
cost  as  does  the  scrap  of  other  metals  may  be  seen 
in  the  accompanying  table.  While  the  scrap  of 
non-ferrous  metals  brings  from  30  to  60  per  cent 
of  the  cost  of  the  original  metal, 
steel     scrap — notably     that     from 


The  high  cost  of  metals  and  the  need  of 
rigid  economy  in  their  use,  which  must  be 
enforced  in  order  to  meet  war  needs,  gives 
this  article  on  reclaiming  high-speed  steel 
scrap  unusual  interest  and  value  in  the  pres- 
ent crisis.  The  scarcity  of  tungsten  has 
forced  the  price  of  high-speed  steel  to  an 
unprecedented  height,  and  it  is  imperative 
that  all  tungsten  be  conserved  wherever  pos- 
sible. The  article  describes  the  practice  of 
utilizing  worn-out  high-speed  tools  and 
converting    them    into    new    high-speed    steel. 


high-speed  steel — brings   but  a   fraction 
of  the  original  cost. 

This  discrepancy  is  probably  largely 
due  to  the  trouble  experienced  in  sepa- 
rating steel  scrap,  because  of  the  simi- 
larity of  color  and  general  appearance 
of  all  steels,  especially  after  machining. 
An  ordinary  laborer  can  easily  separate 
non-ferrous  metal  scrap  because  of  its 
distinguishing  colors,  but  it  is  a  difficult  matter  to  separate 
high-speed  steel  scrap  from  tool  steel  scrap.  For  this  reason, 
therefore,  high-speed  steel  scrap  has  been  neglected.  Steel  man- 
ufacturers have  sometimes  taken  back  high-speed  steel  scrap 
from  good  customers  in  order  to  protect  the  accounts,  but, 
in  general,  the  practice  has  been  to  take  back  scrap  only 
when  necessary,  and  then  to  work  it  off  in  new  steel  as  "dip- 
lomatically" as  possible.  With  high-speed  steel  selling  at  $2.50 
per  pound  and  up,  it  would  seem  to  be  worth  while  to  reclaim 
the  scrap  on  a  scientific  basis,  and  with  this  in  mind  the 
Onondaga  Steel  Co.,  Inc.,  of  Syractise,  N.  Y.,  was  formed  for 
the  purpose  of  reclaiming  high- 
speed steel.  By  the  process  and 
working  methods  about  to  be  de- 
scribed in  this  article,  high-speed 
steel  scrap  at  once  takes  on  a 
value  more  nearly  proportionate 
to  the  original  cost  as  compared 
with  other  metals. 
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Fig.   1.     Sorting  High-speed  Steel  Scrap 
Hiffh-speed  Steel  Scrap 
A  view  of  a  typical  high-speed  steel  scrap  shipment,  as  re- 
ceived for  reclamation  by  this  company,  is  shown  in  the  lead- 

COMPARATIVE  PRICES  OF  NEW    METAL  AND  SCRAP 
METAL  IN  FEBRUARY.    1917 


Metal 

New,       1     Scrap, 

per        1        per 

Pound           Pound 

New, 
Metal             !       per 
1    Pound 

Scrap, 

per 
Pound 

Aluminum. . 

Tin    

Nickel    

Copper    

Brass  

$0.59 
0.51 
0.45 
0.32 
0.54 

$0.21 
0.38 
0.30 
0.24 
0.20 

Zinc    

Lead   

H.S.  Steel.. 
Tool    Steel.. 
Mch.  Steel.. 

$0.11 
0.09 
2.50 
0.16 
0.07 

$0,085 
0.07 

0.10-0.25 
0.04 
0.01 

Mnrhinery 

ing  illustration.  As  may  be  seen,  this  scrap  is  a  typical  shop 
collection  of  broken  cutters,  drills,  reamers,  tools  and  end 
trimmings  from  the  forge  shop.  The  pieces  comprise  a  num- 
ber of  different  brands,  and  undoubtedly  ordinary  tool  steel 
scrap  has  become  mixed  with  it  to  some  extent.  The  problem 
is  to  sort  this  steel  into  the  various  grades  or  qualities,  and 
by  properly  proportioning  each  quality,  obtain  a  uniform  mix- 
ture of  scrap  to  which  is  added  certain  carefully  determined 
quantities  of  new  materials,  bringing  the  whole  up  to  the  re- 
quired standard  through  remelting;  then  by  a  selected  series 
of  heat-treatments  and  hammer  operations  it  is  worked  into 
a  steel  of  equal  or  better  quality  than  the  original  material. 

Sorting'  the  Scrap 

The    sorting    of    the    high-speed    steel    scrap    into    different 
grades  is  the  first  and  one  of  the  most  important  steps  in  the 
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Fijf.  2.     Weighing  out  Crucible  Charge 

process  of  reclamation.  Fig.  1  shows  two  steel  sorters  at 
work.  Several  methods  are  used  to  determine  the  grade. 
First,  and  most  important,  is  the  "sparking"  method.  The 
sorters  take  each  piece  of  stock  and  test  it  for  qualities  of 
sparks  made  in  contact  with  a  grinding  wheel.  From  long 
experience^  they  are  able  to  tell  by  the  color  of  the  spark,  the 
size  and  shape  approximately  to  what  class  the  particular 
piece  of  steel  belongs.  The  average  machinist  knows  the  dif- 
ference between  the  sparks  from  high-speed  steel  and  tool 
steel  or  machine  steel,  but  the  Onondaga  steel  sorters  have 
carried  this  method  much  further  and  are  able  to  tell  the 
quality  of  high-speed  steel  by  the  sparks.  A  series  of  test- 
bars  are  at  hand,  each  one  of  which  is  marked  with  its  chem- 
ical content,  so  that  in  cases  of  doubt  the  sparks  may  be  com- 
pared with  those  from  a  piece  of  known  content.  Each  piece 
in  every  steel  shipment  goes  through  this  sparking  test,  and 
is  thrown  into  the  box  containing  steel  of  like  quality.  To 
assist  in  this  classification,  the  sorters  become  acquainted  with 
the  average  grades  of  high-speed  steels  that  are  used  in  mak- 
ing drills,  reamers,  taps,  cutters,  etc.,  and  this  knowledge  helps 
to  verify  their  judgment  in  sorting  the  scrap. 

Charging-  the  Crucibles 

After  the  steel  of  a  shipment  has  been  properly  sorted  it  is 
ready  to  be  charged  into  crucibles  for  melting.  The  steel 
contents  for  each  crucible  are  carefully  weighed,  as  is  shown 
in  Fig.  2,  before  being  placed  in  the  crucible.  Irrespective  of 
the  quality  of  the  high-speed  steel  scrap  received,  it  is  the 
aim  of  the  Onondaga  Steel  Co.,  Inc.,  to  turn  out  high-speed 
steel  of  uniform  quality;  that  is,  with  as  nearly  as  possible  the 
same   tungsten    content.      Fig.    3   shows   how    the   tungsten    is 
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Fig.   3.     Adding  Tungsten  to  CruciUe  Charge 


Fig.   1.     Hardening  Tool  Bits 
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Tig,  6.     Stripping  Ingot  Molds 


Fig.  6.    Drilling  Ingot  to  secure  Chips  for  Analysis 


Fig.    7.     Bough-cogging    Ingots 


added  to  the  charge  in  the  crucible.     Incidentally,  the  box  of 
tungsten  in  the  foreground  of  this  illustration  represents  $600. 

Melting-  and  Teeming 

The  crucibles,  properly  charged,  are  lowered  into  the  gas_ 
furnaces,  and  after  being  heated  for  four  or  five  hours,  the 
steel  is  entirely  melted,  absorbing  the  tungsten  that  has  been 
added,  and  is  ready  for  "teeming"  or  pouring  into  the  ingot 
molds.  The  ingot  molds  accommodate  an  ingot  about  four 
inches  square,  and  twenty-three  inches  long.  The  teeming  is 
shown  being  done  in  Pig.  10,  and  the  operation  in  this  plant 
does  not  differ  materially  from  the  customary  steel-making 
practice. 

Fig.  5  shows  the  way  the  ingot  molds  are  stripped  and  the 
ingots  removed.  The  molds  are  of  the  split  type  and  the 
halves  are  held  together  by  square  rings  that  are  driven  tight 
with  tapered  wedges.  The  high-speed  steel  scrap  is  now  in 
the  form  of  an  ingot  containing  the  proper  amount  of  tungsten 
and  other  elements  and  is  ready  for  hammering  down  to  the 
finished  sizes.  As  soon  as  the  ingots  have  been  stripped  from 
the  molds,  they  go  to  the  annealing  furnaces,  where  they  un- 
dergo a  heat-treating  process  before  being  "cogged"  or  rough- 
hammered. 

After  being  thoroughly  cooled,  the  ingots  are  taken  to  the 
grinding   department,   where   they   are   gone   over   very   care- 


fully, as  shown  in  Fig.  11,  to  remove  any  imperfections  or  blem- 
ishes in  the  faces  of  the  ingots  before  being  forged  down  to 
size.  It  is  obvious  that  should  any  of  these  surface  defects 
remain  in  the  ingots,  they  would  be  hammered  down  with  the 
surface   and   would   result   in   flaws   in   the   finished   product. 

"Cogging"  the  Ingot 

The  ingots  are  now  heated  to  a  full  forging  heat,  and 
are  "cogged"  to  bars  two  inches  square  by  five  or  six  feet 
long.  The  ordinary  type  of  steam  hammer  is  used,  as  is  illus- 
trated in  Fig.  7,  and  the  ingots  are  rapidly  reduced.  At  this 
point  in  the  reduction  process,  the  semi-finished  bars  are  again 
taken  to  the  grinding  department  to  have  any  imperfections 
removed  and  the  corners  of  the  bars  ground  off.  This  opera- 
tion is  illustrated  in  Fig.  8. 

The  two-inch  bars  are  now  taken  to  smaller  hammers,  where 
they  are  "cogged"  to  the  smaller  sizes;  they  then  go  to  finishing 
hammers,  where  they  are  drawn  down  to  the  final  sizes,  as 
required  by  the  customer.  Care  has  to  be  used  at  this  stage 
of  reduction,  as  high-speed  steel  in  the  smaller  sizes  requires 
most  careful  treatment  in  heating  and  forging. 

Inspection 

Inspection  forms  an  important  part  in  this  reclamation 
process.     In  addition  to  the  great  care  that  is  used  in  sorting 
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Fig.    8.     Removing  Edges   and  Imperfections  before   Final   Forging 


Fig.  9.     Cropping  Bar  Ends  and  inspecting 
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Fig.    10.     "Teeming"   or  pouring  Steel   from   Crucibles 

the  scrap  steel,  in  charging  the  crucibles  with  the  right  "mix," 
etc.,  each  of  the  ingots  is  tested  for  chemical  content  before 
reduction.  Fig.  6  shows  how  the  ingot  is  drilled,  and  the 
drill  chips  go  to  the  chemical  laboratory  for  analysis.  From 
a  report  of  the  head  chemist,  it  is  of  interest  to  note  that  in  a 
comparison  of  thirty  different  ingot  tests,  all  came  within  a 
surprisingly  narrow  range  around  the  standard  of  tungsten 
and  carbon  aimed  at.  After  the  bars  have  been  reduced  to 
their  final  dimensions,  the  ends  of  each  bar  are  cropped  or 
broken  off,  as  shown  in  Fig.  9,  the  resulting  fracture  is  care- 
fully examined,  and  the  surface  of  the  bars  is  inspected  closely 
for  seams.  Defective  bars  are  thus  quickly  detected  and 
thrown  out,  while  the  good  ones  go  to  the  finishing  room, 
where  they  are  labeled  and  packed  for  shipment. 

An  important  use  to  which  reclaimed  steel  is  put  is  in  the 
manufacture^ of  the  tool  bits  which  the  company  markets. 
Fig.  4  shows  the  final,  and  a  most  important,  step  in  the 
manufacture  of  tool  bits.  This  is  the  hardening  operation, 
and  at  this  plant  the  tool  bits  are  hardened  singly.  The  illus- 
tration shows  how  the  hardener  feeds  the  tool  bits  into  the 
furnace  and  withdraws  them  one  at  a  time  with  special  tongs. 
These  tongs,  incidentally,  are  worthy  of  notice  because,  by 
means  of  a  telescoping  finger,  they  can  be  operated  with  one 
hand.  By  putting  the  tool  bits  through  the  hardening  operation 
singly  instead  of  in  lots,  each  tool  receives  the  proper  heat 
and  no  sacrifice  in  quality  for  the  sake  of  quantity  is  made. 

Very  little  has  been  done,  up  to  the  present,  in  reclaim- 
ing high-speed  steel  scrap,  considering  the  fact  that  hundreds 
of  tons  of  high-speed  steel  are  manufactured  every  year.  For 
this  reason,  the  reclamation  process  should  prove  of  great 
value  to  the  mechanical  world. 


THE   MACHINIST   IN   RELATION   TO 
MODERN   MANUFACTURING 

BY   H.   W.  JOHNSON  ' 

There  seems  to  bo  considerable  apprehension  regarding  the 
ultimate  result  of  the  thinning  out  of  the  ranks  of  all-around 
machinists.  It  is  true  that  in  the  average  modern  shop  doing 
mass  production  the  all-around  machinist  does  not  appear  In 
any  considerable  numbers,  but  the  writer  does  not  believe  that 
this  condition  is  wholly  bad.  The  old  order,  in  which  gen- 
eral machinists  manned  practically  all  the  machines  in  a 
shop,  was  only  one  stage  in  the  development  of  machine-shop 
management.  Jobs  were  quite  likely  to  be  given  to  individual 
workmen  to  be  completed  in  all  operations.  This  scheme 
worked  well  at  the  time  and  is  still  likely  to  be  used  on 
repair  work,  although  much  of  this  can  also  be  profitably 
subdivided. 

When  parts  came  to  be  made  in  such  large  lots  that  ma- 
chines ran  for  days  on  one  operation,  the  all-around  man 
was  the  first  one  to  become  tired  of  running  the  same  thing 
day  in  and  day  out.  Handy-men  were  found  to  be  better 
adapted  to  this  sort  of  thing,  and  as  they  had  no  experience 
in  governing  speeds  and  feeds,  scientific  adjustment  of  output 
was  easy.  The  proposition  is  sound  from  every  viewpoint. 
The  firm  gets  a  big  output,  the  man  gets  far  more  money  than 
he  earned  as  a  laborer,  and  the  machinist  gets  a  raise  and 
becomes  a  gang  boss.  When  functional  foremanship  is  in  use, 
men  with  some,  but  not  all,  of  the  qualifications  of  success- 
ful military  foremen  are  capable  of  giving  satisfactory  service. 
In  other  words,  not  only  has  machine  operation  been  simpli- 
fied, but  also  supervision. 

It  has  been  pointed  out  by  some  that  the  average  man  in 
•the  building  trades  approaches  more  nearly  to  all-around  pro- 
ficiency than  does  his  brother  in  the  machine  shop.  This  is 
so,  but  it  does  not  necessarily  mean  that  a  desirable  state  of 
affairs  exists  in  the  building  trades.  It  simply  indicates  that 
the  building  trades  are  just  about  where  the  machine  business 
was  before  the  Taylor  system  was  evolved.  Some  progress 
has  been  made  in  bricklaying,  but  it  has  not  reached  every 
mason  contractor.  It  is  only  reasonable  to  look  for  as  large  a 
saving  through  scientific  building  as  has  been  made  in  scien- 
tific manufacturing.  Meanwhile  the  consumer  (property 
owner)  pays  the  bill.  Neither  do  we  believe  that  the  larger 
unit  pay  in  the  building  trades  is  attracting  young  men  who 
might  have  become  machinist  apprentices.  In  the  past  six 
years  the  writer  has  employed  in  machine-shop  work  men  from 
practically  all  the  building  trades.  They  were  in  the  ma- 
chine shop  because  they  could  average  more  per  month  than 
at  their  trade,  this  being  due  to  absence  of  interference  from 
bad  weather  and  to  the  ability  of  the  shop  to  make  stock  in 
advance  of  orders,  which  is  seldom  possible  in  house  building. 
The  machine  shop  provided  steady  work. 

It  is  better  not  to  try  to  sweep  back  the  tide  with  a  broom. 
Specialized  manufacturing  is  here  to  stay  because  it  is  giving 
us  better  manufactured  goods  for  less  money  than  the  old 
scheme  could.  With  this  system  have  come  the  specialist 
operator  and  the  functional  foreman.  Just  now  we  are  using 
all-around  machinists  for  gang  bosses  because  they"  are  avail- 
able, but  it  will  not  be  necessary  to  continue  this  practice,  for 
gang  bosses  as  well  as  machine  operators  can  be  trained  to 
proficiency  in  their  particular  lines.  Some  positions  will  call 
for  technical  graduates.  Maintenance  work  and  some  jobbing 
and  toolmaking  will  call  for  all-around  men,  and  it  is  fortunate 
that  maintenance  and  tool  departments  and  jobbing  shops  are 
the  very  places  in  which  general  machinists  can  be  made. 
The  supply  can  be  fitted  to  the  needs. 

However,  the  writer  does  not  belittle  the  importance  of  the 
various  apprentice  schemes  now  being  advanced,  for  it  is  a 
peculiarity  of  the  machinist's  trade  that  it  fits  him  for  more 
positions,  both  in  and  out  of  the  business,  than  any  other  line 
except  politics.  Nor  is  the  money  spent  on  a  boy  necessarily 
lost  if  he  later  takes  up  some  other  line  of  work.  He  is  quite 
likely  to  send  business  to  the  old  shop,  if  his  memories  of  that 
shop  are  of  fair  treatment  in  a  t>lant  making  a  meritorious 
article. 


Fig.   11.     Grinding  Ingot  before  rough-forging 
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A  DESCRIPTION  of  the  work  of  the  inspection  depart- 
ment which  was  published  at  the  end  of  the  preceding 
installment  of  this  article  explains  the  great  care  which 
is  taken  in  examining  the  finished  product  of  the  Hoover  Steel 
Ball  Co.  in  order  to  be  sure  of  eliminating  all  balls  that  are 
in  any  way  defective.  It  is  obvious  that  in  the  tonnage  manu- 
facture of  a  product  that  must  meet  such  exact  requirements 
as  balls  for  use  in  high-grade  annular  bearings,  the  greatest 
care  must  be  taken  in  the  selection  of  raw  material  and  in  con- 
ducting each  step  in  the  process  of  manufacture  in  order  to 
produce  balls  that  will  pass  the  inspection  department.  In 
addition  to  the  requirements  of  high-grade  balls  that  were 
referred  to  in  the  description  of  various  examinations  that 
are  conducted  by  the  inspectors,  it  is  absolutely  necessary  for 
the  balls  to  be  of  uniform  hardness  right  to  the  center,  because 
this  is  the  only  way  of  being  sure  that  all  balls  will  possess 
uniform  durability  and  elasticity. 

Assurance  must  be  obtained  that  the  steel  received  at  the 
factory  is  of  a  suitable  grade  to  produce  balls  that  will  fulfill 
the  specifications  before  manufacturing  operations  are  started, 
because  if  the  balls  were  finished  before  it  was  found  that 
they  were  defective,  the  raw  material  and  the  labor  involved 
In  converting  this  material  into  finished  balls  would  be  lost. 
Data  showing  that  the  steel  fulfills  these  specifications  are 
obtained  from  the  results  of  tests  conducted  in  the  laboratory 
which  is  equipped  with  all  the  necessary  apparatus  for  making 
physical  and  chemical  tests  upon  the  raw  material.  In  addi- 
tion, the  laboratory  is  referred  to  by  heads  of  the  various 
manufacturing  departments  when  any  case  of  trouble  arises, 
such  as  failure  of  the  balls  to  harden  properly,  the  production 
of  more  than  the  usual  number  of  balls  with  cracks,  and  other 
troubles  of  this  kind.  Some  exceptionally  interesting  results 
have  been  brought  to  light  as  the  result  of  work  conducted  in 
the  laboratory,  and  the  present  installment  of  the  article  will 
deal  with  the  methods  used  by  the  metallurgists  of  the  Hoover 
Steel  Ball  Co.  in  conducting  tests  on  the  raw  material  and  the 
finished  product;  and  reference  will  be  made  to  some  of  the 
information  that  has  been  brought  to  light  as  a  result  of 
these  tests. 

Testing  Raw  Material 

There  are  sidings  from  the  Ann  Arbor  Railroad  entering 
the  plant  so  that  cars  may  be  run  directly  to  the  building 
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in  which  the  raw  material  is  received  and  to  the  building 
where  the  finished  balls  are  packed  for  shipment.  The  method 
of  procedure  in  testing  raw  material  is  the  same  for  both 
straight  bars  and  stock  which  comes  in  coils;  it  consists  of 
selecting  six  bars  or  coils  of  every  size  of  stock  received  at 
the  plant,  from  the  end  of  each  of  which  is  cut  a  sample 
eighteen  inches  in  length.  From  the  inner  end  of  this  sam- 
ple is  cut  a  piece  two  inches  long,  which  is  boiled  in  20  per 
cent  hydrochloric  acid  for  fifteen  minutes  to  remove  the  outer 
scale.  After  this  has  been  done,  the  surface  of  the  metal  is 
carefully  examined  to  see  that  it  is  free  from  cracks  or  seams 
In  addition  to  removing  the  outer  scale,  the  acid  tends  to 
accentuate  any  surface  defects  that  may  be  present,  so  that 
those  that  might  be  invisible  in  the  bar  as  it  comes  to  the 
plant  can  be  quite  easily  seen  after  the  treatment.  In  ball 
manufacture  it  is  highly  important  for  the  stock  to  have  a 
smooth  surface,  because  any  slight  defects  are  carried  right 
through  the  process  of  manufacture  and  are  likely  to  become 
accentuated,  with  the  result  that  balls  produced  from  this 
stock  will  be  rejected  by  the  inspectors. 

The  regular  routine  tests  of  the  raw  material  inspected  in 
the  laboratory  also  include  a  chemical  analysis  of  the  steel — 
especially  as  regards  its  carbon  and  chromium  content — and  a 
Brinell  hardness  test.  The  latter  is  especially  important  in 
the  case  of  "wire"  under  11/16  inch  in  diameter  that  is  con- 
verted into  ball  blanks  by  the  cold-heading  process,  because 
excessive  hardness  of  this  material  is  likely  to  give  trouble 
through  the  .breakage  of  the  cut-off  knives  or  the  dies  used  on 
the  cold-headers.  In  order  to  give  the  best  possible  results, 
stock  for  the  cold-heading  machine  should  have  a  Brinell  hard- 
ness of  170,  but  material  of  slightly  greater  hardness  could 
be  worked  without  undue  trouble.  When  the  preliminary  tests 
made  in  the  laboratory  show  that  the  steel  is  not  up  to  stand- 
ard, further  examinations  are  made  to  determine  possible  de- 
fects produced  by  the  mechanical  treatment  at  the  rolling 
mills.  This  is  done  by  polishing  one,  end  of  the  test  sample 
and  examining  the  surface  under  a  microscope  to  determine 
defective  conditions  resulting  from  segregation  or  the  forma- 
tion of  a  pipe  at  the  center  of  the  bar.  In  cases  where  labora- 
tory tests  do  not  show  that  the  stock  is  defective,  an  "un- 
loading ticket"  is  made  out  and  sent  to  the  stock-room,  author- 
izing the  material  to  be  taken  from  the  cars  and  placed  in 
storage,  ready  to  be  drawn  out  on  requisition  by  the  manu- 
facturing department. 
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Tests  of  Seamy  Cold-drawn  Wire 
In  describing  the  inspecting  of  balls,  reference  was  made 
to  the  rejection  of  those  with  what  are  known  as  lire  cracks. 
These  exist  almost  entirely  in  balls  up  to- and  including 
%  inch  in  diameter,  the  blanks  for  which  are  made  by  the 
cold-heading  process;  it  seldom  happens  that  fire-cracked  balls 
are  found  in  sizes  over  %  inch,  blanks  for  which  are  made  by 
the  process  of  hot-forging.  A  study  of  this  subject  reveals 
the  fact  that  after  cold-heading,  ball  blanks  almost  invariably 
have  some  sort  of  crack,  and  in  a  great  many  cases  these 
cracks  are  quite  deep.  At  first  it  was  thought  that  this  was 
due  to  a  large  percentage  of  chromium  in  the  steel,  which  has 
a  tendency  to  make  the  metal  brittle,  but  subseiiuent  investiga- 
tion showed  that  this  is  not  the  case. 

Study  of  Seams  in  Steel  Bars  and  Wire 

Defects  revealed  by  boiling  the  metal  in  hydrochloric  acid 
run  lengthwise  of  the  bar;  sometimes  these  extend  lor  the 
entire  length  of  the  coil,  while  in  other  cases  only  one  end 
is  found  to  be  defective.  For  want  of  a  better  name,  the 
laboratory  has  called  these  defects  "seams,"  and  it  has  been 
proved  that  wire  with  seams  will  in  all  cases  be  split  to  some 
extent  during  the  process  of  cold-heading,  while  that  without 
seams  will  produce  perfect  balls  in  the  cold-heading  machines. 
In  some  cases  the  cracks  opened  up  in  the  balls  while  cold- 
heading  are  not  so  deep  that  they  cannot  be  eliminated  during 
the  subsequent  treatment  to  which  the  blanks  are  subjected; 
but  in  other  cases  it  may  happen  that  these  splits  in  the  blanks 
are  so  deep  that  they  reach  below  the  surface  of  the  finished 
balls,  in  which  case  the  bails  will  be  rejected  by  the  inspectors 
because  they  contain  what  are  commonly  known  as  "fire 
cracks." 

The  investigations  conducted  in  the  laboratory  relative  to 
troubles  resulting  from  stock  having  seams  or  scratches  have 
developed  the  following  information:  (1)  Cold-drawn  wire 
on  which  the  surface  is  apparently  quite  smooth,  and  on  which 
no  seams  are  visible,  is  found  to  possess' minute  laps  or  seams 
after  being  etched  with  hydrochloric  acid.  (2)  Although  these 
seams  may  not  be  deep  on  the  original  wire,  they  are  accen- 
tuated by  the  stretch  which  the  surface  of  the  wire  undergoes 
during  the  cold-heading  operation.  (3)  Such  cracks  are  likely 
to  be  still  further  accentuated  in  hardening,  and  in  many  cases 
they  will  cause  the  ball  to  split  in  half. 

In  making  a  study  of  the  effect  of  seams  and  scratches  on 


llie  steel,  it  is  the  practice,  as  previously  mentioned,  to  etch 
the  stock  with  20  per  cent  hydrochloric  acid  for  fifteen  min- 
utes. After  this  has  been  done,  it  is  passed  across  a  grinding 
wheel  having  a  face  width  of  only  1/16  inch,  care  being  taken 
to  impart  a  combination  rotary  and  transverse  motion  to  the 
stock  so  that  a  helix  is  described  on  the  surface,  as  shown 
in  Pig.  32.  This  is  preferable  to  passing  the  wire  across  the 
wheel  without  etching,  because  the  action  of  the  acid  first 
lays  open  any  surface  defects  which  may  be  closed  so  tightly 
by  the  pressure  of  the  cold-drawing  operation  that  they  will 
be  invisible  to  the  eye  unless  subjected  to  the  acid  treatment. 
The  acid  also  makes  the  cracks  black,  and  subsequent  grind- 
ing exposes  the  white  surface  of  the  adjacent  metal  so  that 
the   crack    is   brought   into   as   great    prominence   as   possible. 

Testing'  for  Seams  in  Stock  by  Application  of  Pressure 

Recently  another  test  for  revealing  these  seams  has  been 
developed,  which  consists  of  upsetting  short  blanks  cut  from 
the  bars.  These  test  blanks  are  7/16  inch  high  and  are  ordi- 
narily subjected  to  a  pressure  of  20,000  pounds,  which  results 
in  flattening  them  out  to  a  height  of  3/16  inch,  or  to  a  pres- 
sure of  50,000  pounds,  which  flattens  them  out  to  a  height  of 
3/32  inch.  In  all  cases  where  there  are  seams  in  the  wire, 
these  test  samples  are  split  open  by  this  pressure,  while  a 
perfect  wire  without  any  seams  is  not  damaged  by  the  treat- 
ment. At  A  in  Fig.  33  are  shown  a  sample  cut  from  wire 
containing  a  seam  and  the  same  blank  partially  and  fully 
upset;  it  will  be  noticed  that,  although  the  seam  in  the  wire 
is  small,  it  has  been  widened  out  considerably  by  the  upset- 
ting. At  B  in  the  same  illustration  is  shown  a  similar  set 
from  perfect  wire,  comprising  a  blank  and  partially  and  fully 
upset  samples,  and  it  will  be  seen  that  the  upset  sample  does 
not  show  any  tendency  to  split. 

In  order  to  give  some  idea  of  the  extent  to  which  the  seam 
at  A  was  deepened  by  the  upsetting  treatment,  section  a-b 
through  the  blank  and  section  c-d  through  the  flat  disk  were 
polished,  and  photomicrographs  of  these  are  shown  in  Fig.  34. 
At  A  in  Fig.  34  the  seam  in  the  original  wire  was  about  0.010 
inch  in  depth,  while  at  B  the  depth  of  the  seam  after  the  blank 
has  been  upset  has  been  increased  to  approximately  0.050  inch. 
From  this  it  will  be  apparent  that  seams  in  the  wire  that  do 
not  appear  to  be  of  sufficient  depth  to  give  trouble  may  become 
very  objectionable  because  of  the  tendency  to  deepen  during 
the  conversion  of  the  stock  into  ball  blanks.     Upset  disk  B 


Fig.  30.     General  View  in  Physical  Laboratory. 


Attention  is  called  to  Brlnell  Hardness  Testing  Uaohine,   Shore  Scleroscope  and  Camera  for 
taking    Photomicrographs 
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Fig.   31,     General   View 


Chemical   Laboratory,    showing    Apparatus    for    making    Analyses   of    Steel,   and   Electric  Furnace   used   in   conducting   Special 
Heat-treating    Operations 


is  of  about  the  same  diameter  as  a  ball  blank  made  from  this 
wire  by  the  cold-heading  process,  so  that  it  has  been  subjected 
to  about  the  same  amount  of  stretch  in  upsetting  that  would 
ordinarily  take  place  in  making  a  ball  blank  by  the  cold- 
heading  process.  To  show  how  trouble  may  develop  in  this 
way,  a  ball  0.375  inch  in  diameter  is  produced  from  a  blank 
0.400  inch  in  diameter,  so  that  the  blank  is  reduced  0.025  inch 
on  the  diameter,  or  approximately  0.013  inch  on  the  radius. 
This  leaves  0.050  minus  0.013,  or  0.037  inch  of  the  split  ex- 
tending below  the  surface  of  the  finished  ball,  which  will 
certainly  lead  to  its  rejection  by  the  inspectors. 

It  appears  that  hardness  of  the  wire  does  not  cause  splitting 
of  the  upset  blank.  Tests  conducted  with  a  view  to  establish- 
ing this  fact  have  shown  that  blanks  made  from  seamless  steel 
with  a  high  Brinell  hardness  number  did  not  split  under  the 
most  severe  conditions  of  upsetting,  while  blanks  of  metal 
with  a  low  Brinell  hardness  number,  but  with  seams  on  their 
surfaces,  were  frequently  split  during  the  process  of  cold- 
heading.  Specifications  under  which  steel  is  purchased  for 
the  production  of  ball  blanks  in  cold-heading  machines  call 
for  metal  with  a  hardness  number  not  exceeding  170  as  de- 
termined by  the  Brinell  method,  but  slightly  harder  stock  is 
capable  of  being  worked  with  fairly  satisfactory  results. 

How  Seamy  Stock  Acts  in  Cold-heading-  Machine 

In  order  to  confirm  the  accuracy  of  the  conclusions  reached 
in  regard  to  the  action  of  seamy  stock  when  worked  up  into 
ball  blanks  in  the  cold-heading  machines,  tests  were  conducted 
by  placing  coils  that  had  bad  seams  in  them  on  the  cold- 
headers  and  observing  the  kind  of  ball  blanks  that  were  pro- 
duced. In  every  case  it  was  found  that  the  blanks  produced 
from  such  stock  showed  bad  cracks,  as  shown  at  A  in  Fig.  35. 
In  the  inspection  department,  cracks  found  in  finished  balls 
are  commonly  referred  to  as  "fire  cracks"  on  the  assumption 
that  they  were  developed  during  the  process  of  heat-treatment, 
but  they  should  really  be  designated  as  "header  cracks."  In 
this  illustration  attention  is  called  to  the  fact  that  at  the  top 
and  bottom  of  each  ball  blank  there  is  a  small  projection 
formed  by  pressing  the  metal  into  the  knock-out  pin  hole  in 


the  header  dies.  These  have  been  termed  "poles,"  and  it  will 
be  noted  that  the  poles  lie  on  the  axis  of  the  wire.  Mid- 
way between  the  two  poles  there  is  a  band  or  "fin"  caused 
by  the  metal  being  forced  out  between  the  two  header  dies; 
and  this  fin  has  been  termed  the  "equator"  of  the  ball. 

It  will  be  noted  at  A  in  Fig.  35  that  the  header  cracks  run 
from  pole  to  pole.  At  B  in  the  same  illustration  are  shown 
some  finished  balls  with  the  same  kind  of  cracks,  and  it  has 
always  been  found  that  cracks  in  the  finished  balls  have  been 
lengthened  to  a  considerable  extent,  the  ends  of  these  cracks 
terminating  in  very  fine  lines.  This  is  due  to  the  fact  that  a 
small  crack  or  fine  sharp  tool  mark  on  a  piece  to  be  hardened 
causes  a  weak  spot  which  in  many  cases  will  result  in  split- 
ting the  piece  during  the  process  of  heat-treatment.  At  A 
in  Fig.  36  are  shown  some  balls  that  were  picked  out  in  the 
inspection  department  because  they  had  fire  cracks;  these 
were  sent  to  the  laboratory  and  fractured  to  reveal  the  grain 
of  the  metal.  It  will  be  noticed — particularly  in  the  third  ball 
of  the  third  line — that  at  the  extreme  left  of  the  fracture 
there  is  a  dark  spot  near  the  surface,  which  is  the  mark  left 
by  the  original  crack  produced  during  the  cold-heading  opera- 
tion. Then  to  the  extreme  right  there  is  a  fresh  fracture 
which  represents  all  the  metal  that  the  ball  had  to  hold  it 
together  after  being  hardened. 

Attention  is  called  to  the  fact  that  the  middle  of  the  ball  is 
black  and  oily;  this  is  the  hardening  crack  into  which  the  oil 
and  abrasive  have  found  their  way  during  the  oil-rolling  and 
grinding  operations.  It  is  believed  that  the  crack  produced 
in  cold-heading  was  undoubtedly  the  cause  of  a  further  crack- 
ing of  the  ball  during  the  process  of  heat-treatment.  At  B 
in  Fig.  36  are  shown  some  finished  balls  that  were  rejected  by 
the  inspectors  because  of  cracks.  Before  being  photographed 
these  balls  were  etched  with  hydrochloric  acid,  and  it  will  be 
noticed  that  the  cracks  run  from  pole  to  pole,  and  in  some 
cases  there  are  also  secondary  cracks  following  the  line  of  the 
equator.  The  way  in  which  these  equatorial  cracks  are  pro- 
duced can  best  be  explained  by  reference  to  a  longitudinal  sec- 
tion of  the  wire  shown  at  A  in  Fig.  37,  which  has  been  etcherl 
with  hydrochloric  acid  to  reveal  the  structure  of  the  metal. 
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Fig.    32.     Sample   of    Stool    "Wire"    otclied    and   grourul    to    aliow    S.aiii 

Attention  is  called  to  the  hunellar  structure,  which  is  charac- 
teristic of  any  steel  and  is  no  reflection  upon  its  quality. 
These  laminations  run  lengthwise  of  the  coil.  At  B  is  shown 
a  section  of  a  headed  ball  blank  made  from  a -piece  of  this 
wire  and  etched  with  acid  to  bring  up  the  structure  of  the 
metal.  Here  it  will  be  seen  that  the  laminations  have  ar- 
ranged themselves  in  a  manner  similar  to  magnetic  lines  of 
force  running  from  pole  to  pole. 

At  D  and  E  are  shown  header-cracked  ball  blanks,  and  it 
will  be  noticed  that  blank  E  shows  an  unusually  large  fin  on 
one  side.  Blank  n  shows  the  split  on  one  side  and  also  a  por- 
tion of  the  split  extending  into  the  fin.  Blank  F  is  properly 
headed  and  shows  no  crack  or  excessively  large  fins.  Refer 
ring  to  the  view  shown  at  C.  which  is  a  cross-section  of 
blank  D,  it  will  be  seen  that  the  split  extends  into  the  fin,  and 
it  will  also  be  noted  that  the  crack  extends  below  the  surface 
of  the  ball,  although  it  comes  to  the  surface  at  each  end  ai 
points  near  the  poles.  This  is  due  to  the  fact  that  the  split 
does  not  penetrate  the  ball  at  right  angles  to  the  surface,  but 
runs  on  a  slant.  Instead  of  compressing  and  filling  up  the 
open  space  in  the  ball,  material  has  been  pressed  outward  and 


Fig.    33.      (A)    Samples    cut   from    Steel   with    Seam    in   Surface,    and   Same 

Samples  partially  and  fully  upset,   indicating  how  Seam  opens  up  through 

Application   of   Pressure;    (B)    Similar   Samples   from   Steel   without   Seam, 

which  show   No   Tendency  to   split 

made  a  large  fin;  when  this  fin  is  ground  away,  the  crack  is 
quite  evident.  At  G  and  H  are  shown  finished  balls  tha.t  have 
been  etched  with  acid  to  show  the  grain  at  the  equator  and 
at  the  poles,  respectively. 

Referring  again  to  the  sectional  view  of  the  wire  shown 
at  A  in  Fig.  37,  and  also  to  the  cross-section  of  a  ball  blank 
made  from  this  wire  shown  at  B,  it  will  be  seen  that  the  struc- 
ture of  the  steel  has  been  greatly  disturbed  during  the  process 
of  cold-heading  to  produce  the  ball  blank.  In  Fig.  38  is  shown 
diagrammatically  the  way  in  which  this  disturbance  takes 
place.  It  will  be  seen  that  the  ends  of  the  fibers  come  to  the 
surface  at  the  poles  and  at,  both  sides  of  the  equatorial  fin; 
and  when  the  ball  is  etched  the  steel  is  attacked  more  rapidly 


at  these  points,  'I'lii'  peculiar  marks  shown  at  (J  and  H  iu 
Fig.  37  are  the  result  of  this  disturbance  of  structure.  The 
conclusion  has  been  reached  that  when  a  ball  with  so-called 
"(ire  cracks"  is  etched  with  acid  and  shows  two  end  poles 
and  two  equatorial  marks  with  a  wide  crack  running  from 
pole  to  pole  and  a  secondary  crack  running  between  the  two 
eciuators,  this  crack  is  a  header  cra<:k  which  is  caused  by  a 
seam  or  lap  in  the  steel  from  which  the  ball  was  made. 

A  number  of  these  balls  with  header  cracks  were  heated  in 
an  electric  furnace  in  the  laboratory  and  quenched  in  water 
at  1500  degrees  F. ;  every  ball  was  further  cracked  by  this 
treatment,  and  several  of  them  fell  in  half  or  were  easily 
broken  by  a  light  hammer  blow.  Another  lot  of  balls  with  no 
header  crack  was  heated  in  the  electric  furnace  and  quenched 
in  water  at  1600  degrees  F.,  and  not  a  ball  was  cracked  in 


Fig.  34.     Photomicrographs  of  Sections  on  Lines  a-b  and  c— d  in  Fig.  33, 

indicating   Increase   in   Size   of   Seam   through   stretching   of   Metal 

Surface  in  upsetting 

hardening.  Balls  quenched  in  water  at  1500  degrees  F.  that 
broke  during  the  process  of  heat-treatment  are  shown  at  A 
in  Fig.  39,  while  the  balls  quenched  in  water  at  1600  degrees  F., 
without  damage  are  shown  at  B  in  the  same  illustration.  At 
this  excessive  temperature  the  grain  of  the  metal  was 
coarsened,  but  no  hardening  cracks  were  produced  and  it  re- 
quired considerable  .force  to  break  the  balls.  Several  finished 
balls  were  next  selected  in  the  inspection  department  that 
sliowed  very  slight  lieader  cracks.  These  balls  were  hardened 
at  1500  degrees  F.  and  cracked  in  the  process  of  hardening 
exactly  as  before.  The  characteristic  black  mark  left  by  the 
original  header  crack  is  shown  at  one  side  of  the  balls  at  C 
in  Fig.  39.  Another  lot  of  finished  balls  showing  no  header 
cracks  was  hardened  at  1600  degrees  F.  and  none  of  the  balls 
was  cracked,  views  of  the  fractured  surfaces  of  these  balls 
being  shown  at  D  in  Fig.  39.  This  confirmed  the  accuracy  of 
previous  tests,  and  from  these  data  the  following  conclusions 
were  drawn:  (1)  The  header  crack  forms  a  weak  spot,  so  that 
when  the  ball  is  hardened,  even  at  the  proper  temperature, 
what  the  inspectors  call  a  "fire  crack"  is  likely  to  be  pro- 
duced. (2)  A  ball  with  no  header  cracks  can  be  hardened  at 
an  excessively  high  temperature  without  producing  a  fire  crack. 
Another  hardening  test  was  made  with  four  samples  of  wire, 
two  pieces  of  which  showed  seams,  and  two  pieces  that  did  not. 
The  seamy  pieces  of  wire  were  quenched  at  a  temperature  of 
about  1500  degrees  F.  in  water  and  hardening  cracks  developed 
along  the  seams.  The  two  pieces  without  seams  were  quenched 
in  water  at  a  temperature  of  1600  degrees  F.  and  no  cracks 
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Fig.    35.     (A)    Cold-header   Ball   Blanks,    showing   Splits   running   fron 

Pole  to  Pole;    (B)    Finished  Balls   produced  from   Blanks  split 

during   Cold-heading   Operation 
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Fig.  36.     (A)  Fractures  of  Balls  shown  at  (B)  in  Fig.  35,  showing  Original 

Header  Crack,  Fire  Crack  and  Fracture  of  TJncracked  Metal;   (B)  Etched 

Balls,  showing  Crack  from  Pole  to  Pole  and  Crack  on  Equator 
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developed.  All  these  tests  show  that  with  small  blanks  with- 
out any  header  cracks,  it  is  practically  impossible  to  produce 
fire  cracks  in  the  automatic  hardening  furnaces;  when  cracks 
are  produced  they  are  started  in  cold-heading  and  not 
through  the  process  of  heat-treatment.  The  shape  of  the  ball 
is  in  its  favor,  as  it  insures  uniform  quenching  and  a  mini- 
mum of  internal  strain.  Application  of  too  high  a  tempera- 
ture would  tend  to  increase  the  size  of  the  grain  in  the  steel 
and  make  it  brittle,  but  it  would  not  produce  hardening  cracks. 

Effect  of  Hardness  of  Wire 

When  the  wire  used  in  making  ball  blanks  on  cold-headers 
is  too  hard,  there  is  a  tendency  for  it  to  break  off  instead  of 
shearing  as  it  should.  When  trouble  of  this  sort  is  encoun- 
tered, it  is  likely  to  be  accentuated  by  the  fact  that  the  blank 
is  often  carried  to  the  heading  die  in  a  sidewise  position,  which 
results  in  the  development  of  abnormal  pressure  in  the  die. 
Working  hard  stock  of  this  kind  is  likely  to  result  in  breaking 
the  cut-off  knife  or  the  dies  on  the  cold-heading  machine.  This 
condition  of  excessive  hardness  does  not  usually  exist  for  the 
entire  length  of  the  coil;  wire  may  shear  off  and  head  nicely 
for  some  time,  when   suddenly  a  hard  spot  will  be  reached 


Fig.  37.  (A)  Section  of  Steel  Stock,  showing  Lamellar  Structure; 
(B)  Cross-section  of  Cold-header  Ball  Blank,  showing  Distortion  of  Steel 
Structure;  (C)  Cross-section  of  Header  Cracked  Ball  Blank;  (D)  Ball 
Blank  shown  in  Cross-section  at  (C)  ;  (E)  Cold-header  Ball  Blank  with 
Large  Fin;  (F)  Perfect  Cold-header  Ball  Blank;  (G)  Etched  Ball,  show- 
ing End  Grain  of  Steel  at  Equator;  (H)  Etched  Ball,  showing  End 
Grain   of   Steel  at  Pole 

and  then  the  dies  or  the  cut-off  knife  is  likely  to  suffer.  After 
this  hard  spot  has  been  passed,  the  wire  may  be  all  right  for 
another  period  of  considerable  duration.  With  the  view  of 
showing  the  relative  condition  of  hard  and  soft  spots  in  the 
wire,  slugs  of  metal  were  selected  at  a  point  where  trouble 
was  encountered  from  this  cause,  and  again  at  a  point  where 
the  operation  of  the  cold-header  was  entirely  satisfactory. 
These  were  test- 
ed by  the  Brin- 
ell  method  and 
it  was  found 
that  the  hard 
slugs  had  a 
Brinell  hardness 
number  of  215, 
while  the  soft 
slugs  only 
showed  a  Brin- 
ell hardness 
number  of  190. 
The  latter  is 
really  higher 
than  it  should 
be,  as  170  is 
specified     for 


END  GRAIN 


Fig.  38.  Diagram  illustrating  Distortion  of 
steel  Structure  in  Cold-header  Ball  Blank 
similar  to  that  shown  at   (B)  in  Fig.  37 


steel  to  be  used  in 
cold  -  heading  ma- 
chines. 

At  A  in  Fig.  40 
is  shown  the  fresh 
fracture  of  a  slug 
of  hard  metal,  and 
attention  is  called 
to  the  coarse  grain 
as  compared  with 
the  finer  grain  of 
the  normal  steel 
shown  at  B.  The 
hard  specimen  was 
very  brittle  and 
easy  to  break,  while 
the  normal  steel 
was  tough  and  ca- 
pable of  bending 
considerably  before 
beingbroken.  Speci- 
mens of  these  two  steels  were  next  polished  and  etched,  with 
the  results  shown  at  C  and  D,  respectively.  These  are  trans- 
verse sections  cut  through  the  wire,  and  attention  is  called 
to  the  coarse  grain  of  the  steel  shown  at  C ;  the  ring  at  the 
surface  is  a  band  of  decarbonized  steel  produced  by  the  appli- 
cation of  too  high  an  annealing  temperature.  The  normal  steel 
shown  at  D  has  a  fine  grain  and  there  is  no  indication  of 
decarbonization,  although  what  appears  to  be  a  band  at  one 
side  of  this  section  is  in  reality  a  thin  oxidation  film  caused 
by  the  etching  reagent. 

At  A  in  Fig.  41  is  shown  the  decarbonized  band  of  steel  sur- 
rounding section  C  in  Fig.  40,  which  is  magnified  to  62  diam- 
eters, instead  of  5.25  diameters,  as  in  the  case  of  the  previous 
illustration.  It  will  be  noted  that  the  extreme  edge  of  this 
photomicrograph  is  somewhat  indistinct,  owing  to  the  slightly 
rounded  edge  formed  while  polishing  the  specimen.  The  de- 
carbonized surface  of  this  stock  would  not  be  entirely  removed 
in  the  process  of  grinding,  and  would  result  in  the  production 
of  either  soft  balls  or  balls  with  soft  spots.  At  B,  Fig.  41,  we 
have  the  condition  where  there  is  practically  no  loss  of  carbon 
at  the  surface,  with  a  proportional  increase  in  the  size  of 
grains,  although  this  is  not  enough  to  cause  trouble.  At  A 
and  B  in  Fig.  42  is  seen  a  decided  contrast  between  the  struc- 
ture of  the  slug  of  hard  metal  and  that  taken  from  the  normal, 
wire.  At  A  there  is  a  pronounced  pearlitic  structure  with 
distinct  cell  boundaries  of  excess  cementite,  which  also  indi- 
cates the  application  of  too  high  an  annealing  temperature. 
At  B  the  structure  is  fine  grained,  which  is  the  condition  pro- 
duced by  employing  the  proper  annealing  temperature.  Where 
lack  of  uniformity  is  discovered  in  the  hardness  of  the  wire, 
it  is  probably  due  to  application  of  too  high  an  annealing 
temperature. 

Cause  of  Soft  Spots  on  Balls 

Some  valuable  discoveries  have  been  made  in  the  laboratory 
as  a  result  of  work  that  was  started  with  some  other  object 
in  view.    For  instance,  an  investigation  that  was  started  with 

the  view  of  de- 
termining the  ef- 
fect of  slight 
seams  found  in 
a  certain  ship- 
ment of  steel  at 
the  time  of  the 
preliminary 
tests.  These 
seams  were  not 
considered  seri- 
ous enough  to 
justify  rejection 
of  the  steel,  but 
after  the  first 
lot  of  blanks  had 
been  finish  dry 
ground,    testa 


a®# 


Fig.  39.     (A)  Fractures  of  Header  Cracked  Balls  that  broke  when  re-heat-treated  in  Laboratory  at  1500 
Degrees   F. ;    (B)    Fractures   of   Perfect   Balls   that   did  not  break   when   re-heat-treated   at    1600 
Degrees   F. ;    (C)    Fractures    of   Balls    with    Slight    Cracks    which    broke    when   re-heat- 
treated    at    1500   Degrees    F. ;    (D)    Fractures    of    Perfect    Balls    that    did    not 
break  when  re-heat-treated  at   1600  Degrees  F. 
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Fig.  40.     (A)  Fracture  of  Hard  Metal  Slug;   (B)   Fracture  of  Normal  Metal  Slug;   (C)  Etched 
Surface  of  Hard   Steel  magnified   6.25  Diameters — Attention   is   called   to   Decar- 
bonization   at   Circumference;    (D)    Etched    Surface   of   Normal    Steel 
with  No  Decarbonization  at  Circumference 

were  made.  This  was  done  by  etching  a  number  of  balls  in 
hydrochloric  acid,  to  see  If  the  seams  had  been  removed  in 
grinding.  The  balls  were  immersed  in  the  solution  until 
they  assumed  its  temperature,  and  after  being  etched  for 
fifteen  or  twenty  minutes  they  were  removed,  washed  in  water 
and  brushed. 

When  treated  in  this  way,  the  balls  are  usually  a  light  gray 
color  over  their  entire  surface,  but  the  particular  lot  of  balls 
referred  to  could  not  be  uni- 


the  poles  as  frequently  as  they  did  at  the 
equator;  and  when  a  new  file  was  applied  to 
the  black  spots  shown  in  Fig.  43,  it  was 
found  that  they  were  dead  soft,  while  the 
light  gray  spots  were  very  hard.  The 
sderoscope  hardness  of  ten  of  those  balls 
was  taken  and  averaged  as  follows:  black 
spots,  48;  gray  spots,  70. 

The  reason  for  these  spots  will  be  under- 
stood from  the  photomicrographs  presented 
at  A  and  B  in  Fig.  44,  which  are  taken  from 
polished  surfaces  at  the  extreme  outer  sur- 
face  of   the   black   and   white   spots   on   the 
balls.      These    surfaces    were    prepared    and 
photographed  in  exactly  the  same  way;    in 
stead    of   polishing   a   flat   on   the   ball,   the 
spherical    surface    was    polished,    because    a 
flat    surface    having    any    width    whatever 
would  also  be  at  a  considerable  depth  below 
the  surface  of  the  ball,  and  would  not  reveal 
conditions  that  it  was  desired  to  Investigate.     DiflBculty  was 
experienced   in   polishing   this  spherical   surface,   and  so   the 
photographs  reproduced  in  Fig.  44  show  polish  marks  rather 
too  distinctly,  but  these  have  no  bearing  upon  the  accuracy 
of  the  results  obtained  in  the  investigation.    At  A  is  shown  a 
large   percentage  of  free   ferrite,   indicating   a  hypo-eutectoid 
structure  of  about  0.30  to  0.40  per  cent  carbon;  in  other  words, 
the  metal  is  similar  to  a  mild  steel.     On  the  other  hand,  the 

condition    revealed    at    B    is 


formly  etched.  At  first  it  was 
thought  that  a  film  of  grease 
or  some  other  foreign  matter 
was  interfering  with  the  ac- 
tion of  the  acid,  but  a  second 
trial  resulted  in  the  same 
mottled  appearance  of  the 
etched  balls.  Part  of  the  sur- 
face was  light  gray,  while 
other  parts  were  dark  gray 
and  almost  black.  Balls  with 
these  spots  are  shown  in  Fig. 
43,  and  no  matter  how  often 
they  were  re-etched,  the  same 
spots  always  appeared  and 
they  were  of  the  same  outline 
as  those  developed  by  the  pre- 
vious etching.  Some  of  the 
unetched  samples  were  exam- 
ined, and  it  was  found  that  a  considerable  quantity  of  black 
scale  was  left  on  the  balls,  i.  e.,  the  forging  had  not  been  cleaned 
up  properly  after  the  finish  dry-grinding.  At  this  stage  the 
ball  consistently  measured  1.135  inch,  i.  e.,  within  0.010  inch  of 
the  finished  size — lYs  inch. 

Thus  far  results  seemed  to  indicate  that  the  forging  blanks 
were  under  size,  so  five  samples  were  selected  at  random  and 
measured.  The  measurements  of  these  five  blanks  are  given 
in  Table  4,  reference  to  which  will  show  that 
dimension  A  across  the  poles  and  dimen- 
sion B  near  the  poles  were  of  ample  size; 
and  the  surfaces  at  or  close  to  the  poles 
were  also  smooth  and  well  filled  out.  How- 
ever, these  conditions  did  not  exist  around 
the  equator,  where  it  will  be  seen  that  dimen- 
sion C  was  scant  in  many  balls,  and  addi- 
tional trouble  was  caused  by  the  fact  that 
the  surface  was  very  rough  and  covered  with 
"hills"  and  "valleys."  In  making  these 
equatorial  measurements  with  a  micrometer, 
the  distance  Is  taken  across  the  tops  of 
the  "hills,"  while  the  dimensions  in  the 
"valleys"  will  obviously  be  considerably  less. 
It  Is  doubtful,  therefore,  whether  three  out 
of  five  of  these  samples  would  clean  up  in 
the  rough  dry-grinding.  A  re-examlnatlon 
of  the  etched  dry-ground  balls  showed  that 
the  peculiar  black   spots  did   not  appear  at 
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Fig.   41.     (A)   Decarbonized  Surface  shown  at   (C)   in  Fig.   40  magnified  to 

Sixty-two  Diameters;    (B)   Same  Magnification  as  at   (A),   showing 

Condition  of  Practically  No  Decarbonization 


practically  a  pure  eutectoid 
structure  of  pearlite,  this  steel 
having  from  0.85  to  0.90  per 
cent  carbon.  Specifications  un- 
der which  the  steel  is  pur- 
chased call  for  from  0.85  to 
0.95  per  cent  of  carbon,  so 
that  in  this  regard  it  fulfills 
requirements.  At  B  In  Fig.  44 
Is  illustrated  steel  of  the 
original  carbon  content,  while 
A  illustrates  the  decarbonized 
steel. 

A  further  test  was  con- 
ducted by  preparing  flat  sur- 
faces on  the  balls  and  exam- 
ining these  under  the  micro- 
scope; and  in  both  cases  it 
was  found  that  photomicro- 
graphs obtained  in  this  way  indicated  metal  containing  its 
full  percentage  of  carbon.  Hardness  tests  show  that  the  metal 
directly  under  a  decarbonized  spot  Is  soft  and  indicate  not  only 
that  the  decarbonized  surface  fails  to  harden,  but  that  It  also 
forms  a  sort  of  Insulator  and  retards  the  proper  hardening  of 
the  eutectoid  steel  beneath  it.  Therefore,  the  decarbonization 
plus  its  effects  means  a  soft  area  of  decided  depth,  so  deep,  in 
fact,  that  when  the  ball  is  finished  the  soft  spot  still  appears. 


Fig.  42.     (A)   Pronounced  Peaxlitic  Structure  with  Distinct  Cell  Boundaries  of  Excess  Cementlte, 

indicating    Application    of    too    High    an    Annealing    Temperature;    (B)    Fine-grained 

structure,  showing  Condition  obtained  with  Proper  Annealing  Temperature. 

Both  Samples  magnified  to  225  Diameters 
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Fig.    43.     Finish    Dry-ground    Balls    after   being   etched    with    Hydrochloric 

Acid,  showing  Mottled  Appearance  due  to  Soft  Spots  produced 

by  Secarbonization  of  Steel 
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Having  reached  this  conclusion,  specimens  of  the  raw  material 

were  prepared  by  cutting  sections  transversely  from  the  bar, 

and  these  were  prepared  and  photographed,  Fig.  45  illustrating 

the  conditions  that 

were    revealed    in  TABLE  4.    MEASUREMENTS  OF  BALLS  ACROSS  POLES.  NEAR  POLES 

AND  AT  EQUATOR 
this  way.     It  will 

be  noted  that  the 
steel  shown  at  A 
is  decarbonized  to 
a  depth  of  0.010 
inch  —  0.020  inch 
on  the  diameter 
of  the  ball — while 
in  the  sample 
shown  at  B  there 
is  no  decarboniza- 
tion.  It  was  this 
steel  with  the  de- 
carbonized surface 
that  produced  balls  showing  soft  spots  in  the  tests. 

Fifty  of  these  balls  showing  soft  spots  were  taken  to  the 
laboratory,  where  they  were  again  heat-treated,  and  the  result 
was  that  the  balls  came  out  hard.    It  was  not  considered,  how- 
ever,   that    this    indicated    defective    heat-treatment    in    the 
process  of  manufacture,  because  it  might  have  happened  that 
the   operation   of  finish   dry-grinding   removed   enough   metal 
from   the   surface   so   that   the   balls   would   harden   properly, 
although  they  were  prevented  from  doing  so  at  the  time  of 
the  original  treatment  by  the  decarbonized  steel  that  covered 
the  surface  of  the  balls.    Because  of  the  oval 
shape  of  the  forgings,   the  depth   of  decar- 
bonization  varies   at   different  spots   on   the 
rough-ground  surface  of  the  balls;  for  exam- 
ple, at  the  poles  there  is  little  or  no  decar- 
bonization,  while  around  the  equator  the  de- 
carbonization   is   quite   deep.     When   a   ball 
is  reduced  to  the  finished  size,  the  following 
conditions  will  be  found:    (1)    decarbonized 
areas  where  the  original  decarbonization  on 
the    rough    ball    was    deep;     (2)    soft    areas 
where   the   original   decarbonization    on    the 
rough    ball    was    shallow;     (3)    hard    areas 
where  there  was  little  or  no  decarbonization 
on  the  rough  ball.    In  cases  (2)  and  (3)  the 
steel  has  its  full  percentage  of  carbon,  and 
when  the  balls  are  rehardened  some  of  the 
soft  spots  disappear,  while  the  spots  devoid 

of  carbon  still  remain  soft.      It  would  be  pos-  ^^e-  44.     (A)   Photomicrograph  of  Black  Soft  Spots  on  Balls  shown  In  Fig.  43,   showing  Large 

,,  .  Percentage  of  Free  Ferrite  and  Hypo-eutectoid  Structure;   (B)   Photomicrograph  of  Hard 

SlDle   to   reduce   these   balls   to   a  smaller   size  white  Spots  on  Balls  shown  in  Fig.  43,  indicating  the  Desired  Eutectoid  Structure 


and  reclaim  them  by  rehardening,  but  this  subsequent  heat- 
treatment  makes  the  balls  shrink  and  also  has  a  tendency  to 
roughen  their  surface  slightly,  which  necessitates  subsequent 
grinding  operations  that  would  probably  reduce  the  diameter 
from  0.015  to  0.020  inch,  so  that  allowance  must  be  made  for 
this  reduction  in  size. 

To  overcome  trouble  from  the  use  of  stock  that  is  decar- 
bonized at  the  surface,  special  forging  dies  were  made  which 
produce  oversize  ball  blanks,  so  that  the  diameter  at  the  equa- 
tor measures  from  0.060  to  0.080  inch  more  than  that  of  the 
standard  finished  balls.  The  same  stock  forged  in  a  regular 
die  would  make  a  blank  0.025  inch  to  0.035  inch  larger  than 
the  finished  size.  In  the  present  case  it  is  found  that  these 
would  not  clean  up,  but  left  soft  and  decarbonized  spots  on 
the  surface  of  the  finished  ball.  For  this  reason,  the  special 
forging  dies  were  produced.  This  practice  was  adopted  be- 
cause, owing  to  the  slow  deliveries  made  by  the  steel  mills,  it 
was  deslPfed  not  to  reject  any  steel  that  could  possibly  be  used. 

Development  of  a  Device  for  Separating  Hard  and  Soft  Balls 

Owing  to  shipment  to  the  factory  of  a  large  quantity  of  low- 
carbon  steel  through  an  error  made  at  the  steel  mills,  about 
seven  tons  of  this  material  was  converted  into  ball  blanks 
before  it  was  attempted  to  harden  them.  This  was  due  to 
the  fact  that  a  large  supply  of  blanks  of  the  same  sizes  had 
accumulated,  and  these  were  naturally  sent  through  the  heat- 
treating  department  ahead  of  blanks  made  from  this  shipment 
of  steel.  When  the  blanks  had  been  heat-treated,  they  were 
tested  in  order  to  determine  the  nature  of  the  results  obtained, 
and  while  a  number  of  balls  broke  with  a  fine-grained  fracture 

and    showed    a 
hardness  that  was 
all   that  could  be 
desired,  almost  10 
per    cent    of    the 
balls   were   found 
to    be    dead    soft. 
When   these  balls 
were  subjected  to 
pressure  they  flat- 
tened out  instead 
of  breaking  in  the 
usual  way.    A  pe- 
culiar mottled  ef- 
fect was  noted  on 
the  balls  found  to 
be  file  hard,  while  the  soft  balls  were  a  dull  black  color;  but 
this  difference  in  appearance  was  not  sufiiciently  marked  to 
enable  the  balls  to  be  separated,  and  even  had  this  been  pos- 
sible, the  length  of  time  required  to  eliminate  defective  balls 
by  this  method  would  have  been  prohibitive. 

With  a  view  to  overcoming  this  difficulty,  a  device  was  de- 
veloped which  is  shown  in  diagrammatic  form  in  Fig.  46.  Its 
principle  of  operation  is  based  on  the  fact  that  when  balls 
are  dropped  on  a  hardened  steel  anvil  there  is  considerable 
difference  in  the  height  of  the  rebound  of  hard  and  soft  balls 
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The  balls  to  be  test- 
ed roll  down  an  In- 
clined plane  and 
drop  upon  a  hard- 
ened steel  block, 
from  which  they  re- 
bound ;  the  hard 
balls  rise  high 
enough  to  pass  over 
a  "hurdle"  into  a 
box,  while  the  soft 
balls  do  not  reach 
this  height  and  are 
deposited  in  a  sec- 
ond box.  To  test  the 
efBciency  of  this  de- 
vice, 119  balls  taken 
from  one  of  the  tote 
pans     in     the     shop 


Fig.    45.     (A)    Photomicrograpl^of   Transverse   Section   of   Decarbonized   Edge   of   Steel 
Magnification,   125  Diameters;   (B)  Photomicrograph  of  Transverse  Section  of 
Steel  showing  No  Decarbonization — Magnification,   125  Diameters 


were  run  through  the  drop  test;  79  dropped  into  the  "hard  bin" 
and  40  into  the  "soft  bin."  These  balls  were  once  more  thor- 
oughly mixed  and  again  run  through  the  apparatus  with  the 
same  result  as  in  the  previous  case.  Additional  trials  con- 
firmed the  accuracy  of  the  apparatus.  This  method  of  separa- 
tion proved  so  satisfactory  that  a  regular  equipment  is  now 
being  built  for  use  in  the  dry-grinding  room,  where  it  will  be 
used  for  separating  hard  and  soft  balls. 

Conclusion 

Many  of  the  cases  of  trouble  to  which  reference  has  been 
made  are  of  rare  occurrence,  but  it  is  obvious  that  they  exert 
a  powerful  influence  on  the  quality  of  the  product  turned  out 
in  the  factory.  Also,  the  conditions  brought  to  light  by  these 
investigations  are  exceptionally  interesting.  It  was  on  this 
account  that  they  were  selected  for  discussion  in  the  present 
article,  in  connection  with  the  regular  work  of  the  laboratory, 
and  not  because  they  really  belong  to  a  description  of  routine 
work  of  testing  the  raw  material  and  product  of  a  factory 
engaged  in  the  manufacture  of  steel  balls. 

MAKING  PISTON  RINGS 

BY   B.  T.  HAWLEY  ' 

I  was  required  to  make  some  snap  piston  rings  to  fit  an  air- 
compressor  cylinder  8  1/32  inches  in  diameter,  the  piston-ring 
groove  being  y^  inch  wide.  Wishing  to  profit  by  the  ex- 
perience of  others,  I  sought  data  on  piston-ring  design,  but 
found  nothing  that  would  help,  so  I  made  the  ring'as  follows: 
A  hard  gray-iron  casting  was  obtained  from  a  pattern  that 
had  an  inside  diameter  of  7  7/8  inches,  an  outside  diameter 
of  8  3/8  inches  and  a  length  of  4  inches.  The  inside  of  the 
casting  was  not  machined,  so  that  the  scale  might  be  left 
for  spring.  The  casting  was  chucked  in  a  lathe  1/16  inch  off 
center,  giving  a  run  out  of  1/8  inch,  and  the  outside  diam- 
eter was  turned  to  8  1/4  inches.  The  rings  were  then  care- 
fully cut  off  0.01  inch  longer  than  the  finished  dimension  with 
a  parting  tool,  and  ground  on  a  surface  grinder  to  a  close  fit 


'Address:  608  W.  Brighton  Ave.,  Syracuse,  N.  Y. 
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in  the  piston  -  ring 
grooves.  Next,  a  slot 
3/8  inch  wide  was 
milled  through  the 
thinnest  part  of  the 
piston  -  ring  at  an 
angle  of  45  degrees 
with  the  face.  A  sim- 
ple fixture  was  then 
made  for  finishing 
the  outside  diameter 
by  chucking,  in  a 
lathe,  a  cast  -  iron 
disk  8  inches  in  di- 
ameter. This  was 
permitted  to  pro- 
trude from  the  chuck 
1  inch,  and  a  shoul- 
der 7.315  inches  in 
diameter  and  3/8  inch  long  was  turned  on  its  end.  A  clamp 
washer,  the  outside  diameter  of  which  was  7  7/8  inches,  was 
fitted  to  this  disk  and  drawn  on  with  four  cap-screws.  The 
cut  rings  were  placed  on  this  shoulder  and  the  ring  ends  drawn 
together  with  a  rawhide  belt  lace.  Then,  while  each  ring 
was  held  so  that  its  thickest  part  hugged  the  turned  diameter 
of  the  fixture,  it  was  turned  with  a  scraped  finish  to  the  exact 


Fig.    46.     Diagram   illustrating   Principle   of   Apparatus   developed   for 
Automatic  Separation  of  %-incb  Hard  and  Soft  Balls 


Fig.   47.     Highly  Magnified  Surface   of  Polished  Ball,    showing  that   under 
Best   Conditions   Surface   is   covered   with   Multitude   of   Scratches 

diameter  of  the  cylinder,  and  finished  except  for  a  few  thou- 
sandths of  an  inch,  which  was  filed  off  the  ends  of  the  rings 
when  they  were  being  fitted  to  the  cylinder. 


MACHINERY  IN  WARFARE 
The  European  war  is  characterized  by  the  use  of  machinery 
on  a  larger  scale  than  has  ever  before  been  experienced  in 
warfare.  The  so-called  "tanks"  used  by  the  British  in  the 
operations  on  the  Somme  are  the  latest  developments  of  ma- 
chinery applied  to  destruction.  These  tanks  are  armored 
caterpillar  tractors,  which  by  reason  of  their  design  are  able 
to  traverse  areas  impossible  to  negotiate  by  ordinary  wheel 
vehicles.  H.  G.  Wells,  the  well-known  British  writer,  predicts 
that  if  the  war  continues  tanks  will  be  developed  to  enormous 
size  and  power,  and  will  be  the  most  terrible  agents  of  destruc- 
tion ever  known.  He  visualizes  monsters  weighing  many 
hundreds  of  tons,  driven  by  engines  of  enormous  power  and 
tracking  many  yards  in  width.  These  gigantic  land  battle- 
ships would  be  practically  irresistible  in  their  onward  march. 
They  would  level  and  crush  fortifications,  buildings,  forests, 
and  other  obstacles,  and  the  very  land  itself  would  be  so  cut 
to  pieces  as  to  be  worthless  for  agricultural  purposes  or  other 
uses  for  years  to  come.  What  this  war  will  bring  forth  in 
the  way  of  destructive  agencies  it  is  hard  to  say,  but  the 
heavy  gun  of  mobile  type  seems  to  be  the  most  effective  weapon. 
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VALUE  OF  ANALYSIS  OF  MECHANICAL  MOVEMENTS  IN   LAYING  OUT  AUTOMATIC  MACHINES 

BY  J.   W.   ■WUNSCH  -' 

through  a  complete  cycle  is  shown  in  Fig.  2.  The  device  is 
employed  in  a  blood-pump  for  the  transfusing  of  blood  from 
one  person  to  another.  It  is  practically  a  two-phase  valve,  as 
shown  at  A;  at  JB  its  operation  is  illustrated  schematically. 
In  one  position  it  transfuses  blood  from  the  donor  to  the  re- 
cipient and  in  the  other  it  transfuses  the  saline  solution  to 
the  donor.    The  latter  position  is  the  one  illustrated. 

A  diagram  of  every  function  and  movement  for  a  sheet- 
feeding  device  is  shown  in  Fig.  3.  A  few  of  the  most  inter- 
esting movements  will  be  analyzed  and  the  reader  can  easily 
figure  out  the  others  for  himself.  The  beginning  of  the  feed- 
ing action   is  similar  to  the  manual   turning  of  a  leaf  in  a 
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Machinery 

Rg.    1.     Analysis   of    Movement    of    Simple    Cam 

A  DIAGRAM,  in  machine  design,  is  the  graphical  repre- 
sentation of  one  or  more  movements  or  functions  of  a 
mechanism  through  a  complete  cycle  or  any  part  of  one. 
A  diagrammatic  analysis  of  the  movement  of  a  simple  cam  is 
shown  in  Fig.  1.  There  is  nothing  new  about  such  a  chart,  yet 
if  it  were  used  more  universally  in  designing,  cams  that 
are  right  the  first  time  would  be  the  rule  rather  than  the 
exception.  The  cam  lever  is  centered  at  P,  and  the  chart 
clearly  shows  the  character  of  the  movement  imparted  to  it. 
A    diagram    illustrating    the    functions    of    a    mechanism 


'See  also   "Design  of  Automatic  Machinery,"   in  Machinery,   August,   1910. 
^Address:     1581    Lincoln   Place,    Brooklyn,    N.    Y. 


Fig.    Z.     Illustration   of   Operation   of   a   Blood   Pump 

book.  The  feed  fingers,  one  of  which  is  shown  in  Fig.  4,  come 
down  on  the  sheet  and  feed  it  forward,  then  are  lifted  from 
the  table  and  return  for  the  next  sheet.  Curve  A,  Fig.  3,  illus- 
trates the  forward   and  backward  motions  and   curve  B  the 


Fig.    3.     Diagram   of   Movements   of   a   Sheet-feeding  Device 
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Fig,   4,     Feed  Finger  of  Sheet-feeding  Device 


Fig.    6.     Back-fingers   of   Sheet-feeding   Device 


lifting  and  lowering.  It  is  interesting  to  note  in  curve  B 
tliat  the  feed  rollers  leave  the  paper  very  quickly  (about  35  de- 
grees) and  descend  on  the  next  sheet,  moving  forv^rard  very 
gradually,  that  is  using  about  80  degrees  of  the  cycle.  The 
function  of  the  back-finger  plungers  shown  in  Fig.  5  is  to 
insure  that  only  one  sheet  is  fed  at  a  time.  These  fingers 
are  actuated  by  cams,  and  drop  successively  on  the  table. 
The  curve  Ci,  Fig.  3,  shows  the  movement  of  the  first  back- 
finger  plunger,  Cj,  the  second,  and  so  on.  It  will  be  noticed 
that  the  first  finger  drops  on  the  sheet  after  one-sixth  of  the 


cycle  is  completed,  the  second  finger  somewhat  ahead  of  it,  the 
third  finger  ahead  of  the  second,  and  so  on.  These  positions 
are  indicated  at  P„  P^,  P,,  and  P,.  All  back-finger  plungers  rise 
simultaneously  a  little  before  the  feed  fingers  descend  to  feed 
the  sheet;  these  positions  are  indicated  at  Q„  Qj,  Q^,  and  Q,. 
Fig.  3  also  illustrates  one  reason  for  charting  curves  on  one 
diagram;  that  is,  it  shows  the  degree  of  adjustability.  There 
seems  to  be  no  good  reason  why  cams  on  special  machinery 
should  have  to  be  "doctored"  to  perform  properly,  as  they 
invariably  must  be.    This  may  be  entirely  prevented  by  proper 
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Fig,  6.     Diagrammatic  Analysis  of  a  Reciprocating  Mechanism 
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diagrammatic  Investigations  before  the  cams  are  made.  How- 
ever, related  movements  should,  whenever  possible,  be  ob- 
tained with  a  certain  degree  of  adjustability  to  compensate 
for  any  changes  that  may  be  required,  due  to  unexpected  be- 
havior of  the  articles  handled.  It  will  be  noted  that,  from 
such  a  diagram  as  that  shown  in  Fig.  3,  the  limits  of  adjust- 
ability of  any  movement  may  be  discerned  at  a  glance.  For 
example,  suppose  it  is  desired  to  lift  the  back-finger  plungers 
from  the  table  later  in  the  cycle;  it  will  be  seen  from  curves 
A  and  Ci,  Cj,  Ca,  and  C,  that  there  Is  about  18  degrees  of  ad- 
justability in  this  direction.  Obviously  it  would  not  do  to 
malce  this  movement  later  than  18  degrees,  since  the  feed 
fingers  will  have  already  dropped  on  the  table  and  will  be 
moving  the  sheet  forward. 

A  reciprocating  mechanism  operating  within  47yo  degrees  is 
illustrated  in  Fig.  6.  It  consists  of  two  groove  cams  A  and  D, 
which  are  centered  at  0  and  actuate  cam  levers  pivoted  at 
P.  The  function  of  cam  A  is  to  operate  a  rack  in  a  special 
printing  machine.  Cam  B  operates  an  ink-pad  in  the  same 
device.  In  this  illustration  these  movements  are  also  analyzed 
diagrammatically,  together  with  several  other  related  func- 
tions. It  will  be  noted  that  since  these  movements  are  charted 
with  relation  to  the  fulcrum  0,  the  entire  operation  takes 
place  in  47i/i  degrees  forward  and  47i/^  degrees  return;  yet 
this  mechanism  has  completed  its  cycle  in  this  interval. 


MACHINING  A   SPRINKLER   HEAD 

BY   JOHN    J      BORKENHAGEN  ' 

The  method  of  machining  a  sprinkler  head  described  in  the 
September,  1916,  number  of  Machinery  seems  to  the  writer  to 
be  too  long.  Further,  the  use  of  the  nut  and  washer  to  hold  the 
head  in  the  second  setting  would  be  likely  to  cause  a  burr 
to  be  raised  on  the  seat  which  would  result  in  a  leak  in  the 
head  when  assembled.  Some  time  ago  the  writer  machined 
36,000  heads  by  the  following  method  at  an  average  produc- 
tion of  700  per  day.  Out  of  lots  of  1000  that  were  tested  at 
500  pounds  water  pressure,  less  than  one  per  cent  was  scrapped. 
A  two-jaw  chuck  was  used,  with  openings  in  the  sides  for  the 
chips  to  drop  through.    The  work  was  done  as  follows: 

First  Setting- 

Operation  1 — In  the  first  operation  the  head  is  turned,  faced 
to  length,  the  hole  roughed  out  and  the  end  of  the  head  cham- 
fered. The  hole  is  roughed  out  and  the  head  faced  by  a  flat 
counterbore-drill  A  held  by  set-screw  C  in  a  cast-iron  box-tool  B. 
Another  set-screw  D  prevents  the  drill  from  sliding  backward. 
The  hardened  bushing  E  is  provided  for  guiding  the  end  of 
the  sprinkler  head  as  it  enters  the  box-tool.  The  turning  tool  F 
is  set  in  the  box-tool  at  an  angle,  resting  in  a  milled  slot  and 
a  set-screw  prevents  it  moving.  The  chamfering  tool  is 
held  in  the  opposite  side-  of  the  box-tool  in  a  similar  manner. 

Operation  2 — In  this  operation  the  hole  is  reamed  to  the  two 
diameters  by  a  four-lip  combination  reamer  H  and  the  hole 
is  drilled  at  the  other  end  of  the  sprinkler  head  by  drill  G. 
The  center  of  the  combination  reamer  is  drilled  out  to  take 
the  drill  G,  which  is  held  in  place  by  a  set-screw. 

Operation  3 — This  operation  consists  of  baek-facing  the  inner 
surface  by  a  special  tool.  The  hook  tool  /  is  located  eccen- 
trically with  the  body  of  the  tool  A'.  The  shank  of  the  hook 
tool  extends  into  the  body  of  the  holder  for  a  considerable  dis- 
tance and  a  handle  L  is  inserted  in  it.  The  tool  body  is  milled 
away,  providing  a  slot  to  rotate  the  handle  L  180  degrees,  thus 
revolving  the  hook  tool  to  a  position  where  the  entire  device 
may  be  removed  from  the  hole  in  the  work.  The  shank  of  the 
tool  and  the  handle  are  fitted  snugly  to  the  holder  K  to  pre- 
vent chattering.  The  hook  tool  /  is  turned  and  milled,  and  the 
cutting  edge  roughed  out.  After  the  roughing  of  this  cutting 
surface,  a  hollow  mill  is  used  which  accurately  governs  its 
shape.  By  keeping  the  edge  of  the  hook  tool  sharp,  which  is 
necessary  to  prevent  a  leak  when  the  head  is  in  use,  the 
writer  completed,  on  an  average,  from  3000  to  4000  pieces  in 
the  life  of  each  of  the  hook  tools.  A  suitable  stop  was  used 
on  the  carriage  of  the  machine  in  which   this  job  was  per- 
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Operations  in  First  Setting  of  Sprinkler  Head 

formed  to  limit  the  backward  movement  of  the  hook  tool, 
thereby  governing  the  amount  of  material  removed  from  the 
seat. 

Operation  .} — In  this  operation  the  thread  is  cut  on  the  out- 
side of  the  sprinkler  head  by  means  of  an  ordinary  self-opening 
die-head.  By  turning  the  die-head  upside  down  in  the  car- 
riage and  leaving  the  handle  low  enough  to  hit  the  carriage 
when  revolving  the  turret,  the  closing  of  the  die  is  accom- 
plished automatically. 

Operation  5 — This  operation  consists  of  tapping  the  small 
hole  in  the  farthest  end  of  the  sprinkler  head.  A  simple  brass 
tap-holder  0  fits  the  previously  reamed  hole  and  guides  the 
tap  M,  which  is  soldered  to  it. 

Second  Setting 

In  the  second  setting,  the  top  of  the  casting  may  be  faced  in 
a  drill  presff  by  a  four-lipped  facing  tool,  thus  completing  the 
machining  of  the  sprinkler  head. 
•     •     * 

The  number  of  motor  and  passenger  vehicles  exported  from 
the  United  States  during  the  last  fiscal  year  was  77,496.  The 
number  exported  in  1915  was  37,876;  in  1914,  29,090;  and  in 
1911,  11,803. 
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NOTCHED   HAMMER  HANDLES 

A  well-known  manufacturing  firm  in  the  Middle  West  had 
hired  a  number  of  men  to  work  in  its  blacksmith  shop,  and 
while  making  his  rounds  shortly  after  this  addition  to  the 
force,  the  superintendent  stopped  to  speak  to  one  of  the  new 
employes.  During  the  course  of  their  conversation,  he  in- 
quired the  reason  why  the  hammers  in  this  man's  kit  of  tools 
were  notched  in  a  peculiar  way;  and  with  a  directness  which 
was  commendably  frank,  but  somewhat  lacking  in  diplomacy, 
the  new  blacksmith  replied: 

"I'have  used  those  hammers  for  a  good  many  years,  and  the 
notches  on  each  handle  are  what  I  call  my  'pay  gage.'  When  I 
get  thirty-two  and  a  half  cents  an  hour  I  hold  the  hammer 
at  the  notch  nearest  the  head;  for  thirty-five  cents  an  hour  I 
hold  the  handle  one  notch  nearer  the  end;  for  thirty-seven  and 
a  half  cents  an  hour  I  take  hold  still  one  notch  farther  from 
the  hammer  head;  and  when  I  get  forty  cents  an  hour  I  take 
hold  at  the  end  of  the  handle." 

It  happened  that  the  superintendent  of  this  plant  was  a  man 
who  madje  quick  decisions,  and  as  his  firm  was  badly  in  need 
of  blacksmiths  and  hampered  by  the  impossibility  of  getting 
forgings  as  rapidly  as  they  were  required,  he  decided  to  try 
an  experiment  with  this  new  blacksmith.  Having  reached  this 
decision,  he  said: 

"As  you  were  holding  your  hammer  handle  somewhere 
around  the  third  notch  at  the  time  I  came  along,  I  judge  your 
present  rate  of  pay  is  about  thirty-seven  and  a  half  cents  an 
hour.  Now  I  have  decided  to  try  you  out  on  a  different  scale 
of  wages.  You  take  hold  at  the  end  of  that  hammer  handle, 
and  if  you  can  earn  the  money,  at  the  end  of  the  week  your 
pay  envelope  will  be  filled  at  the  rate  of  forty-five  cents  an 
hour." 

Every  man  who  is  familiar  with  conditions  in  American 
manufacturing  plants  knows  that  efficiency  is  being  greatly 
hampered  because  a  large  percentage  of  the  employes  are 
using  hammers  with  notched  handles.  This  is  due  to  a  variety 
of  causes,  and  an  important  one  is  that  many  employers  of 
labor  make  a  practice  of  basing  wages  upon  general  experience 
with  men  hired  for  doing  a  given  class  of  work,  rather  than 
upon  results  of  a  study  of  the  quantity  and  quality  of  work 
produced  by  individual  employes.  Men  are  hired  as  milling 
machine    operators,    lathe    hands,    blacksmiths,    etc.,    and    are 


given  a  specified  rale  of  pay  upon  which  they  are  likely  to 
continue,  because  that  i^  the  rate  that  has  always  been  paid 
for  the  Job  on  which  they  are  engaged. 

If  the  turning  out  of  more  work  and  work  of  a  better 
(luality  than  that  ordinarily  done  were  the  means  of  securing 
higher  wages,  there  would  be  more  ambition  among  mechanics 
to  stand  high  in  the  regard  of  their  employers;  and  they  would 
progress  more  rapidly  toward  positions  of  responsibility.  That 
success  followed  the  experiment  of  the  superintendent  is  at- 
tested by  the  fact  that  his  new  blacksmith  is  still  working 
at  the  rate  of  forty-five  cents  an  hour. 

•  •     * 

USE  OF  PORTABLE  TOOLS  IN  MANU- 
FACTURING 

Portable  tools,  except  pneumatic  hammers  and  electric  drills, 
which  have  a  recognized  field  of  use  in  erecting  bridges,  build- 
ings and  other  structures,  are  generally  regarded  as  makeshift 
means  for  doing  repair  work  on  parts  that  cannot  be  con- 
veniently taken  down  and  carried  to  stationary  machine  tools. 
But  this  conception  is  not  altogether  sound,  as  portable  tools 
are  being  used  successfully  for  the  manufacture  of  machinery. 
A  few  months  ago  a  new  concern  organized  in  the  West  for 
building  a  line  of  machine  tools  was  confronted  by  the  prac- 
tical impossibility  of  obtaining  regular  equipment  in  time 
to  build  the  machines  it  had  agreed  to  furnish,  and  its  gen- 
eral manager  was  forced  to  develop  new  means  and  methods 
for  machining  the  castings,  the  result  being  the  production  of 
a  number  of  portable  machines  that  have  been  used  with  entire 
satisfaction. 

In  building  machine  tools  especially,  it  is  feasible  to  do 
machining  operations  following  planing  with  comparatively 
small  and  inexpensive  portable  machines  supported  on  the 
planed  surfaces.  Then  holes  bored  with  fixtures  supported  on 
the  planed  surfaces  may  be  used  for  locating  and  holding  the 
tools  for  subsequent  operations.  Portable  tools  offer  several 
advantages,  among  which  are  the  following: 

The  frame  is  machined  in  its  working  position  and  not  lying 
down,  thereby  eliminating  flexure;  a  portable  tool  can  be  set 
up  on  the  casting  in  less  time  than  the  casting  can  be  set  up 
on  a  machine  tool;  the  actual  machining  is  done  in  less  time, 
as  the  tools  are  set  ready  for  work;  and  the  shop  capacity  is 
greatly  increased  at  moderate  outlay,  as  the  portable  tools 
generally  take  the  place  of  large  expensive  tools.  Another  im- 
portant advantage  is  that  often  two  or  three  different  opera- 
tions can  be  performed  simultaneously  on  the  same  lathe  bed 
or  other  machine  frame. 

The  principal  disadvantage  of  portable  tools  is  that  they  re- 
quire operators  who  must  be  skilled  mechanics.  Machine 
operators  having  had  experience  on  repetitive  work  only  are 
not  suited  to  this  work  without  special  training.  The  men 
must  be  experienced,  have  good  judgment  and  be  adaptable. 
Of  course  if  manufacturing  along  these  lines  were  highly  spe- 
cialized and  the  quantity  of  work  to  be  done  were  large,  it 
would  be  feasible  to  train  operators  to  do  certain  jobs  as  ef- 
fectively, probably,  as  on  stationary  machine  tools.  There  is  a 
field  for  highly  developed  and  accurate  portable  tools  not  gen- 
erally seen  by  the  average  machine  builder.  >  _ 

*  *     •  I 
AN  INTELLIGENTLY  SELFISH  EMPLOYER  * 

Once  upon  a  time  a  liberal  minded  general  manager  said, 
when  making  a  yearly  settlement  with  his  traveling  repre- 
sentative, "John,  I  wish  this  check  that  I  am  handing  you  for 
commission  accrued  over  and  above  your  weekly  drawing  ac- 
count was  more."  The  check  was  a  large  one — to  some  man- 
agers it  would  have  seemed  entirely  too  large — but  this  man- 
ager's attitude  was  intelligently  selfish.  If  the  traveling  rep- 
resentative had  earned  more,  his  profit  would  have  been  more, 
Too  few  employers  of  labor  recognize  the  great  truth  that  the 
more  their  men  earn,  the  greater  their  profits  will  be,  if  the 
business  is  properly  managed.  The  employer  who  fixes  an  un- 
changeable day  rate  of  pay  for  his  employes  is  short-sighted 
and  may  generally  be  regarded  as  a  poor  manager.  He  does 
not  recognize  the  fact  that  his  employes  are  properly  co- 
operators  and  not  servants.  ■ 
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DEFECTIVE  MACHINERY 

BY    CHESLA  C.   SHERLOCK  > 

The  general  rule  of  law  is  that  a  manufacturer  or  vendor 
Is  not  liable  to  third  parties,  who  have  no  contractual  rela- 
tions with  him,  for  negligence  in  the  construction,  manufac- 
ture, or  sale  of  articles  which  he  handles.  This  rule  has  been 
supported  for  generations  by  the  courts  and  the  decisions  on 
the  point  would  cover  many  volumes.  The  theory  that  no 
man  has  a  right  to  sue  another  upon  a  contract  or  an  implied 
contract,  unless  there  is  a  contractual  relation  between  them, 
is  a  relic  of  the  old  English  common  law. 

The  advent  of  our  present  age  of  industrialism  presented 
situations  to  our  courts  which  were  never  contemplated  by 
the  common  law.  It  was  found  that  in  many  instances  manu- 
facturers could  produce  a  product  of  inferior  quality,  both 
in  material  and  workmanship,  sell  it  to  wholesalers  and  job- 
bers, and  escape  all  liability  for  any  injury  resulting  from  its 
inferiority.  The  courts  justly  came  to  the  conclusion  that 
exceptions  to  the  general  rule  were  in  order,  so  that  during 
the  last  ten  or  twelve  years  we  have  had  some  new  laws  on 
this  subject  which  is  of  vital  importance  to  all  who  are  en- 
gaged in  the  manufacture  or  sale  of  machinery.  These  ex- 
ceptions, as  generally  recognized  by  the  courts,  are  limited 
to  three.  The  first  is  where  the  manufactured  product  itself 
is  imminently  dangerous  to  human  life.  A  manufacturer  en- 
gaged in  the  business  of  producing  a  machine  or  a  product 
that,  in  itself,  is  dangerous  to  human  life  is  bound  to  use  the 
best  material  and  the  utmost  care  in  workmanship,  if  he 
would  escape  liability  to  any  third  party  who  may  purchase 
or  use  his  product.  The  courts  have  not  been  content  to  let 
the  matter  rest  at  this  point.  They  have  gone  further  and 
said  that  if  a  machine,  itself,  was  not  imminently  dangerous 
to  human  life,  but  that  if,  through  inferior  material  or  un- 
skilled workmanship,  it  is  rendered  dangerous  to  human  life, 
the  same  liability  will  attach  to  the  manufacturer. 

The  second  exception  to  the  general  rule  is  where  the  manu- 
facturer invites  or  induces  the  injured  party  to  use  the  de- 
fective product  or  represents  it  to  be  safe  and  sound.  Of  course, 
this  does  not  mean  that  the  manufacturer  personally  must 
make  the  representations.  It  means  that  either  he  or  his  sell- 
ing force  or  agents  may  make  the  false  representations  so  as 
to  hold  him  for  the  injury  done. 

The  third  exception  to  the  rule  is  where  the  manufacturer 
knows  that  defective  material  or  workmanship  is  being  used, 
but  takes  steps  to  conceal  such  defects  by  the  use  of  paint, 
putty,  or  other  means  so  that  they  cannot  be  discovered. 

In  any  one  of  these  exceptions,  the  manufacturer  of  ma- 
chinery will  be  liable  to  third  parties  for  injuries  sustained, 
regardless  of  whether  there  is  privity  of  contract  between 
them  or  not.  Deceit  is  an  important  element  in  this  new  line 
of  decisions.  The  New  York  Supreme  Court  did  much  to 
blaze  the  way  when  it  said: 

A  manufacturer  has  a  right  to  sell  a  defective  machine 
if  he  gives  notice  of  the  defect  to  the  purchaser,  who,  in 
turn,  has  the  same  right.     Neither  has  the  right,  however, 
with  furtive  intent,  to  completely  conceal  the  defect  and 
sell  the  machine  as  sound  and  safe,  intending  it  to  be  used 
as  such  by  anyone  into  whose  possession  it  might  lawfully 
come,  when  the  natural  regult  would  be  the  infliction  of 
any  injury  upon  any  person  who  used  it.  '  By  giving  cur- 
rency to  the  implement  as  safe,  with  intent  to  deceive  not 
only  the  purchaser  but  any  user,  and  yet  so  covering  up 
the  defect  as  to  entirely  conceal  it,  the  defendant  (a  manu- 
facturer) was  guilty  of  an  actionable  wrong. 
The  real  distinction  between  cases  where  the  manufacturer 
is  liable  and  where  he  is  not  liable  seems  to  rest  upon  the 
character  of  the  manufactured  article  itself.    In  general  terms, 
it  can  be  said  that  if  the  machine  itself  is  dangerous  to  human 
life  the  manufacturer  will  be  liable  for  any  defect;    if  it  is 
not  of  itself  dangerous  to  human  life,  he  will  not  be  liable, 
in  the  absence   of   knowledge   of  its   defective   condition.     It 
should  be  remembered,  however,  that  the  courts  are  leaning 
even  farther  and  have  come  to  the  conclusion  that  even  though 
the  machine  itself  is  not  ordinarily  dangerous,  if  the  inferior 
materials  used  or  unskilled  workmanship  renders  it  danger- 
ous to  life,  the  same  liability  will  attach. 


'Address:  707  Youngerman  Bldg.,  Des  Moines,  Iowa. 


LARGE  RETURNS  FROM  SMALL  TOOLS 

BY  J.  ■W.  T. 

The  writer  recently  spent  several  days  inspecting  the  tool- 
room and  tool  cribs  of  a  shop  employing  over  1500  men,  of 
whom  probably  fifty  were  toolmakers.  Some  of  the  things  he 
saw  in  this  shop,  which  is  credited  with  being  strictly  up  to 
date,  should  be  interesting  and  instructive  to  many  readers  of 
Machinery.  This  article  is  confined  to  the  tool-room  and 
tool  cribs,  but  the  methods  of  handling  tools  and  men  in  this 
department  will  apply  to  the  machine  shop  as  well,  and  the 
conditions  existing  in  this  shop  will  be  found  in  a  large 
percentage  of  the  shops  in  the  country.  The  foreman  of  the 
tool-room,  who  has  two  assistants,  complained  that  he  had 
great  difficulty  in  getting  good  men;  that  men  came  to  him 
with  first-class  references,  and  started  in  as  if  they  knew  their 
business,  only  to  fall  down  in  a  few  days;  or  after  working  a 
day  or  so  decided  they  did  not  want  to  stay.  The  result 
of  the  writer's  inspection  has  given  the  foreman  cause  for  re- 
flection if  nothing  more. 

Much  care  and  money  had  been  given  to  this  department. 
Sheet-metal  boxes  and  drawers,  conveniently  arranged  and 
indexed,  provided  for  a  ready  distribution  of  tools.  But,  and 
here  is  the  first  fly  in  the  ointment,  these  tool  cribs  were 
handled  by  boys  who  were  totally  ignorant  of  the  use  of  the 
tools;  therefore,  they  were  unable  to  give  the  tools  the  neces- 
sary care  while  in  the  cribs.  To  illustrate,  there  were  forty- 
eight  boxes  provided  for  reamers,  of  which  a  large  stock  is 
carried.  When  these  tools  were  received  or  given  out,  they 
were  chucked  into  the  boxes  as  if  they  were  scrap.  Careful 
inspection  of  over  one  hundred  reamers  failed  to  find  one 
that  was  not  nicked,  with,  in  most  cases,  a  burr  projecting; 
and  these  reamers  were  expected  to  make  polished  bores.  It 
was  the  same  way  with  taps.  Thirty  or  forty  were  thrown 
indiscriminately  into  a  sheet-iron  box  without  any  thought 
being  given  to  protecting  the  cutting  edges;  there  was  not 
one  first-class  tap  in  the  crib,  although  a  large  proportion  were 
new.  Small  milling  cutters  suffered  to  the  same  extent.  Cor- 
ners of  teeth  were  broken  off  and  dull  cutters  were  placed 
with  good  tools.  End-mills  weighing  over  a  pound  were 
dropped  over  a  foot  into  a  sheet-iron  box  on  top  of  others. 

While  these  tools  appeared  to  be  ready  for  use,  they  really 
were  not.  Reamers  had  to  be  stoned  before  using  and  the  tool- 
maker  who  overlooked  this  fact  would  spoil  a  hole  in  a  piece 
on  which  he  might  possibly  have  spent  a  day  or  more.  Or, 
if  he  did  stone  up  the  reamer,  it  cut  just  enough  small  to  re- 
quire an  hour  or  two  for  lapping  to  size.  A  tap,  which  ap- 
peared to  be  new,  would  have  the  point  of  a  tooth  nicked  off 
just  enough  to  make  it  "hog"  in  when  used  on  tool  steel. 
Often  the  only  milling  cutter  of  a  given  size  left  in  the  crib 
had  to  be  ground,  and  the  man  who  was  to  use  it  had  to  wait 
the  convenience  of  the  cutter  grinder.  All  these  things  cost 
money  and  are  hard  on  the  temper  of  many  good  workers; 
and  foremen  are  paid  high  salaries  to  keep  men  in  good 
humor.  Now  all  these  tools  are  received  in  a  package  that 
will  stand  severe  shipment  and  can  be  stored  in  the  cribs,  in 
many  instances  at  least,  in  the  original  package  without  taking 
up  much  more  room.  They  may  be  kept  in  these  packages 
when  not  in  actual  use.  The  foreman  agreed  with  the  writer 
that  at  least  50  per  cent  of  the  wear  and  tear  on  these  three 
classes  of  tools  can  be  saved  in  the  tool  crib. 

In  the  tool-room,  bolts,  washers,  and  clamps  for  planers  and 
millers  were  in  bad  shape.  The  bolts  were  without  nuts  and 
the  clamps  were  distorted  and  not  of  proper  design.  A  ten- 
minute  milling  job  often  required  a  half  hour  or  more  to 
get  bolts  and  clamps.  Collars  on  arbors  were  bruised  and 
out  of  truth.  Arbor-center  adjusting  screws  were  not  oiled 
and  stuck  so  that  a  wrench  was  necessary  to  move  them. 
There  were  no  wrenches  to  fit  the  nuts,  except  such  as  were 
kept  in  lockers  by  the  older  hands  and  considered  private 
property.  All  these  things  made  it  extremely  difficult  for  a 
new  man  to  get  started  on  work  which,  under  proper  condi- 
tions, would  be  very  simple  to  do. 

On  lathes,  the  head  centers  were  often  found  to  be  lower 
than  the  tail  centers,  making  it  practically  impossible  to  ream 
a  bore  with  the  reamer  held  on  centers.     A  lathe  hand,  on 
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being  hired,  was  told  that  the  shop  furnished  all  the  tools 
necessary  and  was  given  a  patent  tool-holder  and  two  or 
three  pieces  of  tool  steel  with  which  to  do  possibly  a  dozen 
different  operations,  each  requiring  only  a  minute  to  do;  but 
five  to  ten  minutes  had  to  be  consumed  each  time  in  grinding 
a  tool  from  one  shape  to  another.  And  there  are  some  lathe 
operations  in  which  such  tools  cannot  be  ground  to  do  the 
work.  End-mill  sockets  did  not  lit  the  spindles  and  draw- 
bolts  would  not  fit,  as  the  threads  were  worn  off  and  the  bolts 
were  too  short  to  cut  new  threads.  Mills  would  work  loose 
and  dig  into  the  work.  Often,  when  this  occurred,  work 
which  had  taken  over  an  hour  to  set  up  had  to  be  moved  in 
order  to  tighten  the  mill,  and  then  reset  and  the  cut  picked 
up.  It  is  often  difficult  to  pick  up  a  cut,  and  then  a  file  must 
be  used  to  get  the  required  dimension  and  finish.  This  is  dis- 
heartening to  a  new  man.  Belts  were  of  improper  size  and 
dry.  When  a  machine  was  pushed  up  to  anywhere  near  its 
reasonable  limit,  the  belt  ran  off.  Then  the  operator  had  to 
send  for  the  belt  man  and  his  ladder  and  wait  until  he  arrived. 
These  conditions,  which  the  writer  feels  safe  in  saying 
obtain  in  many  of  our  shops,  can  be  remedied  at  little  or  no 
cost.  The  resultant  saving  will  boost  dividends  to  a  surpris- 
ing extent.  Many  good  workmen,  who  are  now  considered 
inferior,  would  prove  money  makers  and  the  amount  of 
spoiled  work  would  be  greatly  reduced.  Most  shops  are  fairly 
well  equipped  with  large  tools,  but  many  are  far  from  being 
properly  fitted  with  small  tools  and  facilities  for  keeping  them 
in  serviceable  condition.  A  tool  not.  in  condition  to  be  used 
should  never  go  into  the  crib.  In  1901,  the  late  Frederick 
W.  Taylor,  at  a  meeting  of  the  board  of  directors  of  one  of 
the  shops  of  the  Allis-Chalmers  Corporation,  said  that  in  his 
opinion  the  three  most  important  elements  entering  into  shop 
production  were  equipment,  labor,  and  supervision.  Of  these, 
he  attached  the  greatest  importance  to  equipment;  and  having 
worked  under  Mr.  Taylor's  direction  several  years,  the  writer 
knows  he  placed  such  equipment  as  that  discussed  in  the 
first  rank  in  importance.  This  small-tool  equipment  is  the 
penny  that  grows  to  a  dollar  every  six  months,  and  strict 
attention  to  these  details  will  make  good  workmen  out  of  poor 
ones  and  superintendents  out  of  foremen. 
«     *     * 

MACHINE  TOOL  REPAIRS 

BY   W.   G. 

The  interpreting  of  orders  for  repair  parts  for  machinery 
is  a  matter  with  which  the  writer  has  had  considerable  to  do, 
and  he  has  often  asked  himself:  "When  people  require  repairs, 
and  particularly  when  they  request  immediate  shipment,  why 
do  they  not  take  sufficient  interest  in  their  own  business  to 
state  what  they  want?"  The  writer  encounters  many  cases  of 
lack  of  adequate  information.  For  instance,  in  today's  mail 
is  received  an  order  from  a  large  concern  calling  for  "one 
compound  rest  for  lathe."  How  the  customer  expects  the 
manufacturer  who  receives  the  order  to  determine  what  is 
wanted  is  a  question.  Upon  receipt  of  the  order  the  question 
at  once  arose,  "What  lathe  is  it  for?";  and  next,  "What  part 
of  the  lathe  does  this  customer  call  the  'compound  rest'?"  Of 
course,  if  the  order  clerk  should  hazard  a  guess,  and  not  guess 
correctly,  he  would  have  to  explain  the  reason  for  the  guess. 
It  is  necessary,  therefore,  to  take  up  the  matter  with  the  cus- 
tomer. In  this  case  the  reply  was  received  without  undue 
delay,  which  disclosed  that  two  parts  of  the  lathe  carriage  were 
wanted ;  but  the  other  question  as  to  what  lathe  the  parts  were 
for  was  ignored,  though  the  customer  emphasized  his  request 
for  prompt  shipment. 

In  the  same  mail,  an  order  from  one  of  the  largest  companies 
in  this  country  read:  "One  each  parts  Figs.  Nos.  4,  7,  11,  and 
13,  as  per  blueprint  No.  123,456."  But  the  blueprint  did  not 
accompany  the  order,  although  the  order  stated  that  the  ma- 
terial was  wanted  at  the  customer's  works  on  the  same  day 
that  the  manufacturer  received  the  order.  Another  order  in 
that  mail  said:  "One  carriage  for  36-inch  lathe  serial  number 
40,000.  Don't  need  apron  for  gears."  Investigation  disclosed 
that  the  manufacturer's  No.  40,000  was  not  for  any  part  of  a 
36-inch  lathe;  hence  an  illustration  was  sent  to  the  customer 
for  the  manufacturer's  shop  number  of  the  lathe,  and  he  was 


rc(|ueste(l  to  indicate  on  the  illustration  what  part  he  called 
the  "carriage."  In  due  time  tlie  illustration  was  returned, 
and,  notwillistanding  the  fact  that  the  customer  was  three 
thousand  miles  away,  he  only  indicated  what  part  he  called 
the  "carriage,"  which  proved  to  be  what  the  manufacturer  calls 
the  "tool-slide."  Consequently,  another  letter  had  to  be  sent, 
and  three  weeks  more  was  lost  in  an  effort  to  learn  what  was 
required  to  fill  the  order. 

Again,  a  firm  may  purchase  a  machine  from  a  second-hand 
dealer,  of  which  transaction  the  manufacturer  has  no  record, 
and  later  may  find  a  gear  with  some  teeth  missing.  The  prob- 
ability is  that  the  purchaser  will  write  to  the  manufacturer, 
supposing  that  the  machine  is  a  metal  planing  machine,  "Please 
express  at  once  gear  for  our  planer,"  with  probably  some  de- 
scription of  what  the  gear  is,  but  without  any  dimensions, 
number  of  teeth,  or  other  information  to  aid  in  determining 
what  the  gear  is  or  what  machine  it  is  for,  and  the  customer 
fully  expects  the  gear  to  be  shipped  as  ordered.  In  the  case 
of  a  metal  planing  machine  with,  say,  four  heads,  it  often 
happens  that  a  part  of  one  of  the  heads  is  broken.  It  is  the 
exception  rather  than  the  rule,  however,  for  the  order  for  re- 
pairs to  state  for  which  head  the  parts  are  desired.  Is  it  not 
reasonable  to  suppose  that  the  shop  engineer  or  any  one  else 
whose  duty  it  is  to  specify  for  these  repairs  should  know  that 
the  parts  wanted  are  not  common  to  any  of  the  other  heads, 
and  should  designate  to  his  purchasing  department  for  which 
head  parts  were  needed? 

These  instances  could  be  enumerated  indefinitely.  The  point 
to  which  the  writer  wishes  to  draw  the  attention  of  the  shop 
people  is  the  great  waste  of  time  caused  by  the  present  system. 
In  many  cases  it  has  taken  from  one  to  two  months  to  have 
the  customer  supply  the  information  necessary  to  fill  his  order, 
during  which  time  the  machine  is  out  of  commission,  in  addi- 
tion to  the  time  it  then  takes  to  fill  the  order;  and  it  is  pos- 
sible that  the  use  of  this  machine  is  worth  from  ten  to  one 
hundred  dollars  a  day,  depending  on  its  size.  This  is  an  item 
to  be  considered  when  the  machine  is  idle  for  weeks  for  the 
simple  reason  that  definite,  intelligent  information  is  not  fur- 
nished in  the  beginning,  say,  from  the  shop  to  the  purchasing 
department. 

The  foregoing  examples  are  ordinary  cases,  being  handled 
by  the  writer  daily.  They  lead  to  the  conclusion  that  some 
purchasing  agents  word  their  orders  according  to  the  wording 
of  the  requisitions  sent  thetn.  A  description  of  the  article  or 
articles  wanted  is  often  misleading  from  the  point  of  view 
of  the  receiver,  because  of  the  localism  in  the  wording,  but 
if  the  description  were  supplemented  by  a  rough  sketch,  with 
the  principal  approximate  dimensions,  it  would  usually  be  pos- 
sible for  the  manufacturer  to  determine  exactly  what  is  wanted 
and  fill  the  order  promptly.  A  sketch  generally  gives  more  in- 
formation than  lines  of  description.  If  the  purchasing  agent 
would  insist  upon  the  shop  supplying,  with  its  requisition,  a 
sketch  of  the  parts  wanted,  many  of  the  present  delays  would 
be  avoided  and  the  machine  would  be  placed  in  service  much 
sooner.  In  most  cases,  when  repairs  are  needed  they  are 
needed  at  once,  in  view  of  which  fact  it  would  seem  as  though 
the  customer  would  take  unusual  pains  to  make  clear  to  the 
manufacturer  what  was  wanted. 

Some  years  ago  there  was  published  an  article  that  showed 
the  lack  of  uniformity  in  the  names  of  lathe  parts;  a  piece  is 
called  by  one  name  in  one  section,  by  another  in  another  sec- 
tion, and  so  on,  which  makes  a  description  indefinite  and 
misleading.  When  definite  information  is  furnished  with  an 
order  for  repairs,  the  manufacturer  can  enter  the  order  for 
execution  in  less  time  than  it  would  take  to  write  for  further 
information,  aside  from  waiting  for  a  reply,  and  enable  ship- 
ment to  be  made  much  more  quickly,  and  thus  place  the  idle 
machine  in  operation  making  its  daily  profit.  It  should  not 
take  a  mind  reader  of  the  Sherlock  Holmes  variety  to  deter- 
mine what  an  order  is  meant  to  cover,  nor  should  the  manu- 
facturer be  expected  to  guess. 

*     *     * 

Although  the  tungsten  deposits  in  California  were  discov- 
ered in  1913,  they  were  not  worked  to  any  extent  until  the 
early  part  of  1916.  Since  then  they  have  yielded  large  quan- 
tities of  the  mineral. 


MANY  experienced  machine  tool  builders  and  most  engi- 
neers who  have  made  a  study  of  the  methods  employed 
in  this  line  of  manufacture,  regard  it  as  work  which 
requires  the  shops  to  be  fully  equipped  with  planers,  boring 
mills,  milling  machines,  sliapers  and  a  variety  of  other  stand- 
ard machine  tools.  The  nature  of  the  work  handled  in  ma- 
shine  tool  building  factories  also  makes  it  necessary  to  have 
tools  of  ample  capacity,  because  the  castings  for  the  beds,  head- 
stocks,  aprons  and  many  other  parts  are  of  considerable  size 
md  weight.  To  those  readers  of  Machinery  who  have  grown 
iccustomed  to  standard  practice  in  machine  tool  building,  it 
will  come  as  a  surprise  to  learn  that  the  Phoenix  Mfg.  Co.,  Eau 
Claire,  Wis.,  has  been  securing  very  satisfactory  results  in 
machining  bed  castings  for  Conradson  engine  lathes  without 
using  anything  but  small  portable  tools  after  the  ways  on  the 
bed  have  been  planed.  It  is  the  purpose  of  this  article  to  de- 
scribe the  portable  tools  used  for  this  purpose,  and  the  eco- 
[lomic  conditions  which  made  it  necessary  to  adopt  this  method 
Df  machining.  The  special  tool  equipment  was  designed  by 
2.  M.  Conradson  of  Eau  Claire,  Wis.,  and  shows  what  gratify- 
ing results  can  sometimes  be  obtained  by  discarding  generally 
established  methods  of  machining  in  favor  of  individual  meth- 
Dds  especially  developed  to  meet  existing  requirements. 

Conditions  which  Led  to  Development  of  Special  Tools 

At  the  time  that  the  Phoenix  Mfg.  Co.  was  preparing  to 
engage  in  the  manufacture  of  Conradson  lathes,  the  demand 
for  machine  tools  for  use  in  manufacturing  munitions  was 
50  urgent  that  it  was  a  matter  of  extreme  difficulty  to  obtain 
my  sort  of  reasonable  deliveries.  Reference  to  the  accom- 
panying illustrations  will  show  that  the  Conradson  lathe  is 
designed  with  the  headstock  cast  integral  with  the  bed  of  the 
machine,  and  the  gearing  in  the  head  is  carried  in  a  cylindri- 
cal case  or  barrel  that  may  be  rotated  in  the  cross-bore  of  the 
headstock  to  engage  either  a  worm  and  wheel  or  a  spiral 
gear  drive  to  the  spindle.  Ordinary  practice  would  be  to  bore 
the  holes  for  the  spindle  bearings  and  for  this  gear-case  on  a 
horizontal  boring  machine,  but  a  tool  of  this  kind  was  not 
included  in  the  equipment  of  the  Phoenix  shops.  Inquiry 
among  manufacturers  of  boring  mills  revealed  the  fact  that 
they  had  booked  orders  so  far  ahead  of  their  delivery  dates 
that  it  would  be  at  least  eight  months  before  a  boring  mill 
nould  be  placed  on  the  floor  of  the  Phoenix  shop  in  Eau  Claire. 
This  made  it  necessary  either  to  develop  some  special  means 
of  machining  or  fail  to  take  advantage  of  the  great  demand 
that  existed  for  engine  lathes,   and   after  giving  the  subject 
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some  study,  Mr.  Conradson  developed  the  portable  boring-bars 
shown  in  Figs.  1  and  2. 

This  was  the  starting  point  in  the  development  of  portable 
tools  for  machining  the  lathe  beds,  and  as  it  was  subsequently 
found  that  builders  of  radial  drilling  machines  and  other  ma- 
chine tools,  which  would  ordinarily  have  been  purchased  to 
equip  the  factory  for  lathe  manufacture,  were  as  badly  off 
in  regard  to  deliveries  as  the  boring  mill  builders  to  whom 
application  was  first  made,  Mr.  Conradson  proceeded  to  de- 
velop a  complete  equipment  of  portable  tools  for  conducting 
machining  operations  on  the  lathe  beds  and  tailstocks.  The 
following  description  outlines  the  different  machining  opera- 
tions in  the  order  in  which  they  are  conducted,  and  in  each 
case  a  description  of  the  special  portable  tool  will  be  given 
with  an  explanation  of  the  work  for  which  it  is  used. 

Boring  Holes  for  Taper  Bronze  Spindle  Bearing  Boxes 

It  has  already  been  mentioned  that  at  the  time  work  is 
started  on  the  lathe  bed  castings  with  these  portable  tools, 
the  ways  have  been  planed,  and  these  are  used  as  reference 
points  from  which  to  locate  the  tools  for  subsequent  machining 
operations.  The  first  step  is  to  rough-bore  the  taper  holes 
for  the  bronze  spindle  bushings,  which  is  done  with  a  portable 
boring-bar  shown  in  operation  in  Fig.  1.  This  outfit  is  used 
to  bore  the  holes  and  face  the  inside  and  outside  ends  of  the 
boss  surrounding  each  bearing.  Two  rough-boring  cuts  are 
first  taken  in  the  holes,  then  a  roughing  and  finishing  cut 
are  taken  on  the  face  surrounding  the  inside  and  outside  ends 
of  each  spindle  bearing,  after  which  finishing  cuts  are  taken 
through  the  bearing  holes.  The  order  in  which  these  facing 
cuts  are  taken  is  as  follows:  First  take  roughing  and  finishing 
cuts  on  the  inside  of  the  rear  bearing,  and  from  this  finished 
surface— after  the  roughing  cut  has  been  taken — gage  across 
the  open  space  in  the  headstock  with  a  pin  gage  in  order  to 
finish  the  inside  of  the  front  bearing  to  the  required  position. 
Next  take  roughing  and  finishing  cuts  on  the  outside  end  of 
the  rear  and  front  spindle  hearings,  using  snap  gages  to  pro- 
vide for  taking  the  finish  cuts  to  reduce  these  bearings  to 
the  required  length.  After  facing  the  surfaces  at  each  end 
of  the  spindle  bearings,  these  bearings  are  finish-bored.  The 
reason  this  finishing  cut  is  taken  after  facing  is  because  of 
the  taper  form  of  the  holes  to  be  bored,  which  obviously  makes 
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Fig.  1.     Portable  Boring-bar  Equipment  for  boring  and  facing  Spindle  Bearings  in  Headstock 


It  necessarj-  to  have  them  properly  located  in  relation  to  the 
finished  faces. 

The  equipment  with  which  these  boring  and  facing  opera- 
tions are  performed  is  shown  in  operation  in  Fig.  1,  and  it 
will  be  seen  to  consist  of  a  carriage  mounted  on  the  planed 
ways  of  the  lathe  bed,  which  receives  power  from  an  individual 
motor  drive.  The  boring-bar  is  driven  by  means  of  the  worm- 
wheel  shown,  and  feeding  of  the  bar  into  the  work  is  accom- 
plished by  means  of  screw  A.  Secured  to  the  boring-bar  car- 
riage is  a  yoke  B,  through  the  end  of  which  runs  the  feed- 
screw, although  this  screw  is  not  threaded  into  the  end  of 
the  yoke.  It  will  be  seen  that  the  feed-screw  is  splined,  and  a 
sliding  lock  fitting  into  this  spline  provides  for  securing  the 
feed-nut  to  the  end  of  yoke  B.  In  this  way,  power  feed  is 
obtained,  and  when  it  is  desired  to  use  hand  feed  the  lock  is 
disengaged  so  that  feed-screw  A  can  be  turned  by  means  of  the 
handwheel  carried  at  the  end  of  this  screw. 

Construction  of  Boring-bar 

A  sectional  view  of  the  boring-bar  used  for  machining  the 
tapered  holes  for  the  bronze  spindle  bearing  bushings  is  illus- 
trated in  Fig.  2,  where  it  will  be  seen  that  two  cutters  A  and  B 
are  provided  to  bore  the  two  bearings  simultaneously.  These 
cutters  are  revolved  by  the  bar  in  the  usual  way,  and  in  order 
to  obtain  the  desired  taper  for  the  bored  holes,  the  effective 
radius  of  each  cutter  is  varied  as  the  cutters  are  fed  through 
the  work,  by  means  of  wedges  C  and  D  which  run  under  clips 
that  carry  the  boring  cutters.  The  way  in  which  this  mech- 
anism operates  may  be  briefly  described  as  follows:  A  spline 
groove  cut  in  the  boring-bar  receives  wedges  C  and  D,  and 
the  remainder^  of  the  spline  groove  is  occupied  by  filler 
strips  E.  In  setting  up  the  portable  boring  tool  for  operation, 
a  collar  F  is  mounted  at  the  end  of  the  headstock  casting; 


this  collar  is  held  by  clamps  G,  which  fit  into  an  annular 
groove,  so  that  collar  F  is  free  to  revolve  with  the  boring-bar. 
Wedges  C  and  D  are  free  in  the  spline  groove,  but  are  pre- 
vented from  moving  longitudinally  as  the  boring-bar  is  fed 
through  the  work  by  the  combined  action  of  collar  F  and 
filler  strips  E.  The  result  is  that  cutters  A  and  B  run  over 
tapered  wedges  C  and  D,  and  in  this  way  the  effective  radius 
of  the  cutters  is  varied  so  that  the  holes  are  bored  to  the  de- 
sired taper.  It  will  be  obvious  that  a  bar  of  this  kind  could 
easily  be  constructed  with  wedges  of  any  desired  taper  to 
meet  the  requirements  of  different  boring  operations.  Facing 
of  the  inner  and  outer  ends  of  the  bearings  is  accomplished 
by  means  of  facing  cutters  substituted  in  the  bar  in  place  of 
the  boring  cutters,  but  in  this  case  wedges  C  and  D  are  not 
required. 

Boring-  and  Facing  Tailstock  Bearing 

For  boring  and  facing  the  tailstock  bearing  hole,  the  same 
portable  outfit  is  used,  but  for  this  operation  a  boring-bar  of 
smaller  diameter  is  employed.  The  method  of  performing  this 
operation  is  illustrated  in  Fig.  3,  where  it  will  be  seen  that 
the  tailstock  casting  is  placed  on  the  bed  of  the  lathe  between 
the  boring-bar  carriage  and  the  headstock.  The  bar  is  then 
passed  through  the  cored  hole  in  the  tailstock  casting  and 
piloted  in  a  bushing  in  the  spindle  bearing  of  the  headstock. 
When  this  has  been  done,  two  rough-boring  cuts  are  taken 
through  the  bearing  hole,  after  which  the  front  and  rear  ends 
are  faced  off  to  reduce  the  bearing  to  the  required  length, 
which  is  determined  with  a  snap  gage.  The  illustration  shows 
the  facing  head  in  operation,  and  attention  is  called  to  the 
fact  that  this  is  the  same  form  of  head  that  is  employed  on 
the  bar  for  facing  the  ends  of  the  headstock  spindle  bearings. 
For  performing  this  operation,  the  connection  with  screw  A 
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Fig.  2.     Sectional  View  of  Boring-bar  for  Tarer  Holes,   shown  in  Operation  in  Fig.    1 
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Fig.    3.     Equipment    for    boring    and    faring    Tailstock    Spindle    Bearing — Illustration    shows    Performance    of     Facing    Operation 


is  disengaged  and  the  facing  cutter  is  fed  to  the  work  by 
means  of  a  star-feed  B  on  the  head  that  engages  a  dog  clamped 
at  the  rear  of  the  lathe  bed.  After  taking  the  finish-facing 
cuts,  the  facing  head  is  removed  from  the  bar  and  a  finishing 
cut  is  taken  through  the  spindle  bearing,  as  in  machining  the 
headstocks. 

Boring-  and  Facing-  Gear-case  Bearings 

Next  in  the  order  of  operations  performed  on  the  lathe  bed 
comes  the  boring  and  facing  of  bearings  for  the  gear-case  in 
the  headstock.  Figs.  4,  5  and  6  sho-w  the  portable  tool  devel- 
oped for  this  purpose,  -which  is  driven  by  the  same  motor  se- 
cured to  the  end, of  the  lathe  bed  that  was  employed  for  driv- 
ing the  spindle  boring  fixture.  A  point  of  particular  interest 
in  the  case  of  this  cross-boring  outfit  is  that  provision  has 
been  made  for  performing  simultaneously  the  boring  and 
facing  operations  on  the  bearings  at  the  front  and  back  of 
the  headstock.  In  order  to  explain  the  operation  of  this  boring- 
bar,  attention  is  directed  to  Fig.  6,  -which  sho-svs  in  detail  the 
arrangement  of  the  cutter-heads.  The  tool  is  supported  in  the 
lathe  headstock  by  a  bushing  A,  through  -which  a  bar  is 
slipped,  passing  through  the  finished  headstock  spindle 
bearings. 

It  has  been  explained  how  the  spindle  bearings  are  bored 


with  a  tool  that  locates  itself  from  the  finished  ways  on  the 
lathe  bed,  and  as  the  supporting  bar  fitting  into  bushing  A 
is  carefully  machined  to  fit  accurately  in  the  spindle  bearings 
and  in  bushing  A,  it  will  be  apparent  that  this  location  will 
result  in  boring  and  facing  the  gear-case  bearings  accurately 
in  relation  to  both  the  ways  and  spindle  bearings.  The  fix- 
ture is  driven  by  means  of  planetary  gears,  which  are  arranged 
as  follows:  Pinion  B  is  cut  in  a  bushing  keyed  to  the  shaft 
on  which  the  driving  pulley  is  mounted,  and  this  pinion  drives 
a  gear  and  pinion  C,  which  will  be  seen  to  mesh  with  gear  D. 
Gear  D  is  secured  to  the  casting  of  which  bushing  A  is  a  part, 
so  that  it  cannot  rotate.  As  a  result,  the  planetary  gearing 
causes  rotation  of  the  cutter-heads  for  boring  and  facing  the 
bearings  at  each  side  of  the  lathe  headstock,  these  heads  being 
mounted  on  the  bar  that  extends  right  through  the  fixture. 
In  each  of  these  heads  there  is  one  boring  and  one  facing  cut- 
ter, the  boring  cutter  in  one  head  being  shown  at  E,  and  the 
facing  cutter  in  the  opposite  head  at  F.  These  cutters  are 
mounted  on  slides  so  that  the  feeds  may  be  obtained  through 
screws  actuated  by  star-feeds,  the  star-feeds  G  for  the  facing 
cutters  being  operated  by  dogs  mounted  on  the  ways  of  the 
lathe  bed,  while  star-feeds  H  for  the  boring  cutters  are  oper- 
ated by  dogs  supported  on  stands  placed  on  the  floor  at  each 
side  of  the  lathe  bed. 


Fig.  4.     Portable  Tool  for  boring  and  facing   Bearings   for   Caie    containing   Speed    Change-gears — Bearings    at    Opposite    Side    of    Head    are    bored    and 

faced   simultaneously 
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Tig,  6.     Opposite  Side  of  Boring  Equipment  shown  in  Fig.  i — Attention  is 
directed  to  Star-feeds  for  Boring  and  Facing  Tools 

Radial  Drilling'  Attachment  for  Drilling  and  Facing-  Operations 
on  Headstock 

Tlie  next  step  is  to  drill  two  holes  at  the  top  of  each  spindle 
bearing,  which  are  required  for  the  oil  cups  and  for  the  screws 
used  to  secure  the  wedges  that  are  employed  for  adjusting  the 
tapered  spindle-bearing  bushings.  For  the  performance  of 
these  drilling  operations,  a  portable  radial  drilling  machine 
is  employed,  which  is  shown  in  operation  in  Fig.  7.  For 
mounting  this  tool,  it  will  be  seen  that  use  is  made  of  the 
same  bar  through  the  spindle  bearings  that  was  employed  for 
supporting  the  cross-boring  fixture  shown  in  Figs.  4,  5  and  6. 
This  bar  locates  the  frame  that  rests  across  the  ways  on  the 
lathe  bed,  so  that  location  is  obtained  from  both  the  ways  and 
the  spindle  bearings.  It  will  be  seen  that  a  jig  plate  A  is 
used  for  locating  the  two  holes  that  are  to  be  drilled  at  the 
front  end  of  the  headstock.  After  drilling  these  holes,  the 
radial  arm  of  the  drill  is  lifted  off  and  transferred  to  post  B 
at  the  opposite  end,  which  i-s  furnished  with  a  jig  plate  C 
for  locating  the  holes  at  this  end  of  the  work. 

A  brief  description  of  this  radial  drilling  machine  will  not 
be  out  of  place.  It  will  be  seen  that  the  drive  is  furnished 
from  an  individual  motor,  on  the  armature  spindle  of  which 
there  is  a  sprocket  that  transmits  power  by  a  chain  drive 
having  a  ratio  of  1  to  3.  From  this  point,  power  is  trans- 
mitted through  a  pair  of  spur  gears  having  a  ratio  of  1  to  3, 
and  thence  through  a  spiral  gear  drive  contained  in  case  D. 
which  also  has  a  ratio  of  1  to  3.  In  this  way,  the  power  is 
stepped  up  three  times,  making  it  possible  for  a  1/2-horse- 
power  motor  to  perform  all  drilling  and  spot-facing  operations 
on  the  headstock,  which  include  drilling  a  2i^-inch  cored  hole. 
It  will,  of  course,  be  apparent  that  the  radial  position  of  the 
head  on  the  arm  is  adjusted  by  means  of  lever  E.  and  that 
driving  rod  F  that  transmits  power  from  the  spur  gears  to 
the  spiral  gears  in  case  D  is  splined  to  provide  for  making 
this  adjustment.  The  drill  is  fed  to  the  work  by  hand  by 
means  of  crank  G  that  turns  the  feed-screw. 


Bpot-faclngr  Eosses  for   Feed-box   and   Brackets   for   P'eed-acrew 
and  Lead-rod 

After  completing  tlie  drilling  operations  referred  to,  the 
jig  plates  and  posts  for  supporting  tlie  radial  arm  are  removed, 
and  the  radial  arm  is  next  set  up  on  the  rod  extending  through 
the  spindle  ))earings,  the  radial  arm  being  interchangeable 
between  this  rod  and  the  posts  shown  in  the  preceding  illus- 
tration. With  the  arm  in  this  position,  a  spot-facing  cutter  is 
mounted  in  the  spindle,  and  the  four  bosses  for  securing  the 
feed-box  in  place  and  the  two  brackets  for  the  feed-screw  and 
lead-rod  are  spot-faced.  Having  completed  this  operation,  a 
jig  plate  A,  Fig.  8,  Is  set  up  on  the  bar  through  the  spindle 
bearings,  and  the  holes  in  the  bosses  and  bractkets  previously  re- 
ferred to  are  drilled  and  reamed.  It  is  obviously  important 
to  have  these  holes  properly  located  in  relation  to  the  ways 
in  order  that  they  will  line  up  with  the  carriage  and  apron 
which  are  supported  by  the  ways.  This  is  done  by  placing  a 
finished  carriage  on  the  ways,  and  slipping  through  the  ma- 
chined lead-rod  bearing  a  master  bar,  the  end  of  which  ex- 
tends through  the  lead-rod  drill  bushing  hole  in  jig  plate  A. 

When  this  has  been  done,  the  jig  is  properly  located  and  it 
is  secured  in  this  position  by  tightening  screws  B  at  each  side 


Ftg.    7. 


Portable   Radial   Drilling   Machine  engaged  in   drilling  Holes  for 
Oil   Cups   and  Wedge  Clamping  Screws 


Fig.  6.     Close  View  of  Boring  and  Facing  Equipment  removed  from  Lathe 
Head  to  show  Features  of  Design 


of  the  headstock.  Then  the  master  bar  is  withdrawn  and 
the  operator  is  ready  to  proceed  with  the  drilling  and  reaming 
of  the  required  holes.  It  will  be  apparent  that  in  performing 
these  drilling  operations,  location  is  obtained  from  the  care- 
fully fitted  bar  in  the  spindle  bearings  and  from  the  ways 
on  the  bed  and  lead-rod  bearing  in  the  carriage,  so  that  these 
drilling  operations  are  conducted  in  a  way  that  insures  the 
desired  alignment.  The  equipment  for  spot-facing  is  the  same 
as  that  shown  for  drilling  in  Fig.  8,  except  that  jig  plate  A 
is  not  necessary.  This  illustration  shows  the  drilling  of  a 
2 '/2-inch  cored  hole  with  a  tool  driven  by  a  1/2-horsepower 
motor  and  a  i/^-inch  splined  shaft,  which  shows  what  can  be 
done  in  the  way  of  economizing  power  consumption  if  equip- 
ment is  designed  with  that  idea  in  view. 
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Fig.   8.     Radial  Drilling  Machine  set  up  for  drilling  Holes  for  Feed-screw, 
Lead-rod,  and  Screws  for  securing  Feed-box  to  Bed 

Drilling-  Operations  at  Tailstock  End  of  Bed 

The  machining  operations  at  the  headstock  end  of  the  lathe 
bed  have  now  been  completed,  and  those  operations  which 
must  be  performed  at  the  tailstock  end  will  now  be  taken  up. 
For  this  work,  a  fixture  is  placed  on  the  vees,  as  shown  in 
Pig.  9,  and  the  first  step  is  to  secure  to  this  fixture  a  jig  plate 
for  locating  and  drilling  the  two  holes  required  for  screws  A 
that  secure  to  the  lathe  bed  a  bracket  for  supporting  the  feed- 
screw and  lead-rod.  After  this  has  been  done,  the  fixture  is 
slid  along  the  ways,  and  at  specified  intervals  screw  holes  are 
drilled  to  provide  for  securing  the  feed  raclc  in  place.  These 
holes  are  drilled  through  the  same  jig  plate  used  for  locating 
and  drilling  the  holes  for  screws  A;  and  the  points  at  which 
these  holes  are  to  be  drilled  are  determined  by  having  the 
feed  rack  clamped  to  the  lathe  bed,  so  that  the  holes  in  the 
casting  may  be  drilled  through  the  holes  which  have  al- 
ready been  machined  in  the  finished  rack. 

Drilling'  Lead-rod  and  Feed-screw  Bracket 

The  final  operation  consists  of  drilling  the  holes  in  the 
bracket  that  supports  the  lead-rod  and  feed-screw;  and  for 
this  purpose  the  jig  plate  is  taken  off  the  fixture  shown  in 
Fig.  9,  and  at  the  end  of  this  fixture  is  substituted  a  jig  plate 
for  drilling  the  required  holes  in  the  bracket.  It  will  be  seen 
that  this  jig  plate  is  furnished  with  a  bushing  to  support  a 
post  on  which  is  mounted  the  arm  of  the  radial  drill.  Having 
set  the  equipment  up  in  this  way,  the  bracket  is  bolted  in 
place  on  the  lathe  bed,  and  the  holes  are  drilled  in  the  manner 
shown  in  Fig.  10.  After  completing  these  two  drilling  opera- 
tions, the  lathe  bed   is  ready   for  all   parts   to  be  assembled. 

Conclusion 

The  way  in  which  the  location  is  obtained  fot  various  ma- 
chining operations  has  been   fully   explained,   and   it  will   be 


evident  to  the  reader  who  makes  a  careful  study  of  conditions 
under  which  the  work  is  done  that,  with  reasonable  care 
exercised  by  the  operator,  no  trouble  would  be  experienced 
in  obtaining  the  desired  degree  of  accuracy.  These  special 
tools  were  developed  to  meet  the  demand  for  equipment  re- 
quired for  machining  the  beds  of  Conradson  lathes — a  demand 
that  could  not  be  filled  by  builders  of  standard  machine  tools, 
owing  to  the  large  amount  of  business  standing  on  their  books 
for  deferred  delivery.  As  a  matter  of  fact,  the  portable  tools 
meet  all  requirements,  and  aside  from  the  benefit  obtained 
through  securing  equipment  at  the  time  when  it  was  required, 
these  tools,  produced  at  a  nominal  cost,  are  doing  the  work 
of  standard  machine  tool  equipment  that  would  have  involved 
the  outlay  of  many  thousands  of  dollars. 
*     *     * 

MAKING   CUTTING   TOOLS   TO    GAGES 

BY   ERIC  LEEI 

Some  time  ago  the  writer  filed  a  number  of  forged  cutting 
tools  to  gages.  They  were  made  of  "Novo"  high-speed  steel  and 
included  lathe  and  planer  tools — diamond  points  and  round- 
nose  cutting-off  tools,  right-hand  and  left-hand  side  tools  and 
boring  tools.  When  these  tools  were  filed  and  hardened  they 
were  ground  to  gages  made  of  sheet  steel  about  1/16  inch 
thick  and  showing  the  angles  of  rake  and  clearance  that  a 


Fig.    10. 


Drilling  Holes  in  Feed-screw  and  Lead-rod  Bracket  at  Tailstock 
End  of  Bed 


Fig.  9.     Radial  Drilling  JUachine  drilling  Holes  for  Screws  used  to  secure 
Feed  Rack  to  Bed 


series  of  experiments  had  proved  were  the  best.  Different 
gages  were  made  for  tools  for  machining  tool  steel,  soft  steel 
and  brass.  Afterward  all  cutting  tools  were  milled  to  gage, 
hardened  and  ground  by  the  tool-room  assistant.  No  work- 
man was  allowed  to  grind  his  cutting  tool;  if  the  tool  did 
not  suit,  it  was  exchanged,  without  comment,  at  the  tool  crib. 
After  a  careful  study,  this  method  was  found  to  be  satis- 
factory. Men  were  not  constantly  running  to  the  grinder  to 
grind  tools  to  any  old  angle  they  thought  necessary.  Be- 
sides, when  one  man  was  employed  grinding  the  tools,  he  used 
goggles,  whereas  tlie  other  workmen  would  not  stop  to  put 
on  glasses  and  the  number  of  accidents  reported  "foreign  mat- 
ter in  the  eyes"  was  greatly  reduced.  Although  to  mechanics 
who  have  been  at  the  business  many  years  it  is  often  second 
nature  to  grind  their  tools  so  as  to  get  the  proper  rake  and 
clearance,  many  men  have  not  had  this  experience,  and  it 
is  a  sad  sight  to  see  the  grinding  wheel  worn  away  and  steel 
wasted  by  some  inexperienced  workman  trying  to  make  a  tool 
cut  to  advantage. 

*     »     « 

At  a  meeting  of  the  executive  committee  of  the  National 
Advisory  Committee  for  Aeronautics  held  in  Washington, 
D.  C,  in  December,  tlie  committee  adopted  the  metric  system 
as  a  standard  so  far  as  the  work  of  the  committee  is  con 
cerned.  Recommendations  have  been  sent  to  the  various 
departments  of  the  government  that  this  system  be  adopted 
in  connection  with  all  matters  pertaining  to  aeronautics.  Tlie 
War  Department  will  put  the  chang«  into  effect  in  its  aviation 
section,   using  the  metric  and   English  systems  on  drawings. 


'Address:   195  Bassett  St.,   New  H.ivon,   Conn. 
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SOLVING  CHANQB-QEAE  PROBLEMS -BY   USE  OF  LOGARITHMS-LOaARITHMS  OF  CHANGE-GBAR  RATIOS. 
16  TO    120  TEETH-USING  TABLE  FOR  FOUR-GEAR  TRAINS 

BY   GEORQB   M.   MBYNCKE  I 


MUST  shop  calculations  made  by  draftsmen,  foremen  or 
toolmakers  involve  the  selection  of  gears  to  obtain  cer- 
tain ratios.  When  an  odd  thread  is  to  be  cut  or  it  is 
necessary  to  obtain  a  milling-machine  lead  of  greater  accuracy 
than  those  given  in  the  table  supplied  with  the  machine,  a 
long  and  tedious  calculation  is  usually  required;  and  often 
the  results  are  not  sufficiently  accurate.  Numerous  examples 
of  change-gear  calculations  to  cut  unusual  leads  on  the  lathe 
have  been  given  from  time  to  time  in  Maciiineby,  and  have 
been  kept  on  file  by  many  readers  because  of  their  suggestive 
value.  This  is  an  indication  of  the  general  need  of  these  data. 
The  slide-rule  is  useful  in  selecting  gears  to  satisfy  any 
ratio,   but   as    the   inaccuracy 


of  decimals,  and  then  as  3423  will  not  cancel  small  enough 
to  obtain  ordinary  size  gears,  changing  it  to  3420; 
3420      342       3X2X57       3X57 


1000       100  2  X  50  IX  50 

Then,   multiplying  —   by   some   number,   say,   24,   we   have 


in  which  there  is  an  error  of  0.003. 


of  the  eye  and  graduations 
will  not  permit  a  ten-inch 
slide-rule  to  be  read  beyond 
the  third  figure,  an  unavoid- 
able source  of  error  is  encoun- 
tered; when  four  or  six  gears 
must  be  used,  there  is  a  mul- 
tiplication of  errors  and  the 
results  become  less  accurate. 
A  ten-foot  slide-rule  would 
greatly  reduce  this  inaccu- 
racy, but  this  size  rule  has 
not  come  into  common  use;  few  drawing-rooms  possess  it, 
and  for  the  man  in  the  shop  it  is  out  of  the  question.  Also, 
the  use  of  a  slide-rule  requires  skill  that  comes  only  through 
frequent  use. 

A  simple  and  accurate  method  of  calculation  that  will  enable 
the  shop  man  to  solve  change-gear  problems  without  a  slide- 
rule  has  long  been  desired.  Such  calculations  as  odd  threads 
or  leads  for  the  lathe  or  milling  machine,  change-gears  for 
gear  bobbing  for  the  gear  planer  or  gear  shaper,  and  change- 
gears  for  relieving  spiral-fluted  hobs  or  cutters  are  among  the 
problems  most  commonly  encountered.  The  solution  of  these 
problems  is  the  calculation  of  gears  to  obtain  a  certain  ratio 
between  the  driving  and  the  driven  gears.  An  example  will 
serve  to  make  this  clear: 

Suppose  that  two  gears  must  run  in  the  ratio  of  3  to  1.  To 
find  the  required  number  of  teeth  in  the  gears,  it  is  only  neces- 
sary to  multiply  both  terms  in  the  ratio  by  the  same  number. 
As  16  is  the  smallest  gear  that  can  be  used  in  most  cases, 
multiplying  both  terms  of  the  ratio  by  16  gives  48  :  16.  There- 
fore, a  48-  and  a  16-tooth  gear  may  be  used.  Other  gears  that 
can  be  used  are  54  :  18,  obtained  by  multiplying  both  terms 
of  the  ratio  3  :  1  by  18;  60  :  20,  obtained  by  multiplying  both 
terms  by  20;  and  72  :  24,  obtained  by  multiplying  by  24.  If 
instead  of  3  to  1  the  gear  ratio  is  3.423  to  1,  the  same  system 
may  be  followed.  A  multiplier  is  found  by  trial  that  will 
give   a  whole,   or   nearly   a  whole   number    in   the   products; 


72       57       4104       3.42 

24       50       1200  1 

When  the  ratios  are  simple  or  when  they  cancel  freely,  the 

cancellation   method   is  not   difficult  and   is   frequently  used; 

but  by  the  use  of  the  loga- 
rithm method  here  described 
more  accurate  results  are 
possible  in  most  cases.  The 
accompanying  table  contains 
the  six-place  logarithms  of  all 
gear  combinations  between  16 
and  120,  inclusive,  excepting 
1  :  1  ratios,  of  course;  that  is, 
all  pairs  of  gears  from  16  to 
120  teeth,  inclusive,  are  given, 
excepting  the  pairs  with  the 


The  calculation  of  change-gears  is  troublesome  to  many  me- 
chanics because  the  terms  of  the  ratios  are  indefinite;  In  the  case 
of  simple  ratios  they  may  often  be  expressed  in  many  pairs  of 
tooth  numbers,  all  within  the  range  of  an  ordinary  change-gear 
set,  and  it  is  necessary  to  select  a  suitable  multiplier  for  one  side 
of  the  ratio  before  the  ether  can  be  known;  hence  the  difficulty 
of  the  inexperienced  in  choosing  gears,  especially  in  compound 
trains.  Change-gear  problems  often  present  serious  difficulties  also 
to  those  who  are  expert  in  mathematics,  when  the  ratios  cannot  be 
exactly  expressed  in  whole  numbers  within  the  range  of  ordinary 
gearing.  The  logarithmic  method  of  finding  the  numbers  of  teeth 
required  for  a  pair  of  change-gears  In  any  ratio  is  simple  and  well 
within  average  comprehension.  This  article  briefly  describes  the 
use  of  logarithms  in  change-gear  calculations,  and  is  accompanied 
by  a  table  giving  the  logs  of  all  the  ratios  from  1.0084+  :  1  to 
7/2  :  1,  inclusive,  in  a  gear  set  of  16  to  120  teeth.  This  table  greatly 
simplifies  the  finding  of  pairs  of  change-gears,  and  makes  the 
selection  of  gears  for  four-gear  and  six-gear  sets  easy. 


same  number  of  teeth.    These 
logarithms    were    derived    in    the    following    manner:    72  :  41 

72 
equals  — ,  or  72  divided  by  41.    To  divide,  find  the  logarithms, 

41 
and  subtract  the  logarithm  of  one  number  from  the  logarithm 
of  the  other,  thus: 

log  72  =  1.857333 
log  41  =  1.612784 


for  example: 

3.423  :  1 

3.423  :  1 

3.423  :  1 

16     16 

18     18 

20     20 

54.768:16  61.614:18  68.460:20 

In  each  of  these  cases  the  product  obtained  for  the  3.423 

side  of  the  ratio  leaves  a  large  fractional  tooth.     Taking  the 

one  with  the  smallest  fractional  tooth,  68  :  20  =  3.4  :  1,  there 

is  an  error  of  0.023  in  the  ratio. 

Another  and  better   way  of  obtaining  the  correct  gears  is 

3423 
by   the   cancellation   method,   changing   3.423   to  — — -  to  clear 
1000 

Caution — Extraordinary  care  has  been  taken  to  eliminate  errors  in  the  ac- 
companying table  of  change-gear  logarithms,  but  the  difficulty  of  securing 
perfect  accuracy  in  the  first  presentation  of  a  table  containing  nearly  5000  items 
is  enormous,  and  it  is  too  much  to  expect  that  there  are  no  mistakes.  Users 
are  cautioned,  therefore,  to  check  all  data  taken  for  their  computations,  by 
finding  the  logs  of  each  pair  of  tooth  numbers  in  a  six-place  table,  and  sul)- 
tracting  one  from  the  other;  the  remainder  is  the  log  of  the  ratio,  and  should 
agree  with  that  given  in  the  accompanying  table,  if  both  arc  correct. — EDITOR. 

'Engineer,    Hyatt    KoUer    Bearing   Co.      Address:    Box    520,    Cincinnati,    Ohio. 


ratio  log  =  0.244549 

The  ratio  logarithms  of  the  combinations  between  16  and 
120  have  been  arranged  in  numerical  order  in  the  accompany- 
ing table.  In  a  number  of  cases,  more  than  one  combination 
gives  the  same  logarithm,  so  that  the  different  gears  that 
equal  the  logarithm  have  been  repeated.  In  some  simple  cases, 
however,  the  ratio  only  has  been  given  in  order  to  shorten 
the  table;  for  instance,  all  the  gear  combinations  that  equal 
a  2  to  1  ratio  have  been  omitted  and  the  ratio  only  is  given. 

To  show  how  the  table  is  to  be  used,  suppose  that  gears 
having  the  ratio  3.423  :  1  are  desired.  Log  3.423  =  0.534407. 
From  the  table,  log  89  :  26  =  0.534417;  therefore,  the  gears 
having  89  and  26  teeth  are  the  nearest  to  the  ratio  3.423  to  1, 
and  as  89  -j-  26  =  3.423077,  the  ratio  error  is  only  0.000077. 
The  error  by, the  cancellation  method,  using  four  gears,  was 
0.003.  This  can  be  reduced  after  a  number  of  changes  have 
been  made  in  the  ratio  3423  :  1000.  However,  there  is  no  way 
of  determining  if  the  error  has  been  reduced  to  the  lowest 
possible  figure;  but  with  the  gear  ratio  logarithms  this  can 
be  discovered  at  once  by  an  inspection  of  the  table. 

There  are  nearly  5000  different  ratios  represented  in  the  gear 
tables  between  the  extremes  1.0084  +  to  1  (120  :  119)  and 
71/^  to  1  (120  to  16).  As  the  sum  of  any  two  two-gear  loga- 
rithms equals  a  four-gear  logarithm,  the  tables  represent  over 
12,000,000  four-gear  combinations;  and  by  using  three  pairs 
of  gears  in  a  train,  there  are  over  20,000,000,000  six-gear  com- 
binations available. 

When  solving  gear  problems  the  ratio  always  should  be 
reduced  to  terms  of  1.    For  example,  what  two  gears  will  drive 

7.182       1.84059 

two  shafts  at  a  ratio  of  7.182  to  3.902?    = — ;  the 

3.902  1 

log  of  1.84059  is  0.264957.  From  the  table,  81  :  44  =  log 
0.265032.  As  81  ^  44  =  1.84091,  the  table  error  is  only  0.00032. 
The  advantage  of  reducing  to  terms  of  1  is  that  it  checks 
all  work,  including  the  taking  out  of  the  logarithms. 
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A  more  rapid  solution  of  the  same  problem,  which  may  be 
used  by  those  familiar  with  logarithms,  is: 
log  7.182  =  0.856245 
log  3.902  =  0.591287 


ratio  log  =  0.264958 
From  the  table,  log  81  :  44  =  0.265032. 
proceed  thus: 

log  0.265032 
log  0.264958 


To  find  the- error, 


log  of  ratio  error  0.000074 


Flndlnif  Four-gear  Ratios 

When  four  gears  must  be  used,  the  gear  logarithms*  permit 
of  more  accurate  results  being  obtained  than  any  other  method. 
For  example,  suppose  it  is  desired  to  find. four  gears  that  will 
yield  a  ratio  of  2.105399  to  1.  Log  2.105399  =  0.323334.  To 
keep  the  reduction  about  equal  in  each  pair  of  gears,  it  is 
necessary  to  select  from  the  table  that  set  of  gears  the  loga- 
rithm of  which  is  equal  to  about  one-half  the  ratio  logarithm, 
as  log  57  :  37  =  0.187673.  By  subtracting  this  from  log 
0.323334,  the  other  logarithm  is  found  to  be  0.135661.     From 


RATIO  LOG^S  OF  CHANGE-GEARS,  16  TO  120  TEETH— 1 


Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

120:16 

0.875061 

118:21 

.749663 

89:18 

0.694118 

103:23 

.651109 

99:24 

0.615424 

107:28 

.582226 

111:31 

0.553961 

91:27 

.527678 

119:16 

.871427 

101:18 

.749049 

84:17 

.693830 

94:21 

.650909 

66:16 

.615424 

84:22 

.581857 

68:19 

.553755 

64:19 

.527426 

118:16 

.867762 

112:20 

.748188 

79:16 

.693507 

85:19 

.650665 

103:25 

.614897 

103:27 

.581473 

93:26 

.553504 

101:30 

.527200 

117:16 

.864065 

95:17 

.747275 

118:24 

.691671 

76:17 

.650365 

70:17 

.614649 

61:16 

.581210 

118:33 

.553368 

111:33 

.526809 

116:16 

.860338 

106:19 

.746552 

113:23 

.691351 

116:26 

.649485 

107:26 

.614411 

80:21 

.580871 

100:28 

.552842 

74:22 

.526809 

115:16 

.856578 

117:21 

0.745967 

108:22 

.691001 

107:24 

0.649173 

111:27 

.613959 

99:26 

0.580662 

75:21 

.552842 

84:25 

0.526339 

114:16 

.852785 

89:16 

.745270 

103:21 

.690618 

98:22 

.648803 

74:18 

,613959 

118:31 

.580520 

107:30 

.552263 

94:28 

.525970 

113:16 

.848958 

100:18 

.744728 

98:20 

.690196 

89:20 

.648360 

115:28 

.613540 

114:30 

.579784 

82:23 

.552086 

104:31 

.525672 

120:17 

.848732 

111:20 

.744293 

93:19 

.689729 

80:18 

.647818 

78:19 

.613341 

95:25 

.579784 

114:32 

.551755 

114:34 

.525426 

119:17 

.845098 

94:17 

.742680 

88:18 

.689210 

120:27 

.647817 

119:29 

.613149 

76:20 

.579784 

89:25 

.551450 

67:20 

.525045 

112:16 

0.845098 

105:19 

.742436 

83:17 

0.688629 

111:25 

.647383 

82:20 

0.612784 

110:29 

.578995 

96:27 

0.550907 

77:23 

.524763 

118:17 

.841433 

116:21 

.742239 

117:24 

.687975 

71:16 

.647138 

86:21 

.612279 

91:24 

.578830 

64:18 

.550907 

87:26 

.524546 

111:16 

.841203 

110:20 

.740363 

78:16 

.687975 

102:23 

.646872 

90:22 

.611820 

72:19 

.578579 

103:29 

.550439 

97:29 

.524374 

117.17 

.837737 

99:18 

.740363 

112:23 

.687490 

93:21 

.646264 

94:23 

.611400 

106:28 

.578148 

71:20 

.550228 

107:32 

.524234 

110:16 

.837272 

88:16 

.740363 

107:22 

.686961 

115:26 

.645725 

98:24 

.611015 

87:23 

.577792 

110:31 

.550031 

117:35 

.524118 

116:17 

.834009 

115:21 

0.738479 

102:21 

.686381 

84:19 

0.645526 

102:25 

.610660 

102:27 

0.577236 

117:33 

.549672 

120:36 

0.522879 

109:16 

.833307 

104:19 

.738280 

97:20 

.685742 

106:24 

.645095 

106:26 

.610333 

68:18 

.577236 

78:22 

.549672 

110:33 

.522879 

115:17 

.830249 

93:17 

.738034 

92:19 

.685034 

75:17 

.644612 

110:27 

.610029 

117:31 

.576824 

85:24 

.549208 

100:30 

.522879 

108:16 

.829304 

120:22 

.736759 

116:24 

.684247 

97:22 

.644349 

114:28 

.609747 

83:22 

.576655 

92:26 

.548815 

90:27 

.522879 

114:17 

.826456 

109:20 

.736397 

87:18 

.684247 

119:27 

.644183 

112:29 

.609484 

98:26 

.576253 

99:28 

.548477 

80:24 

.522879 

107:16 

0.825264 

98:18 

.735954 

111:23 

0.683595 

110:25 

.643453 

65:16 

0.608793 

113:30 

.575957 

106:30 

0.548185 

70:21 

.522879 

120:18 

.823909 

87:16 

.735400 

82:17 

.683365 

88:20 

.643453 

69:17 

.608400 

64:17 

.575731 

113:32 

.547928 

60:18 

.522879 

113:17 

.822629 

114:21 

.734686 

106:22 

.682883 

101:23 

.642594 

73:18 

.608050 

79:21 

.575408 

120:34 

.547702 

113:34 

.521600 

106:16 

.821186 

103:19 

.734084 

77:16 

.682371 

79:18 

.642355 

77:19 

.607737 

94:25 

.57518S 

67:19 

.547321 

103:31 

.521476 

119:18 

.820275 

92:17 

.733339 

101:21 

.682102 

114:26 

.641932 

81:20 

.607455 

109:29 

.575029 

74:21 

.547012 

93:28 

.521325 

112:17 

.818769 

119:22 

0.733124 

120:25 

.681241 

92:21 

0.641569 

85:21 

.607200 

120:32 

0.574031 

81:23 

.546757 

83:25 

0.521138 

105:16 

.817069 

108:20 

.732394 

96:20 

.681241 

105:24 

.640978 

89:22 

.606967 

105:28 

.574031 

88:25 

.546543 

73:22 

.520900 

118:18 

.816609 

97:18 

.731499 

115:24 

.680487 

70:16 

.640978 

93:23 

.606755 

90:24 

.574031 

95:27 

.546360 

63:19 

.520587 

111:17 

.814874 

113:21 

.730859 

91:19 

.680288 

118:27 

.640518 

97:24 

.606551 

75:20 

.574031 

102:29 

.546202 

116:35 

.520390 

117:18 

.812913 

86:16 

.730379 

110:23 

.679665 

83:19 

.640324 

101:25 

.606381 

60:16 

.574031 

109:31 

.546065 

106:32 

.520156 

104:16 

0.812913 

102:19 

.729847 

86:18 

0.679226 

96:22 

.639849 

105:26 

0.606216 

116:31 

.573096 

119:34 

0.544068 

96:29 

.519873 

110:17 

.810944 

118:22 

.729459 

105:22 

.678767 

109:25 

.639487 

109:27 

.606063 

86:23 

.572770 

112:32 

.544068 

86:26 

.519525 

116:18 

.809186 

91:17 

.728593 

81:17 

.678036 

74:17 

.638783 

113:28 

.605920 

71:19 

.572505 

105:30 

.544068 

119:36 

.519245 

103:16 

.808717 

107:20 

.728354 

100:21 

.677781 

87:20 

.638489 

117:29 

.605788 

112:30 

.572097 

98:28 

.544068 

76:23 

.519086 

109:17 

.806978 

112:21 

.726999 

119:25 

.677607 

100:23 

.638272 

116:23 

.602730 

97:26 

.571798 

91:26 

.544068 

109:33 

.518913 

115:18 

.805425 

96:18 

0.726999 

114:24 

.676694 

113:26 

0.638105 

64:16 

82:22 

0.571391 

84:24 

.544068 

99:30 

0.518514 

102:16 

.804480 

117:22 

.725763 

95:20 

.676694 

117:27 

.636822 

or 

108:29 

.571026 

77:22 

.544068 

89:27 

.518026 

108:17 

.802975 

101:19 

.725568 

76:16 

.676694 

104:24 

.636822 

any 

.602060 

67.18 

.570802 

70:20 

.544068 

112:34 

.517739 

114:18 

.801632 

85:16 

.725299 

109:23 

.675699 

91:21 

.636822 

4  tol 

93:25 

.570543 

63:18 

.544068 

79:24 

.517416 

120:19 

.800428 

106:20 

.724276 

90:19 

.675489 

78:18 

.636822 

ratio 

119:32 

.670397 

56:16 

.544068 

102:31 

.517239 

101:16 

0.800201 

90:17 

.723794 

104:22 

0.674611 

108:25 

.635484 

119:30 

0.598426 

104:28 

.569875 

115:33 

0.542184 

115:35 

.516630 

107:17 

.798936 

111:21 

.723104 

85:18 

.674146 

95:22 

.635301 

115:29 

.598300 

78:21 

.569875 

108:31 

.542002 

69:21 

.516630 

113:18 

.797806 

95:18 

.722451 

118:25 

.673942 

82:19 

.635060 

111:28 

.598165 

115:31 

.569336 

101:29 

.541923 

92:28 

.516629 

119:19 

.796793 

116:22 

.722035 

99:21 

.673416 

69:16 

.634729 

107:27 

.598020 

89:24 

.569179 

87:25 

.541579 

105:32 

.516039 

100:16 

.795880 

100:19 

.721246 

113:24 

.672867 

112:26 

.634245 

103:26 

.597864 

63:17 

.568892 

80:23 

.541362 

82:25 

.515874 

106:17 

.794857 

105:20 

0.720159 

80:17 

.672641 

99:23 

0.633907 

99:25 

.597695 

100:27 

0.568636 

73:21 

.541104 

118:36 

0.515580 

112:18 

.793946 

84:16 

.720159 

94:20 

.672098 

86:20 

.633469 

95:24 

.597512 

111:30 

.568202 

66:19 

.540790 

95:29 

.515326 

118:19 

.793128 

110:21 

.719173 

108:23 

.671696 

116:27 

.633094 

91:23 

.597314 

74:20 

.568202 

118:34 

.540403 

108:33 

.514910 

99:16 

.791515 

89:17 

.718941 

75:16 

.670941 

73:17 

.632874 

87:22 

.597097 

85:23 

.567691 

111:32 

.540173 

77:22 

.514910 

105:17 

.790740 

115:22 

.718275 

89:19 

.670636 

103:24 

.632626 

83:21 

.596859 

96:26 

.567298 

104:30 

.539912 

85:26 

.514446 

111:18 

0.790051 

94:18 

.717855 

103:22 

0.670415 

120:28 

.632023 

79:20 

0.596597 

107:29 

.566986 

97:28 

0.539614 

98:30 

.514105 

98:16 

.787106 

120:23 

.717453 

117:25 

.670246 

90:21 

.632023 

75:19 

.596308 

118:32 

.566732 

90:26 

.539269 

111:34 

.513844 

104:17 

.786584 

99:19 

.716882 

112:24 

.669007 

107:25 

.631444 

71:18 

.595986 

70:19 

.566344 

83:24 

.538867 

62:19 

.513638 

110:18 

.786120 

109:21 

.715207 

98:21 

.669007 

77:18 

.631218 

67:17 

.595626 

81:22 

.566062 

114:33 

.538391 

75:23 

.513334 

116:19 

.785704 

83:16 

.714958 

84:18 

.669007 

94:22 

.630705 

63:16 

.595221 

92:25 

.565848 

76:22 

.538391 

88:27 

.513119 

97:16 

.782652 

114:22 

0.714482 

107:23 

.667656 

111:26 

0.630350 

118:30 

.594761 

103:28 

0.565679 

107:31 

.538022 

101:31 

0.512960 

103:17 

.782388 

88:17 

.714034 

93:20 

.667453 

81:19 

.629731 

114:29 

.594507 

114:31 

.565543 

69:20 

.537819 

114:35 

.512837 

109:18 

.782154 

119:23 

.713819 

79:17 

.667178 

98:23 

.629498 

110:28 

.594235 

88:24 

.564272 

100:29 

.537602 

117:36 

.511883 

115:19 

.781944 

93:18 

.713210 

116:25 

.666518 

115:27 

.629334 

106:27 

.593942 

110:30 

.564271 

93:27 

.537119 

104:32 

.511883 

114:19 

.778151 

98:19 

.712473 

102:22 

.666178 

119:28 

.628389 

102:26 

.593627 

99:27 

.564271 

62:18 

.537119 

91:28 

.511883 

108:18 

0.778151 

103:20 

.711807 

88:19 

0.665730 

85:20 

.628389 

98:25 

0.593286 

77:21 

.564271 

117:34 

0.536707 

65:20 

.511883 

102:17 

.778151 

108:21 

.711205 

111:24 

.665112 

68:16 

.628389 

94:24 

.592917 

66:18 

.564271 

86:25 

.536559 

120:37 

.510980 

96:16 

.778151 

113:22 

.710656 

74:16 

.665112 

106:25 

.627366 

90:23 

.592515 

117:32 

.563036 

110:32 

.536243 

107:33 

.510870 

119:20 

.774517 

118:23 

.710154 

97:21 

.664552 

89:21 

.627171 

86:22 

.592076 

106:29 

.562908 

55:16 

.536243 

94:29 

.510730 

113:19 

.774325 

82:16 

.709694 

120:26 

.664208 

72:17 

.626884 

82:21 

.591595 

73:20 

.562293 

79:23 

.535899 

81:25 

.510545 

107:18 

.774111 

87:17 

0.709070 

83:18 

.663806 

110:26 

0.626419 

117:30 

.591065 

95:26 

0.562750 

103:30 

.535716 

68:21 

0.510290 

101:17 

.773873 

92:18 

.708515 

106:23 

.663578 

93:22 

.626060 

78:20 

.591065 

84:23 

.562552 

120:35 

.535113 

110:34 

.509914 

95:16 

.773604 

97:19 

.708018 

115:25 

.662758 

114:27 

.625541 

113:29 

.. •590680 

62:17 

.561943 

96:23 

.535113 

97:30 

.509650 

112:19 

.770464 

102:20 

.707570 

92:20 

.662758 

76:18 

.625541 

74:19 

.590478 

113:31 

.561717 

72:21 

.535113 

84:26 

.509306 

106:18 

.770033 

107:21 

.707165 

101:22 

.661899 

97:23 

.625044 

109:28 

.590269 

102:28 

.561442 

113:33 

.534565 

113:35 

.509010 

100:17 

0.769551 

112:22 

.706795 

78:17 

0.661645 

118:28 

.624724 

105:27 

0.589826 

91:25 

.561101 

89:26 

0.534417 

71:22 

.508836 

94:16 

.769008 

117:23 

.706458 

110:24 

.661182 

80:19 

.624336 

70:18 

.589826 

120:33 

.560667 

05:19 

.534160 

100:31 

.508638 

117:20 

.767156 

81:16 

.704365 

87:19 

.600766 

101:24 

.624110 

101:26 

.589348 

80:22 

.560667 

106:31 

.533944 

116:36 

.508156 

111:19 

.766570 

86:17 

.704050 

119:26 

.660574 

105:25 

.623249 

66:17 

.589105 

109:30 

.560305 

82:24 

.533603 

87:27 

.508156 

105:18 

.765917 

91:18 

.703769 

96:21 

.660052 

84:20 

.623249 

97:25 

.588832 

69:19 

.560096 

99:29 

.533237 

103:32 

.507687 

99:17 

.765186 

96:19 

0.703518 

105:23 

.659462 

109:26 

0.622453 

62:16 

.588272 

98:27 

0.559862 

116:34 

.532980 

74:23 

0.507504 

93:16 

.764363 

101:20 

.703291 

73:16 

.659203 

88:21 

.622263 

120:31 

.587820 

116:32 

.559308 

75:22 

.532639 

119:37 

.507345 

116:20 

.763429 

106:21 

.703087 

114:25 

.658965 

67:16 

.621955 

89:23 

.587662 

87:24 

.559308 

92:27 

.532424 

90:28 

.507085 

110:19 

.762639 

111:22 

.702900 

82:18 

.658541 

113:27 

.621715 

116:30 

.587337 

105:29 

.558791 

109:32 

.532277 

106:33 

.506792 

104:18 

.761761 

116:23 

.702730 

91:20 

.658011 

92:22 

.621365 

85:22 

.580996 

76:21 

.558594 

119:35 

.531479 

61:19 

.506570 

98:17 

0.760777 

120:24 

.098970 

100:22 

0.657577 

117:28 

.621028 

112:29 

0.586820 

94:26 

.558155 

102:30 

0.531479 

77:24 

.506280 

115:20 

.759668 

115:23 

.698970 

109:24 

.657215 

71:17 

.620809 

108:28 

.586266 

112:31 

.557856 

85:25 

.531479 

93:29 

.506085 

92:16 

.759668 

110:22 

.698970 

118:26 

.656909 

96:23 

.620543 

81:21 

.586266 

65:18 

.557641 

68:20 

.531479 

109:34 

.505948 

109:19 

.758673 

105:21 

.698970 

77:17 

.656042 

100:24 

.619789 

104:27 

.585670 

83:23 

.557350 

112:33 

.530704 

112:35 

.505150 

103:18 

.757565 

100:20 

.698970 

86:19 

.655745 

75:18 

.619789 

77:20 

.585461 

101:28 

.557163 

95:28 

.530566 

96:30 

.505150 

120:21 

.756962 

95:19 

0.698970 

95:21 

.655504 

104:25 

0.619093 

100:26 

.585027 

119:33 

0.557033 

78:23 

.530367 

80:25 

0.505150 

114:20 

.755875 

90:18 

.698970 

104:23 

.655306 

79:19 

.618874 

73:19 

.584569 

108:30 

.556303 

61:18 

.530057 

64:20 

.505150 

91:16 

.754921 

85:17 

.698970 

113:25 

.655138 

108:26 

.618451 

96:25 

.584331 

90:25 

.556303 

105:31 

.529828 

115:36 

.504395 

108:19 

.754670 

80:16 

.698970 

117:26 

.653213 

83:20 

.618048 

119:31 

.584185 

72:20 

.556303 

88:26 

.529509 

99:31 

.504274 

119:21 

.753328 

119:24 

.695336 

108:24 

.653213 

112:27 

.617854 

115:30 

.583577 

115:32 

.555548 

115:34 

.529219 

83:26 

.504105 

102:18 

0.753328 

114:23 

.695171 

9922 

0.R53213 

116:28 

.617300 

92:24 

0.583577 

97:27 

.555408 

71:21 

0.529039 

67:21 

.503856 

113:20 

.752048 

109:22 

.695004 

90:20 

.653213 

87:21 

.617300 

69:18 

.583577 

79:22 

.555204 

98:29 

.528828 

118:37 

.503680 

96:17 

.751822 

104:21 

.694814 

81:18 

.653213 

120:29 

.616783 

111:29 

.582925 

61:17 

.554881 

108:32 

.528274 

102.32 

.503450 

107:19 

.750630 

99:20 

.694605 

72:16 

.653213 

91:22 

.616619 

88:23 

.582755 

104:29 

.554635 

81:24 

.528274 

86:27 

.503135 

90:16 

.750123 

94:19 

.694374 

112:25 

.651278 

95:23 

.615996 

65:17 

.582465 

86:24 

.564287 

118:35 

.527814 

105:33 

.502675 
Machinery 
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the  table,  log  41  :  30  =  0.135663,  so  the  error  is  log  0.000002. 
Thus  tljjs  result  is  obtained: 

57      41       2337 

—  X  —  = =2.105405 

37      30       1110 

As  the  ratio  of  the  gears  is  2.105405  and  the  desired  ratio 
is  2.105399,  the  error  in  the  ratio  is  0.000006.  It  should  be 
noted  that  in  this  case  the  gearing  does  not  overlap;  that  is, 
'the  two  largest  gears  will  be  drivers  or  driven,  whichever  the 
case  may  be. 

In   case   no   combination   can   be   found    that  nearly   equals 


the  logarithm  of  the  ratio,  a  suitable  four-gear  combination 
may  be  found  by  reversing  the  second  ratio  selected  from 
the  table.  For  example,  what  gears  will  drive  two  shafts 
at  a  ratio  of  595  to  594?  Taking  the  logs  from  a  six-place 
table,  we  have: 

log  595  =  2.774517 

log  594  =  2.773786 


log  ratio  =  0.000731 

Prom    the    accompanying    table    select    any    ratio,    say    log 
72  :  70  =  0.012235,  and  add  the  logarithm  of  the  ratio  595  :  594, 


RATIO  LOGS  OP   CHANGE-GEARS,  16  TO  120  TEETH- 2 


70:22 

89:28 

108:34 

73:23 

92:29 

111:35 

95:30 

76:24 

117:37 

98:31 

79:25 

120:38 

101:32 

82:26 

104:33 

63:20 

85:27 

107:34 

110:35 

88:28 

113:36 

91:29 

69:22 

116:37 

94:30 

119:38 

72:23 

97:31 

100:32 

75:24 

103:33 

78:25 

106:34 

81:26 

109:35 

112:36 

84:27 

115:37 

87:28 

118:38 

90:29 

93:30 

62:20 

96:31 

65:21 

99:32 

102:33 

68:22 

105:34 

71:23 

108:35 

111:36 

74:24 

114:37 

77:25 

117:38 

120:39 

80:26 

83:27 

86:28 

89:29 

92:30 

95:31 

98:32 

101:33 

104:34 

107:35 

110:36 

113:37 

116:38 

119:39 

61:20 

64:21 

67:22 

70:23 

73:24 

76:25 

79:26 

82:27 

85:28 

88:29 

91:30 

94:31 

97:32 

100:33 

103:34 

106:35 

109:36 

112:37 

115:38 

118:39 

48:16 

or  any 

3  tol 

ratio 


0.502675 
.502232 
.501945 
.501595 
.501390 
.501255 
.500602 
.500602 
.499984 
.499S04 

0.499687 
.499398 
.499171 
.498841 
.498519 
.498311 
.498055 
.497905 
.497325 
.497325 

0.496776 
.496643 
.496426 
.496256 
.496007 
.495763 
.495605 
.495410 
.494850 
.494850 

0.494323 
.494155 
.493827 
.493511 
.493359 
.492916 
.492916 
.492496 
.492361 
.492098 

0.491845 
.491362 
.491362 
.490910 
.490694 
.490485 
.490086 
.490086 
.489710 
.489531 

0.489356 
.489021 
.489021 
.488703 
.488551 
.488402 
.488117 
.488117 
.487714 
.487341 

0.486992 
.486667 
.486362 
.486076 
.485808 
.485554 
.485316 
.485090 
.484877 
.484674 

0.484482 
.484300 
.483961 
.483652 
.483370 
.483112 
.482874 
.482654 
.482450 
.482261 

0.482085 
.481920 
.481736 
.481622 
.481486 
.481358 
.481237 
.481124 
.481016 
.480914 

0.480817 

.477121 


119:40 

116:39 

113:38 

110:37 

107:36 

104:35 

101:34 

98:33 

95:32 

92:31 

89:30 

86:29 

83:28 

80:27 

77:26 

74:25 

71:24 

68:23 

65:22 

62:21 

118:40 

115:39 

112:38 

109:37 

106:36 

103:35 

100:34 

97:33 

94:32 

91:31 

88:30 

85:29 

82:28 

120:41 

79:27 

117:40 

114:39 

76:26 

111:38 

73:25 

108:37 

70:24 

102:35 

67:23 

99:34 

96:33 

64:22 

93:32 

90:31 

61:21 

119:41 

116:40 

87:30 

58:20 

84:29 

110:38 

81:28 

107:37 

69:25 

104:36 

78:27 

101:35 

75:26 

98:34 

72:25 

95:33 

118:41 

115:40 

92:32 

69:24 

112:39 

89:31 

66:23 

109:38 

86:30 

106:37 

63:22 

83:29 

103:36 

120:42 

100:35 

80:28 

60:21 

117:41 

97:34 

77:27 

114:40 

94:33 

111:39 

74:26 

91:32 

71:25 

88:31 

105:37 


I-ogarithm 

liatio 

.473487 

119:42 

.473393 

102:36 

.473295 

85:30 

.473191 

68:24 

.473081 

116:41 

0.472965 

99:35 

.472843 

82:29 

.472712 

65:23 

.472574 

113:40 

.472426 

96:34 

.472269 

79:28 

.472101 

110:39 

.471920 

93:33 

.471726 

62:22 

.471517 

107:38 

0.471291 

76:27 

.471047 

90:32 

.470781 

104:37 

.470491 

118:42 

.470172 

73:26 

.469822 

87:31 

.469033 

101:36 

.469434 

115:41 

.469225 

98:35 

.469003 

84:30 

0.468769 

112:40 

.468521 

70:25 

.468258 

109:39 

.467978 

95:34 

.467680 

81:29 

.467361 

67:24 

.467021 

120:43 

.466656 

106:38 

.466397 

92:33 

.466263 

117:42 

0.466126 

78:28 

.465840 

103:37 

.465840 

64:23 

.465539 

89:32 

.465383 

114:41 

.465222 

100:36 

.464887 

75:27 

.464532 

111:40 

.464347 

86:31 

.464156 

61 :22 

0.463757 

97:35 

.463757 

72:26 

.463333 

108:39 

.462881 

119:43 

.463111 

83:30 

.462763 

94:34 

.462398 

105:38 

.462398 

58:21 

.462398 

80:29 

.461881 

91:33 

0.461609 

102:37 

.461327 

113:41 

.461182 

110:40 

.460909 

99:36 

.460731 

88:32 

.460731 

77:28 

.460253 

118:43 

.460088 

107:39 

.459747 

96:35 

.459393 

85:31 

0.459210 

74:27 

.459098 

63:23 

.458638 

115:42 

.4586?8 

104:38 

.458638 

93:34 

.458153 

82:30 

.458028 

112:41 

.457816 

71:26 

.457643 

101:37 

.457377 

90:33 

0.457104 

60:22 

.456918 

109:40 

.456680 

79:29 

.456535 

98:36 

.455932 

117:43 

.455932 

68:25 

.455932 

87:32 

.455932 

106:39 

.455402 

114:42 

.455293 

95:35 

0.455127 

76:28 

.454845 

57:21 

.454614 

103:38 

.454258 

84:31 

.454258 

65:24 

.453891 

111:41 

.453318 

92:34  1 

.453121 

119:44 

.452988 

73:27 

.452298 

0.452298 
.452298 
.452298 
.451674 
.451567 
.451416 
.451186 
.451018 
.450792 
.450469 

0.450328 
.449969 

".449970 
.449600 
.449450 
.449092 
.448832 
.448633 
.448350 
.448158 

0.448019 
.447914 
.447158 
.447158 
.447159 
.447159 
.446362 
.446245 
.446087 
.445864 

0.445713 
.445522 
.445274 
.444937 
.444937 
.444636 
.444452 
.444240 
.444121 
.443698 

0.443698 
.443263 
.443137 
.442907 
.442704 
.442359 
.442360 
.442079 
.441957 
.441649 

0.441406 
.441209 
.440692 
.440528 
.440399 
.440295 
.439333 
.439333 
.439333 
.439333 

0.438414 
.438319 
.438203 
.438057 
.437868 
.437613 
.437449 
.437250 
.437004 
.436693 

0.436434 
.436285 
.436120 
.435729 
.435729 
.435367 
.435229 
.434924 
.434717 
.434569 

0.434369 
.434241 
.433656 
.433656 
.433656 
.433656 
.433054 
.432918 
.432702 
.432539 

0.432309 
.432094 
.431959 


Katio 

Logarithm 

Ratio 
111:43 

100:37 

.431798 

108:40 

.431364 

80:31 

81:30 

.431364 

98:38 

54:20 

.431364 

67:26 

116:43 

.430990 

116:45 

89:33 

.430876 

85:33 

62:23 

.430664 

103:40 

97:36 

0.430469 

90:35 

105:39 

.430125 

72:28 

70:26 

.430125 

54:21 

113:42 

.429829 

113:44 

78:29 

.429697 

95:37 

86:32 

.429349 

77:30 

94:35 

.429060 

59:23 

102:38 

.428817 

100:39 

110:41 

.428609 

82:32 

59:22 

.428429 

105:41 

67:25 

0.428135 

64:25 

75:28 

.427903 

87:34 

83:31 

.427716 

110:43 

91:34 

.427563 

115:45 

99:37 

.427434 

92:36 

107:40 

.427324 

69:27 

115:43 

.427229 

120:47 

120:45 

.425969 

97:38 

112:42 

.425969 

74:29 

104:39 

.425969 

51:20 

96:36 

0.425969 

79:31 

88:33 

.425969 

107:42 

80:30 

.425969 

84:33 

72:27 

.425969 

56:22 

64:24 

.425969 

117:46 

56:21 

.425969 

89:35 

117:44 

.424733 

61:24 

109:41 

.424643 

94:37 

101:38 

.424538 

99:39 

93:35 

.424415 

66:26 

85:32 

0.424269 

104:41 

77:29 

.424093 

71:28 

69:26 

.423876 

109:43 

61:23 

.423602 

114:45 

114:43 

.423436 

76:30 

106:40 

.423246 

119:47 

98:37 

.423024 

81:32 

90:34 

.422764 

86:34 

82:31 

.422452 

91:36 

119:45 

.422335 

96:38 

111:42 

0.422074 

101:40 

74:28 

.422074 

53:21 

103:39 

.421773 

111:44 

95:36 

.421421 

58:23 

87:33 

.421005 

63:25 

58:22 

.421005 

68:27 

108:41 

.420640 

73:29 

79:30 

.420506 

78:31 

100:38 

.420216 

83:33 

71:27 

.419895 

88:35 

92:35 

0.419720 

93:37 

113:43 

.419610 

98:39 

105:40 

.419130 

103:41 

63:24 

.419130 

108:43 

84:32 

.419129 

113:45 

118:45 

.418670 

118:47 

97:37 

.418570 

40:16 

76:29 

.418416 

or  any 

55:21 

.418143 

21/2  to  1 

89:34 

.417911 

ratio 

102:39 

0.417536 

117:47 

68:26 

.417536 

112:45 

115:44 

.417245 

107:43 

81:31 

.417123 

102:41 

94:36 

.416825 

97:39 

107:41 

.416600 

92:37 

60:23 

.416424 

87:35 

73:28 

.416165 

82:33 

86:33 

.415985 

77:31 

99:38 

.415852 

72:29 

112:43 

0.415750 

67:27 

117:45 

.414973 

62:25 

91:35 

.414973 

119:48 

78:30 

.414973 

57:23 

52:20 

.414973 

109:44 

109:42 

.414177 

52:21 

96:37 

.414070 

99:40 

83:32 

.413928 

94:38 

70:27 

.413734 

89:36 

57:22 

.413452 

84:34 

101:39 

0.413257 

79:32 

88:34 

.413004 

116:47 

119:46 

.412789 

111:45 

75:29 

.412663 

74:30 

106:41 

.412522 

106:43 

62:24 

.412181 

69:28 

93:36 

.412180 

101:41 

Logarithm 

Ratio 

.411855 

96:39 

.411728 

64:26 

.411443 

91:37 

0.411102 

59:24 

.411246 

86:35 

.410905 

113:46 

.410777 

108:44 

.410175 

81:33 

.410175 

54:22 

.410175 

103:42 

.409626 

76:31 

.409522 

98:40 

.409369 

49:20 

0.409124 

120:49 

.408935 

71:29 

.408664 

93:38 

.408405 

115:47 

.408240 

110:45 

.408040 

88:36 

.407924 

66:27 

.407485 

105:43 

.407485 

83:34 

.407485 

61:25 

0.407083 

100:41 

.406988 

117:48 

.406834 

78:32 

.406540 

95:39 

.406265 

112:46 

.406135 

56:23 

.405765 

73:30 

.405765 

90:37 

.405428 

107:44 

.405322 

102:42 

0.405119 

119:49 

.404926 

85:35 

.404571 

68:28 

.404571 

51:21 

.404249 

114:47 

.404100 

97:40 

.403958 

80:33 

.403692 

63:26 

.403692 

109:45 

.403449 

92:38 

0.403335 

75:31 

.403020 

104:43 

.402739 

87:36 

.402488 

58:24 

.402261 

99:41 

.402057 

70:29 

.401870 

111:46 

.401700 

82:34 

.401401 

94:39 

.401145 

53:22 

0.400925 

118:49 

.400733 

65:27 

.400564 

77:32 

.400415 

89:37 

.400281 

101:42 

.400162 

113:47 

.400053 

120:50 

.399955 

108:45 

.399866 

96:40 

.399784 

84:35 

72:30 

0.397940 

60:25 

48:20 

115:48 

.396088 

103:43 

.396006 

91:38 

.395915 

79:33 

.395816 

67:28 

.395707 

55:23 

.395586 

98:41 

0.395451 

86:36 

.395300 

117:49 

.395129 

74:31 

.394935 

105:44 

.394711 

93:39 

.394452 

62:26 

.394306 

112:47 

.394147 

81:34 

.393974 

100:42 

.393784 

50:21 

0.393575 

119:50 

.393344 

69:29 

.393088 

88:37 

.392800 

107:45 

.392477 

95:40 

.392360 

76:32 

.392111 

57:24 

.392110 

102:43 

.391837 

83:35 

.391691 

64:27 

0.391538 

109:46 

.391207 
.391207 
.390840 
.390641 
.390431 
.390321 
.389971 
.389971 
.389971 
0.389588 
.389452 
.389166 
.389166 
.388985 


.388699 
.388600 
.388180 
.388180 

0.388180 
.387721 
.387599 
.387390 
.387216 
.386945 
.386945 
.386659 
.386460 
.386460 

0.386202 
.386041 
.385931 
.385351 
.385351 
.385351 
.385351 
.385351 
.384807 
.384712 

0.384576 
.384367 
.384214 
.384004 
.383700 
.383565 
.383217 
.383217 
.382851 
.382700 

0.382565 
.382335 
.382063 
.381853 
.381686 
.381550 
.381341 
.381188 
.381072 
.380981 

0.380211 
.380211 
.380211 
.380211 
.380211 
.380211 
.380211 
.379457 
.379369 
.379258 

0.379113 
.378916 
.378635 
.378442 
.378196 
.377990 
.377870 
.377737 
.377418 
.377418 

0.377120 
.377006 
.376751 
.376751 
.376577 
.376451 
.376281 
.376171 
.375664 
.375664 

0.375664 
.375132 
.375010 
.374816 
.374669 


90:38 
116:49 
71:30 
97:41 
78:33 
52:22 
111:47 
85:36 
59:25 
92:39 
66:28 
99:42 
106:45 
73:31 
113:48 
120:51 
80:34 
87:37 
94:40 
47:20 
101:43 
54:23 
115:49 
61:26 
68:29 
75:32 
82:35 
89:38 
96:41 
103:44 
110:47 
117:50 
119:51 
105:45 
98:42 
91:39 
84:36 
77:33 
70:30 
63:27 
56:24 
49:21 
114:49 
107:46 
100:43 
93:40 
86:37 
79:34 
72:31 
65:28 
58:25 
109:47 
102:44 
95:41 
88:38 
81:35 
118:51 
111:48 
74:32 
104:45 
67:29 
90:39 
60:26 
113:49 
53:23 
76:33 
99:43 
115:50 
92:40 
69:30 
46:20 
108:47 
85:37 
62:27 
101:44 
117:51 
78:34 
94:41 
55:24 
71:31 
87:38 
103:45 
119:52 
112:49 
96:42 
80:35 
64:28 
48:21 
105:46 
89:39 
73:32 
57:25 
98:43 
82:36 


.374459 
.374262 
.374137 
.373988 
.373581 

0.373581 
.373225 
.373116 
.372912 
.372723 
.372386 
.372386 
.372093 
.371961 
.371837 

0.371011 
.371611 
.371318 
.371068 
.371068 
.370853 
.370666 
.370502 
.370357 
.370111 

0.369911 
.369746 
.369606 
.369487 
.369385 
.369295 
.369216 
.367977 
.367977 
.367977 

0.367977 
.367977 
.367977 
.367977 
.367977 
.367977 
.367977 
.366709 
.366626 
.366532 

0.366423 
.366297 
.366148 
.365971 
.365755 
,365488 
.365329 
.365148 
.364940 
.364700 

0.364417 
.364312 
.364083 
.364082 
.363821 
.363677 
.363178 
.363178 
.362882 
.362548 

0.362300 
.362167 
.361728 
.361728 
.361728 
.361728 
.361326 
.361217 
.361028 
.360869 

0.360616 
.360616 
.360344 
.360152 
.359897 
.359736 
.359625 
.359544 
.359022 
.359022 

0.359022 
.3,59022 
.359022 
.358432 
.358325 
.358173 
.357935 
.357758 
.357511 


Ratio      Lngarithm 


107:47 
66:29 
91:40 

116:51 
75:33 
60:22 

100:44 

109:48 
84:37 
59:26 
93:41 

102:45 
68:30 

111:49 
77:34 

120:53 
86:38 
95:42 
52:23 

113:50 
61:27 
70:31 
79:35 
88:39 
97:43 

106:47 

115:51 

117:52 

108:48 
99:44 
90:40 
81:36 
72:32 
63:28 
45:20 

119:53 

110:49 

101:45 
92:41 
83:37 
74:33 
65:29 
56:25 

103:46 
94:42 
85:38 

114:51 
76:34 

105:47 
67:30 
96:43 
87:39 
58:26 

107:48 
78:35 
98:44 
49:22 

118:53 
69:31 
89:40 

109:49 

100:45 
80:36 
60:27 

111:50 
91:41 
51:23 

113:51 
93:42 
62:28 

104:47 
73:33 

115:52 
84:38 
95:43 
53:24 

117:53 
64:29 
75:34 
86:39 
97:44 

108:49 

119:54 
99:45 
88:40 
77:35 
66:30 
55:25 

112:51 

101:46 
90:41 
79:36 
57:26 

103:47 


.357286 

0.357146 
.356981 
.356888 
.356547 
.356547 
.356547 
.356185 
.356078 
.355879 
.355699 

0.355388 
.355388 
.355127 
.355012 
.354905 
.354715 
.354474 
.354276 
.354108 
.353966 

0.353736 
.353559 
.353418 
.353303 
.353208 
.353128 
.352183 
.352183 
.352183 
.352183 

0.352183 
.352183 
.352183 
.352183 
.351271 
.351197 
.251109 
.351004 
.350876 
.350718 

0.350515 
.350248 
.350079 
.349879 
.349635 
.349335 
.349335 
.349091 
.348954 
.348803 

0.348455 
.348455 
.348143 
.348027 
.347773 
.347773 
.347606 
.347487 
.347330 
.347230 

0.346788 
.346788 
.346788 
.346353 
.346258 
.345842 
.345508 
.345234 
.345234 
.344935 

0.344809 
.344695 
.344496 
.344255 
.344065 
.343910 
.343782 
.343582 
.343434 
.343319 

0.343228 
.343153 
.342423 
.342423 
.342423 
.342423 
.342423 
.341648 
.341564 
.341459 

0.341325 

.340902 

.340739 
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or  0.000731;  the  sum  is  0.012966.  Select  the  logarithm 
nearest  the  sum  from  the  table;  this  is  found  to  be  log 
68  :  66  =  0.012965.  Now  by  reversing  this  pair  the  difference 
of  the  ratios,  or  594  :  595,  will  be  obtained.     Reversing  68  :  66 

72       66 
gives  66  :  68;  therefore,  the  gears  required  are  —  X  — .     The 

70       68 
72       66       4752       594 

proof  of  this  is:  —  X  —  = = • 

70       68       4760       595 
It  is  evident  that  overlapping  is  necessary  only  when  the 
ratio  is  nearly  1  to  1.     Care  should  be  taken  in  overlapping 


to  avoid  interference  on  the  machine.    The  best  rule  is  to  keep 
the  gears  as  near  the  same  size  as  possible. 

Driver  and  Driven  Gears 
Gears  for  the  ratio  7.32  :  4.17  are  selected  in  the  same  man- 
ner as  gears  for  the  ratio  4.17  :  7.32.  The  logarithm  of  the 
smaller  number  is  subtracted  from  the  logarithm  of  the  larger, 
giving  the  logarithm  of  the  ratio.  There  may  be  some  diffi- 
culty in  determining  which  gears  are  the  drivers  and  which 
the  driven.  The  first  figure  of  a  gear  ratio  is  usually  con- 
sidered to  be  the  driver.     For  example,  if  two  shafts  are  to 


RATIO  LOGS  OP  CHANGE-QEARS,   16  TO  120  TEETH- 3 


92:42 

46:21 

81:37 

116:53 

105:48 

70:32 

93:43 

118:54 

59:27 

83:38 

107:49 

120:55 

96:44 

72:33 

48:22 

109:50 

85:39 

61:28 

98:45 

111:51 

74:34 

87:40 

100:46 

113:52 

63:29 

76:35 

89:41 

102:47 

115:53 

117:54 

91:42 

78:36 

65:30 

52:24 

119:55 

106:49 

93:43 

80:37 

67:31 

54:25 

95:44 

82:38 

110:51 

69:32 

97:45 

84:39 

56:26 

99:46 

71:33 

114:53 

86:40 

43:20 

101:47 

58:27 

73:34 

88:41 

103.48 

118:55 

105:49 

90:42 

75:35 

60:28 

45:21 

107:50 

92:43 

77:36 

62:29 

109:51 

94:44 

47:22 

79:37 

111:52 

96:45 

64:30 

113:53 

81:38 

98:46 

115:54 

66:31 

83:39 

100:47 

117:55 

119:56 

85:40 

68:42 

51:24 

104:49 

87:41 

70:33 

89:42 

108:51 

72:34 

91:43 

55:26 


,340539 
.340539 
.340283 
.340182 
.339948 
.339948 
.339659 

0.339488 
.339488 
.339295 
.339188 
.338819 
.338819 
.338819 
.338819 
.338457 
.338354 

0.338172 
.338014 
.337753 
.337753 
.337459 
.337242 
.337075 
.336943 
.336746 
.336606 

0.336502 
.336412 
.335792 
.335792 
.335792 
.335792 
.335792 
.335184 
.335110 
.335014 

0.334888 
.334713 
.334454 
.334271 
.334030 
.333823 
.333699 
.333559 
.333215 
.333215 

0.332877 
.332744 
.332629 
.332439 
.332439 
.332224 
.332064 
.331844 
.331699 
.331596 

0.331519 
.330993 
.330993 
.330993 
.330993 
.330993 
.330414 
.330319 
.330188 
.329994 

0.329855 
.329675 
.329675 
.329425 
.329320 
.329059 
.329059 
.328803 
.328701 
.328468 

0.328304 
.328182 
.328014 
.327902 
.327823 
.327359 
.327359 
.327359 
.327359 
.326837 

0.326735 
.326584 
.326141 
.325854 
.325854 
.325573 
.325389 


74:35 
93:44 

112.53 
95:45 
76:36 
57:27 

116:55 
97:46 
78:37 
.59:28 
99:47 

120:57 
80:38 

101:48 
61:29 
82:39 

103:49 

105:50 
84:40 
63:30 
42:20 

107:51 
86:41 
65:31 

109:52 
88:42 
44:21 

111:53 
67:32 
90:43 

113:54 

115:55 
92:44 
69:33 
46:22 

117:56 
71:34 

119:57 
96:46 
73:35 
98:47 

100:48 
75:36 

102:49 
77:37 
52:25 
79:38 

106:51 
81:39 

110:53 
83:40 

112:54 
85:41 

114:55 
87:42 
58:28 

118:57 
89:43 

120:58 
60:29 
91:44 
93:45 
62:30 
95:46 
64:31 
97:47 
99:48 
66:32 

101:49 
68:33 

103:50 

105:51 
70:34 

107:52 
72:35 

109:53 
74:36 

111:54 

113:55 
76:37 

115:56 

117:57 
78:38 

119:58 
80:39 
82:40 
41:20 
84:41 
86:42 
43:21 
88:43 
90:44 
45:22 


.325164 
.325030 
.324942 

0.324511 
.324511 
.324511 
.324095 
.324014 
.323893 
.323694 
.323537 
.323306 
.323306 

0.323080 
.322932 
.322749 
.322641 
.322219 
.322219 
.322219 
.322219 
.321814 
.321715 

0.321552 
.321423 
.321233 
.321233 
.321047 
.320925 
.320774 
.320685 
.320335 
.320335 

0.320335 
.320335 
.319998 
.319779 
.319672 
.319513 
.319255 
.319128 
.318759 
.318759 

0.318404 
.318289 
.318063 
.317844 
.317736 
.317420 
.317117 
.317018 
.316824 
.316635 

0.316542 
.316270 
.316270 
.316007 
.315922 
.315753 
.315753 
.315589 
.315270 
.315270 

0.314966 
.314818 
.314674 
.314394 
.314394 
.314125 
.313995 
.313867 
.313619 
.313619 
I  0.313381 
.313265 
.313151 
.312929 
.312929 
.312716 
.312612 
.312510 
.312311 
.312311 

0.312119 
.312025 
.311754 
.311754 
.311495 
.311249 
.311249 
.311014 
.310790 
.310790 


92:45 

94:46 

96:47 

98:48 

100:49 

102:50 

51:25 

104:51 

53:26 

108:53 

55:27 

112:55 

57:28 

116:57 

59:29 

120:59 

61:30 

63:31 

65:32 

67:33 

118:58 

69:34 

71:35 

73:36 

75:37 

77:38 

79:39 

81:40 

83:41 

85:42 

87:43 

89:44 

91:45 

93:46 

95:47 

97:48 

99:49 

101:50 

103:51 

105:52 

107:53 

109:54 

111:55 

113:56 

115:57 

117:58 

119:59 

32:16 

or 

any 

2  to  1 

ratio 

119:60 

117:59 

115:58 

113:57 

111:56 

109:55 

107:54 

105:53 

103:52 

101:51 

99:50 

97:49 

95:48 

93:47 

91:46 

89:45 

87:44 

85:43 

83:42 

81:41 

79:40 

77:39 

75:38 

73:37 

71:36 

69:35 

67:34 

65:33 

63:32 

61:31 

120:61 

59:30 

116:59 

57:29 

112:57 

55:28 

108:55 

53:27 

104:53 

51:26 

100:51 

98:50 


.0310575 
.310370 
.310173 
.309985 
.309804 
.309630 
.309630 
.309463 
.309303 
.309148 

0.308999 
.308855 
.308717 
.308583 
.308454 
.308329 
.308209 
.307979 
.307763 
.307561 

0.307454 
.307370 
.307190 
.307020 
.306860 
.306707 
.306563 
.306425 
.306294 
.306170 

0.306051 
.305937 
.305829 
.305725 
.305626 
.305531 
.305439 
.305351 
.305267 
.305186 

0.305108 
.305033 
.304960 
.304890 
.304823 
.304758 
.304695 


.297396 
.297334 
.297270 
.297204 
.297135 
.297064 
.296990 
.296913 

0.296833 
.296751 
.296665 
.296576 
.296482 
.296385 
.296284 
.296178 
.296067 
.295950 

0.295829 
.295701 
.295567 
.295426 
.295278 
.295121 
.294956 
.294781 
.294596 
.294400 

0.294191 
.293968 
.293851 
.293731 
.29360R 
.293477 
.293343 
.293205 
.293061 
.292912 

0.292757 
.292597 
.292430 
.292256 


Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

96:49 

.292075 

89:47 

.277292 

77:42 

.263241 

80:45 

.249878 

76:44 

0.237361 

94:48 

.291887 

53:28 

.277118 

66:36 

.263241 

64:36 

.249878 

57:33 

.237361 

92:47 

.291690 

87:46 

0.276762 

55:30 

.263241 

119:67 

.249472 

38:22 

.237361 

90:46 

.291485 

104:55 

.276671 

119:65 

.262034 

103:58 

.249409 

107:62 

.236992 

88:45 

.291270 

119:63 

.276207 

108:59 

.262572 

87:49 

0.249323 

88:51 

.236913 

86:44 

.291046 

85:45 

.276207 

97:53 

.262496 

71:40 

.249198 

69:40 

.236789 

84:43 

0.290811 

68:36 

.276206 

86:47 

.262401 

110:62 

.249001 

119:69 

.236698 

82:42 

.290565 

117:62 

.275794 

75:41 

.262277 

55:31 

.249001 

100:58 

.236572 

41:21 

.290565 

100:53 

.275724 

64:35 

0.262112 

94:53 

.248852 

50:29 

.236572 

80:41 

.290306 

83:44 

.275625 

53:29 

.261878 

117:66 

.248642 

81:47 

.236387 

119.61 

.290217 

66:35 

.275476 

95:52 

.261720 

78:44 

.248642 

112:65 

0.236305 

78:40 

.290035 

115:61 

.275368 

84:46 

.261522 

101:57 

.248447 

62:36 

.236089 

39:20 

.290035 

98:52 

0.275223 

115:63 

.261357 

62:35 

.248324 

93:54 

.236089 

115:59 

.289846 

81:43 

.275017 

73:40 

.261262 

85:48 

.248178 

105:61 

.235860 

76:39 

.289749 

113:60 

.274927 

104:57 

.261158 

108:61 

0.248094 

74:43 

.235763 

113:58 

.289650 

96:51 

.274701 

62:34 

.260913 

115:65 

.247785 

117:68 

.235677 

111:57 

0.289448 

64:34 

.274701 

93:51 

.260912 

92:52 

.247785 

86:50 

.235529 

74:38 

.289448 

111:59 

.274471 

113:62 

.260687 

69:39 

.247785 

98:57 

.235351 

109:56 

.289239 

79:42 

.274378 

82:45 

0.260601 

99:56 

.247447 

110:64 

.235213 

72:37 

.289131 

94:50 

.274158 

51:28 

.260412 

76:43 

.247345 

55:32 

.235213 

107:55 

.289021 

109:58 

.27.3999 

71:39 

.260194 

106:60 

.247155 

67:39 

0.235010 

70:36 

.288796 

62:33 

.273878 

91:50 

.260071 

53:30 

.247155 

79:46 

.234869 

103:53 

.288561 

77:41 

0.273707 

111:61 

.259993 

83:47 

.246980 

91:53 

.234766 

68:35 

.288441 

92:49 

.273592 

100:55 

.259637 

113:64 

.246898 

103:60 

.234686 

101:52 

.288318 

107:57 

.273509 

80:44 

.259637 

120:68 

0.246672 

115:67 

.234623 

66:34 

.288065 

120:64 

.273001 

40:22 

.259637 

90:51 

.246672 

96:56 

.234083 

99:51 

0.288065 

105:56 

.273001 

109:60 

.259275 

60:34 

.246672 

84:49 

.234083 

97:50 

.287802 

90:48 

.273001 

89:49 

.259194 

97:55 

.246409 

72:42 

.234083 

64:33 

.287666 

75:40 

.273001 

69:38 

0.259066 

67:38 

.246291 

60:35 

.234083 

95:49 

.287528 

60:32 

.273001 

118:65 

.258969 

104:59 

.246181 

113:66 

.233535 

93:48 

.287242 

118:63 

.272542 

98:54 

.258832 

111:63 

.245982 

101:59 

0.233469 

62:32 

.287242 

103:55 

.272475 

78:43 

.258626 

74:42 

.245982 

89:52 

.233388 

91:47 

.286944 

88:47 

0.272385 

107:59 

.258532 

37:21 

.245982 

77:45 

.233278 

120:62 

.286790 

73:39 

.272258 

116:64 

.258278 

118:67 

.245807 

65:38 

.233130 

89:46 

.286632 

58:31 

.272066 

87:48 

.258278 

81:46 

0.245727 

118:69 

.233033 

118:61 

.286552 

101:54 

.271928 

58:32 

.258278 

88:50 

.245513 

53:31 

.232914 

116:60 

0.286307 

86:46 

.271741 

96:53 

.257995 

95:54 

.245330 

94:55 

.232765 

56:30 

.286307 

114:61 

.271575 

67:37 

.257873 

51:29 

.245172 

82:48 

.232573 

114:59 

.286053 

99:53 

.271360 

105:58 

0.257761 

109:62 

.245035 

111:65 

.232410 

85:44 

.285966 

112:60 

.271067 

38:21 

.257564 

58:33 

.244914 

70:41 

.232314 

56:29 

.285790 

84:45 

.271067 

76:42 

.257564 

65:37 

.244712 

87:51 

0.231949 

83:43 

.285610 

56:30 

.271067 

85:47 

.257321 

72:41 

.244549 

58:34 

.231949 

110:57 

.285518 

97:52 

0.270768 

94:52 

.257125 

79:45 

.244415 

104:61 

.231704 

81:42 

.285236 

69:37 

.270647 

103:57 

.256962 

86:49 

.244302 

75:44 

.231608 

54:28 

.285235 

110:59 

.270541 

112:62 

.256826 

93:53 

0.244207 

92:54 

.231394 

106:55 

.284943 

82:44 

.270361 

56:31 

.256826 

100:57 

.244125 

109:64 

.231247 

79:41 

0.284843 

41:22 

.270361 

65:36 

.256611 

107:61 

.244054 

63:37 

.231139 

52:27 

.284640 

95:51 

.270153 

74:41 

.256448 

114:65 

.243992 

80:47 

.230992 

77:40 

.284431 

54:29 

.269996 

83:46 

0.256320 

119:68 

.243038 

97:57 

.230897 

102:53 

.284324 

67:36 

.269772 

92:51 

.256218 

112:64 

.243038 

114:67 

.230830 

100:52 

.283997 

80:43 

.269622 

101:56 

.256133 

98:56 

.243038 

85:50 

0.230449 

75:39 

.283997 

93:50 

.269513 

110:61 

.256063 

91:52 

.243038 

68:40 

.230449 

98:51 

.283656 

106:57 

0.269431 

119:66 

.256003 

84:48 

.243038 

51:30 

.230449 

73:38 

.283540 

119:64 

.269367 

99:55 

.255273 

77:44 

.243038 

107:03 

.230043 

96:50 

.283301 

117:63 

.268845 

90:50 

.255273 

70:40 

0.243038 

90:53 

.229967 

119:62 

.283155 

91:49 

.268845 

81:45 

.255273 

63:36 

.243038 

73:43 

.229854 

71:37 

0.283057 

78:42 

.268845 

72:40 

.255273 

35:20 

.243038 

112:66 

.229674 

94:49 

.282932 

65:35 

.268845 

63:35 

.255273 

117:67 

.242111 

56:33 

.229674 

117:61 

.282856 

52:28 

.268845 

54:30 

0.255273 

110:63 

.242052 

95:56 

.229536 

92:48 

.282547 

39:21 

.268845 

115:64 

.254518 

103:59 

.241985 

117:69 

.229337 

69:36 

.282547 

115:62 

.268306 

106:59 

.254454 

96:55 

.241909 

78:46 

0.229337 

113:59 

.282226 

102:55 

.268238 

97:54 

.254378 

89:51 

.241820 

100:59 

.229148 

90:47 

.282145 

89:48 

0.268149 

88:49 

.254287 

82:47 

.241716 

61:36 

.229027 

67:35 

.282007 

76:41 

.268030 

79:44 

.254174 

75:43 

.241593 

83:49 

.228882 

111:58 

.281895 

63:34 

.267862 

70:39 

.254033 

68:39 

0.241444 

105:62 

.228798 

88:46 

.281725 

113:61 

.267749 

61:34 

.253851 

61:35 

.241262 

110:65 

.228479 

109:57 

0.281552 

100:54 

267606 

113:63 

.253738 

115:66 

.241154 

88:52 

.228479 

65:34 

.281435 

87:47 

.267421 

52:29 

.253605 

108:62 

.241032 

66:39 

.228479 

86:45 

.281286 

111:60 

.267172 

95:53 

0.253448 

54:31 

.241032 

115:68 

.228187 

107:56 

.281196 

74:40 

.267172 

86:48 

.253257 

101:58 

.240893 

93:55 

.228120 

84:44 

.280827 

37:20 

.267172 

120:67 

.253106 

94:54 

.240734 

71:42 

0.228009 

63:33 

.280827 

98:53 

.266950 

77:43 

.253022 

87:50 

.240549 

120:71 

.227923 

103:54 

.280443 

61:33 

0.266816 

111:62 

.252931 

120:69 

.240332 

98:58 

.227798 

82:43 

.280345 

85:46 

.266661 

102:57 

.252725 

80:46 

.240332 

76:45 

.227601 

61:32 

.280180 

109:59 

.266575 

68:38 

.252725 

113:65 

0.240165 

103:61 

.227507 

101:53 

.280046 

96:52 

..266268 

93:52 

.252480 

73:42 

.240074 

81:48 

.227244 

80:42 

0.279841 

72:39 

.266268 

118:66 

.252338 

106:61 

.239976 

54:32 

.227244 

40:21 

.279841 

107:58 

.265956 

59:33 

.252338 

99:57 

.239760 

113:67 

.227004 

99:52 

.279632 

118:64 

.265702 

84:47 

0.252181 

66:38 

.239760 

86:51 

.226928 

59:31 

.279490 

59:32 

.265702 

109:61 

.252097 

92:53 

.239512 

59:35 

.226784 

78:41 

.279311 

94:51 

.265558 

100:56 

.251812 

59:34 

.239373 

91:54 

0.226648 

97:51 

.279202 

70:38 

.265314 

75:42 

.251812 

85:49 

.239223 

64:38 

.226396 

116:61 

.279128 

116:63 

0.265118 

116:65 

.251545 

111:64 

.239143 

96:57 

.226396 

95:50 

.278754 

81:44 

.265032 

91:51 

.251471 

78:45 

.238882 

101:60 

.226170 

76:40 

.278754 

92:50 

.264818 

66:37 

.251342 

52:30 

0.238882 

69:41 

.226065 

57:30 

.278754 

103:56 

.264649 

107:60 

.251233 

97:56 

.238584 

106:63 

.225965 

38:20 

0.278754 

68:37 

.264307 

82:46 

.251056 

71:41 

.238474 

111:66 

.225779 

112:59 

.278366 

79:43 

.264159 

98:55 

.250863 

116:67 

.238383 

74:44 

.225779 

93:49 

.278287 

90:49 

.264046 

57:32 

0.250725 

90:52 

.238239 

116:69 

.225609 

74:39 

.278167 

101:55 

.263959 

73:41 

.250539 

109:63 

.238086 

79:47 

.225529 

55:29 

.277965 

112:61 

.263888 

89:50 

.250420 

64:37 

.237978 

84:50 

0.225309 

91:48 

.277800 

110:60 

.263241 

105:59 

.250337 

83:48 

.237837 

89:53 

.225114 

108:57 

.277549 

99:54 

0.263241 

112:63 

.249878 

102:59 

.237748 

94:56 

.224940 

72:38 

.277549 

88:48 

.263241 

96:54 

.249878 

95:55 

.237361 

99:59 

.224783 
Machinery 
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run  at  a  ratio  ot  3  to  1,  it  is  implied  that  3  is  the  driver  and 
tlie  gear  witli  tlie  largest  number  of  teeth  will  be  placed  on 
the  driving  shaft.  In  so  far  as  tlie  use  of  the  gear  logarithm 
tables  are  concerned,  it  is  immaterial  which  is  t-lie  driver  and 
which  is  the  driven  gear,  and  by  comparing  tlie  gears  selected 
with  the  ratio,  no  confusion  should  result. 

Applications  of  Table 
The  following  examples  showing  the  application  of  the  table 
to  ordinary  machine-shop  work  are  not  intended  as  a  complete 
explanation   of   the   subject.     Knowledge   of   the   construction 


and  application  of  lathes,  milling  machines  and  gear-cutting 
machinery  is  taken  for  granted.  The  table  is  useful  In  the 
selection  of  gears  (or  pulleys)  to  obtain  geometrical  speeds, 
but  because  of  the  special  nature  of  this  class  of  work  no  ex- 
amples will  be  given. 

Lathe  Changre-gears 

For  calculating  the  change-gears  to  cut  any  lead  on  a  lathe, 

the  "constant"  of  the  machine  must  be  known.    The  constant 

of  a  simple  change-gear  lathe  with  a  single-thread  lead-screw 

may  be  considered  as  the  number  of  threads  per  Inch  ot  the 


RATIO  LOGS   OP  CHANGE-GEARS,  16  TO  120  TEETH-4 


lUUo 

Logarithm 

Hatio 

Logarithm 

Ratio 

Logarithm 

liatio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithio 

62:31. 

.224642 

62:38 

.212608 

119:75 

.200486 

102:66 

.189056 

74:49 

.179036 

116:79 

.166831 

102:71 

.157342 

90:64 

.148063 

109:65 

.224513 

106:65 

.212393 

92:58 

.200360 

85:55 

.189056 

77:51 

.178921 

69:47 

.166751 

79:55 

.157264 

45:32 

.148063 

11-4:68 

.224396 

75:46 

0.212304 

111:70 

.200226 

68:44 

.189056 

80:53 

.178811 

91:62 

.166650 

112:78 

.157123 

97:69 

.147923 

57:34 

.224396 

119:73 

.212224 

65:41 

.200130 

51:33 

0.189056 

83:55 

.178715 

113:77 

0.166588 

56:39 

.157123 

104:74 

0.147802 

119:71 

.224289 

88:54 

■  .212089 

84:53 

.200003 

34:22 

.189056 

86:57 

.178624 

110:75 

.166331 

89:62 

.156998 

52:37 

.147802 

62:37 

.224190 

101:62 

.211930 

103:65 

.199924 

105:68 

.188680 

89:59 

.178538 

88:60 

.166331 

99:69 

.156786 

111:79 

.147696 

67:40 

0.224015 

57:35 

.211807 

114:72 

.199572 

88:57 

.188608 

92:61 

.178458 

66:45 

.166331 

66:46 

.156786 

118:84 

.147603 

72:43 

.223864 

70:43 

.211630 

95:60 

.199572 

71:46 

.188501 

95:63 

.178383 

44:30 

.166331 

109:76 

.156613 

66:47 

.147446 

77:46 

.223733 

96:59 

.211419 

76:48 

0.199572 

54:35 

.188326 

101:67 

0.178257 

107:73 

.166061 

76:53 

0.156538 

73:52 

.147320 

82:49 

.223618 

109:67 

.211352 

57:36 

.199572 

91:59 

.188190 

104:69 

.178184 

85:58 

.165991 

119:83 

.156469 

80:57 

.147215 

87:52 

.223516 

117:72 

.210853 

106:67 

.199231 

111:72 

.187991 

107:71 

.178126 

63:43 

.165872 

86:60 

.156347 

87:62 

.147128 

92:55 

.223425 

91:56 

.210853 

87:55 

.199157 

74:48 

.187991 

110:73 

.178070 

104:71 

.165775 

43:30 

.156347 

94:67 

.147053 

97:58 

.223344 

78:48 

0.210853 

68:43 

.199040 

94:61 

.187798 

113:75 

.178017 

82:56 

.165626 

96:67 

.156196 

101:72 

.146989 

102:61 

.223270 

65:40 

.210853 

117:74 

.198954 

57:37 

0.187673 

116:77 

.177967 

101:69 

0.165472 

106:74 

.156074 

108:77 

0.146933 

107:64 

.223204 

112:69 

.210369 

98:62 

.198834 

77:50 

.187521 

119:79 

.177910 

120:82 

.165367 

53:37 

.156074 

115:82 

.146884 

112:67 

.223143 

99:61 

.210305 

49:31 

.198834 

97:63 

.187431 

24:16 

60:41 

.165367 

116:81 

.155973 

98:70 

.146128 

117:70 

0.223088 

86:53 

.210223 

79:50 

.198657 

117:76 

.187372 

or 

79:54 

.165233 

63:44 

.155888 

91:65 

.146128 

100:60 

.221849 

73:45 

.210110 

109:69 

.198577 

100:65 

.187087 

any 

0.176091 

98:67 

.165151 

73:51 

.155753 

84:60 

.146128 

95:57 

.221849 

120:74 

.209950 

90:57 

0.198368 

80:52 

.187087 

3  to  2 

117:80 

.165096 

93:65 

0.155570 

77:55 

.146128 

90:54 

.221849 

60:37 

.209950 

60:38 

.198368 

60:39 

.187087 

ratio 

114:78 

.164810 

103:72 

.155505 

70:50 

.146128 

85:51 

.221849 

107:66 

.209840 

101:64 

.198141 

103:67 

.186762 

118:79 

.174255 

95:65 

.164810 

113:79 

.155451 

63:45 

.146128 

80:48 

.221849 

94:58 

.209700 

71:45 

.198046 

83:54 

.186684 

115:77 

.174207 

76:52 

.164810 

120:84 

.154902 

56:40 

.146128 

75:45 

.221849 

81:50 

0.209515 

112:71 

.197960 

63:41 

.186557 

112:75 

.174157 

57:39 

.164810 

110:77 

.154902 

49:35 

.146128 

70:42 

.221849 

115:71 

.209440 

82:52 

.197811 

106:69 

0.186457 

109:73 

.174104 

111:76 

0.164509 

100:70 

.154902 

42:30 

0.146128 

65:39 

.221849 

68:42 

.209260 

93:59 

.197631 

86:56 

.186311 

106:71 

.174048 

92:63 

.164447 

90:63 

.154902 

35:25 

.146128 

60:36 

.221849 

34:21 

.209260 

52:33 

.197489 

109:71 

.186168 

103:69 

.173988 

73:50 

.164353 

80:56 

.154902 

116:83 

.145380 

55:33 

0.221849 

89:55 

.209027 

115:73 

.197375 

66:43 

.186075 

100:67 

.173925 

108:74 

.164192 

70:49 

.154902 

109:78 

.145332 

50:30 

.221849 

55:34 

.208884 

63:40 

.197281 

89:58 

.185962 

97:65 

.173858 

54:37 

.164192 

60:42 

.154902 

102:73 

.145277 

118:71 

.220624 

76:47 

.208716 

74:47 

0.197134 

112:73 

.185895 

94:63 

0.173787 

89:61 

.164060 

30:21 

0.154902 

88:63 

.145142 

113:68 

.220570 

97:60 

.208620 

85:54 

.197025 

115:75 

.185637 

91:61 

.173712 

105:72 

.163857 

117:82 

.154372 

81:58 

.145057 

108:65 

.220510 

118:73 

.208559 

96:61 

.196941 

92:60 

.185637 

88:59 

.173631 

70:48 

.163857 

107:75 

.154323 

74:53 

.144956 

103:62 

.220446 

84:52 

.208276 

107:68 

.196875 

69:45 

.185637 

85:57 

.173544 

86:59 

.163647 

97:68 

.154263 

67:48 

.144834 

98:59 

.220374 

63:39 

0.208276 

118:75 

.196821 

46:30 

.185637 

82:55 

.173451 

102:70 

.163502 

87:61 

.154180 

120:86 

.144683 

93:56 

.220295 

113:70 

.207980 

110:70 

.196295 

95:62 

0.185332 

79:53 

.173351 

51:35 

0.163502 

77:54 

.154097 

60:43 

0.144683 

88:53 

.220207 

92:57 

.207913 

99:63 

.196295 

72:47 

.185235 

76:51 

.173243 

118:81 

.163397 

67:47 

.153977 

113:81 

.144593 

83:50 

.220109 

71:44 

.207806 

88:56 

.196295 

98:64 

.185046 

73:49 

.173127 

67:46 

.163317 

114:80 

.153815 

106:76 

.144492 

78:47 

0.219997 

100:62 

.207608 

77:49 

.196295 

49:32 

.185046 

70:47 

.173000 

83:57 

.163203 

57:40 

.153815 

53:38 

.144492 

73:44 

.219870 

50:31 

.207608 

66:42 

.196295 

75:49 

.184865 

67:45 

.172862 

99:68 

.163126 

104:73 

.153710 

99:71 

.144377 

68:41 

.219725 

79:49 

.207431 

55:35 

0.196295 

101:66 

.184778 

64:43 

0.172712 

115:79 

.163071 

94:66 

0.153584 

92:66 

.144244 

63:38 

.219557 

108:67 

.207349 

113:72 

.195746 

104:68 

.184524 

61:41 

.172546 

112:77 

.162727 

47:33 

.153584 

46:33 

.144244 

58:35 

.219360 

87:54 

.207126 

91:58 

.195613 

78:51 

.184524 

119:80 

.172457 

96:66 

.162727 

84:59 

.153427 

85:61 

.144089 

111:67 

.219248 

58:36 

.207126 

102:65 

.195607 

52:34 

.184524 

58:39 

.172363 

80:55 

.162727 

111:78 

.153228 

117:84 

.143907 

53:32 

.219126 

29:18 

0.207126 

69:44 

.195396 

118:77 

.184391 

113:76 

.172265 

64:44 

.162727 

74:52 

.153228 

78:56 

.143907 

101:61 

.218992 

95:59 

.206872 

58:37 

.195226 

107:70 

0.184286 

55:37 

.172161 

48:33 

0.162727 

101:71 

.153063 

110:79 

0.143766 

96:58 

'218843 

66:41 

.206760 

105:67 

.195115 

81:53 

.184209 

107:72 

.172051 

32:22 

.162727 

64:45 

.152968 

71:51 

.143688 

91:55 

218679 

103:64 

.206651 

94:60 

.194977 

110:72 

.184060 

104:70 

.171935 

109:75 

.162365 

91:64 

.152861 

103:74 

.143606 

86:52 
81:49 

119:72 
76:46 

109:66 
71:43 

104:63 
66:40 
94:57 
61.37 
89:54 

117:71 

112:68 
84:51 
56:34 

107:65 
79:48 

102:62 
51:31 

0!218495 
.218289 
.218215 
.218056 
.217883 
.217790 
.217693 
.217484 
.217253 
.217128 

0.216996 
.216928 
.216709 
.216709 
.216709 
.216470 
.216386 
.216209 

111:69 

206474 

47:30 

.194977 

55:36 

.184060 

52:35 

.171935 

93:64 

.162303 

118:83 

.152804 

96:69 

.143422 

74:46 

;206474 
.206315 
.206244 
.206055 
.205896 

0.205762 
.205647 
.205546 
.205380 
.205250 
.205143 
.205055 
.204981 
.204918 
.204863 

0.204120 

83:53 

.194802 

84:55 

.183917 

101:68 

.171813 

77:53 

.162215 

108:76 

.152610 

64:46 

.143422 

119:74 
82:51 
90:56 
98:61 
53:33 
114:71 
61:38 
69:43 
77:48 
85:53 
93:58 
101:63 
109:68 
117:73 
96:30 

119:76 

0,194733 

113:74 

.183847 

98:66 

0.171682 

61:42 

.162081 

81:57 

0.152610 

89:64 

.143210 

108:69 

.194575 

116:76 

.183644 

49:33 

.171682 

106:73 

.161983 

54:38 

.152610 

114:82 

.143091 

97:62 

.194380 

87:57 

.183644 

95:64 

.171544 

90:62 

.161851 

98:69 

.152377 

57:41 

.143091 

61:39 

.194265 

58:38 

.183644 

92:62 

.171396 

45:31 

.161851 

71:50 

.152288 

82:59 

.142962 

86:55 

.194136 

119:78 

.183452 

46:31 

.171396 

119:82 

.161733 

115:81 

.152213 

107:77 

.142893 

111:71 

.194065 

90:59 

0.183391 

89:60 

.171239 

74:51 

0.161662 

88:62 

.152091 

100:72 

0.142668 

100:64 

.193820 

61:40 

.183270 

86:58 

.171071 

103:71 

.161579 

44:31 

.152091 

75:54 

.142668 

75:48 

.193820 

93:61 

.183153 

83:56 

.170890 

116:80 

.161368 

105:74 

.151958 

50:36 

.142668 

50:32 

.193820 

96:63 

.182931 

120:81 

.170696 

87:60 

.161368 

61:43 

.151861 

118:85 

.142463 

114:73 

.193582 

64:42 

.182931 

80:54 

.170696 

58:40 

.161368 

78:55 

.151732 

93:67 

.142408 

89:57 

0.193515 

32:21 

.182931 

117:79 

0.170559 

100:69 

.161151 

95:67 

0.151649 

68:49 

.142313 

64:41 

.193396 

99:65 

.182722 

77:52 

.170487 

71:49 

.161062 

112:79 

.151591 

111:80 

.142233 

103:66 

.193293 

67:44 

.182622 

114:77 

.170414 

113:78 

.160984 

119:84 

.151268 

86:62 

.142107 

117:75 

.193125 

102:67 

.182525 

111:75 

.170262 

84:58 

.160851 

102:72 

.151268 

43:31 

.142107 

78:50 

.193125 

105:69 

.182340 

74:50 

.170262 

97:67 

.160697 

85:60 

.151268 

104:75 

.141972 

92:59 

.192936 

70:46 

0.182340 

108:73 

.170101 

110:76 

0.160579 

68:48 

.151268 

61:44 

0.141877 

88:55 

.204120 

53:34 

.192797 

108:71 

.182166 

71:48 

.170017 

55:38 

.160579 

51:36 

.151268 

79:57 

.141752 

.216209 

80:50 

.204120 

120:77 

.192691 

73:48 

.182082 

105:71 

.169931 

68:47 

.160411 

109:77 

.150936 

97:70 

.141674 

74:45 

.216019 

72:45 

.204120 

67:43 

.192606 

111:73 

.182000 

68:46 

.169751 

81:56 

.160297 

92:65 

.150874 

115:83 

». 141620 

97:59 

0.215920 

64:40 

.204120 

81:52 

.192482 

114:75 

.181844 

99:67 

.169560 

94:65 

.160215 

75:53 

.150785 

108:78 

.141329 

120:73 

.215858 

56:35 

.204120 

95:61 

0.192394 

76:50 

.181844 

65:44 

0.169461 

107:74 

.160152 

116:82 

0.150644 

90:65 

.141329 

115:70 

.215600 

32:20 

.20"4120 

109:70 

.192329 

117:77 

.181695 

96:65 

.169358 

120:83 

.160103 

58:41 

.150644 

72:52 

.141329 

92:56 

.215600 

115:72 

.203365 

112:72 

.191886 

79:52 

.181624 

93:63 

.169142 

117:81 

.159701 

99:70 

.150537 

54:39 

.141329 

69:42 

.215600 

107:67 

.203309 

98:63 

.191886 

120:79 

.181554 

62:42 

.169142 

104:72 

.159701 

82:58 

.150386 

119:86 

.141049 

110:67 

.215318 

99:62 

.203244 

94:54 

.191886 

82:54 

.181420 

31:21 

.169142 

91:63 

.159701 

106:75 

.150245 

101:73 

.140999 

87:53 

.215243 

91:57 

0.203167 

70:45 

.191886 

85:56 

0.181231 

90:61 

.168913 

78:54 

0.159701 

65:46 

.150156 

83:60 

0.140927 

64:39 

.215115 

83:52 

.203075 

56:36 

.191886 

88:58 

.181055 

59:40 

.168792 

65:45 

.159701 

89:63 

.150050 

65:47 

.140816 

105:64 

.215009 

75:47 

.202963 

115:74 

.191466 

91:60 

.180890 

118:80 

.168792 

52:36 

.159701 

113:80 

.149988 

112:81 

.140733 

82:50 

.214844 

67:42 

.202826 

101:65 

.191408 

94:62 

.180736 

87:59 

.168667 

114:79 

.159278 

120:85 

.149762 

94:68 

.140619 

100:61 

0.214670 

59:37 

.202650 

87:56 

.191331 

47:31 

.180736 

115:78 

.168603 

101:70 

.159223 

96:68 

.149762 

47:34 

.140619 

118:72 

.214550 

110:69 

.202544 

73:47 

0.191225 

97:64 

.180592 

112:76 

0.168404 

88:61 

.159153 

72:51 

0.149762 

76:55 

.140451 

59:36 

.214550 

51:32 

.202420 

59:38 

.191068 

100:66 

.180456 

84:57 

.168404 

75:52 

.159058 

48:34 

.149762 

105:76 

.140376 

77:47 

.214393 

94:59 

.202276 

104:67 

.190959 

50:33 

.180456 

56:38 

.168404 

62:43 

.158923 

103:73 

.149514 

116:84 

.140179 

95:58 

.214296 

86:54 

.202105 

90:58 

.190815 

103:68 

.180328 

109:74 

.168196 

111:77 

.158832 

79:56 

.149439 

87:63 

.140179 

113:69 

.214229 

78:49 

.201899 

76:49 

.190618 

106:70 

.180208 

81:55 

.168122 

98:68 

.158717 

110:78 

.149298 

58:42 

.140179 

90:55 

.213878 

113:71 

0.201820 

107:69 

.190535 

53:35 

0.180208 

106:72 

.167973 

49:34 

0.158717 

55:39 

.149298 

29:21 

0.140179 

72:44 

.213878 

116:73 

.201645 

93:60 

.190332 

109:72 

.180094 

53:36 

.167973 

85:59 

.158567 

86:61 

.149169 

98:71 

.139968 

54:33 

.213878 

70:44 

.201645 

62:40 

.190332 

112:74 

.179986 

78:53 

.167819 

108:75 

.158363 

117:83 

.149108 

69:50 

.139879 

36:22 

.213878 

97:61 

.201442 

110:71 

.190134 

53:35 

.179986 

103:70 

.167739 

72:50 

.158363 

93:66 

.148939 

109:79 

.139799 

103:63 

0.213497 

62:39 

.201327 

79:51 

.190057 

115:76 

.179884 

100:68 

.167491 

95:66 

.158180 

62:44 

.148939 

120:87 

.139662 

67:41 

.213291 

89:56 

.201202 

96:62 

0.189880 

118:78 

.179787 

75:51 

0.167491 

59:41 

.158068 

31:22 

0.14S939 

80:58 

.139662 

116:71 

.213200 

116:73 

.201135 

113:73 

.189756 

59:39 

.179787 

50:34 

.167491 

82:57 

.157939 

100:71 

.148742 

91:66 

.139498 

98:60 

.213075 

108:68 

.200915 

65:42 

.189664 

102:69 

.179751 

97:66 

.167228 

105:73 

.157866 

69:49 

.148653 

102:74 

.139369 

49:30 

.213076 

81:51 

.200915 

82:53 

.189538 

62:41 

.179608 

72:49 

.167136 

115:80 

.157608 

107:76 

.148570 

51:37 

.139369 

80:49 

.212894 

64:34 

.200915 

99:64 

.189455 

65:43 

.179445 

119:81 

.167062 

92:64 

.157608 

114:81 

.148420 

113:82 

.139265 

111:68 

.212814 

100:63 

0.200660 

116:75 

.189397 

68:45 

0.179296 

94:64 

.166948 

69:48 

0.157608 

76:54 

.148420 

62:45 

0.139179 

93:57 

.212608 

73:46 

.200565 

119:77 

.189056 

71:47 

.179160 

47:32 

.166948 

46:32 

.157608 

83:59 

.148226 

73:53 

.139047 
Machinery 

May,  1917 


MACHINERY 


777 


lead-screw.  But  modern  lathes  often  contain  permanent  in- 
ternal gears,  and  are  arranged  with  one  or  two  change-gear 
studs  which  must  be  taken  into  consideration  in  determining 
the  constant.  For  any  lathe  with  equal  gears,  the  number  of 
threads  per  inch  that  can  be  cut  with  equal  gears  on  the 
change-gear  studs  is  the  constant  of  the  lathe;  this  can  usually 
be  determined  from  an  inspection  of  the  index  plate.  On 
lathes  equipped  with  quick-change  gears,  the  constant  can  be 
easily  changed. 

For    any    lathe,    O  :  L  =  driver  :  driven    gears,    in    which 
G  =  constant  of  machine  and  L  =  lead  desired. 


For  example,  what  change-gears  are  required  to  cut  a  lead 
of  1.7345  threads  per  inch  on  a  lathe  having  a  constant  of  4? 
e  :  L  =  4  :  1.7345 
log  4  =  0.602060 
log  1.7345  =  0.239174. 


ratio  log  =  0.362886 
From  the  table,  log  113  :  49  =  0.362882 


log  of  ratio  error  =  0.000004 
Therefore,  the  driver  has  113  teeth,  and  the  driven  gear,  49 
teeth. 


RATIO  LOGS  OP  CHANGE-GEARS,   16  TO  120  TBBTH-5 


Batio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

84:61 

.138950 

112:83 

.130140 

70:53 

.120822 

118:41 

.112841 

56:44 

.104735 

91:73 

.095719 

60:49 

.087955 

95:79 

.080097 

95:69 

.138875 

85:63 

.130078 

103:78 

.120743 

70:54 

.112704 

42:33 

.104735 

86:69 

.095649 

71:58 

.087830 

107:89 

.079994 

106:77 

.138815 

116:86 

.129960 

99:75 

.120574 

92:71 

.112530 

28:22 

.104735 

81:65 

.095572 

82:67 

.087739 

113:94 

.079951 

117:85 

.138767 

58:43 

0.129960 

66:50 

.120574 

57:44 

0.112422 

117:92 

.104398 

76:61 

0.095484 

93:76 

.087669 

119:99 

0.079912 

118:80 

.138303 

89:66 

.129846 

95:72 

.120391 

79:61 

.112297 

103:81 

.104352 

71:57 

.095383 

104:85 

.087614 

30:25 

99:72 

.138303 

120:89 

.129791 

62:47 

.120294 

101:78 

.112227 

89:70 

.104292 

66:53 

.095268 

115:94 

.087570 

or 

88:64 

.138303 

93:69 

.129634 

91:69 

.120192 

110:85 

.111974 

75:59 

.104209 

61:49 

.095134 

110:90 

.087150 

any 

.079181 

77:56 

.138303 

62:46 

.129634 

120:91 

.120140 

88:68 

.111974 

61:48 

.104089 

117:94 

.095058 

99:81 

.087150 

6  to  5 

66:48 

0.138303 

97:72 

.129439 

116:88 

0.119975 

44:34 

.111974 

108:85 

0.104005 

56:45 

.094976 

88:72 

0.087150 

ratio 

55:40 

.138303 

66:49 

.129348 

87:66 

.119975 

66:51 

.111974 

94:74 

.103896 

107:86 

.094885 

77:63 

.087150 

115:96 

.078427 

44:32 

.138303 

101:75 

.129260 

58:44 

.119975 

119:92 

.111759 

47:37 

.103896 

102:82 

.094786 

66:54 

.087150 

109:91 

.078385 

114:83 

.137827 

105:78 

.129095 

29:22 

.119975 

97:75 

.111710 

80:63 

.103750 

51:41 

.094786 

55:45 

.087150 

103:86 

.078339 

103:75 

.137776 

70:52 

.129095 

112:85 

.119799 

75:58 

.111633 

113:89 

.103688 

97:78 

.094677 

44:36 

.087150 

97:81 

.078287 

92:67 

.137713 

109:81 

0.128942 

83:63 

.119738 

106:82 

0.111492 

99:78 

.103541 

92:74 

0.094556 

116:95 

.086734 

91:76 

0.078228 

81:59 

.137633 

74:55 

.128869 

108:82 

.119610 

53:41 

.111492 

66:52 

.103541 

46:37 

.094556 

105:86 

.086691 

85:71 

.078161 

70:51 

.137528 

113:84 

.128799 

54:41 

.119610 

84:65 

.111366 

118:93 

.103399 

87:70 

.094421 

94:77 

.086637 

79:66 

.078083 

118:86 

.137384 

117:87 

.128667 

79:60 

.119476 

115:89 

.111308 

85:67 

.103344 

82:66 

.094270 

83:68 

.086569 

73:61 

.077993 

59:43 

.137384 

78:58 

.128667 

104:79 

.119406 

93:72 

.111151 

104:82 

.103219 

41:33 

.094270 

72:59 

.086481 

67:56 

.077887 

107:78 

0.137289 

82:61 

.128484 

100:76 

0.119186 

62:48 

.111151 

52.41 

0.103219 

118:95 

.094158 

61:50 

0.086360 

61:51 

.077760 

96:70 

.137173 

86:64 

.128319 

75:57 

.119186 

102:79 

.110973 

90:71 

.102984 

77:62 

.094099 

111:91 

.086282 

116:97 

.077686 

48:35 

.137173 

43:32 

.128319 

50:38 

.119186 

71:55 

.110896 

109:86 

.102928 

113:91 

.094037 

100:82 

.086186 

55:46 

.077605 

85:62 

.137027 

90:67 

.128168 

96:73 

.118948 

111:86 

.110825 

95:75 

.102662 

108:87 

.093905 

50:41 

.086186 

104:87 

.077514 

111:81 

.136838 

94:70 

.128030 

71:54 

.118865 

120:93 

.110698 

76:60 

.102662 

72:58 

.093905 

89:73 

.086067 

98:82 

.077412 

74:54 

.136838 

47:35 

0.128030 

117:89 

.118796 

80:62 

0.110698 

57:45 

.102662 

103:83 

0.093759 

117:96 

.085915 

49:41 

0.077412 

100:73 

.136677 

98:73 

.127903 

92:70 

.118690 

40:31 

.110698 

38:30 

.102662 

67:54 

.093681 

78:64 

.085915 

92:77 

.077297 

63:46 

.136583 

102:76 

.127787 

46:35 

.118690 

89:69 

.110541 

119:94 

.102419 

98:79 

.093599 

39:32 

.085915 

86:72 

.077166 

89:65 

.136477 

51:38 

.127787 

113:86 

.118580 

98:76 

.110413 

100:79 

.102373 

93:75 

.093422 

106:87 

.085787 

43:36 

.077166 

115:84 

.136419 

106:79 

.127679 

67:51 

.118505 

49:38 

.110413 

81:64 

.102305 

62:50 

.093422 

67:55 

.085712 

80:67 

.077015 

104:76 

0.136220 

110:82 

.127579 

88:67 

0.118408 

107:83 

.110306 

62:49 

0.102196 

119:96 

.093276 

95:78 

0.085629 

117:98 

.076960 

78:57 

.136220 

55:41 

.127579 

109:83 

.118348 

116:90 

.110216 

105:83 

.102111 

88:71 

.093224 

112:92 

.085430 

111:93 

.076840 

52:38 

.136220 

114:85 

.127486 

84:64 

.118099 

58:45 

.110216 

86:68 

.101990 

114:92 

.093117 

84:69 

.085430 

74:62 

.076840 

119:87 

.136028 

118:88 

.127399 

63:48 

.118099 

67:52 

.110072 

43:34 

.101990 

57:46 

.093117 

56:46 

.085430 

37:31 

.076840 

93:68 

.135974 

59:44 

.127399 

42:32 

.118099 

76:59 

.109962 

110:87 

.101873 

83:67 

.093003 

28:23 

.085430 

105:88 

.076707 

67:49 

.135879 

63:47 

0.127243 

101:77 

.117831 

85:66 

0.109875 

67:53 

.101799 

109:88 

0.092944 

101:83 

.085243 

68:57 

0.076634 

108:79 

.135797 

67:50 

.127105 

80:61 

.117760 

94:73 

.109805 

91:72 

.101709 

104:84 

.092754 

118:97 

.085110 

99:83 

.076557 

82:60 

.135663 

71:53 

.126982 

118:90 

.117640 

103:80 

.109747 

115:91 

.101656 

78:63 

.092754 

90:74 

.085011 

93:78 

.076388 

41:30 

.135663 

75:56 

.126873 

59:45 

.117640 

112:87 

.109699 

120:95 

.101458 

52:42 

.092754 

45:37 

.085011 

62:52 

.076388 

97:71 

.135513 

79:59 

.126775 

97:74 

.117540 

117:91 

.109145 

96:76 

.101458 

26:21 

.092754 

107:88 

.084901 

118:99 

.076247 

112:82 

0.135404 

83:62 

.126686 

114:87 

0.117386 

108:84 

.109145 

72:57 

0.101458 

99:80 

.092545 

62:51 

0.084822 

87:73 

.076196 

56:41 

.135404 

87:65 

.126606 

76:58 

.117386 

99:77 

.109145 

48:38 

.101458 

73:59 

.092471 

79:65 

.084714 

112:94 

.076090 

71:52 

.135255 

91:68 

.126533 

93:71 

.117225 

90:70 

.109145 

101:80 

.101231 

120:97 

.092410 

96:79 

.084644 

56:47 

.076090 

86:63 

.135158 

95:71 

.126465 

110:84 

.117113 

81:63 

.109145 

77:61 

.101161 

94:76 

.092314 

113:93 

.084596 

81:68 

.075976 

101:74 

.135090 

99:74 

.126404 

55:42 

.117113 

72:56 

.109145 

106:84 

.101027 

47:38 

.092314 

119:98 

.084321 

106:89 

.075916 

116:85 

.135039 

103:77 

0.126347 

105:80 

.117099 

63:49 

0.109145 

53:42 

.101027 

68:55 

0.092146 

102:84 

.084321 

100:84 

0.075721 

105:77 

.134699 

107:80 

.126294 

72:55 

.116970 

54:42 

.109145 

82:65 

.100901 

115:93 

.092215 

85:70 

.084321 

75:63 

.075721 

90:66 

.134699 

111:83 

.126245 

89:68 

.116881 

45:35 

.109145 

111:88 

.100840 

89:72 

.092058 

68:56 

.084321 

50:42 

.075721 

75:55 

.134699 

115:86 

.126199 

106:81 

0.116S21 

27:21 

.109145 

116:92 

.100670 

110:89 

.092003 

51:42 

.084321 

25:21 

.075721 

60:44 

.134699 

119:89 

.126157 

119:91 

.116506 

113:88 

.108596 

87:69 

.100670 

105:85 

.091770 

108:89 

.084034 

119:100 

.075547 

45:33 

0.134699 

120:90 

.124939 

102:78 

0.116506 

104:81 

.108548 

58:46 

0.100670 

84:68 

.091770 

91:75 

0.083980 

94:79 

.075501 

30:22 

.134699 

112:84 

.124939 

85:65 

.116506 

95:74 

.108492 

29:23 

.100670 

63:51 

.091770 

74:61 

.083902 

69:58 

.075421 

109:80 

.134337 

108:81 

.124939 

68:52 

.116506 

86:67 

.108424 

92:73 

.100465 

42:34 

.091770 

114:94 

.083777 

113:95 

.075355 

94:69 

.134279 

104:78 

.124939 

51:39 

.116506 

77:60 

.108339 

63:50 

.100371 

116:94 

.091330 

57:47 

.083777 

88:74 

.075251 

79:58 

.134199 

88:66 

.124939 

34:26 

.11G506 

68:53 

.108233 

97:77 

.100281 

58:47 

.091330 

97:80 

.083682 

44:37 

.075251 

64:47 

.134082 

84:63 

0.124939 

115:88 

.116215 

118:92 

0.108094 

102:81 

.100115 

95:77 

0.091233 

120:99 

.083546 

107:90 

0.075141 

113:83 

.134000 

64:48 

.124939 

98:75 

.116165 

59:46 

.108094 

68:54 

.100115 

111:90 

.091080 

80:66 

.083546 

63:53 

.075065 

98:72 

.133894 

60.45 

.124939 

81:62 

.116093 

109:85 

.108008 

34:27 

.100115 

74:60 

.091080 

40:33 

.083546 

82:69 

.074965 

49:36 

.133894 

44:33 

.124939 

64:49 

.115984 

100:78 

.107905 

107:85 

.099964 

37:30 

.091080 

103:85 

.083418 

101:85 

.074903 

83:61 

.133748 

40:30 

.124939 

111:85 

.115904 

50:39 

.107905 

73:58 

.099894 

90:73 

.090920 

63:52 

.083337 

114:96 

.074634 

117:86 

0.133687 

28:21 

.124939 

94:72 

0.115795 

91:71 

.107783 

112:89 

0.099828 

106:86 

.090807 

86:71 

0.083240 

95:80 

.074634 

102:75 

.133539 

117:88 

.123703 

47:36 

.115795 

82:64 

.107634 

,78:62 

.099703 

53:43 

.090807 

109:90 

.083184 

76:64 

.074634 

68:50 

.133539 

113:85 

.123660 

77:59 

.115639 

41:32 

.107634 

39:31 

.099703 

69:56 

.090661 

115:95 

.082974 

57:48 

.074031 

87:64 

.133339 

109:82 

.123613 

107:82 

.115570 

114:89 

.107515 

83:66 

.099534 

85:69 

.090570 

92:76 

.082974 

38:32 

.074634 

106:78 

.133211 

105:79 

.123562 

120:92 

.115393 

73:57 

.107448 

88:70 

.099385 

101:82 

.090508 

69:57 

.082974 

108:91 

.0743S2 

72:53 

.133057 

101:76 

0.123508 

90:69 

.115393 

105:82 

0.107375 

44:35 

.099385 

117:95 

0.090462 

46:38 

.082974 

89:75 

0.074329 

91:67 

.132967 

97:73 

.123449 

60:46 

.115393 

96:75 

.107210 

93:74 

.099251 

112:91 

.090177 

98:81 

.082741 

70:59 

.074246 

110:81 

.132908 

93:70 

.123385 

30:23 

.115393 

64:50 

.107210 

98:78 

.099132 

96:78 

.090177 

75:62 

.082670 

102:86 

.074102 

114:84 

.132626 

89:67 

.123315 

103:79 

.115210 

119:93 

.107064 

49:39 

.099132 

80:65 

.090177 

52:43 

.082535 

51:43 

.074102 

95:70 

.132626 

85:64 

.123238 

73:56 

.115135 

87:68 

.107010 

103:82 

.099023 

04:52 

.090177 

81:67 

.082410 

83:70 

.0739S0 

76:56 

0.132626 

81:61 

.123155 

116:89 

0.115068 

110:86 

.100894 

108:86 

0.098925 

48:39 

.090177 

110:91 

0.082351 

115:97 

.073927 

57:42 

.132626 

77:58 

.123063 

86:66 

.114955 

55:43 

.106894 

54:43 

.098925 

107:87 

.089865 

116:96 

.082187 

96:81 

.073786 

118:87 

.132363 

73:55 

.122960 

43:33 

.114955 

78:61 

.106765 

113:90 

.098836 

91:74 

.089810 

87:72 

.082187 

64:54 

.073780 

99:73 

.132312 

69:52 

.122846 

99:76 

.114822 

101:79 

.106694 

118:94 

.098754 

75:61 

.089732 

58:48 

.082187 

109:92 

.073639 
.073577 

80:59 

.132238 

65:49 

.122717 

112:86 

.114720 

115:90 

.106455 

59:47 

.098754 

118:96 

.089611 

29:24 

.082187 

77:65 

61:45 

.132117 

61:46 

0.122572 

56:43 

.114720 

92:72 

0.106455 

64:51 

.098610 

59:48 

0.089611 

93:77 

.081992 

90:76 

0.073429 

103:76 

.132024 

118:89 

.122492 

69:53 

.114573 

69:54 

.106455 

69:55 

.098486 

102:83 

.089522 

64:53 

.081904 

45:38 

.073429 

84:62 

.131888 

114:86 

.122406 

82:63 

.114473 

46:36 

.106455 

74:59 

.098380 

86:70 

.089401 

99:82 

.081821 

103:87 

.073318 

42:31 

.131888 

57:43 

.122406 

95:73 

.114401 

106:83 

.10G228 

79:63 

.098287 

43:35 

.089401 

105:87 

.081670 

116:98 

.073232 

107:79 

.131757 

110:83 

.122315 

108:83 

.114346 

83:65 

.106165 

84:67 

.098205 

113:92 

.089291 

70:58 

.081670 

58:49 

.073232 

65:48 

o!l31672 

53:40 

.122216 

117:90 

0.113943 

120:94 

.106053 

89:71 

0.098132 

70:57 

.089223 

76:63 

0.081473 

71:60 

.073107 

88:65 

.131570 

106:80 

.122216 

104:80 

.113943 

60:47 

.106053 

94:75 

.098067 

97:79 

.089145 

117:97 

.081414 

84:71 

.073021 

111:82 

.131509 

102:77 

.122110 

91:70 

.113943 

97:76 

.105958 

99:79 

.098008 

108:88 

.088941 

82:68 

.081305 

97:82 

.072958 

115:85 

!l31279 

98:74 

.121994 

78:60 

.113943 

111:87 

.105804 

104:83 

.097955 

81:66 

.088941 

41:34 

.081305 

110:93 

.072910 

92:68 

.131279 

49:37 

.121994 

65:50 

.113943 

74:58 

.105804 

109:87 

.097907 

54:44 

.088941 

88:73 

.081160 

117:99 

.072551 

69:51 

!l31279 

94:71 

0.121870 

52:40 

.113943 

88:69 

0.105634 

114:91 

.097864 

27:22 

0.08S941 

94:78 

.081033 

104:88 

0.072551 

46:34 

.131279 

90:68 

.121734 

39:30 

.113943 

102:80 

.105510 

119:95 

.097823 

119:97 

.088775 

47:39 

.081033 

91:77 

.072551 

119-88 

.131064 

45:34 

.121734 

26:20 

.113943 

51:40 

.105510 

20:16 

65:53 

.088638 

100:83 

.080922 

78:66 

.072551 

96:71 

.131013 

86:65 

.121585 

113:87 

.113559 

116:91 

.105417 

or 

103:84 

.088558 

106:88 

.080823 

65:55 

.072551 

73:54 

.130929 

82:62 

.121422 

100:77 

.113509 

65:51 

.105343 

any 

0.096910 

114:93 

.088422 

53:44 

.080823 

39:33 

.072551 

100:74 

0.130768 

41:31 

.121422 

87:67 

0.113445 

79:62 

.105235 

5  to  4 

76:62 

.088422 

118:98 

0.080656 

52:34 

.072551 

50:37 

.130768 

119:90 

.121305 

74:57 

.113357 

93:73 

.105160 

ratio 

38:31 

.088422 

59:48 

.080656 

111:94 

.072195 

77:57 

.130616 

78:59 

.121243 

61:47 

.113232 

107:84 

.105105 

116:93 

.095975 

87:71 

.088261 

65:54 

.080510 

98:83 

.072148 

104:77 

.130543 

115:87 

.121179 

109:84 

.113147 

112:88 

.104735 

111:89 

.095933 

98:80 

.088136 

71:59 

.080406 

85:72 

.072086 

81:60 

.130334 

111:84 

.121044 

96:74 

.113040 

98:77 

.104735 

106:85 

.095887 

49:40 

.088136 

77:64 

.080311 

72:61 

.072003 

54:40 

.130334 

74:56 

0.121044 

48:37 

.113040 

84:66 

0.104735 

101:81 

.095836 

109:89 

0.088037 

83:69 

.080229 

118:100 

0.071882 

27:20 

.130334 

107:81 

.120899 

83:64 

.112898 

70:55 

.104735 

96:77 

.095781 

120:98 

.087955 

89:74 

.080158 

59:50 

.071882 
ilachlntri/ 
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MUUnR-niiichlne  Uhaiig'e-B'eara 

Milliiig-machiiic  chaiiKOgears  required  for  such  work  as  cut- 
tiiiR  helical  or  herringbone  gears  accurately  are  solved  in  a 
similar  way  to  lathe  change-gears.  The  constant  of  a  milling 
machine  is  the  lead  cut  with  equal  gears  on  the  worm  and 
stud.  With  four  threads  per  inch  on  the  feed-screw  and  a 
40-tooth  worm-wheel  and  single-thread  worm  (the  usual  com- 
bination on  a  milling  machine),  the  constant  is  one-fourth  of 
■40,  or  10.  For  any  milling  machine,  C  :  L  =  driver  (feed- 
screw gear)  :  driven  gear   (worm-shaft  gear),  in  which  0  Is 


the  constant  or  lead  of  the  machine,  and  L,  the  lead  of  spiral 
to  be  cut. 

Hobblner  Spiral  Gears 

In  problems  of  this  nature,  the  gear  logarithms  are  particu- 
larly valuable,  as  two  gear  ratios  must  be  synchronized.  The 
feed  of  the  hob  and  the  rate  of  rotation  of  the  blank  are  in- 
terrelated, and  gears  must  be  found  that  will  equal  the  desired 
feed;  this  feed  also  must  be  calculated  in  connection  with  tlie 
formula  for  index  gears.    The  internal  gears  and  arrangement 


RATIO  LOGS  OP  CHANGE-GEARS,   16  TO  120  TEETH- 6 


Kntio 

Logarithm 

Ratio 

Logarithm 

Uatio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

Ratio 

Logarithm 

92:78 

.071693 

96:83 

.063193 

51:45 

.054358 

40:36 

0.045758 

37:34 

.030723 

32:30 

0.028029 

47:45 

.018885 

44:43 

0.009984 

4G:39 

.071693 

74:64 

.063052 

34:30 

.054358 

111:100 

.045323 

99:91 

.036594 

97:91 

.027730 

71:68 

.018749 

89:87 

.009871 

79:67 

.071552 

37:32 

0.0C3052 

111:98 

.054097 

101:91 

.045280 

62:57 

.036517 

81:76 

.027671 

95:91 

.018682 

90:88 

.009760 

112:95 

.071494 

89:77 

.062899 

94:83 

.054050 

91:82 

.045228 

87:80 

.036429 

65:61 

.027584 

96:92 

.018483 

45:44 

.009760 

99:84 

.071356 

52:45 

.062791 

77:68 

.053982 

81:73 

.045162 

100:92 

.036212 

98:92 

.027438 

72:69 

0.018483 

91:89 

.009651 

66:56 

.071356 

67:68 

.062647 

60:53 

.053875 

71:64 

.045078 

75:69 

0.036212 

82:77 

.027438 

48:46 

.018483 

92:90 

.009545 
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Diagram  representing  Developed 
Surface  of  Spiral  Fluted  Hob 


of  driver  and  driven 
gears  make  a  general 
formula  covering  all 
makes  of  gear  bobbers 
impractical.  The  gear- 
logarithm  method  ap- 
plied to  the  Barber- 
Colman  machine  was 
published  in  Ma- 
chinery, June,  1916,  un- 
der the  title  "Calculat- 
ing Change  -  gears  for 
Robbing  Spiral  Gears," 
and  the  gear  logarithms 
for  all  gears  supplied 
with  these  machines  were  given.  If  special  gears  are  neces- 
sary, these  tables  may  be  used. 

Relieving-  Spiral  Fluted  Hobs 

The  problem  of  relieving  hobs  that  have  been  fluted  at  right 
angles  to  the  thread  is  an  example  of  the  special  application 
of  the  gear  logarithms  to  difficult  problems.  The  usual  method 
is  to  alter  the  angle  of  the  spiral  flutes  to  agree  with  previously 
calculated  change-gears  for  the  relieving  attachment.  This 
only  throws  the  problem  to  the  milling  machine,  it  being 
necessary  in  many  cases  to  provide  special  gears  to  cut  the 
lead  of  the  flutes  accurately.  The  problem  is  represented  in 
the  accompanying  diagram.  In  one  revolution  the  tool  travels 
from  A  to  B,  which  is  the  distance  E  beyond  the  flute.  There- 
fore the  ratio  between  the  hob  and  the  relieving  attachment 

cam  is: 

(N  +  sin^  a)  :  C  =  driver  :  driven  gears 
C.P. 

Tan  a  = 

He 
in  which  N  =  number  of  flutes  in  hob; 

o  =  angle  of  thread  (usually  stamped  on  hob) ; 
C=  constant  of  relieving  attachment; 
C.P.  =  circular  pitch,  corresponding  to  pitch  of  hob; 
He  =  hob  circumference,  or  3.1416  X  outside  diameter. 
The   constant   of  a   relieving   attachment   can   be   found   on 
its   index  plate,  and   is  determined  by   the  number  of  flutes 
that  require  equal  gears  on  the  change-gear  studs.     This  will 
vary  with   different  makes   of  lathes,   some   relieving  attach- 
ments having  cams  with  different  numbers  of  risers. 

The  following  example  shows  the  method  of  finding  the 
change-gears  to  use  for  relieving  a  spiral  fluted  hob:  What 
four  change-gears  must  be  used  to  relieve  a  spiral  fluted  hob, 
10  diametral  pitch,  2i^  inches  in  diameter,  2  degrees,  17  min- 
utes, 30  seconds  angle  of  thread,  with  six  spiral  flutes,  on  a 
relieving  attachment  having  a  constant  of  4? 

Sin  2  degrees,  17  minutes,  30  seconds  =  0.03998; 

0.03998^  =  0.001598; 

6  +  0.001598       6.001598 


4  4 

log  6.001598  =  0.778267 
log  4  =  0.602060 


log  ratio  =  0.176207 
From  the  tables,  log  79  :  61=0.112297 


Subtracting  from  the  log  ratio  =  0.063910 
From  table,  log  95  :  82  =  0.063910 
79        95       drivers 

Therefore,  the  gears  —  X  —  =  ■  may  be  used. 

61  82  driven 
The  accuracy  of  the  gear-logarithm  method  of  determining 
the  change-gear  ratios  shown  in  the  foregoing  example  is  in- 
dicated by  the  fact  that  when  using  seven-place  logs  the  ratio 
error  is  log  0.0000002  in  the  gears  selected.  It  is  hardly  neces- 
sary to  say  that  backlash  in  the  lathe  gears,  spring  of  the 
relieving  tool  and  inaccuracy  of  the  lead-screw  are  items  of 
greater  inaccuracy  than  this. 


The  exports  of  ball  bearings  from  Sweden  to  the  United 
States  increased  in  value  from  |1,004,345,  in  1915,  to  $1,367,761 
in  1916. 


EXPORTS  OF   MUNITIONS 

There  are  persons  who  would  have  the  American  people  be- 
lieve that  the  increase  of  our  exports  from  $2,484,000,000,  in 

1913,  to  $5,481,000,000,  last  year,  was  due  almost  wholly  to 
shipments  of  munitions.  But  the  following,  taken  from  official 
reports,  shows  the  share  of  munitions  in  this  trade: 

1910  1013 

Total     $5,481,423,589  $2,484,018,292 

Agricultural  products 1,488,195,846  1,071,401,508 

F'oodstuffs     1,069,339,383  494,414,640 

Supplies     924,599,000  218,637,000 

Cotton    543,529,808  575,488,000 

Breadstuffs    471,952,100  203,391,856 

Meat  and  dairy  products 279,198,960  157,486,409 

Mineral  oils   201,732,563  149,316,400 

The  head  "supplies"  covers  metal  machinery,  chemicals, 
shoes,  horses,  brass,  and  copper.  Neutrals  received  a  part  of 
these  exports  and  a  part  was  used  by  belligerents  in  normal 
ways.  The  values  of  the  munitions  exported  and  other 
products  associated  with  the  war  are  as  follows: 

1910  1913 

Munitions    $813,791,000  $20,794,000 

Accessories   131,128,000  28,907,000 

Total     $944,919,000  $49,701,000 

It  is  impossible  to  classify  the  exports  with  absolute  cer- 
tainty concerning  their  relation  to  the  war.  Under  the  head  of 
munitions  are  explosives,  firearms,  airplanes,  and  barbed  wire. 
The  accessories  include  automobiles  (not  all  of  which  were 
war  material),  motorcycles,  and  surgical  instruments.  The 
exports  of  munitions  as  to  which  there  is  no  room  for  doubt, 
were  only  about  one-seventh,  or  14 -^  per  cent,  of  the  total;  in 

1914,  they  were  less  than  one-fifteenth,  or  6I/2  per  cent.  If 
all  the  "supplies"  and  doubtful  items  are  included,  the  sum 
of  the  shipments  would  be  only  about  one-third  of  the  total 
in  1916,  and  less  than  one-quarter  of  the  total  in  the  pre- 
ceding year.  A  large  part  of  the  export  increase  from  $2,484,- 
000,000  to  $5,481,000,000  was  due  to  the  growing  sales  of  food- 
stuffs, which  shows  a  gain  of  $574,000,000.  The  greatest  profits 
due  to  the  war  have  been  those  of  millions  of  American  agri- 
culturists, wage  earners,  and  manufacturers  of  all  kinds  of 
goods  for  ordinary  consumption.  Exports  do  not  show  these 
enormous  gains,  and  in  no  way  can  they  be  accurately  meas- 
ured. For  example,  the  abnormal  foreign  demand  has  largely 
increased  the  prices  of  grain  and  cotton;  five  cents  a  pound 
more  for  cotton  means  an  addition  of  about  $300,000,000  for 
the  recent  crop,  and  75  cents  more  a  bushel  for  wheat  is  not 
far  from  $450,000,000.— TVew  York  Times. 

*     *     * 

METALS  AND  ALLOYS  INVESTIGATION 

The  Bureau  of  Standards,  Washington,  D.  C,  has  under- 
taken to  record  the  present  state  of  knowledge  and  practice 
concerning  the  data  on  the  properties  of  metals  and  alloys 
used  by  engineers  and  others,  with  the  view  of  making  gen- 
erally available  the  most  acceptable  values  of  the  constants 
and  also  as  a  basis  for  further  experimental  investigation. 
Forms  are  being  sent  out  requesting  the  name  of  metals  and 
alloys;  condition  (whether  annealed  or  hard  drawn);  chem- 
ical composition;  density;  shrinkage;  tensile  strength;  yield 
point;  elastic  limit;  elongation;  reduction  of  area;  Brinell 
hardness;  scleroscope  hardness;  behavior  in  compressing; 
frictional  coefficient  (steel);  abrasion  resistance;  melting 
range;  coefficient  of  expansion;  specific  heat;  thermal  con- 
ductivity; electrical  conductivity;  temperature  resistance  co- 
efficient;   resistance   to  corrosion;    hydraulic   properties;    etc. 

Some  of  the  alloys  for  which  data  are  particularly  desired 
are  aluminum  and  its  light  alloys  with  zinc,  copper,  etc.,  of 
stated  percentages;  nickel,  monel  metal,  copper  and  nickel 
alloys;  aluminum  bronzes;  manganese  bronzes,  cast  and 
wrought;  phosphor-bronze;  muntz  metal,  naval  brass,  tobin 
bronze,  brass  (60  Cu  +  40  Zn),  yellow  brass  (70  Cu  +  30  Zn) ; 
red  brass;  bearing  metals;  white  metals,  etc. 

The  collection  of  these  data  and  other  data  that  are  ex- 
pected from  manufacturers  should  result  in  securing  material 
that,  when  compiled  and  published,  will  be  of  value  to  manu- 
facturers, metallurgists  and  all  concerned  with  the  making 
and  use  of  alloys. 
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CONSTRUCTION   AND  OPERATION  OF  MACHINES  FOR  WELDING  RIVETS 

BY    DOUOLAS    T.    HAMILTON  '■' 


ELECTRIC  riveting  is  accomplished  by  a  machine  resem- 
bling the  well-known  spot  welder,  provided  with  a  num- 
ber of  modifications  to  facilitate  the  setting  of  rivets. 
Electric  riveting  in  its  simplest  form  is  done  with  two  op- 
posing copper  electrodes,  the  center  lines  of  which  coincide. 
One  of  the  electrodes — usually  the  upper — is  movable  verti- 
cally. The  lower  one  is  made  to  fit  the  head  of  the  rivet 
and  the  upper  one  is  made  to  the  proper  shape  and  size  for 
upsetting  the  protruding  end  of  the  rivet. 

Methods  Employed  in  Electric  Riveting 

There  are  several  methods  of  riveting  in  an  electric  welding 
machine,  one  of  which  is  illustrated  diagrammatically  in  Pig.  1, 


Fig.  1.     Diagram  illnstratlng  Application  of  Electric  Spot-weldlng  Machine 
for  Electric  Riveting:,  showing  Electrical  Connections 

in  which  A  represents  the  upper  movable  copper  electrode,  and 
B  the  lower  stationary  electrode.  C  is  the  rivet,  and  D  the 
plates  to  be  riveted  together.  A  and  B  are  the  terminals  of 
the  secondary  winding  E  of  the  transformer,  and  F  Is  the 
primary  winding  of  the  transformer,  from  which  leads  are 
brought  out  to  connect  to  the  lines,  the  switch  G  being  inter- 
posed to  make  and  break  the  circuit. 

After  the  rivet  is  inserted  through  the  plates  and  the  stock 
is  in  position,  as  shown  in  Fig.  1,  the  electrode  A  is  moved 
down  lightly  against  the  end  of  the  rivet.  The  current  is  then 
turned  on  by  closing  switch  G.  The  current  induced  in  the 
secondary  winding  E  flows  directly  through  rivet  C.  This  cur- 
rent is  adjusted  to  such  a  pressure  as  to  cause  the  rivet  to 
become  heated  quickly.  As  soon  as  the  proper  temperature  is 
reached,  switch  G  is  opened,  cutting  off  the  current,  and  at 
the  same  time  a  greatly  increased  pressure  is  applied  to  elec- 
trode A,  which  upsets  the  rivet  and  forms  a  head  shaped  like 
the  recess  in  the  electrode. 

The  heating  of  the  rivet  is  done  so  rapidly  that  there  is 
little  loss  by  radiation  or  conduction.  Therefore  the  plates  D 
do  not  produce  much  chilling  effect,  and  the  rivet  is  heated 
throughout  its  length.  For  this  reason,  when  increased  pres- 
sure is  applied  to  electrode  A,  the  rivet  is  upset  in  the  hole 
in  plates  D  and  fills  the  holes  tightly.  Even  In  the  extreme 
case  shown  in  Fig.  3,  where  there  is  considerable  clearance 
between  the  rivet  and  hole,  the  hole  is  effectively  filled  by  the 
rivet  and  a  tight  joint  secured.  The  heating  is  done  fast 
enough  to  prevent  the  formation  of  scale,  which  is  always 
found   on   rivets   heated    in   a   forge   fire,   and   the   maximum 

'For    previous    articles    on    electric    welding    published    in    Macbinert.    see 
"Electric  Seam-welding,"  January,  1917,   and  articles  there  referred  to. 
'Address:   Fellows  Gear  Sliaper  Co.,  SprinRfiold,   Vt. 
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strength  is  therefore  in- 
sured. Further  than  this 
there  is  no  overheating 
or  burning  of  the  rivet. 
Fig.  2  shows  a  rivet  in 
the  process  of  upsetting. 
Reference  to  this  illus- 
tration will  show  that 
there  is  a  gradual  bulg- 
ing and  folding  of  the 
fibers.  The  use  of  an 
air  hammer  results  in 
breaking  up  these  fibers 
somewhat,  and  hence  reduces  the  shearing  strength  of  the  rivet 
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Fig.    3.     Extreme   Case   of   Difference   in 
Size    between    Hole    in    Sheet    and    Diam- 
eter   of    Rivet — Electric    Riveting    effec- 
tively closes  this  Clearance  Space 


Modifications  in  Electrodes  Necessary  for  Electric  Riveting 

Both  upper  and  lower  electrodes  are  made  of  copper  when 
the  rivet  to  be  upset  is  quite  small — say  up  to  and  including 
%  inch  diameter.  When  the  rivet  is  larger  than  this,  the 
pressure  necessary  to  upset  it  is  sufficient  to  destroy  the  upper 
electrode  in  a  short  time,  if  it  is  made  of  copper.  On  ma- 
chines for  upsetting  large  rivets,  therefore,  it  is  necessary  to 
use  a  harder  material,  usually  steel,  for  the  upper  die.  Steel, 
however,  becomes  quite  hot  in  carrying  the  current,  which 
destroys  its  temper.  To  overcome  this  difficulty,  machines 
of  recent  design  carry  two  upper  operating  members,  one  a 


COPPER  SECONOARV   LEAD 


-^ 


LOWER  COPPER  ELECTRODE 


jQL 


Fig.  2.     Sequence  of  Operations  in  upsetting  a  Rivet  In  Electric  'Welding 
Machine 


Fig.  4.     Method  of  upsetting  Rivets  over  %  Inch  Diameter,  using  Copper 
Electrodes  for  heating  and  Steel  Die  for  upsetting   , 

copper  electrode  for  heating  and   the  other  a  steel  die  for 
upsetting  the  rivet. 

Fig.  4  illustrates  diagrammatically  the  modifications  neces- 
sary in  an  electric  welding  machine  for  upsetting  large  rivets. 
Here  it  will  be  noticed  that  the  upper  movable  head  carries  a 
copper  electrode  and  a  steel  die.  These  are  held  in  a  Qopper 
slide,  which  is  pushed  in  or  pulled  back,  depending  on  whether 
the  rivet  is  to  be  heated  or  upset.  Any  suitable  means  can 
be  employed  for  locating  these  two  members  in  the  desired 
position  when  in  operation  on  the  work.  The  copper  electrode 
constitutes  one  terminal  of  the  secondary  circuit  and  serves 
to  carry  the  current  to  the  rivet.  It  is  applied  to  the  end  of 
the  rivet  with  just  sufficient  pressure  to  insure  electrical  con- 
tact. When  this  is  done  and  the  rivet  has  attained  the  proper 
temperature,  the  slide  is  withdrawn,  bringing  the  steel  die  into 
position  in  line  with  the  rivet,  and  then  pressure  is  applied 
to  upset  the  rivet. 
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Method  of  Upsetting  Large  Rivets 

A  simple  means  of  operating  an  electric  welding  machine, 
and  one  that  is  frequently  made  use  of  for  applying  the  two 
pressures — for  electrical  contact  and  for  upsetting — is  a  cyl- 
inder supplied  with  compressed  air.  This  is  provided  with  a 
valve  having  three  ports.  One  port  connects  directly  to  the 
air  line  and  admits  air  into  the  cylinder  at  high  pressure  (60 
to  80  pounds  per  square  inch).  The  second  port  admits  air 
at  low  pressure  (5  to  20  pounds  per  square  inch)  to  the  cylin- 
der. The  low  pressure  is  secured  directly  from  the  high- 
pressure  piping  by  means  of  a  suitable  reducing  valve.  The 
third  port  in  the  valve  allows  the  cylinder  to  exhaust  and 
the  steel  "upsetting  die  to  return  to  its  original  high  position. 
The  valve  is  provided  with  a  handle  which  moves  in  a  hori- 
zontal plane  through  an  angle  of  90  degrees;  this  movement 
is  sufficient  to  connect  the  cylinder  with  any  one  of  the  three 
ports.  A  small  push-button  switch  A  mounted  on  the  valve 
handle  B,  Fig.  5,  serves  to  control  a  remote  solenoid  switch 
for  handling  the  welding  current.  Reference  to  Pig.  5  will 
show  that  the  complete  cycle  of  operations  is  taken  care  of 
by  the  right  hand  of  the  operator,  which  leaves  the  other  hand 
free  to  handle  the  work.  Inasmuch  as  all  plants  doing  rivet- 
ing use  compressed  air,  the  advantages  of  this  type  of  machine 
are  apparent. 

When  air  pressure  is  not  available  or  desirable,  a  machine 
may  be  driven  by  a  belt  or  motor  and  employ  the  well-known 
punch  press  action.  Electric  riveters  have  also  been  built  for 
manual  operation  or  for  a  combination  of  manual  and  some 
sort  of  power  operation,  as  shown  in  Pig.  6.  In  a  machine  of 
this  type  the  left  hand  is  used  to  bring  the  electrode  lightly 
against  the  rivet  and  the  current  is  controlled  by  thumb 
pressure  on  push-button  A.  When  the  temperature  is  right 
for  upsetting,  the  right  hand  is  used  to  turn  the  valve  han- 
dle B  to  admit  air  under  pressure  to  the  cylinder. 

Advantages  of  Electric  Riveting- 

A  number  of  machines  are  now  in  successful  operation  in 
this  country  which  have  shown  quite  a  saving  over  the  older 
methods  of  riveting  and,  in  addition,  make  a  tighter  joint. 
In  some  cases  one  machine  has  taken  the  place  of  five  men 
using  air  hammers.     Except  for  the  slight  flash  which  results 


rig.  6.     Special  Toledo  Electric  Welding  Machine  fitted  with  Air  Cylinder 

and  Three-port  Valve  for  operating  Electrode  and  Steel  Riveting  Die — 

Steel  Riveting  Die  not  shown  in  Position 


Fig.    6,     Toledo   No.    140   Type    Electric   Welding   Machine    fitted   with    Air 
Cylinder  for  Electric  Riveting 

when  contact  is  made,  electric  welding  machines  make  no 
noise  or  smoke  and  are  quiet  as  compared  with  air  hammers. 
The  actual  time  taken  in  one  plant  using  these  electric  rivet- 
ing machines  for  setting  5/16-inch  rivets  was  IY2  second,  and 
the  electrical  energy  used,  15  kilowatts.  This  means  2400 
rivets  for  15  kilowatt-hours.  At  two  cents  per  kilowatt-hour, 
the  actual  cost  for  current  is  thirty  cents,  or,  roughly,  one 
cent  per  100  rivets.  Variations  in  the  size  of  rivets  would 
cause  a  corresponding  variation  in  these  figures,  but  they 
serve  to  give  some  idea  of  the  comparative  cost.  Electric 
riveting  machines  are  now  being  used  by  automobile  manu- 
facturers for  riveting  the  chassis  frames,  gear  housings,  dif- 
ferential and  rear  axle  casings,  and  similar  work.  Gear  rims 
are  riveted  to  their  spiders  and  structural  arm  sections  are 
riveted  together  by  this  method. 

*     *     * 

In  an  article  in  Industritidningen  Kordcn  (Stockholm,  Swe- 
den), a  review  is  given  of  the  increased  costs  in  the  iron  and 
steel  industry  in  Sweden.  The  price  of  iron  ore  has  trebled 
compared  with  the  prices  before  the  war,  the  higher  cost  of 
ore  alone  adding,  in  some  cases,  as  much  as  $8  to  the  cost  ot 
a  ton  of  pig  iron.  The  price  of  charcoal — which  is  used  in 
Sweden  almost  exclusively  in  the  iron  and  steel  industries — 
has  increased  to  250  per  cent  of  what  it  was  before  the  war. 
This  increase  adds  $20  to  the  price  of  a  ton  of  pig  iron;  nor 
can  coal  be  substituted  for  charcoal  in  order  to  decrease  costs, 
because  coal,  which  cost  from  $5  to  $5.50  per  ton  before  the 
war,  now  costs  from  $17  to  $20  a  ton,  and  the  quality  is  not 
as  good  as  before  the  war.  The  same  quality  as  was  obtainable 
at  the  price  quoted  before  the  war  would  cost  from  $21  to  $25 
a  ton.  Coke  has  increased  in  price  from  $6.50  to  from  $17  to 
$18  a  ton,  and  the  quality  is  not  as  good.  If  compared  on  the 
basis  of  quality,  the  price  is  now  from  $22  to  $25  a  ton.  Pig 
iron  is  now  sold  at  from  $95  to  $105  a  ton.  Ferro-manganese 
used  in  steel  production  is  three  and  one-half  times  as  ex- 
pensive as  before  the  war.  Firebrick  has  doubled  in  price. 
Nitric  acid  is  eight  times;  sulphuric  acid,  five  times;  oils'used 
for  hardening  and  tempering,  six  times;  and  machine  oils, 
three  times  as  expensive  as  before  the  war.  Tungsten  has 
risen  to  $13.50  per  pound.  Rolled  wrought  iron  is  quoted  at 
from  $145  to  $150  a  ton,  and  open-hearth  steel  from  $195  to 
$202  a  ton. 
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Fig.   1,     Front  View  of  Gridley  Single-spindle   Automatic  Turret  Lathe 

GRIDLEY  automatics  are  built  in  tliree  types,  namely,  a 
single-spindle  automatic  turret  lathe,  a  four-spindle  auto- 
matic screw  jmachine  and  a  semi-automatic  piston  and 
piston  ring  machine.  The  original  Gridley  automatic,  which 
was  designed  by  G.  O.  Gridley  in  1907,  was  of  the  single-spindle 
type,  having  a  maximum  capacity  for  bars  up  to  2%  inches 
in  diameter.  This  machine  met  with  such  success  that  a 
multiple-spindle  machine  was  designed  and  put  on  the  market 
in  1908.  With  the  exception  of  a  few  minor  improvements 
in  detail,  these  two  machines  are  essentially  the  same  today 
as  when  first  put  on  the  market.  The  piston  and  piston  ring 
machine  is  patterned  after  the  single-spindle  automatic  turret 
lathe,  and  differs  from  it  chiefly  in  the  design  of  the  turret, 
which  travels  back  and  forth  and  does  not  index.  It  is  also 
much  simpler  in  construction  and  is  not  fully  automatic  in 
that  it  is  necessary  for  the  operator  to  insert  and  remove  the 
work  by  hand.  In  the  following  article,  attention  will  be  di- 
rected chiefly  to  the  design,  construction,  operation,  tool  equip- 
ment, etc.,  of  the  single-spindle  au- 
tomatic turret  lathe. 

Principles  of  Design 

The  chief  point  of  interest  in  the 
design  of  the  Gridley  automatic  tur- 
ret lathe  is  the  turret  or  tool-slide 
around  which  the  machine  is  built. 
The  turret  is  of  practically  square 
cross-section,  the  four  surfaces  be- 
ing in  a  plane  parallel  to  the  axis 
of  the  spindle;  on  each  face  is  a 
tool-slide  for  carrying  the  holders 
for  the  various  cutting  tools.  This 
design  makes  it  possible  to  support 
the  tools  close  to  the  cutting  point 
and  completely  obviates  spring  and 
consequent  inaccuracy,  which  can- 
not be  so  easily  overcome  when  the 
tool  is  held  by  a  long  shank  in  the 
turret,  as  is  generally  the  case. 
This  design  of  turret  also  permits 
one, tool  to  be  placed  behind  an- 
other,  thus   gneatly   increasing   the 


range  of  the  niaclihu:  and  i)articu- 
larly  adapting  it  for  handling  work 
requiring  the  use  of  a  greater  num- 
ber of  end-working  tools  than  there 
are  tool-slides. 

On    the    belt-driven    type    of   ma- 
chine,  the   spindle    is   driven   by   a 
belt    through    back-gears    from    the 
pulley  shaft  at  the  rear  of  the  ma- 
chine which  carries  three  pulleys — 
two   drivers   and   one   loose   pulley. 
In  the  majority  of  cases,  both  belts 
are   arranged    to   drive   the   spindle 
in  a  forward  direction,  but  one  can 
be    reversed    to    give    a    backward 
speed  for  threading,  when  desired. 
The  turret  drum  carries  four  slides 
which  are  moved  back  and  forth  by 
means   of  cams   on   the   large   cam- 
shaft drum  at  the  left-hand  end  of 
the  machine;   this  movement  is  se- 
cured   through    a    draw-bar    which 
will  be  described  later.     The  cross- 
slides  are  operated   by  cams  on   the  drum   at  the  right-hand 
end  of  the  machine,  the  rear  or  cutting-off  arm  being  operated 
on  the  rocking  arm  principle.    The  turret  is  indexed  by  means 
of  a  worm-wheel   on  the   turret   shaft,   which   is   driven  at  a 
faster  speed  while  the' indexing  is  being  accomplished;    this 
is  effected  through  a  planetary  gear  mechanism  which  will  be 
described  in  detail  later. 

Construction  and  Operation  of   Headstock 

The  headstock  comprises  a  work-spindle  A,  Fig.  3,  which 
rotates  in  two  phosphor-bronze  bearings,  A^  and  Aj;  the  spin- 
dle is  driven  by  gear  A-^,  attached  to  it  by  a  key  as  shown, 
which  receives  power  from  a  pinion  on  the  pulley  shaft  at  the 
rear  of  the  machine.  The  pulley  shaft  carries  three  pulleys 
B,  C  and  D.  The  two  belts  can  be  thrown  alternately  onto  the 
idler  pulley  C  when  it  is  desired  to  rotate  the  spindle  in  either 
direction  or  at  different  speeds,  or  they  can  both  be  thrown 
onto  the  idler  pulley  when  it  is  desired  to  stop  the  rotation 


^For  information  on  automatic  screw  ma- 
chine practice  previously  published  in 
Machinehy,  see  "E.\:imples  of  Screw  Ma- 
chine Set-ups"  in  the  November,  11)11,  num- 
ber, and  articles  there  referred  to. 

^Address;  Fellows  Gear  Shajicr  Co.,  Spring- 
field, Vt. 


Fig.    2.     Gridley  Single-spindle   Automatic  Turret  Lathe   equipped    with   Variable-speed   Motor  Drive 
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Sectional   View   taken   through    Gridley  Single-spindle  Automatic  Turret  Lathe,    showing  Spindle   Construction,    Turret  Construction   and 
Operation  of  Main  Cam-shaft,     Note  that  Turret   is  swung  around  out  of  Correct   Position  to  show   Section 


of  the  work-spindle.     The  belt  shifting  levers  E  and  E^  are 
controlled  by  dogs  mounted  on  cam  drum  E2. 

Operation   of  Chuck -closing  and  Stock-feeding-  Mechanism 

The  bar  stock  being  operated  on  is  held  in  the  spring  collet 
or  chuck  F  in  spindle  A  and  is  closed  by  being  forced  into  a 
nose  cap  F,  that  is  screwed  onto  the  nose  of  the  spindle.  The 
closing  of  the  chuck  on  the  stock  is  effected  through  the 
sleeve  F3  which  bears  against  the  rear  end  of  the  chuck  and 
passes  completely  through  the  spindle  of  the  machine.    At  the 


rear  end  of  this  sleeve  is  a  flanged  collar  F„  against  which 
bear  two  fingers  O.  These  fingers  are  fulcrumed  in  collar  O'l, 
which  is  screwed  onto  the  rear  end  of  the  spindle.  The  long 
arm  of  fingers  G  carries  rollers  running  on  sliding  collar  Gj, 
which  is  moved  back  and  forth  by  the  bellcrank  lever  G3 
carrying  a  roll  on  its  lower  arm  that  is  operated  by  cams  on 
the  main  cam  drum  H.  This  cam  drum  carries  cam  blocks 
/i,  and  A'2,  Fig.  5,  cam  A',  withdrawing  the  collar  from  beneath 
the  fingers  and  allowing  the  spring  tension  in  the  chuck  to 
force  the  sleeve  back  and  thus  release  the  grip  of  the  chuck 


Fig.  4.     Sectional    View,    showing    Revolving    Mechanism    for    indexing    Turret    on    Gridley    Single-spindle    Automatic  Turret  Lathe 
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Fig.    5.      End    View    of    Gridley    Single-spindle    Automatic    Turret    Lathe, 

showing  Cams  for  opening  and  closing  Chuck  and  advancing  Turret 

Slide,    also   Cams   for  operating   Stock   Pusher 

on  the  work,  whereas  cam  K,  through  bellcrank  lever  G,  forces 
collar  Oi  beneath  the  fingers,  raising  them  up  and,  through 
the  short  arm  of  the  fingers,  forcing  sleeve  F^  forward  to 
close  the  chuck.  Bellcrank  lever  G3  has  a  hole  in  it  in  which 
an  operating  lever  K,  is  inserted  for  opening  and  closing  the 
chuck  by  hand  when  setting  up  the  machine  and  adjusting  the 
grip  of  the  chuck  on  the  work. 

The  feeding  of  the  stock  is  accomplished  by  a  combined 
weight  and  cam  action.  As  shown  in  Fig.  3,  a  pusher  or  tube  I 
carries  at  its  front  end  a  split  chuck  or  pusher  I^,  which  has 
jaws  suitably  shaped  for  gripping  the  stock.  The  rear  end  of 
pusher  tube  /  carries  a  collar  I^  in  which  a  half  yoke  attached 


Fig.   6.     Sear  View,   showing  Drive  for  Main  Cam-shaft  and  Indexing 
Mechanism 

to  bracket  I,  runs;  bracket  J,,  in  turn,  is  free  to  slide  on  the 
bar-type  bracket  /,.  In  action,  cam  J  attached  to  cam  drum  H 
withdraws  the  pusher  tube  I  so  that  the  feed  chuck  7,  is  drawn 
back  on  the  stock  an  amount  equal  to  or  slightly  greater  than 
the  desired  length  of  feed.  Then  when  roll  h  passes  down  the 
return  side  or  incline  of  cam  J,  weight  J„  which  has  been 
lifted  by  the  cam  carries  pusher  /  forward,  and  the  chuck  is 
opened.  The  feed  chuck  carries  the  stock  forward  until  it 
contacts  with  the  stop  held  on  one  corner  of  the  turret,  as 
will  be  described  later.  The  feed  chuck  then  remains  in  the 
forward  position  until  cam  J  again  comes  into  action  to  with- 
draw it. 


Construction  and  Operation  of  Turret 
The  turret,  as  has  been  previously  explained,  is  the  feature 
about  which  this  machine  has  been  built.  In  construction, 
it  comprises  a  square  casting  L,  having  an  extended  shank  /,, 
that  passes  through  the  machine  and  is  supported  in  bearings 
located  in  both  ends  of  the  headstock.  Passing  through  the 
center  of  this  extended  shank  is  a  pull-rod  L,  for  operating 
the  four  tool-slides  L^.  This  pull-rod  carries  a  roll  L,  which 
is  operated  upon  by  cams  on  drum  //.  The  turret  drum  L  does 
not  move  back  and  forth,  but  is  indexed  to  bring  the  various 


Fig.  7.     Front  End  View  of  Gridley  Single-spindle  Automatic  Turret  Lathe, 

showing    Stock-pusher   Operating    Cam   out   of   Engagement   with 

Operating   EoU 

tool-slides  in  line  with  the  work,  as  will  be  subsequently  ex- 
plained. The  tool-slides  L,  are  operated  by  collar  L5  on  rod  L^; 
there  is  a  groove  in  the  collar  which  is  cut  away,  as  shown, 
for  the  greater  part  of  its  circumference,  the  full  part 
of  the  groove  being  in  the  position  where  the  various  tool- 
slides  are  to  be  advanced  toward  the  chuck.  This  collar  also 
returns  the  slides  to  their  backward  position.    Each  tool-slide. 


Fig.  8.     Close  View,   showing  Method  of  operating  Forming  Slide  and 
Cutting-off   Arm 


May,  1917 


MACHINERY 


785 


_Q_ 


N,  N, 


Fig.  9.     Sectional  View  through  Power  Feed  Bracket,  showing  Differential  Gear  Mechanism  and  Indexing  Worm   and   Driving   Worm   and   Worm-wheel 


as  shown,  carries  a  roll  L^,  which  engages  with  the  slot  in 
collar  L5  when  the  turret  has  been  indexed  to  bring  the  vari- 
ous slides  into  the  operating  position. 

Pull-rod  L2  is  operated  by  cams  on  drum  H.  a  set  of  two 
cams  being  required  for  each  turret  position.  Cam  M  advances 
the  turret  slide  toward  the  work  and  cam  M^  returns  the  slide 
to  its  backward  position.  The  turret  tools,  as  shown  in  Fig.  1, 
are  clamped  directly  to  the  faces  of  the  slides,  which  are  pro- 
vided with  T-slots  for  aligning  purposes;  these  slides,  as  previ- 
ously explained,  are  moved  back  and  forth  in  gibbed  grooves, 
in  the  four  slide  grooves  in  the  turret.  One  corner  of  the 
turret  is  machined  to  receive  the  corner  stop  for  limiting  the 
feed  of  the  stock. 


Turret-indexing-  Mechanism 
The  indexing  mechanism  for  the  turret  is  operated  by 
a  separate  belt  from  those  used  for  driving  the  spindle  and 
for  rotating  the  main  cam-shaft.  Fig.  4  shows  a  sectional 
view  taken  through  the  indexing  mechanism.  Reference  to 
this  illustration  will  show  that  the  indexing  mechanism  is 
carried  on  a  separate  bracket  M  and  consists  of  a  pulley  M, 
which  is  belted  to  the  countershaft,  and  through  a  friction 
clutch  M2  drives  worm  M^;  worm  M3,  in  turn,  meshes  with 
worm-wheel  M„  which  is  screwed  and  doweled  to  the  index 
plate  Ms,  the  latter  being  pinned  to  the  extended  shank  L„ 
Fig.  3,  of  the  turret  casting.  Worm  M,  is  also  backed  up  by  a 
stiff  spiral  spring  as  shown,  which  always  keeps  its  teeth  in 


Fig.   19.     Rear  End  View,   showing  Power  Feed  Mechanism   and   Main 
Cam   Drum 


Fig.    11.     Diagram   illustrating    Method    of    operating   Forming    Slide    and 
Cutting-off  Arm,  also  showing  Construction  of  Turret  and  Turret  Slide 
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accurate  mesh  with  the  indexing:  worm-wheel.  The  index 
plate  M,  is  provided  with  five  hardened  blocks  which  act  as 
locating  stops  for  the  locking  pin  M„.  These  blocks  are  care- 
fully hardened  and  ground  and  then  set  in  pla'ce  so  that  each 
indexing  of  the  turret  is  ac<'uratel.v  accomplished.  The  lock- 
ing stop  is  also  hardened  and  ground  and  is  backed  up  with 
a  stiff  spring  so  as  to  keep  it  in  constant  contact  with  the 
turret  index  plate.  It  will  be  noted  that,  although  there  are 
five  locating  points  in  the  index  plate,  there  are  only  four 
turret  faces.  The  fifth  point  is  used  for  indexing  for  the  stop 
held  on  one  corner  of  the  turret  when  all  the  other  positions 
are  full. 

The  operation  of  this  indexing  device  is  as  follows:    Upon 
the  completion  of  the 

TABLE    1.    PRINCIPAL  DIMENSIONS  OF  PULLEYS 
FLOOR  PLAN,  ETC. 


Machine 
Size 


operation  of  any  of 
the  turret  tools  on 
the  work  and  when 
the  slide  has  receded 
far  enough  so  that 
the  tool  clears  the 
work,  a  dog  set  on 
cam  drum  E^,  Fig.  3, 
operates  lever  M„ 
Fig.  4,  and  with- 
draws locking  pin  M,, 
from  contact  with 
the  block  In  the  in- 
dex plate  Mj.  At  the 
same  time  trip  M,  is 
operated,  allowing 
the  spring  on  the 
friction  shaft  to  come 
into  play  and  engage 
friction    disks    Mi- 

In  order  to  elimi- 
nate the  shock  of 
quick  engagement, 
these  disks  are  pro- 
vided with  leather 
faces  which  engage 
before  the  driving 
blocks  contact.  When 
the  lever  M.,  leaves 
the  indexing  cam, 
locking  pin  Mc  is 
forced  forward  by 
the  spring  behind  it, 
and  at  the  same  time 
a  dog  compresses  the 
spring  on  the  fric- 
tion shaft,  bringing 
the  friction  disks  out 
of  engagement  and 
locking  them  by 
means  of  the  trip 
previously  men- 
tioned. The  index- 
ing cams  can  be  so 
placed  on  the  drum 
that  the  turret  can 
be  made  to  skip  one 
or  more  indexings  if 
desired.   The  friction 

shaft  continues  to  rotate  the  turret  until  the  spring  is  com- 
pressed by  the  dog  on  the  cam  and  lock  M^  falls  into  place. 
On  the  latest  type  of  machine,  pulley  M.,  is  replaced  by  a 
sprocket  M^„,  as  shown  in  Fig.  6,   for  driving  the  oil  pump. 

Operation  of  Main  Cam-shaft 

The  main  cam-shaft  N,  Fig.  3,  which  runs  the  entire  length 
of  the  machine  and  carries  all  the  operating  cams,  is  driven 
by  a  separate  belt  from  the  overhead  countershaft.  As  shown 
in  Fig.  6,  the  power  feed  is  contained  in  a  separate  bracket 
which  is  located  at  right  angles  to  the  main  cam-shaft.  This 
bracket  carries  two  pulleys  A',  and  N^;  the  former  rotates  the 
shaft  N3,  Fig.  3,  through  planetary  gears  and  reduces  the  speed 


for  driving  the  cam-shaft  at  the  "cutting"  speed.  Pulley  N, 
drives  shaft  N^  direct  and  at  a  fast  speed  for  taking  care  of 
the  idle  movements,  such  as  indexing  the  turret,  returning 
and  advancing  the  tool-slides  to  the  cutting  position,  feeding 
the  stock  and  closing  the  chuck.  This  action  is  accomplished 
by  a  plunger  A'.,  Fig.  10,  which  is  normally  kept  in  contact 
with  pulley  A'^  and  prevents  it  from  being  driven  direct  by 
the  belt  which  runs  on  both  pulleys. 

The  change  from  fast  to  slow  speed  is  accomplished  through 
lever  N,,,  connecting-link  A^^  and  lever  A^,,  Fig.  9.  "When  lever 
A'„  is  tripped  by  a  dog  on  the  main  cam-shaft,  friction  plunger 
A',  is  raised  from  contact  with  pulley  A',  and  allows  the  belt  to 
drive  it  direct.     Then  as  this  pulley  is  connected  directly  to 

the  power  feed  shaft, 
COUNTERSHAFT,  it    drives    it    direct, 

and  so  much  faster 
than  the  planetary 
gears  that  the  ratchet 
A\  runs  away  from 
the  pawl,  thus  rotat- 
ing the  shaft  at  a 
higher  speed.  "When 
setting  up  the  ma- 
chine, the  power  feed 
shaft  can  be  rotated 
by  hand-lever  N^,  Fig. 
10,  which  is  located 
directly  on  worm- 
shaft  A^io.  "When  it 
is  desired  to  stop  the 
rotation  of  the  feed 
shaft,  the  feed-release 
clutch  A''ii  is  oper- 
ated, thus  lifting  the 
pawl  from  contact 
with  ratchet  2Vf„ 
which  results  in 
breaking  the  connec- 
tion between  the 
planetary  gears  and 
the  main  feed  shaft. 


214 
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Principal  Dimensions  of  Pulleys,  Floor  Plan,  Etc. 


Pulleys 


Pulley 


Diameter,    inches 
Width  of  face,  inches 
Diameter,    inches 
Width  of  face,  inches 
Diameter,    inches 
Width  of  face,  inches 


A 

B 

C 

D 

E 

F 

11 

12 

18 

s 

8 

9 

6 

6 

4 

.  4 

11 

12 

18 
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4 
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11 

12 

15 

10 

6 

9 

" 

6 

6 

4 

4 

Principal  Dimensions,  Inches 
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3M 

414 


Operation  of  Forming- 

and  Cuttingr-off 

Slides 

The  forming  and 
cutting-off  slides  are 
both  operated  from 
cam  drum  0,  Fig.  8, 
on  one  side  of  wliich 
are  placed  the  cams 
for  operating  the 
forming  slide,  and 
on  the  other  side  the 
cams  for  operating 
the  cut-off  slide.  Ref- 
erence to  Figs.  8  and 
11  will  show  that  the 
forming  slide  O^  is 
operated  by  a  lever 
O2  and  adjusting 
screw  O3  that  comes 
in  contact  with  a 
projection  on  the 
lower  face  of  the  forming  slide.  Lever  0-,  is  fulcrumed  at  Oj, 
and  on  its  lower  end  carries  a  roll  which,  as  shown  in  Fig.  8, 
runs  in  the  groove  formed  by  the  forming  cam  O5  and  the  re- 
turn cam  0„.  The  forming  slide  is  returned  by  the  lever  0^ 
coming  in  contact  with  bracket  O,  attached  to  the  side  of  the 
slide.  The  upper  part  of  the  forming  slide  can  be  adjusted 
on  the  lower  member  by  means  of  an  adjusting  screw,  as 
shown,  to  bring  the  forming  tool  into  the  required  relation  to 
the  work.  The  forming  tools  used  on  this  machine,  which 
are  generally  of  the  dovetail  type,  are  held  in  a  forming-tool 
holder  that  is  fastened  to  the  top  face  of  the  forming  slide. 
The  cutting-off  slide  is  in  the  form  of  a  bellcrank  lever  P, 
which  is  fulcrumed  on  a  stud  P,.    The  lower  end  of  this  lever 
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carries  a  roll  that  contacts  with  a  cam  on  the  inner  side  of 
cam  drum  O;  whereas  the  upper  end  has  a  machined  face  in 
which  there  is  a  T-slot  for  carrying  the  tool-holder  P.,.  This 
tool-holder  carries  a  blade  type  of  cutting-off  tool  P^.  The  tool- 
holder  proper  can  be  adjusted  longitudinally  in  relation  to 
the  axis  of  the  work  to  bring  the  cutting-off  tool  into  the  cor- 
rect position,  but  for  diameter  adjustment  it  is  necessary  to 
move  the  blade  in  or  out  as  required.  One  cutting-off  cam 
generally  covers  a  large  range  of  work  and  can  be  used  in 
all  cases  where  it  is  not  necessary  to  bring  in  the  cutting-off 
tools  more  than   once   for   the  completion   of  a   certain   part. 

Cams  and  Dogrs 

The  main  cam  drum,  located  at  the  left-hand  end  of  the 
main  cam-shaft,  carries  cams  for  operating  the  closing  and 
opening  of  the  chuck,  withdrawing  the  stock  pusher  or  feed 
tube  and  operating  the  turret  slide  through  the  medium  of 
the  pull-bar  previously  mentioned.  The  cam  drum  located 
in  the  center  of  the  machine,  which  is  also  mounted  on  the 
main  cam-shaft,  carries  cams  for  shifting  the  belt,  dogs  held 
in  the  T-slot  in  its  rim  for  indexing  the  turret  and  cams  for 
moving  the  high-speed  lever  which  operates  the  quick  and 
slow  movements  of  the  cam-shaft. 

The  cam-shaft  has  a  quick  and  slow  movement  in  a  ratio 
of  70  to  1.  The  cam  drum  held  on  the  extreme  right-hand  end 
of  the  main  cam-shaft  carries  cams  having  several  angles  for 
operating  the  cutting-off  and  forming  tools.  The  cams  for 
operating  the  turret  have  three  angles,  giving  fine,  medium 
and  coarse  feeds.  These  cams,  as  has  been  previously  men- 
tioned, are  easily  located  on  the  drum  and  can  be  changed 
to  the  desired  position.  For  special  work,  of  course,  the  cams 
are  cut  to  suit  the  conditions,  as  in  some  cases  it  is  necessary 
to  start  with  a  fairly  coarse  feed  and  then  gradually  slow  down 
when  approaching  the  end  of  the  cut,  as  in  counterboring  or 
facing  operations. 

Sizes  of  Grldley  Sing-le-spindle  Turret  Lathes 

The  Gridley  single-spindle  turret  lathe  is  built  in  six  sizes, 
which,  rated  according  to  the  largest  chuck  capacities,  are  as 
follows:  114,  1%,  214,  314,  414  and  514  inches.  In  all  cases  the 
feed  of  the  turret  slides  is  12  Inches.  The  spring  collet  or 
chuck,  as  well  as  the  stock  pusher  or  feeding  finger,  are  pro- 

TABLE  2.      TURRET  SLIDES.  FORMING  SLIDE  AND  SPINDLE 
NOSE  DIMENSIONS  AND  RESPECTIVE  RELATIONS 


TABLE    3.     DIMENSIONS  OF  CUTTING-OFF  ARM   AND 
RELATION   TO  NOSE  OF  SPINDLE 
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Dimension  A  gives  the  position  of  the  tool-slide  in  the  position  it  occupies 
when  the  turret  is  lieing  revolved.  The  slide  has  a  total  movement  of  8',2  inches 
when  using  the  regular  cams. 


vided  with  pads  suitably  shaped  to  accommodate  the  work 
being  handled.  These  pads  are  hardened  and  are  changed 
when  a  different  size  of  bar  is  to  be  handled.  The  illustration 
accompanying  Table  1  shows  the  belting  arrangement  on  the 
belt-driven  type  of  Gridley  automatic  turret  lathe  for  the 
2^^-,  31/i-  and  4i/4-inch  sizes,  and  gives  the  principal  dimen- 
sions, including  sizes  of  overhead  pulleys,  floor  plan,  coun- 
tershaft, etc. 

The  machine  shown  in  Fig.  1  is  a  belt-driven  machine. 
Fig.  2  shows  the  Gridley  automatic  turret  lathe  equipped  with 
motor  drive.  When  motor-driven,  the  machine  is  provided 
with  two  variable-speed  motors,  each  having  its  own  controller, 
resistance,  etc.  Motor  A  drives  the  work-spindle  through  the 
back-gears,  and  is  provided  with  a  controller  B  for  producing 
the  desired  speed.  The  other  motor,  which  is  located  at  the 
rear  of  the  machine  and  is  geared  to  the  power  feed  shaft, 
has  a  controller  C.  These  two  controllers  are  operated  by 
cams  located  on  the  operating  cam  drum. 

Table  2  includes  all  the  tooling  dimensions  of  the  2i/i-,  314- 
and  414-inch  sizes  of  Gridley  single-spindle  automatic  turret 
lathes.  These  dimensions  include  the  spindle  nose,  turret  slide 
and  forming  slide  and  show  the  relation  of  the  forming  slide 
to  the  spindle  nose  and  turret  slide;  referring  to  the  illustra- 
tion accompanying  this  table,  it  will  be  noticed  that  dimen- 
sions N  and  O.  respectively,  represent  the  relative  positions  of 
the  forming  slide  when  at  its  extreme  forward  and  return 
strokes.  These  dimensions  must  be  taken  into  consideration 
when  designing  special  tools  for  use  on  the  turret  slide.  The 
dimensions  of  the  turret  slide,  of  course,  are  necessary  when 
laying  out  special  types  of  turret  tools,  the  distance  on  the 
various  machines  from  the  face  of  the  turret  slides  to  the 
center  of  the  spindle  being  the  same,  or  4  inches. 

Table  3  gives  the  principal  dimensions  of  the  cutting-off 
arm  and  its  relation  to  the  nose  of  the  spindle;  this  arm  brings 
the  cutting-off  blade  in  on  an  arc  of  a  circle,  instead  of  on  a 
straight  line  in  relation  to  the  axis  of  the  spindle.  The  top 
face  of  the  arm,  of  course,  does  not  always  retain  the  same 
relative  position  in  relation  to  the  axis  of  the  spindle,  as 
shown  in  the  illustration  accompanying  Table  3. 
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SNAP  fasteners,  one  of  the  devices  for  fasteniug  clothing, 
are  a  modification  of  the  ball-and-socket  principle.  The 
fastener  shown  in  Fig.  1  is  known  as  the  "Snyder"  type. 
The  tools  for  making  this  type  of  fastener  are  made  by  the 
Automat  Tool  Works,  Inc.,  252  Greenwich  St.,  New  York  City. 
A  set  of  press  tools  for  making  either  the  socket  or  the  stud 
is  practically  a  complete  unit.  Besides  containing  all  the  tools 
for  the  various  steps  required  to  complete  the  product,  it  also 
contains  a  roll  feed,  which  is  a  part  of  the  die  unit.  These 
tools  are  operated  by  a  standard  power  press.  The  only  spe- 
cial attachments  are  the  reel  for  the  stock  and  the  power- 
operated  scrap  reel  shown  in  Pig.  3.  The  power  scrap  reel, 
which  is  driven  by  a  round  belt  from  the  lineshaft,  takes  up  the 
scrap  as  it  comes  through  the  tool,  but  has 
no  effect  on  the  feed  of  the  die.  A  com- 
plete set  of  tools  will  produce  approxi- 
mately 30,000  sockets  or  studs  per  hour. 
Four  sockets  are  made  at  each  stroke  of  the 
press,  as  the  die  is  of  the  quadruple  type. 
All  the  working  parts  of  these  dies  are 
small  inserts,  which  are  made  interchange- 
able as  far  as  possible,  so  that  they  can 
be  replaced  with  the  minimum  loss  of  time. 
Besides,  the  various  blocks  for  holding  the 
dies,  punches,  etc.,  are  made  in  short  sec- 
tions, so  that  an  error  in  the  construction 
of  the  die  may  be  easily  corrected.  If  the 
error  cannot  be  corrected,  a  new  block 
can  be  easily  supplied  without  making 
any   change  in  the  remainder   of  the  die. 

Operations  on  Socket 

There  are  nine  operations  on  the  socket. 
An  assembly  view  of  the  punch  and  die  for 
performing  this  work  is  shown  in  Fig.  5. 
Thirteen  steps  are  shown  in  Fig.  6,  but 
four  of  these  are  idle.  A  strip  of  metal 
in  process  of  manufacture  is  shown  in 
Fig.  2.  In  the  first  draw,  the  metal  is 
•drawn   to  the  maximum   depth   and   diam- 
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Fig.    1.     Perspective    View   of    Snap 
Fastener  (Five  Times  Full  Size) 


eter.  The  dimensions  of  the  punches  and  dies  for  the  various 
operations  are  shown  in  Figs.  9  and  10.  In  the  first  redraw, 
the  metal  is  reduced  in  diameter  and  depth  and  the  radius 
at  the  bottom  of  the  cup  is  greatly  reduced.  The  exact  re- 
duction in  the  dimensions  may  be  seen  in  the  illustration  by 
comparing  the  punches  for  the  first  draw  and  first  redraw.  In 
the  second  redraw,  there  is  a  slight  reduction  in  diameter 
and  depth,  but  the  chief  object  of  this  operation  is  to  harden 
the  metal  in  the  center  of  the  socket,  so  as  to  give  spring 
tension  to  the  prongs,  which  are  subse- 
quently formed  from  this  part  of  the  ma- 
terial. The  hardening  is  effected  by  crown- 
ing the  punch.  In  the  third  redraw,  the 
metal  is  hardened  around  the  rim,  and  the 
socket  is  brought  to  the  final  depth.  In 
addition,  a  sharp  corner  a,  Fig.  6,  is  formed. 
In  the  sixth  operation,  the  star-shape  is 
pierced;  this  makes  a  separation  between 
the  four  prongs.  In  the  seventh  >  opera- 
tion— embossing — the  points  of  the  four 
prongs  are  turned  under.  Between  the 
eighth  and  ninth  operations,  Fig.  6,  the 
strip  is  shown  broken  at  b-b,  to  indicate 
that  the  views  are  turned  through  an  angle 
of  45  degrees  in  order  to  make  the  con- 
struction clear. 

In  the  ninth  operation,  the  four  sewing 
holes  are  pierced.  The  blank  is  not  re- 
moved from  the  socket  in  this  operation, 
but  is  simply  bent  against  the  wall.  By 
this  plan  a  smoother  edge  is  given  to  the 
hole,  and  there  is  less  probability  of  its 
cutting  the  thread  when  the  socket  is  sewed 
on.  The  punch  for  this  operation  is  of  the 
built-up  type,  as  can  be  seen  in  Fig.  10. 
In  the  eleventh  operation — re-embossing — • 
the  prongs  are  bent  to  their  final  position. 
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which  is  such 
that  the  stud 
will  spring  into 
the  hole  formed 
by  the  bent- 
under  prongs, 
with  just  the 
correct  tension. 
In  the  thirteenth 
operation,  the 
completed  socket 
is  blanked  from 
the  metal   strip. 

Because  of  the  condition  of  the  socket  at  the  time  of  blank- 
ing, it  is  not  practicable  to  blank  it  in  a  downward  direction. 
The  punch   is  carried   in   the  lower  part  of  the  die  and  the 
blanking      die      is      mounted 
above.     The  finished  work  is 
ejected  from  the  chute  shown 
in    Fig.    12.     This    chute    is 
divided    into    two    outlets,    in 
order   to   bridge   the   strip   of 
metal  from  which  the  sockets 
are  being  blanked. 

Operations  on  Stud 

There  are  nine  operations 
on  the  stud,  accomplished  by 
the  punch  and  die  shown  in 
Fig.  7.  Fig.  8  shows  twelve 
steps,  but  three  of  these  are 
idle.  A  strip  of  metal  show- 
ing the  various  operations  is 
illustrated  in  Fig.  4.  In  the 
first  draw,  the  metal  is  drawn 
to  the  maximum  depth.  The 
dimensions  of  the  punches 
and  dies  for  the  various  opera- 
tions are  shown  in  Figs.  13 
and  14.  In  the  second  draw, 
the  body  is  reduced  in  diam- 
eter and  height,  and  the 
radius  at  the  corner  is  de- 
creased; the  exact  reduction 
may  be  found  by  comparing 
the  dimensions  of  the  first 
draw  and  first  redraw  punches 
and  dies. 

In  the  third  draw,  the  body 
is  reduced  perceptibly  in 
diameter  and  is  given  a 
slight  taper.  No  attempt  is 
made  to  reduce  the  height  in 
this  operation.  In  the  fourth 
draw,  the  body  is  again  re- 
duced in  diameter,  but  not 
in  height.  In  the  fifth  draw, 
the  upper  part  of  the  body  is 
reduced  in  diameter  and  the 
sides  are  made  perpendicular  to  the  base.  The  sides  of  the 
lower  half,  however,  form  the  frustum  of  a  cone,  which  is 
the  final  shape.  In  the  sixth  operation,  a  head  is  formed; 
this  produces  a  projecting  rim  of  metal  around  the  top  of 
the  stud.  The 
lower  part  re- 
tains its  conical 
shape  because  it 
is  filled  by  the 
lower  punch.  In 
the  eighth  opera- 
tion, the  four 
sewing  holes  are 
pierced;  these 
are  oblong  and 
are  shown  in  de- 
tail   in    Fig.    14. 


Fig.   2.     Strip  from  Socket  Dies  showing  Various  Steps  in  Process  of  Manufacture 


Fig.  3.     Press  Tools 


Fig.   4.     strip  from   Stud  Dies  showing  Various   Steps 


In  the  tenth  op- 
eration— emboss- 
ing— a  reinforce- 
ment is  thrown 
up  all  around 
the  outside  rim 
of  the  stud.  In 
the  twelfth  op- 
eration —  blank- 
ing— the  stud  is 
pierced  from  the 
strip  in  a  down- 
ward direction, 
the  finished  stud  dropping  directly  through  a  hole  in  the  lower 
die  bolster.  Operations  seven,  nine  and  eleven  are  idle, 
as  previously  mentioned. 

Method  of  Feeding  Strip 

The  method  employed  for 
gaging  the  advance  of  the 
strip  for  every  stroke  of  the 
press  is  rather  uncommon. 
Briefly,  it  consists  in  blank- 
ing off  from  the  edge  of  the 
strip  a  narrow  piece  that  is 
as  long  as  the  lead  of  the  die. 
This  is  shown  at  E,  Fig.  11. 
The  punch,  die  and  stop  are 
shown  in  detail  in  Fig.  15,  in 
which  a  is  the  punch,  b  the 
stop,  and  c  the  die.  Punch  a 
and  stop  b  are  carried  by  the 
upper  member  of  the  die. 
Stop  b  runs  in  the  hole  in 
die  c  and  does  not  leave  the 
die  even  when  the  ram  of  the 
press  is  in  the  "up"  position. 
The  strip  is  fed  forward  auto- 
matically by  rolls  a,  Fig.  5. 
These  rolls  are  moved  part  of 
a  revolution  at  each  stroke  of 
the  press  and  advance  the 
strip  approximately  0.01  inch 
more  than  the  lead  of  the  die, 
the  extra  amount  being  taken 
up  in  slippage.  Rolls  o  are 
rotated  by  a  pawl  attached  to 
rod  b  that  engages  with  a 
ratchet  on  the  roll.  The  feed 
may  be  varied  by  adjusting 
collars  c  up  or  down  on  rod  b. 

Method  of  Making-  Dies 

The  methods  of  construct- 
ing the  dies  for  the  stud  and 
the  socket  are  the  same,  so 
the  method  of  making  the 
socket    die    only    will    be    de- 

rking  Posltior_  on  Press 

scribed.  This  die  is  shown 
in  Fig.  16.  It  consists  of  two  main  die-blocks  A  and  B  on 
which  are  mounted  sectional  strips  that  are  bored  out  for 
punch-holders,  die-holders  and  strippers.  The  strips,  of  course, 
are  securely  doweled  to  members  A  and  B.     The  punch-  and 

die-holding  mem- 
bers are  not 
hardened.  The 
accuracy  with 
which  the  holes 
are  located  in 
them  governs 
the  success  of 
the  entire  tool, 
and  thus  pre- 
sents a  very  fine 
toolmaking  prob- 
lem.     The    four 
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Fig.  6.     Cross-sectional  View  of  Punch  and  Die  for  Socket,   and  Plan  View  of  Lower  Member 
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Fig.  6.     Diagrammatic  View  of  Upper  and  Lower  Set  of  lools  and  Strip,  showing  Progressive  Steps  in  making  Socket 
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Fig.  7.     Cross-sectional  View  of  Punch  and  Die  for  Stud,  and  Plan  View  of  Lower  Member 


posts  of  the  die  are  fixed  securely  to  B  and  run  in  busiiings  in  A. 
When  making  the  die,  blocks  A  and  B  are  clamped  together 
and  the  post  holes  a  are  drilled  and  accurately  bored  in  line 
with  each  other.    The  accuracy  of  the  center  distances  is  not 
essential;    it   is   simply   necessary   that   the   holes   correspond 
in    both    blocks. 
Next,     blocks     c 
are    clamped    in 
the  correct  loca- 
tion on  block  B 
and    the    holes 
for    the    screws 
and  dowels  that 
are  to   hold   the 
d  i  e-h  o  1  d  e  r  s  , 
p  un  c  h -holders 

and    strippers  Fig.  8.     view  of  Upper  and  Lower  Set  of  Tools  and 
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are  drilled,  reamed,  tapped  and  counterbored.  Previous  to 
this,  however,  blocks  c  -have  been  machined  and  ground  all 
over  except  on  the  end.  Die-block  B  is  then  mounted  in  an 
upright  position  on  a  horizontal  milling  machine  and  the 
thirty-six  holes  d  are  located.    This  is  one  of  the  most  difficult 

and  exacting 
jobs  in  the  con- 
struction of  the 
entire  die,  since 
these  holes  must 
bear  an  exact  re- 
lation to  one  an- 
other in  every 
direction. 
Rather  than 
bore  the  holes 
entirely    in    the 
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The  next  step  is  to  put  in  all  the  Inserts,  such  as  the 
punches  and  dies  shown  in  Figs.  9,  10,  13  and  14.  The 
piercing  punches  and  dies,  as  may  be  seen  in  the  views  in 
Figs.  10  and  14,  are  adequately  keyed  to  prevent  turning 
while  the  die  is  In  operation.  The  blocks  c,  Fig.  16,  are  then 
assembled  on  base  B. 

At  the  next  step,  the  liner  pins  a  and  liner-pin  bushings  / 
are  assembled,  as  illustrated  at  C,  Fig.  11.  Next,  dowel-pins  e 
are  driven  upward  until  they  protrude  a  considerable  distance 
above  the  surface  of  blocks  c.  Blocks  b  are  placed  on  top  of 
blocks  c,  locating  from  dowel-pins  e.     While  in  this  position. 


Fig.  9.     Drawing  Punches  and  Dies  for  Socket 

milling  machine,  the  position  of  each  is  accurately  determined 
by  a  countersunk  hole,  approximately  3/16  inch  in  diameter 
at  the  large  end.  The  tool  used  for  this  is  an  ordinary  com- 
bination drill  and  countersink.  Each  block  c  is  then  removed 
and  mounted  individually  on  the  faceplate  of  a  bench  lathe. 
Here  they  are  accurately  indicated  from  the  countersunk  holes, 
and  the  holes  are  drilled  and  bored  and  reamed  to  the  required 
sizes.  The  dowel-holes  e  in  blocks  6  are  drilled  and  reamed 
by  locating  from  blocks  c,  thus  making  the  dowel-holes  in  the 
upper  and  lower  blocks  correspond.     Blocks   b  are  approxl- 
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Diagrams  showing  Steps  in  making  Die,  also  Method  of  gaging 
Feed  of  Strip 


the  upper  member  A,  Fig.  16,  is  slid  down  the  liner  pins  o 
until  it  rests  on  blocks  b.  In  this  position  blocks  b  are  se- 
curely clamped  to  base  A.  Blocks  b  and  base  A  are  then 
taken  to  a  machine  where  the  necessary  screw  holes  are 
drilled,  tapped  and  counterbored,  as  illustrated  at  D,  Fig.  11. 
After  loosely  .screwing  blocks  b  to  base  A, 
they  are  accurately  aligned  by  the  dies  en- 
gaging with  the  punches  in  blocks  c;  blocks  b 
are  then  tightened  to  die-block  A.  The  align- 
ment is  carefully  tested  by  working  the  two 
members  A  and  B  up  and  down  on  the 
posts  a,  verifying  the  alignment  by  entering 
dowel-pins  e  into  the  dowel-holes  in  blocks  b. 
When  the  alignment  is  assured,  the  upper 
member  is  removed  from  liner  pins  o,  the 
dowel-holes  in  blocks  b  are  duplicated  in  the 
main  member  A,  and  the  dowel-pins  inserted. 

Making:  Piercing-  Die  for  Stud 

The  piercing  die  for  the  stud  has  four 
oblong  holes  in  it,  equally  spaced  about  a 
circle.  As  the  piercing  dies  are  made  in  du- 
plicate, and  as  the  holes  are  oblong,  the  prob- 


Fig.  10.     Piercing,   Embossing  and  Blanking  Tools  for  Socket 

mately  1/4  inch  longer  than  blocks  c,  and  when  locating  dowel-holes  e  this 
extra  length  is  divided  equally  on  each  side,  as  shown  at  A,  Fig.  11. 
After  all  the  blocks  b  have  been  provided  with  dowel-pin  holes,  located  from 
blocks  c,  they  are  held,  one  at  a  time,  on  a  bench  lathe  faceplate,  as  indicated 
at  B.  The  two  blocks  b  and  c  are  placed  together,  being  accurately  held  by 
the  dowel-pins  e,  and  the  various  holes  in  block  c  are  accurately  indicated  in 
block  b.  After  each  hole  is  centered,  block  b  is  clamped  securely  to  the  face- 
plate by  the  straps,  block  c  is  removed  and  the  hole  is  drilled.  This  process  is 
continued  until  the  thirty-six  holes  have  been  transferred  and  drilled  in  blocks  b. 
The  extra  length  of  b  provides  a  surface  for  clamping  it  to  the  faceplate 
without  interfering  with  block  c. 


Fig.    12.     Chute 


sed  on   Socket  Die  for  discharging 
Finished  Parts 
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Fig.  13.     Drawing  and  Heading  Punches  and  Dies  for  Stud 


lem  presented  is  a  rather  diflScult  one.  In  addition,  a  semicir- 
cular keyhole  must  he  formed  in  accurate  relation  to  the  other 
holes.  With  interchangeable  dies  and  punches,  it  is  a  simple 
matter  to  replace  a  broken  punch  or  die  quickly,  new  parts 
being  kept  in  stock. 

For  making  these  dies,  the  three  broaches  e,  /  and  g  and  the 
fixture  shown  at  A,  Fig.  19,  are  used.    The  fixture  consists  of 


When  a  die  is  to  be  made,  it  is  placed  in  the  slip  ring  6, 
which  is  held  in  the  fixture  by  a  set-screw.  Then  the  five 
holes  are  drilled  by  the  use  of  jig  plate  c.  The  keyhole  Is 
drilled  partly  in  the  die  and  partly  in  the  split  ring  5;  it  is 
for  this  reason  that  the  ring  is  left  soft.  After  the  ring  has 
been  drilled  into  all  around  its  periphery,  a  new  one  is  used. 

Jig  plate  c  is  replaced  by  plate  d,  which  is  used  to  guide  the 
three  broaches  e,  /  and  g.  Broach  e  is  placed  in  one  of  the 
drilled  holes  and  is  gently  tapped  with  a  hammer.  By  re- 
peating this  for  the  four  holes,  the  exact  oblong  impression 
is  left  on  the  face  of  the  die.  The  broach  /,  which  is  of  oblong 
shape,  but  approximately  0.003  Inch  smaller  in  size  than  the 
oval  hole  to  be  produced  in  the  die,  is  located  from  jig  plate  i 


Fig.  14.     Piercing,  Embossing  and  Blanking  Punches  and  Dies  for  Stud 

a  body  o,  a  split  ring  6  and  two  jig  plates  c  and  d.  The  entire 
fixture  is  hardened  with  the  exception  of  the  split  ring  &. 
The  jig  plates  c  and  d  are  accurately  and  interchangeably 
doweled  and  screwed  to  the  body  o.  In  jig  plate  c  there  are 
five  drilling  holes,  four  of  which  give  the  location  of  the 
oblong  holes,  the  fifth  being  used  for  drilling  the  keyhole 
in  the  die.  The  jig  plate  d  has  a  square  hole  in  it,  the  sides 
of  which  bear  an  accurate  relation  to  the  drilling  holes  in 
plate  c. 
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Fig.  15.    Details  of  Die,  Punch  and  Stop  for  gaging  Advance  of  Strip 


794 


MACHINERY 


May,  1917 


and  driven  into  the  die,  removing  the  surplus  stocli.  Tlien 
broach  g  is  driven  through  the  die,  removing  the  small  amount 
of  material  left  by  broach  /  and  making  the  hole  the  correct 
size.  When  this  work  has  been  done  on  tlio  four  holes,  the 
die  is  complete. 
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Tig.  16.    Diagrammatic  View  illustrating  Method  of  constructing  Socket  Die 

Making-  Piercing  Die  for  Socket 

The  making  of  the  die  for  piercing  the  star-shape  in  the 

socket  is   also   a  difficult  tookmaking   problem,   especially   as 

these  dies  and  punches  are  made  in  quantities,  and  have  to 

be  interchangeable.     The  star  arms  are  only  0.02  inch  wide, 
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Fig.    18.     Method  of   milling  Die,   Stripper  and  Punch-holdi;r 

so  to  finish  them  accurately  by  the  ordinary  toolmaking  meth- 
ods would  be  tedious  and  expensive.  The  following  method 
was  adopted  and  interchangeable  dies  were  produced. 

The  stock  from  which  the  die  is  turned  is  held  in  the  spring 
collet  of  a  bench  lathe  and  rough-turned.  After  this,  a  small 
hole  is  drilled  exactly  in  the  center  of  the  die  about  1/8  inch 
deep.  Next,  the  bench  lathe  milling  attachment  is  brought 
into  position  and,  with  a  small  milling  cutter  0.020  inch  in 
width  centered  accurately  from  the  previously  drilled  hole,  a 
cut  0.221  inch  long  is  made  in  the  face  of  the  die.  After  this, 
the  cutter  is  backed  straight  out  and  the  work-spindle  re- 
volved 90  degrees,  clamped  into  position,  and  the  same  milling 
operation  repeated.  This  is  illustrated  at  A,  Fig.  17.  After 
this  milling  operation,  the  die  is  turned  on  the  outside  diam- 
eter, cut  off,  turned  around  in  the  collet,  and  the  back  of  the 
die  is  drilled  out  for  clearance  to  within  0.075  inch  of  the  face. 


Fig.  17.     Method  of  making  Star  Piercing  Die  for  Socket 


Fig.   19.     Fixture  and  Broaches  for  making  Piercing  Dies  for  Stud 

To  complete  the  star-shaped  hole,  the  inserted-blade  broach  C 
and  the  fixture  B  are  used.  The  die  is  held  in  the  lower  part 
of  ""the  fixture  and  clamped  by  a  set-screw.  The  broach  0  is 
located  in  the  hole  in  the  upper  part  of  the  fixture.  The  blade 
of  the  broach  is  guided  into  the  face  of  the  die  by  the  previ- 
ously milled  slot  and  is  driven  through  the  die,  first  in  one 
slot  and  then  in  the  other,  with  a  hammer.  This  completes 
the  die  except  for  smoothing  the  slot  with  a  file,  hardening 
and  grinding  the  face. 
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The  making  of  the  punches  is  not  so  difficult.  They  are 
milled  to  size,  using  a  simple  dividing  head  and  milling  cutter, 
indexing  four  times.  The  dimensions  for  this  punch  and  die 
are  shown  in  Fig.  10. 

Die,  Stripper  and  Punch-holder  for  Socket 
The  punch-holder,  die  and  stripper  for  the  socket  are  similar 
in  general  construction  and  vary  only  in  length  and  diameter. 
The  distance  from  the  center  to  the  bottom  of  the  semicircular 
slot  is  the  same  for  all  three  parts.  For  this  reason  they  are 
all  turned  out  of  one  rod,  and  necked,  as  illustrated  in  Fig.  18; 
the  semicircular  slots  are  milled  in  the  three  pieces  simul- 
taneously. By  this  method  interchangeability  is  readily  ob- 
tained. This  is,  of  course,  essential  in  tliis  case,  as  all  three 
parts  must  work  together  and  line  up  perfectly. 
*     *     * 

RAPID  METAL  SAWING 

There  is,  perhaps,  no  class  of  shop  work  that  is  given  so 
little  consideration,  as  a  rule,  than  the  cutting  off  of  bar  stock 
and  other  material  used  in  the  machine  shop.  Because  the 
operation  is  simple,  it  is  often  left  to  men  who  have  no  train- 
ing whatever  for  the  work,  and  is  carried  on  in  a  slip-shod 
manner. 

At  the  plant  of  the  J.  L.  Mott  Co.,  Trenton,  N.  J.,  a  battery 
of  five  21-inch  special  Lea-Simplex  saws,  built  by  the  Earle 
Gear  &  Machine  Co.,  has  been  installed;  these  saws  are  cut- 
ting off  1%  inch  diameter  brass  bars  at  an  unprecedented 
rate.  Each  of  the  saws  is  equipped  with  a  special  clamp  or 
vise  for  holding  twenty-four  bars  at  once.  The  bars  are  5  feet, 
<)  inches  long,  and  are  cut  into  sixteen  short  lengths,  requiring 
fifteen  cuts.  The  time  required  for  one  cut  through  the  twenty- 
four  bars  is  approximately  two  minutes,  forty-eight  seconds, 
or  seven  seconds  per  bar.  Two  operators  work  on  each  ma- 
chine, and  helpers  are  provided  to  see  that  each  of  the  ma- 
chines is  supplied  with  twenty-four  bars  to  replace  those  being 
cut  immediately  after  the  fifteenth  out  is  finished.  When  the 
bars  are  first  placed  in  the  machine  in  the  cutting  position, 
they  are  securely  clamped  at  the  rear  to  a  carriage  which  is 
moved  forward  by  a  screw  and  handwheel.  By  this  means 
the  twenty-four  bars  are  advanced  simultaneously  after  each 
cut  to  the  next  cutting  position  by  simply  turning  the  handle 
and  advancing  the  rear  carriage  until  the  ends  of  the  bars 
meet  the  gage-plate,  which  Is  set  to  gage  four-inch  lengths. 
Since  the  cutting  time  for  each  lot  is  less  than  three  minutes, 
the  operation  is  practically  continuous  and  the  two  operators 
on  each  machine  are  kept  busy.  The  entire  operation  of  cut- 
ting up  one  load  of  twenty-four  bars  takes  about  forty-five  min- 
utes, and  in  the  course  of  a  ten-hour  day  one  machine  with 
two  operators  handles  approximately  15,360  pounds  of  brass 
rods. 

After  one  lot  of  bars  has  been  cut,  it  is  necessary  to  move 
the  rear  carriage  backward  about  five  feet  to  receive  the  next 
load.  This  would  be  a  slow  operation  if  it  had  to  be  accom- 
plished with  the  screw  and  handwheel,  so  for  this  purpose  the 
carriage  is  provided  with  a  split  nut  engaging  the  screw, 
which  may  be  released  so  that  the  carriage  can  be  pushed 
back  quickly  by  hand. 


Fig.  1.    Battery  of  Five  Saws  cutting  Twenty-four  1^4-lnch  Brass  Bars 


Fig.    2.     Rear    View,    showing    Carriage    for    liolding    Twenty-four   Bars    to 
be  cut 

The  bars  are  stacked  in  eight  rows,  three  high,  and  are  held 
by  clamping  screws  over  each  row.  On  account  of  the  num- 
ber of  these  screws,  it  seemed  at  first  as  though  an  air  clamp 
might  be  more  effective,  but  after  the  saws  were  in  operation, 
it  was  found  that  the  cut  could  be  started  as  soon  as  the  two 
screws  over  the  bars  first  touched  by  the  saw  were  tightened 
down  and  the  rest  of  the  screws  could  be  tightened  while  the 
saw  was  cutting.  This  method  of  handling  is  so  rapid  that 
little  time  could  be  saved  by  the  use  of  an  air  clamp. 

A  sheet-iron  apron  has  been  placed  on  each  saw  in  front  of 
the  blade  and  above  the  limit  of  travel  of  the  swing  arm.  This 
apron  is  sloping  and  allows  the  pieces  that  are  cut  off  to  roll 
down  into  boxes  which  are  on  wheels  for  convenient  handling. 
A  certain  amount  of  the  cutting  compound  flows  down  into 
these  boxes,  which  have  double  bottoms  and  a  spout  to  permit 
the  compound  to  flow  back  into  the  base  of  the  saw.  The  saw- 
blade  expense  has  been  about  one  cent  per  one  hundred  cuts, 
or  one-twenty-four-hundredth  cent  per  piece.  V.  B. 

AMERICAN  GEAR  MANUFACTURERS' 
ASSOCIATION 

An  organization  of  gear  manufacturers  was  formed  at  Lake- 
wood,  N.  J.,  at  a  meeting  held  there  March  25-27,  that  will  be 
known  as  the  American  Gear  Manufacturers'  Association.  Its 
purposes  are  to  advance  and  improve  the  gear  industry  in  a 
general  way  by  standardizing  gear  design,  manufacture  and 
application.  The  association  includes  in  its  membership  the 
foremost  and  better  known  manufacturers  of  gears.  The  ex- 
ecutive committee  is  composed  of  the  following:  F.  W.  Sinram, 
Van  Dorn  &  Dutton  Co.,  Cleveland,  Ohio;  H.  E.  Eberhardt, 
Newark  Gear  Cutting  Machine  Co.,  Newark,  N.  J.;  F.  D.  Ham- 
lin, Earle  Gear  &  Machine  Co.,  Philadelphia,  Pa.;  Frank  Hors- 
burgh,  Horsburgh  &  Scott,  Cleveland,  Ohio;  Biddle  Arthur, 
Simonds  Mfg.  Co.,  Pittsburg,  Pa.;  George  L.  Markland,  Phila- 
delphia Gear  Works,  Philadelphia,  Pa.;  Milton  Rupert,  R.  D. 
Nuttall  Co.,  Pittsburg,  Pa.  The  following  oflScers  were  elected 
at  the  Lakewood  meeting:  president,  F.  W.  Sinram;  vice- 
president,  H.  E.  Eberhardt;  secretary,  F.  D.  Hamlin;  treas- 
urer, Frank  Horsburgh.  The  next  meeting  of  the  association 
will  be  held  at  Pittsburg,  May  14-15. 
*  *  * 
A  "PROTECTED"  LABOR  MARKET 
A  high  protectionist  only  could  have  written  a  letter  con- 
taining the  following  gem: 

We  don't  believe  in  trade  papers  conducting  a  "Help 
Wanted"  bureau.  If  it  is  done,  it  should  he  carried  on 
separately,  and  the  advertisements  should  not  be  found  in 
with  the  regular  issues.  We  have  found  l)y  experience  it 
is  bad  practice  to  let  trade  papers  come  to  any  of  our  offices, 
on  account  of  these  advertisements;  it  generally  results  in 
loss  of  help.  The  advertisements  for  help  wanted  could  be 
printed  on  sheets  and  sent  to  the  manufacturers,  dealers, 
merchants,  etc.,  separately. 

In  short,  this  manufacturer  would  deny  to  his  workmen 
opportunity  to  change  their  jobs  and  perhaps  improve  their 
condition  while  he  would  give  manufacturers  and  employers  op- 
portunity to  hire  men  who  have  advertised.  Why  should  the 
initiative  be  lodged  with  the  employer  as  regards  response  to 
advertisements?  Is  it  always  right  for  employers  to  seek 
new  employes  and  wrong  for  employes  to  seek  new  employers? 
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PORQINQ  FORKED  BARS  WITH  HEAVY  BOSSES,  CROS8HEAD8  AND  BYE-PLATES 

BT  J08BPH  HORNER 


Fig. 


34.     Forked  Bar  with  Heavy  Boss  on   End 
Fig.   35.     Die  for  forging  Bar  in  Fig.  34 


Fig  36. 


Preliminary  Stages  in  forging  Bar 
in  Fig.  34 


Fig.    37. 


Machinery 


Forked    Bar    with    Heavy    Boss    in 
Center 


THE  lever  shown  in  Fig.  34  has  a  heavy  boss  extending 
from  a  slender  stem  at  one  end,  and  a  widely  spreading 
fork  at  the  opposite  end.  This  lever  can  be  dummied 
down  from  a  cubical  lump  in  steel,  but  that  would  set  up 
strains  in  the  metal,  besides  imposing  severe  work  on  the 
dies.    Such  work  is  not  profit- 


forging,  by  making  a  shallow  gutter  around  the  impressions, 
or  by  sloping  channels  away  from  the  ends,  as  shown.  The 
hole  in  the  boss  may  be  punched  subsequently  or  drilled. 
The  lever  shown  at  A  and  B,  Fig.  37,  is  similar  to  that  shown 
in  Fig.  34  as  regards  the  difference  in  adjacent  dimensions. 

Properly,  it  should  be  forged 


able,  because  both  dummying 
and  stripping  dies  are  re- 
quired. The  better  method  is 
to  follow  generally  the  same 
lines  as  the  smith  would 
adopt  when  forging  in  iron. 
A  bar  having  a  cross-section 
about  equal  to  that  of  the 
boss  should  be  drawn  down 
under  the  hammer  to  the 
form  shown  at  A,  Fig.  36. 
The  reduction  is  made  on  one 
side,  as  shown,  until  the  thick- 
ness equals  that  of  the  two 
forks.  That  end  is  then 
divided  with  a  hot  set,  opened 
out  as  at  B,  and  curved  over 
a  form  block.  The  stem  por- 
tion is  then  reduced  and 
drawn  out  until  the  forging 
has  the  rough  form  shown  at  C.  It  is  finished  in  the  die 
shown  in  Fig.  35.  As  it  has  been  prepared  roughly  to  outline, 
one  pair  of  dies  will  suffice  for  finishing.  There  will  not  be 
much  fin,  and  what  there  is  may  be  expelled  by  sloping  the 
die   faces   away   from   the   edges   of   the   impressions   for   the 

'The  first  installment  appeared  in  the  March  number. 
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Fig.  38.     Punching  Hole  in  Boss  of  Bar  in  Fig.  37 


of  steel  by  a  method  not  very 
different  from  that  which 
must  be  adopted  if  it  is  made 
of  iron;  this  is  indicated  at  C. 
A  lump  or  a  bar  about  equal 
in  cross-section  to  the  boss  is 
reduced  to  a  thickness  and 
width  roughly  equal  to  that 
of  the  web,  at  the  left  hand, 
and  at  the  right,  to  a  thick- 
ness equal  to  that  of  the  two 
prongs  of  the  fork,  with  a 
width  corresponding  to  the 
diameter  of  the  bosses  of  the 
fork.  Then  the  end  is 
punched,  divided  and  opened 
out  as  shown.  The  ends  are 
bent  roughly  over  a  former, 
and  the  dies,  Fig.  41,  finish 
the  outlines. 

Two  sets  of  dies  are  shown,  between  which  there  is  little 
to  choose,  the  jointing  of  one  pair  being  at  right  angles  with 
that  of  the  other.  In  the  one  shown  at  A,  which  may  be  pre- 
ferred, the  flat  of  the  web  lies  in  the  joint  faces,  with  the  deep 
boss  standing  up  in  the  top  die.  This  necessitates  fitting  the 
loose  block  B  as  a  former  on  which  to  mold  the  forked  end. 


JUachinery 


Fig.  39.     Forging  having  a  Sharp  Bend 


Fig.  40.     Stages  in  forging  Piece  shown  in  Fig.  39 
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The  hole  in  the  boss  may  be  punched  in  the  same  dies.  By 
the  other  method,  shown  at  C  and  1),  the  joint  of  the  dies 
lies  in  the  axis  of  the  boss  and  the  internal  part  of  the  fork 
is  finished  with  projections  made  solidly  in  the  dies.  The 
hole  can  be  punched  subsequently  as  shown  in  Fig.  38.  The 
objections  to  this  method  are  that  the  web  goes  edgeways  into 
the  dies,  which  leave  a  mark  around  it,  and  the  punching  is 
done  separately  with  less  support  for  the  boss. 

Examples  of  Forglngs  with  Sharp  Bends 

The  forging  shown  in  Fig.  39  may  be  made  by  bending  either 
in  iron  or  in  steel.    But  in  either  material  the  curved  portion 


Fig.  41.     Dies  for  forging  Bar  in  Fig.  37 

would  be  severely  stressed,  the  outer  fibers  being  strained  ex- 
cessively and  the  inner  crumpled  up.  If  made  of  iron,  a  weld 
is  preferable;  if  made  of  steel,  the  bending  must  be  performed 
at  a  high  temperature  and  a  good  deal  of  work  done  in  the 
elbow.  The  bar  should  be  of  the  same  diameter  as  collar  ,1. 
or  rather  larger,  so  that  there  will  be  some  reduction  with 
the  bending.  A  better  way  is  to  take  a  massive  rectangular 
piece,  as  shown  at  A,  Fig.  40,  fuller  it  deeply  as  shown,  and 
then  draw  down  on  each  side  under  the  power  hammer  to 
form  the  two  arms.  The  second  stage  is  shown  at  B.  the 
third  at  C,  and  the  fourth  at  D.  The  first  rough  reductions 
are  made  between  the  anvil  and  the  tup,  the  second  set  be- 
tween the  bottom  and  top  swages.  Properly,  the  entire  forg- 
ing should  be  finished  in  dies  because  of  the  large  number  of 


Fig.  43.     Preliminary  Stages  in  forging  Lever 

<'hanges  in  dimensions;  or  the  part  adjacent  to  the  bend  may 
be  made  in  one  pair  of  dies  and  the  bossed  end  in  another  pair, 
leaving  the  stem  to  be  finished  in  swages.  The  outlines  of 
these  sectional  dies  are  indicated  by  dotted  lines  in  Fig.  39. 
The  curious  lever  shown  in  Fig.  42  is  made  from  a  straight 
piece  of  bar  roughed  down  under  the  hammer  and  finished 
wholly  in  dies.  To  employ  sectional  dies  only  for  the  ball 
at  one  end  and  the  boss  at  the  other  would  still  leave  a  good 
deal  of  awkward  work  to  be  done  about  the  central  portions. 
To  make  this  lever,  a  bar  having  a  cross-section  rather  greater 
than  that  of  the  boss  and  the  ball  is  fullered  in  and  drawn 
down,  as  at  A  and  B,  Fig.  43,  to  form  the  web  thickness.  Width 
is  required  to  give  material  for  the  abutment  piece  .1.  near 
the  center  in  Fig.  42.  The  forging  is  first  dummied  down  as  a 
straight  piece.  The  blows  should  alternate  between  the  flats 
of  the  web  on  each  side,  mostly  on  one  edge  in  order  to  make 
the  abutment  portion  A  stand  out  from  that  edge.  As  shown 
at  B,  Fig.  43,  the  web  is  set  down  beside  this  portion  A  under 
the  hammer,  and  the  ends  are  bent  over  the  edge  of  the  anvil, 
or  over  a  block  having  a  curved  face.    At  this  stage  the  forging 


Fig.  42.     Lever  made  from  Straight  Piece  of  Bar 


Fig.  44.     Dies  used  in  forging  Lever  shown  in  Fig.  42 

is  as  shown  at  C,  Fig.  43.  A  templet  may  be  used  to  check 
the  curvatures.  The  end  of  the  bar  that  served  as  a  porter 
is  then  cut  off,  and  the  rough  forging  put  into  the  dies  shown 
in  Fig.  44.  These  are  not  quite  alike  at  the  abutment  portion. 
They  are  shown  thrown  open  in  the  joint  face  and  have  gut- 
ters to  receive  the  fin. 

Forg-ing:  Crossheads 

The  crossheads  in  Fig.  45  are  examples  of  a  class  of  forgings 
in  which  two  substantial  parts  stand  at  right  angles  with  each 
other.     The  difference  between  the  two  is  that  the  crosshead 
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Common  Types  of  Cross- 
heads 


Fig.    46.     Preliminary    Stages    in 
making  Crossheads 


portion  is  relatively  slender  at  A  and  comparatively  heavy 
at  B,  which  suggests  a  variation  in  the  method  of  treatment. 
When  making  the  crosshead  A  of  iron,  the  correct  method  is 
to  divide  one  end  of  a  round  bar,  open  it  out  as  at  A,  Fig.  47, 
and  bend  the  forks  to  a  right  angle,  or  nearly  so,  following 
which  the  finishing  may  be  done  in  dies.  Only  the  crosshead 
and  a  small  part  of  the  stem  need  be  finished  in  dies,  which 
are  shown  at  B ;  the  stem  may  be  made  with  swages  under 
the  steam  hammer,  unless  large  quantities  have  to  be  made. 
When  making  the  crosshead  of  steel,  the  better  method  is 


Fig.    47.     Making    Slender 
Crosshead  in  Iron 


Fig.   48.     Dies  for  making  Slender  Cross- 
bead  in   Steel 


cubical  lump  of  about  the  same  section  as  the  crosshead  should 
be  taken  and  the  stem  drawn  down  as  at  B,  Pig.  46.  This 
would  be  suitable  for  either  iron  or  steel;  the  finishing  may 
then  be  done  in  dies  like  those  shown  in  Figs.  47  and  48.  The 
ribbings  must  be  stamped  wholly  in  the  dies,  for  little  pre- 
liminary work  can  be  done  there.  The  fin  can  be  taken  care 
of,  as  shown  in  Fig.  48,  at  the  ends  of  the  bosses  and  in 
gutters,  and  the  dies  may  include  the  entire  forging  or  the 
crosshead  only. 

The  crossheads  shown  in  Figs.  49  and  50  are  examples  of 


Fig.  49.     Two-arra  and  Three-arm 
Crossheads 


Fig.    50.     Preliminary   Work   in 
forging    Crossheads    in    Fig.    49 


Fig.  51.     Dies  for  forging  Two- 
arm  Crosshead 


Fig.    52.     Die   for   forging  Three- 
arm  Crosshead 


to  take  a  bar  larger  than  the  stem,  to  afford  sufficient  ma- 
terial for  spreading,  and  draw  down  at  one  end,  and  on  op- 
posite sides  to  provide  material  for  the  crosshead  bosses  as 
at  A,  Fig.  46;  the  web  portion  is  then  reduced  in  dies  and 
the  stem  is  swaged  down  under  the  hammer,  being  finished 
in  the  same  dies  as  the  stem,  Fig.  48.  This  is  alternative  to 
the  method  shown  at  B,  Fig.  47.  Gutters  are  provided  for  the 
fins  to  flow  into. 

The  proportions  of  the  second  crosshead  B,  Fig.  45,  are  dif- 
ferent, there  being  a  more  substantial  head.     To  make  this,  a 


preliminary  drawing  down  and  punching  and  finishing  in  dies. 
They  each  comprise  a  relatively  large  central  boss  and  hole, 
with  tapered  cylindrical  arms  of  much  smaller  section.  The 
method  just  mentioned  is  therefore  the  only  feasible  one. 

The  two-arm  crosshead  shown  in  the  upper  view,  Fig.  49, 
is  first  roughed  out  from  a  solid  square  bar,  as  shown  in  the 
upper  view.  Fig.  50,  from  which  two  ends  are  swaged  down  to 
form  the  arms.  The  corners  of  the  boss  are  cut  off  with  a 
hot  set.  The  hole  may  be  punched  at  this  stage  and  finished 
later  in  dies,  or  the  punching  can  be  done  in  dies.     The  ad- 


Fig.   63.     stages  in   making   Some  of  the   Eye-plates   shown 
Fig.  56 


Fig.  64.  Eye-plate  made 
from  Large  Bar 


Fig.    55.     Dies   for  making  Eye-plate  from 
Large   Bar 
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vantage  of  the  latter  method  is  that  the  metal  is  well  sup- 
ported against  the  punch.  But  as  the  lump  is  quite  heavy, 
the  hole  may  be  punched  as  a  first  operation  before  draw- 
ing down.  The  dies  are  shown  in  Fig.  51  with  provision  for 
making  the  hole.  If  the  hole  has  been  roughly  punched,  it 
can  be  finished  in  these  dies  either  by  driving  a  bellied  drift 
through  or  by  forming  punches  in  each  half  die;  the  latter 
should  not  quite  meet  in  the  center.  The  provision  for  re- 
ceiving the  fin   is  shown. 

The  three-arm  crosshead  shown  in  the  lower  view.  Fig.  49, 
is  treated  similarly.  A  circular  lump  is  swaged  down  in 
three  equidistant  places  and  the  interspaces  worked  back  with 
the  help  of  fullers.  The  lower  view,  Fig.  50,  illustrates  stages 
in  the  work — the  full  lines  an  early  stage  and  the  dotted  lines 
a  later  one,  following  which  it  goes  into  the  dies.  One  half 
die  is  shown  in  the  joint  face.  Fig.  52.  The  two  recesses  A 
and  B  are  used  for  swaging  down  the  arms  nearly  to  the  fin- 
ished dimensions  before  putting  the  forging  into  the  dies  to 


Fig.   66.     Types  of  Eye-plates 

be  completed.    The  central  hole  may  be  made  in  the  same  man- 
ner as  in  the  two-arm  crosshead. 

Forging'  Eye-plates 

Eye-plates  are  made  in  various  forms,  as  shown  in  Fig.  56. 
The  pieces  of  metal  from  which  they  are  formed  bear  little 
or  no  resemblance  in  outline  to  the  articles  produced.  Dies 
are  essential  if  labor  is  to  be  reduced.  The  plate,  or  foot, 
is  the  proper  element  to  start  from  if  the  forging  is  to  be 
made  in  the  solid.  The  objection  to  this  is  the  thickness  of 
metal  to  be  severed.     This,  however,  is  a  matter  of  little  mo- 
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Figr,   68.     Making  a  Box  Spanner 

ment  if  a  hot  saw  is  available;  severance  with  a  set  would 
be  tedious.  The  alternative  is  to  weld  the  eye  and  the  plate 
together.  In  which  case  each  portion  can  be  cut  from  pieces 
of  plate  having  .the  approximate  finished  outlines.  A  tenon 
joint  A,  Fig.  53,  will  help  the  union. 

Another  method,  suitable  for  producing  the  shape  shown 
at  E,  Fig.  56,  is  to  take  a  square  piece  rather  larger  than  the 
diameter  of  the  eye  and  thick  enough  to  permit  of  fullering 
down  material  for  the  flanges,  as  at  B,  Fig.  53.  The  corners 
having  been  cut  off  with  the  hot  set,  the  finishing  can  be 
done  in  successive  pairs  of  dies.  In  consequence  of  the  depth 
of  the  plate,  it  is  best  to  divide  the  formation  between  two 
pairs  of  dies.  The  first  pair  A,  Fig.  57,  imparts  the  curves 
to  the  edges  of  the  plate  and  the  circular  outline  to  the  eye. 


Fig.  57.     Dies  for  making  Eye-plate  E,  Fig. 


Fig.  69.     Making  Pillaret  from  Eound  or  Rectangular  Bar 

A  little  draft  is  put  on  the  vertical  faces  to  favor  the  delivery 
of  the  forging.  Afterward  the  forging  is  put  into  the  next 
pair  of  dies  B,  which  stamp  the  eye.  The  punching  portions 
do  not  quite  meet  in  the  center,  thus  leaving  room  to  receive 
the  fin.  If  the  screw  holes  are  punched,  this  is  done  in  a 
third  pair  of  dies  C  The  method  of  dummying  generally  used 
is  shown  at  C  and  D,  Fig.  53.  That  illustrated  at  C  is  used 
for  the  eye  shown  at  C,  Fig.  56,  and  the  method  illustrated  at 
D  is  used  for  the  eye  shown  at  D,  Fig.  56.  The  bars  are  then 
cut  off  at  the  dotted  lines  with  the  hot  saw,  and  the  remainder 
of  the  work  is  done  in  dies  similar  to  those  illustrated  in 
Fig.  57. 

The  eye  shown  in  Fig.  54  is  produced  from  a  bar  of  about 
the  size  of  the  diameter  of  the  eye,  and  the  stem  is  drawn 
down  roughly  under  the  hammer.  It  may  then  go  directly 
into  the  dies  shown  in  Fig.  55.  The  hole  is  punched  nearly 
half  way  in  each  die,  leaving  a  space  between  to  receive 
what  fin  forms  there.  Enough  provision  is  made  at  the  ends 
for  squeezing  out  the  fin  from  the  boss  and  stem. 

The  box  spanner,  shown  at  A,  Fig.  58,  is  easily  forged  if 
the  hexagonal  recess  is  omitted,  this  being  a  case  for  reduc- 
tion only.     A  bar  of  the  same  diameter  as  the  spanner  end 
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is  swaged  down,  as  shown  ul.  li,  and  llnished  in  the  dies  C, 
which  also  nk'l<  and  practically  sever  the  forging  from  the 
porter  bar. 

The  pillaret  shown  at  A,  Fig.  59,  Is  easily  made  from  either 
round  or  rectangular  bar,  as  shown  at  li.  iTsing  the  latter, 
the  fullering  and  swaging  produce  the  rough  outline  indicated. 
After  being  cut  off,  it  goes  into  the  dies  shown  at  C.  The 
punching  may  be  done  as  shown,  or  by  having  each  half  of 
the  punch  solid  in  each  half  die. 

*     *     * 
CUTTING  A   METRIC   PITCH   WORM 

BY   GUY   H.   GARDNER ' 

A  delicate  and  costly  piece  of  astronomical  apparatus,  im- 
ported from  p]urope,  was  badly  injured  in  transportation,  a 
hardened  steel  worm,  on  whose  acc'uracy  the  usefulness  of  the 
instrument  largely  depended  having  its  thread  broken  in  sev- 
eral places.  It  was  sent  to  a  large  city  jobbing  shop,  which 
declined  to  undertake  the  repair,  as  it  "had  no  facilities  for 
cutting  metric  threads."  Its  owner  then  applied  to  a  country 
job  shop  near  his  summer  home,  which  made  a  new  worm  to 
his  complete  satisfaction.  The  rural  mechanic  confesses  that 
he  might  not  have  undertaken  the  work  if  he  had  realized 
that  the  thread  was  metric,  but  having  started  the  job  he 
would  not  give  it  up,  and  proceeded  to  find  means  for  carry- 
ing it  to  completion. 

The  worm  had  evidently  been  cut  with  a  tool  of  29  degrees 
angle,  and  by  measuring  the  worm-wheel,  counting  Its  teeth, 
and  then  calculating  the  spiral  angle  of  the  worm,  he  had  all 
the  required  data.  Having  no  metric  micrometer,  and  little 
if  any  knowledge  of  metric  gearing,  he  made  his  calculations 
exactly  as  if  the  apparatus  were  of  indigenous  manufacture. 
This,  if  done  arithmetically,  would  have  involved  him  in  a 
maze  of  fractions,  but  as  he  is  expert  in  the  use  of  log- 
arithms he  found  by  a  single  operation  the  logarithm  of  the 
axial  lead  of  the  worm,  2.786822,  which  corresponds  to  0.0612 
inch,  about. 

He  had  no  gears  to  cut  this  lead,  of  course,  but  he  knew  how 
to  make  a  lathe  cut  a  slightly  coarser  lead  than  that  to  which 
it  is  geared  by  setting  over  the  taper  attachment  and  tail- 
stock  to  the  proper  angle,  a  wrinkle  which  he  had  employed 
in  threading  taps  with  a  slightly  increased  lead  to  compen- 
sate for  shrinkage  in  hardening.  The  next  finer  lead  at  his 
command  was  17i^  threads  per  inch,  which  he  could  get  by 
compounding  in  the  ratio  of  2:3  with  the  gears  for  a  llVa 
pipe  thread.  This  lead  is  about  0.0579  inch.  Dividing  the 
lead  to  which  the  lathe  is  geared  by  that  desired  gives  the 
cosine  of  the  angle  of  set-over: 
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Log  cosine  of  angle  of  set-over  1.976389 

which  shows  the  angle  of  set-over  to  be  18  degrees,  43  minutes, 
20  seconds. 

He  did  not  feel  certain  how  exact  a  setting  was  necessary, 
but  determined  to  secure  the  highest  degree  of  accuracy  in 
his  power.  The  method  adopted  is  shown  in  Fig.  1.  A 
steel  square  B  was  used,  with  its  beam  clamped  against  the 
cross-slide  A,  the  taper  attachment  C  being  set  by  placing  be- 
tween it  and  the  square  blade  two  disks,  in  contact  with  each 
other;  one  was  one  inch  in  diameter  and  the  other  of  such 
size  (yet  to  be  determined)  that  their  common  external  tan- 
gents would  be  at  the  required  angle,  18  degrees,  43  minutes, 
20  seconds. 

Referring  to  Fig.  2,  the  formula  for  finding  the  difference 

2r  sin  a 

X  between  the  radii  of  the  two  disks  is  x  =  ,  r  being 

1  —  sin  a 
the  radius  of  the  smaller  disk,  and  a  one-half  the  desired 
angle.  On  substituting  the  known  values  the  calculation  gives 
0.1943  inch  as  the  value  of  t.  All  the  preliminary  figuring 
now  being  complete,  he  made  the  worm  of  "non-shrinking" 
steel,  and  after  hardening  polished  it  with  a  zinc  lap  and  • 
diamantine. 

There  may  be  better  ways  in  which  he  might  have  done 
this  job.  Certainly  an  element  of  inaccuracy  is  introduced 
when  a  thread  is  cut  on  work  set  out  of  line  with  the  lathe 
bed,  as  its  angular  velocity  of  rotation  does  not  exactly  cor- 
respond with  that  of  the  spindle,  but  nevertheless  the  worm 
made  as  described  above  has  filled  the  very  exacting  require- 
ments imposed  by  its  position  in  a  piece  of  astronomical  ap- 
paratus to  the  entire  satisfaction  of  its  owner. 
*  *  * 
BRITISH  GUN  AND  SHELL  PRODUCTION 
Great  Britain  has  now  reached  its  maximum  gun  and  shell 
production,  according  to  the  Ministry  of  Munitions,  so  that 
there  will  be  a  gradual  return  of  plants  and  labor  to  domestic 
and  export  production.  In  addition  to  the  regular  government 
factories,  4623  plants  are  now  controlled  by  the  government; 
in  these,  2,225,000  persons,  or  about  one-half  the  entire  mem- 
bership of  the  trade  unions,  are  employed.  The  present  ca- 
pacity of  these  plants  is  shown  by  the  statement  that  for  every 
heavy  howitzer  produced  in  June,  1915,  323  are  produced  now; 
for  every  field  howitzer  produced  then,  46  are  produced  now; 
and  for  every  gun  of  medium  size  produced  then  there  are 
66  now.  The  output  of  60-pounders  and  6-inch  guns  went  up 
eighteenfold  and  has  now  dropped  back  to  twelvefold,  as  the 
supply  is  too  great.  In  a  single  day,  as  many  shells  for 
heavy  guns  are  made  as  were  turned  out  during  the  whole 
first  year  of  the  war;  and  in  a  week  the  factories  turn  out  as 
many  shells  for  field  howitzers  and  3-inch  field-guns  as  were 
turned  out  in  the  first  year  of  the  war. 


Fig.  1.     Method  of  setting  Taper  Attachment  with  Two  Disks 


^Tables  of  cologs  are  not  common,  and  it  is  not  out  of  place  to  state  for 
the  benefit  of  those  who  are  unfamiliar  with  them  that  the  colog  of  a 
number  is  the  remainder  after  subtra<'tinp  its  log  from  zero,  the  mantissa 
being  made  positive.  In  the  absence  of  a  table,  cologs  ma.T  be  easily  derived 
from  a  table'  of  logs.  Oologs  have  no  properties  essentially  different  from 
those  of  logs,  except  that  they  enable  division  to  be  <'arried  out  by  addition 
instead  of  subtraction,  since  the  addition  of  a  colog  is  the  same  as  the 
subtraction  of  the  corresponding  log.  In  the  case  of  division  of  fractions, 
as  in  the  above,  the  use  of  the  colog  of  the  divisor  simplifies  the  operation 
and   avoids  confusion   due   to   the  negative   characteristics. — EDITOR. 
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LAYING   OUT  A  HOPPER  MITER  JOINT 

A  machinist,  enjoying  a  day  off,  strolled  into  a  carpenter's 
shop  and  watched  with  interest  the  labors  of  a  trade  so  unlike 
his  own.  Presently  he  noticed  a  man  marking  out  pieces  of 
board  which  he  saw,  from  the  drawing  on  the  bench,  were  to 


N 

\e 

IS 

/  \ 

8 

\ 

\ 

G 

1^" 

8  ' 

11  < 

ih\n 

•rV 

sawed  and  planed  the  boards  to  this  angle,  and  the  job  was 
done. 

The  inquiring  bystander  learned  that  the  carpenter  knew 
nothing  of  trigonometry  and  had  no  idea  of  the  reasons  for 
making  the  diagrams  as  he  had,  but  simply  followed  the 
method  taught  him  during  his  apprenticeship.  If  one  may 
judge  by  the  excellence  of  the  joints  in  the  hopper,  this 
scheme  is  abundantly  accurate  for  the  use  to  which  it  is  put, 
and  its  simplicity  and  ingenuity  so  impressed  the  spectator 
that  he  made  a  memorandum  of  it   in  his  notebook. 

New  London,  N.  H.  Guy  H.  Gakdxer 


Tig.   1.     Half-plans  of  Top  and  Bottom  of  Hopper 

be  the  sides  of  a  hopper,  18  inches  square  at  the  top,  8  inches 
at  the  bottom,  and  12  inches  high,  with  miter  joints. 

He  was  curious  to  see  how  the  workman  would  obtain  the 
angle  for  the  beveled  edges  of  the  sides,  as  he  recognized  the 
problem  as  one  which  he  had  often  dealt  Vith  himself, 
when  he  had  had  to  find  the  angle  to  which  to  set  the  planer 
head  in  making  "bits"  for  thread  tools.  In  this  case,  as  we 
all  know,  the  angle  of  the  tool  differs  from  that  of  the  thread 
it  is  to  cut,  because 
of  the  front  rake. 
Though  he  waited,  ex- 
pecting to  see  the  car- 
penter divide  the  tan- 
gent of  45  degrees  by 
the  cosine  of  the  angle 
of  rake,  thus  finding 
the  tangent  of  the 
angle  for  his  bevel, 
nothing  of  the  kind 
occurred.  Instead,  the 
w  0  r  k  m  a  n  took  a 
smooth  piece  of 
straight  -  edged  board 
and  drew  upon  it  some  diagrams  whose  meaning  and  pur- 
pose were  at  first  incomprehensible  to  the  watcher.  Soon, 
however,  he  began  to  understand  their  aim,  and  this  is  what 
he  discovered: 

The  first  triangle,  18  inches  on  a  side,  Fig.  1,  represents  a 
half-plan  of  the  top  of  the  hopper,  the  smaller,  8  by  8  inches, 
that  of  the  hopper  bottom.  Measuring  the  two  hypotenuses, 
the  carpenter  found  their  difference,  which  he  transferred  to 
the  diagram  Fig.  2,  where  he  laid  it  off  on  the  perpendicular, 
CD.  (He  could  have  found  this  difference  more  easily  by 
making  a  triangle  10  inches  on  a  side — (18  —  8) — and  taking 
its  hypotenuse,  but  he  was  probably  unaware  of  this  fact.) 
Now,  making  DE,  Fig.  2,  equal  to  twice  the  height  of  the 
hopper  and  drawing  CE.  he  had  the  "angle  of  rake"  graph- 
ically determined.     As  EF  -h  EG    (Fig.  1)    =  tan  45  degrees. 
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Figs.  2  and  3.    Diagrams  for  laying  out  Miter  Joints  for  Hopper  Sides 


HOW   A   BROKEN   SCREW  WAS 
REMOVED 

A  few  years  ago  I  had  a  job  quite  out  of  my  regular  line, 
which  was  the  result  of  an  attempt  to  beat  the  plumber  out 
of  his  prey.  A  brass  flush  box  inlet  valve  leaked  badly,  and 
it  was  found  necessary  to  put  in  a  new  cup  leather  in  that 
part  of  the  valve  which  balances  the  water  pressure  against 
the  part  closing  the  inlet.  Both  of  the  3/16-inch  screws  hold- 
ing the  cap  in  place  twisted  off  while  being  removed,  but  one 
yielded  to  the  persuasion  of  a  hammer  and  punch  and  was 
easily  backed  out.  It  was  not  so,  however,  with  the  other, 
which  resisted  all  efforts  to  loosen  it.  Heating  and  cooling 
quickly  did  not  work,  neither  did  hammering  or  several 
of  the  other  schemes  used  by  machinists  for  backing  out 
broken  screws.  Having  no  breast  drilL  it  was  truly  a  ease 
of  "being  in  a  hole"  until  I  thought  of  the  expedient  of  sawing 
through  the  ear  of  the  brass  casting  into  the  screw,  and  thus 
loosening    it.     The   parts   were   then   readily   worked   out.     A 

3/16-inch  iron  screw 
was  then  screwed  into 
place.  The  ear  was 
heated  with  a  blow- 
torch, and  a  drop  of 
acid  and  a  bit  of  soft 
solder  were  applied 
which  filled  the  saw 
cut  as  neatly  as  could 
be  desired.  The  screw- 
was  quickly  turned 
out,  leaving  a  perfect 
thread,  and  the  ear 
was  practically  as 
strong  as  before,  as 
The  remainder  of  the  job 
M.  E.  Canek 


the  saw  cut  had  not  weakened  it. 
was  then  plain  sailing. 


■ -J-  EG  will  equal  the  tangent  of  the  desired  bevel. 

cos  CED 

Hence,  laying  off  in  Fig.  2  EF  equal  to  EF.  Fig.  1,  and  erect- 
ing a  perpendicular  at  F.  he  found  EG.  which  is  EF  -^  cos 
CED.  Making  EF  and  EG  in  Fig.  3  equal  to  the  same  lines 
in  Fig.  2,  he  drew  GF.  set  his  bevel  square  to  the  angle  GFE. 


TURNING  TAPERS  WITHOUT  A  TAPER 
ATTACHMENT 

On  lathes  without  a  taper  attachment,  it  is  difficult  to  turn 
a  taper  on  a  long  shaft  because  the  tailstock  cannot  be  placed 
far  enough  off  cen- 
ter. The  device 
shown  in  the  ac- 
companying illus- 
tration makes  it 
possible  to  bring 
the  center  as  far 
over  as  may  be 
necessary.  It  can 
be  made  with  little 
expense  and  used  in 
many     cases.       It 

consists     of     a     ma-  False  Center  for  turning  Tapers 


802 


MACHINERY 


May,  1917 


chine  steel  body,  which  is  fastened  on  the  tailstock  barrel  by 

means  of  a  set-screw,  and  a  tool-steel   center,  which   is  also 

fastened  by  means  of  a  set-screw,  as  shown  in  the  illustration. 

Plainfleld,  N.  J.  -Henky  Daut 


LOYALTY  OF  EMPLOYERS  AND  EMPLOYES 

Referring  to  J.  P.  Brophy's  article  on  loyalty  in  the  April 
number,  I  think  that  Mr.  Brophy  has  more  loyal  employes 
than  he  thinks  he  has.  A  man  is  most  willing  to  believe  that 
which  he  most  desires.  If  he  is  looking  for  loyalty  he  will 
get  it,  and  if  he  is  not  expecting  loyalty  he  will  not  be  dis- 
appointed. It  has  been  my  experience  that  where  loyalty 
exists  it  does  not  begin  at  the  bottom  and  work  up.  On  the 
other  hand,  it  begins  at  the  top  and  works  down.  You  can 
generally  judge  an  organization  by  the  character  of  the  man 
at  the  top.  If  he  is  constantly  distrustful  of  his  fellow- 
men,  his  fellow-men  will  distrust  him.  A  successful  manager 
should  be  a  careful  student  of  human  nature.  It  is  not  neces- 
sary that  he  know  all  about  his  product  from  the  foundation 
up;  he  can  employ  men  who  have  the  experience,  skill  and 
ability  required  for  all  that.  His  mission  is  to  fit  the  square 
plugs  into  square  holes — to  act  as  a  peacemaker  and  coun- 
sellor. The  time  has  gone  by  when  loyalty  can  be  obtained 
by  slave  driving.  Current  events  go  to  prove  that  better  than 
any  words  of  mine. 

One  of  the  greatest  drawbacks  in  the  average  manufacturing 
plant  is  the  distinction  that  is  made  between  the  men  in  the 
olflce  and  the  men  in  overalls.  To  regard  these  men  as  being 
of  different  clay  is  a  great  mistake,  and  I  am  glad  to  say  that 
some  concerns  have  seen  light,  and  shape  their  policies  on 
the  basis  that  the  men  in  the  shop  are  just  as  essential  to 
the  welfare  of  the  organization  as  anyone  else  connected  with 
it.  Say  that  a  manufacturer  is  building  a  machine  that  re- 
quires careful  and  accurate  work  and  extremely  careful  in- 
spection to  fulfill  the  requirements  demanded  of  it;  has  the 
man  in  the  office,  or,  intact,  the  head  of  the  concern,  any  con- 
trol over  the  product?  No;  he  must  trust  the  inspector  or  the 
workman.  No  matter  how  well  the  instructions  may  be  drawn 
up,  a  manufacturer  always  has  to  depend  on  his  workmen  to 
maintain  the  excellence  of  his  product.  The  necessity,  there- 
fore, for  close  and  friendly  cooperation  between  the  manage- 
ment and  the  workmen  should  be  obvious. 

A  fact  that  is  many  times  lost  sight  of  is  that  a  man  who, 
through  economic  conditions,  is  required  to  don  overalls  does 
not  at  the  same  time  lose  his  intellectual  capacity.  Clothes  do 
not  make  the  man.  The  management  that  does  not  take  into 
consideration  the  fact  that  the  workmen  are  intelligent  human 
beings  makes  one  of  the  greatest  blunders.  In  many  cases  a 
machine  has  been  designed,  the  drawings  made  and  every- 
thing looked  over  carefully  to  discover  weakness  and  errors. 
But  after  all  has  been  done  to  make  the  product  perfect,  errors 
have  been  found  by  workmen  in  the  shop,  who,  by  reporting 
them,  have  saved  the  concern  a  great  amount  of  expense  and 
trouble.  If  this  is  not  an  expression  of  loyalty,  I  do  not  know 
tvhat  is.  Yet  it  happens  every  day  in  manufacturing  plants. 
Another  fact  that  might  be  mentioned  in  this  connection  is 
that  the  average  employer  does  not  think  it  essential  to  take 
the  workmen  into  his  confidence,  but  expects  them  to  be  loyal 
without  any  evidence  of  trust  on  his  part.  How  can  a  manu- 
facturer expect  his  workmen  to  be  loyal  when  they  are  kept 
in  the  dark?  Distrust  on  the  part  of  the  management  breeds 
distrust  in  the  workmen. 

One  point  in  the  editorial  "Building  up  an  Organization" 
that  is  probably  the  keynote  to  the  situation  is  as  follows: 
"Concerns  that  make  a  practice  of  attracting  men  from  other 
organizations  by  offers  of  high  salaries  are  not  organically 
sound,  nor  are  they  likely  to  become  sound  and  efficient  by 
pursuing  this  method  of  recruiting."  The  average  manufac- 
turer takes  exactly  the  opposite  view.  He  believes  that  money 
is  everything  to  the  workman,  and  in  that  conclusion  he  makes 
a  big  mistake.  What  could  be  more  unsatisfactory  than  to 
have  workmen  employed  from  different  plants  put  on  the  same 
work  and  given  different  rates,  because  one  has  the  ability 
to  sell  his  service  for  a  higher  rate  than  another?  If  there 
is  no  unity  between  management  and  workmen,  there  is  in 


many  cases  a  unity  among  the  workmen.  If  one  man  gels 
fair  treatment  and  the  other  does  not,  it  is  not  long  before 
the  information  travels  and  distrust  spreads.  A  uniform 
scale  of  wages  for  a  certain  c:lass  of  work  with  a  bonus  is  the 
most  satisfactory  method  of  rewarding  labor.  The  bonus 
should  be  fixed  according  to  the  rate  paid  as  well  as  by  the 
efficiency  of  the  workman.  Had  it  not  been  for  the  distrust 
of  manufacturers  and  a  lack  of  loyalty  toward  their  men, 
workmen  would  never  have  cooperated  to  form  unions  to  flght 
them.  Protection  is  an  instinctive  element  of  human  nature. 
If  the  manufacturer  does  not  protect  his  workmen,  the  work- 
men must  protect  themselves. 

In  reference  to  one  part  of  Mr.  Brophy's  article  I  wish  to 
make  further  comment.  Does  Mr.  Brophy  appreciate  the 
psychological  effect  of  these  remarks  on  the  men  in  his 
employ?  He  says,  "No  matter  what  you  do  nor  how  you  do  it, 
can  you  for  one  minute  feel  safe  when  you  have  labor 
troubles?"  In  answer  to  this  I  would  say  that  the  only  way 
to  avoid  it  is  not  to  have  labor  troubles,  and  the  only  way 
not  to  have  labor  troubles  is  to  deal  honestly  and  fairly  with 
your  men.  Fair  treatment  always  brings  fair  treatment  in 
return.    You  can't  buy  loyalty  with  a  gold  brick. 

Springfield,  Vt.  Douglas  T.  Hamilton 


Having  read  the  article  in  the  February  number  of  Ma- 
chinery entitled  "Building  up  an  Organization,"  and  also  the 
article  entitled  "Loyalty"  in  the  April  number,  the  writer 
wishes  to   give  a  workingman's   idea  of  the  word   "loyalty." 

When  a  young  man,  or  rather  a  boy,  starting  out  as  a 
machinist  after  having  been  kicked  and  cuffed  through  three 
years  of  apprenticeship  as  a  "bound-out  boy,"  the  writer  had 
the  idea  that  all  owners  of  shops  had  their  heads  together 
"to  get  him,"  for  it  seemed  as  if  he  could  not  stay  in  a  shop 
over  three  months,  no  matter  how  hard  he  worked.  At  last 
he  got  a  job  that  lasted  three  years.  He  attended  night  school 
and  heard  many  lectures,  most  of  them  on  the  subject  of 
loyalty,  or  else  containing  illustrations  showing  that  a  person 
should  always  be  loyal  to  his  employer.  The  writer  was  ad- 
vanced several  times  and  at  last  placed  in  the  tool-room, 
where,  apparently,  there  were  all  kinds  of  chances  to  get  ahead. 

At  this  time  an  organizer  entered  the  shop  and  formed  a 
union.  The  men  were  not  paid  as  well  as  in  some  shops  in 
the  city,  and  some  of  the  gang  bosses  were  unusually  severe; 
so,  as  the  company  would  not  remedy  this,  a  strike  was  called. 
The  president  of  the  firm  spoke  to  the  men  and  his  talk  was 
mainly  on  loyalty.  He  said  that  he  had  always  done  the 
right  thing  by  his  men,  so  they  ought  to  wait  until  he  could 
afford  to  pay  more,  etc.  As  for  the  foremen,  he  claimed  that 
they  were  efficient  men  and  could  not  be  removed.  As  several 
of  the  men  had  been  discharged  by  these  bosses  for  some  slight 
mistake,  which  they  could  have  remedied  and  which  others 
did  remedy,  all  the  men  looked  forward  to  their  removal. 

A  strike  was  called.  Two  men  in  the  shop  and  two  in  the 
tool-room  (the  writer  was  one)  would  not  strike,  but  kept  on 
working  because  the  president,  in  a  personal  talk  to  each  man, 
promised  to  protect  and  care  for  every  man  who  would  stick 
by  him.  That  strike  lasted  three  weeks,  after  whicb  the  presi- 
dent gave  in.  When  the  strikers  returned,  the  four  men  were 
told  that  they  would  be  given  twenty  minutes  to  get  out  of 
the  works.  They  went  at  once  to  the  president's  office,  where 
they  had  trouble  gaining  admission;  and  when  they  entered, 
the  president  said  to  them,  "Well,  what  do  you  men  want 
now?"  When  the  matter  was  laid  before  him,  he  said,  "Well, 
the  only  thing  you  fellows  can  do  is  to  square  yourselves 
with  the  union,"  and  when  told  that  the  union  would  give 
each  man  a  card  only  on  payment  of  $50  and  a  promise  to 
get  out  of  town,  he  laughed  and  said,  "Well,  you  made  $50 
in  three  weeks,  didn't  you?    Get  out."    That  was  all. 

Practically  the  same  thing  happened  a  few  years  later  in  a 
plant  capitalized  for  half  a  hundred  million  dollars,  when  the 
writer  again  stayed  in,  only  to  be  kicked  out  later  on.  The 
third  time  this  happened  he  was  buying  a  house  while  work- 
ing in  a  railroad  shop.  The  strike  lasted  two  years;  but  be- 
fore that  time,  when  he  had  worked  twenty  hours  a  day  for 
four  days  and  also  had  had  sickness  at  home  so  that  he  had 


May,  1917 


MACHINERY 


803 


been  unable  to  sleep,  he  laid  off  one  day  without  asking  per- 
mission. When  he  returned  to  work  the  master  mechanic 
reprimanded  him  severely.  Later,  when  a  bolt  which  he  had 
tightened  up  had  stripped  the  threads  and  fallen  out,  so  that 
one  end  of  the  crosshead  guide  of  the  locomotive  fell  down, 
he  was  told  that  he  could  go  to  work  pending  an  investiga- 
tion; afterward  he  was  discharged. 

Now,  Mr.  Editor,  will  you  kindly  tell  the  writer  what  pay 
he  has  received  for  being  loyal?  The  owners,  through  their 
foremen,  do  not  stand  on  ceremony  in  giving  any  employe 
the  little  end  of  any  deal,  so  why  should  a  man  endanger  his 
standing  with  his  fellow-men  by  doing  or  saying  anything  in 
favor  of  an  employer,  who  will  not  live  up  to  his  word  a 
minute   if   his   pocketbook    is   touched    for   a   dollar   thereby? 

The  writer  tries  to  be  honest.  He  tries  to  give  an  honest 
day's  work  and  to  make  his  word  as  good  as  any  bond  issued 
by  a  national  bank,  but  he  cannot  and  will  not  give  loyalty 
to  a  corporation  whose  head  will  only  say  "square  yourself" 
and  then  "get  out."  There  are  thousands  who  have  had  this 
experience,  and  more  are  learning  the  lesson  every  day. 

Miles  City,  Mont.  C.  G.  Williams 


In  the  April  number  of  Machinery  there  is  an  article  en- 
titled "Loyalty,"  in  which  an  effort  is  made  to  show  that 
loyalty  is  not  a  common  trait  of  employes,  and  the  attitude 
of  the  employes  in  cases  of  labor  troubles  is  considered  to 
show  this.  But  if  there  had  been  a  general  spirit  of  loyalty, 
there  would  have  been  no  labor  troubles.  Why  not  consider 
those  shops  that  have  not  had  labor  troubles? 

Loyalty  is  a  natural  trait  of  humanity — loyalty  to  any  or- 
ganization with  which  a  person  is  connected,  whether  it  is  a 
school,  shop  or  country — and  it  takes  considerable  to  change 
this  spirit  to  hostility;  however,  it  can  be  changed.  It  is 
not  long  ago  that  I  was  acquainted  with  a  management  that 
appeared  to  be  trying  to  change  the  spirit  of  the  employes  to 
hostility,  not  by  anything  that  would  be  considered  objection- 
able by  a  social  reformer,  but  by  simple  ignorance  of  human 
nature. 

The  fact  that  an  employe  has  been  working  for  one  shop 
for  a  long  time  is  no  indication  of  loyalty.  In  many  shops,  it 
shows  that  he  has  not  enough  energy  to  look  for  a  better 
position,  and  no  more  energy  should  be  expected  in  showing 
his  loyalty.  There  is  probably  as  much  loyalty  to  the  Ameri- 
can small  college  as  to  any  organization  aside  from  the  nation, 
but  this  seldom  results  in  an  additional  year  at  the  college. 
A  loyal  employe  is  one  that  will  stand  by  the  employer  when 
he  is  needed,  not  one  that  will  decline  an  opportunity  to  ad- 
vance when  no  injury  will  be  done  thereby.  The  writer's  ex- 
perience with  labor  troubles  is  quite  limited,  as  he  has  never 
seen  any,  either  as  employe  or  employer,  but  he  has  seen 
enough  of  both  large  and  small  shops  to  be  convinced  that 
loyalty  is  the  rule  wherever  it  is  given  an  opportunity  by  the 
management. 

Worcester,  Mass.  A.  W.  Forbes 


CONVENIENT   FILING   SYSTEM 

Doubtless  many  Machinery  readers  make  some  attempt  to 
preserve  and  file  for  future  reference  the  matter  published 
from  year  to  year.  But  among  the  methods  suggested  from 
time  to  time,  none  has  really  satisfied  the  three  chief  require- 
ments: convenience,  minimum  labor,  and  cheapness.  I  de- 
cided that  all  the  published  matter  should  be  kept;  and  the 
value  of  doing  this  was  shown  a  few  months  ago.  Having 
accepted  a  new  position,  I  began  to  search  the  files  of  Ma- 
chinery for  articles  on  the  special  line  into  which  I  was 
going  and  found  a  comprehensive  article  upon  the  shop  meth- 
ods of  the  very  firm  with  which  I  was  to  be  connected.  If 
only  the  matter  of  interest  at  the  time  this  article  was  pub- 
lished had  been  preserved,  this  article  would  undoubtedly 
have  been  discarded  with  the  others. 

I  wanted  a  system  that  would  allow  any  particular  article 
or  diagram  to  be  withdrawn  for  use  on  a  drawing-board  If 
necessary,  and  that  would  protect  the  papers  from  dirt  and 
wear.  It  is  now  about  two  years  since  the  system  was  devised, 
and  it  has  given  complete  satisfaction.     About  a  dozen  cloth- 


covered  cardboard  cases 
like  that  shown  in  the 
illustration  were  pro- 
cured from  a  bookbind- 
er. The  papers  were 
then  prepared  for  filing, 
which  actually  required 
about  fifteen  minutes 
per  volume,  by  grasping 
the  open  edge  of  the 
copy  with  the  left  hand, 
leaving  about  fifty 
pages  at  the  back  free, 
and  with  the  back  of 
the  copy  facing  up- 
ward, tearing  the  free 
pages  at  the  back  off 
the  binding  wires  with 
a  quick  motion  of  the 
right  hand.  The  bind- 
ing wires  now  project 
so  they  may  be  cut  off 
with  wire  nippers  and 
the  rest  of  the  advertising  at  the  back  may  then  be  readily 
removed.  It  will  generally  be  found  that  the  article  and  the 
advertising  sections  come  between  two  of  the  many  units  that 
make  up  the  magazine,  so  that  there  will  be  no  need  of  tear- 
ing the  pages  where  they  fold  at  the  back.  The  article  section 
may  be  removed  by  simply  lifting  it  from  the  wires.  This  plan 
gives  a  loose-leaf  collection  of  all  the  articles  in  the  magazine. 
These  pages  are  placed  in  the  cases,  twelve  issues  to  a  case, 
and  are  ready  for  use  after  the  title  and  volume  number  have 
been  placed  on  the  front.  If  it  is  desired  to  keep  any  of  the 
advertising  pages,  they  should  be  filed  in  a  separate  case. 

The  indexing  is  simple  also;  all  the  annual  indexes  issued 
1^  the  publishers  are  kept  in  a  separate  case,  so  that  the 
more  recent  matter  may  be  consulted  first.  On  one  side  of 
the  case  is  pasted  a  blank  sheet  of  paper  for  noting  the  with- 
drawal and  return  of  matter  used.  For  carrying  papers  to 
the  shop,  a  cardboard  folder  with  protecting  flaps  is  used. 

Springfield,  Mass.  Wilfrid  Griffin 
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CUTTING  BLOCK 

The  cutting  block  shown  in  the  accompanying  illustration 
may  be  used  in  a  blacksmith's  shop  that  does  not  have  shears 
for  cutting  steel.  The  writer  has  used  it  for  years  and  has 
thereby  saved  much  time.    The  block  A  is  fitted  on  top  of  the 
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Block  for  cutting  Steel  under  Steam  Hammer 

bottom  block  of  the  hammer,  so  that  the  cutting  edge  is  over 
the  center.  In  the  side  view  a  piece  of  steel  C  is  shown  ready 
to  be  cut  off.  As  the  hammer  strikes  the  block  B  it  shears 
the  steel.  Both  blocks  are  tempered.  Block  B  has  a  han- 
dle about  three  feet  long,  so  that  it  can  be  held  with  both 
hands.  The  piece  being  cut  should  be  held  firmly,  or  it  will 
jar  when  the  hammer  strikes  the  top  block.  With  this  device, 
it  is  possible  to  cut  steel  up  to  1  by  314  inches  with  one  or 
two  blows  of  the  hammer. 
Plainfield,  N.  J.  George  C.   Dawson 
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MACHINING  RIFLE   PARTS  IN  THE  AUTO- 
MATIC  SCREW   MACHINE 

The  autoumtir  iniichiiiiiiK  of  parts  for  military  rifles  fre- 
iiuently  necessitates  the  design  of  unusual  tools  "and  attai'li- 
ments  for  use  in  the  automatic  screw  machine.    Fig.  1  shows 


Machinery 


KriiKliiiK  wiu'i'I  for 
lliis  HkIiI  I'lil  is  so 
.sliKlit  tlial  no  trou- 
ble is  experitMKX'd 
by  tlie  emery  get- 
ting into  the  bear- 
ings. To  malte  sure 
that    it    does    not, 


Fig.    1.       Testing    Concentricity    of    Nose    with    Body 

an  assenil)led  firing  pin  for  a  military  rifle  being  tested  by  an 
indicator  gage  A.  The  firing  pin  consists  of  two  parts,  tlie 
body  and  the  nose;  the  body  is  made  from  medium  carbon 
steel  and  the  nose  from  tool  steel.  In  the  illustration,  the 
pin  is  shown  resting  on  the  rollers  B  on  whicli  it  is  turned 

while  the  gage  tests  the 


Fig. 


Grinding   Attachment    mounted 
on  Rear  Slide 


concentricity  of  the  nose  ^ 
with  the  body. 

The  nose  section,  as 
machined  in  a  No.  0 
B.  &  S.  automatic  screw 
machine,  is  shown  in 
Fig.  6,  and  the  circular 
forming  tool  is  shown 
on  the  front  slide.  When 
finished,  the  nose  sec- 
tion is  hardened  only 
on  the  point.  The  body 
of  this  section  is  ground 
to  be  a  light  drive  fit 
in  the  internally  ground 
section  of  the  flring-pin 
body.  The  attachment 
for  grinding,  shown  in 
Fig.  2,  is  mounted  on 
the  rear  slide  and  the 
grinding  wheel  is  driven  by  a  flat  belt  1/2  inch  wide  from 
the  overhead  works;  an  end  view  is  shown  in  Fig.  3. 

The  cut  is  so  light  that  it  is  seldom  necessary  to  true  the 
face  of  the  grinding  wheel.  When  this  is  done,  however,  the 
diamond  and  special  holder  shown  in  Fig.  4  are  used.  The  holder 
is  mounted  in  the  turret  and  fed  to  the  wheel  by  the  turret 
operating    handle    furnished    with    the    machine.      When    the 

truing  device 
is  used  the 
spindle  and  the 
turret  of  the 
machine  are 
covered  with  a 
cloth;  the  oil 
pan  is  also  cov- 
ered to  prevent 
the  emery  dust, 
from  settling 
in  it.  When  in 
,  „  .   ,.      .^4    ,       .    u  use,    the    abra- 

01    Grinding  Attachment  shown 

in  Fig.  2  sionofthe 
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Diamond    and    Holde 
Emery  Wliecl 
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however,   the   lubricating   oil    is    replenished    more    frequently 
than  is  customary. 

An  attachment  for  diverting  the  flow  of  oil  i.s  shown  in 
l<Mg.  5,  where  A  is  a  link  that  connects  llie  end  of  the  oil-pipe 
to  the  rear  cross-slide  so  that  when  the  grinding  wheel  comes 
forward  to  the  cutting  position  the  oil-pipe  is  rotated  by  this 
link,  swiveling  on  bracket  li.  The  coil  spring  is  not  used  to 
return  the  oil-pipe  to  position,  but  keeps  the  socket  in  con- 
tact with  the  tapered  base,  thus  preventing  a  leak.  As  the 
oil-pipe  and  socket  are  revolved  around  the  tapered  base,  the 
flow  is  automatically  shut  off  by  the  socket  closing  the  hole 
in  the  base.  When  the  oil-pipe  is  in  position,  the  link  is  at- 
tached to  the  rear  cross-slide  when  the  roll  is  on  the  bottom  of 
the  rear  cross-sliue  cam.    The  order  of  operations  is  as  tollov/s: 


(>IMTMti,.11 

Feed    stock    to    stop 

Cut   off,   0.04    inch   travel   at   0.0009    inch 

feed 

Form,  0.18  inch  travel  at  0.0005  inch  feed 

Index  turret  while  forming 

Clearance  

Grind,    0.003    inch    travel    at    O.OCOl    inch 

feed 

Index   turret    while    forming 

Clearance 


2.5 


47 

9.8 

361 

74.9 

(12) 

(2.5) 

16 

3.3 

30 

6.2 

(12) 

(2.5 

16 

3.3 

Total 


482 


100.0 


The  spindle  speed  is  445  revolutions  per  minute,  the  maxi- 
mum surface     


speed  of  the 
stock  is  42  feet 
per  minute,  and 
for  forming 
and  grinding, 
29  feet  per 
minute.  Hence, 
the  time  re- 
quired for  ma- 
chining one 
part  is  65  sec- 
onds and  the 
net  production 
is    490    in    ten 

hours.  The  gears  used  are,  driving  shaft  30  and  worm  shaft 
65.  From  2.5  hundredths  to  12.3  hundredths  on  the  cam  circle, 
the  cutting-off  part   of  the  cutter  enters  the  stock;   and  from 


Ma  chill 


Fig. 


Special   Attachment   for  diverting  Flov 
of  Oil 


Fig.  3.     End  Viev 


Fig.   6.     Nose  of  Firing  Pin  and  Circular  Forming  Tool 
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12.3  hundredths  to  87.2  hundredths,  the  full  width  of  the  tool 
is  cutting.  The  clearance  from  87.2  hundredths  to  90.5  hun 
dredths  is  for  shutting  off  the  flow  of  oil,  and  the  clearance 
from  96.7  to  100  on  the  cam  circle  is  to  allow  the  combination 
form  and  cutting-off  tool  to  clear  the  stock  before  feeding  to 
the  stop.  EnwAKi)  Nkwman 


SUCCESSIVE   PRESS   OPERATIONS 

Very  often  an  article  is  to  be  manufactured  in  several  sizes 
which  vary  only  in  one  dimension.  For  instance,  the  varying 
dimension  in  the  case  of  the  trial  frame  used  by  occulists  when 
testing  the  eyes  is  the  "pupillary"  distance,  or  the  center-to- 
center  distance  of  the  lens  openings.  These  frames  are  made 
in  four  sizes,  the  difference  in  the  pupillary  distance  of  the 

smallest  and  largest 
frames  being  six  milli- 
meters. In  Fig.  1  are 
shown  the  operations 
neiessary  to  obtain  the 
finished  blank.  The 
notching  in  the  second 
operation  serves  as  a  lo- 
cating point  for  the 
blanking  operations. 
Without  running  into 
the  curved  outline  of 
the  blank,  it  is  possible 
to  vary  the  position  of 
these  notches  three 
millimeters,  which  is 
the  actual  distance  the 
dimension  A  must  vary 
between  the  largest  and 
smallest  sizes. 

The  distance  A  is 
regulated  by  the  posi- 
tion of  the  guide  B. 
Fig.  2;  the  method  of 
holding  is  obvious.  It 
will  be  seen  that  there 
are  graduations  for  lo- 
cating the  different  dis- 


bEcond  operatic 


FOURTH  OPE 


Fig.    1. 


Successive    Press    Operations 
making  Trial  Frame 


tances.  Guide  C  is  used  only  for  the  last  operation  of  blanking, 
to  keep  perfect  alignment  of  the  lens  openings;  it  is  also  ad- 
justable as  shown.  Guide  pin  U  keeps  the  blank  in  alignment  for 
the  second  operation,  the  width  of  guide  B  not  being  sufficient, 
as  it  would  allow  the  blank  to  cramp  a  little  one  way  or  the 
other.  The  pieces  are  ejected  by  a  pad  E.  actuated  by  a  rub- 
ber pad  /•'.  The  method  of  supporting  the  notching  punch  is 
shown  in  Fig.  3.     This  punch  is  about  5/16  inch  longer  than 


Punch  and  Die  for  notching  Trial  Frame 


the  width  of  the  blank.  One-half  of  this  amount  on  each  side 
is  allowed  to  enter  the  die  before  the  punch  actually  begins 
to  cut.  This  is  a  decided  improvement  when  a  punch  does  not 
cut  on  all  sides,  as  it  acts  as  a  guide  for  itself  and  prevents 
the  tendency  to  shear  off  to  one  side.  The  making  of  the 
tools  in  this  way  has  saved  several  hundred  dollars,  and  a 
satisfactory  job  is  producej. 

Philadelphia,  Pa.  A.  Dane 


ECONOMIZING  IN   HIGH-SPEED   STEEL 

The  high  cost  of  high-speed  steel  in  the  last  two  years  has 
been  a  strong  stimulus  to  the  generation  of  ideas  for  its  eco- 
nomical use.     A  collection  of  these  ideas  will  unquestionably 
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Fig.  2.     Punch  and  Die  for  blanking  Trial  Frame 


(A)    Old  Form  of   Reamer;    (B)    New   Form  that  reduced   Cost 

form  an  interesting  and  useful  chapter  in  any  book  on  machine- 
shop  practice.  That  a  considerable  saving  can  often  be  ef- 
fected in  a  simple  way  is  demonstrated  by  the  cost  of  the 
reamers  shown  at  A  and  B  in  the  accompanying  illustration. 
These  reamers  are  used  on  standard  automatics.  The  one 
shown  at  A  cost  $9  when  ordered  in  dozen  lots.  At  B  is  shown 
a  similar  reamer,  double-ended;  this  cost  $12,  and  twice  as 
much  service  is  obtained  from  it  as  from  the  old  style.  The 
saving  thus  amounts  to  one-third,  or  $6  on  every  double-ended 
reamer.  It  will  be  interesting  to  note  that  the  actual  saving 
of  material  runs  in  the  same  ratio,  namely,  7  inches,  as  against 
10''4  inches,  as  do  also  the  labor  costs.  M.  V.  T. 
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PLACING   NUMBERS   ON   TWIST   DRILLS 

One  great  fault  with  the  average  twist  drill  is  that  the 
figures  indicating  its  size  are  not  stamped  on  plain  or  deep 
enough.  The  writer  has  found  many  brand-new  drills  on 
which  the  marks  were  so  blurred  that  it  was  impossible  to 
distinguish  the  size  of  the  drill  without  the  aid  of  a  reading 
glass.  If  the  drill  should  happen  to  slip  a  little  in  the  chuck, 
tlie  markings  will  usually  be  found  to  have  been  ground  out 
beyond  all  signs  of  recognition.  This  trouble  is  particularly 
noticeable  in  the  smaller  sizes,  from  No.  30  to  %  inch  in  diam- 
eter. On  work  where  the  drills  are  constantly  being  changed, 
it  means  considerable  extra  labor  to  try  out  each  drill  in  a 
drill  gage  to  learn  the  size;  and  with  unskilled  labor  this 
method  will  usually  prove  unsatisfactory.  One  way  of  over- 
coming this  trouble  is  to  stamp  the  size  on  the  butt  end  of 
the  larger  drills  and  grind  off  a  little  on  the  side  of  the  smaller 
drills  and  stamp  the  size  upon  this  flat  surface.  When  this 
method  is  used  the  marks  cannot  be  ground  off  by  the  drill 
slipping  in  the  chuck. 

Plainville,  Conn.  Hakry  B.  Stillman 


PROBLEM   IN   MENSURATION 

A  much  simpler  solution  to  the  "Problem  in  Mensuration" 
in  the  February  number  of  Machineby,  is  to  draw  radii  OA, 

OB,  and  OC.  Then  draw 
AD  perpendicular  to  OC. 
AD  equals  1  inch  ■ —  r 
and  OD  =  r  —  1/4  inch. 
In  a  right-angle  tri- 
angle, the  sum  of  the 
squares  of  the  two  sides 
equals  the  square  of  the 
hypotenuse;  therefore 
r^  =  (r  — l/4)^+(l— r)^ 
Solving  for  r,  r'  =  r^  — 
l/2r  +  1/16  +  1  —  2r 
+  r^  0  =  ?^  —  5/2r  + 
17/16.     Adding  1/2  = 

in    Mensuration  o  ii /•   i.  ,        .j         ^  ., 

8/16  to  each  side  of  the 
equation,  1/2  =  r'  —  5/2r  +  25/16,  and  vT/2  =  r  —  5/4. 
H:  0.707  =  r  —  1.25,  r  =  1.25  ±  0.707  =  0.543,  or  1.957.  The 
diameter  is  2r,  or  2  X  0.543  =  1.086  inch.  The  formula  for 
this  may  be  written,  diameter  ^  2  V  (r 
where  r  equals  t^^o    adius. 
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Probleii 


1/4)=   +    (1  —  r)^ 
J.  L.  L. 


At,      1 1  y^jn   of  the   problem   in   mensuration   in   the 

February  aumber  of  Machinery  is  as  follows:      If  B  is  the 

center  of  the  circle, 
draw  AC  parallel  to  the 
base  line  and  BC  per- 
pendicular to  AC.  Then 
in  the  triangle  ABC, 
AB  —  X.  It  is  evi- 
dent that  AC  will  then 
equal  1  —  x  and  that 
BC  =  a;  —  1/4;  there- 
fore, (1  —<t)^  + 
{x  —  Vi)^  ^  3?,  which 
simplifies  into  16  x^  — 
40a;  -f  17  =  0.  This 
simple  quadratic  equa- 
tion, when  solved,  gives 


/ 

B 

^ 

\ 

^^    [ 

\ 

^         [ 

i 

V''' 

JQ 

1 

"T" 

\ 

/ 

]j/" 

''      '  , 

\ 

J 

-i__ 

y//m/A 

\ 

.^^                ^ 

^ 

i':_ 

.^ 

—  •> 

Ma 

rliincry  1 

Diagram    illustrating   Problem   in 
Mensuration 
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0.5428  for  the  smaller  value.     The  diameter 


is,  therefore,  twice  this,  or  1.0856. 
Springfield,  Mass. 


F.  B.  Fuller 


CHASING  A    100-PITOH   THREAD  WITH    A 
50-PITCH   CHASER 

A  factory  recently  had  forty  parts  of  a  certain  product,  to 
manufacture  which  necessitated  putting  a  100-pitch  vee 
thread  on  a  steel  bar  about  four  inches  long.  At  first,  the 
thread   was   made   with   a   100-pitch   chaser,   but   the   finished 


thread  was  unsatis- 
factory; it  looked 
like  a  drunken 
thread  and  chatter 
marks  were  plainly 
visible.  As  every 
effort  to  prevent 
this  undesirable  ef- 
fect failed,  a  hob 
for  cutting  a  fifty- 
pitch  chaser  was 
made  and  a  six- 
tooth     chaser     was  Six-tooth    SO-pitch    chaser    used    for    chasing 

formed    and    hard-  loo-pitch  Thread 

ened.  As  shown,  the  first  tooth  was  backed  off  to  cut 
into  the  piece  only  about  one-quarter  the  depth  of  the 
thread.  The  next  tooth  was  not  backed  off  so  much  and  went 
into  the  work  a  little  deeper.  These  two  teeth  took  what 
might  be  termed  the  roughing  cut,  and  the  remaining  teeth 
took  the  finishing  cut.  The  fifty-pitch  chaser  was  put  in  a 
lathe  geared  up  for  one  hundred  threads  to  the  inch.  Its 
travel,  as  shown,  appears  to  be  in  each  alternate  thread,  but 
the  travel  really  is  in  every  thread,  as  the  lathe  is  geared 
for  one  hundred  threads  to  the  inch.  This  chaser  allows 
plenty  of  clearance,  the  teeth  in  it  are  stronger,  and  it  is 
not  so  hard  to  make.  Besides,  it  gives  a  satisfactory  thread. 
New  Haven,  Conn.  Eric  Lee 


REPAIRING    A    BROKEN    FOLDING    RULE 

A  great  many  mechanics  and  other  users  throw  away  their 
folding  rules  when  they  break  at  the  joint  or  elsewhere.  Very 
often  a  broken  section  is  mended  with  glue,  and  as  the  re- 
pair lasts  only  a  short  time,  the  mending  is  repeated  several 
times;  repairs  made  in  this  way  are  worthless.  A  break  at 
the  joint,  wood  section,  or  fold,  however,  can  be  easily  and 
quickly  re- 
paired in  such 
a  way  that  the 
rule  will  be  as 
good  as  new, 
although  this 
is  not  done 
with  a  view  to 
economy.  With- 
out a  folding 
rule,  the  work- 
man is  at  a 
great    incon- 


FUT  STEEL  SPRING 


Method  of  mending  Broken  Folding  Rule 

venience  and  it  may  be  several  days  before  he  can  purchase  a 
new  rule.  One  large  plant  that  keeps  on  hand  a  supply  of  these 
rules  for  the  convenience  of  the  workmen,  passes  out  about 
three  hundred  and  fifty  rules  each  year.  One-third  of  these  are 
furnished  free  to  the  heads  of  departments  and  others,  and 
the  rest  are  purchased  by  the  workmen.  All  broken  rules  are 
sent  to  one  man,  who  repairs  them.  Rules  that  are  not  worth 
repairing  are  placed  in  a  box,  so  that  the  parts  may  be  used 
to  repair  other  rules.  The  tools  required  in  this  repair  ,work 
are  a  file,  small  hammer,  guard,  and  pry.  The  pry  is  made 
from  an  old  file  about  one-half  inch  wide,  one  end  being  slightly 
beveled  as  shown.  The  guard  is  made  of  thin  steel,  square 
or  round,  and  has  a  hole  in  the  center  that  fit^  over  the  head 
of  the  rivet.  A  repair  is  made  as  follows:  With  the  pry, 
the  sides  of  the  metal  clip  are  opened,  as  shown  at  A;  if  only 
the  fiat  spring  is  broken,  the  sides  B  are  opened.  The  rivet 
can  be  removed  by  filing  the  sides  of  the  round  head  and 
then  pushing  the  head  through  the  hole;  the  metal  guard  is 
placed  over  the  rivet  to  protect  the  wood  during  the  filing 
operation.  The  rivet  is  drawn  out,  the  broken  spring  removed, 
and  the  new  spring  put  in. 

Kenosha,  Wis.  M.  E.  Duggan 


ADJUSTABLE   SINE   BAR 

A  few  years  ago  the  sine  bar  was  unknown,  but  today  it 
is  used  in  the  toolmaking  departments  of  all  up-to-date  shops; 
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tains  a  constant  pressure  on  pilot  D  and  keeps  it  in  con- 
tact with  the  face  of  the  cartridge  case.  As  the  reamer  enters 
the  primer  hole  and  performs  its  operation,  collars  J  are 
brought  into  contact  with  pilot  Z>,  which  acts  as  a  positive 
stop.  By  using  these  two  tools,  the  most  unskilled  operator 
will  produce  satisfactory  work. 

Chicago,  111.  Fked.  H.  Korkf 


Adjustable   Sine  Bar 

it  has  been  instrumental  in  arousing  the  toolmaker  to  a  more 
diligent  study  of  the  mathematics  of  his  trade.  The  bar  here 
shown  was  devised  to  make  unnecessary  the  boring  or  grind- 
ing of  the  two  holes  an  exact  distance  between  centers.  One- 
inch  micrometer  test  pieces  are  used  for  buttons.  The  bar  is 
6  inches  long,  %  inch  thick,  and  1  inch  wide,  which  gives  a 
5-inch  center  to  center  distance.  The  bolts  are  smaller  in 
diameter  than  the  holes  in  the  buttons,  so  that  the  buttons 
can  be  shifted  to  allow  for  any  inaccuracy  in  drilling  the  holes 
and  make  the  center  distance  exact.  It  is  possible  that  the 
buttons  may  be  displaced  in  use,  so  it  is  desirable  to  test  them 
before  using.  Another  advantage  of  this  design  is  that  the 
bar  can  be  easily  reground  when  damaged. 
Bridgeport,  Conn.  E.  P.  Davis 
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TOOLS   FOR   MACHINING   CARTRIDGE 
CASES 

Munition  manufacture  has  brought  into  play  considerable 
inventive  genius  and  ingenuity,  for  obstacles  have  arisen  in 
tooling  which  at  first  appeared  to  be  insurmountable.  One  of 
the  great  difficulties  encountered  has  been  the  inability  of 
the  manufac- 
turers to  obtain 
tools  that  would 
continuously  and 
accurately  per- 
form the  work, 
called  for  by  the 
excessive  speed 
0  f  production, 
within  the  close 
limits  of  accu- 
racy to  which 
the  finished  product  had  to  be  held. 

The  machining  operations  on  a  cartridge  case,  whether 
French,  British,  Russian  or  Italian,  are:  machine  face,  form 
head,-  cut  to  length,  drill  primer  hole,  thread  primer  hole, 
finish-turn  head  diameter,  and  finish-ream  primer  hole.  The 
first  operation  is  performed  by  means  of  a  round-nose  tool 
mounted  in  an  adjustable  tool-holder  on  the  cross-slide,  which 
permits  the  tool  to  be  drawn  away  from  the  face  of  the  cart- 
ridge case  upon  the  return  stroke  of  the  cross-slide.  The  sec- 
ond operation  is  performed  by  means  of  a  circular  forming 
tool  mounted  on  the  end  of  the  adjustable  tool-holder,  and 
held  by  a  left-hand  threaded  stud,  which  prevents  the  tool  from 
working  loose.  The  case  is  cut  to  length  by  a  V-shaped  fin- 
ishing mouth  tool  and  the  primer  hole,  is  formed  by  a  twist 
drill,  which  is  used  in  preference  to  a  flat-nose  drill.  A  col- 
lapsible threading  die-holder,  equipped  with  interchangeable 
thread  chasers,  is  used  for  threading  the  primer  hole. 

In  the  sixth  operation  a  hardened  and  ground  high-speed 
sizing  cutter  A  is  used.  This  cutter,  which  is  held  in  holder  B 
by  pin  C,  is  an  adaptation  of  the  Kelly  reamer,  as  it  permits 
the  cutter  to  "float,"  machining  the  high  spots  from  the  head 
of  the  cartridge  case  by  utilizing  the  old  principle  of  cen- 
trifugal force. 

The  final  operation — finish-reaming  the  primer  hole — is  the 
one  that  calls  for  the  greatest  accuracy.  The  reamer  E  is 
held  in  a  pilot  B  and  the  depth  of  cut  is  regulated  by  screw 
colics  J.  The  machining  operation  is  as  follows:  The  pilot  D 
engages  the  head  of  the  cartridge  case  to  which  it  is  adjusted 
by  means  of  the  adapter  carried  in  the  turret.  Then  collars  J 
are  adjusted  to  permit  the  reamer  to  cut  to  the  proper  depth. 
A  spring  G,  held   in   place  by  collar  H  on   reamer  E,  main- 


BONUSES 

My  experience  with  bonuses  is  that  most  employes  would 
rather  have  $5  a  month  than  $100  at  the  end  of  the  year.  The 
relation  is  the  same  as  that  existing  between  the  trophy  cup 
actually  displayed  in  a  shop  window  before  a  race  and  one 
promised  to  be  made  after  the  event;  the  visible,  immediate 
reward  is  the  greater  stimulus.  I  would,  therefore,  recom- 
mend paying  employes'  bonuses  monthly,  or  at  least  quarterly. 
As  regards  minors'  bonuses,  I  have  found  that  in  those  cases 
where  parents  take  all  the  minors'  earnings,  the  latter  have  no 
inducement  to  increase  their  output.  If  they  are  given  a 
daily  or  weekly  "stunt,"  and  allowed  to  go  when  that  is  accom- 
plished, they  get  through  an  hour  or  so  ahead  of  the  usual 
closing  time.  When  they  work  independently  and  not  pro- 
gressively in  groups  or  teams,  passing  work  from  one  to  the 
other,  it  enables  more  rapid  manufacture,  mailing,  delivery, 
etc. 

New  York  City  Robert  Grim.suaw 


High-speed    Sizing    Cutter    and    Pilot    Reamer    for    machining    Cartridge    Cases 


BUILT-UP   SNAP   GAGES 

The  long  lower  jaw  of  the  built-up  snap  gage  shown  in  the 
March  number  of  Machinery  does  not  seem  to  be  as  well  sup- 
ported as  it  should  be.     The  illustration  shows  the  long  jaw 

resting    on    two 

bosses  of  the 
central  piece, 
with  two  of  the 
four  holding 
screws  passing 
through  the 
space  between 
the  end  bosses. 
It  stands  to  rea- 
son that  when 
the  screws  are 
tightened  the  long  jaw  will  be  sprung  and  the  measuring  ends 
thrown  eutward,  making  the  gage  inaccurate.  The  obvious 
remedy  is  to  put  a  pad  between  the  two  middle  screws  that 
is  wide  enough  to  reach  them  both. 

St.  Louis,  Mo.  Louis  A.  Schlos.sstein 
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ECONOMICAL   METHOD   OF  MAKING 
STEEL  PINS 

A  recent  order  for  several  thousand  machine  steel  pins  A, 
taken  at  a  low  figure,  made  it  necessary  to  get  the  pieces  out 
as  cheaply  as  possible  without  sacrificing  quality.  These  are 
made  of  %-inch,  cold-rolled  stock  and  are  cut  to  length  by  a 
power  hacksaw.  The  piece  is  then  turned  to  size  on  the 
ends  and  the  large  part  is  ground  on  a  No.  11  B.  &  S.  plain 
grinder.  To  center  the  pieces,  a  female  center  B  was  made 
for  a  small  lathe  that  had  been  discarded,  being  considered 
worn  out;  this  was  then  hardened  and  ground  so  as  to  run 
perfectly  true  and  a  V-shaped  steadyrest  C,  hardened  and 
highly  polished  on  its  bearing  surfaces,  was  held  in  the  tool- 
post  and  carefully  adjusted  so  that  when  piece  A  was  placed 
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ill  the  position  shown,  tlie  end  /•;  was  central  with  a  counter- 
sinlt  I)  held  in  the  tailstoclt.  Tlie  female  <'enter  It  runs  con- 
tinuously; so,  to  center  the  piece,  one  end  is  placed  in  tlio 
center  and  the  other  end  in  the  steadyrest  f,  where-  it  is  lield 
with  the  lingers  while  the  countersink  is  fed  forward.  The  fric- 
tion of  the  end  of  the  piece  on  the  center  is  siifTicient  to  allow 
a  good  center  to  be  drilled.  As  there  is  no  sliifter  to  operate 
or.  chuck  to  open,  the  operation  is  fast  and  accurate,  running 
within  0.004  inch  of  being  true.  This  method  of  centering 
has  also  been  used  on  other  work  where  a  small  amount  of 
stock  was  to  be  removed,  and  it  has  been  found  very  satis- 
factory and   oconoinical.  J-   F'-   S. 


MACHINING   TRANSMISSION   CASES    ON 
VERTICAL  BORING   MACHINE 

The  illustration  shows  a  job  that  is  usually  done  on  a  verti- 
cal milling  machine.  But  where  there  is  no  other  work  to 
do  on  the  face,  that  is,  where  all  the  surfaces  to  be  machined 
are  at  the  same  level,  the  boring  mill  beats  the  milling  ma- 
chine two  to  one.     With  a  single-pointed  tool  held  as  shown. 


Macliining  Transii 


Vertical   Boring   Macliine 


a  transmission  case  can  be  turned  off  in  three  minutes,  in- 
cluding setting  and  removing  from  the  machine;  in  a  vertical 
milling  machine  the  best  time  is  about  six  minutes.  The  work 
from  the  boring  mill  is  also  much  smoother  than  that  from 
the  milling  machine.  With  the  jig  shown,  only  two  clamps 
are  necessary  to  hold  the  work,  one  on  each  side  in  the  lower 
holes ;  these  clamps  are  not  shown,  the  ones  shown  being  those 
used  to  hold  the  jig  in  place.  Robert  Morris 


MILLING   THE   TAPERING   SIDES   OF   A 
BAYONET 

Nothing  unusual  would  be  noticed  by  a  casual  glance  at 
the  dimensions  of  the  bayonet  shown  in  Pig.  1.  But  should 
a  person  be  given  this  bayonet  to  machine,  he  would  find 
that  there  was  a  pretty  little  problem  to  be  worked  out  in 
milling  the  front,  or  cutting  edge,  of  the  blade.  It  will  be 
noticed  that  there  are  two  thicknesses  of  the  Made,  as  shown 
in  sections  A  and  B.  and  it  is  with  the  surface  that  lies  between 
these  sections  that  the  problem  is  found.  In  Fig.  2  is  shown 
an  enlarged   view  of  this  surface;    the  dimensions  given  are 


lii) 


SECTION  A 


->  ^-  0.054 

SECTION    B 


;  0.150 
0.CG1"  1 

t        I 


FiK.    2. 
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Fig.  3.     Diagram  showing  why  Bayonet  cannot  be  milled  at  a  Plain  Taper 

identical  with  the  dimensions  of  the  cutting  blade  shown  in 
Fig.  1.  It  might  appear,  offhand,  that  the  angular  sides  were 
straight  surfaces  and  could  be  milled  with  a  straight  faced 
cutter,  but  Figs.  2  and  3  show  that  this  is  not  so. 

Figs.  1  and  2  convey  the  impression  that  the  two  sides  of 
the  blades  are  tapered  and  merely  connect  four  points.  But 
upon  attempting  to  set  the  work  up  to  mill  it  is  found  that, 
although  the  work  can  be  tipped  around  to  bring  the  three 
points  A.  B.  and  C.  Fig.  3,  in  line  for  plain  milling,  the  fourth 
point  D  cannot  be  brought  into  the  same  plane  if  the  center 
lines  of  the  two  ends  are  kept  parallel;  and  if  the  center  lines 
are  not  parallel  the  work  is  being  bent  to  conform  to  the  re- 
quirements which,  of  course,  should  not  be  done.  As  it  is 
necessary,  when  milling  these  surfaces  with  a  flat-faced  cutter 
(whether  this  cutter  is  angular  or  a  plain  surface  mill)  to 
turn  the  work  as  in  spiral  milling  in  order  to  connect  the 
four  points,  it  follows  that  these  surfaces  are  spiral. 

The  writer  was  recently  up  against  the  proposition  of  mill- 
ing these  surfaces  without  resort  to  spiral  milling,  and  adopted 


Fig.   1.     side  View  and  Sections  of  Bayonet 


Fig.   4.     Section  of  Blade   in  Milling  Position 

the  method  shown  in  Fig.  4,  although  it  did  not  give  a  perfect 
surface.  Point  li  was  swung  around  until  it  came  in  line  with 
point  O,  as  indicated  by  line  A'.  This,  in  itself,  was  not  suf- 
ficient, so  point  C  was  raised  until  it  came  in  line  with  point 
B,  as  indicated  by  line  Z.  In  doing  this,  the  center  lines 
through  a  section  taken  at  both  ends  were  parallel,  thus  prov- 
ing that  the  work  was  not  distorted.  With  the  work  in  this 
position,  a  block  was  made  to  conform  to  the  shape  of  the 
under  side,  and  the  work  was  placed  on  it.  In  making  the 
cut,  with  the  cutter  traveling  in  the  direction  of  the  arrow, 
the  metal  at  point  B  is  the  first  to  come  in  contact  with  the 
cutter;  this  actually  leaves  a  concave  surface  at  any  one  point, 
but  this  concave,  as  it  worked  out,  was  very  slight.  Although 
only  four  points  have  been  taken  into  consideration  by  the 
description,  points  taken  anywhere  along  the  lines  shown  will 
vary  from  the  true  form  in  the  same  proportion.  F.  M. 
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Handy   Chart   for   determining   Volume   of   Sphere 


DIE  FOR  ASSEMBLING  ASH-PAN  HANDLES 
AND  BODIES 

Fig.  1  shows  a  portion  of  the  top  view  and  cross-section  of 
an  ash  pan,  with  handle  inserted,  as  used  in  steel  ranges.  At 
M,  Fig.  2,  is  shown  the  3/16-inch  round  wire  handle  as  it  comes 
from  the  bending  die.  This  illustration  also  shows  the  die  for 
turning  back  the  ends  of  the  liandle  after  it  has  been  in- 
serted in  the  end  of  the  ash  pan.  Its  operation  is  as  fol- 
lows: Levers  .1,  which  are  pivoted  at  points  B  and  held 
together  by  a  light  coil  spring  C,  are  spread  apart  by  turn 
ing  cam  D.  The  wire  handle 'Tlf  is  then  inserted  in  groove  A' 
and  cam  D  turned,  so  as  to 
allow  levers  A  to  swing  back 
into  place  and  hold  the  han- 
dle firmly  in  the  upper  die; 
the  ends  of  the  handle  project 
about  %  inch  below  the  lower 
surface  of  the  die.  The  ash  pan 
is  then  pushed  in  from  the 
front  of  the  press  and  lifted  up 
to  meet  the  upper  die,  holes 
having  been  punched  in  the 
end  of  the  body  to  match  the 
ends  of  the  handle.  The  press 
is  then  tripped,  and  as  the 
ram  descends,  the  ends  of  the  wire  handle  are  forced  down 
into  grooves  G  of  levers  H,  which  are  pivoted  at  point  J  and 
held  up  by  pins  that  pass  down  to  a  plate  on  the  under  side 
of  the  lower  die.  This  plate  is  held  in  place  by  a  heavy  coil 
spring,  as  shown.  When  the  down  stroke  has  been  completed, 
levers  H  rest  on  the  body  of  the  lower  die  and  the  ends  of  the 
wire  handle  have  been  carried  outward  and  upward  so  that 
they  are  bent  in  opposite  directions  and  at  right  angles  to 
their  first  positions.  The  work  is  removed  by  turning  cam  D. 
Holes  A'  are  drilled  to  match  stud  bolts  in  the  ram  of  the  press. 
The  levers  H  are  of  steel  and  bronze  bushed. 

Beaver  Dam,  Wis.  S.  W.  P.\lmer 
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Fig.    1.     Part  Top  View  and  Cross-section  of  Ash  Pan 


HANDY   CHART  FOR  DETERMINING 
VOLUME   OF   SPHERE 

The  'accompanying  chart  will  be  found  handy  for  determin-. 
ing  the  volume  of  any  sphere.  Column  A  gives  the  radius  of 
the  sphere  and  column  B  the  corresponding  volume.  By  re- 
ferring to  the  chart,  it  will  be  seen  that  the  volume  of  a 
sphere  with  a  radius  of  10  inches  is  about  4200  cubic  inches. 
If  the  radius  is  given  in  millimeters,  the  volume  will  be 
cubic  millimeters;  if  in  feet,  the  volume  will  be  cubic  feet. 
Inversely,  if  it  is  desired  to  find  the  radius  of  a  sphere 
when  the  volume  is  known,  it  is  simply  necessary  to  glance 

across  from  column  B  to 
column  A.  For  example,  the 
radius  of  a  sphere  having 
a  volume  of  20,000  cubic 
centimeters  is  found,  by  refer- 
ence to  the  chart,  to  be  a 
trifle  less  than  17  centimeters. 
Attention  is  called  to  the 
fact  that  when  the  radius  is 
50  the  volume  is  close  to 
500,000,  and  when  the  radius 
is  5  the  volume  is  500.  There 
are  three  digits  more  in  500,- 
000  than  in  500,  and  one  digit 


more  in  50  than  in  5.  Thus  it  will  be  understood  that 
the  decimal  point  is  shifted  three  places  to  the  right  in  col- 
umn B  when  adding  a  digit  in  column  A.  Similarly,  if  the 
decimal  point  is  moved  one  place  to  the  left  in  the  figures 
in  column  .4,  the  decimal  point  must  be  moved  three  places  to 
the  left  in  column  B.  For  example,  we  can  find  the  volume 
of  a  sphere  with  a  radius  of  0.2  inch  by  referring  in  column  B 
to  the  volume  for  a  sphere  of  2-inch  radius  and  moving  the 
decimal  point  three  places  to  the  left;  this  gives  0.033  cubic 
inch.  These  examples  could  be  carried  further,  but  those 
given  are  sufficient  to  indicate  that  the  range  of  the  chart 
is  limitless.  N.  G.  Near 
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Fig.    2.     Die   used   for  turning  back  Ends   of  Ash-pan  Handles 
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HOW  AND  WHY 


QUESTIONS    ON     I'KACTICAL    SUBJECTS    OF    GENERAL    INTEREST 


.     AUTOMATIC   SCREW   MACHINE   STOCK 

B.  P.  R. — Can  you  tell  me  what  are  the  physical  <'haracteris- 
tics  of  free-cutting  screw  machine  steel  stock? 

A. — The  National-Acme  Mfg.  Co.,  Cleveland,  Ohio,  a  large 
manufacturer  of  screw  machine  products,  specifies  Bessemer 
screw  stock  having  a  tensile  strength  of  70,000  to  80,000  pounds 
per  square  inch. 


HAND   OF  MACHINE  PARTS 

C.  p.  T.  —Will  you  kindly  give  your  opinion  of  the  following 
sentence:  "The  polishing  head  carries  a  taper  on  the  right- 
hand  end  of  the  spindle.'-'  Should  there  be  any  confusion  as 
to  which  end  of  the  spindle  is  meant,  making  it  necessary  to 
say  the  right-hand  end  of  the  spindle  when  facing  the  machine? 

A. — The  hand  of  machinery  parts  is  fixed  with  reference  to 
the  operator.  The  parts  that  are  on  his  right  are  the  right- 
hand  parts,  and  those  on  the  left,  the  left-hand  parts.  Hence 
the  meaning  of  the  sentence  given  should  be  perfectly  clear. 


DRILLING    DEEP    HOLES    IN    STEEL    DIES 

C.  J.  B. — I  would  like  advice  on  how  to  drill  holes  varying 
in  diameter  from  0.120  to  0.385  inch,  about  4  inches  deep,  in 
steel  heading  dies.  The  holes  must  be  straight  and  smooth, 
and  within  limits  of  ±:  0.001  inch.  What  kind  of  drills  and 
reamers  should  be  used  and  what  Is  the  proper  lubricant?  I 
have  these  dies  to  drill  in  lots  of  100  to  500,  and  it  is  essen- 
tial that  the  method  be  fairly  rapid  and  productive  of  good 
results. 

The  question  is  submitted  to  readers  having  had  experience 
in  this  class  of  work. 


FACING  THE  ENDS  OF  SHAFTS  BEFORE 
TURNING 

J.  U. — Will  you  kindly  decide  the  following  question: 
A  claims  that  if  a  shaft  is  to  be  turned  on  centers  in  a  lathe, 
the  ends  must  be  squared;  if  they  are  not  squared,  the  shaft 
will  run  out  after  taking  facing  cuts.  B  claims  that  if  a 
shaft  is  centered  properly,  it  does  not  matter  whether  the 
ends  are  square  or  not;  the  shaft  after  turning  must  be  true. 

A. — The  rule  is  always  to  face  the  ends  of  a  shaft  after 
centering  and  before  turning,  because  an  uneven  end  is  likely 
to  cause  the  shaft  to  change  position  slightly  on  the  center 
when  faced  off.  It  is  not  necessary,  however,  that  the  entire 
end  of  the  shaft  be  faced;  if  trued  around  the  center,  the 
shaft  will  not  change  position  when  the  ends  are  faced. 


POSITION   OF  ANVIL  AND   VISE 

G.  H.  G. — How  should  a  blacksmith's  anvil  be  set — with  the 
horn  at  the  right  or  left  of  the  blacksmith?  How  should  a 
machinist's  vise  be  set  on  the  bench  in  relation  to  the  tool 
drawer  and  the  workman's  allotment  of  the  bench  space? 

A. — A  blacksmith's  anvil  should  be  set  in  relation  to  the 
forge  so  that  the  horn  will  be  at  the  blacksmith's  left  when 
he  turns  around  to  forge  a  piece.  But  if  he  is  a  left-handed 
blacksmith,  the  horn  should  be  on  his  right  hand,  of  course. 
A  machinist's  vise  should  be  set  on  the  left-hand  side  of  the 
tool  drawer,  but  his  allotment  of  bench  space  should  not  stop 
at  the  vise.  He  should  have  at  least  two  feet  of  space  on  the 
left  of  the  vise  in  order  to  handle  conveniently  heavy  pieces 
that  must  be  held  in  the  vise.  The  tool  drawer  on  the  right 
is  most  convenient  for  a  right-handed  man,  as  he  can  select 
tools  from  the  drawer  and  use  them  without  materially  chang- 
ing his  position. 


DIRECTION   OF  SPIRAL  OF  END   MILLING 

CUTTERS 

A.  P.  S. — Will  you  please  advise  me  regarding  the  use  of 
spiral    end    milling   cutters    up    to    I1/2    inch    diameter    as    to 


whether  a  right-hand  or  a  left-hand  spiral  should  be  used  with 
a  right-hand  cutter?  Some  mechanics  tell  me  to  use  a  right- 
hand  spiral,  while  others  claim  that  less  breakage  results  from 
cutters  with  left-hand  spiral  flutes. 

A. — Theoretically,  a  right-hand  cutter  should  have  right- 
hand  spiral  flutes,  as  the  teeth  then  have  positive  rake.  It  is 
true,  however,  that  the  right-hand  flutes  tend  to  pull  the  cutter 
out  of  the  socket  when  used  for  side  milling,  and  cause  break- 
age. But  this  disadvantage  should  not  be  allowed  to  outweigh 
the  advantage  of  having  the  cutter  teeth  made  with  positive 
rake.  It  is  good  practice  to  provide  means  for  holding  the 
cutter  firmly  in  the  socket,  as  has  been  done  by  some  of  the 
leading  milling  machine  manufacturers  who  provide  a  screw 
collet  for  the  end  of  the  cutter  shank  (threaded  to  fit),  and 
means  for  drawing  it  firmly  into  the  spindle  socket. 


SOLVING  SPECIAL  CASES   OF  RIGHT 
TRIANGLES 

C.  W.  M. — Referring  to  the  illustration,  ABC  is  a  right  tri- 
angle, right-angled  at  C.  If  the  side  a  and  the  sum  of  the  other 
two  sides  are  known,  how  can  the  lengths  of  c  and  6  be  found? 
Also,  if  c  and  the  sum  of  a  and  b  are  known,  how  can  the 
lengths  of  a  and  b  be  found? 

A. — Por  the  first  case,  let  s  =  c  +  &,  then  &  =  s  — •  c.     But 
c^  =  a'  -|-  h'.    Substituting  the  value  of  6,  c'  =  a'  +  s^  —  2cs  + 

s'  +  a' 
C-,  or  2cs  =  s'  +  o^    Therefore,  c  = .  For  example,  sup- 


pose c  +  b  =  20  and  a  =  5,  then  c  = 

=  20  —  10.625  =  9.375. 
Por  the  second  case, 
let  a  +  b  =  s,  then 
a  ^  s  —  6.  But  c'  = 
a'  +  6^  Substituting 
the  value  of  a,  c'  ^  s'  ^- 
2sb  +  b^  +  b\  Trans- 
posing, combining,  and 
reducing,  V  —  sb  = 
c-  —  s- 

;  whence,  6  =  V& 

2         

(s  +  \/2c'  —  s').  If 
the  +"sign  is  used,  the 
length  of  the  longer 
side  will  be  obtained; 
and  if  the  —  sign  is 
used,  the  length  of  the 
shorter  side  will  be 
found.  Por  example,  if 
c  =  10%  and  a  -f-  6  = 
14%,    6   =    %   (14%    ± 


=  10.625,  and  6 


2  X  20 


Diagram  illustrating  Special  Solutions  of 
Eight  Triangles 


V2  X  10.625^  —  14.375^) 

=  V2  (14.375  ±  4.375)  =  9.375,  or  5;  that  is,  the  longer  side  is 

9.375  and  the  shorter  is  5.  J.  J. 


RATING   OF  PUNCH  PRESSES 

C.  E.  T. — What  rules,  if  any,  can  be  followed  in  rating  punch 
presses?  The  ratings  given  by  the  various  makers  do  not 
seem  to  agree,  but  inasmuch  as  the  principle  of  operation  is 
the  same  in  all,  there  must  be  some  agreement  in  the  actual 
productive  rating  of   presses   built  by   the   principal  makers. 

A. — The  capacity  of  punch  presses  is  an  important  matter, 
but,  unfortunately,  it  is  practically  impossible  to  reconcile  the 
ratings  given  by  the  various  makers  with  the  weight  and 
dimensions  of  the  presses.  However,  the  following  sugges- 
tions made  by  a  press  expert  may  be  found  valuable:  There 
is  little  connection  between  the  number  of  a  press  and  its 
tonnage  capacity,  although   some  makers  have  employed  the 
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system  of  expressing  tonnage  as  the  square  of  the  number  of 
the  press.  A  better  rule,  perhaps,  is  to  compute  the  tonnage 
by  the  weight  of  the  press.  In  the  case  of  most  straight-side 
or  pillar  presses  the  weight  of  the  press  in  pounds  divided  by 
80  will  give  the  capacity  of  the  press  in  tons.  On  overhanging 
presses  of  ordinary  design  the  weight  of  the  press  should  be 
divided  by  100  to  120  to  obtain  the  tonnage.  For  example,  the 
tonnage  of  a  straight-side  press  weighing  5600  pounds  is 
5600  -f-  80  =  70  tons,  which  is  approximately  correct.  In  the 
case  of  an  overhanging  press  weighing,  say,  3200  pounds, 
with  an  average  depth  of  throat  of  about  7  inches,  we  have 
3200  -f-  100  =  32  tons  capacity,  which  also  is  close  to  the  cor- 
rect figure.  On  small  overhanging  presses  the  weight  of  the 
flywheel  divided  by  16  gives  the  tonnage  of  the  press  closely, 
but  on  large  presses  weighing  2500  pounds  or  more,  the  weight 
of  the  flywheel  is  divided  by  20  in  order  to  get  the  approximate 
tonnage.  The  crank-pin  may  also  be  used  to  determine  the 
capacity  of  the  press,  taking  the  square  of  the  diameter  and 
multiplying  it  by  3  to  3i^.  The  cross-section  of  both  uprights 
of  the  frame  of  straight-side  presses,  in  square  inches,  multi- 
plied by  one  ton  per  square  inch  gives  a  close  approximation 
to  the  safe  working  tonnage  of  the  press.  Of  course  the  fore- 
going rules  are  empirical  and  their  usefulness  depends  on 
the  presses  to  which  they  are  applied  being  made  in  close 
conformity  to  designs  that  have  given  general  satisfaction 
in  use. 


PROBLEM   CONCERNING   VIRTUAL 
VELOCITIES 

P.  G.  P. — The  illustration  shows  a  flywheel  with  an  axle 
2  inches  in  diameter;  as  the  flywheel  turns,  it  winds  up  a 
rope  on  the  axle,  and  thus  raises  a  weight  as  shown.  If  the 
kinetic  energy  of  the  flywheel  is  5000  foot-pounds,  it  will 
raise  a  weight  of  2500  pounds  2  feet  when  the  diameter  of 
the  axle  is  2  inches;  will  it  raise  the  same  weight  4  feet  if 
the  diameter  of  the  axle  is  1  inch? 

A. — The  flywheel  will  raise  a  weight  of  2500  pounds  2  feet 
in  each  case;   the  diameter  of  the  axle  or  drum  has  nothing 

to  do  with  the  case.  Ac- 
cording to  the  law  of 
virtual  velocities  (see 
Machinery  for  June, 
1916,  page  897),  the 
power  multiplied  by  the 
distance  through  which 
it  moves  is  equal  to  the 
weight  multiplied  by  the 
distance  through  which 
it  moves.  This  law  is 
really  a  statement  of 
the  law  of  work  and 
energy.  The  energy  of 
the  flywheel  is  exactly 
equal  to  the  work  ex- 
pended in  enabling  it 
to  store  up  this  energy; 
hence,  the  power  multi- 
plied by  the  distance 
through  which  it  moves 
=  5000  foot-pounds  = 
the  weight  multiplied 
by  the  distance  through 
which  it  moves  =  2500 


Diagram   illustrating  Virtual   Velocities 
Problem 


X  2.  It  will  thus  be  seen  that  it  does  not  matter  how  the  load 
is  raised  (neglecting  friction  and  other  resistances) ;  all  that 
we  are  concerned  with  is  the  number  of  pounds  that  the  load 
weighs  and  the  height  through  which  it  is  raised.  J.  J. 


FINDING  RADIUS   OF   CIRCLE 

P.  P.  J. — Referring  to  the  illustration.  ABC  is  a  right  tri- 
angle, right-angled  at  B.  With  the  dimensions  given,  it  is 
required  to  find  the  radius  of  a  circle  that  will  pass  through 
points  C  and  E  and  be  tangent  to  the  side  AB.  Four  of  us 
have  tried  this  and  each  has  obtained  a  different  result. 

A. — First  calculate  the  distance  DB,  which  evidently  equals 
BC  X  cot  23  degrees  —  DE  X  cot  23  degrees  =  (5.1  —  3.8)  cot 


23  degrees  =  1.3  x 
2.355852  =  3.062608. 
Through  the  center  O, 
draw  OH  parallel  and 
FG  perpendicular  to  BC, 
and  draw  OE  and  OC. 
Let    r    be    the    radius; 


then  OF  =   Vr' 


(3.8 


FE' 


r)'  = 


\/7.6r— 14.44.  Whence, 
OG  =  DB  —  OF  = 
3.062608  —  V7.6r  — 14.44. 
CG  =  5.1  —  r.  Hence, 
OC  =  OG'  +  CG'  = 
( 3.062608—  V  7.6r— 14.44^ ) 
+  (5.1  —  ry  =  rK 
Squaring  and  transpos- 
ing and  combining 
terms,  20.949568  —  2.6r 
=  6.125216  v/TTer— 14.44. 
Squaring  again,  trans- 
posing, and  combining 
terms,  we  obtain  the 
quadratic  equation 
6.76y^  —  394.076338/-  + 
980.648296  =  0.  This 
equation  may  be  solved 
in  the  regular  way,  but 
much  more  easily  by 
Horner's  method;  what- 
ever method  is  used, 
however,  r  =  2.604869  inches.  It  is  always  well,  in  cases 
of  this  kind,  to  check  the  work.  Had  you  and  your  friends 
done  this  you  would  have  known  which  was  right.  Here, 
OF  =  Vl.Qr  —  14.44  =  V7.6  X  2.6049  —  14.44  =  2.3145; 
CG  =  5.1  —  2.6049  =  2.4951;  and  OG  =  3.0626  —  2.3145  = 
0.7481.    OC  =  r=  V  2.4951^  +  0.7481'  =  2.6049,  as  before.    J.J. 


Diagram  for  finding  Radius  of  Circle 


MEASURING   FORMING   TOOL   BY    WIRE 
METHOD 

J.  F. — A  forming  tool  of  the  shape  indicated  in  Fig.  1  is 
to  be  made.  Angles  a  and  p  are  known,  as  well  as  the  diam- 
eter of  the  wire,  which  is  2r,  and  dimension  6.  What  is  the 
formula  for  finding  dimension  c  measured  over  the  wires,  in 
order  to  insure  that  dimension  b  is  correct?  It  is  assumed, 
of  course,  that  the  angles  are  accurate.  In  a  specific  example, 
a  equals  35  degrees,  |3  equals  40  degrees,  36  minutes;  the  diam- 
eter of  the  wires  is  3/16  inch;   and  dimension  b  is  2  inches. 

A. — Id  order  to  determine  the  dimension  c  measured  over 
the  wires,  it  is  necessary  first  to  determine  dimension  a.  It 
is  evident  that  2a  -f  2r  +  6  =  c.  In  order  to  determine  o, 
draw  construction  lines  as  shown  in  Fig.  2.  Here  line  AD 
equals  a.  The  center  of  the  wire  is  at  C.  Line  CB  is  at  right 
angles  to  AB.  Line  AC,  passing  through  the  center  of  the 
circle,  which   is  tangent  to  lines  AE  and  AB,  divides  angle 

BAE  into  two  equal  parts;  hence,  angle  BAC  = .     Angle 


CAD  =  8  —  - 


Further,  BC 


a  +1 


which,  simplified,  may  be  written. 


Fig.  1.  Forming  Tool 
for  which  Dimension  b 
is     to     be     determined 


Diagram  showing  Method  of 
determining   Dimension   b 
in  Fig.   1 
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Now,  we  liiul  directly  by  the  rules  for  riKlitaiiKle  IriaiiKles: 
a  +  /i  IS  — a 

AC  =  r  -i-  sin ,  and  AD       A(!  X   ('Os — 

2  2 

HavinR  thus  found  .17),  whieh  equals  ri,  the  pnobleni  is  solved. 
Inserting  the  given  values  in  the  rornuilas,  we  have: 
AC  ^^  ;{/32  -:    sin  .'i?  deg.,  48  niin.  -■  >  0.15296 
AD  ^  0.15296  X  cos  2  deg.,  48  min.        0.15278  =  a 
Hence,  (—    2  X  0.15278  +  3/16  +  2  =  2.4931. 

THICKNESS   OF   A   CYLINDRICAL   SHELL 

I.,.  W.  N.  Will  you  please  explain  fully  how  the  formula  for 
finding  the  tliickness  of  a  cylindrical  shell  that  is  subjected  to 
internal  fluid  pressure  is  derived? 

A. — For  convenience,  assume  that  the  fluid  is  steam  or  gas 
(say  compressed  air)  and  that  its  tension  (pressure)  is  p 
pounds   per   square   inch.      Denote   the  length  of  the  cylinder 

by  /,  the  thicltness  of 
the  shell  by  t,  and  the 
interior  diameter  by  d. 
The  illustration  repre- 
sents a  cross-section  per- 
pendicular to  the  axis 
of  the  cylinder,  and  we 
shall  suppose  further 
that  it  represents  a 
ring  1  inch  wide.  Ac- 
cording to  Pascal's  law, 
the  pressure  at  any 
point  is  always  perpen- 
dicular to  the  surface  at 
that  point;  consequent- 
ly, it  is  always  radial,  as 


^ 
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Cross-section     of     a     Cylinder 


indicated  by  the  arrows  AB.  HD,  and  FE,  which  represent  the 
pressure  />  on  a  unit  of  area  at  B,  D.  and  E.  respectively.  If 
the  pressure  is  great  enough,  it  will  separate  one-half  of  the 
shell  from  the  other  half;  suppose  it  separates  the  upper  half 
MNP  from  the  lower  half  MDP.  Since  the  forces  acting 
downward  are  equal  and  opposite  to  those  acting  upward,  it 
will  suffice  to  determine  the  downward  pressure.  At  D  the 
unit  pressure  acts  entirely  downward;  at  B  it  can  be  resolved 
into  two  components,  one  AC  acting  downward,  and  the  other 
CB  acting  horizontal.  As  M  and  P  are  approached,  the  down- 
ward pressure  becomes  less  and  less,  and  when  M  (or  P)  is 
reached  it  becomes  0.  By  methods  of  the  calculus,  it  is  easily 
shown  that  the  total  downward  pressure  on  the  strip  is 
p  X  d,  and  on  the  shell  it  is  p  X  d  X  Z.  This  pressure  is  re- 
sisted by  the  strength  of  the  material  of  the  shell  multiplied 
by  the  area  of  the  ruptured  surface,  or  2t  X  I  X  S,  in  which 
2t  X  I  is  the  area  in  square  inches  (I  being  the  length  in 
inches)   and  S  is  the  ultimate  strength  in  pounds  per  square 

pd 
inch.     Therefore,  2t8l  =  i)dl,  or  t  =  — .    This  formula  presup- 

28 


d 


poses  that  t  is  small,  compared  with 


-,  and  that  /  is  large. 


compared  with  r.     The  formula  may  be  solved   for  p.  giving 

2tS        tS  r 

p  =  —  =  — .    \t  t  is  greater  than  O.lr,  or  — ,  it  is  best  to  use 
d  r  ,  10 

tS  pr 

the  following  formulas:  p  =  and  t  = .     It  is  best 

r  -\-t  8  —  p 

to  calculate  t  by  the  first  formula,  and  then,  if  it  is  greater 
than  O.lr,  recalculate  it  by  the  second  formula.  In  practice, 
8  should  always  be  divided  by  the  proper  factor  of  safety 
before    it    is   substituted    in    any    of    the    foregoing    formulas. 

J.  J. 

FORMULA   FOR   RADIUS   WHEN   CHORD 
AND  LENGTH  OF  ARC  \ARE   GIVEN 

C.  W.  M. — I  should  lilte  a  formula  for  finding  the  radius 
when  the  length  of  the  arc  and  its  chord  are  given.  I  am  un- 
able to  find  such  a  formula  in  any  of  my  reference  books. 

A. — The  writer  has  never  seen  such  a  formula,  but  one  may 
easily  be  derived  as  follows:  Let  r  =  radius,  C  =  chord, 
L  =  length  of  arc,  and  <)>  =  central  angle,  in  radians.     Then 


L  =  r<l<,  from  which  /■  ,  and     -        ;•  X  sin —  X  sin  — , 

./.              2  2         </.                2 
0             C'0 

or   sin   —    -^ .      Now    we   know  from    trigonometry    that 

2  2L 

ar'         x'           x'  (j, 

sin  X  ==  X 1 \-  etc.  Substituting  —  for  x  in 

6         120        5040  2 

0  0  0''  0°  0'  C0 

this  expression,  sin  —     = 1 = ,  very 

2  2        48       3840       645120         2L 

nearly.  Transposing  the  right-hand  member,  clearing  of  frac- 
tions, and   dividing  through   by  ij>,   rl>"  —    1G80'   +    134400=  — 

322560/ 1       0.      From    this    etiuation,    0    mav    be    found 

\    /w 

L 
by  Horner's  method;  then,  knowing  0,  r        — .     This  equation 

0 

gives  exact  values  for  0  for  all  angles.  For  a  semicircle, 
L  =  3.1416  to  a  radius  1,  and  0  =  3.1413,  as  calculated  by  the 
formula.  For  angles  not  greater  than  90  degrees,  a  simpler 
expression  may  be  obtained  by  dropping  the  term  0"  and 
dividing   through    by   — 168,   the  coeflScient   of   0';    the   equa- 

■  L  —  C\ 
tion    then    becomes    0'  —  800-  +  1920  ( )  =  0.      This 


(^)  = 


V 


1600 


1920 


For  90  degrees  and  a 


last   equation  may  be  solved   as  a  quadratic,   and   we  obtain 

=  \40 

radius  1,  L  =  1.5708  and  0  =  1.5712,  as  calculated  by  the 
formula.  For  angles  considerably  greater  than  90  degrees,  the 
last  formula  does  not  give  very  close  results.  For  example, 
for  120  degrees,  L  =  2.0944  and  0  =  2.0960;  for  180  degrees, 
L  =  3.1416  and  0  =  3.1562.  J.  J. 


MOMENT   OF  INERTIA   OF  A  SECTION 

G.  F.  L. — Will  you  please  tell  me  how  to  find  the  moment  of 
inertia  of  a  section  like  the  one  shown  in  the  illustration? 

A. — We  assume  that  you  wish  the  moment  of  inertia  about 
the  axis  X'-X,  which  passes  through  the  center  of  gravity  of 
the  rectangle  ABCD 
and  is  perpendicu- 
lar to  the  long  side 
AD.  The  following 
principle  is  demon- 
strated in  works  on 
mechanics:  The  mo- 
ment of  inertia  of 
a  section  about  any 
axis  is  equal  to  the 
moment  of  inertia 
about  a  parallel 
axis  through  the 
center  of  gravity 
plus  the  product  of 
the  area  of  the  sec- 
tion by  the  square 
of  the  distance  be- 
tween the  axes.  Let 
/  =  the  required 
moment  of  inertia; 
/,  =  moment  of  in- 
ertia about  a  parallel  axis  through  the  center  of  gravity;  A  —- 
area  of  section,  and  h  =  perpendicular  distance  between  the 
axes.  Then  /  =  7,  +  Ah\  If  the  given  area  is  divided  into 
sections  of  such  shape  that  their  areas.  A,,  A^,  A-j,  etc.,  the  dis- 
tances of  their  centers  of  gravity  from  the  given  axis,  /(,,  Ih, 
ti,,  etc.,  and  their  moments  of  inertia,  7j,  I^,  Ij,  etc.,  may  be 
calculated,  then  7  =  7,  +  AJi\  +  7,  +  A^h\  +  h  +  A^h-.,  + 
etc.  It  is  possible  to  proceed  in  several  ways.  Thus,  assume 
that  the  given  section  is  made  up  of  the  following:  two  rec- 
tangles 1  inch  by  10  inches,  two  rectangles  5  inches  by  1 
inch,  one  rectangle  V^  inch  by  8  inches  and  two  rectangles 
21^  inches  by  i/j  inch.  For  the  first  and  third  sets,  the  centers 
of  gravity  lie  on  the  axis  X'-X,  and  ?i,  and  hj  are  both  equal 


l".k— 2^4—^14^— 2M'-^  l"it- 
I      ..  1 


"ir 
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Diagram    illustrating    Method    of    finding 
Moment  of  Inertia  of  a  Section 
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to  0;  for  the  second  set,  h^  =  41/^  inches;  and  for  the  fourth 
set,  hi  =  1  inch.    Since  the  moment  of  inertia  of  a  rectangle  is 

— ,  when  the  axis  passes  through  the  center  of  gravity  parallel 

12 

to  the  base,  and  h  is  the  breadth  AB  and  d  is  the  depth  AD,  I  = 


1X10' 


X  2  + 


5X1" 


12 


+  5  X  1  X   {iViV 


Vz  X8« 
X  2  +  + 


+   21/4    X    1/2    X    V 


X    2    =    393.63.      Another 


12 
r2i4  X  (V2)' 

12 

method  is  to  calculate  the  moment  of  inertia  of  the  rectangle 
ABCD  and  then  subtract  the  moments  of  inertia  of  twice  the  rec- 
tangle abed  and  twice  the  rectangle  efgh,  all  taken  with  refer- 
ence to  the  axis  X'-X.  Either  method  will  give  the  same 
result.  If  /  is  calculated  for  the  axis  Y'-Y,  what  was  the 
breadth  of  the  rectangle  becomes  the  depth,  and  it  will  be 
found  that  /  for  Y'-Y  is  much  less  than  it  is  for  X'-X.  It  is 
for  this  reason  that  a  beam  is  stronger  when  the  long  side  is 
vertical.  J.  J. 


CUTTING   A   BEVEL  WHEN   TOOL   IS 
AHEAD    OF   CENTER 

J.  W.  D. — We  have  a  bevel  gear,  10.498  inches  outside 
diameter,  with  an  angle  of  14  degrees,  2  minutes  from  the 
vertical  to  be  turned  on  a  vertical  boring  mill  having  a  swivel 
head.  The  arrangement  of  the  head  is  such  that  to  turn  this 
angle,  it  is  necessary  to  place  the  cutting  tool  30  degrees 
ahead  of  center.  At  what  angle  must  the  swivel  be  set  to  cut 
14  degrees,  2  minutes?  Will  we  get  a  true  straight  line  on 
this  angle  or  will  it  be  slightly  concave? 

A. — The  conditions  are  represented  in  Fig.  1.  Referring  to 
Pig.  2,  if  the  tool  were  located  at  A  and  fed  along  the  line  OA 
at  an  angle  of  14  degrees,  2  minutes  to  the  vertical,  it  would 
generate  a  conical  surface,  which  would  be  a  part  of  the  cone 
CBCi,  and  the  path  of  the  tool  point  would  be  along  the  line 
CB  (an  element  of  the  cone)  in  a  vertical  plane.  The  tool 
point,  however,  is  located  at  E,  30  degrees  from  A;  it  moves 
along  the  line  EF,  and  does  not  pass  through  the  axis  of  the 
cone.  The  projection  of  the  path  on  a  vertical  plane,  the 
trace  of  which  is  OA,  is  the  line  HI,  which  is  parallel  to  CB. 
The  surface  so  generated  will  not  be  conical,  but  a  warped 
surface,  the  mathematical  name  for  which  is  a  hyperbolic- 
paraboloid,  and  It  can  always  be  generated  by  the  movement 
of  a  straight  line.  If  a  straightedge  is  laid  on  this  surface 
extending  from  C  toward  B,  it  will  touch  the  surface  in  only 
two  points.  The  only  way  in  which  a  conical  surface  can  be 
turned  is  to  cause  the  tool  point  to  move  in  the  line  OE.  But, 
as  the  vertical  movement  of  the  tool  is  only  1  inch,  the 
difference  between  the  warped  surface  and  the  true  cone 
can  be  neglected  in  practice.    To  get  the  required  angle,  pro- 


CENTER  LINE  OF  CHUCK 


ceed  as  follows:  04  =  10.498-^-2  =  5.249,  the  radius.  It  is 
now  necessary  to  find  what  angle  in  the  plane  EF  will  project 
into  an  angle  of  14  degrees,  2  minutes  in  the  plane  OE. 
OD  =  OE  X  cos  30  degrees  =  5.249  X  0.86603  =  4.5458  =  EF 
=  0,H.  EG  =  EF  X  cos  30  degrees  =  4.5458  X  0.86603  = 
3.9368.  Tha  projection  of  the  path  of  the  tool  point  on  the 
plane  OE  will  be  along  a  line  in  the  plane  EF,  the  projection 
of  which  on  OE  is  HJ.  The  distance  OJ  =  EG  X  cot  14  de- 
grees, 2  minutes  =  3.9368  X  4.0009  =  15.751.  The  required 
angle  in  the  plane  EF  is  now  readily  determined.    Denoting  it 

EF          4.5458 
by  <f>,  tan  (p  =  ——  =  =  0.28860,  which  corresponds  to 

0,J  15.751 

an  angle  of  16  degrees,  6  minutes  the  angle  to  which  the 
swivel  should  be  set.  J..  J. 

«     *     * 

METHOD  OF  FASTENING  HAMMER  HEADS 

J.  H.  De  Groodt,  instructor  in  shop  work  at  the  College  of 
the  City  of  New  York,  has  developed  an  ingenious  device  for 
fastening  the  head  of  a  hammer  securely  to  the  handle.    This 


^AtM/f*e»t^ 


Figs.   1  and  2.      Bevel-cutting  Problem 


method  of  fastening  Heads  securely  to  Hammer  Handles 

will  best  be  understood  by  referring  to  the  illustration  of 
handle  A  without  a  head,  where  it  will  be  seen  that  the  method 
consists  of  drilling  a  hole  through  the  handle  in  which  are 
placed  two  nails  with  the  heads  cut  off  and  the  ends  bent 
over  at  right  angles  to  enter  the  hole.  Grooves  are  cut  at 
each  side  of  the  handle,  in  which  the  nails  lie  flush  with  the 
surface  and  enable  the  end  of  the  handle  to  be  inserted  in 
the  hammer  head  in  the  usual  way.  The  ends  of  these  nails 
project  out  beyond  the  head  of  the  hammer  and  are  bent  over, 
thus  securing  the  hammer  head  firmly  in  place.  At  B  the 
nails  are  placed  in  the  handle  as  shown  at  A;  and  at  C  they 
are  placed  at  the  top  and  bottom  of  the  handle,  instead  of  at 
the  sides.  E.  K.  H. 

*     *     * 

Owing  to  the  shortage  of  leather,  paper  belting  is  now  being 
used  to  some  extent  in  Austria-Hungary;  it  is  made  chiefly 
in  Bohemia  and  northern  Hungary.  The  belting  is  woven 
from  paper  cord,  which  is  being  used  almost  entirely  in  that 
region.  The  paper  cord  is  ordinary  wood-pulp  paper,  cut  into 
reels,  which  is  run  by  means  of  spinning  machines  through  a 
paraffin  bath  and  then  into  strands  which  are  twisted  into 
cordage  or  twine.  Pulp  obtained  from  fir  or  pine  trees  is  the 
most  satisfactory  for  this  purpose.  In  order  to  increase  the 
tensile  strength  of  the  cords  hemp  threads  or  wire  is  fre- 
quently added  to  the  pulp.  The  resistance  of  paper  belting  to 
traction  is  said  to  vary  from  22  to  220  pounds,  depending  on 
its  quality.  When  moist  the  belting  loses  practically  all  its 
tensile  strength,  and  when  thoroughly  wet  will  not  resist  even 
slight  tension.  However,  the  belting  may  be  strengthened  by 
various  processes,  according  to  the  quality  of  the  cord  and  to 
the  weaving  texture,  but  it  does  not  attain  the  strength  of 
leather  belting.  The  abrasion  on  the  cord  is  much  greater 
than   on   leather   and   considerably   diminishes   its   durability. 
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AMERICA   IN  WAR 

The  strength  of  a  country  in  war  is  measured  l)y  its  indus- 
trial resources.  The  ability  merely  to  make  guns,  shells,  rifles 
and  cartridges  is  by  no  means  the  ultimate  measure.  A  coun- 
try, to  be  successful  in  modern  war,  must  be  able  to  coordinate 
and  direct  all  its  industrial  resources  for  the  one  great  pur- 
pose of  delivering  irresistible  blows.  Germany  is  united  for 
offensive  and  defensive  purposes.  Its  industries  are  under 
governmental  control  and  are  so  directed  that  the  maximum 
productive  capacity  required  for  war  needs  is  obtained.  We 
shall  be  strong  in  proportion  to  our  capacity  to  marshal  our 
industrial  activities  and  direct  them  toward  the  accomplish- 
ment of  the  purpose  to  which  we  are  committed.  If  there  is 
lack  of  coordination,  there  will  be  waste,  confusion  and  futil- 
ity of  purpose.  The  advisory  committee  of  the  Council  of 
National  Defense  has  taken  a  census  of  over  27,000  plants, 
large  and  small,  engaged  in  the  manufacture  of  the  necessities 
and  luxuries  of  life.  These  data  have  been  indexed  and  filed 
for  reference  in  Washington,  the  purpose  being  in  an  emergency 
like  this  to  apportion  to  selected  plants  the  production  of 
machines  and  supplies  for  which  they  are  best  fitted  by  reason 
of  equipment,  organization  and  location.  The  compilation  of 
these  data  during  the  past  two  years  has,  in  a  measure,  pre- 
pared manufacturers  and  their  workmen  for  this  great 
emergency  when  individual  ownership  must  surrender  to  na- 
tional needs. 

Patriotism  should  be  revealed  in  a  practical  way.  One  of 
the  most  valuable  services  that  a  citizen  can  render  to  his 
country  is  to  produce  the  things  required  for  subsistence  or 
war  in  a  time  like  this.  Enlisting  and  training  an  army  are 
the  visible  activities  that  stir  the  nation's  pulses.  But  these 
military  duties  alone  do  not  produce  shells,  clothing  or  food, 
nor  provide  for  transport.  These  are  the  problems  of  the  engi- 
neer, and  require  careful  planning,  investigation  and  direc- 
tion, and  hard  work.  The  needs  of  armies  are  as  varied  as  the 
needs  of  humanity  in  time  of  peace.  There  is  scarcely  a  raw 
or  a  manufactured  product  that  will  not  be  needed  in  one 
way  or  another;  hence,  it  is  apparent  that  the  data  secured 
byilie  work  of  the  Council  of  National  Defense  should,  if  prop- 
erly used,  be  of  great  value  to  those  who  must  direct  the  in- 
dustrial energies. 

The  consensus  of  opinion  seems  to  be  that  the  United  States 
can  take  but  a  small  part  immediately  in  waging  war  in 
Europe  because  of  the  lack  of  shipping  to  transport  supplies. 
It  is  estimated  that  not  less  than  eight  tons  of  shipping  will 
be  required  to  maintain  every  American  soldier  in  France. 
An  army  of  500,000  soldiers  on  foreign  soil,  then,  would  re- 
quire the  use  of  4,000,000  tons  of  shipping  to  supply  their  needs 
alone.  The  important  part  that  we  can  take  is  that  of  furnish- 
ing food  and  manufactured  products  at  reasonable  prices. 
War  has  been  made  the  excuse  for  extortion,  and  we  are  now 
suffering  from  the  effects  of  inflated  prices  on  every  side.  Gov- 
ernmental authorities  must  lay  a  heavy  hand  on  the  blood- 
suckers who  would  fatten  on  the  desperate  needs  of  the  peoples 
at  war  for  principles.  Manufacturers  and  their  engineers 
should  endeavor  with  all  their  might  to  restrict  costs  and 
limit  profits.  Their  workmen  will  then  in  general  be  willing 
to  work  also  for  the  common  good  and  forget  for  the  time  to 
demand  higher  wages  and"  shorter  hours. 

Thanks  to  the  contracts  for  munitions  that  came  to  the 
United  States  in  the  early  days  of  the  war,  we  are  by  no 
means  without  experience.  It  is  estimated  that  the  daily  pro- 
ductive capacity  of  the  plants  making  shells  and  that  have 
filled  shell  contracts  is  equivalent  to  not  less  than  300,000 
three-inch  shells  daily.  The  great  rifle  factories  at  Bridge- 
port, Uion,  Eddystone  and  Chicopee,  which  did  not  at  first 
succeed  in  organizing  on  an  efficient  basis  for  the  manufac- 
ture of  military  rifles,  are  now  on  a  sound  footing;  the  pro- 
ductive capacity  of  all  the  plants  now  making  military  rifles 
in  the  United  States  is  about  15,000  rifles  daily. 

When  Great  Britain  declared  war  in  August,  1914,  it  was  a 
great  commercial  and  industrial  nation,  but  its  plants  were 
inadequately  organized  and  there  was  no  common  purpose. 
Manufacturing  had  been  carried  on  without  a  proper  and  full 
comprehension  of  the  value  of  gages,  jigs  and  fixtures  and  the 


Importance  of  intcrcliangeability  of  parts  made  in  large  quan- 
tities. The  making  of  the  thousands  of  gages  required  for  the 
manufacture  of  shells  alone  was  an  enormous  task,  and  few 
outside  of  the  munitions  work  realized  the  importance  of  gage 
manufacture  for  this  one  branch  of  military  activity. 

The  United  States  government  has  two  armories,  one  at 
Springfield,  Mass.,  and  the  other  at  Rock  Island,  111.,  equipped 
for  the  manufacture  of  United  States  service  rifles.  These 
plants,  when  working  one  full  eight-hour  shift  daily,  turn  out 
about  300  rifles  per  day  each,  or  a  total  of  about  180,000  a 
year.  To  equip  an  army  of  one  million  men  with  one  rifle 
each  would  require  nearly  six  years  of  ordinary  actfvity. 
Even  if  we  now  have  one  million  rifles  available,  the  pro- 
ductive capacity  must  be  greatly  increased,  as  it  is  necessary 
to  provide  more  than  one  rifle  for  each  soldier.  The  experience 
of  the  nations  now  at  war  is  that  a  modern  rifle  has  to  be 
replaced  in  less  than  three  months  of  active  use. 

This  brings  us  to  a  consideration  of  the  assistance  that 
can  be  rendered  by  private  plants.  They  can  be  made  to  turn 
out  supplies  quickly  if  properly  tooled  and  organized,  but  they 
Will  be  very  slow  in  producing  rifles,  for  example,  unless  pro- 
vided with  tools,  gages,  fixtures  and  detailed  instructions.  The 
manufacture  of  sets  of  these  tools  and  fixtures  is  in  itself  a 
great  undertaking  and  should  receive  the  first  attention  of 
the  munitions  board  recently  appointed. 

Generals  and  soldiers  are  helpless  without  engineers,  me- 
chanics and  toolmakers.  Fortunately,  we  have  the  best  in  the 
world.  America  is  the  home  of  mechanical  ability  and  highly 
specialized  manufacture.  The  interchangeable  system  has 
reached  its  highest  development  here,  and  its  advantages  are 
most  marked  when  large  quantities  of  mechanical  products 
are  required.  The  machine  shop  with  its  complement  of 
machine  tools  and  equipment  and  corps  of  skilled  mechanics 
and  toolmakers  is  the  basis  of  industry.  On  the  machine  shop 
depends  all  manufactifring  enterprise,  whether  it  be  devoted 
to  peace  or  war.  American  mechanics  are  renowned  for  their 
skill,  ingenuity  and  productive  capacity.  They  are  intelligent, 
and  the  technical  press,  by  spreading  mechanical  information 
and  facilitating  the  exchange  of  ideas,  has  played  no  small 
part  in  promoting  the  development  of  mechanical  ability.  The 
spread  of  mechanical  knowledge  must  be  accelerated  in  these 
troubled  times.  Censorship,  if  we  must  have  it,  should  not 
be  so  stupidly  directed  as  to  interfere  with  the  assistance  that 
can  be  rendered  in  making  the  nation's  industry  most  efficient. 

The  articles  on  the  manufacture  of  military  rifles  that  ap- 
peared in  Machinery  a  year  ago  gave  the  first  published 
analysis  of  the  operations  on  a  firearm  accompanied  by  a 
description  of  the  means  and  methods  to  be  employed.  This 
article  is  a  sample  of  the  kind  of  data  that  should  be  compiled 
by  government  experts  for  every  kind  of  material  required  in 
large  quantities.  The  manufacturing  plant  as  ordinarily  or- 
ganized, having  mechanics,  toolmakers  and  other  skilled  work- 
men, should  be  able,  with  the  aid  of  detailed  specifications 
and  the  required  equipment  of  tools,  to  reorganize  and  begin 
the  manufacture  of  parts  that  will  pass  inspection  in  a  few 
days.  It  is  claimed  that  some  German  plants  making  products 
like  ball  bearings  were  changed  over  in  twenty-four^  hours  to 
the  manufacture  of  fuses.  This  lightning  change  was  made 
possible  by  the  fact  that  all  preparations  had  been  made  be- 
forehand, the  tools  and  equipment  were  ready,  the  plans  and 
specifications  were  on  file,  and  the  department  heads  had  been 
told  just  what  should  be  done  when  the  war  order  was  received. 

The  mass  of  information  and  data  published  in  the  last 
three  years  on  the  manufacture  of  shrapnel,  high-explosive 
shells,  fuses,  rifles  and  other  munitions  should  be  of  even 
greater  value  now  than  heretofore.  This  brings  us  again  to  a 
consideration  of  what  has  been  said  in  regard  to  industrial 
strength  and  the  importance  of  spreading  knowledge  of  me- 
chanical practice.  The  many  practical  articles  published  dur- 
ing the  past  twenty  years  have  promoted  higher  mechanical 
efficiency  and  have  contributed  in  no  small  way  to  national 
strength.  The  man  who  by  reason  of  intelligence,  experience 
and  skill  is  able  to  turn  out  a  well  finished  piece  in  half  the 
time  required  by  another  is  twice  as  strong  industrially.  The 
mechanic  may  be  serving  the  nation  more  effectively  at  his 
daily  task  than  as  a  soldier  in  the  field. 
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Technically  trained  engineers  who  would  serve  the  country 
best  should  carefully  compare  their  relative  effectiveness  in 
the  army  and  in  industry.  Unless  a  young  engineer  can  be 
sure  that  his  ability  will  be  utilized  in  army  or  navy  service, 
he  should  by  all  means  be  employed  in  industry.  It  is  to  be 
hoped  that  our  military  authorities  will  not  commit  the  blun- 
der of  Great  Britain  in  sending  skilled  men  into  the  trenches, 
but  will  recognize  the  importance  of  segregating  those  who 
by  experience,  education  and  skill  are  able  to  direct  and  pro- 
duce in  industrial  employment;  they  should  be  regarded  as 
industrial  soldiers  "doing  their  bit"  most  effectively  at  the 
forge  or  lathe. 

Automobile  manufacturers,  who  have  made  America  the 
greatest  producer  of  motor  cars  in  the  world,  are  prepared  to 
take  an  active  part  in  this  national  emergency.  Means  of 
transportation  will  be  at  a  premium,  and  the  maker  of  motor 
cars  will  be  doing  his  part  if  he  continues  to  turn  out  depend- 
able means  of  transport.  The  manufacturers  of  internal  com- 
bustion engines  of  specialized  designs  will  produce  aeroplane 
engines.  The  aeroplane  is  the  eye  of  the  modern  army.  Ob- 
servations made  by  aviators  are  absolutely  necessary  for  di- 
recting the  fire  of  big  guns.  Without  aeroplanes  the  army  is 
blind  and  its  efforts  are  largely  futile.  The  United  States  may 
require  fleets  of  aeroplanes  which,  thanks  to  our  industrial 
development,  can  be  rapidly  and  efficiently  constructed  in 
plants  that  have  been  devoted  to  the  manufacture  of  motor 
cars  and  internal  combustion  engines.  Examples  might  be 
multiplied  to  show  the  effective  part  that  will  be  played  by 
the  manufacturing  industries  in  war  time. 

It  is  the  duty  of  every  mechanic,  as  well  as  of  every  manu- 
facturer, to  direct  his  energy  and  skill  to  produce  that  which 
is  required.  It  is  no  time  for  shirking,  strikes  or  interferences 
with  that  which  is  virtually  necessary  for  national  security. 
All  men  who  love  liberty  and  justice  should  join  in  this  great 
world  battle  for  democracy — a  battle  against  autocracy  which, 
if  successful,  will  make  future  wars  unnecessary,  and  in  fact 
improbable.  F.  E.  R. 

*     *     * 

INSPECTING  FORGINGS   FOR   HIGH- 
EXPLOSIVE   SHELLS 

BY  F.  E.   MERRIAM  1 

The  forgings  for  Russian  3-inch  high-explosive  shells  are 
rather  difficult  of  manufacture  on  account  of  their  length  and 
the  comparatively  small  inside  diameter  of  the  pierced  hole. 
They  therefore  require  a  careful  inspection  in  order  that  the 
defective  pieces  may  be  found  before  they  pass  to  the  ma- 
chining operations.  The  severity  of  this  inspection  depends, 
to  a  considerable  degree,  on  whether  the  forging  manufacturer 
or  an  independent  concern  is  to  do  the  finishing.  If  the  forg- 
ing manufacturer  also  does  the  machining,  it  will  be  desirable 
for  him  to  attempt  to  finish  forgings  that  an  independent  con- 
cern cannot  afford  to  touch  except  under  special  arrangements. 
The  inspection  methods  described  here  are  those  used  in  a 
shop  in  the  Middle  West,  where  an  independent  concern  was 
doing  the  finishing. 

From  Fig.  1,  it  is  evident  that  the  punches,  or  plungers,  are 
long  and  slender,  especially  as  they  must  allow  sufficient  length 
for  a  stripper,  and  therefore  are  likely  to  bend  and  produce 
eccentric  forgings.  Since  eccentricity  is  the  most  common 
defect,  the  first  inspection  has  as  its  object  the  elimination 
of  all  such  forgings,  the  same  as  in  rough-turning.  The  most 
common  method  of  turning  is  to  revolve  the  forgings  as  true 
as  possible  with  the  axis  of  the  pierced  hole,  so  that  the  ec- 
centric portion  will  be  removed  in  the  rough-turning  operation. 
Pig.  2  shows  the  eccentricity  testing  device,  which  is  simply 
an  expanding  mandrel  with  fingers,  or  points,  set  to  as  small 
a  diameter  as  is  feasible,  allowing  the  forgings  to  be  cleaned 
up  all  over.  The  gage  shown  in  Fig.  3  is  sometimes  used 
for  determining  the  eccentricity,  and  works  on  the  principle 
that  if  the  inside  diameter  is  correct,  and  the  wall  thickness 
not  less  than  minimum,  the  shell  will  machine  properly,  as 
far  as  turning  is  concerned.  As  indicated,  the  measurement 
is  taken  as  close  to  the  bottom  of  the  forging  as  the  fillet  will 
allow.     This  gage,  however,  considers  only  one  cause  of  ec- 

'Address;  915  Summers  St.,  Dayton.  Ohio. 


centricity,  namely,  improper  relation  between  the  axis  of  the 
pierced  hole  and  the  outside;  but  the  trouble  may  be  due  to 
the  forging  not  being  straight.  As  shown  in  Fig.  4,  there  may 
be  a  sufficient  bend  in  the  forging  between  the  gaging  point 
and  the  closed  end,  which  this  gage  cannot  detect,  to  cause 
failure  in  the  turning  operation.  This  defect  is  so  common 
that  the  wall  gage  is  unsafe  except  when  used  in  conjunc- 
tion with  a  straightedge.  Another  inherent  defect  of  the  wall 
gage  is  that,  by  itself,  it  gives  no  consideration  whatever 
to  the  inside  diameter.  Although  a  forging  may  have  suflS- 
cient  wall  thickness,  because  the  inside  diameter  is  near  the 
minimum,  it  cannot  be  mac*hined  if  centered  true  with  the 
axis.  To  eliminate  this  difficulty,  it  is  necessary  to  use  a 
gage  of  the  minimum  allowable  inside  dimensions;  Fig.  5 
illustrates  this  condition.  On  account  of  these  inherent  de- 
fects, this  method  of  determining  eccentricity  is  no  longer 
used  in  the  shop  mentioned,  the  mandrel  being  used  instead. 

The  next  step  in  the  inspection  is  an  examination  of  the 
bottom  inside  for  scale.  This  is  done  by  setting  the  forgings 
open  end  up  and  examining  them  with  a  properly  shaded  elec- 
tric light.  Several  defects  are  sometimes  found  at  this  time; 
most  of  them  are  due  to  improper  scaling  of  the  billet  previ- 
ous to  the  piercing  operation,  or  to  the  introduction  of  coal 
dust  or  some  other  foreign  matter  to  facilitate  the  withdrawal 
of  the  punches.  This  foreign  matter  usually  takes  the  form 
of  a  scale-like  substance  and  varies  from  a  few  thousandths 
to  a  quarter  inch  in  thickness.  This  scale,  of  course,  prevents 
the  proper  gaging  of  the  shell  by  giving  the  gages  locating 
from  the  bottom  the  wrong  position  in  the  forging.  For  exam- 
ple, all  the  inside-diameter  gages  locate  from  this  point,  and 
since  the  forging  is  tapered,  the  presence  of  undue  scale  may 
make  it  appear  to  be  too  large  inside  and  cause  it  to  be  re- 
jected. This  condition  may  also  cause  the  wall  gage  to  reject 
pieces  in  the  same  way.  But  the  most  serious  effect  is  upon 
the  machining  operations,  for  the  scale  is  very  destructive 
to  the  tools.  Furthermore,  the  scale  may  be  the  cause  of  fail- 
ure to  finish  the  bottom  inside,  especially  when  the  outside  of 
the  base  is  finished  previous  to  the  boring  operation,  because 
the  point  of  cut-off  is  then  determined  from  the  inside,  and 
when  a  considerable  quantity  of  scale  is  present  so  much  stock 
will  be  removed  from  the  outside  that  there  will  not  be  enough 
left  for  finishing  the  inside  and  the  shell  becomes  scrap. 
Where  it  is  the  practice  to  bore  previous  to  facing  the  closed 
end,  this  difficulty  is  largely  eliminated,  but  the  effect  upon 
the  boring  tools  is  the  same.  During  this  examination,  it  is 
necessary  to  look  for  scale  on  the  walls  as  well  as  for  other 
defects,  such  as  gas  pockets. 

Following  this  inspection  comes  the  measurement  of  the 
inside  at  three  points,  namely,  0.68  inch  from  the  bottom, 
half  way  between  the  top  and  bottom,  and  at  the  top,  both 
maximum  and  minimum  diameters.  The  gages  for  this  pur- 
pose, shown  in  Fig.  6,  are  simply  plain  diameter  gages.  It 
might  seem  that  the  gages  for  measuring  half  way  between 
the  top  and  bottom  might  safely  be  eliminated,  but  experience 
shows  that  to  do  so  would  result  many  times  in  the  acceptance 
of  forgings  too  large  at  this  point.  Occasionally  a  forging 
has  been  found  that  is  as  much  as  3/32  inch  too  large  at  this 
point  but  correct  as  to  the  top  and  bottom  diameters.  The 
same  condition  also  obtains  at  times  at  the  gaging  point  neai 
the  bottom.  The  minimum  gages  are  necessary,  because  a 
small  plunger  is  sometimes  used  by  mistake,  thus  making  the 
pierced  hole  too  small  and  creating  trouble  by  not  allowing 
the  forging  to  slip  on  the  eccentricity  gage  and  the  machining 
fixtures.  Sometimes  a  forging  has  ridges  on  the  inside,  caused 
by  scoring  of  the  plungers;  these  produce  the  same  effect  as  a 
small  punch,  as  far  as  gaging  and  machining  are  concerned. 

The  measurement  for  length  and  bottom  thickness  comes 
next,  and  is  one  of  the  most  important  items  of  the  inspection. 
The  gage  for  this  is  shown  in  Fig.  7,  and  when  used  it  is 
necessary  to  watch  for  a  suitable  bottom  thickness  and  length 
over-all.  Aside  from  matters  of  dimension,  it  is  necessary  to 
see  that  the  bottom  is  of  regular  form,  that  the  projection  for 
the  center  is  sufficiently  long,  and  that  there  is  not  excessive 
scale  or  pitting  on  the  outside.  Defects  due  to  scale  can  often 
be  corrected  by  scaling,  and  sometimes  by  chipping,  sufficiently 
to  allow  the  eccentricity  test  to  be  made  at  that  point. 
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No  separate  test  is  necessary,  of  course,  for  the  wall  thick- 
ness at  the  open  end,  since  the  eccentricity  and  the  measure- 
ment of  the  inside  diameter  at  this  point,  with  the  gage  shown 
in  Fig.  8,  determine  if  the  forging  is  satisfactory  in  this  par- 
ticular. A  number  of  the  other  tests,  such  as  for  the  length 
and  bottom  thicl^ness,  could  be  made  at  the  same  time  as  the 
eccentricity  test,  but  it  has  been  found  more  desirable  to 
handle  the  work  as  outlined,  since  expanding  mandrels  are 
expensive  and  for  these  tests  iinich  slower  than  the  simpler 
form  of  gage. 

The  surfa<'e  inspection  for  seams,  excessive  scale,  pits,  etc., 
that  is  made  at  the  same  time  as  the  gaging  is  an  important 
part  of  the  inspection,  because  a  seam  that  is  not  discovered 
until  the  shell  is  finished  will  cause  rejection  with  loss  to 
all  concerned.  The  examination  for  excessive  scale  is  also 
equally  important,  because  it  often  conceals  pits,  which  may 
not  turn  out  in  the  finishing  and  thus  be  the  cause  of  final 
rejection.    The  only  way  to  discover  such  defects  is  by  a  visual 


CAUTION   TO   EMPLOYES  OF  FOREIGN  BIRTH 

In  view  of  complications  that  might  otherwise  develop  with 
workmen  of  foreign  birth,  J.  H.  Williams  &  Co.,  manufacturers 
of  drop-forgings,  having  factories  in  IJrooklyn  and  Buffalo, 
have  issued  the  following  cautionary  statement  to  their  em- 
ployes, which  is  to  be  commended  for  fairness  and  straight- 
forwardness. If  other  manufacturers  generally  deal  with  their 
employes  in  the  same  frank  and  democratic  spirit,  national 
feelings  and  prejudices  engendered  by  the  war  will  be  largely 
submerged  in  manufacturing  plants. 

In  the  present  crisis  in  our  relations  witii  the  German 
government  it  is  the  purpose  of  tliis  company  to  treat  all 
of  its  employes  alike,  regardless  of  nationality  of  birth, 
or  descent.  The  company  expects  from  all  in  its  employ  the 
same  loyalty  that  has  been  proved  so  often  in  the  past,  and 
takes  it  for  granted  that  this  loyalty  will  be  extended  in 
even  greater  measure  to  the  policies  of  the  United  States 
government. 

We  cannot  do  otherwise  than  endorse  the  suggestion  of 
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Figs.    1    to    8.     Forging   for   High-explosive    Shell    and    Gages    testing   Dimensions 


inspection,  it  usually  being  found  that  a  porous  open  scale 
covers  pits.  Seams  are  sometimes  so  fine,  of  course,  as  to  be 
impossible  of  discovery  until  the  shell  is  finished,  but  most  of 
them  can  be  detected  in  the  forge  shop  if  a  careful  search  is 
carried  out. 

The  inspection  of  forgings  is  not  as  simple  as  many  ap- 
pear to  believe,  for  there  are  many  new  things  constantly 
arising  that  call  for  a  knowledge  of  more  than  forge  work 
and  drawings.  The  eccentricity  test  is  undoubtedly  the  most 
important,  since  failure  to  turn  has  been  the  cause  of  more 
rejections  than  any  other  one  thing.  The  rejection  of  a  forg- 
ing on  this  test,  however,  does  not  necessarily  mean  that  it 
cannot  be  machined,  but  it  does  indicate  that  it  cannot  be 
machined  unless  unusual  precautions  are  taken.  If  the  forg- 
ing manufacturer  is  machining  his  own  forgings,  he  will  find 
it  profitable  to  use  special  methods  on  forgings  rejected  on 
this  test,  since  he  can  thereby  save  many  of  them.  Oftentimes 
this  work  will  call  for  centering  eccentrically  with  the  inside 
or  rough-turning  to  nearly  the  finished  size,  but  this  is  always 
more  desirable  than  scrapping  the  forging.  If  there  are  but  a 
few  forgings  to  be  machined,  the  inspection  methods  are  not 
of  great  importance,  but  when  the  quantity  runs  into  the  hun- 
dreds of  thousands,  it  becomes  quite  as  important  as  any  of 
the  other  operations  and  very  necessary  if  production  costs 
are  to  be  kept  low. 


the  President  that  we  all,  in  our  various  relations  with  each 
other,  allow  no  accident  of  heredity  to  influence  our  feel- 
ings at  this  time  toward  those  who  are  loyal  American 
citizens. 

J.  H.  Williams  &  Co. 

J.  H.  Williams,  President 


NEW  ENGINEERING  SOCIETY  ORGANIZATION 

A  new  engineering  society  was  organized  at  a  convention 
held  in  El  Paso,  Texas,  March  8-10,  with  more  than  one  hun- 
dred charter  members,  which  will  be  known  as  the  South- 
western Society  of  Engineers.  Membership  is  open  to  civil, 
mechanical,  mining,  electrical,  or  chemical  engineers,  archi- 
tects and  other  persons  belonging  to  a  technical  profession, 
who  are  not  less  than  twenty-seven  years  of  age,  and  who 
have  been  in  active  practice  of  their  profession  for  at  least  six 
years.  Provision  is  also  made  for  associate,  honorary,  and 
affiliated  members.  The  president  is  Dean  A.  F.  Barnes, 
School  of  Engineering,  New  Mexico  College  of  Agriculture  and 
Mechanic  Arts,  College  Station,  New  Mexico;  secretary, 
Forrest  E.  Baker,  El  Paso,  Texas;  vice-presidents.  Dean  G.  M. 
Butler,  College  of  Mines  and  Engineering,  University  of  Ari- 
zona, Tucson,  Ariz.,  and  Dean  S.  H.  Worrell,  Texas  College 
of  Mines,  El  Paso,  Texas. 
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HEALD   ROTARY  SURFACE    GRINDER 

Simplicity  of  design  and  adoption  of  a  unit  principle  of  con- 
struction are  the  two  outstanding  features  of  this  machine. 
Five  units  comprise  the  entire  mechanism,  and  any  of  these 
carf  he  easily  removed  if  necessary.  Provision  is  made  for 
grinding  concave  and  convex  surfaces  in  addition  to  flat  sur- 
faces, making  the  machine  suitable  for  handling  a  wide  range 
of  work. 

A  new  size  of  rotary  surface  grinding  machine  has  recently 
been  brought  out  by  the  Heald  Machine  Co.,  20  New  Bond  St., 
Worcester,  Mass.,  for  grinding  rings,  washers,  thrust  collars 
and  similar  parts  that  have  flat  surfaces  to  be  finished  by 
grinding  and  that  can  be  held  on  a  magnetic  chuck.  The 
most  noticeable  features  of  this  12-inch  rotary  surface 
grinder  are  the  simplicity  and  compactness  of  Its  design 
and  the  fact  that  the  machine  is  built  on  the  unit  principle. 
The  entire  mechanism  consists  of  five  units,  viz.,  the  driving 
shaft  bracket,  idler  pulley  bracket,  speed  and  feed  box,  wheel- 
spindle  ram,  and  work-spindle  knee,  all  of  which  are  self- 
contained  units  which  may  be  easily  attached  to  or  removed 
from  the  machine.  In  this  connection,  it  may  be  mentioned 
that  the  unit  type  of  construction  lends  itself  well  to  the 
application   of   either    belt   or    motor    drive,    it   being   merely 


Fig.    1.     Heald   12-inch   Rotary   Surface    Grinding   Machine 

necessary  to  assemble  a  pulley  drive  bracket  or  a  motor  drive 
bracket  on  the  machine,  (according  to  the  requirements  of 
different  cases. 

In  order  to  explain  the  features  of  design  of  this  grinder, 
there  is  probably  no  better  way  than  to  follow  the  transmis- 
sion of  power  from  the  main  driving  pulley  to  different  mem- 
bers of  the  machine.  The  main  driving  shaft  bracket  is  shown 
in  Fig.  3,  from  which  it  will  be  seen  that  the  tight  and  loose 
pulleys  A  and  B  are  located  at  the  left-hand  end.  Loose 
pulley  B  is  of  smaller  diameter  than  tight  pulley  A,  so  that 
the  belt  tension  is  relaxed  while  the  belt  is  not  driving  the 
machine.  Power  for  driving  the  wheel-spindle  is  taken  from 
pulley  C  by  a  belt,  the  tension  of  which  is  kept  uniform  by  a 
special  form  of  idler  pulley  illustrated  in  detail  in  Fig.  4. 
Reference  to  this  illustration  will  show  that  the  pulley  is 
supported  by  a  swinging  arm  which  holds  it  in  contact  with 
the  belt  through  the  action  of  a  torsion  spring.  The  strength 
of  this  spring  is  adjusted  to  maintain  exactly  the  required 
belt  tension,   and   allows   for   any   unusual   demand   upon   the 


Fig.   2.     Opposite  Side   of  Heald  Kotary  Surface   Grinder  shown  in  Fig,   1 

drive.  It  will  be  seen  that  the  idler  pulley  is  supported  on 
ball  bearings. 

At  the  extreme  right-hand  end  of  the  main  driving  shaft 
is  a  small  pulley  D,  Fig.  3,  which  transmits  power  to  the 
pump;  and  about  midway  along  the  shaft  there  is  a  third 
pulley  E,  from  which  power  is  transmitted  to  the  feed  and 
speed  box  located  at  the  opposite  side  of  the  machine.  Two 
views  of  the  speed  and  feed  box  are  shown  in  Fig.  5,  and  in 
this  illustration  it  will  be  noticed  that  connection  is  made 
with  pulley  E  on  the  main  driving  shaft  at  the  back  of  the 
machine  by  a  belt  running  over  pulley  F.  The  most  important 
feature  of  design  of  the  speed  and  feed  box  is  that  changes  of 
both  speed  and  feed  are  secured  by  two  cones  of  gears  which 
mesh  with  a  common  cone  of  gears  keyed  to  shaft  G.  Any  of 
the  available  rates  of  speed  or  feed  is  obtained  by  clutching 
the  proper  gear  to  the  speed  shaft  or  feed  shaft,  as  the  case 
may  be,  by  means  of  diving  keys  H  which  are  actuated  by 
knobs  /  and  J  at  the  front  of  the  speed-box.  When  so  desired, 
the  drives  of  both  the  speed  and  feed  gears  may  be  discon- 
nected by  throwing  out  keys  H. 

From  the  speed  and  feed  box  power  for  driving  the  work- 
spindle  is  transmitted  by  bevel  pinion  L  through  a  suitable  ar- 


Fig.  3.     Main  Driving  Shaft  Bracket,  showing  Connections  to  drive  Wheel- 
spindle.   Pump,   and  Speed  and  Feed  Box 
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Fig.  4.     Idler  Pulley  for  maintaining  Constant 
Tension   on    Wheel-spindle    Driving   Belt 


rangoment  of  gear- 
ing and  shafts  to  a 
pinion  tliat  meshes 
with  a  spur  gear  M, 
Fig.  7,  keyed  to  the 
vertical  work-spin- 
dle. It  will  be  seen 
that  the  lower  end 
of  the  work-spindle 
is  held  by  a  radial 
ball  bearing  and 
there  is  a  taper 
bearing  at  the  top 
which  keeps  the 
spindle  concentric 
and  compensates 
for  wear.     Vertical 


which  meshes  with  a  fixed  worm  on  the  wheel  ram  and  re- 
sults in  forward  or  reverse  traverse  of  the  ram,  according  to 
the  bevel  pinion  on  shaft  P  that  is  engaged  by  the  clutch  Q. 
Provision  is  made  for  grinding  "convex"  or  "concave"  tapers 
by  setting  the  work-spindle  bracket  either  to  the  right  or  left 
of  the  neutral  position  in  which  flat  work  is  ground.  Refer- 
ring to  Fig.  7,  it  will  be  seen  that  a  scale  T  is  provided  to 


feed  of  the  work-spindle  is  automatically  controlled  by  dogs 
on  the  wheel  ram,  which  actuate  a  ratchet  and  pawl  shown 
at  v.  These  stops  may  be  set  to  obtain  any  desired  rate  of 
feed,  and  an  adjustable  shield  on  the  ratchet  provides  for  dis- 
engaging the  teed  at  any  desired  point.  From  the  ratchet 
power  is  transmitted  through  shafts  and  gearing  to  pinion  0 
that  meshes  with  a  combination  gear  and  nut  carried  on  the 
feed-screw.  It  will  be  evident  from  the  illustration  that  rota- 
tion of  the  nut  around  the  feed-screw  provides  for  feeding  the 
work  up  to  the  grinding  wheel.  A  ball  bearing  under  the  nut 
supports  the  downward  thrust  of  the  work-spindle. 

Referring  again  to  Fig.  5,  which  shows  the  arrangement  of 
gearing  in  the  speed  and  feed  box,  we  are  now  in  a  position 
to  take  up  the  manner  in  which  power  is  transmitted  to  pro- 
vide reciprocating  motion  for  the  wheel-spindle  ram.  The  cone 
of  gears  which  provides  the  changes  in  feed  is  carried  on 
shaft  P,  which  supports  two  bevel  pinions  between  which  is 
clutch  Q.  On  the  wheel-spindle  ram  there  are  adjustable  stops 
that  engage  lever  R  at  each  end  of  the  stroke,  which  results 
In  throwing  clutch  Q  into  engagement  with  the  forward  and 
reverse  bevel  pinions  on  shaft  P,  thus  providing  the  recipro- 
cating motion  of  the  wheel  ram.  These  bevel  pinions  both 
mesh  with  a  bevel  gear  carried  on  a  cross-shaft,  from  which 
motion  is  transmitted  through  a  vertical  shaft  to  worm-wheel  S, 


Fig.     6. 


Sectional    View    through    Wheel-slide,    showing    Improved    Type 
of  Spindle  Bearing  Construction 


facilitate  making  this  setting;  and  the  work-spindle  knee  is 
swung  about  shaft  Y,  on  which  is  mounted  the  driving  pinion 
that  transmits  power  to  this  section  of  the  machine.  In  this 
way,  the  angular  setting  may  be  made  without  interfering  with 
the  transmission  power. 

From  Figs.  1  and  2  it  will  be  seen  that  all  working  parts 
are  covered  by  guards  which  provide  for  the  safety  of  the  op- 
erator and  also  protect  delicate  parts  of  the  mechanism  from 
damage.  In  conformity  with  the  best  practice  of  machine  de- 
sign, the  control  of  all  parts  of  the  mechanism  is  centralized  so 
that  the  operator  has  mplete  control  of  all  movements  without 
being  required  to  leave  his  position  at  the  front  of  the  machine. 
Another  feature  that  adds  to  the  efficiency  of  operation  is  the 
fact  that  the  handles  of  all  handwheels  are  made  separate  from 
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Fig.   6.     Arrangement  of  Gearing  in  Speed  and  Feed  Box,   and  Transmission  to  Wheel-spindle  Slide 
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Fig. 


Sectional    Viev 


of    Work-spindle    Knee,     showing    Feed     Mechanism    and    Means    for 
grinding  Tapered  Work 


the  studs  which  support  them,  so  that  the  handle  remains  sta- 
tionary in  the  operator's  hand  while  the  wheel  is  turned.  This 
may  appear  to  be  an  unimportant  matter,  but  those  who  have 
had  experience  will  realize  that  the  constant  turning  of  a 
handle  in  the  hand  is  a  source  of  fatigue,  and  results  in  re- 
ducing production. 

Attention  is  called  to  the  design  of  the  wheel-spindle  illus- 
trated in  Fig.  6.  It  will  be  seen  that  a  plain  bearing  is  used 
to  support  the  front  end  of  the  spindle,  but  this  bearing  is 
tapered  and  made  in  a  single  piece,  as  the  experience  of  the 
Heald  Machine  Co.  has  shown  that  better  results  are  obtained 
in  this  way  than  by  employing  a  split  bearing.  At  the  rear 
end  of  the  spindle  there  is  a  double  ball  bearing,  the  inner 
races  of  which  are  clamped  to  the  spindle  by  means  of 
sleeve  V  and  binding  nut  W  that  force  the  races  up  against 
a  shoulder  turned  on  the  end  of  the  spindle.  Similarly,  nut  X 
adjusts  the  position  of  the  outer  races  in  the  proper  relation 
to  the  inner  races  and  balls.  "When  it  becomes  necessary  to 
compensate  for  wear  in  the  taper  front-spindle  bearing,  such 
adjustment  is  made  by  tightening  nut  Y,  which  draws  the  en- 
tire spindle  back  into  the  taper  bearing.  Running  tests  made 
with  this  bearing  in  the  shops  of  the  Heald  Machine  Co.  are 
said  to  have  shown  exceptionally  satisfactory  results,  and  the 
importance  of  efficient  operation  at  this  point  will  be  conceded 
by  all  experienced  grinding  machine  operators,  as  the  high 
speed  at  which  grinder  spindles  are  run 
makes  the  design  of  the  spindle  and 
spindle  bearings  a  matter  of  importance. 

The  principal  dimensions  are  as  fol- 
lows: diameter  of  magnetic  chuck,  12 
inches  (8-  or  10-inch  chucks  can  also  be 
used  if  desired) ;  size  of  grinding  wheel, 
12  inches  diameter,  1  inch  face,  3% 
inches  hole;  greatest  distance  from  top 
of  chuck  to  center  of  wheel,  9i^  inches; 
vertical  adjustment  of  chuck,  5  inches; 
largest  swing  inside  water  pan,  15  inches. 


twelve-foof  beds,  furnished  with  heavy 
double-wall  cross  girths  spaced  two  feet 
apart,  which  provide  a  rigid  construction 
capable  of  resisting  severe  stresses.  There 
are  two  ways  on  the  bed,  and  a  20  per  cent 
steel  mixture  is  used,  which  provides  a 
harder  metal  than  that  in  the  carriage  bear- 
ings, so  that  any  wear  which  takes  place  will 
be  confined  to  the  carriage,  where  adjust- 
ment can  be  made.  The  high-carbon  steel 
feed  rack  is  pinned  and  bolted  to  the  bed. 
The  compound  rest  has  its  swivel  made 
completely  circular  and  graduated  in  de- 
grees, the  rest  being  clamped  to  the  cross- 
slide  by  means  of  heavy  bolts.  Full-length 
tapered  gibs  with  end  screw  adjustment  are 
provided  on  both  cross  and  compound  slides, 
and  are  placed  on  the  side  where  tl;3y  will 
not  receive  the  thrust  of  the  too'i.  The  head- 
stock  is  of  the  closed  type  and  is  designed  to 
meet  the  requirements  of  heavy  work.  The 
spindle  is  turned  from  50-point  carbon  steel 
and  is  carried  by  phosphor-bronze  bearings. 
The  tailstock  spindle  is  clamped  by  means 
of  a  double  binder  which  is  so  constructed 
as  to  clamp  the  spindle  in  any  position  with- 
out affecting  its  alignment.  Sight-feed  oil 
cups  are  provided  on  the  front  spindle  bear- 
ing and  all  other  bearings  are  furnished  with  Brown  &  Sharpe 
oil  plugs.  There  is  a  thrust  bearing  on  the  spindle  which  con- 
sists of  bronze  and  hardened  steel  collars.  A  one-piece  apron 
construction  is  employed  in  which  all  bearings  are  cast  in- 
tegral; and  all  gears  are  furnished  with  bearings  at  both 
ends.  The  lead-screw  is  turned  from  40-point  carbon  steel 
and  is  l*^  inch  in  diameter  with  a  4-pitch  thread. 


Jtacliinrry 


"HY-GRADE"   CYLINDER   GRINDER 

To  meet  the  requirements  of  garages,  repair  shops,  etc., 
which  are  called  upon  to  handle  cylinder  grinding,  the  Hy- 
Grade  Machine  Co.,  5606  Curtis  Ave.,  Cleveland,  Ohio,  is  now 
building  a  cylinder  grinding  machine.  The  upright  frame  and 
lower  surface  table  are  cast  integral;  and  the  vertical  ways 
and  bottom  surface  are  carefully  machined  and  scraped  per- 
fectly square  to  insure  accurate  alignment.  The  cylinder  to 
be  ground  is  mounted  on  a  plate  which  may  be  adjusted  to 
bring  the  different  bores  into  the  grinding  position,  this  plate 
being  carried  on  ways  that  extend  the  full  length  of  the  ma- 
chine. The  spindle  is  carried  in  a  movable  head  and  may  be 
eccentrically  adjusted  to  travel  around  the  bore  of  the  cylinder 
while  rotating  on  its  own  axis.  This  spindle  is  driven  by  a 
belt  extending  back  through  the  ways  upon  which  the  head 
is  traversed  by  a  screw  that  is  driven  in  forward  and  reverse 


"ATLAS"   ENGINE   LATHE 

The  Taylor  Machine  Co.,  7804  Carnegie 
Ave.,  Cleveland,  Ohio,  is  now  building  a 
20-inch  "Atlas"  engine  lathe  equipped 
with  a  double  back-geared  drive,  quick- 
change  gears,  and  other  features  which 
will  be  apparent  by  reference  to  the  ac- 
companying illustration.  Machines  of 
this  type  are  built  with  eight-,  ten-  and 


Atlas"   Engine  Lathe   built  by   Taylor  Machine   Co. 
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directions  by  bevel  gears.  Up  aud  down  feed  is  controlled  by 
a  rod  with  adjustable  stops  that  Rovern  the  clutch  between 
the  two  bevel  gears.  Revolution  of  the  spindle  is  controlliMl 
by  a  clutch  on  a  splined  shaft  driven  by  spur  gears-.  The  fine 
eccentric  feed  is  operated  by  a  worm  or  screw  furnished  with 
a  graduated  dial. 

All  operating  levers  are  located  at  the  front  of  the  machine 
where  they  are  convenient  for  the  operator.  Counterweights 
'  relieve  the  machine  of  all  strain  and  tendency  toward  ex- 
cessive wear.  All  sizes  of  automobile  cylinders  may  be  ground, 
and  it  is  claimed  that  the  machine  is  capable  of  attaining  a 
high  rate  of  production  and  doing  accurate  work.  The  spindle 
head  is  equipped  with  adjustable  bronze  bearings,  and  the 
spindle  is  carried  by  double-row  ball  bearings  and  adjustable 
bronze  bearings  which  are  furnished  with  leak-proof  oil  re- 
tainers. The  principal  dimensions  of  the  machine  are  as  fol- 
lows: height,  6  feet;  total  travel  of  spindle  head,  22  inches; 
length  of  grinding  spindle,  16  inches;  size  of  movable  plate 
that  supports  the  work,  16  by  22  inches  by  2%  inches  thick; 
working  space  under  macJiine,  18  by  22  inches;  and  floor  space 
occupied,  28  by  32  inches. 


INTERNAL  PINION 


AMERICAN    RADIAL    DRILLING    MACHINE 

In  working  out  the  design  of  a  six-foot  radial  drilling  ma- 
chine which  has  recently  been  placed  on  the  market  by  the 
American  Tool  Works  Co.,  Cincinnati,  Ohio,  provision  has  been 
made  for  the  performance  of  boring  operations  in  addition  to 
drilling  and  tapping,  and  on  this  account  the  machine  has  been 
termed  a  "triple-purpose"  radial  drilling  machine.  This  result 
is  accomplished  by  providing  a  quadruple  geared  head,  afford- 
ing four  distinct  speeds,  which,  in  turn,  are  divided  into  two 
separate  ranges  of  two  speeds  each — one  for  heavy  tapping  and 
boring,  and  the  other  for  high-speed  drilling  and  light  tapping. 
The  boring  and  tapping  range,  in  conjunction  with  the 
eight  gear-box  speeds,  comprise  sixteen  speeds  ranging  from 
15  to  81  revolutions  per  minute,  which  are  obtained  through 
an  internal  gear  drive  on  the  spindle,  while  the  high-speed 
drilling  range  consists  of  sixteen  speeds  from  94  to  500  revo- 
lutions per  minute,  secured  through  an  external  gear.  These 
internal  and  external  gear  drives  are  non-interfering,  and  the 
thirty-two  spindle  speeds  are  in  geometrical  progression.  A 
clear  idea  of  the  arrangement  of  the  external  and  internal 
geared  drive  to  the  spindle  will  be  gathered  by  reference  to 


Tig.   1.     American    "Triple- purpose"   Radial  DrlUine,   Tapping  and  Boring    Machin 


Fig.   2,     Selective  Internal  and  External  Geared  Drive  to  Spindle 

Fig.  2.  At  first  thought  it  would  seem  that  in  supplying  such 
a  wide  spindle  speed  range  as  15  to  500  revolutions  per  minute, 
excessive  gear  velocities  would  be  encountered,  and  this  would 
be  unavoidable  were  it  not  for  the  use  of  the  double-spindle 
gear  drive;  but  with  this  drive  no  gear  runs  faster  than  1000 
feet  per  minute,  which  is  quite  conservative.  The  head  mech- 
anism is  fully  enclosed  inside  of  one  large  casting  or  hous- 
ing, which  not  only  prevents  all  possibility  of  accident  from  ex- 
posed running  parts,  but  also  presents  a  neat  and  finished 
appearance. 

One  important  feature  of  this  machine  is  found  in  the  tap- 
ping mechanism,  which  is  completely  enclosed  and  runs  in 
oil.  Particular  attention  is  called  to  the  fact  that  with  the 
added  facilities  furnished  by  this  machine,  there  has  been  no 
complication  of  the  mechanism  or  method  of  operation.  For 
instance,  tliirty-two  spindle  speeds  are  obtained  with  only  fif- 
teen gears  in  the  speed-changing  mechanism.  As  to  the  con- 
venience of  operation,  a  study  of  the  illustrations  will  be  suffi- 
cient to  give  an  idea  of  the  way  in  which  this  has  been  pro- 
vided for  in  the  arrangement  of  all  operating  members.  The 
different  levers  on  the  head  are  located  so  the  operator  can 
reach  them  easily,  and  two  head-moving  handwheels  are  pro- 
vided, one  on  each  side,  so  that  either  is  available  for  instant 
use.  Two  levers  are  furnished  for  raising  or  lowering  the 
spindle,  and  only  one  dial  is  used  for  the  eight  feeds.  A  coni- 
cal roller  bearing  interposed  between  the  column  and  sleeve 
make  the  arm  easy  to  swing,  this  result  being  further  facili- 
tated by  a  ball  bearing  at  the  top  which  takes  the  radial 
thrust  of  the  sleeve. 

Thorough  lubrication  is  a  point  of  exceptional  importance 
in  radial  drilling  machines  because  of  the  number  of  vertical 
bearings  and  high  velocity  of  the  shafts.  On  this  account  oil 
ducts  from  the  bearings  are  brought 
to  centralized  locations  on  the  head 
and  cap,  into  which  oil  may  be  in- 
troduced. This  method  insures  an  oil 
supply  for  every  pipe  and  bearing.  To 
further  provide  for  efficient  lubrica- 
tion, a  special  bearing  design  has  been 
worked  out,  this  being  of  the  type 
shown  in  Fig.  3.  Oil  is  led  into  the 
annular  chamber  formed  in  the  bronze 
bushing,  which  contains  a  large  supply 
of  lubricant,  which,  in  turn,  is  fed  to 
the  bearing  by  means  of  a  strip  of  felt 
inserted  in  a  slot  cut  lengthwise  in 
the  bushing.  This  construction  in- 
sures a  continuous  and  uniform  supply 
of  clean  oil  for  the  bearing,  and  pre- 
vents waste  from  oil  flooding  and  run- 
ning out  of  the  bearing  before  perform- 
ing its  function.  To  avoid  possible  ac- 
cidents through  falling  of  the  counter- 
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Fig.   3.     Special  Type  of  Bearing  with  Provision 
for  Constant  Lubrication 


shaft,  the  weight  on 
this  machine  is 
completely  enclosed 
and  provided  with 
a  safety  stop  which 
operates  automati- 
cally in  event  of 
the  supporting 
chain  breaking;  in 
this  way  the  possi- 
bility of  accident 
has  been  eliminated. 
Eight  changes  of 
feed  are  provided, 
these  being  in  geo- 
metrical progres- 
sion and  ranging 
from  0.005  to  0.040 
inch  per  revolution. 
The  feed  mechan- 
ism is  direct-reading,  and  only  one  dial  is  required  for  its 
operation.  Thorough  protection  is  provided  for  the  feed 
mechanism  to  guard  against  sudden  shocks  or  excessive 
strains,  this  result  being  obtained  by  means  of  a  friction  that 
constitutes  the  connection  between  the  mechanism  and  the 
spindle,  and  acts  as  a  "slipping  point."  This  friction  is  of  an 
improved  expanding  band  type,  and  is  quickly  adjustable  for 
the  desired  tension.  The  feed  worm-wheel  runs  in  an  oil  bath, 
insuring  a  minimum  of  wear  between  the  worm-wheel  and 
worm.  Eight  changes  of  speed  are  furnished  by  a  cone  and 
tumbler  type  gear-box,  which  has  an  automatic  silent  clutch 
auxiliary  drive  that  keeps  the  shafts  and  gears  running  while 
speed  changes  are  being  made.  This  is  the  means  of  eliminat- 
ing much  of  the  shock  caused  by  engagement  of  gears.  It  is 
impossible  to  elevate  the  arm  until  the  binding  levers  have 
been  loosened,  and  the  arm  cannot  be  elevated  or  lowered  be- 
yond certain  iixed  points.  Whenever  the  elevating  mechanism 
is  engaged  there  is  ordinarily  a  noticeable  shock  caused  by 
meshing  of  the  gears,  but  this  shock  is  absorbed  by  the  fric- 
tion mechanism,  so  that  it  does  no  damage.  This  elevating 
mechanism  is  controlled  by  a  lever  that  is  inoperative  until 
raised  from  its  bearings,  thereby  guarding  against  breakage 
through  careless  handling.  An  automatic  knock-out  Is  also 
provided  for  the  elevating  shaft,  which  automatically  disen- 
gages the  mechanism  at  the  extreme  upward  or  downward 
movement,  of  the  arm,  thus  preventing  damage  from  this  source. 


LINCOLN-WILLIAMS    OIL-TUBE   DRILL 

The  Lincoln-Williams  Twist  Drill  Co.,  Taunton,  Mass.,  has 
developed  a  new  type  of  oil-tube  drill,  which  is  now  ready  for 
the  market.  Oil-tube  drills  of  the  type  in  which  the  tubes  are 
soldered  in  place  have  often  been  found  unsatisfactory,  hav- 
ing given  more  or  less  trouble  from  the  tubes  working  loose, 
and  interfering  with  efficient  drilling.  In  the  Lincoln-Williams 
type  of  oil-tube  drill,  which  is  illustrated  in  the  diagram  pre- 
sented herewith,  the  oil-tube  is  cut  into  the  solid  metal  and 
the  outer  wall  of  the  tube  is  formed  by  an  inserted  piece  of 
drill  rod  which  is  dovetailed  into  place.  This  rod  cannot  work 
loose  or  come  out,  and  the  resulting  oil  hole  formed  from  the 
solid  metal  and  closed  by  the  drill  rod  is  in  every  way  equal 
to  that  in  the  usual  type  of  oil-tube  drill.  The  oil-tube  chan- 
nels run  back  into  the  shank  of  the  drill,  where  a  connec- 
tion by  cross-holes  is  made  to  a  central  hole  that  runs  out 
at  the  end  of  the  shank,  thus  providing  an  entrance  for  cut- 
ting lubricant. 


"CONNECTICUT"   UNIVERSAL   GRINDER 

The  Middlesex  Machine  Works,  Middletown,  Conn.,  are  now 
building  a  machine  known  as  the  "Connecticut"  universal 
grinder,  which  is  shown  in  the  acconipanying  illustration. 
The  most  important  feature  of  design  is  the  column  construc- 
tion which  allows  the  table  to  swing  completely  around  on 
bearings  of  liberal  size,  so  that  this  grinder  is  a  full  universal 
machine.  The  head  is  fastened  to  the  column,  and  any  posi- 
tion can  be  obtained  without  twisting  the  belt.  Another  im- 
portant feature  is  the  ease  and  rapidity  with  which  the  grinder 
can  be  changed  over  from  cylindrical  wet  grinding  to  surface 
grinding.  This  is  particularly  important  in  tool-room  work 
or  in  manufacturing  shops  where  the  grinder  is  used  for  a 
variety  of  work.  An  internal  grinding  attachment  can  .also 
be  applied  in  a  few  moments  to  adapt  the  machine  for  those 
operations  for  which  such  an  attachment  is  required. 

The  universal  headstock  has  a  No.  10  Brown  &  Sharpe  taper 
in  the  removable  sleeve,  making  it  possible  to  use  regular 
milling  machine  arbors,  collets,  etc.;  and  all  kinds  of  cutter 
grinding  can  be  done  without  requiring  the  use  of  extra  fit- 
tings. The  universal  headstock  is  also  provided  with  a  draw- 
back attachment  made  to  receive  special  collets  that  may  be 
used  for  grinding  small  cylindrical  parts.  The  spindle  is  made 
with  a  15-degree  taper  on  each  end,  and  two  flange  bushings 
are  made  to  fit  on  the  ends  of  the  spindle.  These  make  it 
possible  to  change  wheels  and  maintain  their  true  relation  to 
the  work,  eliminating  the  necessity  of  truing  the  wheel.     A 


OU-tube  Drill  made  by  LincoIn-'WiUiams  Twist  Drill  Co. 


"Connecticut"  Universal  Grinder  built  by  Middlesex  Machine  Works 

water  supply  is  available  for  wet  grinding.  This  machine  is 
adapted  for  taking  very  heavy  cuts  when  roughing,  and  also 
for  taking  the  lightest  cuts  where  accuracy  and  a  high  finish 
are  necessary,  the  claim  being  made  that  the  machine  operates 
with  uniform  efficiency  under  all  conditions. 

It  will  be  noted  that  the  table  has  no  overhang,  because  it 
is  supported  for  its  entire  length  by  the  longitudinal  slide, 
which  is  heavily  braced  and  held  in  its  turn  by  two  generous 
bearings  on  the  column.  With  this  rigid  support  for  the  work, 
a  remarkable  degree  of  accuracy  can  be  obtained.  The  top 
platen  rests  for  its  full  length  upon  the  longitudinal  slide  upon 
which  it  swivels,  and  is  provided  with  a  screw  adjustment  for 
aligning  the  centers  accurately.  The  ends  are  graduated  to 
facilitate  setting  for  handling  tapered  work,  one  end  being 
graduated  to  read  tapers  in  inches  per  foot  and  the  other  end 
in  degrees.  The  longitudinal  movement  is  operated  by  a  rack 
and  pinion  and  the  cross  movement  by  a  feed-screw  furnished 
with  micrometer  adjustment. 
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Fig.    1. 


The  principal  (iimeii- 
sions  of  this  machine  are 
as  follows:  diameter  of 
spindle,  1»^  inch;  length 
of  front  bearing,  4Vi 
inches;  length  of  rear 
bearing,  3  Vi  inches; 
longitudinal  movement  of 
table,  20  inches;  vertical 
movement  of  table,  13 
inches;  transverse  move- 
ment of  table,  SVz  inches;  capacity  for  handling  work  on  cen- 
ters, 24  inches  in  length  by  12  inches  in  diameter;  working 
surface  of  table,  5%  by  34  inches;  maximum  distance  between 
spindle  and  table,  9  inches;  height  from  floor  to  center  of  spin- 
dle, 45  inches;  diameter  of  column,  7  inches;  width  of  driv- 
ing belt,  214  inches;  and  net  weight  of  machine,  including  at- 
tachments and  countershaft,  1200  pounds. 

"PROGRESS"  SPRING  TOOL-HOLDER 

Most  mechanics  are  familiar  with  the  advantages  obtained 
through  the  use  of  the  so-called  gooseneck  or  spring-tool 
that  is  commonly  used  for  threading  and  forming  operations. 
It  is  a  matter  of  general  knowledge  that  such  a  tool  does 
not  dig  in  and  tear  the  work,  which  is  likely  to  occur  when 
a  straight  tool  is  used  for  these  operations.  With  the  view 
of  overcoming  such  troubles  and  also  to  take  advantage  of 


Progress  Spring  Tool-holder  for  Performance  of  Threading  and   Forming 
Operations 


bility  of  trouble  through 
a  twisting  action.  These 
new  Russell  round  ad- 
justable-dies will  fit  any 
make  of  holder,  as  the 
slot  running  across  the 
entire  edge  will  engage 
with  the  set-screw  no 
matter  where  the  latter 
may  be  located. 
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Fig.    2. 


Arrangement    of    Spring    Bushing,    Spring    Support    for    Gooseneck 
and  Sliding  Extension  to  fit  into  Slot 


the  economy  of  a  tool-holder,  the  Progress  Mfg.  Co.,  Erie, 
Pa.,  is  now  making  the  spring  tool-holder  illustrated  and  de- 
scribed herewith.  Cutters  used  in  this  tool-holder  can  be 
made  of  5/16-inch  square  or  round  stock.  A  spring  bushing 
is  placed  in  the  gooseneck  to  stiffen  the  tool  and  afford  ad- 
ditional spring  when  cutting  coarse  threads  or  performing 
heavy  forming  operations.  A  spring  is  placed  through  the 
shank  of  the  holder,  and  this  can  be  tightened  by  a  knurled 
set-screw;  the  spring  bears  against  the  lower  part  of  the  goose- 
neck and  is  used  when  roughing  out  a  thread  or  performing 
similar  operations,  after  which  the  spring  is  released  for  fin- 
ishing the  work.  Any  forming  cutter  can  be  used  in  the  tool- 
holder  to  advantage. 


RUSSELL  ROUND  ADJUSTABLE  DIE 

One  of  the  latest  products  of  the  Russell  Mfg.  Co.,  Green- 
field,  Mass.,    is   a   round   adjustable   die,    which    is   shown    in 
the   accompanying    illustration.      Dies    of    this    type    may    be 
adjusted   while   in    the   holders   by  means   of   a   taper-headed 
screw     which     engages     a     cone- 
shaped    nut    at   the   opposite    side 
of    the    die.      The    taper    head    of 
the   screw   bears   against   a   coun- 
tersunk   recess   at   the   front   face 
of  the  die,  while  the  conical  nut 
bears  against  a  similar  recess  in 
the    back    face.      It   will    be    evi- 
dent  that   this  causes   the   die   to 
BuBseii  Hound  Adjustable  Die      open  evenly  and  avoids  the  possi- 


"AMERICAN"   ELECTRIC   HOIST 

The  "American  "  electric  hoist  shown  in  the  accompanying 
illustration  has  recently  been  placed  on  the  market  by  the 
Barber-Poster  Engineering  Co.,  605-607  Swetland  Bldg.,  Cleve- 
land, Ohio.  These  hoists  are  made  in  different  types,  which 
include  a  plain  trolley  hoist  built  in  sizes  from  14  to  2  tons 
capacity,  a  geared  trolley  and  hand  chain  hoist  built  in  ca- 
pacities from  2  to  10  tons,  and  a  motor-driven  trolley  hoist 
for  remote  control,  which  is  also  built  in  capacities  from  2  to 
10  tons.  Each  type  of  hoist  is  completely  enclosed,  making  it 
suitable  for  outdoor  service  or  where  exposed  to  dust,  dirt, 
acid  fumes,  etc.  All  gears  are  cut  from  solid  heat-treated  steel 
blanks  and  the  shafts  are  hardened  and  ground  at  the  bear- 
ings. The  mechanical  brake  is  of  a  simple  double-friction 
disk  type,  and  Hyatt  roller  bearings  are  used  to  increase  trans- 
mission efficiency.  The  motor  and  controller  are  of  a  standard 
design  especially  adapted  for  heavy-duty  hoisting  service;  and 
the  hoists  may  be  provided  for  use  in  connection  with  either 
alternating  or  direct  current. 

Cast  iron  is  used  for  the  hoist  frame,  which  is  cylindrical 
in  form  and  so  constructed  that  it  entirely  encloses  all  the 
mechanism,  including  the  drum  and  brakes.  By  locating  the 
drum  centrally  within  the  frame,  only  a  very  small  opening 
is  required  for  the  rope  to  pass  through,  so  that  not  even  the 
drum  is  exposed. 
The  section  of  the 
frame  containing 
the  gearing  and  me- 
chanical brake  is 
separated  from  the 
drum  by  a  cast-iron 
partition  and  is 
packed  with  grease. 
The  drum  is  made 
of  cast  iron  and 
machined  with 
grooves  to  receive 
the  full  amount  of 
rope  for  a  given 
lift  without  over- 
lapping. Attention 
is  called  to  the  fact 
that  the  drum  gear 
is  keyed  to  the  end 
of  the  drum  and 
not  to  the  drum 
shaft.  A  mechani- 
cal load  brake  au- 
tomatically stops 
and  holds  the  load  when  the  motor  is  stopped,  and  this  brake 
is  not  released  until  the  motor  starts  revolving  in  the  lower- 
ing direction. 

Through  the  use  of  roller  bearings  and  by  having  the  gears 
run  in  grease  there  is  little  need  of  lubrication,  although  the 
bearings  are  provided  with  means  for  lubricating  with  oil. 
The  trolley  consists  of  two  castings  securely  connected  to  lugs 
on  the  frame  by  through  bolts  which  are  of  ample  size.  By 
simply  removing  these  bolts  the  hoist  is  detached  and  each 
trolley  frame  with  its  wheels  may  then  be  easily  removed 
from  the  I-beam.  These  wheels  are  single-flanged  with  tapered 
treads,  and  they  are  equipped  with  Hyatt  roller  bearings.  An 
automatic  limit  stop  is  provided  to  prevent  over-travel  of  the 
block  in  the  hoisting  direction  due  to  neglect  of  the  hoist 
operator.    This  stop  is  actuated  by  direct  contact  of  the  block. 


"American"  Electric  Hoist  built  by  Barber- 
Foster  Engineering  Co. 
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Fig.   1.     Moccasin  Self-oiling  Bronze  Bushing 


MOCCASIN   SELF-OILING   BUSHINGS 

For  use  as  a  bearing  for  loose  pulleys  and  for  similar  appli- 
cations where  it  is  desirable  to  have  the  combination  of  an 
efficient  bearing  metal  and  an  automatic  lubricating  system, 

the  Moccasin 
Bushing  Co., 
Chattanooga, 
Tenn.,  has  placed 
on  the  market  a 
line  of  self-oiling 
bushings  which 
form  the  subject 
of  the  following 
description. 
Probably  the  best 
idea  of  how  these 
bushings  are 
used  will  be 
gathered  from 
Pig.  2,  which  shows  a  Moccasin  bushing  in  a  loose  pulley  that 
is  provided  with  an  oil  reservoir  in  the  hub.  The  principle 
on  which  lubrication  of  this  bushing  is  effected  is  the  same 
as  that  by  which  oil  is  drawn  up  through  a  lamp  wick,  i.  e., 
capillary  attraction.  These  bushings  may  be  used  in  any  ma- 
chine member  furnished  with  an  oil  cavity  from  which 
lubricant  may  be  drawn  by  the  capillary  feeders  in  the  bush- 
ing, which  carry 
oil  to  the  bearing. 
These  capillary 
feeders  pass  trans- 
versely through  the 
bushing  to  the  bear- 
ing surface,  where 
the  oil  is  deposited 
in  a  continuous  film. 
The  feeders  are 
especially  prepared 
so  that  they  cannot 
glaze  or  clog,  and 
they  have  great 
power  to  hold  oil 
and  give  it  off  as 
required.  A  special 
metal  mixture  is 
employed  in  mak- 
ing the  bushings, 
which  has  ample 
strength  without 
too  much  hardness. 
A  further  claim 
made  for  these 
bushings  is  that  they  obviate  waste  of  oil,  which  is  an  im- 
portant factor  in  many  places.  This  saving,  in  addition  to 
increased  transmission  efficiency,  makes  these  bushings  the 
means  of  effecting  a  considerable  saving. 
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Fig.  2.     Application  of  Moccasin  Bushing  in 
Loose  Pulley 


GALE-SAWYER    ELECTRICALLY  WELDED 
TOOLS 

The  accompanying  illustration  shows  an  end-mill  made  by 
the  Gale-Sawyer  Co.,  33-37  Wormwood  St.,  Boston,  Mass.  This 
tool  has  been  electrically  welded  just  above  the  cutting  point, 
and  by  a  series  of  special  heat-treatments  before  and  after 
welding,  the  steel  is  so  united  that  it  is  claimed  to  be  capable 
of  withstanding  a  greater  strain  at  the  welded  joint  than  in 
any  other  portion  of  the  tool.  After  fitting  the  welding  sur- 
faces together,  the  steel  is  heat-treated  in  preparation  for  weld- 
ing, the  welding  being  done  on  a  butt-welding  machine  which 


applies  different  temperatures  for  the  carbon  and  high-speed 
steel. 

After  welding  and  before  the  weld  has  been  allowed  to  cool, 
the  entire  tool  is  heat-treated  to  relieve  all  strain,  and  it  is 
tlien  put  through  a  special  annealing  process  to  bring  both 
the  high-speed  and  carbon  steel  to  a  workable  point,  after 
which  the  tool  is  finished  in  the  usual  way.  In  order  to  pro- 
tect carbon  steel  from  being  destroyed  at  the  high  tempera- 
ture necessary  to  harden  high-speed  steel,  special  furnaces 
have  been  built  which  provide  for  hardening  the  high-speed 
steel  to  any  degree  without  damaging  the  carbon  steel  shank, 
which  may  be  left  entirely  soft  or  hardened  according  to  re- 
quirements of  the  customer. 


DU  BOIS  TOOLPOST  COLLAR  AND  SHOE 

A  positive  lock  toolpost  collar  and  shoe,  which  is  of  simple 
design  and  suitable  for  attachment  to  any  standard  toolpost 
without  making  alteration,  has  recently  been  developed  and 
placed  on  the  market  by  the  Du  Bois  Machine  Shop,  Inc.,  118 
Hudson  Ave.,  Albany, 
N.  Y.  The  positive  lock 
washer  is  a  flat  piece 
with  recesses  cut  in  it 
to  suit  the  adjusting 
shoe.  The  adjusting  "ra- 
dius surfaces"  on  the 
collar  and  shoe  are  cor- 
rugated to  afford  a  posi- 
tive lock  when  the  de- 
vice is  in  use.  This  cor- 
rugation does  away 
with  the  need  of  de- 
pending upon  friction  to 
hold  the  tool.  The  re- 
cesses cut  in  the  washer 
or  collar  are  of  different 
heights  to  allow  the  tool  to  be  set  level  at  different  heights. 
It  is  claimed  that  with  this  collar  and  shoe  it  is  unnecessary 
to  apply  as  great  a  strain  on  the  clamp  screw  in  order  to  se- 
cure the  tool.  Both  the  collar  and  shoe  are  drop-forgings  made 
from  a  suitable  grade  of  steel.  These  collars  and  shoes  are 
made  in  different  sizes  to  suit  toolposts  of  different  lathes. 


Du  Bois  Positive  Lock  Toolpost  Collar 
and  Shoe 


TAPER-TURNING  ATTACHMENT  FOR 
TURRET  LATHE 

The  taper-turning  attachment  shown   in  the  illustration   is 
intended  for  use  on  any  turret  lathe  for  turning  accurate  ta- 


Taper-tuming    Attachment 


made    by    Matthev 
Turret    Lathes 


Harrison    for    Use    on 


Gale-Sawyer  Electrically  Welded   End-mill 


pers,  especially  long  tapers  that  cannot  be  adequately  taken 
care  of  by  forming  tools.  The  turning  slide  is  bolted  to  the 
turret  and  the  brackets  that  support  the  guide  controlling  its 
movement  are  bolted  to  the  rear  of  the  lathe.  The  attachment 
does  not  interfere  with  the  general  operation  of  the  turret 
lathe,  and  when  the  taper  is  to  be  turned  it  is  indexed  to  bring 
the  taper-turning  attachment  into  position;    as  the  turret  is 
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fed  forward  a  roller  stud  allachod  to 
the  turning  slide  engages  the  hard- 
ened steel  guide -block  adjustably 
mounted  on  the  bracket  at  the  rear. 
This  guide-block  may  be  swiveled  and 
set  to  give  any  degree  of  taper.  The 
operation  of  this  device  is  exceedingly 
simple.  As  soon  as  the  roller  stud  on 
fhe  bottom  of  the  slide  of  the  turn- 
ing attachment  enters  the  guide-block, 
the  slide  is  advanced  or  withdrawn, 
according  to  the  inclination  of  the 
guide-block.  At  the  end  of  the  taper- 
turning  operation  the  attachment  is 
merely  swung  out  of  the  way  by  the 
indexing  until  it  is  required  for  the 
next  part  that  is  to  be  machined.  This 
attachment  is  built  by  Matthew  Harri- 
son,  61   Albemarle  Ave.,   Springfield,   Mass 


"UNIVERSAL"  LATHES 


The  Universal  Machinery  Co.,  770-790  30th  St.,  Milwaukee, 
Wis.,  is  now  building  the  high-speed  all-geared  manufacturing 
lathe  shown  in  Fig.  1.  The  machine  was  especially  designed 
to  meet  requirements  in  shops 
where  the  work  is  of  a  kind 
that  calls  for  machining  at 
high  speed;  and  it  is  interest- 
ing to  note  that  this  lathe  is 
sold  under  a  guarantee  that 
it  will  give  satisfactory  ser- 
vice when  operated  under 
spindle  speeds  up  to  2000 
revolutions  per  minute.  The 
lathe  is  particularly  suitable 
for  use  in  the  production  of 
small  parts  where  it  is  re- 
quired to  perform  drilling 
operations  and  turning  and 
boring  operations  on  small  di- 
ameters. It  will  be  seen  that 
the  headstoek  is  of  the  all- 
geared  type  with  single-pulley 
drive,  and  where  an  individ- 
ual electric  motor  is  used, 
one  good  arrangement  is  to 
mount  the  motor  at  the  back 
of    the    machine    as    shown. 

Eight  geared  speeds  are  obtained  by  means  of  a  "radius 
plate"  with  four  holes,  which  will  be  seen  at  the  front  of 
the  head.  These  speeds  may  be  arranged  to  give  four  forward 
and  four  reverse  speeds,  or  eight  forward  speeds;  and  a  set 
of  frictions  operated  through  the  vertical  lever  at  the  front 


Fig.  3.    Universal  Machinery  Co.'s  24-inch  Engine  Lathe  with  ftuiclt-change  Gear 

of  the  head  controls  starting,  stopping  and  reversing  of  the 
-  spindle  if  the  head  is  arranged  for  four  forward  and  four 
reverse  speeds,  or  starting  and  stopping  the  spindle  if  the 
machine  is  arranged  for  eight  forward  speeds.  This  allows 
the  motor  or  countershaft  to  run  constantly,  thus  giving  the 
operator  full  control  of  the  lathe  at  all  times.  Another  feature 
is  that  when  the  motor  or  countershaft  is  running  and  the 

spindle   is   at  rest,   the   only 


Fig. 


High-speed  All-geared  Manufacturing  lathe  built  by  Universal 
Machinery  Co. 


Universal   Machinery   Co.'s   16-inch   Engine    Lathe    with    Semi-quick-change    Gear 


revolving  parts  are  the  main 
driving  shaft  and  the  two 
friction  gears.  The  drive  is 
said  to  be  so  sensitive  that  a 
half  revolution  of  the  spindle 
can  be  obtained  when  the 
spindle  is  running  at  2000 
revolutions  per  minute.  All 
bearings  are  oiled  through  a 
double  oiling  system,  i.  e.,  the 
combination  of  a  splash  sys- 
tem and  felt  wipers  in  each 
bearing.  The  oil  reservoir  is 
filled  with  21^  gallons  of  oil, 
which  is  suflHcient  to  take 
care  of  all  oiling  of  the  head- 
stock,  gears  and  bearings  for 
a  considerable  length  of  time. 
Longitudinal  feed  for  the 
carriage  is  obtained  and  con- 
trolled through  the  all-geared 
feed-box,  four  mechanical 
changes  of  feed  being  ob- 
tained through  a  single  lever,  which  will  be  seen  at  the  front 
of  the  box.  The  tailstock  is  of  the  standard  set-over  type, 
allowing  the  compound  rest  to  be  swiveled  at  right  angles  to 
the  carriage.  When  required,  the  lathe  can  be  furnished  with 
a  turret  toolpost,  a  turret  on  the  carriage  or  a  turret  on  the 
shears;  and  when  the  turret  on  the  shears 
is  employed,  it  may  be  furnished  with  or 
without  power  feed.  When  motor  drive  is 
employed,  electrical  apparatus,  such  as  the 
controller  or  starting  box,  switches  ahd  cut- 
outs, are  placed  in  the  cabinet  leg,  where 
they  are  out  of  the  way  of  oil,  dirt  and 
chips;  and  the  handle  on  the  controller  or 
starting  box  extends  through  a  slot  in  the 
door,  so  that  the  operator  has  full  control 
of  his  machine  at  all  times.  A  taper  attach- 
ment can  be  furnished  for  the  lathe  when  it 
is  to  be  employed  on  work  requiring  such 
equipment,  and  special  fixtures  can  be  de- 
signed to  meet  the  requirements  of  manu- 
facturing operations. 

The  Universal  Machinery  Co.  is  also  build- 
ing a  line  of  "Advance"  engine  lathes,  which 
are  made  in  16-,  18-,  22-  and  24-inch  swings. 
Each  size  of  machine  is  built  in  semi-quick- 
change  and  quick-change  types,  both  of 
which  are  driven  by  a  three-step  cone  pulley 
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Fig.  4.     Hand  Screw  Machine  built  by  Universal  Machinery  Co, 

and  double  back-gears.  The  general  features  of  all  the  ma- 
chines are  similar,  but  the  16-  and  18-inch  machines  are  fur- 
nished with  the  usual  form  of  legs,  while  the  22-  and  24-inch 
machines  have  cabinet  legs  with  liberal  sized  cupboards  for 
the  storage  of  tools,  etc.  Fig.  2  shows  a  16-inch  lathe  of  the 
semi-quick-change  gear  type,  while  Fig.  3  shows  the  24-inch  ma- 
chine with  quick-change  gear  mechanism.  It  will  be  noticed 
that  these  illustrations  also  show  machines  with  the  two  styles 
of  legs,  and  a  good  idea  of  features  of  the  "Advance"  lathes 
built  by  the  Universal  Machinery  Co.  will  be  gathered  by 
making  a  study  of  these  pictures,  which  clearly  show  general 
features  of  the  two  designs  of  engine  lathes  to  which  reference 
has  already  been  made. 

The  dimensions  of  both  the  semi-quick-change  and  quick- 
change  gear  lathes  of  each  size  are  the  same,  and  an  idea  of 
the  way  in  which  these  machines  are  built  will  be  obtained 
from  the  dimensions  of  the  smallest  and  largest  machines  of 
the  line,  i.  e.,  the  16-inch  and  the  24-inch  lathes.  For  the 
16-inch  machines,  the  principal  dimensions  are  as  follows: 
swing  over  bed,  16i/^  inches;  swing  over  carriage,  9%  inches; 
length  of  carriage  bearing,  2Syo  inches;  length  of  tailstock 
bearing,  10%  inches;  dimensions  of  headstock  cone  pulley. 
91/4,  8  and  6%  inches  by  3  inches  face  width;  distance  between 
centers  for  six-foot  bed,  3  feet;   size  of  front  spindle  bearing. 

2  11/16  by  4  1/2  inches;  size  of  rear  spindle  bearing,  115/16 
by  3  1/4  inches;  diameter  of  spindle  nose,  2  3/8  inches;  size 
of  hole  through  spindle  with  No.  4  Morse  taper,  1  3/8  inch 
diameter;  range  for  thread  cutting,  3  to  45  threads  per  inch; 
ratio  of  double  back-gears,  4.4  to  1  and  9  to  1;  and  weight 
of  machine  with  six-foot  bed,  2000  pounds. 

The  principal  dimensions  of  the  24-inch  lathes  are  as  fol- 
lows:  swing  over  bed,  24%  inches;  swing  over  carriage,  15% 
inches;   length  of  carriage  bearing,  30  inches;   length  of  tail- 
stock  bearing,  14  inches;  dimensions  of  headstock  cone  pulley, 
9%,    12%    and    15    inches    in    diameter    by 
4  inches  face  width;    distance  between  cen- 
ters   for    six-foot    bed,    3    feet,    10    inches; 
size  of  front  spindle  bearing,  3%  inches'  by 
7  5/16  inches;   size  of  rear  spindle  bearing, 

3  by  5  inches;  diameter  of  hole  througli 
spindle  with  No.  6  Morse  taper,  2%  inches; 
diameter  of  spindle  nose,  3i/^  inches;  size 
of  lathe  tool,  %  by  1%  inch;  ratio  of  double 
back-gears,  3.45  to  1  and  12  to  1;  and 
weight  of  machine  with  eight-foot  bed,  5190 
pounds. 

In  Fig.  4  is  shown  the  1%-inch  "Advance" 
hand  screw  machine  which  is  another  prod- 
uct of  the  Universal  Machinery  Co.  A  study 
of  the  Illustration  will  make  it  apparent  that 
this  machine  follows  established  practice  in 
the  design  of  hand  screw  machines,  and  on 
that  account  a  description  is  not  called  for, 
as  the  picture  will  be  sufficient  to  give  any 
mechanic    a    good     idea    of    the    machine. 


FULTON  MANUFACTURING 
LATHES 

A   recent  product  of  the   Fulton  Machine 
Tool  Co.,  1438  Bryan-  Place,  Chicago,  111.,  is 
the    heavy-duty    manufacturing    lathe    illus- 
trated   and    described    herewith.      This   ma- 
chine swings  ISVi  inches  and  is  usually  built 
with  a  seven-foot  bed.     It  was  designed  for 
use  in  shops  requiring  a  simple  high-power 
lathe  for  plain  turning,  boring  and  facing. 
The  simplicity  of  the  machine  makes  it  par- 
ticularly well  adapted  for  work  of  this  kind, 
and  the  range  extends  from  very  small  parts 
up  to  the  largest  pieces  that  can  be  handled 
on  an  18-inch  lathe.    As  regularly  built,  the 
machine  is  equipped  with  a  three-step  cone 
pulley  and  single  back-gears,  but  it  can  also 
be  furnished  with  a  friction  head,  by  means 
of  which  the  spindle  is  started  and  stopped 
with  a  powerful  friction  clutch  operating  in 
the  largest  step  of  the  cone  pulley.    A  hand-lever  on  the  front 
of  the  headstock  operates  the  friction  and  also  applies  a  brake 
which  instantly  stops  the  spindle.     The  advantage  of  this  ar- 
rangement is  apparent,  as  it  permits  quick  removal  and  re- 
placing of  work  and  quick  stopping  of  the  work  to  make  meas- 
urements.   Another  special  feature  that  may  be  furnished  is  a 
quick-acting  tailstock;  various  types  of  rests  may  also  be  pro- 
vided, as  well  as  a  taper  attachment. 

The  headstock  spindle  is  machined  from  a  crucible  steel 
forging,  and  is  carried  in  phosphor-bronze  bearings  provided 
with  ample  facilities  for  lubrication.  The  front  spindle  bear- 
ing is  3  inches  in  diameter  by  6%  inches  long.  It  will  be 
seen  that  the  tailstock  is  of  the  cut-away  type,  with  two  heavy 
bolts  for  clamping  it  to  th«  bed.  This  tailstock  can  be  set 
over  for  turning  tapers,  and  it  is  furnished  with  a  spindle 
2%  inches  in  diameter  by  9  inches  long.  The  lathe  is  usually 
equipped  with  a  special  plain  rest  7  inches  wide,  but  it  may 
be  equipped  with  a  compound  rest  or  with  a  front  and  back 
plain  rest.  The  apron  is  designed  to  provide  front  and  rear 
bearings  for  all  studs.  This  lathe  has  power,  cross  and  longi- 
tudinal feeds,  each  of  which  is  driven  by  an  independent  fric- 
tion. The  feed  cones  are  of  large  diameter  and  carry  a  belt 
ll^  inch  wide,  which,  in  connection  with  a  worm  and  worm- 
wheel  in  the  apron,  provides  ample  power  for  taking  heavy 
cuts.  Provision  is  made  for  adjusting  the  lower  cone  to  ob- 
tain the  desired  belt  tension. 

The  principal  dimensions  of  this  machine  are  as  follows: 
swing  over  bed,  18^^  inches;  swing  over  plain  rest,  10^^ 
inches;  swing  over  compound  rest,  12%  inches;  length  of  bed, 
7  feet;  distance  between  centers  with  plain  head,  38  inches; 
distance  between  centers  with  friction  head,  36  inches;  diam- 
eter of  hole  through  spindle,  1 13/32  inch;  diameter  of  spindle 
nose,  2%  inches;  size  of  tool,  %  by  1%  inch;  length  of  car- 
riage on  bed.   24   inches;    dimensions  of  cone  pulley,  7%,   10 
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and  1214  inches  in  diameter  by  ^i^^  inches  face  width;  num- 
ber of  changes  of  spindle  speed,  twelve;  range  of  spindle 
speeds,  23  to  303  K.  V.  M.;  number  of  feed  changes,  six;  range 
of  feeds,  0.009  to  0.070  inch  per  revolution  of  the  spindle;  size 
of  countershaft  pulley,  14  inches  in  diameter  by  4V4  inches 
face  width;  and  weight  of  machine  crated  for  shipment,  2650 
pounds. 


WESTINGHOUSE   AUTO   STARTERS 

The  three  types  of  auto  starters  here  shown  have  been  de- 
veloped by  the  Westinghouse  Electric  &  Mfg.  Co.,  East  i'itts- 
burg,  Pa.,  for  use  in  connection  with  the  operation  of  large 
squirrel-cage  induction  motors  up  to  650  horsepower.  They 
serve  to  provide  ample  protection  to  motor,  machinery,  line 
and  operator,  by  preventing  excessive  strain  on  the  motor  and 
disturbance  to  the  line,  reducing  the  line  voltage  and  current 
in  starting.  Both  motor  and  starter  are  protected  against  over- 
loads and  short-circuits.  In  special  cases,  where  the  power 
delivered  to  the  motor  is  of  high  kilovolt-ampere  capacity, 
the  destruction  of  motor  and  starter  is  prevented  by  the  pro- 
vision of  heavy  breaking  capacity.  Resistance  can  also  be 
furnished  to  prevent  the  opening  of  the  circuit  when  chang- 
ing from  starting  to  running  position,  which  causes  dis- 
turbances that  may  be  injurious  to  both  motor  and  starter. 

These  starters  are  extremely  durable,  and  possess  large, 
substantial  contacts  capable  of  breaking  heavy  currents  fre- 


Fig.    1.     Westinghouse   Auto   Starter— Types   ftF   and  QF-l 

quently.  The  switching  mechanism  is  simple  and  strong.  The 
effect  of  arcing  has  been  reduced  to  a  minimum  by  immersing 
all  contacts  in  oil  and  by  the  use  of  either  auxiliary  arcing 
tips  or  large  contact  area  on  the  main  contacts.  Where  arcing 
occurs,  the  contacts  are  provided  with  removable  tips,  which 
may  be  renewed  readily  with  a  pair  of  pliers.  The  starting 
current  may  be  adjusted  to  the  service  by  taps  on  an  auto 
transformer,  which  provides  either  three  or  eight  starting 
voltages,  according  to  the  capacity  of  the  transformer.  Abso- 
lute safety  to  the  operator  is  assured  by  excellent  insulation 
in  the  switch  and  by  a  liberal  margin  of  safety  above  the 
actual  requirements.  Safety  to  the  apparatus  is  assured  hy 
overload  relays,  which  cause  the  switch  to  open  at  a  predeter- 
mined overload,  and  by  a  low-voltage  relay,  which  opens  the 
switch  when  the  voltage  fails. 

The  three  types  of  starters  provide  a  range  of  capacities 
that  will  cover  the  majority  of  cases.  The  type  Q  starter  is 
for  use  on  two-  and  three-phase  circuits  of  from  220  to  2200 
volts,  25  to  60  cycles.  The  types  QP  and  QF-1  are  for  use  with 
motors  of  larger  capacity  or  higher  voltage  than  can  be 
started  by  the  type  Q  starters.  They  differ  from  the  latter 
mainly  in  their  ability  to  handle  larger  currents  and  in  hav- 


Fig.  2.     Switches  of  Westinghouse  Auto  Starter 

ing  larger  kilovolt-ampere  breaking  capacity,  and  in  certain 
sizes  a  preventive  resistance.  They  also  have  two  handles — 
one  for  starting  and  the  other  for  running. 

In  starting  a  motor  with  the  type  Q  auto  starter,  the  switch 
handle  is  moved  from  the  "off"  to  the  "full  up"  position  and 
held  there  until  the  motor  has  ceased  to  gain  speed.  It  is  then 
moved  downward,  as  far  as  it  will  go,  to  the  "running"  posi- 
tion, where  it  will  remain.  The  handle  will  not  remain  in  the 
"starting"  position  unless  held,  and  it  is  impossible  to  move 
the  handle  directly  from  the  off  to  the  running  position  with- 
out first  passing  to  the  starting  position.  Where  a  type  QF 
or  QF-1  auto  starter  is  employed  having  no  preventive  re- 
sistance, it  is  necessary  to  move  the  starting  handle  down  as 
tar  as  it  will  go  and  hold  it  there  until  the  motor  has  ceased 
to  gain  speed.  That  handle  is  then  released,  and  before  it 
has  fully  returned  to  the  off  position  the  running  handle  is 
moved  down  as  far  as  it  will  go,  where  it  will  remain  latched. 
If  a  preventive  resistance  is  used,  the  starting  handle  Is  held 
down  until  the  motor  no  longer  gains  speed;  then  the  run- 
ning switch  is  closed  and  the  starting  switch  released. 

Overload  and  low-voltage  protection  is  furnished  for  all 
types,  protecting  the  motor  from  overloads  and  from  the  ef- 
fects of  failure  of  the  supply  voltage.  The  overload  relay 
operates  very  slowly  on  slight  overloads  and  almost  instanta- 
neously on  short-circuits.  Consequently,  the  motor  circuit  is 
not  opened  for  a  momentary  overload,  such  as  during  the  mo- 
ment of  acceleration  when  the  switch  is  changed  from  start- 
ing to  running  position.  The  low-voltage  relay  operates 
whether  the  voltage  fails  quickly  or  slowly,  affording  full 
protection. 


Fig.   3.     Westinghouse  Auto  Starter— Type   d 
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NATIONAL   CALLING-   SYSTEM 

In  manufacturing  plants  where  the  duties  of  certain  execu- 
tives require  them  to  spend  considerable  time  in  the  factory, 
and  where  it  is  frequently  necessary  to  communicate  with 
these  men,  some  means  must  be  provided  for  getting  in  touch 
with  them.  For  this  purpose  the  National  Scale  Co.,  6  Me- 
chanic St.,  Chicopee  Falls,  Mass.,  is  now  building  a  calling  sys- 
tem that  forms  the  subject  of  this  article. 

Primarily,  this  consists  of  an  operating  instrument  which 
is  placed  beside  the  main  telephone  switchboard  and  taken 
care  of  by  the  same  operator  who  has  charge  of  the  board. 
This  instrument  is  connected  by  wiring  to  a  line  of  sig- 
nals, which  may  be  either  bells,  horns,  buzzers,  lights  or  other 
electrical  devices  which  it  may  be  desired  to  use.  These  sig- 
nals are  distributed  throughout  the  factory  in  such  a  way  that 
each  department  is  taken  care  of  by  one  or  more  signals;  and 
each  man  has  a  different  signal.  As  a  result,  any  executive 
who  is  going  through  the  shop  will  instantly  have  his  atten- 
tion attracted  by  one  of  these  devices  giving  his  signal  if  the 


Instrument  placed  by  Telephone  Switchboard  and  used  to  operate 

Bells,  Buzzers,  Horns,  Signal  Lights,  etc.,  to  call  a  Man 

to  Telephone 

switchboard  operator  desires  to  get  him  on  the  telephone.  A 
great  part  of  the  high  efficiency  and  productive  capacity  of  the 
American  business  man  is  due  to  his  faculty  of  utilizing  his 
business  day  to  the  greatest  possible  advantage,  and  such 
utilization  would  be  impossible  were  it  not  for  the  mechanical 
devices  developed  to  facilitate  the  conduct  of  business  transac- 
tions, of  which  the  calling  system  is  a  typLcal  example. 


MERIDEN   SENSITIVE    TAPPING    MACHINE 

This  sensitive  tapping  machine,  a  recent  product  of  the 
Meriden  Machine  Tool  Co.,  Meriden,  Conn.,  is  designed  for  tap- 
ping up  to  and  including  i/4-inch  holes.  Its  great  field  of  use- 
fulness is  found  in  electrical  manufacturing,  gun  work,  or 
any  similar  light  tapping  work  on  parts  that  are  manufac- 
tured in  large  quantities.  The  machine  is  constructed  along 
simple  lines.  The  main  tapping  spindle  is  provided  with  two 
cones,  which  engage  with  a  third  cone  carried  by  the  main 
driving  spindle.  Power  is  transmitted  to  the  tapping  spindle 
by  frictional  contact  of  the  two  driven  cones  with  the  driving 
cone.  The  tap-carrying  spindle  has  a  free  longitudinal  move- 
ment, and  when  pressure  is  brought  upon  the  end  of  the  tap 
as  a  piece  of  work  is  moved  toward  it,  the  forward  cone  is 
brought  into  contact  with  the  driving  cone,  causing  the  tap 
to  rotate  and  do  the  tapping.     As  soon  as  the  desired  depth 


Sensitive  Tapping  Machine  made  by  Meriden  Machine  Tool  Co. 

of  tapping  is  reached,  the  natural  tendency  is  to  pull  the  work 
away  from  the  tap,  which  slides  the  rear  driven  cone  into  con- 
tact with  the  driving  cone,  causing  the  tap  to  back  out. 

The  two  driven  cones  are  made  of  cast  iron,  while  the  driv- 
ing cone  is  cast  iron  faced  with  leather,  which  increases  the 
effectiveness  of  the  friction  drive.  The  driving  shaft  is  pro- 
vided with  a  ball  bearing  thrust  collar  to  overcome  the  thrust 
caused  by  the  cones  while  in  contact.  The  machine  is  pro- 
vided with  a  fixture  holding  member  that  slides  on  V-shaped 
ways.  To  this  member  may  be  attached  any  work-holding  fix- 
ture. It  is  provided  with  an  adjustable  stop  rod  that  limits 
the  travel  of  the  work  toward  the  tap.  The  machine  may  be 
furnished  with  or  without  the  pedestal.  The  weight  of  the 
machine  alone  is  approximately  100  pounds,  and  combined 
with  the  pedestal  approximately  180  pounds. 


"COLTON-DETROIT"   TWIST   DRILLS 

Arthur  Colton  Co.,  Detroit,  Mich.,  is  now  manufacturing 
the  "Colton-Detroit"  twist  drills  here  illustrated  and  described. 
These  are  hammered  high-speed  drills  designed  for  severe 
service;  and  they  are  claimed  to  be  absolutely  uniform  in 
quality  and  uniformly  hardened.  Wide  grooves  in  the  drill 
provide  adequate  chip  clearance  which  prevents  tendency 
toward  clogging.  Another  important  feature  is  that  on  the 
taper  shank  drills  the  shanks  are  exceptionally  large  so  that 
ample  strength  is  provided.  The  drills  are  ground  at  the  point 
with  cutting  edges  of  e.qual  length,  that  make  a  uniform  angle 
with  the  longitudinal  axis  of  the  drill,  59  degrees  being  con- 
sidered the  best  angle  for  this  purpose.  The  lip  clearance 
or  backing-off  of  the  cutting  edges  for  regular  shop  work  is 
made  12  degrees  at  the  periphery,  but  as  the  center  of  the  drill 
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is  approached  this  aiiKle  is  increased  until  the  line  across  the 
center  of  the  weh  makes  an  angle  of  135  degrees  with  the 
cutting  edges.  For  heavier  feeds  or  drilling  soft  metal,  the 
angle  of  the  lip  clearance  may  be  increased  to  IB  degrees  at 
the  periphery,  but  in  such  a  case  it  is  Important  that  the  angle 
at  the  center  be  given  a  corresponding  increase.  For  drilling 
extremely  hard  material  where  lighter  food  is  used,  the  point 
should  be  ground  at  an  angle  of  68  degrees,  while  the  angle 
of  lip  clearance  is  decreased  to  9  degrees  at  the  periphery. 
These  drills  are  made  in  a  wide  range  of  sizes  and  with  both 
taper  shanks  and  straight  shanks. 


LANGELIER  DUPLEX  MULTIPLE  DRILLING 
MACHINE 

The  illustrations  which  accompany  the  following  de- 
scription show'  a  double-acting  horizontal  multiple  drilling 
machine  recently  brought  out  by  the  Langelier  Mfg.  Co.,  Provi- 
dence, R.  I.  This  machine  was  designed  for  drilling  such 
parts  as  motorcycle,  bicycle  and  side  car  hubs,  or  for  any 
cylindrical  parts  requiring  one  or  several  holes  at  opposite 
ends.  The  outstanding  feature  of  the  machine  is  simplicity, 
both  as  regards  operation  and  general  design.  The  multiple 
heads,  which  are  interchangeable,  are  carried  in  sliding  hous- 
ings, both  of  which  are  actuated  simultaneously  by  a  single 
hand-feed  lever,  compounded  to  obtain  the  required  leverage. 


Fig.    1,     Langelier  Double-acting  Horizontal  Multiple  Drilling  Machine 

Drive  is  transmitted  through  floating  pulleys  mounted  in 
brackets  at  each  end  of  the  bed.  A  double-splined  spindle 
slides  in  the  pulley,  transmitting  the  drive  to  the  multiple 
heads  and  permitting  free  motion  of  the  housings.  This  con- 
struction eliminates  all  belt  pull  on  the  spindles,  so  that  they 
carry  no  other  load  than  that  required  for  driving  the  heads. 
The  jigging  is  simple  and  remarkably  rapid.  The  jigs,  one 
to  each  multiple  head,  are  self-contained  with  the  heads,  being 
located  by  a  central  keyed  spring  plunger.  The  jig  on  the 
right-hand  head  contains  an  indexing  device.  Slipping  the 
work  loosely  into  either  jig,  the  heads  are  brought  together 
by  a  movement  of  the  feed  lever.  This  clamps  the  work  be- 
tween the  jigs,  while  continuing  the  travel  of  the  heads  feeds 
the  drills  into  and  through  the  work,  the  spring  plungers  re- 
ceding into  the  heads.  As  the  holes  are  on  very  close  centers, 
only  every  alternate  hole  is  drilled  at  one  operation.  After 
withdrawing  the  drills,  the  work  is  indexed  by  a  twist  of  the 
wrist,  a  spring  plunger  engaging  one  of  the  holes  already 
drilled;  then  a  second  operation  completes  the  circle.  A  new 
piece  may  be  inserted  the  instant  the  drills  are  withdrawn, 
as  the  open  construction  permits  the  finished  piece  to  drop 
into  the  chip  pan,  where  it  may  be  removed  while  the  next 
piece  is  being  drilled.  The  machine  drills  two  sizes  of  hubs, 
so  that  two  sets  of  interchangeable  heads  are  provided.  The 
unit  construction  of  the  multiple  head  practically  eliminates 
any  setting  up,  as  the  heads  may  be  interchanged  in  a  few 
minutes.  By  test,  the  first  three  samples  drilled  were  finished 
inside  of  one  minute,  there  being  a  total  of  thirty-six  holes  per 


Fig.    2.     Sectional  View   of  Jigs   for   drilling   Rear  or  Brake   Hub 


hub,  using  a  No.  39  drill.     This  is  at  the  rate  of  6480  holes 
per  hour. 

Micrometer  adjustment  is  provided  for  the  drills  by  means 
of  adjustable  collets,  while  a  single  adjustable  stop,  shown 
at  the  left-hand  end  of  the  machine,  suflices  for  both  heads. 
Fig.  2  shows  a  section  through  the  jigs  for  the  rear  or  brake 
hub.  A  is  the  multiple  head,  contained  in  the  sliding  hous- 
ing B.  The  jigs  are  shown  at  C,  the  plunger  receding  into 
the  head  as  shown  at  E.  The  index  pin  is  shown  at  F  in  the 
right-hand  jig.  The  work  is  located  and  held  by  the  three- 
point  centers  G,  the  springs  having  sufficient  tension  for  a 
firm  grip,  while  the  several  drills  entirely  neutralize  any 
tendency  to  creep.  The  adjustable  collets  are  shown  at  H. 
Automatic  oil  feed  is  provided,  driven  from  an  overhead  coun- 
tershaft which  is  furnished  with  the  machine.  While  peculiarly 
suited  to  the  class  of  work  described,  the  machine  may  readily 
be  adapted  to  a  wide  range  of  work  of  practically  any  shape 
within  the  capacity  of  the  heads,  as  jigs  may  be  attached  to 
the  bed  in  place  of  the  chip  pan  shown. 


"REID"   SURFACE    GRINDER 

The  increasing  demand  for  surface  grinding  machines  has 
led  the  Boston  Scale  &  Machine  Co.,  381-389  Congress  St.,  Bos- 
ton, Mass.,  to  place  on  the  market  the  machine  shown  in  the 
accompanying  illustration.    This  is  known  as  the  "No.  2  Reid 


• 


I 


"Beid"  Surface  Grinder  built  by  Boston  Scale  &  Machine  Co. 


May,  1917 


MACHINERY 


829 


surface  grinder,"  and  is  intended  for  production  grinding  as 
well  as  for  the  general  run  of  tool-room  grinding  handled  by 
machines  of  similar  capacity.  It  will  grind  work  up  to  18 
Inches  in  length,  6  inches  in  width,  and  12  inches  in  height. 

The  wheel-spintjle  is  of  steel,  hardened,  ground  and  lapped, 
and  runs  in  phosphor-bronze  bearings,  which  are  provided  with 
means  for  taking  up  wear.  It  is  raised  and  lowered  by  means 
of  a  handwheel  that  may  be  seen  at  the  top  of  the  machine, 
and  this  wheel  is  graduated  to  read  to  0.0005  inch.  The  wheel- 
spindle  is  designed  to  take  wheels  up  to  7  inches  in  diameter, 
i/^-inch  face  and  -"Ji-inch  hole. 

The  work-table  is  46  inches  long,  8  inches  wide,  and  has  a 
working  surface  18  inches  long  by  6  inches  wide,  which  is 
provided  with  three  T-slots.  The  power  longitudinal  feed  to 
the  table  is  18  inches  and  the  power  cross-feed  is  6  inches. 
The  table  travel  is  automatic  in  either  direction  and  reversal 
is  brought  about  by  means  of  dogs  at  the  front  side  of  the  table 
that  trip  the  reversing  lever.  When  desired,  the  reversing 
lever  may  be  thrown  out  and  the  table  moved  beyond  the  re- 
versing point  without   interfering   with   the   dog   adjustment. 

The  transverse  movement  of  the  table  is  automatic  and  the 
feed  may  be  set  to  operate  at  the  end  of  each  stroke  or  at  the 
end  of  each  complete  forward  and  return  stroke.  The  feed 
can  be  easily  changed  from  one  direction  to  the  other.  The 
amount  of  feed  may  be  varied  from  0.007  to  0.084  inch,  and 
it  is  not  a  friction  feed,  but  is  positive  in  its  action.  A  feature 
of  the  machine  is  the  method  of  quickly  starting  or  stopping 
the  machine  at  will  by  a  push-rod  that  operates  from  the  cen- 
ter of  the  longitudinal  hand-feed.  Pulling  this  rod  out  starts 
the  machine,  and  pressing  it  in  stops  it  instantly. 

The  countershaft  furnished  with  the  machine  has  tight  and 
loose  pulleys  8  inches  in  diameter,  and  a  3-inch  belt  is  recom- 
mended. The  countershaft  should  operate  at  360  revolutions 
per  minute.  The  floor  space  of  the  machine  is  65  by  30  inches, 
and  the  net  weight,  1300  pounds.  The  shipping  dimensions 
are  40  by  35  by  72  inches,  occupying  58  cubic  feet  of  space, 
and  the  shipping  weight  is  1600  pounds. 


RICKERT-SHAFER  RADIAL   TAPPING 
MACHINE 

A  machine  known  as  a  %-inch  Model  R  or  radial  tapper  is  a 
recent   product   of   the   Rickert-Shafer   Co.,    612    W.    12th    St., 


Tig,   1.     Bickert-Shafer  Hadial  Tapping  Uachme  with  Double  Arm  folded 


Tig.  2.    Eickert-Shafer  Radial  Tapping  Machine  with  Double  Arm  eitended 

Erie,  Pa.  The  machine  has  a  capacity  for  tapping  any  hole 
within  a  radius  of  48  inches,  and  the  arms  can  be  folded  to 
provide  for  tapping  holes  as  close  as  8  inches  from  the  tolumn. 
The  arms  swing  on  ball  thrust  bearings,  making  the  machine 
easily  handled;  and  it  is  said  to  be  so  sensitive  that  the  point 
of  the  tap  will  readily  align  the  spindle  with  the  hole  to  be 
tapped.  The  spindle  is  driven  by  a  friction  drive  consist- 
ing of  an  aluminum  disk  which  has  essentially  the  same  co- 
efficient of  friction  as  cast  iron,  although  its  centrifugal  force 
is  only  about  one-third  as  great.  This  friction  disk  is  placed 
between  two  paper  frictions  and  may  be  brought  into  contact 
with  either  the  driving  or  reversing  friction  by  pressure  ap- 
plied to  the  operating  lever.  Adjustment  is  so  regulated  that 
the  spindle  is  in  motion  before  the  tap  is  brought  into  contact 
with  the  work,  although  it  is  revolving  only  while  the  machine 
is  in  operation.  All  spindle  thrusts  are  taken  by  a  series  of 
S.  K.  F.  ball  thrust  bearings. 

These  machines  are  equipped  with  a  direct-connected  motor, 
the  motor  being  set  back  of  the  spindle  to  drive  the  frictions 
through  bronze  intermediate  gears.  By  placing  the  motor 
in  the  spindle  head  instead  of  driving  through  gears  and  shafts 
or  belts  from  a  position  back  of  the  machine,  all  tendency  for 
the  arms  to  double  up  under  the  heavy  pull  is  entirely  elimi- 
nated, and  there  are  no  belts  or  other  parts  to  require  atten- 
tion. These  machines  may  be  furnished  with  either  a  plain 
table  or  a  swivel  table.  The  plain  table  is  used  for  work  in 
which  all  holes  are  tapped  square  with  the  bottom  of  the  work, 
while  the  swivel  table  is  employed  for  handling  angular  work, 
such  as  the  holes  in  eight-  and  twelve-cylinder  crank-cases. 
The  machines  are  equipped  with  either  a  positive  drive  tap- 
ping chuck  or  a  quick-change  chuck  for  use  in  case  more  than 
one  size  of  hole  is  to  be  tapped  in  the  same  piece.  All  work 
up  to  22  inches  high  can  be  tapped  on  the  table,  while  work 
lip  to  46  inches  high  can  be  tapped  on  the  base  by  swinging 
the  table  out  of  the  way.  The  table  has  a  working  surface 
30  by  30  inches  square,  while  the  base  has  a  working  sur- 
face 36  by  36  inches  in  size.  These  machines  have  a  capacity 
for  tapping  holes  in  steel  from  \i  to  %  inch,  and  when  tapping 
in  cast  iron  they  are  capable  of  taking  care  of  holes  from 
%  to  %  inch  in  diameter.  The  weight  of  the  machine  is 
approximately  2000  pounds. 
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PEERLESS   CUTTING-OFF   SAW 

The  I'ocrless  Machine  Co.,  Kill  Uaciiie  SI.,  Kuciiie,  Wis., 
has  recently  developed  a  line  of  high-speed  heavy-duty  cutting- 
off  saws.  The  principles  embodied  in  these  tools  enable  them 
to  meet  the  demand  for  cutting  the  largest  sized  materials, 
and  yet  they  are  so  sensitive  that  the  smallest  sizes  can  be 
cut  as  readily.  The  illustrations  give  an  idea  of  the  rigidity 
of  these  tools.  The  principal  feature  is  the  manner  of  con- 
trolling the  saw  guide,  which  it  will  be  noted  is  overbalanced 
by  four  coil  springs.  These  springs  are  mounted  in  such  a  posi- 
tion that  no  strain  is  left  on  the  bearings,  thereby  making  it 
very  sensitive  in  Its  movement.  The  springs  tend  to  bring  the 
saw  frame  upward. 

The  feeding  mechanism  consists  of  a  ratchet  bar  and  a  set  of 
dogs.  The  dogs  are' mounted  in  one  end  of  an  oscillating  arm, 
and  the  other  end  has  a  roller  that  engages  with  a  cam  on 
the  crankshaft,  the  roller  being  forced  against  the  cam  by  a 
spring.  Changing  the  tension  of  the  spring  increases  the  feed 
pressure  which  is  entirely  controlled  by  the  lever  shown  on 
the  left-hand  side  of  the  machine.  When  the  lever  is  at  the  bot- 
tom, the  feed  is  entirely  relieved,  and  when  the  machine  is 
in  operation  the  saw  frame  will  not  feed  down.  The  moment 
a  little  tension  is  put  onto  the  feed  spring  the  frame  feeds 
down.  When  the  saw  frame  has  completed  its  cutting  stroke, 
the  cam  forces  the  roller  down,  which  relieves  the  tension  on 
the  feed  spring,  and  as  the  saw  frame  is  overbalanced,  allows 
it  to  rise  and  clear  the  work  until  the  cutting  stroke  com- 
mences again.  At  this  point  the  cam  runs  off  the  roller,  allow- 
ing the  spring  to  force  up  on  the  oscillating  arm,  and  the 
other  end  to  pull  down  on  the  ratchet  bar.  The  two  ratchet 
dogs  alternately  engage  on  each  thirty-second  movement  of 
the  ratchet  bar.  This  insures  uniform  feed  pressure  on  the 
blade  throughout  the  entire  cut;  otherwise  the  feed  spring 
tension  would  be  greater  either  at  the  beginning  of  the  cut 
or  at  the  end. 

It  will  also  be  understood  that  in  this  type  of  feeding 
mechanism  there  is  no  friction,  nothing  to  wear  or  slip, 
whether  the  spring  is  under  full  tension  or  no  tension.  What- 
ever point  the  feed  lever  is  set  at  the  feed  remains  uniform, 
just  the  same  as  if  a  weight  were  hung  onto  the  frame  for 
feeding.     In  case  the  machine  is  accidentally  or  intentionally 


Fig.    1.     Peerless   High-speed  Heavy-duty   Cutting-off   Saw 

started  while  the  saw  blade  is  above  the  work  it  will  feed 
right  onto  the  work,  using  up  the  full  movement  of  the  cam 
until  the  blade  comes  in  contact  with  the  work;  then  the  feed 
is  decreased  to  whatever  the  blade  will  cut.  If  the  blade 
should  break,  it  again  feeds  right  down  the  full  movement  of 
the  cam  until  it  comes  in  contact  with  the  automatic  stop; 
then  the  feeding  mechanism  is  automatically  released  and 
the  belt  shifts  onto  the  loose  pulley.  As  the  saw  frame  is 
overbalanced,  it  will  then  automatically  rise  to  the  height  at 
which  the  gage  is  set.  This  relieves  the  operator  of  raising 
a  heavily  weighted  cumbersome  saw  frame.  All  that  is  neces- 
sary for  him  to  do  is  to  loosen  the  vise,  move  the  stock  ahead 


and  pull  the  bolt-shifting  lever  forward.  It  will  also  be  under- 
stood, owing  to  the  frame  being  overbalanced  so  the  move- 
ment is  always  upward,  instead  of  down,  that  there  is  never  any 
possible  chance  of  the  .saw  dragging  on  the  idle  stroke,  regard- 
less of  the  stopping  or  starting  position  of  the  crank.  With 
this  construction  the  saw  frame  can  never  drop  in  case  the 
blade  breaks,  which  may  not  only  cause  accidents  to  the 
machine  but  to  the  operator  as  well. 

The  feeding  mechanism  is  connected  with  the  belt-shifting 
lever  and  does  not  engage  the  feed  until  the  belt  has  been 


Fig.   2.     Opposite  Side  of  Peerless  Saw  shown  in  Fig.   1 

shifted  three-fourths  onto  the  tight  pulley.  This  allows  the 
machine  to  get  up  full  speed  and  the  cutting  compound  to 
flow  onto  the  work  before  the  blade  comes  in  contact,  which 
is  an  important  feature  in  this  type  of  machinery.  If  a  blade 
is  allowed  to  make  two  or  three  strokes  dry  over  the  work 
before  the  compound  flows,  it  affects  the  temper  of  the  teeth 
and  then  the  blade  is  condemned.  This  gives  the  operator 
complete  control  of  the  machine  by  the  use  of  one  hand,  as 
he  does  not  have  to  hold  onto  the  saw  frame  with  one  hand 
while  starting  with  the  other.  The  feeding  mechanism  is  so 
sensitive  that  the  blade  can  be  brought  onto  the  work  so  it 
merely  touches,  making  it  well  suited  for  cutting  delicate 
work  or  when  commencing  cutting  on  square  stock.  This  is 
accomplished  by  the  feed  lever  shown  on  the  left-hand  side 
of  the  machine.  The  saw  frame  is  all  in  one  casting,  as  well 
as  the  saw  guide,  making  it  impossible  to  get  out  of  align- 
ment. Provision  is  also  made  for  taking  up  wear  in  the  saw 
frame  slide. 

This  machine  is  driven  by  a  set  of  reducing  gears,  four  to 
one,  which  allows  for  a  good  sized  driving  pulley  on  the  main 
shaft.  A  large  gear  is  keyed  onto  the  crankshaft  and  the 
pinion  and  driving  pulley  are  cast  in  one.  The  crankshaft 
is  made  of  steel,  being  of  the  center  crank  type,  having  two 
extra  long  bearings,  making  a  substantial  drive.  All  bearings 
are  large,  allowing  the  machine  to  be  worked  to  its  full 
capacity  without  the  least  vibration  in  any  of  its  mechanism. 
The  rear  vise  jaw  swivels,  allowing  for  miter  work  to  be 
cut.  The  front  vise  jaw  is  of  a  quick-acting  type,  provided 
with  a  handwheel  for  quick  adjustment  on  square  and  a  ratchet 
handle  for  powerful  grip.  The  saw  blade  holders  are  of 
special  design,  allowing  different  length  blades  to  be  used 
according  to  the  size  of  stock  cut.  The  height  gage,  which  is 
located  on  the  right-hand  side  of  the  machine,  can  be  set  so 
the  saw  frame  automatically  rises  to  whatever  height  the 
stock  is  being  cut.  A  depth  gage  is  also  provided  for  allowing 
the  machine  to  stop  automatically  at  any  depth  of  cut.  A 
notched  segment  on  the  left-hand  side  of  the  machine  for 
controlling  the  feed  is  provided  with  a  stop  gage  so  the  same 
feed  pressure  can  be  applied;  on  some  classes  of  work  it  may 
be  necessary  to  relieve  this  feed  lever  in  order  to  start  the  cut, 
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and  the  lever  can  then  always  be  brought  back  to  the  same 
position. 

In  the  cabinet  base  is  located  a  brass  gear  pump  for  circu- 
lating the  cutting  compound  onto  the  blade.  The  nozzle  for 
distributing  the  compound  is  locked  in  position  by  thumb- 
screws, allowing  for  adjustment  either  way;  therefore,  there 
is  no  danger  of  its  jarring  loose,  allowing  the  nozzle  to  move 
and  the  blade  to  run  dry  and  be  ruined.  The  saw  table  has 
two  T-slots,  one  on  each  side  of  the  blade,  allowing  for  irregu- 
lar work  to  be  bolted  onto  the  table.  The  T-slot  next  to  the 
saw  blade  is  provided  with  two  movable  angle-plates,  prevent- 
ing work  from  rolling  after  being  cut  off.  A  tray  for  collect- 
ing compound  and  returning  it  to  the  cabinet  base  is  extra 
deep,  making  lots  of  room  for  saw  chips  and  no  danger  of 
compound  flowing  over  onto  the  floor.  These  machines  are 
also  designed  for  direct  motor  drive  and  with  six-speed  gear- 
boxes. The  illustrations  represent  a  machine  with  a  capacity 
for  13-  by  16-inch  stock,  and  it  weighs  approximately  1800 
pounds. 

S.    A.    &    S.    RECALESCENCE    POINT 
FINDER 

A  tool  is  heated  and  quenched  in  oil  or  water  to  make  it 
harder.  Raising  the  temperature  of  the  steel  causes  changes 
in  the  chemical  arrangement  of  the  elements  composing  the 
steel  after  the  temperature  has  been  raised  to  a  sufilcient  de- 
gree. These  changes  are  responsible  for  the  results  obtained 
by  the  well-known  processes  of  hardening  and  tempering.  If 
a  piece  of  steel  that  has  once  been  heated  to  a  suflicient  tem- 
perature to  produce  hardening  is  allowed  to  cool  very  slowly, 
these  changes  of  chemical  compositioii  take  place  in  the  re- 
verse direction,  so  that  the  steel  comes  back  to  its  original 
condition;  but  if  the  heated  tool  is  cooled  quickly,  i.  e., 
quenched  immediately  after  removing  it  from  the  furnace,  the 
changes  in  chemical  composition  are  permanent  and  result  in 
the  hardening  of  the  steel. 

In  addition  to  the  line  of  internal  and  external  grinders 
and  the  small  tools  made  by  the  Slocum,  Avram  &  Slocum 
Laboratories,  Inc.,  531-539  W.  21st  St.,  New  York  City,  this 
firm  is  also  manufacturing  a  reCalescence  point  finder  for  use 
in  hardening  tools.  This  is  one  of  the  first  tools  that  has 
been  put  on  the  market  which  commercializes  in  an  adaptable 
form  the  well-known  fact  that  all  tool  steels  lose  their  power 
of  attracting  a  magnet  during  the  interval  between  the  decales- 
cence  and  recalescence  points.  The  Slocum,  Avram  &  Slocum 
recalescence  point  finder  consists  of  a  specially  constructed 
magnet,  which  is  of  compact  form  and  carefully  balanced  on 
the  brass  arm,  to  allow  the  attraction  of  magnetic  force  to 
be  shown  up  to  the  time  the  decalescence  point  is  reached. 
At  this  point  the  steel  which  is  being  heated  entirely  loses 
its  power  of  magnetic  attraction  and  then  reaches — at  a  tem- 
perature of  from  85  degrees  to  100  degrees  F.  beyond  this 
decalescence  point — that  correct  critical  point  at  which  the 
steel  should  be  quenched. 

For  shop  use  this  is  a  very  practical  way  of  determining 
the  so-called  "critical  point"  or  proper  temperature  at  which 
steels  should  be  quenched  in  conducting  the  hardening  opera- 
tion. To  make  it  as  convenient  as  possible  to  use  in  the  shop, 
the  Slocum,  Avram  &  Slocum  recalescence  point  finder  is 
packed  in  a  serviceable  case  and  provided  with  interchange- 
able extensions  for  the  arm,  making  it  possible  for  the  operator 
to  quickly  apply  the  tool  either  in  a  gas  furnace  of  the  smallest 
or  largest  type,  or  to  use  it  over  an  open  coal-heated  forge. 
The  practicability  of  adapting  this  tool  for  general  work  In 
shops  that  are  not  equipped  with  pyrometers  should  commend 
it  to  attention.  It  is  claimed  to  be  a  substitute  for  the  pyrom- 
eter, but  is  valuable  for  use  in  small  shops  where  there  is  not 
enough  work  to  warrant  the  installation  of  an  expensive 
pyrometer  equipment. 


consists  of  a  boring-bar  mounted  in  a  saddle  which  is  moved 
vertically  on  the  column,  and  it  is  also  planned  to  furnish  a 
machine  of  this  form  to  be  used  on  a  floor-plate.  Another 
variation  would  be  to  construct  the  machine  with  an  outer 
support  for  the  bar  and  with  the  machine  proper  mounted  on 
a  long  bed  at  right  angles  to  the  bar,  to  provide  for  drilling 
or  boring  parallel  holes  in  a  piece  of  work.  The  portability 
of  the  machine  serves  many  useful  purposes  when  working  on 
large  pieces.  Another  feature  is  simplicity  of  the  design, 
which  enables   the  machine  to   be   built  at  a  moderate   cost. 


PEDRICK  COLUMN  BORING   MACHINE 

The  Pedrick  Tool  &  Machine  Co.,  3639  Lawrence  St.,  Phila- 


delphia, 
which  i 


Pa.,  is  now  building  a  column-type  boring  machine, 
I  illustrated   and   described   herewith.     This  machine 


Column  Type  of  Boring  Machine  built  by  Pedrick  Tool  &  Machine  Co. 

although  it  has  a  fairly  wide  range.  A  powerful  train  of  com- 
pound gears  drives  the  boring-bar,  power  being  furnished  by 
an  electric  motor.  By  using  different  sizes  of  gears,  various 
speed  changes  may  be  obtained. 

In  order  to  describe  the  operation  of  this  machine,  it  is  first 
necessary  to  describe  the  boring-bar,  because  it  is  the  opera- 
tion of  this  bar  that  differentiates  the  machine  from  other 
types  of  boring  equipment  on  the  market.  The  standard  Ped- 
rick portable  boring-bar  carries  a  square-thread  feed-screw  in 
a  groove  in  the  bar.  This  screw  is  supported  in  bronze  bear- 
ings of  special  design  which  provide  for  taking  the  thrust. 
In  re-boring  cylinders  and  performing  similar  operations,  the 
bar  is  held  in  bearings  at  both  ends  of  the  cylinder  and  a 
cutter-head  engaging  the  feed-screw  by  a  half-nut  travels  along 
the  bar  while  performing  the  boring  operation. 

In  the  new  column-type  boring  machine  which  forms  the 
subject  of  this  description,  the  same  action  is  possible,  the 
bar  being  supported  at  the  outer  end  by  a  column  of  conven- 
tional design  with  an  adjustable  bearing  to  provide  for  align- 
ing the  bar.  The  advantages  of  boring  in  this  manner  are 
clearly  apparent,  as  the  bar  does  not  have  to  be  twice  the 
length  of  the  work  and  the  work  can  be  brought  close  to  the 
main  bearing  so  that  the  bar  is  rigidly  supported.  In  this 
way  larger  work  can  be  handled,  a  machine  with  a  314-inch 
bar  being  capable  of  boring  holes  24  inches  in  diameter.  This 
method  has  been  termed  boring  with  a  "fixed"  bar. 

Heretofore  it  has  not  been  possible  to  use  this  type  of  boring- 
bar  for  any  operation  through  which  the  bar  could  not  be 
passed.  Conditions  have  often  called  for  a  bar  to  bore  long 
holes,  but  owing  to  the  construction,  the  smallest  diameter 
of  the  bar  is  limited,  because  the  feed-screw  would  be  too  weak 
to  give  much  service.  A  method  has  just  been  developed  for 
making  this  type  of  bar  travel  like  the  spindle  of  a  drill  press 
or  boring  machine,  thereby  avoiding  the  limitation  just  re- 
ferred to.  This  is  accomplished  without  the  use  of  additional 
mechanism,  and  the  bar  may  be  converted  from  a  fixed  bar 
to  a  traveling  bar  almost  instantly.  When  the  machine  is  used 
with  the  bar  traveling,  it  possesses  the  same  characteristics 
as  the  standard  boring  machines. 

In  the  end  of  the  bar  there  is  a  Morse  taper  hole  for  the 
insertion  of  different  tools  and  appliances,  and  either  drills 
or  auxiliary  bars  may  be  used.  By  this  means  the  machine 
will  bore  or  drill  holes  smaller  than  the  diameter  of  the  main 
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Fig-.    1.     External    Grinding    Attaclimont 


Fig.    2.     Internal    Grinding    Attachment 


bar.  Imagine  a  piece  of  worl^  liaviug  five  bearings  three  or 
four  inches  in  diameter,  located  at  intervals  of  five  feet.  In 
machining  this  work,  a  suitable  auxiliary  bar  is  passed  through 
the  bearings  and  fitted  to  the  end  of  the  main  bar,  allowing 
the  bearings  to  be  bored  consecutively.  The  work  may  be 
done  accurately  without  requiring  the  use  of  a  large  boring 
mill,  and  attention  is  called  to  the  fact  that  the  machine  may 
be  taken  to  the  work  instead  of  requiring  the  work  to  be 
brought  to  the  machine.  The  principal  dimensions  are:  mini- 
mum distance  from  center  of  bar  to  floor-plate,  14 V^  inches; 
maximum  distance  from  center  of  bar  to  floor-plate,  56% 
inches;  size  of  baseplate,  4S  by  29  inches;  size  of  saddle,  25 
by  18  inches;  vertical  travel  of  saddle  on  column,  42  inches; 
and  net  weight  of  machine,  4200  pounds. 


S.  A.  &   S.   GRINDING   ATTACHMENTS   AND 
TOOL-ROOM  SPECIALTIES 

The  Slocum,  Avram  &  Slocum  Laboratories,  Inc.,  of  531-539 
W.  21st  St.,  New  York  City,  have  developed  a  line  of  external 
and  internal  high-speed  precision  grinding  attachments  for 
bench  lathe  use,  which  are  also  applicable  to  the  lighter  types 
of  engine  lathes.  The  external  grinder  is  shown  in  Fig.  1, 
from  which  it  may  be  seen  that,  exclusive  of  the  post,  there 
are  but  six  actual  working  parts.  This  attachment  is  held 
in  the  toolpost  of  the  lathe  with  a  special  form  of  elevating 
screw  that  permits  the  grinding  wheel  to  be  adjusted  with 
relation  to  the  center  of  the  work  without  loosening  the  post 
itself.  This  method  of  mounting  also  provides  for  swiveling 
the  entire  attachment  without  affecting  the  vertical  adjust- 
ment. This  type  of  base  mounting  is  so  designed  that  it  sup- 
ports the  grinding  spindle  mounting,  so  that  chatter  is 
impossible. 

The  construction  of  the  spindle,  which  permits  of  a  speed 
of  8500  R.  P.  M.  without  heating,  is  interesting.  The  spindle 
and  its  bearings  are  both  of  tool  steel,  hardened  and  ground, 
thus  furnishing  the  best  possible  bearing  surfaces.  The  spin- 
dle diameter  is  5/16  Inch,  and  the  double  taper  bearings  are 
3/4  inch  in  length.  The  bearing  at  one  end  is  integral  with 
the  spindle,  and  the  other  bearing  is  a  bushing  that  may  be 
adjusted  to  take  up  wear.  To  provide  adequate  lubrication, 
the  body  of  the  fixture  is  bored  out  to  form  a  generous  pocket 
from  which  oil  runs  to  the  bearings  as  needed.  The  bearings 
at  both  ends  are  protected  with 
brass  dust-caps  that  exclude  all  dirt 
and  grinding  dust. 

This  grinding  attachment  will 
carry  wheels  up  to  4  inches  in  diam- 
eter and  is  adapted  for  the  pre- 
cision grinding  of  centers,  plug 
gages,  spindles  and  other  tools 
requiring  similar  precision.  The 
wheels  for  this  attachment  are 
mounted  on  taper  arbors  that  may 
be  readily  inserted  in  the  spindle 
without  disturbing  the  mounting. 
By  using  a  number  of  these  taper 
wheel-arbors,  wheels  may  be  in- 
stantly changed  without  removal 
from  mountings. 


Fig,   3,     Indicating   Toolmaker   Square 


Internal  Grinding:  Attachment 

The  internal  grinding  attachment  is  illustrated  in  Pig.  2. 
This  attachment  is  designed  for  high-speed  precision  internal 
grinding,  driving  the  wheels  at  suflicient  speed  to  obtain  their 
most  efficient  cutting  qualities,  and  particular  care  has  been 
taken  to  guard  against  chatter.  A  feature  of  this  attachment 
is  the  graduated  swivel  base  that  is  especially  valuable  in 
grifiiding  compound  tapers,  as  it  may  be  used  in  conjunction 
with  the  compound  rest  of  the  lathe.  The  compound  rest 
may  be  set  to  one  taper,  while  the  graduated  base  of  the  at- 
tachment may  be  changed  quickly  to  agree  with  the  second  taper. 

A  second  feature  is  the  provision  that  enables  the  operator 
to  draw  the  grinding  wheel  instantly  away  from  the  work  at 
any  stage  of  the  grinding  operation,  thus  allowing  him  to 
quickly  and  accurately  measure  the  work  in  hand  without  in- 
terference from  the  wheel.  This  is  accomplished  by  a  hinge 
connecting  the  head  that  carries  the  grinding-wheel  spindle 
mounting  with  the  base  of  the  fixture.  Adequate  provision 
is  made  for  return  to  the  identical  position  where  the  opera- 
tion left  off  by  using  hardened  elevating  adjusting  screws. 
A  clamping  screw  locks  the  hinge  and  holds  the  fixture  se- 
curely in  the  grinding  position. 

The  construction  of  the  spindle  is  of  interest,  and  is  similar 
to  that  of  the  external  grinder,  except  that  the  bearings  are 
very  widely  spaced.  This  spindle  is  7/16  inch  in  diameter, 
made  of  tool  steel,  hardened  and  ground.  The  spindle  does 
not  turn  in  its  bearings,  but  slides  in  bearing  sleeves,  which, 
in  turn,  rotate  in  the  bearings.  Tool-steel  balls  at  the  base 
of  the  set-screws  in  these  sleeves  allow  the  spindle  to  slide 
but  not  to  rotate.  This  sliding  action  forms  the  only  source 
of  wear  upon  the  spindle.  As  in  the  case  of  the  external  grind- 
ing attachment,  the  spindle  is  provided  with  a  taper  socket 
to  receive  wheel-arbors.  The  spindle  is  fed  longitudinally  by 
hand,  and  because  of  its  special  mounting  is  very  sensitive 
in  its  action. 

The  spindle  bearings  are  made  of  tool  steel,  and  like  the  tool- 
steel  spindle,  are  hardened  and  ground.  These  sleeve-like 
bearings  are  %  inch  long  and  provided  with  a  double  taper 
that  allows  perfectly  free  rotation,  yet  without  end  play.  Ade- 
quate protection  of  the  bearings  against  dirt  and  dust  is  af- 
forded by  brass  bearing  caps.  The  oil  reservoir  in  the  internal 
grinding  attachment  is  even  more  adequate  than  in  the  ex- 
ternal attachment,  for  a  deep  reservoir  runs  bacJk  into  the 
body,  and  oil  is  supplied  through  dust-proof  oil   cups. 

'  Toolmaker's  Square  with  Indicator 

The  indicating  toolmaker's  square 
shown  in  Fig.  3  is  a  device  for  de- 
termining instantly  how  many  de- 
grees a  piece  of  work  is  out  of 
square.  Formerly  it  was  necessary 
for  the  toolmaker  to  hold  a  solid 
square  on  the  work  before  a  light 
and  judge  the  variation  from  90 
degrees  by  his  eye.  "With  this  new 
indicating  square  this  is  not  neces- 
sary, as  it  determines  at  once  how 
many  degrees  the  work  is  out.  The 
engaging  pin  is  for  making  it  into 
a  perfect  square  and  holding  it  to 
a  fixed  angle  of  90  degrees. 
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In  addition,  tliere  is  a  thumb- 
screw that  permits  the  blade 
to  be  locked  at  any  desired 
angle  up  to  10  degrees  plus  or 
minus,  thus  making  the  square 
to  all  intents  and  purposes 
an  angle  gage.  The  blade  is 
hardened  and  ground  and 
has  two  knife-edges,  so  that 
the  outside  or  inside  edge  of 
the  square  may  be  used  at 
will.  In  general  appearance, 
the  square  resembles  a  solid 
square,  as  all  the  mechanism 
Is  within  the  stock,  but  the 
interior  is  readily  accessible 
by  withdrawing  a  slide  from 
either  side. 

Adjustable  Limit  Snap  Gag-e 


Fig,  4.    Adjustable  Limit 
Snap  Gage 


The  adjustable  limit  snap 
gage  shown  in  Fig.  4  has 
an  interchangeable  but  solid  anvil  base  made  of  tool  steel, 
hardened,  ground  and  lapped.  This  lower  flat  anvil  is  so 
balanced  in  its  proportions  that  it  provides  a  supporting  sur- 
face from  which  the  gaging  operation  may  be  started,  thus 


Fig.   5.     Interchangeable  Plug   Gages 

bringing  the  brunt  of  the  gaging  contact  on  this  generous  anvil 
block  and  not  on  the  gaging  points  above.  The  two  gaging 
plugs  may  be  set  to  "Go"  and  "Not  Go"  sizes  quickly,  and 
when  once  set  may  be  readily  sealed  by  the  gage  inspector. 
The  body  of  the  gage  is  made  of  a  fine  close-grained  gray  iron 
casting.  Before  being  machined  the  gage  castings  are  thor- 
oughly seasoned,  and  while  heavy  enough  to  withstand  shop 
use,  they  are  as  light  as  an  eflicient  gage  of  this  type  should 
be.  A  fiber  finger  grip  on  each  side  of  the  gage  prevents  ex- 
pansion due  to  heating  in  the  hand.  The  size  of  the  gage  is 
stamped  in  inches  below  the  fiber  grip  on  each  side.  The  tool- 
steel  plugs  and  anvil  are  made  as  individual  units,  ground 
and   lapped   before  assembling,   and   are   interchangeable. 

Interchang-eable  Plug  Gages 

Pig.  5  shows  one  gage  from  a  line  of  Interchangeable  plug 
gages  made  by  the  company.  These  plugs  have  a  two-piece 
screw-head  which  operates  the  plug  forward  or  back  as  de- 
sired. The  plug  is  lapped  and  closely  fitted  to  the  screw  head 
by  a  spring  lock-washer,  uniting  the  plug  to  the  screw  as  a 
single  unit.  The  handle  is  of  cold-rolled  steel  left  soft,  while 
the  plug  itself  is  of  hardened,  ground  and  lapped  tool  steel. 
The  handle  is  hollow,  and  the  gages  proper  have  taper  shanks 
that  fit  into  the  taper  socket  of  the  handle.  This  gage  is  most 
flexible  in  its  adaptability,  as  one  handle  can  be  used  for  sev- 
eral gages.  The  saving  in  steel  is  considerable  and  the  light- 
ened handle  makes  the  gage  sensitive  to  handle.  Provision 
is  made  for  pinning  the  gage  to  the  handle  when  deemed  ad- 
visable. The  gage  is  adaptable  for  use  on  plug  thread  gaging, 
and   when   desired   can  be   furnished   in   the   double-end   type 


in  which   the  "Go"   and  "Not  Go"  ends  may  be  used  in  the 
same  handle. 

Sine  Bar  Fixture 

Fig.  6  shows  the  type  of  sine  bar  that  the  S.  A.  S.  Labora- 
tories are  building.  This  sine  bar  is  universal  in  its  use,  the 
distinguishing  feature  being  the  method  employed  for  facili- 
tating the  setting  of  the  har  in  the  desired  position.  The  bar 
has  one  end  fixed,  and  can*  be  readily  set  at  any  angle  by  swing- 
ing the  bar  up  or  down,  the  lower  button,  which  is  constant, 
acting  as  the  fulcrum,  while  the  upper  button  slides  in  the 
radial  slot.  After  the  bar  is  set,  the  work  can  be  easily 
clamped  in  position  by  the  holes  shown.  This  sine  bar  is 
made  in  different  sizes,  covering  all  toolmaking  requirements. 

Thread  Measuring-  Machine 

In  Fig.  7  is  the  new  thread  measuring  machine  for  checking 
such  work  as  plug  gages, 
etc.,  by  the  three-wire  sys- 
tem. The  work  is  held 
on  a  central  arbor  that 
runs  in  bushed  holes  in 
the  fixture.  At  right  an- 
gles to  the  work  is  a  deep 
slot  in  the  fixture  that  ter- 
minates in  a  T-slot.  In 
this  slot  slides  a  special 
micrometer  caliper;  the 
measuring  points  of  this 
caliper  are  on  a  plane  with 
the  center  line  of  the 
arbor,  and  as  the  caliper 
is  keyed  in  the  T-slot,  it 
always  retains  its  alignment.  The  micrometer  is  set  by  means 
of  Johansson  gages,  the  gage  to  be  measured  being  placed  in 
position  and  the  right  wires  slipped  between  the  gage  and 
the  measuring  points.  This  method  eliminates  the  trouble 
usually  encountered  in  holding  the  wires  in  place  by  means  of 


Fig.    6.     Improved   Type   of   Sine   Bar 


Fig.  7,     Precision  Thread  Measuring  Machine 

elastic  bands,  and  insures  perfect  measurement.  When  test- 
ing concentricity,  the  work  is  easily  rotated  on  the  arbor  with- 
out disturbing  the  alignment. 


SIMPLEX  INDEPENDENT   CHUCK 

Some  users  of  independent  chucks  have  experienced  trouble 
through  loss  of  gripping 
power  after  the  chucks 
have  been  in  use  for 
some  time,  because 
there  are  no  means  of 
taking  up  lost  motion 
between  the  jaws  and 
their  guides.  With  the 
view  of  overcoming  pos- 
sible trouble  from  this 
source,  the  Simplex  Tool 
Co.,  Woonsocket,  R.  I., 
has  designed  an  inde- 
pendent chuck,  which  is 
illustrated  and  described 

herewith.       The    body    is  simplex   Four-jaw   Independent  Chuck 
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made  of  high-grade  cast  iron  and  the  Jaw  ways  are  deeply 
phiiied  across  the  face.  These  Jaws  are  separably  reversible 
and  are  so  constructed  that  any  backlash  which  develops  is 
automatically  adjusted.  All  screws  are  made  from  forgings 
and  turned  all  over;  they  are  hardened  and  tempered  to  give 
the  desired  strength  and  durability.  The  screw  bushings  are 
of  high-carbon  steel  and  provided  with  durable  bearings  and 
.collars  for  taking  up  the  end  thrust  of  the  screws. 

MOLINE   THREAD   MILLING   MACHINE 

To  meet  the  requirements  of  shops  that  are  called  upon  to 
cut  heavy  worms  and  spirals,  the  Moline  Tool  Co.,  Moline,  111., 
has  developed  what  is  known  as  a  heavy-duty  thread  milling 
machine,  which  is  illustrated  and  described  herewith.  In 
handling  work  of  the  kind  for  which  this  machine  is  intended, 
it  is  essential  to  have  the  machine  as  rigid  as  possible,  and 
in  working  out  the  design  great  care  was  taken  to  combine 
the  features  of  heavy  construction  and  simple  design.  The 
Moline  Tool  Co.  has  had  wide  experience  in  handling  the  class 
of  work  done  on  this  machine,  and  this  decided  the  company 
in  favor  of  a  machine  with  a  traveling  table  and  the  cutter 
held  stationary  with  the  exception  of  providing  sufficient  tra- 
verse to  feed  the  cutter  in  and  out  of  the  work.  The  majority 
of  operations  of  this  kind  are  of  such  a  kind  that  a  driving 
gear  can  be  used  on  the  cutter-arbor  which  is  much  larger  than 
the  diameter  of  the  cutter,  and  this  is  a  desirable  condition 
both  as  regards  durability  of  the  cutter  and  smoothness  of  the 
cut.  Bearing  this  in  mind,  it  was  decided  to  use  a  large  driv- 
ing gear  on  the  cutter-arbor,  although  this  gear  can  be  re- 
moved and  a  small  gear  substituted  when  necessary. 

The  cutter-arbor  is  hardened  and  ground  and  runs  in  bronze 
bushings.  It  is  driven  through  a  powerful  spur  and  spiral 
gear  train.  The  lead-screw  is  splined  its  entire  length  and 
is  made  heavy  to  avoid  danger  of  torsional  deflection.  The 
change-gears  used  on  this  machine  are  six  pitch.  The  index- 
ing device  consists  of  a  plunger  which  drops  into  an  indexing 
plate  set  into  the  back  of  the  main  spindle  driving  gear.  Work 
can  be  held  on  centers  or  in  a  collet  chuck,  or  a  three-jaw 
chuck  can  be  screwed  to  the  spindle  nose.  A  steadyrest  block 
is  furnished  to  which  bushings  can  be  fitted  for  supporting 
worms  on  their  large  diameter  or  on  the  shaft,  as  may  be 
desired.  The  capacity  of  the  machine  is  for  swinging  8  inches 
and  taking  work  up  to  30  inches  in  length  between  centers; 
the  spindle  is  bored  3  9/16  inches  to  allow  a  3  1/2-inch  shaft 
to  pass  through  it.  The  regular  equipment  furnished  includes 
a  pump  and  piping  with  a  tank  in  the  base,  a  two-speed  coun- 
tershaft, an  index  plate  with  any  desired  number  of  holes,  a 
bushing  for  the  steadyrest  block,  and  a  set  of  change-gears. 
The   weight   of   the   machine    is   approximately    5000    pounds. 


sterling  12-inch  Back-geared  Latlie 

STERLING   LATHE 

The  Sterling  Machine  Tool  Co.,  Paulding  Place,  Cincin- 
nati, Ohio,  is  now  building  the  12-inch  back-geared  lathe  that 
forms  the  subject  of  the  following  description.  This  lathe 
is  built  with  beds  of  different  lengths  to  provide  for  taking 
24,  36,  and  48  inches  between  centers.  Reference  to  the 
illustration  will  show  that  the  machine  is  of  light  but  compact 
design,  and  it  is  said  to  be  capable  of  turning  work  accurate 
to  0.0015  inch  in  18  inches.  The  lathe  has  independent  longi- 
tudinal and  power  cross-feeds,  semi-quick-change  gears,  a  com- 
pound rest,  and  is  made  to  be  driven  by  either  foot  power,  a 
belt,  or  individual  motor.  The  regular  equipment  furnished 
with  the  machine  includes  a  compound  rest,  steadyrest,  face- 
plate, friction  countershaft,  gear  guards,  and  the  necessary 
wrenches  for  making  all  adjustments.  Extra  attachments  that 
are  available  for  use  on  the  machine  include  a  milling  attach- 
ment, gear-cutting  attachment,  turret  attachment,  and  taper 
attachment. 

The  principal  dimensions  of  the  machine  are  as  follows: 
swing  over  bed,  12i/4  inches;  swing  over  carriage,  8  inches; 
diameter  of  hole  through  spindle,  1  inch;  diameter  of  spindle 
nose,  1%  inch;  size  of  front  and  rear  spindle  bearings,  1  7/16 
by  214  inches;  size  of  cone  pulley,  3,  4%,  and  6  inches  in 
diameter  by  1%  inch  face  width;  ratio  of  back-gears,  7  to  1; 
diameter  of  tailstock  spindle,  13/16  inch;  diameter  of  lead- 
screw,  13/16  inch;  threads  per  inch  on  lead-screw,  5;  travel 
of  tail  spindle,  4%  inches;  length  of  carriage  on  bed,  12 
inches;  travel  of  compound  rest,  2\i  inches;  size  of  lathe  tools, 
%  by  1  inch;  range  for  thread  cutting,  3  to  120  threads  per 
inch;  and  diameter  of  faceplate,  8  inches. 


Thread  Milling:  Machine  built  by  Moline  Tool  Co. 


BAUSH   STATION   TYPE   CRANKSHAFT 
DRILLING   MACHINE 

For  drilling  and  reaming  six  holes  in  the  flange  of  crank- 
shafts, the  Baush  Machine  Tool  Co.,  200  Wason  Ave.,  Spring- 
field, Mass.,  has  recently  designed  and  built  a  special  form 
of  its  station  type  machine,  which  is  illustrated  and  described 
herewith.  While  the  details  have  been  modified  to  meet  the 
requirements  of  this  work,  the  general  features  are  similar  to 
preceding  types  of  machines  built  for  other  purposes;  in  the 
present  Instance  six  holes  can  be  drilled  and  reamed  in  the 
flange  of  a  crankshaft  in  fifty  seconds.  Fig.  1  shows  station 
No.  1,  where  the  operator  loads  and  unloads  the  crankshafts. 
Attention  is  called  to  the  "start"  and  "stop"  push-button  con- 
trol, which  is  conveniently  located  at  the  operator's  right  hand. 
This  is  an  Electric  Control  &  Mfg.  Co.'s  apparatus,  and  it 
governs  a  five-horsepower  Westinghouse  motor  mounted  on  top 
of  the  machine.  Below  the  electric  switch  there  is  a  hand- 
lever  for  controlling  the  feeding  of  the  drill  heads  to  the  work. 

All  the  bearings  in  the  machine  are  automatically  lubricated. 
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Fig.   1.     Baush  Station  Type  Machine  for 

drilling    and    reaming    Six    Holes 

in  Crankshaft  Flange 


and  sight-feed  oilers  are 
located  where  the  opera- 
tor has  a  clear  view  of 
them.  Stations  Nos.  2  and 
3  are  shown  in  Fig.  2, 
and  this  close  view  shows 
clearly  how  each  crank- 
shaft is  supported  verti- 
cally on  centers  and  held 
in  fixtures  which  are  free 
to  float  universally  in  or- 
der to  line  up  correctly 
with  the  heads  each  time 
the  table  is  indexed.  At 
station  No.  2  two  pin 
holes  are  drilled  in  the 
crankshaft  flange,  and 
these  holes  are  reamed 
at  station  No.  3.  Flexible 
tubes  carry  cutting  oil  to 
the  tools,  and  attention 
is  called  to  a  pump  lo- 
cated near  the  base  of 
one  column;  this  pump 
is  furnished  with  a  relief 
valve  shut-off.  There  is  a 
fourth  station  at  which 
the  four  bolt  holes  in  the 
flange  are  drilled.  On 
this  machine  the  15/32- 
inch  drills  are  driven  at 
202.6  revolutions  per  min- 
ute and  are  fed  at  0.0053 
reaming,    0.441-inch    reamers    are 


inch  per  revolution.  For 
driven  at  74.6  revolutions  per  minute,  and  the  rate  of  feed  is 
0.0138  inch  per  revolution.  The  machine  is  4  feet  in  diam- 
eter by  10  feet  high  and  weighs  approximately  5050  pounds. 

LEISY-PATTON    SHAPER 

The  Leisy-Patton  Co.,  Cleveland,  Ohio,  is  now  building  a 
shaper  which  forms  the  subject  of  the  following  description. 
Taper  gibs  have  been  provided  throughout  to  afford  means 
of  adjustment.  The  table  support  is  readily  adjusted  to  suit 
any  elevation,  and  the  cross-rail  cavity  for  the  table  feed- 
screw is  on  an  angle  which  serves  to  prevent  accumulation 
of  chips  and  dirt.  Both  the  body  and  base  of  the  machine  are 
ribbed  internally  to  eliminate  spring  and  afford  the  necessary 
rigidity.     The  semi-steel  bull  gear  is  run  by  a  bronze  pinion, 


Close  View  of  Stations  Nos.  2  and  3  on  Machine  shown  in  Fig.   1 


which  combination  affords  the  double  advantage  of  strength 
and  durability. 

The  principal  dimensions  of  this  machine  are  as  follows: 
maximum  length  of  stroke,  201/2  inches;  horizontal  travel  of 
table,  261^  inches;  distance  from  table  to  bottom  of  ram  for 
position  of  lowest  adjustment,  14%  inches;  size  of  vise  jaws, 
12  inches  long  by  2i^  inches  high;  maximum  opening  of  vise 
jaws,  10  inches;  width  of  ram,  10  inches;  length  of  ram,  SSVz 
inches;  length  of  ram  bearing  on  column,  31 1,4  inches;  mini- 
mum speed  of  ram,  8  strokes  per  minute;  maximum  speed  of 
ram,  98  strokes  per  minute;  maximum  feed,  3/16  inch  per 
stroke;  size  of  table,  18%  by  14  inches;  length  of  rocker  arm, 
31%  inches;  width  of  belt,  4  inches;  speed  of  countershaft, 
215  revolutions  per  minute;  diameters  of  four-step  cone  pulley, 
from  7%  to  13  inches,  3  inches  face  width;  number  of  available 
speed  changes,  8;  and  floor  space  occupied  by  machine,  4  feet, 
2  inches  by  4  feet,  5  inches. 


Fig.  1.     Leisy-Patton  20-inch  Crank  Shaper 


Fig.  2.     Opposite  Side  of  Leisy-Patton  Crank  Shaper  shown  in  Fig.  1 
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J.    G.   BLOUNT   DRAW-IN   FRICTION 
HEADSTOCK 

J.  G.  Blount  Co.,  Everett,  Mass.,  is  now  building  a  friction 
headstock  lathe  with  a  draw-in  mechanism,  which  is  illus- 
trated and  described  herewith.  This  machine  is  well  adapted 
tor  the  rapid  production  of  small  machine  parts.  The  spindle 
.is  provided  with  a  draw-in  attachment  and  is  driven  by  means 


J.    G.   Blount  Friction  Headstock  Lathe  with  Draw-in  Mechanism 

of  a  friction,  operated  by  a  foot-treadle.  A  spring  under  the 
sleeve  draws  the  collet  back  into  the  spindle  and  causes  it  to 
grip  the  work,  while  a  forked  lever  spans  the  sleeve  and  is 
connected  to  the  foot-treadle  in  such  a  way  that  application  of 
pressure  opens  the  collet  and  instantly  stops  the  spindle.  The 
work  can  then  be  removed  or  put  into  the  collet,  and  both  of 
the  operator's  hands  are  free  to  handle  the  work  or  tools. 
Self-oiling  bronze  bushings  support  the  spindle,  and  the  spin- 
dle nose  is  fitted  with  a  hardened  bushing  to  avoid  wear  while 
closing  the  collet;  also,  the  spindle  nose  is  threaded  to  provide 
for  using  a  chuck  or  faceplate.  This  headstock  is  also  ar- 
ranged for  mounting  on  a  bench,  and  collets  can  be  used  which 
have  a  capacity  for  handling  work  up  to  %  inch  in  diameter. 


Polishing  and  Buffing  Lathe:  Noble  &  Westbrook  Mfg.  Co., 
Hartford,  Conn.  It  is  claimed  that  as  the  unbalanced  grinding 
or  buffing  wheels  used  on  this  lathe  will  automatically  find 
and  revolve  in  their  center  of  gravity,  these  machines  make 
unnecessary  all  preliminary  balancing  of  the  wheels  when  set- 
ting up. 

Bench  Drilling  Machine:  Henry  &  Wright  Mfg.  Co.,  Hart- 
ford, Conn.  The  work  may  be  drilled  either  on  the  base  or  on 
the  swinging  table.  The  maximum  distance  from  the  table  to 
the  chuck  is  3  1/16  inches,  and  from  the  base  to  the  spindle, 
8  inches.  The  minimum  distance  from  the  base  to  the  spindle 
is  5  inches.    The  machine  weighs  135  pounds. 

Single-purpose  17-Inch  Lathe:  Wickes  Bros.,  Saginaw, 
Mich.  While  this  machine  is  intended  for  fast  heavy  work,  it 
is  not  equipped  with  back-gears  or  screw-cutting  mechanism. 
It  has  three  feeds,  which  are  operated  by  the  quick-change 
lever  and  the  spindle  has  ball  thrust  bearings  for  taking  up  the 
end  thrust.    An  automatic  stop  may  be  provided. 

Wire  and  Metal  Former:  M.  D.  Kilmer  &  Co.,  Cleveland, 
Ohio.  This  former  will  handle  wire  from  No.  26  to  No.  3  gage, 
with  only  slight  changes  in  adjustment.  With  the  ten  adjust- 
ments furnished,  it  is  possible  to  make  a  large  number  of 
finished  forms.  Figures  on  the  plate  indicate  the  length  of 
wire  to  be  fed  and  the  angle  to  which  it  should  be  bent. 

Grinder  for  Gear-cutters:  Fenn  Mfg.  Co.,  516  Asylum  St., 
Hartford,  Conn.  The  work  and  the  indexing  mechanism  are 
mounted  on  a  table  that  swings  on  bearings  protected  from 
dirt  by  oil-soaked  felt  washers.  As  this  table  may  be  raised  or 
lowered  on  the  vertical  post,  the  cutter  may  be  located  in  the 
desired  position.  The  motor  is  attached  to  a  hinged  plate 
beneath  the  bed  and  the  belt  is  inside  the  head. 

Hellman  Universal  Triangle:     Charles  E.  Baker,  Indianapo- 


lis, Ind.  This  instrument  is  a  G-incli,  45-degree,  nickel-plated 
steel  triangle,  with  tlio  hypotenuse  in  two  parts,  the  larger  of 
which  moves  on  a  hinge.  The  loose  end  of  the  hinged  section 
has  a  groove  that  fits  over  a  tongue  milled  to  tlie  proper  radius 
on  a  triangle  and  may  be  set  to  form  any  angle  from  0  to  45 
degrees  with  one  side  and  from  45  to  90  degrees  willi  the 
otiier. 

Air  Compressor:  Yokom  Sales  Co.,  Port  Huron,  Midi.  The 
piston  of  this  compressor  is  driven  by  a  ball-bearing  eccentric, 
the  bottom  of  the  piston  being  held  in  contact  with  the  outer 
ring  of  tlie  bearing  by  springs.  The  small  <:ompressor,  which 
has  a  3-inch  bore,  has  a  capacity  of  1.8  cubic  foot  of  air  per 
minute,  and  a  power  consumption  of  VI  horsepower,  while  the 
larger  machine  delivers  4  cubic  feet  of  air  and  requires  % 
horsepower. 

Pipe-threading  Machine:  William  T.  Johnson  Co.,  Cincin- 
nati, Ohio.  This  machine  is  fastened  to  the  section  of  pipe  to 
be  threaded  by  an  expanding  sleeve.  A  standard  pipe-thread 
taper  cut  on  one  end  of  this  sleeve  serves  as  a  feed-screw. 
The  arm  that  engages  this  thread  also  carries  the  cutting  tool, 
which  is  a  piece  of  %-inch  square  high-speed  steel.  The 
operation  is  repeated  a  number  of  times,  the  tool  being  ad- 
vanced a  little  each  time,  just  as  when  cutting  a  thread  on  a 
lathe. 

Titeflex  Metallic  Tubing:  Titeflex  Metal  Hose  Corpora- 
tion, 141  Broadway,  New  York  City.  Because  of  the  U-shaped 
sections  of  this  tubing,  packing  is  unnecessary,  as  there  is  no 
sliding  of  the  parts  of  the  joints.  It  is  claimed  that  the  joint 
becomes  tighter  with  an  increase  of  pressure;  that  the  tubing 
will  carry  practically  any  pressure;  and  that  it  is  unaffected 
by  heat  or  cold.  For  tubing  that  is  to  be  subjected  to  rough 
usage  or  abnormal  exterior  wear,  a  covering  of  interlocking 
steel  ribbon  is  provided. 

Blueprint  Ironer:  American  Laundry  Machinery  Co.,  Cin- 
cinnati, Ohio.  All  types  of  blueprints,  black-line,  and  Van 
Dyke  prints  are  ironed  and  dried  by  this  machine.  A  fabric 
apron  carries  the  prints  underneath  and  around  a  20-inch 
cylinder,  which  may  be  heated  by  steam,  gas,  or  electricity. 
The  machine  requires  55  cubic  feet  of  gas  per  hour,  11  kilo- 
watts of  electricity,  or  from  1%  to  2  boiler  horsepower  of  steam 
at  from  6  to  10  pounds  pressure.  Allowing  for  delays,  it  has 
a  capacity  of  45  square  feet  per  minute. 

Automatic  Grinding  and  Polishing  Machine:  Kane  & 
Roach,  Niagara  and  Shonnard  Sts.,  Syracuse,  N.  Y.  This 
machine  is  designed  to  grind  and  polish  i/4-  to  %-inch  tubes 
and  drill  rods.  In  order  that  there  will  be  no  scratches  on  the 
finished  product,  the  material  is  fed  in  through  hardwood 
tubes.  It  is  then  run  between  hardened  tool-steel  rolls  set  at 
such  an  angle  that  the  material  revolves  as  it  is  fed  between 
the  polishing  belts.  The  feeding  rolls  revolve  the  material  be- 
tween these  belts  In  a  direction  opposite  to  the  travel  of  the 
belts. 

Remote  Control  Switch:  Cutler-Hammer  Mfg.  Co.,  Mil- 
waukee, Wis.  The  solenoids  that  operate  this  switch,  one 
opening  and  one  closing  it,  are  energized  by  circuits  connected 
to  push-button  control  switches,  which  may  be  placed  wherever 
desired.  The  contacts  are  kept  closed  by  a  mechanical  latch, 
thus  reducing  the  current  consumption.  The  switches  are 
made  with  a  capacity  of  100  amperes  for  use  on  either  alter- 
nating or  direct  current;  they  are  also  made  in  single-,  double-, 
and  triple-pole  types.  One  of  their  applications  is  the  control 
of  lighting  circuits  from  a  distant  point  or  central  location. 

Motor  Headstock  for  Wood-working  Lathes:  Westinghouse 
Electric  &  Mfg.  Co.,  East  Pittsburg,  Pa.  In  this  lathe  the  face- 
plates, or  centers,  are  mounted  directly  on  the  motor  shaft, 
and  various  speeds  are  obtained  by  means  of  the  controller 
mounted  at  the  front  of  the  lathe.  Motor  speeds  of  approxi- 
mately 570,  1140,  and  3460  revolutions  per  minute  are  pro- 
vided with  alternating  current,  and  from  600  to  3000  revolu- 
tions per  minute  with  direct  current.  In  the  latter  case,  a 
commutating-pole  shunt-wound  motor  is  used.  With  the  alter- 
nating current,  a  dynamic  braking  effect  is  obtained  by 
manipulating  the  controller  for  the  next  lower  speed. 

Adjustable  Lifting  Truck:  F.  J.  Bloodgood  Co.,  Bingham- 
ton,  N.  Y.  This  truck,  which  can  lift  and  carry  loads  from 
1000  to  6000  pounds,  has  a  U-shaped  frame,  the  width  of  which 
is  easily  varied,  so  that  the  truck  can  handle  loads  of  any 
widths.  In  use,  the  frame  is  placed  around  the  object  to  be 
carried  and  the  front  is  raised  by  means  of  the  screw  jack 
attached  to  the  base  of  the  U  at  the  front  of  the  truck.  When 
the  front  of  the  object  is  raised  sufficiently,  a  bar  is  passed 
through  the  rear  wheels,  which  are  placed  slightly  back  of 
the  center  of  the  load;  then  the  jack  is  lowered,  placing  the 
greater  part  of  the  weight  upon  the  roller  bearing  wheels. 
The  frame  is  not  relied  upon  for  support  to  any  extent. 
*     *     * 

According  to  invoices  certified  at  the  American  consulate 
general  at  Rio  de  Janeiro,  Brazil,  the  exports  of  manganese 
ore  to  the  United  States  increased  from  244,946  metric  tons, 
valued  at  $2,880,107,  for  1915,  to  496,498  tons,  valued  at  $7,928,- 
869,  for  1916. 
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TORSIONAL  TEST  OP   "NATIONAL"  PIPE 

The  accompanying  illustration  shows  what  at  first  glance 
might  be  taken  for  a  twisted  sheet  of  rubber,  but  instead  it 
is  a  piece  of  eight-inch  "National"  line  pipe  after  having  been 
subjected  to  a  torsional  stress  of  713,000  inch-pounds  and 
twisted   360  degrees.     Eight-inch   line  pipe  weighs  about  29 


Torsional  Test  of  "National"  Line  Pipe 

pounds  per  foot,  and  the  wall  is  approximately  one-third  inch 
thick.  The  test  specimen  shows  the  homogeneity,  ductility 
and  high  tensile  strength  of  the  steel. 


ACTIVITIES  OF  THE  S.   A.   E. 

A  Washington  office  has  been  opened  by  the  Society  of  Auto- 
mobile Engineers  (hereafter  to  be  known  as  the  Society  of 
Automotive  Engineers)  in  the  Munsey  Bldg.  In  connection 
with  the  Council  of  National  Defense.  This  action  was  taken 
to  bring  about  closer  cooperation  of  the  society  with  the  vari- 
ous government  departments.  The  society  has  cooperated  with 
the  quartermaster's  department  in  drawing  specifications  of 
the  iy2-  and  3-ton  military  trucks.  A  great  deal  of  other  work 
remains  to  be  done. 

Because  of  war  conditions,  the  summer  meeting  scheduled 
to  be  held  the  last  week  in  June  at  Ottawa  Beach,  Lake  Mich., 
has  been  called  off.  An  extensive  canvass  of  many  connected 
with  the  activities  of  the  society  showed  a  general  feeling  that 
few  of  the  members  could  afford  to  spend  four  days  at  the 
summer  meeting.  Instead  of  four  days  at  Ottawa  Beach,  it 
was  voted  to  spend  one  day  on  the  summer  meeting  at  Wash- 
ington, D.  C. 

*  *     * 

LUBRICATION   OP  CUTTING  TOOLS- 
CORRECTION 

It  has  been  brought  to  our  attention  that  there  might  pos- 
sibly be  some  misunderstanding  with  reference  to  the  state- 
ment in  the  third  paragraph,  left-hand  column,  on  page  707 
of  the  April  number,  in  the  article  "Lubrication  of  Cutting 
Tools — 4,"  regarding  the  investigation  on  fire  hazard  of  cut- 
ting oils.  The  investigation  referred  to,  which  was  conducted 
by  Edward  A.  Barrier,  chemical  engineer,  was  undertaken  by 
the  Inspection  Department  of  the  Associated  Factory  Mutual 
Fire  Insurance  Cos.,  on  their  own  initiative,  as  a  result  of 
their  appreciation  of  the  fact  that  large  quantities  of  cutting 
oil  as  at  present  used  in  many  machine  shops  might  present  a 
serious  fire  hazard. 

*  *     * 

"CHAMPION"  ENGINE  LATHE 

The  "Champion"  engine  lathe  is  made  by  the  Champion 
Tool  Works  Co.,  Cincinnati,  Ohio.  An  article  in  the  April 
number  describing  the  "Lancaster"  13-inch  lathe  made  by 
the  Champion  Blower  &  Forge  Co.  of  Lancaster,  Pa.,  was 
erroneously  headed  "Champion  Engine  Lathe,"  from  which 
some  may  have  inferred  that  the  lathe  made  by  the  company 
is  to  be  known  as  "Champion."  The  article,  however,  states 
that  the  lathe  is  to  be  known  as  the  "Lancaster." 


NATIONAL   METAL    TRADES    ASSOCIA- 
TION'S   CONVENTION 

The  nineteenth  annual  convention  of  the  National  Metal 
Trades  Association  was  held  in  New  York  City,  April  23  to  26, 
inclusive.  The  convention  program  proper  began  Wednesday 
morning.  William  H.  Van  Dervoort,  president,  delivered  a 
masterly  address  in  which  he  reviewed  the  business  condi- 
tions and  pointed  to  some  of  the  problems  that  would  con- 
front American  manufacturers  during  the  war  and  particularly 
following  the  close  of  the  war.  F.  C.  Caldwell,  treasurer,  in 
making  his  report,  referred  to  the  difficulties  that  had  been 
experienced  during  the  past  year  with  labor  and  labor  unions 
and  the  drains  on  the  treasury  incident  to  combating  strikes 
and  labor  hold-ups.  The  treasury,  nevertheless,  is  in  very 
satisfactory  condition,  thanks  to  the  generosity  of  the  mem- 
bership. John  D.  Hibbard,  commissioner,  reported  on  the 
activities  of  the  association,  going  into  considerable  detail  as 
to  the  work  done;  an4  Homer  D.  Sayre,  secretary,  also  re- 
ported on  the  activities  with  which  the  secretary  was  particu- 
larly concerned.  Reports  of  standing  committees  were  made 
by  F.  A.  Geier,  on  industrial  education;  W.  A.  Viall,  on  ap- 
prenticeship; John  W.  O'Leary,  on  membership;  and  by  F.  E. 
McKee,  on  the  prevention  of  industrial  accidents.  Unfor- 
tunately, Howard  E.  Coffin,  who  was  scheduled  to  speak  on 
the  activities  of  the  Council  of  National  Defense,  was  unable 
to  be  present  because  of  the  emergency  with  which  the  coun- 
try is  now  confronted.  Other  papers  in  the  afternoon  schedule 
were: 

"The  Bankers  Cooperation  with  Industry,"  by  F.  C. 
Schwedtman. 

"National  Industrial  Conference  Board,"  by  William  H.  Barr. 

"The  American  Institute  of  Weights  and  Measures — What  it 
Stands  for,"  by  Luther  D.  Burlingame. 

The  regular  convention  banquet  was  held  Wednesday  evening 
at  the  Hotel  Astor. 

On  Thursday  morning  Wallace  Downey  delivered  an  address 
on  the  merchant  marine,  following  which  were  timely  ad- 
dresses by  A.  L.  Humphrey  of  the  Westinghouse  Air  Brake  Co., 
George  F.  Steedman  of  the  Curtis  &  Co.  Mfg.  Co.,  and  James 
T.  McCleary  of  the  American  Iron  and  Steel  Institute. 


WORLD'S  GOLD  OUTPUT 

A  century  ago,  the  bulk  of  the  world's  gold  output,  which 
was  $7,300,000  annually,  was  derived  from  workings  in  the 
Ural  Mountains;  but  as  other  sources  of  supply  were  dis- 
covered the  production  rapidly  increased  until,  in  1916,  it 
amounted  to  $465,845,700.  Forty-seven  per  cent  of  this,  or 
.  $218,973,000,  was  produced  in  South  Africa,  41  per  cent  being 
obtained  in  the  Rand.  The  total  gold  output  of  the  British 
Empire  was  $292,904,900;  $11,193,000  was  obtained  in  India. 
Until  the  discovery  of  the  Yukon  fields,  nearly  all  the  output 
of  Canada  was  a  by-product  in  connection  with  copper  smelting, 
and  averaged  only  about  $973,000  worth  of  gold  per  annum; 
last  year's  Canadian  output  was  $19,709,300.  While  the  total 
output  of  the  American  fields,  since  the  first  Californian  finds 
in  1847-48,  has  been  approximately  $3,397,000,000,  the  output 
of  the  United  States  last  year  was  $92,643,000.  This  was  about 
$4,000,000  more  than  the  output  in  1913  but  about  $6,000,000 
less  than  that  of  1915. 


UNITED   STATES  ARMOR  PLATE   PLANT 

The  United  States  armor  plate  and  projectile  plate  plants 
for  which  Congress  appropriated  $12,700,000  will  be  built  at 
Charleston,  W.  Va.  The  armor  plant  appropriation  was  $11,- 
000,000,  and  the  projectile  plant  appropriation  $1,700,000.  The 
location  was  chosen  as  being  ideal  because  of  being  near  large 
coal  deposits  and  deposits  of  basic  and  Bessemer  iron  ore. 
Limestone  is  also  quarried  in  the  vicinity.  The  chief  reason, 
however,  for  locating  the  plant  near  Charleston  is  the  security 
afforded  by  being  in  the  Appalachian  range  many  miles  from 
the  seacoast,  where  it  is  not  likely  to  be  seized  in  an  invasion 
by  an  enemy. 


838 


MACHINERY 


May,  1917 


ELECTRICALLY   HEATED   PRESSES   FOR 
MOLDING   MATERIAL 

lu  industrial  service  electric  heating  has  inaQy  advantages 
over  steam  heating  which  represent  an  actual  saving  in  money, 
and  iu  almost  every  instance  the  former  effects  an  increase 
in  efficiency  that  offsets  any  difference  in  cost.  A  step  toward 
the  more  general  application  of  electric  heating  in  industrial 
processes  has  recently  been  made  by  the  Westinghouse  Elec- 
tric &  Mfg.  Co.  of  East  Pittsburg,  Pa.,  in  the  adoption  of  elec- 
tric heating  for  twenty-three  presses  used  in  the  manufacture 
of  molded  composition  material.  These  presses  were  formerly 
heated  by  steam,  but  a  trial  electrically  heated  press  proved 
so  satisfactory  that  the  entire  set  of  presses  in  the  company's 
molded  insulation  department  is  now  being  modified  for  equip- 
ping with  electric  heaters. 

The  Illustrations  show  the  construction  of  the  machines 
and  the  relation  of  the  heaters  to  the  presses.  The  heat  is 
furnished  through  two  plates,  1  foot  square  by  3%  inches 
thick,  shielded  on  their  exposed  surfaces  with  magnesia  to 
reduce  the  radiation  losses.  The  upper  plate  is  stationary 
and  has  a  hole  in  it  in  which  a  thermometer  is  inserted  to 
indicate  the  temperature,  as  shown  in  Fig.  1.  The  lower 
plate  is  movable  vertically.  Each  plate  is  made  up  of  two 
parts,  in  each  of  which  there  are  two  grooves.  The  heating 
units  lie  in  these  grooves,  as  can  be  seen  in  Fig.  2.  Thus  there 
are  four  heating  units  to  each  plate,  or  eight  per  press.  Each 
unit  is  12  inches  long  by  2^4  inches  wide,  3/16  inch  thick, 
and  is  rated  at  300  watts.  The  heating  units  are  of  the  West- 
inghouse steel-clad  bayonet  type,  consisting  of  a  flat  ribbon 
resistor  assembled  in  a  mica  sheath  and  enclosed  in  a  heavy 
steel  casing.  This  construction  reduces  the  possibility  of  in- 
jury to  a  minimum,  and  also  provides  rapid  transfer  of  heat 
from  the  resistance  element,  thus  insuring  long  life  under 
severe  conditions  of  service. 

The  presses  are  arranged  in  sets  of  four.     Current  is  sup- 


plied to  each  set  through  a  multi-tap  transformer  and  a  dial 
plate.  By  turning  the  controller  handle  on  the  dial  to  different 
positions,  varying  voltages  can  be  impressed  across  the  heat- 
ers. The  dial  has  fifteen  contacts  and  furnishes  fifteen  voltages, 
varying  from  a  luaximum  of  220  volts — the  line  voltage — to  a 
minimum  of  150  volts,  with  relative  inputs  for  each  set  of 
heaters  of  from  2400  watts  maximum  to  1200  watts  minimum. 
This  arrangement  provides  for  an  input  of  high  value  for  quick 
heating  when  the  press  is  cold  and  it  is  desired  to  heat  it 
rapidly;  one  of  low  value  when  the  press  is  not  to  be  used  but 
is  to  be  kept  hot  for  later  use;  and  several  intermediate  in- 
puts when  it  is  desired  to  keep  the  press  hot  while  in  steady 
use  on  work  having  different  heat  requirements. 

In  the  morning  the  heating  plates  of  the  presses,  after  hav- 
ing been  idle  during  the  night,  are  cold.  Before  putting  a 
mold  into  the  press,  the  operator  first  has  to  bring  the  tem- 
perature up  as  quickly  as  possible.  This  is  accomplished  by 
turning  the  controller  handle  to  the  maximum  heat  position, 
the  two  plates  being  pressed  together  to  decrease  the  radia- 
tion losses  as  much  as  possible.  When  the  proper  operating 
temperature  has  been  reached,  the  controller  handle  is  turned 
back  to  the  position  experience  has  shown  will  maintain  the 
proper  temperature  for  heating  the  molds.  The  lower  plate 
is  then  lowered  and  the  mold  to  be  heated  is  placed  on  it, 
when  the  lower  plate  is  raised  again,  with  a  certain  pressure. 
The  press  is  then  left  in  this  position  for  the  lengjh  of  time 
required  to  heat  the  mold,  when  the  lower  plate  is  again 
lowered,  the  hot  mold  removed,  and  another  cold  one  put  In 
its  place. 

During  the  noon  hour,  or  during  periods  of  rest  when  the 
press  is  not  being  used  but  it  is  desired  to  keep  the  plates  hot 
for  future  use,  the  controller  handle  is  turned  to  the  position 
which  will  supply  the  radiation  losses  of  the  machine,  the 
plates  being  left  together  to  decrease  such  losses. 

The  temperature  and  the  length  of  time  required  for  one 
operation  depends  on  the  material  being  heated  and  the  size 
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Close  View  of  Press  with  Magnesia  Covering  removed  to  shov 
Wiring  and  Heating  Units 

of  the  mold.  A  series  of  tests  made  on  one  of  the  presses 
shows  that  from  1  to  1%  hour  is  required  to  heat  the  plates 
of  a  press,  starting  with  the  plates  cold,  and  that  1800  watts 
are  required  to  keep  the  press  hot  while  in  steady  use  for 
work  requiring  a  temperature  of  180  degrees  C.  Should  the 
nature  of  the  material  be  such  that  a  different  temperature 
is  required,  or  if  it  is  desired  to  increase  or  decrease  the 
amount  of  heat,  it  is  only  necessary  to  turn  the  controller 
handle  to  a  position  that  will  give  the  proper  amount  of 
heat  necessary. 

*     «     * 

THE  METRIC  SYSTEM   IN    GREAT  BRITAIN 

The  tremendous  change  that  has  taken  place  in  Great  Britain 
during  the  past  three  years  manifests  itself  in  numerous  ways. 
In  the  field  of  engineering,  perhaps  no  indication  is  more  sig- 
nificant than  the  fact  that  Engineering,  in  a  leading  editorial, 
in  the  issue  of  March  30,  entitled  "The  Metric  System,"  takes 
a  friendly  view  toward  the  adoption  of  the  metric  system  in 
Great  Britain  and,  while  retaining  its  usual  well  balanced  judg- 
ment on  engineering  questions,  expresses  opinions  that  can  be 
understood  in  no  other  way  than  as  an  advocacy  of  the  metric 
system.  This,  indeed,  would  have  been  unbelievable  and  un- 
heard of  three  years  ago. 

"There  are  only  two  systems  possible  in  this  country  (Great 
Britain),"  says  Engineering,  "our  own  and  the  system  which 
is  already  obligatory  with  437,000,000  people  and  optional  with 
727,000,000  in  other  countries.  .  .  .  The  adoption  of  the 
metric  system  in  this  country  has  been  largely  treated  as  an 
academic  question  in  the  past.  In  spite  of  our  system — or 
want  of  system — we  have  been  successful,  and  our  exports 
have  risen  with  satisfactory  uniformity.  We  have  made 
money,  we  have  amassed  capital,  and  we  have  spent  lavishly. 
But  we  are  now  entering  upon  another  phase  under  quite  new 
conditions.  After  the  proclamation  of  peace,  we  shall  be  faced 
with  greatly  increased  wages  and  enormous  taxation,  and  the 
national  income,  which  was  once  ample,  will  no  longer  suffice. 
Prices  will  be  high,  and  although  the  working  classes  will  be 
able  to  spend,  the  middle  classes  with  fixed  incomes  will  be 
obliged  to  curtail  their  outlay.  Under  such  conditions  we 
must  extend  our  trade  abroad  by  every  possible  means,  and 
to  do  so  we  must  copy  our  rivals — that  is,  we  must  take 
trouble  to  meet  the  desires  of  our  customers.  The  first  step 
toward  that  end  is  to  count  the  cost  and  to  compare  it  with 
the  possible  gain,   and,  if  the  calculation   shows  a  profit,   to 


go  forward.  It  must  be  remembered  that  the  cost  is  not  a 
continuing  one.  Once  the  outlay  and  confusion  attending  the 
change  have  been  encountered,  they  are  at  an  end,  while  the 
profit  will  go  on  from  year  to  year." 

It  is  further  mentioned  that  since  1840  thirty-four  countries 
aave  abandoned  their  original  standards  and  adopted  the 
metric  system.  Not  one  country  has  adopted  the  British  meas- 
ures, and  no  country  has  abandoned  the  metric  system  and 
gone  back  to  its  old  units.  Engineering,  however,  by  no  means 
underestimates  the  difficulties  of  a  change.  It  recognizes  that 
"in  no  country  was  the  change  so  difficult  as  it  will  be  here, 
for  in  none  was  manufacture  so  highly  organized.  We  shall 
have  to  pay  for  our  footing  when  we  enter  the  community  of 
metric  countries,  and  the  point  that  waits  for  settlement  is 
what  it  will  cost  us.  .  .  .  Our  own  impression  is  that  the 
cost  will  be  found  to  be  very  much  less  than  many  anticipate." 

The  above  statement  from  Engineering  is  reproduced  be- 
cause of  the  peculiar  interest  to  American  engineers  at  the 
present  time,  when  the  subject  is  again  being  considered  in 
this  country,  and  when  two  organizations  have  been  founded, 
one  known  as  the  American  Institute  of  Weights  and  Meas- 
ures, the  object  of  which  is  to  oppose  the  metric  system,  and 
the  other,  the  American  Metric  Association,  the  object  of  which 
is  to  further  the  adoption  of  the  metric  system  in  the  United 
States.  The  activities  of  these  two  organizations  will  tend  to 
make  the  subject  more  thoroughly  understood  by  engineers  in 
the  United  States,  and  in  the  course  of  discussions  that  will 
take  place,  much  valuable  information,  both  for  and  against 
the  metric  system,  will,  no  doubt,  be  placed  on  record.  Should 
Great  Britain  adopt  the  metric  system,  it  is  evident  that  the 
question  of  its  adoption  in  the  United  States  will  become  more 
acute  than  ever,  and  the  more  authoritative  and  unbiased  opin- 
ions on  the  subject  that  can  be  placed  before  American  manu- 
facturers and  engineers,  the  more  easily  will  a  decision  be 
reached  when  the  time  comes  that  a  decision  must  be  reached. 
«     *     * 

SPECIAL    GEAR-HOBBING  MACHINE 

When  the  Phoenix  Mfg.  Co.,  Eau  Claire,  Wis.,  started  to 
prepare  for  the  manufacture  of  Conradson  engine  lathes,  diffi- 
culty was  experienced  in  making  the  necessary  arrangements 
for  cutting  the  gears.  The  shop  was  not  equipped  with  ma- 
chines for  cutting  the  gears  used  in  the  lathe  headstock,  car- 
riage, etc.,  and  both  builders  of  gear-cutting  machinery  and 
shops  engaged  in  the  performance  of  contract  work  in  gear- 
cutting  were  so  busy  that  it  was  impossible  for  the  Phoenix 
Mfg.  Co.  either  to  buy  gear-cutting  machinery  to  cut  gears  in 
its  own  shop  or  to  contract  for  having  the  gears  cut  and  ob- 
tain reasonably  prompt  deliveries.  When  these  conditions  be- 
came apparent,  C.  M.  Conradson  decided  that  the  only  step 
open  to  the  company  was  to  build  a  special  machine  for  doing 
this  work,  and  the  result  of  his  efforts  in  this  direction  is  the 
gear-hobbing  machine  which  forms  the  subject  of  this  article. 

In  order  to  facilitate  the  work  of  building  this  machine  as 
far  as  possible,  the  design  was  worked  out  in  such  a  way  that 
use  could  be  made  of  one  of  the  bed  castings  for  a  Conradson 
lathe.  Those  who  are  familiar  with  the  construction  of  these 
lathes  will  notice  that  use  has  also  been  made  of  the  standard 
tailstock  and  parts  of  the  standard  carriage.  This  machine 
is  adapted  for  bobbing  spur  and  spiral  gears  and  worm-wheels, 
and  to  adapt  it  for  handling  all  these  classes  of  work,  mech- 
anism had  to  be  provided  to  meet  the  following  conditions: 
In  bobbing  spur  and  spiral  gears,  provision  must  be  made  for 
rotating  both  the  gear  blank  and  the  hob,  and  also  for  feed- 
ing the  hob  across  the  face  of  the  gear.  For  bobbing  worm- 
wheels,  similar  provision  must  be  made  for  rotating  the  work 
and  hob;  but  instead  of  feeding  the  hob  across  the  face  of  the 
blank,  it  must  be  fed  into  the  work  to  cut  the  teeth  to  the 
required  depth.  The  means  provided  for  obtaining  these  re- 
sults will  be  explained  in  detail  as  the  different  sections  of 
the  mechanism  are  described.  It  will  be  of  interest  to  note 
that  all  the  work  involved  in  designing  and  building  this 
machine  was  completed  in  six  weeks;  and  using  the  prices  for 
gear-cutting  quoted  by  jobbing  shops  as  a  basis  of  calculation, 
the  machine  paid  for  itself  within  the  first  thirteen  days  that 
it  was  in  operation. 
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Fig:.   1.     Special  Gear-hobber  set  up  for  bobbing  Small  Spur  Gea 


In  the  end  view  shown  in  Fig.  2,  it  will  be  seen  that  driv- 
ing pulley  A  is  mounted  at  the  end  of  a  cross-shaft.  From  this, 
power  is  transmitted  to  change-gears  B,  shown  at  the  front 
of  the  headstock  in  Figs.  1  and  3;  and  suitable  gears  can  be 
employed  for  rotating  the  gear  blank  at  the  desired  rate  for 
cutting  gears  of  differ- 
ent sizes.  These  change- 
gear  ratios  have  been 
worked  out  in  such  a 
way  that  the  figuring 
out  of  change-gears  for 
cutting  the  different 
gears  has  heen  simpli- 
fied as  far  as  possible, 
making  it  entirely  im- 
probable that  the  opera- 
tor will  make  mistakes. 
Of  course,  it  is  apparent 
that  power  is  transmit- 
ted from  gears  B  to  the 
main  spindle  in  the 
headstock  that  drives 
the  mandrel  on  which 
the  gear  blank  is  carried. 

The  head  that  car- 
ries the  bobbing  spin- 
dle G  is  mounted  on  the 
back  of  the  lathe  car- 
riage, and  in  this  way 
it  was  an  easy  matter 
to  arrange  for  longi- 
tudinal traverse  of  this 
head  to  provide  for  feed- 
ing the  hob  across  the 
face  of  the  gear  blank. 
This  feed  motion  is  ob- 
tained by  means  of 
gears  D,  shown  at  the 
end   of  the  machine   in 


rtg.  2.     End    View    of   Machine   set   up   for   bobbing   Worm-wheels 


Figs.  2  and  3,  suitable  change-gears  being  provided  to  enable 
the  rate  of  feed  to  be  adjusted  according  to  the  requirements. 
It  will  be  noted  in  these  illustrations,  however,  that  the  feed 
motion  provided  by  gears  D  is  disengaged;  this  is  because  the 
machine  is  shown  engaged  in  bobbing  a  worm-wheel,  so  that 

this  feed  motion  is  not 
required.  From  the 
change-gears  D,  power 
is  transmitted  through 
a  feed-screw  to  the  car- 
riage, provision  being 
made  in  this  way  for 
traversing  the  carriage 
along  the  ways  to  feed 
the  hob  across  the  face 
of  the  gear  blank. 

The  drive  to  the  hob 
is  taken  through  a  pair 
of  spiral  gears  from  the 
main  driving  shaft  that 
carries  pulley  A,  and 
transmitted  thorough 
shaft  E;  a,  second  pair 
of  spiral  gears  and  a 
pair  of  bevel  gears 
transmit  power  to  tihe 
herringbone -gear  drive 
F  at  the  top  of  the  head 
that  carries  the  bob- 
bing spindle.  The  ar- 
rangement of  this  her- 
ringbone-gear drive  will 
best  be  understood  by 
reference  to  Fig.  1,  in 
which  the  cover  has 
been  removed  in  order 
to  show  it  more  clearly. 
In  bobbing  spur  gears, 
the  hob  rotates  in  uni- 
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Fig.  3.     Machine  shown  in  Fig.  1  set  up  for  bobbing  Worm-wheels 


son  with  the  gear  blank  while  the  hob  is  fed  across  the  face 
of  the  gear.  This  is  not  the  case  in  bobbing  spiral  gears,  be- 
cause it  is  necessary  to  cut  the  teeth  to  the  required  spiral 
angle,  and  this  result  is  obtained  by  having  a  differential  mo- 
tion between  the  speed  of  rotation  of  the  hob  and  the  speed 
at  which  the  gear  blank  is  rotated.  To  obtain  this,  change- 
gears  B  are  selected  in  such  a  way  that  this  drive  and  the 
gearing  used  for  transmitting  motion  from  driving  pulley  .4 
to  the  bobbing  spindle,  wiir  give  the  required  ratio  between 
the  speeds  of  the  hob  and  the  gear  blank.  In  this  way,  a  suit- 
able differential  movement  is  obtained  so  that  the  gear  blank 
will  gain  on  the  hob,  which  results  in  cutting  the  teeth  to  the 
required  spiral  angle  instead  of  straight.  There  is  a  swivel 
in  the  head  which  carries  the  bobbing  spindle,  to  provide  for 
setting  the  hob  at  the  desired  angle  when  bobbing  spiral  gears. 
A  similar  angular  setting  is  sometimes  made  in  bobbing  spur 
gears  to  compensate  for  the  lead  of  the  hob. 

For  bobbing  worm-wheels,  it  is  necessary  to  feed  the  hob 
into  the  work,  instead  of  traversing  it  across  the  face  of  the 
gear  blank.  On  the  machine  under  discussion,  this  is  accom- 
plished by  means  of  the  lathe  cross-slide  which  supports  the 
gear-bobbing  head.  From  the  headstock  spindle  a  chain  drive  G 
transmits  power  to  a  rod  H  that  runs  along  the  front  of  the 
machine.  At  the  end  of  this  rod  are  placed  change-gears  I 
which  provide  for  regulating  the  rate  of  cross-feed;  and 
mounted  at  the  end  of  the  cross-feed  screw  there  is  a  worm-wheel 
J  which   meshes  with 


ter  of  the  worm-wheel  has  a 
micrometer  dial  graduated  on 
its  circumference,  and  stop  K 
is  set  at  the  zero  mark  on 
this  scale.  The  scale  is  then 
run  around  and  set  in  the  de- 
sired position  opposite  an  in- 
dex mark  on  the  rim  of  wheel 
J  so  that  the  cross-feed  will 
be  tripped  at  the  desired 
point.  The  operation  of  this 
mechanism  is  sufficiently  ac- 
curate to  enable  the  feed  to 
be  disengaged  for  bobbing 
gear  teeth  with  a  limit  of  ac- 
curacy of  0.008  inch.  An  idea 
of  the  rate  of  production  ob- 
tained from  this  machine  will 
be  gathered  from  the  accom- 
panying table,  which  shows 
results  with  spur  and  spiral 
gears  and  worm-wheels  of  dif- 
ferent materials.  E.  K.  H. 
*     *     * 

The  Panama  Canal  will  have 
an  important  rival,  it  is 
claimed,  in  the  Uyuni-Tupiza 
Railway,  which  will  connect 
La  Paz,  Bolivia  and  Buenos 
Aires.  When  completed,  this 
route  will  make  it  possible  to 
travel  from  one  coast  to  the 
other  in  two  or  three  days 
less  than  is  now  required  by 


the  Trans-Andine  route,  and  when  in  the  winter  the  latter 
route  is  closed  and  the  mails  must  be  sent  through  the  Straits 
of  Magellan,  ten  days  will  be  saved.  This  railway  is  also  said 
to  be  a  quicker  and  more  direct  transportation  route  from 
Europe  to  the  west  coast  of  South  America  than  the  Panama 
Canal,  and  it  is  expected  that  it  will  be  used  to  a  great  extent 
by  European  exporters. 

FRANK  A.  SCOTT,  CHAIRMAN    MUNITIONS 
BOARD 

Frank  A.  Scott,  recently  elected  chairman  of  the  General 
Munitions  Board  of  the  Council  for  National  Defense,  is  ex- 
ceptionally well  qualified  for  that  position  on  account  of  his 
wide  experience  in  organization  and  his  familiarity  with 
mechanical  work  in  the  executive  capacities  which  he  has 
filled  during  his  business  experience.  Mr.  Scott  was  born  in 
Cleveland  in  1873  and  has  been  a  resident  of  that  city  all  his 
life.  He  has  always  been  interested  in  civic  problems  and 
for  twenty  years  has  been  closely  associated  with  many  of 
Cleveland's  activities.  As  secretary  of  the  Cleveland  Chamber 
of  Commerce  for  ten  years,  he  was  associated  with  numerous 
public  enterprises,  and  later  was  connected  with  one  of  Cleve-  . 
land's  foremost  banking  institutions.  It  was  while  in  the 
banking  business  that  Mr.  Scott  was  appointed  receiver  of 
the  Municipal  Traction  Co.,  where  he  made  a  wide  reputation 

for    executive    ability. 


a  worm  on  the  hori- 
zontal feed-rod  H.  This 
worm  -  wheel  is  fur- 
nished with  a  loose 
center  that  carries  an 
adjustable  stop  K;  and 
by  setting  the  loose 
center  and  stop  in  the 
desired  positions,  pro- 
vision is  made  for 
tripping  the  cross-feed 
when  the  teeth  in  the 
worm-wheel  have  been 
hobbed  to  the  required 
depth.     The  loose  cen- 


RATES  OF   PRODUCTION   OBTAINED  ON   SPECIAL  GEAR-HOBBER 
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Type  of  Gear 

Material 

56 

1      § 

1      '^ 

4 

III 

£5k 

Spur 

Cast   iron 

8 

1 

s 

Spur 

Carbon  steel 

25 

6/8 

1 

4 

Spiral 

Aluminum  bronze 

27 

3 

2% 

450 

2%' 

Spiral 

Cast   iron 

27 

4y2 

1% 

45° 

1 

Worm 

Semi-steel 

40 

0.4 

1% 

0.8" 

m 

Worm 

Semi-steel 

44 

0.3 

1% 

0.6" 

10 

Worm 

Aluminum  bronze  i 

51 

1"  c.  p. 

2% 

5" 

1 

Worm 

Cast   iron 

51 

% 

1% 

3%" 

2Vi 

Inchinery 

'  One  gear   completed  in  2%  hours. 


In  1909  he  was  called 
to  become  secretary  of 
the  Warner  &  Swasey 
Co.,  of  which  he  Is 
now  vice-president  and 
general  manager.  Mr. 
Scott  has  traveled  ex- 
tensively in  England, 
France,  Germany  and 
Russia,  and  bis  fa- 
miliarity with  condi- 
tions in  those  coun- 
tries forms  a  part  of 
his  fund  of  practical 
information  which  al- 


100 


MACHINERY 


May,  1917 


For  Quick,  Accurate,  Econom- 


Specify 

Bro^vn  &  Sharpe 
Gear  Cutting  Machines 


TRTOE  MARK 


Send  for 
Circulars 
on  these 
Machines 


because  they  produce  accurate  gears,  at  a  rate  that  meets  the 
present  abnormal  demand  for  fast  production.  Constant  speed 
drive  with  high  belt  contact  gives  powerful  driving  action.  Ample 
rigidity  permits  rapid,  heavy  cuts  to  be  taken.  Independently 
driven  indexing  mechanism  assures  rapid  indexing  under  all  con- 
ditions. Full  control  from  front  of  machine  allows  quick  setting 
up  and  rapid  production. 

The  machine  shown  here,  our  No.  13  Automatic  Gear  Cutting 
Machine,  always  proves  a  good  investment  in  shops  where  a  wide 
range  of  work  is  handled.    On  this  machine 


You  Can  Cut  Spur 
and  Bevel  Gears, 
Sprockets  and  Clutches 


and  maintain  accuracy  and  fast  pro- 
duction on  all.  Let  us  tell  you  more 
about  our  entire  line  of  gear  cutting 
machines,  all  of  which  are 


"Built  to  Stand  the 
Steady  Drive  of  the 
Busy  Shop." 


Brown  &  Sharpe 
Providence, 
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leal  Gear  Cutting 


Specify 

Brown  &  Sharpe 
Gear  Cutters 


We  say  of  our  gear  cutting  machines — "Ample 
rigidity  to  stand  rapid,  heavy  cuts."  To  this  we 
might  add  that  such  cuts  are  assured  with 
Brown  &  Sharpe  Cutters. 


They  Meet  the 
Most  Exacting 
Requirements 


both  in  accuracy  and  fast  production.  Our  gear 
cutting  department  where  milUons  of  gears  have 
been  cut  during  its  fifty  years  of  experience  is, 
in  one  sense,  a  vast  testing  room  where  we  can  ob- 
serve these  cutters  under  continuous  heavy  ser- 
vice and  keep  close  check  on  their  accuracy  and 
service  qualities. 

Like  the  entire  line  of  B.  &  S.  Cutters  comprising 
45  styles  and  over  5000  sizes,  B.  &  S.  Gear  Cutters 
are  standing  up  under  the  hardest  kind  of  service 
in  shops  everywhere. 

Send  for  Catalog  27  and  have  a  list 
of  reliable  cutters  at  hand 
when  needed. 


Mfg.  Co., 
R.  I.,  U.  S.  A. 


CANADIAN:  MONTREAL,  TORONTO,  WINNIPEG,  CALGARY,  VANCOUVER,  ST.  JOHN,  SASKATOON,  The  Canadian  Fairbanks- 
Morse  Co..  Ltd.  FOREIGN:  LONDON,  BIRMINGHAM,  MANCHESTER,  SHEFFIELD,  GLASGOW,  Buck  &  Hickman,  Ltd.  FRANK- 
FORT a.  M.,  GERMANY,  P.  G.  Kretschmer  &  Co.,  COPENHAGEN,  DENMARK;  STOCKHOLM,  SWEDEN;  CHRISTIANIA,  NORWAY, 
V.  Lowener.  PARIS,  FRANCE;  TURIN,  ITALY;  ZURICH,  SWITZERLAND;  BARCELONA,  SPAIN,  Fenwick  Freres  &  Co.  TOKIO, 
JAPAN,  F.   W.   Home   Co.      MELBOURNE,   AUSTRALIA,  L.   A.   Vail.      MANILA,   P.    I.,  F.   L.   Strong. 
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together  constitutes 
an  ctiuipment  of  ex- 
(teptional  value  for 
the-  important  posi- 
tion to  which  he 
has  been  called. 

The  General  Mu- 
nitions Board  will 
be  charged  with 
supplying  the  army 
and  navy  with  mu- 
nitions and  equip- 
ment, and  will  pass 
on  the  country's 
military  and  indus- 
trial requirements. 
The  work  of  the 
Board  corresponds 
to  that  undertaken 

Frank  A.  Scott,  Chairman  of  Munitions  Board  jjy  ^jjg  British  Min- 

istry of  Munitions,  and  it  comprises  twenty  men,  fifteen  of 
them  army  or  navy  officers,  as  well  as  a  number  of  civilians. 
Besides  Mr.  Scott,  its  civilian  members  are  Bernard  M. 
Baruch,  Howard  E.  Coffin,  Julius  Rosenwald  and  Dr.  Frank- 
lin Martin. 

PERSONALS 

Richard  Klaw,  Jr.,  has  been  appointed  advertising  manager 
of  the  Pawling  &  Harnischfeger  Co.,  Milwaukee,  Wis. 

W.  Burr  Bennett  has  been  made  chief  engineer  and  general 
manager  of  the  Wayne  Engineering  Co.,  Honesdale,  Pa. 

S.  H.  Reck,  general  manager  of  the  Greaves-Klusman  Co., 
Cincinnati,  Ohio,  builder  of  engine  lathes,  has  resigned. 

Charles  V.  Bacon,  consulting  and  analytical  chemist,  has 
moved  his  offices  and  laboratory  to  3  Park  Row,  New  York  City. 

C.  H.  Roberts,  formerly  factory  accountant  of  the  Hess- 
Bright  Mfg.  Co.,  Philadelphia,  Pa.,  has  been  appointed  comp- 
troller. 

H.  P.  Eilers,  formerly  with  Manning,  Maxwell  &  Moore,  Inc., 
has  opened  an  office  in  the  Singer  Bldg.,  New  York  City,  where 
he  will  handle  machine  tools  for  domestic  and  export  trade. 

R.  M.  Bateson,  formerly  New  York  City  representative  of 
the  W.  F.  Davis  Machine  Tool  Co.,  Rochester,  N.  Y.,  has  made 
arrangements  to  represent  Ogden  R.  Adams,  machinery  mer- 
chant of  Rochester. 

Norman  Bell,  formerly  sales  engineer  in  the  automobile 
division  of  the  Lunkenheimer  Co.,  Cincinnati,  Ohio,  has  joined 
the  Norma  Co.  of  America,  New  York  City,  as  sales  engineer 
of  "Norma"  ball  bearings. 

John  H.  Marlotte,  for  many  years  prominently  identified 
with  the  machine  tool  business  in  the  Detroit  district,  has 
become  connected  with' the  J.  R.  Stone  Tool  &  Supply  Co.  of 
Detroit;  he  will  manage  the  machine  tool  department. 

W.  J.  Hill,  formerly  superintendent  of  the  Embury  Mfg.  Co., 
Warsaw,  N.  Y.,  and  lately  with  the  T.  H.  Symington  Co., 
Rochester,  N.  Y.,  has  taken  a  position  as  representative  of 
Ogden  R.  Adams,  dealer  in  machinery  and  equipment, 
Rochester. 

Zenas  W.  Carter,  Boston,  Mass.,  has  been  appointed  commis- 
sioner to  supervise  publicity,  promotion  and  investigation  for 
the  Associated  Metal  Lath  Manufacturers,  whose  offices  have 
been  moved  from  Chicago  to  Cleveland,  Ohio,  Room  901,  Swet- 
land  Bldg. 

Eugene  R.  Seiter,  machine  tool  designer  for  five  years  with 
the  Cleveland  Automatic  Machine  Co.,  and  later  with  the 
Warner  &  Swasey  Co.,  both  of  Cleveland,  Ohio,  has  resigned 
from  the  latter  company  and  joined  the  Foster  Machine  Co., 
Elkhart,  Ind.,  as  sales  engineer. 

H.  A.  Howard,  for  many  years  connected  with  the  C.  &  C. 


Electric  Co.,  Garwood,  N.  J.,  and  until  recently  associated  with 
the  Delhi  Mfg.  Co.,  has  been  appointed  manager  of  the  New 
England  office  of  the  C.  &  C.  Electric  &  Mfg.  Co.  Mr.  Howard 
has  had  a  wide  experience  in  the  electrical  line  over  a  quarter 
of  a  century. 

W.  F.  Schaphorst,  mechanical  engineer  and  advertising  ex- 
pert, and  a  frequent  contributor  to  the  technical  press,  has 
established  an  engineering  advertising  service  office  in  the 
Woplworth  Bldg.,  New  York  City.  Mr.  Schaphorst  will  spe- 
cialize in  advertising  service  for  manufacturers  of  high-grade 
engineering  products. 

Maxwell  C.  Maxwell,  formerly  superintendent  of  power  and 
plant  of  the  machine  tool  department  of  the  Yale  &  Towne 
Mfg.  Co.,  Stamford,  Conn.,  has  been  appointed  general  super- 
intendent. A.  O.  Blackman  has  been  appointed  superintendent 
of  power  and  plant,  and  J.  B.  Freysinger  has  been  made  super- 
intendent of  the  tool  and  machine  department. 

Prof.  C.  R.  Richards,  professor  of  mechanical  engineering 
and  head  of  the  department  since  1911,  has  been  appointed 
dean  of  the  College  of  Engineering  and  director  of  the  En- 
gineering Experiment  Station  of  the  University  of  Illinois, 
to  succeed  Dr.  W.  F.  M.  Goss,  who  resigned  to  become  presi- 
dent of  the  Railway  Car  Manufacturers'  Association  of  New 
York. 

George  Schow  has  made  arrangements  to  take  charge  of  the 
interests  of  the  Export  Service  &  Industrial  Corporation,  hav- 
ing offices  in  the  First  National  Bank  Bldg.,  Chicago,  111.  Mr. 
Schow  has  been  elected  a  director  of  the  corporation,  and 
will  look  after  its  activities  in  Norway,  Sweden,  Denmark, 
Holland,  Russia  and  Siberia.  He  will  continue  to  cooperate 
as  before  with  the  Northern  Engineering  &  Trading  Co.  of 
Christiania,  Norway. 

Dr.  Robert  Grimshaw  of  New  York  City,  an  engineer  of 
broad  experience  in  this  country  and  in  Europe,  will  sail  for 
South  America  early  in  June  as  a  special  agent  representing 
the  Bureau  of  Foreign  and  Domestic  Commerce,  to  study  the 
markets  in  Brazil  for  metal-working  and  wood-working  ma- 
chinery and  for  prime  movers.  Firms  desiring  to  get  in  touch 
with  Dr.  Grimshaw  may  address  him  at  Room  409,  Custom 
House,  New  York  City. 

Fred.  A.  Geier,  president  of  the  Cincinnati  Milling  Machine 
Co.,  Cincinnati,  Ohio,  and  a  former  trustee  of  the  University 
of  Cincinnati,  has  made  a  gift  of  $25,000  to  the  university, 
which  will  be  known  as  the  Frederick  A.  Geier  Students'  Loan 
Fund.  The  annual  interest  is  to  be  used  to  provide  loans  to 
students  of  the  cooperative  engineering  course  who  need  finan- 
cial assistance.  The  Cincinnati  Milling  Machine  Co.  reserves 
the  right  for  the  first  twenty-five  years 'to  recommend  students 
eligible  for  assistance,  and  the  faculty  of  the  college  shall 
have  the  right  to  determine  the  eligibility  of  students  in  this 
department  of  the  university  who  work  two  weeks  in  the  fac- 
tories and  study  two  weeks  at  the  university. 


OBITUARIES 


James  B.  Brady,  a  well-known  salesman  of  machinery  and 
railway  supplies,  director  of  Manning,  Maxwell  &  Moore,  vice- 
president  of  the  Standard  Steel  Car  Co.,  president  of  the  Inde- 
pendent Pneumatic  Tool  Co.,  and  an  officer  of  other  manufac- 
turing concerns,  died  at  Atlantic  City,  April  13,  of  heart 
trouble,  aged  sixty-two  years.  He  was  familiarly  known  as 
"Diamond  Jim"  because  of  his  fondness  for  jewels,  but  al- 
though a  well-known  man  about  town,  he  was  an  able  sales- 
man and  keen  business  man. 

Hiram  J.  Grover,  sales  manager  of  the  small  tools  depart- 
ment of  the  Brown  &  Sharpe  Mfg.  Co.,  Providence,  R.  I.,  died 
March  29,  aged  forty-two  years.  Mr.  Grover  was  born  in  St. 
Louis,  Mo.,  and  after  attending  Washington  University,  he 
was  employed  by  the  Sumter  Telephone  Co.  for  a  few  years. 
During  this  time  he  married  Miss  Susan  Ziegler  of  Sumter, 
S.  C,  who  died  a  year  ago.  He  entered  the  employ  of  the  Brown  & 
Sharpe  Mfg.  Co.  in  January,  1904,  and  in  May,  1905,  was  made 
sales  manager  of  the  small  tools  department  in  which  position 
he  continued  until  the  time  of  his  death.  Mr.  Grover  was  a 
man  who  combined  with  natural  ability  and  quickness  of 
thought  a  personality  that  won  for  him  a  large  number  of 
friends  in  and  outside  his  business  circles.     He  leaves  a  son. 


COMING  EVENTS 


May  8 — Annual  meeting  of  the  Society  for  Electri- 
cal Development,  Inc.,  at  the  United  Engineering 
Societies  Bldg.,  New  York  City.  J.  M.  Wakeman, 
general  manager,  United  Engineering  Societies  Bldg., 
New   York   City. 

May  14-16 — Meeting  of  the  American  Gear  Manu- 
facturers' Association  at  Pittsburg,  Pa.  P.  D.  Ham- 
lin, secretary,  Earle  Gear  &  Machine  Co.,  Philadel- 
phia. Pa. 

May  14-16 — Annual  meeting  of  the  National  Asso- 
ciation   of    Maniifacturers    at    the    Waldorf-Astoria 


Hotel,  New  York  City.  George  S.  Iioiiilin.it.  srere- 
tary.  30  Church  St.,   New  York  City. 

May  21-22 — Spring  convention  of  the  National  Ma- 
chine Tool  Builders'  Association  in  Cincinnati,  Ohio. 
Charles  E.  Hildreth,  general  manager,  Worcester, 
Mass, 

May  21-24 — Spring  meeting  of  the  American  So- 
ciety of  Mechanical  Engineers  in  Cincinnati,  Ohio. 
Calvin  W.  Eice,  secretary,  29  W.  39th  St.,  New 
York    City. 

May  31 — Monthly  meeting  of  the  Rochester  So- 
ciety of  Technical  Draftsmen,  in  Rooms  131-137, 
Sit)ley  Block,  328  Main  St,,  E.,  Rochester,  N.  Y. 
O.  L.  Angevine,  Jr.,  secretary,  857  Genesee  St.. 
Rochester. 


June  11-14 — Siiring  meeting  of  the  Electric  Power 
Club  at  Hot  Springs.  Va.;  Homestead  Hotel,  head- 
quarters. C.  H.  Roth,  secretary,  1410  W.  Adams 
St.,   Chicago,   111. 

June  13-15 — Annual  convention  American  Railway 
Master  Mechanics'  Association  at  Atlantic  City,  N.  J. 
J.  W.  Taylor,  Karpen  Bldg.,  Chicago,  111.,  secretary. 

June  13-20 — Annual  meeting  of  the  Railway  Sup- 
ply Manufacturers'  Association  at  Atlantic  City, 
N.  J.,  in  connection  with  A.  K.  M.  M.  and  M.  C.  B. 
Associations*  conventions.  J.  D.  Conway,  secretary 
and   treasurer,   213G   Oliver   Bldg.,    Pittsburg,    Pa. 

June  18-20 — Master  Car  Builders'  Association"* 
convention  at  Atlantic  City,  N.  J.  J.  W.  Taylor, 
Karpen  Bldg.,  Chicago,   III.,  secretary. 
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Read  This  Quotation: 


Then  Investigate  Your  Ot^u 
Cutter-Sharpening  Facilities 


Our  wide  experience  in  milling  has  proved  the  neces- 
sity of  having  exactly  the  correct  clearance  on  cutters. 
But  cutter  grinders  were  too  incomplete  to  insure  re- 
production of  the  right  clearance  on  repeated  grind- 
ings.  We  set  ourselves  the  task  of  solving  this  diffi- 
culty. The  40  per  cent,  50  per  cent  or  60  per  cent  in- 
creased output  that  proper  clearance  means  was  cer- 
tainly worthy  of  our  best  efforts.  In  the  No.  IV2 
UNIVERSAL  CUTTER  AND  TOOL  GRINDER  we 
offer  you  the  result — a  simple,  correct  clearance  angle 
feature. 

The  machine  carries  a  graduated  dial  on  its  headstock 
spindle  from  which  the  clearance  angle  for  all  cutters 
may  be  read  direct. 

As  a  result  of  obtaining  this  correct  clearance  angle 
the  feed  may  be  greatly  increased,  the  cutter  cuts  as 
it  was  designed  to;  the  tendency  to  chatter  is  re- 
moved— and  you  get  greater  efficiency  from  your 
millers. 


"It  has  long  been  recognized  that  proper 
clearance  and  rake  are  of  vital  import- 
ance to  cutting  tools.  Unfortunately,  mill- 
ing cutters  which  are  more  sensitive  and 
more  easily  affected  by  different  clear- 
ances have  received  little  attention.  It 
may,  therefore,  be  assumed  that  the  great 
majority  of  cutters  are  improperly  sharp- 
ened. The  user  can  correct  these  errors 
in  stock  tools  by  proper  sharpening.  There 
are  cases  on  record  where  a  cutter,  in- 
telligently sharpened  for  a  particular  cut, 
has  increased  the  output  of  a  milling 
machine  60%." 


Send  for  this  Bulletin  and  Get  the 
Whole  Truth  of  the  Matter. 


CINCINNATI  MILLING  MACHINE  COMPANY 


CINCINNATI 


OHIO,  U.  S.  A. 


846 

June  23-30— luiliialiiiil  cxpoHltlon  nml  exiwrt  con- 
fercni-c  nt  Sprlnsllcld,  Mans.  John  0.  Simpson,  gen- 
eral niiinHgtT. 

Juno  25— Sumni.T  im-etliiK  <>f  ll><>  Soiloty  of  Aiito- 
moblU-  IflnRlmMTS  ill  WiiNlilnnlon,  I>.  ().  Ooker  V. 
Cliirknon,  si-ciotnry.  2fl  W.  ItOlli  St..  New  York  City. 

Auffust  30-Septembor  1— Ninth  auuiml  convention 
of  the  American  Hallwiiy  Tool  Korcniun's  ABSocln- 
tlon.  ChlcaKO,  111.;  Sherman  Hotel,  headiiuartcrs. 
V.  N.  ThuUn,  secrclary-treasurer.  035  Peoples  Oos 
•lildK.,   Chicago.   111. 

September  10-16 — Annual  convention  of  the  Na- 
tional Safety  Council.  New  York  City;  Hotel  Astor 
headquarters.  Marcus  A.  Dow,  president,  Orand 
(Vntrnl   Station,    New   York   City. 

September  10-16— Exposition  of  safety  appliances 
at  the  Grand  Central  I'alace.  New  York  City,  under 
the  auspices  of  the  American  Museum  of  Safety,  18 
W.  21th  St.,  New  York  City.  Arthur  H.  Young, 
<liiiTt(M-. 


SOCIETIES,  SCHOOLS  AND 
COLLEGES 

University  of  Wisconsin,  Madison,  Wis.  Prelim- 
inary announcement  of  the  summer  session,  which 
extends  from  June  25  to  August  8,  inclusive. 

Columbia  University,  Morningside  Heights,  New 
York  City  Bulletin  containing  announcement  of 
the  summer  session  day  and  evening  courses  The 
summer  session  begins  July  9  and  continues  through 
August  17. 

American  Institute  of  Weights  and  Measures,  20 
Vesey  St  ,  New  York  City,  has  issued  bulletins  1 
and  2  on  the  metric  system.  The  first  is  known  as 
"The  Si.^  Metric  Myths,"  and  the  second,  "Endorse- 
ments That  Count."  Copies  are  sent  free  to  any 
address.      Other    bulletins   will    follow    in   season. 

Municipal  School  of  Technology,  Manchester,  Eng- 
land. Journal  containing  a  record  of  the  investiga- 
tions undertaken  by  members  of  the  school  during 
the  year  1914.  The  articles  contained  are  as  fol- 
lows; Energy  Distribution  tor  Natural  Radiation; 
Slow  Reversals  of  Stress  and  the  Endurance  of 
Steel;  Experiments  with  Lathe  Finishing  Tools; 
Prevention  or  Abatement  of  Smoke;  Training  of 
Sanitary  Engineers;  Action  of  Strong  Nitric  Acid  on 
Cotton  Cellulose;  Dilution  Limits  of  Inflammability 
of  Gaseous  Mixtures;  Ignition  of  Gaseous  Mixtures 
by  Electric  Discharge;  History  of  Dyeing;  Catalytic 
Acceleration  of  Vulcanizing  Process;  Industrial  Gas 
Burning;  Action  of  Sulphuretted  Hydrogen  upon 
Hydrosulphites ;  Determination  of  Carbon  Monoxide 
in  Air;  Strength  and  Wearing  Qualities  of  Cloth; 
Null  Method  of  Testing  Vibration  Galvanometers; 
and  Commutation  of  CO.  Generators  and  Rotary 
Converters. 
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INBW  BOOKS  AND  PAMPHLETS 

Court   Decisions   on   Workmen's   Compensation   Law, 
July  1,  1914,  to  August  1,  1916,    Special  bulletin 
81  of  the  Department  of  Labor,   New  York,   is- 
sued under  the  direction  of  the  Industrial  Com- 
mission. 
Fatal    Accidents    Due    to    Falls    in    Building    Work. 
Tlieir  Frequency,    Causes    and   Prevention.      Spe- 
cial   bulletin    80    of    the    Department    of    Labor. 
New    York,    issued    under    the    direction    of    the 
Industrial   Commission. 
The    Personal   Eolation    in    Industry.      By    John    D. 
Rockefeller,    Jr.      Published   by   John    D.    Rocke- 
feller,   Jr.,    26  Broadway,    New   York   City.      Re- 
print   of    an    address    delivered    at    Cornell    Uni- 
versity,    January     11,     1917,     dealing    with     the 
relations    betv\een    employers    and    employes. 
How   to   Run   an   Automobile.      By   Victor  W.    Page. 
178    pages.    5    by    TV2    inches;    72    illustrations. 
Published  by  the  Norman  W.   Henley  Publishing 
Co..  New  York  City.     Price.  $1. 
This    book    is    a    non-technical    compilation    of    the 
operating  instructions  furnished  by  motor  car  manu- 
facturers   for    car    users.      It    contains,    in    addition, 
many   practical   hints   based   on    the   observation    and 
experience   of   the   writer.      The   work    is  of  interest 
not   only   to   motor   car   users,    but   also   to   students 
of   mechaYiism.   as  it   shows  a   variety  of  details  of 
modern  motor  car  design. 

Oxy-acetylene    Welding    and    Cutting.      By    P.     F. 
Willis.      180   pages.    4   by   6  inches;    52   illustra- 
tions.    Published  by  the  author,   St.   Louis,   Mo. 
Price,    50  cents. 
This   little   book    was   written   in   the   light  of   ten 
years'  experience  of  the  author  as  the  proprietor  of 
a  welding  shop  using  the  oxy-acetylene  process,  and 
should   be   useful   to  operators   of  oxy-acetylene   ap- 
paratus generally.      It   treats  of   acetylene,   oxygen, 
the  welding  and  cutting  torch,  the  apparatus  and  its 
Installation,    preparing   for  welding,    welding   of   dif- 
ferent materials,    welding  of   sheet    metal   and   pipe, 
and  welding  of  miscellaneous  pieces.     The  first  por- 
tion of  the  book  is  presented  in  the  catechism  style, 
after   which    the    matter   appears    in    the    usual    de- 
scriptive style. 

The  Tlieory  of  Machines.    By  Robert  W.  Angus.  340 
pages,    6   by    9    inches;    103    illustrations.      Pub- 
lished by  the  McGraw-Hill  Book  Co.,   Inc.,   New 
York  City.     Price,  $3. 
This    work    is    in    two    parts,    part    one    being    the 
principles  of  mechanism  and  part  two  the  elementary 
mechanics  of  machinery.     It  is  the  second  edition  of 
a    work    published    several   years   ago.    but    rewritten 
and    revised     throughout,     making     it     practically     a 
new    book.      Questions    at    the    end    of    each    chapter 
have   been    added,    and    the    phorograph   of    Professor 
Rosebrngh    has    been    introduced.      The    contents    of 


Ihe  work  liv  ihupler  heads  follow:  The  Nature  of 
the  Machinl-;  Motion  In  Machines;  Vcloilly  DIa 
gruiuH;  The  Motion  Diagram;  Toothed  Gearing; 
Hevcl  and  Spiral  (ieailug;  Trains  of  Gearing;  Cams; 
Forces  Acting  In  Ma.lilni's;  Crank  EITort  and  Turn- 
ing Moment  DiagraniH;  The  Ulll.lency  of  Machines; 
GovernoiH;  Spoeil  Fluctuations  in  Machinery;  The 
I'roper  Weight  of  Flywheels;  Accelerations  in  Ma- 
chinery and  Their  Effects;  Balancing  of  Machinery. 
The  chai>ter  on  balancing  Is  new. 

Compressed   Air  for  the   Metal  Worker.      By   Charles 
A.    Ulrschberg.      321    pages,    r,i/,    by    8    Inihes; 
294   illustrations.      Published   by    the   Clark    Book 
Co..    Inc.,   New   York   City.      Price,   p. 
The   aim   of   the   author   in   writing    this   liook    was 
to  explain  In  a  practical  way  how  compressed  air  is 
used    to   advantage    In    the   metal-working   field,    hav- 
ing  been   impressed   with    the   dearth   of   information 
in    published    form    relating    to    Industrial    uses    of 
compressed  air.     The  book  is  intended  for  shop  own- 
ers,   superintendents,    foremen    and    machinists,    and 
is   ottered   to   mechanical   engineering    students   as    a 
supplement    to    theoretical    textbooks.      It    treats   of 
the  compressed  air  power  plant;   air  compressor  de- 
tails;   air    compressor    accessories;    installation    and 
care  of  air  compressors,   accessories  and   pipe   lines; 
portable    pneumatic    tools;     care    and    operation    of 
pneumatic    tools;    compressed   air   uses   in    the   power 
plants;   compressed  air  uses  in   foundries;    sandblast- 
ing; compressed  air  uses  in  the  machine  .shop;   com- 
pressed  air   uses   in    the   forge   shop;    compressed    air 
uses  in  boiler  shops  and  structural  steel  plants;   the 
uses   of  compressed   air   for  hoisting,    handling,    con- 
veying;   cleaning   with   compressed    air;    the   applica- 
tion of  paint,    lacquer,   enamel,   metal   coating,    etc., 
by    compressed    air;    pumping    with    compressed    air. 
Preliminary     Mathematics,       By      Professor     F.      E. 
Austin.      173   pages,    4%    by   IVi    inches.      Pub- 
lished  by    the   author,    Hanover,    N.    H.      Price. 
$1.20.  ^^     , 

This   book   is   uniform   in   style   with   the   author  s 
previous    publications    reviewed   in    Machinery,    but 
is  intended  especially  for  those  who  lack  the  funda- 
mental   training    in    mathematics    necessary    for    un- 
derstanding  engineering   literature    in  general.      The 
work,   we  believe,   is  well  within  the  comprehension 
of  any  man  able  to  read  and  perform  ordinary  arith- 
metical   calculations.      A    study    of    the    book    from 
cover  to   cover   should   result   in   giving   the   average 
person  such  a  grasp  of  the  fundamentals  of  mathe- 
matics  as   to   enable   him   to   read   intelligently   the 
ordinary  works  on  mechanics,  electricity,   etc.     The 
arrangement  of  the  matter  is  as  follows:   quantity, 
measurement,  number,  symbols  of  number  and  nota- 
tion,  use  of  letters  in  mathematics,   algebraic  sym- 
bols,  symbols  of  operation,   decimals,   multiplication 
of    positive    and    negative    numbers,     negative    ex- 
ponents, algebraic  expressions,  ratio  and  proportion, 
solution  of  equations,  constants  and  variables,  loga- 
rithms   and    their    general    properties,    linear    equa- 
tions,  quadratic  equations,   arithmetical  progression, 
geometrical    progression.      The   principles    are    illus- 
trated with   many  examples  given   for   practice. 
Steam  Turbines.     By  William  J.  Goudie.     519  pages, 
5%   by  81^   inches;  230  illustrations.     Published 
by    Longmans,    Green    &   Co.,    New    York    City 
Price.  $4  net. 
The   work   was   written   to   suit   the   requirements 
of   engineering  students,   but  the   methods  of  calcu- 
lation outlined  should  be  found  useful  by  engineers 
in    general    who    have    to    deal    with    the    design    or 
operation    of    steam    turbines.      Numerous    examples 
l.ave  been  introduced  throughout  the  text.     The  data 
in  most  cases  were  selected  in  conformity  with  prac- 
tical   requirements.      The    subject    matter    follows; 
Classification  of  Steam  Turbines;   Impulse  Turbines: 
Reaction    Turbines;    Combination    Turbines;    Proper- 
ties of  Steam;  Entropy  Diagrams;  Nozzles;  Blading; 
Rotors;    Mechanical    Losses    and    Their    Prevention; 
Condition   Curve — Reheat   Factor— Internal   Efficiency 
and    Efficiency    Ratio;    Steam    Consumption;    Provi- 
sional    Determination     of     General     Proportions     of 
Compound    Turbines— Impulse    Turbines;    Provisional 
Determination     of     General     Proportions     of     Com- 
pound Turbines— Axial  Flow  Reaction   (Parsons)  and 
Combination  Turbines;   Provisional  Determination  of 
General   Proportions   of   Compound   Turbines — Radial 
Flow  Reaction  Turbine   (Ljungstrom  Type) ;  Govern- 
ing;  Steam  Tables;   Mathematical  Tables.     The   de- 
velopment of  steam  turbine  practice  during  the  past 
ten  years  has  been  so  rapid  that  it  has  been  difficult 
for  engineering   literature   to   keep  abreast,   but   the 
author   has   given   in   this  work   an   able   and   up-to- 
date  treatise  of  a  comparatively  new  branch. 
Practical    Marine    Engineering,      By    C.    W.    Dyson. 
982    pages,    6    by    9    inches;    550    illustrations. 
Published  by    "Marine   Engineering."    New   York 
City.     Price.  $6  net. 
The  first  edition  of  this  work,   published  in  1901, 
was   written   by   Prof.    W.    F.    Durand,    at   that   time 
head    of    the    department    of    naval    architecture    and 
marine    engineering,    Cornell    University.      The    book 
has    since    appeared    in    three    editions;     the    fourth 
edition  has  been  thoroughly  revised  and  entirely  re- 
written  by    Capt.    C.    W.    Dyson   of   the   Bureau   of 
Steam   Engineering.    U.    S.    Navy   Department.     The 
work    contains    fifteen    chapters   with    the    following 
heads:      Principal     Materials    of     Engineering     Con- 
struction;   Fuels;   Boilers;   Oil  Fuel  Burning;   Marine 
Engines;     Description     of     the     Principal     Parts     of 
Marine     Engines;     Auxiliaries;     Valves     and     Valve 
Gears;   Refrigeration;   Electricity  on  Shipboard;   Pro- 
pulsion  and   Powering;    Operation.    Management   and 
Repair-    Steam    Engine    Indicators.    Indicator    Cards 
and    Tor-sion    Meters;    Special    Topics   and    Problems; 
Computations    for    Engineers.      Many    miscellaneous 
problems   and  questions  with  page  references  to   the 
part   of   the   book   where   the   answers   to  each   ques- 
tion   may    be    found,    make    the    work    invaluable    to 
candidates   for   marine  engineers'   licenses.      In   fact, 
the    book    has    been    arranged    throughout    with    the 
view   of   making   it   of   greatest    value    to   this   class. 
It    is.    however,    a    work    that    any    marine    engineer 
slionld  find  acceptable  for  his  library. 
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The   Founder'^   Manual.      By   Davl.l   W.   Payne.     070 
pages,   4'/,    by   8  Inches;    215   Illustrations.      Pub- 
lished by  l>.   Van  Nostraml  Co.,   New  York  City. 
Price,  $4. 
This    Is    a    handbook    especially    Intended    for    tli." 
foundryman,    containing,    in    uddlllou,    a    great    deal 
of    material   of   a    general    character.      The    Informa- 
tion has  been  drawn   from   many   sources,    especially 
the  proceedings  of  the  American  Foundryuien's  Asso- 
ciation,     "The     li'oundry,"      "Castings"     and     "Iron 
Age";    a   number   of   MACiiiNnny's  data    sheets   have 
also   been   reproduced.      In    the   selection  of    the   ma- 
terial,   the    author    stati'S    that    proper    cousideratlon 
has  been  given  to  beginners  and  others  whose  knowl- 
edge  of   foundry    practice   is   limited.      The    first   240 
pages  of   the  book  are  made  up  of  general   Informa- 
tion,   such    as    Is    found    In    handbooks    generally,    on 
elementary     mathematics;     weights     and     measures; 
natural    sines    and    tangents;    tables    of    wire,    sheet 
metal,   pipe  and  machine  details;   mechanics;   alloys; 
belting;  and  other  miscellaneous  Information.     Then 
follows  a  section  covering  somewhat  over  400  pages 
devoted    specifically    to    the    iron    and    steel    foundry, 
treating  of  pig  iron,  cast  iron,  mixing  iron,  test-bars, 
chemical  analysis,   standard   specifications,    malleable 
iron,    steel    castings,    foundry    fuels,    cupolas,    sand, 
cores,   molding  machines,   and  foundry  cost  accounts. 
The  book  is  well  printed  and  nicely  bo\ind  in  flexible 
leather,    but   its   make-up   gives   evidence  of   lack   of 
editorial    experience,    many    pages    being    only    half 
filled  with   material,   and   the  arrangement  generally 
leaving  much  to  be  desired.     This,  however,  does  not 
materially    detract    from    the    value   of   the   book    for 
reference   purposes. 

Gisholt  Turret  Lathe  Guide— Care  and  Tooling,  254 
pages,  6  by  9  inches;  profusely  Illustrated. 
Published  by  the  Gisholt  Machine  Co.,  1205  E. 
Washington  Ave.,  Madison.  Wis.,  for  distribu- 
tion among  Gisholt  lathe  owners  and  operators. 
This  book,  though  a  publication  issued  in  the  in- 
terests of  machine  tool  building  concerns,  is  a  valu- 
able treatise  on  a  specialized  form  of  machine  tool 
and  specialized  machining  practice,  which  should 
interest  mechanics  generally.  Tooling,  which  is  an 
almost  inexhaustible  subject,  is  treated  at  length. 
The  section  contains  many  illustrations  of  standard 
and  special  tools  for  rough-  and  finish-turning, 
facing,  boring  and  reaming,  giving  proper  allow- 
ances between  rough  and  finish  cuts,  so  as  to  main- 
tain uniformity  of  sizes  and  quality  of  finish.  The 
uses  and  advantages  of  the  Gisholt  turret  lathe  are 
briefly  given  in  the  introductory  matter,  following 
which  are  instructions  on  the  care  and  operation  of 
machines;  standard  tool  equipment;  setting  of  tools: 
chucking;  boring  and  fitting  Jawa;  chuck  jaws,  with 
many  illustrations  of  special  forms;  centering  and 
supporting  spiders;  steadyrests;  toolpost  and  toolpost 
tools-  tool  grinding,  with  chart  of  standard  shapes 
and  illustrations  of  many  special  shapes;  uses  of 
taper  attachment;  turret  tools,  including  drills  and 
boring-bars,  with  numerous  illustrations;  reamers, 
showing  construction  and  special  forms;  and  facing 
heads  with  examples  of  common  and  special  forms. 
Thread  cutting  and  feed  changes  on  the  Gisholt 
machines  are  described,  and  details  for  changing 
gears  are  given.  The  machining  of  heavy  pieces 
receives  attention,  and  then  follow  lay-out  instruc- 
tions and  time  study  sheets,  of  which  several  ex- 
amples are  given.  List  of  parts  with  Illustrations 
for  ordering  conclude  the  book. 


NEW  CATALOGUES  AND 
CIBCULARS 

General  Electric  Co.,  Schenectady,  N.  Y.  Bulletin 
40400  A.  descriptive  of  belt-driven  alternators.  Form 
PB. 

Brown   Hoisting   Machinery   Co.,    Cleveland,    Ohio. 
Catalogue   P,   illustrating   the  line  of   "Brownhoist 
overhead  hand  traveling  cranes. 

Arthur  Colton  Co..  Detroit,  Mich.  Catalogue  of 
"Colton-Detroit"  hammered  high-speed  twist  drills 
with  over-size  tangs  and  wide  flutes. 

Foster  Macliine  Co.,  Elkhart,  Ind.  Catalogue  of 
the  Foster  No.  IB  universal  turret  lathe  with  tools 
and  attachments.  This  machine  can  be  used  either 
for  bar  or  chucking  work. 

Gisholt  Machine  Co.,  1205  E.  Washington  Aye.. 
Madison,  Wis.  Pamphlet  reproducing  advertise- 
ments of  the  Gisholt  machines  that  have  appeared 
in  the   "American  Machinist." 

Fulton  Machine  Tool  Co.,  1438  Bryan  Place,  Chi- 
cago, 111.  Bulletin  of  the  Fulton  heavy-duty  manu- 
facturing lathe,  18y4-inch  swing,  7-toot  bed,  with 
plain   headstock    and    friction   headstock. 

Permanent  Products  Co.,  1020  Engineers  Bldg., 
Cleveland  Ohio.  Circular  and  catalogue  of  '  Perma- 
nent" nut  locks,  showing  construction  of  various 
types  of  nut  locks,   including   "Permanent." 

National  Tube  Co,,  Pittsburg,  Pa.  Bulletin  2J. 
entitled  "Uses  of  National  Pipe."  showing  the  wide 
variety  of  uses  of  National  pipe  and  giving  tables 
of  information  concerning  its  physical  properties. 

Moccasin  Bushing  Co..  Chattanooga,  Tenn.  Cata- 
logue of  "Moccasin"  self -oiling  bronze  bushings  tor 
loose  pulleys,  sheaves  and  general  purpose  bearings 
that  are  required  to  run  a  long  time  without  at- 
tention. 

Nutter  &  Barnes  Co..  Hinsdale.  N.  H.  Catalogue 
of  cutting-off  machines  and  saw  sharpeners,  con- 
t-iining  a  detailed  description  ot  these  machines  and 
iilustrating  the  4-.  6-,  8-  and  10-inch  cutting-ofT 
ma'-hiues. 

McCrosky  Reamer  Co.,  Meadville.  Pa.  Catalogue  5. 
illustrating  and  giving  specifications  for  McCrosky 
•uliustahle  reamers,  "Wizard"  quick-change  chucks 
and  lollets,  F.P.M.  turret  tool-holder,  and  "Search- 
light" universal  lamp  brackets. 
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The  LUCAS 


(OF  CLEVELAND) 


"PRECISION" 

BORING,  DRILLING  AND 

MILLING  MACHINE 

ALWAYS  GOOD 

and  as  time  goes  on 

ALWAYS  BETTER 


Lucas  Mim  Tool  Co.,  ^Bp  aEVEUND,  0.,  U.S.A. 
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Standard  Macliinory  Co.,  Auburn,  R.  I,  SI.Ntytwo- 
piiBi'  <atiil(iKiU'  covering  thlH  <onii>nn)'B  line  of  iilalii 
iind  uutouiatlc  drop  liummorH.  The  cnluloniu'  also 
Khows  the  new  patented  safety  devlee  for  ukc  III 
eoniieetlon   with    these  drophamniers. 

Rivett    Lathe    &    Orinder    Co.,    Itrlshton    Dlstrlet, 
IloKton.     Mass.       Catalogue    of    the     Hlvett    line 
lathef  ■ 


American  Tool  Works  Co,,  Cliielnnall,  Ohio.  Clr- 
lular  ;i!»li,  lllusliallii);  llie  American  Hlx-foot  trljile- 
piMpose  radial  ilrilliiiK  machine,  which  repreHcnlH  u 
departure  from  the  Klamlard  radial  drilling  machlnen 
In  the  <leHlKn  of  the  head,  which  Is  iiuadruplescared 
and  irffoi-ds  four  dlsHnet  Hpeeds;  these.  In  turn,  are 
divided  Into  two  separate  ranges,  one  for  heavy  tap- 
ping   and    horing,    th        


formerly  manufactured  by  the  Turbo-Gear  Co.,  Inc., 
of  Ualtliuore.  The  Turbo-gear  Ih  a  highly  devel- 
oped Hpeed  reduetloii  device  for  use  with  high-speed 
electric  motors,  steam  turbines,  other  prime  movers, 
etc.  A  descriptive  catalogue  Is  ready  for  distri- 
bution. 
Welding   Patents   Investigating   Committee,    Rouin 


athes   and    g.iuding    machines,    comprising    precision  '"",«    ."1'     ""''T'    ""■    """"■    ^"^    l"t>''>-»Pc-ed    drilling  70O     Hei  keiT  I.l  u      Can  on       hU,    has  Ths^^^^^^^  aZ 

bench   lathes,    back-gcared  precision  lathes    proclslon  ""<'    "f*    t"l.plng.      The   boring   and    tapping    range,  of   21^1    Am  Mb,  tors    t^r  t  "e    I,     -HtWa  lo,     11,  w    beln^ 

urret    lathes,    lathe    nttaehments.    Internal    [-rlnders,  '»  <"»J"nHl"n   with   the  eight  gear-box   speeds,   com-  "l.fe  by       c  We   "„g  I^    enir/,^^^^^^^ 

Rivet,  thread  tools,  chucks,  etc.  PHses  sixteen  speeds  ranging  from  1..  ,0  81  It.  V.  M.  '!T>2    the 'Il.ltlweldlng    patents     'a    m^^ 

National    Tube    Co.,    I'lttsbure.    Pa.      Henrlnt   of   n         Schuchardt    &    Schutte,    90    West    .SI.,    New    York  manufacturers    using    snot-welding    machines    renre- 


National  Tube  Co,,  I'lttsburg,  Pa.  Reprint  of  n 
i.aper  entitled  "A  Method  for  Practical  Klipilnution 
of  Corrosion  in  Hot  Water  Supply  Pipe,"  i)reseutcd 
by  V.  N.  Speller,  metallurgical  engineer  with  the 
Nathuial  Tube  Co.,  before  the  American  Society  of 
Heating  and    Ventilating   Engineers. 

Spray  Engineering  Co.,  93  Federal  St.,  Boston, 
Mass.  liulletin  .'"illl.  enlitled  "Spraco  Products,"  11- 
liistraling  and  describing  the  various  lines  made 
by  the  company,  which  include  air  washing  and 
cooling  equipment.  paint  spraying  e<iuipment, 
sprinklers.    How    meters    and    nozzles. 

Fitohburg  Machine  Works,  Fitchburg,  Mass.  Cata- 
logue   of     the     "It    

form,   with  details 
floor   plans. 


Schuchardt  &  Schutte,  90  West 
City.  Catalogue  of  S  &  S  gage  standards,  which 
comprise  sets  of  standard  blocks  or  units  for  meas- 
urement and  for  comparing  the  accuracy  of  other 
standards.  These  sets  are  made  in  dllTerent  com- 
binations; for  instance,  the  No.  0  set  Is  adaptable 
for  combinations  of  0.0001  inch,  and  the  No.  8 
for  combinations  in  steps  of  0.001  inch.  The  cata- 
logue gives  the  number  of  blocks  and  the  units  of 
measurement  for  the  various  sets,  and  shows  hold- 
ers and  measuring  Jaws  for  S  &  S  gage  standards. 
It  also  describes  briefly  the  S  &  S  precision  measur- 
ing screw-testing  microscope. 

Kasenit  Co.,   11  Water  St.,  New  York  City.     Book- 


automatic,     in     loose-leaf  let   treating  of  up-to-date  methods  of  casehardening 

construction,   countershaft  and  and    giving    particulars   of    "Kasenit"    casehardenin- 

parts,    etc.      The   catalogue   has  compounds.     The  aim  of   the   book    is   to  give   useful 

n,    n'i.T"         »-"^  ,"    \"""'  *°  ">'""n^   »'<-  '-O'lstruc-  general  information  which  will  enable  ca.sehardeners 

tion  and  operation  clearly  understood  by  the  average  to    find    out    details    best    suited    to    their   own    steel 

*■"•   .  "  and   class  of  work.      The   book   gives   information  on 

National    Lamp    Works    of    General    Electric    Co.,  carbonizing,  carbonizing  powder,   the  re-use  of  spent 

Nela   Park,    Cleveland.    Ohio.      Hulletiu   .SO.   on    "Pro-  "Kasenit,"     heat-treatment,      the     hardening     shop, 

teotive    Lighting    for    Industrial    Plants,"    which    is  casehardening   furnaces,    heat   controlling   appliances. 

published  as  a   result  of  a  large  number  of  requests  qnenching,    distortion    or    warping,    boxes    and    how 

for   information   as  to  the  best  use  of  lighting  as  a  •"  l"""k   them,    tongs  and  other   appliances,    cleaning 

precautionary  measure  against  damage   to  industrial  work,    open-hearth    hardening,    and   tests  of   hardness 


plant 

Langelier  Mfg.  Co..  Providence.  R.  I.  Catalogue 
of  high-speed  belt-driven  ball-bearing  drilling  ma- 
chines having  a  capacity  from  0  to  11/32  inch. 
These  machines  are  made  with  single  spindles  or  in 
gangs  with  two  or  more  heads  mounted  on  one 
pedestal.  They  can  be  supplied  with  motor  drive 
if  desired. 

New  Departure  Mfg.  Co.,  Bristol.  Conn.,  has  be- 
gun the  publication  of  a  weekly  house  organ  called 
•New  Departure  News,"  for  circulation  exclusively 
among  its  employes.  It  is  devoted  to  social  mat- 
ters, sports,  timely  health  hints,  personal  matters 
and   other   news   of   interest    to   the   employes   of    a 


and  toughness.  "Kasenit"  is  made  in  three  stand- 
ard grades,  Nos.  1  and  2  being  intended  for  surface 
and  open-hearth  hardening  and  No.  4  for  casehard- 
ening in  closed   boxes. 

TRADE  NOTES 


Gibb  Instrument  Co.  has  moved  from  Pittsburg 
Pa.,    to  5716  Euclid  Ave.,   Cleveland,   Ohio. 

B.  L.  Mallory  Machine  Co.,  131st  St..  Cleveland, 
Ohio,  has  changed  its  name  to  Geometric  Stamp- 
ing Co. 


ing 
manufacturers  using  spot-welding  machines  repre- 
senting a  capital  of  ,fIOO,000,000  convened  at  (Canton 
in  li'ebriiary  for  the  purpo.w  of  securing  a  thorough 
inv(.sllgallon  of  these  patents. 

Union  Chain  &  Mfg.  Co.,  Seville,  Ohio,  manufac- 
turer of  steel  chain  belting,  rivetlcss  driving  chains, 
sprocket  wheels,  buckets,  elevating  and  conveying 
machinery,  etc.,  has  increased  its  capitalization 
from  $40,000  to  $60,000.  The  company's  New  York 
office  has  been  removed  to  30  Church  St..  and  re- 
mains ill  charge  of  J.  R.  Shays,  Jr.  Oliver  J.  Abell, 
formerly  Western  editor  of  the  "Iron  Age,"  is  in 
charge  of  the  Chicago  office  at  r,m  Washingtim  Blvd. 
Acme-Greaves  Machine  Tool  Co.,  Cincinnati,  Ohio, 
was  incoriiorated  under  the  laws  of  the  state  of 
Ohio,  Ajiril  4.  The  new  company  is  a  merger  of 
the  Acme  Machine  Tool  Co.  and  the  Greaves- 
Kinsman  Tool  Co..  both  of  Cincinnati.  The  Acme 
Machine  Tool  Co.  manufactures  turret  lath'es  and 
the  Greaves-Klusman  Tool  Co.  builds  a  line  of  en- 
gine lathes.  The  incorporators  are  C.  11.  M.  Atkins, 
B.  B.  Quillen.  George  Langen,  A.  J.  .Tones  and 
William  A.  Greaves.  The  new  coniiiany  is  ineor- 
liorated    with   $1,000,000   capital. 

Canedy-Otto  Mfg.  Co.,  Chicago  Heights,  111.,  man- 
ufacturer of  post  radial  drilling  machines,  upright 
drilling  machines,  eti.,  has  just  completed  a  large 
addition  to  its  iilaiit.  which  will  nearly  double  the 
capacity.  The  company  has  also  installed  another 
25-ton  cupola  in  its  foundry,  and  it  will  soon  place 
upon  the  market  a  line  of  14-,  16-  and  18-inch 
medium-priced  engine  lathes,  and  a  base  and  column 
radial  drilling  machine  with  21/2-  and  314-foot  arms, 
which  will  eliminate  a  number  of  the  expensive 
features  of  the   higher-priced   drilling   machines. 

H.  T.  Dempster,  7  E.  42d  St.,  New  York  City, 
calls  the  attention  of  American  manufacturers  to  the 
possibilities    of    developing    direct    trade    connections 


T.™,*  J*   «<■       r,        -r^  i     ...    ,,.  io    Italy.      Mr.    Dempster    resided    twenty-five    years 

large   ore-nni^ntion       -,..-.,.0    „.    „         lernstedt  Mfg.    Co.,   Detroit,   Mich.,   maker  of  ail-  m    Italy,    and   has   acquired    a    comprehensive   knowl- 

a  ge   organization.                                                                       tomobile    accessories,    window    regulators,    etc.,    an-  edge    of    the    economic    conditions    existing    therein. 
New    Departure    Mfg.    Co.,    Bristol,    Conn.      Sheets    """'"'^^   "'«^  opening  of  Its  new   factory   in   Detroit.  He    has    developed    a    plan    making    it    possible    for 
Nos.  Ill  FE  to  94  FE,  inclusive,  for  loose-leaf  binder,         Walcott  Lathe   Co,,   Jackson,    Mich.,   has   increased  American    producers    to    merchandise    their    products 
Illustrating   the   use   of   ball   bearings  in   bevel   drive    '''^   capital    stock    from   $100,000   to   $700,000.    and    is  directly    through     their    own     representatives,     who, 
gearing   for   vertical   shaft   of   deep   well    pump,    pol-    """'  '"   ""  entirely  new  factory,   equipped  with   new  under    trade    expert    supervision,    should    be    able    to 
'shing   or   buffing   jack    equipped   with   ball    bearings      machinery,    and    is    building    approximately    175    to  secure   full   advantages   through   local   distributors. 
-"  '        •       wheels  for  cableway  car,  and  ball  bearl    200   lathes   per   month.  Russo-American    Merchants    &    Manufacturers    Ex- 
Worcester  Stamped  Metal  Co.,  successor  to  W  &  S  change,    Inc,    120    Broailwa.v.    New    York    City,    has 
Mfg.   Co..    Worcester,   Mass.,   has  completed  an  addi-  been    established    to    impro\i.    conditions    as    regards 
to   its   plant  which   increases   its  manufacturing 
bout   100  per  cent.     The  company  special- 


ball  beariUj 

ings  for  double  winding  drum 

National  Tube  Co.,  Frick  Bldg.,  Pittsburg.  Pa 
has  issued  a  wall  hanger  calendar  entitled  "Na- 
tional Preparedness,"  on  which  appears  a  poem  by 
Berton  Braley  having  for  its  theme  the  part  played 
by  pipe  in  modern  civilization.  The  poem  is"  il- 
luminated with  colored  views  showing  some  of  the 
many   uses   to   which   pipe   is   applied. 


American  ,  supply  and  the  Rvissian  demand 
.\raerican-made  products.  Russia  is  regarded  as  a 
practically  inexhaustible  market  for  American  in- 
dustrial products,  and  many  are  raising  the  ques- 
tion as  to  the  best  means  of  bringing  together  the 
consumer  and  American  inanufacturer.  The  Ex- 
change will  publish  a  comprehensive  directory  of 
American  industries,  of  which  about  40,000  copies 
will    be    distributed    throughout    Russia. 

Eastern  Brass  &  Ingot  Corporation,  Waterbury, 
Conn.,  is  an  organization  that  has  recently  moved 
to  Waterbury  from  Chicago  and  established  a  plant 
for  the  reclamation  of  brass  filings  and  turnings. 
The  process  employed  was  developed  by  O.  C. 
Duryea.  and  consists  of  pressing  the  brass  turnings, 
which  have  been  carefully  cleaned  of  all  foreign 
material,  including  iron  and  steel  chips,  into 
briquettes,  using  a  press  capable  of  exerting  a  pres- 
sure   of    about    500    tons    per    square    inch.      The    re- 

Iting    briquettes   are    melted    with    very   little   loss 
s   a   capacity  of 


capacity 

izes  in   stamped  metal  parts 

Modern   Machine   Tool   Co.,    Jackson,    Mich.,    manu- 
facturer of   the    "Modern"    cutting-o£E   machine,    will 
erect    an    addition    to    its   plant    that   will    triple    the 
Peter    A,    Frasse    &    Co,,    417-421    Canal    St      New    '"'"''''■nt    floor    space.      This    increase    has    been    made 
York  City.     April,   1917.    stock   list    giving   sizes  in    '"'<'<'**sary    by    the    rapidly   growing    demand    for   its 
stock   ready  for  immediate  shipment  of  Frasse  elec-    "'■"''"'^■t- 

trie  tool  steel,  polished  drill  rods,  electric  and  open-  J.  N.  Lapointe  Co.,  New  London,  Conn.,  dedicated 
nearth  alloy  steels,  chrome-nickel  steels,  cold-  its  new  plant  on  Pequot  Ave.,  April  14.  A  public 
nnished  screw  steels,  cold-drawn  flats,  coppered  Parade  of  employes  and  citizens  marched  through 
Bessemer  rods,  cold-rolled  strip  steel,  and  odd  lots  the  city,  following  which  there  was  the  raising  of 
of  high-speed  steel.  the    flag    and     the     fourth    annual    banquet    at    the 

Advance  Tool  Co.,  Canal  and  Jackson  Sts..   Cincin-    ^'rocker  House. 
nati,    Ohio.      Catalogue    of    small    tools,    comprising        Reynolds    Pattern    &    Machine    Co,,    Moline,     111.. 
solid    counterbores.    Woodruff    keyseat    cutters,    side    «'ll    move    its    plant    to    Massillon,    Ohio,    about   Au- 
milling  cutters,  slotting  end-mills,  end-mills,  milling    gns*    1,    where    it    will    be    known    as    the    Reynolds 
cutters,    adjustable  hollow  mills,    plain   hollow  miUs,     Machine  Mfg.   Co.      The  notice  in   the   April   numbc- 

nhig'  n'inndrels  'Tin/^^-'nl-    '"""^    mandrels,    roller    stated  that  the  change  of  location  had  already  been  from"oxrdaHo.;.'"Th'e'  new'pTant 

reamer'     shell   rel^^ers    eic  °^«<-h,nes.     chucking    made,   which   is  incorrect.  ^^,.„.^1   h„„d,„,    ,„„,   ^   a^/ 

Tt<,„.h  M,  I,-      't     ,'r.       ■„„.  „  Pangborn   Corporation,    Hagerstown,    Md.,   has  pur-        Alvord  Reamer  &   Tool  Co,,    Millersburg,    Pa.,   has 

fiefn      A..  T  ?    9°"  ^"?  ^"^"^  '^™"  SP""e-    *;  "f  "^  t"'^J''^''''J"'t!   *'"'   sandblast   business   con-  p„r(.hased  all  the  property  of  the  Alvord  Reamer  Co. 

deicwhw    K    Loo.'.e-leaf    catalogue    illustrating    and    ducted  by   Elmer  E     Perkins  and  George  A.    Cooley.  and  the  Millersburg  Fifth  Wheel  Co.,  both  of  MiUers- 

versn      fi„t      "    .    universal    joint,     Bocorselski    uni-    Monadnock    Block.    Chicago.      Mr.    Cooley   has    joined  bnrg.  and  will  continue  the  long  established  business 

Zt    Ij^ml'    P"*"^'^   multi-drill    heads,    Baush    pat-    'he  Pangborii  Corporation  and  Mr.   Perkins  will  con-  heretofore   conducted    by    these   companies.      The  offl- 

ent    spindle    arm    for    multiple-spmdle    drilling    ma-    *■"!"«  h's  business  in  condensing  driers  and  dry  kilns.  ,.ers    of    the    Alvord    Reamer    &   Tool    Co,    are    F.    T. 

ch  neV      nf    ll^h      f""'P'<'-sP>'«3'c      drilling      ma-        Maine    Machine    Tool    Co.,    Jackson,    Mich.,    manu-  McGuire,    president;    G.     R.    Kurrie,    vice-president; 

mnlt.oio  «,;»„%  -^v       'ever    type,    and    high-speed    facturer   of   shapers,    has   broken    ground    for   a    new  J.    Boyd   Coates,    secretary;    and   John   Clymer   Boltz, 

.uiiiiipie-spinuie  arilling  machines  of  the  screw  type,    shop,  60  by  100  feet.     The  building  wiU  be  of  steel  treasurer.     The  company  has   modern  equipment  for 

Sloan    &    Chace    Mfg.    Co.,    Ltd.,    Newark,    N.    J,     and   brick   construction,    with    saw-tooth   roof.      It   is  the    manufacture    of    reamers,    milling,  cutters    and 

Catalogue  of  precision    machinei;y   and   special    tools*     expected    that    the    added    facilities    will    enable    the  special   metal-cutting   tools   of  every   kind.      The   ca- 

showing    views    of    the    Sloan    &    Chace    bench    lathe    fompany   to   tneet   adequately  the   heavy  demand   for  pacify  of  the  tool  plant  and  forging  department  has 

equipped    with    compound    slide-rest,    milling    attach-    '^^  shapers.  lately    been    materially    increased    in    order    to    meet 

nient  and  screw  cutting  attachment.     The  catalogue        Stahl  Gear  &  Machine  Co.,  1930  E.  40th  St     Cleve-  *he    demands    for    the    products,      Sales    offices    are 

contains  a  detailed  description  of  the  various  attach-    land,    Ohio,    has   been    started    by   George   Stahl     for-  maintained    in    Philadelphia,    New    York    City,    Chi- 

ments    and    parts   of   the    lathe,    and   illustrates   also    meriy   of   the    Horsburgh    &   Scott    Co.,    to   manufac-  "^"SO,     Minneapolis,     San     Francisco    and     Baltimore, 
bench    milling    machines,    automatic    pinion    cutters,     ture    gears.      The    new    concern   will    cut    spur   gears        Hydraulic  Press  Mfg.  Co.,   84  Lincoln  Ave.,  Mount 

l"!,"™"*!.'^    gear-cutters    and    drilling    and    tapping    up  to  60  inches  diameter,   2  diametral   pitch;   bevel  Gilead.  Ohio,  has  completed  plans  for  rebuilding  the 

"""  gears  up  to  24  inches  diameter,  J14  diametral  pitch;  portion  of  the  plant  recently  destroyed  by  fire.     The 

spiral   gears  and  other  gearing  products.  plans    include    the   erection   of   two   additional    build- 
Vanadium-Alloys    Steel    Co.,    First    Ave.    and    Ross  '"^s,    which    will    give    better    manufacturing    facili- 

_  „.      _.._    ,    St..     Pittsburg,    Pa.,    announces    that    arrangements  t'^s    for    the    company's   rapidly   expanding   business. 

features  of  the  machine  are  described  in  detail,  such  have  been  made  whereby  the  following  firms  will  '■'''»  Plans  provide  tor  the  erection  of  four  complete 
as  the  column,  knee,  table  and  saddle,  system  of  represent  the  company  in  the  sale  of  high-speed  "ow  buildings,  consisting  of  a  machine  shop,  a 
automatic  flooded  lubrication,  constant  speed  drive  steel,  also  alloy  and  carbon  tool  steels-  E  T  three-story  stock-room,  a  new  power  plant  and  »■ 
speed  and  feed  mechanism,  etc.  Speciflcations  are  Ward's  Sons.  Boston,  Mass.;  George  Nash  Co.,  New  structural  and  forge  shop.  The  machine  shop  and 
given  for  the  various  sizes  of  Milwaukee  milling  York  City;  Field  &  Co..  Inc.,  Philadelphia  Pa  •  stock-room  are  replacements  on  a  much  larger  scale 
machines,  as  well  as  for  the  milling  cutters  that  are  and  George  Nash  Co.,  Chicago,  III.  '  "  "^  the  portion  burned.  The  machine  shop  will  be 
u.sed  with  them.  t„„i.„  e  c~:*i,  n  en  i-,  r,-  »  t,^  c  ^  .  200  feet  long  and  100  feet  wide,  of  fire-proof  con- 
New  York  !?»,„,„•  -p  .  ,,,  r.,  ^  Eccles  &  Smith  Co.  69-71  First  St.,  San  Francisco,  struction,  steel,  concrete  and  brick  being  used 
New^York  EeyolyingPortable  Elevator  Co.,  Jersey    <al..     announces    that  _  Chris.     Eccles    was    recently  throughout,     including     steel     window     frames     and 

per  cent  more  than 
An  electric  traveling 
crane  of  20  tons  capacity  will  serve  the  center 
bay,  and  two  smaller  electric  cranes  of  3  tons 
capacity  each  will  be  installed  in  the  side  bays.  The 
stock-room  building  will  be  50  by  60  feet,  the  power 
plant,  42  by  60  feet,  and  the  steel  fabricating  shop, 
50  by  60  feet.  It  is  planned  to  have  the  new  build- 
ijigs   in   full  operation  July   1. 


Kearney   &   Trecker   Co.,    Milwaukee,    Wis.     Cata- 
igue    20,    illustrating    Milwaukee    milling    machines 
vertical    types.      The    various 


the    horizontal    and 


lil'';^!'"""'""?'.  *''•''',  "'"'"•     '^'^^'es  ,was    recently    i„,oughoi'it.     including     steel'    window     fra 
I'.tL'f.*^     president     .ind     manager     and     Charles     F.     cashes.     The   floor  space  is   100  per  cent   n 


City,    N.   J.      Bulletin   ."(i.    describing  and   illustrating 

the    revolv-ator.    a    portable    elevator    or    tiering    ma-    Bnlotti    secretary.      The   company   has   stores   in   San     that  of  the  buildiu"  renliced 
chine   with    a    revolving    base,    which    swings   around    Francisco  and  Los  Angeles,  Cal.,  and  Portland.  Ore.,  buildin„   replaced 

on  Its  own  center  like  a   turntable.     The  use  of  this    '"  which  is  carried  a  stock  of  railway  supplies,   ma- 
chine tools,  small  tools,  pneumatic  and  electric  tools, 


revolvator  enables  floor  space  to  be  used  to  ad- 
vantage m  piling;  it  makes  it  possible  to  stack 
heavy  and  bulky  cases,  bales,  etc.,  clear  up  to 
and  warehouses,  leaving  no 
wide    aisles    unnecessary. 


the  ceiling  in  store 
waste    space   and    makin 


lir   compressors   and    iron   and   steel   products. 

Poole  Engineering  &  Machine  Co.,  Woodberry, 
Raltimore.  Md..  has  acquired  the  exclusive  manii- 
fai'turing    and    selling    rights    of    the    "Turbo-gear," 
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N  ordinary  ma- 
chine shop  prac- 
tice the  stand- 
ard of  workman- 
ship is  consid- 
e  r  e  d     satisfac- 


tory if  the  error  in  machining 
does  not  exceed  0.001  inch.  On  tool-room  work,  where  greater 
care  is  taken  than  in  the  average  manufacturing  operations,  a 
considerably  higher  limit  of  accuracy  may  be  attained,  but 
highly  skilled  toolmakers  of  wide  experience  will  feel  satis- 
fled  with  a  piece  of  work  if  they  are  sure  that  the  limit  of 
error  is  not  over  0.0001  inch.  In  any  class  of  shop  work,  it 
is  a  waste  of  time,  and  entails  a  deliberate  loss  of  production, 
to  strive  for  a  higher  degree  of  accuracy  than  is  absolutely 
necessary,  and  the  limits  referred  to  for  the  manufacturing 
plant  and  the  tool-room  have  been  found  to  mark  the  boundary 
line  between  products  that  will  give  good  service  and  those 
with  which  unsatisfactory  results  are  likely  to  be  experienced 
through  difficulty  in  assembling,  failure  to  operate  properly, 
and  similar  troubles. 

In  making  parts  of  scientific  instruments,  the  case  is  very 
different,  because  here  errors  which  would  be  quite  insignifi- 
cant in  any  commercial  work  may  be  multiplied  as  a  result 
of  conditions  under  which  the  instruments  are  used,  so  that 
data  obtained  with  inaccurate  apparatus  would  be  highly  mis- 
leading instead  of  a  means  of  furnishing  valuable  information. 
A  case  in  point  is  seen  in  astronomical  and  physical  instru- 
ments— say  micrometers  and  comparators.  Micrometers  are 
used  in  connection  with  astronomical  telescopes  for  determin- 
ing the  distance  between  the  stars,  or  with  spectroscopes  for 
locating  the  position  of  spectrum  lines,  etc.,  the  measurements 
being  made  directly  with  the  micrometers,   while  with   corn- 


Methods  are  described  In  the  following  article  for  cutting  and 
testing  precision  screws  for  astronomical  and  other  scientific  In- 
struments. These  screws  are  sold  under  a  guarantee  that  the  error 
in  lead  does  not  exceed  0.001  millimeter,  1.  e.,  approximately  0.00004 
inch,  from  a  theoretically  accurate  helix  of  the  same  lead.  This  de- 
gree of  accuracy  is  greater  than  that  required  in  any  ordinary  shop 
work,  but  the  principles  described  should  prove  of  value  in  shops 
called  upon  to  cut  highly  accurate  lead-screws,  etc.  The  article 
includes  instructions  for  using  two  forms  of  interferometers,  one 
of    which    provides    means    for    measuring     to     one-millionth     inch. 


'Associ.Tte  Editor  of  Machinery. 


parators  or  measuring  ma- 
chines the  measurements  are 
made  on  photographs  of  the 
stars  or  spectra.  When  using 
a  comparator,  the  cross-hair 
of  a  microscope  on  the  com- 
parator is  first  centered  on 
one  star,  after  which  the  position  of  the  microscope  is  noted. 
It  is  then  moved  by  means  of  a  screw  until  the  cross-hair  is 
centered  on  another  star;  and  the  distance  between  these  two 
stars  on  the  photograph  is  determined  by  the  number  of  turns 
made  by  the  screw.  The  actual  distance  between  the  two  stars 
is  then  calculated  from  these  data  and  other  information  at 
the  disposal  of  the  astronomer.  Very  little  thought  will  make 
it  apparent  that  in  order  to  secure  data  that  constitutes  a 
reliable  basis  of  calculation,  the  comparator  screw  must  be  of 
the  highest  accuracy,  because  a  slight  error  in  setting  the  in- 
strument is  multiplied  many  times,  due  to  the  great  distance 
of  the  stars  from  the  telescope  and  the  multiplication  of  an 
error  of  arc  with  increase  of  distance  from  the  center. 

Realizing  the  importance  of  this  point,  instrument  makers 
and  scientists  have  given  a  great  deal  of  thought  to  the  devel- 
opment of  methods  for  eliminating  every  possible  error  in 
screws,  and  this  has  been  made  the  subject  of  exceptionally 
careful  study  by  William  Gaertner  &  Co.,  5345  Lake  Park  Ave., 
Chicago,  111.,  to  whom  we  are  indebted  for  information  con- 
cerning the  interesting  methods  of  precision  screw  cutting 
described  in  this  article.  Errors  in  screws  may  be  either 
"periodic"  or  "progressive."  When  a  screw  has  a  periodic 
error,  it  has  what  is  commonly  known  as  a  "drunken"  thread; 
the  inaccuracy  appears  in  every  revolution  of  the  screw,  and 
usually  proceeds  in  regular  intervals  from  zero  to  a  maximum 
error  and  back  again  to  zero.  In  case  the  screw  has  pro- 
gressive errors,  it  has  the  well-known  errors  of  pitch,  i.  e.,  the 


Lathe  on  which  Preliminary  Screw  Cutting   Operation  Is  performed.     Machine   was  built  by   W.   Von  Pittler,    Leipsic,    Germany,    but  has   been 
furnished  with  Special  Lead-screw,   Gearing  and  Auxiliary  Equipment 
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Fig.   2.     Close  View  of  Tool,    Work   and   Work-holding  Device  taken  from   Back   of   Machine 

pitch  of  the  thread  is  not  uniform  throughout  the  entire  length 
of  the  screw,  so  that  when  turned  in  a  nut  such  a  screw  ad- 
vances different  amounts  for  different  revolutions.  From  this 
it  will  be  evident  that  a  progressive  error  is  entirely  irregular. 

In  screw  cutting,  the  operation  of  a  lathe  is  chiefly  governed 
by  the  familiar  lead-screw  and  change-gears,  and  accuracy  of 
the  product  of  a  strew  cutting  lathe  is  largely  dependent  upon 
the  precision  of  its  lead-screw  and  gears  and  the  straightness 
of  the  lathe  bed.  So  far  so  good,  but  the  man  who  starts  mak- 
ing a  study  of  methods  of  precision  screw  cutting  will 
eventually  ask  himself  the  question,  "Where  did  the  first  lead- 
screw  come  from  and  what  is  responsible  for  its  accuracy?" 
There  are  various  methods  of  originating  screws,  and  for  the 
purpose  of  this  article  it  will  be  satisfactory  to  describe  one 
employed  by  the  late  C.  Reichel,  a  celebrated  instrument  maker 
of  Berlin,  Germany.  This  method  consisted  of  taking  wire 
of  uniform  diameter  and,  say,  exactly  one  millimeter  in  size, 
which  was  closely  wound  and  soldered  onto  a  mandrel  and 
mounted  on  the  lathe  spindle.  The  lathe  used  for  this  work 
was  what  is  known  as  a  "sliding  mandrel  lathe,"  and  this  type 
of  machine  is  still  in  use  in  instrument  shops  for  chasing  short 
threads.  Mr.  Reichel  then  made  a  multiple  thread  cutting  tool 
of  the  chaser  type,  which  had  the  teeth  very  accurately  spaced, 
and  proceeded  with  this  to  cut  down  the  wire  to  form  a  screw 
thread. 

The  cutting  tool  was  held  stationary  in  the  slide-rest,  and  a 
block  of  hard  wood,  also  held  stationary  on  a  separate  sup- 
port, formed  the  nut  or  guide  for  the  screw  mandrel,  the  cut- 
ting tool  and  nut  being  180  degrees  apart.     When  the  lathe 
was   slowly   run    forward,    with    the    cutting    tool    in   contact 
with  the  wire  thread,  it  was  observed  that  the  tool  did  not 
touch  uniformly,  but  showed  a  "wobbling" 
tendency  in  the  thread,  and  usually  touched 
one  high  spot  in  each  revolution.    The  mul- 
tiple tool  was  the  means  of  correcting  both 
periodic  and  progressive  errors  that  could 
not  have  been  eliminated  if  the  work  had 
been  done  with  a  single-pointed  tool.    After 
correcting  errors  in  this  screw,  it  was  used 
as   a    "master"    from    which    other    screws 
were  cut.     In  all  precision  screw  cutting, 
provision   of   accurate   concentric   bearings 
on  the  screw  is  of  just  as  much  importance 
as  the  cutting  of  an  accurate  thread,  and 
the  nut  must  be  fitted  to  the  screw  with  the 
greatest  care. 

It  will  be  of  interest  to  refer  at  this  time 
to  the  way  in  which  periodic  or  progressive 
errors  are  developed  while  cutting  a  thread. 
In  both  cases,  a  variety  of,  causes  may  be 
responsible  for  the  trouble,  but  as  a  general 
thing  the  periodic  error  is  due  to  eccen- 
tricity of  the  lathe  spindle  or  to  lack  of 
uniformity  in  the  gearing  on  the  lathe, 
which  is  a  result  of  inaccuracy  on  the  gear- 
cutting  machines.  The  errors  in  the  gears 
become  effective   at  those  intervals  where 


the  teeth  in  which  there  are  errors  come 
into  mesh,  and  at  such  times  an  error  is  in- 
troduced in  the  screw  cut  on  the  lathe 
through  lack  of  uniformity  of  movement  of 
the  lead-screw  on  the  lathe.  Production  of 
screws  with  a  so-called  progressive  error  or 
errors  of  pitch  is  harder  to  explain  than 
the  screw  with  the  periodic  error,  because 
the  discrepancy  follows  no  fixed  rule.  This 
error  may  be  due  to  inaccuracy  in  the 
gears,  to  lost  motion  in  machine  members, 
lack  of  straightness  of  the  lathe  bed,  or 
to  numerous  other  causes. 

Gaertner  Practice  in  Screw  Cutting 

In  making  precision  screws,  observance 
of  the  following  points  is  a  matter  of  great 
importance  if  accurate  results  are  to  be  ob- 
tained: (1)  The  steel  must  be  fine  grained 
and  homogeneous.  (2)  After  roughing  out  the  thread,  the  screw 
must  be  carefully  examined  to  see  that  no  defects  in  the  steel 
have  been  exposed  during  the  process  of  screw  cutting.  (3)  The 
rough-cut  screws  must  be  put  aside  to  "season"  for  several 
months  so  that  they  will  take  the  full  "set"  developed  through 
removal  of  the  surface  skin  from  the  metal,  after  which  the 
finishing  cuts  may  be  taken  with  the  assurance  that  there  will 
be  no  further  distortion.  In  the  Gaertner  shop,  the  prelim- 
inary work  of  screw  cutting  is  done  on  a  lathe  of  German 
manufacture  made  by  W.  Von  Pittler  of  Leipsic.  However, 
the  design  of  this  machine  has  been  considerably  modified  and 
many  details  have  been  improved  or  entirely  renewed  to  adapt 
the  machine  for  the  precision  work  for  which  it  is  now  used. 
The  provision  of  an  accurate  lead-screw  and  gearing  are  typi- 
cal examples  of  the  changes  that  were  made.  In  cutting  screws 
for  astronomical  or  similar  instruments,"  precautions  must  be 
taken  to  avoid  the  introduction  of  errors  of  such  slight  magni- 
tude that  they  could  be  entirely  disregarded  on  many  classes 
of  commercial  work. 

Reference  to  Figs.  1  and  2,  which  show  a  front  view  of 
the  lathe  on  which  the  preliminary  screw  cutting  operations 
are  conducted  and  a  close  view  of  the  tool  and  work  taken 
from  the  opposite  side  of  the  machine,  respectively,  will  show 
that,  instead  of  setting  up  the  work  in  the  usual  way,  the 
screw  is  mounted  on  stationary  centers,  i.  e.,  dead  centers, 
and  the  cutting  is  done  on  the  same  bearings  on  which  the 
screw  is  afterward  used  in  the  apparatus  for  which  it  is  in- 
tended. Clamped  to  one  end  of  the  screw  is  a  dog  which  engages 
the  lathe  spindle  and  provides  for  rotating  the  screw.  It  will 
be  apparent  that  the  chief  reason  for  this  method  of  procedure 
is  that  it  insures  cutting  the  thread  on  the  screw  in  accurate 


Fig.  3.     Screw  Becutting  Machine  designed  to  operate  on  Principle  shown  diagrammatically  in 

Fig.  4.     Particular  Attention  is  called  to  Bearings  for  supporting  Screw  to  be  recut, 

and   Special   Coupling  between  Work   and   Machine    Spindle 
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Fig.  4.    Diagram  showing  Possibility  of  designing  Screw  Eecutting  Machine 

that  automatically  regulates  Depth  of  Cut   according   to  Error  in 

Lead  of  Thread 

alignment  with  the  bearings  that  have  already  been  turned  at 
the  ends  of  the  screw  blank;  in  addition,  slight  inaccuracies 
that  might  be  introduced  in  the  screw  as  a  result  of  belt  pull 
and  slight  errors  in  the  lathe  spindle  bearing  are  overcome. 
With  the  work  set  up  in  this  way,  the  method  of  cutting  the 
screw  is  practically  standard,  except  that  after  roughing  out 
the  thread,  the  screw   is  set  aside   to  season,   as  mentioned. 

Recutting'  Machine  for  Removing-  Periodic  Errors  from  Thread 

Various  means  have  been  tried  for  eliminating  the  periodic 
error  from  screw  threads,  but  the  method  of  recutting  used  by 
William  Gaertner  &  Co.  is  among  the  most  satisfactory.  Credit 
for  the  development  of  this  method  is  given  to  the  late  C. 
Reichel  of  Berlin,  Germany;  and  the  theory  of  this  operation 
is  best  shown  by  reference  to  the  chart  presented  in  Fig.  4. 
Both  curves  show  the  way  in  which  a  periodic  error  in  a 
thread  runs  from  zero  to  a  maximum  and  back  again  to  zero 
during  a  period  required  for  one  revolution  of  the  screw.  After 
grasping  the  full  significance  of  this  fact,  it  was  realized  that 
by  recutting  the  screw  with  a  tool  carried  on  a  slide,  the  posi- 
tion of  which  could  be  governed  according  to  the  amount  of 
correction  required  at  different  points  on  the  thread,  it  would 
be  possible  to  make  the  thread  absolutely  accurate.  This  re- 
sult is  obtained  by  the  use  of  a  nut,  consisting  of  a  single 
V-shaped  point,  which  enters  the  thread.     It  will  be  seen  that 

the  nut  is  carried  on  a 
yoke  that  extends  over 
from  the  slide,  and  dif- 
ferent settings  may  be 
made,  so  that  the  nut 
is  placed  180,  90  or  45 
degrees  from  the  tool. 
Fig.  4  shows  diagram- 
matically  the  conditions 
that  exist  when  the  nut 
is  set  180  degrees  from 
the  recutting  tool.  Here 
it  will  be  noticed  that 
when  the  nut  engages 
the  screw  thread  at  a 
point  of  maximum 
error,  the  tool  lying  op- 
posite the  nut  engages 
the  thread  at  a  point 
where  there  is  no  error. 
Conversely,  when  the  tool 
is  at  the  point  of  maxi- 
mum error,  the  nut  is 
at  a  point  where  the 
error  is  zero.  In  this 
way  the  nut  moves  the 
tool-slide  along  the  bed 
and  advances  the  tool  to  the  work  at  a  rate  that  is  governed 
by  the  amount  of  error  to  be  removed  from  the  screw  thread 
at  the  point  where  the  tool  is  working.  A  counterweight,  con- 
nected to  the  tool-slide  by  a  cord,  relieves  the  screw  thread 
and  nut  of  much  of  the  strain  incident  to  moving  the  tool-slide 
along  the  bed  of  the  machine. 

A  recutting  machine  operating  on  this  principle  is  shown  in 
Figs.  3  and  5;  the  best  idea  of  its  method  of  operation  will 
be  gathered  from  the  end  view,  where  it  will  be  seen  that 
the  nut  is  located  at  the  back  of  the  screw,  and  the  cutting 
tool  at  the  front  of  the  screw  to  correspond  with  the  condi- 
tions shown   diagrammatically   in   Fig.   4.     When   the  nut   is 


Fig.   5.     End  View  of  Machine  shown  in 

Fig.  3,  showing  Toke  that  supports 

Nut  and  Tool 


at  a  point  of  maximum  error,  the  tool  is  opposite  a  point  of 
zero  error,  and  is  clear  of  the  work,  so  that  no  cut  is  being 
taken.     After  the  screw  has  made  one  half  turn,  so  that  the 
nut  comes  to  a  point  of  zero  error,  the  tool-slide  has  advanced 
so  that  the  tool  is  taking  a  cut  of  maximum  depth.    Of  course, 
for  intermediate  positions,  the  depth  of  cut  ranges  between 
zero  and  the  maximum.    The  amount  of  metal  removed  during 
this    recutting    operation    is    extremely    small.      Viewing    the 
operation  of  the  tool  with  the  naked  eye,  one  would  say  that 
the  tool  was  not  in  action,  but  when  observed  through  a  micro- 
scope provided  on  the  machine  for  that  purpose,  one  can  easily 
see  how  the  tool  starts  to  take  a  very  light  cut,  which  grad- 
ually increases  and 
leaves   a   fine   dust 
of    metal     on     the 
lip     of     the     tool. 
One    traverse    of 
the  cutting  tool 
over     the     screw, 
with  the  nut  set  at 
180   degrees   to  the 
tool,   results   in   re- 
ducing the  error  in 
the  thread  to  one- 
half     its     previous 
magnitude.    After 
taking  this  cut,  the 
nut    is    transferred 
to  the  90-degree  po- 
sition and  a  second 
cut  is  taken,  which 
results  in  again  di- 
viding the  error  in 
half.    Then  the  nut 
is  set  so  that  it  is 
at  45  degrees  from 
the    tool,    and    a 
third  cut  is  taken, 
which     once    more 
divides    the    exist- 
ing   error    in    half. 
In     this     way     the 
final    error    in    the 
thread  is  only  12 1/^ 
per     cent    of    that 
which  originally  ex- 
isted,   and    as    the 
original  screw  cut- 
ting operation  performed  on  the  Von  Pittler  lathe  was  done 
with  every  possible  care,  it  will  be  apparent  that  the  accuracy 
of  the  finished  screws  is  extremely  high.    As  a  matter  of  fact, 
screws  are  sold  under  a  guarantee  that  the  error  in  lead  will 
at  no  point  exceed  0.001  millimeter,  i.  e.,  0.00004  inch  from  the 
path   of  a  theoretically  accurate  helix,   although   far   greater 
accuracy  has  been  secured.    The  attainment  of  such  a  degree 
of   precision   will   certainly   be   appreciated    by   every    skilled 
mechanic. 


Fig,   6.     Automatic  Lapping  Machine  for 

imparting    High    Finish   to    Screw 

Thre?id  after  it  has  been  recut 


SCREW  TO  BE  TESTED- 


STANDARO  SCALE  — 


Fig.   7.     Method   of   testing   Accuracy  of  Precision    Screw    with   Microscope 
and   Standard   Scale 
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Fig.  8.    Simple  Form  of  Interferometer  Suitable  for  Use  in  testing  Precision 
Screws  and  for  making  Other  Forms  of  Accurate  Measurements 

To  obtain  such  a  degree  of  accuracy  calls  for  a  machine 
operating  on  the  principle  described,  that  is,  making  the 
periodic  error  at  one  side  of  the  screw  adjust  the  position  of 
the  tool  to  eliminate  the  error  at  the  opposite  side.  But  this 
would  be  inadequate  if  great  care  were  not  taken  in  constructing 
the  machine  and  setting  up  the  work  to  obviate  lost  motion  and 
other  troubles  of  a  kindred  nature.  In  building  the  machine, 
great  care  was  taken  to  obtain  the  best  possible  fit  for  all  bear- 
ings and  slides,  and  have  the  guides  absolutely  straight.  In 
setting  up  the  work,  corresponding  care  is  taken,  the  ultimate 
object  being  to  bring  the  axis  of  the  screw  exactly  parallel  to 
the  guides,  and  to  eliminate  every  possibility  of  lost  motion. 
Instead  of  being  satisfied  with  mounting  the  screw  on  centers, 
it  will  be  seen  that  bearings  are  provided  which  are  carefully 
fitted  so  that  the  accurately  finished  bearings  at  each  end  of 
the  screw  will  be  carried  in  them  without  chatter  or  vibration. 
On  the  spindle  there  is  a  faceplate  to  provide  for  driving,  but 
if  the  screw  were  driven  through  a  dog,  there  is  little  doubt 
that  strains  would  be  developed  that  would  result  in  errors, 
so  that  the  accuracy  of  the  thread  would  be  impaired  during 
the  process  of  recutting  instead  of  improved.  As  a  substitute 
for  the  dog,  it  will  be  seen  that  a  special  form  of  coupling  is 
provided  between  the  lathe  spindle  and  work.  This  coupling 
compensates  for  any  lack  of  alignment,  and  relieves  the  work 
of  all  strains  that  might  be  put  upon  it  through  the  use  of  the 
usual  form  of  driving  dog. 

Lapping  Screw  to  Polish  Thread  and  Reduce  Error 
Before  adopting  the  practice  of  recutting  screws  on  the  ma- 
chine shown  in  Figs.  3  and  5  to  eliminate  the  error,  the  screws 
were  lapped  in  a  machine  of  the  type  shown  in  Fig.  6.  It  will 
be  seen  that  the  machine  is  furnished  with  a  universal  joint 
that  drives  a  chuck  in  wiich  is  carried  the  screw  to  be  lapped. 
This  machine  is  driven  by  an  electric  motor  that  transmits 
power  by  means  of  a  belt  and  worm  drive  to  a  vertical  shaft 
on  which  are  mounted  two  sprocket  wheels  A.     Located  be- 


tween these  sprockets  Is  a  clutch,  which  may  be  engaged  witli 
either  sprocket  to  provide  for  driving  through  the  open  or 
crossed  chain  to  get  forward  or  reverse  rotation  of  the  main 
spindle  of  the  machine.  The  control  of  this  clutch  is  effected 
by  means  of  a  small  worm  at  the  upper  end  of  the  main  spin- 
dle, which  drives  disk  B  by  means  of  a  worm-wheel  and  spur 
gears. 

Holes  are  drilled  around  the  periphery  of  this  disk,  into 
which  tWo  stop-pins  may  be  fitted;  these  pins  are  set  to  give 
reversal  at  the  desired  point.  This  result  is  obtained  by  hav- 
ing the  pins  strike  lever  C,  which  throws  over  the  clutch  be- 
tween sprockets  A  and  reverses  the  drive.  When  this  is  done, 
disk  B  runs  back  in  the  opposite  direction  until  the  other  pin 
in  the  disk  strikes  lever  C  from  the  opposite  side,  when  the 
clutch  is  thrown  in  the  opposite  direction  and  the  machine 
once  more  reverses.  The  reservoir  in  which  the  screw  rotates 
is  filled  with  a  mixture  of  oil  and  the  finest  grade  of  emery. 
Closely  fitted  to  the  screw  there  is  a  long  nut,  which  is  sup- 
ported by  counterweight  D.  The  nut  runs  up  and  down  the 
screw  with  each  reversal  in  direction  of  rotation;  and  by  hav- 
ing its  weight  removed  from  the  screw,  there  is  no  tendency  to 
introduce  unequal  wear  on  the  screw  thread.  A  stirring  device 
keeps  the  mixture  of  oil  and  abrasive  thoroughly  agitated. 
This  consists  of  a  number  of  small  propeller  blades  mounted 
on  a  vertical  shaft,  which  is  driven  by  the  same  motor  that 
drives  the  machine.    In  this  way  the  lapping  nut  is  constantly 


rig.   9.     Appearance  of  Interference   Fringes  and   Scale   in  Eye-piece  of 

Telescope;  and  Micrometer  Head  for  recentering  Scale  Graduations 

on  Fringes 


Fig.  10.     Diagram  showing  Principle  of  Operation  of  Interferometer  shown 
in  Figs.  11  and  12 

supplied  with  fresh  abrasive,  and  the  fine  particles  of  steel 
and  worn  particles  of  abrasive  are  washed  out  'of  the  nut. 
Anyone  who  is  familiar  with  the  process  of  lapping  a  screw 
knows  what  damage  would  be  done  by  allowing  small  steel 
chips  to  remain  mixed  with  the  abrasive  material,  and  to  avoid 
trouble  from  this  source  several  strong  magnets  are  suspended 
in  the  tank  to  collect  these  chips  as  fast  as  they  are  produced. 
Mention  has  already  been  made  of  the  fact  that  William 
Gaertner  &  Co.  are  prepared  to  furnish  screws  under  a  guaran- 
tee that  the  error  in  lead  does  not  exceed  0.001  millimeter. 
Of  course,  to  give  a  guarantee  with  a  screw  means  that  it 
will  have  to  come  up  to  the  specifications,  and  so  each  screw 
has  to  be  properly  tested  before  it  is  sent  out  from  the  shop. 
Now  to  investigate  the  accuracy  of  a  screw  throughout  itn 
full  length  is  a  tedious  and  laborious  proceeding,  and  is  usually 
left  to  the  scientist  who  is  going  to  use  the  instrument  of 
which  the  screw  forms  a  part.  For  instance,  to  test  a  screw 
for  one  of  the  small  comparators  of  3%  inches  or  80  millime- 
ters range,  employing  the  microscope  method  of  testing,  re- 
quires about  a  month  of  the  observer's  time. 
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Special  Application  of  Interferometer  Principle  for  rapidly  testing  Accuracy  of  Precision  Screws.     This  Test  shows  whether  Error 
Progressive,    and   whether   Maximum   Allowable   Error   is   exceeded,    but   Kesults   are    Qualitative   rather   than    Quantitative 


In  testing  a  screw  in  the  laboratory,  the  work  is  usually 
done  on  the  completed  instrument;  and  a  microscope  of  suit- 
able magnifying  power,  having  a  fine  wire  (spider  thread)  in 
the  eye-piece,  and  an  accurately  divided  scale  are  employed. 
The  microscope  may  be  carried  on  the  slide  which  is  moved 
by  the  screw  or  it  may  be  held  stationary  on  the  frame  of  the 
apparatus  and  the  scale  placed  on  the  slide.  If  the  microscope 
Is  movable,  the  scale  is  placed  on  a  stage  below  and  carefully 
adjusted  to  be  parallel  with  the  axis  of  the  screw.  Suppose  the 
pitch  of  the  screw  is  1  millimeter,  the  scale  will  be  divided 
up  into  spaces  of  0.1  millimeter.  The  microscope  is  focused 
on  the  scale  and  adjusted  so  that  the  spider  thread  in  the  eye- 
piece will  bisect  a  scale  mark.  If  the  screw  head  has  a  grad- 
uated dial  with  100  divisions  and  the  microscope  is  moved  to 
the  next  line  on  the  scale,  the  reading  on  the  dial  should  be 
ten  divisions. 

In  moving  the  microscope  from  line  to  line  on  the  scale,  and 
observing  the  readings  on  the  graduated  dial,  the  screw  is  di- 
rectly compared  with   the  scale.     Any   discrepancy   from   the 


required  readings  on  the  dial  for  each  corresponding  move- 
ment of  the  screw  indicates  an  error.  But  what  about  the 
error  in  the  scale,  and  what  about  the  errors  that  may  be  made 
in  setting  with  the  microscope?  These  are  two  uncertain 
factors  to  be  figured  with.  The  scale  may  be  tested  at  the 
Bureau  of  Standards,  so  that  the  value  of  every  scale  division 
is  known,  and  the  error  of  setting  may  be  eliminated  by  taking 
the  mean  of  a  number  of  readings;  but  anyone  will  see  that 
testing  a  screw  by  this  method  is,  at  best,  a  slow  and  tedious 
proceeding  and  requires  great  patience  and  a  trained  observer, 
so  that  it  would  not  be  suitable  for  use  in  a  shop. 

Another  and  quicker  method  that  has  been  used  is  to  mount 
the  microscope  and  scale  on  two  separate  carriages,  which  are 
moved  by  the  screw,  as  shown  diagrammatically  in  Fig.  7. 
The  microscope  cross-hair  is  adjusted  to  a  scale  mark,  and 
if  the  screw  is  then  turned,  both  the  microscope  and  scale 
should  advance  the  same  amount  if  the  screw  is  free  of  errors, 
and  the  scale  mark  should  remain  in  the  same  position  in  the 
field  of  the  microscope.    Any  shifting  of  the  scale  mark  indi- 


Tig.  12.     Front  View  of  Interferometer  shown  in  Fig.  11.     This  shows  Ways  on  Bed  and  Bearings   which   support   Screw   to   be   tested 
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cates  an  error  in  the  screw,  but  it  will  only  show  the  difference 
in  pitch  of  the  screw  at  the  two  places  on  which  the  nuts 
engage. 

The  most  accurate  and  reliable  method  of  testing  the  errors 
of  a  screw,  or  of  measuring  any  small  unit  of  length,  is  based 
on  the  application  of  iuterference  of  light  waves,  and  this 
method  is  used  in  the  Gaertner  shops.  It  will  be  impossible 
in  this  article  to  enter  into  a  detailed  discussion  of  the  theory 
of  optical  interference,  which  may  be  found  in  any  standard 
book  on  optics.  The  instrument  used  for  testing  by  this 
method  is  known  as  an  "interferometer,"  and  it  is  the  means 
of  obtaining  the  most  accurate  results  in  length  measure- 
ments; this  method  has  become  identified  with  the  name  of 
Prof.  A.  A.  Michelson,  who  has  brought  it  to  its  present  general 
form  and  has  made  the  most  extensive  application  of  it  in  re- 
search work. 

Pig.  8  shows  the  arrangement  of  optical  parts  of  a  simple 
form  of  interferometer.  Light  from  a  source  A  rendered  ap- 
proximately parallel  by  lens  B  is  divided  at  surface  C  of  the 
first  glass  plate  into  two  beams,  one  passing  on  to  mirror  F, 
and  the  other  being  reflected  to  mirror  G.  After  reflection  from 
the  mirrors,  these  beams  of  light  are  reunited  at  C  and  ob- 
served at  H  by  a  low-power  telescope.  The  image  from  mirror 
F  is  seen  in  the  direction  of  CG,  and  attention  is  called  to  the 
fact  that  mirror  G  makes  an  angle  slightly  different  from  90 
degrees  with  F,  thus  fulfilling  the  conditions  of  interference. 
Plate  D  (compensator  plate)  is  of  exactly  the  same  thickness 
as  plate  C,  thus  producing  similar  optical  distances  in  both 
paths  CG  and  CF.  In  the  usual  form  of  interferometer,  mirror 
F  is  held  stationary  and  mirror  G  is  moved  by  means  of  a 
screw.  If  both  the  mirrors  and  plates  are  properly  adjusted, 
there  will  be  seen  at  H  what  are  known  as  interference 
fringes,  which  have  the  appearance  of  bands  of  high  lights 
and  shadows. 

By  adjustment  of  the  mirrors  the  space  between  two  adjoin- 
ing bands  may  be  made  any  desirable  distance,  say  two  to 
five  millimeters.  If  sodium  light  is  used  which  has  a  wave 
length  of  0.000589  millimeter,  the  space  between  two  bands  rep- 
resents one  wave  length,  i.  e.,  0.000589  millimeter,  or  0.000023 
inch.  If  now  the  cross-hair  of  the  telescope  is  adjusted  to  the 
center  of  one  band  and  mirror  G  is  moved  %  wave  length,  or 
0.000294  millimeter,  the  optical  path  CGC  will  be  changed  a 
full  wave  length  and  the  next  adjoining  band  will  appear 
under  the  cross-hair.  If  the  bands  are  adjusted,  say,  5  milli- 
meters apart,  a  travel  of  5  millimeters  in  the  telescope  will 
be  equal  to  a  motion  of  the  mirror  of  0.000294  millimeter,  or 
0.0000116  inch,  from  which  it  will  be  seen  what  a  high  degree 
of  accuracy  is  obtainable  and  that  a  one-millionth  part  of  an 
inch  can  not  only  be  estimated  but  actually  measured. 

Fig.  9  shows  in  diagrammatic  form  the  appearance  of  the 
interference  fringes  in  the  eye-piece  of  the  telescope  when  the 
interferometer  is  adjusted  to  space  these  fringes  at  intervals 
of  5  millimeters.  By  suitable  adjustment,  the  fringes  may  be 
centered  on  scale  graduations,  but  in  order  to  provide  for 
accurately  measuring  any  given  displacements,  the  telescope 
is  provided  with  a  micrometer,  by  means  of  which  the  scale 
can  be  moved  in  the  eye-piece  of  the  telescope.  In  this  way 
the  scale  graduations  can  be  brought  back  to  the  central 
position,  and  the  necessary  movement  to  so  center  the  gradua- 
tions is  indicated  by  the  micrometer  dial.  Error  in  centering 
the  scale  graduations  on  the  interference  fringes  is  eliminated 
by  taking  the  mean  of  a  series  of  readings.  In  testing  screws, 
the  interferometer  is  used  similarly  to  the  microscope  and 
scale.  Fig.  7,  but  instead  of  measuring  the  unit  of  length  on 
the  scale,  light  waves  are  used  and  the  number  of  interference 
bands  are  counted  in  the  telescope  while  turning  the  screw  a 
fixed  amount. 

Every  progressive  instrument  maker  must  have  a  method  of 
testing  which  is  capable  of  giving  absolutely  reliable  infor- 
mation, but  which  is  more  rapid  than  the  one  just  described. 
In  the  Gaertner  shops  such  a  method  is  provided  by  an  appli- 
cation of  the  interferometer  principle,  as  shown  in  Figs.  11 
and  12;  but  probably  a  better  understanding  of  the  method 
of  using  this  apparatus  will  be  gathered  from  the  diagram- 
matic view  in  Fig.  10,  which  shows  the  principle  clearly.  It 
will  be  seen  that  the  equipment  consists  of  a  bed,  in  which 


are  carried  bearings  for  the  screw  to  be  tested.  At  the  for- 
ward end  of  this  bed  there  is  a  stand,  on  which  are  mounted 
two  glass  plates  and  one  mirror,  which  receive  light  from  the 
"sodium"  gas  flame  A;  the  rays  of  light  are  concentrated  by 
means  of  a  lens  B  set  up  in  the  stand  placed  between  the 
light  and  the  first  glass  plate  C  Sliding  along  the  bed  of 
the  machine  are  two  bars,  on  each  of  which  are  supported 
mirrors  F  and  G.  These  mirrors  must  be  carefully  adjusted 
so  that  they  are  exactly  parallel  with  each  other.  Each  mirror 
stand  carries  a  nut  that  consists  of  a  single  point  which  is  a 
close  fit  in  the  thread  of  the  screw  to  be  tested;  and  such  ad- 
justment of  the  apparatus  is  made  that  interference  bands 
appear  in  the  field  of  the  telescope. 

Under  these  conditions,  observation  from  the  eye-piece  of  a 
telescope  at  H  reveals  the  interference  bands,  which  have  the 
appearance  of  vertical  bands  of  high  light  and  shadow.  As 
the  handle  at  the  front  of  the  machine  is  turned,  rotation  of 
the  screw  causes  the  two  bars  supporting  mirrors  /''  and  O  to 
be  traversed  along  the  bed  of  the  machine,  and  in  the  case  of  a 
periodic  error  in  the  screw,  this  results  in  causing  the  central 
fringe  to  first  move  slightly  away  from  a  cross-hair  in  the 
field  of  the  telescope  and  then  return  to  this  cross-hair.  In 
the  case  of  a  progressive  error,  the  central  fringe  also  moves 
away  from  the  cross-hair  in  the  telescope,  but  with  an  error 
of  this  kind  the  fringe  may  continue  to  move  away  instead  of 
returning  to  the  starting  point.  From  the  distance  through 
which  the  interference  fringes  move  in  the  field  of  the  tele- 
scope, the  observer  is  able  to  estimate  the  amount  of  error  that 
exists  in  the  screw  thread,  and  if  this  error  does  not  exceed 
that  which  is  allowable,  the  screw  is  pronounced  ready  for  use. 
If,  on  the  other  hand,  a  considerable  error  is  discovered,  it  is 
necessary  to  correct  this  error  or  make  a  new  screw.  The  ad- 
vantage of  this  method  of  testing  is  that  while  it  is  not  "quan- 
titative," that  is,  does  not  show  the  actual  amount  of  error 
that  exists  at  each  point  on  the  screw  thread,  as  in  the  method 
previously  described,  it  does  afford  a  rapid  method  of  deter- 
mining whether  the  maximum  error  in  the  screw  exceeds  that 
which  is  allowable.  This  is  all  that  the  instrument  maker  is 
interested  in,  and  so  the  interferometer  method  is  the  means 
of  saving  him  the  expense  of  having  men  spend  a  large  amount 
of  time  in  testing  the  accuracy  of  each  screw  by  the  tedious 
micrometer-microscope  method  to  which  reference  has  been 
made. 

*     *     * 

THE  METRIC  SYSTEM  IN  GREAT  BRITAIN 

The  question  of  the  adoption  of  the  metric  system  is  ap- 
parently very  much  at  the  front  in  Great  Britain,  judging  from 
the  comment  in  all  the  British  engineering  journals.  Engineer- 
ing, as  already  mentioned  in  Machineey,  leans  toward  the 
metric  system.  The  Mechanical  World,  in  an  editorial  entitled 
"The  Metric  System,"  while  not  over-enthusiastic  about  the  ex- 
pense that  a  change  in  weights  and  measures  will  bring  with 
it,  nevertheless  states  that  "the  prospects  are  in  favor  of  the 
metricists."  Among  other  bodies,  the  Institution  of  Electrical 
Engineers  in  Great  Britain  has  asked  the  Board  of  Trade  to 
make  the  compulsory  adoption  of  the  metric  system  part  of 
the  new  trade  policy  of  the  British  empire.  The  opposition  to 
the  system,  which  was  very  active  some  ten  or  twelve  years 
ago,  when  the  subject  was  last  seriously  considered,  does  not 
seem  so  active  now.  In  engineering  circles  there  is  apparently 
no  great  enthusiasm  over  the  prospect  of  a  change,  but  rather 
an  evidence  of  grim  determination  to  accept  the  inevitable 
without  making  too  much  fuss.  At  any  rate,  it  seems  to  be 
the  plan  to  make  the  transition  as  gradual  as  possible,  and  this 
is,  indeed,  very  necessary  if  the  industries  are  not  to  be  seri- 
ously upset.  The  bill  that  is  proposed  does  not  make  com- 
pulsory the  use  of  the  metric  system  in  the  manufacturing 
industries,  but  simply  requires  that  trading  must  be  done  in 
the  new  system.  Should  the  British  government  adopt  the 
proposition  to  introduce  the  metric  system  along  these  lines, 
it  will  be  evident  that  the  leaders  of  the  industries  in  Great 
Britain  are  fully  convinced  that  the  step  will  not  be  detri- 
mental to  the  nation,  and  that  there  will  be  a  profit  in  the 
new  system  in  the  long  run,  although  the  expense  at  first  will 
be  heavy. 
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ANALYSIS    OF    CUTTING    ACTION'    IN    RELATION    TO    LUBRICATION 

BY    FBAKK    RICHARDS' 


Fig.  1.     Accepted  Cutting  Action  of  Tool 

THE  articles  in  Machineey  on  "The  Lubrication  of  Cut- 
ting Tools"  are  of  considerable  interest.  The  topic  is 
one  of  the  greatest  importance  and  the  material  pre- 
sented has  evidently  been  carefully  collected  and  compiled. 
While  the  articles  must  have  been  read  with  interest  and 
profit  by  many,  to  me  they  have  been,  perhaps,  more  valuable 
for  the  suggestions  obtained  from  them  than  for  the  actual 
Information  presented. 

I  have  looked  in  vain,  up  to  the  present  time,  for  a  satis- 
factory account  of  the  actual  function  of  a  so-called  "cutting 
tool"  in  the  operation  of  separating  chips  from  the  surface 
of  a  large  body  of  metal,  say  steel,  as  in  an  engine  lathe,  espe- 
cially in  connection  with  modern  high-speed  practice,  and  the 
articles  referred  to  perhaps  leave  more  questions  to  be  an- 
swered than  there  were  before. 

In  any  discussion  intended  to  lead  to  the  establishment  of 
conclusions  acceptable  for  practical  guidance,  nothing  is  of 
more  importance  than  that  the  preliminary  assumptions  be 
correct.  A  false  start  may  not  only  lead  to  grievous  error,  but 
may  lead  us  farther  from  the  truth  we  set  out  to  seek.  So  I 
will  say  frankly  that  at  the  beginning  of  the  article  on  "The 
Lubrication  of  Cutting  Tools"  there  is  one  statement  that  can- 
not possibly  be  correct.  We  are  told  that  the  severing  of  the 
chips  from  the  body  of  the  metal  by  the  thrust  of  the  cutting 
tool  is  essentially  a  shearing  action.  Now,  how  can  this  be  so? 
Pig.  1,  which  is  reproduced  from  the  article  referred  to,  in  the 
January  number  of  Machinery,  cannot  be  said  to  show  any 
shearing  action.  The  essential  characteristic  of  a  shearing 
operation  is  the  sliding  of  two  surfaces  in  contact  with  each 
other  at  the  time  of  severance,  these  surfaces  being  in- 
stantly created  at  the  time  that  the  shearing  takes  place  and 
by  the  act  of  shearing.  Say  that  a  bar  of  metal.  Fig.  2,  is  to 
be  cut  at  A  by  shearing.  The  bar  is  laid  upon  the  lip  of  a 
cutting  shear.  Fig.  3,  and  as  the  shearing  blade  descends  the 
piece  is  cut  off,  being  slid  downward  in  the  manner  shown. 
This,  without  doubt,  will  be  accepted  as  a  simple  and  true  rep- 
resentation of  the  shearing  operation,  and  there  is  nothing 
analogous  to  it  in  the  severing  of  the  chip  by  a  cutting  tool 
on  the  lathe  or  planer. 

Suppose  that  a  heavy  chip,  as  indicated  by  the  dotted  line 
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in  Fig.  4,  is  to  be  taken  off  a  block  of  metal  that  is  securely 
fastened  upon  a  planer  bed.  If  the  action  were  that  of  shear- 
ing, the  entire  slab  would  have  to  be  shoved  off  all  at  once, 
as  in  Fig.  5.  Certainly  nothing  suggestive  of  such  an  opera- 
tion occurs  in  the  severing  of  the  chip.  We  are  assuming  here, 
as  it  does  not  in  any  way  affect  the  fact,  that  the  block  of  metal 
is  stationary  and  that  the  tool  moves,  as  in  a  shaper.  It  might 
be  suggested  that  while  the  shearing  does  actually  take  place, 
as  theorized,  the  shearing  and  the  accompanying  sliding  of 
the  metal  upon  itself  takes  place  only  for  a  short  distance 
at  a  time,  immediately  in  front  of  the  point  of  the  advancing 
tool.  The  portion  of  the  chip  that  is  slid  along  in  the  act  of 
shearing  is  more  or  less  crushed  or  distorted  ahead  of  the 
actual  cut  by  the  pressure  of  the  advancing  shearing  tool,  and 
then  doubles  up  and  scrambles  out  of  the  way  by  the  shortest 
route.  But  even  this  assumption  does  not  seem  tenable,  as 
there  is  no  swelling  of  the  outer  surface  of  the  chip  much  in 
advance  of  the  cut,  which  would  be  characteristic  of  the  opera- 
tion if  the  shearing  assumption  were  correct. 

Referring  again  to  the  block  of  metal,  the  line  AB,  Fig.  6, 
may  represent  the  line  of  cleavage  for  a  thin  chip  or  shaving 
to  be  taken  off  the  surface,  and  the  line  CD  will  represent  a 
much  heavier  chip.  We  may  assume  that  the  metal  of  the 
block  is  entirely  homogeneous,  which  it  practically  is  in  all 
cases  as  far  as  the  cutting  of  it  or  the  making  of  chips  is 
concerned;  consequently,  the  particles  have  the  same  strength 
of  cohesion  along  the  line  CD  as  along  the  line  AB,  and  it 
should  take  no  more  force  to  sever  a  chip  of  the  metal  along 
the  line  CD  than  along  the  line  AB.    Yet  we  know  that  the 
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force  required  is  much  greater  for  the  thicker  chip  and  that 
if  the  chip  were  still  deeper,  as  at  EF,  it  would  be  impossible 
to  make  the  cut  with  any  ordinary  cutting  tool  or  with  the 
power  of  any  ordinary  machine. 

Figs.  7  and  8  will  show  how  and  why  this  is  so.  These 
sketches  are  exaggerated  to  give  an  idea  of  what  takes  place 
at  the  innermost  point  when  the  actual  separating  of  the 
metal  occurs.  The  chip  is  not  simply  lifted  off,  nor  can  it  be 
said  to  be  sheared  off,  as  there  is  relatively  no  sliding  move- 
ment.     It    must    be    actually 


T 


torn  off,  and  a  certain  space 
EI,  Figs.  7  and  8,  say  0.0001 
inch,  may  be  traversed  in 
tearing  before  the  chip  has 
entirely  let  go  its  hold  upon 
the  body  of  metal.  The  strain 
of  tearing,  which  is  continu- 
ous as  long  as  the  machine 
is  In  motion,  may  be  all  the 
way  from  A  to  B  in  each  case 
before  the  chip  has  entirely 
pulled  away. 

Some  idea  of  the  ultimate 
tearing  action  and  the  effect 
of  the  metal-cutting  tool  may 
be  had  in  any  machine  shop 
by  noticing  the  surface  pro- 
duced by  a  fine,  broad-nosed 
tool  with  a  thin  water  cut  on, 
say,  a  large  steel  shaft  in  the 
lathe.  Although,  to  the  eye, 
the  surface  has  a  beautiful 
finish,  it  will  feel  very  differ- 
ent from  a  surface  that  has 
been  polished  by  emery  or 
other  abrasive.  If  the  palm 
of  the  hand  is  moved  over  a 
polished  surface,  it  feels  per- 
fectly smooth,  but  if  the  hand 
is  moved  over  the  water-cut 
surface,  a  certain  roughness 
is  perceptible  —  a  suggestion 
of  minutely  projecting  prick- 
ly points.  These  are  the  sum- 
mits of  the  microscopically 
ragged  peaks  left  in  the  pro- 
cess of  tearing  the  metal 
away.  In  addition,  if  the 
palm  of  the  hand  is  moved 
lightly  around  the  water- 
finished  shaft,  first  in  the  di- 
rection in  which  the  cutting 
tool  has  gone  and  then  in  the 
reverse  direction,  the  surface 
will  feel  as  if  it  is  serrated  or 
saw-toothed.  But  the  most 
curious  thing  is  that  the 
roughness  will  be  found  tq  be 
in  the  opposite  direction  to 
what  we  might  expect.  It 
would  seem  that  if  there  were 
any  difference,  the  surface 
would  feel  smoother  when  go- 
ing over  it  in  the  direction  in 
which  the  tool  has  passed  and 
that  the  invisible  saw-teeth 
would  face  that  way.  But  the 
fact  is  that  they  face  in  the 
other  direction.  With  the  water-cut  surface  on  the  piece  in 
the  lathe  and  with  the  lathe  stopped,  a  person  standing  in 
front  of  the  lathe  will  find  that  the  work  feels  smoother  when 
he  draws  his  hand  toward  him  than  when  he  moves  his  h^nd 
toward  the  back  of  the  lathe. 

In  Figs.  7  and  8,  the  distance  El  from  the  chip  to  the  body 
of  the  metal  at  the  point  where  the  chip  may  be  said  to  have 


entirely  let  go  its  hold  Is  assumed  to  be  the  same  in  each  case. 
Say  that  the  tearing  away  begins  at  A  and  is  c'bmpleted  at  E ; 
then  for  the  entire  distance  from  A  to  E  in  each  case  great 
force  is  required  to  do  the  tearing.  As  the  chip  in  Fig.  7  is 
thin,  it  curls  away  more  quickly,  or  with  a  shorter  radius, 
than  the  thicker  chip  in  Fig.  8.  Consequently,  the  distance  AK 
in  Fig.  8,  through  which  the  force  is  continuously  applied  to 
do  the  tearing,  is  more  than  double  the  distance  from  A  to  E 
in  Fig.  7,  and  more  than  double  the  force  will  be  required 

at  any  instant  to  tear  away  a 
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Figs.  7  to  11.     Diagrams  illustrating  Action  of  Metal  while  being  cut 


continuous  chip. 

In  the  present  discussion, 
it  is  the  heavier  chips  in 
which  we  are  most  interested. 
The  heavy  chip  requires  great- 
er force  because  of  the  slow- 
ness with  which  the  thick 
chip  curls  away  before  the  ad- 
vancing tool.  The  inevitable 
suggestion  follows  that  to  re- 
duce the  power  requirement 
we  should  shorten  the  tear- 
ing away  period  by  curling 
the  chip  with  a  quicker  or 
sharper  curvature.  Of  course, 
if  the  chip  were  very  hot,  it 
would  bend  more  sharply,  so 
that  the  heat  of  the  chip  is  to 
be  regarded  not  as  incidental 
but  as  a  most  essential  condi- 
tion of  high-speed  practice. 
The  hot  chip  necessarily  re- 
quires for  its  production  high- 
speed steel,  the  essential  char- 
acteristic of  which  is  its  abil- 
ity to  retain  a  sufiicient  hard- 
ness at  a  high  temperature. 
The  hot  chip  is  the  most  es- 
sential condition,  and  a  tool 
steel  that  is  hard  while  hot  is 
the  thing  which  makes  it  pos- 
sible. It  is  proper  to  note 
here  that  the  new  non-ferrous 
alloy  stellite  possesses  the 
property  of  cutting-hardness 
while  hot  to  a  degree  far  be- 
yond that  of  any  of  the  hith- 
erto known  high-speed  tool 
steels.  In  competition  with 
the  latter,  in  munition  fac- 
tories in  France,  much  higher 
speeds  have  been  found  pos- 
sible with  an  increased  out- 
put of  50  per  cent  or  more. 
It  will  not  do  to  let  the 
heating  of  the  tool  and  chip 
go  on  unchecked.  The  local 
heating  of  the  chip  for  high- 
speed work  is  essential  at 
the  instant  before  the  tearing 
away  of  the  chip,  and  imme- 
diately after  that  the  heat 
generated  must  be  gotten  rid 
of  as  best  it  may.  The  article 
referred  to  says  that  the  most 
important  function  of  the  so- 
called  "lubricant"  Is  to  secure 
the  cooling  effect.  This  is 
only  partly  true.  It  would  seem,  from  the  view  we  are  here 
trying  to  set  forth,  that  the  cooling  of  the  chip  at  the  actual 
cutting  point  is  most  undesirable,  because  that  would  mean 
at  the  moment  a  stiffer  chip,  a  slower  curling  away,  a  length- 
ening of  the  distance  through  which  the  actual  severing  opera- 
tion takes  place,  a  greater  pressure  on  the  nose  of  the  tool 
to  curl  the  chip  and  roll  it  away,  and  a  greater  power  con- 
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sumption  for  driving.  This  is  corroborated  by  the  experience 
of  Mr.  Taylor,  if  rightly  interpreted.  We  are  told  that  Mr. 
Taylor  found  that  a  heavy  stream  of  water  poured  on  the  chip 
when  it  is  removed  from  the  steel  forging  would  permit  of 
employing  a  higher  cutting  speed,  thus  increasing  the  rate  of 
production  from  30  to  40  per  cent.  This  might  have  been  ex- 
pressed in  quite  a  different  way.  When  the  chip  is  so  cooled 
that  it  is  not  so  flexible  and  so  that,  on  account  of  the  slower 
curling  of  the  chip  away  from  the  v/ork,  the  nose  of  the  tool 
cannot  approach  so  closely  to  the  rupture  zone,  it  is  not 
only  permissible,  but  also  absolutely  necessary  to  increase  the 
running  speed  so  as  to  raise  the  temperature  of  the  chip  again 
to  the  point  at  which  it  will  bend  easily,  thus  reducing  the 
force  required  per  unit  of  surface  traversed. 

While  the  cooling  of  the  chip  at  the  precise  point  where  the 
initial  curling  occurs  is  to  be  avoided  as  much  as  possible,  the 
cooling  of  the  tool  at  the  same  point  is  imperative  for  the 
purpose  of  maintaining  the  temper,  or  the  necessary  hardness, 
to  enable  it  to  stand  up  under  the  working  pressure.  With  a 
speed  suflHcient  to  heat  the  chip  at  the  instant  of  its  curling 
away,  in  spite  of  the  flood  of  lubricant,  the  simultaneous  cool- 
ing of  the  tool  is  necessary,  and  the  temperature  of  the  body 
of  the  work  will  not  be  affected  sufliciently  to  require  much 
consideration,  especially  as  such  a  cut  as  we  here  have  in  mind 
is  not  to  be  regarded  as  a  finishing  cut  that  requires  great 
accuracy.  That  heat  is  generated  when  metal  is  forcibly  torn 
away  is  shown  by  the  abrasive  grinding  wheel.  When  the 
particles  of  metal  are  successively  severed,  they  come  away 
white-hot.  They  are  so  heated,  in  fact,  that  they  are  actually 
burning,  as  is  shown  by  the  scintillations.  So  we  may  sup- 
pose that,  notwithstanding  the  flooding  of  the  chip  with  the 
cooling  liquid,  it  may  be  hotter  at  the  critical  instant  of  rup- 
ture than  we  realize  from  its  appearance. 

We  are  aware  that  the  action  and  reaction  of  tool  and  chip, 
and  the  heating  of  both  in  the  cutting  operation,  is  by  no 
means  as  simple  as  we  have  assumed.  The  heating,  we  may 
believe,  is  not  due  to  the  tearing  of  the  metal,  but  to  the  fric- 
tion and  compression  by  which  the  process  is  accomplished. 
The  resistance  that  the  cutting  tool  opposes  is  not  concentrated 
at  the  extreme  cutting  edge — the  apex  of  the  angle — but  most 
of  it  comes  on  the  beveled  face  back  of  the  cutting  edge.  For 
instance,  in  Figs.  9  and  10,  the  greater  stress  comes  on  the 
surface  of  the  tool  at  A,  where  most  of  the  actual  work  of  the 
tool  is  done,  and  the  necessity  of  lubricating  and  cooling  the 
tool  at  this  point  must  be  self-evident. 

Figs.  9  and  10  illustrate  the  difference  in  chip-curling  effect 
that  may  result  from  differences  in  the  cutting  angle  of  the 
tool.  If  the  work  of  the  tool  is  thought  of  as  actual  cutting, 
like  the  cutting  of  wood,  an  acute  angle  as  in  Fig.  9  will  be 
favored,  but  experience  shows  that  an  angle  even  more  obtuse 
than  that  in  Fig.  10  will  be  more  successful.  In  Fig.  9,  the 
chip  curls  away  more  slowly,  or  with  a  greater  radius  than 
in  Fig.  10,  and  the  distance  AC  through  which  the  ultimate 
tearing  apart  of  the  metal  continues  is  greater,  which  means 
that  a  greater  force  is  required  to  do  the  tearing. 

The  heating  of  the  tool  and  the  chip  is  not  to  be  wondered  at 
when  the  tool  pressure  and  the  rapidity  of  flow  of  the  chip 
at  A  are  taken  into  consideration;  but  another  important  con- 
dition adds  largely  to  the  heating  effect.  This  is  the  rapid 
compression  of  the  chip  under  the  pressure  of  the  tool  and 
the  necessary  distortion  of  the  metal  in  curling-  As  this  curl- 
ing is  accomplished  entirely  by  pressure  on  thfe  outside  of  the 
curve,  the  inevitable  result  is  the  thickening  of  the  flowing 
chip,  as  suggested  by  Fig.  11.  Perhaps  the  best  idea  of  the 
actual  thickening  or  upsetting  of  the  chip  is  to  be  had  by 
standing  in  front  of  a  lathe  in  motion  and  noting  the  slowness 
of  the  chip  movement  as  compared  with  the  circumferential 
speed  of  the  piece  from  which  the  chip  is  being  peeled. 

It  might  be  remarked  in  criticism  of  the  preceding  that  we 
have  left  little  or  nothing  for  the  sharp  edge— the  extreme 
apex  of  the  cutting  angle  of  the  tool — to  do.  That  it  has  com- 
paratively little  of  the  heavy  work  to  do  is  shown  by  the  con- 
dition of  a  tool  after,  say,  an  hour  of  heavy,  high-speed  cut- 
ting. This  "cutting  edge"  may  not  really  have  much  to  do 
with  the  actual  severing  of  the  chip  from  the  body  of  the 


piece,  but  it  still  has  its  necessary  share  of  the  work  in  shav- 
ing off  the  minute  projections  of  the  surface  left  after  the  tear- 
ing away  of  the  chip. 

*     *     * 

CADILLAC   MOTOR   CAR   CO.'S   NEW 
EMPLOYMENT  POLICY 

The  Cadillac  Motor  Car  Co.,  Detroit,  Mich.,  has  issued  the 
accompanying  announcement  of  an  important  new  policy,  to 
all  its  employes,  which  doubtless  will  be  adopted  by  many 
other  manufacturers.  It  should  work  no  hardship  on  any  per- 
son of  foreign  birth  who  intends  to  make  this  country  his 
home.  The  policy  is  in  line  with  that  which  requires  employes 
of  foreign  birth  to  learn  to  speak  and  read  the  English  lan- 
guage in  order  to  be  promoted.  One  large  western  manufac- 
turer has  for  a  long  time  made  it  conditional  to  advancement 
that  its  foreign  born  employes  learn  to  speak  and  write  Eng- 
lish; they  thereby  become  acquainted  with  American  institu- 
tions and  are  more  worthy  of  trust  and  responsibility. 

AMERICANS    FIRST 

The  Cadillac  Motor  Car  Company 

makes  this  announcement  of  a  new  and 
important  policy  to  all  its  employes: 


FROM  andaf'terthisdate 
promotions  to  positions 
of  importance  in  the  organ- 
ization of  this  Company 
will  be  given  only  to  those 
who  are  native  born  or 
naturahzed  citizens  of  the 
United  States,  or  to  those 
of  foreign  birth  who  have 
reh'nquished  their  foreign 
citizenship,  and  who  have 
filed  with  our  Government 
their  first  papers  applying 
for  citizenship,  which  appli- 
cation for  citizenship  must 
be  diligently  followed  to 
completion. 


Detroit',  Michigan 
March   S3,  1917 


Employes  of  foreign  birth 
who  retain  their  foreign 
citizenship  will  not  be  dis- 
criminated against  in  their 
present  positions  or  work, 
but  they  will  not  be  pro- 
moted to  positions  of  re- 
sponsibility and  trust. 

A  pre-requisite  to  em- 
ployment by  this  Company 
must  be  loyalty  to  our 
Government  and  our  flag, 
in  addition  to  loyalty  to  the 
Company  itself 

All  department  leaders 
are  authorized  to  make  this 
order  effective  immediately . 

C\DiLi.AC  Motor  C\r  Comp.vny 


PROPOSAL  FOR  METRIC  SYSTEM  IN 
GREAT  BRITAIN 

According  to  the  Railway  Review,  the  Associated  Chambers 
of  Commerce,  an  organization  of  British  business  houses,  has 
drafted  a  bill  which  is  designed  to  establish  the  metric  system 
as  a  standard  of  measurement  in  Great  Britain.  This  bill  is 
now  being  circulated  throughout  the  country  for  considera- 
tion and  criticism.  It  appears  that  a  considerable  part  of  the 
opposition  to  the  metric  standard  originated  in  the  fear  on 
the  part  of  some  British  manufacturers  that  the  compulsory 
adoption  of  the  metric  system  will  necessarily  involve  the 
immediate  scrapping  of  all  their  existing  machines,  patterns, 
tools  and  other  workshop  standards.  Such  a  thing  has  not 
happened  in  any  other  country  which  has  adopted  the  metric 
system,  but  those  who  drafted  the  proposed  bill  have  incor- 
porated provisions  which  are  designed  to  overcome  objections 
of  this  kind.  A  clause  is  inserted,  therefore,  which  covers  the 
situation  in  the  following  language:  "Provided  that  nothing 
in  this  act  shall  affect  the  manufacture  or  usa  of  any  ma- 
chinery, tool,  pattern,  sieve,  templet,  or  other  article  made  by 
measures  other  than  metric  measures."  The  passage  of  an 
act  so  worded  would  thus  mean  that  while  it  would  be  re- 
quired to  buy  and  sell  goods  to  metric  standards,  the  existing 
weights  and  measures  could  be  used  for  manufacturing  pur- 
poses until  it  became  more  convenient  to  change  them. 
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DESIGN.    CONSTRUCTION..  OPERATION.    TOOL    EQUIPMENT    AND    ATTACHMENTS 


BY    DOUGLAS   T.    HAMILTON - 


Fig.   1.     Front  View  of  Gridley  Multiple-spindle  Automatic  Screw   Machine 


of  the  turret  slide  to  the  spindle 
carrier.  While  the  turret  slide 
proper  does  not  rotate  with  the 
spindle  carrier,  the  latter,  in  ad- 
dition to  rotating  in  the  casing, 
also  rotates  within  the  turret 
slide.  In  other  words,  the  end 
of  the  spindle  carrier  forms  a 
shaft  or  bearing  on  which  the 
tool-slide  is  supported.  This  in- 
sures that  the  spindle  carrier 
and  turret  slide  will  always  be 
in  perfect  alignment. 

The  turret  slide  has  four  stand- 
ard tool  positions;  these,  instead 
of  being  located  on  the  flat  faces 
of  the  turret,  are  located  on  the 
four  corners,  which  are  machined 
to  provide  a  narrow  base  and 
also  to  form  a  T-slot  for  clamp- 
ing the  tools  in  position.  Thus 
the  turret  tool-holders,  instead  of 
fitting  on  a  flat  face,  fit  on  two 
angular  surfaces,  forming  an  in- 
cluded angle  of  90  degrees.  It 
is  therefore  possible  to  get  more 
accurate  alignment  of  the  turret 
tools    with    the    spindle    than    it 


THE  Gridley  multiple-spindle  automatic  screw  machine, 
the  first  size  of  which  was  designed  and  built  in  1908  by 
George  O.  Gridley,  was  constructed  around  the  turret 
principle  originated  in  the  single-spindle  machine  described 
in  the  May  number  of  Machinery.  There  are,  however,  cer- 
tain modifications  in  the  multiple-spindle  machine  that  adapt 
it  for  handling  more  than  one  bar  at  a  time.  The  turret  de- 
sign differs  in  that,  instead  of  having  independent  tool-slides 
moving  in  a  longitudinal  direction,  the  entire  turret  moves 
longitudinally,  bringing  the  various  end-working  tools  into 
operation  on  the  work.  There  are  other  important  differences 
in  this  machine,  which  will  be  dealt  with  in  the  following. 


Principle  of  Design 

The  chief  feature  in  the  design  of  the  Gridley 
spindle  automatics  is  the  spindle 
carrier,  and  the  mounting  of  the 
tool-slide  on  it,  which  does  not 
necessitate  any  overhanging  of  the 
turret  tools,  and  consequently  en- 
ables the  machine  to  stand  up  under 
heavy  cuts  and  coarse  feeds  without 
perceptible  chatter.  In  construc- 
tion, this  machine  comprises  four 
work-spindles,  which  are  held  in  a 
spindle  carrier;  these  spindles  are 
rotated  by  spur  gears  from  a  cen- 
tral gear  on  the  shaft  that  runs 
the  entire  length  of  the  machine 
and  passes  completely  through  the 
spindle  carrier.  The  spindle  carrier 
is  indexed  to  bring  the  bars  suc- 
cessively into  line  with  the  various 
tools  on  the  turret  slide,  by  means 
of  a  Geneva  stop  mechanism,  which 
will    be    described    in    detail    later. 

One   of   the   most   important   fea- 
tures of  this  machine  is  the  relation 


multiple- 


would  be  with  a  T-slot  alone,  and  as  all  of  the  turret  tool- 
holders  are  bored  out  in  position  on  the  machine,  accurate 
alignment  between  the  tool-holders  and  spindles  is  easily 
secured. 

Reference  to  Figs.  1  and  2  will  show  that  the  turret  slide, 
in  addition  to  being  rigidly  supported  on  the  extended  end  of 
the  spindle  carrier,  is  guided  by  an  arm  that  moves  on  a  top 
guide,  fastened  to  a  bracket  extending  from  the  spindle  end 
to  the  power  end  of  the  machine.  Like  the  single-spindle  ma- 
chine, this  machine  has  one  main  cam-shaft  carrying  drums 
for  advancing  and  returning  the  turret  slide,  indexing  the 
spindle  carrier,  etc.  The  cross-slides,  however,  are  operated 
by  a  separate  cam-shaft  located  at  right  angles  to  the  first  one, 
and  driven  from  it  by  bevel  gears,  as  will  be  described  subse- 
quently. 


^  For  other  articles  on  automatic  screw  m:i- 
cbine  practice,  see  "Gridley  Automatic  Tur- 
ret Lathe,"  in  the  May,  1917,  number,  and 
articles  there  referred  to. 

2  Address:  Fellows  Gear  Shaper  Co..  Spring- 
field, Vt. 


Fig.   2.     Rear  View  of  Gridley  Multiple-spindle  Automatic  Screw  Machine 
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Fig.    3.     Viev 


showing   Spindle   Carrier   and    Turret   Slide    removed    from 
Machine 


As  all  the  turret  tools  are  at  work  on  different  bars  at  the 
same  time,  it  is  obvious  that  the  time  required  to  produce  one 
piece  is  only  that  necessary  for  performing  the  longest  single 
operation  plus  the  time  required  for  moving  the  turret  slide 
away  from  the  work,  revolving  the  spindle  carrier  one-quarter 
revolution,  and  moving  the  turret  slide  forward  again  to  bring 
the  tools  into  the  cutting  position.  There  are  cases,  however, 
where  the  longest  single  operation  is  accomplished  from  the 
cross-slide,  and  in  this  case,  of  course,  the  time  required  for 
the  cutting-off  or  forming  operations  plus  the  idle  movements 
just  mentioned  would  be  the  total  time  to  make  one  piece. 
With  a  separate  arrangement  of  stops,  as  will  be  described 
later,  it  is  possible  to  use  all  four  faces  of  the  turret  for  carry- 
ing end-working  tools,  and  the  turret  is  so  designed  that  one 


carrier  one-quarter  revolution.  These  two  bearings,  as  hae 
been  previously  mentioned,  rotate  inside  a  casing,  and  carry 
the  four  work-spindles,  which  are  driven  by  gears  A,  from  a 
central  shaft  A^,  Fig.  6,  as  will  be  described  later.  On  each 
spindle  is  a  gear  that  meshes  with  the  central  gear,  and  rotates 
continuously. 

The  turret  slide  proper  B,  Fig.  3,  moves  back  and  forth  on 
the  extended  part  of  the  spindle  carrier  B,.  The  turret  B  is 
of  square  section  and  is  provided  with  T-sIots  at  its  four  cor- 
ners for  clamping  the  turret  tools  in  position.  Fastened  to  the 
rear  end  of  the  turret  is  a  bracket  B,  that  is  used  to  guide  the 
turret  in  correct  alignment  with  the  axis  of  the  spindle,  this 
arm  being  controlled  in  its  position  by  a  guide  fastened  to 
the  overhead  bracket  running  from  the  feed  end  to  the  spin- 
dle end  of  the  machine.  The  spindle  carrier  also  carries  a 
spider  S3  having  four  adjusting  screws,  and  lock-nuts  B„  which 
control  the  forward  movement  of  the  forming  slide  when  it 
is  desired  to  form  to  unusually  accurate  diameters. 

Construction  of  Work-spindles 

The  work-spindles,  as  shown  in  the  sectional  view  in  Fig.  4, 
comprise  a  steel  sleeve  G  that  extends  through  the  work-spindle 
carrier  and  is  supported  in  long  phosphor-bronze  bearings  C, 
extending  the  full  length  of  the  carrier.  These  bearings  are 
keyed  to  the  spindle  carrier  and  are  provided  with  liberal  oil- 
grooves.    A  sleeve  d  surrounds  the  bearings  C„  fitting  closely 


TOP  SECTION  SHOWING  CHUCK  CLOSED 


USHER  OUT 


^larftinrry 


4.     Section    through    Work-spindle,    showingr    Chuck-closing   and    Stock-feeding  Mechanism.     Note  that  Stock-feeding  and  Chuck-closing  Mechanisms 
are  shown  in  Forward  and  Sear  Positions — Upper  Section  shows  Chuck  closed  and  Feed  Pusher  withdrawn,  and  Lower  Section  shows  Chuck 

Open  and  Feed  Pusher  advanced 


tool  can  be  placed  behind  the  other  on  the  same  corner  for 
performing  operations  on  long  work  or  for  doing  drilling  and 
turning  operations  at  the  same  time.  This  is  obviously  an 
advantage  where  a  considerable  number  of  operations  are 
necessary  to  complete  the  part  being  made.  The  turret,  of 
course,  is  not  indexed,  but  is  simply  moved  back  and  forth  to 
bring  the  tools  into  and  out  of  contact  with  the  work.  The 
spindle  carrier  is  indexed  one-quarter  revolution  for  each  ad- 
vance of  the  turret  slide,  a  piece  being  finished  and  cut  off  at 
each  advance  of  the  slide. 

Spindle   Carrier  and  Turret   Slide 

The  spindle  carrier  and  turret  slide  are  shown  removed  from 
the  machine  in  Fig.  3,  where  it  will  be  noticed  that  these  two 
members  are  tied  together.  The  spindle  carrier,  as  has  been 
previously  mentioned,  consists  of  a  drum  provided  with  bear- 
ings A  and  A,  and  an  extended  central  part  on  which  is 
mounted  the  tool-slide.  Bearing  A  carries  hardened  and 
ground  blocks  A^,  in  which  the  locking  pin  enters  for  locating 
the  spindle  carrier  in  line  with  the  various  tools  on  the  turret 
slide;  whereas  bearing  A^  is  provided  with  hardened  and 
ground  guide  blocks  A,,  in  which  the  roll  in  connection  with 
the  Geneva  stop  mechanism  enters  for   indexing  the  spindle 


between  the  cheeks  or  bearing  surfaces  of  the  spindle  carrier, 
and  acts  as  an  oil  reservoir  for  the  spindle  bearings.  The 
front  end  of  spindle  C  is  threaded  and  the  nose  cap  C,  is 
screwed  on;  this  nose  cap  is  of  the  type  which  closes  the 
chuck  when  the  latter  is  forced  into  it.  Located  between  the 
shoulders  on  spindle  C  and  bearing  d  is  a  steel  and  phosphor- 


Detailed  View  of  Spindle  Carrier,   showing  Bearings  and  Oil 
Ketaining  Sleeve  removed 
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Fig.  6,     Dismantled  Viev 


of  Cylinder,  showing  Driving  Gears  for  Work- 
spindle 


End  View  of  Machine,  showing  Chuck-closing  and  Stock-feeding 
Mechanism 


bronze  ring  that  takes  the 
end  thrust.  The  rear  end  of 
the  spindle  carries  the  driv- 
ing gear  A,,  which  is  keyed 
to  tlie  spindle.  Between 
bearing  Ci  and  gear  A,  is  a 
bronze  thrust  washer.  The 
construction  of  the  spindle 
bearings  is  more  clearly  illus- 
trated in  Fig.  5,  where  one  of 
the  bearings  is  shown  ready 
to  be  inserted. 

The  spring  collet  C^,  Fig.  4, 
which  is  of  the  push  type, 
carries  bushings  as  illus- 
trated, except  on  the  %-inch 
size,  so  that  one  collet  can  be 
used  for  several  different 
diameters  of  stock.  This  col- 
let is  closed  on  the  work  by 
being    forced    into    the    nose 


Fig.  8.     End  View  of  Machine,   showing  Feed  Pusher  withdrawn 


cap  Ca  by  a  sleeve  d  that  ex- 
tends through  the  work-spin- 
dle and  has  a  collar  on  its  rear 
end  against  which  the  short 
arm  of  closing  fingers  O,  con- 
tacts. These  closing  fingers 
are  carried  in  a  collar  that  is 
attached  to  the  rear  end  of 
the  work-spindle  and  have 
rollers  on  their  long  arms 
which  contact  with  the  spool 
Cg  that  is  moved  back  and 
forth  for  opening  and  closing 
the  chuck. 

The  stock  is  fed  forward  by 
means  of  a  feeding  finger  or 
pusher  C^  which  is  provided 
with  bushings  on  the  larger 
sizes  of  machines.  This  is 
screwed  into  a  pusher  sleeve 
C,„     that     passes     completely 


Fig.   9.     End   View  of  Machine,    showing  Feed  Pusher   advanced 


Fig.   10.     Swinging  Stop  for  gaging  Stock  to  Lcnftli 
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Fig.   11.     Type  of  Stop 


in  Fourth  Position  on  Turret 


through  the  spindle  of  the  machine;  it  is  withdrawn  by  a  cam 
on  the  drum  located  at  the  left-hand  end  of  the  machine,  and 
is  advanced  by  a  weight  and  cam  follower. 

Chuck-closing'  Mechanism 

As  has  been  previously  mentioned,  the  collet  or  chuck  is 
closed  by  means  of  a  sliding  sleeve  that  receives  motion  from 
fingers  held  in  a  collar  attached  to  the  rear  end  of  the  spindle. 
These  fingers,  in  turn,  are  operated  upon  by  a  spool  Cg,  which 
is  free  to  slide  on  the  spindle  proper.    The  forward  end  of  the 


Fig.  12.     Stop  shown  in  Fig.  11  in  Position  when  Cut-off  Slide  is  advanced 

spool  has  a  groove  in  it  in  which  a  forked  lever  D„  Fig.  7, 
fits  when  the  cylinder  head  indexes  the  spindle  around  to  the 
fourth  or  stock-feeding  position.  A  drum  cam  D,  Fig.  8,  held 
on  the  main  cam-shaft  D^,  carries  cams  for  operating  forked 
lever  D^,  cam  D,  acting  to  force  spool  Cg  under  the  chuck- 
closing  fingers,  and  cam  D„  withdrawing  it.  Lever  D^  is  re- 
tained on  shaft  Dj,  which  has  a  key  Z)„,  Fig.  9,  extending  its 
entire  length,  so  that  the  fork  can  slide  back  and  forth,  but 
cannot  rotate.  When  the  spool  is  removed  from  beneath  the 
finger  rolls,  the  latter  collapse  and  allow  the  chuck-closing 
sleeve  to  be  forced  back  by  the  spring  temper  in  the  chuck. 


thus  opening  it  and  allowing  the  work  to  be  fed  forward. 
When  setting  up  the  machine  the  chuck  can  be  operated  by 
hand-lever  />„. 

Operation  of  Stock-leeding:  Mechanism 

The  stock-feeding  mechanism,  as  has  been  previously  de- 
scribed, consists  of  a  feeding  finger  or  pusher  attached  to  a 
tube.  This  tube,  as  shown  in  the  sectional  view  Fig.  4,  extends 
completely  through  the  spindle  of  the  machine  and  at  the 
rear  end  is  provided  with  a  collar  against  which  the  operating 
arms  work.  As  shown  in  Figs.  7  and  9,  two  arms  are  required 
for  operating  the  stock  pusher.  Both  these  arms  are  held  on 
shaft  Db,  being  free  to  slide  upon  it  but  prevented  from  turn- 
ing by  the  key  D^.  Arm  D„  which  is  used  for  withdrawing, 
is  operated  by  cam  D^  on  drum  D,  this  arm  carrying  a  roll 


Fig.    13.     Detailed    View. 
Spindle  Carrier.     Viev 


showing    Geneva    Stop    Mechanism    for   indexing 
shows  Position  of  Arm  just  after  indexing 


that  contacts  with  the  cam  face.  Arm  23„,  which  also  carries 
a  roll  Z>i„,  is  used  for  forcing  the  pusher  forward  to  advance 
the  stock,  the  roll  being  kept  in  contact  with  the  cam  face  on 
the  rear  end  of  drum  D  by  a  weight.  As  previously  men- 
tioned, the  weight  is  depended  upon  to  advance  the  stock. 
Drum  D  also  carries  safety  cams  Du  and  D,2,  Fig.  8,  for  the 
chuck-closing  and  stock-withdrawing  arms,  respectively.  In 
order  to  prevent  the  stock  pushers  from  gradually  working 
out  of  the  spindles  when  the  bar  becomes  short,  a  star  D,, 


Fig.   14.     Another  View  of  Splndle-carrier  Indexing  Mechanism,   showing 
Guard  over  Locking  Bolt  for  retaining  Spring 
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front  of  the  cutling-off  tool-holder  in  Fig.  12.  When  using  an 
eiul-working  tool  in  the  fourth  position,  it  is  also  necessary  to 
chaiiKe  the  cams  on  the  turret  slide  drum,  as  will  be  described 
Hubsofiuently. 

Indexintf  and  Locklner  Mecbanistu  for  Bijlndle  Carrier 

The  mechanism  for  indexing  the  spindle  carrier  is  con- 
structed on  the  principle  of  the  Geneva  stop  mechanism.  This 
is  illustrated  clearly  in  Figs.  13,  14  and  15.  Shaft  D„  which 
carries  the  drum  for  operating  the  chuck-closing  and  stock- 
feeding  mechanism,  has  an  arm  F  pinned  to  it,  as  shown.  This 
lever  carries  a  cam  F,,  which,  through  a  bellcrank  lever  l'\, 
fulcrumed  to  the  frame  of  the  machine  and  carrying  a  roll  on 


Fig.   15. 


ng  Indexing  Arm  about  to  index  Spindle  Carrier  with 
Locking  Pin  withdrawn 


having  four  arms  is  used  as  a  back  stop;  when  it  is  desired  to 
remove  the  stock  pushers,  this  is  done  by  simply  taking  out 
a  plug  and  swinging  the  star  stop  around. 

Operation  of   Stock  Stops 

As  has  been  previously  mentioned,  the  feeding  of  the  stock 
on  the  Gridley  automatics  is  carried  on  in  the  fourth  position, 
and  a  stop  controls  the  distance  the  stock  is  fed  out,  as  shown 
in  Fig.  10.  This  stop  consists  of  a  bellcrank  arm  E  fulcrumed 
on  a  post  and  carrying  an  adjustable  stop  proper  E^.  The 
other  end  of  this  lever  is  provided  with  a  cam  surface, 
which  is  kept  in  contact,  by  a  spring,  with  the  rear  face  of 
the  bevel  gear  E^  that  is  used  for  driving  the  cross-slide  drum. 
On  the  rear  face  of  the  gear  is  a  cam  projection  E,  which 
swings  the  stop  E  into  the  feeding  position  when  the  stock  is 
about  to  be  fed  forward. 

When  It  is  desired  to  use  an  end-working  tool  in  the  fourth 
position,  which  is  in- 
terfered with  by  the 
stop,  a  special  stop 
£,  held  on  the  cut- 
off slide,  as  shown  in 
Figs.  11  and  12,  is 
used.  This  stop  is 
fastened  to  the  front 
face  of  the  cut-off 
slide  and  consists  of 
a  bracket  having  one 
arm  that  extends  in 
front  of  the  chuck. 
When  it  is  desired  to 
use  a  drill,  reamer 
or  other  tool  in  the 
fourth  position,  a 
hole  is  drilled 
through  the  stop 
bracket,  which  is 
elongated  so  that  the 
tool  can  pass  througli 
the  stop  and  operate 
on  the  work.  The 
necessity,  of  course, 
for  elongating  the 
hole  is  to  allow  for 
the  backward  and 
forward  movement  of 
the  cut-off  slide.  This 
particular  stop  is 
shown  in  the  posi- 
tion   it    occupies    in 
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Fig.   17.     View  showing   Operator  putting  Change-gears  into  Place 


Figr.   16,     Partially  Dismantled  View  of   %-inch   Machine,    showing  Power- 
feed  Mechanism.     Note  that  No  Idler  Gear  is  used  on  Fast-speed 
Mechanism 

each  arm,  withdraws  the  locking  pin  F,.  As  shown  in  Fig.  14, 
this  locking  pin  is  enclosed  inside  a  cap,  and  a  heavy  colled 
spring  keeps  the  locking  pin  forward  when  not  acted  upon  by 
the  bellcrank  lever. 

The  revolving  of 
the  spindle  carrier 
is  accomplished  by 
lever  F  which,  on  its 
upper  end,  carries  a 
roll  F,  that  enters 
Ijetween  the  two 
guide  blocks  A3 
fastened  to  the  faces 
of  the  spindle  car- 
rier, as  previously 
described  in  connec- 
tion with  Fig.  3. 
This  mechanism  is  so 
set  that  the  foil  on 
lever  F  enters  be- 
tween the  guide 
blocks  at  the  precise 
moment  that  the 
locking  pin  is  re- 
moved from  the  spin- 
dle carrier.  The  in- 
dexing movement  is 
gradually  increased 
near  the  center  and 
decreases  as  it  leaves 
the  center,  so  that 
there  is  no  jar  either 
in  starting  or  stop- 
ping. It  is  also  posi- 
tive and  accurate. 
The  indexing  is 
done    on    fast    speed. 


June,  1917 


MACHINERY 


863 


Operation  of  Main  Cam-shaft,  Turret  Slide.  Work-spindles. 
Threading-  Spindle,  and  Forming-  and  Cuttlng-off  Slides 

Power  for  operating  the  various  mechanisms  of  the  Gridley 
multiple-spindle  automatic  for  the  belt-driven  type  of  ma- 
chine is  secured  through  a  pulley  O  and  two  change-gears 
G,  and  G2,  as  shown  in  Figs.  16  and  17;  in  Fig.  17  the  opera- 
tor is  putting  the  change-gears-  into  place.  To  remove  these 
two  gears  it  is  necessary  to  release  the  clamping  screw  on 
arm  G^,  pull  it  around,  drop  it  out  of  the  way,  and  then  re- 
move the  pulley.  The  changing  of  these  gears  directly  affects 
the  spindle  speed  and,  during  the  slow  or  working  movements, 
the  speed  of  the  cam-shaft,  although  this  member  is  subject 
to  a  separate  control  by  a  change-gear  box. 
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Fig.    18.     Partially  Dismantled  Vie' 
shaft,    Work-spindle   a 


3.   showing   Gear  Drive   for   Mail 
id   Threading   Mechanism 


Cam- 


The  gear  G^  on  the  pulley  shaft  drives  change-gear  G^  on 
shaft  Gt,  Fig.  18.  The  pulley  shaft  also  carries  a  bevel  pinion 
Gi,  which  drives  the  pinion  G,  that  controls  the  fast  and  slow 
speed  movements,  to  be  described  later.  Gear  G,  is  directly 
located  on  the  spindle  drive-shaft  G„  which  carries  a  worm  0, 
meshing  with  worm-wheel  Gg  on  the  feed-gear-box  shaft. 
The  shaft  that  carries  gear  Gj  also  carries  twin  thread- 
ing  gears    Go   and    Gio   and    a       

clutch  G„.  Shaft  G,  extends 
through  the  axis  of  the  spin- 
dle carrier  and  drives  the 
work-spindle. 

The  gear-box  shaft  G,2  has 
a  keyway  in  it,  as  shown,  and 
a  gear  (not  shown)  supported 
by  bracket  G^,  Fig.  19,  slides 
on  this  shaft.  This  bracket 
also  carries  an  idler  gear  Gjj, 
which  is  constantly  in  mesh 
with  the  gear  on  the  gear-box 
shaft.  Bracket  Gj„  to  which 
lever  Hi  is  attached,  carries 
three  gears  Gu,  and  worm- 
shaft  H2  carries  a  cluster  of 
six  gears  H,  and  a  ratchet  and 
pawl,  not  shown.  This  shaft 
continues  through  the  ma- 
chine, and,  as  shown  in  Fig. 
20,  carries  a  worm  H,  for 
driving  the  worm-wheel  H^ 
that  rotates  the  main  cam- 
shaft J.  The  three  gears  on 
arm  G,^,  Fig.  19,  and  the  six 
gears  on  worm-shaft  H2,  pro- 
vide eighteen  changes  of  speed 
for  the  main  cam-shaft,  irre- 
spective of  the  speed  of  shaft 


Fig.    20.     Partially   Dismantled  View,    showing   Gears   and   Clutch  for 

operating  Main  Cam-shaft  at  Fast  Speed  for  accomplishing 

Idle   Movements 


Fig.    19.     Operator  shifting  Position  of  Gears  in  Change-gear  Box 

Gt,  Fig.  18.    These  speed  changes  are  effected  by  manipulating . 
levers  H  and  Hi.     Gear  G,5  is  meshed  with  any  of  the  three 
gears  Gu,  and  the  largest  of  the  three  gears  G„  is  meshed  -with 
any  of  the  six  gears  i/-. 

The  functions  of  the  two  levers  H  and  Ht,  while  both  con- 
trolling the  speed  of  the  main  cam-shaft,  during  its  slow  or 
working  time,  differ  in  that  lever  H  provides  for  the  use  of 
the  three  separate  cams  on  the  turret  slide  drum.  The  various 
sizes  of  machines  are  provided  with  three  cams,  giving  leads 
in  a  constant  ratio;  for  example,  on  the  3/4-inch  size,  the 
cams  give  leads  of  11/2,  3  and  4  9/16  inches.  These  cams,  of 
course,  cover  the  same  section  of  the  circumference  of  the 
cam  drum,  but  the  3-inch  cam  advances  the  turret  slide  twice 
as  far  as  the  1 1/2-inch  cam  in  the  same  arc  of  rotation  of 
the  cam  drum.  The  throw  of  the  cam,  and  the  speed  at  which 
it  is  rotated,  controls  the  feed  of  the  turret  slide  in  relation 
to  the  speed  of  the  work,  so  that  by  changing  the  levers  previ- 
ously referred  to,  the  feed  is  varied.  This  change  can  be  made 
while  the  machine  is  in  operation. 

The  idle  movements  of  the  machine  are  operated  at 
a    faster    speed    than    that    at    which    the    cam-shaft    rotates 

when  the  tools  are  cutting.* 
This  is  accomplished  by  a 
separate  driving  mechanism. 
Fig.  20.  Miter  gear  G,  on  the 
pulley  shaft  drives  G,,.  The 
shaft  carrying  gear  G„  extends 
to  the  rear  of  the  machine 
and  carries  a  gear  1.  which 
through  an  idler  i,  drives  gear 
L  on  the  worm-shaft.  This 
shaft  carries  the  Johnson 
clutch  I3,  which  can  be  oper- 
ated by  hand-lever  7,  or  by 
dogs  held  on  turret  drum  ./. 
The  high-speed  dog  is  set  at 
the  high  point  of  the  lead 
cam,  and  the  slow-speed  dog 
is  adjusted  in  the  key-slot  in 
cam  drum  J,  so  that  the  drum 
runs  at  high  speed.  Now 
when  the  Johnson  clutch  is 
brought  into  engagement  with 
Uie  fast  speed  gears,  it  drives 
the  worm-shaft  so  fast  that 
this  shaft  runs  away  from  the 
pawl  on  the  outer  end  of 
shaft  H.,.  Fig.  19.  Gears  /. 
7,  and  I^  then  drive  the  cam- 
shaft at  high  speed  to  take 
care   ot    the    idle   movements. 
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HIGH-WATER  MARK  FOR  MACHINE  TOOLS' 

The  war  period  has  witnessed  an  unprecedented  increase  in 
the  number  of  American  machine  tool  builders,  but  this  in- 
crease has  been  in  proportion  to  normal  requirements  except 
in  the  manufacture  of  engine  lathes.  Figures  recently  com- 
piled by  Machinery  show  that  110  manufacturers  had  in  the 
last  three  years  taken  up  the  production  of  engine  lathes,  in 
addition  to  about  40  such  manufacturers  previous  to  the  war. 
Of  the  110  new  manufacturers,  29  have  discontinued  the  pro- 
duction of  lathes,  24  expect  to  discontinue,  and  57  expect  to 
continue,  more  than  doubling  the  number  in  business  before 
the  war.  Of  the  110  concerns,  67  were  building  standard  lathes, 
and  43  single-purpose  or  shell  lathes;  48  of  the  110  were  build- 
*ing  on  contract  for  established  lathe  manufacturers,  or  for 
dealers,  and  62  for  the  general  market. 

It  is  not  easy  to  shift  from  one  product  to  a  radically  differ- 
ent one  and  back  again;  but  some  manufacturers  have  made 
money  by  doing  this,  and  have  now  abandoned  the  lathe  busi- 
ness for  their  original  product,  or  for  some  other.  Few  of 
these  have  been  so  fortunate  as  a  New  England  concern  identi- 
fied for  more  than  a  generation  with  a  well-known  product 
in  no  way  related  to  machine  tools.  This  concern  is  said  to 
have  received  orders  for  about  $250,000  worth  of  lathes  from 
one  dealer  and  for  another  $25,000  worth  on  their  own  account. 
On  all  this  business  they  realized  a  handsome  profit,  and  when 
they  decided  to  give  up, the  manufacture  of  lathes  they  made 
an  additional  profit  on  the  sale  of  planers,  milling  machines 
and  other  tools  which  were  bought  to  handle  the  lathe  work, 
and  which  had  advanced  in  price  so  that  they  could  be  sold 
second-hand  for  more  than  they  cost  new  at  the  time  they 
were  bought. 

Although  the  sales  of  lathes  far  outnumber  those  of  any 
other  machine  tool,  there  is  no  line  in  which  there  is  such 
strenuous  competition,  and  as  we  return  to  normal  conditions 
it  will  be  increasingly  difficult  for  new  and  unknown  concerns 
to  turn  over  their  product  at  a  profit  in  competition  with  old 
and  well  established  firms  who  have  up-to-date  manufacturing 
and  selling  organizations,  and  whose  product  is  well  known 
throughout  the  industry.  Lathes  sold  themselves  during  the 
height  of  the  war  demand  for  machine  tools,  and  this  has 
caused  some  inexperienced  manufacturers  to  feel  that  the  sell- 
ing end  of  the  lathe  business  will  continue  to  take  care  of 
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itself.  Most  of  them  have  produced  only  one  size;  but  to  meet 
competition  and  secure  satisfactory  agents  they  must  design 
and  build  several  sizes  so  as  to  have  a  fairly  complete  line, 
and  each  size  must  be  built  in  sufficiently  large  quantities  to 
keep  down  production  costs.  The  whole  proposition  will  then 
assume  a  different  aspect,  because  they  will  require  added 
equipment  which  was  not  coHsidered  necessary  before,  and  a 
total  investment  far  greater  than  they  now  have. 

Newcomers  in  the  machine  tool  field  will  find  it  more  profit- 
able to  use  their  capital  and  efforts  in  lines  that  offer  a  better 
future  and  less  competition.  There  are  still  abundant  rewards 
for  ingenuity  and  enterprise  in  the  machine  tool  industry.  Its 
development  will  keep  right  on. 

•     *     * 

SPECIALIZING  IN  MECHANICAL  WORK 

Successful  specialists  in  mechanical  work  not  only  know 
their  own  work,  but  have  a  general  knowledge  of  other 
branches  bordering  on  or  closely  allied  thereto.  In  fact,  spe- 
cialization usually  increases  the  ability  to  focus  on  one  line 
of  work  a  general  fund  of  knowledge.  For  instance,  a  man 
who  is  an  expert  in  originating  mechanical  devices  has,  as  a 
rule,  developed  his  inventive  faculties  by  studying  the  details 
of  a  great  variety  of  machines  and  mechanical  movements. 
This  is  also  true  of  the  expert  tool  designer,  who  is  an  expert 
because  he  possesses  a  broad  knowledge  of  general  manufac- 
turing requirements.  A  competent  machine  designer  not  only 
knows  how  to  build  a  machine  on  paper,  but  possesses  a  gen- 
eral knowledge  of  manufacturing  methods.  The  experienced 
designer  must  understand  the  work  which  is  to  be  done  in  the 
pattern-shop,  foundry,  machine  shop  and  tool-room  in  pro- 
ducing the  machine  or  mechanism  that  is  drawn  on  paper. 
Machine  design  involves  not  merely  the  designing  of  a  ma- 
chine that  will  perform  the  necessary  work,  but  also  the  ar- 
rangement and  shaping  of  the  different  parts  so  that  the  work 
of  manufacture  is  not  only  practicable,  but  capable  of  being 
done  on  an  eflScient  basis.  Hence  the  most  successful  special- 
ist is  the  man  that  has  the  broadest  general  knowledge  com- 
bined with  an  extensive  specific  knowledge  of  the  work  with 
which  he  is  occupied.  The  machinist,  toolmaker,  foreman  or 
designer  who  appreciates  the  present-day  requirements  in  the 
shop  and  drafting-room  is  not  content  with  a  one-sided  ex- 
perience and  a  mechanical  education  which  is  bounded  by  his 
own  limited  observations.  He  recognizes  the  value  of  a  broad 
general  knowledge  obtained  by  reading,  in  addition  to  the 
knowledge  obtained  by  practical  experience. 
*     *     * 

MANUFACTURING  PRINCIPLES 

It  is  not  an  uncommon  impression  that  the  shop  which  is 
manufacturing  an  ingenious  machine  or  device  employs  numer- 
ous interesting  tools  and  methods  of  construction.  This  is  not 
necessarily  true.  The  rule  is  that  any  manufactured  device  is 
generally  made  by  simple  standard  methods  unless  it  is  pro- 
duced in  large  quantities.  Then  there  is  afforded  the  oppor- 
tunity for  the  development  of  special  machines  and  methods, 
jigs,  fixtures,  etc. 

Some  of  the  simplest  products  made  in  large  qi^antities  are 
produced  by  the  most  ingenious  methods  and  machines.  When 
a  product  is  turned  out  in  hundreds  of  thousands  or  millions 
annually,  the  manufacturer  is  warranted  in  spending  large 
sums  in  the  development  of  special  machines  or  processes  for 
reducing  costs.  A  machine  that  reduces  the  cost  of  a  product 
one  per  cent  may  pay  for  itself  several  times  over  in  the  course 
of  a  year's  use. 

In  the  manufacture  of  motor  cars,  the  same  rule  liolds. 
High-priced  motor  cars  made  by  concerns  that  turn  out  only 
a  few  hundred  yearly  are  made  with  the  aid  of  ordinary  ma- 
chine tools,  and  very  few  special  machines  are  employed. 
Much  of  the  work  is  done  by  hand,  and  the  so-called  refine- 
ments, especially,  are  generally  produced  by  skilled  hand  work. 
On  the  other  hand,  the  manufacture  of  low-priced  cars  made  in 
large  quantities  affords  opportunity  for  the  development  of 
highly  specialized  plants,  using  special  tools  and  machinery 
and  having  the  work  routed  in  such  a  manner  as  to  produce 
the   largest   possible   amount   with    the   least   waste   of   time. 
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STOPPING  A   SHOP  LOSS 

BY    CHARLES    C.   LYNDEl 

In  one  of  the  larger  factories  in  an  Eastern  town,  high-priced 
tool  steel  had  been  disappearing  for  some  time  and  all  efforts 
to  trace  the  theft  to  some  of  the  employes  in  the  department 
where  the  shortage  was  reported   were   unsuccessful.     When 
detectives  were  employed  in  the  place  of  regular  workmen  and 
under  the  guise  of  "efficiency  experts,"  nothing  vanished.    One 
man  was  kept  on  for  over  a  month  in  the  hope  that  he  might 
catch  someone  in  a  renewal  of  the  thefts,  and  after  he  had 
worked  for  about  three  weeks,  the  steel  again  began  to  dis- 
appear nearly  every  night,  but  he  had  to  give  up  without  pro- 
ducing any  tangible  evidence.    The  management  did  not  want 
to  stop  and  search  all  the  men  as  they  left  the  plant,  fearing 
that  this  would  humiliate  those  who  were  not  guilty  and  pos- 
sibly warn  the  culprits  if  they  were  unable  to  search  all  the 
men  from   the  "tainted"   department  the  first  evening,   or  if 
the  men  happened  to  be  leaving  without  any  of  the  steel  at 
the  time  of  the  search.    Finally,  when  the  daily  loss  -was  be- 
ginning to  affect  the  nerves  of  the  superintendent  and  the  tool- 
room  foreman,  a  plan   was   devised   for   detecting  the   fraud. 
The  men  working  in  the  suspected  department  entered  the 
plant  through  a  narrow  aisle,  along  one  side  of  the  clock  house, 
and  stopped  midway  of  the  passage  to  time-stamp  their  cards. 
A.  small  paymaster's  window  was  opposite  the  time  stamp,  so 
that  the  timekeeper  could  watch  the  men  as  they  registered 
In  and  out.    One  Saturday  night,  when  the  plant  was  deserted 
save  for  the  watchman,  the  superintendent,  foreman  and  time- 
keeper took  to  the  factory,  in  the  superintendent's  automobile, 
the  component  parts  of  a  platform  scale  of  the  recording  type. 
A  section  of  the  clock-house  floor  was  taken  up  and  the  scale 
mounted  across  the  passageway,  with  its  platform  level  with 
and  replacing  the  section  of  floor  removed;  the  dial  was  placed 
inside  the  timekeeper's  office.     A  trip  lever  attached  to  the 
platform  was  also  placed  in  the  office.    Unless  this  lever  was 
released,  the  platform  was  rigid,  and  so  the  swaying  of  that 
section  of  the  floor,  which  might  have  aroused  suspicion  as 
the  men  walked  over   it,   was  prevented.     The  matting  that 
had  been  in  the  aisle  was  placed  over  the  platform,  completely 
hiding  from   casual   inspection  all  traces   of  the  work.     The 
timekeeper   then   practised,   with   the   superintendent,   the   re- 
leasing of  the  trip  so  gently  that  it  could  not  be  noticed  by  a 
man  standing  on  the  platform  directly  in  front  of  the  window. 
The  next  Monday  morning,  instead  of  having  the  time  cards 
in  the  usual  rack  by  the  clock,  a  notice  was  posted  there  that 
temporarily  each  man  would  get  his  card  at  the  window  in 
the  morning  and  would  turn  it  in  there  at  night — the  cards 
to  be  used  meanwhile  in  figuring  a  cost-cutting  scheme.     As 
each  man  went  to  the  window  to  get  his  card,  the  timekeeper 
gently  released  the  latch  on  the  scale  and  the  man's  weight 
was  registered  on  the  dial  within  the  office.     The  timekeeper 
then  called  out  the  man's  check  number,  and  as  he  stamped 
and  handed  out  the  card,  the  check  number  and  scale  reading 
were  entered  in  a  double  record  by  a  man  seated  out  of  the 
sight  of  the  entering  workmen.     That  evening,  the  tool-room 
force  was  instructed  to  turn  in  its  cards  at  the  time  office  in- 
stead of  merely  ringing  out  on  the  clock.     As  this  was  done, 
the  men's  weights  were  recorded  with  their,  check  numbers, 
as  in  the  morning.    A  comparison  of  the  records  showed  that 
most  of  the  men  checked  out  from  one  to  three  pounds  lighter 
than  they  had  checked  in — but  that  three  men  had  gained  in 
weight,  during  their  day's  work,  from  nine  to  fourteen  pounds. 
This  record  was  taken  daily  for  a  week.     On  some  days  none 
of  the  men  gained  in  weight,  while  on  others  the  scales  showed 
that  some  of  the  men  were  carrying  away  more  than  they  had 
brought  in. 

At  the  end  of  the  week  the  men  were  asked  to  work  over- 
time— to  get  the  plant's  other  employes  out  of  the  way — and 
the  foreman  planned  the  work  so  that  all  of  the  men  could 
not  leave  at  once.  As  the  jobs  were  finished,  the  men  were 
told  that  they  would  collect  their  wages  for  the  week  at  the 
pay  window  in  the  time  office  as  they  turned  in  their  cards. 
The  first  of  the  three  men  found  over-weight  when  leaving 
was  told  at  the  window  that  there  seemed  to  be  some  dis- 
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crepancy  in  his  account  and  was  asked  to  step  into  the  su- 
perintendent's office  to  help  check  up  the  week's  work.  The 
same  excuse  was  made  to  the  two  other  men  under  suspicion, 
save  that  each  was  assigned  a  different  office  to  which  he 
should  report. 

The  superintendent,  having  been  'phoned  that  his  suspect 
was  coming,  took  out  his  copy  of  the  week's  scale  record  and 
got  ready  for  his  caller.  On  entering,  the  man  was  at  once 
accused  of  taking  the  tool  steel,  the  superintendent  saying 
bluntly:  "Mike,  we  want  you  to  return  to  the  company,  to- 
night, the  forty-two  pounds  of  tool  steel  you  have  carried  away 
from  here  this  week."  And  in  refutation  of  the  man's  indig- 
nant denial  of  the  theft,  the  superintendent  merely  read  off  a 
detailed  account  of  the  number  of  pounds  taken  each  day, 
with  the  dates  of  theft,  winding  up  with  an  offer  to  reinstate 
the  man  to  his  old  position  if  he  would  confess  his  part  in 
the  theft,  make  full  restitution,  and  tell  who  else  was  impli- 
cated. The  first  two  conditions  the  man  gladly  accepted,  but 
would  not  admit  that  he  knew  of  any  others  involved  in  the 
disappearance  of  the  steel. 

The  second  suspect,  sent  to  the  factory  manager's  office,  on 
being  asked  to  return  at  once  some  fifty-odd  pounds  of  tool 
steel,  blurted  out:  "So  ye  caught  Mike  and  Joe,  and  they 
peached  on  me!"  And  then  raved  on,  telling  what  he  would 
do  to  them  when  the  opportunity  offered.  But  while  he  was 
in  the  midst  of  his  denunciation  two  officers,  stationed  In  an 
inner  office,  were  called  in  and  given  charge  of  the  man. 

The  third  man,  sent  to  the  head  time  office,  was  the  only 
one  who  happened  to  be  trying  to  get  away  with  any  of  the 
tool  steel  that  night.  On  his  way  to  the  office  he  became  sus- 
picious and  hid  the  dinner  pail,  in  which  he  had  secreted  the 
steel.  Then,  a  little  farther  along,  his  fears  overcame  his 
desire  for  the  week's  pay  and  he  sneaked  out  of  the  plant 
without  calling  for  the  money,  or  even  returning  for  the  din- 
ner pail. 

The  first  man  was  put  on  probation  after  he  had  pointed  out 
the  shop  in  a  nearby  town  to  which  the  stolen  steel  had  been 
sold  and  had  paid  the  market  price  for  the  steel  he  was 
checked  up  with  having  carried  away,  as  well  as  one-third  of 
all  previous  losses.  The  second  man  was  brought  to  trial  for 
larceny  and  sentenced.  While  the  only  trace  ever  found  of  the 
third  was  his  dinner  pail,  filled  with  tool  steel,  which  was  dis- 
covered in  the  yard  a  few  days  later.  As  no  material  disap- 
peared after  this,  the  recording  scale  was  taken  out  as  secretly 
as  it  was  installed  and  the  former  time  system  restored,  with- 
out the  other  employes  even  suspecting  that  a  check  had  been 

kept  on  them. 

*     *    * 

THE  STUMPP  UNIFLOW  ENGINE   PATENT 
LITIGATION 

The  decision  of  the  U.  S.  District  Court  for  the  Western  Dis- 
trict of  New  York,  which  has  just  upheld  the  Stumpf  uniflow 
engine  patents,  in  a  suit  brought  against  a  Buffalo  concern  for 
infringement,  illustrates  some  interesting  points  regarding 
patentable  inventions.  It  was  claimed  by  the  defendants  that 
engines  with  admission  valves  at  the  end  of  the  cylinder  and 
engines  with  central  exhaust  ports  controlled  by  the  piston 
have  been  known  for  many  years,  and  that  some  patents  al- 
ready expired  have,  in  fact,  been  issued  covering  engines  of 
this  kind.  The  plaintiff,  however,  claimed  that  the  combined 
use  of  an  inlet  port  at  the  cylinder  end,  an  exhaust  port  at  a 
distance  from  the  inlet  port,  means  for  heating  the  steam 
within  the  cylinder  near  the  inlet  port  on  account  of  the  ad- 
mission end  of  the  cylinder  being  hot  and  dry,  a  relatively  cold 
chamber  into  which  the  exhaust  port  leads,  and  a  piston 
adapted  to  uncover  the  exhaust  port  when  near  the  end  of  its 
working  stroke  and  cover  the  exhaust  port  during  the  re- 
mainder of  the  stroke,  constituted  the  invention  involved  in 
the  unifiow  engine,  and  his  view  was  upheld  by  the  court. 
The  fact  that  other  engines  had  elongated  pistons,  others  cen- 
tral ports,  and  still  others  steam  jackets,  was  not  held  to  in- 
validate the  Stumpf  invention,  inasmuch  as  in  this  invention 
these  various  elements  had  been  combined  in  such  a  way  as 
to  reduce  the  internal  loss  of  the  steam  engine  materially  and 
make  a  high  ratio  of  expansion  in  a  single  cylinder  possible. 
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Fig.   1.     General  View  of  Receiving  Room.     Attention  is  called  to  New  Freight  Elevator  s( 
Right,   and  also  to  Bins  for  Storage  of  Small   Castings,    Machine  Farts,    etc 


IF  any  man  with  a  broad  knowledge  of  the  conditions  exist- 
ing in  our  manufacturing  plants  were  asked  whether  he 
thought  that  the  average  shop  is  getting  the  greatest  pos- 
sible return  in  product  and  profit,  his  answer  would  undoubt- 
edly be  that  it  is  not.  So  far  there  would  be  uniformity  of 
opinion,  but  if  the  questioner  went  a  step  farther  and  in- 
quired as  to  the  reason  why  the  average  shop  is  failing  to 
take  the  maximum  advantage  of  its  opportunities,  there  would 
probably  be  diversity  of  opinion.  This  diversity  can  be  ex- 
plained by  the  different  ways  in  which  men  view  the  same 
problem,  and  also  by  the  fact  that  people  have  formed  their 
opinions  by  a  study  of  different  shops  in  which  conditions  vary. 
Viewing  the  subject  broadly,  it  is  possible  that  there  is  n-o 
one  cause  of  impaired  efficiency  that  has  a  greater  effect  than 
poor  arrangement  of  equipment  in  different  departments  of  a 
factory  and  lack  of  system  in  lay- 
ing out  these  departments  in  rela- 
tion to  each  other.  In  most  in- 
stances, this  condition  is  simply  due 
to  a  lack  of  foresight  in  laying  out 
the  shop  and  in  providing  for  ex- 
pansion. As  the  demand  for  the 
company's  product  increases,  addi- 
tional manufacturing  facilities  are 
provided,  space  being  made  and  ma- 
chines set  up  without  giving  the 
proper  attention  to  the  relation  of 
these  new  departments  to  those  pre- 
viously organized,  and  to  the  work 
involved  in  transferring  material 
and  product  from  one  department 
of  the  factory  to  another.  Where 
such  a  condition  exists  much  time 
is  lost  in  transferring  work  through 
the  shop,  and  it  is  impossible  to 
secure    the    maximum    production. 

Experience  of  Rivett  Lathe  & 

Grinder  Co. 

The   bench    lathes    and    precision 

grinding    machines    made    by    the 

Rivett  Lathe  &  Grinder  Co.,  Brighton 


District,  Boston,  Mass.,  have  won 
for  themselves  a  favorable  reputa- 
tion in  the  mechanical  world.  It 
goes  without  saying  that  this  repu- 
tation is  based  upon  sound  princi- 
ples of  design,  the  use  of  materials 
well  suited  for  the  different  pur- 
poses to  which  they  are  applied,  and 
the  employment  of  liighly  skilled 
workmen,  which  is  especially  im- 
portant in  building  precision  ma- 
chines of  this  kind.  Such  a  reputa- 
tion should  be  of  great  value  to  the 
sales  department  of  any  factory, 
l)ut,  despite  this  advantage,  the 
Rivett  Lathe  &  Grinder  Co.  had  not 
been  making  money  for  several 
years.  For  this  reason  it  was  de- 
cided to  make  a  radical  change  in 
the  management  of  the  factory. 
A.  F.  Orcutt  was  appointed  general 
manager,  with  authority  to  take 
any  steps  that  his  judgment  led  him 
to  believe  would  ultimately  be  the 
means  of  increasing  the  earning  ca- 
pacity of  the  plant. 
A  brief  consideration  of  existing 
conditions  made  it  apparent  that  no  great  improvement  in 
manufacturing  efficiency  could  be  effected  until  there  had  been 
a  rearrangement  of  equipment  iu  the  factory.  It  was  the  old 
story  of  a  plant  that  had  added  to  its  equipment  as  the  busi- 
ness grew,  but  beyond  grouping  the  different  kinds  of  ma- 
chines in  departments,  there  had  been  little  effort  at  sys- 
tematic arrangement.  In  several  rooms  the  machines  were 
distributed  in  such  a  way  that  it  was  exceedingly  difficult  to 
find  passage  for  the  trucks  that  carried  the  raw  material  to 
the  machines  and  removed  the  finished  product.  Also,  the  ar- 
rangement of  lineshafts,  countershafts,  etc.,  was  such  that 
the  power  transmission  efficiency  was  low  and  it  was  difficult 
to  drive  the  machines  to  their  full  capacity.  Another  source 
of  loss  arose  from  making  a  practice  of  building  machines  in 
very  small  numbers — say  ten  in  a  lot — instead  of  in  sufficiently 
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Fig.    2.     Viev 


in   Lathe   Department.      Note    Systematic    Arrangement   of    Machines    and    Countershafts, 
also  Open  Aisle  Space  to  facilitate  Trucking 
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high  numbers  so  that  advantage  could  be  taken  of  every  pos- 
sible saving  in  the  process  of  manufacture. 

After  reaching  the  conclusion  that  these  were  two  of  the 
greatest  sources  of  loss,  it  was  decided  to  make  them  the  start- 
ing point  in  carrying  out  the  scheme 
of  rearrangement.  In  all  work  of 
reorganization,  it  is  probable  that 
opposition  will  be  encountered — or, 
at  best,  lack  of  hearty  cooperation — 
from  the  old  employes.  After  hav- 
ing time  to  become  familiar  with 
conditions  in  the  factory,  it  became 
apparent  that  there  were  a  number 
of  unusually  efficient  employes  in 
the  plant  who  had  been  failing  to 
produce  results  simply  because  the 
methods  of  manufacture  under 
which  they  were  working  made  the 
attainment  of  such  results  practi- 
cally Impossible.  This  was  one  of 
the  most  encouraging  features,  be- 
cause with  such  men  it  was  merely 
necessary  to  point  out  the  way  and 
they  would  have  the  ability  to  pro- 
duce results.  A  careful  study  was 
made  of  the  rank  and  file  of  em- 
ployes in  the  shop,  and  as  a  result, 
some  men  were  let  go  who  showed 
themselves  to  be  possible  trouble 
makers.  Then  a  campaign  for 
greater  efficiency  was  started  among 

the  remaining  employes  by  getting  them  together,  explaining 
just  what  steps  were  to  be  taken  to  improve  conditions  in  the 
factory,  and  laying  particular  stress  on  the  fact  that  this 
program  not  only  included  the  provision  of  means  for  obtain- 
ing greater  manufacturing  profits,  but  also  the  bettering  of  con- 
ditions under  which  the  work  was  done.  This  bid  for  the  co- 
operation of  the  men  proved  the  means  of  gaining  their  sup- 
port, and  enabled  the  work  of  reorganization  to  be  carried 
on  with  far  greater  dispatch  than  would  otherwise  have  been 
the  case. 

Rearrangement  of  Mechanical  Equipment 

Before  starting  to  change  the  arrangement  of  machinery  in 
the  shop,  floor  plans  were  laid  out  to  scale,  and  paper  dum- 
mies representing  each  machine  were  then  cut  out  to  the 
same  scale.  These  dummies  were  arranged  in  the  different 
departments,  and  conferences  were  held  with  the  respective 
department  heads  concerning  the  best  way  of  laying  out  the 


equipment.  After  a  tentative  arrangement  of  the  machinery 
had  been  made  for  each  individual  department,  a  general  con- 
ference was  held  at  which  all  department  heads  were  present, 
and  at  this  time  there  was  a  further  discussion  of  all  the  con- 


Fig.  4.     View  in  Finished  Stores  Department  to  which  are  sent  All  Finished  Parts  required  in  assembline 
Complete  Machines.     All  Furniture  is  made  of  Metal,  and  is  Fireproof  and  Practically  Indestructible 

ditions  that  might  effect  efficient  transportation  of  work  from 
department  to  department.  Not  until  after  the  conclusion  of 
this  general  conference  was  a  single  dummy  pasted  down  on 
the  floor  plans.  Then  working  from  these  plans,  the  drafting- 
room  laid  out  complete  floor  plans  showing  the  arrangement 
of  all  the  equipment;  and  corresponding  plans  were  drawn 
to  show  the  arrangement  of  all  the  shafting  on  the  ceiling  of 
each  shop.  These  shafting  lay-outs  were  made  on  tracing  cloth 
and  their  accuracy  in  relation  to  the  different  machines  was 
checked  by  laying  the  tracings  over  the  floor  plans.  In.  this 
connection  it  is  of  interest  to  note  that  the  millwrights  worked 
from  these  lay-outs  in  setting  up  the  equipment  and  every- 
thing lined  up  without  the  least  trouble. 

General  Summary  of  Departmental  Lay-out 
The  plans  made  for  rearranging  the  equipment  were  based 
on  three  general  principles:  First,  to  provide  convenient  and 
efficient  means  of  receiving  raw  materials  and  transferring 
such  materials  from  the  receiving 
room  to  the  finished  stores  depart- 
ment or  to  the  shops;  second,  to 
provide  for  systematic  routing  of 
work  from  department  to  depart- 
ment and  for  the  maintenance  of 
open  aisles  in  all  shops,  so  that  the 
work  of  transportation  could  be 
done  as  rapidly  as  possible;  third, 
to  furnish  transmission  equipment 
that  would  enable  the  machines  to 
be  driven  to  their  full  capacity  with- 
out unnecessary  consumption  of 
power. 

Outside  the  wing  of  the  factory 
that  adjoins  the  railroad,  there  is  a 
receiving  platform  on  which  are  dis- 
charged raw  materials  and  supplies, 
and  from  which  machines  are  loaded 
for  shipment.  In  this  connection  it 
was  found  possible  to  make  a  ma- 
terial saving.  Under  the  old  man- 
agement a  firm  of  contractors  in 
Boston  had  handled  trucking  on  a 
basis  that  involved  an  average  ex- 
penditure of  $300  a  month.  So  a 
decision  was  reached  to  purchase  a 


Fig.  3,     View  of  Department  equipped  with  Work  Benches  and  Bench  Machines  for  handling  Small   Work 
Everything  is  systematically  arranged,   making  Confusion  Practically  Impossible 
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General  Viev 


motor  truck  In 
order  that  the 
company  could 
itself  transfer 
shipments  be- 
tween the  plant 
and  docks,  and 
make  local  de- 
liveries. Eventu- 
ally a  Fierce- 
Arrow  truck  was 
bought  for  this 
purpose,  and  it 
is  earning  at 
present  a  hand- 
some return  up- 
on the  expendi- 
ture involved 
in  its  purchase. 
To  facilitate 
the  transfer  of 
materials  and 
product  from 
floor  to  floor  of 
the  factory,  a 
freight    elevator 

was  provided  at  the  shipping  room,  space  for  this  elevator 
being  made  by  building  a  brick  extension  on  the  outside  of 
the  building.  The  shop  is  three  stories  high  and  arranged 
somewhat  in  the  form  of  the  letter  T.  The  departments  are  ar- 
ranged as  follows:  Running  along  the  top  of  the  cross-bar 
of  the  letter  T  is  the  shipping  platform,  and  on  the  main  floor 
in  this  section  of  the  building  there  is  storage  space  for  cast- 
ings, bar  stock,  etc.;  also,  there  is  a  sawing  department  for 
cutting  up  bar  stock  into  workable  lengths.  On  the  second 
floor  is  located  the  automatic  screw  machine  department  and 
the  shipping  room,  while  the  third  floor  is  given  over  to-the 
grinder  room  and  to  the  inspection  and  finished  stores  depart- 
ments. In  the  section  of  the  building  corresponding  to  the 
upright  of  the  letter  T,  the  ground  floor  is  given  over  to  a 
department  in  which  planers  and  boring  mills  are  located, 
the  second  floor  is  devoted  to  lathes  and  milling  machines, 
while  on  the  third  floor  there  is  a  bench  machine  department 
for  handling  small  work,  and  the  remaining  space  is  occupied 
by  the  assembling  department. 

Having  made  this  brief  statement  as  to  the  lay-out  of  the 
shops,  we  are  in  a  position  to  discuss  the  manner  in  which 
work  is  routed  through  the  factory.  It  has  already  been  men- 
tioned that  cast-  

ings  and  bar 
stock  come  to 
the  receiving 
room,  where  they 
are  entered  on 
books  main- 
tained  by  this 
department. 
Heavy  castings 
are  placed  di- 
rectly on  elevat- 
ing trucks  and 
sent  through  to 
the  planer  de- 
partment to  be 
machined,  while 
small  castings, 
which  come  to 
the  shops  in 
larger  quanti- 
ties, are  sent 
through  into  the 
stock-room,  from 
which  they  are 
drawn  out  on 
requisition.      In- 


in  Assembling  Department.     Attention  is  called  to  the  Large  Number  of  Machines 
of  One  Type  that  are  in  Process  of  Manufacture 


Fig.  6. 


structions  were 
given  the  foun- 
dry, from  which 
castings  are 
bought  on  con- 
tract, as  to  the 
exact  metal  mix- 
ture that  ought 
to  give  a  grade 
of  iron  suitable 
for  parts  of  the 
Rivett  machines, 
and  this  has 
been  the  means 
of  greatly  in- 
creasing  the 
quality  of  cast- 
ings received. 
The  bar  stock 
taken  into  the 
factory  at  the 
receiving  room 
goes  to  the  saw- 
ing department, 
where  it  is  cut 
up  into  the  de- 
sired lengths  for  working,  and  these  short  bars  are  then  sent 
up  to  the  automatic  screw  machine  department  located  on  the 
second  floor.  The  product  of  this  department  is  then  sent 
through  the  inspection  room  to  the  finished  stores  department 
on  the  third  floor,  from  which  parts  may  be  drawn  out  on 
requisition  by  the  assembling  department.  Bed  castings  and 
other  castings  machined  in  the  planer  department  on  the 
ground  floor  go  up  to  the  inspection  department  on  the  top 
floor  of  the  building,  and  the  same  is  true  of  parts  machined 
in  the  lathe  and  milling  machine  departments  located  on  the 
second  floor.  But  there  is  this  point  of  difference;  heavy  cast- 
ings go  through  the  inspection  department  and  are  sent  straight 
out  to  the  assembling  floor,  while  smaller  parts,  after  being 
inspected,  are  sent  to  the  finished  stores  department,  from 
which  they  are  drawn  on  requisition  by  the  foreman  of  the 
assembling  room. 

After  being  assembled,  the  finished  machines  are  sent  to  the 
inspection  room,  and  after  being  passed  by  the  inspectors,  they 
go  down  in  the  elevator  to  the  shipping  room  located  on  the 
second  floor.  Having  the  shipping  room  on  the  second  floor 
and  finished  stores  on  the  third  floor  may  seem  somewhat 
illogical,  as   the   natural   arrangement  would  be   the  reverse. 

But  it  was  found 
impracticable  to 
have  the  third 
floor  of  the  build- 
ing support  the 
weight  created 
by  an  accumula- 
tion of  finished 
machines.  This 
arrangement  is 
not  inconvenient, 
however,  because 
the  elevator  fa- 
cilities make 
handling  of  both 
the  finished 
machines  and 
the  product  a 
simple    matter. 

Maintenance   of 

Open    Aisles 
througrh  Shops 


There  are  few 
steps  that  can 
effect  greater 
savings    in   han- 


General  View  in  Factory  under  Old  Management,  which  shows  Considerable  Evidence  of  Lack 
Systematic  Arrangement  of  Equipment 
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Illustration  showing  Conditions  that  existed  under  Old  Regime.     Particular  Attention  is  called  to 
Lack  of  System  in  arranging  Lay-out  of  Machines,   Tangle  of  Belts  and  Dirty  Ceiling, 
which  greatly  impair  Chance  of  obtaining  Sufficient  Illumination 


dling  material 
than  the  main- 
tenance of  open 
aisles  through 
which  loaded 
trucks  may  be 
pushed  without 
interruption.  In 
working  out  the 
arrangement  of 
equipment  in  the 
different  shops, 
it  was  decided  to 
leave  space  for 
aisles  of  ample 
width,  and  the 
aisles  are  indi- 
cated by  white 
lines  three  inches 
in  width,  which 
are  painted  at 
each  side  of  the 
aisle  space.  It  is 
a  rule  of  every 
department  that 
no  work  or  ma- 
terial shall  be 
allowed  to  ex- 
tend over  these 
lines,  and  once 
every  two  weeks 

the  shop  painter  goes  over  the  lines  so  that  they  are  plainly 
visible. 

Arrangement  of   Lineshafts  and  Countershafts 

All  lineshafts  in  the  factory  are  carried  by  hangers  mounted 
on  three-  by  six-inch  timbers  of  the  best  quality  available  in 
the  market.  These  timbers  are  bolted  to  the  ceiling  and  pro- 
vide a  foundation  for  accurate  shaft  alignment.  There  is  no 
noticeable  vibration,  and  the  proper  driving  conditions  may 
be  obtained  for  every  machine,  so  that  it  may  be  driven  to 
the  limit  of  its  productive  capacity.  This  stands  out  in 
marked  contrast  to  the  cases  tliat  are  too  often  seen  where 
shafting  vibrates  considerably  and  where  it  is  only  too  ap- 
parent that  con- 
ditions of  the 
driving  equip- 
ment make  it 
impossible  to  se- 
cure  anything 
like  the  normal 
capacity  from 
the  majority  of 
the   machines. 

Painting: 

All  progressive 
manufacturers 
agree  that  good 
light  is  an  es- 
sential of  effi- 
cient shop  work, 
and  in  order  to 
secure  good  liglit 
it  is  necessary 
not  only  to  have 
means  for  tak- 
ing advantage  of 
daylight  and  for 
producing  artifi- 
cial illumination, 
but  the  walls 
and  ceilings  of 
er.ch  room  in  the 
factory  should 


Fig.  8.     View  in  Automatic  Screw  Machine  Department  as  conducted  under  Old  Management,     Hera  aUo 

there   Is  Apparent  Lack  of  System,   and  General  Conditions  are   Such  that  Effective 

Illumination  and  Kapld  Handling  of  Work  are  greatly  impaired 


be  painted  a 
light  color  so 
that  distribution 
of  the  light  may 
be  as  effective 
and  as  uniform 
as  possible.  Real- 
izing the  import- 
ance of  this  con- 
dition, it  was  de- 
cided to  spend 
plenty  of  money 
on  paint,  as  it 
was  felt  that  an 
expenditure  in 
this  direction 
was  far  more  de- 
sirable than  loss 
of  money  through 
spoiled  work  and 
failure  to  obtain 
the  maximum 
amount  of  work 
from  each  ma- 
chine. As  a  re- 
sult, a  painter 
is  employed  who 
continually  goes 
over  the  shop. 
He  paints  the 
walls  and  ceil- 
ings— and  renews  the  aisle  lines  when  necessary — and  this 
man  is  never  afraid  of  "working  himself  out  of  the  job,"  be- 
cause his  orders  are  to  start  over  at  the  beginning  as  soon  as 
he  has  completed  one  round.  This  may  look  like  an  unneces- 
sary expense,  but  many  manufacturers  who  have  tried  the 
scheme  out  find  that  expenditure  on  light  colored  paint  applied 
to  the  shop  walls  is  usually  a  paying  proposition. 

Manufacturing:  in  Larg:e  Units 

Possibly  one  of  the  greatest  losses  of  possible  profits  that 
was  suffered  by  the  Rivett  Lathe  &  Grinder  Co.  under  the  old 
management  was  due  to  manufacturing  machines  in  too  small 
numbers.     Practice   varied   with   different   machines,   but   the 

number  made  in 
one  lot  ranged 
from  ten  to  fifty 
and  was  usually 
nearer  the  lower 
figure.  Now  the 
minimum  num- 
ber of  machines 
carried  through 
the  shop  is  fifty 
and  the  number 
in  a  lot  runs 
from  fifty  to  two 
hundred,  accord- 
ing to  the  ma- 
chine and  the 
nature  of  the 
work  involved  in 
the  manufacture 
of  its  parts.  Op- 
erating in  this 
way,  it  is  possi- 
ble to  take  ad- 
vantage of  many 
savings  which 
are  impossible  in 
cases  where  only 
a  small  number 
of  machines  are 
manufactured  at 
a  time. 
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LAWS  COVERING   INDUSTRIAL   CONDITIONS 


1)Y    CHE8LA    C.    SHERLOCK  ' 


THE  workmen's  coinpoiisation  acts  necessarily  cover  a 
large  fielil,  so  that  an  attempt  to  discuss  them  even 
briefly  would  require  considerable  space.  This  dis- 
cussion, therefore,  will  be  confined  to  a  consideration  of  the 
compensation  acts  as  they  apply  to  industrial  conditions.  The 
ideal  way  of  treating  this  subject  would  be  to  print  the  vari- 
ous statutes  and  then  give  the  courts'  views  of  their  several 
differences.  But  inasmuch  as  this  is  impossible,  the  English 
workmen's  compensation  act  is  taken  as  a  model  upon  which 
the  illustrations  of  the  law  are  based.  Practically  all  Ameri- 
can compensation  acts,  except  for  a  few  minor  technicalities, 
are  identical  with  the  English  law. 

Prior  to  the  enactment  of  the  workmen's  compensation  law 
in  England,  an  injured  employe  had  only  the  common  law 
on  which  to  rely.  It  was  ordinarily  necessary  for  him  to 
bring  suit  against  his  employer  and  run  his  chances  of  a 
recovery.  The  common  law  had  allowed  employers  to  raise 
up  defenses  that  very  often  cut  off  the  employe's  chance  of  a 
recovery.  Then,  again,  a  recovery  that  is  based  upon  litiga- 
tion is  bound  to  be  slow  and  expensive.  Oftentimes,  the  liti- 
gants died  before  their  respective  rights  were  settled  by  the 
courts.  Toward  the  end  of  the  nineteenth  century,  the  fact 
was  quite  generally  accepted  that  the  cost  of  injuries  received 
in  the  production  of  wealth  was  a  part  of  the  cost  of  produc- 
tion and  should  be  borne  by  the  consumer  along  with  other 
similar  costs,  instead  by  being  borne  by  the  injured  employe. 
The  result  was  the  English  workmen's  compensation  act, 
which  was  passed  in  1897.  This  law  has  been  modeled  by  prac- 
tically every  country  in  the  civilized  world;  it  is  in  force  in 
some  twenty-five  or  thirty  different  jurisdictions.  Article  I, 
Section  1,  of  the  act  provides: 

If  in  any  employment  (where  act  applies)  personal  in- 
jury by  accident  arising  out  of  and  in  the  course  of  the 
employment  is  caused  to  a  workman,  his  employer  shall, 
subject  as  hereinafter  mentioned,  be  liable  to  pay  com- 
pensation. 
Section  2  provides  that: 

(o)  The  employer  shall  not  be  liable  under  this  act  in 
respect  of  any  injury  which  does  not  disable  the  workman 
for  a  period  of  at  least  one  week  from  earning  full  wages 
at  the  work  at  which  he  was  employed. 

(b)  When  the  injury  was  caused  by  the  personal  negli- 
gence or  willful  act  of  the  employer  or  of  some  person  for 
whose  act  or  default  the  employer  is  responsible,  nothing 
in  this  act  shall  affect  any  civil  liability  of  the  employer, 
but  in  that  case  the  workman  may,  at  his  option,  either 
claim  compensation  under  this  act  or  take  proceedings  in- 
dependently of  this  act;  but  the  employer  shall  not  be  liable 
to  pay  compensation  for  injury  to  a  workman  by  accident 
arising  out  of  and  in  the  course  of  the  employment,  both  in- 
dependently of  and  also  under  this  act,  and  shall  not  be 
liable  to  any  proceedings  independently  of  this  act,  except 
in  case  of  such  personal  negligence  or  willful  act  as  afore- 
said. 

(c)  If  it  is  proved  that  the  injury  to  a  workman  is  at- 
triijutable.to  a  serious  and  willful  misconduct  of  that  work- 
man, any  compensation  claimed  in  respect  of  that  injury 
shall,  unless  the  injury  results  in  death  or  serious  and 
permanent  disablement,  be  disallowed. 

Section  3  of  Article  I  provides  that  any  question  as  to  the 
amount  of  compensation,  as  to  whether  the  injured  person 
is  a  workman  or  not,  or  anything  else  affecting  the  parties 
under  the  act  that  cannot  be  settled  by  agreement,  shall  be 
settled  by  arbitration.  As  Sections  4  and  5  do  not  have  any 
bearing   upon    industrial   questions,    they   have   been    omitted. 

What  Constitutes  an  Accident 

Under  Section  1  recovery  is  based  upon  injury  by  accident. 
Probably  90  per  cent  of  the  first  cases  brought  under  the  act 
were  to  determine  the  meaning  of  the  phrase  "injury  by  acci- 
dent." Lord  Halsbury  has  held  that  it  is  interpreted  accord- 
ing to  its  ordinary  and  popular  meaning;  Lord  Macnaghten 
has  followed  the  same  reasoning  in   another   case.     Another 
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court  held  that  the  word  implied  something  "fortuitous  and 
unexpected."  The  House  of  I^ords  defined  an  accident  as  "an 
unlooked-for  and  untoward  event  which  was  not  expected  or 
designed."  Elsewhere  they  defined  it  as  "any  unexpected  per- 
sonal injury  resulting  to  the  workman,  in  the  course  of  his 
employment,  from  any  unlooked-for  mishap  or  occurrence." 
In  interpreting  these  definitions,  the  courts  have  held  a 
nervous  shock  caused  by  a  fatal  injury  to  a  fellow  workman 
to  be  an  accident.  So  a  strain  produced  by  over-exertion  in 
attempting  heavy  work  is  now  considered  to  be  an  accident. 
In  the  case  of  internal  injuries  caused  by  strain  or  over- 
exertion, however,  such  injury  is  not  considered  to  be  an  acci- 
dent. Disease  is  not  regarded  as  an  accident,  and  where  the 
real  incapacity  is  the  result  of  disease  instead  of  the  injury, 
there  will  be  no  recovery.  It  should  be  remembered  in  this 
connection,  however,  that  compensation  is  not  based  upon  the 
extent  of  the  injury,  but  upon  the  extent  of  the  incapacity 
resulting  from  such  accidental  injury.  Hernia,  or  rupture,  is 
held  to  be  an  accident  within  the  meaning  of  the  act.  Said 
Lord  Macnaghten:  "If  a  man,  in  lifting  a  weight  or  trying 
to  move  something  not  easily  moved,  were  to  strain  a  muscle, 
or  rick  his  back,  or  rupture  himself,  the  mishap,  in  ordinary 
parlance,  would  be  described  as  an  accident.  Anybody  would 
say  that  the  man  had  met  with  an  accident  in  lifting  a  weight 
or  trying  to  move  something  too  heavy  for  him."  A  stroke 
of  apoplexy  said  to  have  been  brought  on  by  a  strain  is  not 
an  accident.  Death  from  erysipelas  of  the  face,  three  months 
after  an  injury  to  a  hand,  is  not  an  accident.  Death  from 
heart  disease  is  ordinarily  not  an  accident.  Typhoid  fever, 
enteritis,  colic,  eczematous  sores,  dermatitis,  abscesses,  paraly- 
sis, and  cardiac  breakdowns  are  not  accidents.  But  where  a 
disease  is  a  consequence  of  an  accident,  although  not  the  natu- 
ral result  or  even  the  probable  result  of  such  accident,  it  is 
deemed  an  accidental  injury  within  the  meaning  of  the  act. 
However,  there  is  ordinarily  no  recovery  for  a  purely  occupa- 
tional or  industrial  disease  or  disease  arising  independently. 

Injuries  Arising  in  Course  of  Employment 

The  injury  must  arise  out  of  and  in  the  course  of  the  em- 
ployment in  order  for  a  recovery  to  lie.  It  is  not  sufficient 
for  a  workman,  according  to  the  English  decisions,  to  show 
that  his  injury  arose  out  of  his  employment.  He  must  also 
show  that  it  arose  in  the  course  of  the  employment.  These 
two  requisites  must  be  strictly  followed.  Because  of  the  diffi- 
culty in  determining  just  what  this  phrase  means,  the  courts 
have  said  that  each  case  must,  in  a  measure,  depend  on  its 
own  circumstances.  The  American  courts,  as  in  the  inter- 
pretation of  the  words  "accidental  injury,"  have  quite  uni- 
formly followed  the  English  rule  in  this  particular.  In  fact, 
all  through  the  law  of  compensation,  the  courts  of  the  two 
countries  stand  shoulder  to  shoulder,  so  that  it  would  be  hard 
to  distinguish  between  their  decisions.  v 

Said  one  court:  "The  words  'out  of  point,  I  think,  to  the 
origin  or  cause  of  the  accident;  the  words  'in  the  course  of 
to  the  time,  place,  and  circumstances  under  which  the  accident 
takes  place.  The  former  words  are  descriptive  of  the  charac- 
ter or  quality  of  the  accident.  The  latter  words  relate  to  the 
circumstances  under  which  an  accident  of  that  character  or 
quality  takes  place.  The  character  or  quality  of  the  accident 
as  conveyed  by  the  words  'out  of  involves,  I  think,  the  idea 
that  the  accident  is  in  some  sense  due  to  the  employment. 
It  must  be  an  accident  resulting  from  a  risk  reasonably  inci- 
dent to  the  employment."  As  one  authority  puts  it:  "The 
risk  must  be  one  peculiarly  incident  to  the  employment,  and 
not  one  incurred  by  everyone,  whether  in  the  employment 
or  not."  For  instance,  where  a  workman,  while  driving  an 
engine  on  his  employer's  farm,  was  stung  by  a  wasp  and  died 
from  blood  poisoning,  the  risk  is  not  one  peculiarly  incident 
to  the  employment.  Where  a  workman  in  a  mill  was  injured 
while  removing  his  socks  in  order  to  do  his  work  better,  such 
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injury  is  not  one  arising  out  of  and  in  the  course  of  tile  em- 
ployment. "If  there  be  any  risk  in  a  man's  taking  off  his  own 
socks,  it  is  a  risk  common  to  all  who  wear  them.  It  is  no 
greater  to  a  man  who  works  in  a  spinning  mill  than  to  one 
who  does  not  work  in  a  spinning  mill."  Where  one  is  injured 
by  lightning,  it  was  held  to  arise  out  of  the  employment,  in  a 
case  in  which  the  workman,  because  of  the  character  of  his 
place  of  work,  was  peculiarly  liable  to  be  struck.  But  an 
employe  working  in  a  street  is  no  more  liable  to  be  struck 
by  lightning  than  any  other  person,  and  no  compensation  can 
be  recovered  therefor. 

In  order  that  the  injury  may  be  one  arising  out  of  the 
employment,  the  workman  must  be  acting  within  the  scope 
of  his  employment  at  the  time  of  his  injury;  compensation 
is  not  recoverable  where  the  danger  is  voluntarily  incurred 
in  doing  acts  wholly  outside  the  scope  of  employment.  "Com- 
pensation will  not  be  allowed  where  a  workman  goes  to  satisfy 
the  requirements  of  nature  into  a  dangerous  and  unauthorized 
place,  or  on  premises  not  under  the  control  of  the  employer." 

The  fact  that  the  workman  does  the  act  causing  the  injury 
in  a  wrong  or  dangerous  manner  will  not,  of  itself,  defeat  com- 
pensation; or  where  the  act  was  within  the  scope  of  employ- 
ment, but  the  workman  had  been  expressly  forbidden  to  do 
that  act,  recovery  will  not  necessarily  be  defeated.  The  real 
distinction  here  is  drawn  as  to  whether  or  not  the  servant 
was  actually  doing  the  work  he  was  employed  to  do  or  some- 
thing substantially  different.  It  has  been  held  that  mere  dis- 
obedience of  orders  will  not  defeat  the  employe's  right  of 
recovery.  In  one  case,  the  workman  was  forbidden  to  oil 
the  machinery  when  it  was  in  motion.  In  doing  this  he  was 
injured  and  was  allowed  to  recover.  In  another  case,  a  work- 
man was  forbidden  to  sit  down  when  at  work,  but  was  allowed 
to  recover.  It  is  obvious,  however,  that  if  the  disobedience 
amount  to  a  serious  and  willful  misconduct  on  the  part  of 
the  workman,  there  can  be  no  recovery. 

Extent  of  Injury 

Section  2  (a)  provides  that  there  can  be  no  recovery  for 
an  injury  unless  such  injury  shall  be  sufRcient  to  incapacitate 
a  workman  from  receiving  wages  for  at  least  one  week.  As 
the  act  was  originally  passed  it  provided  two  weeks  as  the 
minimum  time,  but  it  was  amended  in  1906  to  read  as  it  does 
now.  This  section  is  self-evident  to  all,  and  the  courts  have 
quite  generally  held  that  the  interpretation  which  would  be 
placed  upon  this  section  by  an  ordinary  person  after  reading 
it  is  the  one  that  will  be  followed  by  the  courts. 

Choice  of  Remedies 

According  to  Section  2  (6),  an  employe  has  the  right  to  pro- 
ceed under  one  of  two  courses.  He  may  either  recover  under 
the  act  or  bring  suit  under  the  common  law.  It  will  be  ob- 
served that  the  option  rests  upon  the  employe  in  this  respect. 
In  many  of  the  states  the  law  is  made  mandatory  on  the  em- 
ployer and  optional  as  to  the  employe;  in  others,  it  is  op- 
tional as  to  the  employer  up  to  a  certain  time  designated  in 
the  statute  and  fixed  as  to  the  employe.  In  these  latter  juris- 
dictions, it  has  been  held  that  the  employe's  only  right  rests 
entirely  upon  the  compensation  act.  This  is  a  detail,  however, 
that  is  covered  by  the  respective  statutes  in  each  state  oper- 
ating under  the  compensation  law.  Some  question  has  arisen 
as  to  the  effect  of  the  word  "workman"  as  used  in  this  section 
of  the  act.  Suppose  the  workman  dies  of  his  injuries.  Does 
his  cause  of  action  or  right  of  election  die  with  him?  The 
courts  have  been  of  the  opinion,  and  justly,  that  the  rights 
of  the  workman  pass  to  his  dependents  or  legal  representatives. 
However,  if  the  workman  has  made  an  election  or  taken  af- 
firmative steps  toward  an  election,  such  decision  will,  ordi- 
narily, be  binding  on  his  dependents  or  representatives. 

A  workman  receiving  compensation  for  injuries  is  not  en- 
titled to  wages  also;  neither  is  a  workman  entitled  to  part 
compensation  and  part  damages.  He  must  take  one  or  the 
other.  As  to  what  amounts  to  an  election,  the  courts  have 
been  of  the  opinion  that  each  case  must  be  a  law  unto  itself. 
The  real,  criterion  is  the  actual  intention  of  the  workman  or 
his  representatives.  Oftentimes,  this  intention  is  inferred 
from  the  overt  acts. 


Misconduct  of  Workman 
Recovery  of  compensation  is  denied  if  there  is  a  "serious 
and  willful  misconduct"  on  the  part  of  the  workman.  Accord- 
ing to  the  English  interpretation  of  this  phrase,  the  act  itself 
must  be  serious  and  not  merely  the  consequences  thereof. 
Intoxication  has  been  held  to  be  serious  and  willful  miscon- 
duct. In  their  decisions,  American  courts  have  said  that  the 
phrase  means  something  more  than  mere  negligence  or  even 
gross  negligence.  They  seem  to  adopt  the  view  that  "serious 
and  willful  misconduct"  involves  conduct  of  a  quasi  criminal 
nature,  or  doing  the  act  with  a  wanton  and  reckless  disregard 
of  its  probable  consequences  to  others.  A  Massachusetts  de- 
cision said  that  it  closely  resembled  the  wanton  or  reckless 
misconduct  which  will  render  one  liable  to  a  trespasser  or 
mere  licensee.  A  California  case  said:  "It  cannot  be  doubted 
that  a  workman  who  violates  a  reasonable  rule  made  for  his 
own  protection  from  serious  bodily  injury  or  death  is  guilty 
of  misconduct,  and  that  where  the  workman  deliberately  vio- 
lates the  rule  with  knowledge  of  its  existence,  and  of  the 
dangers  accompanying  its  violation,  he  is  guilty  of  willful 
misconduct." 

*     *     * 

THREAD   CUTTING  ON   OLD   HORIZONTAL 
BORING  MACHINE 

BY    ROBERT    MORRIS 

The  illustration  shows  an  old  Binsse  horizontal  boring  ma- 
chine which  was  used  for  boring  transmission  cases  in  a  shop 
in  northern  New  York.  Some  of  the  holes  in  the  transmission 
cases  had  to  be  threaded,  so  after  boring  they  were  tapped. 
As  this  method  of  doing  the  work  proved  inaccurate,  it  was 
decided  to  bore  and  thread  the  holes  at  one  setting.  The 
threads  to  be  cut  were  not  more  than  one  inch  in  length  and 
of  only  one  pitch,  16  per  inch.  The  lead-screw  A  was  U.  S. 
standard,  with  about  eight  threads  per  inch.  A  gear  was 
mounted  on  the  spindle  of  the  machine  to  mesh  with  a  gear  B 
of  the  same  size.  On  the  same  spindle  with  B  and  keyed  to 
it  was  a  pinion  C,  one-half  the  size  of  gear  D,  secured  to  the 
lead-screw;  this  gave  the  proper  reduction  to  obtain  the  cor- 
rect feed  of  the  bar  for  threading.    The  lead-screw  rotated  all 


Horizontal  Boring  Machine  arranged  for  Thread  Cutting 

the  time,  but  the  nut  E  was  split  and  was  held  open  by  a 
spring.  The  nut  was  secured  to  a  slide  F  with  an  arm  G 
reaching  up  and  embracing  the  boring-bar  /.  On  each  side  of 
the  arm  were  collars  H  fastened  to  bar  /  with  set-screws. 
These  allowed  the  bar  to  rotate  but  prevented  end  play.  The 
holes  were  first  bored  with  the  boring-bar,  in  the  usual  man- 
ner; as  the  half-nuts  were  held  open  by  the  spring,  the  bar 
was  free  to  feed  endwise  either  by  hand  or  by  the  power  feed. 
When  the  hole  was  bored  to  the  correct  size  for  threading, 
the  horseshoe-shaped  piece  J  was  swung  down  on  the  half- 
nuts  and  closed  them  on  the  lead-screw.  The  piece  J  was 
pivoted  on  pin  K.  With  a  tool  like  a  chaser,  having  several 
teeth,  the  holes  could  be  threaded  at  a  single  pass.  The  metal 
was  an  aluminum  alloy. 
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ZINO   PLATING   AS   A   PROTECTION 
AGAINST    CORROSION 

BY    J.   W.   WUN8CH  ' 

The  corrosion  of  iron  and  steel,  its  inhibition  and  preven- 
tion, are  questions  of  extreme  importance  that  today  are  con- 
fronting engineers  and  manufacturers  of  niacliinery.  The 
causes,  effects,  and  substance  of  corrosion  have  been  live  topics 
of  discussion  among  metallurgists  and  founders,  but  the  prob- 
lem of  protection  against  corrosion,  which  concerns  machine 
builders  more  directly,  has  not  received  the  attention  its  im- 
portance would  justify.  We  are  all  informed,  in  a  general 
way,  that  oils,  paints  and  the  plating  of  non-ferrous  metals 
prevent  the  rusting  of  iron  and  steel,  while  "they  are  on," 
but  few  persons  know  the  comparative  efficiency  and  actual 
worth  of  the  various  preventives.  This  article  is  not  a  treatise 
on  corrosion,  but  a  statement  of  the  general  principles, 
processes  of  application,  and  comparative  efficiency  of  zinc 
plating,  or  galvanizing. 

It  is  a  well-known  fact  that  zinc  forms  a  cheap  and  excellent 
coating  for  the  protection  of  iron  and  steel  against  corrosion. 
It  has  the  inherent  advantage  over  tin  and  lead  of  being 
electro-positive  to  iron,  and  is  attacked  in  preference  to  iron 
when  the  two  metals,  in  contact  with  each  other,  are  exposed 
to  the  corrosive  elements.  Tin  and  lead  form  an  efficient  pre- 
ventive of  corrosion  only  when  they  completely  envelop  the 
article;  that  is,  when  no  part  of  the  iron  or  steel  is  exposed 
to  corrosion.  Any  exposed  part  will  quickly  corrode  and  the 
rust  will  readily  work  under  the  plated  part,  causing  the  en- 
tire article  to  become  corroded  in  a  short  time.  "With  zinc 
plating,  however,  even  when  the  coating  is  imperfect  and  a 
part  of  the  metal  is  exposed,  the  iron  will  be  protected  from 
corrosion,  to  a  great  extent,  so  long  as  the  zinc  remains  in 
sufficient  quantity  to  make  an  effective  couple.  The  earliest 
recorded  application  of  the  zinc-plating  principle  is  that 
employed  by  Sir  Humphrey  Davy  in  1824,  who  attempted  to 
protect  the  copper  sheathings  of  ships  by  means  of  zinc  bars 
attached  to  them. 

There  are  three  general  processes  for  the  deposition  of  zinc 
on  iron  and  steel,  namely,  hot-dip  zincing,  or  hot  galvanizing; 
sherardizing;  and  cold-zincing  or  electro-galvanizing.  In  spite 
of  its  name,  galvanic  action  has  no  part  in  the  first  process. 
Until  quite  recently,  this  method  of  zinc  deposition  was  used 
almost  exclusively  for  large  and  medium  size  work,  and  is  still 
employed  mainly  in  the  galvanizing  of  sheets,  wire  netting  and 
bulky  articles.  The  process  is  carried  out  as  follows:  The 
articles  are  first  thoroughly  cleaned,  usually  by  pickling  them 
in  sulphuric  acid  and  then  scrubbing,  washing  and  rinsing 
In  clean  water.  They  are  then  dipped  in  a  bath  of  molten 
zinc,  which  must  be  kept  at  a  temperature  somewhat  above 
the  melting  point  of  zinc,  774  degrees  F.  The  hotter  the  zinc 
the  thinner  is  the  coating,  but  excessive  as  well  as  low  tem- 
peratures are  attended  with  many  serious  disadvantages  and 
should  he  avoided.  In  the  plating  of  sheets  and  other  thin 
flat  articles,  it  is  common  practice  to  use  moderate  tempera- 
tures, and  the  excess  zinc  is  cleared  off  by  passing  the  articles 
between  rollers. 

The  sherardizing  process  of  zinc  deposition  was  invented  by 
Sherard  Cowper-Coles,  wh~o  found  that  metals  embedded  in 
zinc  dust  and  heated  to  a  moderately  high  temperature,  al- 
though considerably  below  the  melting  point  of  the  zinc,  be- 
come coated  with  a  layer  of  the  metal.  The  zinc  dust  com- 
monly employed  is  a  by-product  obtained  in  zinc  manufacture, 
and  consists  of  pure  zinc  mixed  with  the  zinc  oxide.  In  carry- 
ing out  the  process,  the  articles  are  placed  in  an  air-tight 
vessel,  with  the  zinc  dust,  which  has  previously  been  thor- 
oughly dried,  and  subjected  to  a  heat  varying  from  250  to 
330  degrees  C.  The  longer  the  articles  are  treated,  the  heavier 
will  be  the  zinc  deposit;  the  duration  of  the  process  ranges 
from  one-half  hour  to  three  or  four  hours.  If  an  air-tight  re- 
ceptacle is  not  available,  a  small  percentage  of  powdered  car- 
bon is  added  to  the  zinc  dust,  to  prevent  an  increase  in  the 
amount  of  zinc  oxide,  which,  if  present  in  excess,  tends  to 
make  the  deposit  dull. 
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Electro-firalvanlzlnsr  Method 

In  the  electro-galvanizing  process,  which  is  of  comparatively 
modern  development,  the  zinc  is  deposited  electrolytically  from 
a  bath  containing  approximately  a  10  per  cent  solution  of 
crystallized  zinc-sulphate.  The  essential  elements  of  an  elec- 
troplating plant  are:  the  plating  solution,  or  electrolyte;  the 
receptacle  for  holding  the  latter  and  fittings;  the  anodes, 
which  are  zinc  bars  suspended  in  the  electrolyte  in  proximity 
to  the  article  to  be  plated  and  connected  to  the  positive  pole 
of  a  dynamo;  and  the  cathode,  which  is  in  contact  with  the 
article  and  is  connected  to  the  negative  pole  of  the  dynamo. 
The  electro-zincing  of  sheets,  large  iron  receptacles,  etc.,  is 
mainly  done  in  still  plants,  which  are  essentially  like  the  ele- 
mentary apparatus  just  described.  "Work  that  is  plated  in 
still-solution  tanks  has  a  white  frosty  appearance,  but  can  be 
easily  brightened  by  giving  it  a  scratch  brushing.  A  good  de- 
posit should  be  obtained  in  a  still-solution  apparatus  in  from 
one-half  hour  to  an  hour. 

Mechanical  plating  plants  may  be  divided  into  two  types, 
the  plating  barrel,  for  plating  small  work  in  bulk,  and  the 
conveyor  type  plants,  or  "moving"  tanks,  for  large  work.  Ma- 
terial that  is  plated  in  a  rotating  barrel  will  not  have  the 
frosty  appearance  of  work  plated  in  the  still  tank,  for  the 
reason  that  the  tumbling  motion  imparted  to  it  causes  a  bur- 
nishing effect  while  the  deposit  is  going  on,  which  results  in 
the  work  coming  from  the  barrel  in  a  bright  condition. 

In  its  elementary  features,  the  plating  barrel  may  be  de- 
scribed as  a  drum  made  of  a  non-conducting  material,  per- 
forated, supported  in  bearings,  and  rotated  in  a  tank  contain- 
ing the  electrolyte.  The  positive  pole  of  the  dynamo  is  con- 
nected to  the  zinc  anodes,  which  are  hung  around  the  barrel. 
The  negative  pole  is  connected  to  the  cathode  conductor  within 
the  barrel,  which  is  in  intimate  contact  with  the  material. 
The  plating  barrel  may  be  filled  with  work  to  a  depth  of  three- 
quarters  of  the  diameter,  if  it  is  of  the  totally  submerged  type, 
and  about  two-fifths  the  depth,  if  it  is  of  the  partly  submerged 
type.  These  machines  are  rotated  at  from  four  to  twelve  revo- 
lutions per  minute,  depending  on  the  grade  of  work.  Plating 
barrels  are  made  in  various  sizes  up  to  a  capacity  of  about 
200  pounds  of  small  work,  such  as  nails,  conduit  boxes,  etc. 

The  mechanical  conveyor-type  of  plant,  in  its  essentials, 
consists  of  a  tank  fitted  like  the  still  tank,  and  which,  in  addi- 
tion, is  equipped  with  a  continuously  moving  conveyor  mech- 
anism of  an  endless  chain  or  feed-screw  type.  The  articles  are 
hung  on  racks,  which  are  fastened  to  the  conveyor  chain  or 
screw,  carried  through  the  solution,  and  returned  to  the  start- 
ing point.  The  time  of  travel  is  adjusted  to  suit  conditions 
and  requirements;  in  average  practice,  the  rate  of  travel 
through  the  solution  is  about  one  foot  a  minute.  The  con- 
stant movement  of  the  work  through  the  solution  permits  a 
higher  voltage  to  be  used  than  in  the  still  tank,  thus  employ- 
ing a  greater  ampere  current  with  the  consequent  accelera- 
tion of  the  plating.  Outputs  ranging  to  115,000  valves  plated 
in  a  day  of  nine  hours  have  been  obtained  from  a  single  in- 
stallation. Recent  mechanical  developments  of  this  type  are 
special  equipments  for  galvanizing  pipe,  bar  iron,  angles,  and 
other  structural  shapes.  They  are  automatically  carried 
through  the  tank,  being  turned  as  they  advance,  so  that  an 
even  coating  is  procured.  The  pipes  are  then  washed,  drained, 
and  delivered  automatically.  Flat  and  round  wire  and  wire 
cloth  are  galvanized  in  continuous  lengths,  washed,  dried,  and 
reeled  up  automatically. 

The  voltage  employed  in  electro-galvanizing  ranges  from 
five  to  fifteen  volts,  depending  on  the  class  of  work,  the  qual- 
ity of  the  solution,  and  the  speed  of  operation.  Higher  voltages 
will  cause  the  work  to  "burn"  and  must  be  avoided.  The  am- 
perage necessary  is  directly  proportional  to  the  surface  to  be 
plated;  1000  ampere-hours  will  deposit  42.8  ounces  of  zinc. 
It  is  common  practice  to  allow  10  amperes  for  every  square 
foot  to  be  plated.  A  good  deposit,  in  a  mechanical  plating  ap- 
paratus, requires  from  one-half  hour  to  two  hours.  The  actual 
length  of  time  of  deposit  depends  on  the  class  of  work,  current 
density,  and  the  thickness  of  the  deposit  required. 

The  electro-galvanizing  process  is  without  question  the  most 
efficient  and  desirable  from  every  consideration.    Although  the 
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hot-dip  process  is  still  used  extensively  for  certain  kinds  of 
work,  and  will  doubtless  be  used  for  some  time  in  the  future, 
the  writer  is  convinced  of  the  eventual  supersedure  of  the 
other  processes  by  the  electrolytic  process.  Some  inherent  ad- 
vantages of  the  latter  over  hot  galvanizing  and  sherardizing 
are  as  follows: 

It  deposits  a  uniform  coating  of  chemically  pure  zinc;  hence 
much  less  zinc  is  required. 

The  adhesion  of  the  deposited  metal  is  better  (482  pounds 
per  square  inch,  against  280  pounds  per  square  inch)  and  more 
flexible,  so  that  plated  sheet  metals  can  be  spun  and  plated 
wire  bent  without  cracking  the  coating. 

The  temper  and  tensile  strength  of  the  material  are  not  af- 
fected. Tempered  articles,  such  as  automobile  hardware,  fre- 
quently lose  in  tensile  strength  and  temper  when  subjected 
to  the  heat  of  the  molten  bath  (774  degrees  F.)  of  the  hot- 
dip  process. 

Bolts,  nuts,  and  similar  articles  with  small  recesses  are 
coated  so  smoothly  that  they  require  no  recutting. 

These  advantages  are  confined  to  the  efflcacy  of  the  electro- 
plated deposit  in  comparison  with  the  product  of  the  other 
processes  of  zinc  deposition,  and  they,  alone,  are  of  interest  to 
the  engineer  or  manufacturer.  There  are,  however,  many 
other  advantages  of  extreme  importance  in  the  operation  of  a 
plating  shop.  Among  these  are:  economy  of  metal  and  time, 
decrease  of  upkeep  expense,  perfect  control  of  process,  and  the 
elimination  of  the  necessity  of  expert  and  high  priced  operators. 
Decisive  Test  forrDetermining:   Zinc  Deposit  on   Plated  Article 

A  simple  decisive  test  for  the  comparison  of  galvanized  prod- 
ucts and  the  quali-quantitative  determination  of  the  zinc  de- 
posited on  a  plated  article  is  the  copper-sulphate  dip  test.    This 
determination  may  be  readily  made  by  anyone,  as  it  does  not 
require  any  special  skill.    The  article  to  be  tested  is  thoroughly 
cleaned  in  water  and  immersed  for  one  minute  in  a  saturated 
solution  of  copper  sulphate  (bluestone).    It  is  then  withdrawn, 
quickly  washed  in  water,  and  briskly  rubbed  dry  with  a  towel. 
The   chemical   action   is   very 
simple,    the   sulphate   tending 
to  dissolve  the  zinc  and  plate 
the    copper    on    the    exposed 
iron    (CuSO,  +   Zn  =  ZnSO, 
-\-  Cu).     If  the  article  shows 
no  copper  plating  that  cannot 
be  effaced   with   the   cloth,   it 
is   said   to   have   withstood   a 
one-minute   test.     These    one- 
minute  dips  are  continued  un- 
til a  distinct  copper  plate  ap- 
pears   on    the    iron    or    steel. 


Fig.   1.     Keyseater  designed  for  slotting  Recoil   Cylinders 


An  article  that  is  plated  for  other  than  esthetic  reasons  should 
stand  at  least  two  one-minute  tests,  as  described. 

*     *     * 

ENGINEERS  AS  EXECUTIVES 
Both  the  Pennsylvania  R.  R.  and  the  Baltimore  &  Ohio  R.  R. 
recently  appointed  as  general  managers  of  their  respective 
systems  men  who  are  engineers  by  training  and  experience. 
The  selection  of  engineers  for  executive  positions  is  becoming 
more  and  more  recognized  as  a  valuable  aid  in  obtaining  effi- 
ciency and  high  standards  in  management.  Unfortunately,  in 
many  industrial  undertakings  in  the  past,  the  leading  execu- 
tive positions  have  appeared 
to  be  closed  to  engineers,  the 
assumption  being  that  the  en- 
gineer is  not  fitted  to  handle 
executive  and  financial  prob- 
lems as  well  as  engineering 
problems.  It  is  obvious,  how- 
ever, that  training  along  engi- 
neering lines  promotes  clear 
thinking  and  requires  deci- 
sions in  which  mistakes  are 
not  permissible,  so  that  an 
engineer  of  good  judgment 
can  be  trusted  to  arrive  at 
proper  decisions  in  any  ex- 
ecutive position  if  he  is  other- 
wise qualified  to  handle  the 
work. 


Fig.  S.    SecoU  Cylinders  and  Gagea  used  to  test  Slottinr 


SLOTTING  RECOIL 
CYLINDERS 

BY    W.    J.    LARSON  ' 

The  Catlin  keyseater  shown  in  Fig.  1 
was  built  especially  by  the  Chattanooga 
Machinery  Co.,  Chattanooga,  Tenn.,  for 
a  Western  factory  manufacturing  recoil 
cylinders.  It  has  a  maximum  stroke  of 
84  inches  and  cuts  a  length  of  54  inches. 
The  gage  must  fit  the  entire  length  o£ 
the  cylinder,  though  a  tolerance  of 
±  0.001  inch  is  allowed,  and  all  surfaces 
must  be  smooth.  The  cylinder  to  be 
bored  is  shown  at  E,  Fig.  2,  and  a  fin- 
ished cylinder  at  F.  The  bore  must  be 
perfectly  straight  and  its  diameter  must 
not  vary  more  than  0.001  inch.  After 
the  bore  is  brought  to  the  right  size  by 
means  of  a  wood  back  reamer,  the  ends 
of  the  cylinder  are  turned  to  fit  the  col- 
lars on  the  keyseating  machine  and  the 
profile  of  the  finished  cylinder  is  marked 
off  on  the  upper  end  by  means  of  the 
gage  shown  at  D,  Fig.  2. 

The    proper    length    of    stroke    is    ob- 
tained  by   setting   the   dogs  A,   Fig.    1; 
then   the  cutting  head   is  assembled   to 
the  bar.     The  proper  height  of  the  bar 
is  obtained  by  loosening  nuts  B  and  ad- 
justing the  bar  by  means  of  the  eyebolt 
that    is    screwed    into    the    cutter-head 
after  removing  the  adjusting  screw.   The 
roughing   cutter   is   then   assembled   in 
the  cutting-tool  holder,  which,  in 
turn,    is    assembled    to    the   slot- 
ting bar.    The  indexing  mechan- 
ism is  shown  in  Pig.  3  and  the 
cutter-bar  in  Fig.  4. 

The  cylinder  to  be  slotted  is 
passed  over  the  end  of  the  cutter- 
bar  and  fastened  in  the  clamping 
collar  A,  Fig.  3.  As  the  head, 
Fig.  4,  is  forced  downward,  the 
spring  A,  acting  through  the 
tool-holder  plunger  B,  and  the 
resistance  of  the  metal  force  the 
cutting-tool  holder  C  up  the  wedge  D,  pushing  the  tool  out- 
ward, and  causing  it  to  cut  a  slot  of  uniform  depth.  On  the 
return  stroke  the  tool-holder  is  forced  down  from  the  wedge 
and  back  into  the  bar  away  from  the  work.  The  depth  of  the 
cut  depends  on  the  position  of  the  wedge,  which  is  easily  ad- 
justed by  the  screw  E.  Spring  A  and  plunger  B  keep  the  cut- 
ting tool  F  in  its  proper  place  and  prevent  it  from  boring  into 
the  work.  Three  tool-holders  are  used.  One  has,  in  the  cen- 
ter of  its  upper  end,  a  slot  that  is  parallel  to  the  side;  one  has 
a  slot  forming  an  angle  of  3  degrees  to  the  right  hand;  and 
one  has  a  slot  forming  the  same  angle  to  the  left  hand.     All 

the  cutting  tools  are  made  of 
high-speed  steel  and  are  hard- 
ened and  ground.  The  wedge 
D  is  a  casehardened  steel 
forging. 

After  the  tool  is  fed  to  its 
proper  depth,  circular  feed  is 
engaged  to  cut  from  the  side 
of  one  rib  to  the  next  rib, 
leaving  0.01  inch  for  the  fin- 
ish cut.  The  same  operation 
is  repeated  between  the  other 
two  ribs.  The  roughing  tool 
is  then  removed,  by  simply  re- 
moving the  pin  that  holds  the 
cutter    in    position,    and    the 
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Fig.  3.     Indexing  Mechanism  of  Catlin  Keyseater 

left-hand  side  tool  is  assembled  in  its  place;  when  the  three 
left-hand  sides  are  machined,  this  tool  is  replaced  by  the  right- 
hand  side  tool  and  the  right-hand  sides  are  machined.  The 
cylinder  is  now  roughed  out,  and  the  next  operation  is  to  finish 
the  diameter  between  the  ribs.  In  the  roughing  operation  it  is 
necessary  to  have  the  bushing  of  the  cutting  tool  0.004  inch 
smaller  than  the  bore  of  the  cylinder;  in  the  finishing  opera- 
tion, the  bushing  should  not  be  more  than  0.0005  inch  smaller 
than  the  bore  in  order  to  make  a  perfect  job. 

To  change  the  cutter-head  so  as  to  put  in  the  finishing  tool 
is  a  simple  operation;  by  turning,  the  draw-in  rod  is  tightened 
or  loosened,  which  is  a  handy  arrangement.  After  the  rough- 
ing head  is  removed  and  the  finishing  head  is  assembled,  the 
radius  cutter  is 
placed  in  the 
cutting-tool  hold- 
er and  the  sharp 
corners  removed 
so  that  they  will 
not  cut  the  bush- 
ing. The  finish- 
ing tool  is  then 
put  in  place  and 
fed  to  its  proper 
depth,  measuring 


LATHE    ACCESSORIES   IN  A  SMALL   SHOP 

A  small  shop  owner  in  Syracuse  has  certain  ideas  in  regard 
to  the  construction  of  lathe  chucks,  toolposts  and  chuck 
adapters.  For  this  reason  he  makes  his  own  chucks  and  orders 
his  lathes  without  toolposts.  The  chuck  is  much  the  same  as 
any  other  independent  chuck  except  that  the  body,  instead  of 
being  made  round,  is  cast  with  four  arms  which  are  provided 
with  jaw  slots  and  screws  for  operating  the  jaws  as  usual. 
This  construction  provides  ample  strength  and  reduces  the 
weight.  The  shape  of  the  chuck  and  light  weight  make  it  con- 
venient to  put  on  the  spindle.  It  can  also  be  conveniently 
loosened  by  placing  a  block  in  the  path  of  one  of  the  arms 
and  turning  the  spindle  backward,  pulling  the  belt  by  hand. 

The  upper  part  of  the  toolpost  is  cast  with  a  slot  sufficiently 
large  to  accommodate  the  largest  turning  tool  used  in  the 
lathe.  Two  large  binding  screws  hold  the  tool  rigidly  in 
place.  The  toolpost  is  also  cut  away  in  front  to  accommodate 
a  boring  tool  or  boring-bar,  which  can  be  put  in  place  quickly. 
The  boring  tools  are  held  rigidly  by  the  forward  screw.  The 
lower  part  of  the  toolpost  is  machined  to  a  circular  shape 
about  three  or  four  inches  in  diameter.  This  end  of  the  tool- 
post  fits  snugly  in  a  bored  hole  in  the  cross-slide  casting  which 
is  split  and  furnished  with  a  binding  screw  for  tightening  it. 
For  minute  adjustment  of  the  cutting  edge  up  or  down,  the 
tension  on  the  lower  split  portion  is  released  and  the  thumb- 
screw in  the  upper  portion  is  turned  forward  or  backward, 
raising  or  lowering  the  tool  to  suit  the  requirements. 

The  adapter  bushing  shown  is  useful  in  a  shop  where  there 
are  lathes  of  different  makes  and  a  variety  of  spindle  noses. 
These  adapter  bushings  make  it  possible  to  use  a  chuck  made 
for  one  lathe  spindle  on  another  lathe  with  a  different  size 
spindle.  The  lug  provides  a  convenient  means  for  removing 
the  adapter  from  the  spindle  or  the  chuck  as  the  conditions 


may  require. 


Fig.   4.     Cutter- 


from  the  center  of  the  opposite  rib,  or  what  is  left  of  the  bore. 
After  the  diameter  is  finished  between  the  ribs,  the  side  tools 
are  used  and  the  three  sides  are  machined  until  they  are 
equally  spaced;  when  tested  with  gage  A,  Fig.  2,  all  three 
sides  must  bear  against  the  gage.  The  opposite  side  tool  is 
now  used  and  one  rib  is  finished,  using  gage  B,  which  fits  one 
rib  only.  Gage  C  fits  the  arc  between  the  ribs;  and  after  that 
has  been  in  all  three  arcs,  the  master  gage  D  should  go  in, 
which  fits  all  the  slotted  surfaces. 

St:  *  * 

The  shipbuilding  industries  will,  of  course,  remain  exceed- 
ingly busy  for  many  years  after  the  war  is  over.  The  extent 
to  which  orders  have  already  been  placed,  however,  will  be 
surprising  to  many.  The  Danish  shipbuilders,  Burmeister  & 
Wain,  have  their  entire  capacity,  amounting  to  about  one 
10,000-ton  ship  a  month,  definitely  ordered  up  to  1922.  It  is 
interesting  to  note  that  not  a  single  steamer  is  included  in 
these  orders,  all  of  these  vessels  being  Diesel-driven  motor 
ships.  According  to  Marine  Engineering,  inquiries  are  being 
made  at  the  present  time  with  the  view  of  building  in  America 
two  hundred  wooden  motor  ships,  each  of  2000  tons'  dead- 
weight capacity,  and  nearly  as  many  vessels  of  about  4000 
tons'  dead-weight  capacity.  J.  A.  Cole,  chief  engineer  of  the 
Abelia,  says  in  Motorship:  "Modern  marine  Diesel  engines 
have  reached  such  a  stage  of  reliability  that  there  is  not  the 
slightest  doubt  that  in  a  few  years'  time  they  will  be  in  ad- 
vance of  the  steam  engine.  At  present  there  are  motor  ships 
crossing  the  Atlantic,  keeping  as  good  time  as  steamers,  and 
coming  through  heavy  weather  without  hitch  to  the  motors." 


V.  B. 
The  cross  form 
of  chuck  reduces 
the  cast  iron 
required  for  the 
chuck  body  some- 
what, but  the  de- 
sign is  one  that 
a  "safety  man" 
would  not  favor 
because  of  the 
obvious  danger 
of  the  projecting 
arms.  Chucks,  in 
,  „        ,  general,     should 

bar  of  Keyseater  ^^    ^^^^    ^.^j^    ^ 

smooth  periphery,  and  projecting  screws  or  lugs  should  al- 
ways be  avoided.  As  a  matter  of  fact,  the  saving  of  metal 
in  the  form  of  chuck  shown  is  more  apparent  than  real;  a 
well  designed  chuck  of  the  conventional  form  is  made  with 
a  comparatively  thin  wall  of  metal  between  the  jaws,  and  the 
rim  is  also  made  thin  and  light.  The  bulk  of  the  metal  is 
immediately  around  the  jaw  slots,  and  the  thin  wall  of  metal 
between  the  jaws  and  in  the  rim  adds  but  a  few  per  cent  to 
the  total  weight.  The  extra  weight  of  the  common  chuck  body 
is  well  worth  the  cost  because  there  is  less  likelihood  of  in- 
juring the  user,  which  is  a  consideration  of  prime  importance 
in  design. — Editor. 


Cross  Form  of  Chuck,  Adapter  Bushing  and   Special  Toolpost 
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FAILURE  OF  THE  CARBURIZING  PROCESS ' 

The  carburizing  or  cementation  process  of  adding  carbon 
to  iron  or  ferrous  alloys  is  so  ancient  that  its  origin  cannot 
be  traced.  Metal  workers  for  many  centuries  made  good  steel 
by  selecting  the  materials  and  process;  but  they  did  not  know 
that  It  was  the  carbon  they  added  to  the  metal  that  gave  the 
desired  results.  In  fact,  it  was  only  in  the  last  decade  that 
this  fact  became  known.  But  the  cementation  or  carburizing 
process  used  by  the  ancient  steel  makers  is  still  used  for  many 
purposes,  especially  for  making  the  blister  bars  used  in 
crucible-steel  manufacture.  The  modern  electric  melting  fur- 
nace, however,  is  rapidly  displacing  the  crucible  process  and 
has  revolutionized  the  making  of  the  higher  grades  of  steel. 
With  it,  the  impurities  can  be  reduced  to  lower  percentages 
and  a  more  homogeneous  steel  can  be  made.  More  important 
still,  the  cost  of  making  these  high  grades  of  steel  is  less  than 
with  the  crucible  process. 

The  carburizing  process  is  also  used  in  the  manufacture  of 
some  Important  machine  parts.  Probably  the  automobile  in- 
dustry uses  more  carburized  parts  than  all  others  put  to- 
gether, although  this  industry  is  credited  with  being  the  origi- 
nator of  many  new  processes  and  methods  for  manufacturing 
steels  of  greatly  improved  quality,  as  well  as  having  brought 
into  practical  use  many  alloys  that  have  doubled  and  trebled 
the  power  of  the  steel  to  resist  alternating  and  rotary  vibra- 
tional and  torsional  strains,  as  well  as  the  wearing  properties, 
elastic  limit,  etc.  Any  of  these  alloys,  when  properly  worked 
and  heat-treated,  will  give  better  results  than  carburized  steel. 
Many  of  the  better  grades  of  carbon  steel  can  also  be  made 
to  develop  better  wearing  surfaces  and  greater  resistance  to 
strains.  For  instance,  in  the  transmission  of  a  car  made  in 
1907  two  of  the  gears  were  of  air-hardened  steel  and  the  other 
of  carbutized  steel.  To  withstand  the  strains  to  which  these 
gears  were  subjected,  the  latter  was  made  7/8  inch  wide,  while 
the  others  were  only  9/32  inch  wide.  Not  only  did  the  use 
of  the  air-hardened  gears  reduce  the  cost,  for  only  one-third 
the  weight  of  steel  was  required,  but  it  was  also  possible  to 
reduce  the  weight  of  the  frame,  axles,  wheels,  tires,  and  all 
parts  that  had  to  carry  these  parts.  In  addition,  it  would  be 
possible  to  reduce  the  horsepower  of  the  engine,  and  thus 
lessen  its  weight,  as  well  as  the  weight  of  the  driving  shaft, 
driving  gears,  and  other  moving  parts. 

Of  course,  a  low-carbon  steel  can  be  machined  more  rapidly 
than  one  that  is  high  in  carbon,  which  is  one  of  the  reasons 
why  the  carburizing  process  has  remained.  Stellite  and  the 
improved  high-speed  steels,  however,  have  reduced  the  differ- 
ence in  machining  time  to  a  small  percentage,  so  that  this 
argument  is  rapidly  losing  its  force.  Besides,  against  the  argu- 
ment of  the  saving  of  time  in  the  machine  shop  must  be  fig- 
ured the  cost  of  the  carburizing  material  and  furnaces,  fuels 
for  the  operation  of  the  furnaces,  the  time  required  for  pack- 
ing the  steel  parts,  charging  the  furnaces,  and  removing  the 
work  from  the  furnace,  and  for  quenching  and  reheating  the 
parts  for  the  second  hardening.  When  that  is  done,  it  will 
be  found  that  the  carburizing  process  is  rather  expensive. 

Wearingr  Qualities  of  Carburized  and  High-carbon  Steels 

The  principal  argument  advanced  in  favor  of  carburized 
parts  is  that  they  have  a  hard  outer  surface  that  will  resist 
wear  to  the  greatest  degree  and  a  tough  center  that  will  pre- 
vent breakage.  However,  these  are  not  found  to  be  the  facts. 
Hardness  alone  is  not  the  property  that  will  give  the  greatest 
wear  to  two  surfaces  rubbing  against  each  other.  Bronze  gears 
running  in  mesh  with  carburized  steel  gears  outwear  the  steel 
gears,  yet  the  carburized  steel  gear  teeth  are  much  harder 
than  the  bronze  gears.  Also,  gears  made  of  Hadfield's  man- 
ganese steel  will  wear  longer  than  four  or  five  carburized  steel 
gears,  yet  it  does  not  show  nearly  the  degree  of  hardness  of  a 
high-carbon  steel.  Extreme  hardness  in  the  steel  carries  with 
it  a  brittleness  that  causes  the  steel  to  wear  away  more  quickly 
than  when  it  Ls  drawn  back  enough  to  show  the  troositic  struc- 
ture, and  this  reduces  the  brittleness  to  a  certain  degree  of 
toughness.     Glass  is  considerably  harder  than  a  steel  file,  but 


'Abstract  of  a  paper  by  E.   F.   Lake  read  before  the  Steel-treating  Resear 
Club  of   Detroit,   April  27,    1917. 


the  former  is  so  brittle  that  the  file  breaks  away  particles  of 
it  until  it  is  cut  to  the  desired  size  or  shape.  The  same  thing 
occurs  when  a  hard  steel  gear  or  other  part  is  worn  away  by  a 
softer  but  tougher  metal,  so  that  toughness  is  more  important 
than  hardness.  It  is  possible  to  select  steels  that  will  give 
the  correct  degree  of  hardness  and  toughness  when  they  are 
merely  hardened  and  tempered,  and  thus  do  away  with  the 
expensive  and  crude  carburizing  process.  We  will  then  have 
machine  parts  that  are  as  strong  at  the  center  as  on  the  out- 
side and  can  reduce  the  sectional  area  or  the  weight  of  steel 
used  for  a  given  performance. 

Straight  carbon  steel  will  resist  twice  as  much  load  as  the 
core  of  the  carburized  steel  before  it  will  stretch  enough  to 
take  a  permanent  set,  but  the  elongation  and  reduction  of  area 
of  the  soft  steel  will  be  double  that  of  the  harder  steel.  This 
might  indicate  that  the  softer  steel  will  withstand  the  greatest 
transversely  applied  or  torsional  load,  but  this  torsion  is  as 
bad  a  feature  as  breakage  in  a  piece  that  must  fit  others  to 
work  in  unison  with  them.  As  distortion  will  either  cause 
the  piece  to  break  or  will  break  the  pieces  with  which  the 
distorted  piece  comes  in  contact,  nothing  is  gained  by  having 
a  soft  ductile  center  and  a  hard  outer  shell.  It  is  folly  to 
claim  "a  tough  center  that  will  prevent  breakage."  The  steels 
containing  from  0.12  to  0.18  per  cent  carbon,  which  are  gen- 
erally used  for  carburized  parts  that  contain  approximately 
1  per  cent  carbon  in  the  outer  shell,  seldom  have  an  elastic 
limit  of  more  than  40,000  pounds  per  square  inch,  and  this 
cannot  be  increased  much  more  than  5000  pounds  by  any  heat- 
treatment.  If  a  steel  with  a  high  enough  carbon  content  to 
give  the  best  shearing  surface  is  used,  the  elastic  limit  can 
be  raised  to  more  than  100,000  pounds  per  square  inch. 

One  series  of  transverse  tests  was  conducted  with  pieces 
y2  inch  round  and  12  inches  long,  loaded  at  the  center  between 
10-inch  supports.  The  best  results  obtained  with  carburized 
0.20  per  cent  carbon  steel  was  a  load  of  1760  pounds,  with  a 
deflection  of  0.5  Inch,  while  a  straight  oil-hardened  0.50  per 
cent  carbon  steel  withstood  a  load  of  3025  pounds  with  a  de- 
flection of  1.55  inch.  Both  were  practically  the  same  steel 
except  for  the  carbon  content.  The  carbon  content  of  the 
outer  shell  of  the  carburized  steel  was  raised  to  1.22  per  cent, 
while  at  a  depth   of  0.2   inch   it  decreased   to   0.30   per   cent. 

Failure  of  Carburized  Ball  and  Roller  Bearings 

In  the  early  days  of  the  bicycle,  ball  and  roller  bearings  first 
came  into  general  use.  Then  the  cups,  cones,  races,  and  even 
the  balls  and  rollers  were  carburized.  Manufacturers  soon 
learned,  however,  that  the  hard  outer  shells  of  the  balls  would 
compress  against  the  soft  centers  and  cause  them  to  deform; 
then  the  bearings  soon  failed.  Many  of  the  balls  would  also 
break  and  crack  between  the  hard  outer  shell  and  the  soft 
core,  causing  the  shell  to  peel  off.  When  the  manufacturers 
resorted  to  a  straight  carbon  steel  and  gave  the  balls  a  uni- 
form hardness  clear  to  the  center,  they  found  that  a  given 
size  of  ball  would  carry  a  much  larger  load.  Later  they  found 
that  chromium  steel  was  best  for  this  purpose. 

In  the  carburized  cups  and  cones,  a  groove  formed  where 
the  balls  applied  their  greatest  loads.  This  was  caused  by  the 
metal  in  the  soft  core  flowing  away  from  the  compressive  force 
applied  by  the  load  carried  by  the  balls  as  they  rolled  around 
the  cup  and  cone.  This  groove  was  equalized  until  the  hard 
carburized  shells  on  both  sides  of  the  cups  were  pressed  to- 
gether; but  after  a  time  the  carburized  shells  peeled  off  and 
destroyed  the  bearings.  These  troubles  were  overcome  when 
the  manufacturers  abandoned  the  carburized  process  and  made 
all  their  ball-bearing  parts  from  steel  that  had  the  correct 
chemical  composition  to  start  with.  They  would  then  heat- 
treat  the  parts  correctly  and  have  a  uniform  hardness  and 
chemical  composition  clear  through  the  steel.  Attachments 
for  taking  up  wear  were  abolished  and  the  present  high-grade 
ball  bearings  outwear  automobiles.  At  that,  they  carry  more 
than  twice  the  load  they  did  in  the  bicycle  days. 

That  many  parts  of  roller  bearings  are  still  being  carburized 
is  due  to  the  fact  that  a  roller  has  a  comparatively  larger  bear- 
ing surface  than  a  ball.  As  a  consequence,  the  weaknesses  of 
carburized  parts  have  not  developed  as  quickly  as  with  ball 


876 


MACHINERY 


June,  1917 


bearings.  Nevertheless,  there  Is  a  steady  growth  in  the  num- 
ber ot  roller-bearing  parts  that  are  being  given  a  straight 
hardening  and  tempering  without  carburizing. 

Carburlzlng  Difficulties 

In  carburizing  steel,  there  are  many  difTiculties  encountered 
and  it  is  doubtful  if  all  are  overcome  in  any  given  batch  of 
metal.  Probably  the  most  troublesome  is  the  breaking  of  the 
carburized  shell  away  from  the  core.  If  a  steel  is  correctly 
carburized,  there  is  no  distinct  bark  to  shell  off,  as  the  carbon 
content  will  gradually  reduce  from  something  like  1.25  per 
cent  on  the  outer  surface  to  the  0.10  to  0.20  per  cent  steel  in 
the  core.  In  commercial  work,  however,  there  is  nearly  always  ■• 
a  distinct  demarkation  between  the  zone  of  high  carbon  and 
the  core.  When  hardened,  a  high-carbon  steel  increases  in 
volume  much  more  than  a  low-carbon  steel;  therefore,  there 
is  considerable  stress  between  the  high-carbon  and  the  low- 
carbon  parts  of  a  carburized  piece  every  time  it  is  hardened. 
This  often  results  in  rupture  parallel  to  the  outer  surfaces, 
which  is  seldom  seen  until  the  carburized  part  has  failed. 
One  series  of  tests  with  nickel  steel  showed  that  the  specific 
gravity  is  greater  when  the  steel  is  carburized  than  when  it 
is  hardened  without  carburizing.  This  is  directly  the  opposite 
of  the  effect  obtained  with  carbon  steels.  Therefore;  if  the 
stresses  are  great  enough  they  will  burst  the  outer  shell  and 
develop  cracks  that  can  be  seen. 

Another  difficulty  is  the  segregation  of  carbon,  which  can 
easily  be  caused  by  raising  and  lowering  the  temperature  of 
the  furnace  during  the  period  of  carburization.  This  nearly 
always  occurs  in  coal-fired  furnaces  and  often  occurs  in  fur- 
naces that  are  fired  with  the  best  of  fuels.  It  might  be  caused 
by  a  carburizing  mixture  that  was  not  uniform.  Microscopical 
examinations  of  one  test  also  showed  the  segregation  of  ce- 
mentite  to  be  most  frequent  in  the  pieces  that  were  in  the  top 
of  the  carburizing  box.  Such  segregation  often  causes  thin 
plates  to  flake  off  from  the  surfaces. 

A  third  and  the  most  serious  difficulty  is  grain-growth.  Car- 
burizing steels  that  contain  below  0.18  per  cent  carbon  are 
very  likely  to  have  this  fault.  The  grains  begin  to  increase 
in  size  as  soon  as  the  transformation  point  is  past,  which  in 
this  steel  is  around  1550  degrees  F.,  and  continue  to  grow 
until  the  highest  temperature  is  reached  during  the  carburiz- 
ing process.  In  commercial  work  this  is  often  1750  degrees  F. 
and  is  seldom  below  1700  degrees.  This  brings  us  close  to  the 
point  of  crystallization,  and  when  that  occurs  the  steel  will 
retain  the  coarsened  grain  structure.  If  not,  and  the  work 
is  quenched  from  the  carburizing  furnace,  the  coarse  grain  is 
likely  to  remain  in  the  core,  even  though  the  work  is  again 
heated  to  a  temperature  high  enough  to  harden  the  high- 
carbon  outer  shell.  Therefore,  it  is  only  with  the  utmost  care 
that  the  core  can  be  made  much  better  than  a  filler  for  the  shell. 
A  steel  that  is  high  enough  in  carbon  to  begin  with  and 
then  is  simply  hardened  and  tempered  correctly,  does  not  pre- 
sent these  three  difficulties.  It  is,  therefore,  much  more  uni- 
form in  strength,  toughness  and  wearing  qualities. 
*     *     * 

WHY   PRESSED   STEEL   PARTS  BREAK 
DURING  MANUFACTURE 

BY    ERNEST    A.  WALTERS  • 

Pressing  steel  is  the  act  of  forcing  the  metal  into  the  de- 
sired shapes  and  forms  through  one  or  more  operations.  The 
work  is  done  in  dies  by  power  presses  capable  of  exerting  the 
necessary  pressure  to  produce  the  article  in  serviceable  form. 
In  designing  the  dies  and  punches,  much  thought  must  be 
given  to  the  steel  that  is  to  be  drawn.  It  is  always  necessary 
to  consider  the  points  from  which  the  steel  is  flowing  and 
those  to  which  it  is  to  flow,  and  proper  distribution  must  be 
made  by  equally  and  mechanically  balanced  dies  and  punches 
from  the  first  to  the  last  operation.  At  all  times  the  funda- 
mental principles  governing  sheet-steel  drawing  must  be  taken 
into  consideration  and  the  aim  must  be  to  make  an  article 
in  the  least  number  of  operations. 

Many   difficulties  that  require   thought  and   experience   for 

'Address:  219  W.  Bucna  Vista,  Highland  Park,  Mich. 


their  solution  are  met  in  the  operation  of  power  presses.  It 
is  a  good  practice  to  keep  a  record  of  these,  so  that  should 
the  same  difficulty  be  met  again,  the  cause  will  be  recognized 
and  Its  remedy  known.  The  troubles  encountered  in  press 
work  may  be  divided  into  three  classes:  die  troubles,  steel 
troubles,  and  press  troubles.  Some  of  the  most  common  of 
these  are  given  in  the  following: 

Die  Troubles 

Poor  and  careless  die  setting. 

Rough  radius,  causing  too  much  friction. 

Dies  too  tight  in  one  or  more  points. 

One  or  more  radii  too  sharp. 
«     Drawing  on  grain  of  steel,  causing  it  to  open. 

Lack  of  air-hole  in  punch  or  die  or  both. 

Deep  scratches  and  slug  marks  caused  by  previous  operation. 

Steel  strained  in  one  or  more  points  in  previous  operation. 

Hitting  bottom  of  die  too  hard,  causing  metal  to  flatten, 
harden,  and  crystallize. 

Pressure  pad  holding  too  tight  at  one  or  more  points. 

Too  great  a  reduction  in  one  operation. 

Protruding  screws  or  dowel-pins. 

Use  of  poor  or  improper  oil. 

Defective  or  poor  knock-out  construction. 

Defective  or  poor  stripper  construction. 

Use  of  heavy  or  wrong  thickness  of  steel. 

Burr  too  large  on  blank,  causing  opening  in  grain. 

Edge  of  blank  hardened  and  crystallized  by  dull  blanking 
punch. 

Punch  or  die  with  chip  broken-  off,  causing  sharp  edges  to 
tear. 

Screw-holes  in  upper  or  lower  or  both  pressure  pads. 

Die  or  punch  too  soft,  causing  one  or  more  points  to  upset 
or  enlarge. 

Shifting  of  gages  that  should  be  doweled. 

Bent  or  distorted  punch. 

Drawing  from  too  great  an  area  of  stock. 

Loose  sections  in  die  or  punch,  causing  it  to  tip  when  pres- 
sure is  applied  and  fracture  or  cut  the  steel. 

Hole  to  be  drawn  out  punched  out  of  center  in  previous 
operation,  causing  crack  or  break. 

Punch  or  die  worn  out  of  shape  in  this  or  previous  opera- 
tion, causing  too  great  a  difference  when  proper  relation  must 
be  maintained,  thereby  producing  strains,  cracks,  and  breaks. 

Dirt,  slugs,  or  chips  accumulating  in  die  or  punch. 

Too  much  oil  in  corners  or  bottom  of  stamping. 

Steel  being  drawn  between  die  sections  and  pressure  pad 
with  open  screw-  or  core-holes. 

One  or  more  sections  too  high,  causing  too  much  pressure 
at  those  points. 

Stamping  having  too  many  wrinkles  from  previous  operation. 

Die  slightly  shifted  out  of  line  with  punch. 

Die  or  punch  loose,  due  to  vibration. 

Die  having  improper  clearance. 

Rubber  bumper  or  spring  regulating  pressure  pad  improp- 
erly adjusted. 

Broken  springs  under  pad  in  die  or  punch. 

Die  and  punch  not  parallel,  causing  unequal  drawing  and 
pressure  conditions. 

Stamping  not  drawn  deep  enough  on  previous  operation. 

Steel  Troubles 
Laminated  steel. 
Badly  pitted  steel. 
Steel  too  hard. 
Steel  too  soft. 

Over-annealed  or  burnt  steel  with  scale. 
Rusty  or  dirty  steel. 
Steel  not  annealed  properly,  too  hard. 
Use  of  dry  steel  that  should  be  properly  oiled.  » 

Steel  left  in  pickling  vat  too  long,  causing  it  to  corrode  and 
weaken. 
Chilled  steel,  too  cold. 
Steel  covered  by  particles  of  sand  and  emery  dust. 

Press  Troubles 

Press  running  at  too  great  speed,  causing  steel  to  tear  by 
sudden  shock. 

Gibs  on  press  too  loose. 

Adjusting  ram  collar  loose,  causing  lost  motion. 

Ram  not  square  with  bed  of  press. 

Break  on  drum  too  loose. 

Bolster  plate  too  weak  and  springy. 

Bolster  plate  improperly  bolted,  causing  it  to  become  loose 
and  shift  through  pressure  and  vibration. 

Press  not  having  proper  foundation,  causing  blank  to  shift 
through  vibration. 

Cap  on  pitman  at  crankshaft  loose,  causing  lost  motion. 

Poor  operator,  allowing  press  to  repeat. 

Clutch  trouble,  allowing  press  to  repeat. 

Inadequate  light,  causing  poor  operating  through  poor  vision 
of  operator. 
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USE    OF    MAGNETIC    CHUCKS    AND    FIXTURES    IN    GRINDING 

BY    DOUGLAS   T.    HAMILTON^ 
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Fig.    1.     Diagram   showing  Loading  and  Unloading   Position 
Blanchard  Vertical  Surface  Grinder 


of   Chuck   on 


THE  design  of  the  Blanchard  vertical  surface  grinder 
adapts  it  particularly  for  grinding  a  large  number  of 
small  parts.  For  holding  plain  parts  having  flat  sur- 
faces, the  regular  magnetic  chuck  furnished  with  the  machine 
is  used.  When  the  work  is  of  irregular  shape,  however,  it  is 
necessary  to  build  special  fixtures  to  support  the  work  prop- 
erly. As  far  as  possible,  the  pieces  are  held  magnetically,  but 
in  some  cases  this  cannot  be  done.  When  the  part  is  of  such 
shape  that  a  fixture  cannot  be  designed  to  hold  it  magnetically, 
it  is  necessary  to  adopt  some  means  of  clamping.  It  is  evident 
that  on  this  type  of  machine  the  part  need  not  be  held  down 
as  rigidly  as  on  a  milling  machine,  because  the  wheel  tends 
to  hold  the  work  down  to  a  certain  extent.  The  design  of  fix 
tures  for  Blanchard  vertical  surface  grinders  should  be  such 
that  grit  or  water  will  not  interfere  with   the  operating  or 


Fig.  2.     Fixture  used  for  holding  Bolt  Stop  Springs  for  Military  Rifles 

clamping  mechanism,  and  they  should  also  be  designed  so  that 
they  can  be  removed  and  placed  quickly  on  the  chuck  to  facili- 
tate cleaning.  In  the  following  article  attention  will  be  di- 
rected chiefly  to  those  types  of  fixtures  in  which  the  magnetism 
of  the  chuck  proper  is  used  for  holding  the  pieces  either 
directly  or  through  a  fixture,  the  fixtures  being  designed  so 
that  the  lines  of  force  are  localized  at  the  desired  point  in 
order  to  obtain  the  greatest  possible  holding  effect. 

There  is  one  point  about  the  Blanchard  vertical  surface 
grinder  that  may  not  be  generally  recognized,  and  that  is  the 
fact  that  the  work-table  can  take  various  positions  in  relation 
to  the  grinding  wheel.    Normally,  as  shown  in  Fig.  1,  the  wheel 


'For  information  previously  published  in  Machixebt  relating  to  magnetic 
chucks,  see  "Holding  Work  on  the  Magnetic  Chuck  for  Milling."  September. 
1915;  "Holding  Copper  on  a  Magnetic  Chuck."  August,  1914;  and  "The  Inside 
of  the  Magnetic  Chuck,"  April  and  May,  1914. 

2 Address:  Fellows  Gear  Shaper  Co.,  Springfield,  Vt. 


reaches  slightly  past  the  center  of  the  rotating  chuck.  The 
chuck,  however,  need  not  be  located  in  this  position  if  the 
work  has  projections  that  prevent  the  wheel  from  reaching 
the  center  of  the  chuck.  It  may  occupy  a  position  intermediate 
between  its  normal  working  position  and  the  position  that  it 
occupies  when  the  work  is  being  removed  or  loaded,  that  is, 
extending  over  the  outer  ring  of  the  chuck  surface,  leaving  the 
center  free  so  that  projections  on  the  work  will  clear  the 
wheel.     In  the  following  description  of  work-holding  devices, 


Fig.   3.     Method  of  supporting  and  holding  Cast-iron  Guides  on  Magnetic 
Chuck  made  by  Blanchard  Machine  Co.,  Cambridge,  Mass. 

it  will  be  noticed  that  this  feature  is  taken  advantage  of  in 
several  cases. 

Magnetic  Fixture  for  Holding-  Bolt  Stop  Springs  for  Rifles 

As  has  been  previously  mentioned,  flat  work  is  held  di- 
rectly by  means  of  the  magnetic  chuck.  When  the  work  has  a 
projection  similar  to  that  shown  at  A  in  Fig.  2,  it  is  necessary 
to  provide  some  other  means  of  support.  This  is  easily  ac- 
complished, as  shown,  by  using  coUl-roUed  steel  rings;  one 
of  these  b  is  located  under  the  tails  of  the  pieces,  and  the 


t 
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Fig.  4.     Arrangement  of  Steel  Rings  for  holding  Parts  on  Magnetic  Chuck 
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other,  c,  bunouiuls  the  iiieues  and  thus  prevents  thuni 
from  beint?  moved  toward  the  outer  edge  of  the 
chuck  when  being  ground.  It  will  be  seen  that  the 
magnetic  force  passes  through  the  ring  b  and  grips 
tlic  thin  part  of  the  work,  also  holding  the  work  di- 
rectly at  that  point  where  it  bears  on  the  chuck.  In 
addition,  the  outer  end  is  attracted  to  ring  c.  This 
fixture  is  arranged  to  hold  150  rough  forgings,  which 
are  ground  on  one  side  at  the  rate  of  600  per  hour. 

Fixture  for  Holdlngr  Cast-iron  Guides 
Another  similar  example  of  a  work-holding  fixture 
employing  the  separate  strip  principle  is  shown  in 
Fig.  3.  In  this  case  the  parts  being  machined  are 
cast-iron  guides,  three  of  which  are  held  on  the  chuck 
at  one  time.  The  guide,  it  will  be  noticed,  is  of  such  a 
shape  that  its  entire  bottom  surface  does  not  contact 
with  the  chuck;  consequently,  cold-rolled  steel  strips 
are  placed  underneath  the  part  to  form  additional 
contact.  Other  strips  placed  at  the  outer  edges  of  the 
guides  prevent  the  rotating  wheel  from  sweeping  them 
off  the  chuck.  Here  it  also  will  be  noticed  that  the 
chuck    holds    the    parts    directly    and    through    the  Fig 

medium  of  the  cold-rolled  steel  strips. 

Work-holdingr  Devices  for  Holdingr  Small   Irregular  Parts 

A  fixture  somewhat  similar  to  that  Illustrated  in  Fig.  2  is 
shown  in  Fig.  4.  In  this  case  the  parts  to  be  operated  on  are 
comparatively  small  and  of  such  shape  that  they  cannot  be 
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Fig.  5.     Method  of  holding  a  Magazine  Follower  on  a  Blanchard  Magnetic 
Chuck 

held  directly  against  the  face  of  the  chuck.    A  ring,  therefore, 
of  similar  shape  to  the  part  being  held  is  located  on  the  chuck 


7.     Special   Fixture   for  holding   Electric   Flat-iron   Clamps   on   Blanchard 
Magnetic   Chuck 

and  on  this  the  pieces  rest.  This  ring  has  a  projecting  boss 
against  which  the  pieces  fit,  and  another  ring  located  inside 
the  work  prevents  the  parts  from  being  shifted  out  of  line  with 
each  other.  In  the  example  shown  in  Fig.  4  the  work  rests 
entirely  on  the  plate,  the  magnetism  passing  up  from  the 
chuck  through  this  thin  steel  plate,  holding  the  work  firmly 
in  place. 

Fig.  5  shows  a  fixture  for  holding  a  part  similar  to  that 
shown  in  Fig.  4,  this  being  a  magazine  follower  for  a  military 
rifle,  which  is  ground  on  one  side  only.  The  fixture  provides 
for  holding  120  pieces  at  one  time  in  the  rough-forged  condi- 
tion, and  the  production  is  300  per  hour.    In  this  case  also  two 


Fig.   6.     Special  Fixture  for  holding  Gibs  on  Blanchard  Magnetic  Chuck 


Fig.  8,     Magnetic  Fixture  for  holding  Cutters 

rings  are  employed,  the  inner  one  being  formed  to  suit  the 
work,  the  circular  projection  resting  on  the  table;  the  other 
ring  surrounds  the  parts  on  the  outer  end  and  prevents  them 
from  being  swept  off  the  chuck.  In  the  various  fixtures  shown 
in  Figs.  2,  4  and  5,  the  retaining  rings  and  blocking  plates  are 
made  separate  to  increase  the  facility  with  which  the  rings 
can  be  handled  while  cleaning  the  chuck.  In  operating  ma- 
chines with  this  type  of  fixture,  it  is  the  practice  not  only  to 
remove  the  work  when  it  is  ground,  but  also  to  remove  the 
rings  and  plates  from  the  chuck  each  time  to  facilitate 
cleaning. 
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Fig.   9.     Magnetic  Fixture  for  holding  Handles  for  Cut  Nippers 

Fixture  for  Holding-  Taper  Gibs 

An  interesting  type  of  magnetic  fixture  is  shown  in  Fig.  6. 
The  parts  being  ground  are  taper  gibs  for  a  lathe  carriage. 
These  are  first  ground  on 
two  parallel  sides  to  ex- 
act thickness;  then  they 
are  dropped  into  the 
milled  slots  in  the  cast- 
iron  plate  shown,  the  lat- 
ter being  held  on  the 
magnetic  chuck  of  the 
machine.  The  bottoms  of 
the  slots  in  this  plate 
have  a  taper  which  holds 
the  work  at  the  proper 
angle  to  give  the  taper  re- 
quired on  the  gib.  It  is 
interesting  to  note  that 
no  planing  or  other  ma- 
chining operations  are 
done  on  these  gibs  before 
they  are  brought  to  the 
grinding  machine.  The 
rough  castings  are  put  on 
the  grinding  machine  and 
approximately  %  inch  of 
stock  is  removed  from 
each  side,  both  at  the 
first  and  second  opera- 
tions.    There   is   nothing 


Fig.   10.     Similar  Fixture  to  that  shown  in  Fig.   9  for  holding  Jaws  for  Cut  Nippers 


and  the  production  is  100  electric  flat-iron  clamps  per 
hour,  grinding  one  side  only  and  removing  1/16  inch 
of  stock. 

Magnetic  Fixture  for  Holding-  Irregular  Shaped 
Steel  Cutters 

Fig.  8  shows  a  magnetic  fixture  for  holding  steel 
cutters  that  have  an  irregular  under  surface.  Refer- 
ence to  this  illustration  will  show  that  the  plate  has 
holes  cut  about  midway  of  the  length  of  the  piece 
being  held ;  these  are  to  reduce  the  plate  area  and 
concentrate  the  magnetism  at  the  points  where  it  will 
hold  the  work  securely.  The  fixture  is  made  from 
boiler  plate  and  is  ground  on  both  sides.  The  work  is 
located  by  means  of  stop-pins  at  both  ends. 

Magnetic  Work-holding  Fixture  for  Cut  Nipper 
Handles 


In  the  type  of  work-holding  fixture  shown  in  Fig.  9 
the  area  of  grip  on  the  work  is  comparatively  lim- 
ited, and  hence  special  means  have  to  be  provided  to 
concentrate  the  magnetism  at  the  points  where  it  will 
most  effectively  hold  the  work.  The  grinding  wheel, 
of  course,  sweeps  over  the  flat  ends  only,  and  in  so 
doing  has  a  tendency  to  draw  the  pieces  out  of  the  fixture.  In 
order  to  overcome  this  action  and  also  prevent  the  pieces  from 
shifting  sideways,  a  special  fixture  is  necessary.  The  fixture 
body  comprises  two  steel  rings  A  and  B,  which  are  separated 

by  a  brass  ring  C.     The 

effect  is,  therefore,  to 
strongly  magnetize  these 
two  steel  rings,  and  as 
they  are  separated  by  a 
non-magnetic  substance, 
the  current  has  to  pass 
through  the  work  from 
one  to  the  other,  thus 
providing  a  secure  means 
of  holding.  The  inner 
ends  of  the  work  are 
separated  by  studs,  as 
shown,  which  are  held  in 
a  third  steel  ring  on  the 
chuck.  The  capacity  of 
this  chuck  is  50  nipper 
handles,  and  the  produc- 
tion is  125  per  hour, 
grinding  both  sides  and 
removing  1/32  inch  of 
stock  from  the  rough 
forging   on   each   side. 

Fig.  10  shows  a  some- 
what similar  fixture  for 
holding  the  nipper  jaws. 
Here,     as     before,     three 


to  hold  the  pieces  in  the  slots  except  friction  and  the  slight 
magnetic  pull  that  comes  through  the  plate.  This  pull,  how- 
ever, is  greater  than  might  be  expected,  owing  to  the  fact  that 
the  thickness  of  the  plate  at  the  bottom  of  the  slot  is  not  over 
Vz  inch  and  the  magnetic  force  is  of  sufficient  strength  to 
prevent  the  gibs  from  being  moved  back  and  forth  in  the  slot. 
The  gibs  are  16  inches  long,  and  the  production  is  from  seven 
to  eight  per  hour,  ground  on  all  four  surfaces. 

Magnetic  Fixture  for  Holding  Electric  Flat-iron  Clamps 

A  magnetic  fixture  for  holding  electric  flat-iron  clamps  is 
shown  in  Fig.  7.  As  will  be  seen,  this  consists  essentially  of 
an  inner  and  outer  ring  of  fairly  heavy  section,  which  carry 
hardened  steel  blocks  that  locate  and  support  the  work.  It 
will  also  be  noticed  that  the  two  ring  portions  of  the  fixture 
are  connected  by  a  thin  web  which  has  further  been  lightened 
by  drilling  a  series  of  holes  in  it,  the  idea  being  to  prevent 
diversion  of  the  magnetism  through  the  entire  fixture  and  con- 
fine it  to  those  points  where  it  will  most  effectively  hold  the 
work.    This  fixture  is  so  designed  that  it  carries  sixteen  pieces, 


rings  are  provided,  the  two  steel  rings  being  separated  by  a 
brass  ring;  in  this  way  the  magnetism  is  localized  in  the  flat 
surface  of  the  nipper  jaws  so  as  to  hold  them  securely.  The 
inner  ends  of  the  jaws  are  prevented  from  shifting  by  means  of 
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plugs  as  shown,  and  there  are  additional  plugs  in  the  block  A 
that  act  as  guides  for  the  pieces  and  prevent  them  from  con- 
tacting with  each  other.  The  capacity  of  this  chuck  is  45 
jaws,  and  the  production  is  125  per  hour,  grinding  both  sides 
from  the  rough  forging  and  removing  1/32  inch  of  stock  from 
each  side. 

Magnetic  Fixture  for  Holding-  Plane  Irons 
A  simple  but  effective  type  of  fixture  for  holding  blades  for 
carpenters'  planes  is  shown  in  Fig.  11.  In  this  case  the  work- 
holding  fixture  has  slots  milled  in  it  converging  toward  the 
center,  in  which  the  plane  irons  are  laid.  These  slots  are  re- 
cessed at  the  front  edge  to  form  a  screwdriver  slot  for  remov- 
ing the  work  from  the  fixture  after  the  magnetic  current  has 
been  turned  off.  The  slots  in  the  fixture,  of  course,  are  ma- 
chined to  the  required  taper  on  the  blade  and  the  width  of  the 
slot  is  such  that  the  blade  can  be  easily  slipped  in  and  is  kept 
from  moving  endwise  by  two  stop-pins.  The  capacity  of  this 
fixture  is  twenty-seven  irons  on  a  30-inch  chuck. 

Magnetic  Fixture  for  Holding  Bevel  Pinions 

An  interesting  type  of  fixture  for  holding  bevel  pinions  for 
automobile  differential  gear  mechanisms  is  shown  in  Fig.  12. 
This  fixture  is  more  elaborate  than  any  thus  far  illustrated, 
and  consists  of  a  holder  A,  which  completely  surrounds  the 
chuck  and  is  bored  to  receive  the  bronze  bushings  B.  This 
holder  is  so  arranged  that  two  rows  of  work  can  be  held.  The 
bronze  bushings  bear  down  on  steel  plugs  C,  the  latter  having 
a  shoulder,  as  illustrated,  and  resting  on  the  chuck  face.  The 
upper  ends  of  these  studs  are  machined  to  the  size  of  the  hole 
in  the  work  so  that  the  latter  fits  over  them.  The  upper  ends 
of  the  bronze  bushings  B  are  also  machined  to  suit  the  shape 
of  the  rear  face  of  the  pinions.  This  chuck  is  so  constructed 
that  the  studs  are  in  contact  with  one  pole  of  the  chuck  while 
the  supporting  plate  A  is  in  contact  with  the  other,  the  stud 
and  plate  being  separated  by  a  non-magnetic  material  as 
shown.  The  effect  of  this  arrangement  is  to  hold  the  pinions 
securely  in  place  on  the  studs  and  also  on  the  supporting  plate. 
By  way  of  explanation,  it  may  be  stated  that  this  illustration 
shows  the  fixture  applied  to  an  older  type  of  Blanchard  mag- 


netic chuck,  but  the  same  arrangement,  of  course,  can  be  used 
on  the  later  type  of  chuck. 

Fixture  for  Holding  Work  Sciuare  on  Blanchard  Surface  Oiinder 

The  Blanchard  vertical  surface  grinder  can  be  used  with 
satisfactory  results  for  grinding  strips  or  other  work  having 
one  or  more  sides  square  with  a  previously  finished  surface. 
A  simple  fixture  for  handling  this  work  is  shown  in  Fig.  13. 
A  number  of  strips  of  steel  are  placed  on  the  chuck  in  the 
manner  illustrated,  and  then  the  work  is  located  between  these 
strips  so  that,  in  addition  to  being  prevented  from  shifting, 
it  is  held  square  with  the  surface  of  the  table.  The  magnetic 
current  holds  the  entire  mass  of  pieces  firmly  to  the  face  of 
the  chuck.  It  is  not  essential  that  the  work  bear  evenly  on 
its  lower  surface  against  the  chuck,  as  the  strips  against 
which  it  is  held  prevent  it  from  tipping.  This  particular  fix- 
ture was  used  for  grinding  die  parts,  and  the  parallels  were 
made  from  cold-rolled  steel,  pack-hardened  and  then  carefully 
ground. 

Magnetic  Fixture  for  Holding  Connecting-rods 

An  arrangement  that  can  be  used  for  holding  connecting- 
rods  when  grinding  the  bearing  faces  is  shown  in  Fig.  14. 
The  small  ends  of  the  rods  are  thicker  than  the  large  ends, 
and  the  chuck  is  entirely  cut  away  in  the  center,  as  illustrated, 
to  concentrate  the  magnetic  current  at  the  large  end  of  the 
rod  and  so  that  the  projecting  bosses  on  the  smaller  end  will 
clear.  It  is  evident,  of  course,  that  the  wheel  in  this  fixture 
only  comes  part  way  in  over  the  chuck — just  enough  to  cover 
the  bearing  surface  being  ground.  There  are  two  means  of 
holding  these  pieces  to  the  chuck;  they  can  be  held  by  brass 
plugs  attached  to  the  chuck  face  and  fitting  in  the  hole  in  the 
large  end  of  the  rod,  or  they  can  be  located  by  loose  pieces 
of  flat  steel,  which  are  laid  on  the  chuck  face  between  the 
pieces  of  work.  The  latter  method  is  sometimes  preferred,  as 
it  makes  it  much  easier  to  clean  the  face  of  the  chuck,  the 
bronze  plugs,  of  course,  being  permanently  attached. 

Magnetic  Fixture  for  Holding  Steering  Gears 

A  simple  but  effective  fixture  for  holding  steering  gears 
when  grinding  the  top  face  at  right  angles  to  the  shank  is 
shown  in  Fig.  15.  This  is  made  of  cast  iron  and  is  located 
on  the  chuck  by  means  of  straps  as  illustrated.    The  work  is 
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Fig.   13.     Method  of  holding  Work  on  Magnetic  Chuck  when  it  is  desired 
to  square  One  Surface  with  Another 
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Fig.   14.     Arrangement  used  in  holding  Connecting-rods  for  grinding  Sides 
of    Bearings 

simply  dropped  into  the  holes  in  the  fixture,  the  latter  being 
made  to  fit  the  shank  of  the  worm-wheel.  The  fixture  can  be 
held  either  by  magnetism  or  by  its  own  weight,  the  straps 
shown  preventing  it  from  shifting.  This  fixture  holds  twenty- 
one  worm-wheels  with  shafts  1%  inch  in  diameter  by  5i/^ 
inches  long.  The  surface  to  be  ground  is  2  inches  outside 
diameter,  and  0.030  to  0.050  inch  of  "material  is  removed.  The 
production  is  1000  pieces  in  ten  hours,  and  they  are  ground 
to  an  accuracy  of  0.001  inch. 


Fig.    16.     Special   Fixture   for  holding   Steering-gear   Worm-wheels 

Fixtures  for  Holding-  Push-rods 

Pigs.  16  and  17  show  two  types  of  fixtures  for  hold- 
ing valve  push-rods  when  grinding  the  ends.  As  a 
rule,  three  or  four  duplicate  fixtures  are  provided,  so 
that  a  boy  can  load  one  while  the  other  is  on  the 
machme.  In  this  way  the  machine  can  be  kept  in 
practically  continuous  operation,  except  for  the  short 
time   necessary   to   remove   and    replace   the    fixture. 

Referring  to  Fig.  16,  it  will  be  noticed  that  the 
push-rod  here  shown  is  ground  on  the  large  end  only. 
The  fixture  consists  of  a  ring  B,  having  V-slots  on 
both  inside  and  outside  surfaces  in  which  the  push- 
rods  are  held  by  means  of  clamping  blocks.  As  it  is 
necessary  to  locate  the.  rods  from  the  small  end,  an- 
other stepped  ring  A  is  used  at  the  bench  for  con- 
venience in  loading  ring  B.  For  the  grinding  opera- 
tion, the  lower  ends  of  the  rods  rest  directly  on  the 
chuck  of  the  grinder,  being  maintained  in  a  vertical 
position  by  ring  B,  to  which  they  are  clamped,  while 
three  stop-blocks  on  the  chuck  (not  shown  in  the 
illustration)  serve  to  center  ring  B.     The  capacity  of 


the  fixture  is  104  rods.  When  such  a  fixture  is  to  be  used  con- 
tinuously, all  locating  and  wearing  surfaces  should  be  of  hard- 
ened steel;   otherwise  accuracy  cannot  be  maintained. 

The  fixture  shown  in  Fig.  17  differs  from  that  shown  in 
Fig.  16  in  that  it  is  arranged  to  grind  both  ends  of  the  push- 
rod.  This  fixture  has  previously  been  described  in  Macuineby,' 
and  is  reproduced  here  to  illustrate  how  a  push-rod  can  be 
held  so  that  both  ends  can  be  ground.  The  capacity  is  104 
push-rods,  and  the  production  700  per  hour,  grinding  both  ends 
and  removing  approximately  1/64  inch  from  each  end.  Three 
fixtures  are  used,  two  being  on  the  loading  bench  while  one  is 
in  the  machine. 

One  of  the  chief  advantages  of  the  Blanchard  vertical  sur- 
face grinder  is  its  unlimited  capacity  for  holding  a  variety  of 
shapes  of  work  and  grinding  them  to  the  required  degree  of 
accuracy.  It  is  evident,  of  course,  that  with  a  carefully  de- 
signed fixture,  taking  ordinary  precautions  in  keeping  the 
chuck  clean,  it  is  possible  to  hold  a  large  number  of  pieces 
to  within  very  close  manufacturing  tolerances;  owing  to  the 
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CAPACITY  — 104  VALVE  LIFTERS 


Fig.    16.     Clamping    Fixture    used   on   Blanchard    Vertical    Surface    Grinder 
for  holding  Valve  Push-rods 

fact  also  that  a  large  number  of  pieces  can  be  ground  at  one 
setting,  the  manufacturing  costs  are  greatly  reduced. 
*     *     * 

It  is  stated  in  Industrltidntngen  Norden  (Stockholm,  Swe- 
den) that  since  the  beginning  of  the  war  not  less  than  20,000 
war  invalids  have  been  systematically  trained  in  Germany  as 
oxy-acetylene  welders.  It  has  been  found  that  welding  is 
one  of  the  occupations  which  is  especially  suitable  for  men 
who  have  been  maimed  In  the  war.  The  rapidity  with  which 
Germany  has  applied  itself  to  the  task  of  training  those  who 
have  been  injured  in  the  war,  so  that  they  may  be  useful  in 
after  life,  and  the  development  that  has  been  made  in  the 
manufacture  of  artificial  arms  and  hands  for  the  Injured  is 
remarkable. 


'See  Machinery,  September,  1915,  page  39. 


Fig.    17.     Push-rod   Fixture   Similar  in  Design  to  that   shown   in   Fig.    16, 

but  so  constructed  as  to  enable  it  to  be  used  for  grinding 

Both  Ends  of  Push-rods 
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RELATION  OP  FLUTES  IN   A   HOB    TO  RESULTS  OBTAINED— THEORETICAL  CONDITIONS  NEVER  OBTAINED   IN  PRACTICE 

IIY    JOHN      BDOAB  - 


WHEN  designing  a  liob,  after  tlie  specifloation  of  worm 
or  gear  has  been  considered,  probably  tlie  question  of 
liow  many  flutes  to  cut  is  tlie  most  difficult  to  treat 
In  a  general  way.  This  has  usually  been  treated  as  an  arbi- 
trary quantity,  so  that  there  is  a  great  variation  in  the  num- 
ber of  flutes  cut  in  hobs  of  practically  the  same  specifications 
in  other  respects.  Although  this  question  has  been  discussed 
before,  a  more  thorough  study  will  reveal  something  of  in- 
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Tig.  1.     Theoretical  Bearing  on  'Worm  Thread 

terest  to  those  who  use  hobs  or  have  at  any  time  the  proposi- 
tion of  designing  a  hob  suitable  for  some  particular  job.  Some 
of  the  theories  presented  are  not  altogether  suitable  to  the 
practical  work  of  the  shop  because  of  the  limitations  that  hem 
the  shopman  in  on  every  side  and  seem  to  contradict  theory 
in  its  application  to  everyday  work.  When  considered  from 
a  purely  theoretical  standpoint,  it  is  thought  necessary  to  have 
an  infinite  number  of  gashes  in  the  hob;  this  is  exactly  op- 
posite to  the  practical  point  of  view,  as  the  life  of  the  hob  de- 
pends on  its  having  as  few  gashes  as  will  give  the  nearest 
approach  to  the  theoretical  tooth  shape  and  still  allow  of  the 
maximum  number  of  sharpenings. 

If  a  worm  that  has  been  run  in  action  with  the  mating  worm- 
gear  is  examined,  it  will  be  found  that  the  hearing  on  the  side 
of  the  threads  of  the  worm  does  not  cover  the  whole  surface 
of  the  thread,  but  will  show  a  spiral  course,  and  if  this  thread 
is  unrolled  from  the  worm  it  will  appear  as  at  A,  Fig.  1.  This 
bearing,  which  in  practice  has  a  width  greater  in  the  middle 
of  the  worm  than  near  the  ends  of  the  thread,  is  in  theory  a 
line  and  is  made  up  of  a  series  of  points.  The  positions  of 
these  points  gradually  change  from  top  to  bottom,  or  from  bot- 
tom to  top,  as  the  worm  rotates;  and  in  a  single-thread  worm, 
each  point  on  the  thread  corresponds  to  a  single  point  on  each 
tooth  of  the  gear.  These  points  on  each  tooth  of  the  gear  are 
in  exactly  similar  positions,  and  each  point  on  the  thread  of 
the  worm  comes  into  contact  with  the  corresponding  point 
on  each  tooth  of  the  gear,  no  matter  what  the  number  of  teeth 
may  be.  That  part  of  the  thread  that  lies  outside  of  this 
line  of  contact  has,  in  theory,  no  reason  for  being,  other  than 
as  a  support,  and  if  removed,  would  not  interrupt  the  continu- 
ous rolling  action  of  the  "worm  and  gear. 

The  foregoing  proposition  will  be  more  easily  understood 
if  we  consider  a  worm-gear  of  infinitely  small  width  of  face, 
which  would  result  in  purely  point  contact  in  the  axial  plane 
of  the  worm.  If  an  axial  section  of  the  worm  and  gear  is 
taken  and  the  points  of  contact  in  this  plane  are  connected 
by  a  line  parallel  to  the  plane,  as  in  Fig.  2,  the  pressure  line 
of  the  teeth  will  be  obtained;  and  if  the  thread  is  of  involute 
section,  the  pressure  line  will  be  straight.  All  contact  between 
the  teeth  occurs  on  this  liae  and  is  limited  to  that  part  of  the 
line  that  lies  between  A  and  B.  Just  as  the  line  in  Fig.  1  is 
built  up  of  points  of  contact,  by  rotating  the  worm  and  follow- 
ing the  course  of  these  points  of  contact  as  they  appear  in  the 
axial  plane  it  will  be  seen  that  the  pressure  line  is  built  up 
of  these  points  of  contact  and  that  they  follow  along  this  line 

'For  other  information   on   this  subject,    see    "How  Many  Gashes  Should   a 
Uob  Have?",  in  the  January,  1909,  number  of  Machinebt, 
•Address:  509  N.  Church  St.,   Kocljford,   111. 


and  coincide  with  the  corresponding  point  on  the  tooth  of  the 
gear.  It  can  then  easily  be  imagined  that  each  point  of  con- 
tact is  a  diamond-pointed  tool  that  has  a  reciprocating  motion 
perpendicular  to  the  axial  plane  and  working  at  such  a  speed 
that  the  strokes  are  at  close  enough  intervals  to  shape  the 
teeth  of  the  gear  as  it  rotates  in  the  proper  relation  to  the 
movement  of  the  tool-slide  in  the  axial  plane  along  the  pres- 
sure line  AB.  This  is  a  type  of  generating  mechanism  that, 
to  the  writer's  knowledge,  has  not  been  used  in  practice  but 
is  theoretically  correct  in  principle. 

In  Fig.  2,  points  A  and  B  are  the  limits  of  contact.  The  dis- 
tance from  A  to  jB  projected  on  the  pitch  line  limits  the  length 
of  thread  in  contact.  (In  a  hob  this  is  the  limit  of  generating 
action;  in  practice  this  limit  is  not  approached.)  G  and  Gi  are 
points  of  contact  on  opposite  sides  of  the  teeth.  Lines  drawn 
through  the  points  and  intersecting  the  pitch  line  at  the  pitch 
point  P  are  known  as  pressure  lines. 

If  the  diamond  point  is  replaced  by  a  broad  pointed  tool,  the 
face  of  which  is  perpendicular  to  the  line  of  progress,  it  will 
be  observed  at  once  that  the  infinitely  great  number  of  strokes 
that  the  tool  was  required  to  make  in  the  former  case  is  now 
unnecessary,  as  the  increased  width  of  the  tool  allows  of  a 
greater  interval  between  the  strokes  and  the  point  of  contact 
may  become  a  line  of  considerable  length.  The  outline  of  the 
gear  tooth  then  becomes,  not  a  curve  made  up  of  an  infinite 
number  of  points,  but  a  definite  number  of  tangents  to  a  curve. 
If  the  strokes  of  the  tool  are  so  controlled,  these  tangents  will 
be  of  equal  length  from  root  to  tip  of  the  tooth;  this  would  be 
accomplished  by  a  constant  feeding  motion  of  the  slide  along 
the  line  AB.  Now  if  the  tool  edge  is  made  long  enough  to 
reach  from  top  to  bottom  of  the  imaginary  worm  thread  and 
is  fed  parallel  to  the  axis  of  the  worm  by  infinitely  small  in- 
crements, as  the  worm-gear  is  rotated  in  proper  ratio,  it  will 
be  found  that  the  gear  tooth  can  be  formed  as  easily  as  before, 
but  the  cutting  point  of  the  tool  will  shift  along  the  edge  from 
the  root  to  the  tip,  or  vice  versa,  being  always  at  the  intersec- 
tion of  the  pressure  line  and  the  cutting  edge.  If  the  thread 
in  Fig.  1  is  divided  into  equal  parts  and  a  cutting  edge  is 
placed  at  each  division,  a  condition  will  be  obtained  that  will 
answer  as  well  as  the  latter  supposition.    These  cutting  edges 


Fig.  2.    Diagram  showing  Pressure  Line,  or  Line  of  Contacts 

are  necessarily  limited  in  location  to  the  plane  of  the  side  of 
the  thread.  This  condition  is  obviously  what  is  found  in  the 
hob,  the  cutting  edge  being  formed  by  the  flute.  This  edge  is 
relieved  by  forcing  the  thread  tool  in  toward  the  axis  of  the 
hob  as  the  latter  revolves,  giving  an  eccentric  relief  that  allows 
the  teeth  formed  by  the  gash  to  be  sharpened  without  affecting 
their  shape  or  size. 

The  problem  before  us  involves  the  spacing  of  the  cutting 
edges  so  as  to  obtain  the  most  practical  condition,  which  will 
balance  the  shape  of  the  gear  tooth  to  be  produced  against  the 
life  of  the  hob.  It  has  always  been  the  writer's  contention  that 
the  most  practical  hob  was  one  that  had  very  few  gashes,  or 
flutes,  since  the  distortions  in  hardening  counteract  any  gain 
that  might  possibly  be  had  by  a  greater  number  of  flutes,  as 
the  distortion  is  directly  proportional  to  the  number  of  teeth 
subjected  to  it;  also,  that  the  finer  teeth,  being  more  slender, 
are  subject  to  this  distortion  to  a  greater  degree  than  those 
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of  the  stouter  proportions  found  in  hobs  with  fewer  flutes. 
Then,  again,  there  are  conditions  of  operation  that  counteract 
any  gain  there  might  be  in  having  an  abnormal  number  of 
flutes.  Even  hobs  that  have  the  teeth  ground  to  remove  any 
distortion  of  hardening  and  manufacture  are  subject  to  condi- 
tions of  use  that  go  far  toward  nullifying  the  prospect  of  flne 
finish  with  the  greater  number  of  flutes. 

Minimum  Number  of  Flutes  in  Hob 

To  find  what  may  be  deemed  a  minimum  number  of  flutes, 
the  significance  of  the  tangents  that  are  directly  proportional 
to  the  number  of  flutes  will  be  analyzed.  This  condition  of 
direct  proportion  is  often  defeated  in  cases  where  the  distor- 
tion of  hardening  is  excessive  or  in  case  of  careless  sharpen- 
ing. When  the  tooth  of  the  gear  appears  with  tangents  of 
quite  noticeable  irregularity,  this  condition  cannot,  of  course, 
be  taken  into  consideration. 

The  rolling  action  of  the  worm-gear  on  the  worm  is  analo- 
gous to  that  of  the  spur  gear  and  rack,  the  rack  being  repre- 
sented by  the  axial  section  of  the  worm  and  the  spur  gear  by  a 
worm-gear  of  very  narrow  face.  The  successive  positions  of 
the  rack  teeth  may  be  represented  by  rotating  the  worm  until 
each  radial  plane  is  brought  into  coincidence  with  the  axial 
plane  and  registered.  This  has  been  done  in  Fig.  3,  where 
each  radial  plane  represents  also  one  flute  in  a  hob  of  the  same 
pitch  and  proportions  as  would  be  used  to  hob  the  gear.  It 
will  be  found  that  the  pitch  of  the  worm  is  divided  into  as 
many  equal  parts,  or  divisions,  as  there  are  radial  planes,  so 
that  the  number  of  positions  assumed  by  the  rack  in  each 
revolution  of  the  worm  is  equal  to  the  number  of  radial  planes. 
It  will  also  be  found  that  the  distance  between  each  division 
Is  the  pitch  divided  by  the  number  of  radial  planes,  or  flutes, 
of  worm  or  hob,  respectively.  Since  the  gear  rolls  on  the  pitch 
line  of  the  worm,  the  pitch  circle  may  be  divided  into  spaces 
equal  to  the  divisions  on  the  pitch  line  of  the  worm.  Each 
division  will  then  represent  an  angular  advance  of  the  gear 
corresponding  to  the  lateral  movement  of  the  thread  section 
of  the  worm  on  the  axial  plane,  and  an  equal  advance  by  the 
imaginary  rack. 

In  Fig.  4,  these  equal  divisions  have  been  spaced  off,  the 
space  from  one  radial  plane  to  another  on  the  worm  being 
equal  to  the  lead  of  the  hob  divided  by  the  number  of  flutes. 
This  diagram  shows  that,  in  this  case,  twenty-two  teeth  gen- 


Fig.  3.     Radial  Section  on  Axial  Plane  and  Successive  Positions  of  Rack 
advancing  in  Direction  of  Arrow  registered  at   Regular  Intervals 

erate  the  involute  part  of  the  tooth  curve,  there  being  twelve 
flutes  in  the  hob.  If  the  rack  is  rolled  on  the  gear,  it  is  obvi- 
ous that  the  pressure  line  will  always  be  perpendicular  to  a 
line  drawn  through  the  point  of  tangency  of  this  line  on  the 
base  circle,  which  is  drawn  tangent  to  the  pressure  line,  with 
the  axis  of  the  gear  as  a  center.  Drawing  a  line  to  represent 
the  pressure  line  at  each  position  of  the  rack,  when  rolled  on 
the  gear,  gives  the  series  of  tangents  shown  in  Fig.  4.  These 
tangents  divide  the  tooth  curve  into  unequal  divisions,  the 
distance  between  which  gradually  increases  as  the  divisions 
near  the  point  of  the  tooth.  The  distance  varies  almost  in 
proportion  to  the  distance  from  the  point  of  tangency  on  the 
base  circle;  that  is,  it  increases  as  the  curve  flattens  out. 
Obviously,  the  point  that  governs  the  number  of  these  tan- 


gents is  the  width  of  the  tangent  at  the  pitch  point,  as  there 
the  teeth  roll  on  each  other,  and  any  condition  that  will  answer 
there  will  be  likely  to  answer  at  any  other  point  on  the  tooth. 
From  a  lay-out  similar  to  Fig.  4,  it  will  be  found  that  a 
width  of  tangent  of  0.0625  inch  in  a  tooth  of  one  diametral 
pitch  on  a  gear  of  twelve  teeth  will  not  be  excessive  or  notice- 
able. The  width  of  tangent  at  the  pitch  point  on  all  gears 
cut  with  a  hob  of  the  same  number  of  flutes  will  be  equal. 
If  the  radius  of  the  curve  is  taken  as  equal  to  the  length  of 
the  pressure  line  between  the  curve  and  the  point  of  tangency 
(and  it  will  closely  approximate  this  for  so  short  a  length  as 
is  being  considered),  it  is  possible  to  arrive  at  a  close  approxi- 
mation of  the  depth  of  this  tangent,  as  it  differs  from  the  curve 
it  replaces,  and  so  convince  ourselves  that  the  substitution  is 
well  within  the  limits  of  good  practice.  In  the  case  of  the 
twelve-tooth  gear  and  a  pressure  angle  of  14 1^  degrees,  the 
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Fig.  4.     Relation  of  Pressure  Line  to  Tooth  Curve 

radius  of  the  curve  may  be  said  to  equal  the  pitch  radius  of 
the  gear  multiplied  by  the  sine  of  the  pressure  angle,  or  in 
this  ease,  1.5024  inch. 

The  depth  of  the  "flat"  is  found  by  the  modified  formula  for 
the  rise  of  an  arc: 

H  =  F^  ~4,R 
where  H  =  depth ; 

F  =  width  of  flat  or  tangent; 
B  =  radius  of  tangent  circle. 

The  depth  in  this  particular  case  is  0.000333  inch.  This 
seems  to  be  a  passably  close  approximation  to  the  curve,  as 
this  depth  could  not  be  the  cause  of  any  great  difference  in 
the  rolling  of  the  gears.  The  depth  of  the  tangent  at  the  pitch 
point  varies  inversely  as  the  number  of  teeth  in  the  gear,  so 
the  question  arises:  What  number  of  flutes  will  produce  this 
result?  In  a  1414-degree  involute,  the  spacing  of  the  pitch  line 
will  be  approximately  four  times  that  on  the  curve  at  the  pitch 
point,  or  the  spacing  on  the  pitch  circle  will  be  4  X  0.0625  = 
0.25  inch,  approximately,  since  the  pitch  circle  is  divided 
equally  into  as  many  spaces  per  inch  as  the  pitch  line  of  the 
imaginary  rack.  As  these  spaces  result  from  dividing  the 
lead  of  the  worm  equally  into  as  many  spaces  as  there  are  cut- 
ting edges  per  convolution  of  thread,  by  reversing  the  opera- 
tion the  number  of  radial  divisions  in  the  hob  is  found  to  be 
3.1416  -H  0.25  =  12.56,  or,  say,  12,  as  an  even  number.  This 
number  would  be  as  suitable  for  any  pitch,  for  in  the  finer 
pitches  the  depth  and  width  of  the  tangent  decreases  in  direct 
proportion  to  the  diametral  pitch  of  the  hob.  The  use  of  a 
smaller  number  of  teeth  in  the  hob,  say  ten,  is  permissible, 
as  the  error  is  only  slightly  greater  than  with  twelve  teeth, 
and  in  finer  pitches  would  not  be  noticeably  greater.  In  a 
general  way,  twelve  teeth  may  be  considered  a  good  standard 
for  spur  and  spiral  gear  hobs  with  a  little  leaning  toward  a 
smaller  number  of  flutes. 

Multiple-thread  Hobs 

In  worm-gear  hobs,  conditions  that  limit  the  number  of 
teeth  or  flutes  are  often  met,  so  that  the  foregoing  recom- 
mendation cannot  be  put  into  practice.  For  instance,  the  diam- 
eter and  pitch  of  the  worm  may  be  such  that  a  much  smaller 
number  of  flutes  will  be  found  necessary  to  obtain  the  required 
strength  of  tooth.  Many  worm  hobs  with  five  or  six  flutes 
ai'e  found  that  seem  to  answer  the  requirements  fully,  while 
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others  would  give  better  results  if  the  number  of  flutes  were 
greater.  Checkiug  back  in  the  manner  Just  explained,  figures 
would  be  found  that  one  would  doubt  as  being  practical,  the 
tangent  being  so  wide,  but  when  it  Is  realized  that  the  results 
obtained  are  giving  satisfaction  a  person  feels  justified  in 
recommending  a  small  number  of  flutes.  Such  conditions  as 
these  should  not  be  allowed  in  the  case  of  spur-gear  hobs,  as 
that  would  be  carrying  the  matter  too  far;  but  the  writer 
knows  of  many  cases  where  multiple-thread  hobs  with  twelve 
flutes  are  used  with  good  results.  Such  a  hob  has  but  six 
working  flutes  per  thread.  Multiple-thread  hobs  are  being 
used  extensively  in  finishing  spur  gears.  To  get  as  good  re- 
sults as  with  a  single-thread  hob  of  the  same  pitch,  other  con- 
ditions being  equal,  they  should  have  the  number  of  flutes 
that  one  would  give  a  single-thread  hob  times  the  number  of 
threads;  thus,  a  double-thread  hob  should  have  twelve  flutes 
per  thread,  or  twenty-four  flutes  in  all. 

In  using  multiple-thread  hobs  for  spur-  and  helical-gear  fin- 
ishing, the  hob  must,  be  so  proportioned  that  there  are  enough 
flutes  per  thread  to  give  a  good  substitute  for  the  theoretical 
tooth  shape.  This  is  obviously  possible  in  only  the  smaller 
pitches;  coarse  pitches  should  not  be  handled  this  way.  There 
are  conditions  of  manufacture  and  use  that  enter  into  the 
proposition  of  getting  good  results  from  multiple-thread  hobs 
that  are  not  encountered   in   the  case   of  single-thread   hobs. 

In  the  case  of  the  single-thread  hobs,  there  is  no  relation 
between  the  number  of  flutes  and  the  number  of  teeth  cut. 
Each  tooth  is  produced  by  exactly  the  same  action  and  by  the 
same  teeth  of  the  hob,  so  that  each  tooth  must  be  an  exact 
duplicate  of  its  mate.  This  is  not  the  case  in  gears  cut  by 
multiple-thread  hobs.  Here  the  number  of  teeth  is  divided  into 
groups,  there  being  a  group  for  every  thread  in  the  hob  when 
the  number  of  teeth  in  the  gear  is  divisible  by  the  number  of 
threads.  If  the  number  of  teeth  in  the  gear  is  prime  to  the 
number  of  threads,  the  teeth  in  the  gear  are  acted  on  by  all 
the  teeth  in  the  hob,  which  produces  the  effect  of  a  hob  with 
twice  the  number  of  flutes  as  in  the  former  case.  This  has 
produced  the  theory  that  the  flutes  in  multiple-thread  hobs 
should  have  a  number  prime  to  the  number  of  threads.  This 
theory  is,  of  course,  based  on  perfect  conditions,  but  these  con- 
ditions are  so  rarely  met  in  practice  that  nothing  would  be 
gained  by  having  such  hobs.  Were  it  possible  to  obtain  a  hob 
that  did  not  vary  in  any  degree  in  the  spacing  of  the  threads 
nor  in  the  teeth  as  they  come  into  the  generating  position,  the 
teeth  in  the  hob,  having  a  number  of  flutes  prime  to  the  num- 
ber of  teeth  in  the  gear,  would  not  tradk,  but  would  split  the 
tangents  into  narrower  tangents,  thus  producing  a  better  ap- 
proximation of  the  true  involute.  But  since  these  conditions 
are  never  obtained  in  ordinary  practice,  it  is  desirable  to  em- 
ploy the  simpler  methods  of  manufacture  involved  in  making 
a  hob  with  a  divisible  number  of  flutes,  it  being  possible  to 
obtain  better  results  in  this  way  than  otherwise. 

A  mention  of  some  of  the  difficulties  encountered  in  making 
a  hob  with  the  number  of  flutes  prime  to  the  number  of  threads 
will  show  the  wisdom  of  avoiding  that  condition  whenever  pos- 
sible.   Most  multiple-thread  hobs  have  a  thread  of  considerable 
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Fig.    6.     Development  of  Cutting  Edges  of  Five-fluted,    Four-threaded  Hob 

angle,  and  so  are  fluted  spirally,  making  it  more  difficult  to 
index  the  thread  than  were  the  flutes  milled  axially.  The  odd 
number  of  flutes  to  the  number  of  threads  complicates  the 
indexing,  as  the  relation  of  tool  to  flute  is  thrown  out  when 
the  hob  is  indexed  to  bring  the  next  thread  to  the  forming 
position.  This  makes  it  necessary  to  reset  the  tool  or  perform 
another  differential  indexing  operation  to  bring  the  tool  back 
into  proper  relation  with  the  flute  in  the  hob.  This  mul-- 
tiplicity  of  operations  cannot  be  performed  without  a  long 
chance  of  error  in  the  spacing  of  the  thread.  The  error  thus 
introduced  may  be  sufficient  to  counteract  any  advantage 
gained  by  the  prime  relation  of  the  flutes  to  the  threads,  as  it 
results  in  a  thick  thread  that  will  eradicate  the  work  of  the 
other  thread  when  it  passes  through  the  tooth  already  formed 
by  that  thread.  When  the  number  of  threads  in  the  hob  is 
divisible  into  the  number  of  teeth  cut,  the  result  Is  thick  and 
thin  teeth.  When  the  number  of  flutes  is  even  to  the  num- 
ber of  threads,  the  indexing  of  the  hob  in  forming  the  threads 
is  a  simple  one-operation  matter,  and  absolute  accuracy  is 
more  nearly  assured. 

It  is  when  the  use  of  the  hob  is  considered  that  conditions 
counteracting  any  gain  that  could  result  from  the  prime  rela- 
tion of  the  threads  and  flutes  are  met,  for  even  with  a  hob 
that  is  absolutely  perfect  in  both  design  and  manufacture,  the 
conditions  surrounding  its  use  are  never  so  nearly  ideal.  Even 
if  the  hob  is  in  perfect  condition  and  has  been  carefully  sharp- 
ened, the  proposition  of  placing  it  on  the  bobbing  machine  so 
as  to  run  perfectly  true  is  not  so  easily  accomplished,  and  a 
very  small  amount  of  runout  will  counteract  the  slight  gain 
that  might  otherwise  be  realized  with  the  hob  of  prime  rela- 
tion. A  very  slight  runout  results  in  a  condition  similar  to 
that  obtained  with  a  hob  having  a  thick  thread  and  gives  a 
gear  with  thick  and  thin  teeth,  when  the  number  of  teeth  is 
even;  and  a  rough  surface  on  spiral  and  helical  gears,  if  the 
number  of  teeth  is  prime.  Where  the  number  of  flutes  can 
be  made  reasonably  numerous,  so  that  the  tangents,  when  in- 
vestigated as  just  described,  are  not  of  excessive  width,  the 
"prime  relation"  in  the  hob  is  to  be  avoided. 

Conditions  Making-  a  Prime  Number  of  Teeth  in 
Hob  Advisable 

There  are  cases  where  it  may  be  advisable  to  consider  the 
use  of  the  prime  relation  hob,  such  as  where  the  lead  is  great 
and  there  are  more  than  two  or  three  threads.  For  example, 
suppose  that  the  maximum  number  of  flutes  obtainable  is  five, 
because  of  the  small  diameter  of  the  worm  and  the  steep  lead; 
that  there  are  four  threads;  that  the  thread  section  is  stand- 
ard, that  is,  the  working  depth  is  0.636  X  the  pitch;  and  that 
there  are  seventeen  teeth  in  the  gear. 

In  Fig.  5,  the  tooth  shape  of  this  gear  is  shown.  Here  ABG 
is  the  flat  produced  by  one  thread  on  a  four-thread,  five-fluie- 
hob  in  a  gear  of  seventeen  teeth,  and  shows  the  shape  of  tooth 
produced  at  one  revolution  of  the  worm-gear  with  the  hob  cut- 
ting the  full  depth  for  one  revolution  of  the  work.  The  equal 
spaces  li-5„  la-Sj,  etc.,  corresponding  to  the  cutting  planes  of 
the  hob  are  laid  off  on  the  pitch  line  and  the  tangents  to  the 
tooth  curve  relative  to  one  thread  are  shown.     This  condition 
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shows  that  if  the  teeth  iu  the  gear  are  a  multiple  of  the  num- 
ber of  threads,  the  junction  of  the  two  flats  produced  by  the 
only  cutting  edges — there  being  but  two  in  this  case — will 
leave  the  hump  as  at  B.  Therefore,  a  hob  of  such  extreme  pro- 
portions would  be  a  failure,  and  the  only  remedy  would  be  to 
have  more  teeth  or  use  some  of  the  bobbing  systems  where 
the  hob  is  moved  along  on  its  axis  in  proper  relation  to  the 
rotation  of  the  gear  so  as  to  produce  a  better  approximation 
to  the  theoretical  curve. 

In  the  case  of  the  gear  having  a  number  of  teeth  that  is 
prime  to  the  number  of  threads,  the  threads  alternately  pass 
through  the  spaces  between  the  teeth,  and  by  reason  of  the 
flutes  of  the  hob  being  prime  to  the  number  of  threads,  the 
teeth  of  the  hob  do  not  track.  Each  tooth  strikes  the  tooth 
curve  at  a  different  angle,  and  the  tangents  produced,  there- 
fore, blend  into  one  another  and  a  close  approximation  to  the 
true  involute  curve  is  obtained.  This  only  applies  to  those 
gears  that  have  a  number  of  teeth  which  is  odd  to  the  number 
of  threads  in  the  worm.  If  the  number  of  teeth  in  the  gear 
is  not  a  multiple  of  the  number  of  threads,  but  is  even  when 
the  threads  are  even,  the  number  of  tangents  obtained  on  the 
tooth  curve  is  only  a  fraction  of  that  obtained  when  the  teeth 
are  odd  to  the  number  of  threads,  or  vice  versa.  In  the  pres- 
ent example,  if  the  number  of  teeth  should  happen  to  be  even, 
but  not  a  multiple  of  the  number  of  threads,  the  number  of 
tangents  will  be  only  half  the  number  obtained  when  the  teeth 
are  odd.  A  number  of  combinations  can  be  obtained,  depend- 
ing on  the  number  of  threads  in  the  worm  and  the  number  of 
flutes  in  the  hob. 

A  diagram  like  that  shown  in  Fig.  6  will  reveal  many  in- 
teresting facts  if  studied  in  connection  with  the  design  of  the 
hob  for  such  extreme  cases  as  those  being  considered.  It  not 
only  shows  the  number  of  cutting  edges  there  are  in  the  hob, 
but  also  whether  or  not  they  track.  The  diagram  is  con- 
structed by  laying  out  the  pitch  of  the  threads  on  the  horizon- 
tal lines  and  the  pitch  of  the  flutes  on  the  vertical  and  then 
drawing  the  threads  at  the  proper  angle  from  the  points  laid 
out  on  the  horizontal.  The  points  of  intersection  of  these  lines 
will  be  the  location  of  the  cutting  edges.  The  cutting  edges 
in  rows  1,  2,  3  and  4  act  on  the  first,  second,  third  and  fourth 
teeth  of  the  gear,  respectively,  when  the  number  of  teeth  is  a 
multiple  of  the  number  of  threads.  Cutting  edges  in  rows 
1  and  3  and  2  and  4  act  alternately  on  every  other  tooth  when 
the  number  of  teeth  is  even  but  not  a  multiple  of  the  num- 
ber of  threads.  Cutting  edges  in  rows  1,  2,  3  and  4  act  on  all 
the  teeth  of  the  gear  when  the  number  is  odd. 

In  conclusion,  it  may  be  said  that  for  spur  and  helical  gears, 
when  the  hob  is  used  on  standard  bobbing  machines,  the  hob 
should  be  designed  with  ten  to  twelve  flutes.  In  cases  where 
the  conditions  are  special  and  require  holding  a  given  diam- 
eter, the  number  of  flutes  should  be  determined  by  the  meth- 
ods just  explained,  the  tangent  being  held  within  limits  of 
0.075  to  0.050  divided  by  the  diametral  pitch  of  the  gear.  In 
cases  of  multiple-thread  hobs,  the  prime  relation  should  be 
avoided,  the  threads  being  equally  divisible  into  the  number 
of  flutes.  When,  however,  the  prime  relation  has  to  be  em- 
ployed, the  following  rule  should  be  observed:  If  the  number 
of  threads  is  even,  the  number  of  teeth  in  the  gear  and  of 
flutes  in  the  hob  should  be  odd;  if  the  number  of  threads  is 
odd,  the  number  of  teeth  and  flutes  may  be  odd  or  even,  but 
not  multiples. 

Many  hobs  are  now  in  use  that  would  be  much  better  pro- 
ducers, so  far  as  quality  of  product  is  concerned,  had  the 
prime  relation  been  avoided.  They  were  designed  (or  shall 
we  say  laid  out?)  according  to  rule,  without  proper  insight 
into  the  limits  of  practical  conditions  surrounding  their  manu- 
facture. Many  purchasers  of  hobs  would  do  well  to  take  the 
manufacturer  into  their  confidence  in  the  design  of  their  hobs 
and  not  insist  on  stated  specifications,  which  are  only  a  draw- 
back to  efllcient  hobs  that  can  be  made  accurately  and  give 
perfect  satisfaction  in  every  way  if  these  restrictions  that 
make  it  difficult  to  give  good  service  are  avoided.  All  the 
flutes  that  can  be  crowded  into  a  hob  will  not  give  good  gears 
unless  intelligent  use  and  proper  upkeep  enter  into  the  propo- 
sition. 


COMPOSITION  AND   CHARACTERISTICS 
OF  EXPLOSIVES 

BY   A.   SCHLEIMER  ' 

Perhaps  no  one  class  of  articles  at  the  .present  time  is  at- 
tracting as  much  attention  as  explosives,  but  the  only  one 
familiar  to  most  of  us  is  the  old  black  gunpowder.  This  has 
been  in  use  since  the  middle  of  the  thirteenth  century,  and 
while  the  origin  is  not  known,  it  is  generally  attributed  to  the 
Chinese.  Its  composition  today  is  practically  the  same  as  it 
was  then,  the  difference  being  only  a  matter  of  proportion. 
As  made  today,  the  powder  is  75  per  cent  potash  nitrate,  10 
per  cent  sulphur,  and  15  per  cent  charcoal. 

Practically  all  the  higher  explosives  are  based  on  "nitro," 
which  is  a  chemical  combination  of  glycerine  and  nitric  acid, 
wherein  the  three  hydroxyls  of  the  glycerine  are  replaced  by 
nitrogen  oxide  or  some  other  organic  substance  with  which 
the  nitric  acid  can  combine  in  a  similar  manner.  The  first 
step  in  the  manufacture  of  nitroglycerine  is  rnaking  the  mixed 
acid.  This  is  a  mixture  of  nitric  and  sulphuric  acids  with  a 
small  percentage  of  water,  in  definite  proportions.  The  acids 
are  mixed  in  a  large  vat  by  means  of  compressed  air,  and 
cooled.  The  glycerine  is  warmed  sufficiently  to  overcome  its 
viscosity,  and  carefully  added.  The  temperature  at  this  stage 
of  the  process  is  a  most  important  factor,  and  is  controlled  by 
a  coil  in  the  liquid.  When  the  reaction  is  complete,  the  nitro- 
glycerine is  run  off  and  washed  thoroughly  with  water  and 
alkali  in  order  to  free  it  from  all  traces  of  free  acid.  This 
forms  what  is  known  as  trinitro-glycerine,  which  is  the  true 
chemical  name,  as  distinguished  from  other  combinations  of 
nitric  acid  and  glycerine,  of  which  there  are  a  number;  this, 
however,  is  by  far  the  most  important  one.  The  sulphuric  acid 
in  this  instance  has  no  chemical  significance  whatever,  its  ac- 
tion being  purely  catalytic.  After  the  nitroglycerine  has  been 
removed,  concentrated  acid  is  added  to  the  mixed  acid,  which 
is  used  over  again.  The  "spent"  mixed  acid  contains  con- 
siderable nitroglycerine,  which  is  recovered  by  diluting  with 
water,  heating,  and  agitating,  which  causes  the  nitroglycerine 
to  separate. 

Nitroglycerine  is  a  heavy,  thick,  syrupy  liquid.  It  has  a 
specific  gravity  of  1.6,  and  its  melting  point  is  13  degrees  C. 
It  has  an  intensely  sweet  taste,  but  is  very  poisonous,  even  in 
small  quantities,  when  taken  internally.  The  dose,  when  given 
internally,  is  only  from  1/200  to  1/50  drop.  Nitroglycerine  is 
very  sensitive  to  shock  and  friction,  for  which  reason  it  is 
dangerous  when  frozen,  as  it  must  be  thawed  out  before  it 
can  be  used.  It  is  only  within  the  last  few  years  that  a  diluent 
has  been  found  that  will  lower  its  freezing  point  without  im- 
pairing its  explosive  power. 

Dynamite 

Dynamite  is  simply  nitroglycerine  to  which  an  absorbent 
has  been  added  in  sufficient  quantity  to  form  a  solid  mass, 
such  as  diatomaceous  earth,  clay,  ashes  or  carbon.  It  is  im- 
portant that  the  adulterant  have  the  correct  absorbing  quali- 
ties, for  an  excess  of  nitro  will  naturally  exude,  while  if  the 
absorbent  is  in  excess,  it  is  likely  to  crumble.  Either  condi- 
tion is  likely  to  give  serious  trouble  at  some  unexpected  mo- 
ment. Both  nitroglycerine  and  dynamite  are  particularly  dan- 
gerous, owing  to  their  instability.  One  can  never  tell  just 
what  they  are  going  to  do.  The  slightest  shock  will  frequently 
be  sufficient  to  explode  them;  consequently,  the  greatest  care 
is  necessary  in  their  handling  and  transportation.  On  the 
other  hand,  there  are  many  cases  on  record  where  the  sudden 
application  of  great  shock  has  had  no  effect.  In  one  case  a 
truck  loaded  with  dynamite  broke  down  and  the  load  rolled 
down  a  short,  steep  hill,  after  falling  off  the  truck.  In  an- 
other case  a  large  ammunition  plant,  several  years  ago,  was 
practically  demolished.  The  explosions,  as  the  buildings  were 
destroyed,  were  so  great  that  they  were  plainly  heard  fifty 
miles  distant,  and  hundreds  of  windows  were  shattered  in 
nearby  towns.  Yet  the  nitro  house,  which  at  the  time  of 
the  explosion  contained  four  tons  of  nitroglycerine,  was  not 
destroyed. 

In  making  dynamite,  the  absorbent  is  first  mixed  by  hand 
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and  then  passed  through  a  sieve;  the  care  necessary  can 
readily  be  understood  when  It  is  realized  that  a  spark  will 
set  it  off.  This  makes  the  use  of  machinery  for  mixing  very 
dangerous;  for,  while  it  Is  easy  to  make  maclrinery  that  will 
do  the  required  work  as  long  as  it  remains  mechanically 
exact,  the  dropping  out  of  a  screw  or  the  chipping  of  one  of 
the  blades  or  other  parts  while  in  operation  is  likely  to  cause 
a  spark,  which  means  disaster  and  loss. 

Dynamite  can  easily  be  exploded  by  a  blow.  A  small  quan- 
tity can  be  ignited  and  burned  with  impunity,  but  larger  quan- 
tities, if  ignited,  will  be  exploded  by  the  heat  generated.  When 
frozen,  dynamite  is  exceedingly  dangerous  and  likely  to  ex- 
plode by  force  of  fracture.  When  brought  into  contact  with 
water,  the  nitroglycerine  readily  separates  from  the  absorbent, 
and  for  this  reason  precaution  is  always  taken  to  keep  it  dry. 
To  overcome  this,  the  absorbent  is  sometimes  replaced  by  col- 
lodion, forming  the  so-called  blasting  gelatine,  or  gelatine 
dynamite.  This  class  of  explosives  has  the  advantage  of  being 
more  stable  for  transportation  purposes.  On  the  other  hand, 
it  is  more  dangerous  to  make,  as  it  must,  of  necessity,  be  mixed 
by  machinery.  Wood  is  used  in  the  machinery  wherever  pos- 
sible, and  iron  and  steel  are  replaced  by  softer  metals,  lead, 
brass  and  zinc,  which  are  not  so  likely  to  spark  when  struck. 
The  mixing  tanks  are  fitted  with  connections  for  hot  water, 
in  order  to  raise  the  temperature  to  the  proper  degree,  as  well 
as  for  cold  water,  to  be  used  should  the  temperature  rise  too 
near  the  danger  point,  which  it  has  a  tendency  to  do.  While 
in  the  "doughy"  condition,  the  mass  is  run  through  a  con- 
tinuous screw  machine  similar  to  the  ordinary  household  meat 
chopper,  which  turns  it  out  the  required  size,  after  which  it 
is  dried  and  cut. 

There  are  quite  a  number  of  different  nitrocelluloses.  The 
one  used  for  the  manufacture  of  high  explosives  is  the  trinitro, 
which  is  not  the  same  as  the  dinitro  used  for  making  com- 
mercial collodion.  The  dinitro,  while  not  so  highly  explosive 
as  the  trinitro,  is  sufficiently  dangerous  to  warrant  ho  undue 
unfamiliarity.  Starch,  which  is  so  closely  allied  to  cellulose 
chemically,  is  also  used  to  a  great  extent  for  making  blasting 
powder,  by  treatment  similar  to  that  used  for  nitroglycerine 
and  guncotton.  When  wet,  guncotton  is  quite  harmless,  though 
when  mixed  with  some  that  is  dry,  it  can  be  exploded  by  means 
of  the  dried.  Blotting  paper,  tissue,  wood-pulp,  rag  and  other 
paper  have  all  been  discarded  in  the  manufacture  of  guncotton 
for  high  explosives,  and  only  cotton  cloth  is  used  in  the  form 
of  rags  or  waste.  The  structural  changes  taking  place  in  cel- 
lulose do  not,  however,  affect  its  solubility,  and  for  this  reason 
any  form  of  cellulose  may  be  used  for  the  manufacture  of 
such  products  as  collodion,  celluloid,  etc. 

In  the  factory,  the  cotton  waste  is  first  hand-picked  to  re- 
move the  greater  part  of  the  mechanical  impurities,  such  as 
pieces  of  wood,  metal,  rubber  or  whatever  it  may  contain.  It 
is  then  run  through  a  teasing  machine,  which  opens  the  knots, 
lumps,  etc.,  and  separates  the  fibers  to  permit  of  easy  and 
rapid  absorption  of  the  acid.  It  is  afterward  run  through  a 
drying  machine,  which  removes  all  but  about  1  per  cent  of 
moisture,  and  this  is  taken  care  of  by  the  sulphuric  acid.  The 
cotton  is  then  nitrated  in  earthen  pans,  being  added  to  the 
acid  slowly  and  carefully,  a  small  quantity  at  a  time,  so  that 
the  acid  may  permeate  if  thoroughly.  After  it  has  all  been 
added,  weights  are  placed  on  the  cotton  to  keep  it  below  the 
surface  until  the,  action  is  complete.  The  time  required  for 
nitration  depends  on  the  temperature,  the  strength  of  the  acid 
and  the  dryness  of  the  cotton.  The  greater  part  of  the  waste 
acid  is  run  into  a  storage  tank,  where  it  is  revivified  by  the 
addition  of  concentrated  acid  and  used  over  again. 

A  thorough  washing  of  the  cotton  is  necessary  after  the  acid 
treatment,  as  it  must  be  absolutely  free  from  any  trace  of  acid. 
In  some  cases  an  alkali  wash  is  used  to  counteract  the  acid, 
and  then  the  cotton  is  washed  to  free  it  from  the  alkali.  This 
is  not  advisable,  however,  as  the  cotton  is  likely  to  suffer  from 
the  chemical  action  of  the  alkali,  which  causes  hydrolysis  to  a 
greater  or  less  degree.  The  nature  of  th^  water  used  must 
also  be  taken  into  consideration. 

After  the  final  washing  and  drying,  the  cotton  is  placed  in 
a  machine,  where  it  is  treated  to  loosen  and  tear  the  fibers 


apart,  and  in  this  way  whatever  impurities  remain  are  re- 
moved. For  certain  kinds  of  work,  however,  the  cotton  is 
formed  into  cylinders  or  slabs,  while  still  damp,  and  then 
dried,  which  facilitates  handling,  as  the  cotton  is  less  danger- 
ous when  moist. 

Picric  Acid 
Picric  acid,  which  for  years  has  been  used  for  coloring  pur- 
poses, is  one  of  the  later  explosives.  Chemically,  it  is  a  rela- 
tive of  nitroglycerine,  being  a  trinitro-phenol,  whereas  nitro- 
glycerine is  a  trinitro-glycerine.  It  is  a  powerful  explosive 
with  a  very  high  melting  point;  so  high,  in  fact,  that  it  must 
be  adulterated  to  bring  its  melting  point  down  in  order  to 
make  it  of  practical  value.  Picric  acid  is  one  of  the  most  dan- 
gerous explosives  to  handle  or  manufacture.  It  readily  at- 
tacks most  metals  or  their  oxides,  combining  with  them  to 
form  metallic  picrates,  which  are  as  "ticklish"  and  uncertain 
as  the  well-known  fulminates.  For  this  reason  it  Is  not  al- 
lowed to  come  in  contact  with  metals,  and  shells  in  which 
it  is  used  must  be  waxed  or  shellacked  so  that  it  will  not 
contact  with  the  metal.  For  this  reason  picric  acid  is  used 
for  priming  more  than  for  any  other  purpose.  It  has  a  ten- 
dency, furthermore,  to  dissociate  most  salts  with  which  it 
comes  into  contact.  Even  the  fumes  arising  from  it  in  process 
of  manufacture  are  deadly,  and  the  skins  of  those  working 
in  it  are  stained  a  deep  yellow,  which  is  permanent.  Phenol, 
from  which  picric  acid  is  made,  is  the  chemical  name  for  what 
is  commonly  known  as  carbolic  acid. 

Trinitro-toluene 
Trinitro-toluene  is  one  of  the  most  recent  achievements  of 
the  military  laboratories,  and  is  probably  the  most  commonly 
used  high  explosive  today.  As  its  name  indicates,  it  is  a  com- 
bination of  trinitryl  and  toluol.  It  is  much  less  dangerous  to 
manufacture  or  handle  than  either  picric  acid  or  nitro- 
glycerine, as  its  fumes  are  not  injurious  nor  is  it  sensitive  to 
shock.  Heat  and  moisture  have  little  or  no  effect  upon  it,  and 
it  refuses  to  combine  with  the  metals  or  their  oxides.  It  seems 
rather  incongruous  that  this  substance,  which  is  probably 
responsible  for  the  greatest  destruction  of  human  life  in  the 
history  of  the  world,  is  also  the  source  of  the  sweetest  sub- 
stance known.  From  toluene  is  obtained  saccharine,  which  is 
approximately  five  hundred  times  sweeter  than  sugar.  In  use, 
the  nitro-toluene  is  melted  and  poured  into  the  steel  or  iron 
shell,  where  it  solidifies,  and  is  exploded  by  a  time  or  percus- 
sion fuse.  The  investigation  and  study  of  explosives  is  fas- 
cinating, and  there  is  a  wealth  of  information  open  to  thos© 
who  are  interested. 

*     *     * 

PLATINUM  DEPOSITS  OP  THE  WORLD 
The  metals  of  the  platinum  group — platinum,  palladium, 
iridium,  rhodium,  ruthenium  and  osmium — are  necessary  in 
many  industries  closely  connected  with  the  war.  But  the 
known  supply  is  limited;  possibly  5,000,000  ounces  have  been 
produced  in  the  world  to  date,  about  95  per  cent  of  which  was 
obtained  in  Russia.  It  is  estimated  that  500,000  ounces  are 
used  in  contact  plants  for  the  manufacture  of  sulphuric  acid; 
1,000,000  ounces,  in  chemical  and  physical  laboratories;  250,000 
ounces,  in  electrical  devices;  and  1,000,000  ounces,  each  in 
jewelry  and  dentistry.  The  United  States  uses  165,000  ounces 
of  platinum  a  year;  about  45,000  ounces  are  used  in  the  manu- 
facture of  sulphuric  acid  and  about  80,000  ounces  in  jewelry. 
Of  this  amount,  65,000  ounces  are  refined  in  the  United  States 
and  100,000  ounces  are  imported.  With  the  exception  of  a 
little  platinum  and  allied  metals  obtained  by  refiners  of  cop- 
per and  nickel  mattes  and  gold  bullion,  all  the  platinum  in 
the  world  has  been  won  from  placer  deposits.  Platinum  is  not 
known  in  all  countries  in  the  world,  but  it  seems  hardly  pos- 
sible that  all  the  deposits  of  this  valuable  metal  are  known. 
In  fact,  platiniferous  deposits  in  southern  Spain  have  been 
discovered  quite  recently.  Colombia,  South  America,  is  the 
second  largest  producer  of  platinum.  The  metal  is  also  found 
in  Brazil,  Borneo  and  Australia.  In  North  America,  platinum 
exists  in  the  gravels  of  a  number  of  streams  in  the  western 
mountains,  both  in  Canada  and  the  United  States. — V.  S.  Com- 
merce Reports. 
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ECONOMY-STORAGE  AND  FEEDING  SYSTEMS-TYPES  OF  BURNERS 

BY  J.   V.   HUNTER  1 


A  FEW  months  ago  a  visit  was  made  to  a  large  manufac- 
turing plant,  where  the  visitor  is  welcomed  and  gladly- 
shown  through  the  place,  as  those  in  charge  feel  that 
they  have  an  establishment  of  which  they  can  be  justly  proud. 
Like  most  really  successful  factories,  it  has  specialized  in  one 
line  of  product,  and  it  shows  plainly  that  it  is  a  one-man  in- 
stitution. The  forge  shop  astonished  the  writer;  it  was  the 
third  that  he  had  visited  within  a  few  months  where  no  fur- 
nace equipment  had  been  provided  for  the  rapid  heating  of 
large  and  small  metal  parts  by  means  of  fuel  oil.  Large  quan- 
tities of  small  steel  parts  were  being  slowly  heated  in 
ordinary  blacksmith  coal  fires.  Two  small  built-up  brick- 
walled  coke  furnaces  did  a  little  toward  speeding  up  the 
work  by  furnishing  quantities  of  unevenly  heated  metal  parts, 
when  they  were  not  cold  from  fresh  fuel  charges.  Nor  were 
there  any  gas  furnaces,  although  this  plant  had  its  own  pro- 
ducer plant  outfit  for  furnishing  producer  gas  to  heat  a  series 
of   enameling 


design  or  build  their  own  furnaces  and  burners  at  from  one- 
third  to  one-fourth  the  cost  at  which  these  could  be  bought. 
Good  furnaces  are  the  most  valuable  production  stimulators 
in  any  forge  shop.  The  oil  furnace  will  add  practically  50 
per  cent  to  the  production  that  can  be  obtained  from  the  cus- 
tomary coke  or  hard-coal  furnace;  and  often  at  an  additional 
reduction  in  the  labor  burden,  as  the  coal  fires  require  much 
of  a  helper's  time  for  replenishing  the  fuel.  After  each  charg- 
ing, an  appreciable  time  is  lost  waiting  for  the  bed  of  coals  to 
burn  through  and  bring  the  work  up  to  its  proper  heat.  With 
an  oil  furnace  of  proper  design,  the  work  can  be  charged  and 
withdrawn  at  a  uniform  rate,  and  an  even  heat  maintained 
on  all  pieces. 

One  job  of  heavy  hammer  forging,  in  a  western  shop  doing 
gas-tractor  work,  was  heated  on  the  bed  of  coals  of  a  large 
hard-coal  furnace.  Because  of  the  size  of  the  furnace  and 
the  quantity  of  work  to  be  handled,  one  helper  was  kept  busy 

charging  the 
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ovens.  However, 
few  plants  have 
service  that  will 
justify  the  ex- 
penditure r  e  - 
quired  for  a  pro- 
ducer-gas instal- 
lation merely 
for  heating  a 
few  furnaces,  so 
it  will  seldom  be 
found  as  a  gen- 
eral adjunct  to 
a  black  smith- 
Bhop.  It  does 
seem,  however, 
that  many  fac- 
tory managers 
have  been  slight- 
ing theefiiciency 
of  their  forge- 
shop  depart- 
ments  by  failing 
to  provide  means 
for  heating  steel 
parts  rapidly,  so  as  to  keep  the  workmen  steadily  employed. 
Inquiry  has  almost  invariably  elicited  the  following  explana- 
tion of  the  inattention  to  this  phase  of  forge-shop  efficiency: 
"City  gas  costs  too  much,  even  at  a  reduced  price,  to  be  used 
as  a  fuel,  while  producer  gas  is  not  warranted,  nor  could  it 
be  profitably  maintained  for  the  small  quantities  of  gas  that 
would  be  consumed.  An  oil  system  is  costly  to  install,  danger- 
ous as  a  fire  hazard,  difficult  to  maintain,  and  unsuccessful 
unless  installed  and  maintained  by  one  who  thoroughly  under- 
stands its  intricacies.  The  representations  of  the  different  oil 
furnace  salesmen  do  not  sound  reasonable  and  the  furnaces 
that  they  sell  are  very  costly." 

Yet  if  reasonable  care  and  sensible  directions  are  followed, 
all  these  objections  can  be  reduced  to  a  minimum.  The  cost 
of  Installation  will  not  be  great  as  compared  with  the  sav- 
ings that  will  accrue.  The  fire-risk  will  be  no  greater  than 
may  be  expected  from  the  sparks  and  live  embers  from  a 
coal  or  coke  fire.  The  cost  of  maintenance  will  be  practically 
nil;  a  few  cents  a  day  for  power,  and  a  like  amount  for  occa- 
sionally oiling  the  pump  and  starting  and  stopping  the  motor 
of  the  pump.  Moreover,  with  a  little  study  of  the  few  simple 
rules  or  systems  involved  in  the  design  of  oil-heating  furnaces, 
anyone  may  design  and  at  small  cost  build  furnaces  exactly 
suited  to  the  types  of  work  that  he  desires  to  heat.  Many 
good  furnaces  have  been  built  of  scrap  sheet  steel,  angles,  and 
bars  that  were  lying  around  in  the  scrap  yard.    Many  shops 
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Figr.   1.     Arrangement  of   Oil-storage   System 


coal  and  turning 
over  the  pieces 
to  get  as  even  a 
heat  as  possible 
(which  was  not 
very  even  at  the 
best).  After  the 
Installation  of  an 
oil  burner,  the 
time  lost  be- 
tween heats  was 
entirely  avoided, 
and  as  the  ham- 
merman's helper 
laid  in  a  cold 
piece  each  time 
that  he  with- 
drew a  hot  one, 
the  furnace 
tender  was  elim- 
i  n  a  t  e  d .  This 
change,  on  a  day- 
work  system,  in- 
creased the  pro- 
duction by  a  lit- 
tle over  40  per  cent;  later,  by  the  establishment  of  premium 
payments  on  the  same  job,  the  production  was  increased,  ap- 
proximately, an  additional  80  per  cent.  The  latter  increase 
would  have  been  almost  impossible  had  not  the  increased  heat- 
ing capacity  made  possible  the  handling  of  so  much  more 
work  by  the  men,  by  the  coolness  of  the  surroundings  and  the 
rapid  heating. 

Cost  of  Oil  as  Fuel 
Depending  on  the  locality,  the  price  of  fuel  oil  in  tank-car 
shipments  will  vary  from  a  little  over  two  cents  to  somewhat 
over  four  cents  a  gallon.  Those  who  buy  in  smaller  quantities, 
depending  on  the  local  oil  supply  houses  for  their  wants,  will 
have  to  pay  a  considerably  higher  price.  Consequently,  as  a 
10,000-gallon  storage  tank  will  cost  about  $125  in  this  locality, 
and  perhaps  no  more  elsewhere,  it  will  pay  nearly  any  user 
to  equip  his  plant  for  quantity  purchases. 

The  cost  of  the  oil  fuel  depends  greatly  on  the  locality  of 
the  consumer  with  respect  to  the  oil  fields  from  which  the 
supply  will  be  derived.  The  known  oil  fields  of  this  country 
are  now  so  well  developed  and  so  widely  scattered  that  the 
freight  haul  cost  does  not  become  excessive  in  any  locality. 
Those  who  have  access  to  the  western,  or  Texas  and  Kansas, 
oils  have  an  additional  advantage,  because  these  oils  have 
little  or  no  value  for  the  production  of  lubricating  oils  and  the 
other  valuable  petroleum  derivatives,  and  consequently,  in 
their  crude  state,  are  of  much  less  value  than  the  other  oils. 
Unlike  coal  or  coke  fuels,  which  vary  widely,  the  oils  from 
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each  field  are  almost  uniform  with  respect  to  their  heat  values 
per  pound.  Some  grades  are  ol'  greater  specific  gvavities  than 
others,  and  as  the  price  ot  oil  is  hasod  on  a  "per  gallon"  sys- 
tem of  measurement,  a  heavier  oil  will  furnish  a  greater  num- 
ber of  heat  units  per  gallon.  Uut  a  light  oil  can  be  more 
easily  and  ofTiciently  burned  than  a  heavier  one,  which  offsets 
its  lesser  heat  value  per  gallon.  The  range  in  heat  values  ot 
American  oils  are  given  in  Table  1.  The  eastern  states  are 
largely  supplied  with  oil  carried  in  tank  steamers  to  their 
most  accessible  ports  from  the  Texas  fields,  this  being  by  far 
the  most  economical  oil.  The  central  states  draw  from  the 
great  Illinois,  Indiana,  and  Ohio  fields;  the  Middle  West,  from 
the  Kansas  region;  and  the  Pacific  states,  from  the  asphaltic 
oil  fields  of  California.  When  the  Mexican  fields  were  pro- 
ducing in  large  quantities,  their  output  was  largely  used  in 
Europe. 

The  smallest  tank  cars  usually  shipped  with  fuel  oil  contain 
from  6000  to  7000  gallons.  Smaller  cars  can  occasionally  be 
obtained,  but  the  number  of  these  cars  is  very  small,  so  as  a 
shipper  miglit  be  forced  to  wait  some  months  before  obtaining 
one,  it  would  be  unsafe  to  depend  on  such  unreliable  shipments. 
Allowing  approximately  3000  gallons  excess  capacity  to  carry 
over  any  periods  of  delayed  delivery  of  the  oil  car,  it  is  cus- 
tomary to  install  about  a  10,000-galIon  tank  for  storage 
purposes. 

Oil  storage  Systems 

Tank  cars  can  be  most  readily  drained  by  gravity,  and  the 
majority  are  drained  in  this  way.  An  oil  tank  situated  in  a 
convenient  position  for  filling  from  an  oil  tank  car  is  shown 
in  Fig.  1.  The  tank  shown  is  of  steel,  but  reinforced  concrete 
has  given  very  satisfactory  service;  when  concrete  is  used 
the  capacity  of  the  tank  can  be  considerably  increased  at  little 
additional  cost.  There  is  at  least  one  concrete  tank  in  the 
extreme  northwest,  built  mostly  underground,  that  lias  been 
subject  to  great  climatic  changes  without  developing  the  slight- 
est leakage.  Needless  to  say,  both  for  convenience  in  unload- 
ing and  to  meet  the  fire  underwriters'  requirements,  the  tank 
should  be  entirely  underground.  When  located  above  ground, 
it  should  be  situated  at  least  150  feet  from  the  nearest, build- 
ing. 

Tank  cars  are  emptied  through  a  connection,  in  the  center 
and  bottom  of  the  tank.  The  pipe  connections  for  emptying 
should  be  placed  either  between  two  ties  in  the  center  of  the 
track  or  very  close  outside.  An  arrangement  that  will  necessi- 
tate the  laying  of  several  lengths  of  pipe  every  time  that  a 
car  must  be  emptied  is  most  inefficient.  The  piping  should 
be  so  arranged  that  one  standard  length  of  pipe,  with  an  elbow 
for  slight  adjustment,  will  always  reach  the  proper  spot;  if 
necessary,  the  car  can  be  shifted  slightly  with  a  pinch-bar. 
Another  plan  is  to  use  for  the  connection  a  six-foot  piece  of 
flexible  oil-proof  hose. 

Fig.  1  shows  an  arrangement  in  which  the  flexible  hose 
connection  is  used.  All  that  is  necessary,  when  making  the 
attachment,  is  to  remove  the  cap  placed  on  the  end  of  the 
upright  pipe  to  prevent  the  entrance  of  dirt.  When,  during 
cold  weather,  it  is  necessary  to  heat  the  oil  to  facilitate  its 
flow,  the  connections  can  readily  be  made  to  the  steam  mains 
provided,  as  shown  in  the  illustration.  Ordinary  rubber  steam 
hose  should  be  used  for  this  purpose.  It  is  advisable  to  have 
this  hose  at  least  fifteen  or  eighteen  feet  long,  as,  unfor- 
tunately, all  tank  cars  do  not  have  their  steam  connections 
uniformly  located;  and  to  use  pipe  would  necessitate  cutting 
and  fitting  it  for  each  car. 

Fig.  2  shows  a  double  underground  tank  installation;   only 

TABLE   1.    HEAT  VALUES   OF  AMERICAN  OILS 


Oil  Field 

Average  Density 
•      of  Crnde  Oil 

Hent  Value 
per  Pound 

Pennsylvania,   heavy 

California    

0.886 
0.933 
0.943 
0.880 
0.878 

20,736 
18,880 
18,900 
18,850 
18,000 

Machinery 

Lima,  Ohio,  fuel  grade 

Texas,  fuel-oil  distillate 

Mexican   

rig.  2.     Arrangement  of  Double  Underground   Tank 

the  manholes  for  inspection  purposes  show  above  ground. 
Ordinarily,  it  is  unnecessary  to  provide  such  manholes;  when 
used,  their  covers  should  be  kept  padlocked.  With  these  tanks, 
a  pipe  connection  A  of  standard  length  is  provided  for  drain- 
ing the  tank  car  that  stands  on  the  §iding.  The  quantity  of 
oil  in  the  tanks  may  be  determined  by  lowering  a  pole  through 
one  of  the  manholes.  In  Pig.  1  the  manhole  opening  is  entirely 
below  ground.  To  provide  for  measuring  the  oil  in  this  tank, 
a  two-inch  pipe  is  run  to  a  capped  end  above  ground;  this  is 
large  enough  for  the  insertion  of  a  rod  or  bar.  Sometimes  a 
tee  is  inserted  in  the  filling  pipe  and  the  end  of  the  pipe  run 
from  this  is  capped  to  prevent  the  entrance  of  dirt. 

Usually,  the  writer  has  figured  the  capacity  of  the  tank  for 
each  inch  of  height.  Then  taking  a  clean  wooden  rod  about 
one  inch  square,  he  has  marked  upon  it  at  each  inch  of  its 
length,  with  quarter-inch  steel  numbers,  the  capacity  of  the 
tank  at  that  point.  A  coat  or  two  of  shellac  is  then  given  to 
prevent  the  oil  from  soaking  into  the  wood  and  obscuring  the 
lettering.  Daily  or  weekly  readings  of  the  tank  will  give  the 
consumption  of  fuel,  if  this  data  is  desired  for  cost  or  other 
records. 

Tlie  winter  climate  in  the  majority  of  the  states  is  suffi- 
ciently cold  to  reduce  the  consistency  of  most  fuel  oils  to  a 
very  heavy  grease  that  will  not  flow  without  warming.  For 
this  reason  several  loops  of  1-inch  steam  heating  pipe  should 
be  placed  in  the  bottom  of  the  tank  and  then  connected  to  the 
boiler  or  any  steam  supply.  A  return  pipe  and  outlet  should 
be  provided  for  the  condensed  steam.  When  possible,  the  steam 
pipe  to  the  tank  should  be  placed  in  the  same  ditch  as  the  suc- 
tion feed  line  from  the  tank  to  the  oil  pump.  This  will  assist 
the  flow  of  oil  during  the  winter  and  prevent  the  clogging 
of  the  pipe  should  the  frost  penetrate  the  ground  to  that  depth. 
Tees  should  be  provided  in  both  the  live  and  the  return  steam 
lines,  and  from  these  branches  should  be  run  to  valves  above 
the  ground  beside  or  inside  the  track.  The  heating  coils  of 
all  tank  cars  are  provided  with  a  steam  trap  at  their  outlet 
for  draining  out  the  water,  so  a  return  pipe  is  not  absolutely 
necessary. 

When  a  tank  is  placed  in  a  freshly  filled  ditch,  it  should  be 
filled  with  the  oil  soon  after  it  is  imbedded,  so  thaf  there  will 
be  no  chance  of  its  floating  before  the  ground  becomes  thor- 
oughly packed  about  it  to  hold  it  down.  The  writer  once 
sank  a  tank  in  a  pit  in  what  was  a  clay,  fairly  water-tight 
soil.  As  the  filling-in  of  the  pit  was  hastily  done  late  in  the 
evening,  the  filling  of  the  tank  was  postponed  until  the  next 
day.  But  that  night  there  was  a  heavy  storm  and  enough 
water  ran  into  the  loose  soil  of  the  pit  to  completely  fill  it, 
with  the  result  that  in  the  morning  the  newly  buried  air-tight 
tank  was  entirely  above  the  surface  of  the  ground  and  washed 
as  clean  as  though  it  had  never  been  below. 

Tanks  are  not  always  placed  below  ground;  occasionally 
conditions  render  a  situation  above  the  surface  desirable.  Such 
a  tank  is  shown  in  Fig.  3;  this  is  situated  near  a  large  forge 
shop.  Behind  the  tank  is  a  tank  car  which  is  being  dis- 
charged into  the  receiving  tank.  In  the  small  brick  pump 
house  to  the  right  of  the  tank  is  a  motor-driven  pump  that 
keeps  a  constant  pressure  upon  the  oil  system  of  the  factory. 

The  use  of  this  form  of  tank  adds  another  factor  to  the  in- 
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.  Fig.   3.      Abovo-ground   Storage   Tank   and   Pump  House 

stallation.  Since  compressed  air  is  necessary  to  discharge 
the  car  into  the  storage  tank,  an  additional  pipe  line  is  re- 
quired to  carry  the  compressed  air  from  the  factory  supply 
to  the  position  where  the  car  will  be  discharged,  and  time 
must  be  consumed  in  making  one  additional  connection  on 
each  car. 

The  fullness  of  the  description  does  not  indicate  a  com- 
plicated or  expensive  system.  Making  all  allowances  for  con- 
tingencies, the  installation  of  a  simple  system,  as  described, 
and  the  piping  (which  is  usually  done  by  a  shop's  own  crew) 
should  not  cost  more  than  $250.  If  one  cent  a  gallon  is  saved 
on  the  cost  of  buying  the  oil  locally  in  small  quantities,  the 
saving  on  the  first  three  or  four  cars  of  oil  received  will  pay 
for  the  whole  thing.  Besides,  it  will  save  worry  as  to  the 
non-delivery  of  the  supplies  needed  daily  in  the  shop. 

Advantagres  of  Oil-burning-  Casehardening  Furnaces 

Few  factory  managers  realize  that  for  actual  heat  value  re- 
ceived for  a  given  investment  there  is  really  little  difference 
between  the  cost  of  fuel  oil  and  that  of  high-grade  coal  or  coke. 
There  is  too  much  tendency  to  look  at  a  price  of  from  two  to 
four  cents  per  gallon,  and  count  the  pennies  seen  there.  A 
gallon  of  oil  at  an  average  density  of  0.9  will  contain  approxi- 
mately IVz  pounds  of  a  fuel  that  runs,  in  heat  value,  close  to 
20,000  B.T.U.  per  pound;  this  will  be  equal  to  the  heat  given 
by  an  ordinary  scoopful  of  coal,  which  will  not  run  over 
fifteen  pounds. 

A  year  ago  a  large  northwestern  manufacturer  was  running 
his  casehardening  furnaces  with  hard  coal  as  a  fuel.  Although 
he  had  the  advantage  of  lake  and  rail  freight  rates  on  his  car- 
load purchases,  the  coal  cost  him  $6.50  a  ton  on  his  siding, 
before  he  expended  any  labor  unloading  it.  Fuel  oil  could  be 
obtained  from  the  Kansas  fields  at  four  cents  a  gallon  deliv- 
ered. In  addition  to  one  hour's  labor  each  day  for  filling  the 
casehardening  pots,  it  took  from  four  to  six  hours  to  tend 
the  fire,  wheel  in  coal,  and  remove  the  ashes,  at  a  wage  of 
221/2  cents  an  hour.  The  manager  thought  that  oil  at  four 
cents  a  gallon  was  too  expensive  a  fuel,  but  these  figures  con- 
vinced him: 

Hard  coal:  Price,  $6.o0  a  ton  of  2000  pounds;  heat  value, 
12,500  B.T.U.  per  pound;   38,460  B.T.U.  received  for  one  cent. 

Fuel  oil:  Price,  4  cents  a  gallon  of  7.49  pounds;  heat  value, 
19,000  B.T.U.  per  pound;   35,570  B.T.U.  received  for  one  cent. 

The  heat  value  received  in  coal  is  7.5  per  cent  more  than 
that  received  from  the  oil.  The  hard  coal  required  per  heat 
is  400  pounds,  which  costs  $1.30.  The  oil  required  for  the 
same  heat  value  is  34.9  gallons,  which  costs  $1.39.  The  black- 
smith's helper  from  a  nearby  forge  adjusted  the  oil  flame  as 
it  was  necessary,  so  for  an  additional  fuel  expense  of  nine 
cents  a  day  it  was  possible  to  save  from  90  cents  to  $1.35  a 
day  in  labor  expense.  The  oil  consumed  by  that  furnace  was 
never  actually  measured,  but  knowing  the  high  burning  effi- 
ciency of  the  oil  flame  and  the  very  poor  and  wasteful  condi- 
tions of  that  old  hard-coal  furnace,  the  writer  feels  safe  in 
stating  that  the  furnace,  when  burning  oil,  operated  on  a 
B.T.U.  input  of  about  50  per  cent  of  what  was  necessary  with 
the  coal;  so  there  must  have  been  another  saving  in  the  fuel 
bill.     There  was  another  very  satisfactory  result  of  the  oil- 


heated  annealing  furnace.  The  period  each  day  of  the  anneal 
was  approximately  nine  hours.  As  the  oil  flame  brought  the 
casehardening  pots  up  to  the  correct  soaking  temperature 
much  more  rapidly  than  did  the  coal-fired  furnace,  usually 
doing  so  in  less  than  two  hours,  as  compared  with  five  or  six 
for  the  coal  furnace,  the  penetration  of  the  case  was  more 
than  double  the  depth  formerly  obtained;  a  most  desirable 
advantage. 

This  same  manufacturer  originally  purchased  his  fuel  oil 
in  small  lots  locally  and  had  installed  a  four-barrel  tank, 
which,  after  each  filling,  was  closed  and  the  oil  forced  to  the 
burners  by  compressed  air.  The  success  of  each  oil  furnace 
led  him  to  install  additions,  but  finally  he  put  in  a  large 
storage  tank  and  a  pumping  outfit  to  keep  a  constant  pressure 
on  his  pipe  lines,  abandoning  entirely  the  original  lay-oMt  as 
inefficient. 

Gravity  Feed  Systems 

The  ordinary  types  of  oil  feed  lines  for  furnace  equipments 
can  be  divided  into  the  following  general  classes:  gravity  feed, 
pressure  feed,  and  continuous-pumping  feed.  The  first  class, 
the  gravity  feed  line,  is  the  simplest  installation,  but  it  ia 
applicable  only  for  the  very  smallest  installations,  and  can- 
not be  used  for  larger  ones  without  considerable  variation 
from  the  lay-out  shown  in  Fig.  4;  it  can  be  adopted  by  almost 
any  small  plant  at  little  expense  if  the  appropriation  for  that 
purpose  is  limited. 

As  shown,  a  10,000-gallon  storage  tank  is  buried  in  the 
ground  outside  the  building  line.  If  the  oil  is  to  be  bought 
in  small  quantities,  the  size  of  the  storage  tank  can  be  re- 
duced. Through  a  suction  line  extending  to  the  bottom  of  the 
tank,  the  oil  is  drawn  by  a  hand-operated  suction  pump.  Any 
ordinary  force  pump  is  suitable  for  this  purpose  provided  it 
has  sufficient  strength  to  force  the  oil  against  a  head  of  about 
twelve  pounds  pressure;  such  a  pump  will  range  in  price  from 
$8  to  $12.  The  pump  forces  the  oil  through  a  filter  into  a  tem- 
porary storage  tank  somewhere  near  the  roof.  The  filter  is  a 
fine-mesh  screen,  and  is  a  most  necessary  adjunct  to  the 
system,  especially  where  the  oil  is  of  low  grade  and  full  of 
dirt  or  small  hard  particles  of  tar,  which  would  be  likely  to 
clog  the  small  openings  of  the  burners.  The  filter  is  readily 
cleaned  of  all  the  sediment  that  may  collect  by  separating 
the  pipe  at  the  union  and  then  separating  the  two  halves  of 
the  filter. 

The  fifteen-gallon  reservoir  will  contain  enough  oil  to  oper- 
ate any  ordinary  two-burner  furnace  for  at  least  half  a  day, 
and  a  few  minutes  work  at  the  pump  before  starting  the 
fires  after  the  noon  hour  will  fill  the  tank  for  the  afternoon's 
run.  A  thirty-  or  a  fifty-gallon  tank  can  be  used,  but  should  the 
fuel  consumption  exceed  these  amounts,  one  of  the  more  ex- 
tensive systems  would  be  more  satisfactory.  The  pipe  line 
extends  from  the  bottom  of  the  tank  to  the  furnaces,  but  it  is 
arranged  in  such  a  way  that  there  is  a  return  connection 
through  a  valve  which  will  drain  all  the  oil,  both  in  the 
tank  and  in  the  pipe  system,  back  into  the  main  outside 
storage  tank.  This  is  a  requirement  of  the  fire  underwriters' 
inspection  service,  in  order  that  the  oil  in  the  tank  may  be 
drained  out  of  the  building  each  night  to  reduce  the  fire  risk. 
The  small  pet-cock  at  the  top  of  the  tank  is  usually  left  open 
to  exhaust  the  air  from  the  tank,  when  it  is  being  filled,  and 
to  admit  air  to  prevent  back  pressure  when  the  oil  is  draining 
away  into  the  lines  during  the  day.  Should  the  pump  have 
good  suction  power,  the  foot-valve  at  the  bottom  of  the  pipe 
in  the  tank  is  unnecessary  and  can  be  replaced  by  a  %-inch 
mesh  strainer  to  prevent  the  admission  of  any  large  particles 
to  the  valves  of  the  pump.  Although  the  writer  has  seen 
only  one  of  these  systems,  and  that  was  in  a  single  brass  melt- 
ing furnace  in  a  small  foundry,  there  are  a  number  of  them 
scattered  around  the  country,  and  many  have  been  success- 
fully used. 

Pressure  Feed  Systems 

The  general  features  of  the  pressure  feed  system  shown  in 
Fig.  5  are  somewhat  similar  to  those  of  the  system  just  de- 
scribed. Yet  it  differs  in  the  capacity  of  the  plant,  in  the 
adoption  of  power  for  pumping,  and  in  the  use  of  air  pressure 
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to  provide  a  constant  pressure  upon  the  oil  in  the  system. 
The  capacity  of  this  plant  is  very  much  greater  than  the  first, 
and  it  may  be  increased  to  any  extent  by  keeping  the  pump 
operating  a  certain  length  of  time  each  day,  while  the  oil  ia 
flowing  out  of  the  tank,  to  replace  that  consumed.  This  con- 
dition is  also  true  of  the  gravity  system,  for  if  a  laborer  is 
kept  pumping  long  enough  each  day,  he  can  keep  even  a  flfteen- 
■  gallon  tank  of  fuel  ready   to  meet  any  reasonable  demands. 

In  the  pressure  feed  system  it  is  only  necessary  to  have  a 
pump  of  sufficient  strength  to  charge  the  tank  against  the  air 
pressure  on  it.  It  can  be  any  old  boiler-feed  pump,  which 
may  often  be  bought  second-hand,  because,  even  though  it  is 
no  longer  sufficiently  reliable  or  powerful  for  boiler  service, 
it  will  be  able  to  force  thick  oil  without  leaking  over  too 
much  in  the  drip  pan.  The  pump  shown  in  Fig.  7  was  re- 
covered from  some  old  steamboat  scrap,  yet  it  is  giving  most 
effective  service  in  its  new  job. 

One  objection  to  oil  as  fuel  that  has  been  cited  by  many 
who  have  had  little  experience  in  its  control  is  a  "popping" 
or  "puffing"  flame  that  may  be  encountered,  which  seems  to 
be  due  to  the  oil  not  flowing  steadily.  The  cause  of  this  trouble 
may  almost  invariably  be  traced  back  to  an  unsatisfactory 
condition  of  the  pumping  outfit  which  in  some  way  intro- 
duces water  or,  more  often,  air  into  the  oil  stream;  conse- 
quently when  these  air  or  water  bubbles  reach  the  burner  they 
temporarily  shut  off  the  flame.  As  the  air  passes  through  an 
opening  much  more  rapidly  than  the  oil,  the  velocity  of  flow 
of  the  oil  is  momentarily  increased  in  the  pipe  so  that  a  heavy 
spurt  of  oil  is  forced  into  the  furnace,  giving  a  large  puff  of 
flame.  This  is  an  annoying  condition,  as  it  gives  an  unsteady 
flame  and  produces  an  unnecessary  amount  of  smoke  in  the 
shop.  This  trouble  can  always  be  remedied  by  insuring  a 
perfectly  air-tight  pipe  line  on  the  suction  side  of  the  pump, 
as  it  is  through  leaky  fittings  that  the  air  usually  enters. 
A  tight  packing  about  the  rod  of  the  piston  of  a  double-acting 
pump  will  insure  the  non-admission  of  air  at  this  point.  This 
trouble  is  felt  more  when  the  pump  discharges  directly  into 
the  main  pipe  line  to  the  furnaces.  Where  the  oil  first  enters 
a  temporary  storage  tank,  as  in  Fig.  5,  a  pet-cock  placed  at 
the  top  of  the  tank  permits  the  escape  of  any  air  that  accumu- 


lates there;  it  also  acts  as  a  guide  to  indicate  when  the  tank 
is  full. 

Some  of  the  lower  grades  of  oil  from  the  western  fields 
contain  considerable  water,  and  occasionally  this  is  augmented 
by  the  seepage  of  condensed  steam  from  a  leaking  steam  coil 
in  the  tank  car.  This  water  always  separates  from  the  oil 
after  a  short  time  and  settles  to  the  bottom  of  the  tank;  natu- 
rally the  suction  line  of  any  pump  drawing  from  the  bottom 
of  the  tank  will  pick  up  a  large  part  of  this  water.  In  the 
system  shown  in  Fig.  5,  the  water  settles  to  the  bottom  of 
the  reservoir  soon  after  filling;  if  very  much  is  allowed  to 
accumulate  there,  it  will  reach  the  level  of  the  feed  line  and 
flow  out  in  it,  causing  trouble  at  the  burners.  To  prevent  this 
happening,  a  pet-cock  should  be  placed  at  the  bottom  of 
the  tank  so  that  all  accumulations  can  be  occasionally 
drained  off. 

The  oil  filter  is  on  the  delivery  line  from  the  pump  to  the 
reservoir,  so  that  it  may  be  cleaned  any  time  during  the  day 
without  interfering  with  the  flow  of  the  fuel  to  the  furnaces. 
Another  safety  device  in  this  system  is  the  "automatic  safety 
cut-off  for  excess  flow."  This  acts  to  stop  the  flow  in  case 
a  fuel  pipe  line  should  break.  If  there  were  no  such  provision, 
the  oil  might  flood  the  neighborhood  of  a  furnace  and  ignite, 
causing  considerable  damage.  When  such  an  accident  occurs 
there  is  a  sudden  rush  of  oil,  greatly  in  excess  of  normal, 
through  the  new  opening.  As  soon  as  the  reduction  in  pres- 
sure is  felt  by  the  delicately  balanced  plunger  in  the  automatic 
cut-off,  a  trip  on  a  spring-operated  valve  is  worked,  and  almost 
as  soon  as  the  accident  has  happened  all  pressure  has  been 
cut  off  from  the  oil,  the  leakage  stopped,  and  the  danger  has 
passed. 

As  is  shown  in  Fig.  5,  the  pressure  necessary  to  cause  the 
oil  to  flow  through  the  system  is  obtained  by  admitting  com- 
pressed air.  However,  most  air  systems  are  operated  at  a 
pressure  of  about  100  pounds,  which  is  too  high  for  the  most 
successful  burning  of  the  fuel.  Consequently  an  air-pressure 
reducing  valve  is  introduced  in  the  air  pipe  line  and  a  pres- 
sure of  twenty-five  pounds  is  maintained  on  the  tank.  As  re- 
ducing valves  sometimes  get  out  of  order,  a  safety  pop-valve 
can  be  placed  on  the  top  of  the  tank. 
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Fig.   4,     Oil   Gravity   Feed   System 


Fig.   5.     Oil  Pressure  Feed   System  Fig.  6.  Oil  Continuous-pumping  Feed  System 
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Fie.   7.     Old  Steamboat  Fump  used  in  Pressure  Feed   System 

A  large  electric  railway  repair  shop  that  occasionally  runs 
a  night  crew  has  installed  a  standard  electrically  driven  com- 
pressor for  air-brake  service  on  a  separate  air  line  close  to 
the  tank.  As  the  oil  furnaces  use  only  low-pressure  fan- 
blown  air  for  combustion,  it  is  undesirable  to  run  the  large 
air  compressor  to  provide  air  for  the  oil-storage  tank.  So,  at 
night,  the  regular  air-supply  line  is  shut  off  to  avoid  filling 
the  whole  system,  and  the  little  compressor  is  cut  into  service. 
All  electric  compressors  of  this  type  are  provided  with  an 
automatic  cut-out  that  stops  or  starts  them  when  the  pressure 
rises  or  falls  within  certain  prescribed  limits.  This  automatic 
switch  has  been  set  for  limits  between  twenty  and  thirty 
pounds  pressure,  and  with  very  little  effort  holds  the  pressure 
between  these  points.  This  air  compressor  and  the  automatic 
switch   mounted   on   the  wall  above  it  are  shown   in   Pig.   9. 

Continuous-pumping  Feed  Systems 

The  most  recent  development  in  the  oil-supply  system  is  the 
use  of  a  continuously  operating  pump,  which  furnishes  a  con- 
stant supply  of  fuel  to  the  system  and  by-passes  the  unused 
part  to  the  storage  tank.  This  system  involves  no  large  reser- 
voir with  its  supply  under  pressure,  in  a  position  constituting 
a  fire  hazard,  and  may  be  considered  safer  on  that  account. 
The  system  is  shown  in  outline  in  Fig.  6,  and  a  pump,  with 
its  filters,  is  shown  in  Fig.  8. 

The  pump  shown  in  Figs.  6  and  8  is  a  small  direct  motor- 
driven  pump  of  three  cylinders,  but  a  steam-driven  pump  may 
be  used.  A  steam-driven  unit  will  be  more  expensive  to  main- 
tain, but  many  plants  use  it  because  they  have  a  small  boiler 
feed  pump  that  can  be  adapted  for  the  purpose.  No  ordinary 
plant  will  need  a  pump  of  greater  capacity  than  120  gallons 
an  hour;  this  will  be  large  for  most  places,  but  a  smaller 
pump  will  cost  no  less  nor  take  appreciably  less  power.  The 
power  consumption  of  a  motor  to  drive  this  size  pump  is  re- 
markably small;  the  motors  range  in  size  from  one-fourth  to 
one-half  horsepower.  A  complete  motor-driven  pump  can  be 
obtained  for  about  $125.  A  gear-driven  outfit  is  especially 
desirable;  a  pump  driven  by  a  belt  is  not  as  reliable,  because 
the  oil  will  inevitably  get  smeared  about  and  cause  the  belt 
to  slip. 

On  the  delivery  line  from  the  pump  is  located  a  pressure- 
release  by-pass  valve  which  is  set  for  the  pressure  at  which 
it  is  desired  to  operate  the  system.  This  valve  opens  to  a 
line  that  returns  direct  to  the  main  storage  tank.  Some  pipe- 
men,  when  installing  the  equipment,  object  to  running  the 
long  extra  return  line  to  the  tank  and  want  to  send  all  the 
by-passed  oil  back  into  the  suction  line.  This  arrangement, 
however,  is  very  objectionable  because  the  pump  will  always 
draw  in  a  little  air,  and  if  the  furnaces  are  using  little  oil, 
the  greater  part  of  this  air  will  be  by-passed  back  into  the 
suction  line.  As  a  result,  the  air  will  accumulate  in  the  pipe 
line,  and  much  more  will  pass  into  the  line  to  the  burners 
than  would  otherwise,  giving  an  unnecessary  amount  of 
trouble  with  "puffing"  flames. 

One  duplication  in  the  continuous  feed  system  that  is  un- 
necessary in  the  previous  types  is  the  double  oil  filter.    In  the 


Fig.   8.     Pump  for  Continuous  System;   also  Filter  Arrangement 

Other  systems  the  oil  filters  can  be  cleaned  any  time  after 
the  tank  has  been  filled,  but  with  the  continuous  feed  system 
the  filter  is  in  continuous  operation.  To  avoid  any  possibility 
of  a  temporary  shut-down  should  the  filter  become  clogged 
when  cleaning  very  dirty  oil,  a  duplicate  filter  is  provided, 
which  is  cheaply  arranged.  Then  if  one  ceases  to  work,  it  is 
merely  necessary  to  open  the  other,  and  close  the  valves  to 
the  first  one,  which  may  be  cleaned  at  the  attendant's 
convenience. 

The  automatic  excess-flow  safety  cut-off  for  this  system 
serves  the  same  purpose  as  the  one  already  described.  The 
only  difference  is  that  this  valve  is  connected  with  an  electric 
switch  installed  in  one  of  the  leads  to  the  motor.  In  case  of 
accident,  this  automatic  switch  immediately  disconnects  the 
motor  line  and  stops  all  pumping  of  oil.  To  separate  any  air 
an3  water  that  may  pass  into  the  line,  a  separator  can  be 
cheaply  constructed  of  pipe  fittings.  This  will  afford  a  small 
chamber  of  slow  fiow  in  which  the  water  can  settle  out  of  the 
oil  and  the  air  can  rise  to  the  top  to  be  released  when 
necessary. 

The  writer  can  recall  but  one  serious  shut-down  in  installa- 
tions of  this  type.  The  tank  was  situated  about  fifty  feet  from 
the  building,  underground  and  close  to  the  railroad  track. 
When  a  large  shipment  of  bar  iron  was  unloaded,  about  ten 
tons  were  piled  across  two  logs  in  this  intervening  space. 
One  of  these  logs  ran  squarely  across  the  suction  pipe  line, 
which  was  only  two  feet  underground.  Then  when  the  dirt 
was  softened  by  rain  the  log  settled  under  the  load  until 
most  of  the  weight  was  placed  on  the  pipe,  which  naturally 
pulled  apart  at  the  nearest  elbow.  As  soon  as  the  trouble 
was  located,  a  temporary  connection  was  made  above  ground 
to  the  tank,  which  furnished  oil  until  repairs  could  be  made. 

Necessity  of  Filters  in  Feed  Lines 

Many  machine  tools  and  systems  established  in  manufactur- 
ing plants  have  failed  to  be  of  the  greatest  possible  value  to 
the  owners  because  the  men  in  direct  charge  of  them  have  not 
understood  them  suflSciently  to  develop  them  to  the  utmost 
efficiency.  The  adoption  of  oil  for  the  heating  of  work  in  forge- 
shop  practice  has  suffered  through  neglect  and  misunderstand- 
ing of  its  advantages  in  the  same  manner.  In  some  shops, 
oil  heating  has  never  been  carried  beyond  the  preliminary 
stages  because  some  irregularity  in  its  operation  has  caused 
it  to  be  considered  unreliable,  when  the  real  cause  of  the 
irregularity  was  either  faulty  installation  or  ignorant  or  in- 
experienced handling. 

One  western  gas-engine  manufacturer,  who  found  it  neces- 
sary to  install  an  oil  furnace  for  casehardening,  built  a  fur- 
nace that  a  so-called  expert  told  him  was  admirably  suited 
to  his  class  of  work.  The  interior  arrangement  of  the  furnace 
was  all  that  was  to  be  desired,  but  it  took  all  of  one  man's 
time  to  keep  the  oil  adjusted  and  the  burners  clean.  The 
reason  for  this  was  that  the  only  oil  available  contained 
particles  of  asphalt,  or  other  gummy  substances,  which  clogged 
the  small  oil  openings  in  the  burners.  No  one  had  ever  ex- 
plained to  him  that  installing  a  fine-mesh  wire  strainer  in 
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Fig.   9.     Electric  Air  Compressor  with  Auto- 
matic Switch 


llie  pipe  lines  would 
(luickly  rciuody  this 
difTi('ully.  Hence, 
it  was-years  before 
he  could  be  con- 
vinced of  the  de- 
sirability of  using 
oil-heating  in  some 
of  the  other  pro- 
cesses in  his  shop. 
TliedilTiculty  with 
clogged  burners 
could  have  been 
remedied  by  the  in- 
troduction of  a  fil- 
ter in  the  first  part 
of  the  pipe  line 
from  the  pump  or 
storage  tank,  and 
preferably  close  to 
it.  A  fine-wire  mesh 
filter  admirably 
suited  to  this  pur- 
pose is  shown  at  A, 
Pig.  10.  It  consists  of  two  gray  iron  castings,  machined  on 
only  one  surface  so  that  they  may  be  bolted  together  to  pro- 
vide a  non-leaking  joint,  with  a  pipe  inlet  or  outlet  tapped 
into  each  side  for  the  oil  flow.  Another  pair  of  pipe  connec- 
tions is  provided  when  it  is  desired  to  clean  the  filter  by  pass- 
ing steam  through  it  instead  of  taking  the  filter  apart.  This 
steam  connection  is  shown  at  A,  Fig.  8.  A  screen  of  1/32-inch 
mesh  brass  wire  is  loosely  clamped  between  the  two  sides. 
This,  in  turn,  is  supported  by  a  1/4-inch  steel  plate  punched 
fairly  full  of  1/2-inch  holes.  The  object  of  this  plate  is  to  take 
up  the  pressure  over  the  entire  area  and  support  the  screen 
should  the  latter  become  so  clogged  that,  failing  to  pass  any 
oil,  the  full  pressure  would  fall  upon  it. 

In  a  simple  installation,  without  the  steam-cleaning  connec- 
tions, the  filter  is  removed  when  clogged,  and  the  sediment 
is  blown  off  with  compressed  air  or  the  screen  is  washed  in 
kerosene.  In  the  first  installation  in  which  the  writer  used 
steam  for  cleaning,  the  steam  pipes  for  heating  the  tank  passed 
so  near  to  the  filter  that  it  was  no  trick  at  all  to  try  the  experi- 
ment. This  plan  worked  exceedingly  well,  because  the  heat 
thus  applied  softened  the  gummy  sediment  so  that  it  was 
quickly  blown  off, and  passed  through  the  waste  pipe. 

Air  and  Water  Separators 

Another  difficulty  in  the  operation  of  oil  burners,  as  lias 
been  mentioned,  is  due  to  the  introduction  of  small  quantities 
of  water  or  air  into  the  pipe  lines.  These  cause  the  oil  to 
burn  poorly  and  unsteadily  with  a  smoky,  puffing  fiame  that 
will  not  heat  properly.  This  trouble  can  be  overcome  by  the 
apparatus  shown  at  B,  Fig.  10.  This  is  made  of  two  caps  and 
one  piece  of  six-  or  eight-inch  pipe,  the  larger  the  better. 
The  oil  passing  in  through  the  pipe  at  the  left,  which  extends 
well  into  the  reservoir,  forces  the  oil  to  rise  slowly  at  a 
decreased  velocity  through  the  larger  pipe.  This  gives  any 
water  that  the  oil  may  contain  ample  opportunity  to  separate 
and  settle  to  the  bottom  of  the  container.  At  the  same  time, 
the  little  bubbles  of  air  will  rise  to  the  top  of  the  container, 
where  space  is  provided  above  the  end  of  the  outlet  pipe  to 
the  oil  line.  Both  the  air  and  the  water  that  liave  been  en- 
trapped can  be  removed  at  regular  intervals  through  the  drain 
cocks  provided  at  the  top  and  the  bottom  of  the  so-called  trap. 

Efficient  Oil-burning:  Pressures 

Opinions  among  oil-system  experts  vary  greatly  regarding 
the  proper  pressure  for  the  most  efficient  burning  of  tliis  fuel; 
that  is,  the  pressure  which  should  be  carried  on  the  pipe  lines 
to  the  burners.  The  range  is  from  five  to  twenty-five  pounds; 
very  few,  however,  go  below  ten  pounds,  while  occasionally 
some  go  as  high  as  fifty.  These  high  pressures  are  used  when 
a  line  has  been  overloaded  and  it  is  necessary  to  increase  the 
pressure  in  order  to  increase  the  flow.  A  range  of  working 
pressures  between  twenty  and  twenty-flve  pounds  can  be  rec- 


ommended as  the  beat  adapted  for  all  conditions.  These  pres- 
sures give  the  best  burner-nozzle  spray  and  at  the  same  time 
keep  the  pressure  low  enough,  from  a  safety  standpoint.  "With 
low  pressures,  the  burner-nozzle  adjustment  must  be  kept  more 
widely  open  to  admit  sufficient  oil;  and  at  the  same  time 
tliero  is  likely  to  be  a  thick,  sluggish  stream  of  oil  that  will 
not  break  up  readily  in  the  air  blast,  and  consequently  will 
give  a  smoky,  inefficient  flame.  Low  pressures  also  decrease 
the  volume  of  oil  that  will  flow  through  a  given  size  of  pipe 
and  thus  necessitate  the  installation  of  larger  sizes.  From  the 
standpoint  of  economy,  factory  owners  demand  the  cheapest 
installation  and  the  most  efficient  fuel-burning  system.  Large 
.sizes  of  pipe  lines  will  not  decrease  the  cost  of  installation; 
yet  when  using  heavy  grades  of  liquid  fuel  it  is  necessary  to 
provide  much  larger  lines  than  would  be  necessary  for  an 
equal  flow  of  water,  because  the' oil  flows  so  sluggishly  through 
the  pipes  in  cold  weather.  Table  2  gives  an  approximate 
idea  of  the  sizes  of  piping  that  can  be  recommended  for  vary- 
ing consumptions  of  oil;  it  is  based  on  the  number  of  burners 
that  draw  their  supply  from  a  line. 

When  one  considers  that  the  approximate  consumption  of 
an  ordinary  burner  will  not  exceed  four  gallons  an  hour,  it 
may  seem  excessive  to  install  such  large  pipe  for  so  small  a 
service,  but  in  the  winter  the  consistency  of  crude  oil  may 
become  that  of  stiff  vaseline,  so  that  considerable  space  will 
be  required  for  the  oil  to  flow  in  if  any  is  to  be  delivered  to 
the  burners.  In  one  system  containing  three  burners,  a  one- 
inch  pipe  was  laid  about  600  feet  out  of  doors,  two  feet  under- 
ground, in  a  line  to  supply  the  foundry,  and  a  great  part 
of  the  way  it  followed  close  to  the  steam-heating  mains.  But 
on  very  cold  days  it  was  necessary  to  raise  the  pressure  at  the 
pump  to  sixty  pounds  in  order  to  deliver  sufficient  fuel  to 
the  burners. 

Some  sort  of  valve  or  cock  sliould  be  provided  at  the  end 
of  the  run-offs  of  the  pipe  lines  to  the  different  departments, 
so  that  each  can  be  Shut  off  without  interfering  or  disarrang- 
ing the  service  to  other  departments.  Some  of  the  mutual 
insurance  companies  also  require  that  a  valve  be  placed  on 
all  fuel-oil  lines  just  at  the  point  where  they  enter  a  building, 
so  that,  in  case  of  accident,  tlie  supply  of  oil  can  be  shut  off. 

Types  of  Oil   Burners 

If  all  the  kinds  of  burners  that  have  been  made  for  fuel  oil 
were  listed,  it  is  probable  that  their  number  would  run  well 
into  the  thousands.  The  writer  does  not  think  he  has  visited 
two  plants  that  used  identically  the  same  oil  burner  in  the 
same  manner.  Each  man  seems  to  have  clianged  the  burner 
in  some  way,  and  each  is  sure  that  his  type  is  really  the  one 
that  should  be  adopted  for  all  work.  Moreover,  nearly  every 
description  of  an  oil  furnace  that  appears  in  the  technical 
press  includes  a  description  of  an  improved  oil  burner,  thus 
adding  its  quota  to  the  previous  designs.  Recently,  an  ac- 
quaintance spoke  of  some  investigations  he  had  conducted  to 
obtain  the  most  suitable  oil  burner  for  glass-factory  work, 
and  said  that  he  had  obtained  sample  burners  from  all  over 
the  country  which  he  had  tried.  Yet  he  did  not  select  any 
of  these  for  his  purpose.  He  designed  one  that  he  thinks,  for 
just  this  service,  is  better  than  any  other.  Therefore  one  must 
hesitate  to  give  a  description  of  the  different  types  of  oil 
burners  that  will  be  satisfactory  for  factory  use;  for  what 
someone  else  thinks  is  the  one  "best"  type  may  be  entirely 
overlooked.  However,  the  number  of  models  that  will  suffice 
for  most  purposes  is  less  than  ten;   and  the  only  reason  for 

TABLE  2.    SIZES  OF  PIPES  FOR  OIL  DISTRIBUTING  SYSTEMS 


Approximate 

Rate  of 

Consumption, 

Number  ot 

Burners 

Pipe  Sizes  in  Inches,  for  Varying  Distances  to 
Point  of  Consumption 

100  feet 

200  feet 

400  feet 

800  feet 

1 
2 
>       4 
6 
8 

'          V2 

% 
1 

114 
11/2 

% 
1 
1% 

IV2 

1 
1 

iy2 
1V2 
2 

1 

1% 

1% 

2 

2 
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more  than  two  or  three  is  that  there  are  several  systems  of 
supplying  the  air  for  the  spraying  and  burning  of  the  oil, 
and  each  of  these  requires  a  different  type  of  burner. 

To  burn  fuel  oil  completely  in  a  furnace  without  giving  off 
a  heavy  and  offensive  smoke,  it  is  necessary  for  the  oil  to 
enter  the  furnace  in  a  fine  spray,  and  be  surrounded  at  its 
entrance  point  with  the  air  necessary  for  its  complete  com- 
bustion. At  the  place  where  this  spraying  is  accomplished 
is  the  device  known  as  the  burner.  Owing  to  the  viscosity 
of  fuel  oil,  it  cannot  be  projected  through  any  known  nozzle 
by  its  own  pressure  and  turned  into  a  spray  like  water  emerg- 
ing from  the  common  lawn  sprinkler.  Consequently,  some 
agent  must  assist  the  spraying  action.  Ordinarily,  this  is 
done  by  the  air,  under  greater  or  less  pressure,  that  is  pro- 
vided for  the  combustion  of  the  oil,  although  high-pressure 
steam  has  been  used  for  this  purpose,  the  air  for  combustion 
being  furnished  in  some  other  manner. 

Almost  everyone  is  familiar  with  the  manner  in  which 
ordinary  illuminating  gas,  issuing  from  the  end  of  a  plain 
pipe,  will  burn  with  a  low-temperature  smoky  flame;  and  how 
the  application  of  the  Bunsen,  or  blast  of  air,  principle  will 
produce  with  the  same  amount  of  gas,  a  fierce  flame  of  much 
higher  temperature.  This  same  principle  applies  to  the  burn- 
ing of  fuel  oil,  for  oil  burning  without  auxiliary  aid  seems  to 
produce  little  heat  and  much  smoke.  The  air  for  this  com- 
bustion may  be  supplied  by  one  of  three  methods,  namely: 
"low  pressure,"  in  which  the  pressure  ranges  from  four  to 
fourteen  ounces;  "high  pressure,"  with  a  range  of  from  ten 
to  eighty  pounds;  and  a  combination  of  the  two,  in  which 
high  pressure  air  is  supplied,  in  small  quantities,  immediately 
to  the  jet  of  oil  to  insure  a  more  complete  degree  of  atomiza- 
tion  of  the  spray. 

Of  these  methods,  the  first  is  the  most  economical  for  the 
first  cost  of  installation,  because  a  blower  fan  can  be  bought 
and  installed  for  a  fraction  of  the  cost  of  a  high-pressure  com- 
pressor outfit.  Those  that  claim  they  have  the  compressed 
air  already  installed  in  their  plant  must  remember  that,  with 
an  expanding  business,  the  time  will  come  when  all  the  high- 
pressure  air  will  be  required  for  other  purposes  that  cannot 
be  filled  by  blower-driven  air.  Moreover,  the  cost  of  com- 
pressing air  to  sixty  or  eighty  pounds  is  in  direct  proportion 
to  the  cost  of  blowing  it  at  one  pound;  and  while  a  little  more 
of  the  latter  is  required  to  obtain  the  same  eflBcient  degree  of 
combustion,  the  power  consumption  will  be  much  less. 

So  far  as  the  efficiency  of  the  oil  burning  is  concerned, 
either  of  the  other  methods  is  better  as  a  general  rule.  This 
is  due  generally  to  a  better  atomizing  of  the  oil,  which  tends 
to  produce  more  complete  combustion  at  a  higher  tempera- 
ture. While  this  is  the  general  rule,  it  does  not  by  any  means 
appear  to  apply  to  all  cases,  for  when  a  good  low-pressure 
system  is  correctly  installed  and  carefully  maintained  (so  that 
the  oil  nozzles  do  not  become  burned  out  or  clogged  with 
heavy,  oily  dirt)  it  seems  possible  to  obtain  quite  as  efficient 
combustion  of  the  oil  from  this  system. 

When  buying  or  installing  a  blower  for  use  in  a  low-pressure 
system  the  first  essential  is  that  the  blower  will  deliver  air 
at  sufficient  pressure  to  keep  all  the  burners  supplied  at  the 
right  pressure.  Too  many  blowers  are  run  at  so  low  a  speed 
that  the  air  gives  little  assistance  toward  spraying  the  oil, 
so  from  one  day's  end  to  the  next  the  owner  spends  his  time 
condemning  the  inefficiency  of  his  oil  burners,  while  nine 
times  out  of  ten  it  is  a  condition  due  solely  to  too  low  air 
pressure.  Positive-pressure  blowers  are  more  reliable  to  meet 
this  condition,  since  they  deliver  a  constant  volume  for  each 
rotation  of  the  impellers,  and  if  they  have  been  speeded  fast 
enough  to  have  their  safety  valve  just  on  the  verge  of  blowing 
off  under  full  load,  they  can  be  relied  upon  to  deliver  their 
air  under  almost  constant-pressure  conditions.  But  these  posi- 
tive blowers  are  very  noisy,  and  only  a  foreman  who  has  at- 
tempted to  make  his  orders  understood  by  the  workmen  in  a 
shop  where  one  of  them  is  running  will  known  how  difficult 
this  is  when  the  blower  is  running  constantly.  Consequently, 
if  this  type  of  blower  is  to  be  used,  and,  as  explained,  it  is  in 
some  ways  more  desirable,  it  should  be  installed  in  some  out- 
building away  from  the  shop;  or  if  it  must  be  in  the  shop, 
it  should  be  enclosed  by  a  sound-proof  hollow-tile  wall. 


Blower  fans  are  sometimes  built  with  special  housings  that 
are  much  larger  than  the  standard  sizes.  These,  when  run 
at  a  lower  speed  of  rotation,  will  still  have  a  high  centrifugal 
speed  at  the  outer  circumference  of  the  fan  blades  and,  conse- 
quently, at  these  speeds  will  deliver  the  air  at  as  high  a 
blast  pressure  as  that  obtained  from  much  higher  speeds  using 
the  standard  types  of  blower  fans.  However,  there  is  little 
to  be  gained  by  buying  these  special  fans.  The  buyer  should 
be  careful  to  consult  the  manufacturer  of  the  blower  fan  that 
he  is  getting  and  ascertain  the  speed  at  which  it  must  be 
run  in  order  to  insure  the  delivery  of  air  at  not  less  than  ten 
ounces  of  pressure,  for  the  average  lead  that  he  expects  to 
carry.  In  fixing  the  pressure  at  ten  ounces,  the  writer  does 
so  knowing  that  oil  burners  will  give  excellent  service  at  this 
pressure;  and  will  even  do  good  work,  on  the  average,  at' pres- 
sures below  this  point.  However,  there  will  always  be  drains 
on  the  air  system  that  were  not  foreseen,  so  it  will  probably 
be  seldom  that  the  fan  will  deliver  any  more  than  is  actually 
needed  from  it.  When  a  blower  is  to  be  driven  by  an  individ- 
ual motor,  the  direct-connecled  type  should  always  be  chosen, 
for  then  the  many  troubles  of  belts  run  at  the  high  speeds  of 
fans  will  easily  be  avoided. 

It  is  hard  to  estimate  the  amount  of  blower  air  that  will 
be  required  by  each  burner,  since  there  is  always  some  loss 
from  the  amount  theoretically  required,  but  it  has  been  de- 
termined that  306  cubic  feet  of  free  air  is  required  to  burn 
one  pound  of  crude  petroleum.  It  is  better,  though,  to  allow 
at  least  350  cubic  feet  of  air  for  each  pound  of  oil  that  will 
be  burned.  So  that  estimating  the  average  large  size  burner 
to  have  a  consumption  of  forty-five  pounds  (approximately 
six  gallons)  of  oil  an  hour,  the  blower  should  deliver  approxi- 
mately 15,750  cubic  feet  of  air  an  hour  for  each  burner  that 
will  be  in  use. 

For  conveying  the  blower  air  to  the  individual  burners, 
pipes  smaller  than  three  inches  may  be  used,  but  it  is  in- 
advisable to  do  so.  Experience  has  shown  that  small  pipes 
restrict  the  delivery  of  the  necessary  amounts  of  air  and 
reduce  the  pressure,  if  due  to  the  friction  developing  in  the 
pipes.  The  main  pipe  at  the  blower  should  be  the  same  diam- 
eter as  the  blower  outlet  and  may  be  decreased  in  proportion 
to  the  number  of  side  outlets  that  are  taken  off  as  it  pro- 
gresses through  the  shop.  For  pressures  up  to  several  pounds, 
pipe  of  standard  galvanized  sheet  steel,  about  No.  20  gage,  has 
ample  strength.  The  joints  of  this  pipe  should  be  soldered  to 
insure  against  extensive  leakage. 

A  control  valve  should  precede  each  burner  on  its  individual 
air  supply  line,  so  that  the  amount  of  air  entering  the  burner 
may  be  adjusted  to  the  amount  of  oil  being  burned  and  the 
size  of  flame.  These  valves  are  very  simple;  two  small 
flanged  iron  castings  are  bolted  together  with  a  small  space 
between  in  which  a  %-inch  plate  can  slide  to  act  as  a  gate. 


Fig.    10.      (A)    Filter.      (B)    Air    and   Water    Separator 
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High-pressure  air  burners  also  require  valves,  which  should 
be  placed  close  to  the  oil-control  valve,  so  that  in  starting  the 
flre  it  will  be  possible  to  control  one  with  either  hand  until 
the  correct  adjustment  is  obtained. 

In  Fig.  11  is  shown  the  simplest  type  of  low-pressure  oil 
burner;  it  is  one  that  has  been  used  by  nearly  everyone  that 
has  built  his  own  furnaces  and  by  some  furnace  manufac- 
turers as  well.  Its  simplicity  of  adjustment  and  the  ease  with 
\\hi(h  it  may  be  cleaned  are  its  most  desirable  points.  The 
air  casing  is  a  simple  goose-neck  casting,  within  which  a 
1/4-inch  pipe  is  centrally  placed.  This  pipe,  which  extends 
almost  to  the  outlet,  passes  through  a  small  side  outlet  in 
the  casting.  This  is  tapped  for  a  small  clamping  set-screw 
for  the  adjustment  of  the  oil  outlet,  since  for  some  condi- 
tions it  must  be  advanced  or  withdrawn.  The  pipe  tee  on  the 
outside  end  of  the  oil-pipe  nozzle  is  one  of  the  most  important 
features,  since  after  the  flame  is  shut  off  the  heat  of  the 
furnace  often  causes  the  heavy  oil  to  congeal  and  close  the 
oil  outlet.  Consequently,  when  it  is  impossible  to  get  any 
oil  in  the  furnace  in  the  morning,  it  is  simply  necessary  to 
close  the  oil  valve,  remove  the  plug,  and  run  a  small  cleaning 
rod  through  the  nozzle. 

A  variation  of  this  type  of  burner  has  a  small  steel  cone 
that  slips  freely  over  the  oil  nozzle  and  is  tapered  so  that  it 
will  fit  the  taper  of  the  inside  of  the  air  nozzle.  By  means 
of  a  small  rod  that  extends  out  through  the  air  casing,  this 


Kiillicient  air  through  the  inside  nozzle  at  all  times,  a  small 
butterfly  valve  is  placed  in  the  outside  air  pipe,  as  shown  in 
(lolled  lines  at  X.  \\y  adequately  adjusting  this  the  necessary 
luiiount  of  air  can  be  forced  to  flow  through  the  inner  air  pipe. 

After  the  burners  that  utilize  low-pressure  air  exclusively 
comes  the  class  that  employs  a  combination  of  both  high-  and 
low-pressure  air.  A  typical  burner  of  this  class  is  shown  in 
Fig.  13.  High-pressure  air  gives  much  better  results  in  the 
atomizing  of  oil  than  can  be  obtained  with  low-pressure  air. 
This  is  due  possibly  to  the  fact  that  the  former,  in  escaping 
from  the  nozzle,  expands  at  a  very  rapid  rate,  and  when  doing 
so  the  currents  of  air  carry  the  oil  spray  outward  with  them. 
As  will  be  noted,  the  oil  in  this  burner  is  fed  through  a  small 
centrally  located  pipe  that  has  a  slightly  pointed  nozzle.  A 
needle-valve  adjustment  is  provided  at  this  point  for  further 
regulation  of  the  oil  supply,  which  for  safety  and  to  prevent 
any  oil  leakage  when  the  burner  is  not  in  operation  must  be 
provided  with  another  oil-control  valve  back  farther  from  the 
burner.  Another  purpose  of  the  needle  valve  in  the  burner 
nozzle  is  that  it  may  be  conveniently  withdrawn  for  cleaning 
in  case  the  burner  clogs. 

The  high-pressure  air  is  fed  through  a  slightly  larger  pipe 
surrounding  the  oil  pipe,  and  likewise  terminates  in  a  pointed 
nozzle,  which  extends  approximately  an  eighth  of  an  inch 
in  advance  of  the  oil  pipe.  This  air  pipe  need  have  but  little 
clearance  over  the  oil  pipe,  for  the  amount  of  high-pressure 


Fig.   11.     Simplest  Type  of  Low- 
pressure   Oil  Burner 


Fig.   12,     Low-pressure   Oil  Burner  made  of  Standard  Pipe 
Fittings 


Fig.    13.     Combination    High-pressure    and 
Low-pressure  Burner 


cone  can  be  pushed  forward  or  withdrawn.  In  this  way,  it 
regulates  the  amount  of  air  flowing  at  the  nozzle  and  makes 
possible  a  desirable  adjustment  for  a  long  or  short  flame. 

Another  form  of  burner  for  low-pressure  air  is  shown  in 
Fig.  12;  this  can  be  made  entirely  from  standard  pipe  fittings. 
This  burner  was  designed  by  a  foreman  in  a  large  railway 
forge  shop,  and  was  used  extensively  for  this  class  of  furnace 
work.  As  will  be  noted,  part  of  the  air  blast  is  by-passed 
through  a  side  pipe  loop,  which  returns  through  the  center  of 
the  main  blast.  The  oil  is  fed  into  this  side  air  pipe  some 
little  way  back  from  the  outlet.  It  was  thought  that  the  air 
would  spray  the  oil  as  it  came  out  of  its  feed  pipe  and  would 
carry  this  spray  to  the  point  where  it  met  the  main  blast, 
which  would  further  aid  in  forming  a  mist  of  the  oil.  But 
experience  with  high-pressure  burners  of  somewhat  similar 
principle  has  shown  that  it  is  more  probable,  that  the  first 
blast  drives  the  oil,  in  an  even  skin  coat,  along  the  inside 
surface  of  this  pipe  to  the  nozzle,  where  it  sprays  off  in  a 
minutely  thin  layer  from  the  entire  circumference  and  is 
caught  at  this  point  and  atomized  by  the  second  blast  of  air. 
Consequently,  if  this  nozzle  were  not  close  to  the  larger  outlet, 
it  would  again  drive  the  oil  into  another  thin  skin  coat  on 
the  inside  of  the  larger  pipe.  But  if  the  burner  is  well  de- 
signed and  the  inside  nozzle  is  close  to  the  outlet  of  the  larger, 
there  should  be  no  reason  for  not  obtaining  a  finely  sub- 
divided spray.  This  burner  needs  very  careful  regulating  for 
all  changes  in  the  degrees  of  heat  required.    In  order  to  force 


air  that  is  required  will  be  small  in  comparison  with  the 
amount  of  low-pressure  air  required  for  combustion.  The  low- 
pressure  air  conveyed  in  the  large  pipe  surrounds  the  other 
two,  and  may  extend  from  a  quarter  to  a  half  inch  in  ad- 
vance, depending  on  the  size  of  the  burner.  Both  air  lines 
must  be  controlled  by  suitable  valves,  so  that  the  air  supply 
may  be  regulated  when  starting  the  fire  or  when  altering  the 
size  of  the  flame.  When  starting  this  type  of  burner,  that  is, 
when  firing  up  a  cold  furnace,  less  trouble  will  be  experienced 
if  the  oil  and  the  low-pressure  air  are  turned  on  first;  then  as 
soon  as  a  flame  is  obtained  the  high-pressure  air  may  be  turned 
on  very  slowly.  By  this  method  a  fire  may  be  started  readily, 
whereas  if  the  high-pressure  air  is  on  at  the  beginning  trouble 
will  be  experienced  by  the  flame  blowing  out  and  giving  forth 
the  dense  white  fumes  of  unconsumed  oil. 

In  Fig.  14  is  shown  one  of  the  most  satisfactory  high- 
pressure  air  burners  the  writer  has  seen.  It  is  particularly 
adapted  for  such  furnaces  as  rivet  heaters  or  tool  dressers 
because  of  its  short,  intensely  hot  flame.  But  it  is  just  as 
useful  when  in  such  service  as  ladle  heaters  in  the  foundry 
and  in  service  that  presents  no  permanent  incandescent  wall 
for  the  ignition  of  the  oil  vapor,  because  the  oil  is  atomized 
to  such  a  fine  mist  that  it  ignites  itself  almost  as  readily  as  a 
gas  flame  would  do.  This  is  a  small  and  particularly  com- 
pact burner,  for  as  usually  made  it  measures  about  four  inches 
in  length.  The  oil-  and  air-pipe  nozzles  enter  at  one  end  of 
the  thin  outer  cylindrical  shell.    The  oil  nozzle  extends  a  short 
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distance  in  front  of  the  air  nozzle  and  is  turned  upward  in  sucli 
a  way  that  the  air,  in  leaving  its  nozzle,  sweeps  across  the 
end  of  the  oil  nozzle  and  picks  up  the  fuel  in  its  blast.  From 
this  point  it  would  appear  that  the  action  of  the  interior  of 
the  burner  is  somewhat  similar  to  the  action  described  in 
the  burner  shown  in  Fig.  12;  that  is,  that  the  oil  drives  for- 


Fig.    14.     High-pressure   Burner 

ward  in  a  thin  sheet  along  the  inside  wall,  converging  toward 
the  sharp  edge  of  the  outside  nozzle,  and  from  this  point  mists 
away  in  a  finely  atomized  condition. 

The  oil  nozzle  should  never  be  designed  to  put  the  oil  in  a 
thin  sheet  to  be  picked  up  by  the  air  blast;  it  will  not  work. 
It  might  be  thought,  judging  from  the  needle  valve  outlet  of 
the  burner  shown  in  Fig.  13,  that  by  extending  this  principle 
in  some  way,  such  as  prolonging  the  needle,  a  thin  sheet  of 
oil  could  be  obtained  that  would  be  more  readily  sprayed  by 
the  blast  of  air.  This  might  be  possible  with  water,  or  even 
with  gasoline  if  it  were  clean  or  could  be  fed  with  sufflcient 
force  to  keep  the  opening  clean,  but  oil  carries  so  many  thick 
particles  that  small  burner  openings  will  be  clogged  in  almost 
an  instant,  and  burners  designed  on  this  principle  have  proved 
failures. 

*     *     * 

WHEEL  DRESSING  AND  TRUING 

BY   HOWARD  W.  DUNBAR  ' 

■  Frequently,  one  hears  grinding-machine  operators  refer 
to  the  use  of  a  diamond,  or  a  wheel  dresser,  on  a  wheel  as  a 
truing  operation;  at  other  times,  this  is  referred  to  as  a  dress- 
ing operation.  There  appears  to  be  some  confusion  in  the 
minds  of  operators  as  to  the  distinction  between  these  opera- 
tions; therefore,  an  effort  will  be  made  here  to  make  the  mean- 
ings of  these  terms  clear. 

Dressing  a  Wheel 

The  wheel  face  is  dressed  after  it  has  been  worked  to  a 
point  where  it  no  longer  acts  as  it  should;  that  is,  the  wheel 
may  have  become  loaded,  the  particles  dulled,  or  the  face  of 
the  wheel  smoothed  up  so  that  it  does  not  cut  freely.  A  dress- 
ing eperation  frees  the  worn-out  and  useless  grains  in  the  face 
of  the  wheel  and  presents  new  particles  of  abrasive  in  the 
grinding  operation,  making  what  the  operator  calls  a  "sharp" 
wheel.  Sometimes  this  is  called  "roughing  up"  the  wheel, 
and  is  usually  done  only  when  rough-grinding,  as  such  a  con- 
dition in  the  wheel  face  cuts  off  material  yery  rapidly.  The 
wheel  does  not  of  necessity  have  a  perfect  face;  it  may  be 
slightly  out  of  round,  it  may  not  be  exactly  parallel,  or  it 
may  not  be  exactly  concentric,  but  for  rough-grinding,  when 
removing  a  lot  of  material,  it  serves  its  purpose. 

After  considerable  investigation,  the  Norton  Grinding  Co. 
has  found  a  means  for  accomplishing  this  result  without  using 
a  diamond,  and  is  now  recommending  the  "Huntington" 
dresser,  which  is  especially  designed  for  use  with  Norton  grind- 
ing machines.  This  dresser  is  held  in  the  diamond  tool-holder 
in  the  same  manner  as  the  diamond,  and  is  passed  in  front 
of  the  wheel  for  the  purpose  of  dressing  it.  There  are  many 
reasons  why  a  dresser  is  recommended  for  this  purpose,  but 
the  principal  one  is  the  scarcity,  expense  and  unreliability  of 
diamonds  at  this  time.  It  must  not  be  understood,  however, 
that  diamonds  cannot  be  used  for  dressing  purposes,  because 
they  can  be  used  and  will  produce  the  same  results,  but  always 


at  the  expense  of  the  diamond.  On  the  other  hand,  dressers 
cannot  be  used  for  the  fine  finishing  operation,  which  can 
only  be  done  by  using  a  diamond  for  correcting  the  wheel  face. 
It  is  difficult  to  draw  the  line  between-  the  use  of  the  dresser 
and  the  diamond,  as  it  will  depend  on  the  results  desired. 
As  operators  acquire  more  and  more  skill,  the  dresser,  by 
careful  use,  will  find  a  wider  and  wider  field. 

Truintr  a  Wheel 

Truing  a  wheel  has  for  its  object  the  correction  of  the 
wheel  face  and  the  perfecting  of  the  wheel  so  that  it  will  grind 
perfectly  round  and  smooth  work.  This  can  be  "accomplished 
with  satisfaction  and  economy  only  by  the  use  of  the  diamond. 
When  truing,  the  face  of  the  wheel  is  made  straight  or  parallel 
with  the  work  to  be  ground.  It  is  made  concentric  with  its 
mounting,  so  that  the  extreme  point  of  every  particle  in  th€f 
face  is  exactly  the  same  distance  from  the  center  of  the  wheel. 
The  truing  operation  is  also  done  for  the  purpose  of  producing 
the  particular  kind  of  face  desired  for  the  work  in  hand.  The 
ability  to  do  this  is  a  part  of  the  grinder's  skill.  It  is  some- 
thing that  is  difficult  to  teach,  but  is  an  accomplishment  that 
comes  naturally  to  a  skillful  operator.  A  great  many  times 
in  producing  the  desired  result  in  ground  work,  it  is  neces- 
sary to  dull  the  face  of  the  wheel  instead  of  sharpening  it, 
which  is  contrary  to  the  belief  of  the  inexperienced. 

No  ground  work  can  be  any  more  perfect  than  the  wheel 
that  produced  it,  so  the  importance  of  the  diamond  for  truing 
is  easily  seen.  The  highly  reflecting,  bright  surfaces  some- 
times noticed  on  ground  work  could  not  be  produced  without 
the  diamond;  0.00025-inch  limits  would  be  unheard  of  in  grind- 
ing, and  flat  or  round  work  would  be  impossible  except  by  tedi- 
ous lapping  operations. 

*     *     * 

MILLING  OIL  GROOVES 

BY  ROBERT  MORRIS 

The  illustration  shows  how  some  special  shafts  were  oil- 
grooved  in  a  Whitney  milling  machine.  The  fixture  A  is  pro- 
vided with  a  large  hollow  spindle  B,  on  the  end  of  which  is 
mounted  a  scroll  chuck  C  taken  from  a  Whitton  centering  ma- 
chine. At  the  rear  end  of  the  spindle  is  a  gear  B  which  meshes 
with  a  gear  E  keyed  to  the  lead-screw  F,  which  engages  a  nut 
in  the  end  of  bracket  O.  Bracket  O  is  secured  to  the  knee  of 
the  milling  machine.  The  work  H  is  held  in  the  chuck  C  and 
the  outer  end  is  supported  by  the  tail-center  I;  it  is  also  se- 
cured to  the  fixture  A.    As  the  table  of  the  machine  is  fed  to 
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Cutting  Oil  Grooves  on  Whitney  Milling  Machine 

the  left,  it  carries  the  fixture  and  the  work  with  it,  and  the 
stationary  nut  in  the  bracket  O  forces  the  steep  pitch  lead- 
screw  F  to  rotate.  The  rotary  motion  of  the  lead-screw  is 
transmitted  through  the  gears  to  the  spindle  and  work.  The 
grooving  cutter  J  is  mounted  in  and  driven  by  the  universal 
head  K.  The  work  done  with  this  arrangement  was  entirely 
satisfactory. 

*     *     • 
The  newly  discovered  beds  of  molybdenum  ore  in  southern 
Peru  are  said  to  be  the  largest  known  molybdenum  deposits 
in  the  world. 
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MAKING  DIE-PRESSED  CLUTCH  CASTINGS 

There  are  many  small  parts  of  mai^liiiies  and  instruments, 
and  numerous  metal  products  that  may  be  produced  advan- 
tageously by  a  method  known  as  die-pressed  cEtsting.  A  va- 
riety of  metals  can  be  worked  in  this  way,  although  the  most 
satisfactory  results  are  obtained  with  brass  and  other  alloys 
that  can  be  made  to  flow  without  applying  such  high  pressures 
that  the  dies  are  destroyed  rapidly.  In  an  article  entitled 
"The  Production  of  Die-pressed  Castings,"  which  was  published 
in  the  January,  1916,  number  of  Machinkky,  general  informa- 
tion was  given  concerning  the  construction  of  the  dies  and 
methods  used  in  work  of  this  kind.  It  is  the  purpose  of  the 
present  article  to  describe  the  design  and  method  of  making 
a  set  of  dies  for  the  production  of  the  small  brass  clutch  shown 
at  A  in  Pig.  1.  In  this  illustration  are  also  shown  pivot  B,  on 
which  this  clutch  is  assembled,  die  C  and  swaging  punch  23. 

The  assembled  punch  and  die  for  making  the  clutches  are 
shown  in  Fig.  3,  in  which  one  of  the  die-pressed  clutches  is 
shown  in  place  at  A  in  the  closed  die.  It  will  be  noticed  that 
die  B  is  supported  by  a  cast-iron  shoe.  The  brass  blanks  from 
whi{"h  the  clutches  are  pressed  are  turned  up  on  a  Brown  & 
Sharpe  automatic  screw  machine,  the  blanks  being  flat  disks 
with  a  hole  in  the  center  of  a  diameter  equal  to  that  of  a 
circle  which  could  be  circumscribed  around  the  pentagonal 
shaped  hole  at  the  center  of  the  clutch.  Punch  C  has  a  flat 
face,  and  there  is  a  hole  in  it  just  large  enough  to  provide  a 
sliding  fit  for  pentagonal  swaging  punch  D,  which  is  pressed 
into  the  bottom  of  the  cast- 
iron  die-holder.  In  operation, 
the  brass  blank  is  dropped 
into  the  die  and  properly  lo- 
cated by  the  pentagonal 
punch  D  that  slips  through 
the  round  central  hole.  When 
the  press  is  tripped,  the  appli- 
cation of  pressure  by  punch  G 
causes  the  metal  to  flow  down 
into  the  die  cavity,  which  re- 
sults in  forming  the  clutch 
teeth;  and,  in  addition,  the 
metal  flows  inward  around 
swaging  punch  B,  so  that  the 
circular  hole  in  the  blank  is 
changed  to  the  required  pen- 
tagonal shape.  The  metal  also 
flows  outward  to  fill  out  the 
hole  in  steel  collar  E,  which  provides  for  securing  a  nice  finish 
on  the  edge  of  the  work. 

After  the  press  has  completed  its  downward  stroke  and 
the  ram  starts  to  rise,  cross-bar  F  comes  into  contact  with  the 
bottom  of  die  B,  as  shown.    This  result  is  obtained  by  having 
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Clutch  A,   Pivot  B,   Die  C  in  which  Clutch  A  is  pressed,   and 
Swaging  Punch  D  for  forming  Pentagonal  Hole 
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DIE   BLANK   BEFORE  AND  AFTER  TURNING  STE 
AND  DRILLING  HOLE  FOR  SWAGING  PUNCH 


CAST-IRON  SHOE  WITH   DIE 


Die  Blank,  Force  for  making  Die  Cavity,  Broach    for   Pentagonal   Hole   in 
Cavity  is  formed  by  Force 


Fig.  3.     Punch  and  Die  used  for  making  Die-pressed  Clutch  Casting  shown 
at  A 

cross-bar  F  connected  to  vertical  rods  G,  which  are  coupled 
to  the  ram  of  the  press,  and  after  the  engagement  of  bar  F 
with  the  die — which  takes  place  when  the  ram  is  close  to  the 

top  of  its  upward  stroke — 
continued  movement  results 
in  lifting  die  B  a  short  dis- 
tance out  of  the  holder.  This 
provides  for  stripping  work  A 
off  swaging  punch  D  and  lift- 
ing the  top  of  the  die  clear  of 
the  holder,  so  that  the  opera- 
tor may  reach  in  and  pick  the 
finished  die-pressed  casting  off 
the  top  of  the  die.  It  will  be 
apparent  that  the  edge  of  the 
work  is  exposed  so  that  the 
operator  is  enabled  to  get  a 
good  grip  with  his  thumb  and 
index  finger;  and  as  the  sides 
of  the  die  cavity  are  given  a 
draft  of  about  0.001  inch,  no 
difficulty  is  experienced  in  re- 
moving the  work.  It  may  appear  that  this  method  of  picking 
the  pieces  off  the  die  by  hand  would  make  the  cost  of  produc- 
tion exceedingly  high,  but  on  this  particular  class  of  work  the 
output  obtained  with  this  die  equipment  is  said  to  be  far  in  ex- 
cess of  what  would  be  obtained  in  producing  the  parts  by  any 
other  method.  Attention  is  called 
to  the  fact  that  a  hole  is  drilled 
through  cross-bar  F  to  provide 
clearance  for  swaging  punch  D. 
In  starting  to  make  this  die, 
the  first  step  was  to  take  a  piece 
of  Ketos  steel  and  turn  V  blank, 
Pig.  2,  to  a  diameter  D  plus  the 
necessary  allowance  for  finish; 
after  this  had  been  done,  the 
stem  of  the  die  was  turned  down 
to  a  diameter  d.  Por  sinking  the 
impression  in  the  die,  a  male 
force  was  made  with  projections 
corresponding  to  the  clutch  teeth, 
and  these  were  tapered  0.001 
inch  on  the  sides  to  provide  suf- 
ficient draft  for  the  die-pressed 
castings  to  be  easily  removed. 
In  addition,  this  force  was  pro- 
vided with  a  pilot  for  counter- 
sinking an  impression  at  the 
center  of  the  die.  The  next  step 
was    to    make    a    cast-iron    die- 
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holder  suitable  for  supporting  the  die  blank  in  a  vertical  posi- 
tion, the  hole  being  deep  enough  to  allow  the  force  to  be 
dropped  in  on  top  of  the  die  blank  in  the  manner  shown.  The 
die  blank  was  heated  to  a  cherry  red  and  immediately  placed 
in  the  holder,  which  had  already  been  set  up  under  a  drop- 
hammer;  and  being  careful  to  avoid  loss  of  time,  the  force 
was  put  in  place  and  struck  a  blow  of  the  required  weight  to 
drive  it  into  the  heated  die  blank. 

After  progressing  to  this  point,  the  die  blank  was  set  up  in 
the  chuck  of  a  bench  lathe,  using  an  indicator  to  locate  the 
work  from  the  swaged  counterbore  in  the  die,  after  which  an 
axial  hole  was  drilled,  the  diameter  of  which  was  that  of  the 
inscribed  circle  of  the  pentagonal  hole  at  the  center  of  clutch  A, 
Pig.  1.  The  next  step  was  to  rough-  and  finish-turn  the  forward 
end  of  the  die  blank  to  diameter  D,  Fig.  2,  after  which  the 
work  was  reversed  end  for  end  in  the  chuck  for  rough-  and 
finish-turning  the  stem  to  diameter  d.  It  will  be  apparent  to 
all  experienced  mechanics  that  the  reason  for  delaying  the 
finish-turning  operation  until  this  time  is  to  correct  the  distor- 
tion of  the  work  caused  when  the  force  was  driven  into  the 
heated  die  blank.  With  the  die  blank  still  held  in  the  lathe 
chuck  with  the  small  end  out,  a  somewhat  larger  axial  hole 
was  drilled  almost  to  the  forward  end. 

It  was  then  necessary  to  broach  the  pentagonal  hole  at  the 
top  of  the  die,  which  was  done  with  a  small  five-stepped  broach 
made  especially  for  the  purpose.  This  broach  was  made  from 
1,4-inch  drill  rod,  and  so  it  did  not  possess  a  great  deal  of 
strength;  consequently,  it  was  decided  to  perform  the  broach- 
ing operation  by  tapping  the  broach  through  with  a  light 
hammer,  which  was  found  to  give  satisfactory  results.  Both 
die  B  and  punch  C,  Fig.  3,  are  made  of  Ketos  steel,  and  little 
need  be  said  in  regard  to  making  the  punch,  as  it  is  simply 
a  matter  of  turning  up  a  blank  on  the  lathe  and  drilling  the 
clearance  hole  for  swaging  punch  D.  This  swaging  punch  was 
made  of  steel,  with  a  head  upset  at  the  end  to  provide  for 
mounting  it  in  the  die-holder.  After  the  head  had  been  made 
and  turned  to  size,  the  punch  was  hardened  and  ground  to  the 
desired  pentagonal  form.  E.  K.  H. 


FORD  MOTOR  CO.'S  PROFIT-SHARING  PLAN 

More  than  three  years  have  passed  since  the  inauguration 
of  the  profit-sharing  plan  of  the  Ford  Motor  Co.,  at  Detroit, 
under  which  a  minimum  wage  of  $5  a  day  is  paid  to  employes 
who  comply  with  certain  conditions  stipulated  by  the  plan. 
The  results  of  the  profit-sharing  scheme  have  been  satisfac- 
tory to  the  company  and  to  the  men  alike.  At  the  end  of  the 
past  year,  there  were,  in  all,  55,752  employes  of  the  Ford  Motor 
Co.  at  the  home  factory  and  branch  factories  and  offices.  Of 
these,  about  42,400  were  employed  at  the  Detroit  factory. 
When  the  profit-sharing  plan  was  inaugurated  three  years  ago, 
there  were  13,500  men  on  the  Detroit  factory  pay-roll.  In  the 
year  1913,  50,448  men  left  the  employ  of  the  company  before 
the  adoption  of  the  profit-sharing  plan.  Last  year,  only  7512 
men  left,  and  of  these,  66  per  x;ent  had  not  been  with  the  com- 
pany for  the  six  months  necessary  to  become  profit  sharers; 
hence,  the  profit-sharing  system  has  largely  increased  the  sta- 
bility of  the  working  force.  Two  years  ago,  the  accumulated 
savings  and  the  property  owned  by  Ford  employes  amounted 
to  about  $18,000,000.  At  the  end  of  the  present  year,  this  sum 
had  increased  to  about  $27,250,000.  The  company  employs  nine 
men  in  the  legal  department,  which  devotes  a  large  share  of  its 
time  to  the  interests  of  the  employes.  Legal  counsel  is  given 
free,  including  advice  regarding  real  estate  purchases  and  in- 
vestments, to  between  150  and  200  employes  daily.  The  medi- 
cal department  employs  ten  doctors,  with  twenty-six  assistants, 
giving  treatment,  surgical  and  medical,  to  about  1500  cases 
a  day. 

The  third  year  under  the  profit-sharing  plan  has  been  a  year 
of  remarkable  achievement  for  the  Ford  Motor  Co.  The  an- 
nual business  for  the  year  ending  July  31,  1916,  was  $261,000,- 
000.  The  standard  of  500,000  cars  set  for  production  was 
passed,  and  during  the  past  winter,  the  factory  has  been  turn- 
ing out  parts  for  3000  cars  a  day,  which  are  shipped  to  the 
various  assembling  plants,  only  about  forty  cars  a  day  being 
assembled  at  the  factory. 


HOURS,  FATIGUE,  AND  HEALTH  IN 
BRITISH  MUNITION  FACTORIES 
According  to  a  recent  bulletin  issued  by  the  United  States 
Department  of  Labor,  the  British  Health  of  Munitions  Work- 
ers Committee  has  found  that  Sunday  labor  is  not  profitable 
and  that  continuous  work  is  a  mistake  and  does  not  lead  to 
increased  output;  that  a  system  of  shifts,  although  imprac- 
ticable in  some  cases,  is  to  be  preferred  to  overtime,  since  the 
latter  taxes  the  strength  of  workers  too  severely,  results  in 
loss  of  time  because  of  exhaustion  and  sickness,  and  curtails 
unduly  the  period  of  rest;  that  night  work  should  be  dis- 
couraged; that  output  cannot  be  maintained  at  the  highest 
level  for  any  considerable  period  if  the  conditions  are  such 
as  to  lead  to  excessive  fatigue  and  to  deterioration  in  the 
health  of  the  worker.  The  committee  recommends  that  the 
hours  should  not  exceed  fifty-six  per  week  for  men  engaged 
in  very  heavy  labor,  or  sixty  for  men  engaged  in  moderately 
heavy  labor,  while  sixty-four  should  be  a  maximum. 

In  its  report  on  sickness  and  injury,  the  committee  says, 
"To  conserve  energy  and  efficiency  is,  other  things  being  equal, 
the  way  to  improve  output,"  and  recommends  the  medical  ex- 
amination of  all  workers  before  employment.  It  also  suggests 
that  factories  should  have  proper  sanitary  facilities,  safe- 
guarded machinery,  arrangements  for  adequate  medical  and 
nurse  schemes,  etc.,  and  emphasizes  the  value  of  first-aid.  The 
committee  calls  particular  attention  to  the  importance  of  ade- 
quate lighting  and  ventilation,  which  are  absolutely  essential 
for  the  maintenance  of  health  and  comfort,  and  hence  effi- 
ciency, of  the  workers  and  recommends  special  measures  to 
prevent  undue  strain  upon  eyesight  and  to  reduce  the  liability 
of  accident  to  a  minimum.  Attention  is  called  to  the  added 
danger  of  industrial  accidents  as  follows:  '-'Moreover,  at  the 
present  time,  the  introduction  of  new  labor,  and  of  employes 
unaccustomed  to  the  processes  concerned,  particularly  in  con- 
junction with  the  need  for  speed  and  pressure,  overtime  and 
night  work,  with  the  consequent  fatigue,  must  inevitably  lead 
to  greater  risk  of  accident." 

This  conclusion  corresponds  exactly  with  American  ex- 
perience, as  stated  in  a  Safety  Bulletin  issued  by  the  Utica 
Mutual  Compensation  Insurance  Corporation,  which  contained 
the  following: 

The  war  has  caused,  indirectly,  an  enormous  increase  in 
the  number,  severity  and  cost  of  industrial  accidents,  espe- 
cially during  the  year  1916.  The  principal  reasons  for  this 
large  increase  of  industrial  accidents  are  as  follows:  the 
employment  of  incompetent,  unskilled  and  inefficient  labor; 
the  increased  pressure  for  larger  output;  and  the  disregard 
and  non-enforcement  of  safety  rules  and  regulations.  Dur- 
ing the  past  few  months,  the  accident  rate  has  been  some- 
what reduced,  because  employes  have  become  more  accus- 
tomed to  their  work.  However,  many  industrial  workers 
will  now  enlist  to  fight  for  our  country,  and  the  services  of 
many  skilled  workmen  will  be  placed  at  the  disposal  of  the 
War  Department.  To  fill  their  places,  employes  who  are  un- 
familiar with  the  work  will  have  to  be  hired,  and  women 
will  fill  the  places  of  many  men  called  for  service.  With 
these  changed  conditions,  there  will  be  even  greater  neces- 
sity for  safety  measures  to  prevent  accidents. 

*  *  * 
The  average  price  of  copper  for  1916  was  slightly  over  27 
cents  a  pound,  as  compared  with  17.4  cents  in  1915,  accord- 
ing to  the  United  States  Geological  Survey.  The  year's  pro- 
duction, however,  surpassed  all  records.  Arizona  produced 
675,000,000  pounds,  as  compared  with  432,000,000  pounds  in 
1915:  this  exceeds  the  total  output  of  the  United  States  as  late 
as  1902.  Montana  produced  350,000,000  pounds,  about  268,000,- 
000  pounds  in  1915  and  314,900,000  pounds  in  1912.  Michigan's 
output  was  about  269,000,000  pounds,  and  238,900,000  in  1915. 
Utah  shows  an  increase  of  60,000,000  pounds  over  the  record 
production  of  175,000,000  pounds  in  1915.  The  output  from 
Alaska  is  estimated  at  over  120,000,000  pounds;  it  was  70,600,- 
000  pounds  in  1915.  Nevada's  production  reached  100,000,000 
pounds,  the  previous  largest  output  being  85,200,000  pounds 
in  1913;  the  output  for  1915  was  67,700,000  pounds.  The  pro- 
duction of  New  Mexico  was  90,000,000  pounds,  as  compared 
with  62,800,000  pounds  for  1915.  California's  production  ex- 
ceeded 60,000,000  pounds;  in  1915  the  production  was  37,600,- 
000  pounds.  Tennessee's  production  of  15,000,000  fell  slightly 
below  its  1915  production  of  18,000,000  pounds. 


THE  following  illustratious  show  the  manufacture  of  9.2- 
inch  high-explosive  howitzer  shells  as  carried  on  by  the 
A.  P.  Smith  Mfg.  Co.,  East  Orange,  N.  J.,  who  successfully 
completed  a  large  order  recently.  The  operations  include  not 
only  the  machining  of  the  shell  proper,  but  also  the  machining 
of  the  base  plug  which  ultimately  becomes  an  integral  part 
of  the  completed  shell.  Starting  with  the  rough  forging,  the 
shell  goes  through  the  following  operations:  drilling  and 
facing  nose,  cutting  forging  to  length,  rough-turning  straight 
section,  rough-turning  nose,  rough-  and  finish  reaming,  boring 
and  threading  nose,  finish-turning,  cutting  band  groove,  pre- 
liminary inspection,  copper  banding,  boring,  reaming  and  turn- 
ing base  end,  washing  and  drying,  hand-tapping  nose,  var- 
nishing and  baking,  putting  in  base  plug,  band  turning,  weight 
cutting,  polishing,  stamping,  final  inspection  and  boxing  for 
shipment.  In  addition  to  this,  the  chief  operations  in  the 
making  of  the  base  plug  are  illustrated.  The  base  plug  is 
eventually  screwed  into  the  base  end  of  the  shell  and  the  joint 
made  secure  by  the  use  of  Petman  cement,  which  is  placed  on 
the  thread  of  the  plug  before  insertion. 


The  approximate  cost  of  the  different  items  making  up  a 
complete  9.2-inch  shell  is  as  follows:  shell  body,  including 
forging  and  material,  $57;  copper  band,  $5;  bursting  charge 
(36  pounds  of  T.  N.  T),  $21;  fuse,  $3;  propelling  charge  (60 
pounds),  $36;  percussion  tube,  $30;  freight,  $15;  making  a 
total  of  $167  for  the  shell  as  delivered  through  the  muzzle  of  a 
field  howitzer.  The  howitzer  is  a  short  gun,  firing  a  heavy 
shell  at  high  angles  of  elevation. 

The  material  for  this  article  consists  of  representative  pic- 
tures from  a  moving  picture  recently  made  and  produced  by 
Machinery  entitled  "Machining  9.2-inch  High-explosive  Howit- 
zer Shells."  This  moving  picture  is  entirely  new  and  marks 
an  advance  in  industrial  educational  moving  picture  films. 
It  was  made  especially  for  mechanical  men  under  the  direction 
of  mechanical  experts.  Because  of  its  rare  mechanical  interest 
and  the  timeliness  of  the  subject,  Machinery  considers  it  a 
patriotic  privilege  to  offer  to  show  this  film  gratis  before 
mechanical  audiences,  and  representatives  of  such  bodies  are 
invited  to  correspond  with  the  Editor  of  Machinery  regarding 
the  matter. 
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Gaging    Nose 


Kough-   and  Finish-reaming 


Roughing    Reamer,    showing    Chips 


Inspector   must   0.    K.    before   proceeding 


Boring    and    threading    Nose 


Bringing    Boring    Tool    into    Action 


Threading    with    Collapsing    Tap 


Inspection  of   Nose 


Finish-turning  all  over 
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Cam  and  Follower  maintain  Shell  Contour  Careful    inspection    after    Previous    Operation 


Cutting    Band    Groove 


Depth   of   Groove   is   accurately  gaged 


Cutting  Band   Groove  requires  Two  Men 


Special  Attachment  forma  Waves 
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Getting  ready  for  Next   Shell 


Complete  Preliminary  Inspection  of  Shell 


White  Hot  Band  being  put  into  Place 


Guiding  carefully  into  Dies  on  Hammer 


Three  Blows  well  placed  are  Sufloient 


Boring.   Reaming  and  Threading  Base 
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Indexing  Reamer  into  Position 


Koversing  Spindle  to  cut  Left-hand  Thread 


Cleaning  out  Shell  for  Inspection 


Inspector's  Approval  Necessary  before  proceeding 
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Making  Base  Plug 


Turning  and  facing  Base   Plug 


Threading  Base  Plug 


Inspecting  before  removing   from  Machine 


Fitting   Base   Plug 


Applying  Prussian  Blue  to  assure  fit 
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Washing  and   Drying 


Shells  are  given   Two   Immersions 


Hand-tapping   Nose 
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Varnishing   and  Baking 


Shell  revolves  while  Varnish  is  sprayed 


A  Truck  Load   ready  to  bake 


Putting   in   Base   Plug 


Band- turning 


Band  Contour  governed  by  Tool  in  B,ear 
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Inspector's  Careful  Check  is  necessary 


Weight  Cutting 


Weight  may  vary  between  250  and  253%  Pounds 
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Polishing  to  remove  Bust  or  Slscolorations 


Final    Governmental   Inspection 


TUi  li  a  Most  Complete  Inspection 


Among  Other  Things,  the  Weight  is  checked 


Boxing  for  Shipping 
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A    NICKEL-CHROMIUM    ALLOY    HAVING  .CONSIDERABLE    STRENGTH     AT    HIGH    TEMPERATURES    AND    OTHER 

REMARKABLE    PROPERTIES 

IIY    FRANKLIN    D.    JONB8  ' 


Fig.   1.     Collection   of   Nichrame   Castings,    Including   Carburizlng  Boxes    and   Tubes,   Sipping  Baskets,   etc. 


WHILE  it  is  possible  to  obtain  a  metal  or  alloy  having 
almost  any  required  physical  property  at  ordinary 
temperatures,  the  effect  of  a  decided  increase  in  tem- 
perature is  often  highly  injurious.  The  result  may  be  a  re- 
duction of  strength,  a  change  of  form,  or  oxidation  of  the  ex- 
posed surface.  If  cast  iron,  cast  steel  or  structural  steel  is 
heated  above  400  or  500  degrees  F.,  there  will  be  a  reduction 
of  strength  which  will  represent  a  large  percentage  of  the  total 
strength  if  the  temperature  is  increased  sufficiently.  Wrought 
iron  begins  to  lose  its  strength  at  temperatures  of  about  550 
to  600  degrees  F.,  and  the  strength  of  copper  and  bronze  is 
reduced  if  the  temperature  exceeds  approximately  200  de- 
grees F.  In  some  cases,  the  strength  at  an  ordinary  tempera- 
ture (say,  70  degrees  F.)  increases  within  certain  limits,  and 
then  higher  temperatures  cause  a  rapid  reduction  of  strength. 
For  instance,  according  to  one  series  of  experiments,  wrought 
iron  at  570  degrees  F.  was  about  16  per  cent  stronger  than  at 
70  degrees  F.,  but  at  a  temperature  of  1475  degrees  F.  about 
85  per  cent  of  the  normal  strength  at  70  degrees  F.  was  lost. 
Structural  steel  gained  about  32  per  cent  at  400  degrees  F., 
but  lost  72  per  cent  at  1000  degrees  F.  The  strength  of  cast 
iron  remained  about  constant  until  the  temperature  exceeded 
500  degrees  F.,  and  at  1100  degrees  F.  it  had  only  58  per  cent 
of  the  normal  strength.  While  the  figures  given  are  subject 
to   some  variation  because  of  differences   in   the   composition 

of  the  materials  of  the  same 

class,  they  indicate  one  of  the 

injurious    effects    produced 

when  the  materials  mentioned 

are     subjected     to     relatively 

high  temperatures. 

Cast  iron  that  is  heated  and 

cooled    repeatedly    undergoes 

another  well-known  change,  in 

that  it  gradually  increases  in 

size.     This  change  of  size   is 

known    as    "growth,"    and    it 

has  been   the   cause  of  much 

trouble,   especially   in  connec- 
tion with  cast-iron  annealing 

furnaces,    retorts,   grates   and 

other  equipment  or  parts  that 

are  alternately  heated  to  refa- 

tively  high  temperatures  and       ^ 
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Fig.  2. 


cooled.  Experiments  on  a  test  bar  1  inch  square  and  14  13/10 
inches  long  showed  an  expansion  of  nearly  41  per  cent  as  a 
result  of  heating  and  cooling  the  bar  twenty-seven  times,  the 
heating  period  being  one  hour  and  the  maximum  temperature 
1470  degrees  F.  After  these  tests,  the  bar  measured  1%  inch 
by  IVa  inch  in  section  and  16%  inches  long.  In  addition  to 
the  growth  of  cast  iron,  there  is  also  an  increase  of  weight 
equivalent  to  approximately  7  or  8  per  cent,  due  to  the  absorp- 
tion of  gases. 

The  injurious  effect  of  oxidation  previously  mentioned  is  of 
especial  importance  in  the  case  of  steel  and  wrought  iron. 
As  is  generally  known,  oxidation  occurs  when  the  materials 
are  subjected  to  dampness  or  prolonged  immersion  in  water, 
and  it  is  also  the  effect  of  heating,  since  either  moisture  or  an 
increase  in  temperature  causes  the  oxygen  of  the  atmosphere 
to  unite  more  readily  with  the  iron  or  steel.  The  result  in  the 
case  of  moisture  is  corrosion,  whereas  oxidation  of  the  heated 
metal  causes  a  scale  to  be  formed  on  the  surface.  This  scaling 
mars  a  smooth  or  finished  surface,  and  it  may  also  reduce  the 
size  of  the  part,  especially  if  it  must  be  heated  repeatedly,  as 
in  the  case  of  annealing  and  casehardening  boxes,  etc. 

The  injurious  effects  referred  to  may  be  avoided  in  many 
cases  by  the  use  of  a  nickel-chromium  alloy  known  as  "nich- 
rome."  This  alloy  has  been  used  for  some  time  in  the  manu- 
facture of  resistance  coils  for  electrical  heating  apparatus  and 

rheostats,  and  the  physical 
properties  which  adapt  it  par- 
ticularly for  use  in  electrical 
work  have  proved  of  practical 
value  in  various  ways.  Nich- 
rome  is  not  injured  by  oxida- 
tion of  the  exposed  surface  at 
high  temperatures,  and  it  is 
very  strong  even  when  heated 
red  hot,  which  makes  it  pos- 
sible to  use  this  alloy  for 
many  purposes  for  which 
other  materials  could  not  be 
employed.  When  nichrome  is 
subjected  to  an  oxidizing  at- 
mosphere of  high  tempera- 
ture, a  slight  film  of  oxide 
forms  on  the  surface.  This 
film    is    strong    and    durable. 

Use  of  Nichrome  Dipping  Basket  in  Connection  with  Cyanide  Bath  and  resistS  the  action  Of  alka- 
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lies  and  of  such  acids  as  sulphuric  and  hydrochloric  acid. 
The  oxide  is  non-flaking  and  affords  additional  protection 
against  corrosion  or  further  oxidation.  Another  noteworthy 
characteristic  of  nichrome,  especially  as  compared  with  cast 
iron,  is  that  there  is  no  growth  or  appreciable  change  of  form 
as  the  result  of  alternate  heating  and  cooling. 

Nichrome  melts  at  a  temperature  of  about  2800  degrees  F. 
The  strength  of  a  nichrome  casting,  when  cold,  varies  from 
45,000  to  50,000  pounds  per  square  inch.  At  a  temperature  of 
1800  degrees  F.,  nichrome  has  a  tensile  strength  of  about  30,000 
pounds  per  square  inch,  and  it  is  tough  and  will  bend  con- 
siderably before  breaking,  even  when  heated  red  or  white  hot. 
In  order  to  demonstrate  the  remarkable  strength  of  nichrome 
at  high  temperatures,  a  cast  nichrome  plate,  approximately 
%  inch  thick,  was  heated  red  hot  and  then  struck  repeatedly 
with  20-pound  sledges  upon  the  unsupported  center  of  the 
plate.    The  result  was  stubborn  resistance  and  gradual  bending. 

In  general,  nichrome  is  adapted  for  annealing  and  carburiz- 
ing  boxes,  heating  retorts  of  various  kinds,  conveyor  chains 
.  subjected  to  high  temperatures,  valves  and  valve  seats  of  in- 
ternal combustion  engines,  molds,  plungers  and  conveyors  for 
use  in  the  working  of  glass,  wire  baskets  or  receptacles  of 
other  form  that  must  resist  the  action  of  acids,  etc.  Nichrome 
is  the  product  of  the  Driver-Harris  Co.  of  Harrison,  N.  J.,  and 
some  of  the  specific  applications  of  this  alloy  will  be  referred 
to  in  order  to  illustrate  its  possibilities  as  a  substitute  for 
other  materials,  especially  where  there  is  difficulty  from  oxida- 
tion, pitting  of  surfaces,  corrosion,  change  of  form,  or  lack  of 
strength  at  high  temperatures. 

Fig.  1  shows  a  collection  of  east  nichrome  boxes  and  circular 
pots  for  use  in  annealing  or  carburizing,  and  a  few  other 
nichrome  parts.  Up  to  the  present  time  the  use  of  nichrome 
for  making  annealing  and  carburizing  boxes  has  proved  to  be 
one  of  its  most  important  applications.  Boxes  made  of  this 
alloy  are  superior  to  those  of  steel,  principally  because  they 
are  much  more  durable.  A  steel  box  must  be  made  quite  thick 
to  allow  for  the  reduction  of  thickness  caused  by  scaling  or 
oxidation  each  time  the  box  is  heated.  As  there  is  no  appre- 
ciable loss  with  a  nichrome  box,  the  walls  may  be  made  much 
thinner,  thus  increasing  the  conductivity  of  heat.  The  dura- 
bility of  steel  boxes  as  compared  with  nichrome  boxes  is  indi- 
cated by  the  fact  that  steel  boxes  of  good  grade  may  be  used 
for  about  200  or  250  hours,  whereas  nichrome  boxes,  under 
similar  conditions,  have  been  known  to  last  about  6000  hours. 
While  the  latter  are  much  more  expensive,  the  difference  in 
cost  is  more  than  offset  by  the  superior  qualities  mentioned. 

Fig.  2  illustrates  the  use  of  a  cast  nichrome  dipping  basket 
and  holder,  for  immersing  small  steel  parts  in  a  cyanide  bath 
having   a   temperature   of   1700   degrees   F.     These   nichrome 


Nichrome    Heating  Ketort   which   is   kept   at   a   Te 
about  2000  Degrees  F. 


iperature   of 


Fig.   3.     End  View  of  Wire  Annealing  Furnace  equipped  with  Nichrome 
Conveyor   Chain 


baskets  (now  in  use  at  the  Ford  plant)  are  not  appreciably 
affected  by  the  cyanide  and  do  not  shrink  or  lose  weight.  They 
are  about  one  hundred  times  as  durable  as  iron  or  steel  wire 
baskets. 

Another  interesting  application  of  nichrome  is  shown  in 
Fig.  3,  which  is  the  end  view  of  a  wire  annealing  furnace. 
This  furnace  has  an  endless  nichrome  chain  to  which  the 
bundles  of  wire  are  attached,  and  as  this  chain  moves  along 
very  slowly,  the  wire  is  carried  through  the  annealing  furnace, 
which  is  kept  at  a  temperature  of  about  1600  degrees  F.  The 
ends  of  the  furnace  are  water-sealed  to  exclude  the  atmosphere 
and  prevent  oxidation  of  the  heated  wire.  This  repeated  heat- 
ing and  cooling  would  soon  destroy  a  chain  made  of  ordinary 
materials,  but  a  nichrome  chain  has  proved  to  be  very  durable. 
The  heating  retort  shown  in  Fig.  4,  which  is  subjected  to  high 
temperatures,  is  made  of  nichrome  and  is  also  equipped  with 
a  nichrome  conveyor  chain. 

It  has  been  demonstrated  that  the  use  of  nichrome  valves 
in  internal  combustion  engines  eliminates  difficulties  due  to 
pitting  or  warping,  so  that  regrinding  to  prevent  leakage  is 
rarely,  if  ever,  necessary.  Nichrome  valves  are  of  especial 
value  as  substitutes  for  the  water-cooled  exhaust  valves  that 
are  used  on  some  engines,  especially  of  the  larger  sizes,  to 
prevent  injuring  the  valves  as  a  result  of  excessive  heating. 

Molds  made  of  nichrome  are  particularly  useful  in  the  manu- 
facture of  glass  articles,  such  as  bottles.  The  molds  withstand 
the  high  temperatures  and  abrasion,  and  produce  more  highly 
polished  glassware,  because  they  can  be  subjected  to  higher 
temperatures  than  other  materials,  without  difficulty  from  the 
molten  glass  adhering  to  the  mold  surfaces.  These  nichrome 
molds  also  resist  the  chemical  action  of  the  elements  in  the 
glass.  As  the  molds  are  strong  while  hot,  they  can  be  made 
much  lighter  than  cast-iron  molds,  and  they  are  also  more 
durable. 

Crucibles  for  melting  brass  and  other  alloys  may  be  made 
of  nichrome,  but  its  application  for  this  purpose  has  not  as 
yet  been  fully  developed.  While  the  heat  conductivity  of 
nichrome  is  low  as  compared  with  other  alloys  or  metals,  it 
is  much  higher  than  that  of  the  graphite  or  magnesite  used 
for  making  crucibles.  The  nichrome  crucibles  may  also  be 
made  thinner  than  those  made  of  the  materials  mentioned, 
so  that  the  contents  are  brought  to  the  melting  point  more 
rapidly.  The  nichrome  does  not  affect  the  quality  of  the 
molten  contents,  and  alternate  heating  and  cooling  does  not 
damage  the  crucibles. 

To  what  extent  molds  for  castings  may  be  made  of  nichrome 
has  not  as  yet  been  fully  determined,  but  experiments  indicate 
that  its  peculiar  properties  may  prove  of  great  value  in  con- 
nection with  this  branch  of  work.  Small  cast-iron  castings 
poured  in  nichrome  molds  have  been  soft  enough  to  machine, 
smooth  and  of  close-grained  texture.  Experiments  are  to  be 
made  in  the  use  of  nichrome  molds  for  making  shells,  the  idea 
being  to  produce  shells  very  rapidly  by  casting  them  with  such 
accuracy  as  to  eliminate  many  machining  processes. 
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INCREASING  THE  USEFULNESS  OF 
ADJUSTABLE  PARALLELS 

DY   HARRY  P.   SIMMONS  ' 

'J'he  siuiple  device  shown  In  Fig.  1  has  proved  a  great  help 
in  solving  the  problem  of  spacing  and  drilling  small  holes 
where  close  limits  on  center  distances  are  reiiuired.     Though 

it  is  intended  for  holes 
too  small  to  be  made  by 
the  locating  button  and 
boring  method,  for  a 
large  percentage  of  jig 
and  fixture  work  holes 
drilled  with  this  tool 
and  then  enlarged  to 
size    will     easily    come 
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Fig.   1.    Adjustable  Parallels  adapted  for 
Use  in  drilling  Four  Sizes  of  Holes 


within  the  limits  of  accuracy  required. 

This  device  is  nothing  more  than  an  ordinary  Starrett  ad- 
justable parallel,  with  hardened  drill-rod  bushings  inserted  in 
both  halves.  The  bushings  are  lapped,  after  insertion,  to  fit 
closely  drills  ranging  in  size 
from  No.  52  to  No.  30.  Since 
the  ends  of  the  bushings  are 
flush  on  both  sides,  the  parallel 
can  be  used  either  side  up,  and 
is  just  as  useful  for  its  original 
purpose  as  it  is  without  the 
spacing-jig  feature.  When  the 
parallel  is  opened  or  closed,  the 
relative  positions  of  the  holes 
are  naturally  changed.  With 
small  plugs  inserted  in  a  pair  of 
holes  in  opposite  halves  of  the 
parallel,  it  is  easy  to  get  the  de- 
sired center  distance  with  mi- 
crometers or  vernier  calipers. 
By  tightening  the  screws  a 
solid  jig  is  secured,  which  may 
be  clamped  to  the  work,  and  the 
drilling    can    be    quickly   done. 

In  Fig.  1,  a  bushing  A  with 
a  quarter-inch  hole  is  shown 
inserted  close  to  one  end  of 
the   parallel.      The   bushing    is 

slipped  onto  a  locating  button,  which  is  fastened  to  the  work 
to  be  drilled  by  the  usual  screw,  or  on  a  plug  set  solid  in  a 
flat  plate,  as  in  Fig.  2.  In  this  case,  several  0.063-inch  holes 
were  to  be  drilled  on  a  small  radius  in  gear  blanks  about 
1%  inch  in  diameter;  the  limit  of  variation  was  0.001  inch. 
Locating  buttons  were  set  in  a  circle  around  a  central  plug 
0.187  inch  in  diameter,  which  was  the  size  of  the  hole  in  the 
gear  blanks.  It  was  easy  to  locate  the  buttons,  getting  the 
required  angles  between  the  holes  by  using  the  chords  of  the 
arcs  of  the  angles  between  the  holes.  The  parallel  was  ad- 
justed so  that  bushing  B  checked  the  correct  distance  with 
the  quarter-inch  hole  in  the  opposite  half  of  the  parallel.  A 
thin  bushing  was,  of  course,  slipped  over  the  0.187-inch  center 
plug  after  the  gear  blank  was  in  position.  The  holes  were 
drilled  by  moving  the  end  of  the  parallel  from  one  button  to 
the  next.  The  first  hole  in  the  blank  was  drilled  through  into 
the  plate  and  a  close-fitting  pin  was  inserted  to  hold  the  blank 
in  position  for  the  other  holes. 

Fig.  3  shows  the  ordinary  surface  plate  with  two  strips  lo- 
cated at  right  angles  along  the  edges,  such  as  is  used  by  many 
toolmakers  for  locating  holes  in  small  work  with  a  depth  gage 
against  a  plug  inserted  In  a  small  plate  clamped  to  the  work 
to  be  drilled.  The  parallel  with  the  bushing  will  do  this  work 
easier  and  better.  The  center  distance  of  the  holes  from  the 
edge  of  the  half  of  the  parallel  in  which  they  are  inserted 
should  be  marked  on  the  parallel.  This  center  distance  will, 
of  course,  be  constant.  Then  to  get  the  varying  distances  to 
the  opposite  edge  as  required,  it  is  merely  necessary  to  sub- 
tract the  constant  center  distance  from  the  distance  from 
edge"  to  edge,  as  measured  with  the  micrometer.     The  paral- 
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lei  should  be  held  on  the  magnetic  chuck  of  the  surface 
grinder  and  have  the  edges  nicely  trued  up  before  the  con- 
stant center  distances  are  marked  on  it. 

It  is  an  easy  matter  to  fix  up  a  parallel  in  the  manner  de- 
scribed; and  since  they  are  made  in  several  sizes,  all  being 
tlie  same  thickness,  it  is  a  good  idea  to  have  parallels  of  dif- 
ferent sizes  arranged  with  bushings  for  small  drills,  It  is 
better  to  have  different  sizes  of  holes,  but  all  should  be  small — 
not  over  No.  30.  Any  hole  larger  than  this  can  easily  be 
brought  to  size  afterward.  There  is  no  particular  location  re- 
quired in  drilling  the  holes  in  the  parallels  for  the  bushings; 
but  care  should  be  taken  to  get  them  squarely  through  the 
halves,  and  have  them  clean  and  smooth  to  receive  the  bush- 
ings. The  bushings  can  be  inserted  in  the  split  half  of  the 
parallel  with  pressure  enough  to  hold  them  firmly  in  position 
and  yet  not  interfere  with  the  sliding  action.  A  second  lock- 
ing screw  has  been  added  to  the  parallels  shown,  to  make  sure 
that  there  will  be  no  slipping  after  the  proper  position  is  se- 
cured with  the  micrometers. 
When  drilling  small  holes,  it  is  well  to  remember  that  a 
small  drill  works  on  the  same 
principle  as  a  large  one;  just 
because  the  cutting  edge  of  a 
small  drill  cannot  be  easily  seen 
is  no  reason  for  putting  it  in 
the  chuck  and  coming  down 
hard  on  the  lever  of  the  drill 
press.  The  cutting  edge  should 
be  examined  with  a  glass  and 
the  drill  sharpened  with  a  hone. 
A  good  speed  should  be  used. 
In  enlarging  the  small  holes  to 
size,  the  same  rule  for  care 
holds  good.  With  a  properly 
sharpened  drill,  correct  speed 
and  a  fine  feed,  it  is  an  easy 
matter  to  enlarge  the  holes  to 
the  size  required,  and  still  keep 
the  center  distance  within  close 
limits.  The  operator  should 
always  see  that  the  drill  is  run- 
ning true  and  is  accurately 
centered  over  the  work  before 
permitting  it   to   come   in   con- 


Fig.  2.     Use  of  Parallels  for  boring  Holes  in  Gear  Blanks 

tact  with  the  hole  to  be  enlarged 


The  National  Advisory  Committee  for  Aeronautics  has  de- 
fined a  right-hand  engine  as  one  in  which  the  shaft  rotates 
in  a  clockwise  direction  when  viewed  from  the  output  shaft, 
looking  toward  the  output  shaft  end. 


Fig.  3.    Using  Parallels  with  Surface  Plate  for  locating  Holes  in  Small  Work 
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MAKING  A  ONE-PIECE  BRASS 
DOOR  KNOB 

There  are  two  ways  of  making  a  one-piece,  pressed, 
brass  door  knob;  the  method  here  shown  is  that  used 
by  a  firm  in  Waterbury,  Conn.  The  blank  A,  Fig.  1, 
is  a  simple  job  of  drawing,  and  the  dies  are  so  well 
known  that  no  description  is  necessary.  The  next 
five  blanks  B,  C,  D,  E  and  F  are  made  with  simple 
tapering  dies,  but  using  a  punch  with  a  female  taper; 
they  need  no  explanation  except  that  an  annealing 
operation  is  necessary  between  each  press  operation. 
The  dies  for  the  last  two  blanks  O  and  H  are  of  the 
type  known  as  a  fluid  or  water  punch;  one  is  shown 
in  Fig.  2.  This  die  is  split  along  the  line  AB  and  is 
held  in  a  holder  with  a  heavy,  strong  wedge  clamp  C. 
The  punch  D  is  a  plain,  straight  piece  of  tool  steel, 
which  is  tempered,  not  because  it  is  subject  to  wear, 
but  to  stiffen  and  strengthen  it.  This  punch  fits 
snugly  in  the  hole  in  the  stem  of  the  blank. 

After  the  blank  F,       

Fig.  1,  is  placed  in 
the  split  die,  it  is 
filled  with  water 
(some  prefer  oil)  and 
the  press  is  tripped. 
As  the  punch  D  en- 
ters the  stem,  it  dis- 
places the  water, 
causing  it  to  expand 
the  blank  to  the 
shape  shown  at  G, 
Fig.  1.  It  is  possible 
to  swell  the  blank  to 
the  shape  shown  at 
H  in  one  stroke;  but 
this  operation  is  hard 
on  the  clamping  fix- 
tures of  the  dies, 
and  if  the  metal 
from  which  the  knob 
is  made  is  not  of  the 
best,  the  work  is 
likely  to  rupture.  For 
these  reasons  blank 
F  is  pressed  into  the 
form  H  in  two  stages, 
between    which    the 
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Fig.   1.     Steps  in  making  One-piece  Brass  Door  Knob 


Fig.  3,     Alternative  Method  of  making  Brass  Door  Enobs 

work     is     annealed. 

The     operations     in 
both  these  stages,  of 
course,  are  the  same. 
As   the   punch   de- 
scends in  the  work, 
some  of  the  fluid  ia 
forced  out;  and  as  it 
is  under  heavy  pres- 
sure    and     passes 
through    a    small 
opening,  it  is  likely 
to    be    thrown   some 
distance    from    the 
press.     This  trouble 
and  the  work  of  fill- 
ing   each    blank    are 
partly  avoided  by  set- 
ting the  die  in  a  pan 
that  is  deep  enough 
to  keep  the  work  and 
die  submerged  in  the 
fluid.      The   fluid    on 
the    surface    retards 
the    upward    flow    of 
the    water    from    the 
work,    but    does    not 
entirely   stop   its   be- 
ing thrown  about,  so 
a  thin  brass  guard  E,  Fig.  2,  is  fastened  to  the  punch. 
A  second  method  of  making  one-piece,  drawn  door 
knobs  is  shown  in  Fig.  3.    The  procedure  in  this  case 
is  somewhat  similar  to  that  described,  but  the  reduc- 
tion in  diameter  is  concentrated  on  the  closed  end 
of  the  blank  until  this  part  is  reduced  to  the  desired 
size  for  the  shank  of  the  knob.    Afterward  the  open 
end  is  gradually  closed  in.    It  is  possible  to  close  the 
end   almost   entirely,   but   it   is   sometimes   left   open 
about  %  inch  and  then  turned  in  the  lathe  to  flt  an 
embossed   button,   which   is  soldered   or   screwed    in 
place.  RoBEKT  Mobbis 


Fig.   2.     Dies  used  for  making  Door  Knobs 


HANDY  MICROMETER  ACCESSORIES 

When  a  hardened,  ground  and  lapped  steel  block  A 
is  used  in  conjunction  with  a  micrometer  C,  measure- 
ments up  to  4  inches  in  height  may  be  taken.    This 
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Handy   Micrometer  Accessories 

block  is  1  by  2  by  3  inches,  and  is  perforated  as  shown  to  re- 
duce its  weight.  The  micrometer  base  J3  is  2  inches  wide. 
Parts  A  and  B  were  made  by  a  shopmate,  who,  while  suffering 
from  an  attaclt  of  "farmingitis,"  sold  them  to  the  writer.  This 
tool  was  so  useful  to  the  inspector  of  gun  work  at  the  Sloan  & 
Chace  plant  that  the  company  had  one  made  especially  for  his 
use.  The  other  features  shown  are  of  the  writer's  own  design, 
except  D  which  is  a  Starrett  caliper  gage.  The  base  E  of  this 
gage  is  about  2  inches  wide.  By  means  of  the  detachable 
point  F,  it  is  easy  to  transfer  heights  from  the  micrometer 
spindle  G;  the  least  contact  of  the  point  F  with  the  spindle  G 
by  side  motion  will  move  the  latter.  When  used  in  con- 
junction with  blocks,  any  height  can  be  found  with  this  gage. 

The  collar  H  is  used  for  lapping  micrometer  parts  into  shape 
when  worn;  it  is  used  in  conjunction  with  a  flat  piece  of 
metal  /,  which  must  be  of  uniform  thickness.  The  hole  in  the 
collar  H  may  be  large  enough  to  include  the  spindle  J  of 
any  micrometer.  The  collar  H  is  fastened  to  the  spindle  J 
and  then  the  collar  H,  the  piece  of  metal  /,  and  the  anvil  K 
are  brought  into  contact;  the  emery  or  carborundum  is  on  one 
side  only  of  piece  I.  When  the  anvil  is  lapped  into  shape, 
piece  I  is  reversed  and  spindle  J  is  brought  down  against  it 
and  lapped,  anvil  K  acting  as  a  guide. 

Parts  L  and  M  require  no  explanation,  being  simply  attach- 
ments to  a  micrometer  for  taking  point  measurements  within 
the  limits  of  a  1-inch  "mike."  A  micrometer  with  a  hole  in 
the  anvil  would  admit  of  two  points  at  short  range.  The  writer 
thinks  it  would  be  a  good  idea  if  some  manufacturer  would 
get  out  a  micrometer  with  a  1-  by  1/16-inch  stem  meeting  an 
adjustable  point  in  the  anvil;  or  with  reversible  points  in  the 
spindle  and  anvil,  each  having  a  square  and  a  pointed  end. 

Princes  Bay,  S.  I.,  N.  Y.  A.  H.  Cleaves 


PROTECTIVE  ELECTROPLATING 

The  superiority  of  zinc  to  other  metals  as  au  anti-rust  coat- 
ing for  iron  and  steel  is  commonly  accounted  to  be  due  to  the 
fact  that  zinc  is  electro-positive  to  iron.  With  the  exception 
of  cadmium,  which  is  too  expensive  for  general  use,  all  other 
metals  that  can  be  used  for  commercial  protective  plating 
(nickel,  copper,  brass,  etc.)  are  electro-negative  to  iron  when- 
ever damp  penetrates  the  surface,  either  by  reason  of  the 
porosity  of  the  coating  or  a  hole  being  broken  or  worn  in  it. 
But  the  superiority  of  zinc  might,  on  the  other  hand,  be  partly 
due  to  its  being  less  porous  than  the  other  plating  metals; 
to  determine  this  point  a  series  of  experiments  was  recently 
carried  out  at  the  University  of  Wisconsin. 

Since  it  is  generally  conceded  that  commercial  plating  with 
nickel,  copper  and  brass  does  not  protect  iron  from  rust,  it 
was  decided  to  try  much  thicker  deposits  than  those  usually 
employed.  Heavily  plated  samples  were  prepared  and  sub- 
jected to  weathering  tests.  The  most  striking  feature  of  these 
tests  was  the  complete  protection  against  rust,  during  four 
months  of  very  wet  weather,  afforded  by  electro-galvanizing 


less  than  0.0002  inch  thick,  wliile  rusting  occurred  through 
0.0027  inch  deposits  of  copper,  0.00;5;J  inch  of  brass,  and  0.001 
inch  of  nickel.  With  thin  plating,  rusting  was  serious  and 
widely  distributed;  but  on  the  thicker  deposits,  it  was  con- 
fined to  a  few  widely  scattered  spots.  The  nickel  plate  on  two 
samples  O.OOG  and  0.007  Inch  in  thickness  was  not  only  free 
from  rust  but  appeared  as  bright  as  when  deposited.  The 
effect  of  double-plating  (a  deposit  of  zinc  followed  by  a  de- 
posit of  copper  or  brass)  was  next  investigated,  and  the  sam- 
ples showed  slightly  better  protection  than  would  be  afforded 
by  the  same  total  thickness  of  brass  or  copper  alone. 

The  prompt  rusting  of  the  iron  beneath  the  thinner  de- 
posits of  all  the  metals  except  zinc  seemed  to  indicate  either 
that  such  deposits  are  porous  in  structure  or  that  there  are 
small  holes  at  certain  points  that  leave  the  iron  exposed.  This 
question  was  next  investigated,  and  it  was  concluded  that  the 
remarkable  protection  afforded  by  very  thin  deposits  of  zinc 
must  be  due  entirely  to  galvanic  action,  for  thin  zinc  deposits 
proved  to  be  as  full  of  holes  as  were  the  coatings  of  other 
metals.  A  study  of  the  porosity  of  electroplating  seems  to 
show  that  deposits  of  brass  0.00015  inch  thick  and  copper 
0.00034  inch  thick  contain  pin-holes.  The  only  hope  of  a  gen- 
eral use  of  copper  and  brass  plate  on  iron  exposed  to  the 
weather  seems  to  lie  in  securing  a  uniform  deposit  free  from 
pin-holes.  In  special  cases  it  may  be  feasible  to  employ  the 
extremely  thick  deposits  of  these  metals  that  have  been  shown 
to  be  necessary  to  protect  iron  from  the  weather,  but  unless 
the  plated  article  is  fairly  rigid,  there  is  danger  of  their  crack- 
ing and  peeling;  besides,  the  time  and  expense  of  producing 
them  will  prevent  their  general  employment.  These  experi- 
ments confirm  the  view  that  the  superiority  of  the  electro- 
galvanizing  over  deposits  of  other  metals  for  the  protection 
of  iron  is  due  to  absence  of  voltaic  action.  Deposits  of  nickel 
should  exceed  0.0015  inch  in  thickness  in  order  to  protect  iron 
out  of  doors,  and  copper  or  brass  plate  should  be  three  times 
this  thickness.  For  the  protection  by  electroplating  of  iron 
that  is  to  be  exposed  to  the  weather,  zinc  is  the  only  metal 
that  can  be  used  economically. 

Liverpool,  England  Mabk  Meredith 


MAKING  CHAMFERED  PINS 

In  regard  to  the  improved  method  of  making  chamfered 
pins,  described  in  the  January  number  of  Machinery,  the 
writer  would  say  that  it  is  unnecessary  to  come  up  the  second 
time  with  the  chamfering  tool,  as  this  means  too  great  a  de- 
gree of  accuracy  in  milling  the  cams  and  a  loss  of  time. 
The  writer  would  suggest  that  the  chamfering  tool  start  cut- 
ting as  soon  as  the  stock  is  fed  out  and  that  the  cutting-off 
tool  start  a  little  later,  as  is  shown  by  the  accompanying 
lay-out  of  cams.  Then  as  the  feed  of  the  cutting-off  tool  is  a 
little  faster  than  that  of  the  chamfering  tool,  the  former  will 
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Cam   Arrangement   for   making   Chamfered   Pins 
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be  cutting  on  the  same  diameter  as  the  latter  when  it  is 
through  cutting.  By  this  plan  the  pins  will  not  break  off,  as 
the  chamfering  tool  has  the  same  cutting  angle.  The  order 
of  operations  is  as  follows: 

Number  of 
Operation  Revolutions  Hun- 

of  Stock  dredtha 

Feed  stock  to  stop,  lead  cam 20  17 

Chamfer,   back-slide   cam   0.022   inch   stroke, 

0.00045  inch  feed 50  42 

Cut   off,    front-slide    cam    0.062    inch    stroke, 

0.0008   inch   feed (78)  (65) 

Time  allowed   for  cutting  off  is   0.039   inch 

stroke  at  0.0008  inch  feed 49  41 

Total    119  100 

The  spindle  speed  and  surface  feet  of  the  stock  is  the  same 
as  in  the  other  method  but  there  is  a  gain  of  one  second  in 
time,  which  means  quite  an  item  on  a  quick  job.  As  the  time 
required  is  only  three  seconds,  the  production  of  10,800  pins 
per  day  of  nine  hours  against  8100  by  the  other  method. 

In  either  case,  though,  this  is  only  the  theoretical  produc- 
tion. From  this  must  be  deducted  the  time  required  to  put 
in  each  new  bar  of  stock.  For  instance,  a  bar  of  stock  is  120 
inches  long,  the  length  of  the  piece  is  1  inch  with  ±  0.005  inch 
limit,  the  thickness  of  the  cutting  tool  is  3/64  inch,  and  2 
inches  of  each  bar  is  wasted;  it  is  possible,  therefore,  to  aver- 
age only  111  pieces  per  bar.  As  the  time  required  to  make  one 
piece  is  three  seconds,  it  requires  333  seconds  to  cut  up  each 
bar.  Figuring  on  a  nine-hour  basis,  the  operator  will  not  put 
in  a  new  bar  of  stock  in  less  than  one  minute,  or  sixty  seconds ; 
therefore,  it  will  take  at  least  393  seconds  to  put  in  a  bar  of 
stock  and  cut  it  into  the  required  number  of  pieces.  Adding 
to  this  the  time  required  for  grinding  and  resetting  the  tools, 
the  machine  will  produce  approximately  8500  pins  in  nine 
hours,  or  about  22  per  cent  less  than  the  theoretical  production 
as  given  above. 

Providence,  R.  I.  Habky  G.  Brown 


FLUTING  ATTACHMENT  FOR  LATHE 

The  accompanying  illustration  shows  an  attachment  for 
fluting  taps  in  a  lathe.  The  attachment  was  designed  by  the 
writer  when  it  was  necessary  to  flute  a  number  of  small  taps 
and  it  was  not  convenient  to  put  the  work  on  a  milling  ma- 
chine. The  semicircular  groove  in  the  table  is  made  exactly 
the  diameter  of  the  tap,  so  when  four-fluted  taps  are  being 
fluted  two  lands  rest  on  the  support.  Various  sizes  of  taps 
can  be  fluted  if  bushings  are  used.  While  it  can  be  used  for 
three-fluted  taps,  the  attachment  is  better  adapted  for  four- 
fluted  taps. 

Boston,  Mass.  John  A.  Shand 
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Attachment  for  fluting  Taps  in  Lathe 


Figrs,  1   and  2.    Advantageous  tTse  of  FoUovf-rest  in  turning  Jig  Bushings 

USING  THE  STEADYREST  AND 
FOLLOW-REST 

Despite  occasional  magazine  articles  on  their  use,  it  is  ap- 
parent to  any  machine  shop  man  that  the  steadyrest  and 
follow-rest  are  not  used  except  when  absolutely  necessary. 
They  seem  to  be  considered  undesirable  members  that  must 
be  kept  out  of  sight  as  much  as  possible.  The  writer  was  first 
led  to  a  wider  use  of  the  follow-rest  by  an  order  to  make  five 
or  six  dozen  jig  bushings,  in  two  or  three  sizes.  The  shop  was 
new  and  an  effort  was  being  made  to  run  before  much  of  the 
equipment  had  arrived.  The  lath^  was  fitted  with  a  big  chuck 
which  had  to  be  shimmed  to  hold  stock  smaller  than  1%  inch 
round,  so  it  was  a  slow  job  to  feed  out  and  true  a  bar  of 
stock  in  the  usual  way.  The  writer,  therefore,  put  on  the 
follow-rest  and  turned  up  4  feet  of  stock  to  the  diameter  of 
the  collar  on  the  jig  bushings;  then,  with  a  parting  tool,  a 
series  of  grooves  was  cut  along  the  bar,  as  shown  in  Fig.  1. 
The  grooves  were  a  little  smaller  at  the  bottom  than  the  fin- 
ished size  of  the  bushing  body,  which  made  a  neck  for  the 
grinding  wheel  later.  Next,  with  a  broad  forming  tool,  the 
stock  was  turned  out  between  every  other  pair  of  grooves,  as 
shown  in  Fig.  2.  Then  the  steadyrest  was  bolted  lightly  at  the 
left  of  the  lathe  carriage,  leaving  it  loose  enough  so  that  it 
could  be  crowded  along  with  the  carriage.  The  parting  tool 
was  set  to  work  to  the  left  of  the  follow-rest,  and  the  follow- 
rest  jaws  were  used  to  steady  a  drill  held  in  the  tailstock  in  a 
drill  chuck.  The  bushings  were  drilled,  reamed  and  counter- 
sunk by  interchanging  tools  in  the  tailstock,  and  then  cut  off 
all  nicely  necked  in  for  the  grinder.  A  considerable  saving 
could  have  been  made  by  using  special  forming  tools  or  hold- 
ers, but  this  would  have  been  entirely  offset  by  the  cost  of 
making  the  special  devices.  Only  stock  tools  and  holders  were 
used. 

Two  steadyrests  once  got  the  writer  out  of  a  bad  fix  on  a 
shaft  repair.  He  had  been  detailed  to  clean  up  and  put  in 
salable  shape  a  cold-saw  machine.  While  sledging  one  of  the 
last  parts  into  place,  the  sledge  missed  and  knocked  a  small 
threaded  teat  off  the  end  of  a  long  drive  shaft.  As  the  shaft 
was  longer  than  any  lathe  in  the  shop,  the  break  looked  like 
a  bad  one.  After  some  pretty  hard  thinking  while  taking  the 
shaft  out  of  its  bearings,  two  steadyrests  were  put  on  a  Hendey 
lathe,  the  tailstock  removed,  and  the  shaft  swung  in.  Putting 
the  good  end  on  the  live  center,  the  shaft  was  leveled  and 
lined  up  with  a  surface  gage  from  the  ways,  the  rest  being 
adjusted  farthest  from  the  headstock.  Then  the  jaws  of  the 
other  rest  were  set  against  the  shaft,  the  shaft  was  turned 
end  for  end,  a  drill  chuck  was  put  in  place  of  the  live  center, 
and  the  broken  end  of  the  shaft  was  drilled  and  tapped,  the 
feeding  being  accomplished  by  shoving  the  carriage  against  a 
dog  on  the  shaft.  A  stud  screwed  and  pinned  into  the  end 
of  the  shaft  finished  the  job. 

A  polishing  machine  spindle  nearly  3  inches  in  diameter, 
with  a  rotor  for  driving  motor  in  place,  was  handled  in  a 
chuck  and  two  steadyrests,  over  one-fifth  of  the  shaft  extend- 
ing beyond  the  lathe.  This  job  was  turned  end  for  end  when 
partly  done,  and  called  for  extreme  care,  because  all  work  had 
to  be  done  with  reference  to  the  rotor,  which  was  not  per- 
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mitted  to  run  out.  This  spindle  ran  1800  revolutions  per  min- 
ute and  swung  20-incli  rag  wheels.  Things  had  to  be  pretty 
nearly  right  to  work  well. 

Poughkeepsie,  N.  Y.  H.  W.  Johnson 


A  HANDY  TRAMMEL 

•  The  trammel  here  described,  which  was  made  by  the  writer, 
will   be   found    very   handy.     One   of   the   trammel    points   is 

.shown  assembled  in  Fig.  1.  The  holder,  which  is  Vz  inch 
square,  is  made  of  cold-drawn  steel.    The  parts  are  prevented 
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Figs.   1  to  3,     Construction  of   Trammel 

from  falling  out  when  the  instrument  is  being  adjusted  by  a 
spring  C,  Fig.  2,  that  fits  into  the  recess  B  and  in  grooves  A, 
Fig.  1,  on  the  beam.  Caliper  points  can  also  be  made  if  desired. 
One  advantage  of  this  tramwel  is  that  as  the  beam  is  made 
of  5/16-inch,  square,  cold-drawn  steel  (Fig.  3),  it  can  generally 
be  obtained  in  any  length  desired  without  machining. 

S.  C. 


ASSEMBLING-   GAS-ENGINE  PISTON  RINGS 

It  is  sometimes  quite  a  problem  to  compress  and  hold  piston 
rings  while  the  piston  is  being  inserted  in  a  gas-engine  cylinder. 
The  worst  case  the  writer  has  met  was  in  a  horizontal  opposed 
engine,  the  pistons  of  which  had  to  be  put  in  through  the 
crank-case.  There  was  no  chamfer  at  the  end  of  the  cylinder 
bore  and  the  crank-case  walls  were  so  close  to  the  pistons  that 
the  fingers  could  not  be  used  to  compress  the  rings  so  they 
could  enter.  After  some  unsuccessful  trials  with  other  meth- 
ods, the  writer  wrapped  fine  wire  once  around  each  ring,  draw- 
ing it  tight,  so  that  the  ring  was  compressed  to  the  size  of 
the  cylinder.  As  the  piston  was  pushed  into  the  cylinder,  the 
wire  held  the  rings  until  they  entered  the  bore,  when  the 
wire  was  cut  off. 

Poughkeepsie,  N.  Y.  H.  W.  Johnson 


MAKING  A  QUICK  REPAIR 

The  question  "How  long  will  it  take  to  make  this  repair"? 
Is  heard  in  the  pattern-shop  and  in  the  machine  shop  every 
day.  In  order  to  make  a  repair  in  the  shortest  time  possible, 
a  steel  casting  is  often  made  to  take  the  place  of  a  hand- 
forged  piece  or  a  piece  shaped  from  a  solid  bar  like  a  crank- 
shaft. The  writer  has  made  quite  a  few  patterns  for  cast-steel 
crankshafts  to  take  the  place  of  forged  shafts,  and  these  cast- 
ings have  in  nearly  every  case  proved  quite  satisfactory.  In 
Fig.  1  is  shown  a  triple  crankshaft  for  which  a  new  pattern 
was  made,  and  a  steel  casting  was  produced  in  twelve  hours 


after  the  break.  Boards 
for  the  four  disks  C  and 
tlie  three  core-prints  li 
were  dressed  on  the 
planor  to  exact  thick- 
ness and  cut  on  the 
band  saw  to  the  correct 
sizes.  These  were  then 
assembled  and  the 
shafts  D  built  on.  The 
pattern  was  split  on  the 
line  x-x.  A  core-box  to 
make  the  cores  B  was 
sawed  to  the  exact  size 
on  the  band  saw.  The 
writer  had  not  seen  the  hexagon  core,  Fig.  2,  used  before.  The 
core-box  is  easily  and  quickly  made  and  the  correct  setting  of 
the  cores  is  a  simple  job.  This  work  must  be  done  accurately, 
care  being  taken  to  cut  exactly  to  the  lines  marked.  The  only 
hand  work  done  on  this  job  was  turning  the  shafts  D. 
Kenosha,  Wis.  M.  E.  Duooan 


Fig.   2.      Core   for   Triple   Crankshaft 


EXTRACTING  BROKEN  JIG  LEGS 

Some  time  ago,  considerable  difficulty  was  encountered  in 
extracting  broken  jig  legs,  and  several  expensive  jigs  were 
practically  ruined  by  locally  annealing  the  broken  part  of  the 
leg  in  order  to  extract  it.  The  jig  legs  were  steel,  made  glass- 
hard,  except  the  screw,  which  was  kept  as  soft  as  possible; 
but  it  is  a  difRcult  matter  to  harden  the  jig-leg  body  without 
hardening  the  screw  to  some  extent.  This  is  chiefly  where  the 
trouble  comes  in.  As  the  screw  is  more  or  less  hard,  the  con- 
stant jarring  of  the  legs  on  the  machine  table  causes  them  to 
snap  off. 

The  jig  leg  here  shown  was  designed  to  overcome  this  diffi- 
culty. The  leg  had  a  9/16-inch  right-hand  thread  on  the  out- 
side, and  a  1/4-inch  hole  was  drilled  vertically  through  the 
center.  This  hole  was  tapped  with  a  left-hand  thread.  When 
the  jig  legs  were  screwed  into  the  body  of  the  jig,  a  special 
1/4-inch  headless  screw  was  screwed  into  the  leg  until  it  was 


0 

n 


RIGHT-HAND  THREAD 


EXTRACTOR 


0 


Machinery/ 


Jig  Leg  and  Wrencli  for  extracting  it 

flush  with  the  bottom  of  the  leg,  to  prevent  chips  apd  dirt 
from  getting  into  the  tapped  hole.  When  a  leg  broke  off,  it 
usually  broke  near  the  hole  in  the  jig.  A  wrench  was  then 
screwed  into  the  broken  part  left  in  the  jig,  and  when  the 
shoulder  of  the  wrench  (which  was  made  smaller  in  diam- 
eter than  the  leg)  came  in  contact  with  the  broken  part,  the 
latter  commenced  to  unscrew.  Thus  broken  jig  legs  were  ex- 
tracted quickly  and  easily. 

New  Haven,  Conn.  Eeic  Lee 


Fig.    1.      Pattern  of  Triple  Crankshaft 


THREADING  STEEL 

The  writer  read  with  interest  the  article  by  F.  E.  Metzler 
in  the  February  number  of  Machinery,  on  cutting  threads. 
However,  he  would  like  to  submit  what  he  has  been  able  to 
accomplish  with  the  90-degree  advance.  Although  this  method 
has  been  used  mostly  in  cutting  taper  threads,  it  is  just  as 
effective  on  straight  work  and  either  internal  or  external 
threads. 
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ROUGHING  TOOL 
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WISHING  TOOL 


Fig.    1.      Roughing   and   Finishing 
Threading   Tools 


The  compound  rest  Is 
set  over  approximately 
30  degrees;  the  exact 
angle  is  immaterial,  as 
the  rest  is  only  used  to 
obtain  a  side  movement 
when  setting  the  finish- 
ing tool.  The  thread  is 
roughed  out  with  the 
roughing  tool  shown  in 
Pig.  1.  This  tool  is 
ground  to  a  sharper . 
angle  than  60  degrees, 
the  amount  depending 
on  the  pitch  of  the 
thread  to  be  cut;  50  de- 
grees is  correct  for  an 
8-pitch  thread  in  soft 
steel.  The  point  is  also 
snubbed  off,  as  shown  at  A.  With  this  tool  a  7-  or  8-pitch 
thread  can  be  roughed  out  in  two  cuts.  It  will  not  work 
well  if  the  second  cut  is  too  light;  the  cut  must  be  heavy 
enough  to  keep  the  chip  flowing  over  the  point  of  the  tool 
so  that  it  will  not  clog  and  tear  the  sides  of  the  thread. 
The  roughing  tool  for  internal  work  must  be  ground  with  as 
little  clearance  as  possible,  so  that  when  the  tool  springs 
downward  under  the  force  of  the  cut  it  will  find  a  bearing  on 
the  work  and  thus  be  supported.  The  tool  is  fed  straight  in 
on  all  cuts. 

The  thread  is  finished  with  the  other  tool  shown  in  Fig.  1. 
This  tool  must  have  as  much  rake,  or  lip,  as  the  nature  of  the 
steel  will  permit.  Care  must  be  taken  when  grinding  the  tool 
to  the  center  gage.  If  the  gage  is  held  parallel  with  the  bot- 
tom, or  shank,  of  the  tool,  the  thread  will  not  be  60  degrees; 
nor  will  it  be  correct  if  the  gage  is  held  at  the  same  angle  as 
the  rake.  The  tool  will  be  very  nearly  correct  if  ground  with 
the  gage  held  about  half  way  between  the  two.  The  cuts  are 
taken  with  the  tool  fed  straight  In  to  the  center  of  the 
roughed-out  thread.  The  tool  will  not  cut  on  the  point  as  the 
first  cut  is  taken,  but  will  act  more  like  a  side  tool,  taking  a 


Fig.    2.      Threading   Bar 

cut  from  both  sides  of  the  thread  at  the  same  time.  The  first 
cut  should  be  so  proportioned  that  the  next  one  will  clean 
out  the  bottom  and  take  a  light  "skim"  from  both  sides.  The 
thread  will  now  be  finished,  if  the  roughing  cuts  were  of  the 
proper  depth.  Three  finishing  cuts  will  be  found  more  satis- 
factory on  internal  work  because  of  the  spring  in  the  tool. 
If  the  lathe  is  stiff  enough  and  the  work  is  flooded  with  cut- 
ting compound,  the  finishing  cuts  on  soft  steel  can  be  taken 
at  a  speed  of  130  feet  per  minute.  While  this  method  will 
not  do  for  precision  work,  it  is  satisfactory  for  ordinary  com- 
mercial work  and  is  very  fast.  The  object  is  to  feed  straight 
in  on  all  cuts,  and  finish  both  sides  of  the  thread  at  once. 

In  Fig.  2  is  shown  a  threading  bar  for  14-  by  14-inch  tool 
steel  that  has  the  proper  balance  for  good  threading.  A  tool- 
steel  pin  inserted  in  the  11/32-inch  hole  in  the  end  of  the  bar, 
acts  in  conjunction  with  the  taper  pin  to  hold  the  tool  securely 
in  place. 

Los  Angeles,  Cal.  L.  J.  Bechaxjd 


DRILL  CHUCK  FOR  QUANTITY 
MANUFACTURING 

The  accompanying  illustration  shows  a  chuck  for  quantity 
manufacturing.  The  body  A  is  taper-reamed  for  the  collet  B 
and  tapped  for  a  screw  having  a  squared  end.  It  is  threaded 
at  D  to  suit  the  spindle  of  the  machine.  The  thread  should 
be  loose  enough  in  the  spindle  to  allow  the  taper  E  and  the 
shoulder  F  to  true  the  chuck  with  the  spindle.  The  chuck  body 
is  also  flattened  at  G  for  a  wrench.  The  collet  B  must  be  long 
enough  to  hold  the  drill  by  the  fluted  part.  It  is  not  feasible 
to  hold  a  drill  by  the  fluted  part  in  the  standard  three-Jaw 


Drill  Chuck  for  Quantity  Manufacturing 

chucks,  as  each  jaw  grips  the  drill  at  a  point  only,  but  this 
collet  is  long  enough  to  grip  the  drill  for  at  least  the  length  of 
one  helix,  and  it  is  held  as  securely  as  if  held  by  the  shank.  As 
the  chuck  is  threaded  on  the  shank,  instead  of  having  a  stand- 
ard taper  shank,  it  may  be  removed  in  a  limited  space.-  Accu- 
rate drilling  can  be  done  with  the  drill  held  in  the  manner 
described. 
New  Britain,  Conn.  F.  E.  Potter 


USING  THE  SLIDE-RULE 

The  method  of  using  mixed  numbers  on  the  slide-rule  that 
was  given  in  the  article  "Uses  of  Slide-rule"  in  the  March 
number  of  Machinery  is  correct,  but  it  requires  finding  men- 
tally the  product  of  the  whole  number  and  the  denominator 
of  the  fraction.  This  mental  calculation  can  be  avoided  by 
setting  the  denominator  of  the  fraction  on  the  C  scale  over 
1  on  the  D  scale,  and  then  proceeding  as  described  in  that 
article.  Assuming  that  it  is  desired  to  find  2  3/16  on  the 
rule,  set  16  on  the  C  scale  over  the  left-hand  1  on  the  D  scale, 
and  then  set  the  rider  on  the  third  division  on  the  C  scale  (cor- 
responding to  35)  to  the  right  of  2  on  the  D  scale.  It  is  well 
to  note  that  this  relation  holds  true  regardless  of  the  denom- 
ination of  the  fraction;  for  instance,  if  working  with  feet 
and  inches,  it  is  only  necessary  to  set  12  on  the  C  scale  over  1 
on  the  D  scale  and  proceed  as  before. 

Pasadena,  Cal.  H.  L.  Doolittle 


REPAIRING  A  CUTTING-OFF  TOOL-SLIDE 

Although  the  cutting-off  tool-slide  of  the  Gridley  multiple- 
spindle  automatic  has  an  adjustment  for  side  play,  there  is 
none  for  wear  up  and  down.  The  writer,  however,  has  found 
the  following  method  of  repairing  these  slides  very  satisfac- 
tory: The  gib  slot  in  the  slide  is  machined  to  a  taper  of  one- 
quarter  inch  to  the  foot,  and  a  piece  A  with  a  corresponding 
taper  is  fitted  into  the  slot  beneath  the  gib;  this  piece  is  held 
in  place  and  adjusted  by  a  screw  B.  This  method  of  adjust- 
ment, together  with  the  adjustment  for  side  play,  gives  a  rigid 
cutting-off  tool-slide. 

York,  Pa.  Hakry  F.  Fitzkee 
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BILLET   TURNING   DEVICE 

When  the  sudden  demand  came  for  making  forglngs,  some 
home-made  devices  had  to  be  used  on  account  of  the  slow 
deliveries  of  market  material.  The  illustration  shows  an 
arrangement  lor  turning  billets  to  be  forged  round  under  the 
press.  The  first  plan  was  to  purchase  a  small  motor  and  make 
the  gears  and  drum  ourselves,  but  when  it  was  discovered 
that  this  required  a  dynamic  brake  and  controller,  which  were 
hard  to  get  in  a  reasonable  time,  it  was  decided  to  utilize  a 
small  one-ton  hoist  that  was  not  in  use,  as  this  had  all  these 
requirements  combined  in  one  unit. 

The  cable  drum  was  removed  from  the  shaft  and  replaced 
with  gear  B  to  mesh  into  the  drum-driving  pinions  of  the 
hoist;  gear  B  was  keyed  to  pinion  A  to  drive  the  chain-drum 
gear  U.  This  arrangement  gave  the  proper  speed  and  power 
In  a  fairly  compact  unit,  as  all  were  mounted  in  a  casing  sus- 


chanical  appliances  in  general.  Since  the  European  War 
started,  he  has  traveled  through  different  parts  of  the  country, 
inspecting,  mostly,  ammunition  that  was  being  manufactured 
by  different  concerns.  This  afforded  an  excellent  opportunity 
to  study  the  different  methods,  systems  and  practices  in  vogue 
in  different  shops.  After  completing  the  work  at  one  plant, 
and  before  proceeding  to  another,  information  was  generally 
obtained  to  the  effect  that  the  new  place  had  the  facilities  of 
an  up-to-date  inspection  department.  But  nothing  has  been 
found  that  comes  within  the  meaning  of  a  department  devoted 
exclusively  to  the  inspection  of  the  manufactured  product. 

It  seems  strange  that  so  few  of  the  shops  and  plants  visited 
can  say  that  their  inspection  department  is  responsible  to  the 
manager  for  results.  Nine  cases  out  of  every  ten,  the  inspector 
is  under  the  supervision  of  the  manufacturing  department. 
Besides,  the  equipment  at  the  disposal  of  the  men  required 
to  keep  the  product  within  the  limits  of  acceptance  is  far  from 
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Crane  arranged  as  Billet  Turning  Devloe 


pended  from  the  carrying  yoke.  The  crane  operator  controls 
this  turning  device  from  the  cage  by  means  of  a  switch.  The 
wire  is  suspended  from  the  crane  and  arranged  in  such  a 
manner  as  to  make  the  line  taut  at  all  positions  by  means 
of  the  sag  weight,  as  shown.  A  flat  link  chain  carries  the 
billet  from  the  drum  and  rolls  it  at  the  operator's  will.  The 
large  drum  contacts  give  ample  resistance  against  slippage. 
South  Milwaukee,  Wis.  L.  D.  Peik 


A  SOCIETY  FOR  INSPECTORS 

Is  there  a  society  composed  of  technical  men  employed  as 
inspectors?  For  the  past  six  years  the  writer  has  specialized 
in  inspection  work;  that  is,  inspecting  such  work  as  ordnance 
materials,  automobile  parts,  machine-shop  accessories,  and  me- 


what  is  actually  needed  to  perform  the  work  in  a  systematic 
and  efficient  manner.  The  automobile  industry,  the  machine- 
tool  manufacturers,  makers  of  fine  tools,  and,  in  fact,  nearly 
all  manufacturers  have  someone  who  looks  after  the  accuracy 
and  correctness  of  the  finished  article.  The  full  value  of  any 
inspection  department  is  in  proportion  to  the  ability  of  the 
men  in  charge  of  the  department,  as  well  as  the  equipment  and 
other  facilities  afforded. 

In  view  of  the  foregoing,  the  following  questions  have  sug- 
gested themselves:  Would  an  organization  composed  of  men 
employed  as  inspectors  by  different  manufacturing  concerns 
have  the  support  of  the  technical  press,  engineering  societies 
and  manufacturing  concerns  in  general?  Would  such  an  or- 
ganization be  of  real  benefit  to  the  engineering  profession  as  a 
whole?    If  such  an  organization  or  society  were  formed,  say, 
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for  instance,  on  the  lines  of  the  other  engineering  societies, 
would  it  be  possible  to  secure  a  membership  large  and  strong 
enough  to  warrant  its  inception? 

It  would  seem  to  the  writer  that  a  society  composed  of  men 
who  test  and  inspect  raw  materials,  materials  in  process  of 
manufacture,  or  the  finished  article  used  by  the  mechanical 
or  engineering  professions,  that  would  hold  periodical  meet- 
ings in  which  it  would  plan,  discuss  and  adopt  standards,  meth- 
ods and  systems  for  doing  the  work  in  an  economical  and  effi- 
cient manner,  educate  its  members,  distribute  literature  and 
otherwise  further  its  existence  to  the  best  possible  interest 
of  engineering  and  manufacturing  would  be  of  inestimable 
value  to  the  technical  world  at  large. 

Woburn,  Mass.  Russell  R.  Ux 


HEALTH  INSURANCE 
In  the  December  number  of  Machineey,  under  the  title 
"Health  Insurance,"  Frank  P.  Dresser  presents  a  plausible 
argument  against  health  insurance.  But  to  one  who  has  gone 
more  deeply  into  the  subject,  it  is  evident  that  he  has  given 
only  a  partial  presentation.  Mr.  Dresser  evidently  fears  that 
health  insurance  does  not  improve  the  public  health,  and  to 
support  this  he  refers  to  the  fact  that  the  cost  of  German 
health  insurance  has  increased  since  its  inception  in  1884, 
that  the  days  of  sickness  have  increased  and  the  duration  of 
illness  has  lengthened.  But  he  does  not  state  that  in  the 
thirty  odd  years  under  review,  the  period  for  which  cash  bene- 
fits were  payable  was  increased  from  thirteen  to  twenty-six 
weeks,  and  maternity  benefits  from  four  to  six  weeks;  that 
the  basic  wage  on  which  cash  benefits  are  computed  was 
raised;  and  finally,  that  the  total  expenditure  for  medical  care 
had  increased  seven-fold.  That  is  to  say,  illness  was  being 
cared  for  more  adequately  and  an  increased  expenditure  was 
to  be  expected. 

Moreover,  figures  of  this  kind  drawn  from  statistics  of  com- 
pensated illness  must  be  used  with  caution.  Such  statistics, 
in  the  words  of  Louis  I.  Dublin,  the  statistician  of  the  Met- 
ropolitan Life  Insurance  Co.,  "are  largely  affected  by  adminis- 
trative rulings,  and  do  not  always  give  a  true  picture  of  the 
conditions  with  which  they  deal.  We  are  therefore  compelled 
in  a  measure,  to  use  the  facts  of  death  as  an  index  of  sickness, 
realizing  that  there  are  limitations  to  our  inferences."  The 
mortality  statistics  indicate  that  the  health  in  Germany  has 
been  materially  improved,  for  not  only  has  the  general  death 
rate  been  greatly  reduced,  but  the  diminution  is  due  in  part 
to  the  decreasing  death  rates  in  the  middle,  ^ge,  or  wage- 
earning  age,  groups.  Moreover,  this  decreasing  death  rate  for 
adults  in  the  middle-age  groups  is  a  marked  contrast  to  the 
tendency  in  this  country.  For  example,  in  Prussia  the  death 
rates  among  males  in  the  age  group  from  forty  to  fifty  have 
decreased  by  25  per  cent  in  the  years  between  1875  and  1910; 
in  the  United  States,  on  the  contrary,  mortality  rates  for  males 
and  females  between  1880  and  1900  increased  in  the  age  group 
from  forty  to  forty-four  by  21  per  cent,  and  in  the  age  group 
from  forty-five  to  fifty  by  22  per  cent. 

To  emphasize  the  part  that  social  insurance  may  play  in 
creating  sickness,  the  article  states,  on  the  authority  of  a 
German  investigator.  Dr.  Ludwig  Bernhard,.  that  "before  the 
statute,  twenty  to  forty  days  were  sufficient  to  heal  a  frac- 
tured collar  bone,"  and  that  "doctors  have  had  to  revise  that 
estimate,  since  it  now  takes  about  eight  months."  This  in- 
formation is  taken  from  an  article  by  Dr.  Paul  Dittmer  of 
the  Convalescent  Hospital,  Hanover,  Prussia,  in  which  Dr. 
Dittmer  was  neither  referring  to  nor  casting  any  reflection 
upon  Germany's  social  insurance.  If  Mr.  Dresser  had  gone  to 
the  original  source,  he  would  have  found  that  Dr.  Dittmer  was 
not  comparing  practice  under  the  insurance  with  practice 
either  before  or  after  its  adoption.  Instead,  his  aim  was 
merely  to  show  the  discrepancy  between  prognoses  based  upon 
the  time  in  which  the  union  of  a  fractured  collar  bone  is 
medically  complete  and  the  time  in  which  a  laborer  is  again 
able  to  do  heavy  work.  Dr.  Bernhard,  by  taking  Dr.  Dittmer's 
fourteen  cases  from  their  context  and  by  omitting  his  signifi- 
cant statement  that  "the  great  difference  in  estimating  the 
period  of  healing  finds  its  explanation  in  the  different  concep- 


tions as  to  what  constitutes  a  complete  healing,"  has  given 
Dr.  Dittmer's  account  an  interpretation  never  intended  by  him. 

Since  the  statement  was  made  that  the  cost  of  health  insur- 
ance is  problematical,  more  light  has  been  shed  upon  this 
matter  by  the  reports  of  the  California  and  Massachusetts 
Social  Insurance  Commissions.  The  California  Commission 
of  Social  Insurance,  with  Dr.  I.  M.  Rubinow  as  consulting 
actuary,  on  the  basis  of  six  months'  intensive  study,  has  come 
to  the  conclusion  that  the  cost  in  California  would  be  3  1/3  per 
cent  of  the  wages.  In  Massachusetts,  the  cost  would  be  about 
the  same,  since  there  the  conditions  do  not  vary  enough  to 
substantially  influence  this  figure.  The  cost  of  health  insur- 
ance in  Massachusetts,  according  to  Mr.  Dresser's  estimate, 
would  be  about  $23,000,000  annually.  Of  this,  the  wage-earner 
would  contribute  approximately  $9,000,000,  the  employers 
$9,000,000,  and  the  state  about  $5,000,000.  These  figures,  large 
as  they  are,  become  less  terrifying  when  we  realize  that  in 
Massachusetts  the  workingmen  and  women  pay  annually  over 
$12,000,000  to  four  industrial  insurance  companies  for  burial 
benefits  for  themselves  or  their  families,  and  of  this  sum, 
only  $4,000,000  is  returned  in  funeral  benefits.  Health  insur- 
ance would  make  an  important  saving  in  this  item  of  expense. 

Health  insurance  will  impose  no  new  burden  upon  the  com- 
munity, for  at  the  present  time  it  is  already  bearing  the  cost 
of  caring  for  sickness  and  for  the  dependency  resulting  there- 
from. The  Massachusetts  Social  Insurance  Commission  esti- 
mates that  important  savings  will  be  effected  in  these  items. 
For  example,  it  estimates  that  out  of  $12,000,0000  annually 
spent  by  the  Massachusetts  State  Board  of  Charities,  at  least 
one-half  is  expended  for  sickness  under  conditions  that  would 
be  met  wholly  or  in  part  by  the  proposed  health  insurance. 

The  conclusion  of  the  California  Social  Insurance  Commis- 
sion is  that,  "health  insurance  offers  a  sensible,  practical 
method  of  eliminating  in  part  the  most  distressing  features  of 
the  present  social  system,  economic  dependency  and  charitable 
relief.  Health  insurance  would  distribute  a  burden  which  now 
means  hardship,  suffering,  and  lavish  public  expenditure,  in 
such  a  way  that  it  would  be  a  burden  no  longer." 

New  York  City  Olga  S.  Halsey 


SHIFTING  BELTS  ON   MOVING  PULLEYS 

Never  shift  a  belt  onto  a  moving  pulley  by  the  old-fashioned 
method  of  throwing  it  with  a  broomstick  or  even  with  a  belt 
pole  with  a  steel  pin  in  the  end.  If  the  belt  is  narrow,  that  is, 
up  to  four  or  five  inches  wide,  there  is  a  "safety  first"  belt 
stick  end  with  three  rollers  which  will  enable  the  operator 
to  throw  a  belt  on  or  off  a  moving  pulley  without  danger. 
Under  no  circumstances  should  a  belt  be  put  on  a  pulley  by  a 
workman  climbing  a  ladder  and  throwing  it  by  hand.  If  the 
belt  is  too  large  to  be  shifted  by  means  of  the  "safety  first" 
belt  stick,  the  best  method  is  to  stop  the  power  or  run  very 
slowly.  The  belt  stick  ends  are  manufactured  by  two  or 
three  concerns.  The  purchaser  should  choose  the  one  that  is 
made  sufficiently  strong  and  is  correctly  designed  for  his  work. 
By  enforcing  the  rule  to  use  them,  the  manufacturers  will 
avoid  many  distressing  accidents. 

Bridgeport,  Conn.  Thomas  Fish 


PAINTING  CASTINGS  BEFORE  MACHINING 

Shops  depending  on  foundries  without  a  sandblast  equip- 
ment usually  have  to  do  more  or  less  cleaning  on  the  larger 
castings.  Such  castings  as  machine  beds,  frames,  pedestals, 
etc.,  having  inside  faces  that  are  to  be  left  rough  are  likely 
not  to  be  cleaned  on  the  inside — and  it  really  makes  very  little 
difference  on  the  finished  machine.  But  when  the  boring-mill 
or  planer  hand  gets  a  cut  going  on  these,  the  sand  begins  to 
loosen  with  the  vibration,  and  no  matter  how  often  he  turns 
the  casting,  he  is  troubled  with  the  film  of  dust  that  works 
loose.  These  faces  that  shed  the  dust  are  ultimately  given  a 
coat  of  cheap  paint,  so  if  this  paint  is  put  on  in  the  first  place 
and  allowed  to  harden  for  a  couple  of  days,  it  will  hold  all 
the  sand  that  was  not  jarred  loose  at  the  foundry,  and  the  ma- 
chine hands  will  keep  cleaner  and  do  better  work. 

Middletown,  N.  Y.  Donald  Hampson 


HOW  AND  WHY 


QUESTIONS    ON     PRACTICAL    SUBJECTS    OF    GENERAL    INTEREST 


SOLVING  AFFECTED    QUADRATIC 
EQUATIONS 

F.  H.  A.— When  the  coefficient  of  ac'  in  an  affected  quadratic 
equation  is  not  1,  is  it  necessary  to  divide  through  by  it  be- 
fore completing  the  square?  Is  there  not  some  way  of  avoid- 
ing the  two  divisions? 

A. — One  of  the  divisions  may  be   changed   into  multiplica- 
tion when  the  following  method  is  used,  which  is,  in  general, 
much   easier   than   the   regular   method,   and   the   results   are 
likely  to  be  more  accurate.    Let  the  equation  be  ax'  -{-  hx  ^  c; 
—  6  ±  V  6'  -f  4ac       —  6  ±  V  &'  +  4c 

then,  X  =  = ,  when  a  =  1. 

2rt  2a 

The  first  value  for  x  is  obtained  as  follows:  Multiplying  the 
terms  of  the  given  equation  by  4a,  4o'ar'  +  4a&a;  =  4ac;  add- 
ing 6^  to  both  members,  which  does  not  change  the  equality, 
ia^if  +  iahx  +  h-  =  W  -{■  4ac.  The  left-hand  member  is  now 
a  perfect  square;    hence,  extracting  the  square  root  of  both 

6  ±  Vb'  +  Aac 


members,  2ax  +  6  =  ±  V  &"  +  4ac,  or  r  =  — 

As  an  example,  find  x  in  the  equation  2.15a;^  — 
Substituting  in  the  foregoing  expression  for  a;; 

—  (—  9 . 63 )  ±  V9.63^-}-4  X  2.T5  X  20.75 

X  =  


1.5902  ■ 


2  X  2.15 


2a 
9.63a;  =  20.75. 


=  6.0692  -f  or 
J.  J. 


WATER-PACKING  GROOVES 
J.  B.  L. — The  accompanying  illustration  shows  part  of  the 
oil  or  regulating  chamber  of  a  valve.  The  piston  is  grooved, 
and  I  would  like  to  obtain  information  on  the  theory  of  action 
of  these  grooves  in  the  pistons  of  dash-pots  and  other  ap- 
paratus. What  do  the  grooves  accomplish  and  what  are  the 
preferable  dimensions  for  grooves  in  dash-pots? 

A.  —  The  pistons  of 
dash-pots  and  similar 
apparatus  that  must 
move  with  a  minimum 
of  frictional  resistance 
are  commonly  grooved, 
as  shown  in  the  illus- 
tration, to  reduce  the 
slip  or  leakage  of  liquid 
past  the  piston.  The 
grooves  are  commonly 
called  "water  -  packing" 
grooves,  because  water, 
oil  or  other  liquid  under 
pressure  accumulates  in 
the  grooves,  and  by  ca- 
pillary attraction  and 
the  setting  up  of  eddy 
currents  materially  re- 
duces the  leakage  of  the 
fluid  without  causing 
much  frictional  resist- 
ance. No  data  are  avail- 
able on  the  sizes  of 
water  -  packing  grooves, 
but  in  general  it  may  be  stated  that  grooves  about  1/16  inch 
wide  and  1/16  inch  deep  are  commonly  used.  Smaller  grooves 
than  this  are  likely  to  fill  up  with  gum  and  dirt  and  become 
inoperative,  while  larger  ones  are  not  so  effective. 


Slacfihicry 


Sash-pot  with   "Water-packed"   Fiston 


RATIO  BETWEEN  CIRCUMFERENCE  AND 

DIAMETER  OF  CIRCLE 

D.  C.  P. — Will  you  kindly  explain  the  derivation  of  it,  or 
3.1416?  What  I  should  like  to  know,  if  possible,  is  how  it  was 
originally  derived. 


A. — The  first  person  to  calculate  the  value  of  tt  by  a  purely 
mathematical  process  was  Archimedes  (287-212  B.C.).  Before 
the  invention  of  the  calculus  (less  than  300  years  ago),  it  was 
customary  to  use  the  method  of  exhaustions  in  connection  with 
problems  that  could  not  be  solved  by  ordinary  means,  and  this 
was  the  method  used  by  Archimedes.  Referring  to  the  illus- 
tration, a  regular  polygon  is  shown  inscribed  in  and  a  similar 
one  circumscribed  about  a  circle.  It  is  evident  that  if  the  num- 
ber of  sides  of  both 
polygons  is  doubled,  the 
difference  in  their  areas 
will  be  diminished,  and 
the  areas  of  the  poly- 
gons will  more  nearly 
equal  that  of  the  circle. 
If  this  doubling  is  con- 
tinued indefinitely,  the 
area  between  the  poly- 
gons will  be  exhausted, 
and  the  area  of  the 
polygons  will  finally  be- 
come, as  nearly  as  wo 
please,  equal  to  that  of 
the  circle;  at  the  same 
time,  the  perimeters  will  approach  the  periphery  of  the 
circle.  This  was  the  method  used  by  Archimedes.  Starting 
with  a  polygon  of  six  sides,  he  doubled  until  he  had  reached  a 
polygon  of  ninety-six  sides.  Taking  the  diameter  of  the  circle 
as  1,  the  perimeter  of  a  regular  inscribed  hexagon  is  3  and 
of  a  similar  circumscribed  hexagon  is  2V3,  since  AC  =  tan  30 
degrees  =  1/3  V  3.  Denoting  the  perimeter  of  the  regular  cir- 
cumscribed polygon  by  P,  and  of  one  having  twice  as  many 
sides  by  P,,  and  letting  p  and  Pi  represent  the  perimeters  of 
similar    inscribed    polygons,    it    is    proved    in    geometry    that 

2pP  

Pi  =  ~ ,  and  jj,  =  VpPf    By  means  of  these  two  formulas, 

P  +  P 
the  perimeters  of  polygons  of  twelve  sides  are  calculated;  then 
they  are  applied  again  to  polygons  of  twenty-four  sides,  to 
forty-eight  sides,  to  ninety-six  sides,  etc.  The  values  given 
in  the  following  table  were  obtained  by  using  a  table  of  loga- 
rithms.   Archimedes  proved  that  the  value  of  w  was  less  than 

PERIMETERS   OF   POLYGONS 


Original   Method  of  calculating  Value   of   tt 


Number  of  Sides 

p 

p 

6 

3.46410 

3.00000 

12 

3.21539 

3.10584 

24 

3.15965 

3.13262 

48 

3.14608 

3.13934 

96 

3.14271 

3.14103 

Machinery 

3  1/7  and  greater  than  3  10/71.  By  using  a  greater  number  of 
decimal  places  and  extending  the  number  of  sides  to  12,288, 
P,  p  and  TT  will  agree  to  seven  places  of  decimals.  By  means 
of  infinite  series,  modern  calculators  have  computed  tt  to  730 
decimal  places  and  have  proved  that  it  is  incommensurable 
and  transcendental.  J.  J. 


HYPERBOLIC    LOGARITHMS 

G.    N.    E. — In    Machinery's    Handbook    there    is    a    table    of 
hyperbolic  logarithms;  how  can  I  find  the  logarithm  of  num- 
bers less  than  1  and,  also,  of  numbers  greater  than  10? 
ac 
A. — As  log  a  =  log  —  =  log  ac  —  log  c,  when  the  number  is 
c 
less  than  1,  multiply  it  by  some  convenient  number,  preferably 
10  or  some  power  of  10,  that  will  make  the  product  come  be- 
tween 1  and  10;  find  the  logarithm  of  the  product  by  means 
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of  the  table,  and  then  subtract  the  logarithm  o£  the  number 
used  as  a  multiplier.  For  example,  loge  0.7854  =  log,  7.854 
—  log,  10  =  2.0610  —  2.3026  =  —0.2416  =  1.7584.     If  the 

number  is  greater  than  10,  log  a  =  log  ( )  =  log 1-  log  c; 


hence,  divide  the  number  by  some  number,  preferably  10  or  a 
power  of  10,  that  will  make  the  quotient  come  between  1  and 
10;  find  the  logarithm  of  the  quotient  by  means  of  the  table, 
and  then  add  the  logarithm  of  the  number  used  as  a  divisor. 
217.64 

For  example,  logo  217.64  =  log, 1-  log.  100  =  logo  2.1764 

100 
+  log  100  =  0.7776  +  4.6052  =  5.3828.  It  is  not  advisable  to 
use  the  table  for  finding  the  logarithms  of  numbers  between 
10  and  100  by  interpolation,  as  second  differences  will  usually 
be  necessary,  and  the  method  here  given  is  much  easier  and, 
in  general,  more  accurate.  The  hyperbolic  logarithm  of  any 
power  of  10  may  be  found  by  multiplying  2.302585  by  the  ex- 
ponent.   Thus  logo  10,000  =  logo  10*  =  2.302585  X  4  =  9.21034. 

J.  J. 


A  PROBLEM  IN    GEARING 

F.  A.  N. — In  the  accompanying  illustration,  the  circles  repre- 
sent the  pitch  circles  of  gears,  the  diameters  being  as  follows: 
gear  A,  3.382  inches;  gear  E,  0.441  inch;  gear  B,  1.650  inch; 
gear  C,  0.322  inch.  The  angle  FMD  =  <p  may  be  any  angle,  but 
in  this  case  it  is  45  degrees.  Please  show  how  to  calculate  the 
distances  MD,  DI,  JP  and  PI,  ND  and  JI  being  perpendicular 
to  MD,  ND  perpendicular  to  MD,  and  RS  tangent  to  gears 
A  and  E. 

A. — Draw  PL  parallel  to  MD.  Since  RS  is  perpendicular  to 
MN,  angle  LHG  =  FMD  =  <j>.  Angle  LKP  =  LHO  -\-  GFP 
^  0  +  liVz  degrees  =  0  +  14  degrees,  30  minutes,  and  angle 
KPL  =  90  degrees  —  (0  +  14  degrees,  30  minutes)  =  75  de- 
grees, 30  minutes  —  0.  Hence,  when  0  is  known  angle  KPL  is 
known.  Angle  PFN  =  90  degrees  —  14  degrees,  30  minutes 
=  75  degrees,  30  minutes;  NF  =  0.441  h-  2  =  0.2205  inch; 
NP  =  (1.650  +  0.322)  --  2  =  0.986  inch;  hence,  in  the  tri- 
angle PFN,  one  angle  and  two  sides  are  known,  and  the  angle 
NPF  can  be  found.  Angle  NPL  =  NPF  +  KPL,  and  as  NP  is 
known,  NL  (=  JP)  and  LP  (=  DI)  are  readily  calculated. 
MN  =  (3.382  +  0.441)  -^  ?  =  1.9115  inch,  and  since  the  angle  0 
is  known,  MD  and  ND  are  readily  calculated.  PI  =  ND  —  NL. 
In  the  present  case,  0  =  45  degrees;  consequently,  from  the 
foregoing,  angle  KPL  —  75  degrees,  30  minutes  —  45  degrees 

NF 
=  30  degrees,  30  minutes.     In  triangle  PFN,  sin  NPF  =  

NP 
0.2205 

X  sin  PFN  = X  sin  75  degrees,  30  minutes  =  0.21651; 

0.986 
from  which  angle  NPF  =  12  degrees,  30  minutes,  14  seconds, 


and  angle  NPL  ^  30  degrees,  30  minutes  +  12  degrees,  30  min- 
utes, 14  seconds  =  43  degrees,  14  seconds.  NL  =  NP  X  sin 
NPL  =  0.986  X  sin  43  degrees,  14  seconds  =  0.67250  inch. 
LP  =  0.986  X  cos  43  degrees,  14  seconds  =  0.72107  inch. 
MD  =  1.9115  X  cos  45  degrees  =  1.3516  inch.  ND  =  1.9115 
X  sin  45  degrees  =  1.3516  inch.  Finally,  LD  =  PI  =  1.3516 
—  0.6725  =  0.6791  inch.  J.J. 

COMPOSITION  AND  USE  OF  GUN-METAL 

0.  G. — What  is  gun-metal,  and  for  what  purpose  is  it 
used? 

A.  Gun-metal  or  gun-bronze  consists  of  about  90  per  cent 
of  copper  and  10  per  cent  of  tin  with  small  percentages  of 
lead,  iron  and  zinc.  The  composition  called  for  by  the  United 
States  Navy  specifications  is:  Copper,  from  87  to  89  per 
cent;  tin,  from  9  to  11  per  cent;  zinc,  from  1  to  3  per  cent; 
iron,  not  exceeding  0.06  per  cent;  and  lead,  not  exceeding  0.2 
per  cent.  The  mixture  formed  of  copper,  88  per  cent;  tin,  10 
per  cent;  and  zinc,  2  per  cent,  is  variously  known  as  "zinc 
bronze,"  "Admiralty  metal,"  "government-bronze,"  and  "88-10-2 
alloy,"  although  these  terms  are  also  frequently  applied  to  all 
gun-metals.  The  castings  made  from  gun-bronze  are  improved 
by  the  addition  of  a  small  amount  of  zinc,  and  the  alloy  is 
made  harder  by  the  presence  of  a  small  percentage  of  iron, 
while  the  small  percentage  of  lead  present  makes  an  alloy 
that  is  more  easily  machined.  The  tensile  strength  of  gun- 
bronze  is  from  25,000  to  35,000  pounds  per  square  inch.  The 
United  States  Navy  specifications  require  a  minimum  tensile 
strength  of  30,000  pounds  per  square  inch.  The  elastic  limit 
varies  from  about  15,000  to  17,000  pounds  per  square  inch, 
and  the  metal  withstands  severe  shocks  without  fracture.  The 
minimum  elongation  should  be  about  15  per  cent  in  two  inches. 
Gun-metal  is  used  as  a  bearing  metal  and  for  a  great  many 
other  purposes,  such  as  valves,  valve  seats,  flanged  pipe  fit- 
tings, etc.,  where  exposed  to  the  action  of  the  sea  water. 

The  following  compositions  of  gun-metal  are  used  in  British 
practice: 

1.  Copper,  88  per  cent;  tin,  10  per  cen"t;  zinc,  2  per  cent. 
This  alloy  is  known  as  "Admiralty  steam  metal."  The  alloy 
should  have  a  tensile  strength  of  not  less  than  22,000  pounds 
per  square  inch,  and  an  elongation  of  7.5  per  cent  in  two 
inches.  Sometimes  this  mixture  will  have  a  tensile  strength 
up  to  32,000  pounds  per  square  inch  with  an  elongation  of  14 
per  cent. 

2.  Copper,  88  per  cent;  tin,  11  per  cent;  zinc,  1  per  cent. 
This  alloy  is  also  used  for  naval  work. 

3.  Copper,  87  per  cent;  tin,  8  per  cent;  zinc,  5  per  cent. 
This  alloy  is  used  for  propeller  castings. 

4.  Copper,  87.5  per  cent;  tin,  6.25  per  cent;  zinc,  6.25  per 
cent.  This  alloy  is  used  for  bolts  and  has  a  tensile  strength 
of  30,000  pounds  per  square  inch,  with  an  elongation  of  about 
23  per  cent  in  ten  inches  when  cast  in  dry  sand. 

5.  Copper,  84  per  cent;  tin,  12  per  cent;  zinc,  4  per  cent. 
This  mixture  is  used  as  a  bearing  metal  for  marine  work. 

The  ductility  of  gun-metal  castings  is  increased  by  heating 
them  in  a  muffle  furnace  to  from  1100  to  1500  degrees  F.,  for 
about  thirty  minutes,  and  then  cooling  them  slowly;  fre- 
quently the  castings  are  quenched  in  water. 


Diagram  illustratiAg  a  Problem  in  Gearing 


STRENGTH  OF  BLANKING-DIE  HOLDER 

G.  McI. — Fig.  1  shows  a  design  proposed  for  a  block  or  holder 
for  a  blanking  die.  The  die  proper  is  made  in  two  parts,  the 
split  being  on  the  line  A — B.  Can  you  give  me  a  formula  for 
similar  constructions  to  determine  the  thickness  of  metal 
around  the  die'at  T  and  t  necessary  to  support  the  die  on  the 
sides  and  to  bridge  over  the  gap  in  the  frame?  The  material 
to  be  blanked  in  the  present  case  is  0.40  to  0.50  carbon  steel, 
%  inch  thick,  but  I  would  like  a  formula  applicable  to  other 
forms  and  thicknesses. 

Answered  by  John  8.  Myers,  Philadelphia,  Pa, 

The  proportions  of  such  constructions  are  generally  based 
on  experience  of  similar  cases,  rather  than  on  mathematical 
analysis.  On  account  of  the  uncertainties  involved,  precise 
treatment  seems  impracticable.  The  method  of  procedure  is 
to  make  a  drawing  of  sucli  size  as  judgment  dictates  and  then 
apply  some  rough-and-ready  analyses   for  .strength  based  on 
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Such  a  Iroalineiit  ol'  the  prob- 


)!'  l)l;nik  to  be  slieared ; 


fairly  reasonable  assumptions, 
lem  subnutted   follows: 
Let  C/' =  circumference  or  i)crimutcr 
t  =  thickness  of  stock; 
S  =  ultimate  shearing  strength  of  stock; 
P  =  power  or  load  on  punch  required  to  shear  out  blank. 
Then : 

/'       C7.S',  approximately  (1) 

For  the  present  case,  V  =  26.17  inches,  t  -  0.375  inch,  and 
assume  «  =  (55,000  pounds.  Then  P  =  2ti.l7  X  0.375  X  65,000 
=  638,000;  say,  640,000  pounds. 

Now,  under  the  a<'tion  of  a  punch,  the  natural  line  of  failure 
due  to  shear  is  along  oblique  lines,  such  as  AB  and  CD,  Fig.  2, 
This  is  indicated  by  the  form  of  punchings  from  heavy  plates. 
The  die,  however,  restrains  the  plate  on  the  under  side  and 
compels  ultimate  failure  to  take  place  along  lines  having  less 
obliquity,  as  A'M  and  (HI,  Fig.  3.  The  perpendicular  force  P 
may  thus  be  considered  to  have  some  resultant  direction,  such 
as  JL  and  JK.  where  it  acts  upon  the  die,  giving  a  component 
/'  that  represents  the  outward  thrust  or  crowding  action  upon 
the  die.  Assuming  the  angle  a  to  be  in  the  neighborhood  of 
18  degrees,  we  may  take  this  total  crowding  action  as  approxi- 
mately: 

F=1/2P  (2) 

Then  f  =  1/3  X  640,000  =  213,000  pounds. 

The  amount  of  this  action  on  each  side  of  the  die  may  be 

taken  in  the  proportion  of  the  projected  length  of  the  blank 

to  its  total  circumference  C.     Then  the  crowding  force  F  in 

11.375 

Fig.  4  is  i-'  = X  213,000  =  92,600  pounds.    The  shearing 

26.17 
stress  on  a  section  of  the  holder,  such  as  at  A-A,  Fig.  4,  is  then 
F  92,600 

Ss  = = =  2640  pounds  per  square  inch.   The  bend- 

tb        2.5X14 
ing  moment  upon  this  section  is  M  =  Fl  =  92,600  X  1.625  = 

bt'       14  X  2.5^ 

150,000  inch-pounds.    The  section  modulus  is  Z  = = 

6  6 

M         150,000 
=  14.58.    The  bending  stress  is  then  S\,  = = =  10,- 

300  pounds  per  square  inch. 

In  Fig.  5,  the  area  in  shear  on  section  B-B,  for  the  entire 
block,  is  A  =  3.25  X  37.25  =  121  square  inches.    The  shearing 

P         640,000 
stress   is   then   &s  = = =  5290    pounds   per   square 

A  121 

inch.  The  bending  moment  on  this  section,  taken  on  the 
total  periphery  of  the  die,  is  approximately  M  =  640,000 
X    1.75    =    1,120,000    inch-pounds.      The    section    modulus    is 

37.25  X  3.25^ 
^  =  =  65.6.      The    bending    stress    is    then 


Sb  = 


1,120,000 


65.5 


=  17,070.    This  seems  high,  and  it  indicates 


that  the  holder  might  with  advantage  be  made  thicker  under- 


O 


'^J^ 


I2'4  I    2>; "  ■  2'4  " 
Fig.  6 


ilnchinrry 


Figs.   2  to  7.     Diagrams  used  in  determining  Strength  of  Die-holder 

neatli  the  die;  however,  failure  may  not  occur  here,  as  part  of 
this  bending  may  be  sustained  by  the  die  itself. 

For  the  thickness  of  metal  on  the  ends  at  T.  Fig.  6  indicates 
an  assumed  loading  as  a  beam  from  which  the  bending  mo- 
ment is  300,000  X  2.25  =  675,000  inch-pounds.  Fig.  7  indicates 
the  section  sustaining  this  bending  as  being  approximately 
equivalent  to  a  rectangular  section  9  inches  wide  by  5  inches 

9X5= 
deep.     The  section  modulus   is   then  =   37.5,  and  the 


675,000 


bending  stress  is  Sb  = 


37.5 


18,000  pounds  per  square 


Fie.  1.     Blanking  Die  and  Holder 


inch.  Actually,  the  crowding  components  F  develop  a  bending 
moment  that  opposes  this,  thus  reducing  the  stress.  The  actual 
value  of  this  force  F  is,  however,  largely  a  matter  of  conjec- 
ture, Formula  (2)  arbitrarily  assuming  a  value  which  was 
considered  to  be  high  enough  for  safety  when  this  force  F 
acts  as  a  bursting  force.  In  the  present  instance,  it  is  prob- 
ably best  to  neglect  this  crowding  action.  As  stated,  the  de- 
signer must  rely  largely  upon  judgment  and  experience  in 
such  cases,  but  the  foregoing  shows,  in  a  general  way,  how 
such  constructions  may  be  roughly  checked  for  strength. 
•     *     * 

TASK-AND-BONUS  SYSTEM  IN  ENGINEERING 
EDUCATION 

At  the  College  of  Engineering  of  tlie  University  of  Minne- 
sota a  new  educational  experiment  is  being  tried  in  the  appli- 
cation of  the  task-and-bonus  plan  to  the  departments  of  shop 
work  and  design.  Every  job  given  to  a  student  carries  with 
it  the  time  allowed,  which  is  estimated  on  a  fair  baSis.  Any 
time  saved  by  the  student  is  given  to  him  as  a  credit  by  means 
of  which  his  time  in  college  may  be  shortened,  if  he  accumu- 
lates a  sufficient  amount.  It  is  assumed  that  the  best  men  can 
save  one-third  of  the  time;  and,  on  the  other  hand,  if  they 
prefer  to  do  more  work  and  not  use  the  credit  in  reducing  the 
time  spent  on  the  subject,  they  can  get  one-third  more  value 
out  of  the  course.  Prof.  J.  J.  Flather  reports  that  the  system 
is  working  well  both  in  the  shop  and  drafting-room,  and  that 
all  the  instructors  are  enthusiastic  in  its  application.  The  out- 
put per  individual  is  at  least  25  per  cent  and 'in  some  cases 
50  or  60  per  cent  more  than  was  the  average  before  the  scheme 
went  into  effect.  There  is  an  increased  enthusiasm  on  the  part 
of  the  men;  their  ambition  is  stimulated,  and  no  drop  in  the 
quality  of  the  work  has  been  apparent.  In  fact,  there  is  a 
strong  tendency  to  maintain  a  high  standard,  because  addi- 
tional credit  is  given  for  superior  work,  and  an  extraordinarily 
good  man  may  earn  one-third  bonus  for  quality  in  addition  to 
the  bonus  he  may  earn  for  quantity. 
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Fig.   1.     Marking  off  Columns  of  Keciprocating  Engine  with  Surface  Gage 

WOMEN  WAR  MUNITIONS  WORKERS 

One  of  the  most  important  influences  of  the  European  war 
on  the  industrial  life  of  the  nations  involved  is  the  awakening 
of  the  people  to  their  own  capabilities.  This  is  particularly 
true  in  the  case  of  women  who  have  been  called  to  the  service 
of  their  country  as  truly  as  men  on  the  battlefields.  The  re- 
sponse has  been  great,  and  we  find  today  women  in  many 
branches  of  industry,  carrying  on  the  work  as  efficiently,  per-' 
haps,  as  the  men.  In  view  of  the  fact  that  the  women  of  the 
United  States  will  probably  be  called  upon  to  fill  the  places  in 
many  industries  of  men  who  are  engaged  at  the  front,  it  is  of 
interest  to  note  what  has  been  done  by  the  women  in  England. 
Engineering,  of  London,  shows  some  views  of  the  work  being 
carried  on  by  women  in  the  machine  shops,  reproduced  here- 
with. It  is  pointed  out  that  the  work  of  the  women  in  muni- 
tions manufacture  is  not  confined  to  repetitive  work,  which  re- 
solves itself  merely  into  tending  a  machine  that  has  been  set 
up  correctly  by  men,  but  they  are  employed  on  jobs  that  de- 
mand close  attention  and  a  high  degree  of  intelligence.    Fig.  1 


Fig.  2.     Planing  a  Cylinder 

shows  a  woman  engaged  in  marking  out  the  columns  of  a 
reciprocating  engine  with  a  surface  gage.  The  woman  in 
Fig.  2  is  setting  the  tool  for  planing  a  cylinder.  In  Fig.  3  the 
top  of  an  aero-engine  cylinder  is  being  milled  on  a  Becker 
vertical  milling  machine.  The  limit  on  this  work  is  0.05  milli- 
meter, and  the  tool,  as  well  as  the  work,  is  set  up  by  the 
women.  Fig.  4  shows  a  large  lathe  job — turning  the  jacket 
forging  for  a  60-pound  howitzer.  It  may  be  mentioned  that 
women  are  also  employed  in  the  foundry  on  such  work  as  core 
making,  where  considerable  strength  is  required  for  lifting 
heavy  weights;  in  aeroplane  factories,  making  the  various 
parts  of  the  aeroplanes;  and  on  such  precise  work  as  dividing 
pearl  dials  for  prismatic  compasses. 
*  *  * 
Notwithstanding  its  lack  of  raw  materials,  Japan  has  devel- 
oped its  manufactures  until  there  are  now  in  the  country 
16,000  factories,  using  1,125,000  aggregate  horsepower  and  em- 
ploying 1,500,000  hands,  against  4000  factories  that  used  120,000 
horsepower  ten  years  ago.  Among  other  raw  materials,  these 
factories  import  80,000  tons  of  old  iron  annually. 


Fig.   3.     Milling  Top   of   Aero-engine   Cylinder 


Fig.  i.     Rough-turning  Jacket  Forging  for  Howitzer 
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PLAN   VIEW 


-• •- 
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FRONT  VIEW 


Fig.    1.     Diagram   of   Bending   Action  in   straightening   Wire 

MANY  simple  articles  require  considerable  care  in  their 
manufacture;  for  instance,  in  making  the  ordinary 
wire  articles  that  are  in  everyday  use,  it  Is  necessary 
to  straighten  the  wire  before  bending  it  into  shape.  The  pur- 
pose of  a  wire  straightener  is  to  take  out  the  natural  curl  of 
the  wire,  as  it  comes  from  the  reel,  and  any  kinks  or  bends  it 
may  contain.  This  is  frequently  accomplished  by  passing  the 
wire  through  rolls  or  pins  that  are  staggered,  as  indicated  by 
the  arrows  in  Fig.  1.     The  pins  or  rolls  overcome  the  elastic 
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Fig.  2.     Wire  Straighteners  of  the  Pin  Type 

tendency  of  the  wire  by  bending  it  in  opposite  directions; 
these  bends  become  less  pronounced  as  the  wire  passes  through 
the  straightener,  until  it  emerges  practically  straight.  Other 
machines  perform  this  function  by  the  use  of  an  arbor  carry- 
ing a  number  of  dies.  If  the  wire  had  kinks  in  it  when  it 
went  into  the  forming  machine,  unsightly  work  would  be  pro- 
duced, wire  would  be  wasted,  and  the  working  of  the  machine 
would  be  interfered  with  by  the  wires  catching  in  the  feed 
slide  or  forming  tools. 

The  design  of  a  straightener  depends  on  the  material  being 


formed,  the  length  of  the  wire  article,  and  the  degree  of 
straightness  necessary.  Whether  it  is  of  the  pin,  roll,  rotary, 
oscillating  die,  or  any  other  type,  it  must  not  mar  the  wire 
and  should  be  adjustable  to  allow  for  varying  conditions  of 
the  wire  and  the  wear  of  the  rolls,  pins,  dies,  etc.,  through 
which  the  wire  passes.  In  addition,  it  must  not  stretch  the 
wire;  and  while  a  slight  tension  between  the  straightener  and 
the  feeding  unit  of  the  machine  is  desirable,  this  must  not  be 
great  enough  to  cause  slipping  of  the  feeding  rolls,  as  it  might 
cause  part  of  the  work  to  be  cut  off  in  short  lengths. 

Fig.    2    shows   simple   pin    straighteners   that   consist   of   a 
bracket  A  into  which  the  pins  are  placed,  adjusting  screws  B 


Machinery 


Fig.  3.     Six-roll  Eccentric-stud  Wire  Straightener 

for  the  pins,  and  locking  screws  C.  The  upper  view  shows 
a  straightener  having  pins  in  one  plane  only,  and  the  lower 
view  shows  pins  arranged  at  right  angles  to  each  other,  or 
in  two  planes.  A  straightener  having  six  rolls  in  one  plane 
is  shown  in  Fig.  3.  These  rolls  are  mounted  on  eccentric 
studs  A,  which  are  locked  by  screws  B  when  the  rolls  are  set 
-against  the  wire  with  the  required  tension.  This  is  accom- 
plished by  the  eccentric  throw  of  the  studs  as  they  are  turned 
in  the  direction  of  the  arrow. 

The  construction  of  these  straighteners  depends  on  the  size 
of  the  wire  and  the  degree  of  straightness  required.  Large 
wire  requires  fewer  points  of  contact,  or  rolls,  for  straighten- 
ing than  the  smaller  sizes.  The  number  of  rolls  is  frequently 
eight  for  large  wire  and  twelve  for  the  smaller  sizes,  although 
there  is  no  particular  disadvantage  in  using  twelve  or  more 
rolls  for  all  sizes  where  one  machine  must  be  used  for  a 
number  of  sizes  of  wire.  In  roll  straighteners,  much  of  the 
friction  of  pin  straighteners  is  eliminated,  so  that  roll  straight- 
eners will  handle  large  wire,  whereas  pin  straighteners  can 


'Address:  87  Samuel  Ave.,  Pawtucket,  E.  I. 


Fig.    4.     Eight-roll,    Two-plane    Straightener 
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Fig.   5.     Five-die  Rotary  Straightener 

be  used  only  with  wire  of  small  diameter.  Fig.  4  shows  an 
eight-roll  straightener  in  which  the  rolls  are  mounted  in  two 
planes,  at  right  angles  to  each  other.  These  rolls  are  mounted 
in  a  bracket,  the  foot  of  which  is  arranged  for  central,  vertical 
or  horizontal  attachment  to  the  machine  or  for  mounting  on 
an  independent  base.  The  rolls  are  mounted  in  independent 
blocks  or  slides,  and  each  roll  may  be  adjusted  separately. 
A  type  of  straightener  that  will  do  more  accurate  work 
than  the  foregoing  is  shown  in  Fig.  5.  It  is  known  as  a  rotary 
die  straightener  because  it  revolves  as  the  wire  passes  through 
it,  and  the  actual  straightening  is  done  by  dies  of  a  material 
that  is  tough,  but  softer  than  the  wire  operated  upon,  such  as 
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Fig.  6.     Rotary-oscillating  Wire   Straightener  of  Die  Type 

babbitt,  white  iron  and  gun  metal.  The  construction  of  the 
rotary  straightening  arbors  is  shown  in  Fig.  7;  this  is  a  sec- 
tional view  through  the  center  and  shows  the  means  of  ad- 
justing the  dies  to  bring  them  in  contact  with  the  wire.  A 
rotary  straightener,  however,  cannot  be  used  on  formed  wire, 
as  the  dies,  in  revolving,  will  come  in  contact  only  with  the 
large  parts  of  the  wire;  it  is  customary,  therefore,  to  use  a 
roll  straightener  on  this  work. 

In  Fig.  6  is  shown  a  five-die  straightening  arbor  mounted 
on   a  base.     In  addition  to  its  rotary  motion,   this   arbor  is 


caused  to  oscillate  back  and  forth  over  the  wire.  This  type 
of  straightener  is  known  as  the  "rotary-oscillating  die  straight- 
ener." The  rotary  straighteners  are  usually  revolved  by  a 
belt  passing  over  a  pulley,  while  the  oscillating  motion  Is  ob- 
tained by  various  means,  such  as  a  cam  and  lever,  a  face  cam 
on  the  arbor,  a  plunger  with  spring  return,  etc.  Any  of  the 
roll  straighteners  shown  may  be  arranged  as  rotary-oscillating 
straighteners. 


Fig.    8.     straightener  for  Hot-rolled  Bars 

As  the  straightening  of  wire  is  a  drawing  process  and  is  at- 
tended with  considerable  friction,  some  provision  must  be 
made  for  lubricating  the  wire.  This  is  accomplished  by  pass- 
ing it  through  a  box  containing  oily  waste,  as  part  of  the 
machine,  or  by  the  operator  hanging  a  piece  of  waste  over 
the  wire  in  such  a  manner  that  it  will  not  be  drawn  into  the 
machine;  in  addition,  the  rolls  and  bearings  of  the  straight- 
ener should  be  well  oiled.     The  rolls  on  a  wire  straightener 


Fig.    7.     Section   through  Rotary   Straightening   Arbor 


Fig.  9.     All-geared.   Adjustable-roll,   Heavy   Wire   Straightener 

are  often  made  with  two  or  more  grooves  for  handling  a  num- 
ber of  sizes  of  wire;  these  are  known  as  "multi-groove  straight- 
eners." 

Four  types  of  straighteners  embodied  as  complete  units  are 
illustrated  in  Fig.  10.  These  are  mounted  on  pedestals  and 
are:  a  roll  straightener  with  roll  feed,  a  rotary  die  straightener 
with  roll  feed,  a  rotary  die  straightener  with  roll  feed  and 
cutting-off  attachment  for  short  lengths,  and  a  rotary  straight- 
ener with  a  guard,  or  protecting  hood,  in  place.     In  Fig.  8  is 
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STANDARDIZATION  OF 
SCREW  THREADS 

The  Engineering  Standards  Com- 
mittee of  Great  liritain,  with  tlie 
active  cooperation  of  the  Ministry 
of  Munitions,  is  malting  an  investi- 
gation with  a  view  to  simplifying 
the  manufacture  and  gaging  of  the 
Whitworth  form  of  screw  threads. 
It  has  been  urged  before  the  com- 
mittee that  the  difficulty  experi- 
enced in  the  production  of  in- 
terchangeable Whitworth  screw 
threads  is  largely  due  to  the  fact 
that  a  fit  must  be  obtained  on  all 
the  five  elements  of  the  screw 
thread — namely,  the  angle,  the  out- 
side diameter,  the  pitch  or  angle 
diameter,  the  root  diameter,  and  the 
lead — and  that  by  suitable  modifica- 
tions in  the  form  of  the  thread,  the 
necessity  of  close  adherence  to  some 
of  these  dimensions  could  be 
avoided  without  injuring  the  char- 
acter or  value  of  the  screw  thread 
for  its  service.  The  modifications 
would  increase  the  rate  of  produc- 
tion and  simplify  the  methods  of 
gaging  and  inspecting  the  finished 
product. 

For  the  purpose  of  obtaining  the 
views  of  manufacturers  and  gage- 
makers  as  to  whether  any  modifi- 
cations in  the  form  of  the  Whit- 
worth thread  are  desirable,  the  sub- 
committee on  screw  threads  of  the 
Engineering    Standards    Committee 

Fig.   10.     Four  Types  of  Plain  Belt-driven  Straighteners  jjj^g    (Jjawn    Up    a    list    of    questions 

It  will  be  which  are  submitted  to  firms  and  individuals  likely  to  have  an 
opinion  upon  the  subject.  The  most  important  of  these  ques- 
tions relates  to  whether  any  alteration  in  the  present  form  of 
the  Whitworth  thread  is  desirable;  whether  the  revised  form,  if 
adopted,  should  be  interchangeable  with  the  existing  Whit- 
worth thread;  whether  clearance  should  be  made  at  the  top 
and  roots  of  the  thread;  and  whether  it  would  be  advisable  to 
change  the  existing  angles  of  Whitworth  and  British  Asso- 
ciation screw  threads  to  60  degrees,  as  a  step  toward  securing 
interchangeability  with  the  United  States  standard  or  the 
International  standard  thread. 

Anyone  especially  interested  in  this  matter,  who  would  like 
to  get  the  published  material  issued  by  the  Engineering 
Standards  Committee  bearing  upon  this  subject,  can  obtain 
it  upon  application  to  the  secretary  of  the  Engineering  Stand- 
ards Committee,  28  Victoria  St.,  Westminster,  London,  S.W.-l, 
England. 
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ROTARY  DIE  STRAIGHTENER  WITH 
GUARD  AND  FLANGE  PULLEY 
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shown  a  straightener  for  handling  hot-rolled  bars 

noticed  that  this  machine  is  heavily  constructed  and  has  a 

roll  feed.     Its  purpose  is  to  straighten  the  bars  and  remove 

the  surplus  scale  preparatory  to  being  operated  on  in  the  screw 

machine. 

Another  type  of  wire  straightener  is  illustrated  in  Fig.  9. 
This  is  an  all-geared  machine  with  roll  feed;  its  operation  is 
obvious  from  the  illustration.  The  three  lower  rolls  are  fixed, 
while  the  two  upper  rolls  are  mounted  in  an  equalizing  block 
and  are  brought  into  contact  with  the  wire  by  means  of  ad- 
justing screws.  The  rolls  in  the  other  plane  are,  of  course, 
adjusted  in  the  same  manner.  These  machines  are  of  heavy, 
rigid  construction.  In  the  machine  shown,  the  rolls  have  an 
independent  adjustment  in  both  vertical  and  horizontal  planes. 
The  rolls  are  driven  by  the  gears,  universal  joints  permitting 
a  large  range  of  adjustment  without  interfering  with  the 
gearing. 

The  machine  illustrated  in  Fig.  11  is  for  straightening  and 
cutting  off  %-inch  wire  of  various  lengths.  This  machine  has 
a  roll  straightener  A  f6r 
rough  -  straightening  the 
wire,  while  the  finish- 
straightening  is  done  by 
rotary  wire  straightener  B. 
The  wire  next  passes 
through  two  feed  rolls  C, 
along  a  grooved  guide  bar 
until  it  strikes  a  gage, 
when  it  is  cut  off. 
*     *     * 

Celluloid  will  become  as 
soft  as  jelly  if  left  for  a 
few  hours  in  an  ether  bath. 
If  dried  in  a  mold,  it  will 
retain  the  shape  of  the 
mold. 


If  you  think  you  can't,  you  won't. 
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UNIVERSAL  AMPLIFYING  GAGE 

This  is  a  universal  gage  adapted  for  testing  work  produced 
in  both  the  tool-room  and  manufacturing  departments  of  a 
factory.  Two  types  of  machines  are  built,  which  are  illustrated 
in  Figs.  1  and  2;  and  an  idea  of  the  range  of  work  that  can  be 
tested  will  be  obtained  from  Figs.  4  to  6,  which  show  typical 
examples  of  gaging  operations.  Not  only  does  this  machine 
provide  an  accurate  method  of  gaging — the  limit  of  accuracy 
is  0.0001  itich  by  a  direct-reading  dial  indicator — but  being 
universal  in  its  scope,  the  machine  represents  an  investment 
rather  than  an  item  of  expense,  as  in  the  case  of  special  gages 
which  are  only  suitable  for  one  particular  line  of  work. 

Manufacturers  who  are  engaged  in  the  production  of  inter- 
changeable parts  and  other  work  where  it  is  necessary  to  main- 
tain close  dimension  limits  are  always  anxious  to  equip  their 


indicator,  so  that  when  a  piece  is  over  or  under  the  required 
dimension,  the  exact  amount  of  error  is  indicated  on  the  dial 
of  the  gage. 

Fig.  3  shows  the  method  of  testing  work  on  centers,  and  it 
will  be  seen  that  this  illustration  shows  an  arbor  which  is 
being  tried  out  to  ascertain  whether  it  is  fit  for  use  in  the 
production  of  accurate  work.  This  method  of  testing  can  be 
applied  to  all  work  finished  on  centers,  or  more  particularly 
to  work  produced  on  grinding  machines,  both  in  the  tool-room 
and  in  manufacturing  departments.  A  conscientious  workman 
will  take  time  to  try  out  an  arbor  in  the  lathe,  but  in  so  doing 
he  only  has  a  gage  capable  of  showing  results  to  0.001  inch. 

For  surface  work,  the  universal  amplifying  gage  has  a  hard- 
ened plate  5  by  6  inches  in  size;  and  when  so  desired  this  plate 
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Fig.  1.    No.  60  Universal  Amplifying  Gage  made  by  North  Side  Tool  Works 

shops  with  the  best  tools.  First  cost  is  a  secondary  considera- 
tion, the  point  of  prime  importance  being  to  obtain  tools  that 
are  capable  of  reducing  the  cost  of  manufacture  to  a  minimum. 
For  use  in  tool-rooms  for  gaging  accurate  tool  and  die  work, 
and  also  for  testing  the  accuracy  of  production  work,  the  North 
Side  Tool  Works,  267  Air  St.,  Dayton,  Ohio,  have  recently  de- 
veloped a  machine  known  as  a  universal  amplifying  gage, 
which  is  illustrated  and  described  herewith.  The  design  has 
been  worked  out  with  the  view  of  simplifying  the  gaging  sys- 
tem in  a  factory.  It  is  rigidly  built,  and  all  parts  subject  to 
wear  are  made  of  hardened  steel  to  insure  durability.  This 
machine  will  take  the  place  of  75  per  cent  of  the  snap  gages  in 
a  shop  and  is  capable  of  measuring  to  0.0001  inch.  Work  up 
to  5 Mi  inches  may  be  taken  on  the  plate,  and  work  up  to  8  inches 
may  be  taken  between  centers.  The  arrangement  of  the  ma- 
chine is  such  that  work  may  be  gaged  with  extreme  rapidity. 
An  important  advantage  of  this  method  of  gaging  is  that  there 
is  no  guesswork,  measurements  being  taken  by  a  direct-reading 


Fig.  2,    No.  67  Universal  Amplifying  Gage  made  by  North  Side  Tool  Works 

can  be  removed  and  a  special  fixture  attached  to  the  bed  of 
the  machine  either  temporarily  or  as  a  permanent  feature. 
This  arrangement  is  shown  in  Fig.  4,  which  clearly  illustrates 
the  method  of  testing  work  of  this  kind.  Fig.  5  shows  the 
method  of  testing  work  that  has  a  shoulder.  This  is  done  by 
bringing  the  shoulder  into  contact  with  the  edge  of  the  table 
and  gaging  the  diameter  of  the  work  by  rolling  it  under  the 
contact  point  of  the  dial  test  indicator.  In  Fig.  6  the  rear 
center  has  been  removed,  and  a  plug  substituted  and  clamped 
in  place  with  the  same  screw  that  is  used  to  tighten  the  center. 
Ah  arrangement  of  this  kind  is  extremely  useful  for  testing  the 
concentricity  of  such  work  as  gears,  etc. 

It  will  be  evident  from  what  has  already  been  said  that  this 
is  strictly  a  universal  gage,  and  that  it  can  be  used  on  a  great 
variety  of  work.  The  price  of  the  machine  is  not  prohibitive, 
and  as  it  can  be  used  continually  on  different  classes  of  work 
instead  of  being  put  in  tlie  store-room  as  soon  as  a  job  is  over, 
it  will  be  evident  that  this  method  of  gaging  is  far  more  eco- 
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Fig.  3.     Method  of  testing  Accuracy  of  Work  held  on  Centers 

nomical  than  to  invest  in  special  snap  gages,  etc.  Reference 
has  already  been  made  to  the  fact  that  the  gage  is  made  to 
read  to  0.0001  inch,  and  the  graduations  on  the  dial  are  1/16 
inch  apart,  so  that  there  is  no  difficulty  about  making  accurate 


Fig.  i.    Procedure  followed  in  testing  Accuracy  of  Surface  Work 


readings.  The  machine  is  made  in  two  styles,  known  as  Nos. 
60  and  67,  which  are  illustrated  in  Figs.  1  and  2,  respectively; 
the  No.  60  gage  weighs  48  pounds,  and  the  No.  67  gage  weighs 
54  pounds. 


Fig.  5.    How  Universal  Amplifying  Gage  is  used  to  test  Work  with  Shoulder 


Fig.   6.     Eear  Center  replaced  by  Plug  to  support  Work  to  be  tested 
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Fig.    1.     Profile   Grinder  built  by  Cleveland   Milling   MacUine   Co. 

CLEVELAND  PROFILE  GRINDER 

For  use  in  grinding  round  corners  on  milling  cutters  and 
for  similar  classes  of  work,  the  Cleveland  Milling  Machine  Co., 
18,511  Euclid  Ave.,  Cleveland,  Ohio,  has  recently  developed  a 
profile  grinder,  which  is  illustrated  and  described  herewith. 
This  machine  has  a  capacity  for  handling  small  sizes  of  cut- 
ters, its  range  being  for  work  all  the  way  from  zero  to  12 
inches  in  diameter;  and  round  corners  may  be  ground  either 
concave  or  convex  with  radii  ranging  from  Yg  to  3  inches.  The 
Cleveland  Milling  Machine  Co.  manufactures  a  large  number 
of  cutters,  and  for  use  in  this  work  it  requires  a  profile 
grinder.  To  meet  this  requirement,  it  became  necessary  to 
develop  the  machine  which  forms  the  subject  of  this  article, 


Fig.  2.     Close  View  of  Wheel  and  Work  on  Machine  shown  in  Fig.   1 

and  the  results  obtained  were  so  satisfactory  that  it  was  de- 
cided to  place  the  grinder  on  the  market. 

Direct  connection  is  made  between  the  wheel-carrying  spin- 
dle and  the  motor  shaft,  and  the  grinder  is  equipped  with 
a  wheel  4  inches  in  diameter  by  14  inch  face  width.  A  bracket 
carrying  the  motor  and  wheel-spindle  is  mounted  on  a  vertical 
housing  and  adjusted  by  a  screw  provided  with  a  micrometer 
dial.  Arbors  for  holding  the  work  are  held  in  a  sleeve  that 
revolves  freely  in  the  work-holding  posts.  Four  posts  are  fur- 
nished with  No.  9  and  No.  7  Brown  &  Sharpe  tapers,  one  with 
a  i/^-inch  straight  hole  and  one  flat  block  for  holding  flat  tools 
in  order  to  cover  all  the  classes  of  work  for  which  the  ma- 
chine is  adapted.  It  will  be  seen  that  these  posts  fit  into  three 
T-slots  in  the  upper  compound  slide  C,  Fig.  1,  thus  providing  for 


handling  a  wide  range  of  work.  The  upper  slides  B  and  C  are 
used  to  bring  the  work  into  the  proper  sweep  across  the  face 
of  the  wheel,  and  these,  in  turn,  are  mounted  on  a  swivel  block 
E  which  is  pivoted  onto  the  bottom  slide  A. 

A  gage  is  furnished  to  set  the  work  in  the  proper  relation 
to  the  wheel,  and  when  the  bottom  slide  A  is  set  for  a  given 
radius,  the  machine  will  always  grind  that  radius  regardless 
of  the  continued  adjustment  of  the  two  upper  slides  B  and  C. 
A  convenient  tooth  rest  is  furnished  with  sufficient  range  to 
cover  all  work  within  the  capacity  of  the  machine.  All 
screws  are  provided  with  micrometer  dials  graduated  for  ad- 
justments to  0.001  inch,  the  dials  being  graduated  from  zero 
to  100  for  a  10-pitch  screw.  All  slides  are  accurately  scraped 
and  provided  with  gibs  for  taking  up  wear.  In  addition  to 
its  application  in  grinding  round  corners  on  milling  cutters, 
this  machine  is  used  to  grind  concave  and  convex  cutters, 
cutters  for  fluting  drills,  cutters  that  are  irregular  in  contour 
but  which  have  a  number  of  true  curves,  form  tools  for  screw 
machines,  and  for  rounding  the  corners  of  tools  used  on  lathes, 
planers,  shapers,  etc.     Some  of  this  work  Is  shown  in  Fig.  3. 

The  regular  equipment  furnished  includes  a  type  D  "Dumore" 
universal  motor  with  10  feet  of  wire  and  a  plug  to  fit  any 
lamp  socket  on  a  110-volt  direct-  or  alternating-current  cir- 
cuit; one  grinding  wheel  4  inches  in  diameter  by  14  inch  face 
width;  one  work-arbor,  1  inch  in  diameter;  one  tooth  rest; 
tour    work-posts;    one    gage    for    radius    setting;    one    %-inch 


Fig.   3. 


Examples  of  Work  done  by  Cleveland  Milling  Machine  Co.'s 
Profile    Grinder 


work-arbor,  and  the  necessary  wrenches  for  making  all  ad- 
justments. The  floor  space  occupied  by  this  machine  is  30  by 
24  inches,  and  it  has  a  net  weight  of  217  pounds. 


DALTON  GRINDER  COUNTERSHAFT 

A  countershaft  especially  designed  for  driving  small  lathes 
of  all  makes  using  internal  or  external  grinding  attachments, 
has  recently  been  placed  on  the  market  by  the  Dalton  Machine 
Co.,  Inc.,  1911-1915  Park  Ave.,  New  York  City.  In  designing 
this  equipment  provision  has  been  made  for  having  the  driving 
pulley  travel  the  entire  length  of  the  shaft,  so  that  the  belt 
is  always  in  line  with  the  pulley  of  the  grinding  attachment. 
By  this  method  much  time  can  be  saved  through  avoiding  the 
necessity  of  sliding  belts  over  the  countershaft  drum. 


Dalton  Machine  Co.'s  Countershaft  for  driving  Small  Lathes  with  Grinding 
Attachments 
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The  pulley  relurred  to  is  of  llio  Rrooved  type  and  is  9  inches 
in  diameter;  It  has  a  travel  of  14  Inches  and  is  keyed  to  the 
shaft.  Travel  of  the  pulley  Is  accomplished  by  pulling  on 
handles  attached  to  a  rope,  wfhich  is  of  suflBcient  length  to 
be  easily  reached  by  the  operator.  This  rope  is  atta<;hed  to  a 
cast-iron  arm,  which  Is  forked  at  one  end  and  fitted  to  a 
channel  in  the  pulley  hub;  the  other  end  travels  on  a  rod 
which  is  an  intoKral  part  of  the  countershaft.  The  hangers 
are  universally  adjustable,  so  that  they  can  be  mounted  on  the 
wall  or  ceiling;  and  all  bearings  are  of  liberal  size  and  pro- 
vided with  ring-oilers. 


MANHATTAN  SURFACE  GRINDER 

One  of  the  latest  additions  to  the  line  of  machinery  built 
by  the  Manhattan  Machine  &  Tool  Works,  42-50  Market  Ave., 
N.  W.,  Grand  Rapids,  Mich.,  is  a  No.  12  surface  grinder  which 
is  illustrated  and  described  herewith.  This  is  a  heavy-duty 
grinder  and  has  been  carefully  designed  in  order  to  eliminate 
vibration.  The  grinding  wheel  is  so  arranged  that  it  may  be 
used  for  grinding  the  table  of  the  machine  in  order  to  insure 
having  the  table  at  exact  right  angles  to  the  spindle.  A  grind- 
ing wheel  12  inches  in  diameter  by  1  inch  face  width  is  used 
on  this  machine,  and  the  spindle  has  bearings  1%  inch  in 
diameter  which  run  in  split  brass  boxes.  These  bearings  are 
of  the  self-oiling  type,  lubricant  being  drawn  from  a  large 
reservoir.  Any  type  of  dividing  head  can  be  used  on  this 
grinder. 

The  knee  is  raised  or  lowered  by  a  screw,  and  the  hand- 
wheel  is  furnished  with  a  graduated  dial  reading  to  0.001  inch 
having  a  lock-nut  for  holding  it  in  any  desired  position.  The 
cross-head  has  a  screw  and  handwheel,  this  wheel  also  being 
furnished  with  a  graduated  dial.  The  table  is  operated  by  a 
rack  and  spiral  gear  and  is  furnished  with  two  adjustable 
stops.  Provision  may  be  made  for  surfacing  the  entire  table 
of  the  grinder  with  its  own  wheel,  as  mentioned,  the  wheel 
having  an  overhang  of  8  inches  from  the  column.  The  prin- 
cipal dimensions  of  this  grinder  are  as  follows:  diameter  of 
spindle  pulley,  5  inches;  face  width  of  spindle  pulley,  3i/o 
inches;  distance  from  center  of  spindle  to  floor,  48  inches; 
over-all  length  of  table,  48  inches;  size  of  working  surface  of 
table,  36  by  71/2  inches;  size  of  T-slots  in  table,  %  inch; 
maximum  distance  from  wheel  to  table,  I314  inches;  and  net 
weight  of  machine,  860  pounds. 
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Wet  Tool  Grinder  built  by  Noble  &  Westbrook  Mfg.   Co. 

NOBLE  &  WESTBROOK  WET  TOOL 
GRINDER 

The  Noble  &  Westbrook  Mfg.  Co.,  Hartford,  Conn.,  is  now 
building  the  wet  tool  grinder  shown  in  the  accompanying 
illustration.  An  important  feature  of  the  design  of  this  ma- 
chine is  the  water  carrier  which  is  arranged  with  a  chain  in 
such  a  way  that  it  will  not  flood  or  throw  water  on  the  man 
operating  the  machine.  This  Is  a  heavy-duty  machine,  and  in 
working  out  the  design  particular  attention  has  been  paid  to 
the  development  of  a  rigid,  durable  construction  which  will  be 
free  from  vibration.  The  arbor  is  made  of  high-carbon  crucible 
steel,  accurately  ground  to  fit  the  bearings  which  are  made 
of  cast  iron  and  provided  with  means  of  compensating  for 
wear.  This  cast-iron  bearing  construction  eliminates  the  ex- 
pense of  re-babbitting  which  would  be  involved  if  babbitt 
bearings  were  used. 

This  machine  is  made  in  two  sizes  known  as  Nos.  4  and  5. 
The  principal  dimensions  of  the  No.  4  machine  are:  size  of 
grinding  wheel,  20  inches  diameter  by  214  inches  face  width; 
dimensions  of  machine  base,  16  by  24  inches;  height  to  top 
of  rest,  39  inches;  length  of  bearings,  6  inches;  diameter  of 
arbor  in  bearings,  1  9/16  inch;  diameter  of  hole  in  wheel, 
2%  inches;  size  of  tight  and  loose  pulleys  on  arbor,  7  by  3 
inches;  speed  of  wheel,  950  R.  P.  M.;  and  weight  of  machine 
crated  for  shipment,  700  pounds.  The  principal  dimensions 
of  the  No.  5  machine  are:  size  of  grinding  wheel,  24  inches 
diameter  by  3  inches  face  width;  dimensions  of  machine  base, 
18  by  28  inches;  height  to  top  of  rest,  38  inches;  length  of 
bearings,  7  inches;  diameter  of  arbor  in  bearings,  1  11/16 
inch;  diameter  of  hole  through  wheel,  2l^  inches;  size  of  tight 
and  loose  pulleys  on  arbor,  7  by  4  inches;  speed  of  wheel,  850 
R.P.M.;  and  weight  of  machine,  crated,  850  pounds. 


No.  12  Surface  Grinder  built  by  Manhattan  Machine  &  Tool  Worka 


QUEEN  CITY  SHAPER 

In  a  new  24-inch  back-geared  crank  shaper  which  has  re- 
cently been  placed  on  the  market  by  the  Queen  City  Machine 
Tool  Co.,  Cincinnati,  Ohio,  it  is  claimed  that  work  can  be  pro- 
duced within  0.001  inch  of  parallel  for  the  full  24-inch  stroke, 
without  having  to  take  any  steps  to  overcome  inaccuracies  in 
the  machine.  All  gearing  is  of  the  cut  helical  type  which 
experiments  have  shown  to  be  well  suited  for  this  particular 
class    of    service,    as    it    enables    the    machine    to    do    smooth 
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Queen  City  24-inch  Back-geared  Crank  Shaper 

work,  entirely  free  from  chatter  marks  or  gear  waves. 
In  working  out  the  design,  the  machine  has  been  made  excep- 
tionally low  in  order  to  bring  all  operating  handles  within 
easy  reach  of  the  operator.  Feed-screws  are  furnished  with 
micrometer  adjustments  and  all  swivels  are  graduated.  The 
length  of  stroke  can  be  quickly  changed  and  positively  locked 
while  the  ram  is  either  in  motion  or  at  rest.  Sixteen  changes 
of  feed  are  instantly  obtainable,  and  these  changes  may  be 
made  without  danger  of  accidents.  There  are  eight  avail- 
able cutting  speeds  for  every  change  of  stroke  and  these  are 
arranged  in  geometrical  progression  as  follows:  6.4,  9.3, 
13.5,  20,  30,  44,  63,  and  92  strokes  per  minute  at  290  revo- 
lutions per  minute;  but  with  the  all  helical  drive  much  higher 
speeds  can  be  used  without  excessive  noise  or  other  indica- 
tions of  trouble.  Attention  is  called  to  the  table  support;  the 
table  moves  automatically  up  and  down  with  the  rail  and  is 
self-oiling. 

The  principal  dimensions  of  this  machine  are  as  follows: 
automatic  cross  travel,  27  inches;  vertical  adjustment  of  table, 
15  inches;  distance  from  ram  to  table,  2  to  17  inches;  size  of 
tool  used,  1%  by  %  inch;  length  of  table  and  saddle,  241/2 
inches;  width  of  table  and  saddle,  17%  inches;  height  of  table 
and  saddle,  15  inches;  capacity  for  keyseating,  up  to  3% 
inches;  size  of  regular  vise  jaws,  15%  by  2%  inches;  maximum 
opening  of  vise,  14  inches;  number  of  changes  of  speed  for 
ram,  8;  slow  back-gear  ratio,  5%  to  1;  and  regular  back-gear 
ratio,  26  to  1. 


BRADFORD-ACKERMANN  LEAD   BURNING 
APPARATUS 

For  use  in  lead  burning,  hard  tempering,  etc.,  the  Bradford- 
Ackermann  Corporation,  Forty-second  St.,-  Bldg.,  New  York 
City,  has  recently  placed  on  the  market  the  "Astra"  oxy- 
illuminating  gas  apparatus,  which  can  be  used  to  advantage 
in  storage  battery  service  stations,  garages,  and  other  places 
where  lead  burning  and  similar  operations  have  to  be  per- 
formed. By  means  of  special  appliances  made  by  this  com- 
pany, the  scope  of  the  apparatus  can  be  broadened  to  include 
auto  cylinder  decarbonizing,  oxy-acetylene  welding  and  cut- 
ting, and  other  operations.  This  equipment  is  manufactured 
by  Ashton,  Laird  &  Co.,  of  New  York  City,  and  sold  by  the 
Bradford-Ackermann  Corporation. 

Lead  burning  is  an  operation  that  calls  for  specially  designed 
equipment,  and  this  "Astra"  oxy-illuminating  gas  outfit  has 
been  particularly  developed  to  meet  the  requirements  of  this 
service.  In  addition  to  lead  burning,  it  may  be  employed  for 
welding  brass,  aluminum,  bronze,  and  other  metals  of  similar 
fusing  temperatures.  The  possibility  of  employing  artificial 
or  natural  illuminating  gas  drawn  directly  from  the  gas  main 


and  employed  in  connection  with  tanked  oxygen,  makes  this 
process  both  convenient  and  economical.  As  regards  cost  of 
operation,  attention  is  called  to  the  fact  that  illuminating  gas 
costs  less  than  one  dollar  per  thousand  cubic  feet.  The  ap- 
paratus is  so  assembled  that  different  component  parts  may 
be  added  to  an  existing  welding  or  decarbonizing  apparatus 
to  provide  facilities  for  lead  burning;  similarly,  other  appli- 
ances may  be  added  to  broaden  the  scope  of  the  lead  burning 
equipment  to  include  hard  soldering,  brazing,  tempering,  an- 
nealing, cylinder  decarbonizing,  and  oxy-acetylene  welding. 

Two  standard  models  of  "Astra"  oxy-illuminating  gas  low- 
pressure  lead  burning  apparatus  are  available,  these  being 
known  as  a  stationary  type  S.  L.  P.  and  a  portable  type  P.  L.  P. 
The  stationary  type  may  be  securely  fastened  to  the  wall  by 
means  of  a  bracket  on  which  are  mounted  the  regulating  de- 
vice and  gage,  and  also  a  rugged  clamp  for  the  oxygen  tank. 
From  the  single  equipment,  the  system  may  be  piped  to  torches 
at  different  locations  where  work  may  be  done  simultaneously 
if  desired.  The  portable  type  can  be  easily  moved  to  gas  out- 
lets which  are  conveniently  located  in  relation  to  the  place 
where  the  work  is  to  be  done.  A  working  radius  of  16  feet 
is  provided  and  greater  reach  may  be  obtained  by  means  of 
additional  hose.  A  compact  and  well  balanced  design  has  prac- 
tically eliminated  danger  of  breaking  the  equipment  while  it 
is  being  moved  about. 

The  "Astra"  regulator  is  so  designed  that  it  insures  precision 
of  adjustment,  maintenance  of  constant  control,  and  accuracy 
of  operation.  There  are  no  soldered  parts,  and  the  new  feature 
of  a  one-piece  non-corrosive  metallic  pressure  seat,  and  care- 
fully counterbalanced  and  adjustable  counter  springs,  provide 
for  obtaining  positive  operation  and  a  high  degree  of  dura- 
bility. All  parts  are  interchangeable.  Protective  devices  are 
provided  on  the  oxygen  regulator  and  oxygen  back-pressure 
release  valve  for  the  illuminating  gas  line,  both  of  which  op- 
erate automatically  and  are  provided  with  alarm  whistles  to 
attract  attention.  The  regulator  is  equipped  with  a  detach- 
able and  interchangeable  tank  connection  which  is  adaptable 
to  any  tank  regardless  of  thread  variation.  A  scrubber  is 
provided  in  the  tank  connection  to  prevent  foreign  substances 
from  entering  the  essential  parts  of  the  regulator.  This 
scrubber  is  easily  removed  for  cleaning. 

A  two-hose  torch  furnished  with  the  "Astra"  apparatus 
weighs  only  6  ounces.  It  is  said  to  be  as  convenient  to  operate 
as  a  single-hose  torch.  The  valve  not  only  provides  instan- 
taneous adjust- 
ment of  oxygen  as 
required,  but  it 
also  permits  the 
oxygen  to  be  shut 
off  between  opera- 
tions, using  only 
the  inexpensive 
illuminating  gas 
as  a  pilot  light. 
Five  interchange- 
able nozzles  of  as- 
sorted orifice  sizes 
are  provided  with 
the  standard  ap- 
paratus and  give 
suitable  flames  for 
various  classes  of 
work.  A  gage  is 
provided  on  the 
oxygen  regulator 
to  indicate  the 
working  pressure 
at  the  nozzle;  and 
a  high  -  pressure 
gage,  furnished 
separately,  can  be 
attached  to  deter- 
mine the  amount 
of  gas  in  the  oxy- 
gen tank  at  any  Bradford-Ackermann  Oiy-iUuminating  Gas 
time.  Welding  and  Cutting  Outfit 
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NEWTON  MULTIPLE-SPINDLE  MILLING 
MACHINE 

One  of  the  recent  products  of  the  Newton  Machine  Tool 
Works,  Inc.,  23r(l  and  Vine  Sts.,  I'hiladelpliia,  I'a.,  is  a  multiple- 
spindle  milling  machine  which  has  two  vertical  spindles 
mounted  in  saddles  on  the  cross-rail  and  one  horizontal  spindle 
in  a  saddle  carried  on  each  of  the  housings.  The  first  of  these 
machines  to  be  built  has  a  capacity  of  (iU  inches  between 
the  ends  of  the  horizontal  spindles  and  a  niaxiniuTii  height  of 
54  inches  under  the  vertical  spindles.  The  finished  surface  of 
the  work-table  is  54  inches  wide  and  of  sufficient  length  to 
mill  work  ;iO  feet  long.  The  right-hand  horizontal  spindle 
may  rotate  independently  of  all  other  spindles,  and  the  same 
is  true  of  the  left-hand  horizontal  spindle;  both  vertical 
spindles  must  rotate  in  unison  and  the  right-hand  horizontal 
spindle  must  rotate  at  the  same  time.  All  spindles  are  made 
of  forged  steel  and  receive  their  final  finish  by  grinding.  Each 
spindle  has  a  tapered  end  bearing  and  a  through  cutter- 
retaining  bolt.  The  cutters  are  driven  by  means  of  broad-faced 
keys,  and  the  spindle  driving  gear  teeth  are  cut  from  a  bronze 
ring,  these  teeth  being  of  the  spiral  or  worm  type  according 
to  the  size  of  the  machine  on  which  they  are  used. 

The  worms  that  drive  the  spindles  are  of  hardened  steel, 
fitted  with  roller  thrust  bearings.  Lubrication  of  the  driving 
mechanism  is  obtained  by  having  the  various  worms  and  worm- 
wheels  contained  in  oil-tight  boxes  so  that  they  may  be  kept 
flooded  with  lubricant.  The  spindle  speeds  are  independent 
of  the  table  feeds,  and  the  spindles  rotate  in  a  clockwise  direc- 


Fig,   1.     Newton  Planer  Type   Multiple-spindle   Milling  Machine 

tion  unless  otherwise  specified.  There  are  nine  available  spin- 
dle speeds  ranging  from  leVa  to  99  revolutions  per  minute,  or 
proportionately  greater  or  less  according  to  the  material  to  be 
machined.  These  spindle  speeds  are  obtained  through  three 
sliding  sleeves  mounted  in  an  oil-tight  gear-box  on  top  of  the 
machine.  All  speed  change-gears  are  made  of  steel  or  bronze. 
The  spindle  sleeves  are  adjusted  by  a  hand-operated  rack  and 
pinion  through  a  worm  and  worm-wheel;  and  they  can  be 
clamped  in  fixed  positions  when  so  desired. 

All  the  spindle  saddles  are  made  alike,  whether  one  or 
two  are  mounted  on  the  cross-rail.  The  saddles  have  square 
lock  bearings  and  adjustments  are  made  by  taper  shoes;  the 
horizontal  spindle  saddles  have  the  narrow  guide  construction 
to  provide  control  of  alignment.  Both  rail  saddles  have  hand 
adjustment  and  reversing  cross-feed  and  reversing  rapid  cross 
traverse.  When  two  saddles  are  mounted  on  the  rail,  both 
must  be   fed   in  the  same   direction   if  they   are   operated   in 


Fig.   2.     Opposite  Side  of  Newton  Milling  Machine  shown  in  Fig.    1 

unison  by  power.  The  saddles  on  the  uprights  are  counter- 
weighted  by  weights  mounted  Inside  the  uprights;  and  they 
have  only  hand  vertical  adjustment.  Provision  is  made  for 
clamping  these  saddles  to  the  rail  for  power  elevation,  and 
also  to  control  alignment  when  a  horizontal  cutter-arbor  is 
used  and  supported  from  its  outer  ends.  The  vertical  spindles 
have  twelve  changes  of  reversing  cross-feed  ranging  from  0.178 
inch  to  6%  inches  per  minute;  and  reversing  fast  power 
motion  of  15  feet  per  minute,  each  being  controlled  from  the 
table  mechanism. 

The  cross-rail  has  square  bearings  on  the  uprights  with 
narrow  guide  construction  to  'control  alignment.  The  rail 
has  reversing  fast  power  vertical  adjustment  and  is  sup- 
ported by  screws  with  bottom  tension  bearings.  The  cross- 
rail  is  not  counterweighted.  A  heavy  box  type  of  construc- 
tion has  been  adopted  for  the  work-table  which  is  surrounded 
by  an  oil  pan;  this  table  has  square  bearings  on  the  base  and 
T-sIots  planed  in  the  top  from  solid  metal.  The  table  feeds 
are  independent  of  the  spindle  speeds  and  are  twelve  in  num- 
ber, ranging  from  0.355  inch  to  13  inches  per  minute,  these 
rates  of  feed  being  obtainable  in  both  directions.  Changes  are 
obtained  through  gearing  in  an  oil-tight  feed-box  which  is 
equipped  with  cut  bronze  or  steel  gears  mounted  on  sliding 
sleeves  that  are  controlled  by  latch  levers  fitted  through  open- 
ings in  the  cover.  Table  movement  is  obtained  through  an 
iron  or  steel  angular  rack  and  a  steel  or  bronze  worm  pinion 
which  rotates  in  a  bath  of  oil.  Provision  is  also  made  for 
obtaining  hand  adjustment.  Rapid  traverse  of  the  table  Is  in- 
dependent of  the  feeds  and  spindle  speeds,  and  is  available 
in  both  directions  at  the  rate  of  30  feet  per  minute  except 
on  heavy-duty  machines  when  the  fast  table  traverse  is  reduced 
to  20  feet  per  minute. 

A  heavy  box  type  of  construction  has  been  adopted  for  the 
machine  base  which  has  a  solid  closed  top  and  double  cross- 
ribs.  Cheeks  are  furnished  for  the  attachment  of  uprights. 
The  standard  design  calls  for  a  bed  1%  times  the  length  of  the 


Fig.  3.     Gearing  in  Speed  Box  of  Newton  Multiple-spindle  Milling  Machine 
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work  that  the  machine  is  rated  to  mill.  The  uprights  are  of 
heavy  box  type  construction  and  extend  right  down  to  the 
floor  line;  they  are  keyed  and  doweled  to  the  base  which  has 
a  broad  faced  key  cast  integral  with  the  base  to  control  ver- 
tical alignment.  The  drive  is  through  a  single  pulley,  which 
is  suitable  for  use  in  connection  with  a  countershaft  speed 
of  495  revolutions  per  minute. 

A  feature  of  the  machine  is  centralized  control  of  all  parts 
of  the  mechanism.  The  cross-rail  gibs  are  scraped  to  a  run- 
ning fit  when  bolted  tight  and  therefore  require  no  adjust- 
ment in  each  setting  in  accordance  with  planer  practice.  This 
permits  the  mechanic  to  remain  in  a  local  position  and  reach 
the  following  levers:  A,  clutch  lever  for  drive  to  left-hand 
horizontal  spindle;  B,  clutch  lever  for  drive  to  vertical  spin- 
dles; C  and  D,  clutch  levers  for  feed  and  fast  power  traverse 
of  vertical  spindle  saddles  across  rail;  E  and  F,  levers  for 
changing  speeds  of  all  spindles;  G,  clutch  lever  that  engages, 
disengages  and  reverses  table  feeds  and  fast  power  traverse, 
and  also  heads  on  cross-rail;  H,  clutch  lever  that  transfers 
feed  and  fast  power  movements  to  heads  on  rail  or  to  table  as 
desired;  /,  clutch  that  controls  engagement  of  table  feeds; 
clutch  that  engages  power  feeds  or  fast  power  table  move- 
ments; levers  that  control  sliding  sleeves  for  feed  gears  to 
give  change  of  rate  of  feed;  L,  control  for  horizontal  spindle 
saddle  hand  elevation;  and  spindle  sleeve  independent  hand 
adjustment  control. 

The  principal  dimensions  of  this  machine  are  as  follows: 
height  under  vertical  spindles,  54  inches;  width  between  up- 
rights, 71  inches;  maximum  width  between  ends  of  horizontal 
spindle,  66  inches;  diameter  of  spindles  in  driving  worm  sleeve 
at  large  end  of  taper,  5  3/16  inches;  independent  hand  adjust- 
ment of  each  spindle  sleeve,  8  inches;  maximum  distance  from 
center  of  horizontal  spindles  to  top  of  table,  42  inches;  mini- 
mum distance  from  center  of  horizontal  spindles  to  top  of 
table,  5  inches;  and  minimum  distance  between  centers  of 
vertical  spindles,  24  inches. 


CINCINNATI  PLANER 

The  accompanying  illustrations  show  opposite  sides  of  a  30- 
by  30-inch  planer,  which  is  a  recent  product  of  the  Cincinnati 
Planer  Co.,  Oakley,  Cincinnati,  Ohio.  This  machine  has  a  bed 
in  which  the  space  between  the  vees  is  closed  up  in  the  casting 
except  at  the  gearing  sections,  making  a  very  strong  box  sec- 


Fig.  1.     Thirty-  by  Thirty-inch  Planer  built  by  Cincinnati  Planer  Co. 


Fig.    2.     Opposite    Side   of   Cincinnati   Planer,    showing  Improved   Elevating 
Device 

tion  and  eliminating  possibility  of  injury  to  the  operator.  The 
bed  is  bored  to  receive  the  shaft  bearing,  and  all  driving  gears 
inside  the  bed  are  supported  by  two  bearings,  thus  entirely 
eliminating  an  overhung  construction.  The  loose  pulleys  on 
this  planer  are  equipped  with  self-oiling  bronze  bearings  and 
the  driving  pulley  is  made  of  aluminum.  A  new  design  has 
been  worked  out  for  the  belt  shifting  mechanism  in  which  the 
cam  slots  are  milled  in  the  outside  of  a  round  casting.  This 
cam  is  supported  in  a  substantial  bracket  bolted  against  the 
housings,  which  serves  the  additional  purpose  of  supporting 
the  belt  arms.  A  drip  pan  is  attached  to  the  lower  side  of  the 
bracket  to  catch  oil  from  the  belt  shifting  device,  thus  leaving 
the  belts  absolutely  dry. 

A  box  type  construction  is  used  for  the  table,  which  is  closed 
at  the  bottom  as  well  as  at  the  top.  The  housings  are  also 
of  box  section  and  are  carried  right  down  to  the  bottom  of  the 
bed.  Bolts  and  dowel-pins  fasten  the  housings  to  the  sides  of 
the  planer  bed,  and  they  are  further  secured  by  a  tongue  and 
groove  construction.  A  departure  has  been  made  from  pre- 
ceding practice  in  working  out  the  design  of  the  cross-rail.  A 
reinforced  arch  at  the  back  is  made  a  true  half  circle  and  this 
section  is  used  to  give  additional  strength  for  the  torsional 
stresses  imposed  by  overhung  cutting  tools.  The  saddle  is 
taper  gibbed  at  the  top  and  the  clapper  box  is  provided  with  a 
rectangular  shaped  clamp  instead  of  the  circular  clamp  ar- 
rangement previously  employed. 

Pigs.  1  and  2  show  a  machine  provided  with  rapid  power 
traverse  to  the  rail  heads.  This  feature  is  an  advantage  for 
the  rapid  manipulation  of  the  heads  and  has  been  found  quite 
a  time  saver.  The  drive  is  taken  from  the  top  of  the  machine 
through  a  pair  of  bevel  gears  and  a  friction  clutch,  which  is 
manipulated  from  the  end  of  the  cross-rail  within  easy  reach 
of  the  operator  at  all  times.  The  device  is  absolutely  fool- 
proof in  that  it  is  impossible  to  engage  the  feed  and  rapid 
traverse  simultaneously.  A  set  of  pads  is  provided  for  the 
housings  onto  which  the  brackets  can  be  fastened  for  motor 
drive  at  any  time  after  the  machine  has  been  placed  in  ser- 
vice. Ordinarily  this  planer  is  equipped  with  a  two-speed 
countershaft  giving  two  cutting  speeds  and  constant  reverse. 

Fig.  2  shows  the  left-hand  side  of  the  machine,  and  in  this 
illustration  the  automatic  limit  stop  for  the  elevating  device 
may  be  seen.    This  is  an  added  feature  of  the  present  Cincin- 
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na»l  planer  and  consists  of  a  vertical  rod  with  two  collars, 
which  is  connected  to  the  shifting  levers  of  the  standard  Cin- 
cinnati elevatinp  device.  These  levers  operate  friction  clutches 
at  the  top  of  the  planer  for  raising  and  lowering  the  rail.  A 
bracket  is  fastened  onto  the  back  of  the  cross-rail  through 
which  this  rod  passes,  and  the  collars  on  the  rod  are  set  to  a 
predetermined  height.  It  will  seen  that  when  the  bracket  on 
the  rail  comes  into  contact  with  one  of  the  collars,  the  vertical 
rod  is  moved  either  up  or  down,  thus  causing  levers  on  the  ele- 
vating device  to  be  moved  in  either  one  direction  or  the  other, 
thereby  disengaging  the  frictions  when  the  rail  has  reached  its 
maximum  position  in  either  direction.  All  gears  are  thor- 
oughly covered  to  provide  for  the  safety  of  the  operator. 


S.  &  S.  GAGE  STANDARDS 

Manufacturers  have  placed  far  less  reliance  in  the  value  of 

so-called    "trade    secrets"    since    the    practical    application    of 

science    in    industrial    and    engineering    work.      This    is    the 

natural  sequence  of  evemts  because  the  scientist  is  able  to  de- 


Fig.    1.     Set  of  Gage  Standards  In  Case,  with  Series  of  Blocks  assembled 
in  Holder  ready  for  Use 

termine  the  details  of  manufacturing  processes  and  to  find  out 
why  certain  results  are  obtained;  he  attaches  no  value  to 
methods  which  his  training  does  not  show  him  are  based  upon 
scientific  truths.  Nevertheless,  there  are  certain  lines  of  manu- 
facture, the  control  of  which  has  remained  in  the  hands  of  a 
few  men  in  Europe,  and  the  reputation  of  these  manufacturers 
has  become  so  celebrated  that  it  has  been  almost  generally 
acknowledged  that  these  men  are  the  only  ones  who  are 
capable  of  producing  satisfactory  products  of  certain  kinds. 
Typical  examples  are  the  manufacture  of  high-grade  steel  balls 
and  the  production  of  gage  standards. 

The   cases   mentioned   are   industries   that   have    flourished 


Fig.   3. 


Accuracy  of   Finish   of   Gage   Blocks   aUows   Air   Fressum    to   hold 
them  together 


Fig.   2.     Close  View  of  Gage  Blocks  in   Case  shown  in  Fig.   1 


in  different  sections  of  Europe,  but  since  the  war  cut  off  ex- 
ports from  those  countries,  necessity  has  once  more  proved  the 
mother  of  invention,  and  the  enterprise  of  American  manufac- 
turers who  have  branched  out  into  these  lines  has  been 
crowned  with  a  large  measure  of  success.  It  will  undoubtedly 
prove  of  considerable  interest  to  manufacturers  in  this  country 
who  use  gage  bI6cks  to  learn  that  very  satisfactory  standards 
of  this  kind  are  now  being  made  by  Wismach  &  Co.,  New 
York  City,  and  that  Schuchardt  &  Schlitte,  90  West  St.,  New 
York  City,  are  the  sales  agents.  Mr.  Wismach  has  spent  prac- 
tically his  entire  life  in  this  line  of  work.  He  started  in  this 
industry  abroad,  where  he  was  engaged  in  making  gage  stand- 
ards for  testing  the  accuracy  of  rifle  parts.  Later  he  came  to 
America,  where  he  took  up  the  same  line  of  work. 

It  will  be  apparent  from  Figs.  1  and  2  that  these  gage 
blocks  are  packed  in  a  substantial  wooden  case  which  affords 
adequate  protection  against  damage  while  the  blocks  are  not 
in  use.  A  feature  of  this  case  is  that  a  lower  drawer  is  provided 
with  spaces  for  the  various  sizes  of  holders  in  which  the  blocks 
are  assembled  for  use.  The  spaces  are  made  of  sufficient  size 
so  that  a  holder  with  a  set  of  blocks  assembled  in  it  may  be 
placed  in  the  drawer  over  night,  in  case  the  same  assembly  of 
gage  blocks  will  be  in 
use  again  the  next  day. 
This  is  the  means  of 
saving  a  lot  of  time  in 
assembling  and  taking 
apart  sets  of  blocks.  The 
precision  with  which  the 
S.  &  S.  gage  standards 
are  finished  is  indicated 
by  the  fact  that  if  two 
blocks  are  rubbed  to- 
gether they  will  remain 
in  contact;  this  is  due  to 
the  fact  that  all  the  air  is  expelled  from  the  surfaces  between 
the  blocks,  and  thus  the  air  pressure  acting  from  the  outer 
sides  holds  the  blocks  together.  This  condition  is  clearly  illus- 
trated in  Fig.  3,  which  shows  how  a  number  of  blocks  can  be 
held  together  in  this  way.  A  severe  test  of  accuracy  is  shown 
in  the  same  illustration,  where  a  combination  of  blocks  is 
made  up  and  held  by  the  projecting  ends  of  one  set '•of  blocks 
at  the  middle.  It  will  be  evident  that  unless  all  the  blocks 
in  this  combination  were  of  absolutely  the  proper  size,  it 
would  be  impossible  to  hold  them  in  this  way,  because  those 
that  were  either  over  size  or  under  size  would  prevent  the 
surfaces  of  some  blocks  from  coming  into  proper  engagement. 
These  gages  are  made  in  ten  diilerent  sets  with  various  com- 
binations of  gage  blocks  and  holders  to  meet  the  requirements 
of  shops  engaged  in  the  production  of  different  classes  of  work. 
The  blocks  are  guaranteed  accurate  to  0.00001  inch  at  62  de- 
grees F. 

COLUMBIAN  MALLEABLE  IRON  VISES 

To  provide  additional  strength  and  resistance  against  break- 
age through  sudden  shocks,  the  Columbian  Hardware  Co., 
Cleveland,  Ohio,  is  now  making  a  line  of  malleable  iron  ma- 
chinists' vises,  a  cross-sectional  view  of  one  of  these  vises  being 
shown  in  the  accompanying  illustration.     It  will  be  seen  that 


Fig. 


4.     Example   of   Use  of   Gage   Blocks, 
showing    how    Air    Pressure    holds 
Blocks  together 
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Cross-section   of   Columbian   Malleable   Iron   Vise,    showing   Hollow  Jaw 
Construction 

the  vise  jaws  are  hollow,  which  is  the  means  of  accomplishing 
a  great  deal  more  than  merely  lightening  the  vise.  This  is 
due  to  the  fact  that  the  hollow  jaw  construction  provides  for 
obtaining  the  malleable  iron  skin  on  both  the  outside  and  in- 
side of  the  jaws,  and  it  is  a  well-known  fact  that  the  strength 
of  malleable  iron  is  due  to  annealing  the  surface  of  the  metal. 
Hence  the  hollow  jaw  construction  is  claimed  to  virtually 
double  the  strength  by  having  twice  the  amount  of  surface  an- 
nealed to  convert  it  into  malleable  iron. 

The  jaws  are  faced  with  tool  steel  plates  secured  in  place 
by  screws,  and  each  part  of  a  given  size  vise,  including  the 
steel  jaw  plates,  the  screw,  handle,  nut,  and,  in  fact,  the 
entire  jaw,  is  interchangeable  with  corresponding  parts  in 
other  vises  of  the  same  size.  The  screw  is  forged  from  one 
solid  piece  of  steel,  of  which  the  head  is  an  integral  part. 
The  manufacturers  of  this  vise  claim  that  it  is  practically  in- 
destructible. It  is  said  to  be  absolutely .  impossible  to  break 
the  vise  by  pounding  it  with  a  hammer  or  by  subjecting  it  to 
other  severe  shocks;  also,  it  is  claimed  that  the  metal  in  the 
vise  will  not  be  bent  by  such  treatment. 


the  accompanying  illustration,  it  will  be  seen  that  a  trans- 
verse section  of  the  double-grooved  high-speed  steel  bar  from 
which  the  drill  is  made  is  shown  at  A;  and  when  this  bar  is 
twisted  it  gives  approximately  the  correct  shape  for  the 
grooves  of  the  drill.  The  shaded  portions  of  this  cross-sectional 
view  indicate  compression  of  the  steel,  which  is  about  14  inch 
wide  at  the  outer  edge  and  meets  at  the  center,  so  that  when 
the  steel  is  twisted  the  toughest  part  of  this  section  is  in  the 
exact  center  and  surrounding  portion. 

In  conducting  the  process  of  manufacture,  the  next  step  is 
to  center  the  blank  at  each  end  and  support  the  work  on  cen- 
ters in  a  milling  machine  to  provide  for  taking  a  cut  in  each 
groove.  This  insures  having  the  grooves  of  equal  depth  and 
properly  tapered  from  the  point  to  the  shank.  After  this  opera- 
tion has  been  completed,  the  groove  is  ground  by  hand  and 
polished.  A  phantom  view  of  the  section  of  the  drill  contain- 
ing the  joint  between  the  drill  and  carbon  steel  shank  is  shown 
at  B.  This  shank  is  fitted  to  the  drill  with  a  taper  thread 
and  the  two  parts  are  firmly  connected  by  brazing.  Drills  are 
made  by  this  method  in  all  sizes  from  37/64  inch  to  3  inches. 


Cross-sectional  View  A  of  Double-grooved  Bar  and  Phantom   View   B  of 
Joint   between   Drill   and   Shank 

inclusive;  drills  9/16  inch  and  under  are  made  of  high-speed 
steel  and  electrically  welded  to.  a  carbon  steel  shank,  after 
which  they  are  finished  according  to  the  practice  followed  in 
manufacturing  milled  one-piece  drills. 


JONES-MOWRY  FROSTING  TOOL 

A  tool  designed  for  frosting  and  spotting  finished  surfaces 
on  machinery  has  recently  been  developed  by  the  Jones-Mowry 
Mfg.  Co.,  Jackson,  Mich.  The  use  of  the  tool  calls  for  no 
particular  skill,  so  that  frosting  and  spotting  can  be  done  by 
other  than  experienced  men.  This  tool  is  said  to  be  a  great 
time-saver,  as  it  is  claimed  that  work  formerly  requiring  from 


Frosting    and    Spotting    Tool    made    by    Jones-Mowry    Mfg. 

two  and  a  half  to  three  hours  can  be  done  in  twenty  minutes. 
The  tool  is  made  of  steel  tubing  which  has  ample  strength 
and  durability.  Two  steel  tubes  and  a  rod  holding  the  rutting 
tool  comprise  the  essential  parts.  The  outer  tube  is  knurled  to 
afford  a  suitable  hand-hold,  and  the  inner  tube,  which  is 
hardened,  contains  an  angular  groove  in  which  runs  a  pin  on 
the  central  rod.  Moving  the  hand  up  and  down,  while  the  tool 
rests  on  the  surface  to  be  frosted,  imparts  a  vibratory  motion 
to  the  tool,  which  should  be  held  at  an  angle  of  45  degrees. 
By  honing  the  tool  different  ways  numerous  designs  can  be 
obtained  including  the  "double  gooseneck"  and  "halfmoon." 
Heretofore  these  designs  have  always  been  made  by  hand,  but 
with  the  Jones-Mowry  tool  they  can  be  done  more  rapidly  and 
more  accurately. 


ADAMS  CLUTCH  MILLING  ATTACHMENT 

William  C.  Adams,  40  Cleveland  Ave.,  Hartford,  Conn.,  has 
made  a  departure  from  standard  methods  of  manufacturing 
and  selling,  in  working  out  a  method  of  placing  his  clutch  mill- 
ing attachment  on  the  market.  Instead  of  selling  the  complete 
attachment,  his  plan  is  to  deliver  rough  castings  to  the  cus- 
tomer, together  with  a  set  of  blueprints  that  give  instructions 
for  machining  the  castings  and  assembling  parts  of  the  attach- 
ment. This  attachment  is  intended  for  use 
on  a  hand  milling  machine,  and  the  chief 
claim  made  for  it  is  that  it  provides  for 
performing  clutch  milling  operations  on  a 
moderate  priced  machine,  leaving  the  uni- 
Co.  .  versal   millers  and   other   large,   expensive 

machines  free  for  the  performance  of  those  classes  of  work  for 
which  they  are  really  required. 

Reference  to  the  accompanying  illustration  will  show  that 
thla  clutch  milling  attachment  consists  of  a  base,  slide  and 
swivel,  controlled  by  positive  stops,  and  a  spindle  revolving 


LATROBE  HIGH-SPEED  DRILLS 

The  following  is  a  description  of  high-speed  drills  made  by 
the  Latrobe  Tool  Co.,  Latrobe,  Pa.,  and  sold  by  McKenna  Bros., 
Ross  St.  and  First  Ave.,  Pittsburg,  Pa.  These  are  two-piece 
twisted  and  milled  drills  and  may  be  furnished  with  either  a 
Morse  taper  or  a  straight  shank;  the  working  part  of  the  drill 
iu  made  of  "Red  Cut  Superior"  high-speed  steel  and  perma- 
nently inserted  into  a  carbon  tool  steel  shank.     Referring  to 
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witliiii  tho  attachiuunl.  Any  type  of 
clutch  with  up  to  32  teeth  can  be 
milled  with  this  outlit.  It  can  also  be 
used  for  regular  milling  operations 
usually  done  with  an  Indexing  at- 
tachment. The  spindle  has  a  Brown 
&  Sharpe  taper  hole,  so  that  stand- 
ard arbors,  etc.,  may  be  used. 


detroit:universal 
card-holder 


For  use  in  attaching  cards  to 
truck  loads  of  work  which  are  be- 
ing transferred  from  department  to 
department  in  industrial  plants, 
and  for  a  great  variety  of  other 
purposes  where  it  is  desired  to  at- 
tach various  forms  of  instruction  or  identification  cards,  the 
Detroit  Stamping  Co.,  955-957  W.  Port  St.,  Detroit,  Mich.,  is 
now  making  a  universal  card-holder,  which  is  shown  in  the 
accompanying  illustration.  Features  of  this  device  are  that 
one  size  of  holder  can  be  used  for  various  sizes  of  cards,  and 
they  may  be  arranged  to  hold  cards  in  either  a  vertical  or  a 
horizontal  position.  These  card-holders  take  up  very  little 
space  while  in  transit  or  in  the  store-room.  The  holders  are 
fastened  so  that  nearly  the  entire  card  is  exposed  to  view, 
and  cards  may  be  easily  put  in  or  taken  out  as  desired. 
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Card-holder  made   by   Detroit  Stamping  Co 


dutches  or  tension  a<ijusling  de- 
vices. It  will  lap  or  drill  holes  up 
to  3/8  inch  in  diameter.  The 
change  from  tapping  to  drilling  can 
be  made  in  less  than  one  minute, 
and  in  no  way  affects  the  tapping 
efficiency.  Drill  speeds  may  be  had 
up  to  2000  R.  P.  M.  and  tapping 
speeds  up  to  1000  R.  P.  M.  Two 
speeds  are  available  for  either  tap- 
ping or  drilling.  The  machine  is 
capable  of  drilling  a  7/32-inch  hole 
through  1-inch  brass  in  eight  sec- 
onds. A  stop  is  provided  for  drill- 
ing or  tapping  to  a  fixed  depth,  and 
a  self-oiling  countershaft  is  pro- 
vided, with  an  improved  belt  shifter, 
for  the  bench  type  machine.  The 
belt  shifting  device  is  carried  on  the  jackshaft  for  pedestal 
type  machines,  enabling  it  to  be  set  directly  under  a  llneshaft. 


FULTON  TAPPING  AND  DRILLING 
MACHINE 

The  Fulton  Foundry  &  Machine  Co.,  25  Furman  St.,  Brook- 
lyn, N.  Y.,  has  just  added  a  new  type  of  tapping  and  drilling 
machine  to  its  line  of  tapping  machines.  This  is  a  vertical 
type,  having  an  adjustable  work-table  and  movable  head.  The 
tap  or  drill,  as  the  case  may  be,  can  be  fed  by  either  hand  or 
foot,  and  the  head  which  carries  the  friction  disks,  chuck,  tap, 
etc.,  is  counterbalanced  by  a  weight  giving  a  constant  unvary- 
ing balance.  The  friction  pulleys  are  carried  by  ball  bearings 
which  take  both  the  thrust  and  radial  loads.  Friction  surfaces 
for  the  tapping  drives  are  flat,  giving  great  sensitiveness,  and 
they  are  concentric  with  the  spindle,  thus  doing  away  with 
spindle  strains. 

The  machine  is  extremely  simple,  having  no  gears,  positive 


DEMCO  HIGH-SPEED  DRILLING  MACHINES 

In  the  October,  1916,  and  February,  1917,  numbers  of 
Machinery,  descriptions  were  published  of  bench  and  floor 
types  of  sensitive  drilling  machines  built  by  the  De  Mooy  Ma- 
chine Co.,  706  Frankfort  Ave.,  N.  W.,  Cleveland,  Ohio.  Re- 
cently this  concern  has  added  to  its  line  a  high-speed  ball 
bearing  drilling  machine  of  similar  design,  which  is  also  built 
in  bench  and  floor  types  as  illustrated  herewith.  These  ma- 
chines are  especially  adapted  for  drilling  small  holes  where 
it  is  necessary  to  have  the  drill  run  at  an  extremely  high  speed 
in  order  to  cut  through  the  metal  instead  of  forcing  the  drill 
through  the  metal.  Operation  at  high  speed  not  only  increases 
production  but  reduces  the  breakage  of  drills.  These  new 
"Demco"  drilling  machines  are  fully  equipped  with  ball  bear- 
ings and  adapted  for  operation  at  a  maximum  speed  of  12,000 
revolutions  per  minute. 

They  are  particularly  adapted  for  drills  from  3/16  inch  in 
diameter  down,  but  drills  from  3/16  to  3/8  inch  in  diameter 
may  be  used  at  slower  speeds,  three  changes  of  speed  being 
provided.  The  spindle  is  provided  with  a  carefully  balanced 
three-jaw  geared  nut  chuck  of  the  key  type.  Changes  of  speed 
are  made  by  moving  a  lever  on  the  sector  which  fits  into  a  rack 
and  allows  changes  to  be  made  quickly.  Two  pulleys  running 
on  ball  bearings  are  attached  to  the  idler  with  a  belt  adjust- 


Tapping   and   Drilling    Machine    built   by 
Fulton  Foundry  &   Machine   Co. 


'Demco"  No.  22  Bench  Type  ol'  Ball  Bearing 
Drilling    Machine 


Fig.  2.    "Demco"  No.  23  Floor  Type 
of  Ball  Bearing  Drilling  Machine ' 
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ment  having  an 
automatic  take- 
up.  Power  is 
transmitted  by  an 
endless  flat  can- 
vass belt,  which 
gives  great  flexi- 
bility for  the  high 
speed  at  which  it 
is  required  to 
travel.  The  spin- 
dle is  made  of 
high-carbon,  heat- 
treated  steel,  ac- 
curately ground 
and  carried  in 
ball    bearings. 

Fig.  1  shows 
what  is  known  as 
a  No.  22  bench 
machine,  the  prin- 
cipal dimensions 
of  which  are  as 
follows:  distance 
from  spindle  cen- 
ter to  column,  7i{; 
inches;  traverse  of 
spindle,  4  inches; 
traverse  of  table, 


operations  for  di- 
ameter and  depth, 
may  be  performed 
at  one  pass  of  the 
turret.  Fig.  2  il- 
lustrates work  for 
which  this  tool  is 
especially  adapt- 
ed, and  these  two 
illustrations  of  the 
tool  and  its  work 
will  fully  explain 
the  purpose  of  this 
new  product  of 
the  Kelly  Reamer 
Co.  without  re- 
quiring further 
description. 


Tig.    1. 


Surface   Plate    made   by    T. 
Tool    Co. 


Fig.   2. 


One  Use  of  T.   P.   WaUs  Tool  Co.'s 
Surface  Plate 


7  inches;  maximum  distance  from  chuck  to  table,  8%  inches; 
minimum  distance  from  chuck  to  table,  1  inch;  diameter  of 
working  surface  of  table,  12^^  inches;  diameter  of  table  out- 
side oil-groove,  14  inches;  diameter  of  spindle,  7/16  inch; 
diameter  of  spindle  pulley,  1%  inch;  diameters  of  countershaft 
cone  pulley  steps,  3,  4%  and  6  inches;  diameter  of  driving 
pulley,  4  inches;  maximum  spindle  speed,  12,000  R.P.M. ;  maxi- 
mum countershaft  speed,  3000  R.P.M. ;  height  of  machine,  34 
inches;  and  weight  of  machine,  135  pounds.  Fig.  2  shows  the 
No.  23  floor  type  machine,  and  the  following  dimensions  of 
this  machine  differ  from  those  already  given  for  the  bench 
type  machine:  distance  from  spindle  to  center  of  column, 
7  inches;  traverse  of  table  arm,  25  inches;  height  of  machine. 
65  inches;  and  weight,  200  pounds. 


T.  P.  WALLS 

SURFACE 

PLATES 

T.  P.  Walls  Tool 
Co.,  75  Walker  St., 
New  York  City,  is 
now  selling  iron 
surface  plates 
which  are  thor- 
oughly seasoned  before  the  plates  are  machined  in  order  to 
assure  the  maintenance  of  accuracy.  To  further  insure  dura- 
bility and  the  maintenance  of  an  accurate  and  flat  surface, 
the  under  side  of  these  plates  is  well  ribbed.  After  com- 
pleting the  machining  operation,  each  plate  is  carefully  In- 
spected and  tested.  A  substantial  wooden  cover  Is  provided 
to  protect  the  finished  surface  while  the  plate  Is  not  in  use. 
Twelve  different  sizes  of  plates  are  made,  covering  a  range 
of  6  by  6  inches  minimum  up  to  24  by  48  inches  maximum. 


KELLY  "PRODUCTION"  TOOLS 

One  of  the  recent  additions  to  the  line  of  tools  manufac- 
tured by  the  Kelly  Reamer  Co.,  Cleveland,  Ohio,  is  a  line  of 
what  are  known  as  "production"  tools.  It  will  be  seen  from 
the  halftone  illustration,  Fig.  1,  that  these  are  multiple  boring 


Fig-.    1.     Kelly   "Production"    Tool   for   Simultaneous   Performa,nce    of   Five 
Operations 

and  facing  tools,  provided  with  pilots  for  maintaining  concen- 
tricity. The  tools  are  adjustable,  and  in  the  case  of  the  tool 
illustrated  herewith,  five  operations,  i.  e.,  boring  and   facing 


Fig.   2.     Work  done  by  Kelly   "Production"    Tool  shown   in  Fig.    1 


BRIERLEY  VALVE  GRINDING  MACHINE 

The  Brlerley  Ma- 
chine Co.,  1736  E. 
22nd  St.,  Clevelaitd, 
Ohio,  is  now  build- 
ing an  eight-spindle 
valve  grinding  ma- 
chine, which  forms 
the  subject  of  the 
following  d  e  s  c  r  i  p- 
tion.  On  this  ma- 
chine a  quick-acting 
mechanism  is  pro- 
vided for  raising  and 
lowering  the  -  table 
to  engage  and  disen- 
gage the  work,  and 
to  permit  the  cylin- 
ders to  be  removed 
from  the  machine. 
Another  feature  is 
adjustable  rotation  of 
the  ball  bearing  spin- 
dles. This  machine 
has  sufficient  capac- 
ity to  grind  at  one 
time  four  complete 
cylinders  of  two 
valves  each,  either 
single  or  en  bloc.  The 
spindles  are  adjust- 
able with  a  mini- 
mum center  distance 
of  1%  inch.  An  in- 
teresting  feature    of 

this    machine    is    the        Brlerley  Eight-splndle  Valve  Grinding  Machine 
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enilosod  pulley  clutch,  which  enables  the  operator  to  start 
and  stop  the  drive  by  moving  a  lever  located  at  the  top  ot 
the  machine.  Suitable  adjustment  is  provided  for  grinding 
the  valves  in  any  automobile  cylinder.  The  machine  is  driven 
by  a  2V2-lnch  single  belt  and  can  be  arranged  for  motor  drive 
using  a  two-horsepower  constant-speed  motor.  The  weight  of 
the  machine  is  1200  pounds. 

r  ■      '  ^ 

NEW  MACHINERY  AND  TOOLS  NOTES 

Forging  Press:  Morgan  Engineering  Co.,  Alliance,  Ohio. 
A  steam-liydraulic  forging  press  built  in  various  sizes  up  to 
12,000  tons  pressing  capacity.  These  presses  are  adapted  for 
the  rapid  production  of  solid  homogeneous  forgings  ranging  in 
size  from  small  die  forgings  up  to  the  larger  sizes  of  shafts, 
etc. 

Air  Compressor:  National  Motor  Supply  Co.,  Cleveland, 
Ohio.  This  machine  is  of  the  double-opposed  type  with  a  2- 
inch  bore  and  2ii!-inch  stroke.  Both  pistons  and  the  yoke 
are  cast  in  one  piece,  and  the  crankshaft  is  a  drop-forging.  All 
bearings  are  bronze-bushed  and  the  cylinders  are  water- 
cooled. 

Quick-acting  Vise:  F.  C.  Sanford  Mfg.  Co.,  Bridgeport, 
Conn.  A  vise  combining  the  old-style  screw  with  a  quick- 
action  cam.  The  adjusting  screw  runs  in  a  floating  nut  to 
which  the  cam  is  attached.  In  operation,  the  vise  jaws  are 
brought  up  to  the  work  by  a  thumb-nut;  then  the  operation 
of  the  cam  locks  the  work  tightly  in  place. 

Compound  Bench  Plates:  A.  P.  McCulloch  Machine  Co., 
Boston,  Mass.  A  compound  bench  plate  especially  designed 
for  the  use  of  machine  shop  inspectors.  It  consists  of  a  flat 
plate,  to  one  end  of  which  is  attached  a  vertical  plate  equipped 
with  T-slots,  vees,  round  holes  and  slots.  Seven  standard 
plugs  of  different  sizes  are  furnished  which  fit  into  the  holes 
and  slots  in  the  angle-plate. 

Duplex  Drilling  Machine:  Martin  Machine  Co.,  Greenfield, 
Mass.  This  bench  drilling  machine  is  designed  especially  for 
drilling,  reaming,  milling  and  countersinking  operations  on 
small  metal  goods.  The  spindles  are  hardened  and  ground  and 
run  in  taper  bronze  bearings.  They  run  in  a  sliding  yoke  con- 
trolled by  a  foot-lever  which  is  so  adjusted  that  either  or  both 
of  the  spindles  may  be  operated  at  one  time. 

Inclinable  Power  Press:  Loshbough-Jordan  Tool  &  Ma- 
chine Co.,  Elkhart,  Ind.  An  open-back  inclinable  power  press 
equipped  with  a  solid-web  flywheel  which  has  a  three-point 
clutch.  A  toggle  control  used  in  connection  with  the  clutch 
prevents  the  press  from  repeating;  and  upper  and  lower  knock- 
outs are  provided.  This  press  occupies  a  floor  space  of  34  by 
43  inches  and  weighs  2000  pounds. 

Tool-room  and  Heavy-duty  Lathes:  Joseph  Crawford  Jr. 
Co.,  Erie,  Pa.  The  tool-room  lathe  swings  IBVa  inches  over  the 
ways  and  9^^  inches  over  the  carriage;  and  the  capacity  be- 
tween centers  is  for  work  up  to  36  inches  in  length.  The  quick- 
change  heavy-duty  lathe  swings  211/^  inches  over  the  bed  and 
14%  inches  over  the  carriage;  and  the  capacity  between  cen- 
ters is  for  work  up  to  46  inches  in  length. 

Lathe  Accessories:  Mechanical  Development  Co.,  Los 
Angeles,  Cal.  A  line  of  four  lathe  accessories  which  include 
a  universal  tool-holder,  an  extension  grinding  machine,  a 
boring-bar,  and  a  universal  tool  grinding  attachment.  All  of 
these  accessories  were  designed  for  use  on  the  same  machine, 
and  their  employment  singly  or  in  combination  increases  the 
range  of  work  that  can  be  handled  on  a  lathe. 

Drill  Chuck:  Quick  Action  Chuck  Co.,  Grand  Rapids,  Mich. 
A  quick-acting  drill  chuck  that  enables  the  operator  to  remove 
a  tool  and  substitute  another  in  its  place  while  the  machine 
is  in  operation.  When  the  operator  wishes  to  change  the  tool, 
it  is  merely  necessary  for  him  to  lift  a  collar  to  enable  the 
collet  to  be  removed  from  its  housing  and  another  one  to  be 
inserted.  After  this  has  been  done,  lowering  the  collar  locks 
the  second  collet  in  place. 

Industrial  Truck:  J.  E.  Haschke,  115  W.  Redondo  St.,  Los 
Angeles,  Cal.  A  storage  battery  industrial  truck  with  the 
motor  mounted  on  a  yoke  that  also  carries  the  front  wheel, 
this  wheel  being  of  the  caster  type;  a  high-speed  electric 
motor  is  used,  which  can  be  operated  at  various  speeds  with- 
out requiring  the  use  of  resistance  In  the  circuit  or  paralleling 
the  field  coils  or  the  cells  of  the  battery.  This  truck  weighs 
approximately  1500  pounds. 

Cleaning  Tank:  Spicer  Tabulating  Machine  Co.,  Washing- 
ton, D.  C.  A  cleaning  tank  for  use  in  cleansing  tools  and  small 
parts.  This  tank  is  for  use  in  removing  oil,  grease,  chips  and 
other  dirt  with  gasoline  or  other  inflammable  liquids  without 
involving  danger  of  fire.  A  self-closing  cover  is  fitted  to  the 
top  of  the  tank,  and  when  this  is  in  place  it  brings  into  action 
a  pump  that  raises  fluid  from  a  storage  chamber  and  dis- 
charges it  against  the  work  to  be  cleaned. 

Cold  Saw:     Earle  Gear  &  Machine  Co.,  4705  Stenton  Ave., 


I'liiladclpliia,  I'a.  A  special  tyi)e  of  ].,ea-Simplex  cold  metal 
.saw  which  has  been  illustrated  and  described  in  Macujneuy. 
The  present  machine  is  designed  for  handling  bars  in  multiple. 
There  is  a  cradle  in  the  form  of  a  carriage  running  on  rollers 
on  a  structural  steel  frame  at  the  rear  of  the  machine.  By 
means  of  this  carriage  and  a  handwheel  oi)erating  a  lead- 
screw,  work  is  fed  to  the  successive  positions  for  cutting. 

Industrial  Truck:  Covel  Mfg.  Co.,  Benton  Harbor,  Mich. 
A  storage  battery  industrial  truck  primarily  designed  for  use 
in  saw  mills,  lumber  yards,  etc.  However,  this  truck  can  also 
be  employed  in  industrial  plants  for  conveying  loads  ot  any 
kind  that  may  be  placed  on  wooden  platforms  or  supported  in 
a  special  carrier.  A  feature  of  this  truck  is  that  it  provides 
for  depositing  the  load  in  exactly  the  desired  position.  This 
truck  can  move  either  forward  or  backward  and  can  be  turned 
in  a  very  small  space. 

Turret  Lathe:  Oliver  Machinery  Co.,  Grand  Rapids,  Mich. 
A  16-inch  heavy-duty  turret  lathe  whicli  is  of  the  double  back- 
geared  type  driven  by  a  three-step  cone  pulley  and  3%-inch 
belt.  The  headstock  column  is  provided  with  a  door  and  cor- 
ner brackets  to  support  shelving.  A  close  fitting  stud  supports 
the  turret  head,  and  it  is  claimed  that  except  for  taking  very 
heavy  cuts,  it  is  unnecessary  to  use  the  clamping  lever  at  each 
operation.  Forcing  the  turret  slide  back  by  means  of  a  hand- 
wheel  causes  the  locking  plunger  to  be  automatically  released 
and  the  turret  to  be  revolved  to  the  next  station. 

Portable  Elevator:  New  York  Revolving  Portable  Elevator 
Co.,  Jersey  City,  N.  J.  A  machine  known  as  a  "revolvator" 
which  consists  of  a  portable  elevator  with  a  swivel  connection 
between  the  truck  and  structure  on  which  the  elevating  plat- 
form is  carried,  to  provide  for  rotating  the  platform  to  face 
in  any  desired  direction.  This  outflt  Is  used  for  stacking 
materials  in  industrial  plants  and  warehouses,  for  transferring 
heavy  dies  from  storage  racks  to  the  bolsters  of  machines  on 
which  they  are  to  be  used,  for  setting  up  heavy  electric  motors 
and  countershafts,  and  for  numerous  similar  purposes. 

Box-tool:  W.  K.  Millholland  Machine  Co.,  Indianapolis,  Ind. 
A  box-tool  for  turret  lathes,  which  has  a  turning  capacity  of 
from  V>  up  to  1%  inch  bar  stock.  The  turning  tool  is  clamped 
down  on  a  hardened  steel  tool-block  by  two  set-screws,  and  the 
toolpost  is  a  malleable  iron  casting  supported  on  a  large 
hardened  and  ground  steel  stud.  By  means  of  a  tool-clearing 
cam  lever  the  operator  can  release  the  tool  on  the  back  stroke 
of  the  turret  so  that  no  tool  marks  are  left  on  the  finished  sur- 
face. Two  adjustable  stock-supporting  rollers  in  this  box-tool 
are  provided  with  both  adjustable  and  clamping  screws. 

Forming  Press:  Toledo  Machine  &  Tool  Co.,  Toledo,  Ohio. 
A  double-action  toggle  press  especially  constructed  for  use 
in  forming  side  rails  for  automobile  frames,  and  for  similar 
operations  which  call  for  a  combination  of  accuracy  and  uni- 
formity. This  machine  is  self-contained  and  employs  only  two 
motions;  one  slide  comes  down  and  clamps  the  flat  blank  or 
sheet,  thus  holding  the  blank  flat,  while  the  second  movement 
of  the  machine  forms  the  sides  of  the  channel  or  frame.  The 
work  is  lifted  clear  of  the  die  so  that  it  may  readily  be  swept 
off  without  the  necessity  of  prying  out  the  work,  which  would 
result  in  the  loss  of  a  lot  of  time. 

Cutter  and  Tool  Grinder:  Factory  &  Mill  Supply  Co.,  Bos- 
ton, Mass.  To  provide  for  grinding  cutters,  small  tools,  flx- 
tures,  gages,  and  similar  classes  of  work,  this  company  is  sell- 
ing a  universal  cutter  and  tool  grinder.  On  this  machine  the 
spindle  runs  in  phosphor-bronze  bearings  which  may  be  ad- 
justed to  provide  compensation  for  wear.  All  feed  movements 
are  furnished  with  the  usual  indicating  dials.  Provision  is 
made  for  sliding  the  tailstock  on  the  base  of  the  machine,  and 
the  tailstock  spindle  is  also  adjustable.  An  internal  grinding 
attachment  is  furnished  for  use  on  the  machine,  making  it 
adaptable  for  handling  both  internal  and  external  work. 

Machine  Tool  Testing  Equipment:  Fosdick  Machine  Tool 
Co.,  Cincinnati,  Ohio.  To  provide  means  for  testing  machine 
tools  without  requiring  them  to  be  taken  to  some  place  in 
the  shop  where  power  is  available,  this  company  has  developed 
a  testing  outflt  that  consists  of  an  adjustable  speed  motor 
mounted  on  a  three-wheel  truck.  This  truck  is  set  at  right 
angles  to  the  machine  so  that  the  motor  may  be  belted  to  the 
machine  to  be  tested.  Using  an  idler  pulley  provides  for  ob- 
taining satisfactory  results  with  a  short  belt.  A  friction 
clutch  controls  the  transmission  of  power  and  four  lag-screws 
in  the  truck  are  driven  into  the  floor  to  anchor  the  testing  out- 
fit securely  in  place. 

Tapping  Attachment:  Hammond  Mfg.  Co.,  Clevoland,  Ohio. 
A  tapping  attachment  developed  for  use  on  the  high-speed, 
ball  bearing,  swinging  arm  radial  drilling  machine  of  this 
company's  manufacture.  There  are  two  pulleys  in  the  head, 
one  for  forward  drive  and  the  other  for  reverse,  both  pulleys 
being  driven  by  open  endless  chain  belts  which  are  furnished 
with  an  adjustment  for  tension.  The  spindle  drive  is  through 
a  double  cone  friction  which  is  ordinarily  held  in  contact 
with  the  lower  or  driving  pulley  by  means  of  three  springs. 
When  the  tap  has  been  advanced  to  the  desired  depth,  the  fric- 
tion cone  is  shifted  into  contact  with  the  upper  or  reverse 
pulley,  this  result  being  obtained  by  pushing  down  a  hori- 
zontal lever  under  the  head.  This  results  in  backing  out  the 
tap  at  a  50  per  cent  increased  speed. 
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WAR  REVENUE  AND  SECOND-CLASS  POSTAGE  RATES 


BY   M.  J.  O'NEILL  ' 


The  House  of  Representatives  passed  the  war  revenue  bill. 
May  23,  practically  as  the  bill  was  presented  by  the  Ways  and 
Means  Committee  two  weeks  earlier.  The  vote  on  the  bill 
was  329  to  76,  with  4  vofing  "present."  Readers  are  familiar 
in  a  general  way  with  the  various  provisions  of  this  important 
bill,  which  undertakes  to  raise  by  direct  taxes  the  sum  of 
$1,870,000,000  for  war  purposes.  '  * 

There  is  a  decided  difference  of  opinion  among  financiers 
and  other  competent  people  as  to  the  necessity  for  raising  so 
large  a  sum  of  money  at  the  outset;  but  there  is  absolutely  no 
doubt  in  the  mind  of  any  live  American  that  we  should  raise 
all  the  money  needed  ijow  and  hereafter  to  make  war,  since 
we  are  in  it,  with  all  the  vast  resources  and  unparalleled 
power  of  this  great  democracy.  If  ten  thousand  millions  of 
dollars  instead  of  two  thousand  millions  are  needed,  the  people 
of  this  republic  will  furnish  the  money  and  will  be  found  equal 
to  the  utmost  effort  and  the  greatest  sacrifices.  They  always 
have  been.  It  is  proved  by  the  battlefields  of  this  hard-fought 
land,  the  graves  of  its  dauntless  dead,  the  unburied  heroes  of 
many  a  gallant  sea  battle,  whose  dirge  the  indifferent  tides 
ceaselessly  sing,  making  no  distinction  between  those  who 
fought  for  and  those  who  fought,  blindly  and  bravely  enough, 
against  democracy.  This  is  a  heroic,  if  peace-loving,  land, 
and  whenever  the  standards  are  raised  our  people  flock  to 
them,  prepared  to  go  through. 

But  in  common  with  other  peoples  to  whom  war  is  an  un- 
familiar and  unattractive  business,  we  put  off  doing  anything 
about  it  until  too  late,  and  when  we  begin  we  always  make 
serious  blunders.  We  appear  to  be  making  a  characteristic 
start  in  the  new  revenue  bill.  This  bill  is,  or  should  be, 
primarily  a  taxation  measure.  It  should  have  no  other  pur- 
pose. The  only  reason  for  it  is  to  raise  the  money  to  pay 
for  the  war.  It  is  out  of  the  labors  and  business  of  the  people 
that  wars  are  and  must  be  paid  for.  There  are  no  other 
sources  of  revenue.  The  greatest  conqueror  that  ever  lived 
and  waged  war  maintained  and  equipped  his  armies  out  of  the 
produce  of  the  people.  However  he  got  it,  that  was  what  fed 
and  equipped  his  armies.  Very  little  of  accumulated  wealth 
is  in  form  to  use  for  war  purposes.  And  as  it  is  out  of  the 
current  labors  and  business  of  the  people  that  war  must  be 
paid  for,  the  very  first  consideration  for  statesmen  is  to  so  lay 
their  measures  of  taxation  that  the  wheels  of  industry  will 
continue  to  revolve.  Taxes  on  profits  and  incomes  are  wise, 
if  not  too  excessive;  for  businesses  and  individuals  should  be 
perfectly  willing  to  pay  their  full  share  of  war  costs  out  of 
their  profits  and  incomes.  But  taxes  which  have  the  effect, 
whatever  their  purpose,  of  destroying  a  business  are  not  the 
offspring  of  broad  and  sagacious  statesmanship.  Yet  the  effect 
of  the  revenue  bill  provisions  in  regard  to  the  postage  rate 
on  periodicals  would  be  to  harm  seriously,  if  not  destroy, 
the  industrial  press  of  this  industrial  nation. 

Going  back  to  the  beginnings  of  this  republic,  a  postage 
rate  of  one  cent  per  pound  was  established  on  second-class 
matter  on  account  of  its  educational  value  to  the  people;  under 
that  favorable  rate  journals  representing  practically  every 
product  and  industry  have  been  developed,  and  have  effectually 
stimulated  the  development  of  the  industries  they  represent. 
The  people  have  supported  these  business  and  technical  jour- 
nals, which  is  proof  of  their  practical  educational  value;  and 
the  benefit  of  the  favorable  postage  rate  has  been  passed  to 
readers  in  subscription  rates  so  low  that  the  total  amount 
subscribers  now  pay  Machinery,  for  example,  is  less  than 
the  cost  of  the  paper  upon  which  the  reading  pages  are  printed, 
to  say  nothing  of  the  cost  of  the  journalistic  service,  which 
has  been  expanded  and  developed  to  an  extent  undreamed  of 
by  publishers  twenty  years  ago.  We  need  hardly  emphasize 
this  to  readers  of  Machinery. 

The  proposal  seriously  made  by  Congressman  Moon,  hold- 
ing the  responsible  position  of  chairman  of  the  Post  Office 
Committee  of  the  House,  was  that  periodicals  be  placed  on 
the  parcel  post  basis,  parcel  post  zone  rates  applying  to  each 


'  General  Manager  of  Maohinbbt. 


copy  mailed.  Under  this  plan  it  would  cost  36  cents  to  send 
a  copy  of  Machineby  to  San  Francisco,  20  cents  to  Chicago, 
15  cents  to  Cincinnati,  and  31  cents  to  Denver.  The  sub- 
scription price  of  Machinery  is  slightly  under  17  cents  per 
copy.  Alarmed  by  this  extraordinary  proposal,  the  trade  and 
technical  press  of  the  country  sent  a  committee  of  representa- 
tive publishers  to  explain  to  members  of  the  House  exactly 
what  this  meant  to  one  of  the  country's  great  industries. 
Thanks  to  the  energetic  efforts  of  this  committee,  and  the 
spirit  of  fairness  which  dominates  the  House  in  general,  the 
Moon  proposition  failed  of  adoption.  But  the  influence  behind 
the  persistent  efforts  to  lay  this  crushing  blow  upon  the 
already  heavily  burdened  trade  and  technical  press,  succeeded 
finally  in  getting  into  the  revenue  bill  provisions  greatly  in- 
creasing the  postage  rates  on  periodicals.  The  newspapers  are 
hardly  affected  by  the  zone  principle  of  postage,  for  the  reason 
that  practically  all  their  circulation  is  local,  and  locally  the 
rates  are  scarcely  affected.  Consequently,  the  newspapers, 
with  hardly  any  exceptions,  are  silent  on  this  proposition  to 
so  heavily  tax  the  industrial  press  of  the  country.  It  is  clear 
that  if  the  facts  are  to  be  adequately  laid  before  the  people 
of  the  country,  it  must  be  done  chiefly  by  the  business  press, 
which  is  our  sole  reason  for  stating  the  facts  here. 

The  present  postage  on  a  copy  of  Machinery  is  about  three 
cents,  and  we  have  for  a  long  time  favored  a  higher  rate. 
Unfortunately,  post  office  accounting  is  of  such  a  character 
that  it  is  impossible  for  anyone  to  tell  with  any  degree  of 
accuracy  how  much  per  pound  it  costs  to  handle  and  deliver 
periodicals.  If  that  can  be  determined,  that  cost,  regardless  of 
the  educational  nature  of  the  technical  press,  should  be  paid 
in  the  postage  rate.  That  is  our  belief  and  we  will  stand 
for  that  principle  always,  whatever  it  may  mean  to  Machinery. 
But  under  the  revenue  bill  which  passed  the  House  May  23, 
the  annual  postage  rate  on  Machinery  goes  up  from  a  total 
of  $7200  a  year  to  about  $20,000.  Under  that  rate  it  will  cost 
9  cents  to  send  a  single  copy  of  Machinery  to  Cleveland  or 
Cincinnati,  12  cents  to  Omaha,  15  cents  to  Denver,  and  18  cents 
to  San  Francisco.  These  increases  are  from  300  to  600  per 
cent.  Yet  no  one  in  the  post  office  or  in  Congress  knows  what 
relation  these  new  and  punitive  postage  rates  bear  to  the 
actual  cost  of  handling  and  delivery. 

Publishers  of  journals  like  Machinery  are  now  paying  100 
per  cent  more  for  paper  than  a  year  or  two  ago,  and  all  other 
costs  have  increased  from  25  to  60  per  cent.  The  Postmaster 
General  himself  recommended  that  no  increase  be  made  at 
present  in  the  postage  rate  on  second-class  matter,  but  there 
seems  to  be  a  determination  somewhere  to  lay  this  toll  upon 
the  industrial  press  of  the  country.  We  Bre  not  inclined  to 
attribute  unworthy  motives  to  our  representatives  in  Wash- 
ington, who  have  their  troubles  and  must  work  out  their  war 
revenue  problems,  which  are  new  and  involve  manifold 
difficulties.  But  no  industry  has  been  singled  out  for  such 
destructive  legislation  as  the  publishing  of  periodicals.  These 
publishers,  like  all  other  business  people,  must  pay  the  prof- 
its and  income  taxes,  and  to  a  greater  extent  than  almost 
all  others,  will  pay  the  government  the  heavy  taxes  repre- 
sented by  the  increases  in  postage  on  letters,  post  cards,  cir- 
culars, etc.  To  these  taxes,  however,  publishers  make  no  op- 
position. They  apply  to  all,  and  each  pays  according  to  the 
benefits  derived.  But  the  destructive  taxes  laid  down  for 
periodicals,  in  the  form  of  second-class  postage  rates,  are  lev- 
eled against  a  single  industry,  and  there  is  no  justification 
for  them. 

The  bill  is  now  in  the  hands  of  the  Senators,  and  readers 
of  Machinery  who  believe  in  fair  play,  and  who  realize,  as 
politicians  do  not,  the  practical  educational  value  of  journals 
like  Machinery,  should  consider  it  a  duty  to  write  or  wire 
the  Senators  from  their  state,  protesting  against  this  heavy 
increase  in  the  postage  rates  on  trade  and  technical  journals. 
It  is  generally  believed  that  the  Senate  will  pass  the  bill  by 
June  10  or  earlier.  The  Senators  are  considered  open-minded 
on  the  proposition. 
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MACHINING  SPRINKLER  HEADS 

Tlu'  method  of  iiiachiniii);  sprinkler  heads  used  by  the  largest 
manufacturers  is  somewhat  different  from  the  methods  de- 
scribed  In   Maoiunkky    for   September,    .1916,   and    May,    1917. 

While     the     sprinkler  ^  

heads  are  finished 
well,  the  productions 
are  much  below  stand- 
ard commercial  prac- 
tice. Those  pieces  are 
now  handled  by 
makers  of  large  quan- 
tities of  sprinklers  in 
one  setting  on  No.  53 
New  Britain  automat 
ic  chucking  machines, 
manufactured  by  the 
New  Britain  Machine 
Co.,  New  Britain, 
Conn.  The  only  opera- 
tion not  completed  on 
this  machine  is  the 
back-facing  of  the  top 
of  the  orifice;  this  is 
done  in  a  small  lathe 
provided  with  suitable 
stops  on  both  the 
cross-  and  the  length- 
wise feeds. 

The  automatic 
chucking  machine  is 
of  the  double  -  head 
type  and  has  six  spin- 
dles. The  operations 
are  as  follows:  Left- 
hand  head :  Spindle  A, 
spot,  turn  and  face; 
spindle  B,  drill;  spin- 
dle C  tap.  Right-hand 
head:  Spindle  D,  bore 
face  and  chamfer ; 
spindle    E,    bore    and 


Tool  Lay-outs  for  machining  Sprinkler  Heads  on  Automatic  Chucking  MacUnes 


GUTTA-PERCHA 

Gutta-percha  is  derived  from  the  xecretions  of  the  bark  of 
certain  trees  found  in  the  Straits  Settlements  and  the  Malaccan 
Archipelago.     At  temperatures  between  32  and  80  degrees  F.. 

it  resembles  dark 
brown  leather;  at  tem- 
peratures above  80  de- 
grees F.,  it  softens; 
and  at  150  degrees  F., 
it  becomes  plastic  and 
can  be  molded.  Upon 
cooling,  it  again  be- 
comes non-plastic.  It 
oxidizes  when  exposed 
_  to  the  air,  changing 
its  color  and  becoming 
brittle.  The  chief  use 
of  gutta-percha  is  for 
electrical  insulating 
purposes.  It  appears 
in  commerce  in  the 
forms  of  blocks  or 
cakes  of  a  grayish  ap- 
pearance. When  used 
for  insulation,  it  is 
shredded  into  warm 
water,  kneaded, 
strained  and  rolled 
into  sheets.  It  is  ap- 
plied to  the  wire  that 
is  to  be  insulated  by 
special  tubing  ma- 
chines or  wound  upon 
the  wire  In  the  form 
of  strips.  Gutta-percha 
may  be  used  as  an  in- 
sulating material  in 
the  pure  state,  with- 
out admixtures  of  any 
kind.  It  is  less  porous 
than  rubber,  and  is 
therefore  more  water- 


taper-turn;  spindle  F,  thread.  As  all  the  operations  are  per- 
formed at  the  same  time,  a  completed  piece  is  turned  out  in 
the  time  of  the  longest  operation.  The  production  is  from  280 
to  350  pieces  an  hour.  Spindles  A  and  B  make  1050  revolu- 
tions a  minute,  and  have  a  %-inch  feed  and  a  1%-inch  stroke; 
spindle  C  makes  300  revolutions  a  minute;  spindles  D  and  E 
have  a  1%-inch  feed,  a  1  %-inch  stroke,  and  a  speed  of  300 
revolutions  per  minute;  while  spindle  F  has  a  speed  of  200 
revolutions  a  minute.  End  views  of  tools  A  and  D  are  shown 
at  the  bottom  of  the  illustration. 

As  the  opposite  spindles  in  the  two  heads  of  the  machine 
are  in  alignment,  the  operations  on  the  two  ends  of  the 
sprinkler  head  are  in  line  and  concentric.  Furthermore,  as 
the  operation  of  the  machine  is  entirely  automatic,  except  for 
chucking  and  unchucking  the  work,  all  pieces  are  sure  to  be 
exactly  alike,  which  means  njuch  on  work  that  is  subjected  to 
rigid  inspection  by  insurance  underwriters.  With  this  method 
of  machining,  it  is  possible  to  face  and  turn  the  small  end  of 
the  sprinkler  head  while  the  other  operations  are  going  on. 
These  operations  are  usually  necessary,  and  require  a  separate 
setting  when  handled  by  the  methods  described  in  the  articles 
mentioned. 

*     *     * 

MASTER    MECHANICS'    AND    MASTER    CAR 
BUILDERS'  CONVENTIONS  CANCELLED 

The  committees  of  the  American  Railway  Master  Mechanics' 
Association  and  the  Master  Car  Builders'  Association  have  de- 
cided to  cancel  the  annual  convention  which  was  to  have 
been  held  in  Atlantic  City  in  June;  the  war  emergency  makes 
it  imperative  for  all  railway  employes  to  be  at  their  posts. 
Many  other  railway  associations  have  cancelled  their  annual 
meetings  on  account  of  the  present  emergency. 


proof.  For  this  reason,  it  is  the  best  material  to  use  as  an 
insulation  for  submarine  cables.  Its  specific  gravity  is  almost 
exactly  equal  to  that  of  water. 


STATEMENT  OP  THE  OWNERSHIP,  MANAGEMENT,  ETC.,  RE- 
QUIRED BY  THE  ACT  OF  CONGRESS  OF  AUGUST  24,  1912 

for  April  1, 

State  of  New  York      )  . 
County  of  New  York  (  ^^• 

Before  me,  a  Notary  Public  in  and  for  the  state  and  county  aforesaid, 
personally  appeared  Mattliew  J.  O'Neill,  who,  having  been  duly  sworn  ac- 
cording to  law,  deposes  and  says  that  he  is  the  General  Manager  of 
Machineet  and  that  the  following  is,  to  the  best  of  his  knowledge  and 
belief,  a  true  statement  of  the  ownership,  management,  etc.,  of  the  afore- 
said publication  for  the  date  shown  in  the  above  caption,  required  by  the 
Act  of  August  24,  1912,  embodied  in  section  443,  Postal  Laws  and  Regula- 
tions, printed  on  the  reverse  of  this  form,  to  wit: 

1.  That  the  names  and  addresses  of  the  publisher,  editor,  managing  editor, 
and  business  managers  are: 

Publisher,  The  Industrial  Press  140-148  Lafayette  St.,  New  York 

Editor,   Fred  E.   Rogers  "  "  "         "         " 

Managing  Editor,  None 

Business     (  Alexander  Luchars,   President  "  "  

Managers   (  Matthew  J.   O'Neill,   Gen'l  Manager   "  "  

2.  That  the  owners  of  1  per  cent  or  more  of  the  total  amount  of  stock  are: 
The  Industrial  Press  140-148  Lafayette  St.,  New  York 
Alexander  Luchars  "  '*  "         "         " 

Matthew  J.   O'NeiU  "  

Fred   E.    Rogers  "  "  

Louis  Pelletier  "  *'  "         "        " 

Erik  Oberg  "  "  "    .     "        " 

3.  That   there   are   no   bondholders,    mortgagees   or   other   security    holders. 

4.  That  the  two  paragraphs  next  above,  giving  the  names  of  the  owners, 
stockholders,  and  security,  holders,  if  any,  contain  not  only  the  list  of  stock- 
holders and  security  holders  as  they  appear  upon  the  books  of  the  company 
but  also,  in  cases  where  the  stockholder  or  security  holder  appears  upon  the 
books  of  the  company  as  trustee  or  in  any  other  fiduciary  relation,  the  name 
of  the  person  or  corporation  for  whom  such  trustee  is  acting,  is  given;  also 
that  the  said  two  paragraphs  contain  statements  embracing  affiant's  full 
knowledge  and  belief  as  to  the  circumstances  and  conditions  under  which 
stockholders  and  security  holders  who  do  not  appear  upon  the  books  of  the 
company  as  trustees,  hold  stock  and  securities  in  a  capacity  other  than  that 
of  a  bona  fide  owner;  and  this  affiant  has  no  reason  to  believe  that  any  other 
person,  association,  or  corporation  has  any  interest  direct  or  indirect  in  the 
said  stock,  bonds,  or  other  securities  than  as  so  stated  by  him. 

MATTHEW   J.    O'NEILL,    General  Manager. 
Sworn  to  and  subscribed  before  me  this  2nd  day  of  April,  1917. 
THOMAS   R.    WILLIAMS, 
(SEAL)  Notary  Public,  New  York  County,  No.  254. 

(My  commission  expires  March  SO,   1918.) 


June,  1917 


MACHINERY 


933 


SPRING  CONVENTION  OF  N.  M.  T.  B.  A. 

The  spring  convention  of  the  National  Machine  Tool  Build- 
ers' Association  was  held  in  Cincinnati,  May  21  and  22,  the 
Hotel  Sinton  being  the  headquarters.  President  J.  B.  Doan, 
of  the  American  Machine  Tool  Works,  presided.  On  Monday 
morning,  following  the  usual  routine  matters,  a  symposium 
on  the  elements  of  cost  in  machine  tool  building  was  pre- 
sented under  the  following  heads: 

"Pig  Iron,"  by  James  Albert  Green,  Matthew  Addy  &  Co. 

"Steel,"  by  Royal  Mattice,  American  Steel  &  Wire  Co. 

"Lumber,"  by  S.  B.  Stanbery,  Chicago  Lumber  &  Coal  Co. 

"Supplies,"  by  William  J.  Radcliffe,  E.  A.  Kinsey  Co. 

"Labor,"  by  Murray  Shipley,  Lodge  &  Shipley  Machine  Tool 
Co. 

"Overhead  Burden,"  general  discussion. 

Resolutions  of  respect  were  passed  by  standing  vote  for  the 
late  F.  E.  Reed  and  William  Lodge. 

The   program   for   the  afternoon   included   the   following: 

"Lessons  and  Opportunities  of  the  World  War  for  American 
Manufacturers,"  by  William  Hard,  investigator  and  contributor 
to  the  Metropolitan  Magazine. 

"Machine  Tool  Protection  Devices,"  by  H.  W.  Dunbar,  Norton 
Grinding  Co. 

"Trade  Acceptances,"  by  Z.  Chafee,  Diamond  Machine  Co. 

Tuesday  forenoon  was  devoted  to  meetings  of  standing  com- 
mittees and  executive  session.  In  the  afternoon  a  joint  session 
was  held  with  the  American  Society  of  Mechanical  Engineers, 
at  which  Dean  Herman  Schneider  of  the  University  of  Cincin- 
nati presented  a  paper,  "The  Human  Side  of  Engineering," 
following  which  was  "The  Human  Potential  in  Industry,"  by 
Dr.  Otto  P.  Geier.  At  the  close  of  the  joint  session,  Machinery'.s 
motion  picture,  showing  the  machining  operations  on  the  Brit- 
ish 9.2-inch  high-explosive  shell,  as  performed  in  the  plant  of 
the  A.  P.  Smith  Mfg.  Co.,  East  Orange,  N.  J.,  was  shown.  This 
motion  picture,  which  has  been  made  under  the  direction  of 
Chester  L.  Lucas  and  Victor  Brook  of  Machinery's  staff,  was 
received  with  great  interest,  as  it  shows  in  an  unusually  clear 
manner  the  operations  and  indicates  the  use  to  which  motion 
pictures  might  be  put  in  the  mechanical  industries  for  in- 
struction purposes.  The  picture  was  accompanied  by  a  talk 
by  Mr.  Lucas,  which  aided  in  making  clear  every  point  in  the 
process  of  machining. 

The  smoker  at  the  Business  Men's  Club,  Tuesday  evening, 
under  the  direction  of  Fred  A.  Geier,  provided  a  unique  en- 
tertainment greatly  enjoyed  by  an  audience  that  taxed  the 
capacity  of  the  place.  Patriotic  airs  were  played  and  sung, 
accompanied  by  novel  lighting  effects.  Features  were  a  mock 
trial  in  which  some  of  the  characteristics  of  prominent  engi- 
neers were  parodied.  A  short  play  on  fitting  men  to  their 
jobs  took  off  the  cooperative  school  work.  This  and  other  en- 
tertainments gave  fresh  proof  of  the  hospitality  of  Cincinnati. 
*     *     * 

SPRING  MEETING  OF  A.  S.  M.  E. 

The  spring  meeting  of  the  American  Society  of  Mechanical 
Engineers  was  held  jointly  with  the  National  Machine  Tool 
Builders'  Association  in  Cincinnati,  May  21-24,  inclusive,  the 
Hotel  Sinton  being  the  headquarters.  It  was  a  notable  meet- 
ing, coming  at  a  time  when  engineers  have  presented  to  them 
problems  that  never  have  been  placed  before  the  engineering 
fraternity.  The  feature  of  the  spring  meeting  was  the  session 
on  the  manufacture  of  munitions  and  related  problems.  Ex- 
cursions were  made  to  a  number  of  manufacturing  plants  in 
Cincinnati,  among  which  were  the  Lodge  &  Shipley  Machine 
Tool  Co.,  Cincinnati  Milling  Machine  Co.,  Cincinnati  Planer 
Co.,  Cincinnati  Bickford  Tool  Co.,  and  Lunkenheimer  Co. 

President  Ira  N.  Hollis  delivered  an  address  Monday  evening 
on  the  meaning  of  war  to  America  and  the  part  played  by  the 
engineer.  The  regular  program  began  Tuesday  morning  with 
the  presentation  of  the  following  papers: 

"Tests  of  Uniflow  Steam  Traction  Engines,"  by  F.  W. 
Marquis. 

"Relation  of  Efficiency  to  Capacity  in  the  Boiler  Room,"  by 
Victor  B.  Phillips. 

"Radiation  Error  in  Measuring  Temperature  of  Gases,"  by 
Henry  Kreisinger  and  J.  F.  Barkley. 

"Development  of  Scientific  Methods  of  Management  in  a 
Manufacturing  Plant,"  by  Sanford  E.  Thompson,  William  O. 
Lichtner,  Keppel  Hall  and  Henry  J.  Guild. 

"Disk-wheel  Stress  Determination,"  by  S.  H.  Weaver. 


The  machine  shop  session  followed  with: 

"A  Foundation  for  Machine  Tool  Design  and  Construction," 
by  A.  L.  DeLeeuw. 

"Machine-shop  Organization,"  by  Fred  G.  Kent. 

"Metal  Planers  and  Methods  of  Production,"  by  Charles 
Meier. 

Gas  power  and  industrial  safety  sessions  were  also  held,  at 
which  these  papers  and  drafts  of  codes  were  presented: 

"The  Problem  of  Aeroplane  Engine  Design,"  by  Charles  P). 
Lucke. 

"Test  of  a  Motor  Fire  Engine,"  by  Horace  Judd. 

"The  Design  of  Motor  Truck  Engines  for  Long  Life,"  by 
John  Younger. 

"The  Relation  of  Port  Area  to  the  Power  of  Gas  Engines  and 
Its  Influence  on  Regulation,"  by  J.  R.  DuPriest. 

Tentative  Draft  of  Code  of  Safety  Standards  for  Industrial 
Ladders. 

Tentative  Draft  of  Code  of  Safety  Standards  for  Power 
Transmission  Machinery. 

The  spring  meeting  was  characterized  by  two  munitions  ses- 
sions, the  first  being  held  Wednesday  forenoon  The  program 
was  as  follows: 

Opening  remarks  by  Lieutenant  T.  S.  Wilkinson,  Jr.,  U.  S.  N 
Bureau  of  Ordnance. 

"Munitions  Contracts  and  Their  Financing,"  by  Frederick  A. 
Waldron. 

"Organizing  for  Munitions  Manufacture,"  by  Arthur  L. 
Humphrey. 

"Organization  for  Munitions  Manufacture,"  by  Harry  L.  Coe. 

"Procuring  Special  Machines  for  Munitions  Manufacture," 
by  H.  V.  Haight. 

"Practical  Wartime  Shell  Making,"  by  Lucien  I.  Yeomans. 

The  second  munitions  session,  Thursday  forenoon,  comprised 
the  following: 

"Munitions  Design  for  Quantity  Manufacture,"  by  J.  E. 
Otterson. 

"Procuring  Materials  for  Munitions,"  by  C.  B.  Nolle. 

"Limits  and  Tolerances  for  the  Manufacture  of  Munitions," 
by  A.  W.  Erdman. 

"Gages  and  Small  Tools,"  by  Frank  O.  Wells. 

"The  Importance  of  Intelligent  Inspection  in  Munitions  Man- 
ufacture," by  E.  T.  Walsh. 

The  interest  in  the  war  problems  confronting  engineers  and 
manufacturers  was  shown  at  the  munitions  sessions.  The 
papers  were  discussed  at  length  from  many  angles  by  men 
actively  engaged  in  making  shells,  fuses  and  tools.  The  grav- 
ity of  the  situation  is  keenly  realized,  and  cooperative  effort 
is  being  made  to  place  data  at  the  disposal  of  all  needing  them. 
*     *     * 

CONVENTION  OF  AMERICAN  GEAR   MAN- 
UFACTURERS ASSOCIATION 

The  first  convention  of  the  American  Gear  Manufacturers' 
Association  was  held  in  Pittsburg,  May  14  and  15,  at  which 
were  present  representatives  from  the  following  manufacturers: 

Bilgram  Machine  Works,  Philadelphia,  Pa. 

Boston  Gear  Works,  Norfolk  Downs,  Mass. 

Cincinnati  Gear  Co.,  Cincinnati,  Ohio. 

Crofoot  Gear  Works,  Inc.,  Boston,  Mass. 

Earle  Gear  &  Machine  Co.,  Philadelphia,  Pa. 

Foote  Bros.  Gear  &  Machine  Co.,  Chicago,  111. 

Frost  Gear  and  Forge  Co.,  Jackson,  Mich. 

William  Ganschow  Co.,  Chicago,  111. 

Gleason  Works,  Rochester,  N.  Y. 

Hamilton  Gear  &  Machine  Co.,  Toronto,  Canada. 

Horsburgh  &  Scott  Co.,  Cleveland,  Ohio. 

D.  O.  James  Mfg.  Co.,  Chicago,  111. 

W.  A.  Jones  Foundry  &  Machine  Co.,  Chicago,  111. 

Meisselbach-Catucci  Mfg.  Co.,  Newark,  N.  J. 

Newark  Gear  &  Machine  Co.,  Newark,  N.  J. 

R.  D.  Nuttall  Co.,  Pittsburg,  Pa. 

Philadelphia  Gear  Works,  Philadelphia,  Pa. 

Pittsburg  Gear  &  Machine  Co.,  Pittsburg,  Pa. 

Simonds  Mfg.  Co.,  Pittsburg,  Pa. 

Van  Dorn  &  Dutton  Co.,  Cleveland,  Ohio. 
The  papers  presented  at  the  meeting  were: 
"The  Ins  and  Outs  of  an  Industry  Organization,"  by  S.  L. 
Nicholson. 

"The  Spiral  or  Curved  Tooth  Bevel  Gear,"  by  James  K. 
Gleason. 

"Job  Gearing — to  what  Extent  can  it  be  Standardized,"  by 
Frank  Burgess. 

"Advantages  of  Gear  Standardization,"  by  William  Ganschow. 
An  address  was  made  by  Phillie  Gear  which  caused  great 
applause  and  laughter.  F.  M.  Sinram  was  elected  president; 
Henry  E.  Eberhardt,  vice-president;  Frank  D.  Hamlin,  secre- 
tary; and  Frank  Horsburgh,  treasurer.  Ten  new  members 
Joined  the  association  at  the  meeting. 
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BS 


When 


Put  that  grinding  job  on  a  Brown  &  Sharpe  Machine.  Not  alone 
because  accuracy  is  then  assured  but  because  work  to  the  closest 
limits  can  be  handled  easily  and  rapidly — in  keeping  with 
present-day  demands.  In  the  tool-room  Brown  &  Sharpe  Uni- 
versal Grinding  Machines,  because  of  their  great  range,  prove  a 
profitable  investment.  These  efficient,  many-purpose  machines 
grind  straight  and  taper,  external  and  internal  cylindrical  surfaces,  sharpen  tools  and  cutters 
and  prove  their  usefulness  and  dependability  on  numberless  miscellaneous  grinding  jobs. 


There   Is  Plenty  of 

Work  In  Every 

Tool   Room 

for  these  machines  and  in 
many  shops  they  are  con- 
sidered among  the  most 
profitable  equipment  '  in- 
stalled. 


Detailed  description  of 
the  many  features  of 
these  machines  —  the 
automatic  cross  feed 
mechanism,  universal 
back  rests,  complete 
separation  of  speeds  and 
feeds,  etc. — gladly  sent 
on  request. 


BRPWN65HARFE 

UNIVERSAL 
GRINDING  MACHINES 

I  for  t/ie>  Tool  Room 


Built 

in 
Four 
Sizes 

No.  1 
taking  work  10 
in.  diameter,  24 
in.  length. 

No.  2 
taking  work  12 
in.  diameter,  30 
in.  length. 

No.  3 

taking  work  12 
in.  diameter,  40 
in.  length. 

No.  4 
taking  work  12 
in.  diameter,  60 
in.  length. 


A    tool-room    foreman    on    being    shown    the   above    photograph    said, 
^,  "When  we  bought  our  first  one  the  superintendent  questioned  whether 

I  would  have  enough  work  for  it.    It  did  not  take  us  long,  however,  to 
find   out   that  we   could  not  only  keep   one  busy,  but  really  needed  another." 

Brown    &    Sharpe    Mfg. 

OFFICES:  NEW  YORK,  N.  Y.,  20  Vesey  St.  PHILADELPHIA,  PA.  652-654  The  Bourse. 
CHICAGO,  ILL.,  626-630  Washington  Blvd.  ROCHESTER,  N.  Y.,  415  Chamber  of  Commerce 
Bklg.  SYRACUSE,  N.  Y.,  Room  419  University  Block.  PITTSBURGH,  PA.,  2538  Henry  W.  Oliver 
Bldg.  CANADIAN  REPRESENTATIVE:  MONTREAL,  TORONTO,  WINNIPEG,  CALGARY, 
VANCOUVER,    ST.    JOHN,    SASKATOON,    The    Canadian    Fairbanks-Morse    Co..    Ltd. 
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Limits  Are  Close 


Provide  your  inspectors  and  workmen  with  Brown  & 
Sharpe  Tools.  This  precaution  has  saved  many  valuable 
pieces  from  the  scrap  heap.  The  inspectors  and  workmen 
in  your  grinding  department  will  do  better  work  and  do 
it  quicker  if  supplied  with  B  &  S  Gauges.  It  is  a  great 
help  to  faster  production  to  also  see  that  your  grinding 
operators  are  supplied  with  B  &  S  Micrometers.  Then 
they  will  not  only  know  when  the  piece  has  been  ground 
to  the  right  size  but  will  know  just  how  much  more  stock 
should  be  removed  at  any  stage  of  the  operation. 

Now,  more  than  ever 
before,  the  tool  cribs 
throughout  your  shop 
should  be  "Brown  & 
Sharpe  Equipped"  to 
meet  the  present-day 
demands  for  accuracy 
and  fast  production. 


The  blueprint  shown  above  calls  for  limits  that  require  the  accuracy  and 
dependability  of  Brown  &  Sharpe  Tools. 

The  present  demand  for  accuracy  was  provided  for  in  these  tools  years  and 
years  ago.  Precision  tool  making  has  been  an  important  part  of  our  business 
for  over  half  a  century. 

Our  latest  catalog  on  request. 


Co^  Providence,  R.  I.,  U.  S.  A. 

REPRESENTATIVES:  BALTIMORE,  MD.,  Carey  Machinery  &  Supply  Co.  CINCINNATI,  C,  INDIANAPOLIS,  IND., 
The  E.  A.  Kinsev  Co.  SAN  FRANCISCO,  CAL.,  Pacific  Tool  &  .Supply  Co.  CLEVELAND,  C,  DETROIT,  MICH., 
Strong,  Carlisle  &  Hammond  Co.  ST.  LOUIS,  MO.,  Colcord- Wright  Machinery  &  Supply  Co.  SEATTLE,  WASH.,  Ferine 
Machinery  Co.     PORTLAND,  ORE.,  Portland  Machinery  Co. 
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George  W.  Cope,  editor  of  the  Iron  Aj/e.  has  resiKiied  and  re- 
tired from  l)usincss.  Mr.  Cope  joined  the  editorial  staff  of  the 
Iron  Afic  in  188;!. 

Robert  B.  Luchars,  son  of  Alexander  Luchars,  and  secretary 
of  Machinkry,  has  Joined  the  Reserve  Officers  Training  Camp 
at  Fort  Myer,  Va. 

W.  E.  Best,  for  the  past  five  years  superintendent  of  the  Na- 
tional Cash  Register  Co.,  Dayton,  Ohio,  has  resigned. 

William  H.  Blount,  formerly  chief  draftsman  with  Sleeper .& 
Hartley,  Inc.,  Worcester,  Mass.,  has  been  appointed  superin- 
tendent of  the  company's  plant  No.  1  on  Prescott  St. 

David  W.  Taylor,  chief  constructor,  chief  of  Bureau  of  Con- 
struction and  Repair,  United  States  Navy,  was  presented  with 
the  Franklin  medal  by  the  Franklin  Institute,  May  16. 

John  G.  Barry  has  been  appointed  general  sales  manager  of 
the  General  Electric  Co.,  Schenectady,  N.  Y.  Mr.  Barry  will 
also  continue  to  act  as  manager  of  the  railway  department. 

Charles  Whiting  Baker  has  resigned  as  editor-in-chief  of  the 
Engineering  News-Record  of  New  York  City,  and  has  been 
succeeded  by  Frederick  E.  Schmitt.  Mr.  Baker  will  act  as  con- 
sulting editor. 

Edwin  J.  Peirce,  Jr.,  has  opened  offices  at  253  Broadway,  and 
is  making  a  specialty  of  investigating  conditions  governing 
plants  and  suggesting  methods  whereby  their  production  cost 
can  be  decreased. 

R.  F.  Ingram,  formerly  in  charge  of  tool  purchasing  with 
the  New  England  Westinghouse  Co.,  East  Springfield,  Mass., 
has  joined  the  sales  department  of  the  Cleveland  Milling  Ma- 
chine Co.,  Cleveland,  Ohio. 

Henry  F.  Russell  has  resigned  from  the  sales  force  of  the 
Lumen  Bearing  Co.,  Buffalo,  N.  Y.,  after  a  service  of  thirteen 
years,  to  become  sales  manager  of  the  gray  iron  foundry  divi- 
sion of  Farrar  &  Treffts,  Buffalo,  N.  Y. 

Joseph  W.  Wunsch,  a  contributor  to  Machinery,  has  estab- 
lished the  Paramount  Pattern  &  Model  Works,  with  offices  at 
207  Center  St.,  New  York  City,  for  the  purpose  of  manufac- 
turing patterns  and  models,  aluminum  and  composition  cast- 
ings, and  experimental  machinery. 

F.  Quattrone,  chief  engineer  of  the  Italian  State  Railways, 
has  arrived  in  the  United  States  as  a  special  delegate  of  the 
Italian  State  Railways  to  be  attached  to  the  Italian  Embassy 
at  Washington,  and  will  have  charge  of  the  purchase  and  ship- 
ment of  all  materials  contracted  for  by  the  Italian  government. 

Keith  R.  Rodney,  for  many  years  connected  with  the  Mid- 
vale  Steel  Co.  and  for  the  past  two  years  supervisor  of  heat- 
treating  with  the  Winchester  Repeating  Arms  Co.  of  New 
Haven,  has  recently  become  associated  with  the  Bullard  Ma- 
chine Tool  Co.,  Bridgeport,  Conn.,  as  metallurgist  and  special 
counselor  in  the  selection  and  treatment  of  steels. 

Gustaf  Akerlund,  formerly  chief  engineer  of  the  Standard 
Gas  Power  Co.,  has  established  a  consulting  and  contracting 
engineering  business  in  the  gas  producer  and  gas  power  line, 
in  partnership  with  George  W.  Semmes,  who  was  formerly 
assistant  chief  engineer  with  the  Standard  Gas  Power  Co. 
-Their  office  is  located  at  17  Battery  Place,  New  York  City. 

L.  H.  Metzger,  formerly  sales  manager  with  Kearney  & 
Trecker,  Milwaukee,  Wis.,  has  become  associated  with  the  sales 
department  of  the  Cleveland  Milling  Machine  Co.,  Cleveland, 
Ohio.  Mr.  Metzger  has  had  wide  experience  in  machine  tool 
sales.  He  has  been  connected  with  the  Motch  &  Merryweather 
Co.,  Cleveland,  and  Manning,  Maxwell  &  Moore,  at  St.  Louis 
and  Cleveland. 


OBITUARIES 


Lewis  R.  Pomeroy,  for  years  a  consulting  engineer  in  the 
railway  and  electrical  field,  died  suddenly  May  7  at  his  homo 
in  Orange,  N.  J.,  of  heart  disease,  aged  sixty  years.  From  1874 
to  1880  Mr.  Pomeroy  was  engaged  in  commercial  business  as  a 
bookkeeper,  draftsman  and  designer  of  cars  and  locomotives; 
from  1880  to  1886  he  was  secretary  and  treasurer  of  the 
Suburban  Rapid  Transit  Co.  of  New  York  City;  and  for  the 
following  four  years  was  a  special  representative  of  the  Car- 
negie Steel  Co.  for  basic  boiler  steel  used  for  locomotives  and 
special  railway  forgings.  Subsequently,  he  became  connected 
with  the  Cambria  Steel  Co.  and  the  Latrobe  Steel  Co.  jointly 
in  experimental  research  work.  In  1899  Mr.  Pomeroy  went 
with  the  Schenectady  Locomotive  Works  as  assistant  to  A.  J. 
Pitkin,  which  position  he  held  for  three  years.  The  following 
six  years  were  spent  as  special  representative  of  the  General 
Electric  Co.  in  the  mechanical  railway  field.  Later  he  was 
assistant  to  the  president  of  the  Safety  Car  Heating  &  Lighting 
Co.,  and  subsequently  he  was  engaged  in  independent  consult- 
ing work.    He  is  survived  by  a  son  and  a  daughter. 


William    Lodge 

WILLIAM  LODGE 

For  more  than  thirty-five  years  William  Lodge  was  so  closely 
associated  with  the  machine  tool  industry  that  a  history  of  his 
manifold  activities  during  that  period  would  almost  be  a  his- 
tory of  machine  tool  progress  in  this  country — and  especially 
is  this  true  of  the  development  of  the  industry  in  the  city  of 
Cincinnati. 

Born  in  Leeds,  England,  on  May  12,  1848,  Mr.  Lodge  had 
reached  a  vigorous  old  age  when  he  died  suddenly  on  April  30 
last.  Like  nearly  all  successful  mechanics,  he  began  his  life 
work  early,  starting  as  an  apprentice  in  the  machine  shop  of 
Fairbairn  &  Co.  of  Leeds,  England,  when  he  was  fourteen.  In 
1869  he  came  to  Philadelphia,  and  in  1872  settled  in  Cincinnati, 
with  which  city  and  its  great  machine  tool  industry  he  was 
closely  identified  to  the  day  of  his  death.  He  obtained  em- 
ployment with  John  Steptoe,  a  well-known  machine  tool  manu- 
facturer of  that  day,  with  whom  he  remained  for  eight  years, 
and  then,  having  saved  a  thousand  dollars,  formed  a  partner- 
ship with  William  Barker  and  another  Steptoe  workman  named 
Bechle,  under  the  firm  name  of  Lodge,  Barker  &  Co.,  making 
lathes.  The  business  made  substantial  and  continuous  progress 
until  1886,  when  the  firm  name  was  changed  to  Lodge,  Davis  & 
Co.,  Mr.  Barker  retiring  and  Mr.  Davis  taking  his  place.  In 
1889  the  business  was  incorporated  as  the  Lodge  &  Davis  Ma- 
chine Tool  Co.,  from  which  Mr.  Lodge  retired  in  1892,  starting 
a  new  company  under  the  name  of  the  Ohio  Machine  Tool  Co. 
In  August,  1892,  he  associated  himself  with  Mr.  Murray  Shipley 
under  the  name  of  the  Lodge  &  Shipley  Machine  Tool  Co.,  and 
this  association  and  friendship  continued  until  the  day  of  his 
death. 

Mr.  Lodge  became  widely  known  on  account  of  being  the 
first,  or  one  of  the  first,  machine  tool  builders  to  specialize 
in  the  manufacture  of  a  single  tool  instead  of  making  several 
kinds,  as  was  then  the  custom,  and  by  adhering  strictly  to  this 
policy  he  was  able  to  produce  a  superior  machine  at  a  price 
that  insured  a  wide  and  steady  market.  Many  of  the  Cincin- 
nati machine  tool  concerns  were  founded  by  men  who  were  at 
one  time  employed  by  Mr.  Lodge,  or  obtained  their  start 
through  orders  for  tools  or  parts  placed  with  them  by  his  firm. 
Mr.  Lodge's  name  was  known  wherever  machine  tools  are  used, 
not  only  because  of  his  advanced  methods  of  manufacturing, 
but  on  account  of  his  whole-souled  geniality  and  wonderful 
faculty  of  making  friends,  of  whom  he  had  a  multitude.  Mr. 
Lodge  never  forgot  the  days  when  he  was  a  workman,  and  for 
that  reason  was  especially  successful  in  handling  his  employes. 
He  was  a  member  of  the  Queen  City,  Commercial,  Engineers' 
and  Business  Men's  Clubs,  the  American  Society  of  Mechanical 
Engineers,  the  Machinery  Club  of  New  York,  and  was  a  thirty- 
second  degree  Mason.  Mr.  Lodge  was  one  of  the  organizers 
of  the  Machine  Tool  Builders'  Association,  which  was  formed 
at  a  meeting  in  New  York,  June  12,  1901,  and  was  its  second 
president. 
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A 

New  Book 
on  Milling 


I    I  One  of  the  hundred  unsolicited 

i    I  testimonials  we  have  received 

1    I  says  :  — 

I  I  "This  is  the  most  com- 

I  I  plete  work  it  has  been 

I  I  my   privilege    to   find 

II  on  this  particular  sub- 
I  I  Ject." 

I  i  ^^ 

1 1  Cincinnati  Milling 

1 1  Machine  Company 

I  I  Cincinnati,   Ohio,    U.  S.  A. 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii'iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiip 


IIIMMMIIIMIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIUIIIIIIIIIIIIIIMIIIIIIIII'i:       ^ 


^     Not  the  usual  compilation  |  | 

of  catalog  matter,  but  a  412  |  | 

page   book   full   of  data  on  all  |  | 

branches  of  milling,  most  of  which  j  | 

>^^ have  never  before  been  published.  |  | 

^  Tells  you  just  what  you  want  to  |  i 

know  about  the  latest  practice  in—  |  | 

I  a 

Speeds   and   Feeds;    Cutter   Design;    Jigs  and  Fix-  |  | 

tures;  The  Best  Method  for  Milling  a  Given  Job;  |   | 

Power  Required  to  Do  Milling;   Size  of  Cut  tach  |   m 

Machine  Can  Take;    How  to  Set  Up  for  the  Best  |   | 

Results;  Cutter  Sharpening;  Chattering— its  causes  |  | 

and  remedies.  |  I 

Use  of  the  Dividing  Head— and  a  complete,  ^mple  j  | 

discussion     of    the     mathematics    of    Spur,    Bevel,  |   g 

Mitre,   Spiral   and   Worm    Gear    Cutting,   Angular  |   | 

Indexing,  Computing  Change  Gears,  Etc.  |   | 

Complete  Tables  for  Indexing,  Spiral  Milling,  |  | 
Cam  Milling,  Rack  Milling,  Trigonometric  tunc-  |  | 
tions.  Etc.  I  g- 

Invaluable  to  the  superintendent,  foreman,  mill-  |  | 
ing  machine  operator  and  draftsman.  |  | 

Price  $1.50  Postage  Prepaid.  \   | 

„ , , ,m„: im m mm,,,, „„ , "" "," m"„, mmmmmnmm m,^     | 
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June,  1917 


r 


COMING  EVENTS 


n 


Tomporaturo   Measurement!   In   Beaiomer   and   Open- 
hearth    Practice.      Ity    Gi'orgc    K.    HurgcHH.      2fl 
paifPR,    7    by    10    Inches.      Published    by    the    De- 
partment  of   Ooiunieree,    WashlnKtun,    D.    0.,    aa 
June  11-12 — Annual  meeting  of  the  Electric  Power  TechnoloKle   Paper   of   the   Bureau   of   StanOardu 

Club    In    Washington,    D.    0.;    New    Wlllard    Hotel,  Nu.  01. 

headquarters.       0.     H.     Roth,     secretary,     1410    W.    Structure    of    the    Coating   on    Tinned    Sheet    Copper 
Adams    St..    Chicago,    111.  in  Relation  to  a  Specific  Case  of  Corrosion.      Ry 

June   12-16— Slummer  meeting  of  American  Society  '"""'    "      MiTlia.       IS    i)uki'h,    7    by    10    Inches, 

of  Olvll  lOnglncers  In  the  "Twin  Cities,"  Minneapolis  Publlshcil     l)y     tlie     Deimrtmcnt     of     Commerce, 

and  St.  Paul;   Itadisson  Hotel,  headquarters.  WsHhlnKton.   I),   C..  as  Technologic  Paper  of  the 

June  20-22-Seml-annual   meeting  of  American   In-  """'""   "''   *^'"»<'"'-''»    ^o.    00. 

stitute    of    Chemical    Engineers    in    RiiCfolo.    N     Y.    Facts  and  Fallacies  of  Compulsory  Health  Insurance. 

By    Fredericlt    L.    HolTman,    statistician    of    the 
Prudential   Insurance  Co.,   Newark,   N.   J.,   being 


J.  0.  Olson,  secretary.  Cooper  Dnlon,  New  York  City. 
June  23-30 — Industrial  e.tposltlon   and  export  con- 
John  0.  Simpson,  gen- 


ferencc  at  Springfield,  Mass. 
ernl  manager. 

June  26-26 — Summer  meeting  of  the  Society  of  Au- 
tomotive Engineers  nt  the  Bureau  of  Standards, 
Washington,   D.  0. 

June  26-30 — Annual  convention  of  American  In- 
stitute of  Electrical  Engineers  in  Hot  Springs,  Va.; 
Homestead  Hotel,  headquarters.  F.  L.  Hutchinson, 
secretary,  29  W.  89th  St.,  New  York  City. 

June   26-30 — Annual   meeting  of  American   Society 


an  address  read  in  part  before  the  section  on 
social  and  economic  science  of  the  American  As- 
sociation for  the  Advancement  of  Science,  De- 
cember 28.  1918.  and  the  National  Civic  Federa- 
tion, January  22,  1917.  Published  by  the  Pru- 
dential Insurance  Co.,  Newark,  N.  J. 
Storage  Batteries  Simplified — Operating  Principles — 
Care  and  Industrial  Applications.  By  Victor  W. 
Page.  208  pages,  5  by  7V4  inches;  89  illustra- 
tions. Published  by  the  Norman  W.  Henley 
Publishing  Co.,  New  York  City.  Price,  $1.50. 
The  book  is  a  non-technical  treatise  on  the  devel- 


for  Testing  Materials  In  Atlantic  City,  N.  J.  Edgar  ^■■"=  """■''''  »  ""u-..<:>."".v.«.  ""•"■"=  """"=.  ""='"• 
Marburg,  secretary.  University  of  Pennsylvania,  opment  of  the  modern  storage  battery  outUnmg  the 
Philadelphia     Pa  j     ^^       ^     oj..au.a,    pringjpje  ot  operation  of  the  leading  types  and   the 


June    28 — Monthly   meeting-  of   the    Rochester   So- 
ciety   of    Technical    Draftsmen,    In    Rooms    131-137,    included 
Sibley   Block,    828   Main   St.,    E.,    Rochester,    N.    Y 
O.    L.    Angevine,    Jr.,    secretary,    857    Genesee    St. 
Rochester. 


methods  of  construction 
repair.      A    glossary 


charging,   maintenance  and 
storage    battery    terms 


August  30-September  1 — Ninth  annual  convention 
of  the  American  Railway  Tool  Foreman's  Associa- 
tion,   Chicago,    III.;    Sherman    Hotel,    headquarters. 


The  Driving  of  Machine  Tools.  By  Thomas  R.  Shaw. 
221  pages,  4%  by  7i4  inches;  139  illustrations. 
Published  by  Scott,  Greenwood  &  Son,  London, 
England,  and  D.  Van  Nostrand  Co.,  New  York 
City.  Price,  $2. 
This  book  is  based  on  a  series  ot  lectures  on  ma 


D.J  Thulin,  secretary-treasurer,  935  Peoples  Gas  chine  tools  given  by  the  author  at  the  Royal  Tech- 
Bldg.,  Chicago,  111.  ni^a,  institute,  Salford.  and  its  object  is  to  give 
September  10-18 — Annual  convention  of  the  Na-  some  simple  and  rational  methods  of  arranging  a 
tional  Safety  Council,  New  York  City;  Hotel  Astor,  drive  to  give  the  desired  results  and  to  include 
headquarters.  Marcus  A.  Dow,  president.  Grand  such  formulas,  rules  and  data  as  are  required. 
Central  Station,  New  York  City.  '  After  discussing  the  importance  of  durability  of  ma- 
September  10-16-Exposition  of  safety  appliances  "^[l^  *?°,'^  """^  accessibility  of  construction,  the 
at  the  Grand  Central  Palace,  New  York  City,  under  author  takes  up  cone  pulleys  and  gearmg,  applica- 
the  auspices  of  the  American  Museum  of  Safety,  18  """^  "'  *'"'  "^""^  pulley,  characteristics  of  all-geared 
XI,     "'"-    "'      New    York    City.      Arthur   H.    Young, 


W.    24th    St 
director. 


drive,  applications  of  electric  motor  drive,  the  pe 
culiarities  of  planing  machine  drives,  drives  for 
various  machine  tools  and  miscellaneous  matters. 
The  work  contains  a  large  amount  of  valuable  in- 
formation and  data  pertaining  to  machine  tool  drives 

in  small  compass. 

I  OOT  T  ■pr'TTQ  Organization  in  Accident  Prevention.     By  Sydney  W. 

[■   ..  v.'V-'J-iJ-iJljU-iljO  ^gbe_    130  pages,  6  by  9  inches;  76  illustrations. 

-  J  Published   by   the   McGraw-Hill   Book   Co.,    Inc., 

New  York  City.     Price,  $1.50. 

The  aim  of  this  book   is  the  development  of  the 

"safety   habit"    by    the   employes,    and   the   opening 

Newberry  College,  Newberry,  S.  0.     Catalogue  for    chapter    tells    how    this    may    be    obtained    through 

the    sixtieth    session,    1916-1917,    and    announcements    fellowship,    system,    education    and   discipline.      Spe- 

for  1917-1918.  cial  emphasis  is  laid  on  the  need  of  education,   but 

University  of  Missouri,  School  of  Mines  and  Metal-    '*  '^  Pointed  out  that  before  a  suitable  educational 


SOCIETIES,  SCHOOLS  AND 
COLLEGES 


University  of  Vermont,  Burlington,  Vt.     Catalogue 
for  1916-1917,  with  announcements  for  1917-1918. 


lurgy,   Rolla,   Mo. 
dar  for  1917-1918, 


Catalogue  1916-1917,   with  calen- 


course  can  be  laid  out,  the  accident  data  of  the  com- 
pany must  be  systematized  and  studied.  About  one- 
half   of    the    book    is   devoted    to    specific    accidents 


Hebrew    Technical   Institute,    Stuyvesant   and   9th  that  may  be  reduced  in  number;   then  come  discus- 

for  "tho^'^        1Q1R  Annual  report  of  the  institute  slons  of   the  medical   and   physical   examinations  of 

ine  year  lyib.  employes,  with  special  reference  to  tuberculosis  and 

Hebrew    Technical   Institute,    Stuyvesant    and   9th  hernia,   and  emergency  hospitals  and  first  aid;   then 

Sts.,    New    York    City.      Catalogue   tor   1917,    giving  the  methods  of  keeping  accident  records,   analyzing 

the   courses  ot  instruction,   conditions  of  admission,  them,  and  the  drawing  of  ratio  curves  are  described, 

St""-  after    which    accident    relationships    are    discussed. 

New   York   University,    New    York    City       Prelim-  '*  "  stated   that   the  best   safety   habits  are   found 

inary   announcements   of   the   day   and   evening    ses-  anions  workers  approximately  thirty-seven   years  ot 

sious    ot    the    School    ot    Commerce,    Accounts    and  ?£t'   ^''o '  *i'^  n**'°.'^f  7  }°  af^^ents  Is  greatest  be 

Finance  for  1917-1918.  twoon  o  «„a  in  ^.^i^^i,  !„  .t .„_    ._j  ^v.*  .. 

International  Correspondence  Schools,  Scranton,  Pa. 
Solution    of    the    Vocational- 


Booklet    entitled 

Education  Problem,"  describing  the  educational 
methods  of  the  International  Correspondence  Schools. 
Railway  Car  Mannfaoturera'  Association  has  opened 
an  office  in  Room  2216  at  61  Broadway,  New  York 
City.      Dr.    W.    F.    M.    Goss,    formerly   dean   of   the 


tween  9  and  10  o'clock  in  the  morning,  and  that  in 
this  country  Monday  is  the  worst  day  of  the  week. 
A  Preliminary  Study  of  the  Alloys  of  Chromium, 
Copper  and  Nickel.  By  D.  F.  McFarland  and 
0.  B.  Harder.  60  pages,  6  by  9  inches;  68 
Illustrations.  Published  by  the  Engineering  Ex- 
periment Station  of  the  University  ot  Illinois, 
Urbana,  111.,  as  Bulletin  93.  Price,  30  cents. 
The  growing  interest   in   special  acid-resisting   al- 


College  ot  Engineering  of  the  University  of  Illinois,  loys  and  the  many  uses  found  for  them  have  sttmu- 

is   the   president.  lated  both  the  search  for  efficient  materials  ot  this 

Franklin  Institute,  Philadelphia,  Pa.,  has  awarded  nature  and  the  causes  underlying  their  inertness. 
Franklin  medals  to  Hendrik  Antoon  Lorentz,  presi-  -^s  a  result  of  previous  studies  at  the  University  ot 
dent  of  the  Royal  Academy  of  Sciences,  Amster-  Illinois,  It  has  been  shown  that  the  almost  perfect 
dam.  and  to  David  Watson  Taylor,  chief  of  the  Insolubility  ot  certain  alloys  in  nitric  and  other 
Bureau  of  Construction  and  Repair,  United  States  J>«ids  seems  to  be  conditioned  upon  a  proper  mix- 
Navy,  ture  of  chromium,   copper  and  nickel,   together  with 

LouUiana    State    University,     Baton     Rou^e      La  smaller  quantities  ot  such  added  metals  as  tungsten 

Catalogue    1917,    containing    genferal    information    re-  or  molybdenum.     As  a  result  of  the  studies,  methods 

lating    to    the    university,     admission    requirements,  ''J^^.  "een   developed    tor   making   castings  of   alloys 

outlines  ot  courses  of  the  college  of  agriculture  and  "'    chromium     copper    and    nickel.      More    than    300 

engineering,   and   announcements   tor   the   year   1917-  corrosion   tests  have  been  made   to  measure  the  ef- 

1918.  lects   of    acids    upon    the, metals.      In    general,    the 

T„™=ii  T«,ni.  c„i,     IT         ,.    »•            n  ....      -  results   indicate   that   certain   ot   the   alloys  ot  chro- 

ni  Jltl  iQ,7  iQ,f         ;  ^"'*'"'  ^f^f-.  Bulletin  for  mium,   copper  and  nickel  give  promise  ot  becoming 

the  year  ISI^-WIS,  containing  a  brief  description  of  ot   great    commercial    importance,    not   only    in    thi 

the    Lowell    Textile    School    and    its    equipment,    an  construction   ot  laboratory   apparatus,    but   in    manu- 

outline  ot  the  courses,  and  the  subjects  required  tor  tacturing  and   chemical   processes 
entrance,   as  well  as  a  register  of  the  day  students 
during  the  term  1916-1917. 

Providence  Engineering  Society,  Providence,  R.  I., 
gave  its  second  annual  dinner  in  Providence,  May  2, 
to  about  400  people.  Including  the  leading  engineers 
ot  Rhode  Island.     The  dinner  was  a  patriotic  affair- 

n^»r«Tn''''r'    "^^r"   "P°° /he    part    played    by    engi-  Link-Belt    Co.,     Chicago.     III.      Catalogue    260    on 

peers  in   war,    the  need  ot  conserving  resources   and  link-lielt  and  sprocket  wheels  for  sawmills 

improving   the  efficiency  of  industries,  etc.  „       -ii    wf       n        ■„,  .    u           »->^^™'"*- 

Scovill    Mfg.    Co.,    Waterbury,    Conn.      Annual    re- 
port ot  accident  statistics  for  the  year  1916 

"""                    '                   ~~                                            "^  Enterprise   Machine  Works,    115   W.    Redondo   St., 

Los  Angeles,   Cal.     Circular  giving  general  specifica- 
tions of  the  Enterprise  electric  industrial  floor  trucks 

''-  and   tractors. 

■D.— ^  —  *«,     T.  -        ^  r-       ..       •     ,«,,      „  Link-Belt  Co.,  Chicago,  III.,  is  distributing  a  wall 

Beport  on  the  Price  of  Gasoline  m  1916.     224  pages,  hanger    printed    in    colors    containing    a    portion    of 

6  by  9  inches.      Published  by  the  Federal  Trade  President    Wilson's    proclamation.       Copies    will    he 

Commission,  Washington,  D.  C.  .sent  on  request                                        ^"V'co    wui    ue 


NEW  BOOKS  AND  PAMPHLETg 


Lamb  Knitting  Machine  Co.,  Cliicopee  Falls,  Mass. 
Circular  of  Uu:  Lamb  grinder  provided  with  selt- 
allgnlng,  douliloiow  bull  bearings  and  the  Lamb  au- 
tomatic oiling  system. 

Cooper  Hewitt  Eleotrlc  Co.,  8th  and  Grand  Hts., 
Hoboken,  N.  J.  Bulletin  67,  giving  spcciUctttlons 
for  types  P,  L,  U  aud  K  indoor  ele(-trlc  lamps  for 
use  with  direct  current. 

J.  H,  WiUiams  &  Co.,  01  Richards  St.,  Brooklyn, 
N.  Y.  Catalogue  In  Hpanlsh  of  the  J.  U.  Williams 
wrenches,  lathe  tools,  cuttlng-off  tools,  threading 
tools,   dogs,    and   clamps. 

Link-Belt  Co.,  Chicago,  111.  Booklet  303,  entitled 
".Some  Modern  Coal  Tipples,"  describing  equipment 
installed  by  the  Link-Belt  Co.  at  the  plants  of  vari- 
ous coal  and  coke  companies. 

Cooper  Hewitt  Electric  Co.,  8th  and  Grand  Sts., 
Hoboken,  N.  J.  Bulletin  00,  giving  speciflcations  for 
Cooper-Hewitt  tyjies  E  and  F  indoor  electric  lamps, 
for  use  with  alternating  current. 

Link-Belt  Co.,  Chicago,  111.  Catalogue  305,  con- 
taining an  article  on  "Traveling  Water  Screens  for 
Condenser  Intakes,"  by  Henry  J.  Edsaii.  which  was 
reprinted  from  the   "Practical   Engineer." 

Stow  Mfg.  Co.,  Binghamton,  N.  Y.  Miniature  bul- 
letins 101  and  102  on  flexible  shaft  and  electric  tools, 
respectively.  These  bulletins  are  the  same  as  the 
regular  catalogues,  but  are  issued  in  small  sizes  for 
convenience. 

Ready  Tool  Co.,  Bridgeport,  Conn.  Circular  of 
welded  "Stellite"  lathe  tools,  consisting  of  "StelUte" 
tips  welded  to  machine  steel  shanks,  thus  giving 
the  user  the  advantages  ot  a  solid  forged  high-speed 
tool  at  comparatively  low  cost. 

,North  Side  Tool  Works,  Dayton,  Ohio.  Circular 
ot  "Universal"  amplifying  gages  for  gaging  tool  and 
production  work.  The  gages  are  made  with  attach- 
ments and  flxtures  to  suit  them  to  all  conditions  and 
classes  of  work  within  their  capacity. 

Albany  Lubricating  Co.,  708-710  Washington  St., 
New  York  City,  issues  a  monthly  publication  called 
"The  Bearing,"  treating  of  the  lubrication  ot  bear- 
ings of  various  kinds,  with  especial  reference  to 
the  use  ot  "Albany"  grease  and  "Albany"  grease 
cups. 

Onondaga  Steel  Co.,  Syracuse,  N.  Y.  Circular  on 
the  "Onondaga"  process  for  converting  high-speed 
steel  odds  and  ends  into  new  high-speed  steel.  The 
economic  importance  ot  the  process  at  the  present 
time,  when  tungsten  is  scarce  and  high  priced,  is 
obvious. 

General  Electric  Co.,  Schenectady,  N.  Y.  Bulletin 
43503,  entitled  "The  Application  ot  'Novalux'  Units 
to  Ornamental  Street  Lighting."  containing  thirty- 
six  pages  of  illustrations  showing  lighting  units  for 
business  streets,  residential  streets  and  outlying 
districts. 

Eoyal  Mfg.  Co.,  Rahway,  N.  J.  Booklet  entitled 
"Producing  the  Fittest  in  Waste,"  relating  to  cot- 
ton waste  ot  the  quality  handled  by  the  company. 
The  booklet  describes  the  method  of  sorting,  grad- 
ing, mixing,  pulling,  screening,  and  handling  waste 
tor   the   machinery   trades. 

Link-Belt  Co.,  Chicago,  111.  Bulletin  253,  entitled 
"The  Ideal  Drive  for  Cement  Mill  Equipment,"  de- 
scribing the  large  Link-Belt  silent  chain  drive  in- 
stalled at  the  plant  of  the  Nazareth  Cement  Co., 
Nazareth,  Pa.,  which  consists  of  32  Link-Belt  silent 
chain  drives,   totalling  3500  horsepower. 

Sleeper  &  Hartley,  Inc.,  68  Prescott  St.,  Worces- 
ter, Mass.  Bulletin  269  on  wire  nail  machines  which 
are  so  designed  and  constructed  as  to  produce  wire 
nails  from  a  coil  at  much  greater  speeds  than  have 
heretofore  been  possible,  and  with  a  great  reduc- 
tion ot  noise  characteristic  of  wire  nail  making 
machines   in   general. 

Columbian  Hardware  Co.,  Cleveland,  Ohio.  Cata- 
logue of  Columbian  vises  and  anvils.  The  catalogue 
comprises  36  pages,  illustrating,  describing  and  giv- 
ing dimensions  of  blacksmiths'  vises,  arsenal  vises. 
hand  vises,  clip  horn  anvils,  blacksmiths'  anvils, 
machinists'  vises,  gage-makers'  vises,  pipe  vises, 
and  patternmakers'  vises. 

Barnes  Drill  Co.,  814  Chestnut  St.,  Rockford,  111. 
Catalogue  of  Barnes  selt-oiling,  all-geared  drilling 
and  tapping  machines.  These  machines  are  made 
in  sizes  ot  20,  22,  24  and  26  inches.  In  addition  to 
the  single-spindle  type,  these  machines  are  also 
made  in  the  gang  type  with  from  two  to  six  spin- 
dles mounted  on  one  base. 

Goodell-Pratt  Co.,  Greenfield,  Mass.  ^ool  book  13, 
showing  more  than  1500  tools  made  by  this  com- 
pany, among  which  are  drills,  punches,  adjustable 
wrenches,  screwdrivers,  awls,  bits,  levels,  drill 
chucks,  ratchet  bit  braces,  speed  indicators,  uni- 
versal calipers,  tool  sets,  hacksaw  blades  and  frames, 
polishing  and  grinding  heads,   rules,  etc. 

New  Departure  Mfg.  Co.,  Bristol,  Conn.  Sheets 
Nos.  95  FE  to  98  FE,  inclusive,  tor  loose-leaf  cata- 
logue, showing  the  application  ot  ball  bearings  to 
friction  clutch  for  lineshaft  pulley,  the  remodeling 
of  plain  bearing  equipment,  use  of  ball  bearings  in 
the  electrical  drive  for  elevator  worm-gearing,  and 
ball  bearings  for  vertical  shaft  and  drive  pulley 
support. 

American  Steel  Export  Co.,  Woolworth  Bldg.,  New 
York  City.  Booklet  entitled  "Export  Engineering 
and  Contracting,"  advertising  the  service  which  the 
company  is  in  a  position  to  render.  Estimates,  de- 
signs and  equipment  are  furnished  for  a  large  line 
ot  different  kinds  ot  machinery,  including  mining, 
paper  mill,  saw  mill,  welding,  foundry,  and  special 
machinery. 

Cooper  Hewitt  Electric  Co.,  8th  and  Grand  Sts.. 
Hoboken,  N.  J.  Bulletin  entitled  "Economics  of 
Industrial  Lighting,"  which  comprises  a  treatise  on 
the  application  of  the  principles  ot  illuminating  engi- 
neering to  the  lighting  of  factories,  shops  and  works. 
The    book    is   illustrated    with    views   of   factory  in- 
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,™p„„„  of  BH.ve  foreign  comj-ctUlon      Mr    Bon-    A.  Jan.U..,p.    Thatcher    B^own.^  ^..^B._   K.rU,.j.,e. 


B.ralKht'  «heels.    t«I-  vvhoels     c»,,  -1»-1«.,,''»;;    the  ,..>U-.rn.t  laws.  ^^^.^  ^^^^^  g^^^,  Co.,   To^torla,   Ohio    ha«  been 


vUri'K  e      .'..;<■  Zl    vuUnnlte.      Tables   of 

mre  iiiiliulcil. 


TRADE  NOTES 

Oxy.acetylono   Products   CO.    h-B   movo;.    from   a>i- 


„„.se  wheels  and   tables   for  se.ecuuB    -..  oxyacetylono   Products   Co.    has   movo.,    rrom   v^n-    -—■„,„„    ,,,t    of    . 

■e  included.  ^^g,,,    HI,,    to  lUiO   llrooklyn   Ave..    Kansas  City     MO.     ,j^'   ,^„„,  '  ^rlok    <on»tru<- 

Bradford-Ackermann  Corporation,  fo/ty-^''^?""  .^V,        Cincinnati  Lubricant  Pump  Co.,   125  Opera   Place     ^^^^    corporation    arc    E 


Fostoria  Press  Steel  Co.,   Fostorla,   Ohio,   has  been 

of    floor    space    and    will    be    oi 
■Hon.       The    officers    of    th" 


ll-r-^rp^^riL'  are'-H^y  H^.-^J-^^: 
rr  anaT'  ,^:''^rTf;t''tr;a^^ure''r  IT^^nZ^ 
manager. 

Hoover  Steel  Ball  Co.,  Ann  Arbor,  Mich.,  will 
eie'^^rihrce'iu^  b„l.din«s  and  <;<!>"P /hem  with  ma 
l.inery    to    iix-rease    Ihc    production    from    2...OTO.00O 


Ingersoll-Kand  Co.,  11  Broadway,  New  York  C;,y.     ,,„„,gh   new   presses   to   double   Its   present   capacity    ^n    "IT    mea  ^^^^^  ^^^  ^^^^^^^^  construct  on 

rnrTaail     covering  the   •■Imperial"   type  X  duplex     t„r   stamped   steel   work.  „nd  of   the^  same   type  erected  heretofore.     An  idea 

8te    ndden    compfessors    suitable    for    general      n-        wilmarth  &  Morman  Co.,  1180  Monroe  Ave^.N.W       and  of     he   same^^yi    ^_^    ^^^    <ompanys    business    is 

sieamuiiM  1        _      ,      .^       T,,,^    ^„,„.  Unnids    Mich.,   manufacturer  of  grinding  ma-    ?;"";'    '        ?^      f.^t    ti,at    the    production    has    in- 

".    isCking  a'.wo-story  brick   and  steel   add.-    ;.°^'7,;f%^p^„,'f^aS;  8(5,  per  een^  within   the  past 
tion  to  its  plant,  ^^  by  84  feet.  ^1^^,^^  ^^^^^ 

Hyatt  KoUer  Bearing  Co.,  Newark,  N.  J.,  h!is  ^  nwis-Shenard  Co..  Boston,  Mass.,  has  moved  from 
adXced  the  prices  of  Hyatt  flexible  roller  bearings  ^^^^^  ^^^^t.  to  48  Binford  St.,  South  Boston 
owing   to   the   advance   in   the   cost  of   materials  and    ^'f  ^80   l)o  ^^^^^.^^   ^bout  4000  square   feet   of 

the  higher  wages  paid   to  workmen.  floor    spaee    are    provided.      The    company    las    pur- 

Bulletins  on  the  "BarKer-  wreucu  ..uu  ,,.^"."_  Departure    Mfg.     Co.,     Bristol,     Conn.,     has  ^     j^t^en  new  machines,  including  dlliing  ma 

■ss  Chucks,  illustrating  construction   application  and        New    Departure         s^^^^^^   building,    four   stones   ena  i„aers,  lathes  and  a  «"e^^""^  "''■'.*  g^! 

use.      The   wrenchless   chuck    is   so   designed   that   it    erected    a    stee^  ^^^^^    ^^^^    ^^    ^^^^^^^  en        ,  |       ^^   .^^  equipment  of  small   t»ols  »°f   fix 

can    be    used    on    any    engine    lathe,    and    means    are     ^  ^h     ^20  ^y^ou  .    ^^^^^^    ^^    ^^^^,    ^^,,3       The    «f »        The  larger  quarters  and  increased  tool  equip, 

provided    by    which    the    rotation    of    the    spindle    is    ^>"f; "g^y^/ Vace   i°   the   building   is   178,000   square    ^  ^,.„    ,^,i,it„,e   the   manufacture   of   the    com 

caused   to   close   or   open   the   jaws,    thus   eav  ng   the     total    Hoor    spa  ^_^^^^  ..jackliff    master   truck,    which   is   classifie. 

strength   and    time   of   the   operator   and   insuring   a    feet,   or   "^   J     ^^  3^^   ^^^   Washington  .        .       - 

powerful  grip  on  the  work.  St^'    Reading    Pa.7  recently  filled  an  order  for  army 

Greenfield     Tap     &     Die     Corporation    ^Greenfleld     Sts     Ke.ia^  „^^  ^^.^^^  ^^^^^^  government.     An  order 


dustrlal  application  of  •"'""""'f''  "';,;,, .ps  Form 
logue  gives  tables  of  sizes  and  capacities  I'orm 
8°fo"  descriptive  of  "Little  David"  pneumatic  dril  s, 
showing  a  large  number  of  types  and  sizes  and  giv- 
?ng  re'oinmendations  tor  the  particular  type  of  work 
for  which  each  is  adapted. 

Thomas  Elevator  Co.,  22  S,  Hoyne  Ave.  Chicago 
IIU  Bulletins  on  the  "Barker"  wrench  and  wrench- 
less  chucks,  illustrating  construction,  application  and 


pany's   "Jacklift"   master  truck,   which   is  classified 
i  an   elevating   truck, 
n  me   >voi«..  -.    -■.■.-„"„.      rpcentlT  filled  an  order  for  army        American  Forge  &  Machine  Co.,  Canton,  Ohio,  has 

ap     &     Die     Corporation,   .Greenfleld      ^tS"   Read  ng    Pa      rece^nUj-  ^^e^^^^  aniuncTa  general  wage  increase  of  10  per  cent  .n 

Mass.,    has   issued   a   manual   contaimng   instructions    |°|S' ^ J^'J^^*      ,^eed    with    this    company    by    the      j,   departments,    taking   effect  May   1.     This   makes 
tor    the   use   of   its    employes.      "  .contains  _informa-    ^^^^,,^l^l„^^^^^^^i  for  industrial  goggles  to  be  used    |  ^tal  increase  of  30  per  cent  durmg^the  _past  y^ear. 


l"totanrease'o    30  p\r  cenJ  during  the  past  year 
tn^^ddiUon   to   bonuses;    the^  bonus    plan    gives   each 


toVthe   use   of   its    employes.      I'   '•o""'*^,^*"*"™^-  ^'HtisTgovernment  for  industrial  goggles  to  be  used 

tion  concerning  pay  regulations,   absence  from  work  ^"'^^  j,'^,             and   by   industrial   workers   at  home.          addition   to    uouu»^=,.    .-= r--      - 

use    of    materials,    machines    and    tools,    workmen  s  by   neia    troops  workman   who  has  been  in   the  employ   of   the  com 

compensation    act,    dining-room    service      house    and  August  Mietz   Corporation,    1.8-138  Mottbt^^  pa„    additional    pay    at    the    end    of    three    months 

room    register,    benefit    associations,    library,    educa-  york    City,    announces    that   the    business   or         s  Pa°y                  ^          to   ten   years.      The   company   is 

rL±r^cirsXth{et^^=i:  r"--  ^i:^SorpS?:^:H5SSH^;  S  an^  ^''^^^^^^rzJ^Sx 

ne-1*^rtIn%To^n^^;ar:u^erta?ings^7or    ^ouf  r  Sc^^.^-^fc'reta^rand    Louis    C.    Eit.en,    ment  ..^e  way   .large   h_^^^^^^^^^^ 
~c-::r^   d^-«of^iSnif"n^ch^s3    "s::::^Sc  WO.S,  527.31  W...S.,  New    ^^^^^^^^  ^-.S^^^'i^^t^O^ 

?:'-r'ovfd:  f™"?reirTopTr\:^u^i^g"  ^"of^t  ir;^iin^;'s^hop\t^  B^^fie kT  r|h^^^^^^^        rg'Tciiiti^s.^'ibfi^L^  "o7Th:  Jip  "- 

Slings     s  clearly  illustrated  by   line   drawings.  ^1,^    brick       The   work    is   being    done   by    John    W.    dent      s   ^rede  ^^^^^^     ^^^^^      ^''^'ZT'Z' 

Link-Belt    Co.,    Chicago.    111.  _,  Data    book    125    on    Ferguson  Co._,   Paterson,   N._  J.^^_^_    Mass..  is  con-    Zr^ls    H.    Ball.      Alfred    L.    Lincoln,    who    has    re- 
the     "Link-Belt    Silent    Chain,"    bound  _i°_  AexiWe 


management,    retains    a    position 


the  "Link-Belt'  Silent^ Chain,"  bound  in  flexible  j^^^.^^^te  Machine  Tool  Co.,  Hudson  Mass  is  cor.  ■>-'^^^  ;;^  ^^,:^^  management,  "tains  a  position 
eather  covers  The  book  contains  128  pages,  6  by  ^tructing  an  addition  to  its  main  building  40  by  100  '"■e  ^^^  ^^^  owns  a  large  ^tock  interest  in  the 
^    -^    ?»-!-    ---irf   "!"f?:rtLta^    -^ir^-nr  ,;^?^n(^g"'^:ranrnne^^c?   company-  .^..^Itf  acn^-S^^'thT^ac^^^y:" 


93/.    inches     showing    numerous   inu=uiat,«^=>   v..    .^^    feet,   two  stories   hign;   a   ""«-""'•'""-:"-'   Tstor'y  company.      Mr.    Blake,    '^'ee-president    and    general 

application  of  LTnk^Belt   silent  chain   for  the   trans-    ^q    feet,    to    its    hf-^emng    room     and    a    one    to>-y  ^J     y_  ^.^^  ^^  ^^^  ^^,,^^  ^ead  of  the   factory 

mission   of   power.     Over   200,000   installations   have    addition.   32   by   60   feet     to   'tf^/hipping   room  T-d..e„dent    Pneumatic    Tool    Co.,    Chicago,    111., 

^en  drawn  on  for  the  information  presented.    Tables    ^„  ^e  made  of  bri^ek.     The  contract  has^een  ^„Xm,es  the  election  of  John  D.  Hurley    president 

neen  araw       ^  ^_  ^^ „,^_„m„  ^„,„e  to  enei-    j^e  J.   J.   PrindiviUe  Co.,   Framingham,   Mass.  ?"°,,°eed    the   late   James   B.    Brady.      Mr.    Hurley 

Goodell-Pratt    Co.,    Greenfield,    Mass..    is    erecting  to    succeed    the   _^^^^^^^    ^^    ^^^    ^^^_ 


Of  data  that  should  be  of  considerable  value  to  engi 
neers    and    users   of   power    in    selecting    drives    are 

included. 


Greenfield,  Mass.,  is  erecting  to  /"/T^" ^- "e.president  of  the  company  since  its 
c— ■  ..       a  ne\7  building,  four  stories  high,  of  reinforced  con-    has    been.^vice^p_^    .^   ^^^^    "-/"t-rd*  witr'trl" 

Webster  &  Perks  Tool  Co.,  Springfield,  Ohio.    Cir-    erete    construction    throughout.      The    buildmgwiu       t  j  l,^ving    been    identified    with    the    m 

cu^r   of   No     1   grinder,    floor   or   bench   type.     The    ^e  58  by  2fi0   feet,   with   a   'our-story  eii  58  by   iiu  ^.^^^    pneumatic    tools   were    Arst   placed   on 

company    is    afso' distributing    a    convenient    pocket    ,eet.    and   -"\!°"^»-\^'\auTre  "eet.     The   work    the    market       «.inb    S.    Cooper,   who   has   been   the 

slide-rule  for  grinding  wheel  operators      On  one  side    ^em   by   more   than   86,TO0   square   feet  ^^ 

is  given  a  table  of  circumferences  in  feet  for  wheel    jg    being    done    by    the    Aberthaw    oousi. 

diameters  in  inches,   and  on   the  other  side  a  tab  e    Boston,  Mass. 

of    grinding    wheel    speeds    for    wheel    diameters    In  ^   ^^^k   OU-less  Bearing   Co.,    Bound   Brook. 


of    grinding    wheel    speeds    ror    wneei    ummeic.=  ^  ^   B„ok   OU-less   "e^'"^    -"•.""—-         •  was  eiecte 

inches   and   millimeters    for    surface   speeds   of   4000,  awarded  the  contract  for  a  new  lounary  p„„nji„ee 

5000  and  6000  feet.    This  convenient  slide-rule  makes  J«-       ■  ^^^^^^^  ^^  Ljneoln,   N    J-.  J^  ."''^^  ^Yll  be  Michigai 

the    calculation    of    grinding    wheel    speeds    for    any  ^^^^^   g^^fe  plant.     The   new   building   will   be  b^^ 


ineumatic    luuis    rr^i.^    "'--    *•- - 

the  market.  Ralph  S.  Cooper,  who  has  been  the 
manage  of  the  New  York  office  for  the  Pas*  twelve 
vears  was  elected  vice-president,  and  Robert  T. 
Scott'  nTanager  of  the  company's  Pittsburg  branch, 
was  ;ie°ed  a  director  and  member  of  the  executive 


diameter    and    speed    ordinarily    used 
easy    matter 


Tate-Jones    &    Co.,    Inc.,    Pittsburg,    Pa.      Booklet    em  in  every  respect 


IS    10.    «u,     ;h„"R„:"-d-Brook  plant.     The  "nev^  "building  will  be    „.^^"='''^^_Jfa''ctifrer   of  h^gh-gra^dT  milling   cutters! 

quick    and    the   Bou°<l   Brook  P        ^^^^^^^ion,    60    feet    wide    by    Mich.,    fl^'^'l^X^es    and    fixtures,    has    increased 

llottUZi     It  will  be  two  stories  high  and  mod-    hobs,  J.es.  ^too^ ,  ^ :  |_   *25.p00toJT0,000.   which   is 


Heat-treatment    of    Steel,"    which    is    in-    necessary  by  the  rapidly  mc 


be  two  stories  high  and  mod-    fobs     «';'j-  .J^^^'f^om   $25,000   to  $70,000.   which   is 
This  addition  has  been  made    its  cap^ta^  stock  ^^  ^^^  ^^^^^^^  ^^^  ^     ^ 

lly  increasing  business  of  the    all  paid  in.  ^  ^^^^^^    g^     Anderson,     vice- 


Peterson,     president :      Robert 


preslS;  I.  F  wall,  secretary  and  treasurer;  T.  M. 
68  Prescott  St.,  Worces-  ^f,„n  general  manager;  and  Otto  Lundell,  supenn- 
uilder  of   automatic  wire    "'°°  '  .^      .11    the   members   of    the    firm    have    had 


tpnded  as  a  reference  book  of  formulas,  heat-treating    firm. 

Ss^rd-t:iiperinriear\hT's"e?iioS"=  ri"n\ftt^rr:f  ^rro^ed^^Vrrl^^^^^^^  ^nda^rd'o^^^    "  "^  en^-^^   ^^'^'^    ^" 

"Afferent   Thermometer   Temperatures"    gives   rules  '"^ ,     j^     ^      formeriy   superintendent   of   the   com  devices  of  their  own  invention. 

fo^  changing  Fahrenheit  to  Centigrade.  Fahrenheit  ^-n^,",  ^'.rsent  plant,  will  take  charge  as  superin-  jj^^.^j^^,  pj^i  gervioe  Commission,  New  York 
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N  order  to  obtain  the  maximum  efficiency 
in  manufacturing  it  is  essential  for  all 
the  men  and  machines  in  a  plant  to  be 
kept  constantly  supplied  with  work.  No 
matter  how  cleverly  methods  of  ma- 
chining may  have  been  worked  out,  nol' 
how  suitable  the  mechanical  equipment  may  be,  a 
satisfactory  rate  of  production  cannot  be  hoped  for 
unless  there  is  a  uniform  supply  of  raw  material  or 
pieces  in  course  of  production  to  keep  all  the  ma- 
chines and  operators  constantly  at  work.  In  study- 
ing conditions  in  a  variety  of  manufacturing  plants 
engaged  in  the  production  of  many  different  kinds  of 
work,  it  frequently  becomes  apparent  that  there  is 
loss  of  production  and  profits  due  to  the  manage- 
ment's failure  to  appreciate  the  importance  of  this 
point.  In  such  plants  production  may  be  high  for 
periods  of  considerable  duration,  but  due  to  lack  of 
foresight  in  anticipating  some  unusual  delay,  a  whole 


Efforts  made  by  manufacturers  to  reduce  production 
costs  in  order  to  meet  competition  and  mal<e  profits  have 
led  to  many  improvements  in  'manufacturing  operations. 
But  in  many  piants  where  great  care  has  been  tal<en  to 
develop  efficient  methods  of  manufacture,  the  same  at- 
tention has  not  been  paid  to  developing  methods  of  trans- 
porting material  and  product  through  the  factory.  Obvi- 
ously, this  is  poor  management,  because  any  delay  in 
the  delivery  of  work  to  machines  results  in  non-productive 
time  for  both  machines  and  their  operators.  It  is  the 
purpose  of  the  present  article  to  describe  various  meth- 
ods of  lifting  and  transporting  material  and  work  In 
course  of  production.  A  study  has  been  made  of  meth- 
ods of  handling  work  which  are  used  in  leading  indus- 
trial plants,  and  the  article  is  based  upon  the  result  of 
this  Investigation. 


department  may  be  held  up  for  some  time  because 
of  failure  to  bring  a  supply  of  work  from  one  of  the 
preceding  departments. 

Cooperation  between  Management  and  Workers 

To  successfully  solve  the  problem  of  transporting 
material  and  product  through  an  industrial  plant  re- 
quires a  detailed  study  of  manufacturing  conditions 
in  that  plant  made  by  experienced  industrial  engi- 
neers who  are  capable  of  recommending  those  forms 
of  equipment, best  adapted  to  meet  the  requirements 
found.  But  there  is  one  condition  which  the  indus- 
trial engineer  cannot  control,  namely,  the  intelligent 
use  by  workmen  of  the  equipment  provided.  Co- 
operation between  the  employes  and  management  of 


A — Train   of   Cars   hauling   Forgings   to   Machine   Shops   of   Timkcn- 

Detroit   Axle   Co.     Special   Tractor  equipped   with   Motor  of 

Ford  Automobile 

B — Elwell-Parker   Electric   Storage  Battery  Truck   hauling   Load   of 

New    Britain   Tote    Boxes   filled   with    Steel   Balls   at   Plant 

of  New  Departure  Mfg.   Co. 

C — Buda    Electric    Storage    Battery    Truck    hauling    Load    of    Gears 

up  Incline;   Batteries   mounted  beneath  Truck  Platform   to 

give  Additional  Loading  Space 

D — Barrett-Cravens   Elevating    Truck   delivering   Load   of    Stock   to 

Power    Press    Operator;     Stand    raised    so    that    Operator 

reaches    Work    without    stooping 

E — National-Chapman    Elevating    Truck    in    Headstock    Assembling 

Department    of    Jones    &    Lamson    Machine    Co. 
F — Motor  Truck  with  Detachable  Body  being  lifted  from  Truck  by 

Trolley    Hoists    which    will   carry   Load   into    Plant 

G — Cowan  Elevating  Truck  used  in  Connection  with  Special  Stands 

for  holding  Pieces  with  Hole  in  Center 
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an  iiuhistrial  plant  is  of  primary  importance  in  order  to  handle 
material  with  the  maximum  rapidity,  and  various  methods  of 
securing  such  cooperation  have  been  adopted,  the  most  success- 
ful of  which  is  some  form  of  bonus  system.  "Where  carefully 
planned  methods  of  handling  material  and  conducting  ma- 
chining operations  have  been  worked  out  in  sufTicient  detail  to 
include  giving  definite  instructions  concerning  the  method  of 
handling  each  piece,  and  where  the  incentive  to  follow  these 
instructions  is  created  through  payment  of  a  bonus  to  efficient 
workers,  some  marvelous  production  records  have  been  made, 
and  in  this  connection  it  is  noteworthy  that  these  results  have 
been  secured  through  the  development  of  common-sense  time- 
saving  methods  of  working,  and  not  through  the  expenditure 
of  extraordinary  eftort  on  the  part  of  the  men.  For  the  manu- 
facturer who  realizes  the  necessity  of  improving  his  operat- 
ing conditions,  the  bonus  system  is  worthy  of  most  careful  con- 
sideration, as  the  incentive  offered  a  man  to  work  for  higher 
wages  will  be  more  effective  than  trying  to  make  him  work 
by  any  direct  form  of  supervision. 

How  Factory  Lay-out  Affects  Transportation  Problems 
Every  year  industrial  engineering  becomes  a  more  complex 
profession,  because  constantly  increasing  competition  between 
manufacturers  leads  them  to  rely  upon  the  industrial  engineer 
to  suggest  methods  of  reducing  production  costs  which  would 
either  have  been  considered  too  complicated  to  justify  their 
adoption  under  conditions  that  existed  a  decade  ago,  or  which 
were  seemingly  of  so  trivial  a  nature  that  it  took  time  to 
make  apparent  the  savings  that  might  be  effected  through  their 
use.  One  of  the  most  obvious  methods  of  facilitating  the  work 
of  handling  materials  and  products,  and  one  which  has  been 
made  the  subject  of  frequent  comments  in  the  technical  press, 
is  to  arrange  all  the  departments  in  a  factory  and  all  the  ma- 
chines in  each  department  so  that  the  work  follows  a  continu- 
ous route  through  the  plant  without  the  expenditure  of  un- 
necessary time  and  labor  in  carrying  it  back  and  forth.  A 
great  deal  of  profitable  work  has  been  done  in  rearranging  the 
lay-out  of  departments  in  factories  and  of  the  equipment  in 
departments  in  order  to  provide  a  continuous  route  over  which 
materials  are  carried  without  the  necessity  of  long  hauls  be- 
tween departments,  and  to  avoid  the  congestion  which  is  likely 
to  arise  when  the  same  aisles  have  to  be  used  by  trucks  which 
pass  in  opposite  directions. 

'  One  simple  expedient,  which  is  capable  of  producing  a 
marked  increase  in  efficiency  in  handling  materials  and  prod- 
ucts on  trucks,  is  the  maintenance  of  open  aisles  in  all  depart- 
ments and  in  passageways  connecting  different  departments 
of  the  plant.  This  point  is  often  entirely  overlooked  by  the 
management  of  factories  which  otherwise  show  ample  evidence 
of  efficiency.  Such  shops  frequently  have  the  aisles  so  clut- 
tered up  with  a  heterogeneous  collection  of  materials,  products 
and  tools  that  it  is  virtually  a  case  of  "breaking  a  trail"  for  a 
truck  that  must  be  pushed  through  the  shop.  In  many  fac- 
tories where  a  decision  has  been  reached  in  favor  of  maintain- 
ing open  aisles,  the  aisles  are  marked  on  each  side  by  a  white 
paint  line;  but  men  in  a  shop  are  only  human,  and  if  some 
advantage  may  be  secured  by  having  a  box  or  bar  of  steel 
extend  slightly  over  the  aisle  line,  or  if  it  is  easier  to  pass 
another  truck  by  running  the  wheels  of  a  truck  a  little  way 
into  the  part  of  the  shop  reserved  for  strictly  manufacturing 
operations,  it  is  not  probable  that  the  white  paint  line  will 
have  any  great  restraining  influence.  While  these  may  seem 
trivial  infractions  of  rules,  they  are  likely  to  cause  serious  de- 
lays if  allowed  to  go  unheeded.  Realizing  this  fact,  the  Timken- 
Detroit  Axle  Co.,  Detroit,  Mich.,  adopted  an  expedient  which 
has  proved  of  material  value.  Down  each  side  of  all  aisles  in 
the  factory,  two-  by  four-inch  scantlings  are  nailed  to  the  floor, 
and  they  are  protected  by  angle-irons,  so  that  they  are  not  sub- 
ject to  damage  by  truck  wheels,  etc.  They  are  painted  white 
so  as  to  be  always  visible,  and  have  been  found  an  effective 
means  of  preventing  minor  accidents  and  delays  caused  by 
trucks  intruding  upon  space  in  the  factory  reserved  for  manu- 
facturing work,  and  also  of  preventing  machine  operators  from 
pushing  boxes  of  castings  or  partially  finished  work  out  into 
the  aisles  where  they  block  the  progress  of  trucks  carrying 
work  from  department  to  department. 


llearrangcmcnt  of  existing  plans  is  well  worth  while.  We 
have  in  mind  one  small  factory  engaged  in  the  manufacture 
of  machine  tools  which  has  recently  increased  its  output  over 
50  per  cent  by  completely  rearranging  the  lay-out  of  depart- 
ments and  equipment,  without  buying  any  new  machinery  or 
hiring  more  men.  But  in  cases  where  complete  new  plants  are 
designed,  built  and  equipped  for  the  production  of  a  specified 
quantity  of  work,  it  is  possible  to  obtain  far  greater  efficiency 
than  where  existing  factories  are  remodeled  with  the  view 
of  increasing  efficiency.  This  is  because,  under  the  best  con- 
ditions, rearrangement  of  an  existing  plant  must  leave  many 
features  that  could  be  greatly  improved,  while  in  case  an 
entire  plant  is  laid  out  on  a  drawing-board  before  starting  con- 
struction, every  detail  can  be  carefully  considered  and  means 
provided  for  overcoming  many  difficulties  which  are  foreseen 
by  the  industrial  engineer  as  a  result  of  his  experience  with 
similar  problems  in  other  factories.  In  the  automobile  indus- 
try we  probably  see  some  6f  the  best  examples  of  efficient  meth- 
ods of  handling  work.  Viewing  the  subject  broadly,  there  are 
several  explanations  which  may  be  offered  for  the  high  degree 
of  efficiency  which  has  been  attained  in  this  industry,  but  they 
may  be  narrowed  down  to  the  fact  that  many  of  these  com- 
panies have  been  organized  and  their  factories  have  been  built 
to  provide  for  securing  a  specified  rate  of  production,  and  in 
this  industry,  as  in  no  other,  has  the  advice  of  the  best  indus- 
trial engineering  talent  been  taken  in  regard  to  the  installation 
of  time  and  labor-saving  appliances.  A  plant  that  is  required 
to  make  and  assemble  the  parts  to  turn  out  several  hundred 
complete  automobiles  a  day  is  certainly  faced  with  a  great 
task,  and  were  it  not  for  the  fact  that  the  automobile  industry 
has  taken  advantage  of  every  possible  means  of  increasing  pro- 
duction, it  would  have  been  a  physical  impossibility  to  meet 
the  demand  for  motor  cars  that  has  existed  during  recent  years. 

Analysis  of  Transportation  Problem 

Handling  of  material  and  product  in  industrial  plants  is 
subject  to  a  fundamental  sub-division  according  to  whether 
the  material  is  to  be  lifted  into  position  on  a  machine  or  to  a 
higher  floor  in  the  building,  or  whether  the  object  is  to  carry 
the  work  to  some  other  part  of  the  factory.  A  variety  of  equip- 
ments are  used  for  both  lifting  and  carrying  work,  but  these 
overlap  each  other  to  a  considerable  extent,  so  that  in  the 
following  lists,  which  show  the  different  types  of  equipment 
in  general  use,  it  will  be  seen  that  considerable  duplication 
exists  under  the  heads  of  "lifting"  and  "transporting."  An 
interesting  phase  of  this  problem,  although  it  is  one  that  offers 
grounds  for  considerable  complication,  arises  from  the  fact 
that  many  different  types  of  equipment  are  used  for  exactly 
the  same  classes  of  service,  so  that  selection  of  the  best  form 
of  equipment  to  meet  a  given  set  of  conditions  is  dependent 
upon  a  number  of  factors.  Chief  among  these  are  the  vol- 
ume of  material  to  be  handled,  first  cost  of  equipment  suit- 
able for  that  purpose,  and  the  labor  and  overhead  expenses 
incident  to  operating  under  these  different  systems  of  trans- 
portation. This  subject  will  receive  further  consideration  in 
a  later  part  of  the  article,  but  at  this  time  the  point  may  be 
made  clear  by  comparing  conditions  in  two  shops  which  are 
machining  a  piece  weighing,  say,  %  pound,  but  where  one  shop 
produces  500  pieces  a  day  while  the  other  is  required  to  turn 
out  100,000  pieces  a  day.  In  selecting  means  of  handling  this 
work  the  small  shop  could  probably  do  no  better  than  decide 
to  adopt  the  use  of  boxes  carried  by  elevating  trucks;  but  the 
large  production  of  the  other  shop  would  call  for  an  excessive 
number  of  trucks  and  men  to  pull  them,  and  aside  from  the 
high  labor  cost  incident  to  the  adoption  of  such  a  system, 
laborers  employed  on  this  work  would  certainly  create  con- 
siderable congestion  in  the  plant.  For  these  reasons  the  ex- 
perienced industrial  engineer  would  probably  adopt  the  use 
of  some  form  of  conveyor  system  for  handling  the  large  output 
of  the  shop. 

Factors  Governing'  Selection  of  Motor-driven  Hoists 
and  Chain  Blocks 

When  a  manufacturer  or  his  engineer  is  selecting  hoists  to 
be  used  for  lifting  material  or  parts  in  course  of  manufacture 
or  for  transferring  them  to  some  other  point  in  the  shop,  he 
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Fig.  1.  An  escalator  is  used  in  plant  of  Chain  Belt  Co.,  Milwaukee, 
Wis.,  for  carrying-  men  and  loaded  trucks  to  platform  from  which  trucks 
can  be  wheeled  into  freight  car.  Three  men  are  shown  in  successive 
positions,  and  it  will  be  seen  that  escalator  for  trucks  is  provided  with 
cleats  to  prevent  wheels  from  slipping 


Fig.  2.  Where  hand  trucks  are  used  in  factories  with  swinging  doors 
between  departments,  it  is  common  practice  for  truckers  to  open  doors 
by  bumping  truck  against  them.  The  Timken-Detroit  Axle  Co.  found  this 
practice  was  destroying  doors,  and  overcame  the  difficulty  by  providing 
each    truck    with    a    semicircular   buffer 


Fig.  3.  Where  the  distance  a  load  is  to  be  carried  is  too  great  for  a 
swinging  jib  crane,  advantageous  use  is  often  made  of  the  so-called 
"wall"  type  of  crane,  in  which  a  cantilever  beam  is  supported  by  a 
truck  at  one  end.  The  truck  wheels  run  on  rails  secured  to  the  wall. 
Wall  cranes  are  used  to  advantage  in  the  Gisholt  Machine  Co.'s  factory 


Fig.  4.  Under  efficient  management,  a  point  will  be  made  of  having 
each  hand  truck  carry  approximately  the  maximum  load  which  a  man 
can  push  on  a  level  floor.  With  such^ractice  it  will  ordinarily  be  re- 
quired to  provide  extra  labor  to  help  men  push  trucks  up  an  incline. 
Here  a  Yale  &  Towne  triplex  hoist  and  trolley  is  used  to  raise  the  truck 


^^ 
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Fig.  5.  Where  it  is  desired  to  transport  small  pieces  on  trolleys,  it  is 
necessary  to  equip  trolleys  with  a  carrier  in  order  that  a  load  approxi- 
mating the  trolley's  capacity  may  be  carried  at  each  trip.  This  view 
in  the  Ford  Motor  Co.'s  plant  shows  trolleys  with  carriers  for  handling 
small   castings,    built    by   the    Sprague    Electric   Works,    New    York    City 


Fig.  6.  Sometimes  a  truck  load  has  to  be  moved  a  considerable  distance. 
To  save  time,  it  may  be  found  good  practice  to  pick  the  loaded  truck  up 
from  the  floor  by  means  of  a  trolley  and  carry  entire  load  through  shop 
in  this  way.  A  monorail  crane  built  by  the  Pawling  &  Harnischfeger 
Co.,   Milwaukee,  Wis.,   is  shown  handling  a  loaded  truck  in  this  manner 
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Fig.  7.  Where  proper  care  is  taken  in  laying:  out  shop  equipment,  it 
will  often  be  possible  to  group  machines  so  that  one  jib  crane  and 
trolley  will  be  able  to  serve  a  number  of  machines.  In  this  illustra- 
tion a  view  is  shown  in  the  Gisholt  Machine  Co.'s  factory,  where  one 
jib  crane  is  able  to  serve  as  many  as  five  machines 


Fig.  8.  Where  there  is  plenty  of  head  room,  traveling  cranes,  jib  cranes 
and  trolleys  may  be  equipped  with  vertical  air  cylinder  hoists.  Only 
in  cases  where  head  room  is  limited  is  it  considered  good  practice  to 
place  the  cylinder  in  a  horizontal  position.  This  illustration  shows 
Vulcan  Engineering  Sales   Co.'s   Q.M.S.    air   hoists   in   use   in  a  car  shop 


has  a  choice  between  the  use  of  a  hand-operated  chain  block 
or  a  motor-driven  hoist;  similarly,  the  type  of  trolley  which 
he  decides  to  use  may  be  motor-driven  or  hand-operated.  There 
are  numerous  factors  governing  the  selection  of  the  type  of 
equipment  for  a  given  installation,  but,  generally  speaking, 
it  is  a  case  of  balaficing  first  cost  and  depreciation  charges 
against  efficiency  of  operation.  Where  motor  drive  is  used  for 
operating  both  hoist  and  trolley,  it  is  obvious  that  the  equip- 
ment will  cost  more  than  where  hand  chains  are  used  for  per- 
forming both  these  functions,  and  as  the  motor-driven  equip- 
ment has  a  more  complicated  mechanism,  depreciation  costs 
will  be  greater  than  in  the  case  of  the  hand-operated  hoist 
and  trolley. 

To  offset  these  limitations,  attention  is  called  to  the  fact 
that  motor  drive  enables  hoisting  and  transfer  of  material  to 
be  performed  more  rapidly  than  it  can  be  done  with  hand- 
operated  equipment.  Also,  the  use  of  electric  motors  is  likely 
to  be  the  means  of  effecting  a  material  increase  in  production 


for  the  following  reasons:  (1)  The  work  is  done  more  rapidly. 
(2)  The  workman  is  not  unduly  fatigued,  and  so  there  is  no 
marked  falling  off  of  his  efficiency  during  the  latter  part  of 
the  day.  (3)  The  workman  does  not  hesitate  for  a  minute  or 
so  before  applying  himself  to  the  work  of  raising  a  load  by 
hand.  Tha  third  reason  is  what  might  properly  be  called  psy- 
chological, but  the  results  of  time  studies  show  that  it  is  really 
important,  because  when  a  man  begins  to  tire  during  the  late 
afternoon  he  is  likely  to  waste  several  minutes  before  applying 
himself  to  the  work  of  lifting  and  transferring  a  heavy  load 
by  the  manipulation  of  hand  chains,  whereas  no  particular 
exertion  is  required  to  pull  the  cord  governing  hoisting  or 
traversing  motors. 

In  addition  to  trolley  hoists  in  which  both  trolley  and  hoist 
are  motor-driven  or  in  which  both  are  operated  by  hand,  equip- 
ments are  built  in  which  the  hoist  is  motor-driven  and  the 
trolley  hand-operated,  or  vice  versa.  In  many  shops  insuffi- 
cient attention  Is   paid   to   the  selection   of  the  trolley  hoist 


Fig.    9.     Work   handled    on   boring    mills, 
machine    tools   is    often   of   such    siee    and 
for   the   work   to   be   lifted  by   hand.      It   is 
for    lifting    work    and    placing    it    on    the 
trolley   facilitate    handling    lighter    pieces. 


of    an    IngersoU-Rand    "Imperial' 


pne 


aners  and  other  heavy-duty 
,'eight  that  it  is  impossible 
necessary  to  provide  means 
achine  table.  A  hoist  and 
IViis  illustration  shows  use 
tiatic    motor    hoist    and    trolley 


Fig.  10.  Where  heavy  materials  come  to  a  plant  by  railroad  or  motor 
truck  and  a  trolley  system  is  used  for  carrying  them  to  various  depart- 
ments in  the  plant,  it  will  be  found  good  practice  to  have  a  beam 
extending  out  over  the  railroad  or  roadway,  with  an  extension  of  the 
trolley  raU  supported  on  this  beam.  This  illustration  shows  such  an 
arrangement,     with    an    IngersoU-Rand     "Imperial"     hoist     and    trolley 
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Fig.  11.  Where  large  pieces  of  sheet  metal  are  to  be  worked  on  punch- 
ing or  shearing  machines,  a  trolley  hoist  will  be  found  convenient  to 
assist  in  handling  the  work.  This  illustration  shows  a  jib  crane  and 
pneumatic  motor  hoist,  built  by  the  Chicago  Pneumatic  Tool  Co., 
Chicago,   111.,   in  use  at  the  plant  of  the  Duluth  Boiler  Works 

equipment  best  suited  for  a  given  class  of  work,  and  it  is  not 
unusual  to  see  trolley  hoists  of  an  unsuitable  type  responsible 
for  a  serious  loss  in  production.  In  plants  where  the  pur- 
chasing agent,  who  is  a  non-technical  man,  is  given  too  much 
leeway,  he  is  likely  to  show  preference  for  hand-operated 
equipment  because  it  may  be  purchased  at  a  price  ranging 
from  one-sixth  to  one-third  that  of  the  full  motor-driven  out- 
fits. On  the  other  hand,  shopmen  who  are  partial  to  motor 
drive  are  likely  to  select  full  motor-driven  equipment  when 
the  higher  first  cost  and  maintenance  expenses  of  such  an 
,  equipment  is  not  warranted  by  existing  conditions. 

Legitimate  fields  for  hand-operated  and  motor-driven  trolley 
hoists  overlap  to  a  considerable  extent,  so  that  it  is  diflicult 
to  lay  down  any  hard  and  fast  rules  governing  their  selection. 
In  general,  it  may  be  stated  that  where  moderate  loads  are  to 
be  lifted  at  infrequent  intervals,  and  where  the  distance  that 
these  loads  are  to  be  carried  by  the  trolley  is  not  great,  both 
hoist  and  trolley  should  be  hand-operated  in  order  that  first 
cost  and  depreciation  charges  on   the  equipment  may  be  as 


Fig.  12.  Portable  cranes  are  used  for  many  purposes.  Their  chief  field 
is  for  lifting  work  in  confined  spaces  that  cannot  be  served  by  traveling 
cranes  or  trolleys.  They  can  also  be  used  to  advantage  where  there  is 
not  enough  work  to  warrant  installing  a  crane  or  trolley  system.  Canton 
Foundry  &  Machine  Co.'s  portable  cranes  are  shown  in  use  in  a  garage 

low  as  possible.  If  either  the  height  to  which  the  load  is 
lifted  or  the  distance  through  which  it  is  carried  is  consider- 
able, the  hoist  or  trolley  should  be  motor-driven;  and  if  both 
lift  and  traverse  are  considerable,  a  full  motor-driven  equip- 
ment will  probably  be  found  to  give  the  best  results.  Not 
only  is  the  motor  drive  more  rapid,  but  where  trolley  hoists 
are  used  at  frequent  intervals,  the  motors  offset  the  otherwise 
harmful  effect  of  the  so-called  "fatigue  factor,"  which  is  the 
cause  of  a  serious  falling  off  in  production  in  many  shops  dur- 
ing the  latter  part  of  the  day. 

Electric  motor  drive  gives  a  hoist  from  six  to  eight  times 
the  speed  of  a  hand  chain  hoist,  so  that  this  increased  rapidity 
of  operation  may  more  than  offset  the  additional  price  of  the 
electrical  equipment.  The  output  of  a  machine  tool  is  de- 
pendent upon  the  facility  with  which  work  is  brought  to  or 
taken  away  from  it.  Large  shop  cranes  may  be  used  to  serve 
machine  tools,  but  it  often  happens  that  work  which  must 
be  performed  by  traveling  cranes  is  so  diversified  and  dis- 
tributed that  when  cranes  are  relied  upon  to  serve  individual 


Fig.  13.  A  hoist  equipped  with  an  electromagnet  may  be  used  to  ad- 
vantage for  lifting  heavy  castings  onto  machine  tools.  This  illustration 
shows  a  case  in  which  the  work  to  be  handled  would  be  difficult  to 
hold  with  any  other  form  of  lifting  device.  One  advantage  is  the 
rapidity  with  which  a  magnet  may  be  attached  and  released 


Fig.  14.  Electromagnets  are  adapted  for  handling  a  great  variety  of 
iron  and  steel  products.  This  illustration  shows  how  coils  of  wire  may 
be  advantageously  handled.  Anyone  who  has  tried  to  lift  one  of  these 
coils  knows  that  it  is  bulky  and  hard  to  hold,  but,  as  shown,  a  Cutler- 
Hammer  lifting  magnet  is  able  to  pick  up  a  large  number  easily 
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Fig.  15.  One  class  of  service  for  which  portable  cranes  are  found  useful 
is  in  handling  heavy  castings  that  must  be  set  up  on  machine  tools  and 
removed  after  completing  the  operation.  For  this  purpose  their  chief 
advantage  is  the  fact  that  the  load  may  be  placed  in  almost  exactly 
the  desired  position.  The  Canton  Foundry  &  Machine  Co..  Canton, 
Ohio,  is  the  manufacturer  of  the  portable  crane  shown  in  this  illustration 

tools,  waiting  for  a  crane  causes  frequent  periods  of  idleness 
at  times  when  it  is  necessary  to  change  work.  This  may  be 
of  sufficient  importance  to  make  it  desirable  to  install  individ- 
ual trolley  hoists  to  serve  such  machines.  A  combination  of 
trolley  hoists  and  one  or  more  heavy  cranes  may  also  be  the 
means  of  securing  greater  returns  from  the  cranes,  owing  to 
the  fact  that  they  are  always  available  for  handling  those 
classes  of  work  for  which  they  are  best  adapted.  Also,  with 
a  hoist  always  available  for  service,  there  is  a  minimum 
amount  of  idle  time  to  be  charged  against  the  machine  and 
operator. 

Under  modern  conditions  of  manufacturing,  competition  has 
so  far  reduced  normal  profits  that  it  is  necessary  for  the  man- 
agement of  most  plants  to  analyze  carefully  their  methods  of 
operation  with  the  idea  of  increasing  profits  through  eliminat- 
ing all  avoidable  sources  of  loss.  Three  elements  largely  de- 
termine the  success  or  failure  of  efficiency  methods,  and  these 
are:  (A)  Cost  of  productive  labor.  (B)  Cost  of  material. 
(C)  Cost  of  non-productive  labor.  In  many  plants  item  (C), 
i.  e.,  non-productive  labor,  could  be  materially  reduced  through 
installing  labor-saving  machinery  for  handling  materials.  The 
possibility  of  effecting  such  reductions  is  often  overlooked.with 
the  result  that  the  overhead  expense  is  unnecessarily  large. 

Types  of  Traveline:  Cranes 

Heavy-duty  electric  traveling  cranes  are  almost  invariably 
made  with  three  motors  for  operating  the  hoist  and  traversing 
the  trolley  and  bridge,  respectively.  In  the  case  of  traveling 
cranes  for  moderate  and  light  work,  the  equipment  may  be 
either  hand-operated  or  of  the  one-,  two-  or  three-motor  type. 
The  conditions  governing  the  selection  of  one  of  these  four 
types  of  equipment  are  essentially  the  same  as  those  referred 
to  In  connection  with  hand-operated  and  motor-driven  trolley 
hoists.  A  hand-operated  crane,  in  which  hoist,  trolley  and 
bridge  are  all  worked  by  hand  chains,  is  used  in  cases  where 
the  distance  of  traverse  is  not  great  and  where  the  crane  is 
used  at  infrequent  intervals.  Motor  drive  is  used  in  any  case 
where  the  distance  which  the  load  is  to  be  lifted,  the  length 
of  the  bridge  or  the  distance  that  the  bridge  is  to  be  traversed 


Fig.  16.  In  setting  up  heavy  pieces  on  machine  tools,  it  may  be  diffi- 
cult to  handle  work  on  a  traveling  crane,  due  to  the  inability  of  that 
kind  of  equipment  to  reach  the  desired  point.  This  illustration  shows  a 
view  in  the  Cadillac  Motor  Car  Co.'s  factory,  where  a  portable  crano 
built  by  the  Franklin  Machine  Works,  Franklin,  Pa.,  is  engaged  in  set- 
ting up  work  on  the   table  of  a  radial  drilling  machine 

is  great  enough  to  make  the  saving  of  time  resulting  from  use 
of  motor  drive  sufficient  to  offset  the  increased  cost  of  equip- 
ment and  maintenance  expenses;  and  motor  drive  is  also  em- 
ployed in  cases  where  the  apparatus  is  used  at  such  frequent 
intervals  that  the  assistance  rendered  by  the  motors  in  keep- 
ing men  working  at  full  efficiency  for  the  complete  day  is  of 
sufficient  importance  to  more  than  offset  the  greater  charges 
which  must  be  made  against  the  work. 

Where  shops  are  equipped  with  compressed  air  it  will  often 
be  found  economical  to  employ  an  air-operated  hoist  of  the 
cylinder  or  pneumatic  motor  type.  A  choice  between  three 
types  of  equipment  may  be  made,  because  the  cylinder  hoist 
may  be  arranged  with  the  cylinder  in  a  horizontal  or  vertical 
position.  Where  there  is  plenty  of  head  room,  so  that  a  verti- 
cal cylinder  hoist  may  be  employed  without  interference,  this 
will  probably  be  found  the  most  economical  form  of  equip- 
ment of  the  three,  because  it  uses  the  smallest  amount  of  com- 
pressed air.  Tables  1,  2  and  3  show  the  conditions  of  opera- 
tion for  these  three  types  of  hoist. 

Use  of  Transfer  Bridges  for  Shifting-  Trolleys  from  One 
Line  of  Track  to  Another 

Where  trolley  systems  are  employed  for  moving  the  material 
and  product  in  a  plant,  the  usual  method  is  to  employ  switches 
for  diverting  the  trolleys  from  one  line  of  track  to  another. 
These  switches  are  easily  operated  and  constitute  a  satisfac- 
tory form  of  equipment  where  the  number  of  lines  of  track 
is  not  great.  There  is  a  common  type  of  shop  construction  in 
which  a  central  bay  runs  through  the  middle  of  the  building, 
with  second  and  third  bays  extending  out  at  each  side;  these 
side  bays  are  generally  in  a  section  of  the  building  that  is  not 
as  high  as  the  central  part.  A  common  arrangement  in  shops 
of  this  kind  is  to  have  one  or  more  electric  traveling  cranes 
in  the  central  bay  and  trolley  systems  in  the  side  bays.  In 
many  cases  there  will  be  a  large  number  of  trolley  tracks  run- 
ning at  right  angles  to  the  line  of  travel  of  cranes  in  the  cen- 
tral bay.  Where  such  an  arrangement  is  used  it  may  be  found 
practicable  to  have  switches  and  a  line  of  track  running  length- 
wise to  provide  for  carrying  trolleys  from  one  of  these  cross 
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Fig.  17.  Not  every  manufacturer  is  enterprising  enough  to  install  an 
elevator  at  his  steel  stock  rack.  The  Mechanical  Appliance  Co..  Mil- 
waukee, Wis.,  uses  a  portable  tiering  machine  built  by  the  Economy 
Engineering  Co.,  Chicago.  111.,  for  lifting  a  hacksaw  to  the  required 
level  so  that  a  bar  of  steel  may  be  drawn  out  on  the  rack  and  cut  off. 
While  this  may  seem  a  somewhat  complicated  arrangement  for  handling 
a  simple  shop  operation,  it  saves  time  and  avoids  confusion 

lines  of  track  to  another,  but  if  there  are  a  great  number  of 
cross  tracks,  the  complication  of  the  switches  and  trolley  sys- 
tem in  general  will  be  so  great  that  satisfactory  results  will 
not  be  obtained. 

Where  such  a  condition  exists,  a  bette^  practice  is  to  have 
what  is  known  as  a  "transfer  bridge"  running  on  the  tracks 
provided  for  carrying  cranes  in  the  central  bay  of  the  factory. 
With  such  a  system  the  bridge  carries  a  section  of  trolley 
track  which  is  in  line  with  the  cross  tracks  in  the  side  bays. 
This  bridge  and  the  track  carried  by  it  may  be  run  into  line 
with  any  trolley  track  in  the  shop,  so  that  the  trolley  and  its 
load  may  be  run  under  the  bridge.  The  bridge  and  its  load  are 
then  run  down  the  shop  to  bring  the  transfer  track  into  line 
with  the  track  onto  which  it  is  desired  to  run  the  trolley. 
A  particular  advantage  of  this  system  is  that  it  provides  for 
running  a  trolley  from  either  track  in  one  side  bay  onto  either 
of  the  tracks  in  the  bay  at  the  opposite  side  of  the  building. 
Where  traveling  cranes  are  used  in  the  central  bay,  the  only 
way  it  would  be  possible  to  do  this  with  a  trolley  track  and 
switches  would  be  to  have  the  track  extend  around  the  end  of 
the  shop,  which  would  involve  having  the  trolley  run  all 
around  the  building  to  get  to  its  destination  at  the  opposite 
side,  thus  consuming  an  unnecessarily  large  amount  of  time; 
also  there  would  be  the  objectionable  complication  of  tracks 
and  switches  to  which  reference  has  already  been  made. 

Use  of  Lifting-  Magrnets 

Magnets  are  extremely  useful  for  lifting  iron  or  steel  because 
of  the  ease  and  rapidity  with  which  they  may  be  connected 
with  the  load  and  disconnected,  after  the  desired  service  has 
been  performed.  An  idea  of  the  efficiency  with  which  lifting 
magnets  operate  and  their  ability  to  reduce  labor  costs  will 
be  gathered  from  the  following:  The  ordinary  day's  work  of 
■  a  man  lifting  pig  iron  from  the  ground  and  loading  it  into  a 
railway  car  is  from  12  to  13  tons  per  day.  Substitution  of  a 
lifting  magnet  for  manual  labor  enables  one  man,  who  merely 
has  to  operate  the  controller,  to  handle  about  900  tons  per 


Fig.  18.  Loading  blank  punched  nuts  into  tumbling  barrels  and  removing 
the  nuts  and  distributing  them  in  bins  is  heavy  work.  At  the  Boss 
Nut  Co.'s  factory  in  Chicago,  use  is  made  of  a  special  tiering  machine 
built  by  the  Economy  Engineering  Co.,  of  Chicago.  111.  It  has  a  canti- 
lever type  of  platform  with  two  arms  which  carry  the  flanged  wheels  of 
a  smEill  transfer  truck.  This  truck  carries  rails  which  support  a  small 
hopper-bottom  car  with  a  capacity  for  holding  2000  pounds  of  nuts 

day,  i.  c,  about  seventy-two  times  as  much  as  was  accomplished 
by  hand,  and  thirty  times  the  amount  of  work  possible  under 
the  best  conditions  of  scientific  management. 

Lifting  magnets  have  been  adopted  for  handling  materials 
in  a  variety  of  branches  of  the  iron  and  steel  industry.  Among 
the  classes  of  work  for  which  they  are  used  are  lifting  pig 
iron,  scrap,  castings,  billets,  tubes,  rails,  plates,  crop  ends,  etc. 
They  are  exceptionally  useful  for  loading  and  unloading  cars 
or  vessels.  Wherever  magnetic  materials  are  to  be  handled 
in  considerable  quantities,  the  lifting  magnet  is  one  form"  of 
equipment  which  should  receive  careful  consideration  before 
determining  upon  the  type  of  equipment  which  it  is  most  ad- 
visable to  install.  The  load  that  a  magnet  will  lift  depends 
largely  upon  the  nature  of  the  material  to  be  handled.  With 
a  solid  mass  of  iron  or  steel  affording  a  surface  of  good 
magnetic  contact,  a  62-inch  magnet  of  the  type  built  by  the 
Cutler-Hammer  Clutch  Co.,  Milwaukee,  Wis.,  will  lift  as  much 
as  60,000  pounds,  while  under  very  adverse  conditions  the 
lifting  capacity  of  the  same  magnet  may  drop  to  2000  pounds. 
An  idea  of  the  service  obtained  from  a  magnet  will  be  gathered 
from  the  fact  that  at  an  ore  dock  of  the  Inland  Steel  Co., 
Indiana  Harbor,  Ind.,  about  4,000,000  pounds  of  machine-cast 
pig  iron  was  unloaded  in  lOV^  hours  by  two  62-inch  old-style 
Cutler-Hammer  magnets,  the  average  lift  per  magnet  being 
3427  pounds.  Later  one  of  the  new  style  high-duty  62-inch 
magnets   handled    6000    pounds   per   trip   at   the    same   plant. 

Types  of  Equipment  Used  for  Lifting:  Materials 

Hoists,  hand-operated;  capacity,  Vs  to  40  tons. 
Hoists,  air,  cylinder  type;  capacity,  %  to  10  tons. 
Hoists,  pneumatic-motor  type;  capacity,  %  to  10  tons. 
Hoists,  electric-motor  type;  capacity,  ^  to  10  tons. 
Cranes,  portable;  capacity,  1  to  4  tons. 
Cranes,  jib;  capacity,  1  to    10  tons. 

Cranes,  traveling,  hand-operated;   capacity,  14  to  10  tons. 
Cranes,  traveling,  air-operated;    capacity,   %   to  4  tons. 
Cranes,  traveling,  electric;  capacity,  5  to  200  tons. 
Cranes,  traveling,  wall  type;  capacity,  5  to  10  tons. 
Elevators,  portable;   capacity,  4/10  to  1%  ton. 
Elevators,  freight;  capacity,  to  suit  existing  requirements. 
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TABLE  1.    DATA   ON   PNEUMATIC  MOTOR  HOISTS 


Kfct  Lift 

Cubic  I'cot 

Cnpnolty, 

iwr  Minute, 

Miixlmtiiu 

Krec  Air 

PoiiDds 

80  PotindB 

Lift,  Feet 

per  Minute, 

Preasure 

,     80  Pounds 

1,000 

32 

20 

45 

2.000 

16 

20 

45 

4,000 

8 

20 

45 

7,000 

8 

20 

80 

10,000 

7 

20 

80 

Machinery 

Means  for  Transporting-  Work 

Trucks,  two-wheeled,  hand-operated;   capacity,  %  to  %  ton. 

Trucks,  hand-operated,  elevating  type;  capacity,  1/2  to  21/^ 
tons. 

Trucks,  power-driven;  capacity,  1  to  IVo  ton. 

Trucks,  power-driven,  elevating  type;  capacity,  1  to  2  tons. 

Trolley  system;  capacity,  1  to  10  tons. 

Conveyor  system,  gravity  type. 

Conveyor  system,  belt  type. 

Conveyor  system,  bucket  type. 

Cranes,  jib,  hand-operated;   capacity,  1  to  10  tons. 

Cranes,  jib,  air-operated;  capacity,  1  to  10  tons. 

Cranes,  traveling,  hand-operated;   capacity,  14  to  10  tons. 

Cranes,  traveling,  air-operated;    capacity,   14   to  10  tons. 

Cranes,  traveling,  electric;  capacity,  5  to  200  tons. 

Cranes,  locomotive  on  industrial  tracks;  capacity,  10  to  20 
tons. 

Cranes,  gantry. 

Industrial  railways. 

In  connection  with  the  preceding  list  of  equipments  used 
for  lifting  and  transporting  materials,  it  will  be  of  interest  to 
review  briefly  those  classes  of  service  for  which  each  equip- 
ment is  particularly  adapted.  First  giving  attention  to  devices 
used  for  lifting,  the  general  statement  may  be  made  that  all 
types  of  hoists,  portable  cranes,  portable  elevators  and  jib 
cranes  find  application  in  lifting  heavy  pieces  of  work  into 
position  on  machine  tools  and  for  a  variety  of  similar  classes 
of  service.  The  choice  of  a  hand-operated  hoist  or  a  power 
hoist  will  depend  largely  upon  the  magnitude  of  loads  which 
have  to  be  handled  and  the  frequency  of  handling.  Where 
heavy  loads  are  the  general  rule  and  where  such  loads  have 
to  be  raised  or  lowered  through  a  considerable  distance  and  at 
frequent  intervals,  it  will  be  desirable  to  employ  a  power 
hoist  to  eliminate  the  fatigue  factor,  with  the  resulting  reduc- 
tion in  production  rates  toward  the  end  of  the  day.  When  the 
decision  has  been  reached  to  use  a  power  hoist,  further  selec- 
tion is  possible  between  air  cylinder,  pneumatic  and  electric 
hcjists,  and  here  it  may  be  stated  that  if  there  is  sufficient  head 
room,  the  cylinder  type  of  hoist  will  be  found  more  economical 
than  the  pneumatic  motor  hoist,  due  to  its  lower  consumption 
of  air  for  a  given  lifting  capacity.  The  choice  between  an 
electric  and  pneumatic  hoist  is  dependent  upon  various  factors, 
which  may  be  of  greater  or  less  importance  in  different  cases. 
As  a  general  rule,  the  question  will  be  decided  by  the  number 
of  hoists  to  be  used,  the  cost  at  which  electric  power  can  be 


bouglit  from  a  generating  station,  and  the  relative  cost  at 
which  electric  power  or  compressed  air  can  be  generated  in 
the  plant.  Each  problem  has  its  own  peculiar  conditions,  and 
In  some  cases  electric  hoists  will  seem  preferable,  while  at 
other  times  the  use  of  air-operated  hoists  will  seem  advisable. 
Before  leaving  this  subject  it  should  be  stated  that  where  only 
a  few  hoists  are  used  or  where  an  air  line  is  not  retjuired  in 
the  shop  for  operating  pneumatic  tools,  etc.,  electric  hoists 
will  always  be  preferable,  because  it  is  cheaper  to  provide 
connections  with  an  electric  power  circuit  than  it  is  to  install 
air  compressors  and  pipe  lines  through  the  shop.  Cylinder 
type  air  hoists  are  commonly  used  where  there  is  plenty  of 
head  room,  so  that  the  vertical  cylinder  will  not  interfere  with 
obtaining  the  required  lift,  but  where  the  head  room  is  lim- 
ited, either  a  pneumatic  motor  or  an  electric  motor  hoist  is 
more  suitable.  Another  general  application  of  the  cylinder 
type  of  hoist  is  in  connection  with  cantilever  beams,  jib  cranes, 
etc.,  so  that  a  cable  can  run  from  the  hoist  over  an  idler 
pulley;  in  this  way  the  desired  lift  is  obtained  without  inter- 
ference from  the  cylinder.  Of  course  it  will  be  understood 
that  the  lift  of  a  cylinder  type  of  hoist  is  limited  to  the  length 
of  travel  of  the  piston,  unless  some  form  of  multiplying  rig- 
ging is  provided  to  carry  the  cable. 

TABLE   2.    DATA  ON  AIR  HOISTS- VERTICAL  CYLINDER 


Cubic  Feet  of  Free  Air 

Size  of 

for  4-foot  Lift 

Diameter, 
Inches 

Hose  Con- 
nection, 

At  80 

At  100 

Inches 

At  80 

At  100 

Pounds 

Pounds 

Pounds 

Pounds 

J  (    '' 

920 

1,150 

Vtz 

1.83 

2.29 

i     5 

=  ]      6 

1,430 

1,790 

V2 

2.84 

3.56 

2,010 

2,510 

V2 

3.25 

4.05 

/  7 

2,840 

3,550 

V2 

5.97 

7.47 

1    8 

3,720 

4,650 

V2 

7.81 

9.77 

1  ^ 

4,700 

5,875 

% 

9.88 

12.36 

§  1  10 

5,700 

7,150 

% 

11.96 

15.00 

"/  12 

8,250 

10,300 

% 

17.31 

21.68 

1   1    14 

11,250 

14,050 

% 

23.61 

29.55 

"  J   16 

14,600 

18,200 

1 

30.58 

38.28 

r  18 

18,500 

23,100 

1 

38.80 

48.50 

V   20 

22,800 

28,500 

1 

47.88 

60.00 

Machineru 

Portable  cranes  find  extensive  application  in  lifting  heavy 
castings  and  other  pieces  of  work  from  trucks  or  trolleys  and 
placing  them  in  position  on  machine  tools,  etc.  The  peculiar 
advantage  of  portable  cranes  is  that  they  afford  means  of  ad- 
justing the  work  vertically  to  exactly  the  right  height,  and  of 
transporting  it  short  distances  between  trucks  or  trolleys  and 
machine  tools  on  which  operations  are  to  be  performed.  They 
reach  into  cramped  spaces  where  traveling  cranes  cannot  go, 
and  make  it  unnecessary  for  a  man  to  get  help  when  setting 
up  a  heavy  piece  of  work  on  his  machine. 

Jib  cranes  are  used  for  much  the  same  class  of  service  as 
portable  cranes,  and  where  proper  care  is  taken  in  the  lay- 


TABLB  3.    DATA  ON  AIR  HOISTS-HORIZONTAL  CYLINDER 


Capa 

cities 

D 

ameter 

Size  of  Hose 

Cubic    Feet 
4-foot 

Free    \.\t   for 
Stroke 

Hoist, 

Straight 

One  Sheave,  2  to  1 

Two  Shea 

ves,  4  to  1 

Connection, 

] 

Dches 

Inches 

At  80  Pounds 

At  100  Pounds 

At  80  Pounds 

At  100  Pounds 

At  80  Pounds 

At  100  Pounds 

At  80  Pounds 

At  100  Pounds 

V 

(        4 

920 

1,150 

450 

565 

215 

270 

% 

1.83 

2.29 

z 

5 

1,430 

1,790 

700 

880 

335 

420 

V2 

2.84 

3.56 

'       6 

2,010 

2,510 
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1,225 

470 

590 

1/2 

3.25 

4.05 

/     7 

2,840 

3,550 

1,390 

1,740 

670 

835 

¥2 

5.97 

7.47 

8 

3,720 

4,650 

1,820 

2,280 

825 

1,090 

V2 

7.81 

9.77 

^ 

4,700 

5,875 

2,300 

2,880 

1,100 

1,380 

% 

9.88 

12.36 

?. 

)    ^" 

5,700 

7,150 

2,800 

3,500 

1,340 

1,680 

% 

11.96 

15,00 

4J     < 

^    12 

8,250 

10,300 

4,040 

5,050 

1,940 

2,420 

% 

17.31 

21.68 

a 

\    14 

11,250 

14,050 

5,550 

6,900 

2,620 

3.300 

% 

23.61 

29.55 

16 

14,600 

18,200 

7,150 

8,925 

3,430 

4,275 

1 

30.58 

38.28 

18 

18,500 

23,100 

9,050 

11,100 

4,350 

5,425 

1 

38.80 

48.'50 

i,    20 

22,800 

28,500 

11,150 

13,650 

5,350 

6,700 

1 

47.88 

60.00 
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Fig.  19.  Bar  stock,  sheet  metal  and  similar  raw  materials  may  be 
conveniently  racked  with  the  assistance  of  a  "revolvator"  which  is  a 
revolving  portable  elevator  made  by  the  New  York  Revolving  Portable 
Elevator  Co.,  Jersey  City,  N.  J.  Material  may  be  deposited  on  the 
elevator  platform,  raised  to  the  desired  level,  and  turned  to  any  position 


Fig.  20.  In  the  preceding  illustration.  Fig.  19.  the  sheet  metal  has  been 
taken  from  the  wagon  and  placed  on  the  revolvator  platform,  with  the 
material  running  parallel  to  the  length  of  the  rack.  Then  the  revolvator 
is  turned  through  an  angle  of  90  degrees  and  raised  the  necessary 
amount,   so   that  the   end  of  the  stock  comes   opposite   the    desired   rack 


Fig.  21.  Worm  drives  for  rear  axle  transmissions  are  made  in  large 
quantities  at  the  plant  of  the  Timken-Detroit  Axle  Co.  Of  course,  these 
worms  and  the  worm-shaft  bearings,  etc.,  are  carefuUy  machined  and 
precautions  must  be  taken  to  prevent  damage  through  one  worm  striking 
another.  This  is  accomplished  by  the  use  of  special  trucks  with 
"cradles"   In  which  the  worms  are   held  without  danger  of  damage 


Fig.  22.  Forgings,  castings,  etc.,  delivered  to  machines  for  a  specified 
operation  must  be  kept  separate  from  those  on  which  the  operation 
has  already  been  performed.  One  truck  for  blanks  and  one  for  machined 
work  take  up  considerable  space.  A  better  method  is  to  have  one  truck 
with  a  partition  dividing  the  space  into  a  compartment  for  blanks  and  a 
second  compartment  for  finished   work    (Timken-Detroit   Axle   Co.) 
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Fig.  23.  In  order  for  trucking  to  be  done  efficiently,  it  is  of  absolute 
importance  that  all  aisles  in  the  factory  be  kept  open.  Instead  of  a 
paint  line  down  each  side  of  the  aisle,  the  Timken-Detroit  Axle  Co. 
uses  2-  by  4-inch  timbers  protected  with  angle-irons,  These  effectually 
prevent  trucks  running  out  of  the  aisles 


Fig.  24.  In  one  of  the  United  States  government  arsenals.  20,000  rifle 
barrels  are  inspected  at  one  time.  Obviously,  this  form  of  work  calls 
for  careful  methods  of  handling.  Not  only  is  it  necessary  to  provide 
means  of  transferring  work  to  the  inspection  department,  but  the  trucks 
must  be  so  made  that  finished  surfaces  of  the  barrels  will  not  be  marred 
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TABLE  4.     STANDARD   SIZES  OF  CRANES  SUITABLE   FOR  GENERAL  SERVICE, 
WITH  HOISTING  AND  TRAVELING  SPEEDS' 


Size  in 
Tons  of 
200U  Lba. 

Btandard 
Hoisting 
Speeds, 
Feet  per 
Minute 

Bridge  Travel    Trolley  Travel 
SpeeilH.  Feet      Speeds,  Kcet 
per  Minute         per  Minute 

Am    nniat                               Standard 

8i/.e  of-            hLo/u            S'^eJn           Hoisting 

Aim.  Hoist,            FflBt  nir          Tons  of           Speeds, 

Tons                {aTnVte         2"""  I^''»-         'j^"?,',,"^!' 

Ilridgo  Travel 
Speeds.  I'cct 
per  Minute 

Trolley  Travel 
Speeds,  Feet 
per  Minute 

Size  of 

Aux.  Hoist. 

.  Tons 

Aiix.  Hoist 
Speeds. 
I'eel  per 
Minute 

5 

25-  60 
30-  75 
40-100 

300^350 

100-150 
400-450 

40 

9-22 
10-25 
12-30 

250-300 
300-350 

100-150 

5 

or 
10 

40-100 
25-  60 

10 

20-  50     1 

300-350 
25-  60 

400-450 
30-  75 

100-150 

3 

30-  75 

1 

50 

8-20 

200-250 
10-25                                100-150 

250-300 
12-30      1 

5              40-100 
or 
10             25-  60 

1     17-  42 

j                        300-350 
15      1     20-  50 

350-400 
24-  60 

3 

100-150             or 
1          5 

1 

50-125 
40-100 

1        8-20          200-250    |                            10             25-  60 
60     i      10-25                              100-150            or 

j      12-30          250-300                                  15              20-  50 

1     12-  30 

1                        250-300 
20           15-  40     1 

1    300-350 

3 

100-150    1        or 

1          5 

50-125 
40-100 

6-15 

75             8-20 

10-25 

200-250    1    100-150    |        15             20-  50 

1                      1 

1     20-  50 

1                      1 

1        5-12      1                                                               1 

10-  25 

25           12-  30 

16-  40 

250-300                          1          3 

100-150    1          5 

300-350                         1         10 

50-125 
40-100 
25-  60 

100     1        6-15          200-250        100-150             20         |     20-  50 

1  7y2-i8                                                1 

125 

5-12                                                                     1 

200-250        100-150            25        j     20-  50 
6-15                                              1                   1 

1                    1                    1                    1                    1 

1     10-  25 

30 

12-  30 
14-  35 

300-350 

J 

100-150 

or 

10 

25-  60 

1        5-12                            1 
150     1                          200-250    1    100-150             25              20-  50 
1         6-15                             1                       1                      1 
I                            1                           1                            1                          1        MacHinery 

1  Practice    of    Pavling    &    Harnischfeger    Co.,    Milwaukee,    Wis.,    with   Type   A   an  1  Type  C   trolleys.     Capacities  can   be  doubled   by   using  two  standard  trolleys  on  a 
single  bridge. 


out  of  equipment  in  a  department,  it  is  often  possible  to  so 
locate  a  given  jib  crane  that  it  provides  for  transferring  work 
to  several  machines.  For  instance,  in  the  plant  of  the  Gisholt 
Machine  Co.,  Madison,  Wis.,  vertical  turret  lathes  are  so 
grouped  that  one  jib  crane  carries  work  to  and  from  five  ma- 
chines. Similarly,  in  the  plant  of  the  Griffin  Wheel  Co.,  Chi- 
cago, 111.,  car-wheel  molds  are  laid  out  on  the  foundry  floor  in 
a  circle,  at  the  center  of  which  a  jib  crane  is  located.  This 
crane  takes  a  ladle  of  molten  iron  and  swings  it  around  into 
position  over  each  mold  so  that  the  metal  may  be  poured. 
Portable  elevators  are  used  for  somewhat  the  same  classes 
of  service  as  portable  cranes,  although  the  conditions  under 
which  they  operate  are  rather  different.  Exceptionally  good 
results  may  be  obtained  with  portable  elevators  for  such  pur- 
poses as  taking  heavy  dies  out  of  storage  racks  and  transfer- 
ring them  to  drop-hammers  or  power  presses,  lifting  heavy 
electric  motors  and  countershafts  into  position  to  be  bolted  to 


their  supports,  raising  barrels  and  boxes  to  the  desired  level 
to  be  rolled  into  freight  cars  or  onto  storage  shelves,  etc. 

Freight  elevators  are  used  for  lifting  material  from  floor 
to  floor  in  industrial  plants.  They  may  be  of  the  familiar  type 
in  which  material  is  carried  onto  the  elevator  by  a  truck  or 
other  means;  or  they  may  be  of  the  self-loading  type,  i.  e.,  the 
load  is  placed  on  a  platform  so  that  it  may  be  automatically 
taken  off  by  bars  which  pass  up  between  spaces  in  the  loading 
platform  and  carry  the  work  away. 

Methods  of  Transporting  Work 

Of  the  ten  forms  of  equipment  for  transporting  material  and 
product,  there  are  four  general  classes  of  service  that  must 
be  fulfilled,  which  are  given  in  the  following: 

Hand-operated  trucks  or  power  trucks  are  used  for  the  mis- 
cellaneous transfer  of  material  from  point  to  point  in  a  fac- 
tory, and  their  chief  virtue  lies  in  the  fact  that  no  fixed  course 


TABLE  5. 


CLEARANCE  DIAGRAMS  FOR  STANDARD  FOUR- 
LOCOMOTIVE  cranes' 


AND  EIGHT- WHEEL 


'Practice  of  Link-Belt  Co.,   Chi 
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Fig.  25.     The  Palmer-Bee  Co.,  of  Detroit.   Mich.,   installed  conveyors  and 

other    equipment    for    handling    work    at    the    plant   of    the    Paige-Detroit 

Motor  Car  Co.     A  rack  was  designed  for  storing  automobile  bodies,   over 

which  they  are   carried  by  a   special  elevating  truck 


Fig.    26.     The    Cowan    elevating    truck    is    used    in    the    plant   of    the    De 

Laval  Separator  Co.,  Poughkeepsie.  N,  Y.,   for  handling  work.     Platform 

racks    hold    finished    parts    and    prevent    them    from    striking   each   other. 

Note  how  racks  overlap  to  provide  clearance  for  work 


Fig.    27.     Telescopic   boxes   on   platforms    are    used   by   the   Pierce-Arrow 
Motor    Car    Co.,    Buffalo,    N.    Y.,    in    connection    with    Cowan    elevating 
trucks.    Box   sections   are    of   standard   size    and   can   be   built   up   as   re- 
quired.    Note  saving  of  floor  space  made  possible 


Fig. 

on  elevating  trucks. 

being  handled   on   an 


a  good  plan  to  make  tables  which  can  be  handled 
This  illustration  shows  a  table  loaded  with  work 
elevating   truck  built  by  the   Barrett-Cravens   Co., 
Chicago,  111. 
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Fig.   29.      Where  a  number  of  cores  have  to  be   handled  in  a   lOundry.    it 
is  well  to  have  racks  for  moving  them.     This  illustration  shows  a  power- 
driven    elevating    truck    built    by    the    Automatic     Transportation    Co., 
Buffalo.   N.   Y.,   carrying  a  rackful  of   cores  to   a  baking  oven 


Fig.  30.  Power-driven  trucks  handle  loads  at  greater  speed  than  is 
possible  by  hand.  In  the  National  Cash  Register  Co.'s  factory,  illus- 
trated, where  the  output  is  large,  power-driven  trucks  made  by  the  Gen- 
eral Vehicle  Co.,  Long  Island  City,  N.  Y.,  are  used  in  the  shipping  room 
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Fig.   31.     For  handling  material  of  compact  form,  so  that   a  il 

load  can  be  stacked   on   a   single   platform,    satisfactory  results   may  be 

obtained  by  the   use   of  power-driven   elevating   trucks.      The   additional 

speed  of  operation  saves  considerable  time  and  labor 


Fig.  32.  In  the  Jones  &  Lamson  Machine  Co.'s  shop,  Springfield.  Vt., 
a  stand  carrying  all  shafts,  gears,  etc,  required  for  the  headstock  is 
loaded  in  the  store-room  and  sent  to  the  assembling  department  on  ele- 
vating  trucks   built   by   the   National   Scale   Co.,    Chicopee   Falls,    Mass. 
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need  be  followed.  Hand-operated  trucks  of  the  plain  or  plat- 
form type  may  be  either  pushed  or  pulled,  and  when  they  are 
pushed  it  is  desirable  to  have  some  form  of  buffer  at  the  front 
to  provide  for  opening  swinging  doors  without  delay.  This 
buffer  should  be  of  a  curved  shape,  so  that  if  the  truck  gets 
into  a  Jam,  the  buffer  will  assist  in  guiding  the  front  through 
a  narrow  passage.  A  curved  buffer  also  prevents  damaging 
swinging  doors  in  the  shop,  which  are  often  pushed  open  by 
bumping  the  truck  against  them.  For  short  hauls,  halid- 
operated  trucks  are  most  satisfactory  because  of  their  lower 
cost  and  small  upkeep  charge;  but  in  case  heavy  loads  have 
to  be  hauled  considerable  distances,  it  is  better  to  use  power 
trucks,  and  these  are  ordinarily  made  of  the  storage  battery 
type.  In  the  plant  of  the  Timken-Detroit  Axle  Co.  and  else- 
where, an  alternative  for  power  trucks  is  provided  by  having 
platform  trucks  arranged  with  couplings,  so  that  they  may  be 
connected  in  trains  and  pulled  by  an  "engine"  which  is 
equipped  with  the  motor  of  a  discarded  Ford  automobile.  Such 
trains  of  cars  are  pulled  from  the  forge  shop  to  the  first  ma- 
chine shop — a  distance  of  about  one-eighth  mile — and  enable 
material  to  be  handled  much  more  rapidly  than  it  could  be 
with  hand-operated  trucks. 

Where  it  is  desired  to  transfer  work  along  a  well  defined 
route  of  no  great  -width,  use  may  be  made  of  a  track  equipped 
with  trolley  hoists  of  the  hand-operated  type  or  furnished  with 
electric  or  pneumatic  motors.  For  the  same  class  of  service, 
use  may  be  made  of  conveyor  systems  of  various  types,  but 
as  a  general  thing  conveyors  are  not  employed  unless  there  is 
a  large  volume  of  work  to  be  handled.  Industrial  railroads 
on  which  trains  of  cars  are  pulled  by  steam  or  electric  engines 
are  not  commonly  employed  unless  it  is  required  to  carry  very 
heavy  loads,  and  in  order  to  be  a  paying  proposition  there 
should  be  enough  work  to  be  done  to  enable  the  industrial  rail- 
road to  earn  a  satisfactory  return  upon  a  somewhat  heavy 
investment. 

Jib  cranes  are  more  properly  used  for  lifting  work  and  ma- 
terial, but  in  a  limited  sense  they  may  be  discussed  under  the 
heading  of  transportation,  because  cranes  of  this  type  are 
employed  for  swinging  heavy  loads  a  short  distance  between 
trucks  and  machine  tools  on  which  work  is  to  be  done,  and 
for  similar  classes  of  service.  Jib  cranes  may  be  equipped 
with  hand-operated  hoists  or  with  electric,  pneumatic  or  air 
hoists,  the  air  cylinder  type  being  one  of  the  most  common. 

Locomotive  cranes,  although  generally  used  for  swinging  a 
load  through  relatively  short  distances,  are  supported  so  that 
the  load  may  be  picked  up  and  carried  any  desired  distance. 
Some  fairly  small  factories  make  good  use  of  locomotive 
cranes,  although  at  first  thought  it  may  appear  as  though  they 
have  not  enough  work  to  keep  such  an  equipment  busy.  A 
locomotive  crane,  when  not  in  use  for  the  purpose  of  lifting, 
may  be  satisfactorily  employed  as  a  switch  engine,  and  it  is 
this  "fill  in"  work  that  has  led  to  a  considerable  increase  in 
the  application  of  this  type  of  crane.  A  smaller  form  of  crane 
combining  the  same  general  features  of  design  as  a  locomotive 
crane  is  made  with  a  swinging  arm  of  relatively  short  reach, 
which  is  supported  on  an  electric  motor-driven  truck. 

The  chief  distinction  between  the  classes  of  service  for  which 
some  form  of  trolley  system  is  suitable  and  those  for  which  a 
traveling  crane  is  required  is  that  provision  is  made  for  carry- 
ing work  along  a  definite  course  in  the  trolley  systems,  while 
an  entire  area  may  be  served  by  cranes,  as,  for  instance,  the 
whole  floor  of  a  shop.  Traveling  cranes  are  of  numerous  types 
and  may  be  equipped  with  electric  or  air  motors;  in  addition, 
they  may  be  hand-operated  or  of  the  one-,  two  or  three-motor 
types,  according  to  whether  the  hoist,  trolley  and  trucks  that 
support  the  bridge  are  motor-driven.  There  are  two  general 
types  of  equipment  used  for  this  purpose,  viz.,  the  traveling 
crane  supported  on  runw^ays  carried  by  the  structure  of  the 
building,  and  the  gantry  crane  on  which  the  hoist  and  trolley 
are  carried  by  a  structure  which  runs  on  truck  wheels  carried 
by  rails  placed  on  the  ground.  The  distinction  in  use  between 
these  equipments  is  that  traveling  cranes  are  used  inside  build- 
ings, while  gantry  cranes  are  used  in  railroad  yards  and  sim- 
ilar places  out  of  doors.  In  such  cases  it  will  be  found  eco- 
nomical to  build  a  structure  to  carry  a  traveling  crane,  if  the 
probable  saving  in  power  will  be  sufficient  to  warrant  such  an 


expenditure.  In  operating  a  gantry  crane,  additional  power  is 
consumed  in  traversing  the  structure  that  supports  the  bridge, 
and  if  a  lot  of  service  is  required  of  the  crane,  this  increase 
in  power  consumption  may  more  than  offset  the  lower  first 
cost  of  the  gantry  crane 

Handling  Work  of  Assemblins-  Department 

In  plants  engaged  in  the  manufacture  of  complete  products, 
that  is,  in  machining  parts  and  assembling  them  ready  for 
shipment  to  the  user,  there  is  probably  no  better  method  of 
handling  than  sending  completed  parts  to  what  is  generally 
known  as  the  "finished  stores"  department,  from  which  they 
are  drawn  on  requisition  by  the  assembling  department  as  fast 
as  they  are  required.  The  introduction  of  various  profit- 
sharing  plans  in  industrial  plants  has  been  extremely  valuable 
through  its  tendency  to  unify  the  interests  of  employer  and 
employe,  as  both  classes  benefit  through  any  increase  of  pro- 
duction which  is  made  possible.  To  facilitate  the  handling  of 
materials  and  the  performance  of  machining  operations  as  far 
as  possible,  and  to  make  a  corresponding  increase  in  the  earn- 
ings of  men  and  the  profits  of  employers,  most  large  manu- 
facturing plants  have  established  what  are  known  as  planning 
departments,  which  employ  engineers  whose  duty  it  is  to  de- 
vise time-  and  labor-saving  methods. 

Much  has  been  accomplished  in  this  way,  but  there  is  prob- 
ably no  one  step  which  has  effected  greater  savings  in  the  cost 
of  production  than  the  development  of  what  is  known  as  the 
progressive  method  of  assembling.  This  was  first  employed 
in  the  assembling  of  parts  to  form  complete  motor  cars,  and 
as  practiced  in  automobile  factories,  it  consists  of  putting  the 
automobile  frame  on  a  traveling  conveyor  which  runs  the 
entire  length  of  the  assembling  shop.  This  conveyor  carries 
the  frame  along,  and  stationed  at  intervals  along  the  track 
are  gangs  of  men  who  perform  specified  parts  of  the  work  of 
assembling.  These  men  are  kept  constantly  supplied  with 
parts,  which  they  put  in  place  on  each  car  as  it  passes  their 
station;  thus  the  conveyor  constitutes  a  pacemaker  which  stim- 
ulates activity  on  the  part  of  the  men  and  keeps  them  work- 
ing at  top  speed. 

Practice  varies  in  the  method  of  handling  progressive  assem- 
bling in  different  automobile  plants.  In  some  cases  the  auto- 
mobiles which  are  constantly  getting  nearer  the  completed  con- 
dition are  moved  along  the  track  by  a  power-driven  conveyor, 
as  previously  mentioned,  while  in  other  cases  each  frame  sup- 
ported by  the  axles  and  wheels  of  the  automobile  is  run  along 
the  track  as  fast  as  the  different  groups  of  men  are  through 
with  their  task.  The  former  is  usually  the  better  method,  as 
when  the  work  is  moved  along  by  hand  the  personal  equation 
becomes  the  determining  factor  in  establishing  rates  of  pro- 
duction, so  that  much  of  the  possible  benefit  of  the  plan  is  lost. 

An  alternative  method  is  employed  in  assembling  automo- 
biles in  the  plant  of  the  Studebaker  Corporation,  Detroit, 
Mich.  Under  this  plan  the  cars  are  all  connected  to  a  con- 
veyor, which,  instead  of  running  continuously,  is  moved  in- 
termittently by  a  man  who  is  stationed  on  a  bridge  at  the  head 
end  of  the  track  and  operates  control  levers  to  move  the  cars 
forward  one  station  as  soon  as  the  assembling  operation  has 
been  completed  by  all  the  men  along  the  track.  Eaich  sta- 
tion is  given  a  number,  and  a  push-button  is  provided  by 
which  a  signal  is  sent  to  the  man  on  the  bridge  that  the  work 
of  assembling  at  that  station  has  been  completed.  These  sig- 
nals consist  of  electric  lights  which  glow  as  soon  as  the  push- 
button is  pressed  and  show  the  numbers  of  the  stations  that 
have  completed  their  work. 

When  all  the  lights  are  on,  the  man  on  the  bridge  imme- 
diately throws  over  his  control  lever  and  advances  the  auto- 
mobiles on  the  assembling  track  to  the  next  station.  This 
man  keeps  a  record  of  the  order  in  which  assembling  opera- 
tions are  completed  at  the  different  stations  and  the  number 
of  men  at  each  station  is  regulated  according  to  the  complexity 
of  the  work,  the  idea  being  to  have  all  of  the  assembling  opera- 
tions completed  at  the  same  time.  Should  it^  happen  that  a 
given  station  is  conspicuously  behind  time,  an  investigation 
is  made  to  find  whether  the  men  at  this  station  are  taking  an 
unnecessary  amount  of  time  or  whether  conditions  of  the  work 
justify  such  an  increase  in  the  time  required  for  assembling. 
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Fig.    33.     Time   I3   often   lost   through   assemblers   having   to   make   trips 
to  the  store-room  to  obtain  missing  parts.     The  Cadillac  Motor  Car  Co. 
has  overcome  this  difficulty  by  constructing  trucks  with  Individual  com- 
partments for  carrying  a  complete   set  of  parts  for  a  motor 


Fig,   34.     Where  material  is  bulky  and  requires  considerable  space  on  a 

truck,    several   trucks    can    be    coupled    together   and    pulled   through   the 

plant  by  a  tractor.     The  illustration  shows  one  of  the  mill  type  electric 

tractors   built  by  the   Automatic   Transportation   Co.    pulling  trucks 


Fig.  35.  In  factories  that  have  industrial  railroad  tracks  trains  need  not 
always  be  pulled  by  an  engine.  Where  the  load  is  to  be  moved  only  a  mod- 
erate distance,  the  cars  can  be  pushed  along  with  a  motor-driven  truck. 
An   Automatic   Transportation   Co.    tractor   is   shown  in  the  illustration 


1 

tM 

Fig.  36.  In  some  cities  municipal  regulations  prohibit  extending  a  beam 
out  over  the  roadway  to  support  a  trolley.  The  Palmer-Bee  Co..  of 
Detroit,  Mich.,  made  a  movable  trolley  for  the  Paige-Detroit  Motor 
Car  Co.,    which   can  be  run  out  over  the  road  to   pick   up   auto   bodies 


Fig.  37.  In  the  trolley  rail  extension  (Fig.  36),  the  air  cylinder  actuates 
the  hoist  and  the  pneumatic  motor  runs  the  extension  out  so  that  the 
hoist  can  pick  up  its  load  and  carry  it  back  into  the  shop,  where  the 
auto  body  is  put  on  a  conveyor  and  carried  to  the  assembling  department 


Fig.    38.     At    the    Packard    Motor    Car    Co.'s    factory   in   Detroit,    crank- 
cases   are   drilled   in   jigs,    which  run   on  rails  leading  from   machine   to 
machine.     These  jigs  are  supported  on  trunnions  and  have  index-pins  to 
enable   all  suriaces   to  be  brought  into  the   drilling  position 


Fig.    39.     In    the    cylinder    department    of    the    Cadillac    Motor    Car    Co. 

there  is  a  stand  between  each  pair  of  machines,   of  the   same   height   as 

the  machine  tables,   so  the  operator  does  not  have  to  stoop.       Castings 

are   swung  from  machine  to  stand  and  thence  to  next  machine 


Fig.  40.     In  performing  a  sequence  of  operations  on  pistons,  the  Cadillac 

Motor    Car    Co.    uses    a    trough    in    which    the    pistons    are    rolled    from 

machine  to  machine.     When  an  operation  has  been  completed,  the  piston 

is  removed  from  the  machine  and  placed  in  the  trough 
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Fig.  41,  Troughs  arc  also  used  for  carrying  cylindrical  work,  such  as 
pistons,  from  machine  to  machine  in  the  plant  of  the  Ford  Motor  Co, 
Tliis  illustration  shows  a  somewhat  different  arrangement  from  that 
illustrated  in  the  Cadillac  factory.  An  idea  of  the  enormous  rate  of 
production  in  the  Ford  shops  will  be  gathered  from  the  stack  of  pistons 
shown    in    the    foreground    of    this    illustration 

Upon  the  result  of  this  investigation  a  decision  is  reached 
either  to  supply  one  or  more  additional  men  to  help  with  the 
work  or  to  replace  those  men  who  are  found  to  be  taking  too 
much  time  in  the  performance  of  their  task. 

Mention  has  already  been  made  of  the  fact  that  the  pro- 
gressive method  was  developed  for  the  assembling  of  com- 
plete automobiles,  but  its  advantages  have  become  so  con- 
spicuous that  automobile  manufacturers  are  now  using  it  in 
many  other  kinds  of  work.  For  instance,  motors,  rear  axles, 
clutches  and  many  other  parts  are  assembled  by  the  pro- 
gressive method,  and  illustrations  showing  the  performance 
of  this  work  are  presented  in  this  article. 

The  Palmer-Bee  Co.,  Detroit,  Mich.,  had  installed  a  number 
of  successful  conveyor  systems  in  the  Packard  factory,  and 
suggested  that  it  would  be  entirely  feasible  to  apply  the  pro- 
gressive method  of  assembling  in  handling  the  clutches.  The 
result  was  that  stands  of  the  same  type  as  those  originally 
used,  except  that  they  are  made  lower  on  account  of  being  sup- 
ported on  the  conveyor,  were  placed  on  the  power-driven  con- 
veyor, along  which  groups  of  men  are  stationed  to  perform 
the  assembling  operations.  These  men  are  constantly  supplied 
with  the  parts  they  are  required  to  put  together,  and  as  the 
conveyor  sets  the  pace,  the  rate  of  production  in  handling  this 
work  has  been  greatly  increased.  Although  progressive  as- 
sembling was  originally  developed  and  is  still  generally  used 
in  automobile  plants,  the  method  is  now  finding  application 
in  other  lines  of  work;  in  the  second  installment  of  this  article 
illustrations  will  be  shown  of  the  progressive  assembly  of 
parts  of  gas  ranges  in  the  factory  of  the  Detroit  Stove  Works, 
and  of  automobile  cushion  springs  in  the  plant  of  the  Detroit 
Wire  Spring  Co-,  Detroit,  Mich. 

Org-anizatlon  of  Assembling'  Methods  in  Other  Directions 

Lack  of  organization  in  handling  the  work  of  the  assembling 
department  probably  offers  a  better  opportunity  for  uncon- 
scientious employes  to  waste  time  than  is  the  case  in  any  other 
department.  This  is  due  to  the  fact  that  in  assembling,  cer- 
tain parts  are  likely  to  be. missing,  and  this  presents  an  op- 
portunity for  the  assembler  to  go  to  the  store-room  for  parts 
and  take  a  lot  of  time  in  getting  them.  With  the  view  of  over- 
coming trouble  from  this  cause,  many  manufacturers  have 
organized  their  work  of  assembling  in  such  a  way  that  a  com- 
plete set  of  parts  for  a  given  unit  is  carefully  made  up  in  the 
finished  stores  department  and  checked  over  to  see  that  noth- 
ing is  missing;  this  set  of  parts  is  then  sent  up  to  the  assem- 
bling room  and  can  be  put  together  without  delay.  A  case  in 
point  is  seen  in  the  motor  assembling  department  of  the 
Cadillac  Motor  Car  Co.,  Detroit,  Mich.  This  firm  has  refused 
to  adopt  the  method  of  progressive  assembly  because  its  engi- 
neers hold  the  view  that  a  forced  rate  of  production  must,  of 
necessity,  lead  to  turning  out  work  which  is  likely  to  be  found 
unsatisfactory  in  service.  Every  effort  has  been  made  to 
facilitate  the  work  of  assembling  by  keeping  the  men  con- 
stantly supplied  with  the  parts  they  need  and  by  every  other 
means  that  cannot  exert  a  harmful  effect  upon  the  quality  of 


Fig.  42.  In  the  Ford  Motor  Cu's  jil.mt,  apjilication  of  work-carrying 
troughs  is  not  limited  to  the  handling  of  pieces  of  cylindrical  form. 
Many  small  parts  are  carried  in  this  way,  but  it  is  necessary  to  have  a 
considerably  greater  pitch  where  the  work  must  slide  instead  of  roll 
in  the  trough.  This  idea  is  simple  and  could  be  used  to  exceUent  ad- 
vantage in  handling  a  great  variety  of  work 

the  work  produced.  One  important  step  in  this  direction  con- 
sists of  providing  trucks  that  are  furnished  with  trays  divided 
up  into  compartments  for  all  the  parts  of  a  motor.  These 
trucks  are  sent  empty  to  the  finished  stores  department,  where 
a  complete  set  of  parts  for  a  motor  is  loaded  into  the  truck. 
By  having  the  trucks  subdivided  into  trays  and  compartments, 
it  is  an  easy  matter  for  the  men  in  the  store-room  to  check 
up  the  parts  to  see  that  nothing  is  missing.  Then  when  the 
truck  goes  up  to  the  assembling  room  there  is  no  chance  of 
delay  through  lack  of  parts.  Work  is  further  facilitated  by 
providing  stands  mounted  on  joints  that  permit  the  motor  to 
be  swiveled  into  any  position  that  will  be  found  most  con- 
venient for  putting  each  part  into  place. 

Application  of  Highly  Systematized  Methods  of  Automobile 
Factories  in  Machine  Tool  Work 

The  machine  tool  builder  who  is  being  shown  through  one 
of  the  large  automobile  factories  is  bound  to  be  impressed  by 
the  results  obtained  from  the  highly  systematized  assemblipg 
methods  employed  in  these  plants.  But  he  is  likely  to  regard 
this  merely  as  a  case  in  which  scientific  management  has  pro- 
duced gratifying  results  and  fail  to  see  the  possibility  of  ap- 
plying similar  methods  in  his  own  shops.  However,  these 
methods  are  capable  of  wide  application — after  making  suit- 
able modifications  to  adapt  them  to  existing  conditions.  It  is 
the  purpose  of  the  present  article  to  describe  the  way  in  which 
such  highly  systematized  assembling  methods  were  applied  in 
the  factory  of  the  Jones  &  Lamson  Machine  Co-,  Springfield, 
Vt.,  and  the  conditions  which  led  to  their  employment.  Credit 
for  the  development  of  this  plan  is  due  to  Ralph  E.  Flanders, 
general  manager  of  the  firm. 

It  is  an  axiom  of  factory  administration  that  the  greatest 
return  will  be  obtained  from  labor  by  arranging  working  con- 
ditions in  such  a  manner  that  the  men  will  be  required  to 
move  about  the  shop  as  little  as  possible.  The  method  of  as- 
sembling to  be  described  is  employed  on  all  parts  that  go  to 
make  up  the  headstocks  of  Jones  &  Lamson  flat  turrejt  lathes, 
including  the  shafts  for  the  lathe  headstocks.  A  study  of  the 
methods  of  assembling  formerly  employed  in  the  factory  re- 
vealed the  fact  that  a  large  amount  of  time  was  spent  by  the 
men  in  going  to  the  store-room  for  supplies,  in  delivering  the 
work  which  they  had  completed  to  the  next  department,  and 
in  various  wasteful  ways  which  were  fostered  by  the  condi- 
tions existing  in  the  shop. 

With  a  view  of  overcoming  these  difficulties  it  was  decided 
to  develop  a  method  which  would  provide  for  delivering  the 
necessary  parts  to  each  man  employed  in  the  assembling  de- 
partment, so  that  he  could  carry  on  his  work  without  the 
necessity  of  going  to  the  stock-room.  There  are  two  obvious 
advantages  in  such  a  plan;  the  possible  loss  of  parts  is  avoided 
and  the  time  of  the  assembler  is  saved,  as  the  delivery  of  parts 
from  the  stock-room  can  be  looked  after  by  a  boy  whose  time 
is  of  little  value.  The  assembling  department  was  then  laid 
out  in  such  a  way  that  the  work  would  move  in  a  continuous 
circuit  and  its  transfer  be  simplified  as  far  as  possible. 
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Fig.  43.  For  handling  pieces  that  are  too  heavy  to  slide  in  troughs,  and 
where  it  is  only  required  to  transport  the  work  a  short  distance,  rails 
are  set  up  in  the  Ford  Motor  Co.'s  factory,  along  which  the  work  can 
be  slid  from  machine  to  machine.  This  saves  lost  production  during 
late  hours  of  the  afternoon  which  would  otherwise  be  caused  by  ma- 
chine   operators    becoming    unduly    fatigued 

In  the  department  where  the  headstocks  are  assembled,  each 
employe  is  assigned  to  a  bench  fitted  with  a  vise,  arbor  press 
and  the  necessary  tools.  The  parts  are  transferred  from  the 
stock-room  to  the  assembling  department  in  bins,  each  of 
which  carries  all  the  necessary  gears  and  other  parts  required 
for  one  or  more  complete  shafts  or  other  unit  assemblies.  The 
bin  in  which  these  parts  are  contained  is  supported  on  a 
small  truck  carried  on  the  stand,  which  is  made  so  that  it 
may  be  conveniently  moved  by  an  elevating  truck.  The  truck 
carrying  a  bin  full  of  supplies  is  backed  up  so  that  the  tracks 
on  the  stand  are  in  line  with  tracks  located  at  the  back  of 
the  assembling  bench.  The  latch  which  holds  the  small  truck 
in  place  on  the  stand  is  then  released,  and  this  "bench  truck," 
as  it  is  called,  is  then  run  onto  the  tracks  on  the  bench  and 
locked  in  place.  At  the  time  a  bin  full  of  parts  is  delivered 
to  the  assembling  bench,  a  truck  and  empty  bin  is  run  off  at 
the  opposite  end  of  the  bench  and  returned  to  the  stock-room, 
where  it  is  filled  with  parts  ready  for  delivery.  Each  bin  full 
of  parts  is  delivered  from  the  stock-room  against  a  signed 
order  from  the  foreman  of  the  assembling  department. 

Construction  of  Assembling-  Benches  and  Bench  Trucks 

The  tracks  for  the  bench  trucks  are  located  slightly  below 
the  working  surface  of  the  bench  for  the  purpose  of  bringing 
the  lowest  compartments  of  the  stock  bins  level  with  the  bench 
and  placing  all  compartments  within  easy  reach  of  the  opera- 
tor. It  will  be  evident  that  some  provision  must  be  made  for 
securing  each  of  the  bench  trucks  in  place.  This  is  effected  by 
latches  which  engage  each  side  of  a  lug  cast  on  the  bottom  of 
the  truck  body.  When  a  truck  is  run  into  place  on  the  bench 
or  moved  from  one  station  to  another,  these  latches  are  re- 
leased by  turning  suitably  arranged  handles  which  cause  the 
latches  to  drop  to  a  horizontal,  position  and  release  the  lug 
on  the  truck. 

The  front  corners  of  the  bench  are  beveled  off,  the  purpose 
being  to  enlarge  the  opening  between  adjacent  benches  so 
that  it  is  an  easy  matter  to  back  the  elevating  trucks  into 
place.  Cleats  are  provided  on  the  floor  at  the  end  of  each 
bench  which  engage  the  legs  of  the  stands  on  which  the  bins 
are  brought  out  from  the  stock-room,  thus  locating  them  in 
such  a  position  that  the  tracks  are  in  line  with  the  tracks  on 
the  assembling  bench.  These  stands  are  to  be  arranged  with 
wheels   so   that   the   elevating   truck   can   be   dispensed   with. 

Taking  Machine  to  Work 

The  idea  of  making  it  unnecessary  for  the  workmen  to  leave 
their  places  in  the  factory  has  been  carried  a  step  further  by 
providing  portable  drilling  machines  for  use  in  the  assembling 
department.  The  equipment  consists  of  an  "Avey"  bench  drill- 
ing machine,  made  by  the  Cincinnati  Pulley  Machinery  Co., 
which  is  mounted  on  a  stand  used  in  connection  with  an  ele- 
vating truck.  It  will  be  evident  that  the  individual  motor 
drive  makes  it  possible  to  connect  with  the  electric  circuit  in 
any  part  of  the  shop  where  the  machine  is  to  be  used.  The 
drilling  machine  is  used  for  drilling  pin-holes  in  the  shafts 


Fig.  44,  Sometimes  it  is  feasible  to  design  jigs  and  fixtures  in  which 
work  may  be  held  for  the  performance  of  a  number  of  machining  opera- 
tions. This  illustration  shows  such  jigs  in  use  in  the  Maxwell  Motor 
Co.'s  shops  in  Detroit.  Mich.  The  work  and  jig  are  pushed  along  from 
machine  to  machine  on  a  roller  conveyor,  the  operator  following  the 
jig  right  down  the   line  of  machines 

at  the  time  the  assembling  is  done  in  order  to  get  exactly  the 
required  relation  between  the  different  parts  for  the  machines. 
It  has  been  mentioned  that  the  stands  on  which  these  drilling 
machines  are  mounted  are  so  designed  that  an  elevating  truck 
may  be  used  for  moving  the  machine  about  the  factory;  but 
as  in  the  case  of  the  stands  for  the  stock  bins,  it  is  intended 
to  apply  wheels  so  that  the  use  of  a  truck  will  be  unnecessary. 

The  method  by  which  the  parts  are  delivered  from  the  stock- 
room has  already  been  referred  to,  and  there  is  little  more  to 
be  said  about  the  work  of  assembling  the  shafts  beyond  the 
fact  that  special  stands  are  provided  on  which  the  complete 
shafts  are  stacked  pending  their  delivery  to  the  men  who  as- 
semble them  in  the  headstocks.  On  these  stands  brackets  are 
provided  for  holding  the  shafts,  the  former  being  faced  with 
soft  brass  to  prevent  scoring  the  bearings.  Each  rack  has  a 
capacity  for  holding  the  shafts  required  for  two  complete  head- 
stocks,  and  represents  a  normal  day's  work  of  one  assembler. 
As  the  factory  is  at  present  turning  out  four  single-spindle 
lathes  a  day,  it  will  be  obvious  that  it  is  necessary  to  have 
two  men  employed  in  assembling  shafts.  The  output  of  these 
two  men  is  passed  along  to  the  two  head  assemblers,  where 
the  bearing  linings  are  fitted  into  the  headstock  castings  and 
the  shaft  is  assembled  in  place.  Special  assembling  stands  are 
used  to  support  the  work,  and  electric  hoists  are  provided  on 
each  side  of  the  assembling  department  to  assist  the  men  in 
lifting  heavy  parts.  These  hoists  are  arranged  on  I-beam  trol- 
leys which  extend  the  whole  length  of  the  bay  directly  over 
the  space  in  which  the  assembling  stands  and  shaft  racks  are 
located,  so  that  the  hoists  may  be  used  if  necessary  at  any 
bench.  It  should  be  noted,  however,  that  they  are  in  general 
use  only  at  those  benches  where  the  headstock  castings  them- 
selves are  handled,  inasmuch  as  every  item  of  the  equipment, 
with  the  exception  of  the  assembling  benches,  is  arranged  to 
be  moved  by  elevating  trucks. 

Criticisms  of  scientific  management  are  often  made  on  the 
grounds  that  the  cost  of  installation  is  high,  that  it  compli- 
cates the  routine  work  of  the  factory,  and  that  the  benefits 
obtained  do  not  justify  the  trouble  and  expense  that  have  been 
involved.  In  some  cases  these  contentions  are  undeniably  true, 
but  in  the  present  instance  it  will  be  evident  that  the  cost  of 
installing  the  method  was  relatively  low  and  the  work  of 
assembling  has  been  greatly  simplified  rather  than  compli- 
cated. A  concrete  idea  of  the  actual  benefits  resulting  will 
be  gathered  from  the  fact  that  four  men  are  now  able  to  do  the 
work  for  which  ten  were  formerly  required. 

Importance  of  Advance  Information 

There  are  few  apparently  unimportant  items  of  expense  that 
are  likely  to  assume  more  serious  proportions  than  the  wasting 
of  time  by  men  who  are  sent  to  stock-rooms  to  obtain  materials 
and  parts  required  in  the  assembly  of  machines  and  other  man- 
ufactured products.  In  some  shops  where  little  system  is  fol- 
lowed, men  regard  a  trip  to  the  store-room  as  the  equivalent 
of  a  half-hour's  vacation.  At  the  door  they  meet  several  ac- 
quaintances, and  unless  means  are  taken  to  check  this  form 


956 


MACHINERY 


July,  1917 


Fig.  45.  The  equipment  shown  in  this  illustration  is  somewhat  sim- 
ilar to  that  illustrated  in  Fig.  44.  A  conveyor  built  by  the  Mathews 
Gravity  Carrier  Co.,  Elwood  City,  Pa.,  provides  for  easy  transportation 
of  work  from  machine  to  machine,  but  in  this  case  the  jig  or  fixture 
does  not  go  with  the  work.  .Attention  is  called  to  branch  lines  running 
off  to  different  machines 

of  soldiering,  there  is  likely  to  be  a  knot  of  workmen  standing 
around  the  door  of  the  store-room  having  a  friendly  chat.  One 
of  the  reasons  for  the  existence  of  such  a  condition  is  that 
men  are  often  sent  down  to  the  store-room  with  a  requisition 
slip  calling  for  the  parts  or  materials  which  are  required,  and 
as  the  attendant  in  the  supply-room  has  a  number  of  men  to 
look  after,  each  order  must  be  attended  to  in  turn.  Such  prac- 
tice involves  delay  to  the  man  who  has  handed  in  a  requisition 
slip,  and  since  a  delay  is  more  or  less  expected,  even  conscien- 
tious workers  may  unconsciously  form  the  habit  of  wasting 
time  when  sent  after  supplies. 

One  way  of  overcoming  this  difficulty  is  to  make  a  practice 
of  having  the  foreman  who  sends  for  supplies  telephone  his 
order  to  the  supply-room  at  the  time  he  hands  the  requisition 
to  the  workman  who  is  to  be  sent  after  the  material.  Such  a 
practice  involves  little  loss  of  time,  and  as  the  store-room  at- 
tendant has  received  advance  information  of  the  requirements, 
he  has  had  an  opportunity  to  get  the  order  assembled  ready 
for  immediate  delivery  to  the  messenger  who  hands  him  the 
foreman's  signed  requisition  slip.  In  this  way  wasting  time 
by  both  the  messenger  and  the  store-room  attendant  is  avoided, 
because  the  attendant  can  utilize  time  when  he  would  be  other- 
wise unemployed  in  making  up  orders  which  have  been  tele- 
phoned him,  and  this  avoids  delay  on  the  part  of  the  messenger 
when  he  arrives  at  the  store-room.  Standard  telephones  may 
be  used  for  this  purpose  or  one  of  the  automatic  inter-depart- 
ment telephone  systems  may  be  employed  to  advantage.  The 
"Select-o-phone"  manufactured  by  the  Screw  Machine  Products 
Corporation,  Providence,  R.  I.,  is  a  suitable  form  of  apparatus 
for  this  purpose.  As  it  is  the  practice  in  many  moderate  sized 
shops  to  allow  experienced  mechanics  drawing  from  forty  to 
fifty  cents  an  hour  to  go  after  supplies,  it  is  important  to 
adopt  some  method  of  preventing  these  men  from  wasting 
their  time. 


Fig.  46.  A  special  conveyor  is  built  by  the  Chain  Belt  Co.,  Milwaukee, 
Wis.,  for  the  rapid  handling  of  bars  in  the  Milwaukee  works  of  the 
Illinois  Steel  Co.  The  chain  conveyors  carry  the  work  up  Inclined  rails, 
where  it  is  in  position  to  be  fed  into  power  shears,  which  are  used  for 
trimming  the  ends.  Such  an  arrangement  avoids  handling  the  work  by 
manual   labor 

Assembling  Machines  with  Bed  Castings  Bolted  onto 
Elevating  Truck  Skids 

In  assembling  machine  tools  and  other  machinery  of  mod- 
erate size,  some  manufacturers  have  found  it  advisable  to  bolt 
the  bed  casting  down  to  an  elevating  truck  skid  as  soon  as  the 
planing  operations  on  the  casting  have  been  completed.  After 
placing  on  the  skid,  it  is  an  easy  matter  to  move  the  casting 
around  with  an  elevating  truck,  so  that  it  may  be  carried  to 
the  inspection  department  and  then  be  sent  on  to  the  assem- 
bling room  where  small  parts  are  put  in  place.  After  assem- 
bling, the  machine  may  be  taken  to  the  painting  and  shipping 
room  and  easily  placed  in  a  freight  car.  Elevating  trucks  are 
now  so  generally  used  that  the  chances  are  in  favor  of  the 
purchaser  of  the  machine  having  a  truck  which  he  can  run 
under  the  skid  and  easily  pi^ll  the  machine  out  of  the  car  and 
haul  it  to  any  desired  position  in  the  factory.  Should  it  hap- 
pen, however,  that  his  plant  is  not  equipped  with  elevating 
trucks,  making  it  necessary  to  use  the  slow  method  of  rolling 
the  machine  into  place  on  rollers,  the  fact  that  the  machine 
is  mounted  on  a  skid  is  a  benefit  rather  than  a  drawback,  be- 
cause the  skid  forms  a  good  smooth  bearing  for  the  rollers. 

Taking  Tools  to  Work 

In  handling  heavy  work,  considerable  time  is  often  requireu 
for  transferring  the  pieces  to  a  machine  and  setting  them  up. 
Such  a  practice  means  a  heavy  expense  both  for  labor  and 
for  equipment  which  must  be  provided  for  handling  parts  of 
this  kind.  In  many  cases  this  is  unavoidable,  but  there  are 
instances  where  much  of  the  trouble  can  be  overcome  by  the 
use  of  portable  tools  which  are  taken  to  the  work  instead  of 
carrying  the  work  to  the  machines.  Drilling,  reaming  and 
grinding  operations  are  often  performed  by  portable  tools 
driven  by  either  electric  or  pneumatic  motors,  and  such  work 
as  snagging  castings,   etc.,  is  conveniently  done  by  portable 
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Fig:.  47.  For  carrying  work  through  a  series  of  pickling  and  rinsing 
baths  to  remove  grease,  the  Chain  Belt  Co.  built  the  special  conveyor 
system  illustrated  herewith.  This  is  shown  carrying  brass  cartridge 
cases  through  the  pickling  baths.  The  conveyor  consists  of  two  strands 
of  this  company's  "Griplock"  roller  chain  belt  with  cradles  for  support- 
ing the  cartridge  cases 


Fig.  48.  Presses  running  on  repetition  work  are  often  seriously  slowed 
down  to  permit  the  operator  to  remove  the  work  by  hand.  Here  we 
show  a  special  conveyor  built  by  the  Chain  Belt  Co.  for  handling  product 
of  a  blanking  press.  Work  is  carried  away  by  the  conveyor  and  dropped 
into  a  box,  which  is  hauled  away  on  an  elevating  truck  after  it  has 
been  filled 
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Fig.  49.  Usually  it  will  be  found  desirable  to  employ  standard  forms 
of  elevating  and  transporting  equipment  whenever  this  is  possible. 
In  many  cases  standard  equipments  can  be  adapted  for  special  condi- 
tions by  the  addition  of  auxiliary  apparatus.  A  case  in  point  is  seen 
in  this  illustration,  which  shows  baskets  for  carrying  wire  springs  to  a 
japan  baking  oven  in  the  plant  of  the  Detroit  Wire  Spring  Co, 

chipping  hammers  driven  by  compressed  air  which  actuates 
a  reciprocating  piston  in  a  cylinder.  Other  examples  of  the 
obvious  saving  which  may  be  effected  through  the  use  of  port- 
able tools  are  found  in  such  operations  as  reboring  locomotive 
cylinders.  Here  the  saving  Is  two-fold:  not  only  is  it  unneces- 
sary to  take  the  work  to  a  machine  tool,  but  the  expense  inci- 
dent to  removing  the  cylinder  from  the  engine  and  replacing 
it  is  also  avoided,  as  the  portable  cylinder  boring  machine  is 
so  designed  that  it  will  operate  with  the  cylinder  in  place  on 
the  engine.  The  only  work  required"  is  to  remove  the  cylinder 
head,  piston  and  piston-rod,  and  replace  them  after  the  boring 
has  been  done.  Other  familiar  examples  of  this  kind  are  port- 
able lathes  and  milling  machines  which  are  mounted  on  trucks 
so  that  they  may  be  drawn  about  the  works.  Machines  of  this 
type  are  driven  by  electric  motors,  which  make  it  an  easy  mat- 
ter to  form  connection  with  a  power  circuit  in  the  shop.  In 
addition,  there  are  portable  turning,  milling  and  keyseating 
machines  which  may  be  secured  to  a  shaft  or  other  cylindrical 
part  in  the  position  that  it  occupies  in  the  shop,  instead  of 
requiring  the  shaft  to  be  removed  from  its  bearings  and  set 
up  on  the  machine. 

Use  of  Tote  Boxes 
There  are  a  great  variety  of  machine  shop  products  that  can 
be  conveniently  handled  in  tote  boxes.  Where  the  quantity 
of  material  to  be  passed  along  from  machine  to  machine  is 
small,  it  will  usually  be  found  satisfactory  to  handle  single 
boxes  by  means  of  hooks;  but  where  a  large  quantity  of  prod- 
uct has  to  be  transferred,  greater  efficiency  will  result  from 
handling  a  load  of  filled  boxes  on  some  form  of  shop  truck. 
The  New  Britain  Machine  Co.,  New  Britain,  Conn.,  makes  these 
tote  boxes  of  steel,  and  they  are  designed  in  such  a  way  that 
they  may  be  stacked  up  to  economize  in  floor  space  or  to  pile 
more  boxes  on  a  truck.     The  sides  are  folded  over  onto  the 


Fig.  60.  To  provide  for  dipping  assembled  cushion  springs  into  a  japan- 
ning tank,  the  Detroit  Wire  Spring  Co.  arranged  a  section  of  trolley 
rail  on  a  hoist  so  that  the  trolley  could  be  run  onto  this  section  of  the 
rail  to  enable  the  work  held  by  it  to  be  immersed  in  the  japan.  After 
dipping,  the  rail  is  raised  so  that  the  trolley  can  run  off  onto  the 
main  line 

ends,  which  are  formed  by  the  upturned  extensions  of  the  bot- 
tom; and  the  top  edges  of  the  stock  at  the  sides  and  ends  are 
turned  over  to  form  a  hem,  which  precludes  the  possibility 
of  injury  to  the  operator.  Near  the  corners  where  the  strain 
is  greatest,  the  stock  is  of  quadruple  thickness.  A  hole  is 
punched  in  the  handle  for  convenience  in  dragging  with  a 
hook,  and  the  raised  ends  allow  somewhat  greater  piling  ca- 
pacity in  each  box.  Also  the  steel  construction  makes  these 
boxes  practically  indestructible.  Fig.  B  (first  page)  shows 
the  use  of  these  tote  boxes  in  the  plant  of  the  New  Departure 
Mfg.  Co.,  Bristol,  Conn.,  where  they  are  used  for  carrying 
steel  balls.  The  electric  storage  battery  truck  on  which  the 
load  is  being  transferred  is  built  by  the  Elwell-Parker  Electric 
Co.,  Cleveland,  Ohio. 

Design  of  Auxiliary  Equipment  for  Use  in  Connection 
with  Elevating-  Trucks 

Selection  of  a  suitable  type  of  auxiliary  equipment  for  use 
in  connection  with  elevating  trucks  will,  of  necessity,  depend 
largely  upon  the  nature  of  the  work  to  be  handled.  Some 
classes  of  material  may  be  stacked  directly  upon  skids,  while 
others  will  require  some  form  of  box  or  rack,  this  being  par- 
ticularly the  case  with  large  numbers  of  small  castings,  etc., 
which  cannot  be  stacked  up  so  that  the  different  parts  afford 
mutual  support.  Still  another  condition  arises  in  the  case  of 
completely  machined  parts  which  must  be  held  in  racks  to 
prevent  finished  surfaces  from  becoming  bruised  or  marred. 
In  some  cases  boxes  are  placed  upon  the  familiar  form  of 
skids,  while  in  other  cases  the  boxes  are  constructed  with 
skids  on  them.  These  boxes  may  be  made  of  wood  or  sheet 
metal,  according  to  the  service  required.  In  handling  small 
parts  that  are  delivered  to  a  machine  in  large  quantities, 
there  is  one  requirement  of  considerable  importance  that  is 
frequently  overlooked.    This  is  that  the  box  should  not  be  of 


Fig.  51.  Here  we  show  a  conveyor  system  installed  by  Palmer-Bee  Co., 
of  Detroit,  Mich.,  for  handling  automobile  frames  in  Paige-Detroit 
Motor  Car  Co.'s  plant.  Empty  trucks  return  through  tunnel  and  are 
caught  by  a  hook  on  the  conveyor.  They  run  back  over  hinged  "section  of 
track  and  receive  frames  from  troUey  system.  One  truck  is  coming  up 
the  incline,    and  another  is  on  upper  level  of  track  with  a  frame  on  it 


Fig.  52.  Economy  of  space  is  a  point  of  vital  importance  in  plants 
handling  a  large  volume  of  product.  This  illustration  shows  how  auto- 
mobile bodies  are  handled  in  the  'Willys-Overland  Co.'s  plant  in  Toledo, 
Ohio.  The  assembled  bodies  are  picked  up  and  carried  away  on  a  trolley 
hoist,  and  empty  trucks  are  carried  back  to  the  heginning  of  the  assem- 
bling line  on  the  overhead  track 
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Fig.  63.  The  Willys-Overland  Co.  has  a  motor  storage  department  on 
the  opposite  side  of  a  roadway  from  the  building  containing  the  motor 
assembling  department.  Motors  are  carried  over  into  this  storage  de- 
partment on  an  apron-type  conveyor  which  runs  through  a  tunnel  under 
the  road.  This  conveyor  was  built  and  installed  by  the  Link-Belt  Co., 
of  Chicago,  111.. 

such  depth  that,  as  the  supply  of  work  becomes  exhausted,  the 
operator  has  to  dive  head  and  shoulders  into  the  box  in  order 
to  reach  pieces  near  the  bottom. 

In  many  plants  a  "false"  bottom  is  put  in  the  box  at  a  height 
of  about  two  feet  from  the  floor.  The  box  can  still  be  made 
two  feet  deep,  so  that  it  has  ample  capacity,  but  when  the 
supply  is  nearly  exhausted  the  operator  has  no  difficulty  in  tak- 
ing out  parts.  Another  good  plan  is  to  have  boxes  divided 
into  two  sections  and  delivered  to  machines  with  one  of  these 
sections  full  of  parts  upon  which  an  operation  is  to  be  per- 
formed. As  fast  as  each  part  is  machined  it  is  thrown  into 
the  other  half  of  the  box,  and  when  all  the  parts  have  been 
taken  care  of  they  are  sent  on  to  the  next  department.  Refer- 
ence has  just  been  made  to  the  trouble  that  arises  from  hav- 
ing boxes  made  of  such  depth  that  it  is  difficult  to  remove 
pieces  as  the  supply  becomes  exhausted.  In  the  plant  of  the 
Packard  Motor  Car  Co.  this  trouble  has  been  overcome  in  an- 
other way.  The  boxes  are  made  in  sections  which  telescope 
together,  so  that,  as  the  supply  of  parts  becomes  exhausted, 
the  upper  sections  of  the  box  may  be  lifted  off,  so  that  they 
do  not  hinder  the  operator  in  removing  work.  In  this  type 
of  box  also  it  is  a  good  plan  to  have  the  bottom  located  at 
some  distance  from  the  floor,  so  that  the  operator  does  not 
have  to  stoop  to  reach  his  work. 

Features  that  Add  to  Efficiency  in  Operation  of 
Elevating  Trucks 

Arguments  in  favor  of  the  use  of  elevating  trucks  are  based 
on  time  studies  that  show  that  it  takes  four  times  as  long 
to  load  and  unload  a  truck  as  it  does  to  move  the  load  through 
an  average  length  of  haul  in  an  industrial  plant.  With  the 
elevating  type  of  truck  this  loss  of  time  is  avoided,  because 
machine  operators  are  furnished  with  boxes  adapted  for  use 
in  connection  with  elevating  trucks,  so  that  raw  material  or 
finished  product  is  taken  from  or  placed  on  a  carrier,  on  which 
it  is  hauled  away  by  the  truck.  Another  claim  made  for  ele- 
vating trucks  is  that  they  often  save  time  which  would  other- 
wise be  lost  in  removing  the  load  from  a  plain  truck  in  order 
to  release  the  truck  for  use  in  handling  another  load.  Grant- 
ing the  accuracy  of  the  claim  that  it  takes  four  times  as  long 
to  load  or  unload  a  truck  as  it  does  to  move  the  load  an 
average  distance  in  a  plant,  it  follows  that  each  elevating  truck 
saves  the  wages  of  four  truckmen  operating  plain  trucks.  At 
this  time,  when  labor  is  so  scarce,  the  use  of  a  truck  that 
enables  one  man  to  do  the  work  of  five  and  save  needless  load- 
ing and  unloading  is  especially  desirable. 

Usually  from  fifty  to  one  hundred  wooden  platforms  or  boxes 
are  used  in  connection  with  each  truck,  and  these  platforms 
or  boxes  are  mounted  on  skids  so  that  the  truck  may  be  pushed 
under  them  with  the  platform  down,  and  the  platform  raised 
by  pulling  the  truck  handle  forward,  in  order  to  lift  the  load 
from  the  floor  so  that  it  may  be  hauled  through  the  shop.  A 
lock  on  the  lifting  mechanism  holds  the  load  up,  and  when 
this  lock  is  tripped  with  the  foot-pedal,  a  check  allows  the  load 


Fig.  54.  In  large  plants,  such  as  that  of  the  Willys-Overland  Co.,  a 
visitor  is  bound  to  be  impressed  by  the  variety  of  equipments  employed 
for  handling  raw  materials  and  product.  For  instance,  the  preceding 
illustration  shows  an  apron-type  conveyor  for  carrying  assembled  mo- 
tors, and  in  this  view  the  same  class  of  work  is  being  done  by  a 
trolley   system   installed    by    the   Link-Belt   Co. 

to  descend  slowly,  so  that  there  is  no  danger  of  damaging  the 
load  or  causing  trouble  in  other  ways.  In  plants  where  floor 
space  is  at  a  premium,  an  important  feature  of  these  trucks  is 
that  when  not  in  use  the  platforms  may  be  stacked  one  on  top 
of  the  other,  and  in  this  way  they  take  up  very  little  space, 
while  in  the  case  of  plain  trucks  each  truck  occupies  its  full 
amount  of  space,  no  matter  whether  it  is  idle  or  in  use. 

The  conditions  under  which  elevating  trucks  are  used  will 
naturally  vary  considerably,  according  to  the  requirements  of 
different  industries.  The  following,  however,  is  about  typical 
of  the  eflScient  conditions  of  operation  which  are  made  possible 
through  proper  application  of  elevating  trucks.  At  one  side 
of  a  machine  operator,  within  easy  reach  of  his  position  at  the 
front  of  the  machine,  an  elevating  truck  sets  down  a  platform, 
rack  or  box  loaded  with  pieces  on  which  a  machining  opera- 
tion is  to  be  performed.  At  the  other  side  of  the  machine,  also 
within  easy  reach  of  the  operator,  the  truck  places  a  similar 
empty  carrier.  It  is  then  possible  for  the  machine  operator 
to  take  pieces  from  one  container,  perform  the  required  ma- 
chining operation,  and  deposit  them  in  the  container  at  the 
opposite  side  of  the  machine.  When  the  latter  is  filled  with 
finished  pieces,  the  elevating  truck  carries  it  away  to  the  next 
machine;  and  similarly,  when  the  supply  of  pieces  to  be  ma- 
chined has  been  exhausted,  a  fresh  lot  is  brought.  In  this 
way  the  non-productive  time  of  the  operator  and  machine  is 
reduced  to  a  minimum.  In  addition  to  handling  materials  and 
work  in  course  of  production,  elevating  trucks  may  be  used 
to  advantage  in  handling  many  other  heavy  loads,  such  as 
large  dies,  etc.  In  no  case,  however,  can  it  be  hoped  to  obtain 
maximum  eflSciency  in  the  operation  of  these  trucks  unless  a 
point  is  made  of  having  them  carry  approximately  their  maxi- 
mum load  at  each  trip. 

Special  Electric  Truck  for  Loading  and  Unloading 
Lumber 

Investigations  made  by  the  Covel  Mfg.  Co.,  Benton  Harbor, 
Mich.,  show  that  it  costs  between  twenty  and  thirty  events  per 
thousand  board  feet  to  handle  lumber  with  a  horse-drawn 
wagon.  This  company  has  developed  what  is  known  as  the 
Ross  electric  lumber  carrier,  and  with  this  truck  it  is  claimed 
that  the  cost  of  handling  lumber  has  been  reduced  to  six 
cents  per  thousand  feet.  This  estimate  is  based  on  operation 
of  the  trucks  over  a  period  of  eighteen  months.  The  Ross 
carrier  runs  over  a  load  of  lumber  and  picks  it  up  by  lifting 
two  simple  bolsters  upon  which  the  load  is  built,  it  being  only 
necessary  for  the  load  to  be  kept  within  a  certain  height  and 
width.  The  operator  drives  the  machine  over  the  load  which 
is  engaged  by  means  of  two  hooks  on  each  side  that  are  low- 
ered and  raised  by  power  from  the  motor.  This  can  be  ac- 
complished in  about  ten  seconds.  The  normal  speed  of  the 
truck  is  eight  miles  an  hour  when  carrying  a  full  load,  or 
about  three  times  the  speed  of  horse-drawn  trucks. 


The    soonnd'    and    concluding    installment    of    "Factory    Transportation"    will 
appear  in  the  August  nunilier. — Editor. 
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METAL  EXTRUSION' 

BY  F.   G.   SCHRANZ  - 

The  art  of  extruding  metal  has  been  known  approximately 
fifty  years.  About  seventeen  years  ago,  the  American  Brass 
Co.  purchased  the  patent  rights  of  Alexander  Dick,  an  English- 
man, who  had  made  some  experiments  with  extruding  metal 
under  high  pressure  and  high  temperatures.  The  first  ma- 
chines and  extruding  methods,  compared  with  those  of  today, 
were  crude  and  the  operation  was  very  slow.  It  was  then  the 
practice  to  heat  the  billet  container  during  the  extrusion 
process;  a  press  with  such  a  heating  arrangement  is  shown 
in  Fig.  1.    In  the  later  processes,  annealing  is  unnecessary,  as 


Fig.    1.     Hydraulic   Extrusion   Press    (1000   Tons   Capacity)    with   Heater  for  Billet  Container 

the  extrusion  is  completed  in  a  single  operation;  pickling, 
also,  is  unnecessary  except  when  a  special  finish  is  desired. 
Considerable  trouble  was  experienced  in  getting  material  for 
the  container  cylinder  and  the  extrusion  ram  that  had  suf- 
ficient tensile  strength  to  withstand  the  exorbitant  pressure 
required  to  extrude  metal.  Today,  where  a  pressure  of  100, 
000  pounds  per  square  inch  is  exerted  on  the  heated  billet,  only 
the  best  alloy  steel  is  employed  in  the  construction  of  the 
dies.  In  some  presses,  the  dies  are  held  in  the  head,  which 
takes  the  pressure  during  the  extruding  process. 

The  extrusion  machines  generally  used  in  this  country  are 
of  the  three-  or  four-rod  horizontal  type,  with  capacities  of 
1000,  1500,  and  2000  tons,  and  a  production  of  from  50,000  to 
80,000  pounds  of  extruded  rods  daily.  A  2000-ton  press,  like 
that  shown  in  Fig.  2,  has  extruded 
sixty  billets  per  hour.  These  bil- 
lets were  8  inches  in  diameter,  30 
inches  long,  weighed  450  pounds, 
and  the  production  was  20,000 
pounds  of  finished  rods  per  hour. 
The  entire  machine  is  constructed 
of  open-hearth  steel  castings.  The 
pressure  in  the  main  cylinder  is 
6000  pounds  per  square  inch.  A  spe- 
cial valve  is  used  for  distributing 
the  high-pressure  water  to  the  main 
cylinder.  In  many  cases,  this  press 
is  operated  from  a  high-pressure 
hydraulic  pump  only,  but  if  an  ac- 
cumulator is  employed  the  output 
can  be  increased  considerably.  A 
hydraulically  operated  shifter  in- 
serts the  billet  into  the  container, 
and  quickly  removes  the  die-holder 
after  the  thrust  block  is  withdrawn, 
bringing  the  billet  stump  under  a 
cutting-off  shear. 

'See  also  Machinery.  August,  1906,  "Extruded  Metal  Sections;"  October, 
1911.  "The  Extrusion  Process;"  November.  1911.  "The  Extrusion  of  Shells 
anl  Tubes;"  December.  1911.  "Making  Collapsible  Tubes  by  the  Extrusion 
Process;"  June,  1912.  "An  Experiment  in  Extrusion;"  July,  1912,  "The  Ex- 
trusion  of   Plastic   Metals." 

=  Manager  Hydraulic  Department,  Southwark  Foundry  &  Machine  Co.,  Phila- 
delphia, Pa. 


One  of  the  greatest  difficulties  encountered  in  machines  of 
this  type  is  the  removal  of  metal  waste  remaining  in  the 
pressure  chamber  after  the  extrusion  operation  has  been  com- 
pleted. Metal  forced  between  the  joints  by  the  high  pressure 
solidifies  and  becomes  difficult  to  remove.  In  the  Southwark 
press,  at  the  end  of  the  extrusion,  an  auxiliary  cylinder  oper- 
ates the  pressure  chamber  in  the  reverse  direction,  opening 
the  space  between  the  pressure  chamber  and  the  die  so  that 
the  surplus  metal  can  be  easily  removed  from  the  top  of  the 
die.  The  pressure  chamber  moves  on  four  guide  rods  between 
the  head  and  the  hydraulic  cylinder.  A  tapered  hole  in  the 
head  end  of  the  pressure  chamber  exactly  fits  the  correspond- 
ingly tapered  dies.  This  hole  and  the  tapered  end  of  the  die 
form  a  close-fitting  joint,  which  pre- 
vents the  metal  from  being  squeezed 
out  between  the  two  surfaces.  The 
piston  of  the  auxiliary  cylinder  is 
connected  with  the  pressure  cham- 
ber; at  the  beginning  of  the  extru- 
sion the  auxiliary  cylinder  forces 
the  pressure  chamber  against  the 
die. 

The   billets   are   prepared   in   the 
brass  foundry  and  contain  from  55 
to  63  per  cent  copper  and  not  more 
than  3  per  cent  lead.    This  mixture 
is   heated    in   crucibles   which    con- 
tain   from    200    to    300    pounds    of 
metal  in  pit  furnaces  that  are  fired 
with    coke    and    anthracite,    using 
natural  draft.    The  molten  mixture 
is     turned     into     cast-iron     cannon 
molds,   which   are   supported    verti- 
cally on  trunnions  at  the  center  and 
provided  with  a  metal  plug  on  the 
bottom.     The  molds  are  generally  dressed  with  a  mixture  of 
fish   oil  and  powdered   charcoal,  before  the  metal   is  poured. 
In  many  cases,  a  mixing  ladle  that  holds  the  contents  of  two 
or  three  crucibles  is  used.     The  billets  shrink  in  cooling,  and 
when  the  mold  is  tilted  they  easily  fall  out.     They  are  then 
taken  to  a  cutting-off  machine  where  from  8  to  10  per  cent 
of  the  length  is  cut  off,  thus  removing  any  pipe  or  blow-holes 
from  the  top. 

Before  extruding,  these  billets  are  reheated  to  from  1500  to 
1800  degrees  F.,  depending  on  the  copper  content,  in  a  con- 
tinuous reheating  furnace,  the  hearth  of  which  is  inclined  IVj 
inch  per  foot.  If  the  billets  are  suddenly  cooled,  the  surface 
of  the  metal  loses  plasticity  and  makes  satisfactory  work  im- 
possible, besides  delaying  the  extrusion  process.     A  cast-iron 


Fig.  2.     Hydraulic  Extrusion  Press  of  2000  Tons  Capacity 

table  50  feet  long  supports  the  extruded  rods,  and  between 
this  table  and  the  back  edge  of  the  machine  there  is  a  30-ton 
cutting-off  press,  which  severs  the  ram  stump  of  the  billet  from 
the  die  block.  From  seven  to  ten  men  are  required  for  oper- 
ating the  extrusion-press  equipment  and  furnace. 
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FACTORY  TRANSPORTATION 

A  study  of  manufacturing  leads  to  the  conclusion  that  the 
important  factors  of  production  are  the  workmen,  the  ma- 
chines and  tools  provided  for  machining,  the  methods  em- 
ployed and  the  means  installed  for  conveying  work  expe- 
ditiously from  machine  to  machine,  department  to  department, 
and  thence  to  the  assembling  floor.  The  plant  as  a  whole  is 
most  efficient  when  it  functions  like  a  machine,  all  its  elements 
being  coordinated  to  effect  the  desired  end  with  the  least  in- 
ternal friction  and  lost  work.  In  an  automatic  machine  the 
matter  of  holding  the  work  and  passing  it  on  to  the  next  work- 
holding  fixture  or  bringing  other  tools  into  action  must  be 
carefully  worked  out  on  the  drafting-board  to  the  most  minute 
detail.  All  its  functions  have  to  be  planned  before  building 
the  machine.  But,  unfortunately,  it  is  not  uncommon  to  find 
manufacturing  concerns  equipped  with  high-grade  machine 
tools,  housed  in  modern  buildings  provided  with  all  sanitary 
conveniences,  modern  ventilating  and  heating  systems  and 
other  modern  features,  yet  without  the  means  and  methods  of 
carrying  the  work  through  with  a  minimum  of  labor  cost. 
And  it  should  be  borne  in  mind  that  the  loss  incurred  by  em- 
ploying labor  inefficiently  in  transporting  materials  is  but  a 
small  part  of  the  total  loss  caused  by  highly  paid  workmen 
being  short  of  parts  or  hampered  by  piles  of  finished  and  un- 
finished work  standing  about  their  machines.  The  machine 
shop  that  is  always  in  a  congested  condition  because  of  inade- 
quate work-handling  trucks  and  other  means  of  transporting 
parts  is  not  only  inefficient  but  dangerous  to  the  workmen. 
Decreasing  the  congestion  permits  machines  to  be  more  closely 
grouped,  and  that  may  make  unnecessary  the  addition  of  new 
buildings  where  now  contemplated. 

The  manufacture  of  shells  and  similar  munitions  affords  an 
excellent  study  of  routing  and  transportation.  The  product  is 
comparatively  simple  and  lends  itself  to  several  means  of 
movement;  the  large  quantity  produced  has  led  to  the  develop- 
ment of  unique  methods,  but  the  general  principle  of  move- 
ment applies  to  all  kinds  of  manufacturing.  The  volume  of 
duplicate  parts  made  and  the  need  of  producing  them  rapidly 
and  at  low  cost  have  forced  managers  to  recognize  certain  obvi- 
ous principles  of  efficient  manufacture. 

The  article  in  this  number  of  Machinery  on  factory  trans- 
portation is  a  review  of  existing  methods  of  moving  work  from 


machine  to  machine  and  from  one  department  to  another, 
and  was  written  with  the  object  of  pointing  out  the  need  of 
close  coordination  between  the  machining  methods  and  the 
work-handling  methods.  The  shop  in  which  all  these  elements 
of  production  exist  is  one  that  should  be  capable  of  turning  out 
a  satisfactory  product  at  the  lowest  cost. 


BANISHING   SECRECY 

One  beneficent  result  that  may  come  out  of  the  war  is  the 
breaking  down  of  the  reserve  or  secrecy  that  too  often  has 
been  maintained  in  regard  to  methods  and  means  of  produc- 
tion, and  securing  greater  cooperation  among  manufacturers 
in  kindred  lines.  The  Canadian  manufacturers,  under  the 
infiuence  of  the  Imperial  Munitions  Board  and  their  patriotic 
ardor  to  serve  their  country,  have  thrown  their  plants  open 
to  all  legitimately  interested  in  the  making  of  shells,  guns, 
cartridges  and  other  munitions.  This  has  resulted  in  pooling 
data  and  information,  so  that  each  interested  concern  can 
draw  therefrom  to  improve  its  practice.  Each  contributes  in 
order  that  he  may  receive,  and  the  beneficent  results  are  so 
pronounced  as  to  suggest  the  extension  of  the  idea  to  all 
classes  of  industrial  activity.  More  cooperative  effort  is  needed 
instead  of  keener  competition.  Competition  of  a  destructive 
nature  is  war;  and  this  is  no  time  for  war  within  the  nation 
itself.  We  must  pool  our  resources  and  knowledge  for  the 
common  good  in  order  that  all  may  benefit,  and  thus  be  able 
to  present  the  strongest  front  to  the  common  enemy. 
*     *     * 

MACHINISTS'  APPRENTICESHIPS 

Apprenticeships  and  the  need  of  trained  machinists  has 
been  written  about  until  the  subject  is  worn  threadbare,  but 
at  the  risk  of  discussing  a  stale  subject  we  call  the  reader's 
attention  again  to  the  article  in  the  February  number  dealing 
with  the  apprenticeship  system  in  the  plant  of  the  Pratt  & 
Whitney  Co.  It  seems  that  Mr.  Hanson  has  taken  the  bull 
by  the  horns  and  developed  a  system  for  the  express  purpose 
of  training  young  men  to  be  machinists.  Mr.  Hanson  holds 
that  the  trade  of  a  machinist  is  an  honorable  occupation.  He 
points  out  that  all  the  leaders  in  the  Pratt  &  Whitney  organ- 
ization were  machinists  to  begin  with,  and  that  the  very 
nature  of  the  business  requires  that  the  leaders  shall  have 
had  first-class  mechanical  training.  Hence,  while  the  avowed 
purpose  of  the  apprenticeship  system  is  to  train  men  to  be 
machinists,  they  are  shown  that  if  they  cultivate  intelligence, 
industry  and  research  they  may  aspire  to  higher  positions  in 
the  company's  organization. 

The  fault  with  apprenticeship  systems  in  many  plants  is 
that  they  were  wrongly  conceived  and  are  poorly  carried  out. 
The  education  bestowed  on  the  apprentices  tended  to  make 
them  something  else  besides  machinists.  Another  trouble 
with  apprenticeship  systems  in  general  is  that  the  employers 
have  not  dealt  honestly  with  their  young  men,  nor  have  the 
young  men  been  fair  and  honest  with  their  employers.  We 
believe  that  if  a  concern  gains  a  reputation  for  dealing  fairly 
and  generously  with  its  apprentices,  much  of  the  trouble  ex- 
perienced by  young  men  leaving  before  their  indentures  are 
completed  will  be  avoided.  Apprenticeships  should  not  be 
conducted  for  the  purpose  of  training  men  to  be  virtually 
machine  operators  working  at  low  pay.  Apprenticeship  in- 
struction properly  carried  out  is  expensive,  and  the  concern 
should  not  attempt  to  make  the  young  man  pay  all  the  cost. 
It  is  better  to  be  liberal  in  the  matter  of  wage  payments  and 
secure  the  loyal  service  of  the  appcentices  rather  than  to  save 
a  small  percentage  of  their  wages  and  lose  them  in  the  second 
or  third  year. 

American  manufacturers  are  beginning  to  realize  something 
of  the  appalling  cost  of  hiring  and  firing  employes.  A  loyal, 
efficient  organization  is  above  price  and  one  of  the  surest 
ways  of  creating  an  organization  that  will  work  for  the  com- 
mon interest  is  to  train  young  men  in  the  elements  of  the 
trades  and  to  pay  them  as  much  as  they  can  obtain  in  other 
plants.  They  should  be  worth  more  to  the  employer  who  has 
trained  them  than  to  anyone  else. 
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NATIONAL  SUPERVISION   OF   GAGES 

BY  WILLIAM  T.   ILBB.  JR.' 

There  are  many  lessons  in  the  standardization  of  munition 
manufacture  that  the  heads  of  the  Federal  government  may 
learn  from  the  experiences  of  the  American  shops  manufac- 
turing tools  and  gages  for  our  allies.  When  a  Canadian  shop 
obtains  a  contract  for  munitions,  it  receives  from  the  Imperial 
Munitions  Board  a  set  of  blueprints  of  the  parts  to  be  made 
and  of  the  master  gages.  If  the  men  in  charge  of  the  shop 
taking  the  contract  know  their  business,  they  immediately 
organize  a  first-class  tool-room,  in  which  are  made  all  the  flat 
and  simple  gages.  The  thread  gages  and  the  more  compli- 
cated gages  are  made  in  the  United  States,  as  the  manufac- 
ture of  these  requires  an  experienced  organization  and  ex- 
pert men. 

The  Imperial  Munitions  Board  requires  each  firm  making 
munitions  to  send  it  two  sets  of  master  gages.  These  gages 
are  inspected  and,  if  passed,  one  set  is  retained  by  the  board 
for  the  use  of  its  inspectors  and  the  other  set  is  used  as 
master  gages  by  the  manufacturer.  The  munitions  manufac- 
turer then  has  as  many  sets  of  working  gages  made  as  he  deems 
necessary  to  take  care  of  the  inspection  of  the  daily  product. 

In  every  contract  that  the  Imperial  Munitions  Board  makes 
with  munitions  manufacturers  there  is  a  clause  that  demands 

a  predetermined 

daily  production, 
and  for  each  day 
that  this  produc- 
t  i  on  is  not 
reached,  a  total 
equal  to  the  pre- 
determined daily 
production  is 
subtracted  from 
the  total  of  the 
contract.  This 
clause  puts  a 
premium  on 
knowing  what  to 
do  and  how  to 
do  it  in  the  least 
possible  time. 
One  of  the  largest 
and  most  suc- 
c  e  s  s  f  u  1  muni- 
tions manufac- 
turers in  Canada 
realized  the  great 
importance  of 
gages  from  the 
beginning;  it  therefore  secured  the  best  man  possible  for  the 
head  of  its  inspection  department,  paying  him  as  large  a  salary 
as  it  paid  the  president  of  the  company. 

Another  Canadian  company  that  had  taken  an  order  for 
750,000  80MK-VII  fuses,  the  delivery  of  which  was  to  begin 
in  two  weeks  from  the  receipt  of  the  order  at  the  rate  of  1500 
fuses  a  day,  did  not  establish  a  tool-room  or  hire  a  tool- 
maker;  but  it  ordered  from  an  American  company  two  sets 
of  master  gages  and  six  sets  of  working  gages,  specifying  that 
all  these  were  to  be  delivered  in  two  weeks  from  receipt  of 
order.  As  each  set  comprised  seventy  gages,  some  of  which 
took  200  hours  to  make,  this  company  was  immediately  noti- 
fied that  deliveries  could  not  be  made  as  called  for  on  the 
order,  so  it  asked  the  gage-making  company  to  do  the  best 
that  it  could.  By  working  overtime  and  Sundays,  the  latter 
was  able  to  deliver  about  one-half  the  gages  in  the  first  two 
weeks.  These  gages  were  sent  by  the  Canadian  firm  to  the 
Imperial  Munitions  Board,  as  it  had  no  facilities  for  checking 
the  working  gages.  The  Imperial  Munitions  Board  passed  all 
the  master  gages  with  the  exception  of  the  graduation  gages, 
which  checked  correctly  on  the  first  and  last  graduation  but 
were  out  about  forty  seconds  at  the  center  graduation;  forty 
seconds  on  this  size  gage  is  about  one-half  a  hair  breadth. 
These  rejected  gages  were  returned  to  the  American  company 


for  correction.  To  make  them  right,  it  was  necessary  to  at- 
tach a  special  indexing  plate  to.  a  dividing  head  that  was 
used  on  a  very  accurate  milling  machine.  The  diflBculty  of 
making  these  gages  will  be  appreciated  from  the  statement 
of  the  chief  inspector  of  the  Imperial  Munitions  Board  that 
these  were  the  first  American  graduation  gages  that  had  been 
passed. 

When,  however,  the  Imperial  Munitions  Board  returned  to 
the  Canadian  manufacturer  the  working  gages,  the  trouble 
began.  According  to  its  custom,  the  gage  company  had  made 
all  working  plug  gages  to  the  maximum  limits  and  all  work- 
ing ring  gages  to  the  minimum  limits.  The  tolerances  on  the 
parts  of  the  fuse  to  be  gaged  were  given  on  the  ofllcial  Muni- 
tions Board  blueprint  as  ±  0.0003  inch;  the  blueprints  of  the 
master  gages  did  not  give  any  tolerance,  so  they  were  made 
within  ±  0.0001  inch.  The  Imperial  Munitions  Board  had  at- 
tached to  each  working  gage  a  tag  on  which  was  written  the 
dimensions  of  the  gage.  On  receipt  of  the  working  gages  from 
the  Imperial  Munitions  Board  the  Canadian  firm  immediately 
wired  the  American  company  that  it  had  rejected  all  the 
working  gages,  as  the  plug  gages  differed  +  0.0002  to  +  0.00025 
inch  and  the  ring  gages  were  — 0.0002  inch  from  the  blue- 
prints. Other  sets  were  then  made  to  the  exact  dimensions, 
which  were  accepted  by  the  manufacturer.  The  folly  of  his 
method  was  forcibly  brought  to  the  manufacturer's  attention 
shortly  after- 
ward, by  the  gov- 
ernment reject- 
ing 90,000  fuses. 
The  gage  com- 
pany, however, 
did  not  lose  any- 
thing,  as  it 
shipped    the 
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gages  to  another 
manufacturer, 
whose  inspector 
said  they  were 
the  best  work- 
ing gages  that 
he  had  received. 
The  story  of 
the  Russian 
shells  made  in 
this  country  that 
were  filled  with 
sawdust  and 
brickdust  and 
accepted  by  the 
Russian  govern- 
ment is  well 
known.  A  story  on  a  par  with  this  is  the  experience  of  an  Ameri- 
can manufacturer  who  made  fuse  parts  for  a  Canadian  firm.  This 
company  could  only  see  the  profits  and  thought  the  less  it  spent 
for  gages  the  greater  would  be  its  profits;  so  it  purchased 
its  thread  gages,  both  plug  and  ring,  from  the  lowest  bidder 
and  did  not  inspect  them  before  using  them  on  the  work.  The 
company  was  disagreeably  surprised  when  the  Canadian  firm 
rejected  its  entire  first  shipment.  The  blueprints  were  imme- 
diately checked,  and  as  these  proved  right,  the  gages  were 
sent  to  a  well-known  gage-making  firm  for  inspection.  A  short 
examination  showed  that  they  had  been  cut  with  a  collapsible 
tap  and  die.  The  cost  to  the  manufacturer  of  these  so-called 
"gages,"  when  the  spoiled  parts  were  taken  into  consideration, 
was  many  times  the  amount  asked  by  the  highest  bidder. 
In  the  fall  of  1915,  a  foreign  government  gave  a  contract  for 
fuses  to  an  American  watch-making  company  which  was  ideally 
equipped  and  organized  for  interchangeable  manufacturing. 
The  government  supplied  the  manufacturer  with  a  set  of  mas- 
ter gages  it  had  O.K.'d,  but  sent  no  blueprints  of  either  the 
fuse  or  gages.  The  master  gages  were  given  to  a  gage-making 
company  with  a  request  to  duplicate  them.  By  the  time  the 
gages  were  completed,  the  watch  manufacturer  received  an 
official  blueprint  of  the  fuse  and  found  that  the  master  gages 
the  gage  company  had  delivered  did  not  check  up  with  the 
blueprint.    As  the  makers  claimed  that  the  master  gages  were 
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duplicates  of  the  set  furnished  by  the  government,  the  original 
set  was  checked  and  found  to  be  0.0005  to  0.0025  inch  off,  so 
the  government  promptly  paid  for  the  gages. 

The  foregoing  are  only  a  few  examples  of  the  various  diffl- 
culties  that  confront  the  munitions  manufacturers  as  well  as 
the  tool-  and  gage-makers.  The  Federal  government  can  avoid 
most  of  the  errors  made  by  our  allies  if  it  will  follow  a  plan 
based    on    that   of   the    Canadian    Imperial    Munitions    Board. 


Graphic  Orgranlzation  Chart 
A  condensed  organization  chart  is  shown  herewith  that, 


if 


followed,  will  accelerate  the  manufacture  of  munitions  con- 
siderably. First,  five  men  should  be  appointed  to  design  and 
standardize  the  master  and  working  gages.  For  this  purpose 
they  should  have  a  well-equipped  drafting  department,  which 
should  prepare  sets  of  blueprints  of  all  gages  and  make  all 
changes  and  keep  the  manufacturers  informed  of  these  changes. 
These  men  should  be  practical  toolmakers  who  have  risen  to 
executive  positions.  They  can  be  obtained  by  asking  the  large 
munitions  manufacturers  and  tool-  and  gage-making  shops  to 
recommend,  from  their  organization,  a  man  who  is  qualified 
to  hold  this  position.  If  followed,  this  will  result  in  the  nom- 
ination of  probably  thirty-five  to  fifty  men. 

This  board  should  also  have  three  inspection  departments, 
one  of  which  should  pass  on  all  master  gages.  Each  company 
manufacturing  munitions  should  be  required  to  submit  two 
sets  of  master  gages  for  approval.  One  of  these  sets  will  later 
be  used  as  the  shop's  masters  and  the  other  by  the  board's 
resident  inspector.  Another  department  should  inspect  all  the 
working  gages,  because  of  the  scarcity  of  toolmakers,  which 
would  make  it  impossible  for  the  munitions  manufacturer  to 
establish  a  complete  tool-room  or  inspect  the  gages  rapidly 
and  correctly;  also,  because  of  the  scarcity  of  testing  ap- 
paratus, such  as  micrometers,  test  blocks,  height  gages,  sine 
bars,  etc.,  that  are  absolutely  correct,  that  is,  not  more  than 
0.00005   inch   out. 

It  might  be  advisable  here  to  caution  all  munitions  manu- 
facturers to  test  all  micrometers,  sine  bars,  test  blocks,  etc., 
before  using  them,  as  the  writer  has  found  that  the  only  good 
instruments  are  those  that  were  made  before  the  war.  Out 
of  ten  sine  bars  ordered  from  a  firm  that,  before  the  war,  had 
a  reputation  for  very  fine  work,  all  but  one  had  to  be  rejected, 
as  they  were  out  at  least  0.0003  inch  in  each  case.  The  manu- 
facturers said  that  they  could  not  guarantee  their  product  with 
greater  accuracy  than  ±  0.0005  inch,  whereas  before  the  war 
their  guarantee  covered  an  accuracy  of  it  0.0001  inch. 

This  munitions  board  should  also  have  a  force  of  inspectors 
who  would  be  stationed  at  the  various  plants  making  muni- 
tions. It  should  be  the  duty  of  these  men  to  inspect  all  the 
finished  product  as  well  as  to  check  working  gages.  These 
gages  should  be  inspected  for  wear  three  times  a  week,  and 
the  final  inspection  gages  at  least  twice  a  week.  The  inspector 
should  also  report  each  week  the  condition  of  the  gages  used 
in  the  shop  and  recommend  the  renewal  of  any  or  all  of  them. 
He  should  have  the  power  to  stop  any  operation  if  the  gages 
are  not  up  to  size.  All  these  inspectors  should  be  practical 
toolmakers  or  men  having  had  long  experience  in  gages  and 
their  use. 

The  chart  does  not  show  a  complete  organization  by  any 
means,  but  will  serve  as  a  foundation  for  a  highly  efficient 
force  that  will  lift  about  one-half  the  burden  from  the  muni- 
tions manufacturer's  back. 

*     *     * 
GROUP  INSURANCE 

BY  J.   D.   WHITNEY  1 

Group  insurance,  a  development  of  recent  years,  is  based 
on  the  fact  that  large  groups  of  people  can  be  insured  with- 
out medical  examination  and  at  a  much  lower  cost.  The  reason 
that  the  medical  examination  can  be  dispensed  with  is  that 
group  insurance  is  applied  simply  to  workmen  already  in  the 
employ  of  men  who  have  presumably  chosen  them  because 
they  are  in  good  health  and  a  good  state  of  mind.  The  in- 
surance company  assumes  that  a  factory  owner,  for  instance, 
will  not  hire  a  man  to  do  hard  work  in  his  factory  if  that 

'Publicity  Manager,   Travelers  Insurance  Co.,   Hartford,   Conn. 


man  is  on  the  point  of  death.  It  is  claimed  by  manufacturers 
that  it  costs  from  $50  to  .flOO  to  break  in  a  new  man,  and 
naturally  an  employer  is  not  willing  to  make  that  expenditure 
on  a  man  who  is  likely  to  drop  off  within  a  few  months. 

The  reason  that  group  insurance  can  be  written  at  a  re- 
duced rate  is  that  it  is  wliolesale  in  its  nature,  and  the  in- 
surance company  saves  a  great  deal  on  commissions  and  over- 
head expenses.  The  cost  of  group  insurance  is  indeed  so  low 
that  most  employers  find  themselves  able  to  pay  the  entire 
premium,  though  in  some  cases  the  employers  feel  that  the 
men  will  be  more  interested  in  the  insurance  if  they  are  re- 
quired to  contribute  part  of  the  premium.  One  progressive 
machine  tool  concern  allows  each  employe  to  decide  whether 
he  will  take  a  low-cost  life  policy  at  a  minimum  cost  or  a 
form  of  policy  that  will  require  ^more  thrift  and  self-denial. 
But  employers  are  encouraged  to  adopt  the  plan  of  paying  the 
entire  premium  for  the  men,  as  the  effect  on  the  men  is  re- 
markable. Many  business  men  claim  that  they  get  their  money 
back  in  increased  efficiency  and  loyalty  in  their  employes. 

Of  the  many  hundred  group  risks,  ranging  from  one  hun- 
dred employes,  which  is  the  minimum,  up  to  many  thousands, 
that  have  been  writte.n  by  one  company  in  the  five  years  in 
which  group  insurance  has  been  extensively  cultivated,  only 
one  group  contract  has  been  discontinued,  and  that  one  for 
temporary  reasons.  This  is  in  spite  of  the  fact  that  group 
insirrance  is  written  on  the  one-year  term  plan  and  can  be 
easily  dropped  at  every  anniversary. 

Group  insurance  can  be  written  on  a  great  many  plans. 
Indeed,  a  plan  may  be  adapted  to  any  particular  case,  but,  gen- 
erally speaking,  the  idea  is  this:  After  an  employe  has  been 
with  a  concern  for  three  or  six  months,  or  whatever  length 
of  time  the  employer  thinks  necessary  to  establish  the  pre- 
sumption that  the  workman  is  going  to  stay,  the  workman  re- 
ceives a  policy  of  insurance  of  a  sufficient  face  value  to  enable 
his  family  to  take  care  of  itself  for  a  period,  in  case  the  work- 
man loses  his  life  or  is  disabled.  Some  concerns  provide  $500, 
some  $1000  or  more,  and  some  give  each  workman  a  policy 
valued  at  the  amount  of  his  annual  salary.  The  most  com- 
mon kind  of  policy  is  life  insurance  with  a  disability  clause, 
but  health  and  accident  insurance  are  also  written  on  the 
group  plan. 

Among  the  companies  that  have  taken  out  group  insurance 
are  many  concerns  that  have  always  taken  a  paternal  interest 
in  their  employes,  and  have  been  spending  several  thousand 
dollars  a  year  providing  burials  for  pensioners  and  taking 
care  of  their  families  for  a  few  months,  at  least,  after  the 
death  of  their  bread  winner.  These  concerns  have  been  glad 
to  substitute  the  group  plan  and  rid  themselves  entirely  of 
the  responsibility  of  taking  care  of  dependent  families.  The 
general  satisfaction  of  the  workmen  at  being  given  their  own 
resources  in  this  respect  is  noticeable,  and  wherever  the  in- 
telligence of  the  workmen  is  sufficiently  high  to  enable  them 
to  comprehend  the  idea  fully,  the  men  receive  the  group  plan 
with  the  utmost  enthusiasm.  It  has  decided  advantages  over 
the   giving   of   bonuses   at   Christmas   or   on   other   occasions. 

One  of  the  earliest  purchasers  of  group  insurance  was  a 
large  manufacturing  concern  in  Michigan.  When  the  plan 
was  announced,  a  number  of  employes  took  a  belligerent  atti- 
tude and  declared  that  they  would  not  have  anything  to  do 
with  the  scheme  and  would  not  even  accept  their  certificates 
(each  workman  is  provided  with  an  individual  certificate). 
Nevertheless,  the  company  placed  the  insurance  on  all  its  work- 
men alike.  The  first  one  to  die  was  the  ring  leader  of  the 
belligerent  element.  The  wife  was  left  without  money  enough 
to  pay  the  funeral  expenses  and  was  in  despair  until  some- 
body told  her  that  $1200  was  coming  to  her  from  the  insurance 
company.  Not  long  afterward  the  belligerents  marched  to  the 
office  in  a  body  and  asked  for  their  certificates. 

The  New  York  legislature  thought  so  well  of  group  insur- 
ance, at  its  1916  session,  that  it  took  group  insurance  out  from 
under  the  limitation  which  it  imposes  on  life  insurance  com- 
panies as  to  the  amount  of  business  they  are  allowed  to  write. 
Group  insurance,  of  course,  runs  into  the  millions  rapidly. 
There  is  about  a  quarter  of  a  billion  dollars  worth  of  it  in 
effect  in  this  country  at  present,  but  the  surface  has  not  been 
more  than  scratched. 
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HOW  MACHINE  TOOLS  ARE  SOMETIMES  BOUGHT-ONE  WAY  TO  GET  A  MACHINIST'S  JOB-HOW  STEVE  OILED  THE 

PULLEYS-WHEN  GOOD  STEEL  WAS  POOR  STEEL-MAKING  THE  SCRAP  PILE  PAY-COURTEOUS 

TREATMENT  OF  TRAVELING  MEN— MACHINERY  FOR  THE  SWEAT-SHOP 

BY  THE  FIELD  EDITORS 


" — it  was  found  to  stick  as  close  to  the 
plane  as  though  it  were  glued  there" 


THE  pure  theorist 
will  ever  be  the 
laughing  stock  of 
the  so-called  "practical" 
man,  but  here  is  a  case 
where  both  of  them  were 
fooled.  It  happened  in  a 
New  England  shop,  where 
the  elderly  proprietor  was 
a  theorist  and  a  young 
toolmaker  the  practical 
man.  Mr.  Theorist  came 
in  to  George,  the  tool- 
maker,  one  day  and  with 
a  burst  of  enthusiasm  said : 


"Look  here,  George,  I  want  you  to  drop  that  job  you're  on 
and  make  a  file-testing  apparatus  for  me.  I've  just  been  down 
through  the  shop  where  all  those  kids  are  filing,  and  I  find 
any  number  of  files  lying  around  which  they  claim  are  worn 
out.  Now  what  I  want  is  a  device  for  measuring  accurately 
how  much  these  files  are  actually  worn.  You  see,  it's  a  simple 
matter;  all  we  need  is  a  tilting,  graduated,  inclined  plane, 
made  of  cast  iron,  finished  to  a  specified  degree  of  smoothness. 
We  will  determine  the  angle  at  which 
a  new  file  of  any  coarseness  will  slide 
down  the  incline  and  the  angle  at  which 
a  used  file  must  slide  to  be  considered 
worn  out.  You  see,  for  a  new  No.  1 
it  might  be  45  degrees,  while  the  angle 
for  the  used  No.  1  might  be  28  degrees. 
Now,  George,  get  right  to  work  on  this, 
and  make  it  right,  because  it's  an  in- 
strument of  precision  and  there  is  no 
doubt  in  the  world  about  the  underlying 
principle." 

George  set  to  work  and,  according  to 
the  sketch  furnished  him  by  the  boss, 
turned  out,  in  a  little  less  than  a  week, 
a  specimen  of  his  handiwork  that  was 
a  joy  to  look  upon,  accurately  graduated, 
and  in  every  sense  an  instrument  of 
precision.  The  boss  was  highly  elated 
over  the  appearance  of  his  pet  device, 
and  as  the  time  approached  for  giving  it  the  initial  test,  his 
enthusiasm  grew.  The  first  thing  he  did  was  to  determine 
the  sliding  angle  of  a  new  file  of  a  certain  coarseness,  which 
was  found  to  be  in  the  vicinity  of  38  degrees.  But  when  he 
came  to  try  the  same  file  very  much  worn,  it  was  found  to 
stick  as  close  to  the  plane  as  though  it  were  glued  there, 
although  tilted  at  the  same  angle. 

This  was  a  complete  reversal  of  his  calculations.  Further 
experiment  proved  conclusively  that  the  more  the  file  was 
worn,  the  less  tendency  there  was  for  it  to  slide.  After  close 
examination  of  the  worn  files,  and  a  long  consultation,  in 
which  George,  the  practical  man,  participated  freely,  the  real 
cause  was  arrived  at.  It  was  found  that  a  so-called  "worn" 
file  was  indeed  worn  smooth  on  a  large  part  of  its  surface, 
but  at  the  heel  and  point  a  few  scattered  teeth  protruded. 
These  few  teeth,  of  course,  prevented  the  file  from  sliding 
much  more  than  a  whole  bank  of  sharp  teeth. 

Mr.  Theorist  was  sick  at  heart,  not  so  much  because  of  the 
failure  of  his  theory,  but  because  of  the  expenditure  tied  up 
in  the  file  tester.  George  came  to  his  rescue,  however,  by 
suggesting  that  it  could  easily  be  converted  into  an  adjustable 
angle-plate  such  as  he  had  been  wanting  for  several  years. 
Perhaps  George  had  this  in  mind  when  he  was  making  It, 
which  may  account  for  the  accuracy  with  which  it  was  made. 


"A  watchman  saw  me  jumping  the  fence  and  ca 
after  me,   which  simply  made  me  move  faster 


How  Machine  Tools  are  Sometimes  Bought 
We  often  run  into  men  who  want  to  buy  machine  tools. 
In  nine  cases  out  of  ten,  they  know  just  what  they  want  and 
the  buying  is  done  intelligently,  based  on  sound,  practical  ex- 
perience, but  occasionally,  and  especially  during  these  busy 
times,  machine  tools  are  bought  with  a  woeful  lack  of  mechani- 
cal knowledge.  For  instance,  a  newcomer  in  the  machine  busi- 
ness, fresh  from  an  exporting  oflice,  was  asking  us  for  advice 
on  what  kind  of  milling  machine  he  should  purchase  for  one 
of  his  clients.  He  wasn't  sure  whether  he  wanted  a  universal, 
plain  or  special  manufacturing  machine,  but,  as  he  expressed 
himself,  "You  will  probably  know  what  kind  of  machine 
my  customer  wants,  because  he  has  to  mill  all  sorts  of  curious 
shaped  pieces." 

And  he  went  away  disgusted  because  we  could  not  recom- 
mend exactly  the  type  of  machine  best  suited  for  milling 
"curious  shaped  pieces." 

One  Way  to  get  a  Machinist's  Job 
Force  is  a  good  thing  to  have,  especially  when  it  comes  to 

getting  a  new  job.     How  this  quality  stood  one  young  man 

in  good  stead  is  best  told  in  his  own  words: 
"I  landed  in  Boston,  fresh  from  Liverpool,  with  a  wife  and 
just  $12,  and  no  idea  where  to  go  to  get 
a  job  in  my  line — the  machinist's  trade. 
I  had  been  used  to  mill  machinery  re- 
pairing, so  it  was  only  natural  that  I 
should  inquire  as  to  what  city  had  the 
most  textile  mills.  The  answer  was 
'Fall  River,'  so  to  Fall  River  I  went. 
After  we  had  put  up  at  a  cheap  hotel 
and  paid  for  the  night's  lodging,  I  had 
just  $1.75  left. 

"The  next  day  was  Sunday,  but  I  was 
up  bright  and  early,  determined  to  start 
the  hunt  for  a  job,  because  that  $1.75 
wouldn't  last  long.  It  was  during  rush 
times,  and  as  I  went  by  one  of  the  mills 
I  could  hear  the  machinery  of  the  re- 
pair shop  at  work.  A  ten-foot  board 
fence  surrounded  the  mill,  but  it  didn't 
take  me  long  to  climb  over  and  start 
in  the  direction   in  which   I  heard   the 

machinerj*^  running.    A  watchman  saw  me  jumping  the  fence 

and  came  after  me,  which  simply  made  me  move  faster.     I 

soon  got  inside  of  the  repair  shop  and  the  foreman  greeted  me 

with,  'Where  in  blazes  did  you  come  from  and  what  do  you 

want  in  here?'     I  told  him  that  I  came  over  the  fence  and 

wanted  a  job,  and  I  wanted  it  bad,  too.    'Don't  you  know  you 

can't  get  a  job  here  on   a   Sunday?'   the   foreman   answered. 

But  I  could   see  that  he 

was  anxious  to  get  a  man, 

so  I  told  him  I  would  be 

there    bright    and    early 

Monday  morning   if  he'd 

hire    me  —  and    he    did." 
Today    that    fellow    is 

equipment  superintendent 

of     a     plant     employing 

thousands    of    men — and 

he    has    prospects    for    a 

promotion  that  his  "force" 

is  going  to  land  for  him. 

How  Steve  Oiled  the 
Pulleys 

The     manufacturers     of         " — he   had   his  oil-can   industriously  at 

,    .  .  j_  work — putting    the    oil    into    the 

safety    set-screws    are    do-  hole  of  the  safety  set-screw" 
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"Don't  I  tolo  you  never  to  buy  any  steel 
but  SheffloUH" 


iiiK  a  great  work,  but 
there  is  one  man  in  the 
lunintry  who,  until  a  few 
liays  ago,  did  not  appre- 
ciate this.'  He  was  the 
oiler  at  one  of  the  big 
machine  tool  manufactur- 
ing plants,  and,  although 
he  was  not  strong  on  the 
whys  and  wherefores  of 
the  machine  shop,  he  cer- 
tainly could  swing  a 
twenty-foot  ladder  effi- 
ciently for  ten  hours  a 
day.  But  he  had  not 
been  working  long  before 
squeaking  was  heard  all  over  the  shop  from  the  loose  pulleys 
on  the  countershafts.  This  is  the  story  the  boss  millwright 
told  us: 

"We  couldn't  imagine  what  made  the  loose  pulleys  squeak, 
because  the  oiler  was  going  his  rounds  regularly  and  seemed 
industrious.  One  day  it  occurred  to  me  to  watch  Steve  and 
see  just  how  much  oil  he  used  and  where  he  put  it.  He 
climbed  up  his  ladder,  threw  the  belt  onto  the  loose  pulley, 
stopping  the  machine,  and  commenced  looking  all  over  the 
tiglit  pulley;  pretty  soon  he  had  his  oil-can  industriously  at 
work — putting  the  oil  into  the  hole  of  the  safety  set-screw 
that  was  used  to  hold  the  pulley  on  the  countershaft.  He 
didn't  touch  the  loose  pulley  at  all — simply  shifted  the  ladder 
and  went  through  the  performance  on  the  next  countershaft. 
He  was  a  green  Polack,  and  meant  well  enough,  and  after 
he  had  been  given  a  lesson  in  oiling  loose  pulleys,  he  made 
one  of  the  best  oilers  we  have  ever  had." 

When  Good  Steel  was  Poor  Steel 

When  it  comes  to  the  last  analysis,  most  of  the  troubles  in 
the  machine  shop,  as  well  as  elsewhere,  come  from  the  ever- 
present  human  element.     So 


steel;  we  must  keep  them  separate,  because  the  price  of  scrap 
is  now  quite  an  item." 

"See  that  old  fellow  out  there  sweeping  up  chips?"  said  the 
superintendent,  as  he  pointed  out  through  the  office  window 
into  the  shop.  "He's  the  shop  sweeper,  and  up  to  six  months 
ago  we  sure  did  have  all  kinds  of  trouble  from  the  mixing 
of  chips.  We  couldn't  seem  to  keep  them  separate,  and  so  they 
brought  very  little  from  the  Junk  man.  Finally  I  hit  on  the 
idea  of  paying  a  piece-work  price  for  sweeping  up  chips.  I 
offered  the  sweeper  a  bonus  of  $2  a  ton  for  mixed  chips,  but 
for  clean  aluminum,  copper  and  brass  chips  from  other  metals 
the  bonus  was  $8  a  ton,  and  now  you'd  be  surprised  to  see 
the  way  that  old  chap  hustles  to  keep  the  chips  from  getting 
mixed.  He's  the  first  man  to  put  up  a  holler  if  one  of  the 
workmen  doesn't  clean  up  his  lathe  before  he  starts  on  a  job 
of  turning  different  metal  from  the  one  he's  been  working  on. 
The  stunt  works  fine;  we  save  many  times  the  bonus  that 
we  pay  him  for  the  chips,  and,  of  course,  he's  happy,  too,  for 
he's  making  more  money." 

We  departed  more  than  ever  impressed  with  the  fact  that 
if  you  want  to  make  money,  you  must  give  somebody  else  a 
chance  to  make  some,  too. 

Courteous  Treatment  of  Traveling  Men 

We  recently  called  at  a  Connecticut  factory,  and  upon  en- 
tering the  office  our  heart  was  gladdened  by  the  sight  of  a 
placard,  placed  in  a  conspicuous  position  near  the  telephone 
operator's  desk,  which  is  reproduced  herewith. 

What  is  of  greater  interest  is  the  fact  that  we  actually  did 
receive  treatment  in  accordance  with  the  sentiment  of  the 
placard.  It  is  not  necessary  that  all  manufacturers  adopt  a 
placard  of  this  nature,  but  it  would  be  desirable  if  some  of 
their  employes  whose  business  it  is  to  meet  the  traveling  men 
would  act  on  the  suggestion  contained  therein. 

Machinery  for  the  Sweat-shop 

We  were  visiting  one  of  the  big  contract  shops  of  New  York 
City  when  our  eye  happened 


CALLERS  WILL  PLEASE  APPLY  TO  OPERATOR. 
INSIST  ON  AN  ANSWER  IN  A  REASONABLE 
TIME   OR   A   REASON   FOR   THE   DELAY. 


it  was  with  the  new  man- 
ager's troubles  at  the  old 
Johnson  plant  that  for  a  few 
years  previously  had  been 
run  by  a  young  fellow  with 
plenty  of  money  but  no 
brains,  mechanical  or  other- 
wise. One  of  his  tales  has  a 
good  moral. 

"There  was  one  old  Dutchman  when  I  came  here  who  had 
the  whole  plant  buffaloed  by  his  arbitrary  methods.  He  was 
the  boss  diemaker,  and  a  mighty  good  one,  too.  Like  most 
men  of  his  type,  he  was  not  in  the  least  open-minded,  and 
especially  was  he  prejudiced  on  matters  relating  to  steel.  He 
swore  by  Sheffield  steel  and  didn't  even  want  to  consider  any 
other  brand.  One  day  the  non-mechanical  manager  bought  a 
bar  of  perfectly  good  American  steel  and,  grudgingly,  Dutchy 
consented  to  try  it  out.  It  seemed  that  the  old  chap  had  a 
young  German  friend  whom  he  had  brought  in  to  learn  the 
business,  and  it  was  to  him  that  the  first  die  from  the  new 
steel  was  given  to  be  made.  The  die  was  made  and  hardened 
perfectly,  but  in  fitting  the  punch,  the  inexperienced  diemaker 
left  too  much  stock  to  be  sheared,  and  during  the  shearing-in 
operation  the  die  cracked,  as  any  other  die  would  have  done 
under  the  same  conditions.  In  consternation,  the  young  man 
went  to  his  old  boss,  who,  telling  him  not  to  worry,  took  the 
die  and  went  to  the  manager,  saying,  as  he  exhibited  the 
broken  halves:  'Don't  I  tole  you  never  to  buy  any  steel  but 
Sheffield?  Now  you  buy  some  of  this  no  good  American  steel, 
and  here's  what  you  get!'  " 

And  the  sorrowful  part  of  the  incident  is  that  "Old  Dutchy" 
got  away  with  it! 

Making-  the  Scrap  Pile  Pay 

The  superintendent  leaned  back  in  his  chair  and  soliloquized 
as  he  gazed  out  through  the  shop.  "There  are  lots  of  things 
in  this  world  that  it's  all  right  to  mix,  but  that  doesn't  apply 
■when   it   comes  to   chips   from   brass,   copper,   aluminum   and 


a   placard   placed   in   a   conspicuous   position   near   the   telephone 

operator's  desk" 


to  catch  a  lot  of  twenty-five 
or  thirty  light  foot  presses 
that  were  on  the  floor  ready 
to  be  assembled.  This  sight 
would  not  have  been  uncom- 
mon in  Providence,  but  in 
New  York  it's  different,  so 
we  buttonholed  the  superin- 
tendent. 

"What's  the  idea  on  the  foot  presses — are  you  making  these 
for  the  Providence  market?" 

The  shop  man  smiled  as  he  turned  one  of  the  castings  over 
with  his  foot. 

"Would  you  believe  it  if  I  told  you  those  presses  are  all 
going  to  be  used  in  tenement  houses  over  on  the  East  Side?" 
"On  the  East  Side?  We  didn't  suppose  there  was  a  manu- 
facturing shop  in  the  tenement  section  of  the  East  Side." 
"Nevertheless,  there's  a  good  market  over  on  the  East  Side 
for  these  presses,"  continued  the  superintendent.  "If  you 
should  go  down  through  this  district  any  day,  you'd  find  whole 
families,  ranging  from  little  girls  of  ten  to  grandfathers 
of  seventy-five, 
kicking  away 
at  these  foot 
presses,  set  up 
on  kitchen  ta- 
bles, covering 
buttons  by  the 
gross." 

On  almost 
every  trip  we 
learn  of  new 
markets  for  ma- 
chinery, but  it 
would  be  bet- 
ter, it  seems, 
if  this  market 
did    not    exist. 


it  would  be  better  if  this  market  did 
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NECESSITY  FOR  MORE  COMPLETE  KNOWLEDGE  OP  ACTION  OF  METAL-CUTTINCi  TOOLS 
AND  WORK  DONE  BY  CUTTING  LUBRICANT 


Fig.   1.     Cutting  with  Lathe  Tools 

THE  rapidity  of  progress  of  the  various  branches  of  engi- 
neering may  be  said  to  be  in  proportion  to  the  ease  with 
which  their  principles  can  be  reduced  to  mathematics. 
This  was,  perhaps,  never  so  clearly  shown  as  in  the  case  of  the 
development  of  alternating-current  apparatus.  The  mathe- 
matics of  this  branch  was  waiting  for  somebody  to  apply  it; 
as  a  result,  alternating-current  apparatus  has  known  no  period 
of  experimentation — of  stumbling,  fumbling  progress.  Com- 
pare this  with  the  slow,  hesitating  development  of  the  steam 
engine  in  its  first  stages.  Nothing  was  known  except  that 
steam  would  exert  pressure,  and  no  knowledge  existed  of  the 
properties  of  steam,  of  thermodynamics,  nor  of  the  mathe- 
matics of  engineering  materials. 

As  soon  as  the  laws  of  thermodynamics  were  understood  and 
reduced  to  mathematics,  it  became  possible  to  imagine  an 
ideal  steam  engine,  which  is  another  term  for  a  100  per  cent 
efficient  steam  engine,  and  to  show  what  is  the  maximum  ob- 
tainable efficiency  in  any  steam  engine.  It  is  therefore  pos- 
sible to  express  the  efficiency  of  existing  or  contemplated  steam 
engines  in  percentages  of  the  ideal  engine.  In  other  words, 
the  ideal  steam  engine  has  become  the  standard,  or  unit,  of 
measurement,  and  it  is  no  longer  possible  for  any  designer 
or  builder  to  think  that  he  has  produced  a  steam  engine  of 
the  highest  possible  efficiency  merely  because  his  steam  en- 
gine is  twice  as  efficient  as  some  other  existing  engine.  Mathe- 
matical analysis  will  soon  show  that  his  engine  is  far  from 
the  ideal,  and  a  test  will  show  how  closely  he  has  approached 
the  product  he  had  intended  to  build;  in  other  words,  he  can 
use  his  theory  to  check  up  his  practice.  The  fact  that  the  in- 
efficiency of  the  engine  is  known  leaves  the  door  open  for 
further  improvement. 

Is  it  possible  to  develop  a  theory  of  the  ideal  machine  tool, 
such  as  has  been  developed  for  the  steam  engine?  If  the  only 
function  of  a  machine  tool  were  the  removal  of  metal,  our 
best  machine  tool  would  be  found  to  have  an  efficiency  of  from 
0.12  to  0.22,  which  is  very  low  as  compared  with  the  efficiency 
of  other  machines.  If  chips  could  be  removed  from  a  piece 
of  work  by  a  straight  pull,  the  ideal  machine  tool  would  be 
one  that  would  remove  material  with  the  same  expenditure 
of  power  as  is  required  by  a  testing  machine.  However,  the 
question  is  whether  material  is  removed  by  a  straight  pull. 
The  author  does  not  know  what  the  exact  nature  of  the  cut- 
ting of  metal  is,  and  he  believes  that  he  is  not  alone  in  his 
ignorance.  To  his  knowledge,  no  experiments  have  been  made 
that  establish  the  true  nature  of  the  cutting  ot  metals  with  a 
reasonable  certainty. 

Among  the  questions  that  should  be  answered  before  ma- 
chine tools  can  be  designed  in  a  thoroughly  scientific  manner 
are  the  following: 

When  we  turn  up  a  narrow  disk  by  means  of  a  square-nosed 
turning  tool  of  which  the  width  is  greater  than  the  width  of 
the  disk,  is  the  action  of  removing  the  chips  purely  a  matter 
of  tension?    If  not,  what  is  it? 

Does  the  front  end  of  the  tool  have  any  function  at  all? 

How  far  from  the  edge  of  the  tool  is  the  point  where  the 
chip  strikes  the  tool? 

If  the  action  is  purely  a  matter  of  pull,  and  the  chip  does 

'Abstract  of  a  paper  by  A.  L.  De  Leeuw  read  before  the  American  Society 
of  Mechanical  Engineers,  at  Cincinnati,  Ohio,  May,  1917. 


not  strike  the  top  of  the  tool  at  the  cutting  point,  but  some 
distance  farther  back,  is  it  necessary  that  the  cutting  edge 
of  the  tool  be  sharp? 

What  is  the  nature  of  the  lamination  of  the  chip? 

How  much  power  is  required  for  the  actual  removal  of  the 
chip,  for  the  friction  between  chip  and  tool,  and  for  laminating 
the  chip? 

What  would  be  the  best  shape  for  such  a  turning  tool  for  this 
particular  turning  operation? 

How  does  the  amount  of  power  vary  with  the  various  angles 
of  the  tool? 

If  the  turning  operation  is  not  as  simple  as  assumed  in  the 
first  question,  if,  for  instance,  there  is  a  side  feed,  as  in  ordi- 
nary shaft-turning  operations,  how  is  the  cutting  action  modi- 
fled  by  this  side  feed? 

If  the  chip  is  removed  by  the  action  of  the  top  of  the  tool, 
that  is,  if  the  front  of  the  tool  has  no  function,  what  deter- 
mines the  nature  of  the  finish  of  a  cut? 

In  what  relation  does  the  power  required  for  the  side  feed 
stand  to  the  power  required  for  the  actual  removal  of  the  chip? 

Action  of  a  Cutting-  Lubricant 

As  dark  a  subject  as  the  action  of  the  tool  itself  is  the  action 
of  a  cutting  lubricant.  It  is  well  known  that  the  use  and  the 
nature  of  a  lubricant  affect  both  the  finish  and  the  size.  If 
the  chip  is  separated  by  tension,  that  is,  if  the  point  where  the 
chip  begins  to  separate  from  the  work  is  some  distance  ahead 
of  the  point  of  the  cutting  tool,  how  can  the  cutting  lubricant 
aifect  either  the  size  or  the  nature  of  the  finish?  Another 
equally  puzzling  question  is:  If  one  of  the  functions  of  the 
cutting  lubricant  is  to  reduce  the  friction  between  chip  and 
tool,  why  not  use  a  heavy  lubricating  oil  instead  of  a  light 
lard  oil  that  has  practically  no  lubricating  qualities?  Also,  if, 
as  facts  seem  to  show,  the  best  results  are  obtained  with  a 
cutting  lubricant  that  has  little  viscosity  and  therefore  can 
readily  rise  between  the  chip  and  the  work  by  capillary  action, 
what  is  the  action  of  the  oil  on  the  separation  of  the  chip, 
seeing  that  the  oil  only  gets  to  the  point  of  separation  after 
the  chip  is  separated? 

Even  more  puzzling  is  the  effect  a  cutting  lubricant  seems 
to  have  on  the  size  of  the  work.  We  do  not  see  how  it  is 
possible  for  the  lubricant  to  influence  the  size,  yet  that  it 
does  has  been  observed  many  times.  For  instance,  ■s^en 
twenty-four  screws  were  made  on  an  automatic  screw  machine, 
using  a  mineral  oil  with  15  per  cent  lard  oil,  the  screws  came 
true  to  size  within  the  limit  of  0.0005  inch.  But  when  the 
oil  was  removed,  the  machine  and  tools  cleaned,  and  another 
cutting  compound  substituted,  not  only  were  all  the  screws 
made  larger  than  those  cut  with  the  regular  oil,  but  they  also 
varied  from  0.0025  to  0.005  inch  over  size.  The  machine  was 
once  more  cleaned  and  the  original  oil  put  back;  the  screws 
again  came  uniform  and  to  size,  showing  that  the  cutting  of 
the  first  twenty-four  screws  had  not  dulled  the  tool  nor  caused 
any  other  disturbing  element  to  enter  into  the  equation.  The 
fact  that  the  cutting  compound  caused  the  screws  to  be  over 
size  might  possibly  be  explained  by  a  difference  in  the  heating 
or  cooling  effect  of  the  different  lubricants;  but  how  can  the 
difference  in  the  size  of  screws  made  with  the  same  lubricant 
be  explained  when  there  was  no  difference  in  the  oil  that  was 
employed  when  the  screws  were  being  made? 


Fig.  2.     Small-angle  Tool  and  Tool-holder 
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Proper  AuifleB  and  Forms  of  Cuttlntr  Tools 
The  results  of  an  investigation  should  lie  in  the  direc- 
tion of  saving  of  power,  diminished  wastage  of  tools,  and  less 
strain  on  the  machine;  or  in  the  direction  of  increased  out- 
put with  or  without  the  other  advantages.  Tha't  such  advan- 
tages may  be  reac;hed  seems  clear,  and  the  following  isolated 
experiments,  though  not  complete  in  themselves,  point  to  in- 
teresting possibilities. 

Forged  spindles  of  sixty-point  carbon  steel  were  roughed  by 
a  tool  like  that  shown  at  A,  Pig.  1,  which  was  able  to  rougli 
three  spindles  before  a  breakdown.  In  its  broken-down  condi- 
tion, the  tool  appeared  as  shown  at  B.  A  hollow  had  been 
ground  out  by  the  chip,  but  a  land  a  little  more  than  1/64 
inch  wide  had  been  left  at  the  front  end,  showing  that  the 
extreme  front  of  the  tool  had  not  been  in  action.  The  broken- 
down  tools  were  carefully  measured  and  new  tools  of  just  that 
shape  m'ade,  and  the  hollow  was  carefully  polished.  A  tool 
thus  prepared  would  rough  from  nine  to  thirteen  spindles.  Ex- 
amination showed  that  the  hollow  in  the  tool  would  remain 
smooth  almost  to  the  last,  and  that  a  complete  breakdown 
followed  soon  after  the  surface  of  the  hollow  began  to  show 
scratches.  No  tests  of  power  consumption  were  made,  but  it 
may  be  assumed  that  the  power  required  with  the  old  tool 
was  more  than  with  the  new  tool,  as  the  chip  did  not  have  to 
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Fig.  3.     Kotary  Lathe  Tool 

bend  so  sharply  and  the  work  required  for  hollowing  out  the 
tool  was  omitted.  Another  interesting  point  about  this  tool 
was  that  the  actual  contained  angle  between  the  front  of  the 
tool'  and  the  front  of  the  hollow  was  much  less  than  we  would 
have  dared  to  make  between  the  front  and  top  of  an  ordinary 
lathe  tool,  especially  if  it  were  to  be  used  for  roughing.  Never- 
theless, under  the  conditions  given,  this  tool  with  the  small 
front  angle  stood  up  better  than  the  original  tool  with  the 
large  angle. 

In  his  paper  "On  the  Art  of  Cutting  Metals,"  Mr.  Taylor 
states  that  his  experiments  showed  no  perceptible  difference 
in  power  consumption  for  various  contained  angles  of  the  cut- 
ting tool.  The  author  thought  that  this  conclusion  would  prob- 
ably be  correct  only  for  the  range  of  cutting  angles  tried  by 
Mr.  Taylor.  Realizing  that  an  ordinary  lathe  tool  would  not 
stand  up  with  much  smaller  angles  than  those  used  in  present- 
day  practice,  he  devised  tl^e  tool  shown  at  A,  Pig.  2,  which  was 
held  in  a  rigid  block  of  metal  and  directly  over  the  lathe  car- 
riage, as  shown  at  B.  The- tool  was  used  for  turning,  prepara- 
tory to  grinding,  milling  machine  over-arms,  about  4i^  inches 
in  diameter  and  5  feet  long.  When  the  tool  gave  out,  it  was 
turned  in  the  tool-holder  so  as  to  present  a  new  piece  of  the 
edge  to  the  work.  In  this  manner,  from  twelve  to  sixteen  set- 
tings could  be  made  with  one  sharpening  of  the  tool.  The 
sharpening  itself  was  a  matter  of  circular  grinding.  The  tool 
would  make  a  very  smooth  cut,  and  without  a  steadyrest  would 
turn  half  the  length  of  the  bar  with  a  variation  in  diameter 
of  less  than  0.003  inch.  The  surface  of  the  work  was  unusually 
smooth,  and  the  amount  required  for  grinding  was  much  less 
than  usual.  This  matter  of  the  relation  of  the  contained  angle 
to  the  power  consumption  for  a  given  cut  led  to  the  intro- 
duction of  the  helical  cutter,  where  the  actual  angle  of  the 
tool  is  not  small,  but  where  the  tool  is  presented  to  the  work 
in  such  a  manner  as  to  have  the  same  effect  as  a  small 
angle. 


Another  experiment  was  an  attempt  to  use  a  rotary  lathe 
tool,  such  as  is  shown  at  A,  Pig.  3.  The  edge  of  this  tool  bears 
up  against  the  work  as  shown,  and  there  is  a  very  slight 
difference  in  speed  between  the  work  and  the  tool.  It  was  set 
in  such  a  way  as  to  make  the  virtual  cutting  angle  very  small. 
High  cutting  speeds  had  no  apparent  effect  on  the  tool  and 
the  cutting  speed  was  limited  only  by  the  machine.  With  a 
reduction  of  3/16  inch  in  diameter  and  a  feed  of  ly^  inch,  a 
cutting  speed  of  650  feet  was  used  for  both  cast  iron  and  steel. 
All  cutting  was  done  dry.  No  attempt  was  made  to  get  accu- 
rate data  as  to  power  consumption,  as  it  was  realized  that  the 
lathe  in  its  present  form  is  not  well  adapted  for  this  kind  of 
cutting  tool.  The  chips  made  by  this  tool  were  not  broken  up 
and  were  practically  solid  steel  bars;  moreover,  as  they  came 
off  the  lathe  they  were  cold  enough  to  be  caught  in  the  hand. 

Suggested  Lines  of  Experimentation 
The  author  believes  that  interesting  results  may  be  obtained 
by  following  a  line  of  experimentation  such  as  the  following: 
An  instrument  should  be  built,  somewhat  along  the  lines  of  a 
microtome,  in  which  a  soft  material  is  to  be  cut  by  a  razor- 
like blade  or  tool.  This  tool  should  be  arranged  so  that  it 
can  present  various  angles  to  the  work,  and  tools  of  various 
contained  angles  should  be  experimented  with.  The  angles 
presented  to  the  work  should  vary  as  to  clearance,  rake  and 
shear.  A  dynamometer,  which  should  be  part  of  the  instru- 
ment, should  register  the  pull  required  for  the  cut.  The  mate- 
rial to  be  cut  should  be  standardized,  and  it  is  suggested  that 
paraflBn  may  fill  all  requirements;  by  selecting  a  paraffin  of 
standard  melting  point,  we  would  also  get  a  material  of  stand- 
ard hardness.  In  this  manner,  the  relation  between  cutting 
angles  and  power  required  can  be  established  over  a  wide  part 
of  the  curve.  Though  the  actual  figures  obtained  will  not  be 
immediately  applicable  to  metal  cutting,  it  may  be  possible 
to  find  the  controlling  law,  after  which  the  cutting  of  harder 
materials  over  a  small  portion  of  the  curve  may  be  studied. 
The  same  instrument  could  possibly  be  used  for  tests  on  such 
materials  as  lead,  soft  white  metal,  etc. 

Another  line  of  experimentation  would  be  to  arrange  some 
machine  tool,  such  as  a  lathe,  for  running  at  very  low  speed, 
say,  one  inch  per  hour;  mount  a  steel  disk  on  this  lathe,  and 
take  a  cut  at  the  circumference  of  this  disk.  In  this  manner 
the  cutting  action  will  be  of  the  simplest  kind,  as  the  tool 
used  can  be  a  square-nosed  tool  of  greater  width  than  the 
thickness  of  the  disk,  so  that  there  will  be  no  side  cut.  A 
moving  picture  taken  at  a  high  rate  of  speed  can  then  be 
reeled  off  at  a  low  speed,  and  thus  visualize  what  actually 
takes  place  in  cutting  metal.  It  will  readily  show  whether 
cutting  is  merely  the  result  of  tension,  whether  shear  plays 
a  role,  or  whether  both  are  responsible.  It  will  probably  show 
whether  the  chip  leaves  the  work  ahead  of  the  tool  point  and 
whether  or  not  the  front  end  of  the  tool  is  In  contact  with  the 
work.  It  will  show  many  other  things  besides,  and  might  be 
made  the  foundation  for  a  number  of  lines  of  experimentation. 

*       *       ie 

UTILIZATION  OF  WASTE 
High  prices  and  economies  enforced  by  war  conditions  have 
brought  about  some  surprising  changes  in  manufacturing  prac- 
tice, especially  as  regards  the  utilization  of  waste.  A  shoe 
manufacturer  had  for  years  disposed  of  small  scraps  of  leather 
at  a  low  price,  as  they  were  considered  worthless  for  any 
purpose  except  for  making  charred  leather  used  in  case- 
hardening.  The  high  cost  of  leather  led  him  to  consider  other 
possible  markets  for  the  leather  scraps,  and,  as  a  result,  he 
is  today  converting  the  scraps  into  straps  for  slippers  and 
realizes  approximately  $3500  yearly  from  material  that  brought 
less  than  one-tenth  as  much  before.  The  Ford  Motor  Co. 
utilizes  the  waste  textiles,  pantasote  and  other  materials  used 
in  making  tops  to  make  spark  coil  boxes.  The  material  is 
ground  fine  and  then  is  fed  to  a  machine  having  a  screw  or 
worm  somewhat  like  a  sausage  machine,  which  is  capable  of 
forcing  the  material  under  heavy  pressure  into  separable  dies. 
The  output  of  the  department  in  which  this  scrap  material 
is  converted  into  spark  coil  boxes  is  more  than  3000  boxes 
a  day. 
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DEVICES  FOR  MEASURING  VARIATIONS  IN  LEAD  AND  DIAMETER 


Fig.   1.     Gage  for  measuring  Variations  in  Diameter  and  Lead  of  Screws  and  Taps 


IN  the  accompany- 
ing illustrations 
are  shown  the 
gaging  devices  being 
considered  by  the  sub- 
committee on  gaging 
systems  of  the  Amer- 
ican Society  of  Me- 
chanical Engineers, 
in  its  effort  to  find  a 
gage  that  will  quick- 
ly measure  variations 
in  both  lead  and  di- 
ameter. The  devices  shown  in  Figs.  1,  2  and  5  are  suitable 
for  a  wide  range  of  diameters  and  pitches;  the  other  gages 
are  limited  to  one  size  of  screw  or  tap. 

The  gage  shown  in  Pig.  1  measures  the  variation  from  stand- 
ard of  both  the  pitch  diameter  and  the  lead  of  screws  and  taps. 
It  is  constructed  with  the  fixed  V-point,  a  micrometer  adjusted 
grooved  roll,  and  a  floating  point.     The  grooved  roll  fits  over 

the  thread  and 
is  free  to  move 
sideways  to  al- 
low for  varia- 
tion in  lead. 
The  roll  is  set 
to  the  stand- 
ard pitch  diam- 
eter of  the  work 
to  be  tested  by 
the  micrometer 
thimble.  A 
floating  point 
is  so  connected 
that  the  longer 
lever  shows  va- 
riations  in 
lead,  and  the 
shorter,  varia- 
tions in  pitch 
diameter. 
Work  is  placed 
between  the 
points,  as 
shown  in  dot- 
ted lines,  and 
the    variations 

from  standard  pitch  diameter  and  lead  are  read   directly  in 
thousandths  of  an  inch. 

The  gages  shown  in  Figs.  2  and  3  are  to  be  used  together. 
That  shown  in  Fig.  2  measures  variations  in  pitch  diameter 
only.  The  V-shaped  anvil  is  adjustable  through  a  wide  range 
of  diameters  and  can  be  locked  in  position  by  a  clamping 
screw.  The  gaging  arm  is  pivoted,  and  the  gaging  point  is 
held  in  contact  with  the  work 
at  a  constant  pressure  by  a 
spring  at  the  rear.  A  dial  in- 
dicator is  in  contact  with  the 
arm.  The  gage  is  set  to  a 
standard,  and  as  the  work  Is 
passed  between  the  points, 
variations  in  diameter  are 
transmitted  through  the  arm 
to  the  dial  indicator,  where 
the  amount  of  variation  may 
be  read  directly  in  thou- 
sandths of  an  inch. 

The  gage  shown   in  Fig.   3 
is  for   testing  the   lead   only. 


used  in  any  of  four 
positions  to  allow  for 
different  lengths  of 
thread.  The  floating 
point  is  part  of  the 
b  e  1 1  c  r  a  n  k  lever, 
which  is  mounted  to 
act  on  the  dial  indi- 
cator as  the  distance 
between  the  measur- 
ing points  varies. 
After  the  indicator  is 
set  to  a  standard,  the 
work  is  positioned  on  the  two  points.  Any  variation  from  the 
standard  in  the  lead  can  be  read  directly,  in  thousandths  of 
an  inch,  on  the  dial. 

In  Fig.  4  is  shown  a  gage  that  can  be  used  for  pitch  diam- 
eters only.  It  is  made  slightly  tapering  and  is  split  and  fur- 
nished with  screws  for  adjusting  and  locking.  It  is  adjusted 
so  that  the  setting  standard  A  will  screw  into  the  gage  until 
a  line  on  the  standard  matches  a  line  on  the  gage.    The  other 


Fig.   2. 


Gage   for   measuring   Variation   in   Pitch 
Diameter 


The    positive    point    may    be 


Fig.  4.     SpKt  Gage  for  measuring  Pitch  Diameters 

lines  on  the  gage  indicate  0.001  inch  variation  from  the  stand- 
ard in  pitch  diameter. 

A  combination  gage  for  pitch  diameter  and  lead  is  shown 
in  Fig.  5.  In  this  gage  there  is  a  fixed  point  and  two  adjust- 
able points,  one  for  variations  in  pitch  diameter  and  the  other 
for  variations  in  lead.  The  errors,  in  both  cases,  are  read  in 
thousandths  of  an  inch  on  the  dial  indicators.  The  indicators 
must  be  set  to  a  standard  before  testing  work.  An  adjustable 
block   may  be   set   by  a   vernier   so   that   work   resting  on   it 

will    have   its   center    line   in 

line  with  the  gaging  points. 
The  gage  shown  in  Fig.  6 
has  three  fixed  points,  located 
correctly  for  lead  and  having 
a  set  relation  to  a  flat  pin  be- 
tween which  and  the  screw 
being  tested  a  pin  gage  is 
used.  This  pin  gage  is  of 
such  a  diameter  that  it  will 
"not  go"  when  the  work 
passes  inspection  as  to  com- 
bined errors  of  diameter  and 
lead.  The  work  being  tested 
is  shown  in  dotted  lines.     In 


Fig 


Gage  for  measuring  Variation  in  Lead 


Fig.  8  is  shown  a  gage  with 
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Fig.  6.     Combination  Gags  for  measuring  Pitch  Diameter  and  Lead 

two  fixed  points,  located  correctly.  Guiding  grooves  serve  to 
align  the  work,  which  is  placed  in  the  gage  as  shown  by  the 
dotted  lines.  The  amount  of  variation  from  the  standard  can 
only  be  estimated. 

A  gage  fitted  with  a  hinge  F  and  spring  G,  like  that  on  a 
spring  caliper,  is  shown  in  Fig.  7.  The  jaws  are  opened  when 
the  screw  to  be  measured  is  inserted,  and  are  brought  together 
by  the  fingers.  The  hole  B  is  the  "Go"  gage.  It  has  a  stand- 
ard thread,  and  when  the  flat  surfaces  between  this  hole  and 
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Fig.  6.     Gage  having  Three  Fixed  Points  and  Measuring  Pin 

the  end  are  in  contact,  any  screw  that  goes  in  will  enter  the 
tapped  hole,  regardless  of  the  lead  error.  The  other  three  holes 
C,  B  and  E  are  "Not  Go"  gages  and  test  the  root  diameter, 
pitch  diameter,  and  outside  diameter,  respectively.  In  order 
to  eliminate  the  question  of  lead,  in  both  C  and  D,  only  a 
single  turn  of  thread  of  special  form,  as  shown  by  the  enlarged 
views,  is  used.  The  last  hole  E  is  plain,  to  gage  the  minimum 
outside  diameter.  The  "Not  Go"  gage  B,  in  combination  with 
the  "Go"  gage  B,  limits  errors  of  pitch  diameter  and  lead  also. 
The  gage  shown  in  Fig.  9  is  similar  in  principle  to  that 
shown  in  Fig.  8.  It  has  four  fixed  points  located  in  the  cor- 
rect relation  to  one  another.  Screws  locate  the  work  so  that  its 
center  line  is  on  the  line  of  the  gage  points.  Work  is  placed 
in  position  and  variations  in  lead  and  pitch  diameter  may  be 
estimated. 


SUBSTITUTES  FOR  TIN   CANS 

The  Department  of  Commerce,  in  cooperation  with  the  De- 
partment of  Agriculture,  has  been  conducting  an  investigation 
to  determine  to  what  extent  substitutes  can  be  used  in  place 
of  tin  for  packing  products.  Tin  plate  is  98  per  cent  steel  and 
2  per  cent  tin.  Steel  is  the  backbone  of  war,  and  the  mills 
have  not  been  able  to  keep  all  their  customers  fully  supplied 
at  all  times.  It  is  therefore  imperative  that  substitutes  be 
used  for  products  that  can  be  preserved  in  containers  other 
than  tins.  The  price  of  glass  has  risen  so  steadily  that  its 
use  for  food  containers  is  impracticable,  but  fiber  or  paper 
containers  have  been  used  for  many  materials  with  satisfactory 
results.    The  fiber  containers  are  made  in  various  shapes  and 


Fig.  7.     Combination  Gage  with  Hinged  Joint 


Fig.   8.     Gage  having  Two  Fixed  Points 

sizes  adapted  for  different  purposes,  and  may  or  may  not  be 
coated  with  paraflBn,  which  is  chemically  inert  and  is  some- 
times baked  into  the  paper  material.  Some  of  these  containers 
are  claimed  to  be  air-tight,  proof  against  leakage  and  pro- 
tected from  contamination  by  the  paraffin.  Fiber  containers  are 
recommended  for  the  distribution  by  the  retailer  of  many  food- 
stuffs, including  milk,  cream,  buttermilk,  ice  cream,  ices,  dried 
fruits,  jellies,  mustard  and  salads.  It  is  also  claimed  that 
dried  food  products,  such  as  coffee,  tea,  alum,  baking  powder, 
prunes,  etc.,  may  be  successfully  packed  by  producers  and  manu- 
facturers in  pa- 
per or  fiber  con- 
tainers. Other 
c  0  m  m  0  dities 
usually  packed 
in  tin  could  be 
marketed  as 
well  in  paper 
or  fiber  with 
the  advantage 
of  lower  cost. 
Chief  among 
these  is  tobac- 
co, and  other 
articles  are  lye 
cleansers,  soap 
powders,  shoe 
polishes,  toilet 

,.   ,  qiiph  ^'^'  *■     Combination  Gage  with  Four  Fixed  Points 

as  talcum  powder  and  various  dry  drugs  and  chemicals. 
•  *  * 
John  Younger  states  in  an  article  on  "Retardation,"  pub- 
lished in  the  proceedings  of  the  Engineers'  Club  of  Phila- 
delphia, that  experience  has  shown  an  acceleration  or  decel- 
eration of  six  feet  per  second  per  second  is  about  all  that 
can  be  borne  in  comfort  by  passengers,  and  that  ten  feet  per 
second  per  second  is  the  maximum.  This  is  equivalent  to  an 
applied  horizontal  pressure  on  the  passenger  of  about  one- 
third  his  weight. 
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FIRING,  VIBRATING  AND  WEIGHT  TESTS 

BY   3.  N.  BACON 


3H  INITIAL  compression;  2-^^    WHEN  COCKED  18  TO  20  POUNDS 


Fig.   1.     Firing-pin  Spring 

*  TYPE  of  firing-pin  spring  that,  with  slight  variations 
L\  in  dimensions,  is  used  in  many  foreign  military  rifles 
■*■  -^  now  being  manufactured  in  this  country  is  illustrated 
in  Fig.  1.  The  specifications  require  that  the  spring  be  sub- 
jected to  a  compression  test  of  forty-eight  hours  and  shall  not 
exceed  four  inches  in  length  after  the  test.  Each  spring  is 
then  tested  by  firing  it  one  hundred  times. 

The  fixture  for  the  firing  test,  shown  in  Fig.  4,  is  mounted 
in  a  standard  form  of  punch  press  having  an  adjustable  stroke. 
Ten  of  the  springs  are  loaded  into  the  U-shaped  block  A,  which 
has  a  handle  B  and  is  slid  against  a  stop-pin  0  in  a  groove  in 
the  base  E.  The  springs  are  compressed  by  plungers  F  car- 
ried by  a  plate  G;  a  bushing  H  pressed  into  this  plate  slides 
on  the  center  post  I,  which  is  mounted  in  the  base  E  of  the 
fixture.    This  plate  O  is  lowered  by  a  punch  K  until  the  spring 


Fig.   2.     Weighing  Pressure  of  Firing-pin  Spring 


Fig.   3.     Making  Vibrating  Test  on  Coil  Springs 

L  forces  the  sear  M  into  a  pin  N  in  the  center  post.  When 
the  adjustable  pin  0  descends,  it  causes  the  trigger  P  to  with- 
draw the  sear,  and  the  plate  G  is  shot  upward  by  the  springs 
until  it  strikes  the  descending  punch  K,  which  is  protected 
by  a  hard  paper-fiber  pad  Q  that  is  fastened  to  the  punch  as 
shown.  The  plate  O  is  at  once  carried  downward  until  the 
sear  M  locks  it  in  the  firing  position.  The  springs,  four  inches 
in  length,  are  put  into  the  testing  fixture  and  are  compressed 
to  2  1/16  inches,  as  shown  at  S,  which  is  equivalent  to  the 
amount  of  compression  that  the  spring  is  subjected  to  when 
the  rifle  is  cocked;  the  firing  is  so  timed  that  the  springs 
are  released  to  a  length  T  equal  to  their  initial  compression 
length  when  the  rifle  is  not  cocked  for  firing. 

The  impact  is  taken  by  the  punch  K  while  on  the  down- 
stroke,  and  on  the  up-stroke  the  trigger  allows  the  rod  0  to 
pass  it,  and  is  returned  to  position  by  the  flat  spring  J.  The 
trigger  is  carried  by  plate  V,  which  is  screwed  to  plate  G. 
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Fig.   4.     Fixture  for  performing  Firing  Test  on  Springs 


The  post  V  keys  the  plate 
O  in  position  and  carries  the 
spring-operated  retainer  W 
that  keeps  the  plate  G  and 
plungers  in  the  upper  posi- 
tion when  loading,  thus  allow- 
ing clearance  for  removing 
the  loading  block.  Two  load- 
ing blocks  are  furnished  with 
each  fixture  to  enable  the  ma- 
chine to  be  continuously  oper- 
ated. After  the  loading  block 
with  ten  springs  is  in  posi- 
tion, the  first  stroke  of  the 
punch  causes  the  plate  G  to 
escape  the  retainer  W  and 
compresses  the  springs  to  the 
length  8;  they  are  retained 
in  this  position  by  the  sear  M 
until  the  punch  has  returned 
to  the  upper  position  and  is 
again  lowered  sufficiently  for 
the  pin  0  to  pull  the  trig- 
ger P.  An  annunciator  at- 
tachment rings  a  bell  after 
the  springs  have  been  fired 
one  hundred  times.  The  bell- 
hammer  is  operated  by  dry 
cells,  and  the  electric  contact 
is  made  after  one  revolution 
of  a  ratchet  wheel  rotated  by 
a  pawl  mounted  on  the  ram 
of  the  punch  press. 

Weighing  Pressure  of 
Firing- pin  Spring 

In  Pig.  2  is  shown  a  verti- 
cal weighing  fixture  that  is 
mounted  on  the  wall.  This 
fixture   is   designed   to   weigh 
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Fig.  6.     Testing  Temper  of  Flat  Springs 


the  pounds  pressure  of  the 
firing-pin  spring  at  a  given 
length.  When  the  special 
pointer  on  the  scale  coincides 
with  the  pointer  A,  the  firing- 
pin  spring  (which  is  loaded 
on  the  swinging  pin  B)  has 
been  compressed  to  its  initial 
compression  of  3%  inches. 
The  graduations  C  on  the 
standard  scale  that  represent 
the  specified  weight  of  the 
spring  (minimum  18  pounds, 
maximum  20  pounds)  are  cut 
deeper  than  the  others  and 
filled  with  red  wax,  so  as  to 
be  readily  distinguished.  The 
spring  is  compressed  against 
the  stop  D  by  the  swing  E, 
which  is  hung  from  the  scale 
beam.  Its  light  construction 
balances  the  weight  of  the 
usual  ring  and  hook,  which 
have  been  removed.  The  scale 
is  hung  from  the  pulley  line 
F,  which  runs  over  the  pulley 
G  and  then  down  the  back  of 
the  frame  to  the  drum  H, 
operated  by  the  crank  shown. 
This  crank  affords  a  sensitive 
control  over  the  scale  beam, 
as  the  leverage  of  the  crank 
allows  the  spring  to  be  easily 
compressed.  The  swing  E  is 
lowered  until  the  spring  at- 
tains its  free  length  before 
the  pin  B  is  swung  out  for 
reloading  with  another  firing- 
pin. 
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Vibrating:  Test 

The  other  coiled  springs  used  in  military  rifles  do  not  re- 
quire the  shock  test  described  for  the  firing-pin  spring,  but 
they  do  require  a  vibrating  test  of  one  hundred  strokes  each. 
A  fixture  for  making  this  test  in  a  drill  press  is  shown  in 
Fig.  3.  The  springs  A  are  compressed  by  the  plungers  B, 
which  are  operated  by  a  heart-shaped  cam  C  fastened  to  the 
spindle  F.  The  springs  and  plungers  are  carried  in  the  rotat- 
ing magazine  D,  which  has  a  bearing  in  the  base  of  the  fixture 
to  which  is  fastened  the  semicircular  guide  E.  Spindle  F  has 
a  No.  2  Morse  taper  shank  to  fit  the  spindle  of  the  drill  press. 
An  eccentric  mounted  on  spindle  F  transmits  motion  to  the 
arm  G  and  the  slider  H  that  rotates  arm  I  by  means  of  con- 
necting link  /.  Two  pawls  mounted  on  arm  I  rotate  ratchet 
wheel  K  and  magazine  D  independently  of  the  spindle. 

In  operation,  the  drill-press  spindle  and  cam  G  are  revolved 
at  about  120  revolutions  per  minute,  and  the  cam  compresses 
the  springs  once  each  revolution;  it  will  be  seen  by  referring 
to  the  illustration  that  a  spring  is  loaded  at  L  and  travels  180 
degrees  within  the  guide  E  before  being  ejected  at  M.  Hence, 
since  the  spring  must  be  compressed  100  times  before  being 
ejected  (or  while  passing  through  a  distance  of  180  degrees), 
the  speed  ratio  of  the  cam  to  the  carrier  must  be  200  to  1. 
For  this  reason  a  ratchet  of  100  teeth  is  operated  by  the  double 
pawl  action  shown  at  N,  which  indexes  the  ratchet  wheel  one- 
half  tooth  at  a  stroke;  this  is  equivalent  to  using  a  ratchet 
wheel  of  200  teeth,  so  during  one  hundred  revolutions  of  the 
cam  the  carrier  makes  one-half  turn,  thus  compressing  each 
spring  one  hundred  times,  as  required  for  the  test.  The  guide 
E  (which  compresses  the  springs  at  O  to  the  length  required 
when  assembled)  fits  into  the  circular  slot  in  the  carrier  D, 
thus  keeping  the  springs  inside  the  rim  of  the  carrier  to  pre- 
vent them  from  dragging.  A  tin  chute  at  M  conveys  the 
springs  into  a  container  from  which  they  are  ejected.  When 
loading,  the  operator  keeps  his  finger  on  the  spring  until  it 
passes  under  the  guide  E,  so  that  it  will  not  be  pushed  out  of 
the  fixture  by  the  cam. 

Testing  Temper  of  Flat  Springs 

Flat  springs  for  military  rifies  must  be  tested  to  determine 
the  proper  temper  for  resisting  a  specified  weight.  A  con- 
venient method  of  making  this  test  is  shown  in  Fig.  5.  The 
fixture  is  fastened  to  the  work-bench,  in  which  a  hole  A  is 
bored  to  allow  the  weight  B  to  be  suspended.  The  spring  C  is 
clamped  by  the  eccentric  clamp  D  operating  the  hook-bolt  E ; 
the  other  end  of  the  spring  is  located  in  the  notch  of  the  gage 
plunger  F.  After  the  spring  is  clamped  in  position,  the  weight 
and  plunger  are  lowered  by  means  of  the  eccentric  G,  and  the 
resistance  of  the  spring  is  noted  at  the  stepped  gaging  point  H. 

AIDING  MANUFACTURERS  TO  LOCATE  IN 
NEW  YORK  CITY  OR  VICINITY 

The  Merchants'  Association  of  New  York  offers  the  manu- 
facturers about  to  locate  in  New  York  City  or  vicinity  services 
entirely  without  charge  to  aid  in  securing  a  desirable  location. 
The  problem  of  finding  a  good  location  is  an  intricate  and 
puzzling  one.  This  is  not  strange  in  view  of  the  fact  that 
the  industrial  district  of  metropolitan  New  York  contains 
twenty  important  cities  and  many  smaller  communities,  in 
addition  to  the  five  great  boroughs  of  Greater  New  York.  For 
several  years  the  association  has  performed  a  valuable  service 
to  such  manufacturers  in  aiding  them  to  select  the  particular' 
location  best  suited  to  their  requirements  and  furnishing  them 
with  information  relating  to  the  many  industrial  factors  with 
which  they  may  be  concerned.  All  manufacturers  thinking  of 
locating  in  New  York  City  or  vicinity  are  urged  to  communi- 
cate with  Alfred  S.  Smith,  manager  of  the  Industrial  Bureau 
of  the  Merchants'  Association  of  New  York,  233  Broadway, 
New  York  City. 

*     *     * 

PROGRESSIVE  FRACTION  ADDER 

Fred  J.  Perry,  Nashua,  N.  H.,  the  maker  of  the  progressive 
fraction  adder  shown  in  the  March  number  of  Machinery,  has 
received  a  number  of  requests  for  the  adder,  but  he  is  not 
making  it  for  sale,  and  therefore  is  unable  to  supply  it. 


WORKMEN'S   COMPENSATION   ACTS 

BT  OBB8LA  C.  SHERLOCK  1 

In  a  consideration  of  the  compensation  acts  the  question 
naturally  arises.  Who  are  employers  and  who  are  employes 
within  the  meaning  of  the  law?  Section  13  of  the  British  act  de- 
fines an  employer  as  including  any  body  of  persons,  "corporate 
or  unincorporate,  and  the  legal  representative  of  a  deceased 
employer;  and  where  the  services  of  a  workman  are  tem- 
porarily lent  or  let  on  hire  to  another  person  by  the  person 
with  whom  the  workman  has  entered  into  a  contract  of 
service  or  apprenticeship,  the  latter  shall,  for  the  purposes 
of  this  act,  be  deemed  to  continue  to  be  the  employer  of  the 
workman  while  he  is  working  for  that  other  person." 

To  many  business  men  it  may  seem  a  little  beside  the  ques- 
tion to  discuss  who  are  employers.  Such  a  question  is  easily 
determined  in  most  cases,  but  the  real  importance  attaches  to 
the  exceptions  and  not  to  the  general  rule  in  discussions  of 
this  nature.  If  a  firm  employs  a  workman  and  he  receives 
an  injury  for  which  he  is  entitled  to  compensation  under  the 
compensation  acts,  it  may  be  an  easy  matter  to  say  that  the 
firm  is  the  employer  and  is  liable.  But  suppose  that  the 
firm  is  a  partnership,  one  partner  of  which  is  insolvent,  and 
that  he  is  the  one  employing  the  injured  workman.  Naturally, 
the  workman  wishes  to  hold  the  responsible  partner  for  com- 
pensation. Then,  again,  a  serious  question  or  doubt  may  be 
raised  as  to  whether  one  is  an  employer  at  law,  even  though 
he  has  actually  engaged  a  workman  to  perform  certain  duties 
for  him.  For  instance,  is  the  owner  of  a  threshing  machine 
the  employer  of  a  man  known  as  a  "trusser"  who  accom- 
panies a  machine  from  place  to  place  but  who  receives  his 
wages  from  each  farmer?  It  was  shown,  in  a  given  case,  that 
a  trusser  rendered  incidental  services  to  the  owner  of  a 
threshing  machine  in  going  from  farm  to  farm,  by  riding  ahead 
of  the  machine  and  clearing  the  way  for  it.  Although  there 
was  absolutely  no  pecuniary  relation  whatever  between  the 
owner  of  the  machine  and  the  workman,  the  court  held  that 
the  workman,  if  injured,  was  able  to  collect  compensation  from 
the  owner  of  the  threshing  machine  on  the  theory  that  such 
owner  was  the  workman's  employer.  In  a  Scottish  case  the 
court  said: 

A  coal  trimmer,  although  employed  by  an  agent  of  the 
harbor  commissioners,  is  in  the  employment  of  a  firm  of 
shipping  agents  who  act  as  managers  of  a  vessel  being 
loaded  with  coal  for  third  persons,  where  the  trimmers  are 
directly  under  the  control  of  the  agents  and  are  paid  from 
the  freight,  the  balance  of  which,  less  charges,  is  sent  by 
the  agents  to  the  owners  of  the  vessel. 

In  another  case,  it  appeared  that  the  owner  of  a  ship,  being 
in  a  hurry,  gave  some  money  to  a  stevedore  and  asked  him 
to  employ  a  workman  to  assist  in  mooring  the  ship.  In  en- 
deavoring to  do  this  the  workman  was  injured.  The  court 
held  that  the  owner  of  the  vessel  was  the  employer,  although 
the  stevedore  had  actually  employed  the  workman.  Other 
questions  arise  where  there  is  more  than  one  employer  and 
where  the  workman  is  admittedly  the  employe  of  one  of  them. 
The  courts  have,  of  course,  decided  cases  on  this  point,  but 
they  have  not  decided  them  by  virtue  of  the  compensation 
acts,  but  by  rules  of  law  entirely  independent  of  these  acts. 

There  can  be  no  recovery  for  injuries  under  the  English  act 
unless  there  is  a  contract  of  service  between  the  employer 
and  the  employe.  This  is  a  question  that  is  fruitful  of  litiga- 
tion, but  one  that  is  determined,  not  upon  the  compensation 
acts,  but  upon  rules  of  law  entirely  independent  of  the  acts. 

The  section  of  the  British  act  defining  workmen  reads: 

"Workman"  does  not  include  anyone  employed  otherwise 
than  by  way  of  manual  labor  whose  remuneration  exceeds 
£250  a  year,  or  a  person  whose  employment  is  of  a  casual 
nature  and  who  is  employed  otherwise  than  for  the  pur- 
poses of  the  employer's  trade  or  business,  or  a  member 
of  the  police  force,  or  an  outworker,  or  a  member  of  the 
employer's  family  dwelling  in  his  house,  but,  save  as  afore- 
said, means  any  person  who  has  entered  into  or  works 
under  a  contract  of  service  or  apprenticeship  with  an  em- 
ployer, whether  by  way  of  manual  labor,  clerical  work,  or 
otherwise,  and  whether  the  contract  is  express  or  implied, 
is  oral  or  in  writing. 
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111  one  of  the  lending  cases  ou  this  question,  the  court  said: 

The  popular  moaning  must  bo  given  to  a  definition  where 
we  are  confronted  with  such  an  expression  as  "wages,"  and 
we  must  interpret  the  act  as  applying  to  persons  whom, 
ex  hypothesi,  the  legislature  regards  as  not  being  in  a 
position  to  protect  themselves.  None  of  these  considera- 
tions apply  in  the  case  of  a  person  holding  the  position  of 
a  certificated  manager  of  a  colliery,  who  oonies  within  a 
.  very  different  category  from  that  of  an  ordinary  workman. 
I  do  not  say  that  a  person  in  the  position  of  the  deceased  is 
absolutely  excluded  from  the  possibility  of  coming  within 
the  act,  for  it  is  possible  that  such  a  man  might  in  fact 
work  as  a  workman,  though  I  do  not  know  that  such  a 
contingency  is  at  all  probable;  there  might,  however,  be 
facts  in  a  particular  case  from  which  the  conclusion  might 
be  drawn  that,  although  the  man  was  a  certificated  man- 
ager, he  was  also  a  workman. 

In  another  important  case,  the  Master  of  the  Rolls  said: 
"The  root  of  the  matter  is  that  each  case  must  be  decided  in 
view  of  that  which  the  person  whom  it  is  sought  to  treat  as  a 
workman  was  employed  to  do."  These  rules  for  classifying 
workmen  may  seem  to  be  the  essence  of  simplicity,  but  in 
most  cases  the  status  of  an  employe  can  be  brought  into  ques- 
tion. The  law  cannot  be  an  exact  science,  even  though  it  is 
oftentimes  so  charged  by  ill-informed  persons.  The  law  can 
only  hope  to  establish  guide  posts  along  the  way,  and  each 
case,  under  the  direction  of  the  court,  must  find  its  own  way. 
Partners  are  not  workmen  within  the  meaning  of  the  acts, 
nor  are  servants  employed  in  the  master's  house.  A  Scottish 
court  even  went  so  far  as  to  say  that  a  son,  twenty-six  years 
of  age,  who  was  employed  as  other  workmen,  but  who  lived 
in  his  father's  house  and  paid  his  own  board  and  rent,  was, 
nevertheless,  a  member  of  the  employer's  family  and  could  not 
recover  compensation,  as  he  was  not  a  workman  within  the 
meaning  of  the  law. 

The  question  of  who  are  workmen  is  one  that  is  often  tech- 
nical and  involved,  but  in  the  vast  majority  of  cases  it  is 
either  defined  by  the  state  laws  or  can  be  determined  by  good, 
sound  sense.  The  majority  of  our  compensation  laws  are 
based  upon  those  of  England,  so  it  will  not  be  amiss  to  take 
into  consideration  the  English  interpretation.  A  spirited  ques- 
tion has  confronted  the  courts  in  whether  or  not  an  independ- 
ent contractor  is  a  workman  within  the  acts.  The  English 
courts  early  found  that  this  question  would  have  to  be  settled 
by  general  principles  and  could  not  be  considered  under  the 
acts,  inasmuch  as  the  law  did  not  define  an  independent  con- 
tractor. They  have  held,  however,  that  the  mere  fact  that  a 
workman  contracts  to  do  a  job  by  the  piece  should  not  dis- 
possess him  of  compensation.  Under  this  principle,  a  work- 
man employed  in  a  quarry  at  so  much  per  ton  of  stone  that 
he  got  out,  was  allowed  to  recover  compensation;  also  a  coal 
miner  under  similar  conditions  was  permitted  compensation. 
It  should  be  kept  in  mind  that  the  original  theory  of  the 
compensation  acts  was  that  if  a  workman  had,  by  the  product 
of  his  skill  or  labor,  enriched  society  through  his  added  con- 
tribution to  production,  society  should  bear  any  losses  that 
he  sustained  in  working  for  its  advancement;  in  other  words, 
industrial  injuries  were  a  part  of  the  cost  of  production  and 
should  be  borne  by  the  consumer  just  as  other  costs  of  pro- 
duction are  borne.  The  proposition  that  confronted  the  legis- 
lators in  the  first  instance  of  compensation  acts  was  what 
would  be  done  if  a  workma'n  had  been  employed  only  a  short 
time  prior  to  his  injury.  Would  it  be  consistent  with  justice 
to  force  society  to  pay  for  something  that  society  had  not  re- 
ceived? A  workman  employed  only  a  day  or  so  before  injury 
has  not  had  an  opportunity  to  contribute  anything  to  society. 
The  legislators  then  and  there  wisely  settled  a  question  that 
might  have  caused  serious  disputes  between  capital  and  labor. 
They  provided  that  there  could  be  no  compensation  for  a  mere 
temporary  or  casual  employe. 

The  question  of  what  is  meant  by  "casual  employe"  is  one 
that  has  been  bitterly  fought  in  the  courts,  but  has  been  set- 
tled according  to  common  sense  and  fairness.  The  rule  is  this: 
That  irregular  intervals  of  employment  are  not  the  proper 
criterion,  but  that  if  an  employe  is  employed  at  intervals  more 
or  less  regular,  he  is  held  to  be  a  workman  under  the  act. 
Perhaps  the  word  "casual"  is  ill  chosen;  it  seems  that  the 
word  "incidental"  or  "temporary"  would  come  nearer  express- 


ing the  light  in  which  the  courts  regard  the  meaning  of  this 
term  than  the  term  itself.  If  a  man  is  working  at  something 
incidental  to  his  main  duties,  he  is  a  casual  employe.  If  he 
is  for  the  time  being  sawing  wood,  waiting  for  his  plow  to 
be  repaired,  he  is  a  casual  employe.  If  he  is  milking  a  cow 
when  he  was  employed  to  build  fences,  he  is  a  casual  employe. 
If  he  is  wandering  past  a  mill  and  applies  for  work  and  is 
injured  the  next  day,  he  is  a  casual  employe.  This  class  of 
workers  is  justly  ruled  out  from  the  benefits  of  compensation. 
Of  course  this  does  not  mean  that  where  a  man  intends  to 
follow  his  employment  indefinitely  and  his  employers  are 
of  the  same  mind,  he  cannot  recover  compensation  if  he  Is 
so  unfortunate  as  to  be  injured  within  a  short  time  after  en- 
tering upon  his  duties.  This  is  a  fact  that  will  be  taken  Into 
consideration  by  the  court  in  arriving  at  the  rights  of  the 
respective  parties. 

EDITORIAL  CONFERENCE 

A  conference  of  more  than  ordinary  interest  and  importance 
was  held  at  the  New  Willard  Hotel,  Washington,  D.  C,  May  25, 
between  the  editors  of  the  trade  and  technical  press  and  the 
Cabinet  heads  and  special  representatives  of  the  government 
engaged  in  mobilizing  the  vast  and  varied  resources  of  the 
nation  for  war  purposes.  The  meeting  was  initiated  and  or- 
ganized by  the  Editorial  Conference,  which  is  the  name  of 
the  society  of  trade  and  technical  press  editors,  with  head- 
quarters in  New  York  City. 

The  purpose  of  the  conference  was  to  bring  about  closer  co- 
operation between  governmental  activities  and  the  industrial 
press  of  the  country,  and  all  the  leading  trade,  class  and  tech- 
nical journals  were  represented  at  the  meeting,  which  was 
addressed  by  Newton  D.  Baker,  Secretary  of  War;  Josephus 
Daniels,  Secretary  of  the  Navy;  Franklin  K.  Lane,  Secretary 
of  the  Interior;  William  C.  Redfield,  Secretary  of  Commerce; 
William  B.  Wilson,  Secretary  of  Labor;  Dr.  Van  H.  Manning, 
Director  of  the  Bureau  of  United  States  Bureau  of  Mines;  Her- 
bert C.  Hoover,  Pood  Administrator;  Walter  Gifford,  Director 
of  the  Council  of  National  Defense;  Prank  A.  Scott,  chairman 
Munitions  Board,  Council  of  National  Defense;  Prank  A.  Van- 
derlip,  president  of  the  National  City  Bank;  Howard  Elliott, 
member  of  the  Executive  Committee,  Council  of  National  De- 
fense; Dr.  Pranklin  H.  Martin,  in  charge  of  Red  Cross  work, 
medicine  and  sanitation.  Council  of  National  Defense;  George 
Creel,  chairman.  Committee  of  Public  Information;  Dr.  Pear- 
son, president  of  the  Iowa  State  College,  now  afliliated  with 
the  Department  of  Agriculture;  and  Lewis  B.  Franklin,  in 
charge  of  the  distribution  of  the  Liberty  Loan  bonds.  These 
men  are  grappling  with  problems  of  great  magnitude,  which, 
as  Secretary  Baker  said,  are  the  "mobilization  of  the  industry 
and  resources  of  the  United  States.  .  .  .  War  has  become  a 
thing  of  industry  and  commerce  and  business.  It  is  no  longer 
Sampson  with  his  shield  and  spear  and  sword  and  Goliath 
with  his  sling;  it  is  no  longer  selected  parties  representing  the 
nations  as  champions  in  physical  conflict  one  with  the  other; 
it  is  the  conflict  of  smokestacks  now;  it  is  the  combat  of  the 
driving-wheel  and  of  the  engine,  and  the  nation  or  group  of 
nations  in  a  modern  war  which  is  to  prevail  is  the  one  which 
will  best  be  able  to  coordinate  and  marshal  its  material,  in- 
dustrial and  commercial  strength  against  the  combination 
which  may  be  opposed  to  it." 

These  are  the  basic  truths  which  the  industrial  press  of  the 
country  must  bring  home  to  the  men  who  operate  the  indus- 
tries of  production  and  distribution.  As  Secretary  of  Labor 
Wilson  said,  "Under  warfare  as  it  is  now  conducted,  more 
people  are  required  in  the  industries  in  the  rear  for  the  sup- 
port of  an  army  than  are  required  in  the  trenches  at  the  front." 
We  must  be  united,  each  must  do  his  part,  and  each  is  of 
prime  importance.  This  is  true  whether  your  business  is  the 
managing  of  an  enterprise  or  a  department,  or  operating  a 
lathe,  planer  or  any  other  machine.  Whatever  your  employ- 
ment, the  great  thing  is  to  keep  busy — to  keep  the  wheels  of 
industry  turning.  That  way  lies  the  earliest  and  surest  peace. 
This  was  the  lesson  of  the  Editorial  Conference  at  Washing- 
ton, which,  in  all  respects,  was  a  decided  success. 
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GRIDLEY  MULTIPLE-SPINDLE  AUTOMATIC  SCREW  MACHINES-2 


DESIGN.  CONSTRUCTION,  OPERATION,  TOOL  EQUIPMENT  AND  ATTACHMENTS 

BY  DOUGLAS  T.  HAMILTON' 


THE  change- 
gear  mechan- 
ism on  the 
G  r  i  d  1  e  y  multiple- 
spindle  automatic  is 
of  such  interest  that 
further  description 
may  be  desirable.  In 
the  first  place,  with 
this  type  of  machine 
it  is  not  necessary  to 
start  with  a  machine 
operating  at  its  max- 
imum efficiency.  As 
a  general  rule,  when 
an  operator  is  set- 
ting up  a  new  job, 
the  first  thing  he 
considers  is  the 
speed  at  which  he 
can  run  the  work. 
Then,  if  necessary,  the 
change-gears   are   re- 


Fig.  21.     Arrangement  of  Die  Mechanism  for  Right-hand  Threading  on  Gridley  Automatic 


I  h  e  spindle  speed. 
l'''or  instance,  on  the 
change-gear  box  the 
series  of  feeds  ob- 
tainable are  75  to 
200  in  the  following 
ratios:  75,  100,  125, 
150,  175  and  200. 
This  means  that  the 
work-spindle  makes 
this  number  of  revo- 
lutions to  one-inch 
travel  of  the  tool- 
.slide.  With  this  ar- 
rangement, of  course, 
it  can  be  easily  seen 
that  it  is  a  compara- 
tively easy  matter  to 
obtain  a  suitable 
feed,  and  this  can  be 
done  while  the  ma- 
chine is  in  opera- 
tion.     It    also    helps 


Fig.    22.     Cam  Position  for  operating  Clutch   for  Eight-hand   Threading 

placed  by  those  giv- 
ing the  desired  spin- 
dle speed.  He  then 
proceeds  to  set  the 
various  cutting  tools, 
paying  no  attention 
to  the  feed  of  the 
turret  slide  or  form- 
ing and  cutting-off 
slides.  After  every 
tool  has  been  prop- 
erly set,  he  then 
speeds  up  the  ma- 
chine by  changing 
the  levers  on  the 
speed  gear-box  until 
he  obtains  a  speed 
as  great  as  the  lim- 
iting tool  will  stand. 
The  feed  given  the 
tool  is  then  deter- 
mined in  relation  to 


'Address:     Fellows  Gear 
ShaperCc,  Springfield,  Vt. 


Fig,   ^4.     Arrangement  of  Die   Mechanism  for  Left-hand  Threading  on   Gridley  Automatic 
Screw    Machine 


Fig.   23.     Cam  Position  for  operating  Clutch  for  Left-hand  Threading 

an  operator  to  run 
the  machine  more 
economically,  espe- 
cially when  the  stock 
varies  considerably 
in  hardness.  The 
change-gear  box  lever 
is  adjusted  with  ref- 
erence to  the  cams 
on  the  drum  for  op- 
erating the  turret 
slide,  and  each  of  the 
three  positions  for 
the  lever  is  marked 
according  to  the 
throws  of  the  cams 
used.  For  instance, 
on  the  %-inch  size, 
the  positions  would 
be  marked  1 1/2,  3 
and  4  9/16,  respec- 
tively. The  lever  is 
then  put  in  the  hole 
that    is    marked    to 
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correspond  with  the 
throw  of  the  cam 
used  oil  the  turret 
drum. 

The  threading 
mechanism  on  the 
Gridley  multiple- 
spindle  automatic 
sorew  machines  com- 
prises a  separate  and 
independently  driven 
die -spindle  L,  as 
shown  in  Fig.  21. 
The  gear  end  of  this 
mechanism  is  clearly 
illustrated  in  Fig.  18 
in  the  June  install- 
ment of  this  article. 
The  die-spindle  ex- 
tends through  the 
main  frame  of  the 
machine  and  carries 
the  loose  gear  K-^, 
the  loose  combina- 
tion gear  O^,  ffi„,  and 
the     sliding     clutch 


Fir.   25.     View  of  Machine  showing  Method  of  operating   Forming   and   Cutting-off   Slides 


Bracket  L,  is  drawn 
forward  through  the 
action  of  a  bellcrank 
lever  L.„  connecting- 
link  Lj  and  screw  L,. 
The  die  is  started  by 
means  of  cam  L^  on 
drum  D,  contacting 
with  the  roll  on  bell- 
crank  lever  L^.  When 
this  cam  comes  into 
play,  it  draws  screw 
Lt  to  the  right  and 
compresses  the  spring 
L„  located  between 
the  adjusting  nut 
and  washer  shown. 

In  operation,  the 
cam  1/5  advances  the 
die  toward  the  work 
and  when  the  roll 
reaches  the  high 
point  of  the  cam,  the 
spring  jL,  is  com- 
pressed, the  spring 
action    assisting    the 


Ija 

Fig.  26.     Method  of  locating  One  Turret  Tool  behind  Another 

Gu,  which  engages  with  clutch 
teeth  on  the  loose  gears  E^ 
and  Gio...  The  loose  gears 
G„  Gw  and  K,  are  driven 
by  gears  K  and  Ki  fastened 
to  the  central  driving  shaft, 
which  drives  the  spindles. 

When  right-hand  threads 
are  being  cut  clutch  Gn  is 
engaged  with  gear  Gi„,  and 
when  the  die  is  being  run  off 
from  the  thread  the  clutch 
is  engaged  with  gear  E,. 
When  left-hand  threads  are 
being  cut,  clutch  (?u  engages 
■with  gear  E2,  and  when  the 
die  is  being  run  off  from  a 
left-hand  thread,  the  clutch 
is  engaged  with  gear  G,„. 

The  method  of  operating 
the  threading  mechanism  for 
right-hand  threading  is  shown 
in  Fig.  21.  The  threading 
spindle  L  is  supported  on 
a  bracket  L^  that  is  guidea 
by  a  slide  on  the  bracket 
connecting  the  feed  and  spin- 
dle    end     of     the     machine. 


Fig.   28.     Detailed   View   showing   Cam   for   operating   Turret   Slide 


Fig.  27.     Rough-  and  Finish-forming  Tools  in  First  and  Second  Positions 

die  in  starting.  The  die- 
slide  is  then  carried  forward 
by  the  lead  of  the  thread 
until  the  boss  on  the  slide 
reaches  the  adjustable  stop 
L^  on  screw  Lj,  when  the  lat- 
ter is  pulled  along  with  the 
slide  until  spool  L^  trips 
lever  Li„.  This  lever,  in  turn, 
through  the  action  of  a 
spring,  operates  clutch  ff,„ 
throwing  it  into  engagement 
with  the  other  gear  so  that 
the  die  runs  off  the  work.  The 
slide  is  then  returned  to  its 
rear  position  through  the 
tension  of  spring  Ln.  This 
spring,  which  is  put  under 
tension  when  the  slide  ad- 
vances, prevents  the  die  or 
tap  from  dwelling  on  the 
work  and  "chewing  up"  the 
thread.  Just  prior  to  the  in- 
dexing of  the  spindle  carrier, 
the  return  cam  throws  the 
die-slide  back  to  the  rear  po- 
sition. The  clutch  is  re- 
engaged    to     drive     the    die- 
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spindle  at  the  prop- 
er speed  after  the 
die  backs  off  the 
work  by  a  cam  M 
held  on  worm-wheel 
Hi,  as  shown  in  Fig. 
22.  This  cam  comes 
into  contact  with  the 
lower  end  of  clutch 
lever  J/,.  Cam  M  also 
resets  lever  L^  on 
cam  L,,,  Fig.  21.  With 
this  arrangement  it 
is  possible  for  the  die 
to  thread  a  piece  and 
immediately  run  off 
without  waiting  for 
the  turret  slide  to 
return  to  the  rear 
position.  It  is  im- 
possible, except  in 
extreme  cases,  for 
the  threading  opera- 
tion to  be  the  longest 

single        operation ^'^'   ^^'     l'4-i'"''*  Gridley  MultipIe-spindle 

or,  in  other  words,  the  operation   that  controls  the  time  re- 
quired to  produce  one  complete  piece. 

For  cutting  a  left-hand 
thread,  it  is  simply  necessary 
to  make  a  few  changes  in  the 
arrangement  of  the  tripping 
cam  and  springs,  as  shown 
in  Fig.  24.  Here  it  will  be 
noticed  that  cam  Z/12  is  re- 
versed so  that  it  catches  the 
rear  instead  of  the  front 
ndtch  in  lever  Li,.  The  posi- 
tion of  spring  L^,  is  also 
changed,  being  attached  to  the 
clutch  lever  L^  and  to  the 
bracket  L,5.  The  spring  tends 
to  keep  the  clutch  in  mesh 
with  the  high-speed  driving 
gear  on  the  pulley  shaft  and 
thus  rotates  the  die  at  a  faster 
speed  than  the  spindle,  so  that 
it  advances  on  the  work; 
when  the  die  advances  to  the 
point  desired,  spool  L,  trips  lever  L,o  and  throws  the  clutch 
into  the  slow-speed  gear,  causing  the  die  to  back  off  the  work. 


Automatic   Screw   Machine   with   Motor   Drive 

off    cam    drum    is    driven    from    the 
bevel    gears    E,    and    N^.     The    drum 

for 
ing 


Fig.  30.     Various  Cams,  Dogs,  etc.,  used  on  Gridley  Automatic 


The  trip  is  reset  by 
a  cam  M  on  worm- 
wheel  Hi  as  shown 
in  Fig.  23,  which  op- 
erates clutch  lever  Mi 
in  the  opposite  di- 
rection to  that  in 
which  it  moves  for 
right-hand  threading. 

Operation  of  Formingr 

and  Outting-off 

Slides 

As  has  been  pre- 
viously mentioned, 
the  forming  and  cut- 
ting-off  slides  are  op- 
erated from  a  sepa- 
rate cam  drum  N  as 
shown  in  Fig.  25, 
which  is  held  on  a 
shaft  that  is  located 
at  right  angles  to  the 
main  cam  drum.  The 
forming  and  cutting- 
main  shaft  through 
N  carries  the  cams 
operating  the  form- 
and  cutting-off  slides. 
The  forming  slide  is  operated 
through  a  rod  N,,  which  is 
held  in  slide  N^  supported  in 
a  slot  in  the  bed  of  the  ma- 
chine and  also  by  a  bracket 
located  on  top  of  it.  This 
slide  carries  the  roll  which 
runs  in  contact  with  cam  JV, 
on  the  cam  drum,  as  shown 
in  Fig.  21.  The  rod  N,  is  con- 
nected to  the  forming  slide  as 
mentioned,  and  has  an  ad- 
justing collar  for  depth  at  its 
forward  end,  which  is  gradu- 
ated in  thousandths  of  an 
inch,  as  shown  in  Fig.  32. 
The  top  face  of  the  forming 
slide  has  two  T-slots  in  it  for 
clamping      the      forming-tool 


holder  In  position.    It  also  carries  a  bracket  ^5,  holding  an  ad- 
justable stop  that  comes  in  contact  with  stops  B,  in  the  arms  of 


„      I  .'L<F — 


,,^z^m 


I     l_       (j  A   MOVEVENT  OF  2^    MAY   BE  OBTAINED 


Fig,   31.     Diagram  illustrating   Change   made  in  Lead   Cam  for  operating  Turret  when  End-working  Tool  is  in  Fourth  Position 
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the  forming  ring  /f, 
on  the  spindle  carrier. 
The  cutting -off 
slide  J\\  operates  in 
a  groove  cut  in  the 
l)cd  and  is  held  down 
by  gibs  as  shown.  It 
is  operated  from  cam 
■drum  A'  through  a 
connecting  -  bar  J\', 
that  has  a  roll  A\  at- 
tached to  its  lower 
face.  The  adjust- 
ment of  the  cutting- 
off  slide  is  accom- 
plished by  changing 
the  position  of  the 
roll,  which  is  ad- 
justed by  set-screw 
N,  and  locked  by 
screw  Ni„.  The  roll 
is  operated  upon  to 
advance  the  slide  by 
cam  N,i  and  returned 
by  cam  N^,,  Fig.  25. 
Both  cutting-off  and 
forming  slides  can 
be  adjusted  vertically 
to  compensate  for 
wear  by  means  of 
taper  gibs,  as  shown 
in  Fig.  32,  upon 
which     the    slide 

moves.        These     gibs  ^'^'    ^^'     ^'''^*'"  illustrating   Operation   of   Forming   and   Cutting-off   Slides 

are  moved  in  to  raise  the  slides  when  they  have  become  worn 
down  below  the  correct  center  distance  by  means  of  a  collar 
screw  as  illustrated. 


Operating:  Positions 
The  Gridley  mul- 
tiple -  spindle  auto- 
matic screw  machine 
has  four  operating  or 
work-spindle  p  o  s  i  - 
tions  as  shown  in 
Fig.  32.  By  arrang- 
ing the  tools  on  the 
turret  slide,  however, 
as  shown  in  Fig.  26, 
it  is  possible  to  lo- 
cate one  tool-holder 
back  of  another  so 
that  turning  and 
drilling  operations, 
spotting,  centering, 
etc.,  can  be  accom- 
plished from  the 
same  tool  position, 
which  greatly  in- 
creases the  produc- 
tive capacity  of  the 
machine,  as  well  as 
its  range  of  work. 
The  turret  slide  B,  as 
shown  in  Fig.  28,  is 
advanced  by  cam  0 
on  drum  J  and  is  re- 
turned by  cam  Oi, 
these  cams  contact- 
ing with  roll  O,  held 
on  bracket  B,  at- 
tached to  slide  B. 
With  regard  to  the  operations  performed  in  the  various  posi- 
tions, the  fourth  position  is  the  stock-feeding  as  well  as  the 
cutting-off     position.       Operations,     such     as     drilling,     spot- 
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Fig.    83.     Settisg-up    Plan    and    Overhead    Works    for    Gridley    Multiple-spindle  Automatic  Screw  Machine 
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ting,  turning,  form- 
ing, etc.,  can  be  per- 
formed in  the  first 
position;  the  second 
position  is  similar; 
whereas  the  third 
position  is  always 
for  threading,  the 
operation  here  being 
handled  by  the  die- 
slide;  if  the  work 
does  not  require 
threading  other  tools 
can,  of  course,  be 
used  in  this  position, 
the  same  as  in  the 
other  positions.  As 
shown  in  Fig.  27,  the 
forming  slide  can  be 
provided  with  a  double  tool-holder,  so  that  forming  can  be  ac- 
complished either  in  the  first  or  second  position.  This  ar- 
rangement is  especially  advantageous  when  there  is  consid- 
erable heavy  forming  to  be  done,  and  roughing  and  finishing 
cuts  are  necessary. 

Camming:  for  Turret  Drum  for  Fourth  Position 

It   is   sometimes   necessary   to   use   the   fourth   position   for 
operating  the  end-working  tool,  and  in  this  case  a  special  stop 


DATA  ON  TURRET  SLIDE,  STOCK  FEEDING.  FORMING   AND 
CUTTING-OFF  SLIDE   CAMS 


Size  of  Machine 

Throw     of     Tur- 
ret OneratiDK 
Cam,   Inches 

Turninn  Cut 

of    Turret 
Slide.  Inches 

stock     Feed. 
Inches 

Throw    of 

FonninK    Cam, 

Inches 

Throw    of 

Cut-off  Cam. 

Inches 

3/4 
11/4 
13/4 
21/4 

11/2 
3 

4  9/16 

2 
4 
6 

2  1/2 

5 
7  1/2 

2  1/2 

5 
7  1/2 

41/4 

5  1/2 


7 

■  •  Y  ■  ■ 

5  1/2' 

6  1/2' 
"  8  " 
"  8  " 

'  3/8  ' 

0.727 

"  3/4  ■ 

1 

0.809  ' 
15/16 

i  i/s" 

Machinery 

2  7/16  inches  as 
shown  at  D.  As  has 
been  previously  men- 
tioned, the  stop  Et 
shown  in  Figs.  11 
and  12  in  the  June 
number  is  used.  The 
slot  in  this  stop  is 
made  to  clear  the 
tool  used  in  the 
fourth  position,  and 
to  allow  the  cutting- 
off  slide  to  recede 
the  required  amount. 
This  stop  then  acts 
as  a  stripper  in  case 
the  lead  cam  is  made 
so  as  to  have  the 
work  cut  off  while 
the  drill  is  still  in  it.  When  the  turret  slide  recedes,  the  stop 
acts  as  a  stripper  to  remove  the  work  from  the  tool.  When 
the  cutting-off  slide  is  returned,  the  end  of  the  special  stop 
acts  as  a  stop  for  the  stock. 

Application  of  Motor  Drive  to  Gridley  Multlple-splndle 
Automatic  Screw  Machine 

As  the  Gridley  multiple-spindle  automatic  screw  machines 
are  provided  with  a  single  driving  pulley  that  runs  at  a  con- 


TABLE  2.     WORK-SPINDLE  SPEEDS,  DRIVING  GEARS,  AND   SURFACE  SPEED  OP  STOCK 
FOR  GRIDLEY  3  4-INCH  MULTIPLE-SPINDLE  AUTOMATIC  SCREW  MACHINE 


Spindle 

PuUej 

Gear 

Driving  Gear 

Diameter   of    Stock, 

Inches 

% 

A 

% 

x'. 

'A 

" 

% 

li 

% 

Number 

Outside 

Number 

Outside 

of   Teeth 

Diameter 

of  Teeth 

Diameter 

Surface   Speed,    Feet 

per  Minute 

m 

20 

2% 

44 

5% 

11.8 

14.8 

17.7 

20.7 

23.7 

26.6 

29.6 

32.5 

35.5 

209 

22 

3 

42 

572 

13.7 

17.0 

20.5 

23.9 

27.3 

30.7 

34.0 

37  .J6 

41.0 

240 

24 

3y4 

40 

574 

15.7 

19.6 

23.5 

27.5 

31.4 

35.3 

39.2 

43.2 

47.1 

291 

27 

3% 

37 

478 

19.0 

23.8 

28.5 

33.2 

38.0 

42.8 

47.6 

52.3 

57.1 

331 

29 

378 

35 

4% 

21.6 

27.0 

32.5 

37.9 

43.2 

48.7 

54.1 

59.5 

65.0 

375 

31 

4% 

33 

4% 

24.5 

30.7 

36.8 

42.9 

49.0 

55.2 

61.3 

67.5 

73.6 

425 

33 

4% 

31 

478 

27.8 

34.7 

41.7 

48.7 

55.6 

62.6 

6a.5 

76.5 

83.4 

482 

35 

4% 

29 

378 

31.5 

39.4 

47.3 

55.2 

63.0 

70.8 

78.8 

86.7 

94.6 

548 

37 

478 

27 

378 

35.8 

44.8 

53.8 

62.7 

71.7 

80.7 

89.6 

98.6 

107.6 

666 

40 

5% 

24 

374 

43.6 

54.5 

65.4 

76.3 

87.1 

98.0 

108.9 

119.8 

130.7 

763 

42 

51/2 

22 

3 

49.9 

62.4 

74.9 

87.4 

99.8 

112.4 

124.8 

137.3 

149.8 

880 

44 

5% 

20 

2% 

57.6 

72.0 

86.4 

100.8 

115.2 

129.6 

144.0 

158.3 

172.8 

Machinery 

Speed  of  driving  pulley,  400  R.P.M.     Speed  of  countershaft,   390  R.P.M.     Threading   speed,    fast,    one-third   spindle   speed.     Threading   speed,    slow,    one-fifth    spindle 


speed. 

is  required,  as  previously  described,  as  well  as  a  special  ar- 
rangement of  the  cams  on  drum  J,  Fig.  28;  this  arrangement  is 
shown  diagrammatically  in  Fig.  31.  The  necessary  changes  in 
the  cams  consist  in  cutting  off  the  lead  cam  0  and  setting  for- 
ward the  return  cam  Oi,  so  as  to  return  the  turret  slide  B. 
before  the  piece  in  the  fourth-position  work-spindle  is  cut  off. 
For  the   3/4-inch   machine,   the  travel   of   the   turret   slide   is 


stant  speed,  the  additions  necessary  to  attach  a  motor  drive 
are  few  and  simple.  Fig.  29  shows  a  rear  view  of  the  Gridley 
114 -inch  multiple-spindle  automatic,  and  illustrates  the  changes 
made  to  convert  it  from  belt  to  motor  drive.  It  will  be  seen 
that  this  consists  of  the  addition  of  two  brackets,  which  are 
fastened  to  the  base  of  the  machine  and  carry  a  shaft  geared 
to   the   constant-speed   motor   shown.     The   other   end   of  the 


TABLE  3.     WORK-SPINDLE  SPEEDS,   DRIVING  GEARS  AND  SURFACE  SPEED  OP  STOCK 
FOR  GRIDLEY  1  1/4-INCH  MULTIPLE-SPINDLE  AUTOMATIC    SCREW  MACHINE 


Spindle 

Pulley  Gear 

Driving  Gear 

Diameter   of   Stock,   Inches                                                                                   1 

H 

A 

% 

H 

%      \      \i      \      %      \      \i      \      I       1 

I^ 

\% 

lA 

IVi 

Number 

Outside 

Number 

Outside 

207 

of  Teeth 

Diam. 

of  Teeth 

Diam. 

Surface  Speed,   Feet  per  Minute 

30 

4 

58 

7% 

27.0 

30.5 

33.9 

37.2 

40.6 

44.0      47.4      50.7 

54.2 

57.5 

61.0 

64.3 

67.9 

229 

32 

4% 

56 

774 

30.0 

33.7 

37.5 

41.2 

44.9 

48.7      52.4      56.1 

59.9 

63.7 

67.4 

71.2 

74.9 

252 

34 

472 

54 

7 

33.0 

37.1 

41.2 

45.3 

49.4 

53.6      57.7      61.8 

66.0 

70.1 

74.2 

78.3 

82.4 

276 

36 

4% 

52 

6% 

36.1 

40.6 

45.1 

49.6 

54.2  i   58.7   1   63.2  |   67.8 

72.2 

76.7 

81.3 

85.8 

90.3 

304 

38 

5 

50 

672 

39.8 

44.8 

49.7 

54.7 

59.7 

64.7 

69.6      74.5 

79.6 

84.5 

89.5 

94.5 

99.5 

333 

40 

574 

48 

674 

43.6 

49.0 

54.5 

59.9 

65.4 

70.8 

76.2      81.6 

87.2 

92.6 

98.1 

103.5 

108.9 

365 

42 

572 

46 

6 

47.8 

53.7 

59.7 

65.7 

71.6 

77.6 

83.6      89.5 

95.5 

101.5 

107.5 

113.5 

119.4 

400 

44 

5% 

44 

5% 

52.3 

58.9. 

65.4 

71.9 

78.5   1   85.1 

91.6      98.1 

104.7 

111.2 

117.8 

124.3 

130.8 

1 

fl 

fnchinery 

Speed  of  driving  pulley  and  countershaft,   400   R.P.M.     Threading  speed,   fast,   one-third    spindle   speed.     Threading   speed,    slow,    one-fifth    spindle   speed. 
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TABLE  4.    WORK-SPINDLE  SPEEDS,   DRIVING  GEARS  AND  SURFACE  SPEED  OP  STOCK 
FOR    QRIDLEY  13/4-INCH  MULTIPLE-SPINDLE  AUTOMATIC   SCREW  MACHINE 


Spindle 
R  P  H 

Pulley 

Gear 

Drivini! 

Gear 

Diamotoi 

of  Stock. 

ncbes 

% 

1 

VA 

V4 

1% 

VA 

1% 

1% 

Number 

Outside 

Number 

Outside 

of    Teeth 

Diameter 

of    Teeth 

Diameter 

Surface  Speed,   Feet  per  Minute 

115.9 

22 

3 

74 

9% 

22.76 

26.55 

30.34 

34.16 

37.93 

41.72 

45.51 

49.31 

53.10 

130.0 

24 

3% 

72 

9Vi 

25.53 

29.78 

34.03 

38.29 

42.54 

46.80 

51.05 

55.31 

59.56 

144.85 

26 

3y2 

70 

9 

28.44 

33.18 

37.92 

42.66 

47.40 

52.14 

56.88 

61.62 

63.36 

160.6 

28 

3% 

68 

8% 

31.53 

36.79 

42.05 

47.30 

52.56 

57.81 

63.07 

68.32 

73.57 

177.3 

30 

4 

66 

SV2 

34.81 

40.61 

46.42 

52.22 

58.02 

63.82 

69.63 

75.43 

81.23 

195.0 

32 

iV4 

64 

81/4 

38.29 

44.67 

51.05 

57.43 

63.81 

70.20 

76.58 

82.96 

89.34 

213.8 

34 

4% 

62 

8 

41.98 

48.98 

55.97 

62.97 

69.97 

76.96 

83.96 

90.96 

97.95 

234.0 

36 

4% 

60 

7% 

45.90 

53.60 

61.26 

68.92 

76.58 

84.23 

91.89 

99.56 

107.20 

255.5 

38 

5 

58 

1V2 

50.20 

58.53 

66.89 

75.25 

83.61 

91.97 

100.33 

108.7 

117.06 

278.57 

40 

5% 

56 

71/4 

54.70 

63.81 

72.93 

82.05 

91.16 

100.28 

109.39 

118.51 

127.63 

303.33 

42 

5\ii 

54 

7 

59.56 

69.49 

79.41 

89.34 

99.26 

109.19 

119.12 

129.04 

138.97 

330.0 

44 

5% 

52 

6% 

64.80 

75.59 

86.39 

97.19 

107.99 

118.79 

129.59 

140.39 

151.19 

Mtirliincry 

Speed  of  driving  pulley  and  countershaft.   390  R.P.M.     Threading  speed,  fast,   one-third   spindle   speed.     Threading  speed,   slow,   one-flfth  spindle  speed. 


shaft  carries  a  pulley  that  drives  the  constant-speed  pulley 
on  the  machine  by  a  belt. 

Drums.  Cams,  Etc. 

There  are  three  cam  drums  on  the  Gridley  multiple-spindle 


which  A,  B,  J?„  C  and  C,  are  the  five  cams  for  advancing 
the  turret  slide;  D  is  the  turret  slide  return  cam;  E  is  the 
safety  cam;  F  and  G  are  for  advancing  the  cut-off  slide  and 
forming  slide,  respectively;  H  is  for  returning  the  cut-off  and 
forming  slides;   /  is  the  right-hand  threading  cam;   K  is  the 


TABLE  5.    WORK-SPINDLE  SPEEDS,   DRIVING  GEARS  AND  SURFACE  SPEED  OP  STOCK 
FOR  GRIDLEY  21/4-INCH  MULTIPLE-SPINDLE  AUTOMATIC  SCRE"W  MACHINE 


Spindle 

Pulley 

Gear 

Driving    Gear 

Diameter  of  Stock,   Inches 

1 

VA         1        VA 

IH 

2 

24 

Number 

Outside 

Number 

Outside 

of    Teeth 

Diameter 

of    Teeth 

Diameter 

Surface  Speed,   Feet  per  Minute 

79 

25 

3% 

81 

10% 

20.6 

25.9 

31.0 

36.1 

41.3 

46.6 

92 

28 

3% 

78 

10 

24.0 

30.1 

36.1 

42.1 

48.1 

54.0 

106 

31 

41/8 

75 

9% 

27.7 

34.4 

41.6 

48.5 

55.3 

62.4 

121 

34 

4y2      • 

72 

9y4 

31.6 

40.6 

50.6 

55.3 

63.1 

71.0 

137 

37 

478 

69 

s% 

34.8 

44.8 

54.0 

62.6 

70.3 

80.3 

155 

40 

51/4 

66 

»V2 

40.6 

50.6 

60.8 

70.9 

81.0 

90.9 

168 

42 

51/2 

64 

8y4 

43.9 

54.8 

65.8 

76.8 

87.4 

98.8 

188 

45 

5Vs 

61 

778 

49.4 

61.7 

73.8 

86.4 

99.0 

111.0 

211 

48 

ey* 

58 

7y2 

55.3 

69.4 

83.2 

97.1 

111.0 

124.8 

228 

50 

6y2 

56 

7% 

59.6 

75.0 

89.9 

104.8 

119.5 

134.0 

246 

52 

6% 

54 

7 

64.4 

80.9 

97.3 

113.2 

129.2 

144.9 

265 

54 

7 

52 

6% 

69.2 

87.0 

104.5 

121.4 

139.4 

156.1 

287 

56 

7y4 

50 

6y2 

75.0 

94.0 

112.6 

131.5 

150.0 

159.0 

310 

58 

7y2 

48 

6y4 

80.8 

101.4 

121.2 

141.9 

161.6 

182.6 

347 

61 

778 

45 

578 

90.8 

113.6 

136.2 

158.9 

181.6 

204.4 

390 

64 

sy* 

42 

5y2 

102.0 

127.8 

152.8 

178.6 

204.0 

229.7 

Machinery 

automatic  screw  machine;  these  have  been  described  in  detail 
in  connection  with  the  chuck-closing  and  stock-feeding  mech- 
ansim,  operation  of  the  turret  slide  and  forming  and  cutting- 
off  slides.     The  various  cams  used  are  grouped  in  Fig.  30,  in 


left-hand  threading  cam;  L  is  the  threading  advancing  cam; 
J  is  the  threading  return  cam;  M  is  the  chuck  opening  cam; 
Q  is  the  chuck  closing  cam;  R  is  the  safety  cam;  M,  N,  0  and 
P  are  for  advancing  and  returning  the  pusher  tube;  S  is  the 


TABLE  6. 


PRINCIPAL  DIMENSIONS  AND  CAPACITIES  OF  GRIDLEY  AUTOMATIC 
SCREW  MACHINES 


standard  Size  Machine 


Capacity  of  Chuck,  Round  Stock,  Inches 

Capacity  of  Chuck,  Square  Stock,  Inches 

Capacity  of  Chuck,  Hexagon  Stock,  Inches 

Maximum  Length  of  Peed,  Inches 

Maximum  Length  of  Turning  Operation,  Inches 

Speed  of  Countershaft,  R.P.M 

Speed  of  Driving  Pulley,  R.P.M 

Diameter  of   Driving  Pulley,   Inches 

Width  of  Belt  for  Countershaft,  Inches 

Width  of  Belt  for  Spindle  Shaft,  Inches 

Threading  Speed  compared  with  Spindle  Speed,  Fast 
Threading  Speed  compared  with  Spindle  Speed,  Slow. 

Size  of  Lead  Cams,  Inches 

Size  of  Forming  Cam,   Inches 

Size  of  Cut-off  Cam,  Inches 

Floor  Space  over  all,  including  Reel  Stand 


1/2 


3/4 
0.530 
0.649 
51/2 
4  1/2 

390 

400 

141/2 

4 

3 

1/3 

1/5 
3,  4,  9/16 

3/8 

7/16 

4",  by  3'    16' 


11/4 

0.8838 

1.082 

61/2 

5  1/2 

400 

400 

16 

4 

3  1/2 

1/3 

1/5 

2,   4,   6 

0.727 

0.809 

by  3',  7  1/2' 


13/4 

1.237 

1.515 

8 

7 

390 

390 

18 

6 

5 

1/3 

1/5 

2  1/2,  5, 

3/4 

15/16 

19'  6",  by  4',  1' 


7  1/2 


21/4 

1.591 

1.948 

8 

7 

390 

390 

18 

6 

5 

1/3 

1/5 

2  1/2,  5,  71/2 

1 

11/8 

18',  11"  by  4',  5" 
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cam  for  withdrawing  the  locking  pin;  T  is  for  advancing  the 
stop;  f/  and  V  are  the  cams  for  the  fast  and  slow  speeds. 
As  has  been  previously  mentioned,  the  turret  slide  operating 
cams  are  supplied  in  three  different  throws  with  each  size  of 
machine,  whereas  the  forming  and  cutting-off  cams  are  sup- 
plied in  one  throw  for  each  size  of  machine.  The  cam  data 
on  the  various  sizes  of  machines  are  given  in  Table  1.  The 
cams  listed  are  those  furnished  with  the  machine,  and  it  is 
evident,  of  course,  that  it  would  be  necessary  in  some  cases 
to  use  special  cams  when  the  work  to  be  accomplished  is  out 
of  the  ordinary  line. 

Changre-gears,  Spindle  Speeds  and  Surface  Speeds 

Tables  2  to  5,  inclusive,  give  the  data  regarding  the  change- 
gears  used  on  the  various  sizes  of  machines  for  securing  a 
suitable  spindle  speed  for  the  work  being  machined.  The 
right-hand  section  of  these  tables  includes  the  surface  speed 
of  the  stock  within  the  capacity  of  the  machines,  obtainable 
with  the  change-gears  supplied. 

Principal  Dimensions  and  Capacities 

The  table  accompanying  Fig.  33,  and  Table  6,  include  the 
principal  dimensions  such  as  chuck  capacities,  countershaft 
speeds,  diameters  of  pulleys,  over-all  dimensions,  etc. 


CHUCK  FOR  HOLDING  DRIVING-BOXES 

BY  M.   K. 

In  the  accompanying  illustration  is  shown  a  specially  de- 
signed chuck  for  holding  driving-boxes  while  boring  on  a 
boring  mill.  The  base  is  a  solid  cast-iron  piece  3%  inches 
thick,  with  a  ring  protruding  i^  inch.  This  ring,  the  width 
of  which  is  li/^  inch  and  the  outside  diameter  35  inches,  fits 
in  a  groove  cut  in  the  table  of  the  boring  mill.  As  the  diam- 
eters of  the  boring  mill  table  and  the  base  of  the  chuck  are 
the  same — iVz  feet — the  chuck  presents  a  neat  and  uniform 
appearance. 

The  chuck  is  fastened  to  the  boring  mill  table  by  screws. 
The  platen  has  an  1114-iiich  hole  in  the  center  for  the  chips  to 
drop  into;  this  also  allows  the  boring-bar  and  tool  to  clear. 
The  two  main  sliding  jaws  A  of  the  chuck  are  moved  together, 
and  hold  the  sides  of  the  driving-box  that  go  next  to  the 
driving-box  shoes.  These  two  jaws  have  projections  B  that 
fit  corresponding  slots  C  planed  in  the  bed-plate.  These  pro- 
jections are  4  inches  wide  and  1  inch  high,  and  are  beveled  at 
a  30-degree  angle  to  a  width  of  2  inches.  One  jaw  is  tapped 
right  hand  and  the  other  left  hand  to  suit  the  screws  D.  These 
screws  have  2^4  inches  more  thread  on  one  end  than  on  the 
other,  so  care  must  be  taken  to  see  that  just  this  much  of 
each  screw  is  screwed  into  the  block  having  the  right-hand 
threads  before  the  block  having  the  left-hand  threads  is 
brought  up  against  the  thread  on  the  other  end  of  the  rod. 
As  the  screw  is  turned,  both  jaws  are  moved  toward  or  away 
from  each  other.  Before  adjusting  jaws  A,  two  blocks  E  must 
be  put  in  place  in  the  slots  F  planed  in  the  table  at  right 
angles  to  the  slots  C.  One  of  these  blocks  is  tapped  right 
hand  and  the  other  left  hand,  and  each  may  be  moved  inde- 
pendently of  ♦he  other.  After  jaws  A  are  put  in  place,  four 
blocks  G  are  inserted  in  small  slots  cut  across  slots  C ;  these 
blocks  hold  screws  D  in  place  on  the  table.  After  the  screws 
in  slots  F  are  screwed  into  blocks  H,  a  locking  washer  with  a 
5/16-inch  set-screw  is  put  in  place  to  hold  them  in  position. 

On  the  front,  where  the  main  adjustment  is  made  by  the 
operator,  five  holes  are  drilled.  The  middle  one  is  drilled  to 
slot  /,  in  which  is  placed  the  washer  that  holds  screw  K  in 
place.  A  gear  turning  on  this  screw  K  turns  gears  L.  which 
turn  the  wheels  on  the  long  screw  rods  Z),  so  that  by  turn- 
ing the  center  screw  K  with  a  wrought-iron  wrench  M,  every 
gear  is  turned,  as  they  are  connected,  and  consecfuently  the 
long  screw  rods  are  turned,  thus  moving  the  two  large  jaws 
together,  either  in  or  out,  as  the  case  may  be.  When  all  the 
gears  are  in  place,  a  wrought-iron  plate  with  bevel  edge  is 
fastened  over  them  as  a  gear  guard. 

The  blocks  H  are  removable  in  order  that  the  driving-box 
may  be  put  on  or  taken  off  the  chuck  and  are  just  set  in.  They 
are  kept  in  place  by  the  lug  on  blocks  E.  but  can  easily  be  re- 


moved by  loosening  screws  JV,  as  they  are  6  inches  between 
their  lugs  and  the  screw  blocks  E  are  only  5%  inches  long.  It 
is  usually  necessary  to  remove  only  one  of  these  blocks  when 
a  box  is  to  be  put  on  or  taken  off.  The  base  is  cast  iron,  the 
jaws  are  steel  castings,  and  the  gears,  pins,  screw  rods  and 
blocks  are  of  soft  axle  steel. 

The  box  is  held  in  place  and  central  with  the  sides,  so  that 
it  can  be  so  bored,  because  of  the  right-hand  and  left-hand 
threads  on  the  screws  I)  passing  through  the  large  jaws  A. 
The  two  smaller  jaws  H  are  for  adjusting  the  box  the  other 
way,  namely,  to  bore  more  or  less  out  of  the  part  of  the  shell 
that  rests  on  the  axle,  as  is  desired.  These  smaller  jaws  are 
independent  of  each  other,  and  when  the  box  is  in  the  proper 
location,  all  the  jaws  are  tightened,  and  the  set-screws  in  the 
large  jaws  are  tightened.     To  pull  the  box  loose  from  the 
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Construction  of  Chuck  for  holding  Driving-boxes 

machine  would  take  about  as  much  .energy  as  would  be  re- 
quired to  pull  the  machine  off  its  heavy  foundation.  With  this 
chuck  the  cost  of  boring  boxes  can  be  greatly  reduced,  as  it 
holds  the  box  when  the  heaviest  cuts  are  taken. 
*  *  at 
The  National  Board  of  Fire  Underwriters  points  to  the 
experience  of  the  Copley  Cement  Mfg.  Co.,  Allentown,  Pa.,  as 
illustrating  the  danger  of  using  untested  hose.  A  fire  was  dis- 
covered in  a  stone  bunker  in  the  plant,  started  presumably 
from  a  locomotive  spark.  The  bunker  was  of  slow-burning 
construction,  the  fire  was  quickly  detected,  and  the  mill  fire 
squad  responded  promptly,  so  that  there  should  have  been  little 
loss.  The  fire  squad  attached  a  coupling  to  a  new  fire  hose, 
ran  it  to  the  blaze  and  turned  on  the  water.  The  hose  burst 
in  five  or  six  places,  and  a  new  length  was  substituted  which 
failed  in  the  same  way.  Thus  the  fire  had  made  considerable 
headway  before  it  was  possible  to  obtain  an  effective  stream. 
The  loss  amounted  to  $7000,  which  was  almost  entirely  due  to 
the  failure  of  the  hose.  Hose  tested  by  the  National  Board  of 
Fire  Underwriters  is  subjected  to  300  pounds  pressure,  and 
each  length  that  has  successfully  withstood  this  test  bears  the 
Underwriter's  label. 
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FAULTS   IN    MACHINE   DESIGNS  AND  8UOUESTED  IMPROVEMENTS 


Fig.    1,     Double   Connectine-rod  Drive 

THE  average  all-around  machinist  who  has  been  employed 
on  experimental  work  to  any  extent  can  recall  numerous 
instances  wherein  the  carefully  laid  plans  of  the  in- 
ventor and  designer  have  fallen  short  of  expectations.  A  draw- 
ing of  a  new  machine,  no  matter  how  carefully  executed,  is 
theory,  pure  and  simple — a  child  of  the  inventor's  brain,  as 
it  were.  Until  practical  results  have  taken  form  in  the  shape 
of  the  finished  machine,  no  one,  no  matter  how  well  versed 
in  theory,  can  be  certain  of  the  actual  results.  When  a  fin- 
ished machine  does  not  come  up  to  the  originator's  expecta- 
tions, it  is  a  pretty  good  sign  that  simple  mechanical  princi- 
ples have  been  overlooked;  for  while  many  ideas  look  well 
on  paper,  they  do  not  work  out  in  practice.  Those  who  read 
technical  papers  have  ample  opportunity  to  familiarize  them- 
selves with  correct  mechanical  details;  so,  for  a  change,  it 
may  do  no  harm  to  analyze  a  few  brief  details  that  fell  short 
of  the  originator's  expectations. 

In  cases  where  it  is  necessary  to  operate  two  rapidly  re- 
volving shafts  in  the  same  direction,  one  driving  the  other, 
it  is  common  practice,  among  manufacturers  of  certain  kinds 
of  sewing  machines,  to  use  the  double  connecting-rod  drive 
illustrated  in  Fig.  1.  As  the  cranks  on  the  shafts  are  set  at 
90  degrees,  one  rod  pulls  the  other  over  the  dead  center.  This 
mechanism  gives  a  positive,  noiseless  drive  at  especially  high 
speeds,  so  it  is  often  preferred  to  bevel  gearing  or  other  means 
of  transmitting  the  necessary  motion. 

A  prominent  Eastern  manufacturer  wished  to  utilize  this 
principle,  but  considered  the  cost  of  the  two  crankshafts  pro- 
hibitive; so  he  attempte'd  to  use  two  straight  shafts  connected 
with  eccentrics,  as  shown  in  Fig.  2.  The  plan  failed  utterly, 
as  any  mechanic  ought  to  see  at  the  first  glance.     While  an 

eccentric    is    an 

excellent    means 

for     converting 

rotary   motion 

into     reciprocat- 
ing   motion,    as 

in  the  valve  gear 

of    an    ordinary 

steam  engine,  it 

is    a    very    poor 

way  in  which  to 

try     to     convert 

reciprocating 

motion    into    ro- 
tary    motion, 

which  was  what 

was    attempted 


UY    K.    U     JACOBS  ' 

in  using  an  eccentric  and  strap  for  turning  a  shaft.  One  set 
of  eccentrics  would  pull  the  other  set  off  center,  when  both 
shafts  were  turned  by  hand  in  the  same  direction,  but  otherwise 
practical  results  were  impossible  owing  to  the  friction  between 
the  eccentrics  and  their  straps.  This  will  be  readily  under- 
stood when  we  consider  that  an  eccentric  is  nothing  moro 
nor  less  than  a  greatly  enlarged  crankpin.  Notwithstanding 
tlie  fact  that  the  straps  fitted  the  eccentrics  freely  enough 
to  make  a  running  fit  and  that  the  rods  were  adjustable  to 
give  the  correct  center  distances  which,  of  course,  was  neces- 
sary, one  shaft  absolutely  failed  to  turn  the  otlier  by  the 
slightest  fraction  of  a  revolution. 

Desig'ns  Having  Poor  Lever  Arrang-ements 

In  Fig.  3  is  shown  a  feeding  mechanism  used  on  a  semi- 
automatic press  for  fastening  thin  sheet-metal  caps  on 
round-headed  steel  rivets.  Sixteen  dies  were  set  in  a  revolv- 
ing cast-iron  disk  that  was  rotated  by  a  ratchet  and  pawl 
through  the  medium  of  a  lever.  To  prevent  overfeeding,  due 
to  the  momentum  that  the  disk  might  develop,  a  slight  friction 
was  provided  by  means  of  a  large  nut  and  fiber  washer.  A 
trial  of  the  machine  showed  that  something  was  radically 
wrong  because  the  disk  failed  to  stop  at  just  the  right  station, 
which,  of  course,  spoiled  the  alignment  between  the  dies  and 


'  Address:  435  Har- 
vard Plate,  ludian- 
apolis,  Ind. 


Fig.  3.    Feeding  Mechanism  on  Semi-automatic  Press 
for  fastening  Metal  Caps  on  Steel  Bivets 


Fig,  2.     Eccentrics  used  with  Double  Connecting-rod  Drive 

the  single  punch  that  worked  in  connection  with  them.  At 
first  glance  the  lever  appears  to  be  of  the  correct  design,  as 
it  is  of  the  well-known  second  class;  that  is,  a  lever  with  the 
weight  or  converted  motion  between  the  fulcrum  and  the 
point  of  applied  power.  A  careful  inspection  showed  that  the 
ratchet  was  accurately  cut  and  that  the  holes  were  correctly 
spaced.  If  the  designer  had  given  a  little  more  thought  to  the 
problem  when  he  made  his  lay-out,  he  would  have  seen  where 
the  trouble  lay.  The  radial  distance  at  the  actual  point  of  con- 
verted motion, 
that  is,  at  the 
dies  themselves, 
is  much  greater 
than  the  periph- 
ery of  the  ratch- 
et, and  as  the 
amount  of  fric- 
tion on  the  bot- 
tom of  the  disk 
was  greater  at 
its  periphery 
than  at  an  im- 
aginary circle 
under  the  pe- 
riphery of  the 
ratchet,  an  un- 
necessary 

Fig.  4.     Corrected  Design  of  Feeding 

Mechanism   shown  in   Fig.   3  amount    Of    force 


July,  1917 


MACHINERY 


981 


was  required  to  turn  the  disk.  Tliis  resulted  in  a  certain 
amount  of  springing  motion  in  all  the  parts  actuating  the  disk, 
which  accounted  for  the  error  in  spacing.  The  difficulty  was 
entirely  overcome  by  redesigning  the  feeding  mechanism  as 
shown  in  Fig.  4.  Here  a  large  ratchet  is  placed  over  the 
outside  of  the  disk  and  the  pawl  is  of  more  substantial  con- 
struction. The  lever  is  still  of  the  second  class;  and  as  the 
point  of  applied  force  is  outside  the  radius  of  greatest  friction, 
there  is  not  as  much  chance  for  inaccurate  spacing  to  develop. 
As  a  matter  of  fact,  the  machine  in  question  worked  very  sat- 
isfactorily after  'this  simple  change  was  made. 

Another  simple  leverage  problem  was  easily  solved 
by  the  proprietor  of  a  small  shop  through  the  application 
of  a  correct  principle.  He  was  called  upon  to  repair  the  valve 
gear  of  a  high-speed,  Corliss  engine  that  persisted  in  heating 
its  eccentric  to  an  alarming  degree.  The  lay-out  of  this  par- 
ticular valve  gear  is  shown  in  the  upper  view  of  Fig.  5,  where 
A  is  the  eccentric,  B  the  rocker,  and  C  the  wrist-plate.  As  the 
wrist-plate  and  main  shaft  are  in  the  same  plane,  the  designer 
could  not  resist  the  temptation  to  employ  the  principle  of 
the  third-class  lever,  that  is,  one  with  the  point-  of  applied 
force  between  the  fulcrum  and  weight,  and  thus  make  the 
eccentric  and  reach-rods  work  in  as  nearly  horizontal  lines 
as  possible.  In  this  case,  however,  it  was  necessary  to  actu- 
ate a  valve  gear  weighing  several  tons,  200  times  per  minute, 
as  the  engine  ran  at  a  speed  of  100  revolutions  per  minute. 
Besides,  the  dash-pots  were  six  inches  in  diameter,  which 
necessitated  overcoming  a  resistance  of  about  415  pounds,  due 
to  atmospheric  pressure,  200  times  every  minute.  Quick- 
acting  dash-pots  are  necessary  on  a  high-speed  engine  of  the 


tiply  leverage,  and  here  the  force  was  developed  at  the  expense 
of  friction.  The  engine  ran  all  right  at  its  original  speed, 
but  the  increased  speed  offered  too  much  resistance  (as  the 
rocking  parts  reversed)  for  the  eccentric  to  take  care  of  with- 
out heating. 


rig.  6.    Faulty  and  Correctly  Designed  Valve  Gear 

Corliss  type,  as  the  comparatively  long  stroke  necessitates 
closing  the  valves  with  lightning-like  rapidity  the  instant  the 
crab  claws  release  the  valve  stems. 

The  man  who  undertook  to  remedy  the  difficulty  of  over- 
heating ascertained  that  the  trouble  started  a  few  weeks 
previous,  after  the  engine  had  been  speeded  up  some  twenty- 
five  revolutions  per  minute.  In  the  lower  view  of  Fig.  5  is 
shown  the  method  of  overcoming  the  trouble.  The  eccentric 
was  given  a  greater  stroke  so  that  it  would  move  the  wrist- 
plate  the  required  number  of  degrees  without  multiplication 
of  the  stroke  by  the  rocker  arm.  The  rocker  was  short- 
ened to  bring  the 
main  shaft  in  line 
with  the  wrist-plate 
pin;  and  the  end 
of  the  eccentric  rod 
was  provided  with  a 
yoke  for  carrying  the 
pin  that  pivoted  it  to 
the  rocker  and  reach- 
rod.  The  third-class 
lever  gives  a  greater 
movement  to  the  ac- 
tuated part  than  is 
given  by  the  driving 
unit.  Every  mechanic 
is  aware  that  it 
takes    force    to    mul- 
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Variable-speed  Friction  Drive  of 
Faulty  Design 


Fig.  8.     Poor  Lever  Arrangement 

Friction  Drives 

Some  years  ago  the  proprietor  of  a  small  shop  desired  to 
perfect  a  variable-speed  friction  drive.  His  idea  is  shown  in 
Fig.  6.  A  shaft  A,  rotating  as  shown  by  the  arrow,  was 
supposed  to  drive  the  friction  wheel  B.  The  shaft  C  that 
carries  the  friction  wheel  is  provided  with  means  for  mov- 
ing it  toward  or  away  from  the  driving  shaft  A.  The  two 
large  friction  disks  D  are  made  to  grip  the  friction  wheel  B 
by  means  of  a  heavy  spring  E.  The  ball  thrust  F  is  to  reduce 
the  friction  caused  by  the  spring  pressure  as  much  as  possible. 
We  all  know  how  easy  it  is  to  roll  a  pencil  between  the  fingers 
of  both  hands  and  the  "boss"  had  this  principle  in  mind  when 
he  designed  the  drive  in  question.  But  it  refused  to  work. 
He  tried  cast-iron  disks  with  a  fiber  friction  wheel,  fiber-faced 
disks  with  a  cast-iron  friction  wheel,  aluminum  disks  with  a 
wooden  friction  wheel,  and  as  a  last  resort  he  knurled  the 
faces  of  the  disks,  hoping  to  coax  them  to  drive  a  leather 
friction  wheel.    All  these  experiments  were  fruitless. 

But  before  trying  to  ascertain  why  the  drive  refused  to  work 
it  may  be  well  to  consider  a  friction  drive  that  does  work  and 
then  compare  the  two.  The  friction  drive  illustrated  in  Fig.  7 
has  been  used  successfully  instead  of  the  ordinary  form  of 
transmission  in  a  light-powered  automobile.  The  motor  shaft 
A  is  fastened  to  the  driving  disk  B  and  a  ball  thrust  bearing 
C  eliminates  end  thrust.  The  friction  wheel  D  drives  the  jack- 
shaft  E  and  means  are  provided  for  moving  it  across  the  face 
of  the  wheel  to  obtain  different  speeds;  the  greatest  speed  is 
obtained  when  in  the  position  shown.  By  moving  the  fric- 
tion wheel  past  the  center  of  the  driving  disk,  the  reverse 
motion  is  gained.  The  jack-shaft  brings  the  friction  wheel  in 
close  contact  with  the  friction  disk  through  the  medium  of  a 
foot-pedal.  All  things  considered,  it  is  a  neat  simple  device. 
The  friction  disk  and  friction  wheel  are  of  the  same  diameter, 

so  that  when  trans- 
mitting the  greatest 
speed,  the  speed  of 
the  jack-shaft  does 
not  exceed  that  df 
the  engine  shaft.  To 
gain  power  to  climb 
hills  the  ratio  be- 
tween the  engine 
shaft  and  jack-shaft 
is,  of  course,  reduced. 
In  the  device 
shown  in  Fig.  6  it 
was  attempted  t  o 
make  the  driving 
shaft  drive  the 
driven     shaft     at     a 


Fig.   7.     Improvement  on   Friction  Drive   Design 
shown  in  Fig.   6 
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greatly  iiuTeased  speed,  to  say  nothing  of  also  driving  an- 
other friction  wheel  in  an  opposite  direction.  With  the  spring 
adjusted  loosely,  the  coefBcient  of  friction  was  not  great  enough 
to  drive  the  friction  wheel;  and  by  compressing  the  spring 
to  its  utmost,  the  coefficient  of  friction  was  too  great  for  the 
device  to  overcome.  These  experiments  were,  of  course,  inter- 
esting, but  after  the  "boss"  had  spent  several  hundred  dollars 
without  getting  any  tangible  results  he  decided  that  he  did 
not  want  a  friction  drive  anyway. 

Faulty  Cam  Deaig-ns 

That  we  frequently  make  mistakes  in  proportioning 
levers  few  will  dispute;  a  typical  illustration  of  this  is  shown 
in  Pig.  8.  This  illustration  represents  part  of  an  automatic' 
machine  in  which  the  two  dies  A  grip  the  work  by  the  action 
of  the  cams  B  working  through  the  medium  of  levers  C. 
Pivoting  the  levers  midway  between  the  cams  and  points  of 
applied  force  resulted  in  a  very  hard-working  motion,  as  sev- 
eral hundred  pounds  pressure  was  required  to  grip  the  work. 
As  a  result,  the  strain  on  the  cams  caused  them  to  wear  out 
in  about  two  weeks.  Fig.  9  illustrates  the  manner  in  which 
the  difficulty  was  overcome.  Here  the  distance  from  the 
fulcrum  to  the  point  of  conveyed  motion  is  considerably  less 
than  the  distance  from  the  fulcrum  to  the  point  of  applied 
force.  It  was,  of  course,  necessary  to  increase  the  stroke  of 
the  cams,  but  as  it  took  less  than  a  third  as  much  force  on  the 
part  of  the  cams  to  grip  the  work  the  cam  was  much  longer- 
lived. 

Another  interesting  cam  motion  is  shown  in  Fig.  10.  This 
motion  is  as  follows:  Starting  from  the  point  A  and  travel- 
ing clockwise  there  is  first  a  drop  of  1%  inch  in  90  degrees, 
then  a  period  of  rest  of  150  degrees,  then  a  rise  of  1%  inch 
in  30  degrees  followed  by  a  period  of  rest  of  90  degrees.  The 
cam  ran  at  a  speed  of  1000  revolutions  per  minute  and  it  was 
necessary  for  the  sharp  rise  of  1%  inch  to  be  a  uniform 
motion.  Uniform  rises  are  necessary  in  some  cases  even 
though  they  are  hard-working  except  at  slow  speeds.  In  this 
case,  the  motion  was  very  hard-working,  as  an  excessive  side 
strain  was  brought  to  bear  on  the  cam  bar.  After  several 
cam  bars  had  been  bent,  and  a  pair  of  spur  gears  that  drove 
the  cam-shaft  had  been  stripped  of  their  teeth,  an  effort  was 
made  to  remedy  the  trouble.  It  was  impossible  to  alter  the 
design  of  the  cam  motion  to  the  extent  of  dispensing  with  the 
cam  bar;  neither  was  it  possible  to  do  away  with  the  uniform 
rise  and,  worst  of  all,  it  was  not  practicable  to  reduce  the 
speed   of  the  machine. 

Fig.  11  shows  the  method  used  for  overcoming  this  difficulty. 
A  swinging  lever  was  interposed  between  the  cam  and  the 
roll  on  the  cam  bar.  Thus  when  the  sharp  cam  rise  strikes 
the  roll  on  the  swinging  lever,  the  side  strain  that  came  on  the 
cam  bar  in  the  previous  design  is  absorbed  by  the  swinging 
lever  in  the  form  of  tensional  strain.  The  roll  on  the  swing- 
ing lever  serves  to  lift  the  cam  bar  under  a  compression  strain 
only. 

The  few  instances  cited  are  mechanical  bulls,  and  had  they 


Fig,   10.     Cam  Arrangement 
having  Excessive  Side  Strain 


11.       Improvement     on     Cam 
rangement  shown  in  Fig.   10 


Fig.   9.     Correct  Arrangement  of  Levers  shown  in  Fig.   8 


been  the  work  of  mechanical  students  instead  of  hard-headed, 
dollar-chasing  business  men  we,  no  doubt,  would  smile  know- 
ingly as  we  prided  ourselves  on  our  superior  knowledge  of 
mechanical  problems.  The  mistakes,  however,  were  com- 
mitted by  mechanical  men  who  were  supposed  to  know  better. 
These  mistakes  are  of  value,  however,  as  it  is  through  them 
that  we  learn  by  experience,  building  the  successes  of  today 
on  the  ashes  of  the  failures  of  yesterday. 
*     *     * 

CHARACTERISTICS  OF  INVAR 

The  fact  that  all  metals  expand  and  contract  more  or  less 
with  every  variation  of  temperature  introduces  complications 
in  the  making  of  instruments  concerned  with  absolute  stand- 
ards of  time  or  space.  After  much  research,  a  nickel-steel 
alloy,  containing  about  36  per  cent  nickel  and  about  0.5  per 
cent  each  of  carbon  and  manganese,  was  found  tp  have  a  re- 
markably small  thermal  expansion  at  ordinary  temperatures. 
To  this  the  name  "invar"  has  been  given.  A  summary  of  the 
results  obtained  during  the  last  twenty-five  years  by  various, 
investigators  of  this  property  of  invar  and  related  nickel  steels 
shows  that  a  bar  of  ordinary  invar  expands  or  contracts  about 
one  millionth  of  its  length  for  each  degree  alteration  in  the 
temperature  within  the  range  of  0  to  40  degrees  C.  A  much 
higher  degree  of  constancy  than  this,  however,  is  sometimes 
obtained;  much  depends  on  the  amount  of  carbon  and  man- 
ganese present.  Small  quantities  of  invar  have  been  manu- 
factured that  showed  a  change  in  length  of  less  than  half  a 
millionth  per  degree  between  0  and  20  degrees  C. ;  this  alloy 
contains  0.06  per  cent  carbon  and  9.39  per  cent  manganese. 
Samples  have  even  been  prepared  that  showed  a  negative  co- 
efficient of  expansion,  contracting  slightly  instead  of  expand- 
ing as  the  temperature  rose.  Invar  possesses  this  peculiar 
property  only  with  a  moderate  temperature  range.  From  40 
degrees  upward,  the  coefficient  of  expansion  steadily  increases 
as  the  temperature  rises,  until  at  200  degrees  it  is  almost  the- 
same  as  that  of  Bessemer  steel.  Like  certain  other  alloys, 
invar  gradually  elongates  with  time,  so  when  it  is  used  on  a 
length  standard,  a  periodic  correction  must  be  made  to  allow 
for  this.  The  effect  may  be  largely  diminished,  however,  by 
prolonged  heat-treatment  prior  to  finishing.  M.  E. 

«     *     * 

Aluminum  castings  that  will  take  a  high  polish,  according 
to  a  paper  read  by  E.  A.  Barnes  before  the  American  Foundry- 
men's  Association,  may  be  made  by  adding  from  8  to  10  per 
cent  of  tin  to  the  copper-aluminum  mixture.  A  rich  aluminum- 
copper-tin  alloy  is  made  up  and  cast  into  bars  which  are  added 
to  the  aluininum  at  the  proper  time.  Castings  made  of  this 
alloy  do  not  contain  the  small  blue  specks  that  are  due  tO' 
the  presence  of  gas  in  the  metal. 
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EFFICIENCY  OF  FORWARD  AND  REVERSE  DRIVES 


DETERMINATION  OF  EFFICIENCY  OF  WORM-GEARS  AND  SPUR  GEARS  BY  GRAPHIC  METHOD 

BY  JOHN   S.   MYERS  ' 


IN  all  mechanical  devices  for  the  transmission  of  energy  there 
is  some  loss  due  to  friction,  the  eflBciency  of  the  mechanism 
being  the  ratio  of  the  energy  output  to  the  energy  input. 
It  is  well  known  that  the  efficiency  of  a  device  may  be  fairly 
high  when  transmitting  energy  in  one  direction  and  yet  quite 
low  when  operating  inversely.  For  instance,  a  small  pinion 
driving  a  large  gear  is  somewhat  more  efficient  than  the  same 
gear  driving  the  pinion.  A  screw  jack  is  a  reasonably  efficient 
means  of  raising  a  load,  but  the  load  acting  agai-nst  the  screw 
is  unable  to  turn  it,  for  the  efficiency  in  the  reverse  direction 
is  negative,  that  is,  less  than  zero.  The  ordinary  non-over- 
hauling worm  drive,  frequently  used  for  hoisting  purposes, 
and  various  other  so-called  self-locking  mechanisms  are  de- 
signed upon  this  principle  of  negative  efficiency  for  reverse 
operation.  While  there  is  considerable  literature  on  the  sub- 
ject of  worm-gearing  and  its  efficiency,  the  worm  is  invariably 
treated  as  the  driver.  It  is  the  object  of  the  present  article 
to  present  a  simple  graphic  method  for  determining  the  effi- 
ciency of  such  drives,  with  either  the  worm  or  the  worm-wheel 
the  driver,  giving  formulas  and  curves  that  are  based  on  the 
graphic  analysis 
of  the  various 
forces   involved. 

Worm  and  Wheel 

with  Worm  the 

Driver 

Referring  to 
Fig.  1,  triangle 
AB  C  represents 
the  worm  in  static 
equilibrium,  while 
triangle  CBI  rep- 
resents a  similar 
state  for  the 
worm-wheel. 
P(  =  AB)  repre- 
sents the  rotative 
force  acting  at  the 
pitch  diameter  of 
the  worm,  that  is, 
the  driving  force; 
T(-=CB)  is  the 
component    of    P 

that  acts  normal  to  the  worm-wheel  teeth;  R{^  AC)  is  the 
component  of  P  that  acts  against  the  thrust  washers;  F(=1B) 
is  the  component  of  T  that  acts  as  a  tangential  effort  on  the 
worm-wheel  teeth;  H(=CI)  is  the  component  of  T  that  acts 
on  the  worm-wheel  hub. 

When  in  motion,  in  order  that  the  surfaces  may  slide  upon 
each  other,  the  forces  acting  on  these  surfaces  make  an  angle 
with  the  normal  such  that  the  tangent  of  the  angle  is  equal  to 
the  coefficient  of  friction.  Triangle  ABD  represents  the  forces 
acting  on  the  worm,  and  triangle  DBG  those  acting  on  the 
worm-wheel  when  in  motion.  t{^DB)  is  the  tooth  load; 
r(=  AD),  the  force  on  the  thrust  bearing;  h(^DG),  the  force 
on  the  worm-wheel  hub;  and  /(=  GB)  is  the  effective  tangen- 
tial force  on  the  worm-wheel  teeth. 

As  F  is  the  force  on  the  worm-wheel  teeth  necessary  for 
static  equilibrium  if  there  were  no  friction,  and  /  is  the  ef- 
fective effort  taking  into  account  the  friction,  the  efficiency  E„ 
mav  be  expressed  as: 

/ 
E,  =  —  (1) 

F 

The  sub  letter  p  designates  the  force  P  at  the  worm  as  the 
driving  force. 

In   laying   out  the   resolution   of  forces,   the  angles   in  the 


diagram  are  made  such  that  their  frictional  components  are 
reduced  to  their  equivalent  values  at  the  pitch  line. 
Let   C't2  ^  coefficient  of  friction  at  teeth; 

Ct2  =  coefficient  of  friction  at  thrust  bearing; 
Ch2  =  coefficient  of  friction  at  hub  of  wheel; 
C'l  =  effective  value  of  Ot^  at  pitch  line; 
Cr  =  effective  value  of  Cn  at  pitch  line; 
Ci,  —  effective  value  of  Ci.j  at  pitch  line; 
at  =  effective  value  of  angle  a,„  at  the  pitch  line; 
ar  =  effective  value  of  angle  a^^  at  the  pitch  line; 
ai,  =  effective  value  of  angle  ai,,  at  the  pitch  line; 
The  effective  values  are: 

Dr;. 

Tan  Or  =  Cr  =  Cr, (2) 

D, 

Tanah  =  Ch  =  Ch2 (3) 

D, 
Ctj  acts  directly  at  the  pitch  line;  hence: 

Ct  =  Ct2,  at  =  at2.  and  tan  at  =  Ct2  =  Ct  (4> 

For  Drj,  Dp,  Z)b2  and  Dt,  see  Fig.  1. 


FULL  LINES  SHOW  FRICTIONLESS  FORCES 
DOTTED  LINES  SHOW  FORCES  INCLUDING  FRICTION 


MnrJiinfry 


Fig.   1.     Forces  acting  on  Worm  and  Worm-wheel  when  Worm  is  Driver 


'Address:  4157  N.  9th  St.,  Philadelphia,   Pa. 


Limiting:  Con-     ' 
ditions 

An  inspection  of 
Fig.  1  will  show 
that  as  angle  /3 
becomes  smaller, 
the  theoretical 
force  F  increases 
much  more  rapid- 
ly than  the  effec- 
tive force  /,  re- 
sulting in  low  ef- 
ficiency. When 
P  =  0,  F  is  in- 
finite, while  /  has 
a  measurable 
value,  and,  conse- 
quently, the  effi- 
ciency is  zero. 
This  is  one  limit 
of  the  efficiency 
curve.  For  large 
values  of  angle  p 
the  effective  force  /  decreases  rapidly,  again  resulting  in  low 
efficiency.  When  angle  JDG  =  angle  JDB,  line  DG  coincides 
with  line  DB,  /  =  0,  and  the  efficiency  is  zero.  From  the  geom- 
etry of  the  figure  it  can  be  seen  that  this  condition  will  exist 
when  /3  +  at  -f-  Oh  =  90  degrees.    The  maximum  value  of  the 

angle  /3  is  then: 

/3m.,  =  90  — at  — Oh  (5) 

For  values  of  /3  equal  to  or  greater  than  this  the  worm 
cannot  drive  the  worm-wheel;  this  is  the  limiting  condition 
for  steep-angle  worms.  It  is  interesting  to  note  that  angle  a, 
does  not  appear  in  Formula  (5).  An  inspection  of  the  dia- 
gram will  show  that,  as  or  increases,  the  value  of  /,  and  con- 
sequently the  efficiency,  decreases;  but  while  /  decreases,  it 
will  not  actually  become  zero  until  or  becomes  90  degrees. 
The  significance  of  this  is  that,  however  great  may  be  the 
friction  of  the  thrust  bearing,  the  device  will  not  lock  from 
this  cause  alone  unless  it  actually  seizes.  A  roller  or  ball 
thrust  bearing  for  the  worm  will  increase  the  efficiency  of  a 
drive  that  is  operative,  but  it  will  not  prevent  a  quick  angle 
worm  that  locked  from  doing  so;  the  cure  for  this  is  a  re- 
duction of  the  friction  on  the  teeth  and  on  the  worm-wheel  hub. 
Formulas  for  Efficiency  with  Worm  the  Driver 

For  purposes  of  analysis  or  comparison  with  other  data,  the 
results  of  the  foregoing  graphic  method  may  be  expressed  by 
formulas.    In  Fig.  2,  P  is  the  load  applied  at  the  pitch  line  of 
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Fig.  2.    Diagram  used  in  doveloping  Formulas 
for  Efflcioncy  when  Worm   is  Driver 


the  worm,  BC  Is  the 
tooth  load,  and  I}J 
its  tangential  com- 
ponent on  the  worm- 
wheel  If  frictionless. 
Considering  the  fric- 
tion of  the  teeth  only, 
lifj  is  the  tooth  load 
and  BM  =  ft  is  the 
effective  tangential 
component.  From  the 
geometry  of  the  flg- 
P 

ure,  /t  = 

tan  (/3  -I- at) 


/>,■., 


P  [1— tan  (^  +  a,)  tan  Oh] 


tan  /3 


(6) 


and  F  = ,  from  which  the  efficiency  is: 

/t  tan  /3 

£pt  =  —  = 

F      tan(^  +  at) 

From  general  trigonometric  formulas: 

tan  /3  +  tan  at 

Tan(/3-Ha,)=  

1  —  tan  ^  tan  at 
Also,  from  Formula  (4),  tan  at  =  Ct.    Substituting  in  For- 
mula (6)  gives: 

tan/3  (1  —  Ct  tan^) 
£pt  = ' (7) 


tan  /3  -f  Ct 


This  formula  is 
identical  with  the 
formula  given  by 
Prof.  Barr;  it  in- 
cludes the  tooth 
friction  only.^ 
Taking  into  ac- 
count the  friction 
of  the  worm 
thrust  bearing 
also,  the  tooth 
load  is  BD  and 
its  effective  com- 
ponent is  BJ  =  /tr. 

As  BK=JD  =  /tr 
tan  (i3  +  at),  KA 

=        /tr        tan        Or, 

P 

— ,  and 


F   = 


tan  /3 

BK   -f   KA, 
P 


/,r: 


tan  (;3  +  at)  +  tan  ar 

/tr 
^ptr  ^ = 

F 


Fig.   3.     Forces  acting  on  Worm  and  Worm-wheel  when  Wheel  is  Driver 

The  efficiency  is  then: 
tan^ 


-  (8) 

tan  (/3  +  at)  +  tanar 
Substituting  the  value  of  tan  (/3  +  ot)  previously  given,  to- 
gether with  tan  at  =  Ct  and  tan  ar  =  Cr,  this  reduces  to: 
tan^  (1  — Ct  tan;8) 

Sptr= (9) 

tan  /3  +  Ct  +  Cr  —  Ct  Cr  tan  /3 
If  the  friction  on  the  thrust  bearing  is  equal  to  the  friction 
on  the  teeth,  Cr  =  Ct;   and  if  the  term  CtCr  tan  /3,  which  is 
small,  is  dropped.  Formula   (9)  becomes: 

tan/3  (1  — Cttan^) 

Bptr= (10) 

tan  /3  +  2Ct 
This  formula  agrees  with  that  given  by  Prof.  Barr  for  sim- 
ilar conditions.  Taking  into  account  the  friction  of  the  teeth, 
of  the  thrust  bearing,  and  of  the  worm-wheel  hub,  the  tooth 
load,  as  before,  is  represented  by  BD.  The  effective  tangential 
component  is  no^  BG  =  /trh.  From  the  geometry  of  the  con- 
struction, JD  =  BK  =  /tr  tan  (/3  +  a,)  and  JG  =  JD  tan  ai,. 
Substituting  the  value  of  JD,  JG  =  /tr  tan  (/3  +  at)  tan  ai,. 
Then  /tn,  =  /tr  —  JG  =  /tr  [1  —  tan  (/3  -|-  at)  tan  a^].  Sub- 
stituting the  value  of  /tr  previously  developed  gives: 


^Por  simplicity's  sake,  the  fact  that  the  teeth  may  be  of  the  15-  or  20- 
dcgrce  involute  form  is  in  all  cases  neglected;  the  treatment  is  as  though 
the  faces  of  the  worm  teeth  were  radial.  The  error  involved  is  small  as  far 
as  efficiency  is  concerned. 


tan  (/3  +  at)  +  tan  ar 
The  value  of  F  being  as  previously  given,  the  efficiency  is: 

/trh        tan /3  [1— tan  (/3  +  at)  tana,,] 

y.;„tr.,  = = (11) 

F  tan  (/3  +  ot)  +  tanar 

If  the  trigonometric  value  of  tan  (/3  +  at)  is  substituted,  to- 
gether with  the  values  tan  Or  =  Cr  and  tan  o,,  =  Ci.,  this  becomes: 
1  —  Ct  tan  /?  —  Ci,  tan  /3  —  C.,Ct 

/7|,,ri,  =  tan/3 (12) 

tan  /3  +  Ct  +  Cr  —  CrCt  tan  /3 

Worm  and  Wheel  with  Wheel  the  Driver 
The  foregoing  is  for  the  usual  condition;  that  is,  when  the 
worm  is  the  driver.  When  the  worm-wheel  is  the  driver,  fric- 
tion is  opposing  action  in  the  other  direction,  the  forces  being 
as  indicated  In  Fig.  3.  For  the  theoretical,  frictionless  drive, 
F(=7B)  is  the  rotative  force  acting  at  the  pitch  diameter  of 
the  worm-wheel,  that  is,  the  driving  force;  E(=  IC)  is  the  com- 
ponent of  F  that  acts  on  the  worm-wheel  hub;  T(=CB)  is  the 
component  of  F  that  acts  normal  to  the  worm  teeth;  iJ(=  CA) 
is  the  component  of  T  that  acts  against  the  worm  thrust  wash- 
ers; P(=AB)  is  the  component  of  T  that  acts  as  the  tangen- 
tial effort  on  the  worm. 

Taking  into  account  the  friction:  h(=ID)  is  the  force  on 
the  worm-wheel  hub;  t(=DB),  the  tooth  load;  r(—DG),  the 
force  on  the  worm  thrust  washers;  p(=  OB),  the  effective  tan- 
gential force  at  the  pitch  diameter  of  the  worm. 

The  efficiency  £t, 
when  the  worm- 
wheel  is  the 
driver,  is: 

P 

Et  =  —  (13) 

P 

Limiting  Condi- 
tions 

As  angle  /3  ap- 
proaches a  right 
angle,  the  theo- 
retical force  P  in- 
creases  much 
more  rapidly  than 
the  effective  force 
p,  and  hence  the 
efficiency  falls,  be- 
coming zero  when 
^  =  90  degrees. 
For  small  values 
of  angle  /3,  the  effective  force  p  decreases  rapidly,  becoming 
zero  when  angle  JDG  =  angle  JOB.  From  Fig.  3  it  can  be 
seen  that  JDG  =  ar  and  JDB  =  DBI  =  /3  —  at.  Then  p  =  0 
when  ar  =  /3  —  at ;  or  the  worm  cannot  be  driven  through  the 
worm-wheel  if  /3  is  equal  to  or  less  than: 

/3ml„  =  ar  +  at  (14) 

In  hoisting  work  or  similar  service,  when  the  worm  is  the 
driver  and  it  is  desired  that  the  load  will  not  overhaul,  that 
is,  that  it  cannot  drive  the  worm  through  the  worm-vwheel,  the 
lowest  possible  values  of  ar  and  at  are  used  in  Formula  (14) 
to  determine  the  maximum  safe  value  of  /3  for  a  non- 
overhauling  drive. 

Formulas  for  Efficiency  with  W^orm-wheel  the  Driver 
Formulas  for 
the  efficiency 
may  now  be  de- 
veloped to  ex- 
press the  results 
of  the  foregoing 
graphic  method. 
Referring  to  Fig. 
4,  75  =  F  is  the 
driving  force  ap- 
plied tangential- 
ly  at  the  worm- 
wheel   teeth. 


FULL  LINES  SHOW  FRICTIONLESS  FORCES 

DOTTED  LINES  SHOW   FORCES  INCLUDING  FRICTION 
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Fig.   5.     Efficiency  of  'Worin-gearing  for  Various  Helix  Angles 

Neglecting  friction,  CB  is  the  normal  tooth  load  and  AB  =  P 
is  its  component  acting  tangentially  to  the  pitch  diameter  of  the 
worm.  Considering  the  friction  on  the  teeth  only,  tlB  is  the 
tooth  load  and  QB  =  pt  is  the  effective  tangential  component. 
Then  P  =  F  tan  j3,  pt  =  F  tan  (,8  —  at),  and  the  efficiency  is: 
Pt        tan  (;3  —  at) 

A'ft=  — = .  (15) 

P  tan/3 

tan  /3  —  tan  at 


From  trigonometric  formulas,  tan  (/J  —  ot) 

1  +  tanj3  tanat 
also  tan  at  =  Ot;  hence  Formula  (15)  may  be  expressed  thus: 
tan  /3  —  Ct 

£n  = (16) 

tan/3  (1  +  Cttan;8) 
Considering  now  the  friction  of  the  worm  thrust  bearing 
as  well  as  the  tooth  friction,  in  Fig.  4,  VB  is  the  tooth  load 
and  8B  =  ptr  is  the  effective  tangential  force  developed  at  the 
worm.  QS  =  F  tan  or,  ptr  =  pt  —  Q8.  Substituting  values  of 
Pt  and  QS,  ptr  =  F  tan  (;8  —  at)  —  F  tan  or  =  F  [tan  (/3  — at) 
—  tan  Or],  and  the  efficiency  is: 

Ptr         tan  (/3  — at)  —  Cr 

Fnr  = = •  (17) 

P  tan/3 

Substituting  in  this  the  trigonometric  value  of  tan  (/3  —  at) 
previously  given,  together  with  tan  at  =  Ct,  Formula  (17) 
becomes: 

tan  |3  —  Ct  —  Cr  —  CtCr  tan  /3 

F,tr  =  (18) 

tan/3  (1  +  Ct  tanjS) 

If  the  term  CtCr  tan  p,  which  is  small,  is  dropped  and  Cr  is 
taken  to  equal  Ct,  as  an  approximate  formula: 
tan  /3  —  2Ct 

Fff= (19) 

tan  (3  (1  +  Cttan/3) 

If  the  friction  on  the  face  of  the  worm-wheel  hub  is  now 
taken  into  account,  as  well  as  the  tooth  and  thrust  bearing 
friction,  in  Fig.  4,  the  line  DB  represents  the  tooth  load  and 
GB  =  ptrh  is  the  effective  tangential  force  at  the  pitch  diameter 

DK 

of  the  worm.    Then  JD  =  BK  = ,  KI  =  DK  tan  a,,, 

tan  (j3  —  at) 

Ftan  (/3  — at) 

and  F  =  BK  +  KI,  from  which  DK  =  . 

1  +  tan  ((3  • —  at )  tan  at, 
Substituting  this  in  the  formula  for  JD  gives: 

F 

JD  = 

1  +  tan  (/3  —  at )  tan  an 
F  tan  ar 

Now  JG  =  JD  tan  ar  = 

1  +  tan  (/3  —  at)  tan  an 
GB  =  JB  —  JG  =  DK  —  JG.    Substituting  the  values  of  DK 
and  JG,  this  becomes: 


But  Ptrh    = 


F  [tan  (^  —  at)  —  tan  ar] 


Pi 


1  +  tan  (jS  —  at)  tan  at, 
If  frictionless,  the  tangential  force  at  the  worm  is  P  =  F 


tan  /3;  the  efficiency  is  then  Fttn,  = 


Ptrh 


Substituting  in  this 


the  values  of  ptrh  and  of  P,  together  with  the  relations  tan 
Oh  =  Ch  and  tan  ar  =  Cr,  gives: 

tan  (/3  — at)  —  Cr 

£ftrh  =  (20) 

tan /3  [1  +  Ch  tan  (/3  —  at )  ] 


Expanding  this  formula  by  substituting  for  tan  (/3  —  at)  its 
tan^  —  tan  at 
trigonometric  value  ,  it  becomes: 


Fftrh  =  ■ 


1  +  tan/3  tan  ot 

tan  ^  —  Ct  —  Cr  —  CrCt  tan  ;3 


(21) 


tan/3  (1  +  Cttan;3  +  Ch  tan /3  —  ChCt ) 
For  the  usual  proportions,  the  terms  CrCt  tan  /3  and  ChCt 
will  be.  small.    Dropping  these,  the  formula  becomes: 
tan  /3  —  Ct  —  Cr 

FiMh  = (22) 

tan  ,3  (1  +  Ct  tan  ^  +  Ch  tan  /3) 

Worm-gear  Efficiency  Curves 

In  order  to  represent  more  clearly  the  relation  between  the 
helix  angle  and  the  efficiency,  for  both  forward  and  reverse 
drives,  a  series  of  diagrams  like  Figs.  1  and  3  may  be  laid  oiit 
for  various  values  of  /3  and  the  results  plotted  as  a  curve.  If 
in  Fig.  1  we  choose  some  convenient  scale  and  make  F  =  1, 
then  /  =  efficiency.  Similarly  in  Fig.  3,  if  P  =  1,  then 
p  =  efficiency.  A  number  of  such  diagrams  were  laid 
out,  with  a  coefficient  of  friction  Ctj  =  Crs  =  Chj  =  0.1,  for 
heavy,  slow-speed  work,  assuming  ratios  DtJD^  =  0.6  and 
Dh~/Df2  =  0.2.  The  plotted  results  are  shown  in  Fig.  5,  where 
curve  ABC  shows  the  efficiency  when  the  worm  is  the  driver, 
while  curve  DBF  shows  the  efficiency  when  the  worm-wheel  is 
the  driver.  These  curves  are  intended  more  to  illustrate  the 
general  law  of  variation  than  the  actual  efficiency  for  any 
specific  case,  the  latter  being  readily  determined  for  the  actual 
quantities  involved  by  the  methods  previously  given. 

It  will  be  noted  that  both  curves  are  comparatively  flat  for 
a  considerable^  distance  on  each  side  of  the  point  of  maximum 
efficiency.  Owing  to  this  peculiarity,  there  is  little  choice  in 
efficiency  for  angles  between  30  and  58  degrees  when  the  worm 
is  the  driver,  or  between  40  and  66  degrees  when  the  wheel 
is  the  driver.  The  limiting  conditions  are  brought  out  clearly. 
The  forward  drive  point  A  on  the  curve  represents  the  helix 
angle  ^  =  0;  and  since  there  is  then  no  motion  transmitted, 
there  is  no  useful  work  done;  hence  the  efficiency  Ep  =  0.  At 
point  C,  the  angle  is  so  steep  that  the  werm  locks  and  cannot 
drive  the  wheel;  hence  the  efficiency  is  zero. 

For  the  reverse  drive,  that  is,  the  wheel  driving  the  worm, 
at  point  F  the  helix  angle  is  90  degrees,  the  worm-wheel  teeth 
are  at  right  angles  to  its  axis,  the  worm  has  become  a  spur 
gear  and  no  motion  is  transmitted;  hence  no  useful  work  is 
done  and  the  efficiency  becomes  zero.  At  point  D  the  helix 
angle  is  so  flat  that  the  wheel  cannot  drive  the  worm,  and  the 
efficiency  is  therefore  zero.  This  is  the  case  of  a  non- 
overhauling  worm  drive.  It  will  be  noticed  that  for  the  angle  /S 
corresponding  to  this  point  D,  the  efficiency  of  the  forward 
drive,  as  given  by  curve  AB,  is  approximately  50  per  cent.  This 
is,  then,  the  maximum  efficiency  for  a  non-overhauling  worm 
of  the  particular  proportions  and  friction  coefficients  for  which 
the  curves  are  drawn.  In  practice,  designers  make  the  angle 
somewhat  less  than  this  to  provide  some  margin  of  safety 
against  overhauling;  hence  the  efficiency  is  further  reduced. 
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Efficiency  of  Non-overhaulliiHr  Worms 
In  the  foregoing  the  efficiency  of  a  non-overhauling  worm  of 
specific  proportions  and  friction  coefficients  was  shown  to  be 
approximately  50  per  cent.  It  will  be  of  interest  to  deduce  a 
general  formula  that  will  give  this  maximum  efficiency  di- 
rectly from  the  various  values  involved.  The  friction  on  the 
worm-wheel  hub  is  small  when  angles  ji  are  sufficiently  flat  to 
be  non-overhauling  and  may  be  neglected.  The  maximum 
value  of  the  helix  angle  p  for  non-overhauling  is  given  by  For- 
mula (14)  as  ;8  =  ar  +  ot,  and  since  the  efficiency  increases 
with  an  increase  in  the  angle  on  this  part  of  the  curve,  the 
efficiency  for  this  condition  will  be  a  maximum  when  this  max- 
imum value  of  the  angle  is  used.  Substituting  this  value  of  (i 
in  Formula  (8)  gives  for  the  maximum  efficiency  of  a  forward 
drive  that  is  non-overhauling  the  expression: 
tan  (ar  +  Ot) 

£„  = (23) 

tan  (ar  +  2at)  +  Cr 

From  Formulas  (2)  and  (4),  tan  ar  =  Cr  and  tan  at  =  Ct. 

Or  4-  Ct 

Then  from  trigonometric  formulas:  tan  (ar  -f  at)  = 

1  — OrC 

Or  —  CrCt'  +  2C, 


and  tan  (or  +  2at)  = 


Cr  +  tan2ot 
I  — Crtan2at 


1  — Ct 


■2CrC. 


-<A 
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Figr.  7.     Forces  acting:  on  Spur  Gear 

Substituting  these   values   in  Formula    (23)    and   reducing 
gives  the  expression: 

Cr  -f  Ct  —  3  CrCt'  —  2  Cr'Ct  —  Ct' 


En=- 


(24) 

2  Cr  +  2  Ct  —  4  CrCt'—  4  Cr'Ct  -f  2  Cr'Ct"  +  2  Cr'Ct' 

When  the  tooth  friction  is  small,  as  in  well  cut  worm-gears 
with  an  oil  bath,  the  friction  of  the  thrust  bearing  becomes  an 
important  item  in  preventing  the  drive  from  overhauling.  If 
the  friction  of  this  bearing  is  increased,  for  instance,  by  in- 
creasing its  mean  diameter,  the  helix  angle  p  may  be  increased, 
causing  a  decrease  in  tooth  friction  that  will  nearly  com- 
pensate for  the  increase  in  bearing  friction.  This  is  ad- 
visable, since  it  .decreases  the  wear  on  the  teeth,  the  extra 
wear  occurring  on  the  bearing,  which  is  cheaper  to  replace. 
This  peculiarity  is  clearly  shown  in  Fig.  6,  which  shows  four 
curves  plotted  from  values  calculated  by  Formula  (24).  The 
upper  line  for  the  tooth  friction  Ct  =  0  shows  the  efficiency 
to  have  a  constant  value  of  50  per  cent,  irrespective  of  the 
amount  of  friction  on  the  thrust  bearing.  With  this  value  of 
Ct,  the  helix  angle  is  (3  =  or  or  tan  /3  =  Cr.    For  Ct  =  0.1  the 


curve  i.s  also  very  flat,  there  being  but  a  slight  decrease  in 
efficiency  when  the  thrust  bearing  friction  Or  is  as  great  as 
ten  times  the  tooth  friction  Ci.  Even  for  the  comparatively 
high  coefficient  of  tooth  friction  Ct  =  0.2,  the  curve  is  quite  flat. 
It  thus  appears  that  it  is  poor  economy  to  use  roller  or  ball 
bearings  on  worms  that  are  required  to  be  non-overhauling, 
since  their  use  would  increase  the  efficiency  but  little  and 
compel  the  use  of  a  flat  helix  angle,  which  means  low  efficiency 
of  tooth  action  and,  hence,  rapid  wear,  unless  the  gears  are 
quite  large  for  the  power  transmitted.  The  most  striking  fea- 
ture about  a  non-overhauling  drive  of  this  nature  is,  however, 
its  low  efficiency,  which  cannot  be  over  50  per  cent  .and  may  be 
considerably  less  if  the  helix  angle  is  made  much  flatter  than 
its  maximum  value.  By  arranging  a  simple  automatic  brake 
to  make  the  device  non-overhauling  and  using  a  quick-pitch 
worm,  an  efficiency  of  75  per  cent  may  readily  be  obtained  and 
the  drive  will  have  a  longer  life. . 

Spur  Gear  Efficiency.  Pinion  versus  Gear  as  Driver 
As  a  sequel  to  the  foregoing  the  spur  gear  problem  is  treated 
in  a  somewhat  similar  manner.  It  is  quite  generally  believed 
that,  with  a  set  of  spur  gears,  if  the  smaller  gear  of  the  pair 
is  the  driver,  the  efficiency  is  higher  than  when  the  larger 
gear  is  the  driver;  that  is,  that  the  efficiency  for  a  velocity 
reduction  is  higher  than  for  a  velocity  increase.  Stated  an- 
other way,  "gearing  down"  is  more  efficient  than  "gearing  up." 
Just  why  this  should  be  so  is  perhaps  not  so  generally  under- 
stood. It  is  not  the  object  here  to  discuss  the  amount  of  slid- 
ing that  takes  place  between  the  gear  teeth,  the  probable 
amount  by  which  the  friction  on  the  arc  of  approach  exceeds 
that  on  the  arc  of  recess,  or  the  many  other  factors  entering 
into  the  problem  of  tooth  friction  which  are  fraught  with  con- 
siderable uncertainty;  but  to  consider  the  journal  friction  only, 
with  especial  reference  to  the  contrast  between  the  efficiencies 
for  forward  or  reverse'  drives. 
Referring  to  Fig.  7: 

r  =  pitch  radius  of  driver; 
jB  =  pitch  radius  of  follower; 
J  =  journal  radius  for  driver; 
J  =  journal  radius  for  follower. 
Consider  AB  as  the  line  of  action,  passing  through  the  point 
of  tooth  contact  C  and  making  an  angle  o  (known  as  the  angle 
of  obliquity)  with  the  tangent  line  DE.    If  the  teeth  were  fric- 
tionless,  a  line  representing  the  forces  acting  upon  the  teeth 
would  coincide  with  this  line  of  action.    However,  in  addition 
to  the  rolling  of  the  teeth  upon  each  other,  more  or  less  slid- 
ing takes  place,  and  in  order  to  make  line  AB  represent  ap- 
proximately the  correct  direction  of  the  forces  acting  on  the 
bearings,   angle  a  must  be  taken  greater  than   the   angle   of 
obliquity.     If  K  is  the  coefficient  of  tooth  friction,  a  is  the 
angle  of  tooth  obliquity  plus  an  angle  having  K  as  its  tangent. 
The  tooth  load  P,  acting  along  line  AB,  has  its  equal  and 
opposite  reactions  at  the  bearings.     In  order  for  sliding  to 
occur,  these  reactions  do  not  pass  through  the  center  of  the 
journals,  but,  as  indicated  by  OH,  make  an  angle  ^  with  the 
normal  line  HK  such  that  tangent  ^  =  coefficient  of  journal 
friction.    In  the  figure,  /  and  F  represent  the  amount  the  forces 
pass  to  one  side  of  the  journal  center  and  may  be  termed  the 
frictional  lever  arms  of  the  journals.     If  C  =  coefficient  of 
journal  friction,  tan  /3  =  C,  /  =  ;  sin  jS,  and  F  =  J  sin  (3.    But 
for  small  angles  the  sine  and  tangent  are  about  equal,  hence: 
f  =  iG  (25)  F  =  JG  (26) 

The  lever  arm  of  the  driver,  including  friction,  is  then: 

?  +  /  =  rcosa +;C  (27) 

The  similar  lever  arm  of  the  follower  is: 

L  —  F  =  Rcosa  —  JC  (28) 

Let  t  be  the  torque  expended  at  driver  and  T  the  torque  de- 
veloped at  follower;  then: 

L  —  F  R  cos  a  — JC 

T  =  t =  t (29) 

I  +/  r  cos  a  -f  jC 

If  the  drive  were  frictionless,  the  torque  developed  would  be: 

R 

Ttbeo  =  t—  (30) 

r 
The  efficiency,  being  the  actual  torque  divided  by  the  theo- 
retical torque,  is  then: 
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RCOS  a  —  JC 


r  cos  a  +  jC 


X  — 

R 


COS  a 

J 

0 

R 

cos  a 

+ 

i 

(31) 


For  a  given  angle  of  obliquity  and  coefficient  of  friction, 
cos  a 

=  constant.     If  the  diameter  of  the  journals  were  pro- 

C 

J 
portional  to  the  diameter  of  the  gears,  that  is,  if  —  =  constant 

R 


and 


; 


=  constant,  according  to  Formula   (31),  the  efficiency 


would  be  constant  irrespective  of  the  relative  sizes  of  the 
driver  and  follower,  that  is,  irrespective  of  the  gear  ratio  and 
of  whether  it  was  a  velocity  increase  or  a  velocity  decrease. 
But  the  diameter  of  the  journals  cannot  be  said  to  bear  any 
such  constant  ratio  to  the  diameter  of  the  gears;  and  while 
no  specific  rule  can  be  established,  each  peculiar  case  being  a 
law  unto  itself  in  this  respect,  we  can  generalize  to  a  certain 
extent. 

Any  general  analysis  intended  to  illustrate  how  the  efficiency 
varies  for  various  gear  ratios,  when  driving  forward  or  back- 
ward, must  be  based  upon  some  assumed  proportions  and  con- 
stants, or  else  be  exceedingly  complex.  It  is  here  assumed 
that  the  two  sets  of  journals  are  of  equal  size  and  that  the 
gear  centers  are  constant,  which  makes  the  size  of  both  gears 
vary  for  a  varying  gear  ratio;  also  a  high  coefficient  of  friction 
suitable  for  slow-speed,  heavy-duty  work  is  chosen. 

Assuming  the  gear  centers  to  be  24  inches,  that  is,  iJ  +  r 
=  24;   the  journals  to  be  3  inches  in  diameter,  ;  =  J  =  1.5; 
taking  angle  o  =  14.5  +  5.5  =  20  degrees;  and  the  coefficient 
of  friction  C  =  0.1,  by  substitution  in  Formula  (31): 
COS20        1.5  1.5 

9.4 

0.1           R                     R 
E  = = (32) 


COS  20 


1.5 


1.5 


0.1 


+ 


9.4  + 


This  is  an  empirical  formula  for  the  journal  efficiency  cor- 
responding to  the  specific  assumed  conditions.  Values  of  R 
and  r  for  various  gear  ratios  were  inserted  in' Formula  (32) 
and  the  efficiencies  calculated.  The  results  for  ratios  from 
1  to  20  are  plotted  in  Fig.  8.  The  upper  curve  gives  the  effi- 
ciencies when  the  smaller  gear  of  the  pair  is  the  driver,  the 
velocity  ratios  for  this  curve  being  velocity  reductions.  The 
lower  curve  is  for  the  efficiency  when  the  larger  gear  of  the 
pair  Is  the  driver,  that  is,  for  a  velocity  increase.  This  lower 
curve  thus  represents  the  reverse  drive  if  the  upper  curve  is 
considered  the  forward  drive. 

Limiting-  Conditions 
It  is  not  practicable  to  secure  excessive  velocity  reductions 
with  one  pair  of  spur  gears,  as  the  pinion  becomes  too  small 
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Fig.  9. 


Reverse  Efficiency  of  Spur  Gears  Same  as  Fig.  8  but  with  Curves 
extended 


Fig.  8,     Be  verse  Efficiency  of  Spur  Gears,  Bearing  Friction  only  considered 


for  strength  or  the  gear  too  large  for  convenience.  With  a 
given  journal  diameter  and  center  distance,  the  smaller  the 
pinion  the  less  is  the  efficiency.  The  theoretical  limit  is 
reached  when  the  radius  r  of  the  driver  is  zero.  The  velocity 
reduction  is  then  infinite,  there  is  consequently  no  motion 
transmitted,  no  useful  work  is  done,  £lnd  the  efficiency  becomes 
zero.  The  practical  limit  of  velocity  reduction  depends  en- 
tirely on  specific  conditions,  but  is  seldom  more  than  10  to  1. 
For  a  velocity  increase,  the  theoretical  limit  is  reached  when 
the  lever  arm  of  the  driven  gear  has  been  reduced  until  it  is 
equal  to  the  journal  frictional  lever  arm,  that  is,  when  L  =  F. 
This  would  be  when  AB,  Fig.  7,  coincides  with  MA'.  The  gears 
would  lock  because  the  tooth  load  would  be  sustained  by  the 
journal  without  developing  any  torque,  since  the  applied  force 
would  have  no  effective  lever  arm.  This  would  be  a  case  of  a 
non-overhauling  drive.  Expressed  as  a  formula,  the  minimum 
radius  of  the  driven  gear  is: 

JC 
i?„,„= (33) 

cos  a 

In  Fig.  9  curves  for  the  specific  proportions  represented  by 
Formula  (32)  have  been  carried  out  to  show  this  theoretical 
limiting  condition,  which  is  indicated  by  the  lower  curve  cut- 
ting the  zero  line  at  a  velocity  ratio  of  about  149.4  to  1.  It 
will  be  noted  that  for  the  same  ratio  of  velocity  decrease  the 
upper  curve  shows  an  efficiency  of  approximately  50  per  cent. 

In  the  case  of  worm-gears,  it  was  shown  that  the  maximum 
efficiency  of  a  non-overhauling  drive  was  50  per  cent.  In  fact, 
it  is  a  rule  applicable  to  a  large  class  of  mechanism  that  when 
the  efficiency  of  a  device  is  50  per  cent  or  less  its  reverse  effi- 
ciency is  zero,  and  it  is  therefore  non-overhauling.  The  most 
notable  exceptions  to  this  rule  are  those  devices  In  which  the 
friction  is  an  exponential  function  of  the  driving  force,  a 
familiar  example  of  which  is  an  automatic  brake. 
Effect  of  Lubrication  on  Friction 

The  foregoing  is  all  predicated  upon  a  constant  coefficient 
of  friction  for  a  specific  case,  so  that  friction  varies  directly 
as  the  load  applied  to  the  rubbing  surfaces.  In  older  text- 
books on  machine  design' this  is  recognized  as  one  of  the  laws 
of  friction.  It  is  now  known  that  this  is  only  true  for  greasy 
or  poorly  lubricated  surfaces. 

Surfaces  that  are  chemically  clean  adhere  to  one  another 
and  present  a  variety  of  phenomena,  depending  on  the  nature 
of  the  materials  and  the  smoothness  of  the  surfaces.  Surfaces 
which  are  slightly  unctuous,  that  is,  not  absolutely  clean,  ap- 
proach the  condition  of  friction  being  proportional  to  pressure. 
When  perfect  lubrication  exists,  there  is  no  actual  contact  of 
the  rubbing  surfaces,  for  the  surfaces  are  separated  by  a  film 
of  lubricant;  in  this  case  the  resistance  to  motion  depends  on 
the  nature  of  the  lubricant.  This  film  of  lubricant  interposed 
between  the  moving  surfaces  is  virtually  at  rest  in  relation  to 
the  surface  where  it  is  in  immediate  contact  with  that  surface, 
and  the  sliding  motion  occurs  between  successive  layers  of  the 
lubricant  itself.  It  is  thus  "being  sheared,"  and  its  shearing 
strength,  which  is  another  way  of  viewing  viscosity,  is  the 
real  measure  of  friction.  This  shearing  resistance  does  not 
increase  directly  as  the  load,  as  does  the  friction  of  slightly 
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greasy  surfaces.  In  fact,  it  may  decrease  slightly  with  an  in- 
crease of  load,  so  that  for  perfect  lubrication  the  friction  in 
nearly  Independent  of  the  load  and  depends  on  the  velocity 
and  the  viscosity  of  the  lubricant. 

Where  there  is  imperfect  lubrication  the  surfaces  are  partly 
separated  by  a  stable  oil  film,  and  at  spots  the  film  is  rup- 
tured or  broken  down  and  contact  occurs.  The  contact  is, 
.  however,  not  between  chemically  clean  surfaces,  so  that  adhe- 
sion does  not  take  place,  although  some  abrasion  may  occur. 
This  case  is  then  somewhere  between  the  laws  governing  per- 
fect lubrication  and  those  usually  applied  (as  in  the  preceding 
discussion)  to  low-speed,  heavy-service  bearings. 

For  high-speed  perfect  lubrication  the  term  coefficient  of 
friction  is  a  misnomer.  The  real  resistance  to  motion  is  in 
the  viscosity  or  shearing  strength  of  the  film  of  lubricant  sepa- 
rating the  surfaces. 

Summary 

The  graphic  methods  of  Pigs.  1  and  3  offer  a  ready  solution 
of  worm-gear  efficiency  problems.  Their  principal  advantage 
over  formulas  is  that  the  individual  influence  of  the  various 
quantities  involved  is  more  apparent.  The  contrast  between 
the  efficiency  for  a  forward  or  reverse  drive  is  clearly  indicated 
by  the  curves  of  Fig.  5.  Somewhat  similar  curves  for  forward 
drives  have  been  published,  but,  so  far  as  known,  this  con- 
trast has  not  been  clearly  pointed  out. 

Formulas  for  efficiency  are  given  for  those  who  prefer  them 
to  the  graphic  method.  For  a  forward  drive,  that  is,  when 
the  worm  is  the  driver.  Formula  (6)  or  (7)  may  be  used,  each 
including  tooth  friction  only;  Formulas  (8),  (9)  and  (10), 
though,  include  tooth  and  thrust  bearing  friction;  and  For- 
mulas (11)  and  (12)  include  tooth,  thrust  bearing,  and  worm- 
wheel  hub  friction.  For  a  reverse  drive,  that  is,  where  the 
worm-wheel  is  the  driver.  Formulas  (15)  and  (16)  may  be 
used,  each  of  which  includes  tooth  friction  only;  Formulas 
(17),  (18)  and  (19),  though,  include  tooth  and  thrust  bearing 
friction;  and  Formulas  (20),  (21)  and  (22)  include  tooth, 
thrust  bearing  and  worm-wheel  hub  friction.  Formulas  (10), 
(19)  and  (22)  are  approximations  only,  and  Formulas  (6),  (8), 
(11),  (15),  (17)  and  (20)  have  the  simplest  forms;  the  others 
given  for  worm-gear  efficiencies  are  expanded  to  take  the  same 
form  as  those  usually  quoted. 

For  non-overhauling  worms,  the  maximum  efficiency  is  given 
by  Formulas  (23)  and  (24)  and  by  the  curves  of  Fig.  6.  For 
this  condition,  the  efficiency  cannot  exceed  50  per  cent,  and 
roller  or  ball  bearings  are  not  generally  desirable,  since  the 
helix  angle  must  be  reduced  to  secure  non-overhauling. 
*     *     * 

TRAINING  CRIPPLED  SOLDIERS 

Every  industrial  country  has  an  army  of  cripples  who  suf- 
fered their  injuries  in  the  pursuit  of  various  trades  and 
activities   incident   to   trade   or   manufacture.     The   war   will 


make  many  more  cripples  and  it  will  bring  before  us  acutely 
the  necessity  of  training  these  men  to  earn  their  living  at  use- 
ful labor.  A  government  bureau  to  promote  the  training  of 
industrial  and  war  cripples  may  result,  which  will  direct  the 
teaching  of  teachers  for  this  work.  At  present  there  is  little 
being  done  systematically  in  this  country  to  teach  cripples  to 
do  work  that  is  useful.  The  blind  have  been  given  some  train- 
ing, but  the  work  should  be  extended  to  include  cripples  of 
all  kinds.  In  this  connection  it  is  of  interest  to  consider  what 
is  being  done  for  the  blind  soldiers  in  P^rance.  Besides  learn- 
ing Braille  in  all  branches,  they  are  taught  typewriting, 
stenography,  commercial  courses,  music,  handicrafts,  model- 
ing, sports,  games,'  etc.  In  fact,  they  are  instructed  in  any 
branch  that  will  enable  their  training  to  be  of  the  greatest 
service  to  themselves  and  to  the  community. 

The  training  of  cripples  should  be  conducted  with  reference 
to  their  previous  training  and  aptitude,  so  that  they  can  con- 
tinue to  carry  on  work  for  which  they  are  best  adapted.  They 
should  be  so  taught  that  their  efficiency  will  be  as  high  or 
nearly  as  high  as  that  of  normal  persons.  Let  us  have  or- 
ganized industrial  training  for  cripples  started  immediately 
in  order  that  when  the  acute  need  for  teachers  is  felt  they  will 
be  available. 

*  *     * 

WEIGHT  OF  IRON  BOLTS  AND  NUTS 

BY   GEORGE  W.  CHILDS' 

By  means  of  the  accompanying  table,  the  weights  of  United 
States  standard  bolts  and  nuts  can  be  readily  found.  For 
example,  the  weight  of  a  1%-inch  bolt  6  inches  long,  with  a 
square  head  and  nut,  is  found  to  be  8.055  pounds.  This  re- 
sult is  obtained  by  multiplying  by  6  the  weight  per  inch  of 
a  1%-lnch  bolt,  or  0.588  pound,  and  adding  to  this  the  weight 
of  the  head,  2.356,  and  the  weight  of  the  nut,  2.171;  thus 
6  X  0.588  -f  2.356  +  2.171  =  8.055  pounds.  In  the  same  way, 
the  weight  of  a  5%-inch  bolt  12  inches  long,  with  a  hexagonal 
head  and  nut,  is  found  to  be  6.732  X  12  +  71.22  +  60.413  = 
212.417  pounds. 

*  *     * 

Researches  by  the  United  States  Coast  and  Geodetic  Survey 
prove  conclusively  that  the  mountains  (at  least  in  the  United 
States)  are  not  held  up  above  the  surface  of  the  sea  by  the 
rigidity  or  strength  of  the  earth's  materials,  but  by  the  fact 
that  underneath  them  the  materials  (in  the  outer  portion  of 
the  earth)  are  lighter  than  normal.  The  higher  the  mountain 
or  plateau,  the  lighter  is  the  material  underneath  it,  which 
extends  down  to  a  depth  of  about  60  miles.  On  the  other  hand, 
the  bottom  of  the  ocean  is  depressed  because  the  material  un- 
derneath it,  to  a  depth  of  about  60  miles  below  sea  level.  Is 
heavier  than  normal.  The  normal  condition  may  be  considered 
that  which  obtains  in  the  large  river  valleys  and  under  the 
coastal  plains. 
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WEIGHT  OF  IRON 

BOLTS  AND  NUTS 

Diameter 

rfBoIt, 

Inch 

Weight,    Pounds 

Diameter 
of  Bolt. 
Inches 

Weight,    Pounds                                               1 

Bolt  per 
Inch 

Square 
He^d 

'  Square 

Nut 

Hexagonal 
Head 

Hexagonal 

Nut 

0.012 

Bolt  per 
Inch 

Square 
Bead 

Square 

Nut 

Hexagonal 
Head 

Hexagonal 

Nut 

i 

0.014 

0.018 
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MULTI-MACHINING  IN  PRODUCTION  QUANTITIES 


JIGGING  THE  WORK  ON  MULTIPLE-SPINDLE  DRILLING  MACHINES 

BY  A.   E.   CARLE  ' 


IN  multiple  drilling,  reaming,  countersinking,  counterboring, 
or  end-milling  pieces  in  production  quantities,  using  stand- 
ard multiple-spindle  drilling  machines,  the  method  of  jig- 
ging the  piece  is  of  considerable  importance.  Consider  setting 
up  for  the  drilling  and  reaming  of  six  %-inch  holes  in  the 
flange  of  the  inner  hub  of  a  wire  wheel  for  an  automobile.  The 
holes  are  drilled  and  reamed,  with  a  0.003-inch  tolerance,  on  a 
bolt  circle  of  approximately  six  inches. 

The  first  and  most  simple  method  is  to  place  the  piece  in  a 
suitable  jig  and  use  individual  slip  bushings  so  that  after  the 
holes  are  drilled,  the  bushings  can  be  replaced  with  reamer- 
size  bushings,  the  jig  moved  under  the  reamers,  and  the  holes 
machined.  The  loss  of  time  in  handling  these  slip  bushings 
is  so  great  that  the  production  costs  increase  very  rapidly, 
especially  when  the 
operator  has  to  stop 
to  pry  up  bushings 
with  a  screwdriver 
or  some  other  tool, 
as  is  often  the  case. 
This  style  of  bushing 
will  frequently  catch 
the  drilling  or  ream- 
ing tool  and  turn 
with  it,  thus  wear- 
ing the  bushing  plate. 
To  prevent  its  turn- 
ing, a  number  of 
engineers  use  the 
groove-cut  bushing, 
with  which  most 
shop  men  are  famil- 
iar. This  consists 
of  an  ordinary  slip 
bushing  in  which  a 
slot  is  cut  spirally 
around  one  -  quarter 
of  the  outer  peri- 
phery. This  slot  ac- 
commodates a  pin  in 
the  bushing  plate,  so 
that  when  the  bush- 
ing starts  to  slip,  the 
pin  prevents  its  mak- 
ing a  full  turn.  One 
source  of  trouble 
from  individual  slip 
bushings  is  the  accu- 
mulation of  chips, 
which  must  be  care- 
fully removed  before 
the  bu  s  h  i  n  g  s  are 
changed ;  another  is 
the  possibility  of  in- 
terchanging the  drill- 
ing and  the  ream- 
ing bushings  (even 
though  they  are  care- 
fully marked)  and 
thus  spoiling  the 
tools  or  the  work. 


Fig.  3.     Small  Piece  machined  by  Use  of 
Indexing  Jig  shown  in  Fig.  4 


Fig,    1.     Plate    Bushing    Holders    used    in 


nachining 
Machine 


An  improvement  over 
the  individual  slip 
bushings  is  the  plate 
bushing  holder,  which 
is  especially  useful  on 
such  work  as  crank- 
cases,  cylinders,  etc., 
and  in  practically  all 
work  where  six  or  more 
holes  are  to  be  ma- 
chined. The  work  is 
placed  in  a  box  jig  or 
frame  in  which  there  are  either  two  dowel-pins  or  two 
slots.     The   removable   bushing   plates   used   with   this   frame 

have  holes  or  hinged 

binders  to  corre- 
spond with  these 
pins  or  slots  and 
so  are  correctly  lo- 
cated. Large  pieces 
may  be  handled  in  a 
similar  way  to  that 
used  in  machining 
the  crank-cases 
shown  in  Pig.  1. 
Here  the  case  is 
mounted  on  a  slide, 
shoved  into  the 
frame,  and  there  se- 
curely clamped.  At- 
tention is  called  espe- 
cially to  the  hand- 
wheel  for  clamping 
the  slide  and  the 
simple  construction 
of  the  frame.  After 
the  holes  are  drilled, 
the  piece  is  removed 
and  taken  to  a  ma- 
chine similarly  ar- 
ranged where  the 
reaming  and  the 
counterboring  are 
done.  This  method 
necessitates  two  han- 
dlings but  is,  never- 
theless, economical. 
A  combination 
roughing  drill  and 
finishing  reamer, 
shown  in  Fig.  2,  is 
used  in  a  number  of 
the  automobile  fac- 
tories for  drilling 
and  reaming  holes  in 
one  operation,  The 
lower  part  is  a  three- 
lip  drill  and  the  up- 
per, a  rose  reamer. 
This  tool  is  guided 
in    the    bushing    by 


Crank-cases     on     Multiple-spindle     DriUing 


'AUdiess:     Baush   Machine  Tool  Co.,   Springfield,   Mass. 
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Fig.  2.     Combination  Drill  and  Kea 


the  reamer  flutes.  Although  this  combination  tool  practically 
halves  the  production  time,  its  use  is  not  always  economical 
because  of  the  cost  of  special  construction. 

In  a  large  plant  in  Springfield,  Mass.,  the  drilling  and  ream- 
ing are  done  with  multiple-spindle  drills  without  the  use  of 
separate  bushings  for  the  dril]^.  The  material  is  malleable 
iron  and  the  piece  is  placed  in  a  box  jig  provided  with  reamer- 
size  bushings  only.     On  the  multiple-drill  table,  there  is  a  V- 
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block  iu  which  the  jig  Is  placed  for  the  drilling  operation. 
The  drilling  is  against  a  fluished  surfa<'e,  and  great  care  is 
tal<en  to  have  the  spindles  of  the  machine  lined  up  accurately 
and  the  drills  carefully  ground.  These  points  insure,  for  the 
most  part,  the  correct  location  of  the  holes  and  prevent  any 
side  running  of  the  reaming  tools,  which  remove  only  1/M 
Inch.  The  reamed  holes  must  be  within  limits  of  :t  O.OO;! 
inch,  so  this  method  is  sufficiently  reliable. 

The  production  of  multl-machlned  parts  is  increased  greatly 
when  an  indexing  table  having  two  or  more  stations  is  utilized. 
As  in  this  case  an  accurate  indexing  method  must  be  used,  the 
indexing  table  is  frequently  quite  costly  to  make.  The  prac- 
tice is  to  carry  a  bushing  plate  or  fixed  center  head  on  the  post 


Fig.  4. 


Indexing  Table  with  Six  Stations  in  Use  on  Multiple-spindle 
Drilling  Machine 


of  the  drilling  machine.  In  drilling  six  holes  at  close  center 
distances  and  counterboring  four  holes  in  the  piece  shown  in 
Fig.  3,  the  six-station  revolving  table  illustrated  in  Fig.  4  is 
used.  Although  the  table  is  shown  without  projecting  handles, 
they  are  generally  furnished  for  the  convenience  of  the  oper- 
ator. Thumb-screw  A  holds  the  pieces  in  place  and  a  handle 
B  is  provided  for  locking  and  releasing  the  table  before  and 
after  indexing.  Ten  spindles  are  used.  The  work  at  the  six 
stations  is  as  follows:  First  station,  drilling  holes  A,  Fig.  3; 
second  station,  drilling  holes  B;  third  station,  drilling  holes 
C;  fourth  station,  counterboring  holes  B;  fifth  station,  coun- 
terboring holes  A;  sixth  station,  loading  and  unloading.  The 
Jig  plate  C,  Fig.  4,  is  fastened  to  the  head  of  the  post  for  guid- 


Fig.    6.     Machining    Ford    Flywheels    on    Multiple-spindle    Drilling   Machine 

ing  the  drilling  tools.  The  counterboring  tools  are  piloted  into  the 
drilled  holes;  if  the  holes  were  to  be  reamed  it  would  be  neces- 
sary to  extend  the  jig  plate  over  the  fourth  and  fifth  stations. 
Another  plan  is  to  arrange  the  jig  plate  so  that  it  will  be 
carried  integral  with  the  head.  This  necessitates  carrying  a 
number  of  holding  devices  on  the  indexing  table,  and  if  ex- 
treme accuracy  in  machining  the  piece  is  required  these  indi- 
vidual holding  devices  must  be  arranged  to  float  universally 
and  be  accurately  centered  under  the  head  by  a  wedge-shaped 


Arrangement  of  Large  Drills  and  End-mills  for  machining 
Flywheels 
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piece  integral  with  tiie  head  locating  in  the  vee  on  the  holding 
device.  This  method  produces  work  as  nearly  interchangeable 
as  possible  and  is  well  illustrated  in  the  Baush  station  ma- 
chines for  drilling,  reaming,  counterboring,  countersinking, 
and  end-milling  the  Ford  flywheel  at  the  rate  of  one  flywheel 
every  fifty-eight  seconds  with  one  operator.  The  larger  number 
of  the  holes  are  held  to  limits  of  ±  0.001  inch,  and  three  of  the 
large  holes  must  be  as  nearly  dead  right  as  mechanical  means 
will  permit.  Fig.  5  shows  the  tongue  A  on  the  fixture  hold- 
ing the  flywheel.  The  handle  B  is  for  clamping  and  loosen- 
ing the  wheel  in  the  flxture.  At  the  right  is  shown  a  reaming 
head  and  a  jig  plate.  Fastened  to  the  under  part  of  the  plate 
is  a  piece  C  grooved  to  receive  the  tongue  of  the  holding  device. 
Fig.  6  shows,  at  the  left,  a  head  holding  large  drills  and,  at  the 
right,  three  end-milling  tools  in  the  head. 

When  several  small  holes  necessitating  two  or  more  opera- 
tions are  to  be  machined,  the  following  plan  works  well  from 
a  production  standpoint.  Pilots  of  a  common  diameter  are 
fastened  to  the  drills,  reamers  and  other  tools  to  locate  them 


A 
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rnzcr 


'^Ci) 


Fig.    7.     DriU  with 
Pilot  attached 


Fig.    8.     stationary  Pilot  for  Multiple  Drilling 
and  Reaming   Tools 


in  the  bushings  in  the  plate,  the  bushings  having  a  common 
bore.  Thus,  when  drilling  or  reaming,  the  tools  will  be 
guided  from  the  pilot  A,  Fig.  7.  This  method  is  not  recom- 
mended for  holes  over  one  inch  deep,  as  there  is  a  tendency  for 
the  drills  to  spring  out  of  alignment,  especially  if  the  drilling 
is  done  against  a  rough  surface,  since  the  end  of  the  drilling 
tool  will  be  some  distance  from  the  auxiliary  pilot  guiding  it. 
This  arrangement  is  effective  for  drilling  steel,  as  the  space 
between  the  jig  plate  and  the  work  allows  room  for  the  curled 
chips.  The  diameter  of  the  pilot,  however,  must  be  kept  as 
small  as  possible,  since  this  piece  has  a  tendency  to  heat  and 
stick  owing  to  the  peripheral  speed.  This  sticking  and  the 
wear  on  the  bushing  plate  may  be  avoided  by  using  a  sta- 
tionary pilot  similar  to  that  shown  in  Fig.  8.  A  Z-shaped  cast- 
ing with  a  bore  equal  to  the  tool  size  and  a  nose  equal  to  the 
jig  bushing  diameter,  is  secured  to  the  arm  of  the  multiple- 
spindle  drilling  machine  by  a  bolt  that  extends  through  the 
slot  in  the  arm,  as  shown  in  the  illustration.  This  device  is 
of  recent  origin  and  can  be  used  to  advantage  for  multi- 
machining  in  quantities. 


PENETRATION     OF    HARDENING    EFFECT 
IN   CHROMIUM   AND    COPPER   STEELS' 

The  minimum  rate  of  cooling  required  to  render  the  influ- 
ence of  quenching  efficacious  varies  according  to  the  quality 
of  the  steel.  The  rate  of  cooling  is  lower  when  hardening 
special  steels  than  when  hardening  ordinary  carbon  steel,  so 
that  the  penetrative  influence  of  heat-treatment  is  more  effica- 
cious in  the  case  of  special  steels  than  in  that  of  carbon  steels, 
and  this,  as  is  well  known,  constitutes  one  of  the  chief  char- 
acteristics of  the  former. 

Steels  that  contain  less  than  5  per  cent  nickel  and  over  4  per 
cent  copper  forge  badly.  But  it  has  been  observed  that  copper 
alone,  while  slightly  increasing  the  depth  of  penetrati«n  of 
the  hardening  effect  of  forgeable  steels,  does  not  increase  the 
penetration  sufficiently  to  confer  on  the  steels  the  property  of 
air-tempering,  even  when  such  small  parts  as  bars  10  milli- 
meters square  are  concerned.  In  the  presence  of  chromium, 
however,  the  copper  increases  the  depth  of  penetration  of  the 
hardening  effect. 

The  addition  of  nickel  to  steels  containing  chromium  and 
copper  increases  the  depth  of  the  penetrative  influence  of 
quenching,  but  to  the  detriment  of  the  property  of  softening 
by  annealing.  The  simultaneous  addition  of  copper,  nickel  and 
chromium,  permits  the  easy  preparation  of  steels  that  possess 
a  tendency  to  deep  penetration  of  the  hardening  effect  sufll- 
ciently  marked  to  render  the  air-hardening  of  large  enough 
pieces  (for  example,  gears)  efficacious,  without  such  steels 
losing  the  property  of  becoming  softened  by  the  annealing 
processes  employed  in  the  case  of  ordinary  carbon  steel.  Both 
chromium-copper  and  chromium-nickel-copper  steels  possess, 
after  hardening  and  tempering,  practically  the  same  mechani- 
cal properties  (tensile  and  impact)  as  chromium-nickel  steels 
having  approximately  the  same  percentage  of  carbon  and  the 
same  penetrative  capacity  for  hardening.  However,  the 
chromium-copper  steels  assume,  on  quenching  at  somewhat  low 
temperatures,  a  rather  coarser  grain  on  fracture  than  that  ex- 
hibited by  nickel-chromium  steels;  there  is,  therefore,  more 
danger  of  their  becoming  burnt.  Apart  from  its  infiuence  on 
the  depth  of  penetrative  influence  of  quenching,  the  author  has 
failed  to  detect  any  useful  effect  of  copper  on  the  properties 
of  steel. 

The  most  common  special  steels  generally  contain  more 
nickel  than  chromium,  because  the  somewhat  violent  action 
of  chromium  is  likely  to  cause  cracks  while  quenching.  The 
rate  of  cooling  required  to  produce  hardening  varies  within 
wide  limits.  It  is  difficult  to  insure  a  uniform  degree  of  hard- 
ening when  metals  requiring  a  rapid  rate  of  cooling  are 
treated;  and,  on  the  other  hand,  the  hardening  will  be  ener- 
getic and  uniform,  though  the  conditions  of  cooling  vary,  in 
the  case  of  metals  that  undergo  energetic  hardening  on  air- 
cooling,  when  they  are  cooled  in  a  liquid  in  which  the  cooling 
effect  is  more  rapid. 

Steels  containing  at  least  1.4  per  cent  chromium  and  a  little 
copper  or  nickel  can  be  quenched  in  a  liquid  between  the  tem- 
perature of  120  and  350  degrees  (real  Colza  oil  does  well)  with- 
out the  energy  of  the  cooling  varying  much,  and  under  these 
circumstances   there  is  not  much   fear  of  cracks  developing. 

Generally  speaking,  pieces  of  medium  thickness  (30  milli- 
meters or  less),  if  made  from  air-hardening  steels,  soften  in 
ordinary  annealing,  and  after  annealing,  are  easy  to  machine. 
Naturally,  if  it  is  desired  that  the  hardening  effect  should  pene- 
trate to  the  core  in  very  thick  pieces,  or  if  air-hardening  is 
to  be  adopted,  metals  should  be  employed  that  have  a  greater 
susceptibility  to  the  penetrative  effect  of  hardening. 
*     *     * 

The  Chicago,  Milwaukee  &  St.  Paul  Railway  is  planning  to 
extend  the  electriflcation  of  its  road  to  the  Paciflc  coast.  The 
work  is  now  completed  for  416  miles  in  Montana,  where  it  is 
estimated  that  four  hours  are  saved  by  each  train  of  sixty- 
two  cars  on  each  100  miles.  The  electric  engines  haul  heavy 
freight  trains  at  flfteen  miles  an  hour  up  grades  on  which 
three  or  four  steam  engines  could  pull  small  trains  at  only  half 
this  speed. 


'.\bstract  of  a  paper  by  L.  Grenet,  read  before  tlie  Iron  and  Steel  Institute 
of  Great  Britain,  May,  1917. 


992 


MACHINERY 

COMPOUND   SUB-PRESS  WATCH  DIES' 


July,  1917 


MAKING  MASTER  AND  WOBKINQ  PUNCHES  AND  DIES-EXAMPLES  OP  DIES  FOR  WATCH  PARTS 

BT   W.   H.   DUNBRACK  '^ 


ALTHOUGH  many  watch  parts  are  punched  in  drop-  and 
double-action  presses,  sub-presses  are  used  when  very 
accurate  worlt  is  required.  These  sub-presses  are  of  the 
regular  type,  except  that  the  bases  are  made  longer  than  usual 
and  need  no  clamps  to  hold  them  to  the  bolster  of  the  punch 
press.  A  base  and  means  of  fastening  it  to  the  lathe  are  shown 
in  Fig.  1.  These  sub-presses  vary  in  size,  by  two  centimeters 
per  press,  from  a  small  open-front  press  with  a  plunger  two 
centimeters  in  diameter,  up  to  a  press  with  a  sixteen-centi- 
meter plunger. 

When  starting  to  make  a  die,  it  is  first  necessary  to  see  that 
the  sub-press  is  in  good  condition.  The  presses  are  made  by 
machinists  and  are  "run.  in"  by  a  machine  built  especially  for 
that  purpose.  But  this  test  is  not  considered  good  enough  for 
fine  watch  work,  so  the  plunger  is  taken  out  and  the  babbitt 
scraped  and  pressed  in  again  until  a  good  bearing  is  procured. 
Usually  the  babbitt  is  tightened  until  the  plunger  can  be  driven 
down  by  five  or  six  blows  of  a  lead  hammer.  The  upper  part 
of  the  press  is  then  put  on  lathe  centers,  bored  out,  and  faced 
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SUB-PRESS  BASE 


FACE  PLATE  OF  ENGINE   LATHE 


Fig.   1.     Extra   Long   Sub-press   Base 

true  with  the  plunger;  this  must  be  done  carefully,  or  there 
will  be  difficulty  in  aligning  the  punch  and  the  die  later  on. 

Making'  Master  Punches  and  Plates 

A  model  of  the  part  to  be  punched  is  given  to  the  workman, 
who  makes  a  master  punch  to  conform  with  it.  The  method 
is  as  follows:  A  center  hole  is  drilled  and  reamed  in  the  model, 
and  when  possible,  two  other  holes  are  drilled  and  reamed  for 
relocating.  The  model  is  then  soldered  to  the  master-punch 
blank,  the  center  hole  being  located  in  the  center  of  the  blank 
punch,  and  then  the  locating  holes  of  the  model  are  transferred 
to  the  punch.  This  punch  Is  milled  almost  to  the  model,  about 
0.002  inch  being  left  for  lapping;  if  there  are  square  or  odd- 
shaped  corners,  the  punch  must  be  milled  until  the  model  is 
touched  by  the  milling  cutter.  The  model  is  then  removed  and 
the  punch  Is  hardened  and  drawn  to  a  light  straw.  Then  the 
punch  is  aligned  by  lapping  the  bottom  until  the  center  hole 
runs  true  with  the  diameter  of  the  base.  After  the  model  is  re- 
located on  it  by  means  of  pins  or  dowels,  as  shown  in  Fig.  2, 
the  punch  is  lapped  cyllndrically  by  a  diamond  lap  held  in  the 
bench  lathe,  as  shown  in  Fig.  3.    The  punch  is  held  against  a 


•For  other  articles  on  sub-press  dies,  see  "Sub-press  Piercing  Die,"  Septem- 
ber, 1914;  "Sub-press  Dies  for  Armature  Manufacture,"  Jul.T,  1914;  "Sub- 
press  Die  for  Piercing  and  Shaving,"  November,  1913;  "Sub-press  Die  for 
Making  a  Cleat."  August,  1912;  "Standard  Parts  for  Pillar  Dies,"  September, 
1911;  "Operation  and  Construction  of  the  Sub-press  Die,"  July,  1910,  and 
articles  there  referred  to. 

'Address:  128  Claremont  Ave.,  Jersey  City.  N.   J. 
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drill  pad,  or  flat  center, 
in  the  tailstock  of  the 
lathe  and  the  lap  is  re- 
volved at  the  highest 
speed  possible.  The 
punch  is  then  moved 
around  the  lap,  using  a 
light  pressure,  until  the 
model  is  touched  evenly. 
Master  punches  are 
usually  made  6  or  7 
millimeters  long. 

To  make  the  lap,  a 
piece  of  drill  rod  slight- 
ly smaller  than  the 
smallest  curve  of  the 
punch  is  ground  true 
and  straight,  for  a  distance  of  about  %  inch.  The  rod  is 
ground  instead  of  being  turned,  because  diamond  powder 
"charges  in"  better  in  a  ground  surface;  grinding  also  makes 
a  smoother  cutting  lap.     Diamond  powder  is  then  rolled  in. 

For  constructing  a  compound  die  with  piercing  punches,  a 
master  plate.  Fig.  4,  is  usually  made,  and  this  is  kept  for  future 
reference.  A  blank  plate  is  clamped  to  the  faceplate  of  a  lathe 
and  a  recess  about  one  millimeter  deep  is  turned  to  fit  the 
base  of  the  master  punch;  a  center  hole  of  some  standard  size 
is  also  bored  through  the  plate,  and  this  size  must  be 
maintained  on  all  the  holes  in  the  plate.  The  master  punch 
is  then  set  in  the  recess,  screws  and  dowels  holding  it  in 
position,  and  the  plate  is  moved  on  the  faceplate  until  the 
holes  in  the  model  on  the  master  punch  run  true.  A  very  good 
indicator  must  be  used,  as  this  is  one  of  the  most  important 
operations.  When  a  hole  is  trued,  the  master  punch  is  taken 
out  and  a  hole  is  bored  through  the  plate,  corresponding  to  the 
hole  in  the  model.  When  all  the  holes  in  the  model  have  been 
transferred  to  the  master  plate,  the  plate  is  removed  and  lo- 
cated "on  center"  by  a  pin  that  fits  the  center  hole  of  the  plate. 
A  larger  recess  is  then  turned  for  the  die-holder.  All  punches 
and  die-holders  are  standard  sizes  for  a  given  size  of  press. 

Making  Die-holder  and  Die 

The  die-holder  is  left  soft.  After  it  is  made  to  fit  the  recess 
in  the  master  plate,  all  the  holes  In  the  master  plate  are  trans- 
ferred to  it.  Both  straight  and  back  taper  holes  are  used,  and 
both  are  backed  up  by  a  hardened  plate  in  the  plunger.  If 
straight  punches  are  used,  they  must  have  button  heads  to 
prevent  their  being  drawn  out  of  the  holder.  The  die  blank 
is  then  made  to  fit  the  holder,  which  has  a  taper  shoul- 
der  of   20   degrees,   as   illustrated    in   Fig.    5.     The   sub-press 


Fig.  3.     Lapping  Master  Punch 
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Master  Plate   for  Die  Work 


plunger  is  now  recessed 
to  fit  the  die-holder,  and 
the  holder  and  die  are 
screwed  to  the  plunger. 

Sub-press  Base 
The  sub-press  bases. 
Fig.  1,  are  extra  long, 
as  previously  mentioned. 
Two  dowel  holes  of  dif- 
ferent sizes  are  drilled 
part  way  through  the 
bottom,  using  a  jig,  and 
the  dowels  are  then  located  in  the  lathe  faceplate  to  hold  the 
blank  base  nearly  central.  Two  bolts  hold  the  base  to  the 
faceplate,  as  shown.  The  base  is  now  recessed  for  the  master 
punch  and  the  stripper  plate;  it  is  also  turned  to  fit  the  upper 
part  of  the  sub-press.  The  advantage  of  using  dowels  for  lo- 
cating the  base  to  the  faceplate  is  that  if  the  base  has  to  be 
relocated  on  the  faceplate,  it  is  not  necessary  to  use  an  indi- 
cator, the  two  dowels  making  location  certain.  The  master 
punch  is  now  located  in  the  base  in  such  a  position  that  the 
maximum  number  of  pieces  can  be  punched  from  a  given  length 
of  stock. 

The  blank  die  is  next  covered  with  solder  and  faced  off  true, 
to  get  what  is  called  a  "lead  impression";  this  is  generally 
done  in  the  screw  press,  but  if  the  master  punch  is  delicate  a 
lead  hammer  is  used.    After  the  die  has  been  drilled  out  and 

rough-flled  to  this  im- 
pression, the  lead  is 
turned  off  and  a  steel 
impression  is  taken, 
which  need  not  be  more 
than  a  few  thousandths 
of  an  inch  deep.  The 
die  is  then  filed  to 
within  about  0.002  inch 
of  the  correct  size,  the 
excess  stock  being 
shaved  off.  The  amount 
to  leave  for  shaving  is 
a  matter  of  judgment 
rather  than  measurement;  if  too  much  stock  is  left,  the  die 
will  tear  and  rough  up  and  a  poor  job  will  result.  The  shaving 
is  done  by  pounding  the  plunger  with  a  lead  hammer,  as  the 
screw  press  tears  the  work;  only  about  0.015  inch  can  be 
shaved  at  one  time.  The  plunger  is  then  drawn  out  and  the 
burr,  or  shaving,  is  carefully  removed.  This  operation  is  re- 
peated until  the  punch  has  been  forced  through  the  die. 
If  a  very  smooth  die  is  required,  as  in  trimming,  or  com- 
pound blanking  and  swaging  work,  the  die  is  not  shaved  by 
the  master  punch;  but  when  ready  to  be  shaved,  it  is  hard- 
ened. A  brass  blank  is  then  soldered  over  the  hole  and  worked 
out  to  the  design  of  the  die.  This  blank  is  shaved  by  the  mas- 
ter punch  to  the  correct  shape,  and  the  die  is  lapped  to  this 
shape  in  a  filing  machine.  For  this  work  a  diamond  lap,  which 
is  a  soft  file  blank  charged  with  diamond  powder,  is  used; 
No.   1   powder  is  used  for  roughing  and  No.  2   for  finishing. 

After  the  die  has  been 
lapped  to  the  brass  im- 
pression, it  will  be 
found  that  the  master 
punch  will  not  enter  the 
die,  as  the  brass  blank 
shrinks  after  shaving. 
The  brass  impression  is 
then  removed  and  the 
die  is  lapped  again  un- 
til the  master  punch 
enters  the  die  about 
1/32  inch,  which  means 
that  the  die  is  slightly 
bell- mouthed.  This 
amount  is  later  ground 
off,   leaving  a  perfectly 

Fig.   6.     stripper  and   Guide   Pin  Straight       die.       a       little 
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smaller  than  the  master  punch;  it  is 
necessary  for  the  die  to  be  smaller  than 
the  punch,  as  the  die  blanks  expand  after 
coming  out  of  the  die. 

Worklngr  Punches 

It  has  been  found  that,  on  an  average, 
one  die  will  last  as  long  as  eight  or  ten 
working  punches;  hence  it  is  necessary 
to  make  a  set  of  punches.  The  punch 
blanks  are  covered  with  solder,  faced  off 
true,  and  a  lead  impression  is  taken  from  the  die.  This  im- 
pression is  rough-milled  in  a  bench  lathe,  using  a  table  rest. 
Saws  and  form  cutters  are  used  on  the  saw  arbor  in  the  head 
of  the  lathe.  In  this  operation,  the  top  of  the  punch  must  be 
set  level  with  the  center  line  of  the  lathe,  or  the  work  will 
"hog  in."  The  punch  is  held  against  the  saw,  free  hand.  This 
is  a  quick  way  of  milling  punches.  It  gives  a  radius  cut,  but 
all  that  is  wanted  is  to  make  a  steel  impression.  The  solder 
is  turned  or  ground  off,' and  a  steel  impression  about  1/16 
inch  deep  is  taken.  As  this  is  a  heavy  cut  it  makes  the  punch 
too  small.  If  the  punch  were  milled  to  this  size,  there  would 
be  nothing  to  shave,  so  the  edge  of  the  punch  is  peened 
slightly  or  upset  and  the  punch  is  shaved  down  again  almost 
to  the  previous  depth. 

The  punch  is  now  ready  for  milling,  which,  again,  is  a  mat- 
ter of  judgment,  for  if  just  enough  is  left  for  shaving,  a  smooth 
punch  will  result.  The  punches  are  set  up  in  the  master  plate 
and  the  holes  are  transferred  in  the  same  way  as  in  making 
the  die-holder,  except  that  the  opposite  side  of  the  master 
plate  is  used.  After  this,  the  punches  are  hardened  and  drawn 
to  a  purple;  the  dies  should  be  drawn  to  a  light  straw.  The 
punches  are  aligned  by  lapping  the  bottom  on  a  cast-iron  lap, 
using  fine  emery,  until  they  cut  tissue  paper  evenly.  This  is 
done  by  sharpening  both  punch  and  die  and  bringing  them 
together  in  a  sub-press  with  tissue  paper  between;  then,  with 
a  light  blow  of  the  lead 
hammer,  the  tissue  is 
marked.  The  side  of 
the  punch  that  cuts  the 
paper  first  is  the  side 
that  must  be  drawn  to- 
ward the  center.  If 
the  paper  is  cut  even- 
ly, the  punch  is  in  line. 

Shedder.  Stripper  Plate, 
and  Guide  Pin 

A  brass  punching  is 
then  made.  This  punch- 
ing is  soldered  to  the 
shedder  blank,  and  the 
shedder  blank  is  milled 
until  the  cutter  touches 
the  punching.  The 
holes  in  the  master 
plate  must  be  trans- 
ferred through  the  shed- 
der. This  is  done  by 
putting  the  master  plate 
on  a  lathe,  the  die- 
holder  being  placed  in 
the  recess  of  the  master 
plate  and  the  die  (with 
the  shedder  inserted ) 
on  the  holder;  then  the 
holes  are  bored  as  in 
the  holder.  The  shed- 
der is  then  hardened, 
replaced  and  ground 
out,  iising  diamond  laps 
if  the  holes   are   small. 

A  stripper  plate.  Fig. 
6,  is  next  made  to  strip 
the  stock  from  the  lower 
punch,  but  it  must  not 

fit     the     punch     closely;  rig.   8.     Double-action  Balance-ring  Die 
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tliere  should  be  a  space  of  0.004  or  0.005  inch  between  Uie 
punch  and  the  stripper. 

A  disappearing  guide  pin  seems  the  best  lor  most  work. 
Sometimes  a  track  slightly  wider  than  the  punch  is  milled 
through  the  stripper  plate,  but  this  necessitates  the  use  of 
stock  that  is  perfectly  straight  and  of  a  certain  width,  whereas 
watch  stock  is  rolled  for  thickness  in  the  works,  and  is  likely 
to  come  from  the  rolls  slightly  curved.  The  disappearing  pin 
permits  the  use  of  stock  of  any  width;  the  strip  does  not  have 
to  be  held  at  exactly  right  angles,  but  it  must  be  held  close 
to  the  guide  pin. 

In  the  foregoing  a  general  outline  of  the  metliod  of  making 
dies  for  fine  watch  work  is  given.  A  more  detailed  description 
is  necessary  to  give  a  clear  idea  of  the  several  varieties  of 
watch"  dies. 

Blanking:  and  Burnishingr  Dies 

Dies  for  steel  parts  blank,  pierce  and  burnish  the  edges  in 
one  operation.  The  die  is  made  as  already  described,  except 
that  the  cutting  edge  is  stoned  round  and  polished  to  a  high 
finish.  The  radius  of  the  round  edge  must  be  determined  by 
experiment;  it  is  best  to  start  with  a  small  corner  and  work 
up  until  the  edge  of  the  blank  shows  perfect  burnishing.  The 
inside  of  the  die  must  be  very  smooth  and  the  radius  of  the 
cornering  must  blend  in  without  sharp  corners.  The  punches 
must  fit  perfectly  in  the  die,  or  a  ragged  edge  will  result  on 
the  punching.  This  method  of  burnishing,  or  drawing,  the 
edges  of  steel  work  is  used  in  optical  work  on  gold-filled  flat 
stock,  in  which  the  pure  gold  must  be  drawn  from  one  side, 
over  the  edge  of  the  composition,  to  meet  the  gold  on  the 
opposite  side,  and  withstand  the  acid  test. 

Brass  and  nickel  parts  are  usually  blanked  and  trimmed,  the 
trimming  being  done  in  a  die  about  0,005  inch  smaller  than 
the  blank.  The  die  Is  placed  in  the  plunger  of  the  sub-press, 
the  punch  being  in  the  base  with  the  stripper  and  nest  to  lo- 
cate the  blank.  A  gash  is  milled  through  the  back  of  the  sub- 
press  into  the  plunger,  so  that  punchings  may  pass  through  the 
die  and  out  back  of  the  press.  In  very  high-grade  work,  a 
burnishing  die  must  be  used  after  trimming.  This  die  is  made 
slightly  tapered  and  lapped  very   smooth.     The  top   is  large 
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Fig.   9.     Balance   Capsule   Die 


Fig.  10.     Blanking  and  Drawing  Die  for  Watch  Cue 

enough  to  start  a  blank  without  cutting,  and  the  small  end 
is  finished  to  size. 

Dies  for  Balance  Ringr  and  Balance  Capsule 

Brass  balance  rings  are  punched  from  flat  stock;  they  are 
drawn  to  cup  shape  and  the  bottoms  are  punched  out  in  one 
operation.  This  work,  however,  is  not  done  in  a  sub-press,  a 
double-action  punching  and  drawing  die  being  used,  as  shown 
in  Pig.  8. 

Balance  capsules  are  punched  from  what  is  called  "low 
brass";  that  is,  brass  that  melts  at  a  higher  heat  than  the 
balance  ring,  which  is  a  "high  brass."  These  capsules  are  used 
to  hold  the  steel  center  and  brass  rim  of  the  balance  together 
while  brazing,  as  the  brass  rim  fuses  to  the  steel  before  the 
capsule  melts.  The  sub-presses  of  the  capsule  dies  are  not 
babbitted.  The  cast-iron  shell  is  bored  out  perfectly  straight 
and  lapped  smooth,  using  a  lead  lap  and  emery.  The  plunger 
is  made  from  machine  steel,  casehardened  and  ground  to  fit 
the  press;  there  are  no  guide  slots  nor  ribs,  as  in  babbitted 
presses,  as  the  punches  are  round.  Presses  made  in  this  way 
withstand  the  swaging  operation  better  than  the  babbitted 
press.  This  press  is  called  the  double  compound  die  because 
it  blanks,  draws,  swages  and  pierces  in  one  operation.  The 
base  contains  the  blanking  die,  lower  punch  and  lower  shed- 
der;  the  plunger  holds  the  blanking  punch  (which  is  also  the 
drawing  die),  swaging  shedder  and  center  punch.  These  dies 
have  an  automatic  roll  feed,  but  to  make  sure  that  every  piece 
is  ejected,  a  blast  of  compressed  air  is  placed  so  as  to  strike 
the  capsule  as  it  is  ejected  from  the  lower  punch,  blowing  it 
into  a  wire  basket.    This  die  is  shown  in  Fig.  9. 

Watch-hand  Dies 

The  dies  for  second  hands  are  of  the  compound  type;  that 
is,  they  blank  and  pierce  the  center  hole  in  one  operation, 
using  an  automatic  finger  feed.  The  die  is  made  in  two  pieces, 
which  are  ground  together  as  one,  one-half  the  hand  being 
produced  in  each  piece.  In  making  a  die  of  this  kind,  the 
first  operation  after  fitting  the  sub-press  is  to  make  a  holder 
for  the  split  die.  This  is  made  with  a  one-degree  taper,  one 
centimeter  deep.  Two  die-blocks  are  made  to  fit  this  holder, 
and  then  one-half  is  cut  away,  making  one  block  split  exactly 
in  the  center.  The  holder  is  now  indicated  in  the  lathe  with 
the  split  blocks  in  place,  and  a  center  hole  is  drilled  and 
reamed  to  the  size  wanted  in  the  hub  of  the  second  hand,  leav- 
ing enough  to  lap  after  hardening.  If  the  hand  is  of  the  de- 
sign known  as  a  "ball  second,"  this  hole  in  the  die  is  also 
drilled  and  reamed.  The  dies  are  then  hardened  and  drawn. 
The  two  parts  are  blocked  or  lapped  flat  on  the  parts  that  join. 
The  center  hole  is  lapped  to  size,  using  a  drill  rod  or  brass  lap 
and  flour  of  emery  as  an  abrasive.  The  two  die-blocks  are 
next  held  together  by  wire  and  soldered.  A  pin,  or  arbor,  is 
ground  true  in  the  lathe  and  the  die  is  wrung  on  and  ground 
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Fig.    11.     Punching   and   Curling  Die   for   Watch-case   Rii'i 

on  the  outside  to  fit  the  holder.  A  novel  surface  grinder  is 
used  to  grind  the  arms,  or  center  web,  and  the  tail  of  the  hand. 
A  bench  lathe  is  used,  with  an  angle  iron  having  micrometer 
adjustment  in  the  head  of  the  lathe.  The  screw  is  removed 
from  the  slide-rest  and  a  cam  movement  substituted.  The  dia- 
mond form  laps  are  about  one  inch  in  diameter.  If  the  second 
hand  is  to  be  a  "spade  second,"  a  form  lap  must  be  used  to 
grind  the  form  of  the  spade. 

The  punches  are  made  in  large  quantities,  as  their  life  is 
short,  owing  to  their  delicate  size  and  shape.  They  are  made 
as  already  described,  except  that  all  the  milling  is  done  in 
the  bench  lathe.  The  radius  cut  of  the  saw,  or  cutter,  leaves 
enough  of  the  punch  straight  to  make  further  milling  unneces- 
sary. A  depth  of  0.025  inch  is  suflicient,  this  being  reduced 
after  hardening  to  0.015  inch.  High-carbon  steel  makes  better 
punches  than  any  other  steel,  as  it  can  be  drawn  to  a  purple, 
which  is  the  proper  color,  and  still  be  tough. 

Three  operations  are  necessary  for  making  the  hour  and 
the  minute  hands — blanking,  swaging  and  piercing.  The  blank- 
ing dies  are  made  in  two  pieces,  held  together  with  screws  and 
dowels,  and  used  in  sub-presses.  Swaging  is  done  in  a  drop- 
press,  as  a  uniform  blow  is  necessary;  the  piercing  is  done  in 
small,  open-front  sub-presses.  The  fancy  hands  are  first 
blanked  and  the  intricate  shapes  are  punched  out  in  separate 
operations,  after  which  the  hands  are  swaged  in  drop-presses. 

Dies  for  Metal  Dials 

Metal  dials  are  made  in  many  shapes  other  than  round. 
They  are  blanked  and  pierced  and  the  figures  and  dial  foot 


Fig.   12.     Swaging  Die  for  Watch  Case 

recesses  are  swaged  in  one  operation.  The  die  is  like  most 
compound  dies,  except  that  the  force,  or  swage  (which  is  the 
dial  in  relief),  is  on  the  upper  shedder.  Therefore,  after  a 
blank  has  been  punched,  the  plunger  must  be  carried  down 
until  the  shedder  "hits  bottom."  Careful  adjustment  must  be 
made  to  swage  the  figures  to  the  correct  depth.  The  recesses 
for  the  dial-foot  pins  are  on  the  opposite  side  of  the  dial  from 
the  figures,  and  are  swaged  by  pins  projecting  above  the  sur- 
face of  the  lower  punch,  backed  up  by  a  hardened  steel  plate 
under  the  punch.  These  swaging  pins  are  very  near  the  rim 
of  the  punch,  making  it  difficult  to  harden  the  punch  without 
cracking.  This  difficulty  is  overcome  by  drilling  the  hole  part 
way  through  from  the  bottom,  leaving  about  y_i_  inch  solid, 
and  piping  it  out  after  hardening. 

The  method  may  be  of  interest.  The  punch  is  aligned  by 
lapping  the  bottom  until  the  center  hole  runs  true.  Then  the 
punch  jis  placed  in  the  master  plate  and  located  on  the  lathe 
faceplate,  as  previously  described.  A  pipe  is  then  made,  the 
outside  diameter  of  which  is  from  0.01  to  0.015  inch  smaller 
than  the  hole  wanted.  The  hole  in  the  pipe  must  be  large 
enough  to  leave  only  a  thin  wall  of  about  0.015  inch.  This 
pipe  is  mounted  in  a  traverse  spindle  grinder  (care  being 
taken  to  get  the  spindle  on  the  dead  center  of  the  lathe)  and 
used  as  a  diamond  lap,  cutting  on  the  end.  The  speed  of  the 
spindle  should  be  about  20,000  revolutions  per  minute.  Loose 
No.  1  diamond  powder  is  used  freely,  being  placed  in  the  cut; 
the  lap  charges  itself.  After  cutting  out  the  center,  the 
hole  is  brought  to  size  with  an  ordinary  diamond  lap. 

The  swaging  plates,  which  stamp  the  figures  on  the  dials, 


^^ 


n 


^ 


J 


Fig.  13.     Curling  Die  for  Watch  Case 


Fig.   14.     Swaging  Die  for  Keflector  of  Bezel 
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are  about  0.055  inch  thick,  wlieii  finished,  and  are  lield  to  the 
upper  shedder  by  a  button  stud  made  from  "Heda"  vanadium 
steel.  These  plates  are  first  decarbonized  and  the  figures 
raised  by  swaging  in  tlie  screw  press.  A  steel  block  «/•  J»cli 
thick  is  engraved  to  correspond  with  the  dial,  and  hardened. 
The  swage  blank  is  placed  in  the  center  of  the  dial  block  and 
pressed  until  the  figures  are  raised  perfectly.  A  punch  with 
flat  teeth  is  used  to  swage  the  plate,  as  small  sections  are 
thus  driven  down  at  one  time,  the  punch  being  turned  around 
slightly  after  each  blow  of  the  press. 

Swayringr  Dies 

Swaging  dies  are  made  by  a  force  or  master  punch,  and  are 
used  where  rounded  shapes  and  steps  are  necessary,  as  in  regu- 
lators, pallets,  etc.  Swaging-die  blanks  are  surfaced  off  and 
lapped  on  a  ground-glass  lap,  using  powdered  oilstone  and  oil. 
This  gives  a  dead  smooth  gray  finish,  without  scratches,  which 
is  absolutely  necessary,  as  all  imperfections  are  carried  down 
by  the  force  and  cannot  be  polished  out.  The  force  is  pressed 
into  the  die  blank  to  slightly  more  than  the  required  depth, 
and  ground  off  after  hardening.  The  impression  is  polished 
with  a  peg-wood  stick  and  No.  4  diamond  powder.  Blanks  of 
the  part  wanted  are  placed  over  the  impression  and  struck  by 
a  drop-press,  leaving  a  flash,  which  is  trimmed  off  in  the  trim- 
ming die  that  also  (burnishes  the  edges.  The  round  corners  of 
the  trimmer  also  help  to  locate  the  work  to  be  trimmed. 

Mainspring:  Dies 

Mainsprings  are  trimmed  on  the  end,  and  a  hole  is  pierced 
in  one  operation;  the  presses  used  for  this  work  are  small, 
open  -  front  sub  -  presses. 
Master  punches  and  a  se- 
ries of  master  broaches 
for  the  holes  are  used 
when    making    the    dies. 

Wheel  Dies 

Dies  for  punching  the 
escape  wheel  and  other 
wheels  are  compound,  but 
they  do  not  punch  the 
teeth  or  the  center  hole. 
The  teeth  are  cut  on  a 
slotted  arbor  that  holds 
the  wheels  by  the  inside 
of  the  rim.  The  center 
hole  is  drilled  and  bored 

by  holding  the  wheel  by  the  pitch  diameter  of  the  teeth  in 
special  machines.  The  most  important  parts  of  wheel  die 
work,  and  the  most  difficult  to  make,  are  the  segment  punches; 
they  are  ground  by  holding  them  in  a  block  that  has  been 
planed  to  give  correct  angles,  a  surface  grinder  being  used. 

Dies  lor  Watch  Cases 
As  an  article  on  watch  dies  would  be  incomplete  without  a 
description  of  the  dies  for  the  cases,  a  set  of  such  dies  for  a 
plain,  nickel,  screw-back  and  bezel  case  is  described.  The  first 
operation  on  the  rim  Is  to  punch  and  draw  a  cup-shaped  blank 
in  a  double-action  press,  using  a  die  like  that  shown  in  Fig.  10. 
This  die  is  of  the  same  design  as  the  balance-ring  die,  except 
that  the  blanks  do  not  cling  to  the  center  punch,  but  pass  on 
through  the  die.  As  the  blank  passes  the  sharp  shoulder  of 
the  lower  die,  it  expands  slightly,  which  prevents  it  from  re- 
turning with  the  punch.  It  will  be  noted  that  the  die  is  held 
in  the  recess  of  a  cast-iron  plate  by  a  large  hexagonal  nut; 
this  method  is  used  on  all  dies  of  this  kind. 

After  the  work 
passes  through  a 
punching  and  curl- 
ing die.  Fig.  11,  it 
is  ready  for  spin- 
ning; the  punching 
and  curling  are 
done  in  one  opera- 
tion.     Spinning     a 

Fig.  16.    Die  for  swaging  Pendant  watch-case     rim      is 


Die  for  swaging  Crown 


Fig.    15.     Spinning   Die   and   Holder  for   Watcli   Case 


usually  done  with  three 
form  rolls,  shown  in 
Fig.  7;  the  dies  and 
holder  are  shown  in 
Fig.  15.  These  die  rings 
are  made  interchange- 
able to  facilitate  quick 
operation.  The  rings 
are  ground  absolutely 
smooth  and  all  grind- 
ing marks  are  lapped 
out,  as  the  slightest 
amount  of  wear  on  the 
angles  will  make  an 
imperfect  fit,  producing 
fins  and  burrs  on  the 
work.  The  die  and  holder  (with  the  ring  in  place)  are  held  by  hy- 
draulic pressure  in  a  spinning  machine,  and  the  first  roll  shown 
in  Fig.  7  is  placed  on  a  bar  and  inserted  in  the  die  through  the 
large  hole.  By  the  use  of  an  eccentric  lever,  the  roll  is  forced 
into  the  ring.  The  first  roll  is  an  opener,  the  second  roll  forms 
the  center  of  the  rim,  but  not  the  bottom,  and  the  third  roll  is 
the  finishing  roll,  which  leaves  the  rim  ready  to  thread;  this 
is  done  in  a  bench  lathe  with  a  threading  attachment. 

Watch-case  backs  are  blanked  and  drawn  in  a  die  like  that 
shown  In  Fig.  10.  These  blanks  are  then  passed  through  a 
curling  die,  Fig.  13,  which  curls  the  blank  to  the  form  shown; 
this  die  is  used  in  a  sub-press.  After  the  curling  operation, 
the  back  is  swaged,  as  shown  in  Fig.  12,  which  leaves  the  work 
ready  to  thread.     This  operation,  as  in  the  case  of  the  rim, 

is  done  in  a  bench  lathe 
with  a  threading  attach- 
ment. The  bezel  is  the 
same  as  the  back,  except 
that  the  bottom  is  punched 
out  after  swaging.  A  die 
that  swages  the  reflector 
of  the  bezel  is  shown  in 
Fig.  14.  The  pendant  die, 
shown  in  Fig.  16,  is  a 
two-piece  die;  one-half  of 
the  pendant  is  worked 
out  of  each  section,  both 
pieces  being  held  in  the 
hardened  ring.  A  piece 
of  hardened  wire  is 
placed  in  the  lower  part 
of  the  die  with  a  piece  of  nickel  wire  in  the  center,  ready  to 
swage.  Another  hard  pin  is  placed  on  top  of  the  nickel  wire,  and 
when  forced  down,  swages  the  wire  into  the  desired  form. 
A  die  for  swaging  crowns  is  shown  in  Fig.  17.  The  blank 
crown  is  curled  and  swaged  on  the  stem.  There  are,  of  course, 
other  operations  on  watch-case  work,  but  this  description  is 
confined  to  the  die  work. 

*     *     * 

THE  SOCIETY  OF  INDUSTRIAL  ENGINEERS 
The  Society  of  Industrial  Engineers  was  organized  in  Wash- 
ington, D.  C,  June  15,  and  Charles  Buxton  Going,  fdr  twenty 
years  editor  of  the  Engineering  Magazine.  New  York  City,  was 
chosen  provisional  president  and  pro  tem  chairman  of  the 
board  of  directors.  This  board  comprises  fifteen  prominent 
men,  chosen  from  various  sections  of  the  United  States,  among 
whom  are  Charles  Buxton  Going,  C.  E.  Knoeppel,  Frank  B. 
Gilbreth,  E.  C.  Shaw,  Harrington  Emerson,  Charles  Piez. 
Irving  A.  Berndt,  G.  DeA.  Babcock,  Willard  E.  Hotchkiss. 
Harry  Franklin  Porter,  H.  Thorpe  Kessler,  Dexter  Kimball, 
Morris  L.  Cooke,  C.  Day  and  Herman  Schneider. 

The  society  is  to  be  a  national  organization  and  the  mem- 
bership will  comprise  men  and  women  who  are  industrial  engi 
neers,  professional  technical  engineers,  accountants,  managii  g 
executives  of  commercial  and  industrial  activity,  writers,  edu- 
cators and  students.  Upon  completion  of  the  organization  its 
services  will  be  tendered  to  the  government  through  Howard 
E.  Coflfin,  chairman  of  the  Advisory  Committee,  Council  of  Na- 
tional Defense,  and  others  who  can  utilize  its  services. 
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TRAVEL   OF  CUTTER   WHEN   MILLING 
GEAR   TEETH 

It  is  well  known  that  in  milling  gear  blanks  a  certain  allow- 
ance must  be  made  before  the  cutter  cuts  to  the  full  depth, 
and  that  this  must  be  added  to  the  face  when  figuring  the  cut- 
ting time.  The  accompanying  diagram  and  table  show  just 
how  much  this  extra  travel  is.  For  example,  the  distance  j- 
is  shown,  in  the  accompanying  table,  to  be  1.052  inch  for  a 
five-pitch  cutter,  3  inches  in  diameter.  This  amount  must, 
therefore,  be  added  to  the  face  of  the  gear  to  get  the  full  travel 
required. 

There  is  nothing  difficult  about  the  method  of  figuring,  as  it 
requires  only  the  solution  of  a  right-angle  triangle  in  which 
the  hypotenuse  R  represents  the  cutter  radius;  R  —  (d  -f-  /), 
the  perpendicular;  x,  the  base  of  the  triangle;  d  +  /,  the  whole 
depth  of  the  tooth.  In  the  example  given,  the  cutter  radius  is 
1.5  inch.     For  a  five-pitch  cutter  d   +  /  is  0.4314;    therefore 


nut  and  screw  for  raising  the  grinding  head  on  a  Brown  & 
Sharpe  grinder.  The  old  screw  was  perfect  on  one  end  for  a 
distance  of  six  inches;  so  this  section  was  cut  off,  fluted, 
squared,  hardened,  and  used  to  finish  the  new  nut.  This  ob- 
viated the  necessity  of  cutting  a  thread  on  the  tap,  and  as  the 
screw  had  an  eight-pitch  Acme  thread,  the  operation  would 
have  consumed  considerable  time. 
Jersey  City,  N.  J.  w.  H.  Dvnbkack 


CARE   OF  LATHE   CENTERS 

In  a  large  shop  where  machines  were  not  assigned  to  the 
workmen,  it  was  found  difficult  to  keep  good  centers  in  the 
lathes.  A  man  finding  the  centers  running  out  of  truth  would 
take  one  of  them  out,  anneal  it,  turn  it  down  so  that  it  would 
run  true,  and  finish  his  job,  without  stopping  to  harden  the 
center.  Oftentimes,  what  was  originally  the  live  center  would 
be  in  a  soft  condition  and  in  the  tailstock  of  the  lathe.     As  a 


OVER  TRAVEL  OP  CUTTER  WHEN   MILLING  GEAR  TEETH 


Diametral  Pitch  of  Cutter 


Cutter 

Diameter. 

Inches 


4^i 
3% 
3% 
3% 
31/2 

3y8 
3 

ays 
2% 
2% 
2V2 
2% 
2% 
2y8 
2 


1.414 
1.342 
1.316 
1.290 
1.263 
1.181 


353 
219 
196 
174 
150 
078 
052 


R  —  (d  +  f)  =  1.5  —  0.4314  =  1.0686 ;  and  .r  =  \/ 1.5'  — 1.0686"' 
=  V  2.25  —  1.14188596  =  1.052.  +. 

The  table  also  shows  the  advantage  of  a  cutter  having  a 
small  diameter  over  one  of  larger  diameter.  Thus,  in  a  five- 
pitch  cutter,  414  inches  in  diameter,  x  =  1.353;  whereas  in  a 
five-pitch  cutter,  3  inches  in  diameter,  x  =  1.052,  a  difference 
of  0.3,  so  that  on  a  number  of  gears  the  saving  of  time  is 
considerable.  Of  course  a  table  for  keyway  cutting  could  be 
arranged  to  show  the  amount  of  material  cut  into  beyond  the 
full  depth  of  cut.  The  accompanying  table  is  sufficient  to 
cover  most  standard  sizes  of  cutters.  The  over  travel  is  given 
to  the  third  decimal  place  for  the  sake  of  exactness,  but  of 
course  the  nearest  thirty-second  inch  will  be  near  enough  for 
practical  use. 

Christchurch,  New  Zealand  Percy  W.  Frajipto.v 


MAKING  A  TAP  FROM  A  WORN-OUT 
SCREW 

In  repairing  machinery  and  machine  tools,  it  is  often  neces- 
sary to  make  special  taps.  Lead-screws  and  nuts  wear  out. 
and  in  order  to  make  a  quick  repair  a  tap  corresponding  to 
the  lead-screw  is  necessary.  Making  a  special  tap  for  a  repair 
job  involves  considerable  time  and  expense.  In  one  instance, 
the  "man  on  the  job"  suggested  converting  the  worn-out  screw 
into  a  tap.    The  repair  to  be  effected  was  the  making  of  a  new 


1.184 
1.124 
1.039 
1.083 
1.062 
0.997 
0.974 
0.951 
0.926 


1.012 
0.991 
0.932 
0.911 
0.889 
0.867 
0.845 


0.934 
0.877 
0.858 
0.838 
0.818 
0.796 
0.776 


0.884 
0.831 
0.814 
0.794 
0.776 
0.755 
0.736 
0.715 


0.842 
0.792 
0.775 
0.757 
0.739 
0.721 
0.702 
0.682 
0.663 
0.642 


0.773 
0.727 
0.712 
0.695 
0.680 
0.662 
0.646 
0.627 
0.610 
0.591 
0.572 


result,  much  work  was  spoiled  through  the  tailstock  center 
being  soft  and  burnt  off,  before  the  operator  was  aware  of  its 
condition. 

In  some  shops  where  similar  conditions  exist,  it  is  common 
to  find  soft  lathe  centers  because  no  center  grinding  attach- 
ment is  available,  or  where  there  is  one  it  may  be  in  use  and 
the  men  decide  that  it  is  quicker  to  anneal  and  turn  a  center 
true  than  to  wait  their  turn  for  the  grinder.  In  some  cases, 
the  centers  have  been  taken  out  of  one  lathe  and  inserted  into 
another,  because  the  operator  has  carelessly  burnt  off  the  cen- 
ter. In  others,  much  time  has  been  wasted  by  men  wandering 
around  the  shop  until  they  found  a  lathe  fit  to  be  used;  of 
course,  after  a  man  has  centered  his  work  at  the  proper  angle, 
it  is  bad  policy  to  try  to  turn  it  with  centers  of  any  angle. 

In  one  shop,  this  difficulty  of  poor  lathe  centers  was  over- 
come by  having  two  sets  of  centers  for  each  machine,  one  being 
in  the  tool  crib  while  the  other  was  in  use.  Every  lathe  center 
was  given  the  same  number  as  the  lathe  it  went  into,  and  each 
live  center  had  a  scratch  line  that  corresponded  with  a  mark 
on  the  spindle  of  the  lathe.  When  a  man  had  lathe  work  to 
do,  he  procured  his  centers,  in  a  good  condition,  from  the  tool- 
room attendant,  and  when  he  got  through  with  the  lathe  he 
returned  the  centers  and  received  his  brass  checks.  If  any- 
one carelessly  burnt  off  one  of  the  centers,  the  culprit  was 
thus  easily  located.  By  this  method  good  centers  were  always 
obtainable,  and  much  time  was  saved. 

New  Haven,  Conn.  Eric  Lek 
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INSIDE   MICROMETER   GAGE 

The  accompanying  illustration  shows  a  convenient  gage  for 
setting  inside  micTometers.  The  gage  was  made  from  ma- 
chine steel,  3/16  inch  thick,  and  after  roughing  down  to  within 
0.015  inch  of  size  was  carbonized  1/32  inch  deep.  It  wa.s 
then  hardened  at  1420  degrees  F.,  after  being  secured  between 
two  1-  by  3/8-inch  iron  bars.  These  bars  prevented  the  gage 
•  from  bending  and  kept  the  center  practically  soft;  there  was, 
however,  an  expansion  of  0.005  inch  in  the  length.  In  finish- 
grinding,  size  blocks  were  used,  which  made  it  possible  to  work 
to  a  close  limit.  The  steps  were  ground  first,  as  near  to  size 
as  possible,  and  about  0.002  inch  was  left  on  the  base  until 
the  steps  were  lapped  to  size,  or,  in  other  words,  exactly  1  inch 
apart.  Then  the  base  was  ground  to  the  finished  size.  This 
gage  is  light  and  takes  up  little  room  in  the  tool-box.  By  its 
use,  an  instrument  having  a  1/2-inch  adjustment  can  be  set 
from  2  to  8  inches.  For  example,  if  the  micrometer  is  to  be 
set  to  3.400  inches,  the  three-inch  step  on  the  gage  is  used,  the 
thimble  first  having  been  set  to  0;  then  the  thimble  is  ad- 
justed to  0.400  inch,  giving  the  correct  measurement  of  3.400 
inches.  If  the  micrometer  is  to  indicate  3.800  inches,  it  is 
set  to  the  four-inch  step,  the  thimble  having  been  screwed  out 
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to  0.500  inch;  the  thimble  is  then  screwed  in  0.200  inch,  giving 
the  correct  measurement  of  3.800  inches. 

Toronto,  Canada.  H.  E.  Goodgek 


SPRING  WINDING   TOOL 

A  handy  spring  winding  tool,  shown  in  Fig.  1,  consists  of  a 
strip  A  of  common  sheet  steel  with  a  hole  at  each  end.  The 
wire  from  the  spool  passes  through  the  hole  B  at  one  end, 
over  the  strip,  through  a  hole  0  at  the  other  end,  and  thence 
around  the  arbor  D.  In  this  case,  the  operator  uses  his  thumb 
to  govern  the  tension,  which  he  can  do  by  placing  it  on  the 
wire  or  on  a  small  strip  of  leather  that  is  riveted  to  the  tool 
and  is  laid  over  the  wire.  The  holes  C  should  be  drilled  dif- 
ferent sizes  according  to  the  diameter  of  the  wire  used  and 
should  allow  about  0.02  inch  clearance.  They  can  be  spaced  to 
suit  the  conditions  of  standard  springs  and  whenever  a  special 
spring  is  to  be  wound,  the  space  between  the  coils  can  be  calcu- 
lated and  a  hole  drilled  in  the  st^ip  the  proper  distance  from 
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SPRING  WINDING  TOOL 
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Figs.   2-4.     Spring   Winding   Tool  and  Methods  of   using 

either  side  of  the  tool.  The  side  from  which  the  dimension 
was  taken  should  act  as  a  guide  E,  Fig.  4.  When  a  slight 
space  is  required,  the  tool  is  drilled  and  filed  through  the  outer 
edge,  as  shown  at  B  in  Fig.  2.  For  close-wound  springs,  center 
holes  C  are  used;  the  tool  is  then  laid  flat  on  top  of  the  com- 
pleted coils  and  a  slight  tension  exerted  sidewise  toward  the 
coils,  as  shown  in  Fig.  3.  For  open  springs,  the  tool  is  held  as 
shown  in  Fig.  4;  the  edge  of  the  tool  touches  the  last  complete 
coil,  which  acts  as  a  guide  and  gives  uniform  spacing. 

Lynn,  Mass.  W.  B.  Pohle 


PLAINER  FIGURES  FOR  THE  SHOP 

When  steel  stamp  letters  and  figures  reach  the  well  worn 
condition  that  seems  to  be  typical  in  most  machine  shops,  it 
is  no  wonder  that  the  threes,  fives,  sixes  and  eights  are  often 
mistaken  for  one  another.  This  is  especially  true  when  the 
surface  upon  which  they  are  stamped  is  scaly  or  rough.  The 
smaller  the  sizes  of  the  figures,  the  greater  is  the  likelihood 
of  confusion,  because  the  openings  in  the  figures  are  less  pro- 
nounced. The  same  condition  holds  true  of  pattern  letters  and 
figures.  Of  course,  we  all  know  that  letters  and  figures  should 
not  be  allowed  to  reach  this  condition  without  renewal,  but 
the  fact  remains  that  they  do. 
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Plainer  Figures  for  the  Shop 

One  large  manufacturing  concern  has  greatly  improved  mat- 
ters by  changing  the  form  of  the  figures  used.  It  will  be  seen 
in  the  illustration  that  the  threes,  fives,  sixes  and  eights  differ 
more  than  usual,  having  as  large  openings  as  possible  in  the 
formation.  Since  the  adoption  of  this  style  of  figures,  mistakes 
in  reading  serial  numbers,  pattern  numbers,  etc.,  have  been 
largely  eliminated,  and  for  this  reason  the  same  style  of  fig- 
ures has  been  adopted  for  drafting-room  use.  C.  L.  L. 


Fig.    1.     Handy   Method   of    winding   Springs 


QUICK    METHOD    OF    DRAWING    ELLIPSE 

The  method  of  drawing  an  ellipse  here  shown  eliminates  all 
unnecessary  construction  lines  which  must  be  rubbed  out 
after  the  ellipse  has  been  constructed.  It  is  not  an  exact 
geometrical  construction,  but  is  taken  from  the  old  method 
that  has  stood  the  test  of  time  in  nearly  every  drafting-room. 
The  old  method  is  as  follows:  On  the  major  axis  AB  set  off 
AE  equal  to  CD,  the  minor  axis,  and  divide  EB  into  three 
equal  parts.  With  O  as  a  center  and  a  radius  equal  to  the 
length  of  two  of  these  parts  describe  arcs  cutting  the  major 
axis  AB  in  F  and  G.  Upon  FG  as  a  side  construct  two 
equilateral  triangles  FHG  and  FIG.  With  H  &b  a.  center  and 
a  radius  equal  to  HD  describe  the  arc  JDK  intersecting  HG 
and  HF  produced  in  J  and  K.  With  the  same  radius  and  with 
Z  as  a  center  describe  the  arc  LCM  intersecting  IG  and  IP' 
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Diagram   illustrating   Quick   Method   of 
drawing  Ellipse 


produced  in  L  and  M. 
With  A  and  B  as  cen- 
ters and  a  radius  equal 
to  tlie  chords  of  the 
arcs  AL  or  BM,  de- 
scribe arcs  cutting  AB 
at  the  points  F  and  O. 
From  the  points  of  in- 
tersection of  these 
arcs  with  the  line  AB, 
and  the  same  radius, 
describe  the  arcs  LAJ 
and  MBK. 

By  the  new  method, 
let   AB   be   the   major 


axis,  CD  the  minor  axis  and  DH  the  radius  for  large  arc  on 
minor  axis;  then  DH  =  1.15AB  —  0.65CZ).  After  the  large  arcs 
are  drawn,  complete  the  ellipse  by  drawing  an  arc  on  the  major 
axis  tangent  to  the  two  large  arcs  and  the  ends  of  the  major  axis. 

The  accuracy  of  this  method  is  shown  by  finding  the  value 
of  DH  from  the  old  method:  OF  =  (AB  —  CD)  0.66;  OH  = 
OF  X  tan  60  degrees;  DH  =  (OF  X  tan  60  degrees)  +  0.5  CD; 
DH  =  [  (AB  —  CD)  0.66  X  tan  60  degrees]  +  0.5CD.  0.66  X  tan 
60  degrees  =  0.66  X  1.732  =  1.15;  DH  =  [(AB  —  CD)  1.15]  + 
0.5CD.  By  simplifying,  DH  =  1.15AS  —  0.65CZ).  This  for- 
mula checks  back  with  a  circle,  as  in  a  circle  the  major  and 
minor  axes  are  equal.  For  instance,  take  a  circle  8  inches  in 
diameter.  AB,  the  major  axis,  =  8;  CD,  the  minor  axis  =  8; 
DH,  the  radius  of  circle  or  arc  =  4.  The  proof  is  DH  =  1.15 
AB  —  0.65  CD;  or  1.15  X  8  —  0.65  X  8  =  4.  The  numerical 
coefficients  of  this  formula  are  easily  retained  in  the  memory, 
by  keeping  in  mind  that  1.15  —  0.65  =  0.5. 

Brooklyn,  N.  Y.  P.  L.  Gadol 


RULING  DATA  SHEETS  ON  TRACING 
CLOTH 

The  writer  often  has  to  change  information  on  data  sheets, 
and  in  making  the  erasures  has  found  that  parts  of  the  lines 
forming  the  columns  were  also  erased.    It  was  then  necessary, 

after  the  change 
was  made,  to  re- 
ink  the  erased 
parts  of  those 
lines,  which  sel- 
dom coincided 
with  the  lines 
already  ruled  in 
unless  consider- 
able care  was 
taken.  However, 
this  trouble  is 
easily  avoided  if 
the  lines  are 
ruled  on  the  opposite  side  of  the  tracing  cloth;  that  is,  the  in- 
formation is  put  on  one  side  and  the  lines  on  the  other. 
New  York  City  Andrew  F.  Buegwald 


vhen  Lines  and  Data  are  on  Same  and 
Opposite  Sides  of  Cloth 


PENCILING  DRAWINGS 

A  method  of  penciling  drawings  that  makes  them  take  on  a 
clear-cut  and  finished  appearance  is  to  use  two  kinds  of  draw- 
ing pencils.  A  hard  pencil  (about  6H)  with  a  wedge-shaped 
point  is  used  for  roughly  laying  out  the  detail,  and  for  center 
and  dimension  lines,  and  a  softer,  or  4H,  pencil  with  a  round 
point  is  used  for  drawing  in  the  solid  or  dotted  lines  of  the 
detail  and  for  arrowheads  and  lettering.  By  this  plan  a  draw- 
ing can  be  easily  traced,  as  there  is  a  clear  distinction  between 
the  lines,  which  gives  almost  the  appearance  of  an  inked  paper 
drawing.  The  writer  does  not  recommend  this  method  of 
penciling  for  drawings  such  as  assemblys  upon  which  much 
time  must  be  spent,  as  the  soft  pencil  will  cause  the  drawings 
to  become  smudgy,  but  for  details,  where  the  work  can  be 
traced  quickly,  or  where  the  pencil  drawing  is  shellacked  and 
sent  into  the  shop,  the  use  of  two  pencils  will  be  found  well 
worth  the  small  additional  effort  required. 
Chicago,  111.  R.^j_,.„  R^  Wkddeli, 


MAKING  A  PRESSED  STEEL  COVER 
The  steel  cover  shown  in  Fig.  1  is  made  in  two  operations 
from  18-gage  hot-rolled  steel.  It  is  then  given  a  coat  of  black 
enamel.  To  eliminate  trimming  to  length,  the  cover  is  made 
from  a  developed  blank  3  17/32  inches  in  diameter.  This  is 
drawn  into  the  cup  shown  at  A,  Fig.  1,  on  a  compound  blank- 
ing and  drawing  punch  and  die.  Fig.  3.  This  cup  is  then  put 
through  an  upsetting,  perforating,  and  flanging  die,  Fig.  2, 
which  produces  the  cover  shown  at  B,  Fig.  1.  This  is  a  fin- 
ished article  free  from  burrs  and  ready  to  go  to  the  paint 
shop  to  receive  a  coat  of  black  enamel. 

The  blanking  and  drawing  die  shown  in  Fig.  3  is  more 
desirable  for  drawing  shells  that  are  afterward  submitted  to 
a  finishing  operation  than  is  a  double-action  press.  It  pro- 
duces a  shell  of  uniform  depth  and  height  which  is  essential 
where  no  trimming  is  to  be  done.  The  punch-shoe  A  and  the 
die-shoe  B  are  made  of  cast  iron  and  are  aligned  by  steel 
guide-pins  C  and  bronze  bushings  D.  The  blanking  punch  £, 
which  also  acts  as  a  die,  is  made  of  hardened  tool  steel  and' 
is  set  in  a  counterbored  shoe,  being  held  in  position  by  screws 
F.  It  has  a  spring  knock-out  pad  G.  which  is  actuated  by  a 
spring  H.     The  blanking  die,  which  is  made  of  tool  steel  and 
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Fig.   1.     Cup  for  Pressed  Steel  Cover  and  Finished  Cover 


is  hardened  and  ground  with  plenty  of  shear,  consists  of  a 
ring  /  that  is  set  in  die-shoe  B  and  is  held  by  screws  J;  K  is 
the  spacing  gage.  The  forming  punch  L  is  held  in  position 
by  a  stud  bolt  M,  which  also  holds  in  place  rubber  buffer  A' 
and  pressure  plates  0  with  nut  P.  Rubber  buffer  N  must  be 
carefully  adjusted  when  the  dies  are  set  up  and  care  must  be 
taken  that  excessive  pressure  is  not  exerted  on  pressure  pad 
R,  from  the  rubber  buffer  through  pins  8,  as  this  would  strain 
the  metal  or  cause  it  to  break  or  stretch.  The  stripper  plates 
T,  which  are  held  by  screws  V,  are  made  in  two  pieces  and 
do  not  completely  surround  punch  E  while  in  operation;  this 
is  not  in  accordance  with  common  practice.  The  top  view  is 
shown  at  Y-Y.  This  stripper  is  very  satisfactory,  as  it  gives 
the  operator  a  good  view  and  better  command  of  his  work. 
A  channel  X  passes  through  the  forming  and  drawing  punch 
L  and  the  stud  bolt,  then  under  the  die  to  the  opening  XX. 
Its  purpose  is  to  eliminate  suction  while  the  shell  is  being 
stripped  from  punch  L,  making  the  stripping  easier  and 
causing  less  wear  on  the  punch.  Tapped  holes  W  are  pro- 
vided for  fastening  the  die  to  the  bed  of  the  press. 

The    flanging   and    perforating    punch    and    die.    Fig.    2,    is 
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Fig.  3.    Compound  Blanking  and  Brawing  Punch  and  Die  for  Steel  Cover 

shown  closed  with  the  finished  cover  in  place.  The  punch  A 
is  made  of  machine  steel  and  is  counterbored  to  seat  the  tool- 
steel,  hardened,  working  pad  B,  while  under  pressure.  Pad  B 
is  held  in  place  by  screws  C,  which  are  V4  inch  long  in  order 
to  allow  the  pressure  pad  y^  inch  movement  from  springs  F. 
This  movement  releases  the  shell  from  the  perforating  punch 
D  when  the  punch  leaves  the  die  on  the  upward  stroke  of 
the  ram.  The  die-shoe  E  is  made  of  cast  iron  and  seats  die 
■G.  The  holes  for  screws  H  are  elongated  1/16  inch  to  allow 
the  die  a  forward  motion  of  1/16  inch,  which  is  necessary 
•when  the  die  is  open  to  give  the  proper  freedom  in  placing 
or  removing  the  shell.  The  rear  flanging  sections  /  are  made 
of  tool  steel,  hardened  and  ground  and  held  stationary  by 
screws  J,  while  the  forward  section  A'  moves  horizontally  in 
channel  L  and  bevel  gibs  M.  The  front  section  K  moves  for- 
ward when  the  lever  N  is  pressed  down.  At  the  same  time, 
this  lever,  through  stud  O,  causes  lever  P  to  raise  knock-out 
pins  X  the  proper  height  to  discharge  the  cover,  which  is 
quickly  removed  and  replaced  by  an  unfinished  shell.  S  is 
a  channel  for  the  discharge  of  slugs,  and  holes  T  are  for  fas- 
tening the  die  to  the  bed  of  the  press. 

Highland  Park,  Mich.  Ernest  A.  Walters 


HELP  FOR  THE  TOOL  DESIGNER 

Many  of  the  largest  factories  whose  systems  are  otherwise 
efficient  neglect  to  inform  the  tool  designer  how  many  pieces 
are  to  be  machined  and  what  is  the  highest  price  that  the  fix- 
ture may  cost,  with  the  result  that  his  designs  for  a  jig  or 
fixture  may  be  rejected  because  of  excessive  cost.  This  cost,  if 
three  or  four  thousand  pieces  were  to  be  machined,  perhaps, 
would  not  be  excessive,  but  in  the  case  of  a  few  hundred  it 
might  be  unreasonable.  With  the  larger  number  of  pieces, 
the  use  of  an  automatic  or  semi-automatic  device  might  be 
valuable  because  the  saving  of  a  few  seconds  on  a  piece  would 
soon  overbalance  the  increase  in  the  cost  of  the  jig.  If  the 
designer  were  given  this  information,  there  would  be  a  great 
saving  in  designing  time  and  in  manufacturing  costs,  as  there 
would  be  fewer  cheaply  constructed  tools  used  on  large  orders 
and  fewer  overdesigned  jigs  on  small  orders 

Detroit,  Mich.  Lloyd  L.  Lee 


EMERY  WHEEL  ON   MOTOR  SHAFT 

The  little  job  shop  with  nine  men  and  nineteen  kinds  of 
work  for  eacrh  man  every  nine  hours  cannot  be  expected  to 
devote  much  time  to  stop-watch  efficiency  and  motion  study. 
Still  the  little  shop  does  things  that  are  well  worth  noting 
by  mechanics  who  may  be  doing  similar  lines  of  work.  In 
one  small  shop  the  writer  has  visited,  several  grinding  ma- 
chines are  scattered  through  the  shop — two  or  three  ordinary 
stands  of  two  stones  each  and  one  fine  water-grinder.  But 
because  of  the  time  required  for  the  wheel  to  get  up  speed 
when  starting  an  emery  grinder,  and  as  frequent  trips  to  the 
grinding  machine  are  necessary,  an  emery  wheel  has  been 
set  up  on  a  motor  shaft. 

As  shown  in  the  illustration,  the  motor  that  drives  the  lathes 
was  on  a  plank  box  of  sufficient  height  to  bring  the  shaft  high 
enough  for  a  grinder  shaft.  So  an  extension  was  fitted  to  the 
motor  shaft  on  the  pulley  side  of  the  motor  and  a  12-inch 
wheel  with  IV^-inch  face,  placed  on  it.  The  shaft  extension 
is  a  piece  of  cold-rolled  rod,  a  little  larger  than  the  motor 
shaft,  which  was  fitted  with  a  flange,  collar,  and  nut  to  receive 
the  grinding  wheel;  the  opposite  end  of  the  extension  was 
drilled  and  reamed  to  fit  snugly  over  the  motor  shaft,  the 
pulley  of  which  was  removed,  bored  out,  and  replaced  out- 
side of  the  motor-shaft  extension. 

The  rest  was  attached  to  a  2  by  2  inch  bar,  which  had  evi- 
dently at  some  time  done  clamp  duty  on  one  of  the  planers  in 
the  shop.  This  bar  was  put  on  the  base  of  the  motor  as  shown, 
and  held  in  place  by  means  of  the  belt-tightening  screw,  which 
bore  against  the  bar  instead  of  against  the  motor  base.  After 
the  motor  bolts  had  been  tightened,  a  turn  of  the  belt- 
tightening  screw  exerted  a  vise-grip  upon  the  rest-bar.  The 
rest  proper  was  forged  from  a  bar  of  %  by  2  inch  black  steel 
and  was  slotted  and  held  in  place  by  a  wing  nut,  as  shown. 
A  guard  was  forged  from  another  piece  of  flat  steel  and  fas- 
tened with  cap-screws  to  the  rear  of  the  sliding  motor-base. 

Although  this  device  has  been  in  daily  use  for  more  than 
five  years,  the  dust  and  metal  particles  from  the  grinding 
operations  have  not  done  any  damage  whatever  to  either  the 
motor  or  its  bearings.  The  proper  speed  is  there,  the  grinder 
never  has  to  be  stopped  or  started,  and  it  consumes  practically 
no  power  when  not  in  use. 

Another  economical  arrangement  was  the  fastening  of  two 


Attaching    a    Grinder   directly    to    Motor 


July,  1917 


MACHINERY 


1001 


vertical   angles   to   the  sliding  base  and   mounting  a  switch- 
board on  these  verticals.     The  knife-switch  and  the  starting 
rheostat  were  located  on  this  board,  where  they  are  convenient 
to  the  motor  and  to  the  workman  who  starts  and  stops  it. 
Indianapolis,  Ind.  James  F.  Hobart 


FAST  INDEXING  DRILL  JIG  FOR 
TIME  FUSE   CAP 

The  drill  jig  shown  in  Fig.  1  was  designed  for  drilling  four 
angular  holes  A,  Fig.  2,  in  a  brass  time  fuse  cap.  However, 
the  principle  can  be  easily  applied  to  other  work.  The  jig 
consists  of  a  hardened  steel  locating  plate  A,  Fig.  1,  mounted 
on  a  hardened  spindle,  which  runs  in  a  bushing  that  is  also 
hardened.  A  ball  bearing  B  takes  the  thrust  of  the  spindle. 
At  the  other  end  of  the  spindle  is  an  index  plate  C.  in  which 
are  cut  four  90-degree  notches.  Keyed  to  the  index  plate,  and 
also  to  the  spindle,  is  a  ratchet  wheel  D,  having  four  teeth.  A 
hand-lever  E.  which  has  a  bearing  and  turns  around  a  hub  on 
the  index-plate,  carries  a  spring  pawl  F  that  engages  with  the 
ratchet  wheel  D.  The  lever  also  carries,  at  the  outer  ends,  two 
pins  G  that  project  downward,  so  that  when  it  is  pushed  back 
and  forth  the  pins  strike  on  the  body  of  the  jig  and  prevent 
carrying  the  index  plate  beyond  the  locking  pin  H.  This  lock- 
ing pin  is  a  hardened  st^el  sliding  pin,  one  end  of  which 
is  rounded  and  engages  with  the  notches  in  the  index  plate. 
Back  of  the  pin  and  held  in  place  by  a  headless  set-screw  E  is 
a  coil  spring  J,  which  holds  the  locking  pin  against  the  index 
plate.  The  tension  of  this  spring  is  just  enough  to  hold  the 
work  from  turning  while  being  drilled,  but  not  enough  to  pre- 
vent its  being  readily  indexed  by  a  quick  pull  on  the  index- 
ing lever. 

The  work  is  held  in  position  against  the  locating  plate  A 
by  the  plunger  L,  which  rests  on  a  single  V^-inch  hardened 
steel  ball  that  acts  as  a  bearing  while  the  work  is  being  in- 
dexed. Plunger  L  is  carried  in  a  second  plunger  M.  which  is 
held  up  by  a  powerful  coil  spring  N.  This  spring  should  be 
longer  and  stiffer  than  the  one  shown,  as  an  enormous  pressure 
can  be  obtained  with  drills  as  small  as  the  No.  30  used  with 
this  job.  The  outer  plunger  M  is  operated  by  a  foot-treadle 
connected  to  the  lever  0.  In  operation,  the  foot-treadle  is  de- 
pressed and  a  piece  of  work  is  placed  between  the  plunger  L 
and  the  locating  plate  A.  When  the  treadle  is  released,  the 
work  is  held  by  the  tension  of  the  spring  N  while  the  index- 
ing is  done  by  the  lever  E. 

The  locating  plate  .4  has  slots  milled  in  it  with  a  radius  cut- 


stop  for  locating  Work  in  Milling  Machine 

ter  of  the  same  radius  as  the  drill  to  be  used.  This  feature, 
in  connection  with  the  lip  on  the  work,  answers  the  same  pur- 
pose as  a  drill  bushing,  no  other  means  of  guiding  the  drill 
being  necessary.  The  production  of  this  jig  is  about  4000  caps 
per  day. 

New  York  City  Donald  A.  Baker 


VISE  STOP  FOR  MILLING  MACHINES 

When  a  number  of  duplicate  parts  are  to  be  machined,  the 
vise  stop  here  shown  enables  the  operator  to  place 
each  piece  quickly  in  exactly  the  same  location.  The 
sliding  block  A  and  the  finger  B  can  be  instantly  ad- 
justed to  any  position  or  removed  when  not  in  use. 
As  the  tongue  C  is  never  in  the  way,  it  can  be  left 
on  the  vise.  The  slot  in  the  finger  B  allows  it 
to  be  adjusted  from  the  solid  vise  jaw  to  the  position 
shown.  The  only  strain  on  the  stop  is  that  from 
the  hand  holding  the  work  against  it  and  the  soli  1 
vise  jaw,  which  is  square,  until  the  vise  is  closed. 
Beverly,  Mass.  V.  G.  Terry 


Fast  Indexing  Drill  Jig 


USING  THE   SLIDE-RULE 

In  the  March  number  of  Machi.nkry,  under  the  head- 
ing "Uses  of  Slide-rule,"  a  method  is  given  for  setting 
the  runner  accurately  to  the  decimal  equivalent  of  a 
mixed  number  containing  a  common  fraction.  While 
the  method  gives  the  decimal  value  sought,  it  involves 
a  mental  calculation  that  may  result  in  mistakes,  and 
the  estimate  has  to  be  made  between  0.05-inch  grad- 
uations, which  may  cause  further  discrepancy. 

A  more  direct  method,  whereby  the  value  may  be 
read  off  directly  within  0.0005,  is  to  eliminate  the  in- 
tegral and  consider  the  fraction  only.  To  find  the 
decimal  equivalent  of  13/32  inch,  set  32  on  the  C 
scale  to  the  right  index  on  the  D  scale,  and  under 
13  on  the  C  scale  will  be  0.4063  on  the  D  scale.  Any 
fraction  may  be  solved  in  the  same  manner.  To  find 
the  decimal   of  24/39,   set   39   on  the  C  scale  to  the 
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Fig.   1.     Raise  One  Side  Two  or  Three  Feet 

right  index  on  the  D  scale,  and  under  24  on  the  C  scale  will 
be  0.6153  on  the  D  scale.  To  convert  a  decimal  into  a  fraction 
of  any  denomination,  set. the  denominator  of  the  fraction  to 
the  index,  as  before,  and  over  the  decimal  on  the  D  scale  will 
be  the  numerator  of  the  fraction  on  the  C  scale. 
Bridgeport,  Conn.  A.  C.  Hannibal 


SIMPLE   DRILL  CHUCK 

In  the  February  number  of  Machinery  is  an  interesting 
article  on  "Drill  Chucks."  The  following  modification  of  one 
of  the  simple  types  of  chucks  described 
there  may  be  of  interest  to  some  readers. 
One  end.  of  the  spindle  A  is  turned  down 
to  receive  a  collar  B  in  which  is  a  slotted- 
head  set-screw  C.  In  the  end  of  the  spin- 
dle is  drilled  a  hole  of  the  same  diam- 
eter as  that  of  the  shank  of  the  drill  to 
be  used.  A  slot  is  then  cut  across  the 
spindle  to  a  point  a  little  less  than  half 
way  through  it.  Block  E,  a  plan  of  which 
is  shown  at  M,  is  then  fitted  to  this  slot. 
The  shank  of  the  drill  D  is  ground  as 
shown.  Chucks  of  this  kind  have  been  in 
use  for  a  number  of  years  on  a  multiple- 
spindle  drill  head  and  have  proved  very 
satisfactory  where  a  high  degree  of  accu- 
racy is  not  required. 

^'Zm  ^chTck"'^  Beaver  Dam,  Wis.  S.  W.  Palmer 


QUICK-ACTING  CHUCK 

The  accompanying  illustration  shows  a  quick-acting  chuck 
designed  for  boring  the  inside  of  a  steel  txibe.     As  the  out- 
side of  the  tube  had   only  a  small   amount  for   finishing,   it 
was  necessary  to  bore  the  inside  concentric  with  the  outside. 
This  chuck  is  made  to  fit  a  turret  lathe  or  chucking  machine. 
To  open  the  jaws  for  inserting  a  tube,   it  is  only  necessary 
to    revolve    ring 
A     slightly     by 
means  of  pin  B. 
This    movement 
causes  the  jaws 
C  to  act  against 
the    pressure    of 
the    springs    I). 
When   the   piece 
is    inserted,    the 
pin      B      is      re- 
moved from  the 
ring  A   and   the 
springs  D   force 
the  jaws  to  grip 
the    work.      The 
design      of     the 
jaws  is  such  that 
the   heavier   the 
cut,    the   tighter 
will  be  the  hold. 
H.  Francis 


Parts  to  be  sweated  together  and  Holder 
used  while  sweating 
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Fig.  2.     Grasp  Two  Edges  with  Teeth  Together 

MAGNETIZING   PIECES  THAT  ARE   TO   BE 
SWEATED 

In  Machinery  for  February  is  described  a  method  of  pre- 
venting the  slipping  of  two  pieces  of  steel  while  being  sweated 
together,  to  the  value  of  which  the  writer  can  testify  from  ex- 
perience. But  he  would  like  to  add  a  hint  for  the  benefit  of 
anyone  who  has  occasion  to  use  this  method  with  a  magnetiz- 
ing apparatus  consisting  of  a  coil  •of  wire  and  an  alternating 
current,  as  difficulty  is  sometimes  met  by  men  who  do  not 
understand  the  little  peculiarities  of  the  alternating  "juice." 
It  is  as  easy  to  magnetize  with  alternating  as  with  direct 
current  if  the  switch  is  opened  before  the  part  is  removed  from 
the  coil.  The  only  dif- 
ference is  that  with  the 
alternating  current  no 
one  can  tell  which  end 
of  the  piece  will  be  the 
north  and  which  the 
south  pole,  as  this  de- 
pends on  the  direction 
of  the  current  at  the  in- 
stant when  the  switch 
is  opened.  The  writer 
has  seen  a  man,  after 
magnetizing  one  piece, 
repeat      the      operation 

twenty  times  on  the  other,  getting  the  polarity  wrong  each 
time.  Knowing  that  the  chance  of  its  coming  right  is  "fifty- 
fifty,"  and  misinterpreting,  as  so  many  do,  the  law  of  prob- 
abilities, he  persevered  in  the  full  belief  that  the  next  at- 
tempt must  be  crowned  with  success.  Finally,  a  neighbor 
suggested  putting  both  parts  into  the  coil  at  once  with  one 
part  in  a  position  opposite  to  that  which  it  was  ultimately 
to  occupy,  and  his  troubles  were  over. 

A  somewhat  interesting  application  of  this  idea  of  magnetic 
clamping  once  came  to  the  writer's  attention.  A  bronze  part  A, 
in  the  accompanying  illustratioij,  was  to  have  a  thin  steel 

disk  soldered  to 
its  flat  surface. 
The  shape  of  the 
bronze  made  it 
difficult  to  hold 
the  pieces  with 
even  pressure  in 
pliers,  so  that 
the  disks  were 
found  to  be  tilt- 
ed. A  tool  like 
that  shown  at  B 
obviated  this 
trouble.  The 
tool-steel  part  C 
embraces  a  little 
more  than  a 
semicircle  and  is 
recessed  to  fit 
tightly  on  the 
bronze,    the    re- 

auick-acting   Chuck  CesS     not     being 
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Fig.  3.     Swing  One  Loop  through  the  Other 

quite  deep  enough  to  allow  its  upper  surface  to  come  flush 
with  that  of  the  tool.  The  shank  B  is  of  brass  and  has  a 
wooden  handle  on  its  outer  end.  One  of  the  bronze  parts,  with 
its  flat  side  already  tinned,  is  placed  in  this  holder,  the  steel 
disk  is  laid  on  top,  and  the  holder  and  parts  are  inserted  in 
the  magnetizing  coil.  The  disk  is  then  turned  180  degrees  and 
the  sweating  done. 
New  London,  N.  H.  Guy  H.  Gardner 


MAKING  BLUEPRINTS   WITHOUT  A 
TRACING 

A  good  blueprint  can  be  obtained  from  a  soft-pencil  drawing 
on  a  tough,  light-weight  bond  paper.  The  method  is  useful 
when  making  shop  fixtures,  doing  experimental  work,  etc., 
for  the  drawings  can  be  readily  changed,  and,  in  experimental 
work,  the  drawings  or  prints  can  be  used  when  making  up 
the  permanent  tracings.  The  only  disadvantage  is  that  the 
drawings  cannot  be  handled  very  much,  because  the  soft-pencil 
lines  rub  off  easily  and  the  sheet  soon  becomes  dirty.  How- 
ever,   time   is   saved   when    only   a   few   prints   are    required. 

Beaver  Dam,  Wis.  S.  W.  Paxmer 


Fig.  4.     Drop  the  Saw  to  the  Floor 

FOLDING  A  BAND   SAW 

To  store  band  saws  so  that  they  can  he  handled  easily,  they 
should  be  rolled  as  tightly  as  possible.  There  are  many  ways 
of  doing  this,  but  unless  one  is  skillful,  there  is  danger  of  the 
saw  kinking  and  injuring  the  person  handling  it.  Fig.  1 
shows  a  coiled  band  saw  and  another  saw  about  to  be  rolled. 
The  method  of  rolling  is  as  follows:  Raise  one  side,  as  shown, 
two  or  three  feet  with  the  teeth  up;  grasp  the  saw  at  about 
the  center  of  the  side  opposite  the  raised  part;  carry  this  side 
over  to  the  raised  side,  as  in  Fig.  2,  and  place  the  two  edges 
with  the  teeth  together.  Raise  the  saw  straight  upward  with 
the  loops  hanging  down,  the  longer  loop  touching  the  floor, 
as  in  Fig.  3.  Swing  the  shorter  loop  through  the  longer  loop, 
at  the  same  time  dropping  the  saw  to  the  floor.  The  saw  will 
assume  a  circular  position  in  three  rolls,  as  in  Fig.  4. 

Moline,  111.  E.  R.  Wiggins 


LATHE   ADAPTED  TO   CUT  COARSE-PITCH 
SCREWS 

An  article  appeared  in  the  November,  1916,  number  of 
Machineey  illustrating  and  describing  how  a  lathe  with  a 
fine-pitch  lead-screw  was  rigged  to  cut  coarse-pitch  screws. 
We  used  substantially  the  same  scheme  about  thirty  years 
ago  in  adapting  an  engine  lathe  that  had  a  lead-screw  with 
three  threads  per  inch  to  cut  coarse  pitches.  A  jack-shaft  was 
mounted  on  the  front  of 
the  headstock,  as  shown, 
and  was  geared  to  the 
spindle  gear  in  the  ratio 
of  3  to  1.  This  gave  us 
one  inch  movement  of 
the  carriage  to  one  revo- 
lution of  the  spindle 
when  two  gears  of  the 
same  number  of  teeth 
were  mounted  on  the 
change-gear  end  of  the 
jack-shaft  and  on  the 
lead-screw.  Movable 
studs  were  provided  for 
mounting  the  interme- 
diate gears,  and  provi- 
sion was  made  for  com- 
pounding. It  will  be 
noted  that  either  right- 
hand  or  left-hand  screws 
can  be  cut.  The  coarsest 
lead  feasible  to  cut  with 
this  rig  is  about  two 
inches.  H.  Potts 

Philadelphia,  Pa. 


COMB  FOR   DRAWING  THREADS 

Instead  of  using  a  thread  pitch  gage  for  spacing  distances 
to  lay  out  threads  or  cross-sections,  I  have  found  it  convenient 
to  use  the  ordinary  comb  with  two  sets  of  teeth.  Simply  ink 
the  points  of  the  teeth  on  an  ink  pad  and  press  the  comb  on 
paper,  and  the  spacing  is  instantly  accomplished. 

Bridgeport,  Conn.  James  McIntyre 


Old  Engine  Lathe  with  Special  Gear  Train  for  cutting  Coarse-pitch  Screws 


THOUGHT  VERSUS  LABOR 

In  a  shop  where  power  presses  were  repaired,  a  shaft  a  half 
inch  too  long  had  been  placed  underneath  the  table  of  a  press, 
so  that  the  end  came  in  contact  with  other  working  parts. 
It  was  therefore  necessary  to  cut  off  the  excess  length.     As 

the  machine  was  assem- 
bled and  it  would  have 
taken  some  time  to  take 
it  apart,  the  parts  that 
came  in  contact  with 
the  extra  length  of  shaft 
were  detached,  and  a 
slide-rest  from  a  watch 
lathe  was  clamped  to 
the  under  side  of  the 
press  table.  A  belt  was 
then  run  from  the  cone 
of  a  lathe  over  the  press 
pulley  and  with  a  cut- 
ting-off  tool  inserted  in 
the  tool-holder  the  ex- 
tra length  was  cut  off 
the  shaft.  By  this  sim- 
ple method,  ten  min- 
utes' work  saved  tak- 
ing the  press  apart  and 
assembling  it  again, 
which  probably  would 
have  taken  twenty  hours. 
Eric  Lef. 
New  Haven,  Conn. 


HOW  AND  WHY 


QUESTIONS    ON    PRACTICAL    SUBJECTS    OF    GENERAL    INTEREST 


VANISHING  THREAD   JOINT 

R.  L.  D. — What  is  a  "vanishing  thread"  joint,  and  in  what 
class  ot  work  is  it  used? 

A. — A  vanishing  thread  joint  is  a  pipe  joint  made  up  of  a 
tapered  pipe  thread  screwed  into  a  tapered  thread  socket.  The 
taper  of  the  thread  is  the  standard  pipe  thread  taper  of  3/4 
inch  to  the  foot;  the  only  difference  lies  in  the  fact  that  the 
thread  is  carried  to  the  vanishing  point  instead  of  ending 
abruptly  as  is  the  ease  with  commercial  pipe  threads.  It  is 
used  for  signal  pipe  and  rotary  drill  pipe  which  require  high 
tensile  and  torsional  strength. 


HOW    TO    PREVENT    ACCUMULATION    OF 
OIL  ON  MACHINE   SHOP  FLOORS 

R.  H. — I  would  like  advice  on  means  and  methods  of  pre- 
venting an  accumulation  of  oil  on  shop  floors.  The  company 
with  which  I  am  connected  has  an  automatic  screw  machine 
department  using  mostly  cold-rolled  steel  stock,  and  cooling 
oil  is  used  in  the  machines.  Partly  through  the  carelessness 
of  the  operators  and  partly  through  the  carelessness  of  the 
men  removing  the  chips,  a  considerable  amount  of  oil  gets 
onto  the  floor  and  is  tracked  all  through  the  factory.  The 
labor  conditions  are  at  present  such  that  not  much  can  be 
said  to  the  men,  as  they  quit  on  the  slightest  provocation. 
Sawdust  on  the  floor  has  helped  but  little,  and  sweeping  con- 
stantly would  require  too  many  laborers. 

A. — The  use  of  sawdust  or  shavings  on  the  floor  of  screw 
machine  departments  is  dangerous  and  is  prohibited  in  many 
places  on  account  of  the  increased  fire  hazard.  The  remedy 
in  part  lies  in  the  use  of  well-fitted  guards  for  preventing  the 
oil  from  being  thrown  by  the  work  from  the  machine,  and  in 
the  use  of  convenient  wheeled  receptacles  for  the  chips  that 
enable  the  laborers  to  remove  the  chips  from  the  chip  pans 
without  scattering  on  the  floor.  Systematic  sweeping  and 
mopping  with  alkaline  solutions  are  necessary  to  keep  the 
floors  clean  and  free  from  slipperiness.  The  question  is  sub- 
mitted to  readers  who  have  had  success  in  overcoming  the 
difficulty. 


SOMETHING  FROM   NOTHING 

J.  B. — Pig.  1  shows  a  square  measuring  8  inches  on  each 
edge.  If  cut  into  four  pieces  M,  N,  P,  Q  as  indicated  by  the 
lines  and  dimensions,  they  can  be  rearranged  to  form  a  rec- 
tangle 5  by  13  inches,  as  shown  in  Fig.  2,  by  the  full  lines. 
Where  does  the  extra  square  inch  of  area  come  from? 

A. — We  had  supposed  that  it  was  universally  understood 
and  agreed  that  something  cannot  be  obtained  from  nothing. 
Suppose  that  the  square  was  a  piece  of  steel  plate,  of  a  uni- 
form thickness  such  that  each  square  inch  weighed  one  ounce, 
the  entire  plate  weighing  sixty-four  ounces;  then,  according 
to  the  statement,  by  cutting  and  arranging  the  pieces  as 
directed,  they  would  weigh  sixty-flve  ounces.  If  the  plate  were 
of  gold  or  platinum,  this  would  be  a  profitable  operation,  in 
fact  it  would  be  even  better  than  a  perpetual-motion  machine; 
but  as  in  such  a  case  we  would  all  be  doing  it,  there  would  be 
nothing  gained  in  the  end.  Many  years  ago  someone  told  an 
English  king  that  if  a  live  fish  were  placed  in  a  vessel  of 
water,  the  vessel  and  its  contents  would  weigh  no  more  than 
it  did  before.  The  king  referred  the  matter  to  his  philosophers, 
who  argued  the  question  pro  and  con  until  the  king  was  tired, 
so  he  ordered  the  matter  to  be  settled  by  weighing  the  vessel 
and  the  water  with  and  without  the  fish.  In  the  present  case, 
the  question  can  be  easily  settled  by  making  an  accurate  draw- 
ing of  the  pieces  as  rearranged.  If  the  long  sides  of  M  and  N 
are  placed  against  the  sides  AB  and  CD  of  P  and  Q,  the  dotted 
lines  show  what  the  result  will  be.  The  edges  GH  and  IJ  over- 
lap and  their  lengths  are  not  equal  to  EF.  In  the  question 
it  is  assumed  that  AF  +  FB  =  6  +  2  =  8  inches;  as  a  ipatter 
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Diagrani   illustrating  the  Fallacy  of  obtaining   Something  from  Notliing 

sumes  that  the  angle  EDK  =  angle  ABL.  which  is  not  true. 
Tan  EDK  =  3/4  =  0.75;  tan  ABL  =  5/6  =  0.833;  hence,  ABL 
is  greater  than  EDK.  It  is  needless  to  say  that  the  sum  of  the 
areas  M.  N.  P.  and  Q  subtracted  from  the  area  of  the  rectangle 
equals  1  square  inch.  J.  J. 


of  fact,  it  is  \'  5^  +  6^  =  7.81025  inches.     The  question  also  as- 


MEANING  OF  "LATERAL"  WHEN  APPLIED 
TO   MECHANICAL  MOVEMENTS 

U.  M.  C. — Has  the  word  "lateral"  a  fixed  and  settled  mean- 
ing in  mechanics,  and  can  it  be  applied  to  any  other  than  a 
horizontal  movement  in  a  horizontal  plane?  Can  it  be  ap- 
plied to  the  movement  of  any  body,  whatever  its  shape?  What 
relation  does  this  word  bear  to  the  words  "longitudinal," 
"vertical"  and  "horizontal"?  Has  it  any  meaning  when  applied 
to  an  object  not  in  motion? 

A. — Most  of  the  principles  of  mechanics  are  founded  on  con- 
siderations that  refer  to  a  material  particle  and  not  to  solid 
bodies  having  appreciable  dimensions.  When  such  bodies  are 
considered,  the  discussion  is  generally  restricted  to  the  move- 
ment of  the  center  of  mass  (center  of  gravity).  Referring  to 
the  accompanying  illustration,  suppose  that  the  rectangular 
prism  is  any  solid  body  having  any  shape  whatever,  anh  that  O 
is  its  center  of  mass.  Through  0,  pass  a  horizontal  plane 
AiBiCiD],  a  vertical  plane  ABCD,  and  another  vertical  plane 
A^B.C.D,,  intersecting  the  other  two  at  right  angles.  The  lines 
of  intersection  of  the  planes  are  MN,  M,N.,  and  M^N,,  each  line 
being  common  to  two  planes  and  perpendicular  to  the  third 
plane.  Suppose  that  the  body  moves  so  that  its  center  0  al- 
ways lies  in  one  of  these  lines,  say  the  line  M^Ni;  then  it  will 
have  no  lateral  movement.  If,  however,  the  body  moves  so 
that  its  center  lies  in  the  plane  A,BiC,Z)i.  the  projection  of  its 
path  on  the  plane  A^B^CnD^  being  the  line  M^N-^,  the  body  "has  a 
lateral  movement  with  respect  to  the  plane  A.B^C.D..  Again, 
if  the  body  moves  so  that  O  always  lies  in  the  plane  A.B.C.Di, 
the  projection  of  its  path  on  the  plane  ABCD  will  be  the  line 
MN,  and  if  O  does  not  always  lie  in  MN.  the  body  has  a  lateral 
movement  with  respect  to  the  plane  ABCD.  The  body  may 
also  have  a  lateral  movement  with  respect  to  the  plane 
A,B,C,D,.     It    is   evident    from    the    foregoing   that   the   word 
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Diagram   illustrating   Meaning  of   "Lateral"    as   applied  to   Mechanical 
Movements 

"lateral"  can  have  no  fixed  relation  to  the  words  "longitudinal," 
"vertical"  and  "horizontal,"  but  its  meaning,  as  illustrated,  is 
fixed  and  invariable.  When  applied  to  a  stationary  object,  the 
upper  and  lower  sides  are  called  bases  and  the  other  sides 
are  the  lateral  sides.  Thus  the  lateral  area  of  a  prism  is  the 
total  area  exclusive  of  the  bases — it  is  the  area  of  the  lateral 
sides.  A  house  having  a  rectangular  plan  may  be  said  to  have 
a  front  and  a  back  side  and  two  lateral  sides.  Here  "lateral" 
has  a  relation  to  the  vertical,  longitudinal  plane.  J.  J. 


STRENGTH  OF   A   JIB   CRANE 

E.  J.  E. — The  jib  crane  shown  in  Fig.  1  is  loaded  as  indi- 
cated. Please  advise  if  you  would  consider  it  safe  without 
reinforcing  the  boom.  A  structural  engineer  advised  me  that 
a  half-ton  jib  crane,  having  a  boom  20  feet  long,  made  of  a 
10-inch,  25-pound  I-beam,  was  overloaded  because  the  ratio  of 
L/r  was  too  high.  A  manufacturer  of  chain  hoists  illustrates, 
in  his  catalogue,  a  crane  of  the  same  length  and  size  of  beam, 
and  rates  it  at  2  tons.  There  are  a  number  of  cranes  of  this 
type  about  the  plant,  and  a  difference  of  opinion  has  arisen 
as  to  where  to  draw  the  line  for  the  proper  safe  loads.  What 
is  your  opinion  of  Gordon's  formula  as  applied  to  this  case? 

Ans-wered  by  John    S.  Myers,  Philadelphia,  Fa. 

The  crane  in  question  is  similar  to  that  shown  in  Fig.  2, 
reproduced  from  Machiners'  of  March,  1908,  where  a  similar 
problem  is  discussed  by  the  writer.  The  sizes  given  for  the 
present  case  are:  L  =  25  feet  =  300  inches,  and  ff  =  9 
ifeet  =  108  inches.  As  the  jib  is  made  of  a  10-ineh,  40-pound, 
I-beam,  area  of  section  A  =  11.76  square  inches;  fiange  width 
b  =  5.1  inches;  section  modulus  Z  =  31.7;  radius  of  gyration 
for  lateral  flexure  r  =  0.9  inch.  The  wheel-base  is  not  given, 
but  is  assumed  to  be  B  =  20  inches.    The  loading  is  as  follows: 

Pounds 

Chain  hoist  capacity,  1 V2  ton 3000 

Pull  to  raise  load 110 

Weight   of  hoist 130 

Weight  of  trolley 175 

Weight  of  one-half  of  beam 500 

Impact,  25  per  cent  of  above  total 979 

Total 4894 

In  round  numbers,  the  total  load  W  =  4900  pounds.     It  is 
not  quite  correct  to  include  half  the  weight  of  the  beam  as  if 
it  were   part  of   the  moving  load,   but   it   simplifies   matters. 
Let  M  =  bending  moment  under  rear  wheel ; 

Dr  =  distance  to  rear  wheel  from  left  support; 
7' =  thrust  on  beam  caused  by  angle  of  reaction; 
Si,  =  bending  stress  due  to  wheel  loading; 
S  =  direct  compressive  stress  due  to  thrust  of  tie-rod. 
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The  combined  stress  in  tension  is  Si  ='Sb  —  S,  and  the  com- 
bined compressive  stress  is  So  =  Sb  +  S.  This  combined  com- 
pressive stress  So  becomes  maximum  when: 

B 
(4) 


Dr  = 


LZ  L 

+ 

2HA  2 


Substituting  values  in   (4),  the  location  of  the  load  for  the 
maximum  stress  is  found  to  be: 


Z)r  = 


300  X  31.7 


300 

+ 


20 


•  =  148.75,  say  149 


20 
X  (  149 +■ 


2X108X11.76  2  4 

The  bending  moment  with  this  value  of  Dr  is: 
4900  X  149  /  20  \ 

M  = X  (300  —  149 =  343,000  inch-pounds 

300  \  2    / 

343,000 

The  bending  stress  is  Sb  = =  10,820  pounds  per  square 

31.7 

4900 

inch.     The   direct   stress    is   S  = 

108  X  11.76        \  2 

=  614  pounds  per  square  inch.  The  combined  tensile  stress  in 
the  lower  flange  is  St  =  10,820  —  614  =  10,206  pounds  per 
square  inch.  The  combined  compressive  stress  is  So  =  10,820 
+  614  =  11,434  pounds  per  square  inch. 

As  only  one  flange  is  in  compression,  the  total  member  is 
not  a  true  column,  because  this  flange  receives  some  lateral 
support  from  the  tension  flange.  A  formula  given  in  the 
Cambria  Steel  Co.'s  Handbook  for  beams  without  lateral  sup- 
port, having  the  same  general  form  as  Gordon's  formula,  is: 

18,000 
Sc  = (5) 

1+- 


3000  6^ 

Here  Sc  =  safe  compression  stress  when  the  safe  tensile 
stress  is  taken  as  16,000  pounds  per  square  inch.  Applying 
this  formula, 

18,000 
Sc  = ■=  8360 


500^ 


1+- 


3000  X  5.1" 

The  actual  maximum  stress  is  11,434;    hence  the  beam   is 

11,434 

loaded  to  a  stress  corresponding  to  ■ •  X   16,000  =  21,900 

8360 
pounds  per  square  inch.  The  apparent  factor  of  safety  based 
upon  64,000  pounds  ultimate  is  then  64,000  -^  21,900  =  2.92, 
which  is  an  inadequate  margin.  Hence,  for  this  condition  of 
loading,  the  compression  flange  should  be  reinforced  or  braced 
laterally. 

If  this  were  a  simple  boom  with  the  load  applied  at  the  ex- 
treme end,  as  in  Fig.  1,  the  thrust  induced  by  the  tie-rod 
would  be: 

WL        4900  X  300 

T  = = =  13,600  pounds 

H  108 

The  direct  stress  is  then  S  =  13,600  -;-  11.76  =  1156  pounds 
per  square  inch.  The  member  is  now  a  pin-ended  column,  the 
ultimate  compressive  strength  per  square  inch  for  which  is, 
according  to  Gordon's  formula: 


Fig.    1.     Diagram  illustrating  Jib  Crane,    the   Strength   of  which  is   to  be 
determined 
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P  = 


50,000 


(6) 


!+■ 


18,000  r» 


For  this  case,  P  = 


60,000 


=  6970. 


300» 


!+■ 


18,000  X  0.9" 
The  factor  of  safety  is,  then,  6970  h-  1156  =  6.03,  which  is 
apparently  ample  for  this  condition  of  loading.    But  the  "slen- 

L 
derness  ratio"  of  the  strut,  that  is,  the  ratio  — ,  is  300  -;-  0.9 

r 
=  333,  which,  as  viewed  by  structural  engineers,  is  not  a  per- 
missible   value.      This    is    the    real    point    of    controversy — a 
mooted  question  which,  it  would  seem,  has  not  been  as  much 
discussed  as  Its  importance  warrants. 

/ 
Applying  Euler's  formula,  P  =  mr'E  — , 

I' 
in  which  P  =  critical  load,  or  the  load  that,  acting  with  a  con- 
tinually increasing  lever  arm  as  the  column  de- 
flects, will  cause  failure  by  buckling; 
E  =  modulus  of  elasticity; 
/  =  rectangular  moment  of  inertia; 
Z  =  length  in  Inches; 

n  =  coefficient  to  take  account  of  condition  of  ends. 
As  £  =  29,000,000,  /  =  9.5,  and  n  =  1,  P  =  1   X   3.1416^ 
9.5 

X  29,000,000  X  =  30,212.     The  factor  of  safety  is  then 

300^ 

30,212  -=-  13,600  =  2.22,  a  very  small  margin.  Had  the  extreme 
case  of  w  =  1/4  been  taken,  the  critical  load  would  have  been 
less  than  the  actual  load. 

The  subject  of  compression  members,  in  general,  is  rather 
unsatisfactory  from  a  technical  point  of  view,  inasmuch  as  it 
is  somewhat  allied  to  the  laws  of  chance,  which  are  not 
supposed  to  have  any  place  in  the  engineer's  creed.  Briefly 
stated,  the  salient  points  are  about  as  follows: 

Short  compression  members  of  compact  cross-section,  cen- 
trally loaded,  fail  by  pure  crushing  or  by  shearing  on  an 
oblique  plane. 

Short  compression  members  eccentrically  loaded  fail  when 
the  combined  bending  and  compressive  stresses  reach  the  yield 
point. 

Long  columns,  if  absolutely  perfect,  should,  in  theory,  fail 
in  a  similar  manner;  but  owing  to  such  imperfections  as  non- 
homogeneity  of  material,  uncertainty  as  to  absolute  centrality 
of  loading,  accidental  lateral  stresses,  etc.,  they  collapse  at 
or  above  some  critical  load,  which  depends  largely  on  the 
slenderness  ratio.  Euler's  formula  is  conceded  to  give  this 
critical  load  for  such  columns. 

The  slenderness  ratio  L/r  at  which  such  failure  occurs  is 
usually  conceded  to  lie  between  100  and  120,  but  for  struts 
very  lightly  loaded  or  redundant  members,  this  ratio  is  often 
taken  as  high  as  180  or  200. 

Compression  members  that  are  lightly  loaded  but  that  have 
ratios  of  L/r  exceeding  these  values  may  never  actually  fail, 


yet  an  element  of 
chance  is  involved  that 
no  conscientious  design- 
er wishes  to  count  upon 
when  failure  may  mean 
loss  of  life. 

Columns  of  built-up 
section  usually  fail  by 
local  buckling  of  some 
element  of  the  section ; 
the  whole  is  thus  weak- 
ened and  total  collapse 
follows. 

Beams  subject  to  com- 
bined flexure  and  com- 
pression are  not  true . 
columns  when  one 
flange  is  in  tension,  be- 
cause this  flange  lends 
lateral  support  to  the 
compression  flange. 

As  built-up  columns 
fail  by  local  buckling,  a 
method  of  treating  slen- 
der columns  of  such 
shapes  as  I-beams,  when 
slightly  loaded,  would 
be  to  consider  the  load 
as  carried  by  the 
flanges  alone,  in  which 
case  the  radius  of  gyra- 
tion is: 

r  =  V  V 12  =  0.289  & 

Here  b  =  breadth  of  flange. 

Treating  the  present  problem,  for  the  condition  of  load  ap- 
plied   at    the   end,    in    this    manner    we   have   the    following: 

T 

As  flange  area  is  approximately  5.27  square  inches,  S  =  

13,600  ^ 

= =  2580  pounds  per  square  inch. 

5.27 

The  radius  of  gyration  of  the  flange  alone  is  r 
=  1.47  inch. 

50,000 

Then  P  = 


^^ 

1 

1 

1  1 

X\ 

^       X 

/             A 

\  T'" 

iz: 
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1  1 
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EccentricaUy  Loaded  Crane 

Attachments 


(7) 


0.289  X  5.1 


15,090 


300' 


1+- 


■r-  2580  =  5.84,  and  the 
This  is  a  considerably 


Fig.  2.     Jib  Crane  supporttng  a  Moving  Load 


18,000  X  1.47^ 

The  factor  of  safety  is  then  15,090 
L         300 

slenderness  ratio  is  = =  204. 

r  1.47 
higher  value  than  what  is  generally  considered  good  prac- 
tice, so  that,  while  the  apparent  margin  of  safety  is  ample  ac- 
cording to  this  treatment,  there  is  the  element  of  chance  as 
to  erratic  behavior  of  such  a  slender  member,  and  it  would  be 
well   to  reinforce   or  laterally   brace  the   compression   flange. 

A  frequent  source  of  danger  in  poorly  designed  cranes  of 
this  variety  is  to  be  found  in  eccentrically  loaded  attachments. 
The  writer  has  in  mind  constructions  embodying  the  i)rinciple 
indicated  at  A  in  Fig.  3.  Here  the  patternmaker  and  the  black- 
smith who  built  the  crane  supposed  that  the  pull  P  is  equally 
divided  between  the  four  bolts  holding  the  bracket  to  the  post, 
as  it  would  have  been  had  the  bracket  been  constructed  along 
the  lines  indicated  at  B. 

Many  examples  of  long  compression  members  are  to  be  found 
in  engine  valve  gears.  Some  of  these  members,  made  thirty- 
six  years  ago,  are  intact  today.  On  a  high-speed  engine,  the 
steam-valve  driving  rod  is  114  inches  between  centers  and  1% 
inch  in  diameter.  According  to  Euler's  formula,  the  critical 
load  is  about  10,000  pounds,  and  according  to  Gordon's  for- 
mula, about  25,000  pounds.  The  ratio  of  slenderness  is 
h/r  =  261;  and  while  this  ratio  seems  excessive,  especially 
where  there  is  vibration,  as  the  actual  load  is  light,  no  trouble 
is  experienced.  This  does  not  say,  however,  that  it  is  good 
practice,  and  later  designs  have  been  made  of  tubing  with  a 
lower  slenderness  ratio. 
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FUNDAMENTAL  PRINCIPLES,  FORMULAS  AND  COMMON  APPLICATIONS 

BY  REGINALD  TRAUTSCHOLD  2 


AN  epicyclic  gear  train  consists  of  a  number  of  meshing 
gears,  of  whicli  at  least  one  revolves  around  a  central 
*■  gear,  at  the  same  time  rotating  about  its  own  axis,  so 
that  the  arm  or  bracket  supporting  such  planetary  gear,  or 
gears,  is  given  a  definite  speed  of  rotation  by  the  driving 
gears.  When  the  arm  or  bracket  is  the  driving  member  of 
the  combination,  it  imparts  a  definite  speed  to  the  driven 
gear,  any  intermediate  gears  or  pinions  simply  acting  as 
members  for  the  transmission  of  motion  between  the  principal 
parts — the  driving  and  driven  members  of  the  combination. 
Obviously,  the  arrangement  offers  possibilities  of  securing 
high  speed  ratios  with  comparatively  few  gears,  compactly 
disposed  and  of  extremely  quiet  and  smooth  operation,  the 
various  gears  being  in  constant  mesh,  thus  minimizing  the 
shock  of  impact  between  teeth.  It  lends  itself  to  many  trans- 
mission problems  that  would  otherwise  be  solved  with  difficulty 
and  require  cumbersome  gearing. 

Adaptable  and  convenient  as  are  epicyclic  gear  trains,  their 
use  has  been  largely  limited  to  certain  types  of  speed  re- 
ducers, and  special,  intricate  machines  or  mechanisms,  etc., 


SIMPLE   PAIR  OF  GEARS    IN   FIXED  BEARINGS 


SIMPLE  PAIR  OF    GEARS  IN   FIXED    BEARINGS  WITH    IDLER 


Marhinery 


Fig.   1.     Diagrams  of  Simple   Gear  Combinations 

chiefly  on  account  of  the  failure  of  designers  to  appreciate 
their  adaptability.  This  is  largely  due  to  the  complexity  of 
the  calculations — largely  fancied — involved  in  their  design  aud 
results  in  the  frequent  selection  of  more  cumbersome,  but  more 
familiar  gearing.  The  gear  designer  is  only  partly  respon- 
sible for  the  limited  use  of  epicyclic  gear  trains,  however,  as  a 
general  lack  of  familiarity  on  the  part  of  possible  users  of 
such  mechanism  is  the  chief  factor  retarding  their  more  gen- 
eral use.  The  individual  gears  comprising  an  epicyclic  train 
are  not  at  all  special;  they  are  customarily  of  the  ordinary 
spur  type  of  comparatively  fine  pitch.  But  it  is  in  failure 
to  clearly  comprehend  the  action  of  the  gears  when  in  oper- 
ation that  there  is  likely  to  be  confusion  which  so  often  re- 
sults in  the  avoidance  of  the  mechanism  in  general  practice. 
A  clear  understanding  of  the  principles  of  an  epicyclic  gear 
train  simply  necessitates  familiarity  with  the  action  of  ordi- 
nary gearing  in  fixed  bearings.  Such  gearing  may  be  simple 
or  compound.     It  may  consist  of  a  train  of  gears  mounted 


Mnrhiftery 


Fig.   2.     Simple  Epicyclic   Train 

on  individual  shafts,  or  a  train  in  which  at  least  two  of  the 
gears  are  connected  so  as  to  rotate  as  one  unit,  that  is  com- 
pounded. If  of  the  latter  type,  the  mating  gears  may  be 
mounted  on  separate  shafts,  or  if  on  the  same  shaft  they  must 
be  free  to  rotate  independently  of  one  another. 

simple  Gear  Trains 

Fig.  1  illustrates  diagrammatically  two  simple  gear  combina- 
tions. One  is  a  simple  pair  of  gears  in  fixed  bearings,  the  re- 
spective speeds  of  which  are  inversely  proportional  to  their 
diameters,  or  the  number  of  teeth  which  they  contain;  the 
other  is  a  train  of  three  gears,  similarly  mounted,  the  speed 
of  the  end  gears  of  which  bear  the  same  relation  to  their  re- 
spective diameters  as  does  the  train  of  two  simple  gears  in 
fixed  bearings.  The  only  difference  in  the  two  arrangements, 
as  far  as  the  rotation  of  the  effective  members  is  concerned, 
is  that  the  two  simple  gears  turn  in  opposite  directions,  one 
clockwise  (  +  )  and  the  other  counter-clockwise  ( — );  while 
in  the  train  of  three  gears  the  end  gears — the  driving  and 
driven  members — rotate  in  the  same  direction  and  the  inter- 
mediate gear,  or  idler,  alone  turns  in  the  reverse  direction. 

Any  number  of  intermediate  gears  can  be  added  to  such  a 
simple  train  without  affecting  the  relations  of  speed  and 
diameter  between  the  end  gears;  the  effect  produced  by  the 
interposed  gears  is  simply  the  regulation  of  the  direction  of 
rotation  of  the  effective  members.  When  the  number  of  gears 
in  the  train  is  even,  the  end  gears  revolve  in  opposite  direc- 
tions; when  the  number  of  gears  is  odd,  the  effective  members 
turn  in  the  same  direction.    The  velocity  ratio  of  the  smaller 


^  For  additional  information  on  the  design  of  gearing,  see   "Internal  Worm- 
gearing"   in  the  April  number  of  Maohinbbt,   and  articles  there  referred  to. 
"Address:     39  Charles  St.,  New  York  City. 


Fig.    3.     Simple   Epicyclic   Train   with   Idler 
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Simple  Internal  Epicyolic  Train  with  Arm 
Driving    and    Pinion    Dead 


end  gear  to  the 
larger  end  gear 
is  equal  to  the 
larger  gear  di- 
ameter divided 
by  the  smaller 
gear  diameter. 
The  substitu- 
tion of  an  in- 
ternal gear  for 
one  of  the  ex- 
ternally mesh- 
ing end  gears 
does  not  affect 
the  speed  rela- 
tionship of  the 
train,  but  does 
alter  the  direc- 
tion of  rota- 
tion of  the  end 

members.  The  direction  in  which  an  internal  gear,  meshing 
with  a  simple  pinion,  will  turn  is  the  same  as  that  of  the  pin- 
ion, and  the  interposition  of  any  odd  number  of  idler  gears 
simply  reverses  the  direction  of  rotation.  That  is,  the  direc- 
tion of  rotation  of  an  internal  gear  actuated  by  an  even  num- 
ber of  gears  is  always  opposite  to  that  of  the  first  of  the  gears, 
and  for  one  running 
with  an  odd  number 
of  gears,  the  direc- 
tion of  rotation  is 
the  same  as  that  of 
the  first  of  the  gears. 
It  is  these  simple  re- 
lationships between 
the  diameters  and 
speeds  of  meshing 
gears  and  the  im- 
portant consideration 
of  direction  of  rota- 
tion that  govern  the 
action  of  simple  epi- 
cyclic     gear     trains. 

Simple  Epicyclic  Gear 
Trains 

The  simplest  epi- 
cyclic arrangement 
of  externally  mesh- 
ing gears  is  that 
shown  in  Fig.  2.  It 
consists  of  two  simple  gears  in  mesh,  one  of  which  is  mounted 
on  a  fixed  bearing,  while  the  other  is  in  a  floating  bearing, 
which  may  be  swung  about  the  center  of  the  first  gear;  the 
floating,  or  swinging,  bearing  is  supported  by  an  arm  as  indi- 
cated. In  its  elemental  form,  the  central  gear,  the  one  mounted 
on  fixed  bearings,  is  stationary,  or  a  dead  gear,  and  the  driven 
gear  and  the  driving  arm  are  the  rotating  members. 

To  arrive  at  the  rotary  speed  of  the  driven  gear,  in  terms 
of  the  speed  of  rotation  of  the  driving  arm,  two  independent 
motions  must  be  considered:,  first,  that  which  the  driven  gear 
has  by  reason  of  its  rotation  about  the  center  of  the  dead  gear; 
and  second,  that  which  is  imparted  to  the  driven  gear  by  being 
forced  to  roll  about  the  central  gear.  In  the  first  instant,  con- 
sidering the  driven  gear  as  fixed — that  is,  held  in  the  driving 
arm  so  that  it  cannot  revolve  on  its  own  axis  but  slipped  out 
of  mesh  with  the  dead  gear  so  that  it  can  revolve  with  the 
arm — for  each  revolution  of  the  driving  arm  any  given  point 
on  the  driven  gear  will  make  a  revolution  about  the  dead  gear, 
which,  as  far  as  the  driven  gear  is  concerned,  is  equivalent  to 
a  revolution  about  its  own  axis  in  the  same  direction  as  that 
in  which  the  driving  arm  revolves,  the  gear  remaining  sta- 
tionary. In  the  second  instant,  considering  the  driving  arm 
as  fixed,  the  rotary  speed  that  will  be  imparted  to  the  driven 
gear  in  rolling  about  the  dead  gear  is  the  same  as  would  be  im- 
parted to  it  by  a  revolution  of  the  central  gear  in  a  reverse 
direction  while  the  driving  arm  remained  stationary.    The  ro- 


Flg.    5.     Simple   Internal  Epicyclic   Train   with 

Planetary    Pinion — Arm    driving    and 

Central   Gear  Dead 


tary  speed  of  the  driven  gear  in  actual  operation  is  then  the 
sum  of  those  two  motions,  or  is  equal  to  the  rotary  speed  of 
the  driving  arm  multiplied  by  one  plus  the  quotient  of  the 
diameter  of  the  stationary  dead  gear  divided  by  the  diameter 
of  the  driven  gear. 

The  interposition  of  an  idler,  or  any  odd  number  of  idlers, 
between  the  dead  and  driven  gears,  as  shown  in  Fig.  3,  causes 
the  driving  arm  and  the  driven  gear  to  revolve  in  opposite  di- 
rections and  materially  affects  the  relationship  between  the 
rotary  speeds  of  the  driving  arm  and  driven  gear,  the  first 
gear,  as  before,  being  dead.  The  revolution  of  the  driven  gear 
about  the  dead  gear,  with  the  driving  arm,  is  equivalent  to  a 
revolution  of  the  driven  gear  in  the  same  direction  as  that  of 
the  driving  arm,  but  the  rotary  motion  imparted  to  the  driven 
gear  by  virtue  of  its  rolling  about  the  dead  gear  is  reversed 
through  the  agency  of  the  interposed  idler,  so  that  the  rotary 
speed  of  the  driven  gear  is  equal  to  the  sum  of  a  positive  mo- 
tion and  a  negative  one.  That  is,  the  rotary  speed  of  the 
driven  gear  is  equal  to  the  rotary  speed  of  the  driving  arm 
multiplied  by  one  minus  the  quotient  of  the  diameter  of  the 
dead  gear  divided  by  the  diameter  of  the  driven  gear. 

A  simple  epicyclic  train  with  an  odd  number  of  idlers  pre- 
sents an  interesting  arrangement  of  gearing,  for,  if  the  driven 
gear  is  of  the  same  diameter  as  the  dead  gear,  no  rotary  mo- 
tion will  be  imparted  to  the  driven  gear,  no  matter  how 
speedily  the  arm  might  be  revolved.  The  driven  gear  will 
travel  with  the  driv- 
ing arm,  on  which  it 
is  mounted,  but  the 
location  of  any  point 
on  its  circumference, 
in  reference  to  its 
axis,  will  remain  con- 
stant. Should  the 
driven  gear  be  the 
larger,  its  rotation 
on  its  axis  will  be  in 
the  same  direction  as 
that  of  the  driving 
arm;  while,  if  the 
dead  gear  is  the 
larger,  its  direction 
of  rotation  will  be 
reversed.  This  gives 
a  wide  range  of  speed 
and  the  possibility  of 
securing  a  high  speed 
ratio,  with  but  a 
comparatively  small 
variation  in  the  sizes  of  the  effective  members. 

The  two  foregoing  arrangements,  representing  elemental,  or 
basic,  types  of  epicyclic  trains,  have  quite  limited  use,  for  the 
driven  gear  is  mounted  on  a  swinging  shaft  and  the  effective 
use  of  its  rotary  speed  is  a  difficult  matter,  unless  the  train 
is  used  as  a  transmission  medium  in  more  complicated  mech- 
anisms, an  example  of  which  will  be  analyzed  subsequently. 

Simple  Internal  Epicyclic  Gear  Trains 

In  Fig.  4  is  shown  a 
simple  internal  epicyclic 
train  of  two  gears  in 
which  the  pinion  is  the 
dead  gear  and  the  arm 
that  carries  the  internal 
gear  on  swinging  bear- 
ings is  the  driving  mem- 
ber. Obviously,  the  in- 
ternal gear  has  two  in- 
dependent motions, 
namely,  rotation  about 
the  stationary  dead  gear 
with  which  it  is  held  in 
mesh  by  the  driving 
arm,  and  rotation  about 
its  own  axis. 


Fig.    6.     Simple  Internal  Epicyclic  Train  with 

Planetary    Pinion — Internal    Gear    driving 

and  Central  Gear  Dead 


Fig.   7.     Simple  Internal   Epicyclic   Train 
with  Arm  driving  and  No  Dead  Gears 
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Considering  tlie  driven  gear  as  fixed,  a  revolution  of  the  driv- 
ing arm,  were  that  possible,  would  cause  the  driven  gear  also 
to  make  a  revolution  in  the  same  direction.  With  the  driving 
arm  fixed  and  the  stationary  gear  freed  so  it  could  make  a 
revolution  in  a  direction  opposite  to  that  of  the  driving  arm — • 
the  direction  in  which  it  would  revolve  during  the  rotation 
of  the  driving  arm  were  it  free  to  do  so — the  driven  gear  (in- 
ternal gear)  would  be  rotated  in  a  direction  opposite  to  that 
of  the  driving  arm  by  that  part  of  a  revolution  measured  by 
the  quotient  of  the  diameter  of  the  dead  gear  divided  by  the 
diameter  of  the  internal  gear.  The  sum  of  these  independent 
motions,  the  rotary  speed  of  the  driven  gear,  is  equal  to  the 
rotary  speed  of  the  driving  arm  multiplied  by  one  minus  the 
quotient  of  the  diameter  of  the  stationary  gear  divided  by  that 
of  the  internal  gear. 

This  arrangement  of  gears,  like  the  simple  epicyclic  trains 
composed  exclusively  of  externally  meshing  gears,  has  the  dis- 
advantage, for  many  services,  of  non-concentricity  of  driving 
and  driven  members;  that  is,  the  rotary  path  of  the  driven 
gear  is  not  concentric  with  the  revolving  path  of  the  driving 
arm,  or  vice  versa.  With  the  internal  gear  arrangement,  how- 
ever, this  can  be  overcome  without  the  necessity  of  additional 
parts  or  other  complication  of  the  mechanism.  By  making  the 
pinion  active  instead  of  dead,  the  bearings  of  the  internal 
gear  fixed  instead  of  swing- 
ing, and  the  pinion  bearings 
of  the  floating  type  instead  of 
fixed,  as  in  Fig.  7,  the  rotat- 
ing arm  and  the  internal  gear 
continue  to  be  the  effective 
members,  and  there  is  no 
change  in  the  relationship  of 
their  respective  speeds  of  rev- 
olution, no  possibility  of  other 
motion  being  introduced.  The 
rotary  paths  of  the  driving 
and  the  driven  members  are 
then  concentric,  and  the  con- 
struction can  be  used  as  a 
simple  and  effective  speed  re- 
ducer between  two  aligned 
shafts. 

As  the  diameter  of  the  pin- 
ion is  less  than  that  of  the 
internal  gear  with  which  it 
meshes,  the  direction  of  rota- 
tion for  the  driving  and  the 
driven  members  in  the  two 
latter  arrangements  of  epicy- 
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Fig.  9.     Simple  Gears  in  Fixed  Bearings  with  Intermediate  Compound    Idler 

arm  is  replaced  by  a  driving  bracket  carrying  the  necessary 
number  of  pinions  mounted  in  fixed  relationship  on  a  concen- 
tric circumference  of  swinging  bearings.  Any  number  of  pin- 
ions for  which  there  is  sufficient  accommodation  may  be  in- 
stalled without  in  any  way  affecting  the  speed  ratio  of  the 
mechanism,  for  the  pinions  simply  distribute  the  load. 

Simple  Internal  Epicyclic  Trains  with  Intermediate  Gear 


The    interposition    of    an 


Fig.  10.     Compound  Epicyclic  Train 


intermediate  gear  between  a 
central  gear  and  the  internal 
gear,  as  shown  in  Figs.  5 
and  6,  forming  the  familiar 
"sun-and-planet"  gear,  is  an 
arrangement  that  is  frequent- 
ly encountered  and  that  well 
exemplifies  the  principles  of 
epicyclic  gear  trains.  In  such 
arrangement,  either  the  cen- 
tral gear  or  the  embracing  in- 
ternal gear  may  be  dead,  but 
one  must  be  stationary. 

Considering  the  central  gear 
as  dead  and  the  arm  as  driv- 
ing, as  shown  in  Fig.  5,  the 
internal  driven  gear,  if  fixed 
so  that  it  will  have  to  revolve 
with  and  at  the  same  speed  as 
the  driving  arm,  will  make  a 
revolution  for  each  rotation 
of  the  arm  and  in  the  same 
direction.  With  the  arm  fixed, 
the  rotary  motion  imparted  to 
the  internal  gear  during  a 
revolution  around  the  central 


clic  gear  trains  must  always  be  the  same;  and,  by  making  the 
diameter  of  the  pinion  as  large  as  possible,  high  speed  ratios 
with  but  two  gears  can  be  secured.  When  the  pinion  is  small 
in  comparison  with  the  internal  gear,  the  speed  ratio  is  small, 
and  it  frequently  becomes  advisable  to  use  several  such  plane- 
tary pinions — such  an  arrangement  being  shown  in  Fig.  7— 
in  order  that  the  pinions,  with  their  comparatively  high  speed 
of  revolution,  will  not  be  overloaded.    In  such  cases  the  driving 
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gear  is  the  same  as  that  imparted  to  it  by  a  revolution  of  the 
central  gear  in  the  same  direction.  The  planetary  idler  reverses 
the  direction  of  rotation  and  the  rotary  motion  will  be  meas- 
ured by  that  part  of  a  complete  revolution  represented  by  the 
quotient  of  the  diameter  of  the  central  gear  divided  by  the  di- 
ameter of  the  internal  gear.  The  speed  of  the  driven  internal 
gear,  the  central  gear  being  dead,  is  then  equal  to  the  speed 
of  the  driving  arm  multiplied  by  one  plus  the  quotient  of  the 
diameter  of  the  dead  gear  divided  by  that  of  the  embracing 
internal  gear. 

By  making  the  internal  gear  the  driving  member,  instead  of 
the  arm,  as  shown  in  Fig.  6,  the  co-relationship  of  the  rotary 
speeds  of  the  effective  members  is  quite  different.  Considered 
as  fixed,  that  is,  turning  with  and  at  the  same  speed  as  the 
internal  gear,  the  arm  will  make  a  revolution  for  each  revolu- 
tion of  the  internal  gear  and  in  the  same  direction.  Consider- 
ing the  internal  gear,  or  the  driving  member,  as  fixed,  the  re- 
tarding influence  of  the  rotating  planetary  idler  can  be  ascer- 
tained from  the  reverse  rotation  of  the  central  gear,  which  will 
produce  the  same  effect  upon  the  planetary  idler  as  a  forward 
revolution  of  the  internal  gear.  The  number  of  reverse  turns 
of  the  central  gear  required  for  such  result  will  be  equal  to 
the  quotient  of  the  diameter  of  the  internal  gear  divided  by 
that  of  the  central  gear.  For  each  of  these  reverse  revolutions 
of  the  central!  gear,  the  arm  will  be  turned  in  the  same  direc- 
tion for  that  part  of  a  revolution  measured  by  the  reciprocal 
of  the  number  of  reverse  turns  of  the  central  gear  required 
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Compound  Internal  Epioyollc 
Train 


to  actuate  the  planetary 
Idler  in  the  same  man- 
ner as  a  forward  revo- 
lution of  the  internal 
gear.  This  portion  of 
an  arm  revolution  will 
also  be  measured  by  the 
ratio  of  the  rotary  speed 
of  the  central  gear  to 
that  of  the  internal 
gear,  when  the  driving 
arm  is  fixed,  so  the  re- 
tarding influence  of  the 
planetary  idler  is  equal 
to  this  speed  ratio  mul- 
tiplied by  the  portion 
of  a  reverse  revolution 
of  the  arm  made  during 
a  reverse  revolution  of 
the  central  gear.  Sim- 
plified, the  retarding  influence  of  the  planetary  idler  is  equal 
to  the  rotary  speed  of  the  driven  arm  multiplied  by  the  quo- 
tient of  the  diameter  of  the  central  gear  divided  by  that  of 
the  internal  gear.  The  rotary  speed  of  the  driving  internal 
gear  minus  this  measure  of  the  retarding  influence  of  the 
planetary  idler  is  then  equal  to  the  speed  of  the  driven  mem- 
ber of  the  mechanism,  the  arm. 

The  sun-and-planet  gear  may  also  be  arranged  so  that  the 
driving  member  is  the  central  gear  and  the  internal  gear  the 
dead  member.  In  such  construction,  the  retarding  influence 
of  the  planetary  idler,  per  revolution  of  the  arm,  will  be  meas- 
ured, not  by  the  quotient  of  the  diameter  of  the  central  gear 
divided  by  that  of  the  internal  gear,  but  by  the  quotient  of 
the  diameter  of  the  internal  gear  divided  by  the  diameter  of 
the  central  gear.  This  gives  a  speed  formula  similar  in  form 
to  that  for  the  arrangement  shown  in  Fig.  6,  but  with  the 
diameter  of  the  central  gear  substituted  for  that  of  the  internal 
gear  and  that  of  the  internal  gear  for  that  of  the  central  gear. 
If  both  the  central  and  internal  gears  are  free  to  revolve  in 
any  of  the  sun-and-planet  gear  arrangements,  the  effective 
members  will  revolve  at  the  same  speed.  The  intermediate 
gear,  the  planetary  idler,  will  lock  the  effective  members  in 
relation  to  one  another.  The  planetary  idler,  or  idlers  should 
there  be  a  number  of  them  as  in  most  adaptations  of  this  type 
of  speed  reducer,  in  rolling  around  the  internal  gear  will 
tend  to  cause  the  central  gear  to  revolve  in  the  opposite  direc- 
tion, and  in  rolling  about  the  central  gear  to  cause  the  direc- 
tion of  rotation  of  the  internal  gear  to  be  reversed,  so  that  the 
whole  mechanism  will  have  to  revolve  as  a  unit  about  the 
central  shaft. 

Compound  Gear  Combinations 
The  foregoing  arrangements  cover  all  types  of  simple  epi- 
cyclic  gear  trains;  the  more  complicated  arrangements  involve 
the  use  of  compound  gear  combinations.  The  arrangement 
of  gears  shown  in  Fig.  8  illustrates  the  principles  of  com- 
pound gearing  in  fixed  bearings.  More  gears  may  be  placed 
on  the  respective  shafts  in  order  to  secure  a  greater  speed 
r^tio  for  the  train,  or  there, may  be  more  than  two  shafts,  as 
shown  in  Fig.  9,  upon  at  least  one  of  which  a  compound 
gear  must  be  mounted 
without  in  any  way  af- 
fecting the  general  prin- 
ciple and  the  compound 
gear  rule,  which  is:  The 
ratio  of  the  velocity  of 
the  driven  gear  to  that 
of  the  driving  gear  is 
equal  to  the  ratio  be- 
tween the  continued  prod- 
uct of  the  diameters  of 
the  driving  gears  to  the 
continued  product  of  the 
diameters  of  the  driven 
gears.  In  a  train  with 
an  odd  number  of  com-  Fig.  is.    Two-stage 


Fig.    1.2.     Compound    Double    Internal 
Epicyclio  Train 
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pound  gears,  the  di- 
rection of  rotation  of 
the  effective  driving 
and  driven  gears  is 
the  same,  while  If  the 
number  of  compound 
gears  is  even,  the  direc- 
tions of  rotation  are  op- 
posite; provided,  of 
course,  that  other  re- 
versals in  direction  of 
rotation  are  not  made 
by  supplementary  idlers. 

Compound  Eplcyclic 

Gear  Trains 
The  arrangement  of 
a  compound  gear  on 
the  swinging  shaft 
meshing  with  simple 
dead  and  driven  gears 
mounted  on  fixed  bearings  shown  in  Fig.  10  is  the  simplest 
variety  of  compound  eplcyclic  train.  The  derivation  of  its 
speed  formula  will  be  given  in  detail.  The  dead  gear,  about 
the  axis  of  which  the  driving  arm  revolves,  is  shown  mounted 
on  the  same  shaft  as  that  carrying  the  driven  gear  in  order 
that  the  rotation  of  the  effective  members  may  be  concentric, 
which  is  the  more  practical  arrangement,  though  not  essential 
to  the  eplcyclic  principle;  it  is  assumed  that  the  pitch  of  all 
gears  is  the  same.  First,  consider  the  driven  gear  fixed  in  the 
arm  and  the  arm  free  to  revolve,  disregarding  the  meshing  of 
the  stationary  gear  with  its  mating  gear.  Under  such  condi- 
tions, the  driven  gear  would  revolve  with  the  driving  arm, 
making  the  same  number  of  revolutions  and  in  the  same  direc- 
tion. Next,  consider  the  driving  arm  fixed  and  the  driven  gear 
free  to  revolve.  The  motion  (rotary)  that  will  be  imparted 
to  the  driven  gear  by  a  revolution  of  the  driving  arm  is  the 
same  as  will  be  imparted  to  it,  with  the  driving  arm  fixed, 
by  a  revolution  of  the  central  gear  in  the  reverse  direction. 
Reversing  the  rotation  of  the  central  gear  will  also  reverse 
the  direction  of  rotation  of  the  driven  gear.  As  both  the 
central  gear  and  the  driven  one  are  mounted  on  the  same 
shaft,  the  motion  imparted  to  the  driven  gear  by  its  rotation 
on  its  own  axis  through  the  agency  of  the  compound  gear 
on  the  swinging  shaft  is  negative.  This  motion,  considering 
the  central  gear  as  a  driver,  is  equal  to  the  product  of  the 
diameters  of  the  driving  gears  by  the  speed  of  the  driving  arm 
divided  by  the  product  of  the  diameters  of  the  driven  gears. 
The  speed  of  the  driven  gear  is  then  equal  to  the  sum  of  the 
positive  motion  due  to  its  revolution  with  the  driving  arm 
and  of  the  negative  motion  due  to  the  agency  of  the  com- 
pound gear,  or  is  equal  to  the  speed  of  the  driving  arm 
multiplied  by  one  minus  the  quotient  of  the  product  of  the 
diameters  of  the  driving  gears  by  the  product  of  the  diam- 
eters of  the  driven  gears. 

If  the  product  of  the  diameters  of  the  driving  gears  is  less 
than  that  of  the  driven  gears,  as  shown  in  Fig.  10,  the 
direction  of  rotation  for  both  the  driving  arm  and  the  driven 
gear  will  be  the  same.  If  the  products  of  the  diameters  are 
equal,  the  driven  gear  will  not  revolve,  no  matter  what  the 
speed  of  the  driving  arm  may  be.    While  should  the  product 

of  the  diameters  of  driv- 
ing gears  be  greater  than 
that  of  the  driven  gears, 
the  driving  arm  and  the 
driven  gear  will  revolve 
in     opposite     directions. 

"Compound  Internal  Ep- 
lcyclic Trains 

The  substitution  of  an 
internal  gear  for  the  ex- 
ternally meshing  driven 
gear  of  the  preceding  ar- 
rangement, as  shown  in 
Pig.  11,  simply  reverses 
the  direction  of  motion 
imparted    to    the    driven 
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gear  through  the  agency  of  the  compound  gear  so  that  the 
rotary  speed  of  the  driven  gear  is  equal  to  that  of  the  driving 
arm  multiplied  by  one  plus  the  quotient  of  the  product  of  the 
diameters  of  the  driving  gears  divided  by  the  product  of  the 
diameters  of  the  driveti  gears.  The  direction  of  rotation  of  the 
driving  arm  is  necessarily  the  same  as  that  of  the  driven  gear, 
for  no  reverse  motions  or  retarding  influences  occur  in  this 
arrangement  of  epicyclic  gearing.  Making  either  the  internal 
gear  or  the  central  gear  the  driving  member  and  the  arm  the 
driven  member  of  the  combination  alters  the  co-relationship  of 
the  speeds  of  the  effective  members  in  a  manner  analogous 
to  the  changes  in  the  speed  formulas  for  sun-and-planet  gears 
when  the  arm  is  changed  from  the  driving  to  the  driven  mem- 
ber in  such  gear  combinations. 

Still  another  modification  of  the  simple  compound  epicyclic 
train  is  shown  in  Fig.  12,  in  which  both  the  dead  gear  and  the 
driven  gear  are  of  the  internal  type.  With  this  arrangement 
of  gearing,  the  rotary  speed  of  the  driving  arm  bears  the  same 
relationship  to  that  of  the  driven  gear  as  in  the  arrangement 
of  a  compound  train  of  externally  meshing  gears.  The  motion 
of  the  driven  gear,  by  virtue  of  its  rotation  with  the  driving 
arm,  is  positive,  while  the  motion  imparted  to  it  through  the 
agency  of  the  compound  idler  is  negative.  When  the  diam- 
eter of  the  dead  gear  is  less  than  that  of  the  driven  gear,  in 
this  variety  of  compound  epicyclic  train,  the  diameter  of  the 
section  of  the  compound  idler  rolling  with  the  stationary 
gear  is  also  less  than  that  of  the  section  driving  the  driven 
internal  gear.  As  a  result,  the  product  of  the  diameters  of 
the  driving  gears  is  less  than  the  product  of  the  diameters  of 
the  driven  gear  and  the  driven  gear  revolves  in  the  same 
direction  as  the  driving  arm.  If  the  two  internal  gears  are 
of  the  same  size,  unless  of  different  pitch,  there  will  be  no 
motion  of  the  driven  gear;  while  if  the  dead  gear  is  the  larger 
of  the  internal  gears  and  of  the  same  pitch  as  the  other,  the 
direction  of  rotation  of  the  driven  gear  will  be  opposite  to 
that  of  the  driving  arm. 

A  modification  of  this  general  arrangement  with  two  in- 
ternal gears,  whereby  either  of  the  internal  gears  becomes  the 
driving  member  and  the  arm  the  driven  member,  affects  the 
speed  ratio  of  the  combination  in  much  the  same  way  as  con- 
verting the  arm  from  a  driving  to  a  driven  member  in  com- 
pound epicyclic  trains  with  only  one  internal  gear.  The  dif- 
ference is  that  in  the  case  of  trains  with  two  internal  gears 
the  influence  of  the  compound  idler  is  positive  instead  of 
negative. 

Compound  Epicyclic  Trains  with  Gears  of  Different  Pitch 

The  pitch  of  the  gears  is  specified  in  the  foregoing  arrange- 
ments of  compound  epicyclic  gear  trains,  as  the  compound 
gears  in  such  mechanisms  may  have  sections  of  different  pitch, 
thereby  securing  speed  ratios  that  could  not  be  practically 
obtained  in  any  other  way.  A  change  of  pitch  affects  the  speed 
ratio  in  the  same  manner  as  a  variation  in  the  diameter  of 
the  gears.  In  such  instances,  therefore,  it  is  necessary  to  sub- 
stitute the  number  of  teeth  in  the  gears  for  their  diameters  in 
the  speed  formulas.  The  examples  of  simple  and  compound 
epicyclic  gear  trains  that  have  been  considered  cover  the  gen- 
eral types  of  epicyclic  gearing,  but  these  simple  mechanisms 
may  be  still  further  compounded  by  additional  gearing;  simple 
epicyclic  trains  may  be  combined  with  compound  epicyclic 
trains,  etc.,  so  that  a  great  number  of  different  epicyclic  gear 
mechanisms  can  be  evolved.  They  will  all  be  based  on  the 
same  general  principles  as  those  that  have  been  described, 
however,  and  a  clear  conception  of  their  action  requires  but 
an  analytical  study  of  the  individual  motions  Involved  and 
the  application  of  the  general  formulas  that  have  been  derived, 
which  are  listed  in  the  accompanying  table. 

Notation  (or  Formulas 

Diameter,  number  of  teeth,  of  dead  gear D 

Diameter,  number  of  teeth,  of  driven  gear D' 

Diameter,  number  of  teeth,  of  section  of  compound  gear 

meshing  with  dead  gear B 

Diameter,  number  of  teeth,  of  section  of  compound  gear 

meshing  with  driven  gear B' 

Velocity,  revolutions,  of  driven  gear,  or  arm R 

Velocity,  revolutions,  of  driving  gear,  or  arm R' 


Two-stage,  Internal  Epicyclic  Gear  Reducer 
An  example  of  a  more  complex  epicyclic  gear  train — a  suc- 
cessful speed  reducer — is  shown  in  Fig.  13.  This  mechanism 
is  made  up  of  two  stages,  each  of  which  is  composed  of  a  cen- 
tral gear,  about  which  there  is  a  comparatively  large  concen- 
tric internal  gear,  one  slightly  larger  than  the  other  but  both 
of  the  same  pitch,  and  between  the  central  gears  and  their 
respective  circumscribing  Internal  gears  is  a  compound  plane- 

GBNERAL  SPEED  FORMULAS  FOR  EPICYCLIC  GEAR  TRAINS 


Type  of  Train 

Number 
of  Gears 

Formulas 

Rotation 
R  and  R' 

Form. 
No. 

Simple 

2 

3 
2—1 

internal 
3 

4 

4—1 
internal 

4—1 
internal 

4—2 
internal 

RD' 
R'  — 

Same 

Same  or 
opposite 

Same 
Same 
Same 

Same 

Same 

Same  or 
opposite 

Same 

Same 
Same 

Same  or 
opposite 

Same 

M 

(■1) 

(2) 

(3) 
(4) 
(5) 
(6) 

(7) 
(8) 

(9) 

(10) 
ocAifMry 

Simple,  with  idler 
and  arm  driving 

Simple  internal, 
with  arm  driving 
and  pinion  dead 

Simple  internal, 
with  arm  driving 
and  no  dead  gears 

Simple  internal, 
with     idler    and 
arm  driving 

Simple  internal, 
with  idler  and  in- 
ternal gear  driv- 
ing, central  gear 
being  dead 

Simple  internal, 
with     idler     and 
central  gear  driv- 
ing, internal  gear 
being  dead 

Compound 

Compound     inter- 
nal,     with     arm 
driving  

Compound    inter- 
nal, with  internal 
gear  driving  and 
central  gear  dead 

C'ompound     inter- 
nal, with  central 
gear  driving,    in- 
ternal gear  being 
•lead 

Compound     inter- 
nal,   having    two 
internal     gears 
with  arm  driving 

Compound     inter- 
nal,   having   two 
internal   gears, 
the  larger  inter- 
nal gear  driving. 

Compound   inter- 
nal,   having   two 
internal  gears,  the 
smaller    internal 
gear  driving 

D'+D 

--(■-^,) 

RD' 
R'— 

D'~D 

Same  as 
Formula  (2) 

Same  as 
Formula  (2) 

Formula  (1) 

R'D' 

Ji  — 

D'+D 

R'D 
R 

D+b' 

RDB 
R'  — 

D'B-DB' 

R^R'[\+ 

\       D'B/ 
RD'B 
R'  — 

D'B  +  DB' 

RD'B 

R  — 

D'B  +  DB' 

R'^rIi^ 

\        DB'/ 
R'DB' 
R 

DB'-\^  DB 
1        DB'\ 

R'=r(\  + 

\         D'B/ 

Same  as 
Formula  (5) 

R'DB 

R  — 

D'B  -  DB' 

R'=  R  l-i 

\         D'b/ 
R'DB' 

R  — 

DB-  D'B 
1        D'B\ 

R'=R\  1 1 

\        DB'/ 
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tary  idler.  The  internal  gear  of  one  of  the  stages  is  sta- 
tionary, a  (load  gear,  and  encircles  the  driving  gear  of  the  com- 
bination, the  arm  being  the  driven  member.  The  internal  gear 
of  the  second  stage  is  the  driven  member  of  the  combination, 
while  the  central  gear  It  circumscribes  is  active  and  rotates 
with  and  in  the  same  direction  as  the  driving  gear  of  the 
first  stage. 

Stage  1  is  obviously  a  simple  internal  epicycllc  train  in 
•which  the  central  gear  is  the  driving  member,  the  arm  the 
driven  member,  and  the  internal  gear  the  stationary,  or  dead, 
member.  One  revolution  of  the  driving  gear  will  cause  the 
driven  arm  to  make  but  a  partial  revolution,  measured  by  the 
quotient  of  the  diameter  of  the  driving  arm  divided  by  the  sum 
of  the  diameters  of  the  driving  gear  and  the  stationary  in- 
ternal gear,  according  to  Formula  (4)  in  the  table. 

Stage  2  is  also  a  simple  internal  epicyclic  train  but  of  a 
somewhat  special  nature,  as  there  is  no  dead  member.  This 
adds  a  third  motion  to  this  stage,  which  affects  the  speed  of 
the  driven  gear  but  is  quite  independent  of  the  action  of 
Stage  1;  that  is,  the  third  motion  is  not  apparent  In  Stage  1 
but  must  be  considered  in  Stage  2.  Without  this  third  mo- 
tion, the  speed  of  the  driven  gear,  the  arm  of  Stage  2  being 
the  driving  member  for  the  second  simple  Internal  train,  would 
be  equal  to  the  speed  of  the  driving  member  multiplied  by  one 
plus  the  quotient  of  the  diameter  of  the  central  gear  divided 
by  that  of  the  internal  gear,  Formula    (1),  the  direction  of 
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Fig.    14.     Epicyclic    Gear    Train    in    Boring-bar 

rotation  being  the  same  as  that  of  the  driving  arm  and  of 
the  driving  gear  in  Stage  1.  As  the  speed  of  the  driving  arm 
for  Stage  2  is  the  same  as  the  speed  of  the  driven  member  of 
Stage  1,  the  speed  of  the  driven  gear  of  the  combination,  dis- 
regarding the  third  motion  produced  by  the  live  central  gear 
of  Stage  2,  would  be  equal  to  the  product  of  the  speed  devel- 
oped in  Stage  2,  in  terms  of  the  speed  of  the  rotating  arm,  and 
the  ratio  of  the  speed  of  the  driven  arm  to  that  of  the  driving 
gear  of  Stage  1.  This  speed  ratio  is  equal  to  the  diameter  of 
the  driving  gear  divided  by  the  sum  of  the  diameters  of  the 
driving  and  stationary  gears.  The  third  motion  affecting  the 
speed  of  the  driven  gear,  that  due  to  the  revolution  of  the  cen- 
tral gear  in  Stage  2,  is  a  negative  one,  the  central  gear  and  the 
driven  gear  revolving  in  the  same  direction  and  the  motion 
being  transmitted  between  them  through  the  agency  of  an  in- 
termediate gear.  This  retarding  motion  is  measured,  per  revo- 
lution of  the  driving  member  of  the  combination,  by  the  quo- 
tient of  the  diameter  of  the  central  gear  (Stage  2)  divided  by 
that  of  the  driven  gear,  so  that  the  net  speed  of  the  driven 
gear  is  measured  by  the  speed  it  would  have  had  but  for  this 
retarding  motion  minus  the  reduction  in  speed  due  to  the 
activity  of  the  central  gear.  Expressed  in  algebraic  form,  the 
relationships  between  the  driving  and  driven  speeds  of  the 
mechanism  are: 


R 


R'  (DD'  —  B'B) 
D'  (D  +  B) 


and  R' 


RD'  (D  +  B) 
DD'  —  B'B 


FACE  OF  WATCH 


DEAD  GEAR,    D »rtj_ 

JHIVEN  GEAR,    D'->rlT-  ' 


Fig.    15.     Compound   Epicyclic   Train   in   Waterbury  Watch 

Obviously  this  two-stage,  internal,  epicyclic  gear  train  speed 
reducer  can  be  proportioned  to  develop  a. high  speed  ratio. 
Such  a  mechanism,  having  the  stationary  gear  24  inches  in 
diameter,  driven  gear  24.2  inches,  the  driving  gear  20  Inches, 
and  the  central  gear  of  the  second  stage  19.8  inches  in  diameter 
would  have  a  speed  ratio  of  121  to  1.  In  this  case  the  driving 
gear  D  is  20  inches,  the  driven  gear  D'  is  24.2  Inches,  the  sta- 
tionary gear  B  is  24  inches,  and  the  central  gear  B'  is  19.8 
inches  diameter.  Therefore,  the  speed  of  the  driven  gear,  in 
terms  of  the  speed  of  the  driving  gear  is: 


R  = 


R'  (20  X  24.2  —  19.8  X  24)        8.8  R' 


=  0.0082644  R' 


24.2  (20  +  24)  1064.8 

The  speed  ratio  is,  therefore.  R'  :  R  =  121 


1. 


Epicyclic  Gear  Trains  in  Boring-Bars 
Certain  types  of  boring-bars  use  a  simple  epicyclic  train  by 
which  the  revolution  of  the  bar  on  its  dead  center  is  employed 
to  carry  the  feed-screw  (within  the  bar)  about  a  circular  path 
concentric  with  the  dead  center  of  the  tool,  and  in  so  doing 
Impart  the  rotary  motion  to  the  screw  required  for  the  feed. 
For  this  construction  a  sliding  type  of  head  is  essential,  the 
driven  gear  of  the  epicyclic  train  being  attached  to  the  end  of 
the  feed-screw,  as  indicated  in  Fig.  14. 

The  epicyclic  train  is  of  the  simple  type  with  an  idler,  the 
function  of  the  latter  gear  being  to  secure  opposite  directions 
of  rotation  for  the  boring-bar  and  the  feed-screw.  This  neces- 
sitates making  the  driven  gear  of  the  train  larger  than  the 
dead  gear.  In  Fig.  14,  the  driven  member  is  the  gear  at  the 
end  of  the  feed-screw,  the  driving  member  is  the  arm  meas- 
ured by  the  offset  of  the  feed-screw  from  the  dead  center  of 
the  boring-bar,  and  the  stationary  gear  is  a  dead  gear  concen- 
tric with  the  dead  center  of  the  boring-bar.  Assigning  a  diam- 
eter of  5  inches  to  the  dead  gear  and  one  of  10  inches  to  the 
driven  gear  at  the  end  of  the  feed-screw,  the  boring-bar  will 
make  one  revolution  while  the  feed-screw  makes  but  one-half 


Fig.    16.     Differential   Back-gear 
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a  revolution.  This  is  shown  by  substituting  in  Formula  (2) 
D  =  5  inches,  D'  =  10  inches,  R'  =  1.  With  a  feed-screw  of 
8  threads  per  inch,  this  would  give  a  boring-bar  feed  of  1/16 
inch  per  revolution. 

Compound  Epicyclic  Gear  Trains  in  Watches 
One  of  the  commonest  examples  of  a  compound  epicyclic 
gear  train  is  to  be  found  in  the  mechanism  that  actuates  the 
hands  of  certain  watches;  and  this  is  one  of  particular  interest, 
as  the  desired  speed  ratio  is  best  secured  by  slightly  altering 
the  pitch  of  the  compound  gear.  The  change  of  pitch  makes 
it  possible  for  the  double  gear  of  individual  gears  to  have  the 
same  number  of  teeth,  as  the  two  sections  differ  but  slightly 
in  diameter,  and  thus  secure  the  same  result  as  if  the  com- 
pound gear  were  made  up  of  individual  gears  of  the  same 
pitch  but  a  different  number  of  teeth  and  the  corresponding 
difference  in  diameter. 

Pig.  15  illustrates  diagrammatically  the  mechanism  used  in 
the  Waterbury  watch  on  a  somewhat  distorted  scale  in  order 
to  more  clearly  depict  the  construction.  The  minute  hand  is 
carried  on  the  end  of  a  shaft  upon  which  is  mounted  a  re- 
volving box  frame  containing  other  mechanism  essential  to 
the  operation  of  the  watch  but  that  does  not  constitute  any 
part  of  the  epicyclic  gear  train.  This  frame,  which  acts  as 
the  driving  arm  of  the  epicyclic  train,  is  rotated  by  a  coiled 
spring  at  the  rate  of  one  revolution  per  hour.  Protruding  from 
the  box  frame,  near  its  circumference,  is  the  shaft  carrying 
the  compound  gear.  One  section  of  this  compound  gear 
engages  a  dead  gear  fastened  to  the  face  of  the  watch,  and  the 
other  section  meshes  with  a  gear  attached  to  the  sleeve  carry- 
ing the  hour  hand.  This  latter  gear,  which  is  the  driven  gear 
of  the  train,  the  dead  gear,  and  the  path  of  the  compound 
pinion  as  it  is  carried  by  the  box  frame  are  all  concentric,  and 
the  train  is  evidently  of  the  simple  compound  type  for  which 
Formula  (5)   is  applicable. 

In  the  Waterbury  watch,  the  compound  gear  is  made  up 
of  what  is  equivalent  to  two  individual  gears  of  eight  teeth 
each,  but  slightly  differing  pitch;  the  dead  gear  has  forty- 
four  teeth  and  the  driven  gear  actuating  the  hour  hand  has 
forty-eight  teeth.  Substituting  the  number  of  teeth  in  the 
various  gears  for  their  respective  diameters  in  Formula  (5) 
the  speed  of  the  driven  gear  is  found  to  be  one-twelfth  that  of 
the  driving  member,  or  the  revolving  box  frame.  That  is,  the 
hour  hand  makes  one-twelfth  revolution  while  the  minute 
hand  circles  the  watch. 

Differential  Back-gearing- 
An  example  of  the  application  of  epicyclic  gear  trains  to 
machine  tools,  which  is  probably  their  most  familiar  use,  is 
the  back-gearing  of  drilling  machines  and  other  light  machine 
tools.  Such  a  mechanism  is  shown  in  Fig.  16  and  is  of  the 
sun-and-planet  gear  type  for  which  the  speed  formula  is  that 
given  as  Formula  (4).  The  driving  member  is  the  central  gear 
and  the  large  internal  gear  is  stationary  while  the  reducer  is 
in  operation.  A  differential  gear  in  which  the  embracing  in- 
ternal gear  is  18  inches  in  diameter  and  the  central  gear  3 
inches  will  have  a  speed  ratio  of  7  to  1,  according  to  Formula 
(4),  where  D  =  3  and  D'  =  18  inches,  the  direction  of  rotation 
of  the  connecting  shafts  being  the  same.  By  locking  the 
mechanism  and  liberating  the  internal  gear,  the  two  abutting 
shafts  will  revolve  at  the  same  speed  and,  of  course,  in  the 
same  direction. 

*    *    • 

The  general  experience  is  that  severe  vibration  tends  to  tire 
workmen  and  make  them  irritable  and  inefficient.  In  one 
case  where  vibration  occurred,  a  correspondent  states  that  it 
was  necessary  for  the  company  to  take  prompt  measures  to 
overcome  it,  as  under  certain  conditions  it  was  impossible 
for  the  employes  to  stand  it  for  a  very  long  time.  This  meant 
that  if  they  had  to  work  on  a  floor  which  was  vibrating,  they 
were  far  from  100  per  cent  efficient.  In  the  case  of  women 
it  seemed  impossible  for  them  to  stand  the  vibration  even 
temporarily  on  account  of  the  nervous  strain.  It  is  believed 
that  employes  working  under  such  conditions  as  were  there 
present  were  not  over  two-thirds  efficient. — Extract  'from  "The 
Effects  of  Vihration  in  Structures,"  published  by  the  Aberthaio 
Construction  Co.,  Boston,  Mass. 


SLIPPAGE    OF  BELTS   RUNNING   AT 
HIGH   SPEED 

BY   W.  A.  L.AILBR 

One  of  the  troubles  encountered  in  belt-transmission  prac- 
tice, especially  where  the  belts  are  run  at  high  speed,  is  the 
slipping  of  the  belt  on  the  driven  pulley,  making  it  almost  im- 
possible to  maintain  proper  speed  ratios  between  the  driver 
and  the  driven  pulleys.  The  lost  motion  caused  by  the  slipping 
of  tlie  belt  results  in  the  driven  pulley  being  operated  at  a 
speed  below  that  figured  for  it  from  the  formulas  or  equations 
used  for  obtaining  pulley  speeds;  and  where  the  efficient  op- 
eration of  a  machine  is  dependent  on  its  running  at  the  proper 
rate  of  speed,  the  uncertainty  introduced  is  a  serious  matter. 
What  makes  the  problem  even  more  difficult  is  the  fact  that 
this  slippage  does  not  follow  any  fixed  ratio  or  proportion,  but 
varies  for  each  particular  set  of  conditions,  and  may  even  vary 
at  different  times  under  the  same  general  operating  condi- 
tions, because  of  weather,  etc. 

In  general,  two  theories  are  advanced  as  to  the  cause  of  belt 
slippage:  First,  that  it  is  due  to  an  air  cushion  being  drawn 
between  the  belt  and  the  pulley;  and  second,  that  it  is  due  to 
centrifugal  action.  The  first  theory  is  based  on  the  assump- 
tion that  the  high  speed  of  the  belt  causes  air  to  be  drawn  in 
under  it  as  it  approaches  the  pulley,  forming  an  incompressible 
air  cushion  between  the  belt  and  pulley  surface  on  which  the 
belt  skims  and  slides  instead  of  actually  coming  in  contact 
with  the  tractive  face  of  the  pulley.  Following  the  conclu- 
sions reached  by  this  line  of  reasoning  a  number  of  methods 
have  been  devised  for  eliminating  these  so-called  air-cushions 
between  the  belt  surface  and  the  pulley  face.  Probably  the 
simplest  method  is  the  use  of  a  pulley  with  holes  in  it  to  allow 
the  immediate  release  of  any  air  entrapped  between  the  belt 
and  the  pulley.  Another  method  is  to  place  a  small  deflector 
near  the  under  surface  of  the  belt,  just  before  it  enters  the 
pulley,  so  that  any  air  pockets  carried  with  the  belt  will  be 
broken  up  and  dispelled.  This  deflector  may  be  made  sta- 
tionary where  the  belt  passage  is  constant;  or  where  vibra- 
tions are  present,  it  may  be  held  lightly  against  the  inner 
surface  of  the  belt  by  means  of  a  light  spring  bracket.  Still 
another  method  is  to  cut  grooves  in  the  surface  of  the  pulley 
so  that  the  air  is  forced  into  the  grooves  while  contact  is 
established  between  the  elevated  parts  of  the  pulley  face  and 
the  belt. 

The  theory  of  air  cushioning  is  discounted  by  many  on  the 
ground  that  the  tension  pressure  between  the  belt  and  pulley 
is  so  great  as  to  make  impossible  the  retaining  of  any  film  of 
air.  Those  who  belittle  the  theory  of  air  cushioning  usually 
claim  that  the  slippage  in  high-speed  belts  is  due  to  centrif- 
ugal force,  which  causes  the  belt  to  stretch  and  tends  to 
make  it  rise  off  the  pulley  face.  It  is  admitted  that  the  belt 
does  come  in  contact  with  the  pulley  at  frequent  enough  in- 
tervals to  supply  tractive  power,  but  it  is  also  momentarily 
thrown  off  the  pulley  face,  thus  making  it  appear  as  if  it  were 
riding  on  the  air  cushion.  In  support  of  this  theory,  it  is 
pointed  out  that  the  lower  the  belt  speed  the  lower  will  be 
the  centrifugal  force,  and  hence  the  less  the  belt  will  stretch. 
It  has  been  found  that  with  belts  running  up  to  4500  or  4800 
feet  per  minute  no  trouble  from  excessive  slippage  due  to 
centrifugal  action  is  encountered,  but  at  higher  speeds  the  force 
brought  into  play  due  to  centrifugal  action  is  sufficient  to 
cause  a  considerable  falling  off  in  efficiency. 

Another  check  of  the  correctness  of  this  theory  is  the  fact 
that  the  slipping  of  the  belt  can  be  eliminated  by  taking  up 
any  stretching  due  to  centrifugal  force  that  may  occur  -after 
the  pulley  gets  up  to  speed  by  drawing  the  pulley  out  to  the 
belt,  through  the  use  of  adjusting  screws  and  sliding  frames. 
It  will  be  noted  that  when  the  belt  is  stopped  and  the  centrif- 
ugal tension  released,  the  driven  pulley  must  be  drawn  back 
again  to  its  former  position,  or  the  belt  will  span  tightly  be- 
tween the  two  pulleys  and  will  be  subjected  to  great  internal 
strain.  This  theory  can  be  tested  by  mounting  the  driven 
pulley  on  a  sliding  frame  with  adjustable  screws,  as  is  the 
general  practice  in  motor  construction.  Then  after  the  belt 
is  started,  the  stretch  caused  by  centrifugal  force  may  be 
taken  up  by  adjusting  the  screws  and  drawing  the  pulley  out 
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against  the  belt  In  Its  stretched  position ;  but  the  operation 
must  be  reversed  before  the  belt  is  stopped  and  centrifugal 
tension  la  released.  Another  remedy  for  this  trouble  would  be 
to  use  a  belt  made  of  some  material  that  will  not  stretch. 
Unfortunately  no  material  that  is  strong  and  pliable  enough 
to  do  the  worl{  has  been  found  that  will  not  also  be  subjected 
to  this  stretching  action. 

*     *     * 

CHANGES   IN    MANUFACTURE 

BY  ERIC  LEE> 

It  is  interesting  to  note  how  both  small  and  large  results 
may  be  obtained  from  a  change  in  manufacture.  When  the 
original  lay-out  was  made,  something  may  have  been  over- 
looked, and  often  one  operation  may  be  substituted  for  two 
or  more  others.  But  sometimes  it  is  cheaper  not  to  interfere 
with  the  original  lay-out,  as  the  changing  over  or  making  of 
new  machines,  jigs  or  fixtures  will  exceed  the  profit  obtained. 

When  a  new  product  is  to  be  made,  the  operations  are  con- 
sidered separately  and  collectively.  All  the  apparatus  for  each 
operation  is  taken  into  account,  the  foremen  of  the  shops  are 
consulted,  their  opinions  upon  the  routine  of  operations  noted, 
and  prices  fixed  before  any  permanent  method  of  manufacture 
is  adopted.  But  in  all  mechanical  industries,  whatever  stand- 
ard has  been  adopted,  the  only  visible  constant  is  change. 
However  good  a  lay-out  may  be.  It  is  only  relative,  and  from 
time  to  time  it  has  to  be  made  flexible  by  a  change  in  manu- 
facture. Many  factors  must  be  taken  into  consideration,  how- 
ever, and  a  large  profit  must  be  shown  before  any  radical 
change  is  made.  Among  the  things  to  be  considered  are  the 
amount  of  the  product  on  the  market  and  in  the  storehouses, 
the  number  likely  to  be  returned  for  repair,  and  the  inter- 
changeability  of  the  new  part  with  parts  formerly  made;  that 
is,  it  must  be  determined  whether  the  parts  changed  in  manu- 
facture can  be  altered  so  as  not  to  be  noticeable  in  an  article 
that  has  obtained  a  wide  reputation,  and  whether  the  change 
will  materially  affect  any  other  part  of  the  mechanism. 
Changes  of  tools,  gages,  jigs  and  fixtures  must  also  be  care- 
fully considered. 

If  the  original  lay-out  was  properly  performed  and  each 
operation  considered  separately  and  collectively,  it  will  be 
difiBcult,  through  a  slight  change  in  design,  to  bring  about  a 
new  and  proper  sequence  of  operations.  While  a  temporary 
change  may  prevent  a  lot  going  to  the  scrap  pile  through  being 
milled  small  or  splined  too  large,  or  for  some  similar  reason, 
it  is  sometimes  better  to  locate  the  origin  of  the  defect,  scrap 
the  lot,  and  use  such  measures  as  will  eliminate  the  cause.  In 
large  manufacturing  concerns,  when  a  change  is  necessary 
and  the  resulting  profit  is  likely  to  be  considerable,  some  plan 
should  be  devised  whereby  the  manufacture  of  the  gages,  jigs, 
fixtures  and  machines  used  for  the  operation  that  is  to  be  dis- 
carded will  be  automatically  stopped  until  the  necessary 
changes  have  been  made  upon  the  blueprints  by  some  drafting- 
room  official;  and  as  these  mechanical  devices  are  made  in 
various  shops,  it  is  essential  that  this  plan  works  properly. 

A  change  in  manufacture  does  not  always  eliminate  an 
operation;  sometimes  it  may  add  one.  There  have  been  cases 
where  two  operations  cost  less  than  one.  In  one  instance, 
where  drilling  and  counterboring  were  done  at  a  cost  of  22 
cents  per  hundred,  by  dividing  this  work  into  two  operations 
and  paying  10  cents  a  hundred  for  drilling  and  8  cents  a  hun- 
dred for  counterboring,  a  saving  of  4  cents  a  hundred  was  ac- 
complished. This  gain  was  brought  about  by  speeding  up  the 
drilling  and  letting  the  counterboring  run  at  a  more  moderate 
speed.  The  workmen  made  just  as  much  pay,  but  the  cost  of 
cutting  tools  was  greatly  diminished,  as  it  was  expensive  to 
make  the  counterbore  and  drill  jn  one  piece,  and  when  it  broke 
both  the  drill  and  the  counterbore  had  to  be  scrapped.  When 
the  drill  and  counterbore  were  made  separately,  they  cost  less 
and  could  be  ground  more  easily;  the  work  was  also  done  more 
quickly,  as  several  drills  and  counterbores  were  kept  on  hand. 

It  has  been  found  expedient  to  make  a  change  in  a  ring 
gage,  when  a  lot  of  10,000  has  run  small.  However,  with  up- 
to-date  methods  of  gaging  it  seems  almost  impossible  to  run 
over  500  parts  small.    Sometimes,  when  gages  suffer  excessive 
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wear,  as,  for  instance,  thread  gages,  all  gages  are  called  in  on 
Saturday,  inspected  on  Sunday,  and  are  ready  for  work  the 
next  day;  this  plan,  however,  is  expensive,  as  it  entails  much 
overtime  for  gage-makers.  Another  method  is  to  provide  two 
sets  of  gages.  One  set  is  in  the  gage-room  while  the  other  is 
in  the  shop,  and  the  sets  are  changed  every  week,  so  that 
those  in  use  are  continually  being  inspected. 

Sometimes  when  a  change  of  manufacture  is  necessary,  the 
designer  will  visit  the  store-room  and  redesign  some  discarded 
machine  at  low  cost.  At  other  times,  a  designer  will  try  to 
change  over  a  machine  that  is  quite  inadequate  for  the  opera- 
tion necessary.  In  many  cases,  a  new  machine  could  have 
been  built  for  one-half  the  cost  required  to  change  over  an  old 
one,  just  to  prevent  its  being  an  eyesore  to  the  master 
mechanic. 

Often  changes  are  suggested  that  a  little  consideration  would 
prove  inadvisable.  A  design  was  once  made  over  for  a  slight 
change  in  manufacture,  and  a  fixture  costing  $275  was  built 
to  take  the  place  of  a  templet  for  laying  out  work.  This 
templet  was  made  from  a  piece  of  stiff  brown  paper,  and  when 
one  piece  of  paper  was  worn  out  another  was  substituted. 
However,  it  was  thought  that  by  the  aid  of  this  new  fixture 
women  could  be  employed  to  do  the  work,  which  was  extremely 
light.  A  trial  showed  that  the  new  fixture  quickly  lost  its 
shape,  so  it  was  found  cheaper  to  discard  it  and  go  back  to 
the  old  method. 


RESOLUTIONS   ADOPTED   BY  THE  AMERICAN 
SOCIETY  OF  MECHANICAL  ENGINEERS 

The  American  Society  of  Mechanical  Engineers  adopted 
three  important  resolutions  at  the  Cincinnati  meeting  relating 
to  war  conditions,  as  follows: 

Dissemination  of  Munitions  Standards 

Whereas,  serious  delays  have  been  experienced  in  other  coun- 
tries and  this  country  in  the  production  of  munitions  work, 
and  rejection  and  unnecessary  loss  to  manufacturers,  and  its 
consequent  shortage  of  labor  and  material  due  to  lack  of  con- 
trol of  data  and  of  standards  of  measurement;  and 

Whereas,  Great  Britain,  Canada  and  France  have  found 
standardization  of  measurement  of  all  war  material  for  both 
army  and  navy  imperatively  necessary  to  obtain  uniform  and 
reliable  results,  and  have  constructed  an  efficient  organization, 
which  has  proved  successful  in  overcoming  these  difficulties; 
and 

Whereas,  increased  efficiency  of  our  manufacturers  would  be 
promoted  by  the  establishment  of  proper  standards  of  measure- 
ment; be  it 

Resolved,  that  the  Congress  be  urged  to  appropriate  sufficient 
funds  for  expenditure  through  the  Munitions  Board,  or  other 
agency,  to  provide  standards  and  adequate  means  of  calibra- 
tion, distribution  and  supervision  of  such  standards,  including 
means  for  calibration  of  working  and  inspection  standards  in 
the  different  centers  of  munitions  manufacture. 

Also  that  provision  be  made  in  this  appropriation  for  the 
establishment  of  a  central  office  for  the  collection  and  dis- 
semination of  information  on  the  methods  of  manufacturing 
munitions  and  other  supplies. 

Resolved,  that  the  American  Society  of  Mechanical  Engineers 
indorse  any  effort  tending  to  promote  the  ends  outlined  above, 
and  in  view  of  the  imperative  needs  of  the  present  situation, 
most  strongly  urge  immediate  action.  , 

No  Secrets  in  Munitions  Work 

Whereas,  it  is  the  patriotic  duty  of  every  manufacturer  to 
facilitate  and  expedite  the  manufacture  of  munitions  and  other 
supplies  for  the  army  and  navy;  be  it  i 

Resolved,  that  an  appeal  be  addressed  to  all  manufacturers  <t 
and  engineers  to  cooperate  in  the  dissemination  of  informa- 
tion and  the  interchange  of  data  pertaining  to  methods  of  man- 
ufacture, system  of  organization,  design  of  tools,  operation  of 
lay-outs  and  time  studies,  including  what  is  generally  known 
under  the  term  "shop  secrets,"  so  far  as  they  pertain  to  muni- 
tions manufacture. 

Recogrnltion  of  Munitions  Workers 

Whereas,  it  is  necessary  to  obtain  the  patriotic  cooperation 
of  every  man  who  can  contribute  to  the  furnishing  of  naval 
and  military  supplies;  be  it 

Resolved,  that  the  American  Society  of  Mechanical  Engineers 
urge  upon  the  government  the  necessity  of  indicating  in  some 
way  the  value  and  loyalty  of  men  in  service  in  industries 
whose  occupation  is  essential  to  the  production  of  war  supplies. 


NB^W^  MACHINERY  AND  TOOLS 
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GLOBE  ROTARY  SURFACE   GRINDER 

The  accompanying  illustration  shows  a  rotary  surface 
grinder  built  by  the  Globe  Machine  &  Stamping  Co.,  Cleveland, 
Ohio,    which    is    claimed    to    have    the    productive    capacity 


Duplex  Botary  Surface  Grinder  built  by  Globe  Machine  &  Stamping  Co. 

of  two  standard  grinders,  although  requiring  less  attention 
from  the  operator.  This  grinder  is  really  a  double  machine, 
so  constructed  that  the  mechanism  of  one  chuck  and  grinding 
wheel  can  be  operated  as  a  unit  entirely  independently  of  the 
other.  This  feature  permits  the  operator  to  prepare  his  work 
on  the  idle  chuck  and  allows  the  grinding  to  continue  without 
interruption.  Both  chucks  can  be  operated  simultaneously 
if  so  desired,  thus  enabling  the  operator  to  devote  his  atten- 
tion to  other  work.  The  grinding  wheel  head  is  secured  to  the 
frame  in  a  fixed  position,  affording  a  rigid  construction  and 
preventing  the  wheels  from  being  thrown  out  of  alignment. 
There  are  no  sliding  surfaces  on  this  machine,  and  all  work- 
ing parts  are  effectively  protected  from  dust  and  abrasive  grit. 
An  automatic  feed  and  stop  is  provided  on  the  grinder,  and 
by  means  of  this  device  work  can  be  fed  to  the  grinding  wheel 
from  0.0005  to  0.005  inch  for  each  stroke  of  the  machine.  The 
stop  can  be  set  to  release  the  feed  at  any  point,  and  this  re- 
lieves the  operator  from  the  necessity  of  concentrating  his 
attention  solely  upon  the  grinding  operation.  Each  operating 
unit  is  independently  controlled,  and  all  speeds,  feeds,  etc., 
have  separate  drives,  thus  making  the  grinder  practically  a 
double  machine.  Two  12-inch  magnetic  chucks  are  mounted 
on  counterbalanced  swinging  arms  with  ball  thrust  bearings 
of  large  diameter.  The  swinging  movement  is  caused  by 
means  of  a  cam  and  rocker  arm  of  uniform  motion,  with  means 
for  adjusting  the  length  and  position  of  the  stroke.  There  are 
three  speeds  for  the  revolving  chucks  and  three  for  the  work 
traverse.  Six  3%-inch  piston  rings  can  be  ground  simul- 
taneously on  each  chuck,  and  the  chucks  can  be  set  to  grind 
either  concave  or  convex  work. 


was  designed  and  built  for  steel  plate  and  sheet  forming 
operations.  It  has  a  pressure  capacity  of  1000  tons.  The  press 
has  an  unusually  sturdy  construction  throughout,  and  is  ca- 
pable of  performing  heavy  forming  operations. 

This  press  has  an  adjustable  daylight  space  of  18  to  36  inches. 
To  provide  for  this  adjustable  daylight,  the  upper  ends  of  the 
strain-rods  are  threaded,  thus  permitting  the  maximum  and 
minimum  daylight  to  be  obtained.  The  upper  ends  of  the 
strain-rods  are  fitted  with  threaded  forged  nuts,  while  the 
lower  ends  are  made  with  solid  heads  and  split  collars.  Both 
the  upper  and  lower  strain-rod  collars  are  threaded,  the  upper 
collars  serving  two  purposes:  first,  to  permit  the  head  to  be 
lowered,  and,  second,  to  take  up  all  clearance  so  that  the  head 
can  be  set  perfectly  true  for  close  work.  The  lower  collars 
are  threaded  so  that  all  clearance  may  be  taken  up. 

The  press  is  equipped  with  two  auxiliary  push-cylinders,  the 
purpose  of  which  is  to  hasten  the  return  of  the  press  platen 
and  ram  after  the  pressing  operation.  These  push-cylinders 
are  equipped  with  differential  rams,  the  upper  ends  of  which 
are  smaller  than  the  lower.  This  provides  a  shoulder  on  the 
rams  in  the  cylinders  and  forms  an  area  to  take  the  water 
pressure  for  forcing  the  ram. 

This  press  may  be  operated  from  either  an  independent  pump 
or  an  accumulator  system.  The  accumulator  is  the  most  satis- 
factory arrangement,  especially  where  there  are  several  presses 
being  operated,  as  when  the  valves  of  all  the  presses  are 
opened  at  one  time,  an  unusual  load  occurs  and  the  pumps  are 
unable  to  care  for  it.  The  pressure  may  be  allowed  to  remain 
on  the  auxiliary  cylinders  or  they  may  be  operated  by  means 
of  double-acting  operating  valves.  This  press  is  of  steel  con- 
struction throughout,  a  large  factor  of  safety  being  allowed 
in  its  design  for  the  heavy  pressure  which  it  exerts.  It  has  a 
pressing  surface  of  42  inches  by  48  inches.  This  equipment  is 
built  by  the  Hydraulic  Press  Mfg.  Co.,  84  Lincoln  Ave.,  Mount 
Gilead,  Ohio. 


HYDRAULIC  FORMING  PRESS 

Hydraulic  pressure  is  being  utilized  more  and  more  in 
forming  various  articles  from  sheet  steel,  steel  plates,  etc.,  be- 
cause of  its  accurate  and  positive  force.    The  press  here  shown 


Forming  Press  of  1000  Tons  Capacity  built  by  Hydraulic  Press  Mfg.   Co. 
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ELGIN  AUTOMATIC  CHUCK  CLOSER 

The  lOlgiii  Tool  Works,  Elgin,  111.,  are  now  making  an  auto- 
matic chuck  closing  attachment  to  (It  any  of  their  bench  lathe 
heads.  These  attachments  may  be  put  on  or  taken  off  quickly; 
they  are  of  simple  construction,  work  easily  and  rapidly,  and 
are  convenient  where  duplicate  chucking  operations  are  being 
performed.  With  one  of  these  attachments  the  lathe  does  not 
have  to  be  stopped  for  loosening  or  tightening  the  collet. 

The  Elgin  automatic  chuck  closer  consists  of  a  draw-spindle, 
two    sleeves,    dogs,   yoke    and    bracket.     The   draw-spindle    is 


Fig.    1,     Automatic    Chuck    Closer   for   Bench    Lathes    made   hy   Elgin 
Tool  Works 

threaded  on  the  rear  end  and  fitted  with  two  check-nuts  which 
adjust  the  tension  on  the  collet.  An  inner  sleeve  slips  directly 
over  the  lathe  spindle  and  is  held  in  place  by  a  set-screw,  the 
point  of  which  fits  into  a  hole  provided  on  the  spindles  of  all 
Elgin  bench  lathes.  This  sleeve  also  carries  the  dogs,  which 
are  operated  by  the  sleeve  and  yoke  that  open  and  close  the 
collet.  The  bracket  is  held  in  place  on  the  head  by  means 
of  two  screws,  tapped  holes  for  which  will  be  found  on  all 
Elgin  lathe  heads. 

This  automatic  chuck  closer  is  so  designed  that  it  requires 
no  extra  fitting,  but  may  be  placed  on  any  head,  making  use 
of  the  tapped  holes  provided  for  the  indexing,  dividing  and 
other  attachments.  The  attachment  does  not  interfere  with 
the  ordinary  use  of  the  draw-spindle.  Used  in  conjunction 
with  this  company's  double  tool-slide  rest,  it  will  be  found 
convenient  for  manufacturing  small  duplicate  parts.  Fig.  2 
shows  another  new  product  of  the  Elgin  Tool  Works,  which 
is  known  as  a  No.  4  by  5  bench  lathe.  In  the  February,  1909, 
number  of  Machinery  a  description  was  published  of  a  No.  4 


Fig.   2.     No.   4  by  5  Bench  Lathe  built  by  Elgin  Tool  Works 

bench  lathe  manufactured  by  this  company,  and  the  present 
machine  is  of  similar  design  except  that  the  parts  subject  to 
strain  have  been  made  considerably  heavier  to  adapt  the  ma- 
chine for  more  severe  classes  of  service. 


HARDY   GRINDING   ATTACHMENT 

To  provide  for  performing  grinding  operations  on  bench 
lathes,  Charles  Hardy,  1051  Boston  Road,  New  York  City,  has 
developed  a  grinding  attachment  which  is  capable  of  handling 
both  internal  and  external  work.  It  will  be  seen  that  a  gradu- 
ated swivel  is  furnished  for  setting  the  attachment  at  the 
proper  helix  angle  for  thread  grinding.  The  swivel  is  clamped 
in  any  desired  position  by  means  of  a  headless  set-screw,  which. 


Fig.    1.     Grinding  Attachment  for  Bench  Lathe   built  by  Charles   Hardy 

in  turn,  operates  a  tapered  half  ring  that  is  seated  in  an 
annular  groove  of  corresponding  taper.  Application  of  pres- 
sure on  the  ring  by  this  set-screw  causes  the  latter  to  expand 
and  bind  firmly  in  the  annular  groove.   . 

Vertical  adjustment  is  also  provided  which  enables  the  at- 
tachment to  be  raised  or  lowered  according  to  requirements 
of  different  grinding  operations.  This  vertical  adjustment  has 
a  maximum  range  of  one  inch  from  the  lowest  to  the  highest 
position.  The  spindle  has  double  tapered  bearings  of  5  and 
50  degrees  taper  angle.  Both  spindle  and  bearings  are  hard- 
ened and  ground,  and  the  bearings  are  furnished  with  oil 
chambers  to  insure  efficient  lubrication.  For  internal  grinding 
an  extension  spindle  is  used,  which  is  furnished  with  a  draw- 


Fig.   2,     Attachment  shown 


Fig.    1   equipped   with   Internal   Grinding 
Spindle 


back  mechanism  that  holds  it  securely.  The  attachment  may 
be  driven  at  any  required  speed  for  the  efficient  operation  of 
grinding  wheels  from  y^  inch  to  3  inches  in  diameter. 

In  addition  to  its  use  as  a  grinding  attachment,  this  tool 
may  be  employed  for  the  operation  of  fine  end-mills.  For  this 
class  of  work  it  is  held  in  a  vertical  position  by  means  of  an 
arm,  and  the  swivel  is  employed  to  obtain  any  required  angular 


Fig.    3.     Farts   of  Hardy  Bench  Lathe    Grindingr   Attachment 
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setting.  Used  in  this  way,  the  tool  will  be  found  adaptable 
for  many  classes  of  work  which  may  be  conveniently  done  with 
small  sized  end-mills.  A  feature  of  the  attachment  is  that 
it  can  be  easily  taken  apart  for  cleaning  or  adjustment.  This 
may  be  done  in  a  few  moments,  and  the  only  tools  required  are 
a  small  screwdriver  and  spanner  wrench,  which  are  included 
among  the  tools  furnished  with  the  attachment. 


MAGNA  TURRET  TOOLPOST 

The  Magna  Machine  Co.,  50  Church  St.,  New  York  City, 
is  now  manufacturing  the  turret  toolpost  shown  in  the  accom- 
panying illustra- 
tions. This  tool- 
post  will  fit  any 
engine  lathe,  and 
one  size  is  inter- 
changeable between 
all  lathes  from  11 
to  20  inches  swing. 
A  n  exceptionally 
large  number  of 
tools  can  be  mount- 
ed in  this  toolpost, 
and  they  are  al- 
ways clear  from  the 
chuck  and  working 
material.  The  tool- 
post  will  finish  a 
piece  of  work  com- 
pletely inside  and 
outside,  including 
threading  and  cut- 
ting-off  operations. 
A  sequence  of  op- 
erations can  be  performed  at  a  single  setting  of  tjie  work  and 
without  the  necessity  of  changing  tools,  so  that  considerable 
time  will  be  saved  where  a  number  of  operations  must  be 
performed. 

This  turret  toolpost  is  equipped  with  a  cutting-off  blade  in 
such  a  position  that  cutting  off  can  be  done  close  to  the  lathe 
chuck.      All    external    cutting    tools    are    independently    ad- 


Fig.   1.     Magna  Turret  Toolpost 


Fig.    2.     Magna    Turret    Toolpost    in    Operation    on    Lathe 

justed,  when  necessary,  by  means  of  a  set-screw.  The  tool- 
post  is  inserted  in  the  tool  slot  of  a  compound  rest,  and  a 
threaded  sleeve  provides  a  vertical  adjustment  of  about  %  inch 
to  accommodate  it  for  lathes  of  various  swings.  One  set  of 
tools  is  furnished  as  part  of  the  equipment,  consisting  of  a 
knurling  tool,  four  %-inch  boring  tools,  four  %-inch  square 
high-speed  tool  bits,  and  one  %-inch  high-speed  cutting-off 
blade.  The  dimensions  of  the  toolpost  are  8%  inches  long 
by  8  inches  high  by  6%  inches  deep,  and  it  weighs  18  pounds. 


DETROIT   PNEUMATIC   CHUCKS 

Figs.  1  and  2  show  a  milling  fixture  recently  made  by  the 
Detroit  Pneumatic  Chuck  Co.,  Flat  Rock,  Mich.,  to  hold  car- 
bureter  bodies.     These   bodies   are   first   machined   on   turret 


Fig.  1.    Detroit  PneumaticaUy  Operated  Milling  Fixture 
for  Carbureter  Bodies 

lathes,  in  which  they  are  held  by  air  chucks  while  the  first 
operations  are  performed.  P"or  milling,  the  fixture  is  strapped 
on  the  top  of  the  milling  machine  table  and  is  furnished 
with  a  two-jaw  chuck  with  jaws  made  especially  to  fit  the 
work.  The  cylinder  is  attached  to  a  bracket  at  the  opposite 
side  of  the  chuck,  making  a  compact  construction.  A  valve 
is  fastened  on  the  end  of  the  cylinder,  with  the  supply  pipe 


Fig.  2.     Opposite  Side  of  Carbureter  Body  Milling  Fixture 
shown  in  Fig.  1 

running  from  below,  and  all  the  operator  has  to  do  is  to  reach 
out  his  hand  and  draw  the  lever  over;  with  an  air  pressure 
of  80  pounds  per  square  inch,  the  operator  throws  between 
one  and  two  tons'  gripping  pressure  on  the  work.  Owing  to 
the  use  of  this  high  holding  pressure,  it  was  necessary  to  make 
parts  of  the  fixture  of  steel  and  further  strengthen  them  by 
carbonizing. 

Figs.  3  and  4  show  how  a  ring  bevel  gear  for  an  automobile 
rear  axle  is  held.  Anyone  familiar  with  the  machining  and 
grinding  of  a  bevel  gear  will  know  the  difficulties  that  are 
encountered.    In  this  equipment  the  gear  rests  on  four  points 


Fig.  3.    Detroit  Pneumatic  Chuck  for  holding  Automobile  Bing  Bevel  Gears 
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made  to  (U  the 
gear  teeth.  It  will 
he  seen  that  there 
are  four  levers 
which'  come  down 
and  draw  the  blank 
up  tight  against 
these  resting 
points;  these  levers 
are  held  on  rock- 
ing arms  on  the  in- 
side and  so  con- 
structed that  if  one 
should  grip  ahead 
of  its  mate,  it  stays 
still  until  the  other 
lever  on  the  oppo- 
site side  touches 
the  gear  on  the  out- 
side, and  after  so  aoing,  the  levers  draw  up  and  fasten  the 
gear  on  its  bearing  points.  There  is  no  place  where  one  point 
on  the  work  is  gripped  harder  than  another,  thus  drawing  the 
work  out  of  shape.  This  fixture  was  made  for  machining  the 
back  side  of  the  gear  and  boring  the  hole  so  that  the  center 
of  the  fixture  is  plugged  up,  but  it  can  be  made.  If  so  desired, 
with  a  hole  running  through  the  entire 
spindle  of  the  machine,  so  that  the  hole 
in  the  work  can  be  water-ground  and  the 
chuck  still  be  operated  by  the  air  cylinder. 


Fig.   4. 
Fig. 


Detroit  Pneumatic   Chuck  shown 
3,  with  Automobile  Ring  Bevel 
Gear  Blank  in  Place 


INTERNATIONAL   THREAD   GRINDER 

For  truing  the  threads  of  thread  gages  and  for  similar  work 
where  it  is  required  to  correct  distortion  produced  by  harden- 
ing, the  International  Equipment  Co.,  1553  S.  58th  St.,  Phila- 
delphia, I'a.,  has  placed  on  the  market  a  grinding  machine, 
which  is  shown  in  Fig.  1.  It  will  be  apparent  to  experienced 
mechanics  that  the  field  of  usefulness  of  this  machine  includes 
all  internal  and  external  threaded  work,  as  well  as  cylindrical 
grinding.  This  grinder  is  set  up  on  the  lathe  after  removing 
the  toolpost,  and  grinding  is  done  by  means  of  a  carborundum 
wheel,  which  runs  at  5500  revolutions  per  minute.  This  wheel 
is  first  trued  to  coincide  absolutely  with  the  pitch  thread  to 
be  ground,  by  means  of  a  diamond  set  in  the  attachment 
shown — the  diamond  is  carried  in  the  ball  shown  adjacent  to 
the  periphery  of  the  grinding  wheel,  and  the  wheel  truing  at- 
tachment is  graduated  to  provide  for  setting  it  at  any  angle. 

For  example,  when  a  U.S.S.  thread  gage  is  being  ground  the 
wheel  is  shaped  30  degrees  on  each  side,  making  It  conform 


PITTSBURG   GEARED-HEAD 
LATHE 

In  the  accompanying  illustration  is  shown 
an  all-geared-head  32-inch  lathe  which  is  a 

recent    product    of    the     Pittsburg    Machine  Fig-   l-     international  Thread   Gri 

Tool  Co.,  Braddock,  Pa.     These  lathes  are 
built  in  32-  and  36-inch  swings,  with  any  required  length  of  bed. 
It  will  be  apparent  from  the  illustration  that  they  are  of  ex- 
tremely heavy  construction,  and  aH  gearing  is  of  steel,  so  that 


ider  for  correcting  Distortic 
Threaded  Work 


of   Thread    Gages     and     other 


For  special  Russian  threads 


Geared-head    32-inch    Lathe    built    by   Pittsburg    Machine    Tool    Co. 


these  lathes  are  suitable  for  the  heaviest  classes  of  service.  The 
geared  head  is  furnished  with  twelve  spindle  speeds,  and  there 
are  thirty-six  available  rates  of  feed.  A  new  apron  has  been 
designed  which  is  of  exceptionally  heavy  and  rigid  construc- 
tion. All  gears  are  of  steel  and  all  studs  in  the  apron  are 
made  of  steel,  hardened  and  finished  by  grinding.  The  spindle 
is  made  of  hammered  steel,  and  t..  ratio  of  the  gearing  in  the 
head  is  63.5  to  1.  Tumbler  gears  and  clutches  are  made  of 
casehardened  steel.  These  lathes  are  sold  under  a  guarantee 
of  accuracy  of  0.001  inch  per  foot  in  the  performance  of  facing 
and  boring  operations,  and  are  offered  to  manufacturers  who 
do  accurate  machining  on  heavy  castings  and  forgings.  An 
interlocking  arrangement  prevents  the  nut  from  being  engaged 
with   the  lead-screw  when  the  longitudinal   feed  is  engaged. 


to  the  exact  form  of  the  thread. 

on  gages  which  were  recently  ground  on  this  machine,  the 
wheel  was  trued  45  degrees  on  one  side  and  5  degrees  on  the 
other  side.  This  grinder  may  be 
employed  to  true  any  thread,  no 
matter  what  the  requirements  may 
be,  and  this  applies  to  taps,  hobs, 
etc.,  as  well  as  thread  gages.  It  is 
claimed  that  this  machine  is  capa- 
ble of  converting  any  lathe  into  a 
cylindrical  grinding  machine,  and 
that  the  construction  is  so  rigid 
that  it  is  impossible  for  vibration 
to  spoil  even  the  finest  work. 
Fig.  2  shows  examples  of  an  in- 
ternal and  external  thread  gage 
ground  on  this  machine.  The  inter- 
nal thread  gage  was  cut  off  from 
round  bar  stock,  turned,  chased, 
hardened  and  ground  in  eight  and 
one-half  hours.  The  external  gage 
is  for  use  on  large  shell  work, 
and  attention  is  called  to  the  fact 
that  the  plain  surface  grinding  was 
also  done  on  the  International  thread  grinder.  Fine  taps, 
hobs,  dies,  worms  and  similar  threaded  parts  are  being  turned 
out  on  this  machine.  The  grinder  is  also  used  with  relieving 
attachments  for  relieving  taps  after  hardening. 


Internal  and  External  Thread  Gages   ground  on  International 
Thread   Grinder 
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In  operating  this  thread  grinder,  the 
spindle  on  which  the  grinding  wheel  re- 
volves must  be  at  all  times  in  perfect  align- 
ment with  the  centers  of  the  lathe.  It  is 
therefore  adjustable  to  secure  this  condi- 
tion; adjustment  is  also  provided  for  de- 
termining the  lead  of  the  thread.  A  spe- 
cial fiber  core  is  furnished  in  the  end  of 
the  driving  stud  by  means  of  which  end 
play  and  vibration  are  taken  up  instead  of 
being  transmitted  to  the  wheel.  The  driv- 
ing shaft  is  independent  of  the  main  bear- 
ing shaft  and  allows  the  wheel  perfect  free- 
dom of  operation.  The  bronze  bearing  is 
indented  with  right-  and  left-hand,  as  well 
as  straight,  oil-grooves,  which  equalize  the 
flow  of  oil  and  permit  the  spindle  to  run 
constantly  in  oil. 

When  grinding  coarse  threads  the  device 
is   tipped   sufficiently   so   that   the   heel   of 
the  wheel  will  not  interfere  with  the  course 
of  the  thread.    Two  oil-cups  are  furnished, 
one  for  the  driving  shaft  and  the  other  for 
the    main    bearing    shaft.      An    ingenious 
method  is  provided   for  attaching  and  de- 
taching the  wheel  dresser,  which  renders  the  operation  prac- 
tically instantaneous.     This  is  accomplished  by  means  of  an 
interrupted  screw  provided  with  a  handle.     There  is  no  lost 
motion  in  the  rack  diamond  holder,  because  any  lost  motion 
is  taken  up  by  means  of  a  spring  pressure  exerted  upon  the 
rack.    This  rack  meshes  with  a  pinion  operated  by  means  of  a 
handwheel   which    feeds   the   diamond   the   required   distance. 
The   entire   dressing   attachment   is   movable   back   and   forth 
by  means  of  a  releasing  nut. 


NATIONAL  LATHES 


The  National  Lathe  Co.,  15  W.  Second  St.,  Cincinnati,  Ohio, 
is  now  building  the  18-inch  geared-head  lathe  illustrated  in 
Fig.  1.  On  the  National  geared-head  lathe  there  are  only 
twelve  gears  in  the  head.  All  the  back-geared  drive  gears 
are  five  pitch  and  the  direct  geared  drive  gears  are  six  pitch. 
All  the  gears  are  made  of  steel,  and  there  are  only  two  shafts 
besides  the  spindle.  These  shafts  run  in  bronze  journals  in 
the  bottom  of  the  head.  There  are  no  journals  suspended  in 
the  top  of  the  head.  This  is  said  to  insure  perfect  alignment 
and  rigidity.  The  shafts  are  of  40-point  carbon  steel,  ground 
to  fit.  The  gears  are  cut  with  special  cutters,  giving  them  as 
perfect  a  mesh  as  possible. 

The  design  has  been  worked  out  in  such  a  way  as  to  insure 
strength  and  long' wearing  qualities,  and  the  simplicity  of  the 


Fig.    2.     Cone-driven    17-inch    Lathe   huilt   by    National   Lathe    Co. 

design  makes  it  possible  for  the  operator  to  change  speeds 
with  great  rapidity.  With  a  two-speed  countershaft  a  total 
of  sixteen  speed  changes  are  obtainable,  ranging  from  12  to 
330  R.P.M.,  or  eight  forward  and  eight  reverse  speeds.  The 
stopping  and  starting  lever  is  conveniently  located  so  that  the 
operator  does  not  have  to  change  his  position  when  he  is  check- 
ing or  calibrating  a  piece  of  work.  When  the  clutch  lever  is 
shifted,  all  the  gears  in  the  head  are  stopped.  It  is  so  de- 
signed that  only  the  gears  that  are  working  are  in  mesh,  the 
gears  not  required  to  operate  being  thrown  out  of  mesh.  The 
advantages  in  this  arrangement  are  obvious. 

The  drive  is  of  the  single-pulley  type;  the  pulley  is  12  inches 
in  diameter,  and  runs  at  330  R.P.M.  It  carries  a  4-inch  belt, 
which  gives  ample  driving  power.  A  friction  clutch  is  mounted 
on  the  driving  pulley  shaft,  and  is  operated  instantaneously 
with  a  single  lever.  The  countershaft  clutch  pulleys  are  12 
inches  in  diameter  and  run  at  240  R.P.M.  They  carry  a  4-inch 
belt.  The  spindle  speeds  range  from  12  to  330  R.P.M.  At  no 
time  do  the  gears  drive  at  a  greater  speed  than  the  driving 
pulley,  and  the  greatest  speed  reduction  is  28  to  1. 


Fig.    1.     Geared-head   18-inch  Lathe   built  by  National   Lathe   Co 


National  Cone-driven  Lathe 

In  Fig.  2  is  shown  a  17-inch  engine  lathe  with  double  back 
gears  and  a  three-step  cone  pulley,  which  is  another  recent 
product  of  the  National  Lathe  Co.  The  bed  of  this  machine 
is  firmly  braced  for  its  entire  length  and  designed  to  absorb 
vibration  incident  to  heavy  work.  The 
headstock  is  also  ribbed.  The  spindle 
is  hollow  and  made  of  a  special  carbon 
steel  and  finished  by  grinding.  The  cen- 
ters are  No.  4  Morse  taper,  and  the 
boxes  are  made  of  phosphor-bronze,  with 
means  of  compensating  for  wear.  A 
double-walled  apron  is  provided,  so  that 
all  important  shafts  and  studs  may  have 
a  rigid  outboard  bearing.  Control  of 
all  feeds  is  within  convenient  reach  of 
the  operator,  and  an  interlocking  device 
makes  it  impossible  to  engage  the  lead- 
screw  and  feed-rod  at  the  same  time. 
The  screw-cutting  mechanism  is  of  the 
quick;change  gear  type,  and  all  avail- 
able tieeds  are  obtained  by  the  move- 
ment of  one  lever.  Speeds  from  3  to  64 
per  inch  are  available  on  standard 
lathes,  and  from  %  to  15  millimeters 
on  the  screw-cutting  lathe.  The  range 
of  available  feeds  is  from  0.006  to  0.128 
inch  per  spindle  revolution. 
The  lead-screw  is  1  5/16  inch  in  diam- 
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Tig.    3.     Apron    of    National    Goared-head    Lathe    shown 
in  Fig.   1 

eter,  and  is  made  of  special  carbon  lead-screw  stock.  It  Is 
chased  by  means  of  standard  and  metric  master  lead-screws, 
eitlier  metric  or  standard  pitch  screws  being  furnished,  as  de- 
sired. In  chasing  threads,  the  apron  half-nuts  engage  at  the 
proper  point,  thus  guarding  against  error  and  saving  time. 
The  feed-rod  is  gear-driven  and  enables  the  operator  to  obtain 
a  large  range  of  feeds,  from  the  coarsest  to  the  finest.  The 
compound  rest  is  rigidly  constructed  and  fitted  with  full  length 
taper  gibs  having  end  adjusting  screws.  The  swivel  is  made 
completely  circular,  is  graduated  in  degrees,  and  firmly 
clamped  to  the  cross-slide.  A  tailstock  of  the  National  Lathe 
Co.'s  offset  type  allows  the  compound  rest  to  be  placed  parallel 
with  the  bed.  The  tailstock  is  provided  with  set-over  screws 
for  taper  turning  operations.  Provision  is  made  for  firmly 
locking  the  carriage  for  cross-feed  work,  and  the  carriage  is 
gibbed  to  the  bed  at  both  the  front  and  back;  it  has  a  wide 
bearing  for  the  slide-rest,  with  a  large  vee  at  the  front  and  back. 


HARRIS   AUTOMATIC  MULTIPLE-PLUNGER 
PRESS 

For  the  rapid  automatic  production  of  stamped,  perforated 
and  embossed  sheet  metal  parts,  the  H.  E.  Harris  Engineering 
Co.,  1041-1055  Broad  St.,  Bridgeport,  Conn.,  has  developed  the 
machine  illustrated  and  described  herewith.  It  is  a  multiple- 
plunger  press  especially  adapted  for  the  manufacture  of  eye- 
lets, snap  fasteners,  pencil  tips,  primers,  percussion  caps,  thim- 
bles, buttons,  ferrules,  automobile  grease  and  oil-cups,  fuse 
caps,  boxes  and  covers  for  medicines  and  toilet  articles;  in 
fact,  these  machines  can  be  used  for  the  manufacture  of  almost 
any  part  that  can  be  produced  from  sheet  metal  by  several 
punch  press  operations.  Machines  of  this  type  are  supplied  for 
doing  both  large  and  small  work.  These  machines  are  very 
rapid  in  operation,  producing  from  35,000  to  80,000  parts  per 
day  of  ten  hours,  allowing  time  for  repairs,  setting  up,  sharp- 
ening tools,  oiling,  replenishing  the  stock,  and  other  legitimate 
causes  of  delay  or  stoppage.  This  large  variation  in  output 
covers  all  classes  of  work,  the  output  depending  upon  the 
kind  of  material  used,  its  thickness,  the  depth  to  which  it  has 
to  be  drawn  and  other  factors  directly  due  to  the  nature  of  the 
work.  The  number  of  revolutions  per  minute  at  which  the 
cam-shaft  should  run  (or  strokes  of  the  plungers  per  minute) 
varies  from  65  on  heavy,  deep-drawn  work  to  150  on  light, 
shallow  work. 

Automatic  Operations  Performed 
This  machine  will  automatically  cut  a  blank  from  sheet 
metal  and  carry  the  work  along  for  the  successive  operations 
under  other  plungers,  performing  such  operations  as  piercing, 
forming,  drawing,  trimming,  light  stamping  or  embossing,  etc., 
and  completing  the  part  without  manual  handling.  The  basic 
principle  of  the  machine  has  been  used  for  forty-five  years, 
and,  in  fact,  most  of  the  manufactured  articles  mentioned  are 
made  by  older  forms  of  this  machine.  The  common  trade 
name  for  a  machine  of  this  kind  is  "eyelet  machine."  In  the 
new  design  there  are  improvements  which  were  developed  and 
added  in  1916  and  1917.  The  frame  is  offset  at  the  left-hand 
side,  and  provision  is  made  for  an  extra  die  and  for  a  double 
punch  to  be  carried  by  the  last  plunger.  In  this  way  the 
Harris  automatic  multiple-plunger  press  will  perform  one  more 
operation  than  the  number  of  plungers.  This  is  a  distinctive 
feature  of  the  machine.  On  all  other  machines,  the  number 
of  operations  is  the  same  as  the  number  of  plungers.     This 


makes  it  unnecessary  to  follow  tlie  general  practice  of  provid- 
ing one  more  plunger  than  is  actually  needed,  for  if  it  be- 
comes advisable  to  add  an  additional  operation,  such  as  stamp- 
ing a  name  or  trademark,  or  any  other  operation  which  be- 
comes desirable  after  first  planning,  the  means  for  taking  care 
of  it  in  the  machine  are  thus  provided.  The  popularity  which 
this  machine  has  attained  is  due  to  the  fact  that  all  the  opera- 
tions are  simultaneous;  that  is,  with  each  revolution  of  the 
cam-shaft,  each  of  the  plungers  performs  an  operation  on  the 
parts  going  through  the  press.  The  speed  of  operation  and 
methods  of  performing  the  work  do  away  entirely  with  the 
necessity  of  annealing  parts  between  operations. 

Adapting  the  Machine  for  Different  Work 

The  weight  of  the  machine,  the  throw  of  the  cam  and  other 
details  are  arranged  to  suit  the  parts  to  be  manufactured  in 
the  press;  likewise,  the  number  of  plungers  is  varied  to  suit 
the  number  of  operations  required.  The  machine  consists  of 
a  heavy  main  frame  carrying  a  number  of  press  plungers, 
which,  in  turn,  carry  the  different  punches  for  blanking,  em- 
bossing, piercing,  drawing,  etc.  The  plungers  are  operated  by 
a  cam-shaft  that  determines  the  timing  and  throw.  The 
bolster  fitted  on  the  bottom  part  of  the  main  frame  holds  the 
different  dies  to  suit  the  punches  and  carries  the  transfer 
slide.  The  plungers  are  returned  to  their  upward  position 
after  operating  upon  the  part,  by  the  same  shaft  but  with  a 
separate  set  of  cams.  This  is  done  by  the  adjustable  horizontal 
members  shown  above  the  •  cam-shaft,  which  may  be  seen  be- 
tween the  cam-shaft  and  the  upper  cross  member  of  the  frame, 
and  connected  to  the  plungers  by  means  of  the  vertical  lifting 
rods  at  the  back.  From  the  cam-shaft  is  geared  a  vertical 
crankshaft,  which  operates  the  transfer  slide  from  right  to 
left.  This  slide  carries  the  work  along  from  the  first  plunger 
at  the  right-hand  side  to  the  second  plunger,  and  from  there 
to  the  third  plunger,  and  so  on,  there  being  a  piece  under 
each  plunger  at  each  stroke  of  the  press.  The  stock  is  passed 
underneath  the  first  plunger  from  a  reel  shown  on  the  front 
of  the  machine,  by  means  of  a  roll  feed  on  the  back,  and  the 
blank  is  punched  out  in  the  first  operation. 

Determination  of  Size 

The  size  of  the  machine  is  determined  by  the  depth  of  the 
parts  to  be  drawn  or  embossed,  and  the  diameter  or  width  of 
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Fig.    1.     Automatic   Multiple-plunger  Press  built   by   H.    E.    Harris 
Engineering   Co, 


July,  1917 


MACHINERY 


1021 


^^>  m  ^  9  ®  ®  ®  (f^  i^  ^i^  c5^  <^!5  (Hw,  g  fl  (o>:-. 


<^    djb    <3>     d>     ^ 


<«>      il       & 


Fig,    2.     Examples   of   Work   done   on   Harris    Multiple-plunger  Presses 

the    blank.      These   machines    are    built   with    from    three    to 
twelve  plungers,  although  these  extremes  are  rarely  used,  from 
four  to  seven  plungers  being  most  generally  employed;  these, 
with  the  provision  before  stated  for  an  additional  operation, 
cover  the  entire  range  usually  required  from  these  machines. 
In  manufacturing  parts,  the  machines  operate  as  follows:    The 
metal,  which  is  in  strip  form,  coiled,   is  placed  on  the  reel 
in   front,   passes   through    a   lubricating    pad    and    through    a 
stripper  over  the  blanking  die  to  a  feed  roll  mechanism  in 
the   back.     This   mechanism   is   operated   by   an   intermittent 
ratchet,  timed  so  as  to  coordinate  with  the  operation  of  the 
press.     While  the  strip  stock  is  at  rest  in  this  position,  the 
first  plunger  blanks  out  the  piece  and  carries  it  through  the 
die  to  a  pocket  in  the  transfer  slide,  a  reel  at  the  back  reeling 
up  the  scrap  stock  after  it  leaves  the  feed  rolls.    The  transfer 
slide  moves  from  right  to  left,  by  the  action  of  the  vertical 
crankshaft,  the  movement  being  equal  to  the  center  distances 
between  the  plungers.     This  action  carries  the  blanked  piece 
in  the  pocket  in  the  transfer  slide,  under  the  second  plunger, 
which  carries  the  forming  punch,  and  the  second  operation 
is  performed  by  the  punch  in  the  second  plunger,  drawing  the 
blanked   piece   through   the  transfer  slide   and   into   the  first 
forming  die.    The  transfer  slide  now  moves  back  from  left  to 
right  into  its  first  position,  so  that  it  can  move  again  from 
right  to  left,  carrying  the  second  blanked  piece  from  the  first 
plunger  to  the  second  position,  and  at  the  same  time  carrying 
the  cupped  piece  from  the  second  position  to  the  third  position. 
This  operation  is  repeated  at  each  stroke  of  the  press,  until 
work  has  been  carried  along  to  the  last  plunger,  when  it  is 
ejected  and  carried  through  a  tube  into  a  box  or  pan.     The 
work  is  returned  from  the  dies    (with  the  exception  of  the 
first  one)    to  the  transfer  slide,  where   it  is   dropped  into   a 
pocket  by  vertical  ejector  plungers  operated  by  the  lower  cam- 
shaft, which  is  geared  to  operate 
in    synchronism    with    the    upper 
cam-shaft  through  the  medium  of 
bevel  gears.     This  will  be  seen  in 
the  illustration  at  the  right  of  the 
machine.      These    lower    plungers 
push  the  work  up  out  of  the  die 
at  the  proper  time  into  the  fingers 
of  the  transfer  slide.   The  transfer 
slide  is  fitted  with  these  carriers 
or  fingers  for  each  station  except 
the  first.     They  take  hold  of  the 
piece   like   the   thumb   and    index 
finger   of   a- person's   hand. 

Service 
The  machine  is  thus  fully  auto- 
matic in  its  operation,  the  opera- 
tor only  having  to  keep  the  stock 
reel  supplied  with  stock  and  re- 
move the  boxes  of  finished  work 
and    small    piercings,    if   any,    re- 


placing  them    with    empty    boxes. 
One  attendant  can  take  care  of  a 
dozen    or    more    machines.      The 
cams  on  the  main  cam-shaft  at  the 
top   of  the  machine  are  made  of 
tool  steel,  hardened  to  the  proper 
temper,    and    operate    upon    hard- 
ened   bumpers   which   are   adjust- 
ably fitted  to  the  upper  end  of  the 
plunger,  to  control  the  setting  of 
the   tools.     The  upper  and   lower 
cam-shafts  and  the  crankshaft  are 
also  made  from  tool  steel,  forged 
before   machining.     The   multiple 
plungers  are  machined   from   tool 
steel,  ground  perfectly  square  and 
true,   and   are   fitted  with   the  ut- 
most  accuracy   of   spacing,    align- 
ment,   and    with    smoothly    fitted 
sliding   surfaces   to   the   frame   of 
the  machine. 
The  dimensions  of  the  machines  most  generally  used  for  the 
usual  run  of  eyelet  and  fastener  work  are  as  follows:  number 
of  plungers,  four,  six  and  seven,  with  provision  for  five,  seven 
and  eight  operations;   movement  of  plungers,   1%   inch;    dis- 
tance  between   plungers,   2i^    inches;    maximum   diameter   of 
part,  iy4,  inch;  and  maximum  depth  of  draw,  9/16  inch.    For 
machines  with  the   following  numbers  of  plungers  the  floor 
space  and  net  weight  are  as  follows:    Four  plungers,  net  weight, 
2000  pounds;  floor  space,  40  inches  by  52  inches.    Six  plungers, 
net  weight,  2215  pounds;   floor  space,  40  inches  by  58  inches. 
Seven  plungers,  net  weight,  2375  pounds:  floor  space,  40  inches 
by  64  inches.     Fig.  3  illustrates  how  the  machines  should  be 
arranged  to  permit  one  attendant  to  care  for  a  dozen  or  more. 


^     db    ^!^ 


LANGELIER  BENCH   TAPPING   MACHINE 

A  vertical  tapping  machine,  built  in  bench  and  floor  types 
with  a  capacity  for  tapping  holes  up  to  1/4  inch  in  diameter 
in  brass  and  up  to  3/16  inch  in  diameter  in  steel,  has  recently 
been  placed  on  the  market  by  the  Langelier  Mfg.  Co.,  Provi- 
dence, R.  I.  This  machine  embodies  several  interesting  fea- 
tures in  its  design,  among  which  the  following  are  worthy  of 
special  mention:  An  automatic  reversing  mechanism  causes 
the  tapping  spindle  to  reverse  its  direction  of  rotation  in- 
stantly at  a  predetermined  depth,  without  depending  in  any 
way  upon  the  resistance  of  the  tap  to  effect  the  reversal.  This 
feature  is  specially  advantageous  when  tapping  thin  'stock 
with  fine  taps,  or  for  blind  tapping.  The'  reverse  is  effected 
by  adjusting  a  depth  stop.  These  adjustments  may  be  made 
very  quickly  and  simply^ 

So  effective  is  this  automatic  reverse  that,  on  tests,  ten  steel 
pieces,  3/16  inch  thick,  were  tapped  complete  in  one  tninute, 
by  a  3/16-inch  tap  operating  at  800  revolutions  per  minute. 


Fig.    3,     Arrangement    which    enables    One    Operator   to    attend    to    Twelve   or    More    Presses 
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Vertical  Tapping  Machine  built  by  Langelier 
Mfg.   Co. 


Correspondingly  high- 
er production  is  ob- 
tiunal)io  in  i)ra8s  or 
witli  smaile'r  taps.  The 
spindle  is  floating, 
with  all  unnecessary 
weight  and  load  re- 
moved, and  is  double- 
spliiied  for  correct  bal- 
ance at  high  rotative 
speeds.  It  is  driven 
into  the  work  in  much 
tlie  same  manner  as 
the  spindle  of  the  Laii- 
gelier  sensitive  high- 
speed drilling  ma- 
chine,  securing 
marked  reduction  of 
tap  breakage,  especial- 
ly when  fine  taps  are 
used.  The  spindle  is 
mounted  and  carried 
in  a  feed  yoke  actu- 
ated by  a  hand-feed 
lever,  and  is  entirely 
independent  of  the  re- 
verse mechanism, 
which  is  mounted  on 
the  machine  column. 
The  tapping  spindle 
may  be  fed  down 
by  depressing  a  foot- 
treadle  provided  for 
the   purpose,  and   fur- 


ther feed  is  accomplished  by  continuing  the  pressure  upon 
the  foot-treadle  or  by  lowering  the  hand-feed  lever.  The 
construction  employed  throughout  relieves  the  spindle  of  all 
load  beyond  that  of  its  chuck  and  tap.  Ample  driving  power 
is  delivered  to  the  tapping  spindle.  The  drive  is  transmitted 
to  the  machine  by  a  1-inch  belt  on  4l^-inch  diameter  tight  and 
loose  pulleys.  These  pulleys  are  mounted  on  a  common  hori- 
zontal shaft,  which  also  carries  one  bracket  at  the  back  of  the 
machine  column.  This  shaft  also  carries  one  idler  and  one 
tight  pulley,  grooved  for  a  %-inch  diameter  round,  endless 
belt.  The  bracket  is  adjustable  backward  and  forward,  to 
maintain  the  proper  tension  for  the  round  belt,  which  is 
looped  over  the  forward  and  reverse  pulleys  by  the  over  and 
under  method. 

A  clutch  mounted  between  the  spindle  driving  pulleys,  actu- 
ated by  the  snap  fork  shown,  engages  either  the  forward  or 
the  reverse  pulleys.  The  depth  stop  <)n  the  yoke  governs  the 
time  of  the  throw,  and  a  belt  shipper  for  the  tight  and  loose 
pulleys  is  equipped  with  a  snap  catch  which  holds  the  belt 
positively  on  the  desired  pulley.  With  this  belt  shipper  there 
is  no  possibility  of  the  belt  trailing  from  one  pulley  partly 
onto  the  next.  The  table,  adjustable  vertically  and  with  radial 
movement,  is  of  ample  proportions  to  hold  all  ordinary  sizes 
of  jigs  for  the  work  done  on  this  machine.  The  working  face 
of  the  table  is  planed  true  and  square  with  the  spindle  and  has 
an  oil  rim  on  four  sides.  For  tapping  large  quantities  of 
parts,  where  the  pieces  are  to  be  clamped  or  jigged  in  a  sta- 
tionary fixture  and  the  holes  to  be  tapped  are  not  likely  to 
come  all  exactly  in  the  center  of  the  work,  an  auxiliary  flexible 
extension  spindle  is  furnished,  which  is  gripped  by  the  chuck 
on  the  regular  machine  tapping  spindle,  and  this  permits  the 
tap  readily  finding  its  own  center  and  materially  reduces  tap 
breakage. 

The  principal  dimensions  of  the  machine  are  as  follows: 
height,  31  inches;  size  of  table  with  oil  rim,  6  1/2  by  9  inches: 
distance  from  chuck  to  table,  0  to  7  3/4  inches;  distance  from 
spindle  to  column,  3  7/16  inches;  feed  of  spindle,  3  1/8  inches; 
speed  based  on  3/16-inch  tap,  800  revolutions  per  minute;  size 
of  tight  and  loose  pulleys,  4  1/2  inches  by  11/8  inch;  net 
weight  of  machine,  240  pounds;  and  bench  space  occupied, 
15  1/2  by  10  inches. 


BICKETT   HORIZONTAL   MILLING 
MACHINE 

In  the  accompanying  illustration  is  shown  a  No.  1  hori- 
zontal milling  machine  arranged  for  power  and  hand  feed, 
which  is  a  recent  product  of  the  Bickctt  Macliine  &  Mfg.  Co., 
1118  Uiclimond  St.,  Cincinnati,  Ohio.  It  will  be  apparent  from 
the  illu.stration  that  tliis  machine  is  of  sturdy  construction. 
In  addition  to  its  use  as  a  manufacturing  macliine,  it  is  suit- 
able for  use  in  Jobbing  machine  shops,  as  it  is  adapted  for 
both  light  and  fairly  heavy  milling.  Such  operations  as  end- 
milling,  keyseating,  oil-grooving,  face-milling,  splining,  T-slot- 
ting,  gear-cutting,  straddle-milling,  and  many  similar  opera- 
tions can  be  performed.  The  longitudinal  feed  of  the  table 
is  effected  by  a  gear  and  rack  which  provide  a  rapid  move- 
ment by  means  of  a  hand-lever,  while  the  power  feed  is  trans- 
mitted through  a  series  of  worms  and  worm-wheels. 

The  spindle  is  made  of  crucible  steel  finished  by  grinding 
and  mounted  in  Gurney  ball  bearings.  At  the  front  end  there 
is  a  No.  9  B.  &  S.  taper  hole  for  the  cutter-arbor,  and  the 
hole  extending  through  the  spindle  is  %  inch  in  diameter. 
Six  spindle  speeds  are  obtainable,  and  the  machine  may  be 
run  at  2500  revolutions  per  minute  for  continuous  operation. 
Reversible  power  feed  is  provided  for  the  longitudinal  move- 
ment of  the  table.  This  mechanism  is  geared  to  feed  0.003, 
0.006  and  0.009  inch  per  revolution  of  the  spindle.  The  drive 
is  by  a  one-inch  leather  belt  running  on  three-step  cone  pul- 
leys and  thence  through  a  set  of  tumbler  gears  and  a  uni- 
versal driving  shaft  to  a  worm  and  wheel  under  the  table. 
An  automatic  trip  releases  this  worm  at  the  end  of  the  cut 
and  the  feed  of  the  table  can  be  readily  reversed.  The  power 
feed  can  be  changed  to  hand  feed,  and  the  hand  feed  is  ar- 
ranged to  operate  either  by  means  of  a  geared  lever  or  a  hand- 
wheel.  The  knee  is  of  box-type  construction,  accurately 
scraped  and  aligned  and  held  to  the  column  by  a  substantial 
adjustable  gib.  It  is  raised  and  lowered  by  means  of  an  Acme 
thread  elevating  screw. 

Among  the  important  dimensions  of  the  machine  the  fol- 
lowing may  be  mentioned:  diameter  of  hole  through  spindle, 
%  inch;  distance  from  center  of  spindle  to  bottom  of  arbor 
support  arm,  5  1/32  inches;  size  of  arbor,  9  inches  long  by  1 
inch  in  diame- 
ter; diameter  of 
arbor  spacing 
collars,  11/^  inch; 
maximum  d  i  s  - 
tance  from  face 
of  column  to  ar- 
bor  support 
bracket,  11% 
inches;  diame- 
ter of  cone  pul- 
ley steps,  3,  41^ 
and  6  inches; 
face  width  of 
cone  pulley 
steps,  2 1^  inches; 
width  of  driving 
belt,  2  inches; 
size  of  table,  24 
by  51^  inches; 
size  of  T-slot,  % 
inch  wide;  max- 
imum longitudi- 
nal feed,  18 
inches;  maxi- 
mum transverse 
feed,  5  inches; 
maximum  verti- 
cal  f eed ,  5 
inches;  height 
of  machine  with- 
out pedestal,  25 
inches;     and 

base,    9%    by    18      ji^^j^^^j^.  Milling  Machine  built  by  Bickett  Machine 

inches.  &  Mfg.  Co. 
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DETROIT   AUTOMATIC   PIN   MACHINE 

One  of  the  recent  products  of  the  Detroit  Tool  Co.,  Detroit, 
Mich.,  is  a  full  automatic  screw  machine  of  unusual  design, 
which  is  styled  a  "pin  machine."  This  machine  is  so  con- 
structed that  it  can  only  be  used  for  cutting-off  and  turning 
operations,  and  at  the  present  time  it  is  built  to  take  stock 
up  to  %  inch  in  diameter;  but  it  is  the  intention  later  to 
bring  out  a  %-inch  machine  of  the  same  design.  Pieces  made 
on  this  machine  are  finished  on  both  ends,  making  it  unneces- 
sary to  perform  a  subsequent  burring  operation.  These  ma- 
chines are  rapid  and  accurate  in  operation,  holding  work 
within  close  limits.  They  can  be  used  for  making  any  small 
pieces  from  steel  or  brass  which  do  not  have  to  be  threaded 
or  drilled,  and  can  also  be  fitted  up  to  take  care  of  pieces 
on  which  a  rolled  thread  is  required.  Reference  to  the  accom- 
panying illustration  will  show  that  this  machine  has  both  a 
head-  and  tail-spindle.  The  stock  is  fed  through  the  head- 
spindle  in  the  usual  way,  and  after  coming  in  contact  with  the 
feed  stop,  it  is  gripped  by  the  tail-spindle,  which  revolves  at 
the  same  speed  as  the  head-spindle,  both  being  geared  to  the 
same  driving  shaft.  The  tail-spindle  holds  the  work  rigidly 
until  the  piece  is  cut  off. 

Owing  to  the  fact  that  work  is  held  in  both  spindles,  it 
cannot  chatter  during  the  cutting-off  and  forming  operations. 
This  is  the  means  of  greatly  increasing  rates  of  production, 
because  more  pieces  can  be  cut  off  for  each  grinding  of  the 
tools  and  the  feed  of  the  tools  per  revolution  can  be  increased. 
The  cross-slides  are  arranged  to  work  independently  of  each 
other,  enabling  the  front  and  back  tools  to  be  used  at  the  same 
time.  Fourteen  change-gears  are  supplied  with  each  machine, 
which  allows  the  timing  of  the  cams  to  be  arranged  with  a 
minimum  of  lost  motion.  Driving  belts  for  the  machine  and 
the  pump  are  located  at  one  end  of  the  machine,  where  they 
are  away  from  the  cutting  oil.  The  cam-shaft  is  located  at 
the  rear,  where  it  is  accessible  for  changing  cams,  and  it 
can  be  thrown  in  and  out  of  motion  at  any  time  by  means  of  a 
clutch  lever  located  at  the  front  of  the  machine.  A  special 
feature  of  this  machine  is  the  construction  of  the  spindle  bear- 
ings, which  are  lined  with  phosphor-bronze  to  provide  for  em- 
ploying the  highest  practicable  spindle  speeds  in  turning  brass. 
The  spindle  bearings  are  made  to  fit  a  tapered  steel  sleeve  to 
provide  for  taking  up  wear,  this  construction  enabling  each 
bearing  to  be  adjusted  and  replaced  without  disturbing  the 
alignment  of  the  spindle.  Ample  oiling  facilities  are  provided, 
and  all  exposed  gears  are  protected  by  guards.  Manning,  Max- 
well &  Moore,  Inc.,  119  W.  40th  St.,  New  York  City,  will  have 
the  United  States  sales  agency  for  this  machine. 


■ 
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Improved  Design  of   "Hartford"   Surface   Grinder 

'*'HARTFORD"   SURFACE   GRINDER 

The  National  Machine  Co.,  Hartford,  Conn.,  has  brought  out 
an  improved  design  of  surface  grinder.  This  machine,  like 
the  preceding  model  (described  in  Machinery,  September, 
1915),  is  a  horizontal  traversing-wheel  type,  intended  for  such 
work  as  finishing  the  fiat  surfaces  of  dies,  punches  and  other 
hardened  parts.  The  grinding  wheel  is  carried  by  a  heavy 
ram  or  slide,  which  is  gibbed  to  the  stationary  head.  The 
ram  and  wheel  has  a  maximum  traversing  movement  of  12 
inches,  and  the  motion  may  be  reduced  in  accordance  with  the 
width  of  the  work  by  adjusting  the  crank  stud  in  its  slot.  The 
position  of  the  ram  may  be  varied  by  adjusting  the  ram  stud, 
to  bring  the  wheel  in  the  right  location  relative  to  the  work. 

The  platen  or  work-table  may  be  adjusted  vertically  or 
laterally,  and  it  has  an  automatic  lengthwise  feeding  move- 
ment in  either  direction.  The  maximum  feeding  motion  is 
1/16  inch  for  each  complete  stroke  of  the  ram.  This  motion, 
which  occurs  when  the  wheel  has  completed  its  stroke,  may  be 
reduced  any  required  amount  for  obtaining  a  fine  finish.  The 
saddle  carrying  the  table  is  dovetailed  and  gibbed  to  the 
top  of  the  knee,  which  is  dovetailed  and  gibbed  to  the  face 
of  the  column  or  frame.  The  knee  may  be  locked  in  position 
by  means  of  a  binder  screw.  The  elevating  screw  is  equipped 
with   a   graduated   dial   reading   to   thousandths   of   an   inch. 

The  spindle  runs  in  phosphor-bronze  bearings,  and  it  is  a 
steel  forging  having  a  diameter  in  the  bearings  of  l^^  inch. 
The  wheel  hood  has  a  hinged  front,  so  that  the  wheel  is  ac- 
cessible. Work  may  be  held  on  the  machine  table  either  by 
adjustable  clamps  furnished  with  the  machine  or  by  regular 
machine  vises,  special  holding  fixtures,  or  magnetic  chucks. 
The  work-table  measures  8  by  37  inches,  and  it  has  a  longi- 
tudinal movement  of  30  inches,  a  traversing  movement  of 
7  inches,  and  a  vertical  movement  of  14  inches.  The  maximum 
distance  from  the  center  of  the  spindle  to  the  table  is  16  inches. 
The  water  attachment  consists  of  a  special  table,  pump  and 
tank,  with  the  necessary  piping  and  valves. 


Automatic  Fin  Machine  made  by  Detroit  Tool  Co. 


HOUSTON,   STANWOOD   &   GAMBLE 
LATHE   APRON 

In  an  ideal  lathe  apron  design,  ample  strength  should  be 
provided  to  move  the  carriage  along  on  its  ways  under  any 
rate  of  feed  and  depth  of  cut  which  the  headstock  is  capable 
of  pulling.  The  accompanying  illustrations  show  a  lathe  apron 
recently  developed  by  the  Houston,  Stanwood  &  Gamble  Co.,  of 
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Fig.    1.     Imiirovod   Latho  Apron  rocontly  dovulopiid   by   Houston,    Stanwood 
&   Gamble  Co. 

Cincinnati,  Ohio,  which  possesses  features  giving  it  ample 
driving  power,  strength  and  durability.  All  gears  are  made 
of  steel  to  afford  ample  strength  to  withstand  unexpected  and 
unusual  strains  imposed  upon  the  gearing  in  aprons  on  large 
lathes  on  which  heavy  turning  and  boring  operations  are 
performed. 

Pigs.  1  and  2  show  front  views  of  this  lathe  apron,  and  it 
will  be  noticed  that  use  is  made  of  a  positive  toothed  clutch 
in  place  of  the  usual  friction  clutch.  Disks  in  the  initial  drive 
are  connected  with  a  shearing  pin,  as  is  clearly  shown.  It  is 
claimed  that  the  positive  clutch  does  not  slip,  and  owing  to 
the  slight  pressure  required  to  hold  the  clutch  closed,  is  easily 
released.  With  this  positive  feed  clutch  there  should  be  a 
weak  point  to  protect  the  feed  mechanism  from  breakage  In 
case  the  carriage  were  accidentally  fed  against  the  tailstock, 
headstock,  steadyrest  or  other  obstruction.     A  shearing  pin, 


Fig.  2.     Houston,   Stanwood  &  Gamble  Lathe  Apron  partially  disassembled 

to  which  reference  has  been  made,  provides  such  a  weak  point 
in  the  train  of  mechanism.  It  will  also  be  noted  that  the  rack 
pinion  can  be  withdrawn  from  the  rack  for  thread  cutting  and 
that  the  nut  for  the  lead-screw  is  opened  and  closed  in  the 
usual  manner.  The  customary  reverse  lever  for  shifting  double 
bevel  gears  is  provided,  and  the  clutch  for  cross-feed  is  at- 
tached to  the  carriage.  This  clutch  is  not  shown,  but  it  is 
of  the  positive  toothed  type.  Attention  is  called  to  the  big  re- 
duction from  handwheel  to  gear  in  the  lathe,  which  insures 
that  the  carriage  will  be  easily  moved  by  hand. 

Fig.  3  shows  the  back  of  the  apron,  and  here  attention  is 
called  to  the  broad-faced,  coarse  feed-rack  pinion.  There  is 
an  outer  bearing  for  the  rack  pinion,  that  is,  this  pinion  is 
not  overhung.  The  large  bevel  gear  also  has  an  outer  bearing, 
although  this  is  hidden  from  view.  A  capillary  wick  oiling 
system  of  lubrication  for  the  bearings  is  furnished  in  the  rear 
plate  of  the  apron.  The -Houston,  Stanwood  &  Gamble  Co. 
employs  this  apron,  with  slight  modifications  according  to  size, 
on  all  its  standard  engine  lathes  built  in  sizes  from  30  to  60 
inches  swing. 


RELIANCE   ELECTRIC   MOTOR 

It  has  l)cpn  tlio  experience  of  some  electric  motor  manu- 
facturers tliat  their  business  is  largely  divided  into  two 
groups.  In  one  of  these  the  service  is  severe,  wliile  in  the 
other  only  a  moderate  service  demand  is  made  of  the  motor. 
The  latter  type  of  service  is  by  far  the  more  general,  and  many 
manufacturers  have  specialized  in  the  construction  of  motors 
adapted  for  moderate  service.  To  meet  the  demand  for  a 
rugged  heavy-duty  general-service  mator,  the  Reliance  Electric 
&  Engineering  Co.,  1056  Ivanhoe  Rd.,  Cleveland,  Ohio,  has 
developed  a  Type  T  machine,  wliicli  is  illustrated  and  de- 
scribed herewith.  Machinery  builders  and  users  have  ex- 
perienced  difficulty   in   mounting   motors   on   their   machines, 


Fig.    1.     Eeliance  Type  T  Heavy-duty  Electric  Motor 

and  to  overcome  this  the  new  Reliance  motor  has  been  pro- 
vided with  heavy  feet  cast  integral  with  the  motor  frame, 
wide  ribs  being  carried  up  from  the  feet  to  the  frame  so  as 
to  give  effective  support.  The  motor  frame  has  four  laminated 
main  poles  which  are  securely  fastened  to  the  frame  by  cap- 
screws.  The  flat  section  at  the  pole  tip  provides  a  surface 
against  which  the  coil  can  press  snugly  without  danger  of 
wear.  The  field  coils  are  insulated  and  provided  with  pro- 
tective features  to  meet  hard  service  conditions.  Double  cot- 
ton covered  wire  is  used  for  the  commutating  coils,  which  are 
w.ound  in  a  form,  dipped  in  insulating  varnish  and  baked. 
They  are  assembled  in  press  board  and  fiber  spools  of  the 
same  kind  that  are  used  for  the  main  field  coils. 


Fig.    2. 


Opposite    Side    of   Reliance    Motor    of    Fully   Enclosed 
Dustproof  Type 


Fig.  3.     Opposite  Side  of  Lathe  Apron,  showing  Arrangement  of  Gearing 


The  bearings  are  cast-iron  shells  babbitted  with  metal  con- 
taining over  70  per  cent  tin  and  only  a  trace  of  lead.  Bab- 
bitt liners  are  locked  in  place  by  depressions  in  the  cast-iron 
shells.  In  addition  to  the  "oil  throws"  on  the  armature  shaft, 
other  precautions  are  taken  to  keep  the  oil  in  its  proper 
place.  Spiral  oil-grooves  insure  proper  distribution  of  the  oil, 
and  the  bearing  is  shouldered  in  the  end  bracket  and  held 
against  rotation  by  a  large  dowel  screw  under  the  oil-hole 
cover.  When  desired,  split  bearings  may  be  supplied  at  the 
pinion  end  to  provide  for  taking  out  the  armature  without  re- 
moving the  pinion.  All  armature  cores  are  built  up  of  elec- 
trical steel  punchings  insulated  with  core  plate  varnish. 
These  punchings  are  mounted  on  a  cast-iron  spider  and  se- 
curely  keyed   to   it.     To    insure   tight   cores,    the   laminations 
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are  pressed  together  under  five  to  ten  tons  pressure  and  se- 
curely held  between  two  substantial  end  flanges.  The  shaft  is 
made  of  forged  high-carbon  steel  and  finished  to  size  by 
grinding.  Double  cotton  covered  wire  used  for  the  armature 
coils  is  wound  on  a  form  and  dipped  in  insulating  varnish, 
after  which  it  is  baked.  The  commutator  is  mounted  on  an 
extension  of  the  armature  spider  and  forced  on  under  ap- 
proximately four  to  five  tons  pressure,  provision  against  rota- 
tion being  provided  by  a  round  key.  The  commutator  is  of 
the  cap-screw  type  on  which  the  screw  heads  are  accessible 
from  the  outside.  These  and  other  features  of  the  Type  T 
Reliance  motors  adapt  them  for  those  classes  of  heavy  service 
for  which  they  have  been  especially  designed  and  built. 


BICKNELL-THOMAS   THREAD   LEAD 
INDICATOR 

This  tool  fills  the  demand  for  a  simple  but  accurate  device 
for  testing  the  lead  of  both  external  and  internal  screw 
threads.     The    accompanying    illustrations    clearly    show    the 


Fig.  1.    Thread  Lead  Indicator  and  "Master"  made  by  Bicknell-Thomas  Co. 

construction  arid  method  of  using  the  instrument  for  meas- 
uring the  lead  on  the  screw  and  inside  the  tapped  hole.  In 
use,  the  tool  is  held  in  one  hand,  preferably  the  left,  and  the 
screw  is  pressed  against  the  two  points,  which  are  spaced 
Vi,  1/2  or  1  inch  apart,  as  desired.  If  the  lead  of  the  thread  is 
normal  the  indicator  needle  will  register  zero;  if  the  lead  is 
short  the  needle  will  show  on  the  minus  side;  if  long,  on  the 
plus  side.    Each  line  of  the  graduation  represents  0.001  inch. 


Fig.    2.     Thread    Lead    Indicator    in    Use    testing    an    External    Thread 

The  table  on  which  the  screw  rests  In  testing  is  adjustable 
to  accommodate  screws  of  any  diameter.  For  internal  meas- 
uring, the  table  is  removed  merely  by  loosening  the  thumb- 
screw and  drawing  it  off.  The  end  of  the  instrument  contain- 
ing the  point  is  small  enough  so  that  tapped  holes  as  small 
as  %  inch  in  diameter  can  be  tested  and,  of  course,  from  that 


Fig.    3.     Thread   Lead   Indicator  in   Use   testing   an   Internal   Thread 

up  to  any  size.  This  is  a  feature  which  is  not  found  on  any 
other  lead  tester  and  is  of  the  utmost  importance  in  making 
sure  that  the  lead  of  the  thread  on  both  the  screw  and  in 
the  tapped  hole  are  the  same.  A  master  is  furnished  with 
each  gage  so  that  the  operator  may  be  sure  at  all  times  that 
the  needle  point  is  on  zero  when  the  gaging  points  are  spaced 
correctly.  If  it  is  necessary  to  test  threads  with  odd  pitches, 
as  13  threads  to  the  inch,  a  master  can  be  furnished  to  which 
the  indicating  point  can  be  adjusted.  This  tool  is  one  of  the 
latest  products  of  the  Bicknell-Thomas  Co.,  Greenfield,  Mass. 


HISEY-WOLF   ELECTRIC    GRINDERS 

The  Hisey-Wolf  Machine  Co.,  Cincinnati,  Ohio,  is  now  build- 
ing a  line  of  portable  electric  surface  grinders.  These  are 
made  in  twenty  different  styles  having  capacities  of  one- . 
quarter,  one-half,  one,  two  and  three  horsepower.  To  meet  the 
requirements  of  different  shops,  grinders  may  be  obtained 
with  direct-current  motor,  alternating-current  motor,  or  the 
so-called  "universal"  motor  suitable  for  operation  on  either 
alternating  or  direct  current.  The  direct-current  motor  is  of 
the  compound-wound  type  and  operates  at  a  constant  uniform 


Fig.    1. 


Hisey-Wolf  Portable  Electric  Grinder  with  Long  Spindle  and 
Guarded  Wheel 


speed.  It  is  provided  with  forced  ventilation  for  continuous 
service  at  capacity  and  will  not  run  hot.  The  alternating- 
current  motor  is  of  the  squirrel  cage  induction  type  and  is 
regularly  supplied  for  sixty-cycle,  single,  two-  or  three-phase 
circuits.  For  operating  from  any  lamp  socket  on  the  lighting 
circuit,  single-phase  machines  are  required.  Two-  or  three- 
phase  machines  are  employed  for  operation  on  corresponding 
power  circuit  lines  and  cannot  be  operated  from  lamp  socket 
connections.  If  one  phase  of  the  line  of  a  two-  or  three-phase 
system  is  equipped  with  lamp  socket  connections,  a  single- 
phase  grinder  can  be  operated  from  it.  The  universal  motors 
are  primarily  designed  for  operation  on  twenty-five-cycle, 
single  -  phase,  alter- 
nating current  with 
effective  grinding 
speeds  not  obtainable 
with  the  induction 
type  alternating-cur- 
rent motors  at  this 
low  frequency.  These 
universal  motors 
will  operate  equally 
well  on  either  direct 

Fig.  2.     Hisey-Wolf  Portable  Electric  Grinder  with 
current       or       single-  Removable    Handle    in   Line    with    Spindle 
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phase  ulteriuiting  curront  up  to  sixty  cycles.  The  motor  is 
designed  lor  operation  from  lamp  sockets. 

Aside  from  the  dilTerent  types  ot  motors  furnished  with 
tliese  grinders,  the  design  of  the  different  machines  compris- 
ing the  line  is  essentially  the  same.  S.  K.  F.  ball  bearinRs 
are  used  throughout,  and  they  are  so  mounted  that  grinders 
can  be  operated  with  the  shafts  in  any  position.  The  ma- 
chines with  extended  spindles  are  equipped  with  center  bear- 
ing supports,  the  bearing  nearest  the  grinding  wheel  being 
designed  to  take  all  working  strains  and  stresses.  The  bear- 
ings are  completely  enclosed  to  protect  them  from  dust  and 
grit,  and  whore  necessary  felt  protector  washers  are  pro- 
vided. Provision  for  efficient  lubrication  is  one  of  the  im- 
portant features  embodied  in  these  portable  grinders.  The 
bearings  are  filled  with  a  semi-fluid  grease  which  provides 
proper  lubrication  for  a  period  of  several  months.  Each  ma- 
chine is  fitted  with  a  quick-acting  switch  of  a  type  well  suited 
to  the  current  and  size  of  grinder  on  which  it  is  used.  The 
switch  is  conveniently  located  in  the  motor  frame  and  can 
be  operated  without  requiring  the  operator  to  lose  his  grip 
on  the  handle.  All  switches  are  completely  enclosed  to  in- 
sure protection  at  all  times,  regardless  of  the  position  of  the 
grinder. 

The  spindles  used  in  these  grinding  machines  are  made  of 
steel  and  accurately  ground  to  size.  Extended  spindle  grinders 
are  made  with  a  two-piece  shaft  mounted  in  a  double  set  of 
ball  bearings.  The  handles  are  mounted  according  to  the  way 
experience  has  proved  to  be  best  adapted  for  each  size  and 
style  of  machine.  Grinders  of  two-  and  three-horsepower 
'capacity  are  designed  with  handles  suitable  for  operation  by 
one  or  two  workmen.  The  wheel  guards  are  made  of  steel  to 
insure  adequate  protection,  and  they  are  adjustable  so  that 
they  can  be  placed  at  a  convenient  angle.  The  grinding  wheels 
regularly  furnished  on  these  machines  are  of  a  grade  and 
grain  which  experience  has  shown  to  be  well  adapted  for 
each  size  and  type  of  machine. 

OAKLEY   CUTTER  AND   TOOL   GRINDER 

The  Oakley  Machine  Tool  Co.,  Cincinnati,  Ohio,  is  now 
building  a  No.  2  cutter  and  tool  grinder,  which  will  rapidly 


Fig.   1.     No.  2  Cutter  and  Tool  Grinder  built  by  Oakley  Machine  Tool  Co. 

and  accurately  sharpen  any  style  of  milling  cutter  that  comes 
within  its  range.  This  grinder  may  be  furnished  as  a  uni- 
versal machine  equipped  with  attachments  for  surface,  cylin- 
drical and  internal  grinding,  and  when  so  equipped  It  will 
handle  all  work  that  comes  to  the  average  tool-room,  such  as 
grinding  jig  bushings,  straightedges,  snap  gages,  reamers, 
form  tools,  etc.     A  feature  of  the  design  is  that  the  arrange- 


AD.,Ut,TINO  hUT  AND  DUST  GUARD 


Fig.   2.     Sectional  View   through   Wheel-head 

ment  of  handwheels  and  levers  gives  unusual  convenience  of 
operation.  The  base  has  a  heavy  pyramid  construction,  af- 
fording a  solid  bearing  on  the  floor.  Means  are  provided  for 
securely  bolting  the  column  to  the  base,  and  a  dovetail  hear- 
ing is  provided  on  the  column  to  support  the  knee.  A  swivel 
motion  of  180  degrees  each  way  is  provided  for  the  wheel-head 
on  the  •  column,  and  the  massive  construction  absorbs 
vibration. 

Dustproof  tapered  bronze  bearings,  which  are  adjustable 
for  wear,  insure  accurate  running  of  the  wheel-spindle.  The 
knee  has  broad  vees,  spaced  16  inches  apart,  and  a  box  form 
of  construction  closed  at  top  and  bottom  affords  maximum 
resistance  to  all  torsional  and  bending  strains.  Adjustable 
taper  gibs  compensate  for  wear  on  the  column  and  insure 
long  life  for  the  machine.  The  saddle  extension  bearings  com- 
pletely protect  the  knee  vees  from  dust  in  all  positions.  The 
table  slide  has  one  narrow  dovetail  guide  and  one  flat  way, 
and  is  provided  with  a  full  length  adjustable  taper  gib.  The 
table  is  supported  in  the  middle  and  at  both  ends,  and  car- 
ries two  scales  reading  in  degrees  and  inches  of  taper  per 
foot.  A  flne-pitch  screw  is  used  for  setting  over  the  table  for 
handling  taper  work.  A  coarse  table  feed  used  especially  for 
cutter  grinding  is  operated  from  either  side  of  the  machine 
by  a  clutch  lever,  power  being  transmitted  through  a  rack  and 
pinion.  Fine  table  feed  is  operated  from  either  side  of  the 
machine  by  a  handwheel  through  a  screw  and  half-nuts.  This 
screw  is  provided  with  a  micrometer  dial  and  can  be  used  for 
bringing  the  work  up  to  the  wheel  while  the  cross-feed  Is 
used  for  feeding  the  work  across  the  grinding  wheel.  Pro- 
vision is  made  to  gear  up  the  screw  with  the  spindle  of  the 
index  head  when  grinding  spiral  fluted  hobs,  the  arrangement 
being  similar  to  that  used  on  the  universal  milling  machine. 

The  principal  dimensions  of  this  machine  are  as  follows: 
longitudinal  movement,  17  inches;  vertical  movement,  IQi^ 
inches;  cross  movement,  9  inches;  swing  of  universal  head 
over  table,  10  inches;  swing  of  universal  head  right  angle,  16 
inches;  size  of  table,  5%  by  33%  inches;  width  of  T-slots,  % 
inch;  amount  of  swivel,  270  degrees;  taper  adjustment,  2 
inches  per  foot;  distance  from  center  of  spindle  to  table,  0  to 
10%  inches;  number  of  hand  feed  changes,  2;  swings  of  work 
centers,    10    inches;    maximum    distance   between    centers,    20 
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Fig.   3.     Sectional  View  of  Internal   Grinding  Attachment 
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inches;  number  of  wheel  speeds,  2;  range  of  wheel  speeds, 
3683  to  5950  revolutions  per  minute;  swivel  of  wheel-head, 
180  degrees  either  way;  capacity  for  handling  face  mills,  up 
to  16  inches  in  diameter;  capacity  for  handling  form  cutters, 
up  to  7V^  inches  in  diameter;  capacity  for  handling  saws  on 
table,  up  to  48  inches  in  diameter;  diameter  of  countershaft 
tight  and  loose  pulleys,  6  inches;  width  of  driving  belt,  2% 
inches;  speed  of  countershaft,  850  revolutions  per  minute; 
and  floor  space  occupied  by  machine,  49  by  68  inches. 


WRIGHT   CAGELESS   ROLLER  BEARING 

Difficulty  experienced  with  roller  bearings  having  tapered 
rollers  through  the  tendency  of  the  wedge-like  rollers  to  slip 
endwise  was  overcome  by  the  late  William  Hamilton  "Wright 
through  decreasing  the  cone  angle  of  the  races  below  a  cer- 
tain critical  value.  The  value  of  the  so-called  "angle  of  repose" 
may  only  be  determined  by  experiment  and  depends  upon  the 
nature  of  the  surfaces  in  contact  with  each  other.  It  still 
remained  to  determine  a  practical  value  for  the  angle  of  in- 
clination of  the  axis  of  the  roller  in  relation  to  the  main  axis 
about  which  general  rotation  takes  place.  These  are  princi- 
ples involved  in  the  construction  of  the  full  series  cageless 
roller  bearing  manufactured  by  the  Wright  Roller  Bearing 
Co.,  1420  Chestnut  St.,  Philadelphia,  Pa. 

The  static  elements  are  best  considered  by  reference  to 
Fig.  3,  in  which  is  shown  a  cross-section  of  a  Wright  bearing 
taken  through  a  major  or  full  diameter.  It  is  necessary  to 
determine  whether  or  not  the  tapered  conical  roller  when 
acted  upon  by  the  forces  due  to  rotation  of  the  bearing  under 
load  is  subject  to  any  tendency  to  slip  endwise,  and  if  so, 
whether  the  value  of  the  resultant  force  is  relatively  large  or 
negligible.  Such  a  bearing  in  use  is  subjected  to  two  principal 
load  forces,  which  in  the  case  of  a  wheel  bearing  are  a  dead 
weight  carried  upon  a  wheel,  producing  a  radial  load,  and  end 
thrust  due  to  the  resistance  of  the  vehicle  wheel  to  the  side 
swinging  of  the  body  of  the  vehicle.  A  general  case  is 
shown  in  this  illustration,  wherein  the  direction  of  the  radial 
load  is  indicated  by  the  downward  pointing  arrow  and  the 
direction  of  a  moderate  thrust  load  is  indicated  by  the  upward 
pointing  arrow,  each  of  these  lines  representing  not  any 
solitary  force  acting  from  above  due  to  downward  pressure  of 
the  axle,  or  from  below  due  to  upward  reaction  of  the  hub  of 


Fig.  1.     Wright  Cageless  Roller  Bearing,  showing  "Full  Series"  of  Rollers 

the  wheel,  but  rather  the  resultant  of  all   downward  acting 
forces  and  all  upward  reacting  forces  on  the  conical  roller. 

If  these  two  resultants  take  directions  such  that  a  line 
passing  through  the  intersection  of  the  two  lines  forms  an 
angle  of  less  than  180  degrees  on  the  side  toward  the  apex  of 
the  conical  roller,  they  are  bound  to  have  a  resultant  T  which 
is  a  thrust  tending  to  produce  a  slipping  of  the  roller  in  the 
direction  indicated.  Whether  slipping  will  occur  depends 
upon  whether  or  not  the  value  of  force  7"  exceeds  the  value  of 


Fig. 


Wright    Cageless    Roller    Bearing 
assembled 


the  opposing  friction 
due  to  pressure  upon 
the  roller  in  its  posi- 
tion between  the  two 
raceways.  The  value 
of  the  opposing  fric- 
tion is  relatively 
much  greater  than  is 
commonly  supposed, 
and  in  a  bearing  of 
this  kind  under  load 
no  one  of  the  several 
rollers  in  the  load 
zone  can  be  driven 
out  of  position  ex- 
cept by  a  relatively 
great  force. 

In  a  properly  de- 
signed roller  bear- 
ing, the  necessary 
force  required  to  pro- 
duce end  slip  is  never 
present  unless  the 
direct  horizontal  side  thrust  has  a  value  greater  than  50  per 
cent  of  the  direct  radial  load.  However,  in  order  to  insure 
positive  security,  the  rollers  ride  about  the  inner  raceway  be- 
tween flanges  which  limit  the  movement  of  any  roller  in  the 
direction  of  its  own  axis.  In  the  general  case,  if  the  angle 
formed  by  the  resultant  of  the  lines  representing  the  two 
forces  as  shown  in  the  diagram  is  less  than  180  degrees  on  the 
side  corresponding  to  the  bases  of  the  cones,  the  final  resultant 
T  will  have  a  negative  value,  or  will  act  in  a  manner  tending 
to  produce  end  slip  of  the  roller  in  the  direction  of  its  apex, 
or  as  of  a  driven  wedge.  In  everyday  operation  the  actual 
case  lies  between  the  two  conditions  illustrated. 

A  most  important  consideration  of  design  is  now  to  be 
noted,  namely,  that  the  width  of  tread  between  the  shoulders 
is  greater  than  the  length  of  tread  of  the  roll.  Herein  lies 
the  condition  for  the  perfect  freedom  of  rotation  of  this  type 
of  bearing.  It  should  be  obvious  to  the  average  reader  that 
the  tendency  of  the  roller  shown  in  the  diagram  is  to  react 
under  pressure  against  the  inner  tread  by  sliding  to  the 
right,  while  its  tendency  to  react  against  pressure  due  to 
the  outer  tread  is  by  sliding  to  the  left.  The  manner  in 
which  these  two  tendencies  counteract  each  other  is  best 
considered  if  the  bearing  is  now  treated  as  respecting  kinetic 
conditions. 

When  rotating,  it  is  found  that  the  conical  rollers,  un- 
der the  play  of  forces 
whose  resultants  never 
take  the  same  direction 
very  long  at  a  time, 
tend  to  "weave"  slightly 
from  side  to  side  in 
their  position  between 
the  treads,  and  if  a 
moderate  amount  of 
clearance  is  allowed  in 
limited  width  of  inner 
tread,  freedom  of  the 
rollers  is  assured. 
Even  though  they  may, 
for  an  instant,  under  an 
extremely  heavy  side 
thrust,  move  endwise 
far  enough  to  make  con- 
tact with  the  opposing 
shoulder  in  one  direc- 
tion, they  instantly  and 
automatically  free  them- 
selves as  they  pass  out 
of,  the  load  zone  of  the 
bearing  into  the  upper 
part  of  the  bearing. 
An  advantage  of  the 
"free-race"    bearing     is 
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Fig.  3.     Cross-section  of  Wright  Bearing 
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here  demonstrated,  namely,  that  although  a  severe  thrust  may 
occasion  conditions  wherein  friction  between  rollers  and  the 
opposing  shoulder  tends  to  produce  temporary  misalignment 
ol"  the  rollers.  If  they  are  left  free  they  will  right  themselves. 
Two  remaining  iioints  of  interest  may  be  ton,€hed  upon, 
lirst  as  to  how  alignment  is  maintained,  and  second  as  to 
what  the  friction  is  between  adjacent  rollers,  the  surfaces 
of  which  are  moving  in  opposite  directions.  If  anyone  will 
take  a  lead  pencil  and  place  it  inside  the  outer  ring,  com- 
monly known  as  the  "cup"  of  a  taper  roller  hearing,  it  will 
readily  be  perceived  that  in  any  other  position  than  with 
its  axis  in  the  proper  alignment  there  are  forces  tending  al- 
ways to  produce  proper  alignment  due  to  the  geometrical  char- 
aeteristics  of  the  conical  interior  surface.  Upon  the  point  re- 
garding opposite  rotation  of  adjacent  rollers,  it  should  be  noted 
that  a  total  clearance  approximating  about  one-third  the  di- 
ameter of  a  roller  is  provided  for  the  entire  "full-series"  in  the 
raceway.  Contact  could  not  exist  between  all  rollers  unless 
all  the  clearance  is  maintained  at  one  point. 


AJAX   FORGING   MACHINE 

The  first  seven-inch  forging  machine  built  by  the  Ajax  Mfg. 
Co.,  Cleveland,  Ohio,  which  was  placed  on  the  market  in  1911, 
was  similar  in  appearance  and  construction  to  the  present  ma- 
chine, except  that  it  was  much  lighter  and  had  a  more  limited 
capacity.  Since  that  time  several  seven-inch  machines  have 
been  built,  notably  special  machines  for  the  production  of 
large  annular  rings,  bevel  gears,  etc.  These  special  machines 
are  different  from  the  standard  only  in  that  they  have  a  single 
toggle  operating  the  moving  die  in  place  of  the  double  toggle 
used  in  standard  machines.  These  machines  have  a  narrower 
die  slide,  and  con- 
sequently they 
are  about  ten 
inches  shorter 
than  the  standard 
type   of   machine. 

The  accompany- 
ing illustrations 
show  the  new 
seven  -  inch  Ajax 
upsetting  and 
forging  machine, 
which  is  said  to 
be  the  largest  and 
most  powerful 
forging     machine 

built.  The  bed  plate  casting  is  of  steel,  cast  in  one  piece,  and 
weighs  approximately  60  tons.  The  complete  machine,  with 
its  regular  equipment,  weighs  nearly  100  tons.  When  stripped 
of  all  accessory  equipment,  gear,  flywheel  and  other  parts, 
which  can  be  removed  without  entirely  dismantling  the  ma- 
chine, the  weight  just  comes  within  the  capacity  of  a  150,000- 
pound  ordnance  gun  truck  car.  The  length  of  the  bed  plate  Is 
21  feet,  and  the  width,  9  feet,  6  inches,  which  is  practically 
the  limit  of  width  which  may  be  shipped  over  railroad  lines. 

This  new  machine  is  built  along  the  lines  of  the  standard 


Ajax  Seven-inch  Upsetting  and  Forging 
Machine 


Fig.  3.     End  View  of  Ajax  Forging  Machine 

Ajax  upsetting  and  forging  machines  of  all  sizes.  The  crank- 
shaft housings  are  continuous,  being  bored  large  enough  to 
take  the  throw  of  the  crank.  The  bronze-bushed  bearings  are 
pressed  into  the  bed  from  each  side,  forming  solid  bearings 
for  the  crankshaft.  The  momentum  of  the  crankshaft  and 
pitman  are  utilized  in  this  machine,  as  the  clutch  mechanism 
is  located  between  the  main  slide  and  the  pitman.  As  this 
clutch  can  only  pick  up  the  main  slide  and  start  it  in  motion 
at  the  end  of  the  stroke,  the  action  is  very  easy,  and  a  mini- 
mum of  power  is  used  in  starting  the  operating  parts  of  the 

machine.  Side  motion  of 
the  die  is  operated  through 
a  set  of  knuckles  from  the 
main  slide  in  such  a  way 
that  the  dies  are  closed 
when  the  heading  tool  is 
about  half  way  forward, 
and  remain  closed  until 
the  heading  tool  comes 
back  to  the  same  point. 
This  insures  the  h-eading 
tool  being  free  from  the 
forging  before  the  grip  is 
released.  Liners  may  be 
used  in  the  die  to  provide 
for  the  use  of  smaller 
blocks  when  light  work  is 
being  done  on  the  machine. 
The  production  of  forg- 
ings  on  this  machine  is  de- 
termined largely  by  the 
efficiency  with  which  the 
material  is  handled  between  the  furnace  and  the  forging 
machine,  and  also  by  the  heating  capacity  of  the  furnace. 
One  automobile  company  has  produced  540  large  bevel  gears 
in  eight  hours,  the  method  used  being  to  upset  on  the  end 
of  a  solid  bar,  then  push  the  bar  back,  and  leave  the  ring  in 
the  dies.  This  produces  forgings  of  this  type  without  waste 
of  material,  except  for  a  few  inches  at  the  end  of  the  bar 
that  cannot  be  gripped  in  the  dies. 


Fig.   2.     Opposite  Side  of  Ajax  Forging  Machine  shown  in  Fig.   1 


AUTOMATIC   TAPPING   AND 
DRILLING   MACHINE 

W.  H.  Simmons  &  Co.,  208-212  Lawrence  St.. 
Cincinnati,  Ohio,  are  now  building  the  "Cinti" 
automatic  tapping  and  drilling  machine  shown 
in  the  accompanying  illustrations.  The  clutch 
and  reversing  mechanism  of  this  machine  can 
be  set  to  run  the  tap  to  any  desired  depth  and 
reverse  automatically;  after  the  tap  clears  the 
work,  the  spindle  also  stops  automatically. 
The  clutch,  as  well  as  other  contact  points,  is 
made  of  hardened  steel  to  afford  ample  dura- 
bility. A  lead  for  any  desired  pitch  of  thread 
is  used  on  the  spindle,  and  16,  18,  20  and  24 
thread    leads    are   standard    equipment.     The 


July,  1917 


MACHINERY 


1029 


belt  tightening  de- 
vice is  operated  by  a 
knob  on  the  right 
side  of  the  column 
near  the  base,  and 
the  belts  can  be  ad- 
justed to  any  desired 
tension.  Bronze  bear- 
ings are  furnished 
throughout  this  ma- 
chine, and  the  lower 
pulleys  are  provided 
with  bronze  bushings. 
The  principal  di- 
mensions of  the  ma- 
chine are  as  follows: 
capacity  for  drilling 
or  tapping  to  the 
center  of  a  12-inch 
circle;  maximum 
distance  from  spin- 
dle to  table,  lOVz 
inches;  vertical  ad- 
justment of  spindle. 
314  inches;  vertical 
adjustment  of  table, 
5  inches;  diameter 
of  spindle  in  sleeve,  13/16  inch;  diameter  of  table,  10  inches; 
diameter  of  cone  pulley  steps,  3^^  to  7  inches;  width  of  driv- 
ing belt,  1%  inch;  size  of  tight  and  loose  pulleys,  7  by  1% 
inch;  tapping  capacity  in  cast  iron,  up  to  %  inch  in  diameter; 
drilling  capacity  in  cast  iron,  up  to  14  inch  in  diameter;  speed 
of  tight  and  loose  pulleys,  300  revolutions  per  minute;  and 
available  spindle  speeds,  150,  250,  390  and  600  revolutions 
per  minute. 


Fig.    1.      "Cinti"    Automatic    Tapping    and 

Drilling   Machine   built   by   W.    H. 

Simmons    &    Co. 


SUPERIOR  MOTOR-DRIVEN  MILLING 
MACHINE 

The  Superior  Machine  &  Engineering  Co.,  51-53  Fort  St., 
Detroit,  Mich.,  has  recently  applied  motor  drive  to  its  liand 
milling  machine.  The  machine  is  shown  in  Fig.  1,  and  Fig.  2 
illustrates  a  section  through  the  speed  gear-box  with  a  sliding 
gear  and  transposing  gears  on  the  end  of  the  shafts  for  vary- 


ing the  spindle 
speeds.  The  lower 
pulley  near  the  bot- 
tom of  the  column, 
the  pulley  on  the  end 
of  the  spindle  and 
the  upper  pulley  on 
the  swinging  arm 
are  made  inter- 
changeable,  and  in 
combination  with  the 
two-speed  gear-box 
and  transposing 
gears,  twelve  spindle 
speeds  are  obtain- 
able, having  a  range 
of  from  approximate- 
ly 150  to  1035  revo- 
lutions per  minute. 
Reference  to  Fig. 
2  will  show  that  the 
large  sprocket  wheel 
is  keyed  to  the  hol- 
low shaft,  which  is 
the  main  driving 
shaft.  The  quill  gear 
is  also  keyed  to  this 
shaft  and  drives  the  sliding  gear  on  shaft  A.  Gears  B  and  C 
are  transposing  gears,  and  either  one  can  be  used  on  shaft  D, 
which  runs  in  bronze  bearings  at  each  end  of  the  hollow 
shaft.  The  hollow  shaft,  to  which  the  large  sprocket  wheel  Is 
keyed,  and  pulley  shaft  D  both  run  in  the  same  direction.  The 
chains  and  sprockets  are  entirely  covered,  which  will  be  ap- 
parent by  referring  to  the  view  of  the  machine  shown  in  Fig.  1. 


Fig.    2.     Opposite    Side    of    "Cinti"    Automatic 

Tapping   and   Drilling    Machine    shown 

in   Fig.    1 


SCHOENERT  REAMERS  AND  TAPS 

Carl  Schoenert  &  Sons,  Inc.,  631-633  S.  20th  St.,  Newark, 
N.  J.,  is  now  manufacturing  the  reamers  and  taps  here  shown. 
Fig.  1  shows  a  number  of  sizes  of  the  reamer  for  which  the 
following  advantages  are  claimed:    First,  a  perfectly  smooth 


^ 


Fig.  1.     Superior  Hand  Milling  Machine  equipped  with  Motor  Drive 


Fig.  2.     Section  through  Speed  Gear-box  for  varying  Spindle  Speeds 
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and  exactly  cylindrical  hole  Is  reamed,  it  being  Impossible  for 
these  tools  to  leave  any  chatter  marks,  as  they  are  guided  by 
the  full  length  of  the  tool  at  the  opposite  side  from  llic  cut- 
ting edge;  after  being  reamed,  the  hole  appears  perfectly  pol- 
ished. Second,  tlie  reamer  can  be  easily  sharpened  on  an  ordi- 
nary grinding  wheel  witliout  requiring  the  use  of  a  special  at- 
tachment. The  cutting  edge  is  simply  held  against  the  grind- 
ing wheel  and  ground  to  the  shape  of  the  wheel,  which  is  said 
.to  make  a  good  cutting  edge.  Schoenert  reamers  are  made 
with  straight  and  taper  shanks  and  in  various  sizes.    The  cen- 


Fig.  1.    A  Number  of  Sizes  of  Heamers  made  by  Carl  Schoenert  &  Sons,  Inc. 

tral  hole  in  the  reamer  facilitates  lubrication  and  provides 
chip  room,  as  the  chips  tend  to  crowd  into  the  hole  in  the  tool, 
where  they  give  no  trouble. 

This  reamer  usually  makes  a  hole  of  exactly  the  size  of 
the  tool,  cutting  as  close  as  0.0001  inch  to  size.  It  cuts  the 
material  the  same  as  a  lathe  tool  will  cut  it,  but  never  digs  in. 
The  chips  have  the  same  shape  and  appearance  as  those  pro- 
duced from  a  lathe 
tool,  and  the  cut- 
ting clearance  is 
more  than  on  any 
standard  reamer. 
The  reamer  may 
be  used  either 
right  or  left,  as 
there  are  cutting 
edges  on  both 
sides.  If  the  right- 
hand  side  is  worn 
off,  it  may  be  used 
left-handed.  How- 
ever, the  grind- 
ing takes  only  a 
little  time,  and  so 
there  is  no  occa- 
sion for  not  keep- 
ing the  reamer 
properly  sharp- 
ened. Fig.  2  shows 
a  close  view  of 
two  of  the  ream- 
ers and  some  of 
the  chips  pro- 
duced    by     them. 


The  same  gen- 
eral form  of  con- 
struction is  eni- 
ployed  in  the 
Schoenert  taps, 
three  of  which 
are  illustrated  in 
Fig.  3.  They  have 
much  more  clear- 
ance than  the  or- 
dinary tap  and 
<ut  the  chips  out 
the  same  as  the 
reamer  does. 
These  taps  are 
said  to  be  espe- 
cially valuable  for 
use  where  lubri- 
cation Is  import- 
ant. The  hole 
through  the  cen- 
ter of  the  tap 
gives  the  lubri- 
cant a  chance  to 
flow  freely  to  the 
work.  Owing  to 
the  spiral  on  the 
tap,  the  cutting 
edges  also  work  better  than  would  the  straight  cutting 
on  the  regular  tap. 


Fig.  3.    Schoenert  Taps  made  on  Same  Prir 
as  Reamers  shown  in  Figs.  1  and  2 


ciple 

edge 


G.   E. 


DYNAMIC  BRAKING    CONTROL    FOR 
CRANE  HOISTS 

The  General  Electric  Co.,  Schenectady,  N.  Y.,  has  recently 
brought  out  an  automatic  device,  which  can  be  added  to  its 
standard  Type  B  drum  controller  and  thus  make  a  service- 
able semi-magnetic  dynamic  braking  control  for  crane  hoist 
service.     The  additional  equipment  consists  of:    a  panel   for 


CONTROLLER 
-  + 


Ik 


CURRENT  LIMIT  RELAY 


LJ 


Close  Viev 
Chips 


of  Schoenert  Keamers  and 
nade   by  them 


Diagram    showing    Principle    of    G.    E.    Dynamic    Braking    Control    for 

Crane    Hoists 

wall  mounting,  which  contains  a  direct-current  contactor  and 
current  limit  relay;  and  an  extra  resistance,  which  is  in- 
serted in  the  circuit  during  the  acceleration  and  deceleration 
period.  A  dynamic  braking,  manually  operated,  drum  type 
controller  is  more  severe  on  the  commutator  of  a  direct- 
current  series  motor  than  is  a  plain  reversing  manual  con- 
troller, because  when  lowering,  the  motor  is  connected  sim- 
ilarly to  a  shunt-wound  motor  and  does  not  have  the  inherent 
protection  of  the  series  field.  In  many  installatioHS,  where 
the  service  is  severe,  a  semi-magnetic  equipment  will  materi- 
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ally  assist  commutation.  Tliis  equipment  is  useful  also  where 
the  service  is  not  quite  severe  enough  to  justify  the  expense 
of  a  full  magnetic  equipment. 

The  connections,  when  used  with  the  dynamic  braking  con- 
troller, are  shown  in  the  accompanying  diagram.  The  extra 
resistance  SB,  is  to  be  added  to  the  resistance  regularly  fur- 
nished with  this  controller.  With  the  new  arrangement  this 
block  of  resistance  would  be  so  high  that  it  would  be  im- 
possible to  damage  the  motor,  no  matter  how  quickly  the  con- 
troller was  thrown  on  and  off.  The  contactor  and  relay  sim- 
ply insert  and  cut  out  this  resistance  when  accelerating  and 
decelerating  in  such  a  manner  as  to  give  practically  the  same 
speed  characteristics  on  the  motor  as  would  be  obtained  with 
a  standard  controller  and  at  the  same  time  prevent  abusive 
currents.  This  device  protects  the  commutator  from  severe 
arcing,  and  protects  the  controller  fingers  and  segments  from 
severe  burning.  It  enables  the  motor  to  run  at  a  higher 
lowering  speed  for  a  given  severity  and  condition  of  service, 
provided  extra  resistors  are  used  to  weaken  the  motor  field. 

!     NEW   MACHINERY  AND  TOOLS   NOTES 

Magnetic  Chuck  Fixtures:  Lawson'fe  Co.,  90  West  St.,  New 
York  City.  Three  magnetic  chuck  fixtures  for  holding  small 
or  irregular  shaped  pieces  on  an  ordinary  magnetic  chuck. 
These  comprise  a  set  of  parallels,  a  V-block,  and  a  protractor 
block  with  a  V-shaped  top. 

Radius  Gage:  Moss-Ochs  Co.,  3387  E.  116th  St.,  Cleveland, 
Ohio.  A  universal  radius  gage  for  determining  the  accuracy 
of  concave  or  convex  surfaces  of  tools  and  dies  from  %  to  1 
inch  radius.  This  gage  does  not  have  separate  leaves  for 
concave  and  convex  surfaces,  but  has  a  convex  surface  on 
one  side  and  a  concave  surface  on  the  other. 

Radial  Drilling  Machine:  Canedy-Otto  Mfg.  Co.,  Chicago 
Heights,  111.  A  radial  drilling  machine  built  in  two  models, 
one  of  which  has  power  feed  and  the  other  hand  feed.  Both 
of  these  models  are  built  with  either  a  214-  or  3i/^-foot  arm. 
Four  changes  of  speed  are  provided  by  four-step  cone  pulleys, 
and  the  spindle  and  feed  drives  are  operated  through  bevel 
gears  at  the  top  of  the  column. 

Angle-plates:  Simplex  Tool  Co.,  Woonsocket,  R.  I.  Angle- 
plates  intended  for  the  use  of  toolmakers.  These  plates  can 
be  used  on  a  bench  lathe  faceplate,  grinder,  on  the  bench  or 
in  other  ways.  Both  the  inside  and  outside  faces  of  the  plate 
are  ground,  and  tapped  holes  are  provided  in  one  side  and 
plain  holes  in  the  other  side  of  the  angle.  The  plates  are 
made  of  hardened  steel  and  ground  all  over. 

Thread  Milling  Fixture  for  Shells:  Hall  Gas  Engine  Co., 
Inc.,  Bridesburg,  Philadelphia,  Pa.  A  fixture  for  threading 
shrapnel  and  high-explosive  shells,  which  is  designed  for  use 
on  a  lathe  or  milling  machine.  This  attachment  is  adapted 
for  producing  either  internal  or  external  threads  in  brass, 
aluminum,  steel  and  other  metals.  The  attachment  can  also 
be  employed  for  threading  many  other  classes  of  work  besides 
shells. 

Tool-room  Lathe:  Cleveland  Machinery  &  Supply  Co.,  Cleve- 
land, Ohio.  A  12-inch  tool-room  lathe,  the  design  of  which 
includes  the  following  features:  a  geared  headstock,  a  gear- 
box arranged  for  cutting  either  U.  S.  standard  or  metric 
threads  without  the  use  of  translating  gears,  and  a  relieving 
attachment  for  angular,  straight  or  taper  relieving  operations. 
The  bed  is  made  unusually  heavy  to  adapt  the  machine  for 
heavy  work. 

Disk  Grinders:  Guy  G.  Townsend,  Winchendon,  Mass.  Aline 
of  heavy-duty  disk  grinders  which  replaces  the  line  of  lighter 
machines  of  similar  design  formerly  manufactured  by  this 
machine  builder.  The  tables  are  constructed  with  adjustable 
gibs,  and  the  head  swing  shaft  bearings  are  adjustable.  Abra- 
sive wheels  are  mounted  in  steel  disks,  and  hoods  serve  both 
for  safety  and  for  the  additional  purpose  of  carrying  away 
abrasive  dust. 

Crank-case  Reamer:  Taft-Peirce  Mfg.  Co.,  Woonsocket, 
R.  I.  A  tool  known  as  the  "Mantell"  adjustable  reamer.  A 
parallel  movement  of  the  reamer  blades  is  secured  by  means  of 
inclined  planes  or  wedges  which  fit  into  the  slot  at  each  end. 
The  blades  are  set  in  the  reamer  at  opposite  angles,  two  in  one 
direction  and  four  in  the  other,  but  so  arranged  that  the  ad- 
vantage of  uneven  spacing  is  obtained.  It  is  possible  to  caliper 
any  pair  of  blades  at  any  point. 

Drill,  Tool  and  Toolpost  Grinder:  Universal  Electric  Co., 
Inc.,  5  Oliver  St.,  Newark,  N.  J.  A  machine  known  as  a  uni- 
versal drill,  tool  and  toolpost  grinder,  which  is  driven  by  a 
14-horsepower  motor.  This  machine  may  be  supported  on  a 
stand  for  use  as  a  tool  or  drill  grinder,  or  it  may  be  lifted 


from  the  stand  and  supported  in  the  toolpost  by  means  of  a 
suitable  shank.  The  stand  is  equipped  with  a  table  rest  for 
grinding  tools  and  a  V-rest  for  sharpening  drills.  The  motor 
is  supplied  for  either  direct  or  alternating  currents. 

Multiple  Drill  Head:  Nelson-Blanck  Mfg.  Co.,  Detroit,  Mich. 
A  line  of  adjustable  niultiple-spinrtle  drill  heads.  An  adapter 
at  the  top  of  the  head  is  separable,  so  that  a  change  may  be 
quickly  made.  The  driving  shank  is  square  and  slides  in  a 
square  hole  in  the  driving  gear,  thus  allowing  different  sized 
tapers  to  be  used  without  taking  apart  the  entire  head.  A  ball 
thrust  bearing  is  provided  for  the  driving  shank,  and  the  driv- 
ing gear  runs  in  S.K.P.  ball  bearings.  These  heads  are  built 
in  four  styles  to  take  drills  with  No.  0  straight  and  Nos.  1,  2 
and  3  Morse  taper  shanks. 

Continuous  Milling  Attachment:  Mann  Corporation,  Kan- 
kakee, 111.  An  attachment  known  as  the  "Manco"  continuous 
miller,  which  is  self-contained  and  can  be  mounted  on  any 
drilling  machine  of  suitable  size.  Drive  is  transmitted  through  • 
a  universal  joint.  This  outfit  will  handle  a  variety  of  work 
usually  done  on  plain  or  hand  milling  machines.  The  work- 
table  is  131/4  inches  in  diameter,  has  both  hand  and  power 
feed,  and  carries  a  series  of  pieces;  as  it  rotates,  it  carries 
the  work  to  a  milling  cutter  mounted  on  a  1%-inch  arbor 
supported  by  a  steel  column. 

Dynamic  Balancing  Machine:  Carlson-Wenstrom  Co.,  Rich- 
mond St.  and  Erie  Ave.,  Philadelphia,  Pa.  A  dynamic  bal- 
ancing machine  of  similar  design  to  that  formerly  built  by 
the  Dynamic  Balancing  Machine  Co.  of  Philadelphia.  Rights 
to  manufacture  this  machine  under  the  Akimoff  patents  have 
been  acquired  by  the  Carlson-Wenstrom  Co.,  and  certain 
changes  have  been  made  in  the  design  of  the  machine.  The 
most  important  of  these  is  the  greater  convenience  of  opera- 
tion through  provision  of  handwheels  for  making  all  adjust- 
ments while  the  machine  is  running.  This  is  claimed  to  be 
the  means  of  doubling  the  capacity. 

Precision  Lathe  and  Grinder:  Ideal  Machine  &  Tool  Co., 
128  Opera  Place,  Cincinnati,  Ohio.  A  combination  precision 
lathe  and  grinder,  which  swings  7  inches  and  is  made  with 
beds  of  various  lengths,  the  shortest  of  which  takes  work  up 
to  12  inches  between  centers.  A  compound  slide-rest  is  used 
which  will  give  a  longitudinal  feed  of  3  inches  at  one  setting, 
and  the  cross-feed  also  has  a  maximum  movement  of  3  inches. 
A  4-  by  6-inch  table  with  T-slots,  which  is  adjustable  to  any 
angle,  is  mounted  on  a  bracket  at  the  rear  and  has  a  vertical 
movement  of  iVz  inches.  This  table  is  used  for  holding  work 
while  grinding. 

Drilling  Machine:  Colburn  Machine  Tool  Co.,  Franklin,  Pa. 
A  heavy-duty  drilling  machine  that  is  constructed  on  the  unit 
principle.  The  machines  are  provided  with  one,  two,  three  or 
four  spindles.  The  drive  is  through  a  constant-speed  belt  to 
the  main  driving  shaft.  Two  mechanical  speed  changes  are 
provided,  which  are  operated  in  conjunction  with  an  arrange- 
ment for  changing  gears  which  makes  it  possible  to  obtain 
forty  different  speeds  ranging  from  74  to  508  revolutions  per 
minute.  Thirty-six  changes  of  feed  are  available,  covering  a 
range  of  from  0.005  to  0.153  inch  per  revolution  of  the  spindle. 
These  changes  are  obtained  by  means  of  a  worm  feed  hand-  0 
wheel.  An  automatic  tripping  mechanism  is  furnished  to  dis- 
engage the  feed  at  any  desired  point. 

Back-geared  Lathe:  Giddings  &  Lewis  Mfg.  Co.,  Fond  du 
Lac,  Wis.  An  18-inch  double  back-geared  lathe,  driven  by  a 
three-step  cone  pulley.  The  bed  of  this  machine  has  a  large 
V-bearing  at  the  front  and  a  flat  surface  at  the  rear  for  the 
carriage,  while  there  is  a  second  smaller  vee  for  lining  up 
the  headstock  and  tailstock.  Back-gear  ratios  are  9  to  1  and 
3  to  1.  The  spindle  is  made  of  a  carbon  steel  forging,  which 
is  ground  to  size,  and  the  spindle  runs  in  self-oiling  phosphor- 
bronze  bearings.  The  lead-screw  is  made  of  carbon  steel  with 
a  four-pitch  Acme  thread.  Eight  changes  of  feed  are  fur- 
nished by  the  standard  gear-box,  while  a  special  change-gear 
box,  which  is  interchangeable  with  the  standard  box,  gives 
forty  changes.  Screws  with  metric  pitches  may  be  cut  by 
using  a  pair  of  gears  running  on  idlers  on  the  quadrant  stand. 

Disk  Grinder:  Charles  R.  Carpenter  Machine  Co.,  Robbtns- 
dale,  Minn.  This  machine  is  known  as  a  disk  flat  surface 
grinder,  and  the  following  are  noteworthy  features  of  its  de- 
sign: Angular  adjustment  of  the  universal  table  is  controlled 
by  means  of  a  clamping  handle  located  immediately  below  the 
table.  This  arrangement  works  in  connection  with  a  gradu- 
ated table  top  and  protractor  blade  to  provide  for  instanta- 
neously placing  the  table  in  position  for  accurately  grinding 
plain  or  compound  angles.  Clamping  handles  are  provided  for 
the  table  arms,  allowing  them  to  be  quickly  clamped  or  re- 
leased to  oscillate  in  the  usual  manner.  The  table  two-way 
thrust  collar  is  enclosed  within  the  table  arm,  thus  making 
both  bearings  absolutely  dustproof.  At  the  disk  ends  of  the 
table  arm  bearings  dust  shields  are  provided  to  prevent  the 
table  studs  from  becoming  charged  with  grit.  The  machine 
arbors  are  turned  and  ground,  and  supported  in  two  split 
bronze  bearings,  which  are  adjustable  for  wear.  This  machine 
is  equipped  with  two  18-inch  disks,  and  weighs  1700  pounds. 
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ACCURACY   TESTS   IN    MANUFACTURING 
THE   TILTED   TURRET 

BY  J.  w.  hauhouri 

The  Wood  Turret  Machine  Co.,  Drazil,  Ind.,  in  assembling 
its  tilted  turret  lathe,  employs  several  interestinR  methods  and 
tests  to  insure  the  ac- 
curate aliRnment  of 
tjie  turret  holes  and 
the  spindle.  After  the 
machine  bed  is  thor- 
oughly seasoned  and 
flnish-planed,  it  is  sent 
to  the  hand  scraping 
department,  where  the 
ways  are  scraped  and 
spotted  to  a  heavy  sur- 
face plate;  the  bed  is 
then  set  up  on  a  spe- 
cially equipped  boring 
mill  and  bored  for  the 
spindle  bearings.  The 
bearings  are  next 
placed  in  position,  af- 
ter which  the  machine 
is  returned  to  the  erec- 
tion department,  where 
the  bearings  are 
scraped  to  the  spindle. 


Fig.   1.     Testing  Alignment  of  Spindle  with  Ways 


The  initial  test  is  then  made  to  determine  the  alignment  of 
the  spindle  with  the  ways.  A  telescoping  fixture  is  used  for 
this  purpose  and  readings  are  made  at  all  positions  on   the 


bushing  A  remaining  unchanged.  After  the  bar  that  holds 
the  indicator  is  moved  through  the  spindle  until  the  end  of  the 
indicator  enters  bushing  A,  the  spindle  is  revolved,  and  if  the 
indicator  points  to  zero  for  a  <;oniplete  revolution,  as  it  did  at 
the  chuck,  the  alignment  of  the  spindle  with  the  ways  is 
perfect.      It    requires    I'rom    three    to    four    hours    to    obtain 

a  satisfactory  bearing. 
The  saddle  slide  and 
turret  head  are  assem- 
bled as  a  complete 
unit.  After  all  the 
surfaces  on  these  parts 
have  been  scraped  to 
heavy  surface  plates, 
this  unit  is  placed  in 
position  on  the  ways 
of  the  bed,  and  a 
crank  fixture,  which 
moves  the  slide  the 
full  length  of  its  trav- 
el, is  attached  to  the 
rear  end  of  the  slide, 
as  shown  in  Fig.  4. 
This  fixture  is  driven 
from  the  lineshaft,  and 
indexes  the  turret  at 
the  rate  of  forty  com- 
plete strokes  per  min- 
ute. As  It  is  run  for 
a  period  of  six  hours,  the  entire  indexing  mechanism  is  lim- 
bered up  and  tendency  to  spring  in  any  of  the  surfaces  is 
overcome.     Before   this   operation,    the   slide   and   saddle   are 


Fig.   2.     Special  Tool  facing   Turret   True   witli   Spindle 


Fig.  3,     Grinding  Turret  Holes  in  Perfect  Alignment  with  Spindle 


ways,  both  for  lateral  and  for  horizontal  alignment.  hand-scraped  to  each  other,  so  that  moving  the  slide  and  tlie 

In  Fig.  1  is  shown  the  final  test  for  alignment  of  the  spindle      saddle  and  revolving  the  head  mechanically  brings  the  slide 

with  the  ways.    The  bar  holding  the  indicator  is  slipped  back      to  a  good  seated  bearing  and  also  causes  the  locking  pin  to 

through     the     spindle  ^ seat  itself  perfectly  in 

until      the      indicator  ■                    m  the     locking    bushing 

comes     up     near     the  ^^^                       ^^^                                              ■  '                 U  before  the  holes  in  the 

chuck,     and     the     fix-  _^lii^B|^_               ^^^                                                  ■                     »  turret    head    are    fin- 

ture  B  is  moved  along  Pf/^B^W^^          ^^IB                                                ■                     »  ished.      Any    defects 

the  ways  until  the  in-  |Q»^^Hl^^^^     ^^m  ]m                                                ■     ^^i^e^  W  ^^^^    *^^^    ^®    discov- 

dicator  enters  the  hole  ^HB^|H^^       ^^^M  ^HftlMIIMiMii                           B^^^V^il  ^^^^    before    the    ma- 

the    hardened    and  I^^^^^^H^I       I^^M  ^&99VHHB?~^''^^EflBI!^  ^1  chine         completed. 

ground      bushing      A.  ^^^^KS^^^^^fOj^S^tB^^^jk^J^^S/^Kftn  ^^^   turret   head    is 

Then,  while  the  spin-  ^^^^^ByH||^^^^^S[|^^^^^^SS^^^^^B*^^^a^V^  next   bored   to   within 

die  ^^^^^H^^^^^^I^^SflSiSHM^^^B^^    ^li^^^  from 

^^^^^^^^^^^^^Hj  ||bBH||^^^^^^^Hr  own                   then 

the  ^^^^^^^HP^^BHH' hI^I^Hh  0^^^^^M  ^^^  surfaces 
points  to  zero  during  ^^^H^^Hh^  '  wZ!!^  ^^^'IVBR  ^^^^^^^t  ^''^  machined  by  the 
the  complete  revolu-  ^^^H  ^^^-^^!^|(^fe-  ^  -^tKII^^  y  special  star-feed  fac- 
tion of  the  spindle.  H^^^B  ing  fixture  shown  in 
The  fixture  B  is  then  V^^H  ^^^T^fc~— ^  Fig.  2,  which  is  also 
moved  to  the  end  of  ■  ^^H  IIHB'^I  mounted  on  the  spin- 
the  ways,  as  shown,  I^^H  ^^Hi»|  ^^^-  '^^^^  ^^^^  "^^' 
the  adjustment  of  I^^^^L  ^^^■91  chines  each  face  of  the 
:        „    ^„          1^^^^^^ '^^^^^^     ~    -' - -  A        turret    head    at    right 

'  Sales  Engineer,  Wood  Tur- 
ret Machine  Co.,  Brazil,  Ind.  Fig.   4.     Turret  Head   attached  to  Fixture  that  revolves  Head  and  moves   Slide  and  Saddle  angles     with     the    hole 
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Fig, 


and     true     with     the 

spindle.     This  insures 

perfect  alignment  with 

any  tools  that  may  be 

bolted     to     the    head. 
The  next  operation, 

which  is  probably  the 

most     interesting,     is 

that    of   grinding    the 

turret  holes  by  means 

of    the    specially    de- 
signed grinder  shown 

in  Fig.  3.    A  motor  is 

mounted  over  the  front 

bearing,    on    a    stand 

that  is  clamped  to  the 

ways,    and   the   grind- 
ing fixture  is  inserted 

in  the  end  of  the  spin- 
dle. Each  turret  lathe 
has  the  holes  in  the 
turret  head  ground  from  its  own  spindle,  which  insures  per- 
fect alignment  of  the  holes  and  the  spindle,  and  avoids  trouble 
from  non-alignment  commonly  encountered  when  the  holes  are 
reamed.  All  holes  are  ground  the  same  size  with  this  attach- 
ment. The  adjustment  of  the  grinder  is  very  sensitive,  and 
it  can  be  easily  set  to  the  smallest  fraction  of  an  inch.  This 
fixture  is  of  the  planetary  type  and  operates  on  the  same 
principle  as  the  Heald  grinder;  it  is  adjustable  for  different 
sizes  of  holes,  and  duplicate  grinding  can  be  done  within  very 
close  limits.  This  permits  of  absolute  accuracy  in  sizing  the 
turret  holes  and  eliminates  the  bell-mouth  tendency  that  often 
follows  the  use  of  boring-bars  and  reamers. 

Following  this  operation,  the  machine  is  ready  for  the  final 
inspection.  The  head,  slide  and  saddle  are  taken  down  and 
thoroughly  cleaned  to  remove  foreign  substance.  They  are 
then  reassembled  and  an  indicator  is  placed  at  each  end  of 
the  slide,  to  test  both  the  vertical  and  the  horizontal  align- 
ment; another  indicator  is  held  in  the  chuck  of  the  machine 
to  test  the  holes  in  the  head,  as  shown  in  Fig.  5.  Readings 
are  then  taken  over  the  full  length  of  travel  of  the  slide  on 
the  tooling  face  of  the  turret,  in  the  front  and  back  of  the  tur- 
ret holes,  and  on  a  plug  extending  six  inches  out  of  the  turret 
hole.  The  work  is  held  to  within  0.001  inch  limits.  If  there 
is  any  inaccuracy,  it  is  found  by  this  inspection  before  the 
machine  is  shipped. 

Allowance  is  made  for  inaccuracies  that  may  develop  after 
extended  use  of  the  tilted  turret.  The  turret  slide  is  furnished 
with  taper  gibs,  which  are  fitted  the  whole  length  of  the  saddle 
on  each  side  and  provide  a  means  of  adjusting  the  slide  side- 
ways. The  saddle  is  gibbed  to  the  outer  edges  of  the  bed  by 
flat  gibs  throughout  its  entire  length,  and  it  has  a  supple- 
mentary taper  base,  by  means  of  which  the  turret  holes  can 
be  adjusted  to  maintain  their  exact  height  in  relation  to  the 
center  of  the  spindle. 

*     *     * 

U.   S.   ARMY   MOTORIZED   FIELD   BATTERY 

The  United  States  Army  has  developed  what  is  believed  to 
be  the  first  completely  motorized  field  battery  of  medium 
caliber  guns  in  the  world.  The  work  has  been  in  charge  of 
Major  Lucian  B.  Moody,  who  has  been  assisted  by  the  tractor 
standards  committee  of  the  Society  of  Automobile  Engineers. 

European  armies  have  reduced  greatly  the  number  of  horses 
In  artillery  use,  but  it  has  not  been  possible  to  eliminate  them 
in  hauling  certain  of  the  smaller  and  medium  types  of  ord- 
nance because  of  the  lack  of  a  proper  tractor  combination  of 
speed  and  power.  The  big  creeping  type  tractors  capable  of 
handling  the  heaviest  guns  have  been  unable  to  make  the  occa- 
sional bursts  of  spe'ed  necessary  for  getting  the  light  field  guns 
into  position  and  using  the  minimum  of  space  that  conditions 
on  the  firing  line  frequently  make  vital. 

The  new  creeping,  or  self-track-laying,  type  of  small  or 
medium  size  tractor  developed  by  the  American  Army  is  built 
without  the  steering  arrangement  in  front,  and  while  possess- 
ing relatively  as  much  power  as  the  type  now  used  in  Europe, 


Making-   Final   Alignment    Tests 


is  capable  of  turning 
within  its  own  length 
by  simply  reversing  or 
stopping  one  of  the 
creeper  drivers  while 
the  other  side  con- 
tinues to  move  ahead. 
The  development  in 
this  type  of  tractors 
powerful  enough  to 
haul  the  heaviest  guns 
will  make  them  avail- 
able for  making  the 
sharp  turns  and  cor- 
ners and  fitting  into 
the  inconvenient 
s  pa  c  e  s  for  which 
horses  have  so  far  had 
to  be  used  at  the  front. 
The  experiments  have 
proceeded  far  enough 
to  justify  plans  for  the  successive  motorization  of  all  American 
artillery  units  except  the  smallest  calibers  required  to  move 
at  very  high  speed  over  bad  ground. 

From  a  scientific  and  military  standpoint,  the  tractor  is 
much  more  efficient  than  the  horse.  It  lasts  longer,  is  capable 
of  performing  more  work  in  a  day,  and  costs  less  for  repairs 
and  fuel  than  the  expense  of  upkeep  of  the  horse.  A  tractor 
can,  if  necessary,  be  used  24  hours  a  day,  while  the  horse  has 
to  stop  for  rest,  sleep  and  feeding,  and  can  seldom  be  worked 
more  than  ten  or  twelve  hours  a  day  at  the  most. — The  Official 
Bulletin. 

*  *     * 

A  MACHINIST  WITH  STEE3L  HANDS 
For  some  time  the  nations  at  war  have  sought  artificial  arms 
and  hands  that  will  enable  cripples  to  resume  their  former 
occupations  with  little  disadvantage.  The  need  of  effective  de- 
vices of  this  sort  is  felt  not  only  by  war  cripples,  but  by  the 
many  who  have  lost  their  members  in  industrial  pursuits. 
Andrew  Gawley,  an  employe  of  the  Fisher  Motor  Co.,  Orillia, 
Ontario,  has  steel  hands  to  replace  the  hands  he  lost  some 
years  ago  through  contact  with  a  circular  saw,  which  were 
made  to  his  own  design.  These  are  said  to  be  very  effective 
indeed.  Mr.  Gawley  is  now  employed  in  the  tool  crib  of  the 
Fisher  Motor  Co.,  and  he  can  pick  up  pieces  of  varying  sizes 
and  weights  with  confidence  and  ease.  He  keeps  track  of  the 
printed  forms  of  all  material  that  goes  out  and  attends  to  the 
general  duties  of  his  position.  Before  entering  the  tool  crib, 
Mr.  Gawley  worked  on  a  drilling  machine.  His  steel  hands 
are  so  strong  that  when  drilling  shell  adapters  weighing  forty- 
five  pounds  each,  he  was  able  to  lift  an  adapter  on  and  off 
the  machine  table  with  one  hand,  being  the  only  man  who 
could  handle  the  pieces  in  this  way.  Yet  the  steel  hands  are 
so  well  under  control  that  he  can  write  a  legible  hand,  pick 
up  a  fragile  cup  by  the  handle,  dress  himself,  light  a  lamp, 
and  do  many  other  things  that  would  seem  impossible  of  ac- 
complishment by  an  artificial  member. 

*  *     * 

MARINE  ENGINEERS  NEEDED 
The  United  States  Shipping  Board  is  seeking  the  name  and 
address  of  every  man  in  the  United  States  who  can  qualify, 
with  or  without  special  training,  for  a  positiop  as  an  engineer 
officer  on  an  American  merchant  ship.  The  merchant  marine 
will  need  within  eighteen  months  5000  additional  engineers 
in  all  grades.  To  start  in  training  those  not  yet  qualified  to 
secure  United  States  inspection  papers,  the  government  will 
open  on  July  2  a  chain  of  free  schools  in  marine  engineering, 
at  some  of  the  best  known  technical  colleges  in  the  country, 
for  which  marine  engineers  of  all  grades,  oilers  and  water 
tenders,  also  stationary  engineers,  are  eligible.  The  duration 
of  term  is  one  month.  After  passing  examinations  of  steam- 
boat inspection  service,  students  will  have  opportunity  for 
further  training  under  service  conditions  until  wanted  on  ships 
of  the  new  merchant  marine. 
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—And  Every 


A  Perfectly 

Balanced  Unity 

of  Well- 

Proportioned 

Rugged  Parts 

It  isn't  just  because  they 
have  a  massive  column,  a 
rigid  knee  and  a  wide  bear- 
ing table  or  because  the  over- 
hanging arm  is  large  and 
rigidly  supported,  it  is  be- 
cause every  part  is  rugged, 
well  proportioned  and  in 
perfect  balance  with  every 
other  part  that  they  give  year-in-and-year-out  efficient 
service  on  the  heaviest  and  hardest  milling  that  comes 
within  the  province  of  a  column  and  knee  type  machine. 


BROWN  &  SHARPE 

Heavy  Service 

MILLING  MACHINES 


The  Photographs  at  the  Left  Illustrate: 

1.  The  rigid  design  of  the  knee  with  its  ample  vertical  depth  and  long 
bearing  surfaces  for  both  column  and  saddle.  Note  the  liberal  extension  at 
top  of  knee — the  point  of  greatest  stress.  , 

2.  The  large  proportioned  driving  pulley  with  extra  wide  face — one  of  the 
chief  elements  that  provide  for  a  powerful  drive. 

3.  The  wide  table  bearing  surfaces  of  the  saddle — long  in  proportion  to 
length  of  the  table  to  fully  resist  the  severe  stresses  when  table  is  heavily 
loaded  and  at  the  end  of  its  traverse. 


May  we  tell  you  of  the  many  other  details  of  rugged  con- 
struction and  the  many  features  of  these  machines?  Send 
for  literature. 

Brown  &  Sharpe  Mfg,  Company 

OFFICES:     NEW  YORK,  N.  Y.,  20  Vesey  St.     PHILADELPHIA,   PA.,  652-654  The  Bourse. 
merce    Bldg.      SYRACUSE,    N.    Y.,    Room    419    University    Block.      PITTSBURGH,    PA.,    2 
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Bit  as  Sturdy  as  They  Look 


It  is  on  such  jobs  as  these  that  the  great 
care  used  in  every  detail  connected  with 
the  making  of 


BROWN  &  SHARPE 

Heavy  Service 

MILLING  CUTTERS 


Your   Tool   Cribs 

Should  Be 

'* Brown    &   Sharpe 

Equipped ' ' 


counts  in  a  material  way — a  way  that  can  be  measured  in  actual  dollars  and  cents  on 
production  and  cost  sheets — a  way  that  points  to  faster  production,  greater  accuracy 
and  lower  production  costs. 

Every  requirement  of  modern  milling  finds  an  efficient  answer  in  our  cutter  service. 
Our  line  of  standard  cutters  comprises  forty-five  styles  and  over  five  thousand  sizes 


and  we  make  to  order,  special  and  formed  cutters,  singly 
and  in  gangs,  in  any  practical  shape  or  size. 

Prepare  for  cutter  emergencies  by  having  at  hand  our 
Catalog  27  which  lists  our  complete  line  of  standard 
cutters.    Send  for  your  copy  TODAY. 

^evidence,  Rhode  Island,  U.S.A. 


HICAGO,    ILL.,    fi26-630   Washington   Blvd. 
enry  W.  Oliver  Bldg. 


ROCHESTER,    N. 


415    Chamber   of   Com- 


Representatives: 

BALTIMORE,  MD.,  Carey  Machinery 
&  Supply  Co.  CINCINNATI,  O., 
INDIANAPOLIS,  IND.,  The  E.  A. 
Kinsey  Co.  SAN  FRANCISCO, 
CAL.,  Pacific  Tool  &  Supply  Co. 
CLEVELAND,  O.,  DETROIT,  MICH., 
Strong-,  Carlisle  &  Hammond  Co. 
ST.  LOUIS,  MO.,  Colcord-Wright 
Machinery  cfe  Supply  Co.  SEATTLE, 
WASH.,  I'erine  Machinery  Co. 
PORTLAND,  ORE.,  Portland  Ma- 
chinery Co. 

Canadian  Representatives: 

MONTREAL,  TORONTO,  WINNI- 
PEG, CALGARY,  VANCOUVER,  ST. 
JOHN,   SASKATOON,   The  Canadian 

Fairbanks-Morse  Co.,  Ltd. 


1036 


MACHINERY 


July,  1917 


MACHINERY'S    MOTION   PICTURE  ON 
ITS   TRAVELS 

The  mechanical  world  is  evincing  great  interest  in  M.\- 
cuineky's  motion  picture,  which  shows  in  detail  eVery  operation 
in  the  machining  of  a  9.2-inch  high-explosive  British  howitzer 
shell.  The  picture  was  first  shown  at  the  joint  session  o£  the 
American  Society  of  Mechanical  Engineers  and  the  National 
Machine  Tool  Builders'  Association,  Hotel  Sinton,  Cincdnnati, 
Ohio,  May  22,  and  was  again  shown  in  the  same  place  May  24 
to  a  large  audience  comprising  mechanical  executives  of 
Cincinnati. 

Requests  for  exhibitions  of  the  film  have  come  in  from  all 
over  the  country,  and  it  will  be  shown  in  the  chief  industrial 
centers  as  soon  as  arrangements  can  be  made.  Wherever  it 
has  been  shown,  the  audiences,  being  chiefly  men  familiar  with 
mechanical  practice,  have  been  greatly  interested  and  have 
plied  .with  questions  Chester  L.  Lucas,  associate  editor  of 
Machinekv,  who  presents  the  picture  and  gives  a  preliminary 
lecture  on  the  different  types  of  shells  used  by  the  warring 
nations,  the  characteristics  of  each,  and  other  points  of  par- 
ticular interest  in  connection  with  the  picture. 

We  quote  from  Mr.  Lucas'  notes  of  recent  exhibitions: 

Pittsburg,  Pa. — On  June  4  the  picture  was  shown  at  the  Car- 
negie Institute  Lecture  Hall  under  the  auspices  of  the  Engi- 
neering Society  of  Western  Pennsylvania.  This  was  a  special 
meeting  called  for  the  purpose  and  invited  guests  were  present. 

Cleveland,  Ohio. — On  June  5  the  Cleveland  Engineering  So- 
ciety called  a  special  meeting  at  the  Chamber  of  Commerce 
Auditorium,  to  which  were  invited  the  members  of  the  Cleve- 
land Engineering  Society,  Chamber  of  Commerce,  Cleveland 
Advertising  Club,  West  Side  Chamber  of  Industry,  City  Club 
and  the  Superintendents  and  Foremans  Club.  While  in  Cleve- 
land, the  9.2-inch  shell  was  shown  at  the  recruiting  station, 
and  as  this  was  registration  day,  it  aroused  considerable  in- 
terest and  helped  the  recruiting  work. 

Buffalo,  N.  Y. — The  Engineering  Society  of  Buffalo  called  a 
special  meeting  at  the  ballroom  of  the  Iroquois  Hotel  on  Wed- 
nesday evening,  June  6.  Here  several  hundred  members  of  the 
local  society  and  other  engineering  men  of  Buffalo  gave  close 
attention  to  the  preliminary  lecture  and  the  moving  picture 
film.  The  meeting  was  preceded  by  a  banquet,  which  was  well 
attended. 

Rochester,  N.  Y. — On  Friday,  June  8,  the  annual  meeting  of 
the  Rochester  Engineering  Society  was  held,  at  which  the  lec- 
ture and  moving  picture  were  given.  Owing  to  the  fact  that 
considerable  shell  work  has  been  done  in  Rochester,  more  than 
ordinary  interest  was  displayed  in  the  film. 

At  the  time  of  writing  thi^ notice — June  23 — arrangements 
have  been  made  to  show  the  picture  at  various  points  in  New 
England,  and  audiences  comprising  several  thousand  mechani- 
cal executives  will  probably  see  the  picture  between  June  23 
and  30. 

*     *     * 

WIRE  STRAIGHTBNERS-CORRBCTION 

The  illustrations  Figs.  4,  5,  6,  9,  10  and  11  of  the  article 
"Wire  Straighteners"  in  the  June,  1917,  number  showed 
straighteners  made  by  the  F.  B.  Shuster  Co.,  New  Haven,  Conn. 
The  statement  in  the  description  of  Fig.  9  to  the  effect  that 
the  upper  rolls  are  mounted  in  an  equalizing  block,  and  the 
lower  rolls  are  fixed,  is  incorrect.  The  rolls  are  independently 
adjustable. 

r 

I  PERSONALS 

Walter  F.  Sheehan  has  been  appointed  general  manager  of 
the  Globe  Motor  Truck  Co.,  St.  Louis,  Mo. 

Henry  Prentiss  of  Henry  Prentiss  &  Co.,  Inc.,  New  York  City, 
has  been  elected  president  of  the  Machinery  Club  of  New  York. 

R.  E.  Uptegraff  has  taken  a  position  as  chief  engineer 
in  the  transformer  department  of  the  Packard  Electric  Co., 
Warren,  Ohio. 

C.  T.  Schaefer  has  been  engaged  by  the  Globe  Motor  Truck 
Co.,  St.  Louis,  Mo.,  as  chief  engineer.  He  was  formerly  chief 
engineer  of  the  Mogul  Truck  Co, 

M.  M.  Moore,  formerly  with  the  machine  tool  department  of 
Gaston,  Williams  &  Wigmore,  Inc.,  New  York  City,  is  now  em- 


ployed In  the  sales  department  of  John  W.  Thorne  &  Co.,  Inc., 
IG.'J  Broadway,  New  York  City. 

Major  Fred.  II.  Moody,  mechanical  editor  of  the  liailway 
(iiiil  Marine  World,  Toronto,  Canada,  and  formerly  associate 
editor  of  Machineuy,  is  recovering  from  a  shell  wound  in  the 
arm  received  "somewhere  in  France." 

Robert  R.  Keith,  for  the  past  five  years  in  charge  of  the 
Sheirield  plant  of  the  Fairbanks-Morse  Co.  at  Three  Rivers, 
Mich.,  has  taken  a  position  as  plant  manager  of  the  Holt  Mfg. 
Co.,  Peoria,  111.,  manufacturer  of  the  "Caterpillar"  gas  tractor. 

J.  B.  Funis,  who  has  been  chief  mechanical  engineer  of  the 
American  Locomotive  Co.  since  1912,  has  been  appointed  vice- 
president  of  the  company  in  charge  of  engineering.  Mr.  Ennis 
has  been  with  the  American  Locomotive  Co.  since  its  incor- 
poration in  1901,  prior  to  which  he  was  with  the  Rogers 
Locomotive   Works   and   the   Schenectady   Locomotive  Works. 

Alfred  Spangenberg  has  resigned  his  position  as  assistant 
superintendent  of  the  machine  shop  of  the  S.  L.  Moore  &  Son 
Corporation,  Elizabeth,  N.  J.,  and  is  now  superintendent  of  the 
ordnance  shop  of  the  Mead,  Morrison  Mfg.  Co.,  East  Boston, 
Mass.  Mr.  Spangenberg  was  for  about  twelve  years  with  the 
Pond  Works  of  the  Niles-Bement-Pond  Co.,  at  Plainfield,  N.  J. 

Morris  R.  Machol,  sales  manager  of  the  Speco  Manufactur- 
ing Corporation,  New  York  City,  read  a  paper,  "Spark  Gaps 
in  Series  with  Spark  Plugs,"  at  the  tenth  annual  convention 
of  the  National  Gas  Engine  Association  in  Chicago,  June  7. 
The  paper  described  a  spark  gap  device  that  eliminates  many 
of  the  faults  of  spark  plugs  due  to  carbon,  defective  insula- 
tion, etc. 

Robert  Wuest,  who  for  many  years  was  the  commissioner 
of  the  National  Metal  Trades  Association,  has  joined  the  Trav- 
elers Insurance  Co.,  Hartford,  Conn.,  as  a  specialist  in  group 
insurance,  with  headquarters  in  Cincinnati.  Mr.  Wuest  trav- 
eled extensively  following  his  resignation  as  commissioner  of 
the  National  Metal  Trades  Association.  During  his  sojourn 
in  Great  Britain  and  Germany  he  gave  a  great  deal  of  study 
to  social  insurance. 

Lawrence  Allison  of  Kansas  City,  Mo.,  a  graduate  of  the 
Kansas  College  of  Engineering,  who  has  had  ten  years'  ex- 
perience in  building  airplanes  with  the  Curtiss  Co.,  the  Stand- 
ard Co.  and  the  Burgess  Co.,  has  been  made  chief  engineer  of 
the  Lawson  Aircraft  Co.,  Green  Bay,  Wis.,  a  new  concern  re- 
cently organized  by  Alfred  W.  Lawson.  John  Carisi  of  Brook- 
lyn has  been  appointed  factory  superintendent,  and  Lee  Wal- 
lace, chief  designer. 

A.  E.  Martell,  who  until  recently  was  connected  with  the 
Southwark  Foundry  &  Machine  Co.,  Philadelphia,  Pa.,  builder 
of  the  Southwark-Harris  Diesel  type  oil  engine,  is  now  asso- 
ciated with  Leonard  B.  Harris,  consulting  engineer  and  archi- 
tect, with  offices  at  411  Walnut  St.,  Philadelphia,  Pa.  Mr. 
Martell,  besides  being  an  oil  engine  specialist,  has  had  a  broad 
experience  in  the  design  of  automatic  machinery,  jigs,  tools 
and  fixtures  for  quantity  production. 

Ainslie  A.  Gray  and  Charles  L.  Benjamin,  well-known  adver- 
tising managers,  have  joined  forces  and  will  maintain  offices 
at  301-302  Transportation  Bldg.,  Chicago,  and  608  S.  Dearborn 
St.,  Chicago,  where  they  will  act  as  advertising  counsel  to 
manufacturers  of  electrical,  mechanical,  chemical  and  kindred 
products;  they  will  analyze  and  report  upon  problems  of  manu- 
facture and  distribution  and  will  supervise  the  preparation  of 
advertising   copy   for   trade  papers,   catalogues,   booklets,   etc. 

A  reunion  in  honor  of  the  eighty-fifth  birthday  of  Amos 
Whitney,  of  Hartford,  Conn.,  one  of  the  founders  of  the  Pratt 
&  Whitney  Co.  and  secretary  and  treasurer  of  the  Whitney 
Mfg.  Co.,  was  held  at  the  Farmington  Country  Club,  June  20. 
An  informal  dinner  was  given  at  the  club.  Among  those  pres- 
ent were  George  Bardons,  George  A.  Bates,  George  M.  Bond, 
W.  J.  Belcher,  W.  H.  Carter,  W.  L.  Cheney,  William  Corey, 
William  Coffey,  Charles  Church,  Charles  Davis,  George  F. 
Echols,  A.  W.  Foote,  James  W.  Greene,  B.  M.  W.  Hanson,  Her- 
bert Hastings,  W.  H.  Honiss,  Frank  Harrington,  John  Johnston, 
J.  N.  Lapointe,  W.  A.  Lorenz,  Thomas  Mannix,  C.  E.  Randies, 
George  Reynolds,  John  Reynolds,  L.  E.  Rhodes,  Ambrose 
Swasey.  Charles  W.  Sponsel,  W.  W.  Totman,  C.  F.  Tucker, 
W.  R.  Warner,  C.  E.  Whitney,  George  0.  Whitney,  Fred  A. 
West.  Fravel  Woodworth. 


OBITUARIES 

A.  Vanderbeek,  proprietor  of  the  Vanderbeek  Tool  Works, 
Hartford,  Conn.,  whose  death  took  place  on  May  9  last,  was 
in  the  wholesale  grocery  business  in  Newark,  N.  J.,  many  years 
ago.  He  retired  from  that  business  and  took  up  the  manu- 
facture of  a  milling  machine  which  he  worked  at  for  a  number 
of  years,  meantime  moving  to  Hartford,  Conn.  The  milling 
machine  was  not  a  commercial  success,  and  he  then  took  up 
the  manufacture  of  universal  joints  and  handy  vises,  which  he 
continued  up  to  the  time  of  his  death.  The  business  has  now 
been  taken  over  by  the  Ainslee  Machine  &  Tool  Works,  Hart- 
ford, Conn.,  who  will  continue  it. 
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The  surface  of  the  piece 
is  absolutely  unmarred, 
because  after  the  cut, 
the  cutter  Is  automatic- 
ally brought  to  a  stand- 
still— the  work  returns 
under  it  while  the 
spindle    Is    stationary. 


aNCINNATIAUTOMATICMILLERS 

With  Intermittent  Feed  and  Automatic  Spindle  Stop 

For  Manufacturing 

RIFLE  AND  MACHINE  GUN  COMPONENTS 

and  Similar  Parts  in  Quantities 

They  have  the  inter- 
mittent feeding"  fea- 
ture, which  has  proven 
so  successful  on  our 
earlier  machines,  with 
this  addition  —  after 
the  cut  is  taken  the 
spindle  is  stopped 
automatically  so  that 
the  work  returns  be- 
neath it  while  the  cutter  is  stationary — no  danger  of  marring  the  sur- 
face of  the  work  because  of  a  revolving  cutter. 

Consider,  too,  the  advantage  of  this  from  the  standpoint  of  safety. 
The  operator  removes  the  finished  piece  and  chucks  a  new  one  while 
the  cutter  is  stationary.  He  can't  get  caught  by  a  swiftly  revolving  al- 
though idle  cutter.  After  he  chucks 
the  new  piece,  he  moves  one  lever — 
and  immediately  both  the  spindle  and 
feed  movements  start  again. 

This  is  one  improvement  on  the 
Cincinnati  Automatic.  There  are 
others  equally  vital.  Do  you  wonder 
this  new  machine  has  already  made  a 
place  for  itself  in  the  esteem  of  a 
number  of  big  munitions  shops? 

For  manufacturing  parts  in  quan- 
tities it  offers  exceptional  advantages. 

Bulletin  containing   details  will  be 
sent  you  upon  request. 


THE  CINCINNATI  MILLING  MACHINE  CO. 


CINCINNATI.  OHIO 
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COMING  EVENTS 

July  26— Monthly  luci'tlni;  or  the  Kochester  So- 
I  illy  of  Tcfhiilriil  Drartsiiii'ii,  in  Rooms  131-137, 
Sibley  Itlork,  328  Muln  St.,  10.,  Uot-hcBter,  N.  Y. 
().  li.  Angcvlne,  Jr.,  secretary,  857  Genesee  St., 
lti)chi'Stcr. 

August  30-Soptembor  1— Ninth  imnmil  lonventlon 
of  the  Aui.-ri.aii  l(nilw:iy  Tool  Kori'niiin's  Assuiiu- 
lioii.  rhioiiKo,  111.1  Shoruiun  Hotel,  heinlMUurlers. 
('.  N.  Thulin,  secretiiry-treasurer,  U3D  I'eoiiles  tins 
r.UlK.,  Chicago,   111. 

September  10-16 — Annual  convention  of  the  Na- 
tional Safety  Council,  New  York  City;  Hotel  Astor. 
heailciiiarters.  Marcus  A.  Dow,  president,  Grand 
Central   Station,    New   York   City. 

September  10-15— E.Npositiou  of  safety  appliances 
at  the  Grand  Central  Palace,  New  York  City,  under 
the  auspices  of  the  American  Museum  of  Safety,  18 
W.    21th    St.,    New    York    City.      Arthur    II.    Young, 


«tor. 


September  27-29 — Informal  consress  and  reunion 
of  .\inerican  and  Canadian  engineers  and  architects 
of  Norwegian  birth  or  descent  in  ChicaKo  at  Chicago 
Norske  Klub,  234G  N.  Kedzie  Blvil.,  Logan  Square, 
Chicago,  111. 

SOCIETIES,  SCHOOLS  AND 
COLLEGES 

Melbourne  Technical  School,  Workingmen's  Col- 
lege, Melbourne.  Australia.  Prospectus  tor  1917, 
containing  admission  requirements,  calendar,  outline 
of  courses,    etc. 

Committee  for  Men  Blinded  in  Battle,  111  E. 
59th  St.,  New  York  City,  has  issued  a  report  of  its 
work  in  France  during  the  past  two  years.  The 
report  gives  an  account  of  some  of  the  remarkable 
work  that  has  been  accomplished  in  training  the 
blind  to  take  up  useful  work.  Some  of  the  things 
tliat  have  been  taught,  besides  Braille,  are  type- 
writing, stenography,  commercial  courses,  languages, 
uinsic,  handicrafts,  modeling,   sports,  games,   etc. 

Cleveland  Engineering  Society,  Cleveland.  Ohio, 
lias  issued  a  publication  named  "The  Conquerors," 
which  is  offered  as  a  contribution  to  the  work  of 
the  committee  on  cooperation.  It  aims  to  give 
credit  to  the  engineer  for  services  to  society  in  con- 
quering the  forces  of  nature  and  bending  them  to 
the  service  of  man.  The  following  articles  appear: 
'■Peacefulness  and  Greatness  of  the  Earliest  Engi- 
neers," by  George  H.  Johnson;  "Making  Homes  in 
the  Desert,"  by  F.  H.  Newell;  "Public  Water  Sup- 
ply." by  George  W.  Fuller;  "Transportation,"  by 
A.  W.  Johnston;  "Some  Notable  Masonry  Bridges," 
by  Henry  S.  Jacoby;  "Measurement  of  Steam  Flow 
by  the  United  States  Geological  Survey,"  by  John 
C.  Hoyt;  "Kecent  Developments  in  Naval  Architec- 
ture," by  Charles  F.  Gross.  The  price  of  the  pub- 
lication is  25  cents. 

NEW  BOOKS  AND  PAMPHLETS' 

Summary    of    Report    on    Workmen's    Compensation 
Acts    in    the    United    States.      8    pages,    0    by    9 
inches.      Publislied    by    the    National    Industrial 
Conference  Board.   Boston,  Mass. 
The    Embrittling    Action    of    Sodium    Hydroxide    on 
Soft  Steel.     By  S.   W.   Parr.     57  pages,   6  by  9 
inches;  illustrated.     Published  by  the  University 
of   Illinois,    Urbana,    III.,    as   Bulletin   94   of   the 
Engineering  E-xperiment  Station.     Price,  30  cents. 
Magnetic    and    Other    Properties    of    Iron-Aluminum 
Alloys  Melted  in  Vacuo.      By  Trygve  D.    Yensen 
and    Walter    A.    Gatward.      54    pages,    6    by    9 
inches;    19  illustrations.      Published   by   the  Uni- 
versity of   Illinois,    Drbana,    111.,    as   Bulletin   95 
of   the  Engineering   Experiment   Station.      Price, 
75  cents. 
Foreign    Commerce    and    Navigation    of    the    United 
States  for  the  Year  Ending  June  30,   1916.     950 
pages,   9  by  11%    inches.     Published  by  the  De- 
partment   of    Commerce,    Washington,    D.    C. 
This  volume  gives  the  total  values  of  imports  and 
exports    of    merchandise,    gold    and    silver,    and    the 
tonnage    of    vessels    entered    and    cleared    for    each 
year  from  1912  to  1916.     Various  grouping  arrange- 
ments   are   made    so   as    to   make    the    book    of    the 
greatest    statistical    value   possible. 
Examples  in  Battery  Engineering.     By  F.  B.  Austin. 
90    pages,    4%    by    7i/4    inches;    39    illustrations. 
Published  by  Prof.  F.  E.  Austin,  Hanover,  N.  H. 
Price,   $1.25. 
The   general   and   increasing    use   of   primary   and 
storage  cells  makes  this  work  on  battery  engineering 
of  general   value   to  engineers  and   others   concerned 
with    problems   of   battery    design   and    maintenance. 
The  work   is  divided  into  sixteen  lessons  that  were 
used   in    the    author's   classes.      The   lessons    are   ac- 
companied   by    examples    and    problems   which    illus- 
trate the  principles  explained. 

Statistical  Abstract  of  the  United  States,  1916.  773 
pages,  6  by  9  inches.  Published  by  the  De- 
partment of  Commerce,  Bureau  of  Foreign  and 
Domestic  Commerce,   Washington,   D.   C.     Price, 
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ats. 


The  American  statistics  cover  such  subjects  as 
agriculture,  forestry  and  fisheries;  manufacturing 
and  mines;  internal  communication  and  transporta- 
tion; merchant  marine  and  shipping;  foreign  com- 
merce; consumption  estimates;  prices:  money,  bank- 
ing and  insurance.  Commercial,  financial  and  mone- 
tary statistics  of  the  principal  countries  of  the 
world   are    included. 

Compressed  Air — Theory  and  Computations,  By 
Elmo  G.  Harris.  192  pages,  6  by  9  inches;  32 
illustrations.  Published  by  the  McGraw-Hill 
Book  Co.,   Inc.,   New   York  City.     Price,   ?2. 


This  excellent  work,  which  was  first  published  In 
liilO,  now  appears  In  the  second  edition.  It  gives 
In  comparatively  f<w  pages  many  formulas  and  a 
large  amount  of  leihnlial  data  on  comiiressed  air 
engineol'lng.  The  author  very  truly  states  In  his 
Introduction  that  comprcHScd  air  Is  a  manufactured 
product  of  considerably  greater  value  than  the 
things  used  and  consumed  In  its  manufacture,  yet 
In  much  of  the  practice  In  using  compressed  air, 
little  attention  Is  given  to  its  ctllciont  use.  The 
user  Is  likely  to  tolerate  waste  of  compressed  air 
that  should  be  checked  to  save  the  coal  pile.  The 
work  deals  with  fundamental  formulas,  measure- 
ment of  air,  friction  in  air  pipes,  air  compressors, 
special  applications  of  compressed  air,  alr-Uft 
pumps,  receivers  and  storage  of  compressed  air, 
fans,  centrifugal  or  turbo-air  compressors  and  ro- 
tary  blowers. 

How  to  Lay  Out  Turret  Lathe  Tools,  135  pages, 
C  by  9  Inches;  114  illustrations.  Published  by 
Alfred  Herbert,  Ltd.,  Coventry,  England.  Price, 
2s.,  Gd.  (00  cents). 
This  book  is  a  handbook  for  those  who  design 
tools  for  use  on  turret  lathes  and  automatic  turn- 
ing machines.  It  is  a  practical  book,  intended  pri- 
marily, of  course,  for  the  convenience  of  people 
using  the  Alfred  Herbert  machines,  but  also  con- 
taining many  suggestions  of  value  to  tool  design- 
ers who  are  laying  out  tools  for  turret  lathes  of  any 
nuike.  As  stated  in  the  preface  of  the  book,  the 
success  of  a  lay-out  of  tools  for  turret  lathe  prac- 
tice is  dependent  on  the  sound  judgment  of  the 
designer,  which,  in  turn,  can  only  be  based  on  past 
experience  and  familiarity  with  the  best  shop  prac- 
tice. It  has,  therefore,  been  the  intention  in  this 
book  to  lay  down  the  broad  principles  of  design  and 
practice,  which,  if  adhered  to,  will  enable  anyone 
with  a  fair  amount  of  shop  experience  to  undertake 
this  work  with  reasonable  assurance  of  success. 
The  book  is  divided  into  twenty-five  chapters,  each 
taking  up  some  specific  phase  of  the  problem  of  lay- 
ing out  tools  for  the  most  effective  use  of  turret 
lathes. 

Shop  Expense  Analysis  and  Control.  By  Nicholas 
Thiel  Ficker.  240  pages,  6  by  9  inches.  Pub- 
lislied by  the  Engineering  Magazine  Co.,  New 
York  City.  Price.  $3. 
The  author  states  that  according  to  the  latest 
figures  furnished  by  the  Federal  Trade  Commission, 
only  10  per  cent  of  the  250,000  or  more  manufac- 
turing plants  in  the  United  States  have  adequate 
cost  finding  methods  in  operation;  40  per  cent  esti- 
mate their  costs,  and  50  per  cent  have  no  basis 
whatever  of  knowing  what  their  costs  are.  The 
need  of  a  more  general  understanding  of  the  prin- 
ciples of  cost  keeping  and  the  establishment  of 
better  methods  of  keeping  cost  is  obvious.  The 
work  contains  twelve  chapters  with  the  following 
heads:  Establishing  the  Unit  of  Time  as  a  Basis 
of  Distribution:  The  Two  Main  Divisions — Machine 
Expense  and  Material  Expense;  Classification  and 
Interpretation  of  General  Ledger  Accounts  Pertain- 
ing to  Production;  Distributing  Manufacturing  Ex- 
pense to  Production  Centers  and  Segregating  Power 
Expense;  The  Standardization  of  Rent  Expense  Dis- 
tribution; Depreciation,  Insui'ance,  Taxes  and  In- 
terest— Tool,  Material  and  Special  Department  Ex- 
pense; The  Machine  Unit  System;  Current  Variation 
Ratios  for  Adjusting  Current  Costs;  Organization; 
Waste  in  Manufacturing;  Graphic  Determination  of 
Costs;    and   Standard    Reports. 

Getting  the  Most  Out  of  Business.  By  E.  St.  Elmo 
Lewis.  515  pages,  5%  by  81/2  inches.  Pub- 
lished by  the  Ronald  Press  Co.,  New  York  City. 
Price.  $2.50. 
This  interesting  work  might  be  called  a  philo- 
sophical treatise  on  the  art  of  living  and  doing,  and 
we  recommend  it  to  anyone  in  or  out  of  business 
who  has  red  blood  in  his  veins  as  well  worth  read- 
ing. The  work  is  so  extensive  that  in  giving  a  no- 
tion of  the  contents  we  are  confined  to  a  statement 
of  the  chapter  titles,  which  are  as  follows:  Thought 
as  a  Business  Asset;  Elficiency  and  Its  Applica- 
tions; Efficiency  and  Its  Problems;  Efficiency  and 
Its  Standards;  Some  Business  Policies;  Psychology 
and  Common  Sense;  Efficiency  and  Common  Sense; 
Doers  and  Thinkers;  The  Rule  of  Thumb;  The  Rules 
of  EflTiciency;  The  Work  of  Efficiency ;  The  New 
Gospel  of  Commercial  Efficiency;.  The  Gift  of  Per- 
ception; Seen  on  the  Way;  Tho.se  Who  Lead;  The 
Religion  of  Loyalty;  Loyalty  to  Plan  and  Purpose; 
Loyalty  to  Ideals;  The  N.  C.  R.  School;  Standard 
Practice  Instructions;  The  Sales  Manual;  Extension 
of  the  School  Plan;  The  One-man  Fallacy;  Rational 
Business  Methods;  Scientific  Principles  Applied  to 
Business;  The  Executive  Organization;  The  Line 
and  Staff  System;  Individuality;  The  Efficient  In- 
dividuality; According  to  the  Rules;  The  Basis  of 
Discipline;  Discipline  for  Growth;  The  Essentials  of 
Discipline;  The  Basis  of  Wages;  The  Wage  Plan; 
Educated  Democracy;  The  Law  of  Service;  The 
Debt  to  Society. 

Mechanicd.1  Equipment  of  Buildings,  Vol.  II. — Power 
Plants  and  Refrigeration.     By  Louis  A.  Harding 
and    Arthur    C.    Willard.      759    pages,    6%    by    9 
inches;   illustrated.     Published  by  John  Wiley  & 
Sons,    Inc..   New   York  City.      Price.   $5. 
This  extensive  work  is  a  reference  book  for  build- 
ing engineers  and  architects,  and  is  the  second  part 
of  the  treatise,  though  complete  in  itself.     In  order 
to   make    Vol.    II    complete,    the    chapters   on   heat, 
water,   steam,   air,   fuels  and  combustion,   and  parts 
of    two   other  chapters  were   reprinted    from   Vol.    I. 
The    contents    are:      Physical    Units    and    the    Meas- 
urement of  Heat;  Water,  Steam  and  Air;   Fuels  and 
Combustion;     Boilers    and     Rules    for    Construction; 
Mechanical  Stokers;   Superheaters  and   Economizers; 
Chimneys     for    Power     Boilers;     Mechanical     Draft; 
Feed-water     Heaters     and     Feed-water    Purification; 
Steam  Engines;  Steam  Turbines;  Pumps;  Steam  Con- 
densers;  Cooling   Ponds  and  Towers:    Pipe,    Fittings, 
Valves,  Coverings  and  Accessories;  Power  Plant  Pip- 
ing; Arrangement  of  Steam  Power  Plants;  Coal  and 
.\sh     Handling    Machinery;     Isolated    Power    Plant 
Data:    Cost   of   Steam   and    Gas   Power   Equipment; 


UiiltH  Employed  In  Mefrlgeratlon  Practice;  Heat 
Transmission  and  Construction  of  Cold  Storage 
Walls;  Heat  Transmission  of  Piping  aB  Used  In 
Itefrlgerathui  Practice;  Methods  of  Producing  Artifi- 
cial Refrigeration;  Cold  Air  Machines;  Compression 
Maihlnes;  Vacuum  Machines;  Ammonia  Condensers; 
Ilrlue  Circulating  System;  The  Ammonia  Absorption 
Machine;  Ice  Manufacturing  Plants.  A  great 
amount  of  tabular  matter  is  included,  much  of 
which  is  especially  valuable  to  refrigerating  engi- 
neers. 

Stobbs'  Wire  and  Sheet  Gage  Tables  and  Metal  Cal- 
culator, By  Thomas  Stobbs.  95  pages,  4%  by 
7'/i  inches.  Published  by  Spon  &  Chamberlain, 
New  York  City.  Price,  $1.25. 
The  author  states  that  the  tables  were  compiled 
to  supply  a  long-felt  want  by  merchants,  manufac- 
turers and  those  connected  with  the  wire,  sheet 
steel  and  other  metal  industries.  Inasmuch  as  the 
metric  system  is  coming  more  and  more  Into  use  In 
England,  the  author  has  selected  the  tenths  and 
hundredths  of  a  millimeter  as  units,  giving  the 
equivalents  In  decimals  of  an  inch.  The  work  In- 
cludes: Examples  of  Calculation  for  Wide  Sheets, 
Sheet  Steel,  Circular  Plates,  Steel  Sections;  Multi- 
pliers for  Finding  the  Net  Weight  of  Rolled  Metals; 
Millimeter  Gage  with  Equivalents  in  Decimals  of 
an  Inch,  in  Imperial  Standard  Wire  Gage;  Stubs 
and  Birmingham  Gage,  Tenths  of  a  Millimeter  and 
Fractions  of  an  Inch;  Imperial  Standard  Wire  Gage, 
with  Equivalents  in  Decimals  of  an  Inch  and  in 
Millimeters;  Stubs  and  Birmingham  Wire  Gage, 
with  Equivalents  In  Decimals  of  an  Inch  and  in 
Millimeters;  Brown  &  Sharpe's  (American)  Wire 
Gage,  with  Equivalents  in  Decimals  of  an  Inch  and 
in  Millimeters;  Whitworth's  Decimal  Wire  Gage, 
with  Equivalents  in  Millimeters,  Nearest  Number 
in  Stubs  Gage;  Needle  Wire  Gage,  with  Equiva- 
lents in  Decimals  of  an  Inch  and  Millimeters;  Music 
Wire  Gage,  with  Equivalents  in  Decimals  of  an 
Inch,  and  Nearest  Size  in  Imperial  Standard  Wire 
Gage  and  Stubs  Gage;  French  Wire  Paris  (P)  Gage, 
with  Equivalents  In  Millimeters  and  Decimals  of 
an  Inch;  Japy  Wire  Gage,  with  Equivalents  in 
Millimeters  and  Decimals  of  an  Inch;  German  Milli- 
meter Wire  Gage,  with  Equivalents  in  Decimals  of 
an  Inch  and  Nearest  Imperial  Standard  Wire  Gage 
and  Stubs  Gage;  Lancashire  Pinion  Wire  Gage  (Let- 
ter and  Number),  with  Equivalents  in  Decimals  of 
an  Inch  and  in  Millimeters;  Norton's  Spindle  Sizes, 
with  Equivalents  in  Decimals  and  Fractions  of  an 
Inch  and  in  Millimeters;  Whitworth's  Standard 
Sizes  Hexagon  Bolts  and  Nuts,  with  Equivalents  in 
Decimals  of  an  Inch  and  in  Millimeters;  Tables  of 
Ship  Plates;  Weights  of  Square,  Round,  Hexagon, 
Octagon,  Three-square  and  Half-round  Metals,  Round 
Metal  Wire,  Metal  Cubes,  Balls  and  Disks,  etc.  The 
limits  of  space  will  not  permit  extending  this  list 
of  contents,  but,  needless  to  say,  the  book  is  com- 
prehensive and  valuable  to  all  needing  an  authorita- 
tive set  of  gage  tables  in  English,  metric  and  for- 
eign  sizes. 

NEW  CATALOGUES  AND 
CIRCULARS 

stow  Mfg.  Co.,  Binghamtcn,  N.  Y.  Circular  illus- 
trating Stow  grinders,  fiexible  shafts,  portable  drills, 
etc. 

Reliance  Electric  &  Engineering  Co.,  1056  Ivanhoe 
Rd.,  Cleveland,  Ohio.  Bulletin  2014  of  Type  T 
heavy-duty  Reliance  motors  for  direct  current. 

National  Lathe  Co.,  15  W.  2nd  St.,  Cincinnati, 
Ohio.  Circular  of  the  17-inch,  quick-change,  double 
back-geared,  three-step  cone  pulley  "National"  en- 
gine lathe. 

Link-Belt  Co.,  Chicago,  HI.  Booklet  entitled 
"Blue  Dia.-nond  Coal  Co.'s  Tipple,"  describing  the 
installation  made  at  Cardiff,  Ky.,  by  the  Link- 
Belt  Co. 

Taylor  Machine  Co.,  7804  Carnegie  Ave.,  Cleve- 
land, Ohio.  Circular  of  "Atlas"  20-inch  double  back- 
;;eared  lathes,  built  in  8-.  10-  or  12-foot  lengths  of 
beds,  or  longer  to  order. 

Link-Belt  Co.,  Chicago,  III.  Booklet  entitled  "The 
Ideal  Drive  for  Grain  Elevators."  illustrating  typi- 
cal applications  of  Link-Belt  silent  chain  in  new 
and  old  grain  elevators. 

Wright  Mfg.  Co.,  Lisbon,  Ohio.  Catalogue  8 
of  Wright  steel  hoists,  hand  cranes  and  ^teel  trol- 
leys. Wright  high-speed  steel  chain  hoists  vary  in 
capacity  from    14   to  30  tons. 

Prest-0-Lite  Co.,  Inc.,  837  Speedway,  Indianapolis, 
Ind.  Catalogue  of  apparatus  for  oxy-acetylene  weld- 
ing and  cutting.  'I'his  apparatus  is  designed  for 
use   with    high-pressure   gases   only. 

Link-Belt  Co.,  Chicago,  111.  Catalogue  270,  illus- 
trating and  describing  Link-Belt  wagon  and  truck 
loaders  for  loading  and  screening  such  material  as 
coal,  stone,  sand,   foundry  refuse,  etc. 

David  A.  Wright,  568  Washington  Blvd.,  Chicago, 
111.  Circular  of  the  Pratt  &  Wright  No.  IV;  screw 
machine,  having  an  automatic  chuck  capacity  of 
13/10-inch  round,  19/32-inch  square  and  23/32-inch 
hexagon. 

U.  S.  Electrical  Mfg.  Co.,  Los  .\ngeles,  Cal.  Cir- 
cular of  electric  grinding  and  buffing  motors  using 
one-,  two-  or  three-phase  current.  110  to  440  volts, 
and  operating  at  speeds  from  1800  to  3000  revolu- 
tions per  minute. 

Dodge  Sales  &  Engineering  Co.,  Mishawaka,  Ind. 
Catalogue  C  17A  of  power  transmission  machinery, 
comprising  shafting,  hangers,  pulleys,  clutches,  col- 
lars, couplings,  countershafts,  pillow  blocks,  step 
bearings,  floor  stands,  belt  tighteners,  binder  frames, 
etc. 

Metalwood  Mfg.  Co.,  Detroit,  Mich.  Circular  B-50 
of  Metalwood  banding  presses  for  pressing  in  copper 
rotating  bands  on  high-explosive  shells.  These 
presses  are  built  in  two  sizes,  one  lor  banding  3-  to 
Cinch  shells  and  the  other  for  banding  7-  to  10-inch 
shells. 
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Link-Belt  Co,  CliU-ugo,  111.  Booklet  eutltloil  "In- 
crcnsliiK  I'rolUs  by  Sin  Ins'  Kxpi-UHe  111  the  Ilnmlllug 
and  Storing  of  Coiil  auil  AhIich."  The  pnb^liiillmi  Is 
lirofnacly  IlIUHlinteil  with  Hue  engriivlngH  nnil  Imlf- 
toiien  Hhowlng  up-to-dute  colli  and  ash  hiiniiling 
eiinlpuiont. 

Montgomery  &  Co.,  Inc.,  101  Fulton  St..  New 
York    City.      "OiUIs    and    Kiuls"    No 


Lincoln   Electric   Co.,   Clevclnnd,    Ohio.     Pamphlet    holding    renponsihlc    ponltlons    with    reputable    mu- 


Inle.st  prl.es  of  the  line  of  tools,  nupplies  and  luu- 
cljluery  carried  by  this  company,  which  Includes 
vises,  tool  chests,  drills,  gages,  faceplates,  centers, 
angle-plates,    punches,   screws,   snips,    files,   etc. 

Steel-Art  Tool  Co.,  Elsln,  111.  Circular  ot  the 
"Satco"  ipiuk-change,  keyless  drill  chuck,  made  In 
five  si/.cs,  having  capacities  from  0  to  %  Inch,  in- 
clusive; also  clrcular.s  of  the  "Satco"  adjustable 
boring-  and  turning-bar  and  bar-holder,  Improved 
hollow  drill,  and  hollow  cud-mill  with  receding 
cente 


'lOicctrlc  Arc  Welding,"  reviewing  the  various 
methods  of  welding  and  dealing  with  electric  arc 
wedding  In.  particular.  Tlic>  pamphlet  Is  profusely 
illustrated  and  contains  valuable  data  and  sugges- 
tions for  welding  engineers  and  operators.  The  pos- 
slbllitles  of  reclaiming  defective  steel  castings  are 
ontalniug     shown  ciuivlndngly.      lOxamples  of   broken  gray   liou 


!ind  malleable  castings,  broken  locomotive  frames, 
cracked  boiler  slicetB,  leaky  rivets,  broken  cross- 
heads  and  other  characteristic  railway  repair  work 
arc  given,  with  data  on  labor,  material  and  current 
cost   and 


hlnc^ry  concerns.  The  company  proposes  to  render 
engineering  service  by  making  designs,  drawings, 
working  out  details  and  specializing  In  the  design 
of  automatic  and  special  machinery,  Jigs,  flxluruii 
and    pro(iu<'tiou    tools. 

Chicago    Flexible    Shaft    Co.,    Chicago,    111.,    manu- 
facturer   of    llexlblc    shaft    machinery. .  gas    and    oil 
furnaces,    has    built    a    one-story    plant    with    saw- 
tooth roof  about  400  feet  long  and  800  feet  wide  at 
12th    St.    and   DOtli    Ave.,    and   expects    to  occupy    It 
in    the    month    of    July.      The    Interior    will    be    ar- 
ts of  other  methods.      Equipments  suit-     ranged   by  departments,    so  as  to  facilitate   the  eco- 
ablc   for   various  classes  of  electric  arc   welding   are     nomlcal  handling  ot  the  various  products.     The  floor 
iiliislratcd.  is  of  concrete  construction   tliroughout. 

Gardner  Machine  Co.,  Belolt,  Wis.  Catalogue  of  Detroit  Pneumatic  Chuck  Co.,  l''lat  Rock,  Mich.. 
grinding  and  polishing  machinery,  accessories  and  has  been  reorganized  with  increased  capital.  The 
supplies,  comprising  disk  grinders  for  metals,  disk  „(.^  otliccrs  are  Floyd  Bryant,  president;  George 
grinders  tor  pattern  shops,  di.sk  grinder  accessories.  Case,  vice-president;  and  George  Bunte,  secretary, 
ring  wheel  grinders,  band  finishing  machines,  pol-  treasurer  and  general  manager.  J.  A.  Olson  is 
Hoskins  Mfg.  Co.,  459  Lawton  Ave.,  Detroit,  Mich.     ij,i,ing  and  bulling  lathes,  ring  wheel  chucks,  fixtures    superintendent.      This    company    has    an    up-to-date 

"     ■ "'■■•"    '■■'—■■-'-*"""'■     for   ji5,i(    grinders,    abrasive   disks,    cloth    and    paper.     ,|i„nt  and   is   bringing   out   a    full   line  ot   pneumatic 

wheel  cement  and  disk  grinder  grease.  The  develop- 
ment of  the  disk  grinding  machine  during  the  past 
ten  years  has  been  rapid,  and  it  Is  now  regarded  as 
indispensable  for  many  operations,  having  achieved 
the  position  of  a  high-grade  machine  tool  in  manu- 
f.icturing  establisliments.  The  catalogue  illustrates 
an  extensive  line  of  disk  grinding  machines,  belt- 
and  motor-driven,  with  one  and  two  spindles  pro- 
vided   with    either    plain   or    ball    bearings    to    take 


Bulletin  3-.\  on  Iloskins  pyrometers,  high-resistance 
type.  These  pyrometers  are  fitted  with  Hoskins 
base  metal  thermo-couples,  made  ot  "Chromel," 
the  characteristic  of  which  is  a  practically  straight- 
line  relation  between  the  temperature  rise  and  the 
milli-voUage. 

Sprague  Electric  Works  of  General  Electric  Co., 
B27  W.  34th  St.,  New  York  City.  Bulletin  48700  A. 
descriptive  of  Sprague  electric  monorail  hoists,  cage- 
controlled,  and  illustrating  installations  of  monorail 


The 


hoists  in  various  plants.  Tables  of  ratings  and  radial  and  thrust  loads.  An  extensive  line  of  pat- 
weights  of  monorail  hoists  (or  direct  and  alternating  tcrnmakers'  disk  grinders  and  attachments  is  shown; 
current  are  Included.  '  "  ''^"    .   .,     -  ,   .j    ...n.    i,„ii    t  ~= 

Colburn  Machine  Tool  Co,,  Franklin.  Pa.  Circular 
ot  the  No.  2  Colburn  manufacturing  heavy-duty 
drilling  machine.  20-inch  swing,  having  capacity  to 
drive  1^-inch  high-speed  drills  through  steel.  The 
circular  illustrates  details  and  shows  the  machines 
In  gangs  of  four  spindles;  two-  and  three-spindle 
gangs  are  also  furnished. 

Metalwood  Mfg.  Co,.  Detroit,  Mich.    Circular  B-49 


equipment — chucks,  mandrels  and  special  tools 
company   reports  a    rapidly  growing   business. 

James  H.  Matthews  &  Co.,  3942-3046  Forbes  St.. 
Pittsburg.  Pa.,  gave  its  third  annual  outing  and 
picnic  to  its  employes  and  friends,  at  Homestead 
Park.  June  9.  The  athletic  events  took  up  the 
forenoon,  and  after  the  picnic  dinner  a  hotly  con- 
tested ball  game  was  played,  following  which  was 
dancing.  The  event  was  enJoyal)le,  and  profitable 
in  the  sense  that  it  brought  about  personal  contact 
and  acquaintance  not  to  be  realized  in  ordinary 
business  relations. 

Nicholson  File  Co.,  Providence,  R.  I.,  manufac- 
turer of  flies,   announces  that  It  will  participate   in 

an   electric   display   which   is  now   being   erected   in 

L,  S.  Starrett  Co,,  Athol,  Mass..  will  appear  prom-  New  York  City  overlooking  Times  Square  This 
jj,  c.  oi,ttiAoi.i,  v/v,.,  .1  ,  ,,.',„„  „f  tho  Rife  display  will  be  unique.  The  emblem  of  the  Rice 
""    Ll-i.^^^i"?!   !li:'"^d7}''Z.f^?.l,^\V    I-ciders    of    the    World    Association    will    be    repre- 


iso    polishing    lathes    provided    with    ball    bearings. 

TRADE  NOTES 


in  New  York  City. 


sented    on    the 


amoth    structure   and   the   names 


Leaders  ot  the  World  A; 

A»oi,a..wuu.^  »».B,  "v..  ^^ ,  -- Westinghouse   Electric  &  Mfg.   Co.   and   the   West-    and  "individual  selling  points  ot  the  members,  include 

illustrating   the  Metalwood   No.   87  internal  pressure    ingliouse    Machine   Co.    were   merged   by   vote   at   the     j„g  ^j,g   Nicholson   File  Co..   will  appear  on  the  dis- 
physical    test    press,    designed    primarily    tor    testing    annual    meeting    of    the    stockholders    m    East    Pitts-    p].,y  j^  brilliant  electric  letters. 

high-explosive    shells,    but    which    can    also    be    used    burg,    June    13.  Henry  &  Wright  Mfgr.  Co..  Hartford.  Conn.,  manu- 

for  general  laboratory  and  experimental  work.     An        y^„  p^jn  Electric  Tool  Co..   Cleveland.   Ohio,   has    fneturer  of   automatic   drilling   machines,   has   made 
Internal    hydraulic    pressure    of    16,500    pounds    per    opened   a   branch   office  at  524   Wells  Bldg.,   Milwau-    a  contract  with  the  Travelers  Insurance  Co.   to  pro- 
square  inch  is  developed.  kee,  Wis.,  under  the  management  of  James  Gibbons. 
Greenfield     Tap     &     Die     Corporation,     Greenfield,     formerly  manager  of  the  company's  Baltimore  office. 
Mass.      Catalogue    containing    a    detailed    description         Union  Switch  &  Signal  Co.,   Swissvale,  Pa.,   is  in- 

of   the    "Acorn"    die   and   holder,    for  which    the   ad-    stalling   5000-pound   steam   drop-hammers  which   will  ,  ,       „,,  ^.«     » 

-antages  of   strength,    accuracy,    speed,    adaptability    largely  increase  the  facilities  for  forging  automobile    The  plan   went   into  effect  June   1.      The  certificates 
nd   high   nuality   of   work   are   claimed.      The    cata-    ^xles    large  gear  blanks,  crankshafts  and  cam-shafts,     not  only  provide  $1000  life  insurance,   but  also  con- 
■     ■      ■  ' — '-  '   ,    „     ,.       m     .  «       nnr.  ttt  a  c^,.:.,.,      talu   the   usual   disability   clause. 

Baush  Machine  Tool  Co.,  200  Wason  Ave.,  Spring-  „     ^.       _     ,  _      .  ^    ,        ,„.. 

field  Mass  ,  combined  a  fiag  raising  with  a  "Lib-  American  Machine  Tool  Engineering  Works,  48d4- 
erty"  bond  sale  May  25.  at  which  time  173  employes  -1858  W.  Kinzie  St.,  Chicago,  111.,  have  taken  over 
subscribed  to  a  total  of  approximately  $30,000  worth.     "■"    ""*'-'-    "'"'■"*"    '""-    '-  = 

Axelson  Machine  Co.,  Los  Angeles,  Cal..  has  moved 

to    its    new     factory,     comprising    seven    large    and 

dill    spacious    buildings,    up    to    date    in    all    particulars. 

The  concern  is  one  of  the  largest  manufacturers  on 

the  Pacific  coast. 

Driggs-Seabury  Ordnance  Co.,  Sharon,  Pa.,  has  ac- 
quired all  the  property  and  assets  of  the  Savage  provements  are  being  made  in  the  lathe. 
Arms  Co.,  Utica,  N.  Y..  and  has  changed  its  name  General  Electric  Co.,  Schenectady.  N.  Y..  has 
to  the  Savage  Arms  Corporation.  The  offices  of  the  n^oved  its  New  York  City  offices  from  30  Church  St. 
corporation  are  at  50  Church  St..  New  York  City.  („  the  Equitable  Bldg..  120  Broadway.  The  entire 
Inter-State  Machine  Products  Co.,  Inc.,  Rochester,  twentieth  floor  of  the  building  has  been  especially 
N.  Y.,  has  opened  an  automatic  screw  machine  de-  arranged  and  furnished  for  the  company.  In  the 
partnient  for  handling  outside  work,  and  has  in-  quarter  century  since  the  company  was  formed,  its 
stalled  a  number  of  new  four-spindle  automatic  business  has  increased  from  about  $10,000,000  in 
screw  machines.     The  department  is  expected  to  be    gross  sales  the  first  y^ar  of  its  organization  to  gross 

orders  of  over  $167,000,000  during  the  twenty-fifth 
year,  and  its  sales  offices  have  naturally  increased 
in  number  and  importance.     The  offices  in  New  York 


logue    is    illustrated    with    views    that    show    clearly 
the  construction  of  the  die  and  its  use. 

Hess-Bright  Mfg.  Co..  Front  St.  and  Erie  Ave.. 
Philadelphia,  Pa.  Pamphlet  entitled  "The  Applica- 
tion of  Ball  Bearings  to  the  Airplane."  by  W.  L. 
Batt.  mechanical  engineer.  The  pamphlet  briefly 
reviews  the  development  of  ball  bearings  and  illus- 
trates si'<cral  applications  of  Hess-Bright 
and  thrust  bearings  to  airplane  propellers. 

Hess-Bright  Mfg.  Co.,  Front  St.  and  Erie  Ave., 
Philadelphia,  Pa.  Pamphlet  entitled  "Hess-Bright 
Ball  Bearings— How  to  Apply  Them,"  by  H.  Wick- 
land.  Applications  of  radial  ball  bearings  are  illus- 
trated and  the  conditions  to  be  observed  are  dis- 
cussed. The  pamplilet  should  be  useful  to  all  de- 
signers applying   ball  bearings  in  machine   design. 

De  Laval  Steam  Turbine  Co.,  Trenton.  N.  J.  Cata- 
logue entitled  "Progress  in  Water  Works  Pumps," 
which  treats  of  the  development  and  advantages  of 
Bteam-turbine-driven     centrifugal     pumps     for     city  ,  ,      , 

water  supply,  and  illustrates  installations  in  fifteen    running  juiy   i. 
of  the  principal  cities  in   this  country  and   Canada.         Manufacturers'      Equipment 


vide  $1000  life  insurance  on  the  group  plan  for  all 
its  employes.  More  than  one  hundred  men  profit  by 
this  at  the  outset,  and  many  more  will  be  included 
when    they    have    completed    three    months'    service. 


ntire  "Neat"  lathe  business  of  the  National 
Engineering  &  Tool  Works,  Oak  Park.  III.,  and  will 
continue  to  manufacture  this  lathe  under  its  trade- 
mark "Amtew."  Frank  W.  Hack,  general  works 
manager,  organized  the  National  Engineering  &  Tool 
Works,  and  was  formerly  its  president.  He  re- 
signed January  1  and  organized  the  American  Ma- 
chine  Tool    Engineering   Works.     A   number   ot   im- 


Chicago, 


including    thirty-four   units,    aggregating   999,000.000    maker  of  air  chucks,   air  cylinders  and  other  labor-  i  important  among   its 

gallons  per  day  capacity.  saving   devices,    has   opened    an    oflice    in    New    York    ^j  f  ,  ^  ^ 

1  .f       1  pj        ^j    3Q    Church    St.,    with    E.    J.    Chamberlm    in    aisirict  omces.  v,      t       ., 

The   New   York   office   was   opened   in  order        Driver-Harris     Wire     Co.,     Harrison,     N.     J.,     has 
better    service    to    the    company's    customers    changed    its    name    to    the    Driver-Harris    Co.      The 

former  name  did  not  comprehensively  designate  the 
products  of  the  concern,  which  comprise  not  only 
wire   but   also  alloys   and   pure   metals   in   the   form 


charge. 


Union  Switch  &  Signal  Co.,  Swissvale,  Pa.  Bul- 
letin 87  on  the  forge  plant  which  has  recently  been 
equipped  with  heavy  steam  drop-hammers  for  mak- 
ing forgings  for  automobiles,  tractors,  aeroplanes, 
etc.  The  fire  in  February  that  destroyed  the  com- 
pany's main  shop  did  not  reach  the  building  occu- 
pied by  the  forge,  foundry  or  power  house;  hence 
the  capacity  to  make  forgings  has  not  been  affected. 

Cleveland  Twist  Drill  Co.,  Cleveland,  Ohio,  has 
Issued  an  announcement  of  sets  of  "Ezy-out"  screw 
extractors  ranging  from  No.  1,  the  smallest,  to 
No.  12,  the  largest.  The  smaller  sizes  of  these  ex- 
tractors are   put  up  in   sets,    the  tool-room   set  com- 

^^It'Jft   Nos'"4''5'and"6'''and''Ve'bcav;1hop    100,000  square-feet.     The  company  expects  to  make 


in   the   East. 

Twentieth  Century  Brass  Works,  Minneapolis, 
Minn.,  are  erecting  a  brick  building,  05  by  66 
feet,  two  stories  and  basement,  at  518  Fifth  Ave.,  S., 
wliich  will  be  occupied  about  July  1.  Considerable 
equipment  will  be  installed.  The  company  operates 
a  brass,  bronze  and  aluminum  foundry,  machine 
shop  for  brass  finishing   and   special   manufacturing. 

Foster   Machine   Co.,    Elkhart,    Ind.,    manufacturer 


of  strips,  rods,  sheets  and  castings.  The  company 
also  manufactures  flexible  heater  cords  and  wire 
rope.  It  has  issued  in  bulletin  form  a  new  cata- 
logue covering  the  complete  line  of  products,  with 
the  exception  of  resistance  materials,  which  are 
covered  in  the  regular  resistance  catalogue.  The 
bulletins    include    monel    metal,     pure    nickel, 


of  turret  l'>.tl'es_  and  tool  ^quipment,  Js  erectiiig^ad-    .^^.j^g  ^.^^^^  heater  cord,  cold-rolled  steel  strip,   brass! 

phosphor-bronze    wire    and    "Niichrome' 


ditions  to  the  plant  that  will  increase  the  floor  area 
compai 
provide 


8  and  0;    Nos.    10,-  11   and   12   are 

new  line 
„  being   equipped   with   modern   machinery   throughout 

Landis   Machine   Co.,   Waynesboro.   Pa.      Catalogue    Qskar  Kylin  is  the  chief  engineer. 

-    pipe    and    nipple    threading    machines,     pipe        ^^^^    Department,    Bureau    of    Yards    and    Docks 


23  . 

tlireading  and  cutting  machines  and  chaser  grinders. 
The  characteristics  of  the  Landis  die  are  illustrated 
and  described,  and  data  are  included  of  clearances, 
etc..  useful  to  toolmakers  who  maintain  Landis  ma- 
chines in  service.  The  Landis  pipe  machines  are 
furnished  in  single-  and  double-spindle  combinations, 
belt-  and  motor-driven. 

International  Machine  Tool  Co.,  Indianapolis,  Ind. 
Catalogue  of  "Libby"  turret  lathes,  a  line  of  heavy- 
duty  turret  lathes,  capable  of  forming,  facing,  turn- 
ing and  boring  chucked  pieces  up  to  26  inches  in 
diameter  and  bar  work  up  to  7V4  inches  in  diameter. 
These  machines  are  described  at  length,  the  various 
parts  being  illustrated  in  detail.  A  table  of  con- 
densed data,  giving  dimensions,  feeds,  speeds,  etc.. 
of  the  different  sizes  of  "Libby"  lathes,  is  included. 

T.  C.  M.  Mfg.  Co.,  Hunterdon  and  First  Sts.,  Har- 
rison, N.  J.  Catalogue  ot  Morris  Thomson  semi- 
automatic thread  milling  machine,  made  in  five 
sizes  or  styles.  Type  12-E  has  a  capacity  of  12 
inches  diameter  by  42  inches  long;  Type  6-C,  ca- 
pacity 6  inches  diameter  by  34  inches  long;  Type 
2-D,  capacity  2  inches  diameter  by  9  inches  long; 
Type  3-B,  single-purpose  for  milling  threads  in  base 
ends  and  noses  ot  3-inch  shells;  Type  1-A,   capacity 


Washington,  D.  C,  has  called  for  sealed  proposals 
to  specification  No.  2362  for  power  plant  equipment 
at  the  Naval  Training  Station,  Newport,  E.  I.,  the 
early  completion  of  which  is  of  the  utmost  urgency. 
Bids  arc  requested  for  furnishing  and  installing 
turbo  alternators,  condensers,  pumps,  exciters,  boil- 
ers, stokers,  draft  fans  and  piping. 

Westinghouse    Electric    &    Mfg.    Co.,    East    Pitts- 


castings. 

American  Steel  Export  Co.,  Woolworth  Bldg.,  New 
York  City,  has  for  over  a  year  been  devoting  much 
energy  to  the  upbuilding  of  its  corps  ot  representa- 
tives. Thirty  have  been  established  in  the  trade 
centers  of  the  world,  and  others  will  be  added  as 
new  territories  are  taken  up  for  development.  F.  H. 
Tackaberry  has  been  appointed  traveling  representa- 
tive with  the  title  of  general  agent.  He  was  re- 
cently associated  with  the  Ordnance  Engineering 
Corporation  of  New  York  City  and  has  held  important 
executive  positions  in  the  Industrial  Underwriters 
Inc..  the  Locke  Steel  Belt  Co..  etc.  Mr.  Tackaberry's 
first  trip  will  be  to  South  America,   Brazil  being  his 


Imrg,   Pa.,   granted  another  advance  in  wages  to  its    immediate    objective    and    Rio    de    Janeiro    his    first 
•inployes   May   10.    amounting   to   10   per   cent,    mak-    ijase  of  operation. 

Buffalo    Forge    Co..    Buffalo.    N.    Y..    has    received 


total  increase  in  a  period  ot  two  years  of 
about  40  per  cent.  The  company  has  also  subscribed 
for  a  number  ot  Liberty  bonds,  which  it  offers  to 
its  employes,  permitting  them  to  pay  for  them  in 
small   monthly   or   semi-monthly   installments. 

Vanadium-Alloys    Steel    Co.,    Latrobe,    Pa.,    with 
sales  offices  in  Pittsburg.   Pa.,   has  purchased  $100, 


an  order  from  the  National  Acme  Co..  Cleveland. 
Ohio,  for  the  installation  of  heating  and  ventilating 
equipment  which  will  be  the  largest  ot  its  kind  in 
a  building  under  one  roof,  heated  and  ventilated  by 
the  fan  system.  The  equipment  consists  ot  four 
'Carrier"   Type  A  air  washers  with   automatic   con- 


000  worth  of  Liberty  bonds,  and  will  also  purchase  trol  and  fresh  and  return  air  dampers;  four  "Ni- 
all  the  bonds  subscribed  for  by  its  employes,  permit-  agara"  conoidal  supply  fans,  two  of  which  deliver 
ting  payment  on  easy  terms  covering  a  period  of  lOO.OOO  cubic  feet  of  air  per  minute  each  and  two 
approximately  one  year.  No  interest  charge  will  95,000  cubic  feet  of  air  per  minute  each;  four  ex- 
be  made,  and  upon  final  payment  the  bonds  will  be  haust   fans,    two   of  which    will   handle   70,000  cubic 


delivered  to  the  employes  with  all  coupons  attached. 

_„ __    ____   McMeehan     Engineering     Staff,     East     Providence, 

iviinch   drametVrbv   36   inches   long,    or'  2   inclies    R.    I.,   is   an  organization   composed  of  several   pro- 
diameter  by  9  inches  long.  duction    men   and    designers   who   have   held,   or  are 


feet  of  air  each  and  two  50,000  cubic  feet  of  air 
per  minute  each;  ten  "Baby"  conoidal  fans;  about 
27,000  feet  of  "Vento"  and  tour  12-  by  14-inch 
steam  engines  for  driving  the  fans. 
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High  Spec^  ^rilling  and  Tapping 
For  Munmon  Manufacturers 


Put  your  small  drilling  and  tap- 
ping- jobs  onto  Leland-Gifford 
Ball  Bearing  Bench  Drilling  Ma- 
chines fitted  with  Leland-Gifford 
No.  1  Ball  Bearing  Tapping  At- 
tachments, and  obtain  maximum 
production  with  greatly  reduced 
drill  and  tap  breakage. 


Speeds  up  to  10,000  R. P.M. 
Maximum  Diameter  of  Drills  3/8" 
Maximum  Diameter  of  Tap  3/16" 
Any  Number  of  Spindles  from  1  to  6 
Bench  or  Floor  Type  with  Foot  Feed 
Good  Deliveries 
Bulletins  502  and  113 


If  your  work  demands  a  machine 
of  larger  capacity  look  up  our 
r!  ^avy  Duty  Drilling  Machine 
with  No.  2  tapping  attachment. 


%i 


LELAND-GIFFORD  COMPANY 

WORCESTER,  MASS.,  U.  S.  A. 


Branch    Offic 

NEW  YORK      -      - 
CHICAGO       -       -       - 


BOSTON 
DETROIT 


Domestic  Agents  : 
Swind  Machinery  Co.,  PHILADELPHIA 

TheW.  M.  Pattison  Supply  Co..  CLEVELAND 
Somers,  Filler  &  Todd,  PITTSBURGH 
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1 H  i  I  30';  Upright 

l^ll      H    Compound 

J^ljSK^^S    Tapping 
SB^^^t      H   Attachment. 

SNYDER    UPRIGHT    DRILLS 

Are  Being  Bought  by  the  World's  Markets 

When  in  need  of  Upright  Drills  for  doing  work  which  re- 
quires   accuracy,    be    sure    iind   ask  for   "Snyders."      For 
many  years  they  have  filled  the  demands  made  on  them. 
Great   range  of  automatic  feed,  rigid  in  operation,  accu- 
rate in  production.     Furnished  with  Tapping  Attachment, 
Compound  Table  and  Gear  Connected   Motor   Drive  when 
wanted.      Made  in  Six  Sizes     23",  25",  28",  30",  36"  and  46". 

^ 

3|J?^ 

J.  E.  SNYDER  &  SON      -      Worcester,  Mass.,  U.  S.  A. 

S  &  C  Bench  Milling  Machines 

A  Few  For  Immediate  Delivery 


Every  piece  of  work 
you  handle  on  a 
Bench  Milling  Ma- 
chine relieves  a  large 
miller  for  larger 
work. 

The  volume  of  work, 
and  the  variety,  you 
can  handle  on  a  Sloan 
&  Chace  Bench  Mill- 
ing Machine  is  truly 
remarkable. 

It  is  a  complete  ma- 
chine in  itself;  a  pre- 
cision tool;  made  to 
meet  the  demand  for 
a  high  grade  machine 
of  this  type. 


«^j 


^^^^ 


It  has  this  distinct  ad- 
ditional advantage — 
the  cutter  spindle  is 
identical  with  that  of 
our  No.  5V2  lathe 
head,  and  all  collets, 
arbors,  etc.,  can  be 
used  with  both  ma- 
chines. 

Users  find  this  fea- 
ture of  great  value 
in  tool  room  and 
experimental  work, 
since  work  can  be 
transferred  from  one 
machine  to  the  other 
without  disturbing  its 
setting. 


SLOAN   &   CHACE  MFG.   COMPANY,   Ltd. 

6th  Avenue  and  N.  13th  Street,  NEWARK,  N.J. 

Manufacturers  of  Precision  Machinery,  Bench  Lathes,  Drill  Presses,  Milling  Machines,  Gear  and  Pinion  Cutters,  Tools,  Fixtures  and  Gau&ca 


1 


Genuine 

Walworth  Stillson 

Wrenches 


Parmelee  Brass  T'lpe 
Wrenches 


Walco  Adjustable 
Hex  Wrenches 


MIrc'.rsr'  WALWORTH  MFG.  CO,,  Boston  2i8SrN«Df;;.at.st. 
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NILES-BEMENT-POND 

Machine  Tools,  Steam 
Hammers,  Traveling  Cranes 

We  are  by  far  the  largest  manufacturers  of  machine  tools  in  the 
world,  and  are  in  a  particularly  favorable  position  to  furnish  com- 
plete machine  tool  equipment  for  a  general  machine  shop,  rail- 
road shop,^Yi     shipyard,  heavy  ordnance  or  small  arms  arsenal. 


i 


BEMENT 
SLOTTERS 

6"  to  92"    STROKE 


Correspondence 
Invited 


NILES-BEMENT 


E.'^i 


GENERAL   OFFICES 


OFFICES  AND  AGENCIES 
S^S'^Qn -o  ®^?^  O'""  St  PHILADELPHIA:  405  North  Twenty-first  St.  PITTSBURGH:  Frick  Building.  CLEVELAND.  O. :  The  Niles  Tool  Worta 
D?A'„  "^rr?liP.^J^'?J'  ^J^:  ,J?A,^?ILTON,  O.:  The  NUes  Tool  Works  Co.  CINCINNATI:  The  Niles  Tool  Works  Co..  338  W.  Fourth  St.  DETROIT:  Kerr 
vi.2^'  r  o*  '^?2i,x.^J,  ^x,^*^'*'"?'°°  ^l'"^-  ST.  LOUIS:  516  N.  Third  St.  BIRMINGHAM,  ALA.:  2015  Fiirst  Ave.  SAN  FRANCISCO:  16  to  18 
J<remont  St,  LONDON,  ENG.:  25  Victoria  St..  S.  W.  FOR  COLORADO,  UTAH.  WYOMING  AND  NEW  MEXICO:  Hendria  &  Bolthoff  Manuf«ctur- 
ing  &  Supply  Co.,  Denver.     FOR  CANADA:     The  John  Bertram  &   Sons  Co.,    Ltd.,    Dimdas,    Montreal,    Toronto,    Winnipeg  and   Vancouver. 
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PRATT  &  WHITNEY 

Precision  Machine  Tools,  Small 
Tools,   Standards   and   Gauges 

The  most  modern  manufacturing  facilities  backed  by  broad  ex- 
perience enable  us  to  meet  all  present-day  machine  tool  require- 
ments, and  obtain  unequaled  stability,  power,  refinement  and 
accuracy  for  our  various  products. 

P.  &  W.  ADJUSTABLE 
BLADE    REAMERS 


These  reamers  have  eccentric  relief  and  can  be  set  to  size  with- 
out regrinding.  They  are  unexcelled  for  design,  and  simplicity 
and  ease  of  adjustment.  The  eccentrically  relieved  blades  are 
stronger  than  others,  do  not  chatter,  and  produce  a  smoother  hole. 
The  hand,  shell  and  fluted  chucking  reamers  have  interchange- 
able nuts,  screws  and  wrenches.  The  bottom  of  a  hole  can  readily 
be  faced.  By  a  simple  adjustment  of  the  blades  the  reamer  can 
easily  be  set  to  size  without  regrinding. 

PROMPT  SERVICE 

is  assured  at  our  nearest  store  where  P.  &  W. 
Small  Tools  are  carried  in  stock  for  immediate 
delivery.    Place  your  orders  there  today. 

POND  COMPANY 

11  BROADWAY,  NEW^  YORK 

OFFICES  AND  AGENCIES  CABRYINO  PRATT  &  WHITNEY  SMALL  TOOLS  IN  STOCK 
WORKS:  HARTFORD.  CONN. 
NEW  YORK:  326  Hudson  St.  BOSTON:  93-95  Oliver  St.  PHILADELPHIA:  405  N.  21st  St.  CLEVELAND;  730  Superior  Ave.  DETROIT; 
Kerr  Bldg.  CHICAGO:  571  W.  Washington  Blvd.  ST.  LOUIS;  516  N.  3rd  St.  CINCINNATI:  338  W.  4th  St.  BIRMINGHAM,  ALA.:  2015  First 
Ave.  SAN  FRANCISCO;  16  to  18  Fremont  St.  NEW  ORLEANS.  tiX.:  C.  T.  Patterson  Co.,  Ltd.  ST.  PAUL,  MINN.:  Robinson,  Gary  &  Sands  Co. 
DENVER,  COLO.:  Hendrie  &  Bolthofl  Mfg.  &  Supply  Co.  CANADA:  Pratt  &  Whitney  Co.  of  Canada,  Ltd.,  Dunde  ..  Montreal,  Toronto,  Winnipeg 
iod  Vancouver. 
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Milwaukee  Milling  Machines 

for  the  finest  of  Machine  and  -Tool  Work 


The  illustration  shows 
a  Milwaukee  Milling 
Machine  in  the  modern 
factory  of  the  Hartford 
Special  Machine  Co.  This 
company  has  quite  a 
number  of  Milwaukee 
Milling  Machines  which 
were  installed  about  a 
year  and  a  half  ago  when 
the*  new  shop  was  built 
on  the  outskirts  of 
Hartford. 

The  Hartford  Special 
Machine  Co.  does  special 
machine  and  tool  work 
and  the  Milwaukee  Mill- 
ing Machines  are  called 


upon  to  do  the  difficult 
work. 

These  machines  have 
performed  all  kinds  of 
milling  work  since  they 
have  been  in  operation. 
They  have  done  work  re- 
quiring extreme  rigidity 
and  have  met  every  re- 
quirement. They  have 
done  work  requiring  ex- 
treme alignment  and  ac- 
curacy and  have  proven 
themselves  equal  to  every 
demand. 

Milwaukee  Milling  Ma- 
chines embody  many  fea- 


tures of  design  and  con- 
struction. The  double 
overarm — flanged  spin- 
dle, reverse  for  which  is 
self  contained  in  the  ma- 
chine— solid  top,  box 
section  knee — automatic 
flooded  lubrication — cut- 
ter lubricating  system  an 
integral  part  of  the  ma- 
chine— all  combining  for 
increased  production, 
quality  of  output,  low  up- 
keep and  ease  of  opera- 
tion. 


Catalogue  No.  20  sent  on 
request. 


Kearney  S  TreckeR  Co.,  Milwaukee,  Wis  .  U.5.A. 
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Double  AX/all  Support 

For  Every  Apron  Stud 


This  is  just  one 
of  the  many  fea- 
tures that  give 
the  Lodge  & 
Shipley  Apron 
strength  to  fur- 
nish feeds  for  all 
the  power  the 
headstock  will 
transmit. 


Write  for 

Bulletin 

M-129 


Good  Lathes  Only" 


Lodge  &  Shipley  Machine  Tool  Co. 


CINCINNATI.  OHIO,   U.S.A. 
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BAU5H 


ALL  HOLES  AT  ONE  SETTING 

The  machine  pictured  is  BAUSH  No.  4  Heavy  Duty  Multiple  in  operation  at  the 
Chapman- Valve  Mfg.  Co.'s  plant,  Indian  Orchard,  Mass. 

Machine  has  capacity  up  to  20  %-in.,  16  1-in.  or  12  li4-in.  high-speed  drills,  and 
it  gets  all  there  is  out  of  those  drills.  As  for  feeds,  up  to  .020-in,  per  revolution  is 
obtainable  and  the  No.  4  machine  is  guaranteed  tp  stand  it. 

For  drilling  FLANGED  PIPES,  FLANGED  FITTINGS,  NOZZLES,  SEPAR- 
ATORS, EXPANSION  JOINTS,  UNIONS,  LINED  FLANGES,  BONNETS, 
YOKES,  etc.,  there's  a  BAUSH  Multiple. 

Have  you  consulted  with  our  Engineering  Department? 

BAUSH  MACHINE  TOOL  CO.,  Springfield,  Mass. 

Detroit  Office,  Dime  Savings  Bank  Building 

Manning:,  Maxwell  &  Moore,  Inc.,  119  West  40th  Street,  New  York  City.  Fenwick  Freres  &  Co..  France,  Holland,  Belgium, 
Switzerland,  Italy,  Spain,  Portugal.  Alfred  Herbert,  Ltd.,  Coventry,  England,  for  Great  Britain,  Ireland,  India,  Burma, 
Ceylon,    Britisli    South    Africa,    Japan,    Manchuria,    Corea,    Formosa. 
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For  Easy  Manipulation 
and  Smooth  Turning— 

A  Bradford 


At  the  Hanscom  Cutter  Works, 
Hyde  Park,  Mass.,  they  turn 
out  counterbores  and  small 
cutters — good  ones,  too — by 
the  bushel.  In  this  hustling 
plant  a  14-inch  "Bradford" 
Lathe  is  among  the  busiest  ma- 
chines. With  back  gears  out 
and  belt  running  on  the  second 
(smallest)  step,  this  machine 
peels  the  stock  off  small 
counterbores  at  a  remarkable 
rate — and  in  spite  of  the  high 
speed  there's  not  the  slightest 
"whip"  or  vibration.  Stiff, 
compact,  and  well-balanced  de- 
sign permits  the  high  speeds 
that  mean  fast  production  on 
such  work.  There  are  a  wealtl 
of  good  features  in  Bradfor' 
Lathes — fully  outlined  in  oi 
catalogue. 

Send  for  a  copy. 


Bradford  Machine  Tool  Company 


CINCINNATI,  OHIO,  U.  S.  A. 


AGENTS:  Swind  Machinery  Co.,  Philadelphia.  Taylor  Machinery  Co.  Boston.  Mass  Stocker-Rurnley-Wachs  Co.,  Chicago.  HI.  Somera,  FiUer  & 
Todd  Co.,  Pittsburgh,  Pa.  The  E.  A.  Kinsey  Co.,  CincmnaU,  O.,  and  Indianapolis,  Ind.  The  Mino  &  SmelUr  Supply  Co.,  Denver.  Colorado. 
Pacific  Tool   &  Supply  Co.,    San   Francisco,   Cal. 
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For  Work  up  to 
5"  in  Diameter 
Opening  up  to 
18"  Wide  by 
24"  Deep. 


Stewart  Furnaces 

A  Good  Drop  Hammer  Forge  is  a  Necessity 

steel  has  to  be  properly  heated  to  make  a  good  forging.  Stewart 
Eorging  Furnaces  bring  work  to  forging  heat  slowly  and  evenly; 
every  piece  is  so  uniformly  heated  from  core  to  edges  that  it  flows 
freely  under  the  hammer.  Their  use  is  an  advantage  in  every 
other  way,  too,  for  they  take  up  little  space  in  comparison  to  their 
capacity,  burn  gas  or  oil,  need  no  flue  or  chimney  connection  and 
are  free  from  every  objectionable  feature  of  coal  or  coke  fires. 

Stewart  Furnaces  have  won  their  place  in  thousands  of  shops  by 
their  practicality,  economy  both  of  first  cost  and  operation  and 
their  excellent  performance.  Buying  a  Stewart  is  really  buying 
guaranteed  satisfaction— and  at  a  very  moderate  price. 

Catalogue? 

CHICAGO  FLEXIBLE  SHAFT  COMPANY 


CHICAGO 


149  W.  La  Salle  Street 


ILLINOIS 


August,  1917 


MACHINERY 


11 


CXiaLcg 

isNowEeefKyorDisk-ibiitLon 


It  lists  the  Landis  "Pipe  Threading  Line" — Pipe  and  Nipple  Threading  Machin 
Pipe  Threading   and   Gutting    Machines,  also   the   Landis   Chaser   Grinder.      V 
illustrated  with  diagrams  and  detailed  descriptions  to  show  the  advantages  of  La.iu 
Ghaser  and  Die  Head  design,  construction,  etc. 

If  you  have  not  already  received  a  copy  your  name  is  not  on 
our  lists.     You  should  write  us  at  once— a  post  card  will  do. 

LANDIS  MACHINE  COMPANY,  Inc. 


WAYNESBORO 


PENNSYLVANIA,  U.  S.  A. 
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Duplex 
Milling  Machine 


If  You  Want  Higher  Production 
Consult  Beaman  (^  Smith 


We  design  and  build  machines  for  accuracy,  speed,  ease 
of  operation,  and  to  give  long,  efficient  service — ma- 
chines capable  of  putting  through  several  parts  at  one 
setting  or  performing  several  operations  simultane- 
ously. Consulting  us  involves  no  obligation.  If  you  can- 
not use  the  machines  we  build  to  advantage  we  will  say 
so  frankly. 


The  Beaman  &  Smith  Co. 

PROVIDENCE,  R.  I.,  U.  S.  A. 


Corliss"  Cylinder 
Boring  Machine 
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'  DRILLING  Rate. 

600-1/2  HoIgs  thru  2"  Stool  por  hour!! 

tkc"  Drill,  500  R.RM..  .040"Feed-35  Point  Siee\  2"Thicl 

6  seconds  per  hole. 


THIS  SURELY  I* 


This  is  nothing  excep- 
tional, however,  for  the 
new  6'  "American" 
Triple  Purpose  Radial. 
Its  excellent  combina- 
tion of  power,  spindle 
speeds,  feeds  and  sim- 
plicity gives  this  new 
radial  productive  pos- 
sibilities that  simply 
cannot  be  overlooked 
by  radial  drill  users.  ^ 


THE  AMERICAN 


Whitman   &    Barnes   "Hercules"    Drill    used 


CINCINNATI, 


LATHES 


PLANERS 
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Drilling   Rate 

lOO-^J/sT/o/ps  thni  4^2  ^toolpQr hour!! 

VDrill  508  RRM.,040  Teed-35  Point  Steel 4y;Thick 
22  seconds  per  hole. 

RILLING  EFFICIENCY 


These  illustrations  show 
two  of  the  six  "American" 
6'  Triple  Purpose  Radials  in 
one  of  this  country's  large 
steel  plants,  where  the 
above  records  were  made 
during  a  test.  Each  of  these 
machines  is  driven  by  an 
18  H.P.  motor.  If  you  are 
confronted  by  any  drilling 
problems,  let  us  try  to  help 
you.  If  increased  produc- 
tion is  your  aim,  let  us  tell 
you  about  this  new  "Ameri- 
can" drilling  wonder. 

OOL  WORKS  CO. 


.^.  S.  A. 


Whitman  <£,   Barnes  "Hercules"   Drill   used 


SHAPERS 


RADIALS 
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The  Double  Spindle 


Production 
Figures  Mean 
Nothing  Unless 
the  Conditions 
are  All  Stated 


sition  of  the  turret,  finish  bore  3.9375"  hole, 
including  facing  the  end  and  chamfering. 
4  3/8"  hole  is  tapped. 

SPRINGFIELD,   VERMONT 
U.  S.  A. 


Here  are  the  figures.  Fifty-four  com- 
plete pieces  per  nine-hour  day,  average 
time  according  to  the  company's  rec- 
ords. Seventy-two  completed  pieces 
per  nine-hour  day  is  an  actual  record. 

Here  are  the  conditions.  The  two  brake 
carriers  are  first  chucked.  At  the  first 
position  of  the  turret  the  three  diam- 
eters are  rough  bored  and  the  lugs  on 
the  outside  are  rough  turned.  Second 
position  of  the  turret  the  2.249"  diam- 
eter is  finish  bored  and  the  lugs  on  the 
outside  are  finish  turned.  Third  po- 
the  4  9/32"  hole  and  ream  the  2.249"  hole, 
At  the  fourth  position  of  the  turret,  the 


JONES  ®  LAMSON 


AGENTS:— FRANCE,   SPAIN,    BELGIUM:      F.  Auberty   &   Co.,   91    Rue   de    Maubeuge,   Paris. 


t 
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Flat  Turret  Lathe 


The  time  has  been  given  and  the  con- 
ditions have  been  stated.  Draw  your 
own  conclusion !  If  there  is  any  other 
machine  on  which  this  can  be  done 
faster  and  better  than  the  Jones  & 
Lamson  Double  Spindle  Flat  Turret 
Lathe — we  would  like  to  hear  about  it. 

This  illustration  was  secured  through 
the  courtesy  of  the  H.  H.  Franklin 
Manufacturing  Co.,  Syracuse,  N.  Y., 
where  there  are  fourteen  double  spin- 
dle flat  turret  lathes  in  use.  With  that 
number  in  service  the  Franklin  people 
realize  their  full  possibilities;  but  out- 
put in  this  plant  is  no  greater  than  may 
be  secured  anywhere  with  these  ma- 
chines on  similar  work. 


SB 


'W 


'-'  -I 


Why    not    get    thoroughly    posted   on    the 

possibilities    of    the    Flat    Turret    Lathe? 

Single    and    Double    Spindle — each    for    a 

particular  purpose. 


MACHINE  COMPANY 


109  QUEEN  VICTORIA  ST. 
LONDON,  E.  C. 


HOLLAND:     Spliethoff,  Beeuwkes  &  Co.,  Rotterdam. 


18 


MACHINERY 


August,  1917 


DESIGN  and  QUALITY 

Distinguish  our  complete  line  of 


14",  16",  18"  snd  20"  UNIVERSAL  MONITORS 


SCREW  and  TURRET  MACHINERY 


I',  1';"  and  2)4"  SCREW  MACHINES 


DRESES  MACHINE  TOOL  CO.,  Cincinnati,  Ohio 

REPRESENTATIVES:      Tho    Fairbanks    Co.,    Now  '  York,     Boston,     Philadolphia    and    Buffalo;    Carey    Miuliinery    &    Supply    Co.,    Baltimore;  E.    L. 

Essley    Machinery    Co.,    Cliicago;    Badger-Packard    Machinery    Co.,    Milwaiikee;    William    C.    Johnson    &    .Sons    Machinery    Co.,    St.    Louis;    The  Chas. 

A.    Strelinger   Co.,    Detroit;    Canadian    Kairbanks-Morse    Co.,    Montreal    ond  Toronto;    .Selson    Engineering    Co.,    London;    Stussi    &    Zweifel,    Milan,  Italy; 
Manning,    Maxwell    &    Moore,     Inc.,    Mexico    City    and    Yokcliania.    Japan. 

r,  
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Bridgeford  Lathes 

26"  Cone  and  Geared  Head  Types 


THERE  is  not  a  better  lathe  than  the  "Bridgeford"  for  handling  heavy  duty  turning. 
Big  shafts,  heavy  rolls,  massive  pinion  blanks — work  that  tries  the  staying  quali- 
ties of  a  lathe  to  the  utmost — are  the  jobs  that  make  up  the  daily  vi^ork  of  these 
machines.    Tremendous  pulling  power,  backed  by  staunch  construction  and  unusual  con- 
venience, make  them  speedy  and  efficient  on  really  difficult  work — the  triumph  of  two 
decades  of  specialization  in  heavy  lathe  design. 

Two  models,  26"  size,  are  shown.  The  Cone  Drive  Bridgeford  is  an  accurate,  speedy 
machine — a  splendid  all-round  lathe.  The  Geared  Head  model  is  a  wonder  for  heavy 
manufacturing,  with  a  pulling  power  of  9,000  pounds. 

Let  us  tell  you  more  about  these  lathes. 


SPECIALISTS  IN  LATHE  CONSTRUCTION  FOR  MORE  THAN  20  YEARS 

Bridgeford  Machine  Tool  Works 

151  Winton  Road  ROCHESTER,  N.  Y. 
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THE  JOHNSON  FRICTION  CLUTCH 


Used  on  the  Semi- Automatic  Turret  Machines  Recently  Put 
on  the  Market  by  the  Turner  Machine  Co.,  Danbury,  Conn. 


No.  1 


No.  2 


Courtesy  of 

The  Turner    Machine 

Co.,  Danbury,  Conn.,  U. 


The  back  gears  on  the  New 
Turner  Turret  Machine,  which 
may  be  thrown  out  of  engage- 
ment like  the  back  gears  of  a 
lathe  when  not  in  use,  are  oper- 
ated by  a  No.  5  Double  Johnson 
Friction  Clutch  as  shown  by 
arrow  No.  1. 

Another  Double  Johnson  Fric- 
tion Clutch  No.  5  operates  the 
forward  and  reverse  of  the  spin- 
dles as  shown  by  arrow  No.  2. 

The  latest  and  most  up-to-date 
machines  are  equipped  with 
Johnson  Friction  Clutches. 


Why? 


Because  the  "Johnson"  is  the 
smallest  and  most  compact  clutch 
and  because  it  is  more  easily 
made  to  meet  modern  conditions 
and  because  it  is  the  most  power- 
ful clutch  of  its  size.  It's  the 
clutch  with  a  reputation. 


Double    Clutch    Exterior 


Double    Clutch    in    Nest    of    Gears 


Write    for    Catalogue    "A"    and    booklet 
"Clutches  as  Applied  in  Machine  Building." 

CANADA— Williams  &  Wilson,  320  St.  James  St.,  Montreal.     The  Canadian  Fairbanks-Morse   Co.,  Ltd.,  Toronto. 
ENGLAND— The  Efandem  Co.,  Ltd.,  159  Gt.  Portland  St., London,  W.,  Sole  Agents  for  British  Isles. 
AUSTRALL\— George  Wills  &  Co..  Brisbane,  Queensland. 


THE  CARLYLE  JOHNSON   MACHINE  CO.    Manchester  conn: 
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TheSimplifiedSelectiveSpeedHeadstock 


No  other  type 
of  Headstock,  re- 
gardless of  its 
manufacture, 
provides  this  con- 
venience at  equal 
investment,  and 
under  no  condi- 
tion can  equal  its 
lov\^  upkeep  cost 
and  general  reli- 
ability. 


The  R.  K. 
LeBIond 
Machine 
Tool  Co. 

CINCINNATI 
OHIO,  U.S.A. 

Agents  in  Principal  Cities 


This  is  the  simplest  form  of  Selective  Speed  Head- 
stock.  The  entire  range  of  back  geared  speeds  is 
obtainable  while  running  and  under  cut. 

The  powerful  double  friction  back  gears  are  capable 
of  transmitting  loads  greater  than  the  full  capacity 
of  the  wide  high  speed  driving  belt,  and  the  change 
from  high  to  low  ratio  can  be  made  instantly  by  sim- 
ply shifting  the  back  gear  lever. 

The  belt  is  shifted  rapidly  over 
the  cone  by  a  single  turn  of  an 
ordinary  crank  shown  in  the 
grasp  of  the  operator. 
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INGERSOLL 


INGERSOU  HEAVY  HILUNG  FIXTURES 

are  one  of  the  most  important  features  of  Ingersoll  Milling 
Equipment.  Our  experience  has  covered  a  long  period  of 
years;  our  designing  and  erecting  are  done  by  special  depart- 
ments devoted  exclusively  to  fixture  work.  Our  estimates  and 
preliminary  engineering  work  are  absolutely  without  obliga- 
tion to  you,  but  our  equipment  is  positively  guaranteed. 

THE  INGERSOLL  MILLING  MACHINE  COMPANY,  Rockford,  IlL 


FIXTURES 
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KempsmitH 

Rigidity 
Scores 
Again 

45**  Spiral  Gears 

Take  a  look  at  these 
gears,  at  the  rela- 
tive positions  of 
work  and  cutter,  the 
angle  at  which  the 
table  travels  to  bring- 
three  blanks  under 
the  tool  at  each  cut. 
Then  consider  the 
accuracy  required  in 
gears  for  machine 
tool  use.  It's  a  job 
that  calls  for  rigid- 
ity, all  the  rigidity 
that  can  be  put  into 
a  machine. 


The  Kempsmith  Milling  Machine  is  built  on  lines  which  fit  it  for  just 
this  kind  of  work.  It  is  rigid  in  the  most  absolute  sense  of  the  word, 
with  ample  power  to  match  its  great  strength. 

It's  a  simple  machine  to  operate,  a  rapid  producer  even  on  exacting 
work.  Awkward  positions,  or  hard-to-get-at  surfaces  are  no  bar  to 
Kempsmith  efficiency.     Just  what  Kempsmith  milling  can  do  towards 

boosting  production  and  lower- 
ing costs,  we  want  to  show 
you — the    sooner    the    better. 

Write  us. 


KempsmjtH 


MILWAUKEE,   U.S.A. 
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Cincinnati  Planers 


An  Economical  Way  to  Machine 

Gas  Engine  Connecting  Rods 


We've  just  re- 
ceived from  our 
printer  a  new 
booklet  that  is 
sure  to  interest 
every  planer 
user  or  owner. 

It  shows  28  typ- 
ical planer  jobs 
in  as  many  dif- 
ferent shops- 
gives  some  side- 
lights on  the 
way  the  "other 
fellow"  does  it. 

Better  send  for 
a  copy. 


This  looks  like  a  modern,  efficiently  conducted  plant — and  it  is. 
Look  at  the  way  they  plane  those  gas  engine  connecting  rods ! 
Cincinnati  Planers,  of  course — and  their  full  efficiency  is 
utilized.  On  the  42"  Cincinnati  Planer  of  the  widened  type 
twenty  connecting  rods  are  clamped.  These  steel  castings 
travel  under  the  cutting  tools  at  a  speed  of  40  feet  per  minute 
against  a  cut  %"  deep  and  a  traverse  feed  of  3/32"  per  stroke. 
Finish  is  good,  output  high,  labor  cost  per  piece  very  low — the 
usual  "Cincinnati"  combination. 

It  takes  a  good  planer — a  planer  like  the  Cincinnati — to  handle 
work  like  that  in  quantities  and  maintain  close  and  unifor'm 
accuracy.  Staunch  design,  ample  power,  quick  reverse, 
aluminum  pulleys,  wide,  well  supported  vees,  and  easily  handled 
operating  parts  are  a  few  of  the  features  that  make 

Planer  Efficiency — Efficiency  Planers 


CINCINNATI   PLANER  COMPANY 


CINCINNATI 


OHIO,  U.  S.  A. 
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One  Minute!  Nothing,  or  a  Lifetime! 


Let  us  tell 
you  more 
about  the 
good  features 
that  make  the 
Cincinnati- 
Acme  Screw 
Machine  a 
different 
lathe  of 
this  type. 


In  some  forms  of  animal  life  a  minute  is  an 
entire  lifetime;  in  others  it  is  nothing.  It  all 
depends  upon  what  is  done  with,  or  in,  the 
minute. 

One  minute  is  sufficient  time  in  which  to  com- 
plete the  second  operation  on  this  brass  cap — 
turn,  face  and  knurl — the  work  being  held  on  a 
thread  arbor. 

The  machine  that  makes  such  good  use  of  a 
minute  is  a  Cincinnati-Acme  Screw  Machine — 
and  this  is  average  time,  output  is  60  per  hour, 
all  day  long. 

This  machine  has  been  used  by  the  Westing- 
house  Air  Spring  Co.,  New  Haven,  Conn.,  for  a 
few  months  only;  but  this  has  been  long  enough 
to  demonstrate  its  efficiency  and  economy  over  a 
wide  range  of  work.  And  there  are  hundreds  of 
concerns  who  have  demonstrated  the  same 
things. 


THE  ACME  MACHINE  TOOL  COMPANY 

CINCINNATI,  OHIO,  U.  S.  A. 
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Built  for 


The    Cincinnati 

Upright 
Drilling  Machine 


This  Heavy  Pattern  Drill  was  de- 
signed for  special  purposes  and  its 
construction  is  vastly  superior  to  the 
average.  Study  a  few  of  its  good 
points  and  you'll  readily  see  why 
fine  service  comes  so  easy  to  the 
Cincinnati. 

The  frame  is  composed  of  a  deep, 
well  ribbed  base,  large  accurately 
ground  column,  well  shaped  gear- 
guarded  yoke,  strong  brace  and  con- 
veniently located  belt  shifter.  This 
built-in  distinctiveness  insures  most 
profitable  service  and  characterizes 
every  part  of  the  machine. 

There  are  six  positive,  instantly  available,  feed  changes,  eight  spindle  speeds  and 
a  tapping  attachment  which  acts  through  friction  clutches  and  is  operative  at  all 
speeds  without  shock  or  noise.  This  attachment  possesses  unusual  gripping  power, 
is  adjustable,  and  may  be  disengaged  when  not  in  use.  In  addition  to  reducing  tap 
breakage  to  a  minimum  it  offers  a  convenient  means  for  starting  and  stopping 
the  spindle  when  changing  tools. 

Many  other  features  contribute  their  share  toward  fine  service — adjustable  table, 
counterbalanced  head,  automatic  trip,  elevating  mechanism,  bronze  bushed  bear- 
ings, etc. 

For  a  complete  description  get  our  circular  U-4A.     Copy  on  request. 

THE  CINCINNATI  BICKFORD  TOOL 


CINCINNATI 
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Fine 


The 
Cincinnati 
Bickford 
Radial 
Drilling 
Machine 


The  features  incorporated  into  this  drill  for  insuring  fine,  accurate  work  cannot 
be  improved  upon.  In  the  arm,  for  instance,  no  other  radial  offers  such  a  narrow 
guideway  for  head  or  has  such  great  depth  between  outer  edges  for  preventing 
side  or  end  rocking.  The  elevating  screw  cannot  be  set  in  motion  by  accident  or 
remain  in  motion  after  the  arm  has  reached  its  limit  of  movement.  The  depth 
gauge  insures  exact  drilling  depth,  safety  stop  trips  feed  at  right  instant,  while 
the  strength  and  rigidity  of  construction  further  aid  in  preserving  accurate  align- 
ments and  close  limits. 

COMPANY,   Oakley,  Cincinnati,  Ohio 
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The  GIANT  Keyseater 
and   a  "Heap  Big"  Gear 

This  "CIANT"  is  an  important  part  of  a  busy  contract  manufacturer's 
gear  making  equipment.  It  cuts  the  keyways.  In  this  48"  spur  gear  it  cuts 
a  VA"  keyseat  in  less  than  20  minutes,  including  setting  up  and  removing 
work.  It  puts  smaller  work  through  in  proportionately  quicker  time.  The 
"GIANT"  Keyseater  gets  its  speed  from  an  exclusive  feature — holding 
work  by  the  bore  alone.  No  blocks,  fixtures  or  holding  devices  are  required. 
There  is  no  waste  time  or  effort ;  no  need  to  face  hubs 
to  get  a  true  surface  from  which  to  work. 

"GIANT"  Keyseaters  are  built  in  sizes  to  meet  all 
requirements — to  cut  any  shape,  size  or  length  key- 
way,  accurately  and  rapidly.  They  are  simple,  rigid, 
dependable  machines  unaffected  by  age  or  hard  work. 

Let  us  send  the  catalog 


Mitts  &  Merrill 

843  Water  Street 

SAGINAW 

MICH. 


FOREIGN  AGENTS:  linrton,  Griffiths 
&  Co..  Ltd..  London,  Kngland.  Leon 
Chapuis,  Paris,  Krance  and  Switzer- 
land. V.  Lowener.  Stockholm.  Sweden. 
Post  Van  I>(-r  IJort!  *;  Co.,  Hotterdam, 
Holland. 
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"  MORSE" 

DRILLS 


Will  help  you  keep  your  production 
up  to  the  mark  you  have  set.  Many 
times  they  will  enable  you  to  set  a 
new  and  a  higher  mark.  They  have 
the  accuracy  to  do  good  work  and  the 
stamina  to  continue  doing  it.  With  a 
reasonable  amount  of  care  they  will 
turn  out  almost  unreasonable  results 
but  to  do  this 

They  Must  Be  There, 

In  other  words,  order  to-day  the  drills 
you  need  to-morrow  and  the  next  day 
and  the  next.  Even  a  slight  overstock 
is  less  expensive  than  idle  machinery, 
and  when  you  want  a  drill  these  days 
you  want  it. 

Catalog  on  Request. 

MORSE  TWIST  DRILL  &  MACHINE  CO. 

NEW  BEDFORD,  MASS.,  U.  S.  A. 
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We  guarantee  our  Milling  Cutters  absolutely,  in 
respect  to  material,  workmanship  and  accuracy 


BARBER-COLMAN  COMPANY 

ROCKFORD  ILLINOIS.  U.  S.  A. 
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^      And  Now      ^ 
There's  An  EZY-  OUT  Set 

for  Every  SIiop 

You,  who  have  been  unable  to  obtain 
an  EZY-  Out  Screw  Extractor  Set  small 
enough  or  large  enough  for  your  specialized 
needs,  will  be  glad  to  hear  that  there  are  now 

Two  Entirely  New 
EZY-OUT  Screw  Extractor  Sets 

TWELVE  SIZES  IN  ALL 

(Patented   1914) 

(J  One  of  the  three  sets  illustrated  oh  the 
right  contains  the  first  real  solution  to 
the  broken  screw  problem  in  your  shop. 

The  Modern  Method 

HENCEFORTH,  when  a  screw  breaks, 
don't  waste  time  fussing  with  files  and 
punches  —  just  drill  a  hole  in  the  broken  section, 
insert  an  EZY-OUT  Screw  Extractor,  slip  on 
a  tap  wrench  and  twist  —  and  out  will  come 
that  screw  in  a  fraction  of  the  time  hitherto 
required,  and  without  injury  to  the  threads. 

SOONER  OR  LATER  YOU  WILL  FACE 
AN  URGENT  NEED  FOR  THIS  TOOL 

Q  Why  wait  until  then  and  risk  the  delay,  loss 
and  embarrassment  that  this  unfilled  need  will  incur? 
Ask  us  for  our  booklet  descriptive  of  these  new  sets  and 
the  three  extra  large  sizes  not  illustrated  here,  or  better 
yet,  choose  your  set  and  order  it  from  your  dealer  today. 


Twist  Drill  Company 


NEW  YORK 


CLEVELAND 


CHICAGO 


SET  NUMBER  15 


'"yit ,ii.i»^<^ 


'iSa^iti^ 


~°° 


rr 


Price    -  $2.25  F.  O.  B.  Cleveland 


SET  NUMBER   I7 


^-mmmm^^'r^-^ 


' ' """  ^^S^^SHPi^^^Tji^^ 


'•Jiriii    i7??rffffir 


1  2  3 


Price  —  $1.75  F.  O.  B.  Cleveland 


SET  NUMBER   16 


mmim^^^. 


^mmo^^^^ 


■^mmmm^^'^ 


Price  —  $4.00  F.  O.  B.  Cleveland 
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Entire 
Runs  in 

One  pair  of  bevel  gears  and  one 
spiral  pinion,  all  rigidly  mounted 
and  running  in  oil,  constitute 
the  driving  mechanism  of  spiral- 
geared 


»oll?^yj^^^i^^^^irlK?sy^^ 


^hoseiwoahnf% 


-'  z,-i^<i:jy.i. i,ii^iiiiiiiifi^^i^^!^'i>'liKitSj''^Z^'^i^,^'^^ 


Rigid  and  Accurate 

The  ''Cleveland"  Open  Side  Planers 

will  handle  any  and  all  classes  of  work  equal  to  that  done 
on  any  planer  of  any  type. 

With     fewer     working     parts,     it     is     the 
SIMPLEST  PLANER    ON   THE    MARKET. 

All  gears,  in  drive,  except  bull  gear  and  its 
pinion  are  enclosed  and  run  in  oil. 

Almost  fool-proof. 

May  we  send  you  a  catalog:^ 

CLEVELAND 

PLANER 

WORKS 

James  G.  Dornbirer 
Geo.  W.  Ford 

3150-3152 
Superior  Ave., 
CLEVELAND, 
OHIO,  U.  S.  A. 
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America  Needs  Gauges  Now! 

Some  must  be  made  separately 
with  infinite  pains,  but 

Williams'  "VULCAN"  Drop-Forged 
Caliper  Gauges  Await  Orders 


for  Internal,  External  and  Eternal  Service 

They  can't  be  sized  until  detailed  to  their 
specific  tasKs.    So  that  is  your  duty. 


We  Forge,  You  Finish 


Every  tool  maKer  Knows  that  "VULCAN" 
Gauges  save  much  time  needed  to  pro- 
duce hand -made  g'aug'es  for  the  worK 
they  can  do  as  well.  That  time  is  now 
priceless.  Wherever  our  Gaug'e  can  serve 


ENLIST    A    "VULCAN" 


32A  South  Clinton  St. 
Chicago,  III. 
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The  ''Feel*'  of  a  Good  File 

Did  you  ever  watch  a  really  capable  mechanic  test  a  file?  He 
has  a  way  of  passing  a  sensitive  thumb  over  its  jagged  surface. 
Instinctively,  unfailingly,  he  thereby  determines  whether  it  is 
fit  for  use. 

This  man  invariably  chooses  NICHOLSON  FILES.  He  never 
buys  blindly.  He  can  "feel"  that  a  NICH- 
OLSON FILE  is  right.  He  can  "feel"  its 
sharp,  keen-cutting  teeth,  arranged  in 
rows  of  perfect  uniformity.  There  is  no 
doubt  in  his  mind.  He  buys  NICHOL- 
SON. He  makes  sure  of 
satisfaction. 

\        (TRADE  MARK) 

Our  catalog  and  copy  of 
"File  Filosophy"  will  in- 
terest you.    Write  for  them  today. 

NICHOLSON  niE  CO.,  Providence,  R.  I. 
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The  Cleveland  Milling  Machine  Go. 

PROFILE  GRINDER 


Is  used  to  grind  concave  and  con- 
vex cutters,  cutters  for  fluting 
drills,  cutters  that  are  irregular  but 
having  a  number  of  true  curves,  ac- 
curately rounding  the  corners  on 
side  mills  and  face  mills,  formed 
tools  for  lathes,'  planers  and 
shapers. 

The  maximum  radius  that  can  be 
ground  is  3  inches  either  convex  or 
concave  up  to  12"  diameter. 

The  center  cut  shows  a  variety  of 
formed  cutters  accurately  ground 
on  this  machine.  This,  however,  is 
only  a  small  percentage  of  the  uses 
that  this  tool  can  be  put  to.  Users 
are  finding  it  indispensable  in  the 
tool  room. 

The  wheel  carrying  spindle  is  di- 
rect connected  onto  the  motor  shaft 
and  has  adjustable  bronze  bearings 
and  carries  a  wheel  4"  diameter, 
1^"  wide,  %"  hole. 

A  type  "D"  Universal  Dumore 
motor  is  furnished  with  ten  feet  of 
wire  and  lamp  socket. 


Complete  equip- 
ment is  furnished 
for  all  classes 
of  work. 


Immediate 
delivery  if  you 
get  your  order 


The  Cleveland  Milling  Machine  Co. 

18511  EUCLID  AVENUE  CLEVELAND,  OHIO 
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Taps  of  Uniform 
Dependable  Quality 

the  one  thing  to  con- 
sider in  buying  taps  is 
quality;  the  accuracy  and 
finish  of  your  work  de- 
pend on  it — it  governs 
tool  service  and  tool  costs. 

Card  Taps  insure  "Card 
Quality" — the  quality 
that  made  Card  Tools 
leaders  from  the  start  — 
the  quality  that  distin- 
guishes every  tool  in  the 
Card  line. 


Actual  experience  with 
Card  tools  proves  their 
economy.  Catalog 
No.  28  gives  full  list. 
Send  us  a  trial  order. 


S.  W.  CARD 
MFG.  CO. 

MANSFIELD     •  MASS. 
New  York  Office,  62  Reade  St. 


European  Agents:  Chas.  Churchill  & 
Cn.,  Ltd.,  London.  Birmingham.  Man- 
cliositer  and  GIasgo^v ;  Markt  &  Co.. 
Ltd..  Paris:  Femvick  Freres  &  Co.. 
Turin ;  Ignacz  Szekely.  Budapest :  V. 
Lo\\ener,  Stockholm.  Copenhagen,  Chria- 
tiania:  R.  S.  Stockris  and  Zonen. 
Ltd.,  Rotterdam;  R.  S.  Stokris  &  Fils. 
Brussels:  Andre\\s  &  George,  Yokohama. 
Tokio,  Osaka;  J.  Lambercier  &  Co.. 
(jieneva;  R.  D'Aulignac,  Barcelona. 
Spain:  Arthur  Kayser.  Berlin,  S.  W. 
OS,    Oranienstr..    126,    Germany. 
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A  United  States 
"Portable"  Does 
This  Job  as  Well 
as  a  Massive 
Radial- 

And  at  a 
Fraction  of 
the  Cost. 


We  make 
United  States 
Portable  Drills 
and  Grinders  in 
types  and  sizes  to 
meet  all  require- 
ments.    We  shall 
be  glad  to 
demonstrate  their 
advantages. 
Let  us  send  our 
catalog. 


^^tf'mm 


A  practical  and  economical  appli- 
cation of  a  U.  S.  Portable  Elec- 
tric Drill  is  shown  below.  At  the 
plant  of  Charles  S.  Lewis  &  Co., 
St.  Louis,  Mo.,  they  drill  holes  in 
massive  pump  bases  in  the  man- 
ner shown.  Over  a  platform  on 
which  the  castings  rest  a  travel- 
ing carriage  mounts  a  U.  S.  Type 
G  F  Radial  Drill.  During  the 
drilling  operation  the  carriage  is 
rigidly  clamped  in  place  and  the 
holes  are  quickly  put  through  the 
work.  After  drilling,  the  holes 
are  tapped  and  the  operation  is 
complete.  The  advantage  of 
handling  work  in  this  way  is  ob- 
vious. U.  S.  "Portables"  have 
many  possibilities  in  any  plant. 
Think  it  over. 


ThellnitedStatesElectricalTooICo. 

6th  Ave.  and  Mt.  Hope  St.        CINCINNATI,  OHIO 


New     York     Office,     50     Church 
Street,    New   York   City. 

Chicago    Office,    549    West    Wash- 
ington   Boulevard. 

St.   Louis  Office,   610   Commercial 
Building. 


Boston    Office.     12    Pearl     Street. 
Kansas   City   Office,    3119   Holmes 
Street. 

Detroit   Office,    1410    Dime   Bank 
Building, 

Philadelphia    Office,    The    Bourse. 


STOCK    CARRIED    IN    BRANCHES 
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Bardons  &  Oliver 

TURRET  LATHE 


Conveniences  That 
Speed  Up  Production 


The  Bardons  &  Oliver  Turret  Lathe  is  a  machine  of 
exceptional  ease  of  manipulation — and  any  manu- 
facturer knows  that  convenience  is  of  really  great 
importance.  In  these  lathes  the  tooling  system  is 
so  simple  and  complete  that  setting-up  entails  little 
loss  of  time,  output  naturally  increasing  in  propor- 
tion as  the  maximum  possibilities  of  the  machine  are 
utilized. 

Operating  facilities  enable  Bardons  &  Oliver  Lathes 
to  turn  out  an  enormous  amount  of  accurate  work 
under  ordinary  conditions,  and  are  a  guarantee 
against  any  tendency  to  slow  up  under  forced  draft. 
Production  never  fails  to  jump  wherever  these  lathes 
are  installed.  Unless  you  are  familiar  with  their 
possibilities  your  output  is  probably  far  from  what  it 
should  be.  Let  us  send  full  description  of  the  lathe 
and  tell  you  where  you  can  see  them  in  action. 

BARDONS  &  OLIVER 

CLEVELAND,    OHIO 
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A  1^/4"  drill  should  not  break  under  ordinary 
conditions.  But  have  you  any  idea  of  the 
tremendous  stress  it  often  undergoes  in  eat- 
ing its  way  through  the  metal? 

Add  fifteen  thousand  pounds  of  vertical 
thrust  to  the  grinding  resistance  and  you 
have  a  fair  idea  of  the  kind  of  material  and 
skill  that  make  Union  Twist  Drills  stand  up. 

Cutting  coolly  and  rapidly,  and  with  mini- 
mum'wear,  is  a  result  that  can  come  only 
from  the  broadest  knowledge  of  tool  require- 
ments, together  with  the  most  scientific 
methods  of  material  selection  and  manufac- 
ture. 

The  Union  catalog  also  shows  the  full  line 
of  Union   Tools — shall  we  send  a  copy? 

UNION  TWIST  DRILL  CO. 

ATHOL  MASSACHUSETTS 


Standing 
Up- 

Under 
Fifteen 
Thousand 
Pounds 
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THE  FINAL  PROOF1 


FEL 


GEAR  SHAPE 


FOREIGN   AGENTS:      Alfred   Herbert,   Ltd.,   Covft|jJry,   England; 
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OF  ACCURACY 


Don't  fool  yourself.  You  can't  cut  an  accurate  and  efficient 
helical  gear  with  an  inaccurate  cutter.  Be  the  gear  cutting  ma- 
chine ever  so  accurate,  the  cutter  is  the  final  arbitrator. 

And  speaking  about  cutter  control,  this  must  be  positive  and  rigid, 
not  flexible.  If  not  positive,  the  best  cutter  that  was  ever  made  is 
no  better  than  the  worst. 

In  July  Machinery  we  illustrated  and  explained  the  helical  control 
mechanism  which  is  used  on  the  Fellows  Helical  Gear  Shaper.  and 
which  guides  the  cutter  in  a  positive  and  rigid  manner. 

The  designer  on  the  opposite  page  is  now  being  shown  the  Helical 
Gear  Shaper  Cutter — the  secret  of  perfect  helical  gears.  This  cut- 
ter has  the  involute  curves  of  the  teeth  generated  by  a  grinding 
process  after  hardening  in  the  same  manner  as  the  Gear  Shaper 
Cutter  used  for  cutting  spur  gears. 

This  Point  Is  Important 


With  the  Helical  Gear  Shaper  there 
are  no  "gears"  to  calculate.  The 
feed  of  the  cutter  and  the  helix  angle 
produced  have  no  connection  whatso- 
ever. There  is  ko  jumping  from 
pillar  to  post  only  to  find  in  the  end 
that  you  cj^nnot  get  the  helix  angle 
you  want.  It  is  just  a<  ea-^y  to  cut  a 
helical  gear  r,n  the  Geai  Shaper  as  it 
is  a  spur  geai.  and  tlv,  ■utti.ij  <i  •-.. 
spur  gear  is  simplicity  it-elf  A-1: 
any  owner  of  the  Gear  Shape:-. 


It  is  no  exaggeration  to  say,  thf-.re- 
fore,  that  the  Fellows  flelicf;'  Gear 
Shaper  has  taken  the  "'H — ]"  owt  :.i 
Helical  and  the  '^Myst'  .  i:t  ;f 
Mystery. 

Don't  fuss  and  wui-)-v  l.jij  ^^  vi:  the 
''old  methods''  any  \<^\  u^x.  Tr'.re  s 
a  better  way — t}-,e  Gear  Slrai/e'-  A'-riv. 
Writf  now  f"r  Miir  'c  !'■:,  ''T> - 
Ff^llows  Helical  h^y  -h  .■  ■: 
'   'ii.;h  explain-  t'  i^  ri  /-^^  I'-i- 


:OMPANY,  Springfield,  Vermont,  U.  S.  A 

Paris,  France.,  and  Spain;    iViia.i,  Itr'y;    Yokohama,  Japan;    Caisutta,  (nrifrj. 
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Roughing  Out  Bevel  Pinions  on  a 

G  &  E  Multiple  Spindle  Gear  Cutter 


An  average  production  of  300  pinions 
per  ten  hour  day  is  produced  on  this 
machine — Pinion  is  12  tooth,  Va  pitch, 
^li'  face  made  of  cold  rolled  steel. 


In  cutting  3  pinions  at  one  time  we 
treble  ordinary  production— Let  us 
help  you  on  your  particular  work 
with  our  experience. 


Send  us  your  blue  prints.     Increase  your  production. 
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Prestwich  Fluid  Gauge 

Only  One  Mechanical  Movement 


THERE'S  just  one  mechan- 
ical movement  in  the 
action  of  the  Prestwich 
Fluid  Gauge — that  of  the  dia- 
phragm, the  displacement  of 
which  by  the  object  being  gauged 
runs  up  the  liquid  in  the  tube 

Th  simplicity  of  this  action,  the 
readiness  with  which  fine  gradu- 
ations can  be  read,  the  great 
durability  of  the  mechanism 
and  its  wide  adaptability  make 
the  Prestwich  Fluid  Gauge  an 
ideal  instrument  for  manufac- 
turing purposes — for  use  where- 
ever  quantities  of  work  must  be 
gauged  to  close  limits. 

The  range  of  work  that  can  be 
gauged  is  remarkable.  By  rais- 
ing or  lowering  the  gauge 
column  on  its  standard  the 
measuring  anvils  can  be  extend- 
ed or  brought  close  together  as 
required.  The  object  is  pushed 
between  the  anvils  —  and  a 
glance  at  the  level  tells  the  story. 

We'll  be  glad  to  send  the  com- 
plete story  and  show  you  how 
to  speed  up  your  measuring 
methods.    Write  us. 


Manufactured    under    license    for 
the  United  States  and  Canada  by 

Coats  Machine  Tool  Co. 

INCORPORATED 

30  Church  Street     NEW  YORK 


The 

Standard 

for 

Measuring 

Accuracy 


>£,:* 
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a/ncL 


Two  High 
Grade  Products 

Each  a  "Top-Notcher" 
in  Its  Particular  Field 


Assembled,  tested,  supplied  with  "juice"  and  cranked  for  a  run,  the 
Peerless  looks,  and  is,  a  quality  car  from  stem  to  stern.  Geometric 
Tools — Die  Heads  and  Collapsing- Taps — help  make  it  so.  They  con- 
tribute threads  of  the  highest  grade,  accurate,  finely  finished  threads, 
cut  with  remarkable  speed  and  economy.  It  happens  to  be  an  internal 
threading  job  we  are  showing  this  time — differential  cages  in  which 
the  hole  is  2%"  diameter,  and  the  U.  S.  S.  16  pitch  thread  is  %"  in  length. ' 
Not  spectacular  threading  this;  but  interesting  to  the  production  in- 
vestigator because  it  shows  how  a  wideawake  concern  secures  results. 

THE  GEOMETRIC  TOOL  COMPANY 

CHICAGO  OFFICE: 

REGULAR  AGENTS:  The  Chas.  A.  Strelinger  Co.,  Detroit,  Mich.;  Hill,  Clarke  &  Co.,  Inc.,  Boston;  Vandyck  Churchill  Co..  New  York 
and  Philadelphia;  Brown  &  Zortman  Machinery  Co.,  Pittsburgh,  Pa.;  The  E.  A.  Kinsey  Co.,  Cincinnati,  O. ;  Strong,  Carlisle  &  Hammond 
Co.,  Cleveland,  O.  PACIFIC  COAST:  General  Machinery  &  Supply  Co.,  San  Francisco,  Cal.;  Perine  Mchy.  Co.,  Inc.,  Seattle,  Wash. 
CANADA:     The  A.  R.  Williams  Machinery  Co.,  Ltd.,  Toronto,  Winnipeg  and   St.   John,   N.   B.;   Williams  &  Wilson,   Ltd.,   Montreal. 
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IE  Heads 


Geometric  Tools  are  old  timers  with  a  record  for  universally  efficient, 
economical  service.  They  cut  long,  short,  fine,  coarse,  tapered,  inside 
or  outside  threads.  Let  us  show  how  profitably  they  can  cut  threads 
for  you.    Write  for  the  Geometric  Catalog. 


NEW  HAVEN,  CONNECTICUT,  U.  S.  A. 


545  W.  Washington  Blvd. 


FOREIGN  AGENTS:  Chas.  Churchill  &  Co.,  Ltd.,  London,  Birmingham,  Manchester,  Newcastle-on-Tyne,  Glasgow.  Donauwerk  Ernst 
K.rause  &  Co.,  Vienna.  V.  Lowener's  Alaskinforretning,  Sverre  Mohn,  Norway.  Bevan  &  Edwards  Pty.,  Ltd.,  Melbourne,  and  White 
&  Kae,  Sydney,  Australia.     Andrews  &  George,  Tokyo,  Japan.     Also  all  manufacturers  of  Screw  Machines  and  Turret  Lathes. 
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mit 


Close  Accuracy 


Required  on 
Bearing  Races 


Heald  Grinding 
Is  Uniformly  Accurate 


The  hole  in  the  small  bearing  is  tapered 
12°  6"  and  is  1.488"  at  the  large  end. 
The  amount  of  stock  removed  is  .012" 
and  the  grinding  limits,  .001"  plus  or 
minus.  The  output  is  one  piece  per 
minute  per  machine — 60  per  hour. 
Such  a  rapid  and  economical  output  is 
appreciated  by  the  production  man. 


THE  HEALD  MACHINE  COMPANY 


I 


20  New  Bond  Street 


WORCESTER,  MASS.,  U.  S.  A. 


NEW    YORK, 
839  Singer  BIdg. 


CHICAGO, 
24   So.    Jefferson    St. 


DETROIT, 

303    Majestic    BIdg. 


CINCINNATI, 
602   Provident   Banl<   BIdg. 


CLEVELAND, 
710   Engineers   BIdg. 


.1 
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Good 

Production 
Secured  with 

Heald 


urinders  ^ 


We  are  showing  bearing  races  ranging  from  1%"  to  11"  diameter,  close 
limit  grinding  of  the  kind  that  Heald  Grinding  Machines  handle  remark- 
ably well. 

There  are  36  Heald  Grinders  used  in  the  production  of  Bock  Bearings, 
at  the  Bock  Bearing  Company's  plant,  Toledo,  Ohio — 36  thoroughly  satis- 
factory machines. 

Our  Engineers  will  be  glad  to  study  your  requirements. 
For  quick  service  write  the  nearest  branch  office. 


ALD 


The  large  bearing  has  an  inside  taper 
of  18°  30'  6",  is  10.233",  plus  or  minus 
.001",  at  the  large  end,  and  has  .048" 
stock  removed.  They  come  off  the 
machine  at  the  rate  of  four  pieces  per 
hour,  as  accurately  ground  as  you 
could  wish,  ''passed  by  the  censor," 
who  uses  a  test  gauge  on 
every  bearing  that  comes 
through. 


PACIFIC  COAST  AGENTS:  Eccles  & 
Smith  Co.,  San  Francisco  and  Portland. 
Smith-Booth-Usher   Co.,    Los   Angeles. 

FOREIGN  AGENTS:  Alfred  Herbert, 
Ltd.,  England,  Italy,  France,  Switzer- 
land, Spain  and  Portugal.  F.  W.  Home 
Co.,  Japan.  Wllh.  Sonesson  &  Co.,  Ltd.. 
Sweden,  Denmark  and  Norway.  Post 
van  der  Burg  &  Co.,  Holland.  IznosskofE 
&  Co.,  Russia. 
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Look  for  the  mark  SKF  on  the 
Machine  Tools  you  build  and  buy 

In  every  industrial  center  throughout  the  world  the  mark  SKF  on  a  ball 
bearing  is  the  symbol  of  excellence.  Its  meaning  is  not  limited.  It  stands 
not  only  for  bearing  quality  and  service,  but  also  for  unique  design  and  for 
the  brain,  the  skill  and  the  spirit  of  the  SKF  organization.  It  stands  for 
excellence — in  all  ways,  in  all  nations,  at  all  times, 

baImIm  bearings 


I 


BALL  BEARING  CO. 


SKF  BALL  BEARING 
CO.  of  California,  Inc. 
San  Francisco. 


MACHINERY 


Strong,  Dominating,  Steadfast,  SKF 
Quality  is  one  with  its  Fame 

The  machine  tool  user  or  manufacturer  who  demands  quality — who  wants 
materials  and  workmanship  of  the  highest  standards — will  find  SKF  ade- 
quate to  his  most  exacting  requirements.  No  effort  is  spared,  no  precau- 
tion omitted,  to  maintain  the  excellence  for  which  SKF  is  famous.  The  mark 
SKF  is  more  than  the  name  of  a  ball  bearing — it  is  the  visible  symbol  of  ex- 
cellence.   This  is  why  it  stands  at  the  forefront  of  machine  tool  progress. 

BALL  BEARINGS 


HARTFORD.  CONN.,  U.  S.  A 


CANADIAN  SKF  CO.,Ltd 

Toronto,  Ontario 

Canada 
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The  Hayden  Automatic 
From  Any  Angle 


STUDY  this  ma- 
chine from  any 
viewpoint  —  in- 
vestment, mainten- 
ance, operating  costs, 
quantity  or  quality  of 
output — and  you'll  un- 
derstand why  the  Hay- 
den Automatic  always 
comes  up  for  discus- 
sion when  machines  of 
this  class  are  under 
consideration. 

We  claim  that  the 
Hayden  Automatic  is 
the  superior  of  all 
other  machines  of  its 
class,  in  every  respect. 
And  the  net  result  is 
the  greatest  possible 
production  at  the  low- 
est costs.  These  are 
strong  claims ;  but  we 
have  proved  them  to 
many  men  and  are 
ready  to  prove  them  to 
you — in  any  manner 
you  may  desire. 

Send  for  the  catalogue 
and  the  whole  story. 


CINCINNATI  AUTOMATIC  MACHINE  CO.,  Oakley,  Cincinnati,  Ohio,  U.S.A. 


THE  BORING  MILL 

The   modern   boring   mill   is 
more  than  its  title  indicates. 
It  is  a  manufacturing  tool — 
big,    powerful,    yet   easy   to 
operate,  its  special  field  being 
the    machining    of   work    of 
large  diameter.     It  is  accu- 
rate as  well  as  powerful — 
carries    wide    forming    tools 
and    finishes    such   work    as 
automobile  tire  molds  to  ex- 
tremely  close   limits.      It   is 
carefully    designed     and    thor- 
oughly well  built. 
Such  is  the  modern  boring  mill — 
such   is   the   Cincinnati   Boring 
Mill.     No  better  machine  of  its 
class  can  be  built.    We'll  be  glad 
to  prove  it. 

THE  CINCINNATI 
PLANER  COMPANY 

CINCINNATI        OHIO,  U.S.A. 
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"HAMILTON" 


Hamilton  Construction 

the  Basis  of 

Hamilton  Service 


We  have  built  Hamilton  Lathes  on  the  theory  that  as  a  machine  is  made  so  will 
it  perform.  We  wanted  accuracy,  so  we  centered  on  rigidity — made  the 
Hamilton  bed  wide,  deep,  with  heavy  bracings,  and  backed  it  up  with  a  head- 
stock  of  massive  and  scientifically  correct  proportions.  We  wanted  speed,  so 
we  provided  tremendous  driving  power  and  operating  helps  of  the  simplest 
and  most  convenient  kind.  We  have  turned  out  a  line  of  lathes  that  run 
second  to  none  for  capacity  to  turn  out  high  grade  work  fast  and  keep  ever- 
lastingly at  it.  The  Hamilton  spindle  is  forged  crucible  steel,  bored  its  entire 
length,  and  accurately  ground  to  size.  Carriage  is  large,  is  securely  gibbed 
front,  center  and  back,  scraped  to  solid  bearing  on  bed  its  entire  length  and 
provided  with  power  longitudinal  and  cross  feed.  All  shafts  and  studs,  lead 
screw,  feed  rod,  and  all  rack  and  pinions  are  of  high  grade  steel.  All  gearing 
accurately  cut  from  the  solid.    All,  feeds  are  reversible  from  the  apron. 

Your  chief  need  just  now  is  reliable  equipment.     We  can 
take  care  of  your  Lathe  and  Planer  needs.     Write  for  details. 


THE  HAMILTON 
MACHINE  TOOL  CO. 

HAMILTON,    OHIO,    U.  S.  A. 

DOMESTIC  AGENTS:  T.  Crowther  &  Co..  Inc..  Boston,  Mass.;  M.  D.  Farnum.  Springfield, 
Mass.;  Ganin  Machine  Co.,  New  York;  Strong  &  Hery  Co.,  Rochester.  N.  Y. ;  Sherritt  & 
Stoer  Co..  Philadelphia.  Pa.;  Laughlin-Barney  Mchy.  Co.,  Pittsburgh,  Pa.;  Cullen  Mchy.  Co.. 
Cleveland,  O. ;  Osborne  &  Sexton  Mchy.  Co..  Columbus,  O. ;  Wolverine  Machinery  &  Supply 
Co..  Detroit,  Mich. ;  Stocker-Rumely-VVachs  Co.,  Chicago,  111.;  Thomson  Tool  &  Supply  Co., 
Indianapolis,  Ind. ;  W.  C.  Johnson  &  Sons  Mchy.  Co..  St.  Louis.  Mo.;  F.  E.  Sattatleo  Co., 
Minneapolis,  Minn.;  Hendrie  &  Bolthoff  Mfg.  &  Supply  Co.,  Denver,  Colo.;  General  Ma- 
chinery &  Supply  Co.,  San  Francisco,  Cal. ;  Herberts  Machinery  &  Supply  Co.,  Los  Angeles, 
Cal.;  M.  J.  Walsh  Mchy.  Co..  MUwaukee,  Wis.;  Textile  MiU  Supply  Co..  Charlotte.  N.  C. ; 
('otton  States  Belting  &  Supply  Co..  Atlanta.  Ga. ;  Oliver  H.  Van  Horn,  Inc.,  New  Orleans, 
La.     CANADIAN   AGENTS:     H.    W.    Petrie.   Ltd.,    Toronto,   Ont. 
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SPRINGFIELD    MACHINES 

Set  New  Standards  of  Efficiency 


Springfield  Machines  are  not  pace  followers — they  are  pace  setters  and  bring  high  pro- 
duction, high  efficiency  and  remarkable  range  and  capacity  into  your  shop.  This 
powerful  Springfield  "Ideal"  14"  x  6'  Single  Pulley  Engine  Lathe  is  heavy,  com- 
pact and  practically  noiseless.  The  design  allows  the  use  of  short  shafts  of  large 
diameter,  which  effectually  frees  the  lathe  from  vibration  and  chatter.  Thirteen  gears 
give  twelve  speeds  and  you  reach  the  desired  speed  at  once  without  having  to  go 
through  the  whole  series  to  reach  it.  From  headstock  to  base  this  machine  is  made 
to  give  greatest  service  and  value.    It's  more  than  a  lathe — it's  a  standard. 

The  Springfield  Bench  Straightening  Press  and  Centers  are  made  in  three  sizes  for 

quick  and  accurate  work.    They  are  especially  valuable  in  factories  where  there  are 

crankshafts     and     camshafts     to 

straighten   and  where  the   result 

must  be  correct  to  promote  perfect 

action  of  the  machines  of  which  the 

straightened  shafts  form  a  part. 

Work  is  not  marred  as  the  points 

of  the  set  screw  are  brass  covered. 

These  are  useful   and   competent 

tools  and  are  another  example  of 

Springfield  value. 

The  Springfield  Machine 
Tool  Company 

631  Southern  Avenue 
Springfield  Ohio,  U.  S.  A. 

Manufacturers  of  Springfield  Lathes  and  Shapers 


Catalogue 
showing 
full  line  on 
request. 

Send  for  it. 
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Transmission  Case  Drilling-All  on  the  NAlCO 

In  the  operation  shown  twelve  13/32-inch  drills  are  used.  The  thickness  of  material  is 
1/2  inch.  No  lubrication.  The  operator  completes  this  operation  at  the  rate  of  thirty  cases 
per  hour.  All  the  drilling  on  this  transmission  case  is  done  the  HATCD  way.  There  are 
thirty-four  holes  in  all,  divided  up  into  six  operations. 

The  Durston  Gear  Co.,  Syracuse,  New  York,  has  another  smaller  H^TCO  drill — and  each  has 
been  a  profitable  investment.  The  work  done  is  performed  at  production  figures  as  good  as 
that  quoted  for  this  job — and  the  exclusive  n^"[CO  feature,  independent  speed  adjustment 
for  each  drill,  is  one  of  the  reasons. 

If  you  would  drill  most  economically  do  it  the  nMCO  way.     More  details  on  request. 

THE  NATIONAL  AUTOMATIC  TOOL  CO. 

RICHMOND,  INDIANA,  U.  S.  A. 

FOREIGN  AGENTS:  For  British  Isles:  Burton  Griffiths  &  Co..  Ludgate  Square,  Ludgate  Hill.  London.  For  France:  A\ii  Forges  De 
Vulcain,    Paris.     For    Germany:     Heinrich    Dreyer,    Berlin. 
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CHROME-VANADIUM  RING  GEAR 


585  Every 
Eight  Hour 
Shift 

680, 

High  Run,  in 

Eight  Hours 

is  a  fine 
example  of 

Intensive 
Production 


BULLARJ) 

MOLT-AD-MATIC 

Vertical  Lathes 


Are  making  and  main- 
taining similar  pro- 
ductive records  in  a 
number  of  well-known 
plants. 

Your  work  can  be 
produced  faster  and 
cheaper. 

Let  us  show  you  how. 

THE  BULLARD  MACHINE 
TOOL  COMPANY 

Bridgeport,  Connecticut 
U.  S.  A. 
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IT'S  UP  TO  YOU 

To  increase  your  Production  and  Reduce  your  Costs 
by    installing    "CINCINNATI"   Portable    Electrics 

TRY  THIS  TRIO 


HAND  OB  BBEAST  DBILLS 

Vi".  %".  Mi".  %"  capacities. 
Weiglit  from  7  pounds  up.  Gears 
run  in  grease.  Single  and  two 
speeds. 

SCBEW-FEED  DBILLS 

%"    to    2"    capacities. 

SCOTCH  BASIAL  DBILLS 

%"   to  2%"   capacities. 

Special  Features 


TOOL  POST  GBINDEBS 
l^  to  3  H.  P.  Weiglit  from  16 
pounds  up.  Free  band  feed. 
Bearings  adjustable  to  wear. 
Horizontal  and  vertical  feeds. 
Different   types   for   all   purposes. 


BENCH  GBINDEB  OB  BUFFEB 
Five  sizes,  J/i  to  Z  H.  P.  Also 
Pedestal  Floor  Grinder  1  to  3 
H.  P.  Fully  enclosed.  Dirt-  and 
dust-proof.       Ball    bearings. 


Air  Cooled.     Ball  and  Thrust  Bearings. 

All  working  parts  hardened.     Overload  Allowance. 

Guaranteed  Mechanically  and  Electrically. 


CINCINNATI    ELECTRICAL   TOOL    CO. 


CINCINNATI,  OHIO 


65O-052  Evans  Street 

FOBEIGN  AGENTS:     Englajid:    S.   Wolf  &   Co.,   London.     Australia;   Parke  &  Lacy  Co.,  Ltd.,  Sydney.    Norway:    V.  Lowener,  Cbristiania.    France: 
R.   S.   Stokvis  &   Fils,   Paris.     Holland:      R  S.   Stokvis   &  Zonen,   Ltd.,   Rotterdam.     Japan:     yamatake  &  Co.,   Tokyo. 


Ne'w  YorK  Office,  50  CKtircK  Street 


StocK  and  Service  Department 


G-K— MORE  THAN  JUST  A  LATHE 


Most  lathes  are  just  lathes — nothing  out  of  the  ordinary,  good  enough  for  some  purposes,  most  of 
them  honestly  built,  but  as  like  as  peas  in  a  pod.  A  G-K  Lathe  is  different,  different  in  important 
respects,  in  many  details,  in  its  very  appearance.  It  is  a  better  lathe — worth  more  because  it  can 
earn  more — with  an  established  company  and  years  of  experience  behind  it.  Let  us  send  the 
Booklet  "G-K  Betterments" — you'll  find  it  worth  studying. 

THE  GREAVES-KLUSMAN  TOdL  CO.,  Cincinnati,  Ohio 
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NEWTON 

'An  Old  Rail  Ending  Machine 
That  is  Still  '''On  the  Job  '^ 

Although  this  Newton  is  ten  years  old  in  service,  it's  far  from  being  a  back  number. 

With  a  few  alterations,  made  necessary  by  changing  conditions,  it  meets  requirements 

with  efficiency  characteristic  of  the  latest  models. 

The  design  of  Newton  Rail  Ending  Machines  is  practical,  being  governed  primarily 

by  the  specific  practice  they're  expected  to  undergo.     As  a  result  every  Newton  is  a 

square  peg  in  a  square  hole  and  covers  its    particular    field    as    no    other    similar 

machine  can. 

Every  Newton  is  equipped  with  the  very  latest  means  for  convenience  and  quick 

handling  of  stock ;  they're  really  ahead  of  ordinary  practice  as  a  matter  of  fact ;  and 

it's  that  very  feature  in  a  Newton  that  guarantees  adaptability  to  meet  any  and  all 

conditions  satisfactorily. 

The  Newton  line  of  frog,  switch  and  rail  rolling  mill  tools  is  complete ;  every  machine 

characterized  by  power,  speed  and  reliability  to  insure  service  of  the  highest  order. 

Send  for  catalog  for  all  the  details. 

NEWTON  MACHINE  TOOL  WORKS,  Inc., 


23rd  and  Vine  Streets 


PHILADELPHIA,  U.  S.  A. 
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IllllilllllllllllllllllllllllllllillllllilllllllllllllllU^ 

I  One  Every  Two  Minutes  on  the  | 

I  CLEVELAND  AUTOMATIC  | 

I  Consider  the  size  and  nature  of  this  job,  and  the  depth  of  the  | 

I  hole — then  the  32  per  hour  rate  at  which  the  VA"  Model  A  | 

I  Cleveland  Automatic  turns  it  out  will  give  you  an  idea  of  what  | 

I  the  machine  can  do  for  you.    The  piece  shown  above  is  knurled  | 

I  its  entire  length  and  tapered  at  both  ends.  | 

I  The  tooling  necessary  on  this  job  is  as  follows :    Gauge  stock  to  | 

I  length ;  center  for  drill ;  drill  half  way  and  knurl  full  length ;  | 

I  drill  hole  to  full  depth  and  form ;  cut  off.  | 

I  Fine  finish,  speed  and  accuracy  with  low  labor  cost  are  clearly  | 

I  defined  advantages  of  Cleveland  Automatic  production.    Let  | 

I  us  give  you  conclusive  proof.  | 

I  Cleveland  Automatic  Machine  Co.  I 

I  CLEVELAND,  OHIO,  U.  S.  A.  | 

=  EASTERN    REPRESENTATIVE:      J.    B.     Anderson.    211    Gowan    Ave.,    Mt.     Airy.     Philadelphia.      WESTERN  = 

=  REPRESENTATIVE:    Herbert  E.   Nunn.  565  West  Washington  St..  Chicago.     FOREIGN  REPRESENTATIVES-  B 

=  Chas.   Churchill  &   Co.,  Ltd.,   London,   Manchester,   Birmingham.    Newcastle-on-Tyne  and   Glasgow.  = 
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AVE  turned  millions  of 
revolutions  on  thou- 
sands of  machines  of 
hundreds  of  types  for 
scores  of  purposes, 
standing  millions  of 
pounds  of  radial  and 
thrust  pressure. 

They  have  done  this  in  all 
climes,  under  varying  condi- 
tions, with  and  without  proper 
care,  properly  and  improperly 
mounted  or  applied — and  they 
have  stood  up  under  it  all. 

Thus  they  are  carrying  industry's 
burdens  to  the  greater  benefit  of 
mankind. 

Such  is  their  reward. 
Their  virtues  have  been 
proved.  They  have  stood 
the  test  of  time's  worst 
task-master — Service. 

Select  the  right  Hess-Bright  for  your  need  and  your  bearing  problems  are  solved. 
Let  our  engineers  aid  you  in  the  solution  of  your  problems. 

HESS-BRIGHT'S  CONRAD  PATENTS 
ARE  THOROUGHLY  ADJUDICATED 

HESS-BRIGHT  MANUFACTURING  COMPANY 

FRONT  STREET  AND  ERIE  AVENUE  .-.         PHILADELPHIA,  PA. 
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Again:   Big  Production  from 


THE   WARNER    &    SWASEY 


New  York  Office— Singer  Bldg. 

Detroit  Office— Ford  Bldg. 


Boston  Office— Oliver  Bldg.  Buffalo  Office— Iroquois  Bldg. 

Chicago  Office  and  Show  Rooms— 618-622  Washington  Blvd. 
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Tv^o  Cuts  at  One  Time  on  the 

Universal  Hollo^v^  -  Hexagon 

Turret  Lathe 

Because  the  Anderson  Electric  Car  Company 
of  Detroit  machines  its  differential  cases  on 
the  Universal  Hollow -Hexagon  Turret 
Lathe  it  is  able  to  reduce  operations  at  the  first 
setting,  normally  seven,  to  five.  Consequently 
a  ten  hour  day's  production  at  the  first  setting 
is  fifty  cases.  The  Anderson  people  consider 
this  most  excellent  performance. 

The  material  is  malleable  iron.  The  operations  at  the  first 
setting  are  as  follows: 

First,  chamfer  45  degrees.  Second,  rough  bore,  face  inside 
race  with  turret,  and  at  the  same  time  face  the  8  1-2  inch 
diameter  flange  with  the  carriage.  Third,  rough  turn  radius. 
Fourth,  finish  bore,  and  at  the  same  time  finish  face  gear 
bearing,  finish  flange,  and  finish  radius  surface.    Fifth,  ream. 

This  ability  to  take  two  cuts  at  one  time  is  furnished  by  means  of 
independent  feed  shafts  for  carriage  and  turret  saddle.  Each  has  ten 
individual  feeds  in  either  direction.  While  boring  or  turning  with  the 
hexagon  turret  the  carriage  will  face,  undercut  or  form. 

Among  the  other  good  features  of  the  Universal  Hollow- Hexagon 
Turret  Lathes  are  the  power  rapid  tr^erse,  great  reserve  power,  and  the 
rigidity  that  assures  accuracy. 

Send  blueprints  of  one  of  your  exacting  jobs  for  a  reliable  estimate  of  the  time 
saving  eflfected  by  these  machines 

COMPANY,    Cleveland,    Ohio 

FOREIGN  AGENTS:  Chas.  Churchill  &  Co.,  Ltd.,  London,  Birmingrham,  Manchester,  Newcastle-on-Tyne  and  Glasgow. 
Allied  Machinery  Company,  Paris  and  Turin.  Van  Rietschotcn  &  Houwens,  Rotterdam.  Yamatake  &  Co.,  Tokio.  Benson 
Brothers,  Sydney  and  Melbourne.  A.  Asher  Smith,  Sydney.  A.  R.  Williams  Machinery  Co.,  Ltd.,  Toronto,  St.  John, 
Winnipeg  and  Vancouver.     Williams  &  Wilson,  Ltd.,  Montreal. 
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(ll        <HE    -riL-tiE:ii^<URRET      1ft 


A  CLEAR,  TRACI^ZFOR  {rHE  STOCK 


WHERE  ACCURACY  and  DEPENDABILIH 

Are  Vital  Factors  of  Construction 

ACCURACY  is  one  of  the  most  important  and  prime  features  of  construction  in  airplane 
work.     Mechanical  parts  are  subject  to  the  most  rigid  and  minute  inspection. 

It  is  in  this  class  of  work  THE  TILTED  TURRET  excels.  No  matter  whether  your  opera- 
tions be  on  bar  stock  or  chuck  work,  where  duplicate  parts  are  essential,  you  will  find  THE 
TILTED  TURRET  a  superior  machine  tool.  At  the  present  time,  a  large  portion  of  the 
entire  production  of  THE  TILTED  TURRET  is  being  purchased  by  airplane  manufacturers, 
which  proves  its  DEPENDABILITY.  THE  TILTED  TURRET  is  fifteen  years  old  and  the 
duplicate  orders  prove  its  efficiency.    Ask  the  user. 

Do  These  Facts  Interest  You  As  a  User  or 
Prospective  Purchaser  of  Turret  Machinery? 

Our  Catalog  M-19  describes  methods  of  construction  of  THE  TILTED  TURRET  as  well  as 
showing  the  various  sizes  and  models  we  manufacture.    Your  copy  awaits  you. 


Turret  Lathes  and 
Screw  Machines 


c 


WOOD     "rURREZT     MACHINE!    CO. 


J 


BRAZIL    INDIANA  USA 
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Absolutely 
O.K. 


If  you've  an  unsolved  production  problem 
"Leave  it  to  Libby.  "  We  shall  be  glad  to 
show  how  a  Libby  Lathe  will  take  care  of  it. 


''Leave  it 
to  Libby'' 

The    work     is    gear 
blanks  5  3/4"  diameter, 
1  11/16"  face,  1  5/16" 
bore;  3/16"  stock  is  re- 
moved,   two    cuts    are 
taken,  two  settings  fin- 
ish the  job.     Close  ac- 
curacy and  fine  finish 
are    observed,    yet    the 
Libby  Lathe  turns  out  a 
gear  blank  complete  in  i^  minutes. 
''Absolutely  0.  K.,"  says  the  Troy 
Laundry    Machinery    Co.,    Ltd., 
Chicago,   111. — and  they  demand 
big  things  of  their  machines. 

"Libby"  users  consider  "Libby" 
speed,  power,  accuracy  and  range 
about  the  finest  production  com- 
bination on  the  market.  These 
machines  are  designed  and  built 
to  turn  out  the  maximum  of  work 
at  minimum  cost.  They  are  sim- 
ple machines  to  operate,  have 
power  for  heavy  cuts,  can  be 
driven  hard  and  are  economical 
on  all  work  they  handle. 


INTERNATIONAL  MACHINE  TOOL  CO. 


INDIANAPOLIS,  INDIANA,  U.S.A. 


DOMESTIC  AGENTS:     Bowman-Blackman   Machine  Tool   Co.,    St.   Louis,  Mo.     Brown    &   Zortman    Machii 
Co.,  -     -      - « 

Hammond  _  . 
Syracuse  Supply 
MUan,  Italy.  Iznosskoff  &  Co.,  Petrograd,  Moscow  and  Ekateri 


Pittsburgh.   Pa.     Ecclcs   &   Smith 


Francisco,  Cal.;  Los  Angeles,  Cal. ;  Portland,  Ore.  E.  L.  Essley  Machinery  Co.,  Chicago,  111.,  and  Milwaukee,  Wis.  Strong  Carlisle  & 
1  Co.,  Detroit,  Mich.,  and  Cleveland.  Ohio.  Vandyck-ChurchUl  Co.,  New  York  N,  \^,  New  Haven  Conn.,  and  Philade  phia  Pa. 
Supply  Co.,    Syracuse,    N.   Y.,   and  Buffalo,    N.    Y.     FOREIGN   AGENTS:    Coats  Machine  Tool  Co.,  Ltd.,  London,  Eng.    Ugo  Violini  &  l>o.. 
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Watching  for  Hot  Bearings 
is  non-productive  work 

FOR  MAXIMUM  EFFICIENCY  the  operator 
of  any  kind  of  machine  should  be  able  to  de- 
vote his  entire  attention  to  the  turning  out 
of  work.    Anything  which  distracts  attention 
from  the  productive  work,  such  as  frequent  oil- 
ing, or  watching  a  cranky  bearing  to  see 
whether  it  is  getting  hot,  reduces  efficiency. 


When  Gurney  Ball  Bearings  are  used,  the 
increased  mechanical  efficiency  is  only  a 
small   part  of  the  total  saving.     The 
greater  saving  is  in  the  trouble-proof 
operation  of  the  bearings — no  frequent 
oiling,  no  watching  for  hot  bearings,  no 
adjustments  for  worn  bearings,  no  shut- 
downs to  replace  bearings. 

The  big  advantage  of  Gurney  Bearings 
is  that  you  can  forget  them  once  they 
are  installed. 

117 
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DILL  SLOTTER   v. 

is  a  Manufacturing 
Machine 

It  was  purchased  for  the  purpose  of 
helping  the  Shepherd  Engineering  Co., 
Williamsport,    Pa.,    to    build    engines. 
When    this   concern,    under   stress   of 
necessity,    began    turning   out    lathes, 
the  machine  that  helped  tide  them  over 
the    hard    spots    was    this    same    Dill 
Slotter.    It  planed,  shaped,  milled — did 
everything  put  up  to  it  with  true  Dill 
efficiency.  The  bottoms  of  20"  lathe  tail- 
stocks — a   machining  job   that  looked 
like    a    sticker   because   no 
machine  could  be  spared  for 
the  work — is  just  one  of  the 
jobs  on  which  the  Dill  made 
a  record. 


Photographs  secured  through  the  courtesy  of 
the  Shepherd  EngiQeering  Company,  Williams- 
port,  Pa. 


A  single  iron  fixture  holds  the  work.  When  a  tail- 
stock  comes  off,  even  a  surface  plate  fails  to  show  up 
a  low  spot;  the  slot  has  been  run  across  the  surface 
and  in  the  tongue  recess  at  the  rate  of  25  pieces  per 
25  hours,  floor  to  floor. 

With  a  Dill  Slotter  handy  you  can  do  practically  any- 
thing on  any  shape  or  size  work.  There  are  reasons — 
Dill  rotating  lathe,  traveling  head  and  a  few  others. 

Write  for  the  whole  story. 


T.  C.  Dill  Machine  Company 

The  Dill  Slotter  People,  Philadelphia,  Pa. 

FOREIGN  AGENTS:  Coventrv.  London,  Birmingham.  Leeds,  Manchester.  NevcasUe-onTj-ne  and  Glasgow,  Alfred  Herbert.  I"l  „l^,''ance:  Alfrwl 
Herbert.  Ltd.  lUlv:  Alfred  Herbert,  Ltd.  Japan:  Alfred  Herbert.  Ltd..  Yokohama.  Germany  and  Austria:  He.nri.h  Dreyer.  Berlin,  Germany. 
Holland:     R.    S.    Stokvis    &    Zonen,    Ltd.,    Rotterdam.     Belgium:     K.    S.    Stokvis    &    Fil.s.    S.A..    Brussels. 


66 


MACHINERY 


August,  1917 


The  "OHIO" 
Planer  Has 
Table  Dogs  and 

Shifter  Levers 
on  Both  Sides 


This  feature  is  right  in  line 
with    the    high    production 
principle  so  thoroughly  devel- 
oped in  "Ohio"  Planers.     There 
is  no  lost  motion  between  the  tum- 
blers and  the  belt  shifter  arms,  and 
the  arms  are  located  close  to  pulley 
so  that  belt  can  be  shifted  much 
more    rapidly.      Levers    on    both 
sides  save  even  the  time  it  takes  a 
workman  to  walk  from  one  side  to 
the  other. 


The  ''Ohio"  represents  the  latest 
design  in  metal  planing  machines, 
and  is  built  throughout  for  accu- 
rately    machining     the     heaviest 
classes  of  work  at  the  maximum 
capacity  of  high  speed  tools.    We'd 
like  you  to  know  more  about  them 
and  their  possibilities  for  profitable 
service  in  your  plant. 

Send  for  the  catalogue   and  study 
their  many  fine  points. 


OHIO  MACHINE 
TOOL COMPANY 

KENTON  OHIO 

Planers  and  Shapers 
Since  1887 
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Complete 
Line 


8-inch  to  50-inch 
Sw^ing 

(With  or  without 
Tapping 
Attachment) 


Upright 
Drills 

Horizontal 
Drills 


Gang 
Drills 


BARNES 
DRILLS 

Accuracy 

Convenience  of  Operation 

Strength 

MADE     BY 

W,  F.  &  John  Barnes 

f^  231  Ruby  Street 

v^iompany  Rockford,  m.,  u.  s.  a. 
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\Vlien  East  and  West  Agree 

This  punch — 

Made  by  Mehl  Machine  Tool  &  Die  Co.,  Roselle,  N.  J.— 

For  Western  Electric  Co.,   Hawthorne,  111 

Allowed  limit  of  error  -_--  .0001". 

Time  and  material  have  been  wasted  if  this  punch  is  rejected.    Will 

the  inspector  in  Illinois  agree  with  the  toolmaker  in  New  Jersey  on 

what  is  .0001"?     Sure! 

They  both  use  Johansson  Standard  Gages. 

Johansson  Standard  Gages  have  unlimited  use  in  the  toolroom  and 
inspection  department.  Every  day,  toolmakers  are  finding  new  uses 
for  them  in  laying  out  and  checking  jigs,  dies,  fixtures,  gages,  etc.  No 
two  manufacturers  use  the  Johansson  Standard  Gages  alike.  All  agree 
they  cannot  get  along  without  them. 


THE   SWEDISH   GAGE   CO.,  IncorporateJ 
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In  the  Cause  of  Better  Bearings; 

The  shortcoming-s  of  old-fashioned  plain  bearings  have  been 
known  to  machine  tool  manufacturers  for  many  years.  Long 
ago  it  was  decided  by  many  of  the  manufacturers  that  plain 
bearings  were  a  failure,  especially  on  countershafts. 


In  theory  plain  bearings  may  be  all  right, 
fall  down  hard. 


But  in  practice  they 


Bad  lubrication  is  chiefly  responsible  for  their  miserable  fail- 
ure. They  won't  hold  the  lubricant  at  all.  The  oil  leaks  out;  the 
bearing  runs  dry.    The  machine  must  stop. 

A  machine  tool  operator  must  not  be  hampered  by  unreliable 
bearings.  He  must  feel  free  to  speed  up  his  ma- 
chine whenever  conditions  demand  it.  He  must 
not  live  in  fear  of  his  bearings  breaking  down. 
For  the  sake  of  his  efficiency,  you  should^  save 
him  the  worry  of  bearing  trouble.  Let  him  have 
confidence  in  his  machine — put  Hyatt  Bearings 
on  the  countershaft. 

Hyatt  Roller  Bearings  are  anti-friction.    They 
save  power. 

HYATT  BEARINGS 


II 
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Greater  Speeds,  Constant  Service 

And  Hyatt  Roller  Bearings  solve  lubricating-  troubles.  Hyatt 
Rollers  are  hollow  and  have  spiral  slots.  Each  roller  acts  as  a 
reservoir  for  oil.  Through  the  spiral  slots  the  oil  is  sent  ooz- 
ing out  over  the  v^hole  bearing  surface  and  back  into  the  roller 
again.  The  oil  is  alv^ays  on  the  move  and  always  doing  good. 
Every  drop  of  oil  is  used  to  such  advantage  that  Hyatt  Bearings 
don't  need  oiling  more  than  once  a  month. 

Greater  speeds!  Constant  service!  Long  life!  Ideal  lubrica- 
tion !  That's  what  Hyatt  Bearings  should  mean  to  you.  Think  the 
matter  over. 


PARTIAL  LIST  OF 

USERS 

Cleveland    Automatic    Machine    Tool 

Co., 

Fox    Machine    Company, 

Cleveland,    Ohio 

Grand    Rapids,    Mich. 

Hardinge   Brothers, 

Ingersoll  Milling  Machine  Co., 

Chicago,    m. 

Rockford,    111. 

BuUard    Machine    Tool    Co., 

Rockford    Milling   Machine    Co. 

Bridgeport,    Conn. 

Rockford,    III. 

Chard    Lathe    Co., 

Landis    Tool    Co., 

New  Castle,  Ind. 

Waynesboro,  Pa. 

Foote-Burt    Co., 

Fitchburg    Grinder    Co., 

Cleveland,    Ohio 

Fitchburg,     Mass. 
Barber-CoTman  Co., 

National    Automatic    Tool    Co., 

Richmond,    Ind. 

Rockford,    El. 

Baush   Machine  Tool   Co., 

Heald    Machine    Co., 

Springfield,   Mass. 

Worcester,    Mass. 

Eockford   Drilling   Machine  Co., 

American    Tool    Wks., 

Rockford,    Dl. 

Cincinnati,    Ohio 

Hyatt  Roller  Bearing  Co. 

NEWARK  NEW  JERSEY 

FOR  COUNTERSHAFTS 
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And  Solomon 


Forgot  to  invite  the  Forgeman  to  the 
banquet  celebrating  the  completion  of  the 
temple. 

When  the  throne  was  unveiled  however 
there  sat  the  forgeman  in  the  seat  of  honor 
the  uninvited. 


The  guards  rushed  to  cut  him  down;  but 
Solomon  said  ''How  could  this  temple  have 
been  built  but  for  this  man?" 

Now  then,  when  building  your  engines, 
ships  and  machinery  invite  prices  on 


CAMDEN  FORCINGS 


We  feel  honored  in  receiving  your  invita- 
tion and  shall  strive  to  secure  the  place  of 
honor  by  taking  your  order. 


We  are  thoroughly  equipped  to  make  many 
forgings,  light  or  heavy,  for  various  indus- 
tries and  simply  add  what  is  below  as  a 


'BUYERS   GUIDE" 


High    and    Low    Carbon    Bars 

Press    Columns    and    Rams    ' 

Water    Cylinders 

Pull    Back    Cylinders 

Valve    Bodies 

Plungers 

Weldless    Steel    Rings 

Lathe     Spindles,     solid     and 

hollow    bored 
Long   Feed   Screws 
Power  Press   Crank   Shafts 
Cam   Shafts 


Eccentric   Shafts 

Crusher   Shafts 

Gear   and   Pinion    Blanks 

(Side    and   Main   Rods 
Crank    Pins 
Axles 
Locomotive  ,  I^od   Straps 
j  Guides 

I  Parts    of   frame    both   in 
iron    and    steel 
Hammered  Iron  Bars  for  locomotive 
Repairs 


Marine    Shaft 

Marine   Connecting  and  Eccentric  Rods 
/  Bending 

Rnllc    '^^®*^ 

^°^^^   t  Straightening 

'  Embossing 
Large    Wrenches 
Saw   Arbors 

Steam   Engine   Forgings 
Pump   Crank    Shafts 
Pump   Connecting  Rods 


Large   Nuts 
Turbine    Shafts 
Mill    Shafting 
Trolley    Car    Axles 
Electric   Motor  Axles 


Any  forging  to  your  print 
and  specifications,  smooth 
forged,  rough  machined  or 
finished  complete  in  either 
iron    or    steel. 


CAMDEK  lORGB  CO. 

MtEpliraim  Ave.CAMDEN.N.  J. 
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A  Lesson  in 
Good  Tooling 

The  work  is  a  special  drop  forged 
gear  blank,  to  be  machined  on  the 
second  setting.  Operations  include 
roughing  and  finishing  the  large 
recess  in  the  center,  finishing  the 
outside  face  and  cutting  a  recess 
on  the  outside  diameter,  as  indi- 
cated by  the  sketch.  The  photo- 
graph shows  the  Potter  &  Johnston 
Automatic  Chucking  Machine 
tooled  for  the  job,  utilizing  the  four 
turret  positions  and  the  front  and 
rear  cross-slide  positions,  a  work- 
ing combination  that  makes  this 
accurate  bit  of  turning  an  exceed- 
ingly rapid  performance. 

Potter  ®  Johnston 


The 


Manufacturing  Automatic 


This  machine  can  be  tooled  to  handle  work  entirely  outside  the  range  of  other  lathes. 
All  operations  are  automatic,  one  operator  runs  several  machines;  design  is  simple; 
machines  are  rapid,  strong,  durable  and  can  be  relied  upon  to  lower  costs.  If  the  high 
cost  of  turning  good  work  fast  is  one  of  your  problems,  write  us. 

POTTER  a  JOHNSTON,  PawtucKet,  R.  I.,  U.S.A. 

OFFICES  AND  REPRESENTATIVES:  Office  for  Great  Britain  and  France:  68  Avenue  de  la  Grand  Armee,  Paris.  J.  Ryan,  Manager.  New  York 
Office-  Fvilton  Blrlg  ,  50  Church  St.,  Walter  H.  Foster  Co.,  Managers.  Detroit  Office:  Modern  Machinery  and  Engineering  Co..  1514  Ford  Bldg. 
Chicago  Office:  4213  Sheridan  Road,  Chas.  H.  Shaw,  Manager,  Toronto  Otfice:  l.Wl  Royal  Bank  Bldg.,  E.  C.  Roelofson.  Manager.  FOREIGN 
AGENTS:  Chas.  Churchill  &  Co.,  Ltd.,  London,  Birmingham,  Manchester  and  Ne«castle-on-Tyne,  England,  and  Glasgow,  Scotland.  Ercole  Vaghi, 
Corso   Porto,    N'ouva   34,    MUan,    Italy. 
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EED-DREIilpE  POMPANY 

Worcester   ^S^  Mass. U.SA 


FOR  YOUR  TOOL -ROOM    NEED  GET 

A  "REED" 

BECAUSE 

FROM  FOUNDRY  TO  FINAL  INSPECTION  YOU  CAN  ALMOST 
SEE  THE  WORD  "ACCURACY"  PERSONIFIED  IN  EVERY  ACT 
THAT  TAKES  PLACE  IN  THE  MAKING  OF  THESE  LATHES. 

THAT  WORD  SO  OFT  REPEATED  IS  THE  VERY  SPIRIT  OF 
ALL  "REED"  PRODUCTION,  AND  WHAT  THEY  ABSORB  IN 
THEIR  MAKING  THEY  GIVE  OUT  IN  RESULTS. 

YOU  WILL  FIND  IN  MOST  TOOL  ROOMS  THAT  THE  CARE- 
FUL JOBS  GO  TO  THE  BEST  WORKMAN  AND  THE  "REED" 
LATHE,  FOR  THE  SAME  REASON  THAT  A  SURGEON  DOES  NOT 
USE   A  PEN-KNIFE   WHEN   BETTER  TOOLS  ARE  AVAILABLE. 
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EED-DRENXICE  POMPANY 


PL_,, ^ 

Worcester   ^W  Mass.U.SA 


THE  "REED"  QUICK-CHANGE   GEAR 
SHOWN  ABOVE 

GIVES  60  CHANGES  OF  FEED  AND  60  THREAD  CUTTING 
VARIATIONS.  THREADS  FROM  2  TO  128  PER  INCH  ARE  AT  IN- 
STANT COMMAND. 

THE  LEAD  SCREW  AND  FEED  ROD  CANNOT  BOTH  RO- 
TATE AT  THE  SAME  TIME,  AS  CAN  BE  SEEN  FROM  THE  X-RAY 
VIEW  ABOVE. 

YOU  CAN  EASILY  SET  TO  THE  CORRECT  THREAD  OR  FEED 
BY  READING  THE  MISTAKE-PROOF  INDEX  PLATE  ATTACHED 
TO  THE  GEAR  BOX.  WHITWORTH-METRIC  OR  U.  S.  STANDARD 
LEAD  SCREWS  CAN  BE  SUPPLIED  AS  ORDERED. 

MANNING,  MAXWELL  &  MOORE,  INC.,  NEW  YORK 

ALLIED  MACHINERY  CO.  OF  AMERICA,  PARIS 

FENWICK  FRERES,  PARIS 
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Chasers  for  Hartness  Dies 
Are  Easily  Ground 


These  jigs  are  supplied  gratis  with  new  dies,  and 
are  sold  separately  at  modest  prices. 

Full  instructions  for  grinding  chasers  are  sent  with 
chasers. 

A  special  grinder  for  this  purpose  is  not  required. 


These  Jigs  and 

Any 

Small  Grinder 

will  Grind 

Hartness  Chasers 

Quickly 

and  Correctly 


JONES  ®  LAMSON 
MACHINE    CO. 

AUTOMATIC  DIE  DEPARTMENT 

109  QUEEN  VICTORIA  ST.    LONDON,  ENG. 
SPRINGFIELD  VERMONT,  U.  S.  A. 

AMERICAN   AGENTS   FOR 
DIES  AND  CHASERS 

Banvood-Richards   Mchy.    Co.,    Bourse   Building, 
Philadelphia. 

Boyer-Campbell    Co.,    Detroit. 

Carey  Mchy.    &   Supply   Co.,    Baltimore. 

E.  L.   Essley  Mchy.   Co.,   Chicago. 

The  E.   A.   Kinsey  Co.,   Cincinnati  and  Indian- 
apolis. 

Machinists     Supply     Co.,     Pittsburgh. 

Pacific  Tool  and  Supply  Co..  San  Francisco  and 
Los  Angeles. 

The  W.    M.   Pattison  Supply  Co.,   Cleveland. 

Robinson,   Cary  &  Sands  Co.,   St.   Paul. 
FOREIGN    AGENTS 

For  France,   Spain  and  Belgium;  F.  Auberty  & 
Co.,    91    Rue   de    Maubeuge,    Paris. 

For     Holland:      Spliethoff,     Beeuwkes     &     Co., 
Rotterdam. 

Ftir    Australia:     McPherson'a    Pty..    Melbourne. 


"United  States^^Lathes  for  Service 


This  lathe  will  not  only  do  all  the  work  that 
the  power  of  a  4"  double  leather  belt  can  de- 
liver to  it,  but  will  also  do  such  work  ac- 
curately and  with  a  minimum  of  effort  on  the 
operator.    Investigate  it. 


The  United  States  Lathe  &  Machine  Co, 


CINCINNATI,  OHIO,  U.  S.  A. 
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Fine  Die  Heads 
for  Fine  Threads 


Modern  Self-Opening  Adjustable 
Die  Heads,recognizedas  standard 
for  thread  cutting,  are  regularly 
made  in  sizes  with  capacities 
from  1-16"  to  5  1-2"  diameter. 
Larger  sizes  to  order. 


Die 


are 


Modern 
Heads 
found    in    every 
conceivable  line  of 
manufacture;  the 
photograph  illustrating 
an  instance  of  their  adapt- 
ability.   This    picture    was 
secured  in  the  plant  of  one  of 
the  country's  foremost  safe  and 
vault  builders,  where  all  the  screws 
used   are   threaded   by   the   Modern 
Die  Head. 

This  particular  job  is  threading  %"  x  1" — 
14  pitch  steel  screws.    Production  is  1600  in 
10  hours — every  thread  perfect  in  dimension 
and  clean  cut. 

Use  Modern  Die  Heads  for  maximum  efficiency  and  accu- 
racy on  your  thread  cutting.     Send  for  the  facts. 

MODERN  TOOL  COMPANY 

Main  Office  and  Works: 

SECOND  AND  STATE  STS.  ERIE,  PA.,  U.  S.  A. 

Chicago  Office:    32  N.  Clinton  St.    Detroit  Office:    1223   Dime   Banl<   BIdg.     New  Yori<  Office:    2   Rector  St. 
F.  Wesley  Parl<er,  Residence  Engineer  and   Export  Agent,  2  Rector  St.,  New  Yorl<. 
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Here's  A  Profitable  Battery  of 

Farwell  Gear  Hobbers 


Profitable  not  only  in  the  sense  that  they  do  their  work  well, 
but  that  they  do  it  with  remarkable  economy.  The  machines 
are  nine  Farwell  Gear  Hobbers  owned  by  the  Stewart- Warner 
Speedometer  Corporation,  Chicago,  111.  The  work  is  forged 
steel  gears,  average  diameter  4",  V2'  face,  ranging  in  pitch 
from  6  to  8,  with  special  emphasis  on  accuracy  and  all  the  speed 
possible.  Production  per  day  of  8%  hours  averages  65  gears, 
each  machine.  The  work  is  economically  done,  because  a  Far- 
well  Gear  Hobber  never  requires  all  of  an  operator's  time. 
Once  the  work  is  set  up  and  the  cut  started,  the  machine  re- 
quires no  further  attention  till  the  gear  is  completed.  In  many 
instances  one  operator  looks  after  four  busy  machines. 

Farwell  Gear  Hobbers  are  simple,  efficient,  powerful,  rugged — 
record  producers,  profitable  machines  in  every  sense  of  the 
word. 

If  you   buy   or   make   gears,    let   us   tell  you 
more  about  Farwell  Hobbers, 


THE  ADAMS  COMPANY,  iZ7^^i^t^^^^l^ 
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What  the  Slocomb  Says 

is  Right — The  Inspector 

Marks  O.K. 


Requirements  were  never  more  severe  as  to 
accuracy,  and  by  the  same  token,,  never  were 
more  Slocomb  Micrometers  in  use.  Manu- 
facturers whose  business  is  accurate  produc- 
tion are  not  taking  chances — they're  making 
sure.  And  in  an  increasing  number  of  cases 
they  are  making  sure  with  Slocomb  Microm- 
eters, because  they  meet  the  current  demand. 

Slocomb  Micrometers  are  true — absolutely 
true — with  the  strength  to  stand  up  to  the 
usage  popular  tools  get  in  busy  shops.  The 
drop  forged  I-section  frame  combines  strength 
with  lightness ;  the  Slocomb  screw  is  hard  tool 
steel  working  in  a  nut  giving  four  times  the 
bearing  surface  found  in  other  micrometers. 

The  Slocomb  is  ''the  longest  lived  micrometer 
that  can  be  bought." 


jetBRs 


No.   28—12   to   24    Inches 
Set   of   Micrometer   Calipers 


Write  for 
Catalogue  No.  15. 

J.  T.  Slocomb 
Company 

Providence,  R.I.,  U.S.A. 


Representatives    iu     England:      Chas.     Churchill    & 

("o.,      Ltd..      London.       Birmingham,      Manchester, 

NcHcasUe-on-Tyne   and   Glasgow. 

liepreaentatires    in    Japan;      Alfred    Herbert.    Ltd.. 

Yokohama. 

Uepresentatives  in  Italy:    Chas.  Cirita,   Milan. 

Itepresentatives    in    .Australia:     Edwin    Wood,    Pty.. 

Ltd.,    Melbourne   and    Sydney. 
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BECKER 

Milling  Machines 

THE  DRIVE 


Transmission  gears — power  wasters,  noise  and 
trouble  makers — have  been  entirely  eliminated 
from  the  Becker  Drive.  A  large  pulley,  driving  a 
wide  belt  at  high  velocity,  delivers  an  abundance 
of  power  direct  to  the  spindle.  This  gives  smooth- 
ness and  flexibility  not  possible  with  a  geared 
drive,  besides  saving  from  one-half  to  two-thirds 
of  the  power. 

The  Becker  Roller  Feed  is  operated  by  a  cone  roll- 
ing between  two  friction  discs  and  held  in  positive 
contact  by  the  combined  action  of  powerful  springs 
and  the  driving  belt.  Infinitesimal  changes  of  feed 
are  obtainable  from  .003"  to  1.245"  per  revolution. 
The  increase  or  decrease  is  made  smoothly  and 
without  shock  and  without  stopping  the  machine. 
The  most  profitable  feed  for  every  job  is  always 
available.  We  shall  be  glad  to  talk  over  Becker 
possibilities  with  you.    Write  us. 
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BECKER  MILLING  MACHINE 

AGENTS:    Manning,   Maxwell   &   Moore,    Inc.,   New  York,   Philadelphia,   Pittsburgh,   Chicago,   St.    Louis,   San   Francisco, 
Seattle,    Milwaukee   and   Cincinnati. 
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COMPANY,  Hyde  Park,  Mass. 


AGENTS:      H.    B.    Slate,    Hartford,    Conn.      National    Supply   Co.,    Toledo,    O.      Selson    Engineering    Co.,    Ltd.,    London, 
Turin  and   Melbourne.    Allied   Machinery  Co.  of  America,   Paris. 
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No.    107 
Multiple   Turning   Head 


No.   139 
Multiple    Cutter   Turner 


No.    142 
Center    Drilling    Tool 


No.    120 

Adjustable    Drop-off    Tap 

Holder 


Rear    Forming    Tool 


No.    108 
Facing   Head 


Push-Out  Collet  with  Bushings 


The  FOSTER 
1-B  Universal 
Turret  Lathe 
with  it8  tools 
and  attach- 
ments is  estab- 
lishing a  new 
and  higher 
standard  of 
production 
per  dollar  in- 
vested. Let  us 
tell  you  more 
about  it. 


The  Foster  1-B  Universal 
Turret  Lathe 

A  machine  that  is  adapted  for  manufacturing  in  large  quantities 
as  well  as  producing  a  wide  variety  of  parts  in  small  lots — a 
machine  that  brings  to  its  work  tremendous  power,  rigidity  and 
strength.  The  Foster  1-B  is  provided  wtih  a  complete  and  ex- 
tensive equipment  of  standard  tools  and  attachments,  and  with 
means  for  handling  work  of  more  or  less  special  nature.  Range 
includes  bar  and  chucking  work,  from  wide  forming  in  steel  to 
turning  hard  cast  iron  of  large  diameter.  As  many  as  twelve 
cutters  can  be  mounted  on  the  two  tool  carrying  units;  turret  and 
cross  slide  can  be  operated  simultaneously  and  independently 
with  widely  different  feeds.  A  carefully  devised  arrangement  of 
operating  helps  aids, in  maintaining  a  high  rate  of  production. 

FOSTER  MACHINE  COMPANY 

ELKHART,  INDIANA,  U.  S.  A. 


I 
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Practical   Economy   in 
Belting  Application 


As  the  user  and  buyer, 
you  know  first  of  all  that 
a  belt  is  needed  to  trans- 
mit so  much  power  from 
motor,  engine  or  lineshaft 
to  a  certain  machine. 

You  have  first-hand 
knowledge  of  the  place  it 
is  to  go  into,  and  the  con- 
ditions under  which  it 
must  operate.  Your  speci- 
fications are  final — accept- 
ed without  question — be- 
cause  you  are  on  the 
ground  and  know. 

That  is  the  iilitial  step 
in  the  application  of  a  belt 
for  transmitting  power. 

The  second  step  is  the 
selection  of  the  proper 
belt  to  successfully  trans- 
mit the  desired  amount  of 
power  under  your  condi- 
tions. 

That  is  where  Schieren 
Engineering      Service 

comes  in. 

We  have  not  been  manu- 
facturing and  installing 
leather  belts  for  more  than 
fifty  years  without  gain- 
ing a  broad  experience  and 
an  immense  reserve  knowl- 


edge of  what  a  leather 
belt  will  do  under  any  and 
all  conditions. 

We  knovtr  the  kind  as 
well  as  size  of  belt  you 
should  use  as  soon  as  we 
learn  your  requirements 
and  the  conditions  of 
service. 

Schieren  brands  of  belt- 
ing, in  all  grades,  have  al- 
ways stood  for' honesty  in 
manufacture,  and  Schie- 
ren Engineering  Service, 
based  upon  honesty  in  ap- 
plication, will  not  let  you 
buy  other  than  the  belt 
which  w^ill  most  econom- 
ically meet  your  require- 
ments. 

Half  a  century  of  ex- 
perience and  knowledge  of 
belting  application,  as  well 
as  a  definite  and  liberal 
guarantee  as  to  material 
and  workmanship,  will  be 
back  of  our  recommenda- 
tions on  any  belting  re- 
quirements you  trust  to 
us,  and  our  complete 
stocks  at  convenient  cen- 
ters insure  prompt  as  well 
as  intelligent  and  reliable 
service. 


^.  v^' 
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The  House 

Bebindtlie 

Dealer 
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THE  broaching  machine  made  by  the  J.  N.  Lapointe  Co. 
scores  again.  At  the  J.  I.  Case  Threshing  Machine 
Company's  plant,  this  time,  broaching  the  bearings  in 
transmission  gears  for  40  H.P.  gas  tractors.  The  gear  is 
forged  steel;  bearing  is  3"  square  by  12"  long.  Four 
broaches  are  required,  15  minutes  complete  the  job.  The 
official  "communique"  is  "most  satisfactory;  profitable 
commercially." 

The  fact  that  we  have  not  only  the  name  but  the 
man  himself,  Mr.  J.  N.  Lapointe  originator  of  the 
Lapointe  Broaching  System,  is  a  sufficient  guaran- 
tee of  the  quality  of  our  product. 

THE  J.  N.  LAPOINTE  COMPANY 


NEW  LONDON 


CONN.,  U.  S.  A. 


Broaching 
Large  Holes 
Profitably 


Send  blue  prints,  samples  or 
sketches  of  your  work 
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Lowering  Costs 
with  a  Gisholt 
Turret  Lathe 


The  use  of  tool  post  and  turret  simultaneously 
is  one  of  the  means  offered  for  lowering  costs 
with  the  Gisholt  Turret  Lathe.  The  photo- 
graphs herewith  and  the  accompanying  sketch 
illustrate  this  Gisholt  practice.  The  machine 
is  a  standard  34"  Gisholt  Turret  Lathe 
equipped  with  standard  tools  for  finishing  the 
piece  shown  in  the  line  drawing  as  indicated 
by  finish  marks.  The  piece  is -the  back  plate 
for  a  24"  scroll  chuck.  It  is  of  cast  iron  and 
must  be  finished  within  very  close  limits. 

The  tool  post  and  turret  are  used  simultane- 
ously on  this  work,  which  makes  possible  the 
low  production  time  of  19  minutes  each  for 
finishing  the  surfaces  indicated.  The  time  of 
19  minutes  covers  the  operation  illustrated. 

And  these  parts,  when  com- 
pleted, are  virtually  self-assem- 
bling, and  this,  we  claim,  is 
the  test  of  true  efficiency  in  a 
machine  tool.  The  Gisholt 
Turret  Lathe  has  been  simpli- 
fied and  perfected  to  such  a  de- 
gree that  it  produces  finished 
parts  so  close  to  the  required 
standard  that  hand-work  is 
practically  eliminated. 

The  Gisholt  Engineering  Staff 
is  at  your  service.    It  is  main- 
tained for  the  purpose  of  co- 
operating with  manufacturers 
in  an  effort  to  reduce 
machining  costs.    We'll 
be    glad    to    have    you 
make  use  of  it. 


The 
way' 


'Gisholt 
is  the 
economical 
way — try  it. 


» 


GISHOLT  MACHINE  COMPANY 

50  CHURCH  street! 
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How  Much  Does 
It  Cost  per  Year  to 
Grind  Your  Tools 


Never  figured  it  out  ?  It  is  a  bigger 
item  than  you  would  think  it  could 
?-.  be — we  can  tell  you  that  much 
without  even  knowing  how  many 
tools  you  grind. 

Your  machinists  grind  their  own  tools — every 
minute  they  are  away  from  their  machines  is 
just  so  much  time  the  machines  are  standing 
idle;  every  minute  a  man  stands  waiting  to 
get  at  the  grinder  is  just  so  much  of  his  time 
wasted.  And  this  waste,  this  unproductive 
time,  costs  many  dollars  per  man  each  year. 
It  totals  an  almost  unbelievable  amount  in  a 
big  shop. 

The  Gisholt  Universal  Tool  Grinder  does  away  with  this  waste.  It  provides  a  correct  me- 
chanical means  for  grinding  turret  lathe,  engine  lathe,  shaper,  planer,  boring  mill  and  slotter 
tools — each  tool  at  its  correct  cutting  angles.  It  duplicates  its  work  always.  It  establishes  a 
standard  of  correct  grinding  angles.  It  keeps  machine  operators  at  their  posts — eliminates 
this  source  of  time  waste  by  exchanging  correctly  ground  tools  for  dull  ones  as  fast  as  they 
are  needed.  There  are  other  advantages;  but  the  principal  one  is  the  savings  this  grinder 
accomplishes. 

Dodge  Bros,  find  it  pays  to  use  several  Gisholt  Tool  Grinders;  the  photograph  shows  thou- 
sands of  toolpost  tools  which  have  been  reclaimed  and,  properly  ground,  are  ready  to  be 
started  through  the  shops  again.. 

This  machine  gives  you  many  advantages — 


-does  away  with  idle  machines  and  non- 
productive work  by  machinists ; 

-stops   dull   and   unused  tools   from  lying 
around  machines; 

-cuts  down  your  tool-steel  investment  by 
enabling  you  to  get  along  with  fewer  tools ; 
-stops  loss  of  valuable  tools ; 


— gives  you  the  increased  production  that 
comes  from  correctly  ground  tools; 

— gives  you  the  saving  that  comes  from  re- 
forging  tools  in  lots  instead  of  singly; 

— gives  you  general  orderliness,  the  value  of 
which  cannot  be  overestimated. 


No  need  to  train  anyone  especially  for  the  work.      A  boy  can  learn 
to  operate  it  properly  in  a  few  hours. 

1208  E.  Washington  Ave.,  Madison,  Wis. 

NEW  YORK  CITY 


90  MACHINERY                                                         August,  1917 

EillllllllllllllllllllllllllllllllllllllllllinillllllllllllllllllllMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIlIT^^ 

I  AMES  BENCH  LATHES  | 

I  Are 

I  Ail-Around 

I  Machines 

I  Ames  Lathes  are  de- 

I  sigTied  and  built  for 

I  precision  manufactur- 

I  ing-    and    tool    room 

I  work.    They  are  care- 

1  fully     put     together, 

I  rapid,  easy  to  handle 

I  and     dependable     in 

I  action  no  matter  how  exacting  the  work.    Provided  with  turret,  milling,    | 

i  grinding,  drilling,  filing  and  thread  cutting  attachments,  there's  practi-    | 

I  cally  no  limit  to  Ames  usefulness.                                                                        | 

E  Before  you  decide  on  bench  lathe  equipment                                          = 

=  ask  us  more  about  Ames  Advantages.                                                     = 


I  B.  C.  AMES  COMPANY 


Waltham,  Mass.   | 
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LEVER  QUICKER  THAN  SCREW  CONTROL 


MORRIS    LATHES 


Morris  Lathes,  16,  18  and  22  inches,  are  made  with  single  and  double  sliding  back  gears,  special  patented 
apron    and    four    changes    of    positive    feed.      Complete  specifications  on  request. 
We    also    make    2l^,    3    and    31/2    foot    Radial    Drills. 

THE  MORRIS  MACHINE  TOOL  COMPANY 


CINCINNATI 


ENGUSH  AGENTS  : 
A.  A.  Jones  &  Shipman.  Ltd..  Leicester,  England 


OHIO.  U.  S.  A. 
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Building  the 

Universal 

Reputation 

A  Series  of 

"  Cold   Fact  " 

Advertisements 

of  which  this  is 

No.   11 

"  Where    Accuracy 
Counts,  We  Win 


The  casting  is  mounted  on  a  special  boring  fixture  clamped  to 
the  machine  table,  boring  all  being  done  through  the  two 
bushed  holes  shown.  The  fixture  has  bushed  support  in  the 
rear  as  well  as  front  to  facilitate  operation  and  permit  the  use 
of  the  machine  without  rear  support. 

Rigidity,  convenience,  accuracy,  durability — ^five  years  failed 
to  develop  a  single  weakness  anywhere.  Why  not  enjoy 
records  like  this,  too? 


Same  Machine 
Same  Work 

Same  Accuracy 

for  the  past 

Five  Years 

In  the  plant  of  the  Con- 
tinental Motor  Company, 
All  en  town,  Pa.,  these 
three  Universal  Hori- 
zontal Boring  Machines 
may  be  seen  handling  the 
same  work  they  were  do- 
ing five  years  ago,  all 
showing  the  same  degree 
of  accuracy  and  high  rate 
of  production  that  char- 
acterized their  operation 
then. 

The  work  is  on  aluminum 
engine  cases  for  Mack 
trucks — boring  and  facing 
three  crank  case  bearings, 
three  camshaft  bearings 
and  drilling  two  idler  gear 
bearings. 

Catalogue  on  request 


UNIVERSAL  BORING  MACHINE  COMPANY 

HUDSON  MASSACHUSETTS,  U.  S.  A. 
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RADICAL 

FITCHBURG  AUTOMATIC   MACHINE  WORKS 


riTCHBURQ, 
IS/IA.SS. 


We  welcome  visitors 
who  want  proof  that 

The 
Radical  Automatic 


IS 


Built  Ri^ht 
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Fitchburg  Model' A 

Compact,  Economical 
and    Rapid    Grinding 


No  more  power  or  time  than  is  abso- 
lutely necessary  for  accurate  results  is 
used  in  grinding  small,  cylindrical 
work — straight    or    tapered — with    a 

FITCHBURG  SIX-TWENTY 

The  machine  has  a  wide  range  of  speeds 
and  feeds — made  instantly  available 
by  centralized  control.  It  is  belt  or 
motor  driven — according  to  model — and 
is  equipped  with  variable  table  dwell, 
positive  stop,  automatic  cross  feed  and 
all  features  for  economical  operation. 

Compact  design — requiring  very  small 
amount  of  floor  space — adds  another 
count  to  the  good  points  of  the  Fitch- 
burg  Model  Six-Twenty. 

Further  details  in  our  catalog. 

Fitchburg  Grinding  Machine  Co. 

76  Winter  Street  Fitchburg,  Mass. 
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Turning  Rifle  Barrels  in  2]  Minutes 


The  accompanying  sketch  shows  how  the  ^•j>wuu^  turns 
riflle  barrels  at  the  rate  of  2i^  minutes  apiece  in  one  of  the 
large  rifle  factories.  A  rifle  barrel  is  admirably  suited  to  the 
multiple  turning  idea,  and  the  set-up  shows  just  how  the 
tools  are  arranged  for  handling  the  turning.  Before  com- 
ing to  the  ^-^ywin^  Lathe,  the  barrel  is  spotted  so  that,  the 
roll  rests  may  support  it,  and  then  the  cutting  tools  get  in 
their  work.  Notice  that  the  extreme  muzzle  end  of  the  rifle 
barrel  is  turned  with  a  necking  tool,  and  then  the  three  tools 
that  turn  the  tapered  and  straight  sections  start  in.  These 
tools  are  guided  by  a  multiple  former  plate  that  gives  the 
tapers  and  straight  sections  where  they  are  required. 

If  you  are  interested  in  rifle  barrel  turning,  or  if  you  think 
there  is  any  chance  that  you  may  be  interested  in  rifle 
barrel  turning,  you  will  find  we  can  give  you  some  valuable 
information. 

Perhaps  your  work  is  far  removed  from  rifle  barrel  work. 
Perhaps  you're  turning  camshafts,  machine  shafts,  spindles, 
distance  rods  or  other  shafts  that  have  many  diameters.  If 
so,  you  need  to  know  about  the  ^-tywlna/  Lathe. 


on  tKe 


Lathe 

The  ^-mviivcy  principle  consists  in 
turning  simultaneously  with  a  num- 
ber of  different  cutting  tools,  each  one 
of  which  may  be  adjusted  to  turn 
some  particular  diameter.  There  are 
two  sizes  of  ^-ytvin^  Lathes,  one 
which  takes  work  up  to  31/2  inches 
diameter  and  the  other  up  to  8  inches 
diameter,  and  you  can  get  any  bed 
length  required  for  your  work. 

Fitchburg  Machine  Works 

Fitchburg  Massachusetts 


Send  for  the 
^p-tHvvn^  book. 
Get  posted  on  what 
multiple  turning 
means  and  the  sav- 
ing it  will  make  on 
your  work. 
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OHIO  MILLERS 


I 


WE  have  spent  years  of  time  and  barrels  of  money  in 
developing  Ohio  Millers  for  one  spocial  purpose — the 
low  cost  manufacture  of  such  work  as  comes  within 
the  range  of  a  knee  type  milling  machine. 

Ohio  Millers  possess  the  capacity,  the  structural  pfTwer,  the 
speed,  convenience  and  accuracy  necessary  for  maximum 
outputs  at  minimum  costs.  If  you  manufacture  you  can't 
find  better  machines.    Let  us  tell  you  more  about  them. 


The 

Oesterlein 

Machine 

Company 

Cincinnati 

Ohio,  U.S.A. 
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Designers  and  Makers  of  Mlling 
Cutters,Hobs,Dies,JigSandFixtures 

If  you  use  hobs  and  milling-  cutters  of  any  shape 
or  size  we  can  make  them  for  you. 

If  you  have  hobbing-,  gear  cutting  and  milling 
problems  to  solve,  our  engineering-  department, 
which  can  g-ive  expert  advice  in  this  line,  is  at 
your  service. 


Michigan  Tools  are  made  right  to  form 
and  carefully  heat  treated,  insuring  good 
work  and  long  service. 

MICHIGAN  TOOL  CO. 

DETROIT,  MICHIGAN 
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^  At  the  Industrial  Elxposition 
i  and   Export    Conference 

iniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^ 


THE  First  Annual  Industrial  Exposition 
and  Export  Conference  of  the  Allied  In- 
dustries of  the  United  States  of  America 
(that's  the  complete  and  official  title)  at 
Springfield,  Mass.,  during  the  last  week  in 
June,  was  a  most  interesting  and  instructive 
affair. 

The  seriousness  with  which  the  problem  of  ex- 
port trade  was  tackled  and  the  Character  of 
the  discussions  on  this  subject  were  particu- 
larly gratifying. 

Van  Norman 
Machine  Tools 

were  exhibited  at  Springfield.  There  is  no 
reason  why  these  tools  shouldn't  prove  as 
popular  on  foreign  soil  as  they  have  here.  They 
are  adaptable  machines,  highly  accurate,  with 
many  exclusive  features — popular  because 
they  are  efficient. 

Hand  Milling  Machines;  Duplex  Milling  Machines  in  three  sizes;  Grinding  Machines 
in  seven  types  for  grinding  internal  ball-race  grooves,  end  thrust  rings,  external 
grooves,  straight  and  taper  holes,  etc.,  etc. 

Let  us  send  circulars  on  any  or  all  of  these  machines. 


Van  ! 

Norman  | 

Machine  | 

Tool  Co.  I 

Waltham  Avenue  S 

Springfield,  | 

Mass.,  U.S.A.  I 
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NEW  YORK  OFFICE, 
SO   CHURCH    ST. 


T    '  •  -^  CHICAGO    OFFICE 

104106  ^OUTH  JEFFER^OK  $T. 
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**NEW 


Making  the 
Worm  Shaft 
for  Stewart- 
Warner  Speed- 
ometers 


THE  NEW  BRITAIN  MACHINE 


■'•». 
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BRITAIN  SIXES^* 

In  every  Stewart-Warner  speedometer  there's  a  worm-shaft  that  looks  like  the  sketch  below 
before  the  worm  is  cut.  It  is  made  from  %"  round  cold-rolled  steel,  and  the  turned  dimensions 
are  held  to  a  tolerance  of  0.002". 

"New  Britain"  Six-Spindle  Automatics  produce  these  worm-shafts  as  well  as  other  similar  parts 
for  the  Stewart- Warner  people.  Two  "New  Britain  Sixes"  are  shown — one  operator  taking  care 
of  both  machines.  The  order  of  operations  is  as  follows :  First,  feed  stock ;  second,  form ;  third, 
fourth  and  fifth,  mill  with  box  tool ;  sixth,  cut  off.  Production  is  220  pieces  per  hour  from  each 
machine.  This  remarkable  output  is  made  possible  by  the  "New  Britain's"  unequaled  tooling 
capacity,  which  permits  the  use  of  three  box  tools  for  milling  the  shaft. 

Attention  is  called  to  the  fact  that,  whereas  it  was  formerly  necessary  to  grind  these  shafts,  the 
"New  Britain"  turns  them  out  so  smooth  and  accurate  as  to  obviate  the  necessity  of  this  extra 
operation.  If  you  are  not  familiar  with  the  advantages  of  the  "New  Britain,"  send  samples  of 
blueprints  for   estimates  of  "Six-Spindle"  production. 


CO.,  New  Britain,  Conn.,  U.  S.  A. 
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Foote-Burt  High 
Duty  Drills 


Machines 
you  are 
Going  to 
Need 


Write  for  the 
Bulletin  before 
you  order 
drilling 
equipment 


With  all  the  forces  of  the  United  States 
organized  for  offense  and  defense,  American 
manufacturers  are  facing  the  busiest  and 
most  important  period  of  industrial  history. 
Their  prime  need  is  machines — good  ma- 
chines, machines  built  like  the  Foote-Burt 
No.  25  High  Duty  24"  Drilling  Machine. 

The  No.  25  is  as  rigid  as  a  machine  can  be 
made,  modern  to  the  smallest  detail,  and 
drives  high  speed  drills,  up  to  3"  size,  to 
full  cutting  edge  capacity.  All  speed  and 
feed  changes  are  made  through  quick  change 
gear  device  of  special  design;  spindle  is  of 
forged  high  carbon  steel,  fitted  with  ball 
bearing  thrust  of  our  own  design,  gtiaranteed 
not  to  crush  iinder  the  severest  duty.  All 
levers  are  within  easy  reach.  Briefly,  the 
function  of  this  machine  is  to  work  hard 
and  keep  at  it. 

THE  FOOTE-BURT  CO.,  Cleveland,  Ohio 

MILWAUKEE   OFFICE.  424  Wells  Building. 

DETROIT  OFFICE,  806-8  David  Whitney  BuUding. 

FOREIGN  AGENTS:  Buck  &  Hickman  Ltd.,  London,  Birmingham. 
Manchester  and  Glasgow.  Moscow  Tool  &  Engine  Co.,  Moscow,  Ing. 
Ercole  Vaghi,  Milan.  R.  8.  StokriB  &  Zonen,  Ltd.,  Rotterdam.  R.  S. 
Stokris  &  Fila,  Bnissels.  Glaenzer  &  Perreaud,  Pans,  agents  for 
France,  Sv\itzerland,  Spain  and  Portvigal.  Benson  Bros.,  Ltd.,  Sydney, 
Australia,  agents  for  Australia  and  New  Zealand.  Mitsui  &  Co., 
agents  for  Japan,  Korea  and  Manchuria.  Wilh.  Sonesson  &  Co.,  Ltd., 
Malmo,   Sweden  and  Copenhagen,   Denmark. 


How  Do  You  Hold  Your  Wood- 
ruff Keyseat  Cutters  and  Other 
Tools  with  V2"  Straight  Shanks? 

— LOOK — 


This  chuck  is  made  with  a  taper  shank 
either  B  &  S  or  Morse  to  fit  the  spindle 
of  your  machine.  The  design  is  such 
that  the  jaws  do  not  fall  together,  but 
allow  free  entrance  of  the  shank  at  all 
times. 

Send   for  our  catalogue    and 
g'et  acquainted  •v\rith  our  tools. 

THE  ADVANCE  TOOL  CO. 

Canal  &  Jackson  Sts.,    Cincinnati,  Ohio 

Agents  wanted  in  all  principal  cities 


With  the  Covington,  Eight 
Holes  Cost  No  More  than  One 

This  Multiple  Drill  Head  is  a  "sure  fire"  pro- 
duction booster.    It  changes  single  drill  output 

to  multiple  in  a 
minute's  time  and 
with  practically  no 
additional  expense. 
The  head,  furnished 
with  from  2  to  8 
spindles,  can  be 
easily  adjusted  to 
any  upright  drill 
press  from  20"  to 
36"  in  size,  or  to 
large  radials,  and 
each  spindle  "stays 
put"  after  adjust- 
ment. 'The  Coving- 
ton is  sturdily  built 
throughout,  handles 
a  great  variety  of 
drilling,  gives  last- 
ing service. 

Circulars  and  Free   Trial  Offer 
Sent  on  Request 

Covington  Multiple  Drill  Company 

2449-53  W.  McMicken  Ave.  CINCINNATI,  OHIO 
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THE  ROULSTED  TWENTY 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin 

On  Jobbing  Work— an 
Adaptable    Lathe 


The  Barbour-Stockwell  Company,  Cam- 
bridge, Mass.,  makes  good  use  of  the 
Roulsted  Lathe.  When  the  investigator 
paid  the  company  a  visit  recently,  here's 
what  he  saw.  A  cylinder  casting  for  an 
oil  engine  strapped  on  an  angle  iron  on 
the  faceplate  of  the  Roulsted  ready  to  be 
bored  out.  Three  cylinders  were  bored, 
the  casting  being  re-set  for  each  opera- 
tion. Aside  from  the  quick  work  of  the 
lathe,  the  overhang  from  the  faceplate  is 
the  interesting  feature  of  this  job. 
Roulsted  spindle  construction,  however,  is 
a  marvel  of  strength.  It  will  support 
work  adequately  at  even  a  greater  dis- 
tance from  the  faceplate. 
The  Roulsted  Twenty  is  a  heavy  all- 
around  engine  lathe,  built  by  specialists. 
Carriage  has  full  length  bearing  on  the 
vees;  apron  is  of  double-plate  type. 
Actual  swing  over  bed  21",  over  car- 
riage 14". 


If  the  Roulsted  Lathe  is  new 
to  you  ask  for  details 


EXCLUSIVE   SELLING  AGENTS 


HILL,  CLARKE  &  COMPANY,  Inc. 

BOSTON,  MASS.,  156  Oliver  St.  NEW  YORK  CITY,  136  Cedar  St. 


102 


MACHINERY 


August,  1917 


> 


1  w  '  ^  ' 


SIMONDS 

Metal  Cutting  Saws 


Every  firm  using  Metal  Cutting  Saws,  Metal  Slit- 
ters, Screw  Slotting  Saws,  or  Inserted  Tooth  Metal 
Saws,  should  find  an  opportunity  to  prove  to  itself 
that  the  Simonds  Special  Blades,  which  we  now 
manufacture  in  large  quantities,  of  our  own  steel 
and  in  our  own  factories  are  unquestionably  superior 
and  economical  saw  blades. 

Write  for  Metal  Saw  catalog. 


Simonds  Manufacturing  Company 


17th  Street  &  Western  Are. 

CHICAGO,  ILL. 
NEW    YORK    CITY 
PORTLAND,    ORE. 
LOCKPORT,    N.    Y. 
VANCOUVER,    B.    C. 


"The  Saw  Makers'' 
FITCHBURG,  MASS. 

(ESTABLISHED  1832) 

NEW    ORLEANS,    LA. 
SAN    FRANCISCO,    CAL. 


St.  Remi  St.  &  Acorn  Ave. 

MONTREAL,  QUE. 

MEMPHIS,    TENN. 

SEATTLE,    WASH. 

ST.  JOHN,  N.   B. 

LONDON,    ENGLAND 
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Copyrighted   by   Undenvood   &   Underaood. 

AR  stimulates  the  invention 

of  destructive  devices  and 

promotes    the    adaptation 

of    machines    to    offensive 

purposes    for    which    they 

were  not  originally 
planned.  One  of  the  strange  developments  of  the  European 
struggle  is  the  so-called  "tanks,"  those  lumbering  land  battle- 
ships, invulnerable  to  machine-gun  fire,  that  travel  over  ground 
plowed  by  shells,  and  cross  ditches,  crawl  up  precipitous  banks, 
push  down  walls,  and  accomplish  that  which  would  be  impos- 
sible for  any  of  the  four-wheel  type  motor  trucks.  The  tanks 
are  adaptations  of  an  American  invention,  being  reconstructed 
caterpillar'  tractors  built  in  the  United  States  and  invented  by 
Benjamin  Holt,  president  of  the  Holt  Mfg.  Co.,  of  Stockton, 
Cal.,  and  Peoria,  111. 

Benjamin  Holt  was  born  in  New  Hampshire  and  had  New 
England  thrift  and  native  Yankee  inventive  ability.  He  went 
to  California  in  the  early  eighties,  and  with  his  brothers  es- 
tablished a  factory  at  Stockton  for  building  wagons  and  farm 
implements.  The  vast  agricultural  areas,  the  forests  and  the 
great  mines  of  the  Pacific  coast  all  demanded  new  methods  of 
farming,  lumbering  and   mining.     Twenty-five  years  ago  Mr. 


The  importance  of  road  transportation  in 
times  of  war  and  peace  warrants  the  pres- 
entation of  this  articie  on  the  design  and 
construction  of  the  Holt  IVIfg.  Co.'s  caterpiilar 
tractor,  which  is  the  foundation  of  the 
British  and  French  "tanks,"  and  in  many  re- 
spects the  most  remarl<able  machine  ever  de- 
veloped for  any  purpose. 


Holt  invented  the  Holt  combined  har- 
vester and  thresher,  which  cuts  and 
threshes  the  grain  at  one  operation. 
This  machine  quickly  came  into  ex- 
tensive use  in  the  Pacific  coast  states. 
Mr.  Holt  then  began  the  manufacture 
of  steam  traction  engines  for  pulling  gangs  of  plows  and  other 
tillage  implements,  but  these  engines  were  only  partially 
successful,  as  the  soft  lands  of  the  San  Joaquin  valley  could 
not  support  the  weight,  although  driving  wheels  were  built 
as  large  as  eight  feet  wide  and  twelve  feet  diameter.  These 
were  too  heavy  and  cumbersome  and  did  much  damage  to  the 
surface  traversed.  Then  realizing  that  the  reason  for  using 
such  enormous  driving  wheels  was  simply  to  obtain  the  pro- 
jected area  on  the  ground  required  to  support  the  weight, 
Mr.  Holt,  in  1904,  discarded  the  large-diameter,  wide-tire 
wheels  and  designed  a  virtually  flat  wheel  in  the  form  of  an 
endless  sectional  track  which  the  tractor  first  lays  down,  rolls 
over  and  then  finally  picks  up  one  section  at  a  time,  thus  giv- 
ing a  solid  steel  road-bed  to  travel  on.  The  belts  were  pro- 
vided with  guide  wheels  similar  to  an  anipial  tread  power,  and, 
in  fact,  the  driving  elements  or  track  assemblies  are  identical 
in  principle  with  tread  powers;   they  are  laid  on  the  ground 


*  The    term    "CaterpUlar"    used    throughout    this    article    is    copyrighted,    and  has  rofore 


iiado  hy  the  Holt  Mffe'.  Co. 


Copyrighted  by   Underwood   &    Underwood. 
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and  pushed  by  en- 
gine power  In- 
stead of  being 
pushed  by  animal 
power.  The  en- 
gine  drives 
.through  sprocket 
wheels,  which  en- 
gage the  links  of 
the  belt  or  chain. 
This  form  of  driv- 
ing element  can 
be  proportioned  to 
give  almost  any 
required  area  to 
support  the  load, 
and  it  was  found 
to  have  certain 
other  valuable 
characteristics  not 
possessed  by  the 
traction  engine. 
It  not  only  had 
great  tractive 
power,  but  could 
b  e  maneuvered 
much  more  easily. 
It  is  possible  to 
turn  a  caterpillar 
within  its  own  length  and  to  traverse  broken  ground  that 
would  stop  any  wheel  vehicle.  The  reason  for  the  latter  is 
that  the  belts  bridge  narrow  ditches  and  support  the  engine 
without  dropping  in  and  having  to  climb  out.  If  the  ditch  is 
broad,  the  great  tractive  power  enables  the  machine  to  cross 
even  if  the  sides  are  inclined  at  as  steep  an  angle  as  45  degrees. 
The  Holt  Mfg.  Co.'s  caterpillar  tractors  are  built  in  four 
sizes,  viz.,  18,  45,  75  and  120  horsepower.  The  18-  and  45- 
horsepower  sizes  have  no  pilot  or  leading  wheel..  The  larger 
sizes  with  greater  power  and  a  longer  wheel-base  are  employed 
for  heavy  hauling,  as  well  as  for  agricultural  work,  having 
power  sufHcient  for  pulling  large  gangs  of  plows  or  several 
loaded  trailers,  doing  construction  work  and  other  labor  requir- 
ing great  tractive  power.  The  75-horsepower  tractor  weighs 
24,000  pounds  and  develops  a  draw-bar  pull  of  9000  pounds;  the 
125-horsepower  tractor  develops  12,000  pounds  draw-bar  pull. 
The  tractors  are  equipped  with  internal  combustion  four- 
stroke  cycle  engines  with  four  and  six  cylinders.  The  six- 
cylinder  engines  are  used  on  the  75-  and  120-horsepower  trac- 
tors, while  the  18-  and  45-horsepower  sizes  have  four-cylinder 
engines.  The  45-  and  75-horsepower  motors  are  built  in 
the  Stockton  plant,  and  the  Peoria  plant  is  devoted  princi- 
pally to  the  con- 
struction of  the 
frames,  track  as- 
semblies, clutches, 
transmission  gears, 
and  all  the  other 
principal  parts.  A 
few  six-cylinder  en- 
gines with  certain 
special  features  for 
military  tractors 
are  built  in  the 
Peoria  plant.  The 
general  design  of 
the  engine  does  not 
differ  radically, 
however,  from  that 
of  the  engines  for 
motor  trucks  ex- 
cept in  general  rug- 
gedness  and 
strength,  being 
comparatively  slow 

,  J       .  ^'S'    2.     Master    Clutch    and    Transmission 

speed       and       heavy  Assembly  of   76-horsepower   Tractor 


Fig.   1.     Seventy-five-horsepower  Internal-combustion  Motor  Caterpillar  Tractor 


per  unit  horse- 
power. The  75- 
horaepower  trac- 
tor is  driven  at 
two  speeds,  either 
2V()  and  3.  or  IV2 
and  2'^  miles  per 
hour.  The  slow 
speeds,  of  course, 
give  the  greatest 
tractive  power 
and  are  used  in 
heavy  pulling. 
When  climbing  a 
bank  or  getting 
out  of  a  mud-hole, 
the  operator  uses 
the  multiple-disk 
master  clutch  to 
increase  the  trac- 
tive power  mo- 
mentarily. He  lets 
the  engine  speed 
up  and  then  jams 
in  the  clutch,  thus 
utilizing  the  in- 
ertia of  the  fly- 
wheel and  obtain- 
ing a  tremendous- 
ly increased  tractive  power  momentarily.  It  is  because  of  the 
peculiar  features  of  the  driving  gear  and  the  low  unit  pressure 
of  the  tractor  on  the  earth  that  the  Holt  caterpillar  can  cross 
gullies,  plow  through  mud,  and  pull  a  load  where  other 
tractors  would  be  practically  helpless. 

The  control  of  the  Holt  tractor  is  different  from  that  of  the 
ordinary  motor  truck.  On  the  45-horsepower  tractor  the  opera- 
tor's seat  Is  at  the  rear,  where  he  has  at  his  hand  and  feet 
three  clutches  to  operate,  two  for  steering  and  one — the  master 
clutch — for  controlling  the  transmission  of  power  from  the 
engine  to  the  driving  gear.  The  master  clutch  must  be  pressed 
into  engagement  by  the  operator  when  he  wishes  to  drive, 
instead  of  employing  the  pressure  of  a  coiled  spring,  as  in 
the  transmission  of  the  ordinary  motor  car.  The  two  steering 
cone  clutches  are  located  in  the  jack-shaft.  To  turn  the  tractor 
to  the  right,  the  operator  releases  the  right-hand  clutch  par- 
tially or  entirely,  depending  on  the  shortness  of  the  turn  re- 
quired, and  drives  with  the  left-hand  clutch,  causing  the  ma- 
chine to  curve  to  the  right.  If  a  very  short  turn  is  to  be  made, 
the  right-hand  clutch  is  fully  disengaged  and  the  brake  ap- 
plied to  the  clutch  drum,  thereby  locking  the  driving  gear  on 
the  right-hand  side  and  causing  the  machine  to  pivot  on  the 

center  of  the  right- 
liand  track  assem- 
bly. Thus  it  is  pos- 
sible to  turn  the 
tractor  easily  with- 
in its  own,  length. 
Caterpillar  trac- 
tors are  manufac- 
tured, but  all  the 
parts  are  not  made 
strictly  inter- 
changeable,  al- 
though they  are 
practically  so.  For 
Instance,  the  bear- 
ings for  the  trans- 
mission shafts  are 
babbitted  with  bab- 
bitting jigs  and  are 
afterward  reamed, 
scraped  and  fitted 
to  their  respective 
shafts,   thus   secur- 

Fig.   3.     Main  Drive  Gear  and   Friction  Wheel  ,  ... 

of  76-hor8epower  Tractor  mg     ClOSe     fltS, 
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Fig.   4.     Track   Assembly  of  75-horsepower   Holt   Caterpillar   Tractor 

smooth  action  and  durability.  When  replacements  are  neces- 
sary, some  refitting  may  have  to  be  done.  The  frame  is  bent 
to  shape  over  forms  and  the  bearing  castings  are  set,  the  holes 
are  drilled  and  then  reamed  in  position.  The  general  practice 
is  the  same  as  that  followed  by  locomotive  builders.  The  effort 
is  to  secure  a  strong,  well-knit  construction  that  will  with- 
stand indefinitely  the  shock  and  wear  of  use. 

Cut  gears  are  used  throughout  the  transmission.    The  bevel 
gears  are  planed  on-  Gleason  bevel  gear  templet  planers.    Great 


Fig.   5.     Track  Assembly  with  Track  opened  out,   TS-horsepower  Tractor 

eral  thousand  pounds  and  that  propels  the  machine  under  the 
most  severe  deteriorating  influences  is  an  accomplishment 
worthy  of  the  highest  commendation.  The  structure  is  made 
to  exclude  dirt  to  a  considerable  extent,  but  it  works  without 
trouble  or  rapid  wear  when  submerged  in  mud  or  sand. 

The  steel  track  of  the  caterpillar  is  composed  of  links,  con- 
nected by  casehardened  pins  and  bushings,  and  plow  steel 
plates  pressed  into  shape  while  hot.  Each  link  is  a  double 
rail  over  which  the  track  rollers  revolve.     A  plow  steel  plate 


Fig.   6.     Machine   Shop  of  Holt  Mfg.    Co.,   Peoria,   111. 

care  is  exercised  to  obtain  perfect  alignment  of  engine  crank- 
shaft bearings,  the  boring  being  done  on  Lucas  horizontal 
machines. 

The  working  parts  of  the  caterpillar  that  excite  the  liveliest 
interest  in  the  mechanic  are  the  track  assemblies.  In  these 
we  have  a  mechanism  exposed  to  dust,  sand,  mud  and  water, 
while  working  under  heavy  stress.  To  have  designed  and 
constructed  a  flexible  steel  track  that  sustains  a  load  of  sev- 


Fig.   7.     Potter  &  Johnston  Automatic   Lathe  turning  Pistons 

of  high  tensile  strength  is  attached  to  each  link.  The  plates 
have  curved  ends  and  overlap,  so  there  is  no  opening  between 
them  in  any  position.  They  are  made  sufficiently  heavy  to 
withstand  severe  use  and,^  owing  to  the  design  and  materials 
used  in  construction,  are  extremely  durable.  There  is  little 
or  no  friction  between  the  plates  and  the  ground,  the  track 
being  merely  laid  down  and  picked  up  again,  one  section  at 
a  time. 


j'9l.J%aLiflll^sl^HHBMBBIB 

Fig.    8.     Turning    Six-throw    Crankshafts   for   120-horsepower    Engine 


Fig.   9.     Gleason  Templet  Gear  Planer  planing  Bevel  Main  Drive   Gears 
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Fig.  10.     Lucas  Horizontal  Milling  and  Boring  Machine  boring  Bearing  for 
Six-cylinder,   120-horsepower  Crank-cases 

The  extraordinary  capacity  of  the  caterpillar  to  travel  over 
soft  ground  is  due  in  large  part  to  the  low  unit  pressure  im- 
posed on  the  supporting  track.  There  are  usually  eight  track 
links  or  shoes  on  each  track  of  a  45-horsepower  tractor  in  con- 
tact with  the  ground,  so  that  with  the  standard  13-inch  width 
tracks  the  total  bearing  surface  is  2080  square  inches  and  the 
ground  pressure  is  only  614  pounds  per  square  inch.  For  very 
soft  ground,  special  30-inch  width  tracks  are  provided,  giving 
a  total  bearing  surface  of  4800  square  inches  and  reducing 
the  ground  pressure  to  3  pounds  per  square  inch,  or  432 
pounds  per  square  foot.  This  pressure  is  much  less  than  the 
foot  pressure  of  either  man  or  horse;  hence  it  is  obvious  that 
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Fig.   11.     Ingersoll  Milling  Machine  working  on  Crank-case  of  Six-cylinder, 
120-horsepower   Engine    and    Radiator    Headers    simultaneously 

the  heav/  tractor  can  work  over  soft  soils,  and  will  pack  the 
ground  less  than  horses. 

The  load  is  transferred  on  each  side  of  the  45-horsepower 
caterpillar  to  five  truck  wheels  or  rollers,  spring-supported  be- 
neath the  main  frame.  The  driving  sprocket  is  at  the  rear 
and  small  rollers  are  provided  at  the  top  for  supporting  the 
chain  as  it  travels  to  the  blank  sprocket  or  idler  at  the  forward 
end.  The  truck  rollers  have  chilled  faces  and  revolve  on  heat- 
treated  shafts  fitted  with  long  phosphor-bronze  bearings  pro- 
vided with  grease  cups.  The  hubs  are  counterbored  to  receive 
washers  that  are  ground  to  size.  The  washers  act  as  a  thrust 
bearing  and  exclude  dust,  sand  and  dirt. 


Fig.   12.     Main  Erecting  Shop  of  the  Holt  Mfg.   Co.,   Peoria,  111. 
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The  gasoline  tanlTs  are  made  of  galvanized  sheet  steel,  rolled 
and  spot-welded  closely  at  the  seams.  The  heads  are  formed 
with  shallow  flanges  and  set  in  place  with  the  flanges  outward 
in  the  spot-welded  shell.  The  heads  are  closely  spot-welded  to 
the  shell  and  then  all  seams  are  soldered.  The  spot-welding 
process  of  uniting  the  seams  is  rapid  and  effective;   the  spot- 


Fig.    11.     Power  Reamer   for  reaming  Bearings   on  75-hors6power  Tractor 


Motor  trucks  and  tractors  are  being  widely  used  in  the  Euro- 
pean war  for  hauling  in  place  of  horses.  The  movement  of 
great  guns  and  supply  trains  with  the  speed  and  rapidity  ac- 
complished would  have  been  out  of  the  question  if  the  armies 
had  to  depend  on  horses.  The  extent  to  which  mechanical 
traction  is  used  is  indicated  in  a  manner  by  the  fact  that  the 


welds  give  the  seam  the  necessary  strength  to  hold  and  the 
solder  seals  the  joints. 

All  tractors  are  subjected  to  a  shop  test  of  several  hours' 
duration,  running  under  brake  load,  to  tune  them  up  and  get 
the  bearings  broken  in.  After  the  brake  test,  each  tractor  is 
taken  out  and  driven  about  under  heavy  load  until  the  opera- 
tor  is    satisfied    that    it    is    fit    for    average    road    conditions. 


Assembling   Tracks  for  75-horsepower   Tractors 


Holt  Mfg.  Co.  has  sold  over  three  thousand  caterpillar  tractors 
to  the  European  countries,  chiefly  Great  Britain  and  France. 
The  advantages  of  motor-driven  tractors  are  greater  concen- 
trated power  than  is  possible  with  horses,  freedom  from  dis- 
ease, smaller  number  of  men  required  to  drive  and  care  for 
them,  capacity  to  travel  continuously  over  rough  roads,  and 
possibility  of  being  restored  to  use  when  damaged  by  shells. 


r'                                                   am 
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Fig.    17.     Holt  Caterpillar  Tractors  undergoing  Shop  Test  on  Blocks  Fig.    18.     Seventy-flve-horsepower  Tractor,    hauling   Supply   Train   in   Tex 
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Fig.    19.     SevAty-flvo-liorsoiiouiT   Tract 
oroBslng  Deep  Gully  on  Expedition 


Fig.   20.     Tractor  at  Bottom   of   Gully  Ready 
to   ascend   Opposite   Bank 


Fig.    21.     Holt    Caterpillar    having    cms 
Gully  and  ascended  Opposite  Bank 


In  view  of  the  advantages  of  mechanical  traction,  particu- 
larly as  shown  in  the  European  war,  the  United  States  Army 
has  made  an  exhaustive  study  of  the  general  problem  of  haul- 
age and  military  supply  trains.  These  tests  began  in  1915 
and  have  steadily  continued;  they  have  included  all  the  vari- 
ous field  operations  of  the  Quartermaster  Corps,  Engineers' 
Corps,  light  and  heavy  Field  Artillery,  Signal  Corps,  etc.  Cater- 
pillar tractors  were  found  indispensable  in  building  and  main- 
taining roads  for  the  motor  truck  trains  during  the  expedition 
into  Mexico  in  1916-  they  are  being  used  for  hauling  supply 
trains  through  the  Big  Bend  District,  Texas,  where  the  troops 
guarding  the  Rio  Grande  boundary  are  from  sixty  to  one  hun- 
dred miles  from  the  base  of  supply  at  Marfa.  The  Big  Bend 
District  consists  principally  of  steep,  rough  mountain  grades 
and  desert  roads.  For  the  first  time  in  the  history  of  the 
United  States  Army,  tractors  were  used  in  March,  1917,  for 
hauling  supplies  in  connection  with  marching  troops.  The 
initial  trip  was  made  from  Fort  Sam  Houston  to  Laredo,  a 
distance  of  170  miles,  where  caterpillar  75-horsepower  tractors 
accompanied  ^he  37th  Infantry,  and  after  reaching  Laredo, 
made  the  return  to  Fort  Sam  Houston  with  the  9th  Infantry. 
It  was  necessary  for  the  tractors  at  all  times  to  maintain  the 
speed  of  the  marching  regiment,  so  as  to  make  camp  each  day 
on  time  with  the  regimental  supplies.  Although  many  severe 
road  conditions  were  encountered,  the  tractors  successfully 
met  all  requirements  without  mishap  or  breakage.  Fig.  18 
shows  the  supply  train  accompanying  the  37th  Infantry,  con- 
sisting of  fifteen  Troy  trailers,  fourteen  of  which  were  of 
iy2  ton  capacity  and  one  of  3  tons  capacity.  The  total  weight 
of  the  trailers  is  15  tons  and  of  the  cargo  30  tons,  making  a 
net  hauling  weight  of  45  tons.  One  of  the  regular  army  escort 
wagons  was  later  added,  making  the  total  hauling  weight  53 
tons.  It  would  have  required  thirty  army  escort  wagons  with 
four  mules  each  to  handle  this  same  tonnage. 

Tractors  are  formidable  in  war,  but  they  will  achieve  greater 
victories  in  times  of  peace.  There  is  no  doubt  that  agricul- 
tural work  on  large  farms  of  the  West  and  on  many  of  the 
smaller  farms  of  the  East  will  eventually  be  done  almost  ex- 
clusively by  means  of  tractors,  and  this,  of  course,  applies  also 
to  agricultural  work  in  all  the  countries  of  the  world.  The 
machine  that  has  great  pulling  power,  which  can  be  used  on 
soft  soils  and  turn  within  its  own  length  is  at  an  advantage  as 
compared  with  those  requiring  a  large  turning  radius  and 
firm  soils  to  work  eflficiently,  for  purely  agricultural  purposes. 
For  long  overland  hauling,  especially  where  bad  roads  exist, 
the  caterpillar  tractor  has  proved  capable  of  hauling  at  a 
lower  cost  per  ton  mile  than  by  other  methods.  For  road 
hauling  where  greater  speed  is  required  and  comparatively 
small  tractive  power  is  needed  by  reason  of  uniformly  good 
roads,  the  four-wh^l  motor  truck  has  some  advantage,  but  no 
wheel  vehicle  can  follow  the  caterpillar  type  tractor  through 
muddy,  sandy  and  rough  roads  or  over  steep  grades  or  where 
no  roads  of  any  kind  exist.  F.  E.  R. 

*     ?     * 

The  by-products  of  the  48,000  sawmills  in  the  United  States, 
in  the  form  of  sawdust,  shavings,  slabs,  etc.,  is  estimated  at 
36,000,000  cords  a  year.  About  one-half  of  this  is  used  as  fuel, 
but  the  remaining  18,000,000  cords  is  a  source  of  danger  to 
the  mill  and  requires  the  expenditure  of  time  and  money  for 
its  disposal.  As  the  production  of  this  waste  is  unavoidable, 
the  forest  service  is  seeking  some  way  of  turning  it  to  account. 


INDUSTRIAL    EXPOSITION    AND    EXPORT 
CONFERENCE 

The  first  annual  Industrial  Exposition  and  Export  Con- 
ference of  the  allied  industries  of  the  United  States  was  held 
at  the  Eastern  States  Exposition  Grounds,  Springfield,  Mass., 
June  23  to  30.  The  purpose  of  this  exposition  and  conference 
is  to  develop  export  opportunities  for  American  manufacturers 
and  to  discuss  problems  incident  to  the  supplying  of  foreign 
markets  with  American  goods. 

Thursday,  June  28,  was  "Metals  Day,"  and  at  the  morning 
session,  presided  over  by  Charles  E.  Hildreth,  general  man- 
ager of  the  National  Machine  Tool  Builders'  Association,  the 
following  papers  were  presented: 

"After  the  War — What  of  Machinery  Export?"  by  C.  O. 
Smith,  Export  Manager,  Norton  Grinding  Co.,  Worcester,  Mass. 

"American  Tools  in  Foreign  Markets,"  by  Oren  O.  Gallup, 
New  York  City  Export  Manager,  Simonds  Mfg.  Co.,  Fitchburg, 
Mass. 

"Metal  Fittings  in  Overseas  Markets,"  by  Adolph  W.  Gilbert, 
Chapman  Valve  Mfg.  Co.,  Indian  Orchard,  Mass. 

At  this  session  Machinery's  motion  picture,  depicting  the 
manufacture  of  9.2-inch  high-explosive  howitzer  shells,  was 
shown,  accompanied  by  an  explanatory  lecture  by  Chester  L. 
Lucas  of  Machinery's  staff. 

In  connection  with  the  exposition  there  were  interesting  ex- 
hibits by  160  concerns,  among  whom  were  the  following: 

Bilton  Machine  Tool  Co.,  Bridgeport,  Conn.  Gear-cutting 
machinery,  sensitive  drill  presses,  milling  machines,  and  rivet- 
ing machines. 

Cowan  Truck  Co.,  Holyoke,  Mass.  Elevating  electric  and 
hand  trucks,  transportation  systems. 

Fitchburg  Grinding  Machine  Co.,  Fitchburg,  Mass.  Grind- 
ing machines. 

Peter  A.  Frasse  &  Co.,  Inc.,  Hartford,  Conn.  Tubing,  steel, 
tools  and  supplies. 

C.  G.  Garrigus  Machine  Co.,  Bristol,  Conn.     Machine  tools. 

General  Electric  Co.,  Schenectady,  N.  Y.  Electrical  appa- 
ratus. 

Graton  &  Knight  Mfg.  Co.,  Worcester,  Mass.  Leather  belt- 
ing, leather  specialties. 

Greenfield  Tap  &  Die  Corporation,  Greenfield,  Mass.  Screw 
cutting  tools  and  machinery;  gages,  reamers,  etc. 

Hampden  Corundum  Wheel  Co.,  Springfield,  Mass.  Grinding 
wheels  and  polishing  abrasives. 

Holyoke  Truck  Co.,  Holyoke,  Mass.  Transfer  and  elevating 
trucks. 

Napier  Saw  Works,  Inc.,  Springfield,  Mass.  Metal  ^cutting 
saws  and  sawing  machines. 

National  Scale  Co. ,  Chicopee  Falls,  Mass.  Counting  ma- 
chines, calling  system,  elevating  trucks,  sectional  steel  shelving. 

Noble  &  Westbrook  Mfg.  Co.,  Hartford,  Conn.  Marking  and 
filing  machinery,  grinders  and  buffing  lathes,  steel  dies. 

Norton  Co.,  Worcester,  Mass.  Grinding  wheels,  grinding 
machinery. 

Norton  Grinding  Co.,  Worcester,  Mass.  Grinding  wheels, 
grinding  machinery. 

Reed-Prentice  Co.,  Worcester,  Mass.  Lathes,  drilling  ma- 
chines, vertical  surface  grinding  machines. 

Springfield  Grinding  Co.,  Chester,  Mass.     Grinding  wheels. 

L.  S.  Starrett  Co.,  Athol,  Mass.  '  Fine  mechanical  tools. 

Union  Twist  Drill  Co.,  Athol,  Mass.  Twist  drills,  gear  and 
milling  cutters. 

Van  Norman  Machine  Tool  Co.,  Springfield,  Mass.  Machine 
tools,  milling  machines  and  grinders. 

Walworth  Mfg.  Co.,  Boston,  Mass.  Valves,  fittings  and  tools 
for  steam,  water  and  gas. 

Whitcomb-Blaisdell  Machine  Tool  Co.,  Worcester,  Mass.  En- 
gine lathes  and  metal  planers. 
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A  REVIEW  OF  DEVICES  FOR  MEASURING  THE  TEMPERATURE  OF  FURNACES,  THEIR  LIMITATIONS  AND 

POSSIBLE  FUTURE  DEVELOPMENTS 


AS  far  as  we  know,  the  ancients,  who  baked  excellent  bricks 
and  forged  iron,  measured  temperature  by  a  means  still 
^  used  today,  but  with  ever-diminishing  success — the  eye. 
But  at  a  very  early  date  attempts  were  made  to  measure  tem- 
perature by  the  expansion,  contraction,  or  fusing  points  of 
clay.  Even  today  the  heat  of  brick  and  pottery  kilns  is  de- 
termined by  placing  side  by  side,  where  they  can  be  seen 
through  a  peep-hole*  three  cones  with  fusing  points,  for  in- 
stance, of  2100,  2120  and  2140  degrees  F.  When  the  first  cone 
softens  and  falls  over,  it  indicates  that  a  temperature  of  2100 
degrees  F.  has  been  attained,  and  the  firing  is  stopped.  If  the 
other  cones  are  still  standing,  the  temperature  has  not  ex- 
ceeded 2120  degrees  F.  Unfortunately,  though,  the  cones  are 
affected  by  both  time  and  temperature,  and  will  soften  or  fall 
over  at  a  higher  temperature  when  heated  up  slowly  for  100 
hours  than  when  heated  to  the  softening  point  in  an  hour  or 
two.  They  are  not  suitable  for  use  in  heat-treating  furnaces 
for  this  reason,  although  attempts  have  been  made  to  use  them. 
However,  some  fusible  salts  have  recently  been  brought  out 
that  seem  to  give  reasonably  satisfactory  results.  The  cap- 
sules containing  them  are  placed  on  a  piece  of  steel  in  the 
furnace  and  the  salts  indicate,  by  melting,  when  a  certain  tem- 
perature has  been  attained. 

Another  of  the  early  devices  is  the  mercurial  thermometer, 
with  which  everyone  is  familiar.  For  temperatures  up  to  600 
degrees  F.,  these  have  a  vacuum  above  the  mercury  column. 
Thermometers  graduated  above  674  degrees  must  have  the 
mercury  column  under  pressure  to  prevent  boiling;  but  1000 
degrees  is  about  the  limit  for  thermometers  of  this  kind. 

The  first  mechanical  pyrometers  depended  on  the  difference 
in  the  expansion  of  iron  and  brass  for  their  operation.  This 
form  of  pyrometer  has  a  tendency  to  change  in  its  reading 
with  time  and  temperature,  due  to  the  coefficient  of  expansion 
of  the  metals  changing  through  continuous  heating  and  cool- 
ing. This  occasions  frequent  readjustments  of  the  pointer  to 
compensate  for  this  error.  Another  early  device  was  formed 
by  placing  a  pipe  in  the  furnace,  through  which  water  flowed 
under  constant  pressure.  Thermometers  at  the  inlet  and  out- 
let measured  the  temperature  of  the  water,  and  the  rise  in 
temperature  of  the  water  was  equivalent  to  a  certain  actual 
temperature  in  the  furnace.  The  trouble  with  this  device  was 
that  leaks  occurred  which  it  seemed  impossible  to  prevent. 
The  Siemens  wat'er  pyrometer  is  used  quite  largely  by  armor- 
plate  manufacturers  for  heat-treatment.  It  consists  of  a  cop- 
per ball,  which  is  placed  on  the  steel  in  the  furnace  and  left 
until  it  has  fully  attained  the  temperature,  when  it  is  quickly 
removed  and  dropped  into  a  vessel  containing  a  thermometer 
and  a  measured  quantity  of  pure  water.  The  rise  in  tempera- 
ture of  the  thermometer  in  the  water  is  read  off  in  actual  tem- 
perature degrees  on  a  corresponding  scale.  An  accuracy  within 
about  25  degrees  F.  is  usually  attained  with  this  instrument. 

There  have  also  been  developed  a  number  of  pyrometers 
that  compare  either  a  light  or  different  colors  with  the  piece 
of  steel  in  the  furnace.  The  trouble  with  all  of  these  is  that 
no  two  operators  get  the  same  results.  Resistance  thermom- 
eters operate  on  the  principle  that  the  electrical  resistance  of 
metals  changes  with  the  temperature.  This  instrument  is  an 
exceedingly  accurate  one  for  measuring  low  temperatures,  but 
is  hardly  to  be  recommended  for  high  temperature  service. 

Thermo-electric  Pyrometers 

For  measuring  temperatures  above  1000  degrees  F.,  the 
thermo-electric  method  has  come  to  be  by  far  the  most  largely 
used.  A  thermo-electric  pyrometer  consists  of  a  thermo-couple, 
a  measuring  device,  and  the.  wires  connecting  the  thermo- 
couple and  the  measuring  device.  If  two  pieces  of  wire  of 
different  metals  are  joined  at  one  end  and  the  junction  is 
heated,  a  small  current  of  electricity  will  be  generated.     At 


■Abstract  of  a  paper  by  Richard  P.  Brown,  read  before  the  Steel  Treating 
Research  Club  of  Detroit,  Mich, 


2000  degrees  F.,  a  couple  formed  of  iron  and  copper-nickel 
wires  will  generate  50  millivolts.  For  measuring  tempera- 
tures up  to  200  degrees  F.,  a  thermo-couple  of  bismuth  and 
antimony  is  best;  for  temperatures  up  to  1000  degrees  F.,  a 
satisfactory  thermo-couple  consists  of  one  iron  wire  and  one 
60  per  cent  nickel  and  40  per  cent  copper;  for  temperatures 
as  high  as  1800  degrees  F.,  a  very  satisfactory  base-metal 
thermo-couple  is  one  wire  of  90  per  cent  nickel  and  10  per  cent 
chromium  and  the  other  wire  of  98  per  cent  nickel  and  2  per 
cent  aluminum.  For  constant  service  above  this,  a  thermo- 
couple, one  wire  of  which  is  chemically  pure  platinum  and 
the  other  90  per  cent  platinum  and  10  per  cent  rhodium,  is 
recommended. 

Thermo-couples  of  base  metal  are  manufactured  with  wires 
from  0.01  inch  up  to  0.25  inch  diameter.  Some  particular  tests 
require  thermo-couple  wires  of  exceedingly  small  diameter  to 
secure  sensitiveness  and  quick  readings.  There  is  no  doubt 
but  that  heavier  wires  forming  the  thermo-couple  will  increase 
the  life  where  a  base-metal  thermo-couple  is" in  constant  ser- 
vice at  temperatures  up  to  1600  or  1800  degrees  F.  While  a 
heavier  thermo-couple  slightly  increases  the  lag,  this  is  not 
noticeable  in  heat-treating  furnaces. 

If  after  a  base-metal  thermo-couple  has  been  used  for  some 
time  another  couple  is  made  from  the  same  wires,  the  voltage 
produced  might  vary  as  much  as  50  degrees  at  a  temperature 
of  1400  degrees  F.  Thermo-couples  of  nickel-chromium  wire 
will  vary  as  much  as  30  degrees  F.,  that  is,  15  degrees  plus  or 
minus,  depending  on  the  particular  coils  from  which  the  wire 
was  cut. 

The  wires  forming  a  thermo-couple  must  be  insulated  from 
each  other  throughout  their  length.  A  common  method  is  to 
wrap  base-metal  thermo-couples  with  asbestos  and  paint  the 
asbestos  winding  with  a  solution  of  sodium  silicate;  another 
method  is  to  fit  lava  or  porcelain  beads  over  the  thermo-couple 
wire.  For  the  platinum  thermo-couple,  the  insulation  must 
be  of  porcelain  or  high-grade  fireclay,   free  from  impurities. 

The  life  of  a  thermo-couple  installed  in  a  furnace  largely 
depends  on  its  protecting  tube.  For  temperatures  up  to  1200 
degrees  F.,  a  high-grade  wrought-iron  tube  gives  satisfactory 
results.  Calorizing,  a  process  recently  developed  by  the  Gen- 
eral Electric  Co.,  which  impregnates  the  pipe  with  an  alumi- 
num oxide,  will  increase  the  life  of  the  pipe  about  three  times 
when  used  at  temperatures  around  1400  degrees  F.  Tubes  of 
nickel-chromium  give  excellent  results  for  temperatures  as 
high  as  1800  degrees,  and  they  are  to  be  recommended  for  the 
protection  of  base-metal  thermo-couples  where  the  temperature 
exceeds  1200  degrees.  Their  cost  is  many  times  higher  than 
the  ordinary  wrought-iron  pipe  and  about  four  times  as  much 
as  calorized  pipe,  but  their  increased  life  would  justify  the 
increased  first  cost.  Platinum  thermo-couples  must  always  be 
protected  with  a  tube  that  is  impervious  to  gases,  such  as 
porcelain,  quartz,  or  alundum. 

It  is  one  of  the  properties  of  a  thermo-couple  that  the 
voltage  which  it  generates  is  dependent  on  the  difference  in 
the  temperature  of  the  hot  junction  and  the  cold  junction, 
which  is  the  point  at  which  the  alloy  wires  of  the  thermo- 
couple join  the  copper  leads  of  the  instrument.  It  is  therefore 
particularly  important  that  the  cold  junction  be  maintained 
at  a  constant  temperature.  In  recent  years,  it  has  been  cus- 
tomary to  run  compensating  leads  of  the  same  material  as  the 
thermo-couple  to  a  distant  point,  where  the  temperature  is 
uniform,  instead  of  having  the  cold  jupction  just  outside  the 
furnace  wall,  where  it  might  vary  several  hundred  degrees. 
These  compensating  leads,  in  duplex  form  with  asbestos  in- 
sulation, can  be  run  into  a  pipe  driven  into  the  ground,  ten 
or  fifteen  feet,  where  the  temperature  will  remain  constant 
within  five  degrees,  winter  or  summer.  Where  it  is  impossible 
to  place  the  cold  junction  in  the  ground,  on  account  of  the 
furnaces  being  on  an  upper  floor  of  a  building,  a  compensation 
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box  cuii  be  useii.  coiisislliiK  of  a  laiiip  and  thermostat,  wliich 
will   iiuiintuiu   the  temperature  constant   within  two  degrees. 

Measurlne:  VoltaKre  Produced  by  Thermo-couple 
There  are  two  methods  of  measuring  the  voltage  produced 
by  a  tliermo-couple,  tlie  millivoltmeter  method  and  the  poten- 
tiometer method.  In  the  former,  the  instrument  consists  of  a 
permanent  magnet  with  its  pole  pieces,  in  the  field  of  which 
.a  copper-wound  coil  swings  in  Jeweled  bearings.  The  milli- 
voltmeter reads  the  temperature  across  the  scale  and  is  cali- 
brated in  actual  temperature  degrees.  It  indicates  the  tem- 
perature from  zero  to  the  maximum  scale  range  and  relies 
entirely  on  the  voltage  of  the  thermo-couple  for  its  operation. 
No  outside  sources  of  current  are  necessary. 

In  the  potentiometer  method,  the  electromotive  force  pro- 
duced by  the  thermo-couple  is  measured  by  opposing  to  it  a 
known  variable  electromotive  force,  usually  that  of  a  dry  cell 
contained  in  the  instrument,  so  that  when  a  balance  is  reached 
no  current  flows.  A  galvanometer  is  used  to  indicate  the  point 
at  which  no  current  is  flowing,  and  the  pointer  on  the  gal- 
vanometer then  indicates  zero  as  the  voltage  of  the  thermo- 
couple is  opposed  to  the  dry  cell.  The  advantages  of  the 
potentiometer  method  of  measuring  temperature  are  its  ex- 
treme precision  and  its  independence  of  resistance  changes 
throughout  the  'thermo-couple  circuit.  Its  disadvantages  are 
that  it  is  not  direct  reading  and  some  outside  source  of  cur- 
rent is  necessary. 

Radiation  Pyrometers 
The  radiation  pyrometer  is  a  development  of  the  thermo- 
electric pyrometer.  Instead  of  placing  the  thermo-couple  in- 
side the  furnace,  where  the  temperature  is  so  high  as  to 
destroy  it,  it  is  placed  in  the  back  of  a  tube  in  front  of  a 
mirror.  The  rays  of  heat  from  the  furnace  enter  the  tube 
and,  striking  the  mirror,  are  brought  to  a  focus  on  the  thermo- 
couple junction,  which  attains  a  heat  of  only  200  or  300  de- 
grees. It  is  possible  to  secure  an  accuracy  within  one  to  two 
per  cent  with  this  instrument,  if  the  instructions  for  its  use 
are  properly  carried  out.  It  is  not  recommended  for  service 
where  a  thermo-electric  pyrometer  with  a  base-metal  or  plati- 
num thermo-couple  can  be  used. 

Methods  of  Standardizing  Pyrometers 
It  is  essential,  if  accurate  results  are  to  be  secured  from 
pyrometers,  that  they  be  restandardized  at  frequent  intervals. 
The  frequency  depends  on  the  precision  necessary  in  the  work 
and  the  equipment  available.  Some  plants  check  their  thermo- 
couples once  a  week;  it  should  be  done  at  least  once  a  month. 
This  checking  can  be  satisfactorily  accomplished  by  maintain- 
ing a  standard  platinum  thermo-couple  and  using  an  electric 
furnace  that  is  not  less  than  10  inches  deep,  so  that  a  base- 
metal  thermo-couple  can  project  at  least  6  or  8  inches  inside. 
The  base-metal  and  standard  thermo-couples  should  be  tied 
together  with  asbestos  string  with  the  junctions  almost  touch- 
ing each  other.  Thermo-couples  should  never  be  tested  in 
their  protecting  pipe.  A  base-metal  thermo-couple  should  not 
be  tested  in  a  furnace  with  an  insertion  of  less  than  6  inches, 
for  the  cross-section  of  the  thermo-couple  wires  is  large  and 
they  conduct  the  heat  from  the  furnace.  The  temperature  of 
an  electric  furnace  should  be  maintained  constant  for  at  least 
fifteen  minutes  before  a  reading  is  taken,  and  the  tests  should 
preferably  be  made  at  the  working  temperature  of  the  thermo- 
couple. If  the  thermo-couple  under  test  reads  low  and  has  no 
adjustable  resistance,  it  must  be  junked.  If  it  is  furnished 
with  a  resistance  for  adjustment  purposes,  this  adjustment 
can  be  easily  made  with  a  soldering  iron. 

The  freezing  point  of  pure  salt  is  reliable  for  testing  thermo- 
couples or  the  complete  pyrometer.  The  thermo-couple  should 
be  inserted  in  a  small  crucible  containing  pure  salt  (ordinary 
table  salt  is  satisfactory),  heated  to  about  1600  degrees  F. 
and  then  allowed  to  cool.  At  the  freezing  point  of  the  salt, 
which  will  be  Indicated  by  the  temperature  remaining  reason- 
ably constant  for  four  or  five  minutes,  the  pyrometer  should 
read  1474  degrees.  The  melting  point  of  a  number  of  metals 
may  also  be  used.  The  melting  points  of  the  metals  most  gen- 
erally used  for  this  purpose  are:  tin,  450  degrees  P.;  zinc,  787 
degrees;  silver,  1761  degrees;  and  gold,  1945  degrees. 


The  Future  for  Pyrometry 

It  would  seem  that  the  greatest  development  work  in 
temperature-measuring  instruments  will  be  in  the  perfection 
of  optical  pyrometers,  resistance  thermometers,  and  thermo- 
electric pyrometers.  There  is  a  field  for  a  high-grade  optical 
pyrometer  that  can  be  used  by  any  number  of  operators,  all 
of  whom  can  secure  the  same  results  from  the  instrument. 
Resistance  thermometry  will  continue  to  be  limited  to  low 
temperatures  unless  some  more  suitable  metal  than  nickel  can 
be  used  to  form  the  bulbs.  In  thermo-electric  pyrometry,  it 
is  possible  to  develop  better  materials  for  base-metal  thermo- 
couples; the  insulation  or  protecting  tube  will  be  difficult  to 
improve  upon.  The  direct-reading  millivoltmeter  and  the  po- 
tentiometer methods  of  temperature  measurement  will  doubt- 
less be  improved. 

However,  the  greatest  future  in  pyrometry  will  be  along  the 
line  of  automatic  temperature  control.  There  is  already  an 
instrument  that  automatically  controls  the  temperature  of  an 
electric  furnace,  maintaining  it  constant  within  10  degrees  F. 
In  connection  with  this  instrument,  there  are  two  lights  which 
indicate  whether  the  temperature  is  high  or  low.  We  can 
place  a  neutral  point,  10  or  20  degrees  in  width,  between  the 
two  contact  points  operating  these  lights,  so  that  both  lights 
will  be  out  when  the  temperature  is  correct  and  the  red  or 
blue  light  will  flash  to  indicate  that  the  temperature  is  too 
high  or  too  low.  If  a  third  contact  is  put  in  the  instrument 
for  this  neutral  point,  it  will  cause  a  white  light  to  glow  when 
the  temperature  is  correct.  It  is  much  easier  to  instruct  a 
fireman  to  keep  the  white  light  burning  and  the  other  lights 
out  than  to  get  him  to  maintain  1380  degrees  on  the  pyrom- 
eter. He  can  see  the  lights  from  some  distance,  and  these  are 
easily  understood  by  him.  It  is  only  a  question  of  time  when 
a  switching  device  will  permit  one  instrument  to  operate  the 
signal  lights  at  a  number  of  furnaces. 

One  of  the  greatest  difficulties  experienced  by  pyrometer 
manufacturers  is  to  induce  the  user  of  these  instruments  to 
install  them  properly.  Frequently  this  is  left  to  someone  who 
has  absolutely  no  knowledge  of  pyrometers,  and  the  instruc- 
tions of  the  manufacturer  are  not  carried  out  in  a  satisfactory 
manner.  Recently,  the  service  man  of  one  pyrometer  company 
found  pyrometer  equipment  giving  incorrect  readings  because 
it  had  been  wired  up  throughout  with  small  diameter  unin- 
sulated iron  wire. 


MILLING  AND  GRINDING 

The  use  of  milling  machines  and  grinding  machines  has 
increased  greatly  during  the  past  ten  years,  and  these  ma- 
chines are  now  regarded  generally  as  standard  machine  tool 
equipment.  There  is  little  question  of  the  superiority  of  the 
milling  machine  over  the  planer  or  shaper  for  manufacturing 
parts  in  large  quantities.  Nor  can  the  place  of  the  grinding 
machine  as  a  follower  of  the  lathe  for  finishing  cylindrical 
surfaces  be  longer  denied.  But  notwithstanding  the  great  in- 
crease in  the  use  of  these  machine  tools,  the  lathe  is  still  the 
recognized  leader  of  all.  More  lathes  are  built  and  sold  than 
any  other  machine  tool  except  drilling  machines.  Planers 
have  their  place  in  the  machine  shop  and  will  always, be  used 
for  jobbing  and  repair  work  and  probably  for  planing  the 
working  surfaces  of  machines  that  must  be  highly  accurate. 
The  shaper  and  slotter  have  their  recognized  places  also.  The 
point  to  be  made  is  that  the  development  of  any  type  of  ma- 
chine tool  does  not  necessarily,  if  ever,  result  in  displacing 
another;  it  may,  in  fact,  make  a  broader  and  better  market 
for  all. 


FOUNDRY  AND   MACHINE    SHOP   EQUIPMENT 
AND  SUPPLIES  EXHIBIT 

The  twelfth  annual  exhibit*  of  foundry  and  machine  shop 
equipment  and  supplies  will  be  held  in  the  Mechanics  Bldg., 
Boston,  Mass.,  under  the  auspices  of  the  American  Foundry- 
men's  Association,  September  25  to  28,  inclusive.  Copies  of  the 
rules  and  regulations  may  be  obtained  from  C.  E.  Hoyt,  man- 
ager of  exhibits,  123  W.  Madison  St.,  Chicago,  Jll. 
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LAYING  OUT  AND  MACHINING  ELLIPTIC  AND  OVAL  GEARS 
BY   REGINALD  TRAUTSCHOLD - 


Fig.   1.     Kolling  Contact  of  Ellipses  with  Bore  at  Focus 

THE  correct  proportioning  of  elliptic  or  elliptical  gearing 
presents  one  of  the  most  intricate  problems  confronting 
the  gear  designer,  but,  fortunately,  it  need  not  present 
the  same  difficulties  to  the  machinist  if  the  work  is  correctly 
laid  out  for  him  in  the  drafting-room.  To  cut  elliptic  gears 
successfully  requires  a  high  degree  of  skill  and  careful  work- 
manship on  the  part  of  the  machine  operator,  but  the  real 
problem  is  one  of  design.  This  is  fortunate,  for  it  permits  the 
derivation  of  reliable  formulas  which,  though  they  necessitate 
considerable  accurate  figuring  on  the  part  of  the  designer, 
greatly  simplify  the  calculations  and  enable  the  problem  to 
be  put  to  the  operator  as  a  definite  and  concrete  task:  one 
that  requires,  in  its  execution,  simply  careful  workmanship 
and  proper  attention  to  the  adjustments  of  a  comparatively 
simple  fixture. 

Elliptic  gearing  furnishes  a  comparatively  cheap,  efficient 
and  positive  mechanism  for  imparting  a  quick-return  motion 
to  the  ram  of  shapers,  planers  and  a  large  variety  of  machine 
tools.    The  variation  in  speed  of  these  gears  is  from  a  maxi- 


'  For  preTious  articles  on  the  design  of  gearing,  see  "Bpicyclic  Gear  Trains' 
in    the    July,    1917,    number    of    Machimert,    and    articles    there    referred    to. 
2 Address:  39  Charles  St..  New  York  City. 
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mum  to  a  minimum,  the  bore  being  located  at  one  of  the  foci 
of  the  ellipse.  So-called  "elliptical"  gears  with  the  bore  at  the 
center  of  the  gear  are  also  employed.  These  have  not  a  true 
elliptic  outline,  but  their  circumference  is  appreciably  greater 
than  is  that  of  a  true  ellipse  of  similar  major  and  minor  axes. 
To  differentiate  it  from  the  one  of  true  elliptic  outline,  this 
second  variety  of  gear  may  be  arbitrarily  designated  as  an 
"oval  gear";  while  the  term  elliptic  gear  may  be  taken  to 
designate  a  gear  of  true  elliptic  form. 

The  rolling  actions  of  the  two  forms  of  mountings,  those 
with  the  bore  at  the  foci  and  those  with  the  bore  at  the  center, 
are  depicted  in  Figs.  1  and  2.  In  the  case  of  ellipses  with  the 
bore  at  one  of  the  foci,  any  point  on  the  circumference  of  one 
of  the  ellipses,  a,  &,  c,  d,  e,  will  be  in  contact  with  any  simi- 
larly located  point  on  the  circumference  of  the  other  ellipse, 
a',  b',  c',  d',  e',  in  the  plane  of  the  bores  and  a  line  connecting 
the  stationary  foci  of  the  two  ellipses  will  lie  in  this  plane 
and  intersect  a  plane  tangent  to  both  ellipses  at  the  point  of 
contact.  In  the  case  of  the  ellipses  with  the  bore  at  the  center, 
points  on  the  circumference  of  one  of  the  ellipses,  o,  6,  c,  d,  e, 
will  not  be  in  contact  with  similarly  located  points  on  the  cir- 
cumference of  the  other  ellipse,  a',  h',  c',  d',  e',  on  the  bore 
plane,  the  centers  of  the  bores  being  fixed  as  in  the  other  in- 
stance, but  will  be  separated  by  an  amount  depending  on  the 


Fig.  2.    Non-contact  of  Ellipses  with  Bore  at  Center 


Fig.  3.     Elliptic  and  Oval  Gear  Diagrams 

proportions  of  the  ellipses.  Only  when  the  major  and  minor 
axes  of  the  ellipses  are  at  right  angles  can  the  ellipses  be  in 
intimate  contact.  To  secure  contact  at  all  points,  the  elliptic 
outlines  must  be  increased  by  an  increment  that  will  fill  in 
the  gap  between  the  ellipses;  and  in  order  that  the  two  figures 
may  be  similar  in  outline,  the  increment  should  be  the  same 
for  each  ellipse. 

The  similarity  between  elliptic  and  oval  gears  lies  only  in 
the  fact  that  they  are  both  developed  from  ellipses.  In  one 
case  the  ellipse  is  the  final  outline;  and  in  the  other,  the 
ellipse  has  to  be  modified  by  an  increase  in  the  lengrth  of  curve 
included  between  the  two  axes'  planes  in  each  of  the  four 
quadrants.  The  lengths  of  the  axes  are  not  changed,  nor 
should  the  degree  of  curvature  at  points  of  contact  be  altered; 
the  variation  in  curvature  is  simply  limited  to  sections  be- 
tween the  required  points  of  contact.  Elliptic  and  oval  gear 
sections  are  illustrated  in  Pig.  3  in  a  manner  that  brings  out 
their  similarity  in  general  appearance  as  well  as  their  differ- 
ence in  pitch  outlines. 

The  Ellipse 

The  basic  form  of  either  the  elliptic  or  the  oval  gear  is  the 
ellipse,  so  tlie  characteristics  of  this  figure  should  be  clearly 
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understood  before  taking  up  the  derivation  of  working  for- 
mulaa.  An  ellipse  is  shown  in  Fig.  4.  Its  governing  peculiarity 
is  that  the  sum  of  the  distances  of  any  point  P  on  the  circum- 
ference from  the  two  foci  is  constant,  and  the  normal  passing 
through  such  point  bisects  the  angle  included  between  lines 
drawn  from  the  point  to  the  foci.  The  angle  between  the  tan- 
gent to  the  point  and  one  of  the  axes  of  the  ellipse  is  equal 
to  the  angle  between  the  normal  to  the  point  and  the  other 
axis  of  the  ellipse.  The  distance  between  the  two  foci,  the 
"focus  distance,"  is  equal  to  the  square  root  of  the  difference 
of  the  squares  of  the  major  and  minor  axes.  These  definite 
relations  establish  the  equation  of  the  ellipse,  which,  though 
simple,  necessitates  an  application  of  analytical  geometry  and 
calculus  to  establish  the  location  of  any  particular  point  on 
the  circumference,  the  angularity  of  tangents,  etc.  This  in- 
volves much  calculation  that,  from  a  practical  point  of  view, 
is  quite  unnecessary. 

The  curvature  of  an  ellipse  really  decreases  in  each  quad- 
rant, from  the  major  to  the  minor  axis,  but  for  all  practical 
purposes,  there  are  but  two  degrees  of  curvature  in  each 
quadrant  of  any  elliptic  gear  encountered  in  practice,  or  that  is 
capable  of  practical  use,  so  that  a  close  approximation  of  a 
true  ellipse  may  be  drawn  with  circular  arcs  of  but  two  radii. 
These  radii,  which,  for  convenience,  will  be  designated  as 
major  and  minor,  are  equal  to  the  major  axis  minus  one-half 
the  minor  axis  and  to  three-quarters  the  minor  axis  minus 
one-quarter  the  major  axis.  The  first  is  the  radius  of  the  curve 
straddling  the  minor  axis,  and  the  second  is  the  radius  of  the 
curve  straddling  the  major  axis.  In  workable  ellipses,  such 
curves  become  tangent  to  each  other  at  definite  points,  so  that 
the  length  of  the  major-radius  curve  is  an  arc  included  by  an 
angle  of  73  degrees,  44  minutes,  as  shown  in  Fig.  4,  and  the 
minor-radius  curve  is  an  arc  included  by  an  angle  of  106  de- 
grees, 16  minutes.  These  angles  may  be  arbitrarily  taten  as 
the  same  for  all  ellipses,  irrespective  of  the  axes'  lengths. 

Dimensions  Required  by  the  Machinist 

Fig.  5  depicts  the  method  of  cutting  both  elliptic  and  oval 
gears,  the  rotary  cutter  being  tangent  to  the  pitch  line  at 
mid-tooth  space.  The  angle  of  tangency,  the  angle  included 
between  the  center  line  of  the  rotary  cutter  and  the  major 
axis,  is  the  same  for  either  type  of  gear,  but  the  location  of 
the  bore  in  respect  to  the  center  line  of  the  cutter  differs. 
If  the  outlines  of  the  two  varieties  of  gears  were  similar,  the 
difference  in  both  vertical  and  horizontal  coordinates  would 
be  controlled  by  the  distance  from  the  focus  to  the  center  of 
the  gear.  In  fact,  much  of  the  trouble  encountered  in  cutting 
oval  gears  with  the  bore  at  the  center  comes  from  just  this 
particular  point.  Oval  gears  with  the  bore  at  the  center  are 
not  elliptic  in  outline  and  cannot  be  successfully  cut  with 
settings  that  would  be  satisfactory  were  it  not  necessary  to 
modify  the  elliptic  form  in  order  that  the  gears  may  roll  to- 
gether in  intimate  contact. 


Fig.   4.     The  EUipse 


Fig.  6.     Hachining  EUiptic  and  Oval  Gears 

Laying  Out  Elliptic  Gears 

The  elliptic  gear  is  the  simpler  variety  to  design,  as  an 
oval  gear  must  first  be  proportioned  as  if  it  were  truly  elliptic 
in  outline  and  then  modified  by  the  necessary  increments. 
Both  varieties  are  frequently  laid  out  to  a  suitable  scale  and 
the  required  dimensions  scaled;  the  "lay-out  method"  and  a- 
certain  dependence  on  graphic  depiction  is  a  material  aid  even 
when  employing  the  more  accurate  method  of  calculation  of 
the  necessary  angles  and  dimensions. 

The  pitch  outline  of  an  elliptic  gear  is  shown  in  Fig.  6. 
This  may  be  drawn  by  the  common  "gardener's  ellipse"  method 
or  by  the  use  of  the  circular  arcs,  as  has  been  described.  The 
pitch  circumference  is  then  divided  into  as  many  equal  sec- 
tions as  there  are  teeth  in  the  gear,  the  points  of  division  lo- 
cating the  centers  of  the  tooth  spaces.  Preferably,  the  number 
of  teeth  in  an  elliptic  gear  should  be  odd,  so  that  a  tooth 
space  at  one  end  of  the  gear  is  opposite  a  tooth  at  the  other 
end,  thereby  permitting  both  gears  of  a  pair  to  be  identical. 
If  the  number  of  teeth  is  even,  a  double  set  of  calculations 
becomes  necessary,  as  the  tooth  spaces  of  one  of  a  pair  must 
coincide  with  the  teeth  of  the  mating  gear. 

The  coordinates  of  the  center  of  the  tooth  spaces,  with  ref- 
erence to  the  stationary  focus,  are  readily  calculated  for  an 
ellipse  laid  out  with  circular  arcs,  and  are,  for  all  practical 
purposes,  the  same  as  those  of  similar  points  about  a  true 
ellipse.  The  distance  of  each  tooth-space  center  from  the  sta- 
tionary focus  is.  then  readily  obtained,  as  it  is  the  length  of 
the  hypotenuse  of  a  right-angle  triangle  having  for  its  other 
sides  the  coordinates  of  the  tooth-space  center  with  respect 
to  the  stationary  focus.  These  coordinate  dimensions  are  the 
horizontal  and  vertical  settings  required  by  the  machinist,  and 
the  angular  setting  of  the  blank  is  the  angle  included  between 
the  tangent  at  mid-tooth  space  and  the  major 
axis  of  the  ellipse. 

Laying  Out  Oval  Gears 

Oval  gears  should  have  an  even  number  of 
teeth,  so  that  but  one  set  of  calculations  is  'neces- 
sary, and  the  teeth  should  be  arranged  so  that 
they  do  not  come  on  the  axis  of  the  ellipse,  but 
so  that  the  transverse  pitch  line  on  the  profile 
of  a  tooth  falls  on  the  axes  of  the  gear,  as  shown 
in  Fig.  7.  This  illustration  depicts  the  basic  oval 
outline  of  the  gear,  not  its  final  pitch  outline. 

The  coordinates  of  the  tooth-space  centers, 
with  reference  to  the  center  of  the  gear,  are 
found  in  a  manner  similar  to  that  employed  for 
elliptic  gears.  The  distance  of  each  tooth-space 
center  from  the  center  of  the  gear  on  the  base 
ellipse  is  then  found  and  normals  through  each 
of  the  tooth-space  centers  are  drawn.  The  hori- 
zontal setting  D'  is  found  directly  from  the  tri- 
angle formed  by  the  line  connecting  the  center 
tooth  space  on  the  ellipse  and  the  rectangular 
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coordinates  of  such  point  about  the  center  of  the 
gear.  The  ordinate  of  the  point  is  also  calcu- 
lated, though  it  is  not  equal  to  the  vertical  set- 
ting, which  is  controlled  by  the  amount  of  incre- 
ment added  to  the  ellipse  at  each  tooth  space. 
The  distance  between  shafts  of  mating  oval 
gears  is  constant  and  equal  to  one-half  the  sum 
of  the  major  and  minor  axes  of  the  gear,  so  that 
if  the  sum  of  the  distances  from  the  tooth-space 
center  of  conjugate  tooth  spaces  is  made  equal  to 
the  distance  between  shafts,  constant  contact  is 
secured.  The  proper  total  increment  required  in 
order  to  secure  such  intimate  contact  between 
mating  gears  is  the  difference  between  the  sum 
of  the  distances  of  center  tooth  points  on  the 
ellipse  of  conjugate  tooth  spaces  and  the  distance 
between  the  shafts  of  the  respective  gears.  Half 
of  this  total  increment  added  to  each  gear  will 
keep  the  gears  similar  in  outline.  The  incre- 
ment is  not  added  to  the  oval  outline  normally, 
but  so  that  the  distance  from  the  pitch  center 
of  the  tooth  space  on  the  mid-tooth  space  normal 
to  the  center  of  the  gear  is  equal  to  the  distance  from  the 
center  of  the  gear  to  the  center  of  the  tooth  space  on  the 
ellipse,  plus  half  the  total  increment  required  for  intimate 
contact,  see  Pig.  8.  A  smooth  curve  passing  through  the 
points  thus  located  on  the  tooth  space  normals  gives  the  re- 
quired pitch  outline  of  the  gear.  To  this  must  be  added,  in 
the  gear  blank,  sufficient  metal  to  accommodate  the  addendum 
of  the  teeth,  etc.  The  correct  vertical  setting  is  then  obtained 
by  direct  proportion,  the  same  relationship  existing  between 
the  distance  of  the  mid-tooth  space  point  on  the  ellipse  and 
this  same  dimension  plus  the  necessary  increment  as  exists 
between  the  ordinate  of  the  center  tooth  space  on  the  ellipse 
and  the  correct  vertical  setting. 

Notation  for  Elliptical  Gearing 

Major  axis    (pitch) A 

Minor  axis    (pitch) B 

Focus  distance,  distance  between  foci F 

Pitch  circumference  of  ellipse C 

Quick-return  ratio  of  elliptic  gears R 

Number   of  teeth N 

Circular  pitch  of  elliptic  gears p' 

Major  radius  for  ellipse r' 

Minor  radius  for  ellipse r" 

Angular  pitch  of  major  radius  segment. a 

Angular  pitch  of  minor  radius  segment a' 

Angle  included  between  tooth-space  tangents  and  major  axis  x 

Angularity  of  ratchet  index z 

Ordinate  of  tooth-space  center  on  ellipse h' 

Abscissa  of  tooth-space  center  on  ellipse v' 

Distance  between  tooth-space  center  on  ellipse  and  focus  axis  V 

Angle  included  between  Y  and  major  axis y 

Angle  included  between  Y  and  tooth-space  tangent ; .  w 

Vertical  setting  for  machining  fixture H 

Horizontal  setting  for  machining  lixture D 

Effective  circular  pitch  of  oval  gears p" 

Distance  between  tooth-space  center  on  ellipse  and  gear 

center  Y" 

Sum  of  conjugate  Y" X 

Correction  increment j 

Distance  between  tooth-space-pitch  center  and  gear  center.  Y' 

Angle  included  between  Y"  and  major  axis y' 

Angle  included  between  Y"  and  tooth-space  tangent w' 

Vertical  setting  on  ellipse H" 

Vertical  setting  for  machining  fixture H' 

Horizontal  setting  for  machining  fixture D' 


•fe=: 


Formulas  for  Elliptic  and  Oval  Gears 
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1) 


R  +  \ 
1  —  0.5B 


A  —  F 
r"  =  0.75B  —  0.25A      (5)  C  ■- 

C  57.295p' 

p'  = (7)        a  = — 

N  r'  r" 

h'  =  r"  sin  z    (in  minor-radius  segments) 
h'  =  r'  cos  X  —  r'  +  0.5B    (in  major-radius  segments) 


=  1.6464A  +  1.4952B 

57.295p' 

(8) 


a  =• 
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(6) 
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Fig.  6.     Elliptic  Gear  Diagram 

v'  =  ?•"  COS  s  +  0.5A  —  r"    (in  minor-radius  segments) 
v'  =  r'  sin  x    (in  major-radius  segments) 

h' 

Y=  \/i^"  + (±  0.5f'±v')M12)         Tan2/  = 


w  ■■ 


V 


D  =  Ycos  w 


(14) 


(16) 


H 


±  0.5F  ± 

Ysin  w 

C 


P    =• 


2^ 


Y"=  V  h'^  +  v'^ 
Y'  =  Y"+j    (20) 


X) 


(18)  }  =  0.5(0.5A  +  0.5S 

h' 
Tani/'=  (21)         w' =  y' +  x 


(11) 
(11a) 

(13) 

(15) 

(17) 

(19) 

(22) 


(10) 
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H"  =  r"  +  (O.SA^r")  cos  (90  —  x)   (in  minor-radius 

segments)        (23) 
H"  =  Y"  sin  w'    (in  major-radius  segments)         (23a) 

H"Y' 

H'  = •  (24) 

•      Y" 

D'  =  (0.5A  —  r")  sin  (90  —  x)  (in  minor-radius  segments)    (25) 
D'  =  Y"  cos  w'  (in  major-radius  segments)  (25a) 

Discussion  of  Formulas 

The  relationships  existing  between  the  major  axis,  the  minor 
axis,  and  the  focus  distance  are  the  ordinary  characteristics 
common  to  the  ellipse.  The  quick-return  ratio  of  elliptic  gears 
is  the  ratio  between  the  maximum  and  minimum  distances  of 
the  pitch  circumference  from  the  stationary,  or  bore,  focus. 
No  such  ratio  exists  for  oval  gears,  as  the  distance  between 
the  shafts  of  the  gears  with  the  central  bore  is  equal  to  half 
the  sum  of  the  major  and  the  minor  axes.  Two  speed  changes 
occur  during  a  complete  revolution  of  the  gears  in  such  an  ar- 
rangement; one  is  measured  by  the  ratio  of  the  major  axis 
to  the  minor  axis,  and  the  other  by  the  ratio  of  the  minor 
axis  to  the  major  axis. 

The  major  and  minor  radii  of  the  ellipse  are  the  radii  of 
circular  arcs  straddling  the  minor  and  the  major  axes,  re- 
spectively; the  former  contains  73  degrees,  44  minutes,  and 
the  latter  106  degrees,  16  minutes.  The  sum  of  the  lengths 
of  the  two  major-radius  segments  and  the  two  minor-radius 
segments  equals  the  circumference  of  the  ellipse.  This  divided 
by  the  number  of  teeth  gives  the  circular  pitch  for  elliptic 
gears. 

The  circular  pitch  multiplied  by  360  degrees  and  the  product 
divided  by  the  circumference  of  a  circle  having  a  radius  equal 
to  the  major  radius  of  the  ellipse  gives  the  angular  pitch  in 
the  major-radius  segments.  The  same  product  divided  by  the 
circumference  of  a  circle  having  a  radius  equal  to  the  minor 
radius  of  the  ellipse  gives  the  angular  pitch  in  the  minor- 
radius  segments. 

To  obtain  the  ordinate  of  the  tooth-space  center  on  the  pitch 
ellipse  necessitates  two  formulas:  one  for  cases  where  the 
tooth-space  center  falls  within  the  minor-radius  segments,  and 
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Base   Ellipse   for  Oval   Gear 


the  other  for  points  that  fall  within  the  major-radius  segments. 
In  the  former,  the  ordinates  are  equal  to  the  minor  radius 
times  the  sine  of  the  angle  included  between  the  normal  pass- 
ing through  the  tooth-space  center  and  the  major  axis.  Within 
the  major-radius  segments,  the  ordinates  are  measured  by  the 
product  of  the  major  radius  and  the  cosine  of  the  angle  in- 
cluded between  the  normal  passing  through  the  tooth-space 
center  and  the  minor  axis,  minus  the  difference  between  the 
major  radius  and  one-half  the  minor  axis.  This  value,  by 
which  the  product  of  the  major  radius  and  the  cosine  of  the 
angle  is  reduced,  is  the  distance  from  the  major  axis  to  the 
center  of  the  major  radius. 

The  abscissa  of  the  tooth-space  center  on  the  pitch  ellipse 
is  found  in  a  similar  manner,  two  formulas  being  required. 
For  centers  within  the  minor-radius  segments,  the  abscissas 
are  equal  to  the  product  of  the  minor  radius  and  the  cosine  of 
the  angle  included  between  the  normal  passing  through  the 
tooth-space  center  and  the  major  axes,  plus  the  difference  be- 
tween half  the  major  axis  and  the  minor  radius.  Within  the 
major-radius  segments,  the  abscissas  are  equal  to  the  major 
radius  multiplied  by  the  sine  of  the  angle  included  between 
the  normal  passing  through  the  tooth-space  center  and  the 
minor  axis. 

The  distance  between  the  tooth-space  center  on  the  ellipse 
and  the  stationary  focus  in  elliptic  gears  is  equal  to  the  square 
root  of  the  sum  of  the  square  of  the  ordinate  plus  the  square 
of  the  distance  of  the  projected  center  on  the  major  axis  from 
the  stationary  focus.  When  the  projection  of  the  center  on 
the  major  axis  falls  on  the  farther  side  of  the  minor  axis 
from  that  on  which  the  stationary  focus  is  located,  this 
distance  is  equal  to  one-half  the  focus  distance  plus 
the  abscissa;  when  between  the  near  center  of  the 
minor  radius  and  the  minor  axis,  it  is  equal  to  the 
focus  distance  minus  the  abscissa;  and  when  between 
the  near  minor  radius  center  and  the  near  end  of  the 
major  axis,  it  is  equal  to  the  abscissa  minus  half  the 
focus  distance. 

The  tangent  of  the  angle  included  between  Y  and 
the  major  axis  is  equal  to  the  ordinate  of  the  tooth- 
space  center  divided  by  the  distance  of  the  projected 
center  on  the  major  axis  from  the  stationary  focus. 
This  angle  plus  or  minus  the  angle  included  between 
the  tangent  to  the  tooth-space  center  and  the  major 
axis  equals  the  angle  included  between  Y  and  the 
tooth-space  tangent.  When  the  tooth-space  center  lies 
on  the  far  side  of  the  minor  axis,  the  angle  included 
between  Y  and  the  tooth-space  tangent  is  the  sum  of 
the  two  smaller  angles;  when  on  the  near  side,  it  is 
equal  to  the  difference  of  the  two  angles. 

The  vertical  setting  for  the  machining  fixture,  the 
distance  between  the  plane  of  the  rotary  cutter  and 
a    parallel    plane    passing    through    the    stationary 


focus  of  the  gear,  is  equal  to  the  distance  be- 
tween the  tooth-space  center  and  the  stationary 
focus  multiplied  by  the  sine  of  the  angle  included 
between  y  and  the  tooth-space  tangent;  while 
the  horizontal  setting  for  the  machining  fixture 
is  equal  to  the  product  of  this  same  dimension 
by  the  cosine  of  the  angle. 

The  effective  circular  pitch  of  oval  gears  corre- 
sponds to  the  circular  pitch  of  elliptic  gears  and 
is  found  in  the  same  manner;  namely,  by  divid- 
ing the  pitch  circumference  of  the  base  ellipse 
by  the  number  of  teeth  in  the  gear. 

The  distance  between  the  center  of  the  tooth 
space  on  the  ellipse  and  the  central  bore  of  the 
gear  is  equal  to  the  square  root  of  the  sum  of  the 
squares  of  the  ordinate  and  abscissa  dimensions 
of  the  tooth-space  center  on  the  base  ellipse. 

The  correction  increment  is  equal  to  half  the 
sum  of  the  major  and  minor  axes  of  the  gear, 
minus  the  sum  of  the  distances  of  conjugate 
tooth-space  centers  on  the  base  ellipse  from 
the  center  of  the  gear  divided  by  2.  Conjugate 
tooth  spaces  are  a  tooth  space  on  one  gear  and  the  space  oppo- 
site the  tooth  on  the  mating  gear  that  will  engage  the 
tooth  space  on  the  first  gear.  For  instance,  in  a  pair  of 
mating  oval  gears  with  fourteen  teeth,  the  conjugate  tooth 
space  of  the  first  tooth  space  on  the  driving  gear  is  the  fourth 
tooth  space  on  the  driven  gear,  counting  tooth  spaces  from 
similar  points  on  the  two  gears.  Similarly,  the  conjugate 
tooth  space  for  the  second  tooth  space  on  the  driver  is  the 
third  on  the  driven  gear,  and  for  the  remainder  of  the  tooth 
spaces  the  conjugates  are  the  third  and  second,  fourth  and 
first,  fifth  and  fourteenth,  sixth  and  thirteenth,  seventh  and 
twelfth,  eighth  and  eleventh,  ninth  and  tenth,  tenth  and  ninth, 
and  so  forth. 

The  correction  increment  added  to  the  distance  between  the 
tooth-space  center  on  the  base  ellipse  and  the  central  bore 
gives  the  distance  of  the  actual  pitch  center  of  the  tooth  space 
from  the  center  of  the  gear. 

The  tangent  of  the  angle  included  between  the  line  connect- 
ing the  tooth-space  center  on  the  base  ellipse  with  the  center 
of  the  gear  and  the  major  axis  Is  equal  to  the  ordinate  dimen- 
sion of  the  point  on  the  base  ellipse  divided  by  its  abscissa  di- 
mension. This  angle  plus  the  angle  included  between  the 
tooth-space  normal  and  the  minor  axis  (the  complement  of 
the  angle  included  between  the  tooth-space  normal  and  the 
major  axis)  equals  the  angle  included  between  Y"  and  the 
tooth-space  tangent  on  the  base  ellipse. 

The  vertical  setting  on  the  base  ellipse,  when  the  normal  of 
the  tooth  space  crosses  the  minor-radius  segment  of  the  base 
ellipse,  is  equal  to  the  minor  radius  plus  the  product  of  the 
cosine  of  the  complement  of  the  angle  included  between  the 
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tooth-space  tangent  and  the  major  axis  by  the  difference  be- 
tween half  the  major  axis  and  the  minor  radius  of  the  base 
ellipse.  When  the  tooth-space  normal  crosses  the  major-radius 
segment,  the  vertical  setting  on  the  base  ellipse  is  equal  to 
the  product  of  Y"  by  the  sine  of  the  angle  included  between 
Y"  and  the  tooth-space  tangent. 

The  vertical  setting  on  the  base  ellipse  multiplied  by  the 
quotient  of  Y'  divided  by  Y"  equals  the  vertical  setting  for  the 
machining  fixture.  This  dimension  is  the  distance  between  a 
tangent  to  the  pitch  curve  at  the  tooth-space  normal  and  a 
parallel  line  passing  through  the  central  bore  of  the  gear. 

The  horizontal  setting  for  the  machining  fixture,  in  minor- 
radius  segments,  is  equal  to  the  product  of  the  sine  of"  the 
complement  of  the  angle  included  between  the  tooth-space 
tangent  and  the  major  axis  by  the  difference  between  half  the 
major  axis  and  the  minor  radius  of  the  base  ellipse.  The  hori- 
zontal setting  for  tooth  spaces  crossing  the  major-radius  seg- 
ment is  equal  to  the  product  of  Y"  by  the  cosine  of  the  angle 
included  between  Y"  and  the  tooth-space  tangent.  For  tooth 
spaces  lying  to  the  right  of  the  gear  center,  the  horizontal 
settings  are  also  measured  to  the  right;  and  for  tooth  spaces 
lying  to  the  left  of  the  gear  center,  the  horizontal  settings  are 
in  the  same  direction. 

Example  1 — Required,  a  pair  of  elliptic  gears;    6-inch  cen- 
ters, 5  to  1  quick-return  motion,  13  teeth;  bore  at  focus. 
6(5  —  1) 
F  = =  4  inches 


^+1 
B  =  V^6  —  16  =  4.472  inches 
=  1.6464  X  6  +  1.4952  X  4.472  =  16.5649  inches 
16.5649 

p'  = =  1.2742  inch 

13 
r'  =  6  —  0.5  X  4.472  =  3.764  inches 
r"  =  0.75  X  4.472  —  0.25  X  6  =  1.854  inch 
57.295  X  1.2742 

=  19.396  degrees 


3.764 
57.295  X  1.2742 


Tooth-space       x. 
Number     Degrees 


90.000 
50.623 
24.245 
4.849 
14.547 
33.943 
70.312 


1.854 

Degrees 

0.000 

39.377 

65.755 

85.151 

104.547 

123.943 

160.312 


=  39.377  degrees 


Tooth-space 
Number 


9 
10 
11 
12 
13 


Degrees 

70.312 
33.943 
14.547 
4.849 
24.245 
50.623 


1  ft'  =  0.000  inch 

2  ft' =  1.854  X  0.63451  =  1.175  inch 

3  ft'  =  3.764  X  0.91176  —  1.528  =  1.902  inch 

4  ft'  =  3.764  X  0.99642  —  1.528  =  2.227  inches 

5  h'  =  3.764  X  0.96793  —  1.528  =  2.114  inches 

6  ft'  =  3.764  X  0.82960  —  1.528  =  1.592  inch 

7  ft'  =  1.854  X  0.33682  =  0.625  inch 

8  ft'  =  0.625  inch 

9  h'  =  1.592  inch 

10  ft' =  2.114  inches 

11  h'  =  2.227  inches 

12  ft' =  1.902  inch 

13  ft' =  1.175  inch 


(2) 

(1) 
(6) 

(7) 

(4) 
(5) 

(8) 


(9) 


Degrees 
199.688 
236.057 
255.453 
274.849 
294.245 
320.623 


(10) 
(10a) 
(10a) 
(10a) 
(10a) 

(10) 


Y  =  vMX9D2Fin^^  i:549)^  =  4.03  inches 

Y  =  V  (2.22r)''+JT+0M6)'  =  3.22  inches 

Y  =  v/  ("2.114)2~+T2  —  0.947)'  =  2.32  inches 
Y.=  V  (1.592)=+  (2.106  — 2)*  =  1.60  inch 

Y  =  V  (0.625)=  -f  (2.890^^27'=  1:09  inch 

Y  =  1.09  inch 

Y  =  1.60  inch 

Y  =  2.32  inches 

Y  =  3.22  inches 

Y  =  4.03  inches 

Y  =  4.72  inches 


3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 

Tooth- 

siiace 

Number 

1  Tan  (/  =  0.000;  y- 

1.175 

2  Tan  y  = =  0.257 ;     y 

2  +  2.578 
1.902 

3  Tan  y  = =  0.536 ;     y 

2  +  1.549 
2.227 

4  Tany  = =  0.962;     y 

2  +  0.318 
2.114 

5  Tan  2/  = =2.007;     y 

2  —  0.947 
1.592 

6  Tan  y  = =  15.03 ;     y 

2.106  —  2 
0.625 

7  Tan  y  = =  0.703 ;     y 

2.890  —  2 

8  y  =  125.100  degrees 

9  y  =  86.200  degrees 

10  y  =  63.516  degrees 

11  y  =  43.883  degrees 

12  y  =  28.199  degrees 

13  y  =  14.416  degrees 

Tooth- 
space 
Number 

1  w  =  0  +  90  =  90.000  degrees 

M-  =  14.416  +  50.623  =  65.039  degrees 
w  =  28.199  +  24.245  =  52.444  degrees 
ic  =  43.883  +  4.849  =  48.732  degrees 
u-  =  63.516  —  14.547  =  48.969  degrees 
ic  =  86.200  —  33.943  =  52.257  degrees 
w  =  35.100  +  70.312  =  105.412  degrees 
w  =  105.412  degrees 
w  =  52.257  degrees 
w  =  48.969  degrees 
^c  =  48.732  degrees 
IV  =  52.444  degrees 
ic  =  65.039  degrees 


(12) 
(12) 
(12) 
(12) 
(12) 


0.000  degrees  (13) 

14.416  degrees  (13) 

28.199  degrees  (13) 

43.883  degrees  (13) 

63.516  degrees  (13) 

:  86.200  degrees  (13) 


35.1  +  90  degrees 
125.100  degrees  T13) 


3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 

Tooth- 
space 
Number 

1  H  =  5  Xl  =  5.000  inches 

2  H  =  4.72  X  0.90659  =  4.275  inches 

3  i/  =  4.03  X  0.79276  =  3.190  inches 

4  H  =  3.22  X  0.75165  =  2.420  inches 

5  H  =  2.32  X  0.75433  =  1.750  inch 

6  i/=  1.60  X  0.79076  =  1.265  inch 
1  H  =  1.09  X  0.96402  =  1.050  inch 

8  if  =  1.050  inch 

9  i?  =  1.265  inch 

10  i/  =  1.750  inch 

11  H  =  2.420  inches 

12  Jf  =  3.190  inches 

13  H  =  4.275  inches 


(14) 
(14) 
(14) 
(14) 
(14) 
(14) 


(15) 

(15) 

(15) 

(15) 

(15)- 

(15) 

(15) 


1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 

Tooth- 
space 
Number 

1 

2 


v'  =  3.000  inches 

v'  =  1.854  X  0.77292  +  1.146  =  2.578  inches 

v'  =  3.764  X  0.41072  =  1.549  inch 

V'  =  3.764  X  0.08455  =  0.318  inch 

V'  =  3.764  X  0.25122  =  0.947  inch 

V'  =  3.764  X  0.55830  =  2.106  inches 

V'  =  1.854  X  0.94157  +  1.146  =  2.890  inches 

v'  =  2.890  inches 

v'  =  2.106  inches 

v'  =  0.947  inch 

?;'  =  0.318  inch 

v'  =  1.549  inch 

v'  =  2.578  inches 


(11) 
(11a) 
(11a) 
(11a) 
(11a) 

(11) 


(16) 
(16) 
(16) 
(16) 
(16) 
(16) 
(16) 


Y  =  0.5  X  4  +  0.5  X  6  =  5.00  inches 

Y  =  V  TXr75)^"+T2"-R378P  =  4.72  inches 


1  D=5X0=0 

2  D  =  4.72  X  0.42192  =  1.99  inch 

3  D  =  4.03  X  0.60960  =  2.456  inches 

4  D  =  3.22  X  0.65956  =  2.123  inches 

5  D  =  2.32  X  0.65650  =  1.523  inch 

6  D  =  1.60  X  0.61213  =  0.980  inch 

7  B  =  1.09  X  0.26584  =  0.290  inch 

8  D  =  0.290  inch 

9  D  =  0.980  inch 

10  Z>  =  1.523  inch 

11  Z>  =  2.123  inches 

12  Z»  =  2.456  inches 

13  Z>  =  1.990  inch 

Example  2 — Required,  a  pair  of  oval  gears;   major  axis,  6 
inches;    focus   distance,   4   inches;    14   teeth;    bore   at   center 


(12)      of  gear. 


1054 


MACHINERY 


August,  1917 


B  =  V  36  —  16  =  4.472  inches 
'  =  1.6464  X  6  +  1.4952  X  4.472  =  16.5649  inches 
16.5649 

p"  = =  1.1832  inch 

14 
J--  =  6  —  0.5  X  4.472  =  3.764  Inches 
r"  =  0.75  X  4.472  —  0.25  X  6  =  1.854  inch 
57.295  X  1.1832 

•=  18.010  degrees 


3.764 
57.295  X  1.1832 


Tooth-spnoe 
Number 

1 
2 
3 
4 
5 
6 
7 


X. 

Degrees 

80.859 
44.294 
22.512 
4.502 
13.508 
31.518 
62.576 


1.854 

Degrees 

9.141 

45.706 

67.488 

85.498 

103.508 

121.518 

152.576 


:  36.565  degrees 


Tooth-space 
Number 


9 
10 
11 
12 
13 
14 


Degrees 
80.859 

44.294 
22.512 
4.502 
13.508 
31.518 
62.576 


Tootli- 

spaee 

Number 


h' 
h' 

h' 

h' 
h' 
h' 
h' 
8  h' 
9.    h' 

10  h' 

11  h' 

12  h' 

13  h' 

14  h' 

Tooth- 
space 
Number 


=  1.854  X  0.15888  =  0.294  inch 

:  1.854  X  0.71569  =  1.327  inch 

:  3.764  X  0.92377  —  1.528  =  1.952  inch 

:  3.764  X  0.99692  —  1.528  =  2.232  inches 

^  3.764  X  0.97234  —  1.528  =  2.132  inches 

:  3.764  X  0.85249  —  1.528  =  1.682  inch 

1.854  X  0.46046  =  0.853  inch 

0.294  inch 

1.327  inch 

1.952  inch 

2.232  Inches 

2.132  inches 

1.682  inch 

0.853  inch 


1.854  X  0.98730  -f  1.146  =  2.978  inches 
1.854  X  0.69842  +  1.146  =  2.442  inches 
3.764  X  0.38295  =  1.442  inch 
3.764  X  0.07846  =  0.295  inch 
3.764  X  0.23359  =  0.879  inch 
3.764  X  0.52275  =  1.970  inch 
1.854  X  0.88761  +  1.146  =  2.791  inches 
2.978  inches 
2.442  inches 
1.442  inch 
0,295  inch 
0.879  inch 
13  v'  =  1.970  Inch 
2.791  inches 


9  v' 

10  v' 

11  v' 

12  V' 


14 

Tooth- 
space 
Number 

1  y 

2  Y 


v'  =  : 


=  V  (0.294)^  +  (2.978)'  =  2.99  inches 
=  V  (1.327)'+  ( 2^442 p  =  2.78  Inches 

3  Y"  =  V  (1.952)'  +  (1.442)'  =  2.43  inches 

4  Y"  =  V  (2.232)' 4-  (0.295)'  =  2.25  inches 

2.31  inches 
2.59  inches 
2.92  inches 


10 
11 
12 
13 
14 

Tooth- 
space 
Number 


VJ2J.32)'  +  (0.879 ) '  = 
V  (1.682)M-"7ir970)' : 


1  }  = 

2  }  = 

3  ;•  = 

4  }  =  ■ 

5  ;■  =  . 


V  (0.853)' -f  (2.791)' 
:  2.99  inches 
:  2.78  inches 

2.43  inches 

■  2.25  inches 
2.31  inches 

■  2.59  inches 
2.92  inches 


5.236—  (2.99  +  2.25) 


5.236—  (2.78  +  2.43) 


5.236—  (2.43  +  2.78) 


5.236—  (2.25  +  2.99) 


5.236—  (2.31  +  2.92) 


:  0.000  inch 

:  0.013  inch 

0.013  inch 

0.000  inch 

0.003  inch 


(1) 
(6) 

(17) 

(4) 
(5) 

(8) 


(9) 


Degrees 

189.141 
225.706 
247.488 
265.498 
283.508 
301.518 
332.576 


(10) 
(10) 
(10a) 
(10a) 
(10a) 
(10a) 
(10) 


6     ;•  =  ■ 


5.236—  (2.59  +  2.59) 


0.028  inch 


(11) 
(11) 
(11a) 
(11a) 
(11a) 
(11a) 
(11) 


(18) 
(18) 
(18) 
(18) 
(18) 
(18) 
(18) 


(19) 
(19) 
(19) 
(19) 
(19) 


7    ;•  =  ■ 


5.236—  (2.92  +  2.31) 


=  0.003  inch 


9 

10 

11     } 
12 

13  ; 

14  j  = 

Tooth- 
space 
Number 


:  0.000  inch 
:  0.013  inch 
:  0.013  inch 
:  0.000  inch 
0.003  inch 
0.028  inch 
0.003  inch 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


=  2.99  +  0.000 
=  2.78  +  0.013  : 
=  2.43  +  0.013 
=  2.25  +  0.000  : 
:  2.31  +  0.003  : 
=  2.59  +  0.028  : 
:  2.92  +  0.003  : 
:  2.990  inches 
:  2.793  inches 
:  2.443  inches 
:  2.250  inches 
:  2.313  inches 
:  2.618  inches 
:  2.923  inches 


2.990 
2.793 
2.443 
2.250 
2.313 
2.618 
2.923 


inches 
inches 
inches 
inches 
inches 
inches 
inches 


Tooth- 
space 
Number 


1.952 
Tan  y'  = =  1^354 ;     y'  =  53.550  degrees 

1.442 

2.232 
Tan  y'  = =  7.560 : 


y'  =  82.466  degrees 


■  40.500  degrees 


0.295 
2.132 

5  Tan  y'  = =  2.425 ;  i/'  =  67.591  degrees 

0.879 
1.682 

6  Tanj/'  = =  0.854; 

1.970 

10  y'  =  53.550  degrees 

11  y'  =  82.466  degrees 

12  y'  =  67.591  degrees 

13  tf  =  40.500  degrees 


3  w'  =  53.550  +  22.512  =  76.062  degrees 

4  w'  =  82.466  +  4.502  =  86.968  degrees 

5  w'  =  67.591  +  13.508  =  81.099  degrees 

6  w'  =  40.500  +  31.518  =  72.018  degrees 

10  w'  =  76.062  degrees 

11  w'  =  86.968  degrees 

12  w'  =  81.099  degrees 

13  lo'  =  72.018  degrees 


=  1.854  +  1.146  X  0.98730  =  2.984  inches 
=  1.854  +  1.146  X  0.69835  =  2.654  inches 
=  2.43  X  0.97056  =  2.356  inches 
=  2.25  X  0.99860  =  2.248  inches 
=  2.31  X  0.98796  =  2.281  inches 
=  2.59  X  0.95115  =  2.460  inches 
=  1.854  +  1.146  X  0.88760  =  2.871  inches 
=  2.984  inches 
=  2.654  inches 
=  2.356  inches 
=  2.248  inches 
=  2.281  inches 
=  2.460  inches 
14  H"  =  2.871  Inches 

Tooth- 
space 
Number 

1  H'  =  2.984  inches 

2.654  X  2.793 

2  H'  = =  2.667  inches 

2.78 
2.356  X  2.443 


Tooth- 

space 

1 

H 

2 

H 

3 

H 

4 

H 

5 

H 

6 

H 

7 

H 

8 

H 

9 

H 

10 

H 

11 

H 

12 

H 

13 

H' 

(19) 
(19) 


(20) 
(20) 
(20) 
(20) 
(20) 
(20) 
(20) 


(21) 
(21) 
(21) 
(21) 


(22) 
(22) 
(22) 
(22) 


(23) 
(23) 
(23a) 
(23a) 
(23a) 
(23a) 
'  (23) 


3     £r'  = 


■  =  2.370  inches 


2.43 

4  ff' =  2.248  inches 

2.281  X  2.313 

5  H'  = =  2.283  inches 

2.31 


(24) 
(24) 

(24) 
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ELLIPTIC  GEAR 
13  TEETH,  5  TO  1   QUICK-RETURN 


OVAL  GEAR 

14  TEETH,  6  TO  4.472  AXES 


Machinery 


Fig.  9.     Index  Eatcliet  Wbeels 


6    H'  = 


2.460  X  2.618 

2.59 
2.871  X  2.923 


7    H'  = 


=  2.486  inches 


2.874  inches 


(24) 


(24) 


9 
10 
11 
12 
13 
14 

Tooth- 
space 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
'  12 
13 
14 


2.92 
H'  =  2.984  inches 
H'  =  2.667  inches 
H'  =  2.370  inches 
H'  =  2.248  inches 
H'  =  2.283  inches 
H'  =  2.486  inches 
H'  =  2.874  inches 


D'  =  1.W6  X  0.15889  =  0.182  inch 
D'  =  1.146  X  0.71576  =  0.820  inch 
D'  =  2.430  X  0.24087  =  0.586  inch 
D'  =  2.250  X  0.05292  =  0.119  inch 
D'  =  2.310  X  0.15471  =  0.357  inch 
D'  =  2.590  X  0.30874  =  0.800  inch 
D'  =  1.146  X  0.46057  =  0.528  inch 
'D'  =  0.182  inch 
D'  =  0.820  inch 
D'  =  0.586  inch 
D'  =  0.119  inch 
D'  =  0.357  inch 
D'  =  0.800  inch 
D'  =  0.528  inch 

Machining  the  Gears 


(25) 
(25) 
(25a) 
(25a) 
(25a) 
(25a) 
(25) 


Of  the  numerous  dimensions  and  calculations  required  for 
the  correct  design  of  the  gears  in  the  drafting-room,  but  three 
are  of  interest  to  the  operator  cutting  the  gears,  after  the 
proper  cutter,  or  cutters,  have  been  selected.  These  are  the 
angle  included  between  the  tooth-space  tangent  and  the  major 
axis  of  the  gear  (or  the  angularity  of  the  ratchet  index),  the 
horizontal  and  the  vertical  setting  for  the  machining  fixture. 
Any  other  information  given  to  the  machinist  is  likely  to 
create  confusion  and  lead  to  errors  in  his  exacting  task.  A 
machining  fixture  secured  to  the  table  of  the  milling  machine 
employed  for  cutting  the  teeth  is  the  only  special  equipment 
required. 

A  simple  and  essentially  practical  fixture  employed  by  the 
Bilgram  Machine  Works  carries  an  arbor  that  may  be  set  at 
any  predetermined  angle,  upon  which  the  blank  to  be  cut  is 
mounted  on  its  bore.  The  angle  at  which  the  arbor  is  set  is 
the  angle  included  between  the  tooth-space  tangent  and  the 
major  axis,  or  the  complement  of  such  angle,  and  varies  for 
the  different  tooth  spaces.  The  distance  between  the  parallel 
planes  of  the  machining-fixture  arbor  and  of  the  rotary  cutter 
is  adjusted  for  each  individual  tooth  space  so  that  the  dis- 
tance between  the  plane  of  the  arbor  and  the  parallel  plane 
tangent  to  the  pitch  circumference  of  the  rotary  cutter  in  the 
cutting  plane  equals  the  vertical  setting  for  the  machining  fix- 
ture previously  determined.  The  coordinate  setting  of  the 
fixture  (or  the  horizontal  setting  for  the  machining  fixture) 
is  the  distance  between  the  plane  of  the  rotary  cutter  and  a 


parallel  plane  passing  through  the 
arbor  of  the  fixture.  This  is  simi- 
larly set,  for  each  individual  tooth 
space,  to  conform  to  the  calculated 
value.  These  three  adjustments 
must  be  made  for  each  tooth  space, 
and  it  is  this  multiplicity  of  ad- 
justments that  makes  the  cutting 
of  elliptical  gears  intricate. 

The  teeth  should  be  cut  in  con- 
secutive order,  so  that  the  angular 
adjustment  of  the  fixture  arbor, 
though  varying  in  amount  from 
tooth  space  to  tooth  space,  is  al- 
ways in  the  same  direction.  In  the 
multiple  production  of  elliptical 
gears,  this  is  taken  advantage  of  by 
mounting  on  the  fixture  arbor  a 
ratchet  wheel  with  notches  that 
conform  to  the  angular  adjust- 
ments for  the  various  tooth  spaces. 
The  most  convenient  ratchet  wheel 
is  circular  and  concentric  with  the  fixture  arbor  so  that 
the  notches  in  its  circumference  are  of  varying  pitch,  their 
angular  pitch  conforming  to  the  angle  included  between  the 
center  line  of  the  rotary  cutter  and  the  major  axis  of  the  gear 
blank  in  successive  positions.  The  0—180  degree  ratchet  di- 
ameter should  conform  to  the  major  axis  of  the  gear.  The 
ratchet  angle  for  the  normal  for  any  particular  notch  is  re- 
ferred to  in  the  notation  and  the  examples  as  the  "angularity 
of  ratchet  index."  For  any  particular  tooth  space,  this  is  the 
complement  of  the  angle  included  between  the  tangent  at  such 
tooth  space  and  the  major  axis.  This  arbitrary  fixing  of  the 
ratchet  angularity  is  dependent  on  commencing  the  cutting  of 
the  teeth  at  the  small  end  of  the  gear;  the  first  tooth  space 
to  be  gashed  is  that  on  the  major  axis  for  elliptic  gears,  or 
that  immediately  to  the  left  of  the  major  axis  for  oval  gears. 
Fig.  9  illustrates  the  location  of  ratchet  notches  for  the 
gears  proportioned  in  the  examples.  The  use  of  such  ratchet 
indexes  materially  simplifies  the  question  of  the  angular  ad- 
justment of  the  fixture  and  at  the  same  time  aids  in  securing 
uniformity  in  the  product,  the  operator  being  relieved  of  much 
of  the  difficulty  in  making  adjustments.  Still  further  accuracy 
can  be  secured,  when  the  gears  are  not  of  unusually  wide  face 
and  can  be  securely  bound  together,  by  cutting  several  blanks 
at  the  same  time.  This  is  not  always  advisable,  however.  If 
the  hubs  of  the  gears  are  appreciably  longer  than  the  face  of 
the  gears,  little  time  is  saved;  and  sbould  there  be  any  varia- 
tion in  the  metal  of  the  blanks,  there  is  increased  danger  of 
error  through  the  work  being  forced  out  of  alignment. 

When  the  gears  do  not  differ  greatly  in  their  major  and 
minor  axes— when  their  pitch  outline  does  not  vary  much  from 
a  circle— the  same  cutter  may  be  employed  for  all  teeth;  but 
when  the  ellipse  is  comparatively  flat  and  there  is  considerable 
difference  between  the  major  and  minor  axes,  a  different  cutter 
should  be  used  for  the  major-radius  segments  from  the  one 
used  for  cutting  the  tooth  spaces  falling  within  the  minor- 
radius  segments.  The  cutter  is  selected,  not  for  the  number 
of  teeth  in  the  elliptical  gear,  but  for  the  number  of  teeth  of 
the  same  circular  pitch  that  would  be  required  for  a  circular 
gear  having  a  diameter  equal  to  twice  the  segment  radius. 
For  instance,  the  minor  radius  of  the  elliptic  gear  of  Exam- 
ple 1  is  1.854  inch,  the  major  radius  is  3.764  inches,  and  the  ^ 
circular  pitch  is  1.2742  inch.  The  cutter  for  the  spaces  within ' 
the  minor-radius  segments  should  then  be  selected  for  a  cir- 
cular gear  of  the  same  pitch  but  with  from  nine  to  ten  teeth 
(2  X  1.854  X  3.1416/1.2742);  and  the  cutter  for  the  spaces 
within  the  major-radius  segments  the  same  as  for  a  circular 
gear   with    from   eighteen   to   nineteen   teeth    (2    X    3.764    X 

3.1416/1.2742). 

*     •     * 

Men  who  strive  to  build  themselves  up  by  tearing  down 
the  work  of  their  fellows  generally  succeed  in  undermining 
their  own  foundations  and  falling  into  the  common  ruin.  The 
secret  of  success  is  cooperative  effort  and  giving  to  every- 
one credit  for  that  which  is  his  due. 
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MODERN  TOOLMAKING  METHODS 

Progress  is  being  made  rapidly  in  manufacturing  methods, 
and  the  mechanic  who  does  not  keep  posted  is  likely  to  he 
left  hopelessly  behind  the  times.  Many  still  have  the  <on- 
ception  that  toolmaking  is  the  making  of  odd  tools  from 
time  to  time  as  required  in  the  shop;  they  do  not  fully 
realize  fhat  modern  toolmaking  is  a  highly  developed  busi- 
ness, carried  along  on  manufacturing  lines.  A  toolmaking 
concern  that  made  tools  as  they  are  made  in  the  tool-rooms 
of  many  manufacturing  plants  would  soon  close  its  doors. 
By  pursuing  manufacturing  methods,  however,  a  modern  tool- 
making  concern  is  able  to  produce  a  great  variety  of  small 
tools  that  are  of  superior  quality  at  a  comparatively  low  labor 
cost. 

Many  of  the  operations  of  toolmaking  which  have  been 
regarded  as  within  the  capacity  only  of  an  experienced  tool- 
maker  are  not  necessarily  those  that  cannot  be  performed 
satisfactorily  by  apprentices  or  other  beginners.     As  a  mat- 
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MISCELLANEOUS    STANDARDIZED    PARTS 
FOR   JIGS' 

BY   B.   V.   POHLE  - 

Tongues  in  the  base  of  small  fixtures  are  generally  shaped 
from  the  casting  itself.  At  times,  however,  it  is  desirable  to 
be  able  to  remove  a  tongue;  for  example,  to  reset  it  at  right 
angles  to  its  former  position,  thereby  enabling  an  operator  to 
mill,  plane  or  slot  a  right  angle  without  disturbing  the  work. 
In  a  fixture  of  this  sort,  grooves  are  milled  in  the  base,  into 
which  the  tongues  arc  inserted.  Tongues  of  this  kind  are  also 
used  to  fasten  into  the  base  of  long  fixtures,  say  12  inches  or 
over.  They  will  not  collect  dirt  as  readily  as  a  planed  tongue, 
and  will  thus  eliminate  the  danger  of  improper  seating  and 
enter  the  platen  slots  more  readily.  It  is  not  necessary  to 
mill  grooves  for  these  tongues.  They  should,  however,  be 
doweled  in  place.  Tongues  are  made  of  steel  as  shown  in 
Table  1.  The  30-degree  angle  at  the  lower  corners  is  of  no 
consequence.     The  tongues  may  be  made  square  just  as  well. 

TABLE  2.     POPPETS 
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TABLE  4.    KNURLED  PINS 


Dimension  A  Taries  with  the  part  to.  be  held  in  the  jig,  and  should  be  given 
on  the  tool  drawing. 

ter  of  fact,  an  apprentice  may  be  taught  quickly  to  do  a 
variety  of  lapping  operations,  for  instance.  It  does  not  re- 
quire a  great  deal  of  skill  and  experience  to  be  able  to  lap 
*the  holes  in  milling  cutters  after  hardening  so  that  a  plug 
gage  will  fit  freely  but  without  shake. 

It  is  by  specializing  and  dividing  tool  work  into  its  ele- 
mentary parts  and  assigning  them  to  mechanics  of  moderate 
skill,  that  the  economies  of  modern  manufacturing  toolmaking 
practice  are  realized. 


CORRECTION 

The  elevating  truck  shown  in  Fig.  D  on  the  first  page  of 
"Factory  Transportation"  in  the  July  number  is  a  Stuebing 
truck  made  by  the  Stuebing  Truck  Co.,  Cincinnati,  Ohio,  and 
not  a  Barrett-Cravens  truck,  as  stated  in  the  caption. 
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Dimension  A  varies  v  ith  the  part  to  be  held  in  the  jig,  and  should  be  given 
on   the  tool  drawing. 

In  Table  5  are  shown  the  proportions  of  what  are  generally 
called  "seats."  Seats  are  solid  supporting  points  that  come 
in  direct  contact  with  the  work.  The  question  of  whether  a 
seat  should  be  of  cast  iron,  finished,  or  of  steel,  hardened  and 
ground,  is  decided  by  the  conditions  under  which  the  designer 
is  working.  Where  the  number  of  pieces  to  be  operated  upon 
is  not  very  great,  or  where  the  dimensions  of  the  work  show 
that  it  does  not  require  to  be  very  accurate,  a  cast-iron  seat 
will  probably  give  satisfaction.  When  tools  are  expected  to 
produce  duplicate  parts  within  small  limits  of  variation,  hard- 
ened  and   ground   steel   seats,   Table   5,   may   be   relied    upon. 

A  device  known  as  a  poppet  is  shown  in  Table  2.  Poppets 
are  used  quite  extensively;  they  serve  as  a  lug  to  support  an 


'The  tables  of  standards  given  in  this  article  embody  the  practice  of  the 
General  Electric  Co.,  at  Lynn,  Mass.  These  standards  were  developed  for  the 
company   by   R.    F.    Pohle,    when   in   charge   of   the   tool   designing   department. 

^Address:  265  Union  St.,  I.ynn,  Mass. 
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adjustment  or  holding  screw  when  it  is  preferable  not  to  have 
a  lug  on  the  casting  itself.  For  instance,  to  facilitate  the 
production  of  the  jig  or  fixture,  one  might  want  to  shape  or 
plane  a  surface,  an  operation  that  would  be'  difficult  and  ex- 
pensive if  a  screw-supporting  lug  was  in  the  way  as  part  of 
the  casting.  Also,  at  times,  the  hole  in  the  lug  may  not  be 
accessible  for  drilling  and  tapping.  Poppets  are  also  used  to 
support  drill  bushings. 

Milled  push-pins,  as  shown  in  Table  3,  are  used  in  small 
jigs  and  on  very  delicate  work.  They  provide  a  removable 
supporting  point  for  the  work,  replacing  the  screws  commonly 
used,  and  thus  eliminating  danger  of  distortion  of  the  work  or 
jig  by  the  operator.  Push-pins  can  also  be  more  quickly  re- 
moved than  a  screw,  an  advantage  which  may  be  borne  in 
mind.  They  are  milled  as  shown,  not  only  to  keep  the  bind- 
ing screw  from  burring  the  pin,  but  also  to  keep  the  pin 
from  falling  out. 

The  knurled  pins  in  Table  4  are  simply  hardened  and  ground 
pins  used  either  to  insure  the  proper  placing  of  the  work 
(after  which  the  pin  is  removed),  or  to  pin  together  two  loose 
parts  of  a  jig.  In  the  latter  case,  the  pin,  as  well  as  the  bush- 
ings that  it  enters,  is  tapered.  It  is  used,  for  instance,  in 
a  swinging  side  leaf  or   a  cover  that  may   not  otherwise  be 

TABLE  5.     HARDENED  SEATS  OB  LOCATING  PLUGS 


TABLE   7.    KNOBS  FOR  JIGS  AND  FIXTURES 
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supported.  Tables  6  and  7  simply  give  information  as  to  the 
proportions  of  spring  posts  and  knobs.  The  functions  are 
quite  apparent. 

The  primary  object  of  this  article  is  to  call  the  attention  of 
designing  engineers  to  the  fact  that  many  parts  of  jigs  and  fix- 
tures may  be  standardized,  numbered,  made  by  apprentices 
instead  of  skilled  toolmakers,  and  kept  in  stock.  It  will  also 
do  away  with  the  drawing  of  these  parts  over  and  over  again 
by  tool  designers. 

TABLE  6.     SPRING  POSTS 
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U-STAKES   FOR   PILING   BAR   STOCK 

Racks  for  bars,  strips,  rods,  pipe  and  other  long  metal  stock 
are  costly  to  construct  and  inconvenient  to  use.  They  are  also 
inelastic  and  difficult  to  move  when  changes  in  the  store-room 
are  necessary.  Racks  may  be  avoided  in  many  places  by  using 
piling  stakes  made  of  1-  by  3-inch  steel  bars  bent  to  U  shape, 
the  U  having  a  flat  bottom  and  square  corners,  instead  of  a 
rounded  contour.  The  stock  is  piled  in  these  stakes,  one  being 
placed  near  each  end  of  the  pile.  The  width  of  the  U-stake  or 
frame  may  be  from  30  to  36  inches  and  the  height  about  18 
inches.  When  the  pile  has  reached  the  top  of  the  frames,  an- 
other pair  of  frames  is  laid  on  the  pile  and  the  piling  con- 
tinued to  any  height  required.  Tiers  may  be  ranged  side  by 
side,  as  indicated  in  the  accompanying  illustration,  which 
shows  piles  of  rounds,  squares  and  flat  stock,  each  held  se- 
curely and   neatly  by  the  U-frames.     When   the  stock   is  re- 
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Illustratinir  Use  of  U-stakes  for  piling  Bar  Stock 

moved,  there  is  no  unsightly  rack  left  to  encumber  the  spot; 
the  U-frames  may  be  stored  until  required  again,  and  new 
stock  may  be  piled  elsewhere  if  more  convenient. 
*  *  * 
The  number  of  establishments  making  watches,  watch  parts, 
and  watch  movements  in  this  country  decreased  from  thirty- 
seven  in  1869  to  fifteen  in  1914.  The  number  of  employes  in- 
creased from  1800  to  12,390;  the  wages,  from  $1,304,000  to 
$7,524,000,  and  the  value  of  the  products  from  $2,819,000  to 
$14,275,000.  In  the  same  period  the  number  of  watch-case 
factories  fell  from  forty-nine  to  thirty-one,  while  the  value 
of  the  products  increased  from  $2,333,300  to  $7,831,000.  In 
1909,  however,  twenty-nine  establishments  produced  cases  to 
the  value  of  $10,514,850.  The  imports  of  watches  and  watch 
parts  have  grown  from  $2,293,670,  in  1911,  to  $3,362,720,  in 
1916,  while  the  exports  fell  from  $1,560,870  to  $1,524,430.  In 
1915,  only  $914,770  worth  of  American  watches  and  watch 
parts  were  sold  abroad. 
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piit  high  cost  of  materials  and  labor  will  make  an  excessive 
burden  In  future.  Never  was  it  so  ne<;es8ary  for  owners  and 
managers  to  give  close  attention  to  the  interior  arrangement 
of  their  plants,  methods  of  routing  work,  and  efficiency  of 
machines.  Many  plants  have  machine  shops  in  which  there 
are  machine  tools  that  should  have  been  scrapped  years  ago. 
It  is  not  uncommon  to  find  lathes  thirty  or  forty  years  old 
that  are  still  in  use.  These  old-timers  take  up  the  same  area 
of  floor  space  as  a  modern  machine  tool  with  a  productive  ca- 
pacity of  fifty  to  one  hundred  per  cent  more.  Obviously,  the 
simplest  way — and  the  cheapest  in  the  end — to  increase  the 
productive  capacity  of  an  out-of-date  machine  shop  is  to  dis- 
card the  ancient  tools  and  replace  them  with  modern  equip- 
ment. The  labor  cost  will  be  decreased  and  the  productive  ca- 
pacity of  the  plant,  as  a  whole,  materially  increased. 

There  are  few  manufacturing  plants  in  which  the  floor  space 
is  utilized  nearly  to  its  capacity.  The  use  of  efficient  machine 
tools  is  a  step  in  the  right  direction;  efficient  transportation 
means,  and  methods  which  prevent  congestion  on  the  floors 
and  which  keep  the  operators  supplied  with  work  is  another. 
An  important  fnatter  to  be  considered  when  purchasing  new 
machine  equipment  is  the  floor  space  occupied.  In  some  cases 
it  will  be  found  that  the  vertical  type  of  machine  tool  is  best 
suited  to  the  product,  and  that  the  floor  space  required  is  less 
for  a  given  production  than  it  would  be  with  machines  of  the 
horizontal  type.  If  the  horizontal  type  is  required — lathes,  for 
example — -they  should  be  no  longer  than  necessary  to  accom- 
modate the  maximum  length  of  piece  to  be  produced.  It  is  a 
mistake  to  purchase  engine  lathes  with  long  beds  when  the 
maximum  length  of  the  pieces  to  be  turned  requires  short  bed 
lathes  only. 


FARM  TRACTORS  NOW  AND  AFTER 
THE  WAR 

The  world  is  facing  a  shortage  of  food,  now  and  after  the 
war,  and  it  is  imperative  for  the  farms  to  produce  the  maxi- 
mum of  food  products  at  a  minimum  of  cost.  Farmers  gen- 
erally depend  on  animals  for  tractive  power,  but  it  is  evident 
that  in  this  mechanical  age  animal  power  must  give  way  to 
tractors,  which  are  propelled  by  engines  fed  by  fuels  cheaper 
than  hay  and  grain — the  food  of  the  horse.  The  tractor  is  eco- 
nomical of  farm  labor  because  of  the  concentration  of  power 
under  the  control  of  one  man.  A  tractor  capable  of  exerting 
the  draft  power  of  many  horses  can  be  readily  handled  by  one 
man,  with  comparatively  little  mechanical  knowledge.  The 
high-powered  tractor  capable  of  hauling  ten  plows  at  a  uniform 
speed  of  2  1/3  miles  an  hour,  and  operated  by  two  men,  will 
in  a  day  of  ten  hours  plow  as  much  land  as  could  be  turned 
over  by  twenty  single  plows  drawn  by  horses. 

The  adaptable  farm  tractor  is  that  which  can  be  used  for 
all  agricultural  purposes,  and  which  may  also  be  used  with 
a  fair  degree  of  efficiency  for  hauling  produce  to  market. 
This  combination  of  qualities  is  difficult  to  secure  in  one 
machine,  but  it  is  essential  for  the  small  farmers  in  the  East 
to  secure  in  one  machine  all  the  draft  qualities  of  the  horse 
in  order  to  minimize  investment. 

A  difficulty  in  the  development  of  tractors  and  other 
machines  driven  by  internal  combustion  motors,  is  the  high 
price  of  gasoline  and  the  apparent  limitation  of  the  world's 
supply  of  petroleum.  The  prospect  of  cheap  alcohol  seems 
remote.  There  is,  it  is  true,  the  possibility  of  making  gasoline 
from  oil-bearing  shales,  but  at  present  the  cost  of  gasoline 
so  produced  is  greater  than  that  made  in  the  ordinary  way. 

The  future  development  of  transportation  methods  on  land 
and  sea  and  in  the  air,  and  the  improvement  of  agricultural 
conditions,  hinges  on  the  internal  combustion  motor.  The 
improvement  of  motors  and  the  development  of  cheap  liquid 
fuels  are  fascinating  subjects  for  invention  and  investigation. 
*     *     * 

REPLACING  OLD   MACHINE   TOOLS 
WITH  NEW 

Now  is  the  time  for  owners  of  manufacturing  plants  to  con- 
sider ways  and  means  for  increasing  the  productive  capacity 
of  their  plants  without  adding  more  buildings,  which  the  pres- 


IMPORTANCE   OF   STUDY   OF   SHOP 
MATHEMATICS 

Mathematics  may  be  said  to  be  the  foundation  of  all  engi- 
neering. Without  the  aid  of  the  processes  of  arithmetic,  even 
the  simplest  mechanical  work  could  hardly  be  done.  In  the 
design  of  machinery,  and  still  more  in  the  design  of  great 
engineering  structures,  calculations  of  a  more  or  less  advanced 
nature  become  absolutely  necessary.  Any  mechanic  with  a 
limited  education  who  contemplates  the  study  of  mathematics 
should  make  certain  that  he  has  fully  mastered  arithmetic. 
Just  as  mathematics  is  the  basic  science  underlying  engineer- 
ing, so  arithmetic  is  the  basis  of  all  mathematics.  Without  a 
thorough  understanding  of  every  process  in  arithmetic,  other 
mathematical  studies  become  difficult,  if  not  impossible. 

Many  shop  men  refrain  from  using  handbooks  and  other 
mechanical  books  containing  formulas  because  they  believe 
that  an  understanding  of  algebra  is  necessary  in  order  to  make 
use  of  such  formulas  as  are  given  in  handbooks.  This  idea  is 
erroneous.  With  few  exceptions,  the  formulas  given  in  hand- 
books intended  for  machine  shops  can  be  used  by  anyone  who 
thoroughly  understands  arithmetic.  All  that  is  necessary  is  to 
spend  an  hour  or  two  reading  an  article  explaining  the  pur- 
pose and  use  of  formulas.  In  mathematics,  a  number  of  ab- 
breviations, signs  and  symbols  are  also  used;  and  it  is  of 
considerable  value  to  the  man  who  reads  mechanical  literature 
and  occasionally  uses  formulas  to  memorize  the  commonly 
used  signs  and  abbreviations.  This  will  facilitate  his  prog- 
ress and  make  it  easier  foi*  him  to  grasp  the  meaning  of  a 
formula  which  otherwise  would  be  obscure. 

Closely  allied  to  the  use  of  formulas  is  the  use  of  diagrams. 
A  formula  records  a  mathematical  statement  by  means  of  sym- 
bols or  letters,  while  a  diagram  records  a  similar  statement 
graphically  by  means  of  lines.  Many  mechanics  regard  a  dia- 
gram as  something  difficult  to  understand,  but  this  is  not  the 
case,  as  anyone  can  easily  And  by  studying  a  few  of  the  dia- 
grams presented  in  the  mechanical  journals. 

The  student  who  wishes  to  go  further  into  the  study  of  ele- 
mentary mathematics  should  begin  with  a  simple  course  in 
the  solution  of  triangles  and  elementary  geometry.  If  he 
wishes  to  proceed  still  further,  he  should  take  up  logarithms 
and  the  solution  of  equations,  and  in  connection  with  the 
latter  subject  he  would  acquire  the  rudiments  of  algebra. 
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THE   LAW   OF  WARRANTIES 

BY  CHE8LA  C.   SHERLOCK' 

There  are  two  kinds  of  warranties  under  the  legal  concep- 
tion of  the  term,  viz.,  express  and  implied.  An  express  war- 
ranty is  a  special  warranty  that  expressly  binds  the  maker 
thereof  as  to  the  fitness  of  a  particular  thing;  while  an  implied 
warranty  is  a  guaranty  implied  from  the  nature  of  the  thing, 
the  relation  of  the  parties,  or  the  agreement  between  them. 
Warranties  cover  a  wide  field  and  take  in  almost  every  phase 
of  contractual  relations.  As  applied  to  machinery,  some 
special  rules  are  in  force  that  do  not  apply  in  other  cases. 
Especially  valuable  and  interesting  is  the  rule  of  law  as  to 
which  warranty  governs  a  sale;  that  is,  does  the  fact  that  a 
manufacturer  expressly  warrants  a  machine  exclude  or  include 
implied  warranties,  or  must  the  purchaser  stand  on  the  ex- 
press warranty  alone? 

The  Kentucky  courts  state  the  general  rule  to  be  that  where 
there  is  an  express  warranty,  there  is  no  implied  warranty. 
In  the  case  under  consideration,  the  contract  provided  that 
the  machinery  was  sold  subject  "to  the  following  express 
warranty  and  agreement,  and  none  other."  In  Michigan,  the 
rule  is  held  to  be  that  if  there  is  "an  express  warranty  as  to 
the  working  qualities  of  machinery,  there  is  no  implication 
that  the  machinery  is  fit  for  the  purposes  for  which  it  was 
purchased."  In  Indiana,  the  court  said  that  although  it  is 
true  that  when  a  machine  or  other  article  is  sold  for  a  par- 
ticular purpose  there  is  an  implied  warranty  that  it  is  reason- 
ably fit  for  the  purpose  for  which  it  was  made  and  sold,  this 
rule  does  not  apply  where  there  is  an  express  written  war- 
ranty, since,  in  such  cases,  implied  warranties  are  excluded. 
In  Georgia,  it  is  said  that  only  in  the  absence  of  express  war- 
ranties can  resort  be  had  to  an  implied  warranty  that  a  ma- 
chine is  reasonably  fit  for  the  use  intended.  In  Illinois,  the 
rule  is:  "Where  a  manufacturer  furnishes  a  heating  apparatus 
designed  for  heating  a  specific  building,  he  impliedly  warrants 
the  sufficiency  of  the  apparatus  for  the  purpose  intended. 
This  implied  warranty,  however,  cannot  be  availed  of  if  the 
apparatus  is  sold  upon  an  express  warranty  as  to  the  tempera- 
ture to  which  it  will  heat  the  rooms  which  it  is  designed  to 
heat."  In  a  Wisconsin  case,  it  was  stated  that  an  express  war- 
ranty of  workmanship  and  material  of  cream  separators  ex- 
cludes an  implied  warranty  of  fitness.  In  a  Maine  case,  the 
court  said:  "The  existence  of  an  implied  warranty  that  an 
automatic  governor  should  be  suitable  for  the  purposes  of  the 
buyer's  plant  is  negatived  by  the  fact  that  the  contract  of 
purchase  contained  an  express  warranty  as  to  quality  as  well 
as  to  speed,  and  the  governors  were  such  as  the  seller  in  the 
ordinary  course  of  his  business  manufaf'tured  for  the  market, 
the  general  rule  being  that  where  an  express  warranty  is  made 
upon  a  sale,  no  other  will  be  implied."  The  Missouri  courts, 
however,  have  taken  the  other  side  of  the  question.  They 
have  held  that  there  might  be  express  warranties  that  do  not 
exclude  implied  warranties,  as  there  are  any  number  of  im- 
plied warranties  that  were  never  contemplated  at  the  time 
the  express  warranties  were  made.  This  exception  was  not 
held,  however,  to  apply  to  an  implied  warranty  which  in  itself 
formed  an  integral  element  of  the  express  warranty,  into 
which  it  merged  and  by  which  its  effect  was  circumscribed. 
The  holding  of  the  Missouri  courts  is  on  the  theory  that  the 
express  warranty  is  as  to  something  wholly  independent  of 
the  implied  warranty.  This  distinction  is  as  important  as  the 
distinction  between  express  and  implied  warranties  themselves. 
It  is  a  general  rule,  then,  that  an  express  warranty  as  to 
a  particular  phase  of  a  thing  will  exclude  all  implied  war- 
ranties as  to  the  same  thing.  This  rule  is  supported  by  the 
great  weight  of  judicial  authority  and  is  practically  universal. 
There  are,  however,  some  exceptions  to  the  rule  that  are 
equally  well  supported  by  the  weight  of  authority.  In  order 
for  the  general  rule  to  apply,  the  character  of  the  article  war- 
ranted, as  well  as  the  express  warranty  thereto,  must  include 
all  implied  warranties  on  the  same  subject.  The  express  war- 
ranty must  also  be  of  such  a  nature  as  to  negative  any  con- 
tention that  the  manufacturer  intended  to  assume  any  other 
obligation  than  the  one  assumed  in  his  express  warranty.     If 

^Address:   Box  253,  Des  Moines.   Iowa. 


such  a  tendency  does  clearly  exist,  the  courts  are  likely  to 
declare  that  the  implied  warranties  and  the  express  warranties 
are  separate  in  the  particular  case. 

The  law  of  warranties  is  so  comprehensive  a  subject  that 
it  is  possible  to  state  here  only  the  rules  in  force  in  cases  in- 
volving machinery.  The  rules  of  law  are  the  guide  posts  that 
point  the  way,  and  when  a  man  is  once  familiar  with  these 
rules,  he  may  proceed  without  stumbling  through  a  maze  of 
hazy  legal  decisions  and  counter  decisions.  The  things  to 
remember  are  that  an  express  warranty  excludes  all  implied 
warranties  to  the  same  subject,  and  that  implied  warranties 
will  be  considered  either  in  the  absence  of  express  warranties 
or  where  it  can  be  inferred  from  the  agreement  of  the  parties 
or  the  nature  of  the  thing  warranted  that  implied  warranties 
were  not  intended  to  be  included  in  the  express  warranty. 
*     •     * 

RELATION    OF    RATE    OF    COOLING    TO 
PHYSICAL  PROPERTIES  OF  FORGINGS  ' 

Two  locomotive  driving  axles  were  used  in  some  experi- 
ments recently  conducted  to  study  the  rate  of  cooling  in  dif- 
ferent medias  and  to  try  to  connect  the  rate  of  cooling  with 
the  physical  properties  obtainable  in  quenched  and  tempered 
forgings.  One  of  these  axles  was  11  inches  in  diameter  and 
weighed  1830  pounds;  the  other  was  12  inches  in  diameter, 
had  a  3-inch  hole  bored  longitudinally  through  it,  and  weighed 
2000  pounds.  In  each  case,  the  axles  were  heated  uniformly 
as  for  quenching  in  the  usual  course  of  manufacture.  The 
cutting  compound  used  for  quenching  was  composed  of  min- 
eralized lard  oil  and  soft  soap  mixed  with  equal  parts  of 
water.  It  was  later  diluted  to  one  part  of  compound  and  two 
parts  of  water,  and  still  later  to  three  parts  of  water. 

The  tests  show  that  in  air  the  solid  axles  cool  at  a  rate  of 
10  degrees  F.  per  minute;  in  heavy  oil,  26  degrees  Baum§, 
at  the  rate  of  25  degrees  per  minute;  in  the  oil  solution,  at 
the  rate  of  35  degrees;  in  light  oil,  29  degrees  Baume,  at  the 
rate  of  45  degrees;  and  in  water,  at  the  rate  of  80  degrees. 
The  bored  axle  cooled  in  both  the  heavy  oil  and  the  cutting 
compound  at  the  rate  of  40  degree  per  minute.  It  was  found 
that  the  dilution  of  the  compound  had  little  effect  on  its 
quenching  properties. 

In  the  case  of  the  bored  axle,  it  was  found  that  when  the 
25  per  cent  solution  of  cutting  compound  was  used,  the  axle 
cooled  from  1450  to  700  degrees  F.  in  16.1  minutes.  Its  elastic 
limit  was  40,500  pounds  per  square  inch;  its  tensile  strength 
was  78,000  pounds;  its  elongation  in  2  inches,  29  per  cent; 
and  its  reduction  in  area,  55  per  cent.  But  when  placed  in 
the  33  per  cent  solution,  the  bored  axle  cooled  in  13.6  minutes; 
its  elastic  limit  was  43,000  pounds;  its  tensile  strength,  81,500 
pounds;  its  elongation  in  2  inches,  30  per  cent;  and  its  re- 
duction in  area,  53.5  per  cent.  It  was  thought,  however,  that 
this  more  rapid  cooling  was  due  to  some  local  condition  that 
affected  the  convection  of  the  bath. 

When  a  jet  of  compressed  air  was  introduced  into  the  bath 
to  give  it  a  vigorous  circulation,  the  rate  of  temperature  fall 
was  increased  80  per  cent.  Carbon  steel  that  in  the  still  bath 
had  an  elastic  limit  of  49,500  pounds  per  square  inch,  a  tensile 
strength  of  95,000  pounds,  an  elongation  in  2  inches  of  20.5 
per  cent,  and  a  reduction  in  area  of  43.5  per  cent,  when 
quenched  in  the  agitated  bath  had  an  elastic  limit  of  68,800 
pounds,  a  tensile  strength  of  105,300  pounds,  an  elongation  in 
2  inches  of  21  per  cent,  and  a  reduction  in  area  of  42  per  cent. 
Chrome-vanadium  steel  axles  quenched  in  a  still  bath  had  an 
elastic  limit  of  80,500  pounds  per  square  inch,  a  tensile  strength 
of  123,500  pounds,  an  elongation  of  20.5  per  cent,  and  a  reduc- 
tion of  area  of  57.5  per  cent.  When  quenched  in  an  agitated 
bath,  this  steel  had  an  elastic  limit  of  9o,000  pounds,  a  tensile 
strength  of  124,000  pounds,  an  elongation  of  16.5  per  cent, 
and  a  reduction  of  area  of  61.5  per  cent. 
*  *  * 
Last  year,  4676  automobiles  were  imported  into  Argentina, 
against  1847  in  1915.  Most  of  these  were  small  cars  designed 
particularly  for  country  use,  as  such  cars  are  becoming  popular 
among  the  farmers. 


^Abstract  of  a   paper  hy   Lawrence   H.    Fry,    read   before   the   Iron   and   Steel 
In.stitute  of  Great  Britain,   May,   1917. 
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THE  RIGHT  SIDE   OF  A  PIECE  OF  STEEL-ASSEMBLING   A  CLOCK  MOVEMENT  IN   TWO  MINUTES- BROACHING  CAST  IRON- 
DUPLICATE    FORM    TURNING-WHAT'S    THE    MATTER    WITH    THE    MUNITIONS    MAKEKKV     HOW    A    DOUBLE'- ANGLE 
MILLING  JOB  WAS  HANDLED- LAPPING  (JAGES  FOR  PROFIT    USING   UP  HIGH-SPEED  STEEL  DRILLS 


BY  THK   FIELD  EDITORS 


t; 


" — the  bottom   side   hardened   to  per- 
fection   while    the    face    was 
as  soft  as  cheese" 


llORK  are  still  a  lew 
shops  in  the  country 
that  make  use  of  what 
is  known  as  "composite 
steel"  for  blanking  die  work. 
Composite  steel  is  formed 
by  rolling  together  a  piece 
of  iron  and  a  piene  of  tool 
steel.  The  result  is  a  plate, 
one  side  of  which  is  steel 
and  the  other  iron.  It  has 
been  claimed  that  a  die 
made  from  this  steel  could 
be  machined  with  less  trou- 
ble than  a  solid  steel  die, 
and  with  practically  no  dan- 
ger from  cracking  in  hard- 
ening. While  looking  around 
through  one  of  these  shops 
where  composite  steel  had 
been  a  great  favorite,  we  heard  the  following  incident,  which 
has  a  mechanical  moral : 

"It  was  in  the  days  when  I  was  toolmaking,"  said  the  man- 
ager of  the  jewelry  making  plant— "and  I  was  considered  a 
pretty  good  die-sinker,  too — that  one  day  we  had  a  little  em- 
blem die  to  make  from  which  but  a  few  strikings  were  re- 
quired, so  I  picked  up  a  scrap  of  composite  steel  and  com- 
menced to  sink  the  design.  After  working  on  this  for  five  or 
six  hours,  I  tumbled  to  the  fact  that  it  worked  too  soft,  and 
the  horrible  suspicion  came  to  me  that  I  had  the  piece  of  com- 
posite steel  wrong  side  up  and  was  cutting  the  design  in  the 
iron  face  of  the  plate  instead  of  the  steel.  The  longer  I  worked 
at  it,  the  surer  I  was  that  I  was  wrong,  and  as  soon  as  I  tried 
to  harden  the  die  I  was  positive,  for  the  bottom  side  hardened 
to  perfection  while  the  face  was  as  soft  as  cheese. 

'Someone  has  made  the  remark  that  during  the  few  seconds' 
interval  between  the  time  when  think  you  have  made  a  mis- 
take and  when  you  find  out  whether  you  have  or  not,  you  are 
getting  real  experience.  Well,  I  went  through  those  seconds 
and  got  the  experience,  but  the  next  thing  was  how  to  get 
out  of  the  dilemma.  It  was  a  rush  job  and  we  had  no  time 
nor  facility  for  pack-hardening,  so  I  casehardened  with  cy- 
anide, soaking  in  the  cyanide  to  get  all  the  depth  of  case 
possible.  Even  then  I  doubt  if  the  die  would  have  passed,  even 
for  the  small  number  of  parts  required,  if  I  hadn't  gotten  on 
the  right  side  of  Old  Tom,  the  drop  man,  and  told  him  that  I 
suspected  that  die  was  made  of  a  poor  piece  of  steel  and  to 
nurse  it  along  as  carefully  as  possible.  Old  Tom  got  out  the 
order,  but  he  did  some  cussing  and  de- 
clared at  the  end  that  that  sure  was 
some  bum  steel  in  that  die."- 

Assembling  a  Clock  Movement 
In  going  about  the  field,  many  exam- 
ples of  manual  dexterity  are  seen,  espe- 
cially in  factories  where  girls  are  em- 
ployed. Recently,  while  in  a  Connecticut 
clock  shop,  the  superintendent  called  at- 
tention to  the  assembling  of  a  movement 
for  a  cheap  alarm  clock.  The  girls  on 
the  job  had  large  compartment  trays, 
each  space  of  which  contained  a  quantity 
of  wheels  or  shafts  of  one  kind.  The  as 
sembler  dropped  one  of  the  frame  plates 
of  the  movement  onto  a  simple  little  fix- 
ture before  her  and  with  her  right  hand 
rapidly  reached  for  the  various  wheels 
and   shafts,   located    them    in   the   frame, 


"With    a   quicls   little    shake    .    .    . 
shafts  and  other  parts  in  the  proper 


'We   used   three   broaches   for  the  job;    tJ 
left    the    outline    of    the    slot    in    a 
succession  of   notches" 


and  held  them  In 
place  with  her  left 
hand. 

How  that  right 
arm  did  fly!  After 
she  had  all  the 
wheels  in  their  cor- 
rect places  in  the 
frame  plate,  still 
loosely  held  in  her 
left  hand,  she  fit- 
ted on  the  top 
plate.  With  a  quick 
little  shake,  at  the 
same  time  rapidly 
adjusting  the  vari- 
ous parts  with  her 
left  hand,  she  had 
the  shafts  and  other 
parts  in  the  proper 
pivot  holes  in  the  two  plates.  The  top  plate  was  held  in  place 
by  twirling  two  little  nuts  on  diagonally  opposite  parts  and 
the  job  was  done — total  elapsed  time,  less  than  two  minutes' 

Broaching-  Cast  Iron 

"We  worried  a  lot  over  this  machining  problem,"  said  the 
chief  engineer  of  the  plant  that  we  were  visiting,  "and  you 
will  be  interested  to  know  how  we  finally  solved  the  problem. 
Now  here's  what  we  had  to  do,"  said  he,  as  he  reached  for  a 
piece  of  paper  and  rapidly  sketched  away.  "You  see,  there's 
an  irregular  cored  slot  that  runs  out  of  this  cast-iron  plate, 
which,  by  the  way,  is  one  inch  thick.  Of  course,  you  will  see 
we  couldn't  mill  these  quickly  without  a  profiler,  and  our 
production  wasn't  great  enough  to  install  such  a  machine.  We 
got  through  the  job  very  nicely,  however,  by  broaching." 

"But  we  have  always  considered  the  broaching  of  cast  iron  a 
rather  difficult  job  on  account  of  the  tendency  to  break  out  at 
the  end  of  the  broaching  cut." 

"You're  dead  right  there,  and  that  made  the  job  all  the  more 
interesting.  See,  here's  how  we  overcame  that  breaking-out 
tendency.  We  used  three  broaches  for  the  job;  the  first  left 
the  outline  of  the  slot  in  a  succession  of  notches,  just  as  I'm 
drawing  it.  We  followed  this  broach  by  a  second  one  that 
took  'bites'  out  of  the  center  of  each  of  the  notches.  Then 
we  finished  up  with  a  plain  broach  that  took  the  ridges  from 
the  slot  and  left  it  as  finely  finished  as  you  could  desire  and 
without  the  sign  of  a  break  at  the  end  of  the  cut." 

"That's  sure  a  new  wrinkle  in  broaching,"  said  we,  "and  a 
mighty  good  one  to  remember." 
Duplicate  Form  Turning' 
It  is  surprising  how  often  you  see  a 
new  kink  in  some  little  shop  where  you 
wouldn't  expect  to  find  anything  more 
modern  than  a  grindstone.  You  may 
have  to  unearth  it  from  beneath  a  pile 
of  obsolete  practice,  but  when  you  get  it 
out  it  looks  pretty  good.  Such  was  the 
case  in  a  little  job  button  manufacturing 
concern  in  good  old  New  England.  It 
seems  that  this  company  often  has  a  set 
of  fifteen  or  twenty  sample  buttons  to 
turn,  or  molds  for  making  buttons,  or 
possibly  punches  for  press  work.  It  is 
necessary  to  face  the  molds  or  punches 
with  the  concentrically  turned  form  and 
the  exact  form  of  the  rings  does  not  mat- 
ter as  long  as  they  are  all  alike. 
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"The  boss  lathe  hand  .  .  .  has  a  'universal' 
form-turnmg  tool" 


The  boss  lathe  hand  is  an  ingenious  Yankee,  and  he  lias  a 
"universal"  form-turning  tool  that  you  can  understand  better 
from  the  sketch  than  from  a  page  full  of  words.  This  form 
tool  is  made  from  a  rectangular  piece  of  steel  about  three- 
eighths  by  one  inch  and  the  shank  is  fitted  in  a  slot  in  a  block 
held  in  the  toolpost,  and  is  operated  from  the  tail-center.  The 
operation  is  simplicity  itself.  The  lathe  hand  merely  adjusts 
the  tool  by  means  of  the  cross-slide  and  feeds  it  in  with  the 
tailstock.  The  slot  in  the  block  of  the  cross-slide  insures  each 
punch,  each  button  mold  part  or  punch  being  turned  exactly 

the  same.  A  great  num- 
ber of  variatipns  are 
possible  by  merely  mov- 
ing the  cross-slide  and 
hence  the  tool,  and  as 
long  as  the  cross-slide 
is  moved  the  same 
amount  for  each  opera- 
tion, the  pieces  are  ex- 
act duplicates. 

It  is  a  simple  little 
kink  and  there  ought 
to  be  many  ways  of  applying  it  to  general  machine  shop 
practice. 

What's  the  Matter  with  the  Munitions  Makers? 

We  recently  ran  into  a  fine  example  of  "frenzied  buying" 
as  done  by  one  of  the  mushroom  munition  plants  that  have 
been  so  much  in  the  limelight  of  late.  It  was  told  to  us  by 
an  efficiency  expert  who  had  been  called  in  to  straighten  out 
things  after  they  had  run  so  wild  that  no  one  knew  where 
they  were  "at."  One  of  the  grinding-room  foremen  wanted  a 
diamond  for  truing  grinding  wheels,  and  put  in  his  requisition. 
He  stated  the  approximate  size  that  was  required,  and  one  of 
the  buyers  of  the  purchasing  department  promptly  got  busy 
and  bought  a  pure,  flawless,  blue-white  diamond,  for  which  he 
paid  the  meager  sum  of  $900.  The  interesting  part  of  it  is 
that  they  did  not  send  the  diamond  back,  but  actually  put  it 
into  service  truing  grinding  wheels. 

Another  glaring  example  of  inefficiency  was  in  an  order  of 
dies  that  was  placed  soon  after  the  plant  was  started.  An 
order  for  twenty-four  duplicate  dies  for  punching  one  par- 
■  ticular  part  was  given  to  a  diemaking  concern.  The  order  was 
delivered  promptly  by  putting  every  man  in  the  shop  on  the 
job.  After  several  months,  it  occurred  to  the  diemaking  con- 
cern that  there  ought  to  be  another  order  coming  for  dies  if 
such  quantities  had  been  needed  before,  so  the  manager  went 
around  to  interview  the  purchasing  department  of  the  muni- 
tions plant.  Being  somewhat  friendly  with  one  of  the  pur- 
chasing agents,  he  naturally  put  his  proposition  to  his  friend, 
who  simply  smiled  and  said,  "Come  with  me  for  a  minute." 
Out  through  the  shop  they  walked  and  into  one  of  the  store- 
houses, and  there,  stored  in  an  orderly  fashion,  were  twenty- 
three  sets  of  the  dies.  These  dies  were  all  slushed  with  grease 
just  as  they  had  been  received   and  had   never  seen  service. 

"Well,"  said  the  die  manufacturer,  "what's 
the  answer?" 

"Simplicity  itself,"  was  the  reply.  "The 
engineering  department  ordered  us  to  secure 
twenty-four  sets  of  dies  for  this  part  before 
they  were  sure  that  the  part  was  exactly 
what  they  wanted.  After  a  few  thousand 
impressions  had  been  made  from  the  first 
set,  they  discovered  that  they  were  on  the 
wrong  track,  and  consequently  these  twenty- 
three  sets  of  dies  are  scrapped." 

How  a  Double-ang-le  Millingr  Job  was  Handled 

"Say,"  said  the  master  mechanic,  "we've 
just  finished  solving  a  pretty  little  milling 
job  for  producing  a  piece  like  this  one  I'm 
drawing,  and  I'll  be  interested  to  hear  how 
you  would  have  done  it."  The  piece  referred 
to  was  made  of  carbon  steel  and  its  end  was 
dovetailed  as  shown.  The  complicated  part 
of  it  was  that  the  edges  were  not  cut  straight 


across,  but  on  an  angle  of  about  5  degrees,  similar  to  a  milling 
cutter  tooth. 

"And  before  you  decide  just  how  you  would  have  handled 
this,"  said  the  superintendent,  "remember  that  it's  a  manu- 
facturing job  on  which  we  must  have  thousands  of  parts,  and 
we  can't  stand  for  a  special  machine,  because  on  munition 
work   the   styles  are  apt   to   change   at  ten   minutes'   notice." 

We  racked  our  memory  for  a  similar  job  without  success,  and, 
finding  none,  had  to  appeal  to  the  superintendent  for  the 
explanation. 

"Well,  the  solution  was  so  simple  it  was  funny  we  didn't  strike 
it  long  ago.  We  simply 
had  a  special  end-mill 
made  to  agree  with  the 
dovetail  taper,  and  hold- 
ing the  pieces  one  at  a 
time  in  a  special  fixture 
on  the  hand  milling 
machine,  ran  the  work 
straight  up  onto  the 
cutter,  but  not  across 
it;  the  resulting  sur- 
face was  angular  and 
slightly  concave.     Next 


'>,V 


as    so    simple    it    was 


"I    yust    pull    up    mein    chair    side    mit    de 

lapping   block,    light   mein   pipe,    and   make 

one  hand  go  so  and  so,   while  I  read  mein 

paper  mit  comfort" 


funny  we   didn't  strike   it  long  ago" 

we  dropped  the  work,  ran  it  around  the  cutter  to  the  opposite 
edge  and  milled  it  in  the  same  way,  and  we  got  as  pretty  a 
result  as  you  could  want. 

"Of  course,"  concluded  the  superintendent,  "you'll  say  we 
didn't  get  a  perfectly  true  angle  by  using  the  surface  left  by 
a  cylindrical  end-mill,  and  you're  right,  but  the  resulting 
slightly  concave  surface  was  highly  satisfactory  and  made  an 
even  better  fit  in  the  slot  than  it  would  have  if  it  had  been 
straight." 

Lapping-  Gages  for  Profit 

"Before  you  go,"  said  the  tool-room  foreman,  "sit  down  here 
and  let  me  tell  you  about  a  big  job  of  gage  lapping  that  we 
had  in  the  shop  some  time  ago  and  how  we  handled  it.  You 
see,  we  only  had  one  good  man  who  could  lap  work  and  get 
away  with  it,  and  it  was  soon  evident  that  we  wouldn't  be  able 
to  get  the  job  out  on  time  if  we  depended  only  on  his  ten-hour- 
a-day  services,  so  we  asked  him  about  taking  some  of  the 
work  home  and  doing  it  evenings;  we  thought  it  would  be 
pleasanter  than  staying  at  the  factory,  as  none  of  the  other 
men  were  working  overtime. 

"Schwarz  was  a  big,  good-natured  German  of  a  philosophical 
turn  of  mind.  Every  morning  he  brought  in  a  good  number 
of  lapped  gages  and  soon  the  contract  was  over.  His  overtime 
work  did  not  seem  to  tire  him,  so  one  day,  when  the  work 
was  nearly  done,  I  asked  him  how  it  was  he  could  stand  so 
much  extra  work  without  tiring,  and  he  replied: 

"  'Oh,  dot  vas  easy.     I  yust  pull  up  mein  chair  side  mit  de 

lapping  block,  light  mein  pipe,  and  make  one  hand  go,  so  and 

so,  while  I  read  mein  paper  mit  comfort,-  and  pretty  soon  I 

look   at   the   gage — maybe   he   be   all   right,   maybe  not;    that 

makes    no    never    minds,    I    rub    him    some 

more  and  bimeby  he  sure  be  done.'  " 

"And  so  it  was.  Schwarz's  gage  lapping  was 
no  tax  on  his  strength,  because  he  reduced 
his  right  hand  to  an  automaton  that  worked 
while  he  read — which  wasn't  so  bad." 

Using-  up  High-speed  Steel  Drills 

High-speed  steel  turning  tools  cost  money 
these  days,  so  anything  new  in  the  turning 
tool  line  attracts  our  attention.  Not  long 
ago  we  were  walking  by  the  tool  stock-room 
of  a  shop  in  Syracuse,  where  we  saw  an 
unusual  lathe  tool.  It  seems  that  the  com- 
pany uses  a  lot  of  two-inch  high-speed  steel 
drills,  and  when  they  are  worn  down  too 
short  for  the  work,  they  are  forged  down 
and  the  twist  is  taken  out,  turning  them  into 
lathe  tools.  The  men  say  they  are  the  finest 
kind  of  turning  tools,  and  they  make  a  sav- 
ing in  the  steel  bill  besides. 
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CHUCKS.   FORMING   AND  CUTTINU-OFF  TOOLS.   DRILL-HOLDERS.  KNURLING  TOOL-HOLDERS.  TURNERS.   BACK-RESTS.  ETC. 

BY  DOUQI-AB  T.   HAMILTON - 

ticeil  is  that  the  chucks  used  on  the  3Vi-  and  4i/t-inch  sizes 
have  four  slots  and  four  bushing  sections,  instead  of  three, 
as  on  the  214-inch  size. 

The  illustration  accompanying  Table  2  shows  the  type  of 
master  feed  chuck  used  and  the  table  gives  the  principal  di- 
mensions. These  chucks  are  also  interchangeable  with  those 
on  the  same  size  of  multiple-spindle  machines,  and  the  number 
of  slots  and  bushing  sections  vary  on  the  314-  and  4yi-inch 
sizes,  as  mentioned  in  connection  with  the  spring  chuck.  On 
the  31A-  and  414-inch  feed  chucks,  the  diameter  is  not  reduced 
at  L,  but  the  diameter  A  extends  from  the  front  back  to  the 
shoulder  at  J ;  otherwise  the  feed  chucks  used  on  the  various 
sizes  of  machines  are  identical  in  shape.  Pig.  1  shows  a  mas- 
ter spring  chuck  and  a  feed  chuck  with  the  bushings  removed 


Fig.    1.     Master    Spring    Chuck    and    Feed    Chuck    with    Gripping   Jaws 
removed 

THE  tool  equipment  and  attachments  used  on  the  Gridley 
single-spindle  automatic  turret  lathes  do  not  differ  essen- 
tially from  those  used  on  the  multiple-spindle  type  of 
machine.  The  tool-holders,  however,  are  held  on  flat  slides 
instead  of  on  the  corner  of  the  turret,  as  in  the  multiple- 
spindle  machines.  The  standard  tool  equipment  consists  of 
spring  chucks,  feed  chucks,  vertical  and  flat  forming  tools, 
blade-type  cutting-off  tools,  drill-holders,  facing  tools,  knurling 
tools,  internal  necking  tools,  turners,  high-speed  drilling  at- 
tachments, automatic  die  attachments  releasing  tap-holder  at- 
tachment, and  taper  turning  attachment.  Other  special  tools, 
of  course,  can  be  designed  when  the  character  or  shape  of  the 
work  necessitates  the  performance  of  operations  that  cannot 
be  handled  with  the  standard  equipment. 


Fig.  2.  standard  Type  of  Tool- 
holder  used  on  Turret  Slide  of 
Gridley    Automatic    Turret    Lathe 


Fig.  3.  Standard  Type  of  Knurling 
Tool-holder  for  Use  on  Turret  Slide 
of    Gridley    Automatic    Turret   Lathe 


Spring-  Chuck  and  Feed  Chuck 

The  spring  chuck  and  the  feed  chuck  used  in  the  single- 
spindle  turret  lathe  are  exactly  the  same  as  those  used  on  the 
multiple-spindle  machines;  in  fact,  the  chucks  used  on  the 
1%-  and  214-inch  sizes  are  interchangeable.  On  the  single- 
spindle  turret  lathes,  of  course,  the  smallest  capacity  of  the 
machine  is  such  that  the  master  spring  chuck  and  feed  chuck 
are  used  exclusively,  and  these  are  fitted  with  bushings  to 
suit  the  size  and  shape  of  the  work  being  handled.  The  illus- 
tration accompanying  Table  1  shcAvs  the  design  of  the  spring 
chuck,  and  the  principal  dimensions  are  given  for  the  214-. 
31/4-  and  414-inch  machines.  It  will  be  noticed  in  this  connec- 
tion that  the  taper  on  the  front  end  of  the  chuck  is  only  14i,^ 
degrees  on  the  21/4-inch  size,  whereas  It  is  15  degrees  on  the 
3%-  and  414-inch  sizes.    Another  difference  that  should  be  no- 

^  For  other  articles  on  Gridley  automatic  screw  machine  practice,  see  "Grid- 
ley  Multiple-spindle  Automatic  Screw  Machines"  in  the  June  and  July.  1017. 
numbers  of  Machinery,  and  the  articles  referred  to  in  connection  with  the 
first  Installment. 

-Address:    Fellows  Gear  Shaper  Co.,   Springfield,   Vt. 


Fig.  4.     Forming  and  Cutting-off  Tool-holders  used  on  Gridley  Single- 
spindle  Automatic  Turret  Lathe 

and    illustrates    clearly    the   shape   of   the    bushings    and    the 
method  of  holding  them. 

Forming  and  Cutting-off  Tools 

The  forming  and  cutting-off.  tools  used  on  the  single-spindle 
turret  lathe  do  not  differ  materially  from  those  used  on  the 
multiple-spindle  machine.  When  an  irregular  form  is  to  be 
produced  the  vertical  type  of  forming  tool  gives  the  best  re- 
sults. When  several  diameters  are  to  be  formed  and  only  a 
small  number  of  parts  are  to  be  turned  out,  individual  form- 
ing tools  consisting  simply  of  blades  for  covering  each  diam- 
eter are  satisfactory.  It  should  be  stated,  however,  that  when 
a  large  number  of  parts  are  to  be  produced  a  tool  covering 
the  entire  form,  if  possible,  is  better  than  a  tool  made  up  in 
separate  parts,  as  it  is  easier  to  set  up  the  tool  again  after 


Fig.  6.     Facing  Tool  and  Holder  used  in  Standard  Tool-holder 
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TABLE  1.    PRINCIPAL  DIMENSIONS  OP  MASTER  SPRING  CHUCKS  FOR  GRIDLEY  SINGLE- 
SPINDLE  TURRET  LATHES 


Machinery 


HARDEN,   SPRING  TEMPER  AND  GRIND 


Size  of 
Machine 


2i 


Dimensions,  Inches 


3i 

5| 


5<h 

7 


2.7966 
3.9173 


4. 8625 1    4i 


4-9 


Hi 


2H 
3 

4i 


3 

5.495 


5| 


3| 


14i 
15 
15 


it  has  been  sharpened.  The  cutting-off  tools  are  generally  of 
the  blade  type,  except  when  it  is  necessary  to  make  them  per- 
form some  part  of  the  forming  operation. 

Porraing'  and  Cattingr-off  Tool-holders 

Fig.  4  shows  types  of  forming  and  cutting-off  tool-holders 
u.sed  on  the  single-spindle  turret  lathe.  That  shown  at  A  is 
known  as  the  vertical  tool-hojder  and  is  the  type  generally 
used,  because  the  cutting  tool  can  be  held  much  more  rigidly 
than  in  the  other  designs.  The  tool  also  can  be  ground  on  its 
top  face  without  changing  the  form  on  the  work,  and  it  has  a 
longer  life  than  the  straight  forming  tool. 

When  the  piece  to  be  formed  has  several  plain  diameters, 
the  flat  forming  tool-holder  shown  at  B  is  sometimes  found 


convenient.  This  tool-holder,  of  course,  is  only  used  when 
there  are  a  small  number  of  pieces  to  be  made  and  when  the 
expense  of  making  a  vertical  forming  tool  would  not  be  war- 
ranted. It  is  also  used  when  several  narrow  forming  tools  are 
required,  spacing  pieces  being  put  in  between  the  tools  and 
the  entire  number  clamped  in  the  holder.  Three  adjusting 
screws  are  provided,  as  shown,  so  that  three  separate  tools 
can  be  independently  adjusted;  they  are  then  clamped  by  the 
other  set  of  screws. 

The  plain  forming  tool-holder  shown  at  C  is  sometimes  used 
for  forming  back  of  the  head  of  a  screw  or  for  similar  work, 
so  that  the  cutting-off  tool  is  relieved  of  considerable  work. 
It  is  also  used  for  beveling  the  end  of  the  bars  before  it  is  fed 
out,  and  thus  assisting  the  turner  in  starting,   especially  in 


TABLE  2.     PRINCIPAL  DIMENSIONS  OP   MASTER  PEED  CHUCKS  POR  GRIDLEY  SINGLE- 
SPINDLE  TURRET  LATHE 


TOOL   STEEL,   SPRING   TEMPER 


Size  of 
Machine 


Dimensions,  Inches 


2.560 

H 

4U 


2.620 
3.745 
4.808 


25X24 
P.  L.  H. 

3.580 
X18.P. 
R.H. 

4SX18 
P.  L.  H. 


2f 
4? 


2i 
31 
4i 


H       2i 
*h  I    - 


H 


2i 
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Fig.   6.     Standard   Type  of   Drill-holder  and   Drill-support   in   Operation 

giving  the  back-rests  a  chance  to  support  the  work  when  the 
turning  cut  starts. 

D  shows  the  standard  type  of  cutting-o££  tool-holder  used  on 
the  single-spindle  machine.  This  holder,  as  shown,  is  fitted 
with  an  adjwstable  taper  wedge  so  that  the  cutting-off  blade 
can  be  easily  adjusted  to  correspond  with  the  center  of  the 
work.  Ordinary  forged  tools  can  be  held  in  this  holder  or 
almost  any  type  of  blade  inserted.  When  a  large  number  of 
pieces  are  to  be  made  it  is  advisable  to  use  a  blade-type  of 
cutting-off  tool  and  a  holder.  This  simplifies  the  sharpening 
of  the  tool,  as  a  blade-type  tool  has  clearance  all  the  way  back 


Fig.    7.     standard   Type   of  Reamer-holder   at   Work 

and  to  sharpen  it  is  simply  ground  on  the  front  end  to  the 
required  cutting  angle. 

Tool-holders 

The  standard  type  of  tool-holder  used  on  the  Gridley  single- 
spindle  turret  lathe  is  shown  in  Fig.  2.  This  tool-holder  is 
bolted  directly  to  the  turret  slide  and  is  bored  out  when  in 
place  on  the  machine  so  that  the  hole  is  in  direct  alignment 
with  the  spindle.  It  is  held  in  place  by  means  of  two  T-bolts, 
which,  if  desired,  can  be  threaded;  an  adjusting  screw  laid 
in  the  T-slot  in  the  slide'  can  then  be  used  for  accurately  ad- 


justing the  tool-liohlcr  longitudinally  along  the  slide.  Tills 
screw,  of  course,  is  provided  with  a  collet  head,  and  a  plate 
attached  to  the  rear  end  of  the  slide  acts  as  a  stop  for  ad- 
justing purposes.  The  various  tool-holders  are  numbered  to 
correspond  with  the  number  of  the  tool-slide  to  which  they 
are  fastened  when  flnislied,  and  should  be  used  only  on  the 
tool-slide  having  that  number.     They  can  be  used,  of  course. 


Fig.    9.     Standard   Tool-holder   carrying  Boring  Tool 

by  the  substitution  of  bushings  and  other  independent  holders 
for  carrying  facing  tools,  drills,  pointing  tools,  etc.  Fig.  5 
shows  a  tool-holder  arranged  to  hold  a  pointing  tool.  A 
separate  bushing  is  provided  for  guiding  the  bar,  and  the 
pointing  tool  is  held  in  another  sleeve,  the  latter  being  re- 
tained in  the  holder. 

Drill-holder  and  Support 

In  Fig.  6  is  shown  the  standard  tool-holder  carrying  a  twist 
drill,  which  is  held  in  a  special  chuck  fitting  in  the  holder,  so 
constructed  that  an  oil-tube  can  be  inserted  for  supplying  a 
coolant  to  the  drill.  The  drill  should  be  of  the  oil-tube  type, 
so  that  the  oil  can  flow  directly  to  the  cutting  point.  In  addi- 
tion, the  drill  is  supported  close  to  the  cutting  point,  by  means 
of  an  arm  which  is  fastened  to  the  turret  in  such  a  position 
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Fig.    8.     Standard   Holder   carrying   Reamer   and   Counterboring   Tool 


Fig.   10.     Offset  or  Set-over  Tool  and  Holder  and  Chip  produced  by  it 

that  it  is  close  to  the  end  of  the  piece  being  drilled.  The  arm 
holds  a  bushing  which  fits  the  drill  and  accurately  guides  it 
in  line  with  the  work.  This  insures  the  tool  starting  concen- 
trically and  obviates  the  necessity  of  using  a  starting  drill. 
Fig.  7  shows  a  standard  tool-holder  carrying  a  reamer.  The 
reamer  is  mounted  so  that  it  can  float  and  is  carried  in  a 
separate  bushing  in  the  tool-holder.  In  this  ili'.istration  the 
screw  for  adjusting  the  main  tool-holder  longitudinally  can 
be  plainly  seen,  as  well  as  the  forged  type  of  cutting-off  tool, 
and  the  tool-holder  for  carrying  separate  forming  tool  blades. 
In  Fig.  8  is  illustrated  another  application  of  a  reamer-holder, 
which  is  used  in  conjunction  with  a  facing  and  counterboring 
tool.     The  reamer  is  of  the  shell  type.     The  job  shown  is  a 
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hub  which  is  chucked  by  hand.  Fig.  9  shows  still  another  ap- 
plication of  the  standard  holder.  In  this  case  it  is  used  for 
carrying  a  boring  tool,  operating  on  a  chucking  job. 

Knurling-  Tool -holder 

The  standard  type  of  knurling  tool-holder  used  on  the  Grid- 
ley  automatic  turret  lathe  Is  shown  in  Fig.   3.     This  has  a 


Fig.   11.     Internal  Necking  or  Recessing  Tool 

shank  which  can  be  held  in  the  standard  tool-holder  and  car- 
ries two  adjustable  slides  that  hold  the  spiral  knurls.  Two 
straight  knurls  can  be  used  when  it  is  necessary  to  produce  a 
straight  knurled  effect  on  the  work. 

Set-over  Tool  and  Holder 

An  interesting  type  of  tool  which  takes  the  place  of  a  drill 
for  producing  shallow  holes  (not  more  than  one  and  one-half 
times  its  diameter)  is  shown  in  Figs.  10  and  12.  This  is 
known  as  a  "set-over  tool-holder,"  and  it  can  be  used  with 
success  on  the  Gridley  turret  because  of  the  rigid  construction 
of  the  latter.  The  cutting  tool  works  the  same  as  a  forming 
tool,  but  instead  of  cutting  on  the  outside  surface  of  the  bar, 
as  the  forming  tool  does,  it  cuts  into  the  end  of  the  bar,  and 
as  the  holder  which  supports  the  tool  has  a  set-over  adjust- 
ment, the  same  cutting  tool  can  be  used  for  making  holes  of 
various  diameters.    It  is  not  necessary  to  use  a  starting  drill 
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Fig.    12.     Set-over    Tool-holder   in    Operation    on    3-inch   Hole 

with  this  tool  and  a  counterbore  can  be  dispensed  with  in  most 
cases  when  the  bottom  of  the  hole  in  the  piece  is  flat. 

The  cutting  tool  proper  is  made  from  high-speed  steel  with 
a  hole  through  its  center,  so  that  the  cutting  edge  is  thor- 
oughly flooded  with  cutting  oil  or  compound.  This  tool  is 
cheaper  to  make  than  a  drill  and  can  be  used  for  making  dif- 
ferent sizes  of  holes,  and  also  as  a  reamer.  Fig.  12  shows 
the  tool  in  operation,  producing  a  hole  that  is  three  inches 
in  diameter.  Fig.  10  shows  the  kind  of  chips  produced  with 
this  tool,  and  the  set-over  arrangement  is  also  clearly  shown. 
The  holder  carrying  the  cutting  tool  is  mounted  on  a  slide 
which  is  adjustable  at  right  angles  to  the  axis  of  the  spindle 
by  means  of  a  collar-head  screw,  as  illustrated.     This  adjust- 


Standard  Type   of  Turner   for   Use 
Lathe 


Gridley  Automatic   Turret 


ment  is  made  to  secure  the  desired  diameter  of  the  hole  in 
the  work. 

Internal  Necking-  Tool 

When  it  is  necessary  to  make  a  recess  in  a  hole  so  as  to 
obtain  a  bearing  at  both  ends,  an  internal  necking  or  recessing 
tool  of  the  type  shown  in  Fig.  16  is  used.  This  tool  consists 
of  a  base  A,  which  is  clamped  to  the  turret  slide,  as  shown, 
and  fulcrumed  on  this  base  at  B  is  the  main  tool-holder  C. 
This  holder  carries  the  re- 
cessing tool,  which  is  held  by 
a  bushing  and  a  clamping 
screw,  as  shown.  The  recess- 
ing tool  is  centered  with  the 
hole  by  means  of  the  adjust- 
ing screw  D,  which  has  a  col- 
lar head  that  comes  up 
against  the  bracket  E  of  the 
holder,  and  it  also  is  pro- 
vided with  a  nut  for  locking 


Fig.   14.    Knee  Turner  for  Rough- 
ing   and    Finishing    Cuts 


purposes.  The  shoulder  of  screw  U  is  kept  against  the  bracket 
by  means  of  coil  spring  F,  and  after  the  tool  has  finished  cut- 
ting, and  the  pressure  is  removed  from  the  holder,  the  spring 
returns  the  tool  to  the  central  position.  The  recessing  tool  is 
fed  to  depth  by  means  of  a  roller  pusher  G  mounted  in  a 
bracket  H  attached  to  the  edge  of  the  forming  slide,  as  illus- 
trated. The  roller  bears  against  a  hardened  block  that  is  held 
by  screws  to  the  side  of  the  internal  necking  tool-holder  proper. 
In  using  this  tool  for  enlarging,  or  boring  a  hole,  it  is  neces- 
sary, of  course,  to  so  arrange  the  forming  cam  that  the  form- 
ing slide  will  be  advanced  at  the  proper  moment,  dwell  until 
the  length  of  bore  has  been  completed,  and  then  be  withdrawn. 
In  recessing  for  a  thread  or  internal  form,  it  is  necessary  to 
advance  the  turret  slide  and  dwell  until  the  forming  slide  has 
been  fed  in  to  the  required  depth. 

An  internal  forming  or  recessing  tool  that  differs  slightly 
from  that  shown  in  Fig.  16  is  illustrated  in  Fig.  11.  The 
design  in  this  case  is  not  quite  so  elaborate;  the  tool  is 
operated  from  the  forming  slide  in  a  similar  manner  to  that 
shown  in  Fig.  16. 


Fig.    15.     standard    T 
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Fig.  16.     Another  Type  of  Internal  Necking  or  Kecessing  Tool-holder 


Turners  and  Back-rests 

A  noticeable  feature  of  the  standard  turning  tool  shown  in 
Pig.  13  is  the  absence  of  a  shank.  This  holder  is  in  the  form 
of  a  yoke  having  a  base  that  is  rigidly  clamped  to  the  turret 
slide.  At  the  front  it  carries  a  turning  tool  and  at  the  rear 
two  supports;  the  latter  can  be  either  of  the  plain  type  or 
of  the  roller  type,  as  shown.  The  cutting  tool  in  the  turner 
for  the  214 -inch  ma- 
chine is  1  by  Vz  inch 
and  is  ground  on  the 
end,  as  shown.  The 
roller  rests  permit  the 
use  of  heavier  cuts  and 
coarser  feeds,  and  a  cut- 
ting speed  of  two  or 
three  times  that  which 
can  be  maintained  when 
the  common  type  back- 
rest is  used.  These  back- 
rests may  be  used  either 
ahead  of  or  behind  the 
cutting  tool,  depending 
upon  the  character  of 
the  work  and  the  cut 
being  taken. 

Fig.  17  shows  one  of 
these  standard  turners 
at  work  producing  a  shoulder  screw  with  the  forming  tool  at 
work  at  the  same  time.  Forming  and  turning  can  be  done 
simultaneously  with  good  results,  as  the  desired  rigidity  can 
easily  be  obtained.  This  particular  setting  was  used  to  save 
time  on  the  single-spindle  machine,  but  if  the  same  job  were 
done  on  the  multiple-spindle  machine,  two  or  more  turning 
cuts  would  be  made,  thus  obviating  the  necessity  for  the  wide 
forming  cut  in  the  first  operation.    The  same  illustration  also 


Fig.  17.    Standard  Turner  and  Flat  Forming    Tool  working  together  on  Shoulder  Screw 


shows  the  adjusting  screw  for  moving  the  standard  tool-holders 
in  a  longitudinal  direction  along  the  turret  slide,  to  which 
reference  has  been  made  in  the  foregoing. 

At  A  and  B,  Fig.  15,  are  shown  two  types  of  standard  turn- 
ers used  on  the  414-inch  automatic  turret  lathe.  The  one 
shown  at  A  uses  a  dovetail  turning  tool,  whereas  that  illus- 
trated   at   B    uses    a   forged    tool.      In    both   cases   adjustable 

roller  supports  are  used. 
Another  type  of  stand- 
ard turner,  known  as 
an  "adjustable  stud 
turner,"  is  shown  in 
Fig.  18.  This  turner  is 
so  arranged  that  three 
different  diameters  can 
be  finished  at  the  same 
time.  It  consists  of  a 
holder  proper,  which  is 
clamped  to  the  turret 
slide  and  carries  indi- 
vidual units,  one  unit 
for  holding  the  cutting 
tool  and  the  other  for 
the  back-rest  or  sup- 
port. Usually  the  first 
support  of  the  group  is 
provided  with  rollers 
because  of  the  heavier  duty  required  in  this  position.  The 
turning  tools  are  adjusted  by  means  of  a  collar-head  screw,  as 
illustrated,  and  adjustment  is  also  provided  for  the  back-rests. 
Fig.  19  shows  a  special  stud  turner.  This  is  almost  of  the 
same  design  as  the  adjustable  stud  turner,  except  that  it  is 
made  for  a  given  piece  of  work  and  is  not  adjustable  for  shoul- 
der distances,  that  is,  longitudinally.  The  tool-holder  proper 
is  solid,  as  illustrated,  and  carries,  in  this  case,  five  turning 


Fig.    18.     standard    Type    of    Adjustable    Stud    Turner 


Fig.  19.     Special  Type  of  Adjustable  Stud  Turner 
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tools.  The  supports  are  held  so  that  they  can  be  adjusted 
along  the  slide  or  holder  to  bring  them  in  the  most  convenient 
position  relative  to  the  work,  that  is,  where  they  can  give  the 
best  support.  When  the  required  number  of  pieces  have  been 
made,  this  tool  is  put  away  without  disturbing  the  cutting 
tools  and  can  be  kept  until  the  same  piece  is  to  be  produced 
again.  In  the  arrangement  shown,  it  is  possible  to  put  the 
cutting  tools  much  closer  together  than  in  the  holder  shown 
in  Fig.  18. 

Knee  Turner 
Fig.  14  shows  a  type  of  tool  known  as  a  "knee  turner," 
'Which  can  sometimes  be  used  to  good  advantage  for  removing 
scale  from  the  work  by  preceding  the  drill,  reamer  or  other 
tool  being  used.  It  is  narrow,  so  that  it  takes  up  very  little 
space,  and  can  be  used  in  conjunction  with  some  other  tool. 
It  cuts  on  the  back  side  of  the  bar,  so  that  the  forming  tool 
can  be  operated  without  backing  off  the  knee  turner  from  the 
work  to  get  it  out  of  the  way. 

Feeds  and  Speeds  for  Turning 
The  feeds  and  speeds  used  on  the  Gridley  turret  lathe  when 
using  the  standard  turners  vary  considerably  and  are  governed 
entirely  by  the  material  and  nature  of  the  cut.  Because  of 
the  rigidity  of  the  machine,  it  is  generally  advisable  to  use  a 
coarse  feed  and  a  comparatively  slow  speed.  This  statement 
applies  especially  in  the  production  of  studs  or  other  work 
when  the  amount  of  metal  to  be  removed  is  considerable. 
When  only  light  cuts  are  to  be  taken,  however,  it  is  preferable 
to  increase  the  speed  and  decrease  the  feed,  although,  as  a 
general  rule,  the  speed  can  be  increased  without  any  corre- 
sponding decrease  in  feed  and  still  give  satisfactory  results, 
owing  to  the  elimination  of  chatter.  Each  different  piece,  how- 
ever, requires  a  careful  analysis  of  the  conditions  to  be  met 
in   order   to   determine   exactly  what   feed   and   speed   should 

be  used. 

*  *     * 

GRINDING- WHEEL  GRADES 
"Grade"  is  a  word  used  to  designate  the  relative  hardness  of 
any  given  grinding  wheel.  DiiTerent  methods  of  indicating 
grade  are  in  use,  the  most  common  employing  the  letters  of 
the  alphabet.  One  company  uses  the  first  letters  of  the  alpha- 
bet for  the  harder  grades,  the  middle  letters  for  the  medium 
grades,  and  the  last  letters  for  the  softer  grades.  Another 
company  uses  just  the  reverse  of  this  method,  while  others  use 
a  system  based  upon  some  particular  word.  Grade  is  deter- 
mined by  measuring  the  resistance  which  a  wheel  offers  to 
the  penetration  of  a  small  steel  tool  resembling  a  screwdriver. 
The  wheels  under  inspection  are  compared  with  wheels  of 
known  hardness,  so  that  all  variable  factors  are  reduced  to  a 
minimum.  The  belief  is  quite  common  that  a  grade  is  an 
exact  value.  A  grade  is  not  an  exact  value — it  is  a  range  be- 
tween limits,  and  all  wheels  that  come  within  this  range  are 
of  one  grade  and  carry  the  same  grade  letter.  A  test  was  made 
to  determine  the  hardness  of  each  grade  as  indicated  by  the 
tensile  strength.  A  lot  of  wheels  all  of  the  same  dimensions 
and  the  same  size  of  grain,  but  of  different  grades,  were 
slowly  speeded  up  to  a  point  where  centrifugal  force  became 
greater  than  the  tensile  strength  of  the  wheel,  and  breakage 
occurred.  The  number  of  points  per  square  inch  tensile 
strength  to  which  each  wheel  was  subjected  was  calculated, 
and  from  these  figures  the  following  results  were  plotted:  The 
tensile  strength  of  grade  O,  Norton  scale,  ranges  between  2100 
and  2050  pounds  per  square  inch;  grade  N,  between  the  limits 
of  2050  and  1975;  grade  M,  between  1975  and  1875;  grade  L, 
between  1875  and  1790;  grade  K,  between  1790  and  1700; 
grade  J,  between  1700  and  1600. — Condensed  from  talk  by  R.  G. 
Williams  of  the  Norton  Co. 

*  *     * 

The  firm  of  Isaac  Best  &  Co.,  Ltd.,  Newton  Heath,  Manches- 
ter, England,  recently  made  what  is  claimed  to  be  the  longest 
twist  drill  ever  produced.  The  length  of  the  drill  is  seven 
feet.  No  statement  is  made  of  the  object  of  making  so  long 
a  drill.  The  makers  are  patentees  of  machines  for  fluting 
twist  drills  and  reamers  and  for  backing  off  such  tools,  and 
possibly  the  drill  was  made  merely  for  advertising  purposes. 


THE   TUMBLING   BARREL 

BY  G.  R.   SMITH  ' 

One  of  the  oldest  and  simplest  metal-working  devices,  and 
perhaps  the  most  useful  in  its  field,  is  the  tumbling  barrel. 
Its  operation  requires  but  a  small  amount  of  power  and  the  at- 
tention of  one  unskilled  workman.  The  idea  involved  is  not 
of  recent  date;  it  is  as  old  as  mankind  itself,  being  simply 
an  adaptation  of  the  oldest  of  all  ideas  for  cleaning.  Have 
you  ever  seen  your  grandmother  clean  the  inside  of  a  stained 
bottle  by  shaking  in  it  a  few  small  stones  and  a  little  water? 
That  is  the  principle.  The  Aztecs  cleaned  and  polished  their 
gold  trinkets  by  placing  them  in  a  gourd  with  a  little  fine  sea 
sand  sifted  through  bits  of  porous  hides  and  then  shaking  the 
gourd  until  the  gold  was  clean  and  bright.  The  trinkets,  were 
brought  to  a  still  brighter  state  by  replacing  the  sand  with 
dry  fish  scales  and  again  shaking.  That  is  the  tumbling  bar- 
rel in  its  first  form;  both  the  idea  and  the  materials  used  to 
help  the  process  and  get  the  desired  results  are  old.  In  a 
study  of  the  habits  and  customs  of  the  savage  tribes  all  over 
the  globe,  the  same  idea  is  found  time  and  time  again;  we 
have  simply  commercialized  it  for  our  use. 

About  the  first  tumbling  barrel  of  real  commercial  value  was 
made  by  an  English  inventor,  William  Lee,  between  1585  and 
1590;  it  was  used  to  clean  the  iron  and  steel  parts  of  a  ma- 
chine for  knitting  stockings.  The  idea  was  speedily  adopted 
until  the  tumbling  barrel  became  widely  known.  Lee's  barrel 
was  a  crude,  hand-propelled  apparatus,  but  the  idea  was 
brought  out  in  such  a  way  as  to  show  at  once  its  value.  The 
idea  involved,  however,  is  not  the  product  of  a  certain  train 
of  thought,  as  is  the  case  with  many  inventions,  but  rather 
the  development  of  Nature's  own  bent.  Perhaps  the  simplest 
people,  the  crudest  minds,  received  the  idea  from  seeing  the 
stones  whirled  around  in  the  pot-holes  in  the  rocks  of  the 
streams  and  rivers  receiving  a  polish  by  the  constant  motion 
caused  by  the  flow  of  water;  be  that  as  it  may,  the  idea  is 
old,  simple,  cheap  and  effective. 

According  to  the  dictionary,  the  word  tumble  or  tumbling 
means  to  fall  suddenly,  to  roll  about,  to  turn  over,  a  rolling 
over.  That  explains  the  process  and  is  exactly  what  takes 
place  inside  the  tumbling  barrel  when  it  is  in  motion  and  what 
must  take  place  to  make  the  process  a  success.  This  is  the 
one  factor  the  writer  wishes  to  bring  out  more  than  anything 
else.  Each  piece  in  the  barrel  rolls  and  falls  over  the  other 
pieces,  rubbing  and  chipping  off  whatever  foreign  substance 
may  be  clinging  to  the  pieces  with  which  it  comes  into  con- 
tact. Whatever  material,  such  as  sand,  sawdust,  etc.,  may  be 
placed  in  the  barrel  with  the  work  is  only  to  aid  the  process 
of  cleaning;  the  falling  motion  of  one  piece  over  another  is 
what  does  the  work.  If  sand  and  cork,  or  sawdust,  are  used 
with  heavy  steel  work,  the  sand  helps  the  cleaning  process, 
and  the  cork,  or  the  sawdust,  absorbs  the  dust  that  comes  from 
the  process  and  in  a  way  helps  to  polish  the  work.  If  saw- 
dust alone  is  used,  it  lessens  the  severity  of  the  blow  of 
one  piece  against  the  others  and  helps  the  cleaning  process. 

Cleaning:  and  Polishing-  W^ork  by  Tumbling: 
In  all  cases  where  tumbling  is  done  to  clean  and  polish  the 
work,  it  is  the  falling  and  tumbling  of  each  piece  over  the 
others  that  effects  the  cleaning  and  polishing,  not  the  material 
that  is  placed  in  the  barrel  with  the  work.  The  work  would 
clean  itself  if  nothing  were  mixed  with  it;  therefore,  no  matter 
what  may  be  the  nature  of  the  work  being  tumbled,  sufficient 
space  must  be  left  in  the  barrel  for  it  to  do  its  work.  Nothing 
at  all  will  be  accomplished  if  the  barrel  is  filled  too  full  of 
work  or  the  work  mixed  with  so  much  sawdust,  sand  or  cork 
that  it  is  mechanically  impossible  for  the  pieces  of  work  to 
strike  against  one  another.  One  rule  that  may  be  laid  down 
for  all  classes  of  work  and  all  sizes  of  barrels  is  that  the  work 
to  be  tumbled  and  the  material  used  to  help  the  process,  such 
as  sawdust,  etc.,  should  not  occupy  more  than  one-third  the 
space  inside  the  barrel,  while  one-fourth  the  space  is  a  better 
ratio  to  insure  success.  Many  foremen  are  making  a  success 
of  tumbling  operations  by  placing  in  the  barrel  nothing  but  the 
work  to  be  tumbled. 


'Address:   19  Pond  St.,  Pittsficld,   Mass. 
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So  varied  is  llio  proceilure  to  get  dil'lerenl  results  on  dilTcr- 
ent  classes  of  work  that  it  is  out  of  the  question  to  lay  down  a 
set  of  prescribed  rules.  Small  work,  such  as  very  thin  sheet - 
brass  blanks,  copper  blanks,  etc.,  should  not  be  tunvbled  at  all. 
The  same  result  may  be  secured  much  more  quickly  and  at 
less  expense  by  pickling  or  the  bright  dip.  There  should  bo 
little  necessity  for  tumbling  punched  parts  of  this  kind,  for 
if  the  blanking  tools  are  kept  in  shape  and  ground,  there  will 
be  no  burr,  and  certainly  they  should  not  need  annealing  in 
the  blank.  Small  brass  and  copper  castings  or  drop-1'orgings 
may,  if  really  required,   be  cleaned   by  tumbling  in  sand. 

One  cause  of  failure  is  the  allowance  of  insufficient  time  in 
which  to  obtain  the  desired  results.  All  work  must  be  run 
until  thoroughly  treated,  whether  it  takes  one  hour  or  ten. 
The  operation  costs  next  to  nothing,  but  it  must  continue  until 
the  result  is  reached.  Nothing  can  hurry  the  process  and  the 
results  of  six  hours'  tumbling  cannot  be  expected  in  one  hour. 
Another  cause  of  poor  results  or  failure  is  the  amount  of  sand 
or  sawdust  used  in  proportion  to  the  work.  In  tumbling  five 
cubic  feet  of  work  the  writer  would  not  mix  more  than  one 
and  one-half  to  two  cubic  feet  of  sand,  sawdust  or  cork.  This 
must  be  measured  by  volume,  or  quantity,  and  not  by  weight, 
as  that  is  another  cause  of  failure;  the  sand,  sawdust  and 
work  will  weigh  in  greatly  varying  proportions. 

Copper  and  brass  punched  parts  are  successfully  tumbled  for 
burrs  in  soft-wood  sawdust  in  from  two  to  four  hours.  Steel 
and  iron  parts  may  be  tumbled  in  sea  sand  for  burrs,  scale  in 
annealing,  etc.,  in  from  three  to  six  hours'  run.  Burrs  and 
annealing  scale  have  been  removed  from  steel  blanks,  say  4  to 
6  inches  in  diameter  and  Vs  inch  thick,  in  a  five-hour  run,  with 
a  mixture  of  sea  sand  and  scrap  cork  (say  two  parts  cork  to 
two  parts  sand,  by  volume,  not  weight),  and  this  mixture  run 
dry  in  a  ratio  of  1  to  4  or  1  to  5  of  the  steel  blanks.  Steel 
blanks  6  inches  in  diameter  and  Vs  inch  thick  have  been 
tumbled  to  a  good  bright  finish  in  a  five  hours'  run  in  a  barrel 
of  one  cubic  yard  capacity,  using  one-third  as  much  pure  sand 
as  work  and  the  whole  load  being  but  three  cubic  feet. 
Punched  copper  commutator  segments  have  been  successfully 
tumbled  for  burrs  in  a  three  hours'  run  in  a  barrel  of  one 
cubic  yard  capacity,  using  one-third  as  much  pine  sawdust  as 
work  and  loading  the  barrel  about  half  full.  Machine-steel 
punched  hinge  parts  that  have  been  annealed  and  formed  have 
been  tumbled  for  burr  and  annealing  scale  and  brought  to  a 
bright  finish  in  a  six  hours'  run  in  a  one-cubic-yard  barrel, 
using  one-fourth  as  much  pure  sand  as  work  and  limiting  the 
load  to  three  cubic  feet.  Green-clay  and  sand  molded  castings 
have  been  successfully  cleaned  in  a  four  hours'  run  in  a  two- 
cubic-yard  barrel,  nothing  being  placed  in  the  barrel  but  the 
castings,  and  loading  to  one-third  its  capacity. 

Partly  finished  or  partly  polished  steel  goods  are  often  suc- 
cessfully tumbled  in  scrap  leather  to  get  a  higher  polish;  this 
is  simply  an  adaptation  of  the  Aztecs'  idea  of  shaking  gold 
trinkets  in  a  gourd  with  dry  fish  scales.  The  waste  shavings 
and  dust  that  come  from  the  manufacture  of  fiber  parts  are 
also  used  for  tumbling  steel  goods.  In  fact,  all  materials  used 
to  help  the  tumbling  process  should  be,  and  generally  are, 
wastes  from  other  manufactures. 

Silver  plating  has  been  done  in  the  tumbling  barrel  by  mix- 
ing a  heavy  mixture  of  chloride  of  silver,  water  and  common 
salt  with  granulated  cork.  Small  brass  parts  tumbled  in  this 
mixture  take  a  very  good  plate  in  from  one  to  three  hours. 
The  process  is  simply  the  rubbing  of  this  mixture  on  the  brass 
goods  by  the  granulated  cork. 

The  polishing  or  glaze  mill  used  in  the  manufacture  of  rifle 
powders  is  nothing  but  a  tumbling  barrel.  It  is  a  polished, 
maple-lined  barrel,  into  which  is  placed  a  quantity  of  powder 
as  it  comes  from  the  corning  mill;  the  falling  motion  of  each 
grain  over  the  others  gives  it  the  deep  glazed  luster. 

Wooden  handles,  knobs,  etc.,  are  successfully  cleaned  and 
smoothed  by  tumbling  with  bits  of  torn  sandpaper,  a  common 
oil  barrel  hooked  up  on  a  shaft  being  generally  used.  The 
writer  has  given  a  good  manufacturing  finish,  in  two  hours' 
run  in  a  sixty-gallon  oil  barrel,  with  twenty-four  sheets, 
10  by  12  inches,  of  torn  sandpaper,  medium  grade,  loading  the 
barrel  to  one-third  its  capacity.  This  gives  a  good  finish  for 
dipping  in  asphaltum  or  white  enamel  broken  up  in  gasoline. 


Horn  goods,  clam-  and  oyster-shell  novelties,  bone  products, 
etc.,  are  cleaned  and  polished  by  tumbling.  They  are  seldom 
mixed  with  any  other  materials. 

All  woods,  most  metals  and  many  <:omposition8  may  be  suc- 
cessfully tumbled  for  cleaning  and  polishing.  The  type  of 
tumbling  barrel  used  has  little  to  do  with  the  process,  as  one 
barrel  is  as  good  as  another,  except  perhaps  in  convenience 
The  speed  of  the  barrel  is,  of  course,  an  important  item;  it 
must  not  be  run  so  fast  as  to  carry  the  work  around  in  a  solid 
mass,  and  it  must  be  run  slow  enough  for  the  pieces  to  fall  and 
tumble  over  one  another.  To  be  effective,  the  barrel  should 
make  from  thirty  to  sixty  turns  a  minute.  Personal  judgpient 
and  experience  must  establish  the  rule  in  each  individual  case. 
In  no  case  should  work  be  tumbled  if  the  same  result  can  be 
reached  more  quickly  and  cheaply  by  other  means,  nor  should 
work  be  dipped,  pickled,  scratch-brushed  or  polished  that  can 
be  satisfactorily  tumbled. 

*     *     * 

USE   OF   FORMED   SOLDER 

In  manufacturing  articles  having  many  soldered  joints  diffi- 
cult to  reach,  it  is  good  practice  to  furnish  the  solder  punched 
or  formed  to  fit  the  seam,  as  the  time,  labor  and  solder  saved 
are  important  considerations;  moreover,  the  formed  solder  is 
more  likely  to  reach  every  part  of  the  seam  and  insure  a 
tight  joint. 

Fig.  1  shows  a  solder  link  stamped  from  a  thin  sheet  of 
solder  which  is  used  by  the  Ford  Motor  Co.  in  making  radia- 


Fig.    1.     Solder   Link  used 


naking   Ford  Eadiators 


tors  of  the  tubular  type.  The  radiator  element  is  built  up  of 
vertical  rows  of  tubes  pressed  through  thin  copper  plates.  The 
ends  of  the  tubes  must  be  soldered  tightly  into  the  water 
chambers.  The  solder  links  are  dropped  over  the  ends  of  the 
rows  of  tubes  and  are  melted  with  a  blow-torch,  as  shown  in 
Fig.  2.  The  solder,  being  applied  all  around  the  tube  in  link 
form,  runs  down  the  tube  to  the  tube  sheet  and  makes  a  prac- 
tically perfect  soldered  joint  on  five  tubes  simultaneously.  It 
is  obvious  that  much  time  is  saved  by  the  use  of  formed  solder 
links  in  confined  spaces  like  this;  in  fact,  it  would  be  practi- 
cally impossible  for  the  workman  to  apply  solder  to  all  the 
tubes  in  a  reasonable  length  of  time  unless  it  were  furnished 
him  in  the  stamped  shape. 
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Fig.  2.     Soldering  Vertical  Tubes  in  Water  Chambers  of  Ford  Radiators 
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SPECIAL-PURPOSE   TURRET    LATHE  WITH 
BALL-BEARING   SPINDLE 

BY  T.   S.   MACEWAN  ' 

A  heavy-duty,  32-iuch  turret  lathe,  recently  designed  by 
Charles  H.  Hollup  and  built  by  the  Vilter  Mfg.  Co.,  Milwaukee, 
Wis.,  is  shown  in  Pig.  1.    The  details  of  the  headstock  design 


Fig.    1.     Heavy-duty  32-inch   Turret   Lathe 

were  given  the  most  careful  consideration,  with  the  result  that 
ball  bearings  were  used  on  the  spindle  and  a  cone  clutch  was 
provided  for  quickly  throwing  the  back-gears  in  and  out. 

A  lathe,  to  be  a  profitable  investment,  must  be  capable  of 
producing  properly  machined  pieces  day  in  and  day  out  with 
the  minimum  of  attention.  This  means  that  the  working  spin- 
dle must  be  held  rigidly  and  must  be  free  from  chatter  under 
operating  conditions,  and  it  must  be  mounted  to  withstand  the 
tool  pressure  and  thrust  imposed.  To  produce  good  work,  a 
spindle  bearing  must  be  free  from  shake  and  hold  the  spindle 
tight.  A  great  many  people  claim  that  it  is  impossible  to 
keep  a  bearing  in  this  condition  for  any  length  of  time  with- 
out adjustment,  and  that  wear  begins  at  the  time  of  starting, 
soon  resulting  in  looseness.  While  a  countershaft  bearing, 
or  a  bearing  for  any  kind  of  shaft  that  does  not  carry  a  cutter 
or  work  that  is  being  cut,  can  be  slightly  loose  without  serious 
effect,  in  a  spindle  where  smooth  work  is  expected,  absolute 
tightness  must  be  preserved.  This  rigidity  of  the  spindle  not 
only  eliminates  chatter  where  heavy  cuts  are  taken  with  single- 
point  tools,  but  permits  a  light  finishing  cut  to  be  taken  with 
a  wide  shaving  tool.  Further,  any  shake  during  the  cut  due 
to  the  varying  cutting  depth  of  the  tool  is  prevented. 

In  Fig.  2  it  will  be  seen  that  the  front  bearing  surfaces  of 
this  turret  lathe  comprise  two  S  K  F  double-row,  radial,  self- 
aligning  ball  bearings  mounted  in  a  through  bored  housing, 
with  end  caps  bolted  to  the  frame  to  make  an  enclosed  type 


Ball  Bearing  Co..  Hartford,   Conn. 


of  bearing  combination.  The  machining  of  parts  is  simpli- 
fied and  greater  ease  in  erection  is  secured  through  the  use  of 
ball  bearings.  Two  ball  bearings  are  also  located  in  the  three- 
step  cone  pulley,  which  is  bored  to  correspond  with  the  outside 
diameter  of  a  standard  bearing.  When  running  loose,  the 
gear  load  for  the  driven  gear  mounted  on  the  lathe  spindle 
is  taken  by  one  of  these  bearings. 

The  operating  thrust  load,  of 
which  there  is  a  small  component 
in  turning  and  a  heavy  one  in  bor- 
ing work,  is  taken  on  the  set  of 
balls  of  the  double  thrust  bearing 
mounted  at  the  rear  of  the  spindle. 
Where  the  turning  is  done  toward 
the  direction  of  the  tailstock,  the 
thrust  is  in  the  opposite  direction 
to  the  forward  thrust,  and  the  load 
is  properly  taken  care  of  by  the  re- 
versal of  the  double  thrust  bearing 
and  the  assumption  of  the  load  by 
the  other  set  of  balls.  When  the 
back-gears  are  to  be  brought  into 
play  the  clutch  is  thrown  in  so  that 
gear  A  drives  the  corresponding 
back-gear.  With  direct  drive  the 
clutch  is  thrown  in  the  opposite  di- 
rection, so  that  the  cone  pulley 
drives  directly  through  the  spindle  to  the  work.  The  cross- 
feed  screw  of  the  carriage  is  provided  with  a  thrust  ball  bear- 
ing, by  means  of  which  undue  wear  and  the  resulting  lost 
motion  are  eliminated. 

*  *     * 

Methods  employed  in  manufacturing  are  sometimes  directly 
opposite  in  principle  to  those  that  would  naturally  be  followed 
when  making  the  parts  by  hand  one  at  a  time.  These  manu- 
facturing methods  have  been  adopted  because  they  overcome 
difficulties  of  handling  and  promote  rapid  production.  For 
instance,  in  making  motor  car  top  curtains,  the  Ford  Motor 
Co.  follows  the  practice  of  sewing  the  celluloid  windows  to  the 
fabric  before  cutting  the  openings.  The  fabric  holds  its  shape 
during  the  sewing  operation  and  there  are  no  holes  to  catch 
on  the  machine  and  interrupt  the  operation.  When  the  sewing 
is  done,  the  openings  are  cut  with  a  sharp  forked  knife  which 
slides  over  the  celluloid  and  cleanly  cuts  or  rips  the  fabric 
close  to  the  seam.  This  method  not  only  saves  the  sewing 
operator's  time,  but  also  permits  the  openings  to  be  cut  much 
more  evenly  and  expeditiously  than  would  be  possible  by  fol- 
lowing the  reverse  and  natural  process. 

*  *     * 

In  order  that  German  letters  patent  issued  to  American  citi- 
zens shall  not  lapse  because  of  the  non-payment  of  taxes,  or 
other  necessary  fees,  a  recent  presidential  proclamation  per- 
mits such  payments  to  be  made  throughout  the  duration  of 
the  war. 


Fig.    2.     Spindle  of  Special-purpose   Turret  Lathe 
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CAUSES  OF  RUPTURE  OF  STORAGE  CYLINDERS  USED  IN  WELDING  AND  CUTTING  OPERATIONS 

BY    EDWARD    K      HAMMOND' 


DURING  the  period  in  which  oxy-acetylene  welding  and 
cutting  were  in  process  of  development,  the  explosion 
of  an  acetylene  generator  was  not  an  unusual  occur- 
rence, accidents  of  this  kind  being  due  to  generators  of  un- 
suitable design  and  improper  methods  of  handling  the  gas. 
An  increase  of  knowledge  on  this  subject  was  the  means  of 
practically  eliminating  these  sources  of  danger.  Recently 
there  have  been  several  serious  explosions  of  oxygen  used  in 
connection  with  acetylene  in  the  welding  and  cutting  of  metals. 
It  has  become  a  matter  of  general  knowledge  that  acetylene 
must  be  handled  with  care,  but  many  users  of  oxy-acetylene 
torches  do  not  realize  that  there  are  dangers  connected  with 
the  use  of  oxygen  of  unknown  purity,  and,  as  a  result,  serious 
accidents  are  likely  to  occur.  This  is  due  in  part  to  the  fact 
that  some  manufacturers  of  electrolytic  oxygen  generators 
have  unwisely  advertised  the 
statement  that  their  machines 
are  fool-proof  and  can  be 
safely  operated  by  laborers  of 
average  intelligence.  This  may 
be  the  case  so  long  as  every- 
thing goes  properly,  but  it  re- 
quires a  particularly  intelli- 
gent attendant  to  detect  an 
abnormal  condition  of  opera- 
tion before  a  lot  of  dangerous 
gas  has  been  generated  and 
sent  out  to  the  welding  shop. 
An  inquiry  made  by  .  Ma- 
chinery to  ascertain  the  dif- 
ferent sources  of  danger  con- 
nected with  the  use  of  com- 
mercial oxygen  or  the  opera- 
tion of  electrolytic  oxygen 
generators,  and  the  precau- 
tions that  should  be  taken  to 
avoid  accidents  from  these 
causes,  has  revealed  the  in- 
formation outlined  in  the  fol- 
lowing article. 

In  starting  upon  this  dis- 
cussion, attention  is  called  to 
the  fact  that  commercial  oxy- 
gen may  be  produced  by 
either  of  two  processes.  The 
first  is  generally  known  as 
the  liquid  air  method,  which 
consists  of  liquefying  air  by 
the  application  of  pressure 
and  reducing  the  temperature,  and  then  separating  the  oxygen 
from  the  nitrogen  by  taking  advantage  of  the  difference  in 
boiling  points  of  the  two  liquids.  Oxygen  produced  in  this  way 
cannot  explode  through  the  presence  of  impurities,  because 
these  impurities  are  nitrogen  and  other  gases  which  are  chem- 
ically inert.  The  second  method  of  obtaining  oxygen  is  by  the 
electrolysis  of  water,  and  here  there  is  a  possibility  of  acci- 
dents due  to  hydrogen  being  present  in  sufficient  quantity  to 
make  a  mixture  that  is  highly  explosive.  This  danger  is  theo- 
retical rather  than  practical,  so  long  as  the  proper  precautions 
are  taken  in  the  operation  of  electrolytic  generating  plants; 
but  where  there  is  lack  of  care  in  attending  to  generators  or 
where  the  generators  are  of  unsuitable  design,  this  danger 
may  prove  serious.  ' 

Theoretically,  the  explosion  of  a  mixture  of  hydrogen  and 
oxygen  results  in  the  combination  of  two  volumes  of  hydro- 
gen gas  with  one  volume  of  oxygen;  but  while  this  is  the  mix- 
ture required  for  a  complete  explosion,  experience  has  shown 
that  there  is  a  wide  range  of  mixtures  that  constitute  what 
may  be  called  a  danger  zone,  i.  e.,  mixtures  that  may  explode 

'Associate  Editor  of  Machineht. 
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with  violence  under  certain  conditions.  This  question  was 
considered  of  sufficient  importance  to  warrant  an  investigation 
being  undertaken  at  the  Pittsburg  Laboratory  of  the  Bureau 
of  Mines,  where  it  was  found  that  mixtures  ranging  from  9  per 
cent  of  hydrogen  and  91  per  cent  of  oxygen  up  to  92  per  cent 
of  hydrogen  and  8  per  cent  of  oxygen  were  likely  to  give 
trouble.  This  is  more  liberal  than  limits  established  by  the 
Davis-Bournonville  Co.,  Jersey  City,  N.  J.,  a  well-known  manu- 
facturer of  welding  and  cutting  equipments,  including  oxygen 
generators.  In  this  company's  laboratories  the  danger  zone 
was  found  to  cover  a  wider  range,  extending  from  6  per  cent  of 
hydrogen  and  94  per  cent  of  oxygen  down  to  97  per  cent  of 
hydrogen  and  3  per  cent  of  oxygen.  The  idea  of  this  danger 
zone  will  be  best  understood  by  reference  to  the  tabulated  fig- 
ures, the  brackets  representing  the  range  of  explosive  mix- 
tures. Here  it  will  be  evi- 
dent that  mixtures  of  hydro- 
gen and  oxygen  represented 
by  the  high  and  low  limits, 
and  all  mixtures  coming  be- 
tween these  limits,  may  be 
made  to  explode  under  suit- 
able conditions. 
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Automatic  Switch  to  prevent  Reversal 
of  Generator 


Note — Brackets  inside  the  colunans 
represent  range  of  explosive  mixtures, 
as  determined  by  Bureau  of  Mines; 
and  brackets  outside  the  columns 
cover  range  of  mixtures  found  to  be 
explosive  by  the  Davis-Bournonville  Co. 

Investigations  conducted 
with  the  view  of  determining 
the  cause  of  oxygen  explo- 
sions that  have  resulted  disas- 
trously have  led  to  certain  im- 
portant modifications  in  the 
design  of  electrolytic  genera- 
tors and  auxiliary  equipments 
to  prevent  the  recurrence  of 
such  accidents.  In  the  opera- 
tion of  an  electrolytic  cell,  de- 
composition of  water  results 
in  liberation  of  hydrogen  at  the  negative  electrode  of  the  cell, 
while  oxygen  passes  off  from  the  positive  electrode.  The  cells 
are  so  arranged  that  gas  collected  from  each  of  these  electrodes 
is  passed  into  containers  provided  for  the  hydrogen  and  oxy- 
gen, respectively.  Should  it  happen  that  the  polarity  of  the 
generator  is  reversed,  it  would  result  in  a  corresponding  re- 
versal of  the  polarity  of  the  cells,  so  that  oxygen  would  be 
collected  in  the  container  provided  for  hydrogen,  and  vice 
versa. 

As  a  matter  of  fact,  this  has  been  the  cause  of  some  serious 
accidents,  and  a  study  of  the  subject  led  to  the  provision  of 
safety  devices  which  make  it  impossible  for  trouble  of  this 
kind  to  occur.  The  safeguard  consists  of  an  automatic  switch, 
which  makes  connection  with  the  electrolytic  cells  only  after 
the  generator  has  reached  normal  speed  and  is  developing  its 
normal  electromotive  force.  The  necessity  for  this  provision 
arises  from  the  fact  that  at  any  time  when  the  operation  of  a 
generator  is  stopped  there  is  a  tendency,  while  the  armature 
is  still  turning  over  by  inertia,  for  a  counter-electromotive 
force  to  be  built  up  in  the  cells.  This  may  reach  suflJcient  pro- 
portions to  overcome  the  magnetic  force  of  the  field  windings 
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of  the  generator,  so  that  when  it  is  again  started  the  generator 
will  operate  with  its  polarity  the  reverse  of  normal  and  supply 
energy  of  a  correspondingly  reversed  polarity  to  the  elec- 
trolyzers. 

Should  such  a  condition  exist,  it  is  obvious  that  hydrogen 
would  be  delivered  to  the  oxygen  gas-holder  and  oxygen  to 
the  hydrogen  gas-holder,  thus  forming  a  dangerous  mixture 
with  the  gas  already  in  these  holders.  But  with  the  automatic 
switch  referred  to,  there  is  no  danger  of  this  trouble,  because 
the  generator  will  have  assumed  a  normal  speed  and  developed 
its  normal  electromotive  force  before  the  switch  can  be  closed 
to  allow  current  to  pass  through  the  cells.  This  method  of 
safeguarding  the  connecting  of  the  electrolyzers  to  the  power 
supply  makes  it  impossible  for  a  counter-electromotive  force 
in  the  cells  to  overcome  residual  magnetism  in  the  windings 
of  the  generator.  In  the  switchboard  illustrated  in  Fig.  1, 
the  switch  shown  at  A  is  for  making  connection  between  the 
generator  and  cells,  and  is  automatically  closed  by  magnetic 
coils  B  when  the  generator  speed  and  voltage  have  reached 
the  normal  figure.  When  the  electric  generator  is  stopped,  the 
circuit  through  the  electrolytic  cells  is  automatically  broken. 

To  further  assure  against  trouble  from  a  counter-electro- 
motive force  in  the  electrolytic  cells  due  to  causes  outside  the 
plant,  such  as  the  reversal  of  phase  in  the  motor  supply  cir- 
cuit, transposition  of  connections  at  the  electrolytic  cells, 
etc.,  use  is  made  of  a  polarized  relay  connected  to  a  special 
shunt.  This  provides  for  opening  a  single-pole  relay  in  the 
control  circuit,  and  the  only  way  in  which  this  circuit  may 
be  re-established  is  to  close  the  relay  by  hand,  provided  the 
polarity  has  been  restored  to  normal.  If  a  plant  is  equipped 
with  this  system  of  control,  reversal  of  polarity  is  indicated 
by  failure  of  the  electrolytic  cells  to  operate.  It  is  important 
to  note  that  the  generator  used  in  connection  with  electro- 
lytic cells  should  be  of  the  shunt-wound  type,  because  with 
compound-wound  generators  there  is  greater  danger  of  reversal 
due  to  the  countet-electromotive  force  in  the  cells  passing 
through  the  series  turns. 

In  addition  to  danger  of  the  generation  of  explosive  mix- 
tures of  oxygen  and  hydrogen  through  a  reversal  of  polarity 
of  the  generator,  trouble  may  also  be  experienced  through  im- 
proper connection  of  the  terminals  of  electrolytic  cells.    As  a 
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Tig.  2.     Apparatus  for  determining  Purity  of  Oxygen  by  Absorption  with 
Metallic  Copper 


Fig.  3.     Apparatus  for  detorTnining  Percentage  of  Hydrogen  by  Combustion 

Method,  and  Percentage  of  Oxygen  by  Absorption  with  Metallic  Copper 

or  sticks  of  Phosphorus 

matter  of  fact,  this  was  the  cause  of  a  serious  explosion  which' 
occurred  in  St.  Louis  some  time  ago.  With  the  view  of  pre- 
venting accidents  of  this  kind,  the  Davis-Bournonville  Co.  and 
other  manufacturers  of  electrolytic  cells  have  designed  their 
electrical  connections  in  such  a  way  that  it  is  impossible  to 
connect  them  with  the  wrong  polarity. 

There  is  only  one  way  to  be  sure  that  the  purity  of  oxygen 
generated  in  electrolytic  cells  is  up  to  the  required  standard, 
and  that  is  by  making  chemical  analyses  at  intervals  of  at  least 
two  hours.  As  a  matter  of  fact,  these  analyses  are  simple  to 
make  and  do  not  call  for  extensive  technical  knowledge  of 
chemistry.  Several  methods  are  employed,  the  most  common 
one  being  that  of  measuring  one  hundred  cubic  centimeters  of 
gas  into  a  burette  and  then  running  this  gas  over  into  another 
burette  in  which  the  hydrogen  is  burnt  out  by  a  platinum  coil, 
which  is  raised  to  a  red  heat.  The  gas  is  then  returned  to  the 
first  burette  and  again  measured,  the  contraction  in  volume 
expressed  in  cubic  centimeters  representing  the  percentage  of 
hydrogen  in  the  gas. 

Other  methods  of  determining  the  purity  of  oxygen  consist 
of  running  the  measured  volume  of  gas  into  a  second  burette 
containing  either  pure  metallic  copper  or  sticks  of  phosphorus. 
Both  these  materials  have  the  power  to  absorb  oxygen  from  the 
mixture  of  oxygen  and  hydrogen,  and  after  this  absorption  has 
been  completed,  the  hydrogen  is  returned  to  the  burette  and 
measured.  The  contraction  in  this  case  represents  the  per- 
centage of  oxygen  present.  Standard  apparatus  can  be  pur- 
chased for  making  all  these  tests.  In  practice,  it  is  customary 
to  get  a  purity  of  99.7  to  99.8  per  cent  for  hydrogen  and  a 
purity  of  about  99.5  per  cent  for  oxygen.  If  the  purity  of 
hydrogen  runs  below  99.5  per  cent  or  the  purity  of  oxygen  is 
found  to  be  below  99  per  cent,  it  is  considered  that  the  gen- 
erator is  operating  unsatisfactorily,  and  the  man  in  charge 
of  the  station  immediately  proceeds  to  look  for  the  cause. 
Where  this  precaution  is  taken,  there  is  little  danger  of  trouble 
from  the  use  of  electrolytic  oxygen,  because  a  high  factor  of 
safety  is  provided. 
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lOxpcrienoe  has  shown  thai  in  the  presence  of  oil  there  is 
(iaiiKcr  of  an  oxygen  cylinder  "exploding"  from  what  may  prop- 
erly be  termed  "spontaneous  combustion"  of  the  cylinder,  al- 
though the  gas  is  pure  oxygen  without  any  trace  of  hydrogen. 
This  is  due  to  the  fact  that  the  action  of  oxygen  under  high 
pressure— usually  about  1800  pounds  per  square  inch — results 
in  oxidation  of  the  oil,  thus  raising  the  temperature  suthcienlly 
to. start  the  oxygen  acting  upon  the  iron  cylinder,  which  is 
burnt  away  and  allows  the  high-pressure  gas  to  expand  rapidly. 
This  could  not  properly  be  called  an  explosion,  because  an  ex- 
plosion is  usually  understood  to  mean  rapid  combustion  ac- 
companied by  rapid  expansion.  However,  the  condition  that 
exists  when  the  high-pressure  oxygen  is  allowed  to  expand 
suddenly  is  similar  to  a  true  explosion,  and  the  results  have 
been  serious  in  some  cases.  In  this  connection  it  is  of  interest 
to  note  that  oxygen  produced  by  the  liquid  air  process  and 
oxygen  generated  in  electrolytic  cells  are  equally  likely  to  give 
trouble.  Recently,  the  statement  was  made  that  this  source 
of  trouble  could  be  eliminated  by  substituting  graphite  as  a 
lubricant  in  place  of  oil,  but  experiments  conducted  by  the 
International  Oxygen  Co.,  the  Davis-Bournonville  Co.  and 
others  show  that  graphite  is  just  as  dangerous  as  oil. 

Still  another  hypothesis  has  been  advanced  as  to  a  source 
of  danger  from  the  explosion  of  hydrogen.  Reference  has  al- 
ready been  made  to  the  fact  that  experimental  data  show  that 
there  must  be  at  least  6  per  cent  of  hydrogen  in  the  oxygen  to 
make  the  mixture  explosive.  This  refers  to  6  per  cent  of 
hydrogen  uniformly  mixed  through  the  entire  volume  of  oxy- 
gen. Readers  of  Machinery  are  doubtless  familiar  with  the 
so-called  kinetic  theory  of  gases,  otherwise  known  as  the 
theory  of  uniform  diffusion.  According  to  this  theory,  the 
constituents  of  mixed  gases  are  kept  uniformly  distributed, 
due  to  the  kinetic  action  of  molecules  of  the  gas.  For  in- 
stance, a  mixture  of  hydrogen  and  oxygen  containing  3  per 
cent  of  hydrogen  would  have  the  hydrogen  uniformly  mixed 
through  the  97  per  cent  of  oxygen,  and  as  it  has  already  been 
mentioned  that  a  minimum  of  6  per  cent  of  hydrogen  is  re- 
quired to  make  the  mixture  explosive,  it  will  be  apparent 
that  there  would  be  no  danger  with  this  gas  under  normal 
conditions. 

In  practice,  accidents  have  occurred  through  the  explosion 
of  oxygen  cylinders  in  which  the  head  has  been  blown  out  of 
the  cylinder,  and  investigations  conducted  to  determine  the 
cause  of  these  accidents  have  led  to  the  belief  that  under  the 
high  pressure  which  exists  in  an  oxygen  cylinder — amounting 
to  approximately  1800  pounds  per  square  inch — the  theory  of 
uniform  diffusion  is  not  effective;  it  is  assumed  that  under 
these  conditions  of  pressure  the  gases  settle  out  into  strata, 
according  to  their  specific  gravities,  the  result  being  that  the 
hydrogen  rises  to  the  top  of  the  cylinder.  This  action  may 
not  be  complete,  but  if  there  were  a  tendency  for  such  settling 
out  to  occur,  it  could  easily  result  in  producing  an  explosive 
mixture  of  hydrogen  and  oxygen  at  the  top  of  the  cylinder, 
even  though  there  were  not  sufficient  hydrogen  to  make  the 
entire  mixture  explosive.  If  such  conditions  can  be  developed, 
it  is  apparent  that  flashback  or  other  cause  of  ignition  would 
immediately  ignite  the  mixture  and  result  in  the  explosion  of 
the  gas  in  the  cylinder.  The  theory  is  interesting,  although  it 
has  not  been  definitely  established  by  a  carefully  conducted 
scientific  experiment.  An  accident  of  the  same  kind  might 
also  be  produced  through  the  action  of  oxygen  on  the  oil  used 
to  lubricate  the  valve. 

In  handling  oxygen  cylinders,  it  should  always  be  borne  in 
mind  that  the  gas  is  under  high  pressure,  and  as  a  result  it 
requires  intelligent  care  to  prevent  accidents.  Cylinders  should 
not  be  dropped  or  handled  roughly,  and  they  should  not  be 
placed  so  that  they  can  be  easily  overturned  either  by  col- 
lision with  some  other  object  or  by  "the  reaction  due  to  the 
violent  escape  of  their  contents  through  the  safety  outlet  with 
which  each  cylinder  is  provided.  The  valve  regulating  devices 
and  other  attachments  should  not  be  lubricated  with  oil  for 
reasons  to  which  reference  has  already  been  made.  Discharge 
valves  should  be  opened  slowly  and  special  care  should  be 
taken  to  avoid  twisting  or  straining  the  valves  by  the  use  of 
hammers  or  improper  wrenches. 


Much   valuable  information  has  been  gathered  by  members 

of  the  Committee  on  Production  of  Electrolytic  Oxygen  and 
Hydrogen  which  has  been  appointed  liy  the  Compressed  Gas 
Manufacturers'  Association,  Inc.,  120  Broadway,  New  York 
City,  concerning  possible  dangers  connected  with  the  use  of 
oxygen  in  the  operation  of  cutting  and  welding  torches.  Dis- 
tribution of  information  concerning  the  proper  way  to  use 
oxygen  and  the  safeguards  that  should  be  taken  to  avoid  acci- 
dents will  doubtless  be  the  means  of  overcoming  much  trouble 
from  this  source. 


TAPER  MACHINE  REAMERS 

The  taper  machine  reamers  shown  herewith  liave  been  suc- 
cessfully used  by  the  Brown-Lipe-Chapin  Co.,  Syracuse,  N.  Y., 
by  whom  they  were  developed.  The  roughing  reamer  has  two 
cutting  edges,  and  the  main  body  is  made  from  a  flat  bar  of 
steel,  approximately  %  inch  thick.  After  being  cut  to  length, 
it  is  centered  and  turned  to  the  desired  contour.  Two  flat 
pieces  of  machine  steel  are  riveted  to  the  body  to  form  the 
shank,  and  turned,  leaving  a  sufficient  amount  for  grinding. 
The  chief  difference  between  this  taper  roughing  reamer  and 
other  types  is  the  way  in  which  it  is  ground  and  backed  off. 
Just  in  front  of  the  cutting  edge  a  liberal  radius  is  milled  to  a 
depth  of  3/32  inch.  This  not  only  gives  adequate  clearance, 
but  furnishes  a  well  shaped  surface  for  chips  to  slide  upon. 
The  taper  is  first  ground  accurately  until  the  large  end  is  of 
the  correct  diameter.  After  this,  the  curvature  of  the  two 
flutes  is  flattened,  leaving  only  1/64  inch  of  the  curved  surface 
produced  by  grinding.  Next  the  reamer  is  oscillated  on  the 
centers  by  hand  and  a  clearance  is  ground  radially  on  the  edge 
back  of  the  flute.  The  clearance  in  this  case  is  0.020  inch,  as 
shown  in  the  upper  view  of  the  illustration. 

Finishingr  Reamer 

The  finishing  reamer  is  five-fluted  and  is  milled  from  a 
solid  forging.  Two  cutters  are  used  in  milling  the  reamer. 
The  first  is  a  plain  right-angle  cutter,  which  is  followed  by 
one  of  %  inch  radius.  The  latter  produces  the  under-cut, 
which  makes  these  reamers  so  effective.  After  the  reamer  is 
ground,  the  flutes  are  flattened  the  same  as  in  the  roughing 
reamer.  The  radial  clearance,  however,  on  the  back  of  each 
tooth  is  less  than  in  the  former  case,  varying  from  0.005  to 
0.010  inch.  This  reamer  is  fitted  at  the  driving  end  so  that 
it  may  float  freely  when  in  use. 

An  advantage  that  these  reamers  have  over  many  others  is 
the  fact  that  they  actually  cut  the  metal  rather  than  scrape 
it.  Another  advantage  is  the  fact  that  it  is  impossible  to  crowd 
the  reamers  into  the  work  enough  to  dafnage  them,  since  the 
clearance  is  a  known  factor.  The  economy  of  the  construction 
of  the  roughing  reamer  is  worthy  of  note  because  of  the  high 
price  of  steel.  V.  B. 
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FORMULAS  FOR  DETERMINING  SIZES  OF  ONE-.  IWO-  AND  THREE-PLUNGER  PUMPS 

BY   A.  LEWIS  JENKINS  1 


THE  pressure  required  on  the  ram  of  a  hydraulic  baling 
press  increases  as  the  density  of  the  bale  increases.  The 
pressure  at  the  beginning  of  the  stroke  depends  upon  the 
density  with  which  the  material  is  packed  in  the  baling  box, 
and  at  the  end,  upon  the  amount  that  the  bale  is  compressed. 
A  similar  variation  takes  place  throughout  the  run  of  an  un- 
balanced hydraulic  lift,  the  required  pressure  increasing  di- 
rectly as  the  run  of  the  ram. 

Presses  for  baling  cotton,  hay  and  similar  materials  are 
usually  supplied  with  water  or  some  other  liquid  by  a  belt-  or 
motor-driven  pump.  The  speed  and  width  of  the  belt  are  con- 
stant, and  this  means  that  there  is  a  constant  amount  of  power 
available,  and  the  plungers  of  the  pumps  run  at  a  constant 
speed.  When  the  pump  is  provided  with  only  one  plunger,  its 
diameter  or  area  is  determined  by  the  final  pressure  required, 
its    velocity    and    the    available    horsepower    obtained    from: 

pvz 


H.P. 


33,000  X  12 
where  H.P.  =  available  horsepower; 

p  =  maximum  or  final  pressure  in  pounds  per  square 
inch ; 

i;  =  velocity  of  plunger  in  inches  per  minute; 

z  =  area  of  ram  in  square  inches. 
At  the  beginning  of  the  stroke  of  the  press  ram,  a  very  low 
pressure  is  sufficient  to  move  it.  Hence,  it  will  be  seen  from 
the  preceding  equation  that  the  power  required  to  deliver  the 
water  at  the  beginning  of  the  ram  stroke  is  very  small  com- 
pared with  the  power  required  in  producing  the  final  pressure; 
and  the  time  for  one  operation  is  much  longer  than  it  would 
be  if  the  maximum  available  horsepower  could  be  utilized 
throughout  the  entire  stroke.  This  condition  could  be  realized 
for  all  positions  of  the  stroke  of  the  baling  press  if  it  were 
possible  to  make  pv  a  constant,  where  p  is  the  pressure  at  any 
position  of  the  stroke.  This  has  been  done  to  some  extent  by 
using  a  mechanism  similar  to  the  Stephenson  link,  which 
varies  the  length  of  stroke  of  the  pump,  making  it  shorter  as 
the  pressure  increases,  and  thereby  maintaining  a  constant  re- 
quired power.  Other  methods  have  been  tried,  such  as  placing 
two  pump  plungers  in  the  same  plunger  box  and  adjusting 
their  relative  positions  by  shifting  their  eccentrics  in  such  a 
.  way  as  to  vary  the  effective  displacement.  The  design  of  a 
pump  which  maintains  a  constant  value  of  pv  is  more  or  less 
complicated,  and  such  pumps  are  expensive  to  construct.  The 
result  is  obtained  by  automatically  varying  the  length  of 
stroke  or  by  changing  the  relative  positions  of  the  two  plungers 
working  in  the  same  plunger  box. 
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Fig.  1.     Diagram  illustrating  Relation  between  Pressure  of  Pump  Plunger 
and  Travel  of  Ram  of  Press 


Fig.    2.     Arrangement   of   Multiple-plunger   Pump 

Another  method  of  maintaining  a  constant  hor.sepower 
throughout  the  stroke  of  the  press  is  effected  by  making  pz 
constant;  but  this  cannot  be  thoroughly  accomplished  in  a 
commercial  machine.  An  approximation  of  this  method,  how- 
ever, has  proved  to  be  the  most  satisfactory  solution.  The 
time  required  for  one  operation  may  be  decreased  by  using 
more  than  one  plunger  and  automatically  cutting  out  one  at  a 
time  as  the  increasing  pressure  raises  the  power  required  to 
drive  the  pump  with  the  active  plungers  in  operation.  Thus, 
a  pump  provided  with  three  plungers  having  areas  A,  B  and  C, 
respectively,  may  have  all  three  plungers  in  operation  for  a 
portion  of  the  stroke  of  the  press  ram,  and  when  the  pressure 
times  the  area  of  all  three  of  the  plungers  becomes  sufficient 
to  require  all  the  available  power,  plunger  G  "knocks  out" 
and  A  and  B  continue  to  operate  until  the  power  again  be- 
comes equal  to  the  maximum  and  B  "knocks  out,"  allowing 
the  plunger  A.  to  finish  the  operation,  which  requires  the  maxi- 
mum pressure. 

All  of  the  plungers  A,  B  and  C  may  be  made  equal  in  area, 
and  the  pressure  at  which  they  should  knock  out  may  be  de- 
termined; but  for  ordinary  baling  operations  this  is  not  the 
most  economical  proportion  of  plunger  areas  from  the  stand- 
point of  available  power  and  the  time  required  to  compress  a 
bale.  For  baling  cotton  and  similar  materials  the  relation  be- 
tween the  pressure  per  square  inch  on  the  ram  and  the  travel 
of  the  ram  in  inches  may  be  expressed  by  the  equation : 

y  =  kx^ 
where  y  =  pressure  per  square  inch  of  the  water  acting  upon 
the  ram  of  the  press  after  it  has  traveled  a  distance  x  from 
the  beginning  of  the  stroke,  and  fc  is  a  constant  depending 
upon  the  area  of  the  platen  and  nature  of  the  material  pressed. 

Proportions  of  Plung-ers  for  Three-plunger  Pump  for  Baling- Cotton 
It  is  desirable  to  have  the  plungers  of  such  proportions  that 
they  will  raise  the  ram  of  the  press  in  a  minimum  time  when 
a  given  power  is  available.     The  relation  between  pressure  y 
and  travel  x  is  shown  in  Fig.  1,  and  a  diagram  showing  the 
arrangement  of  the  plungers  of  the  pump  is  shown  in  Fig.  2. 
Let  z,  =  area  in  square  inches  of  the  three  plungers  A,  B 
and  C; 
z,^  area  in  square  inches  of  the  two  plungers  A  and  B; 
«3  =  area  in  square  inches  of  the  plunger  A; 
V  =  velocity  of  the  plungers  in  inches  per  minute; 
2/,  =  pressure   in   pounds   per   square   inch   at   which    G 

knocks  out; 
}/,  =  pressure   in   pounds   per   square   inch   at   which   B 
knocks  out; 
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y. 


Hut 
and 
where 


and 


:  pressure   in   pounds   per   square   inch   at   which    .1 
knocks  out,  or  the  final  pressure  required; 
X,  =  distance  in  inelies  ram  of  press  lias  travoled  wlien 

C  knocks  out; 
.Tj  =  distance  in  inches  ram  of  press  has  traveled  when 

B  knocks  out; 
a-j  =  distance  in  inches  ram  of  press  lias  traveled  when 

A  knocks  out,  or  total  travel  of  press  rain ; 
M  —  area  of  press  ram  in  square  inches; 
/,  —  time  in  minutes  the  plunger  V  operates,  or  time  the 
area  s,  is  in  action  during  working  stroke  of  the 
press  ram; 
U  =  time  in  minutes  the  area  2,  is  in  action  during  the 

working  stroke  of  the  press  ram; 
«3  =  time   in   minutes  the  area  z^  is   in  action,   or  the 

period  during  which  only  the  ram  A  is  operating      Sives: 
during  the  working  stroke  of  the  press  ram; 
T  =  total    time    in    minutes    required    for    the    working 
stroke  of  the  press  ram  =  f,  +  t.,  +  t-,. 
The  volume  displaced  by  the  press  ram  for  any  position,  a 
distance  x  from  the  beginning  of  the  stroke,  is  Mx.     The  vol- 
ume displaced  by  area  z,  of  the  pump  plungers  for  a  travel  x, 
of  the  press  ram  is  Mx,.    The  pump  plunger  area  z,  is  in  opera- 
tion while  the   press   ram   travels   from  x,  to  x,;    hence,   the 
volume  displaced  by  z,  is  equal  to  M(x,~x,).     Similarly,  the 
volume  supplied  by  23  is  ^(xj  —  a;^). 

Substituting  the  values  of  x  given  by  the  following  equation: 


Since  the  denominators  of  these  fractions  are  equal: 


Vi  = =  l)Vs 

«! 

VaZ, 

V2  = =  ay, 

Za 

z,  A 


A+B  +  C 
A 


kx'  or 


3  I  2/. 
=  -*^.  I =  volume  supplied  by  area  2,; 

(«2  —  X, )  =  ^/  /     I -^  —  j  =  volume  supplied  by 


wo  have: 
Mx, 


area  22; 


M(x^  —  x.J  =  . 


—  I  =  volume  supplied  by  area  z^. 


|Z/3 

k       \1  k 

The  time  t  in  minutes  required  to  raise  the  press  ram  a  dis- 
tance X  with  one  plunger  having  an  area  z  and  velocity  v  is: 
volume  displaced  by  press  ram         Mx 

rate  of  flow  of  water  from  pump         zv 
By    substituting    the    value    of  jr    given    by    the    equation 

y 


we  get: 


M 


-4_ 

zv  \   k 


-^y 


where  to  = —  =  constant; 

Similarly, 

m    _ 

^»  = '^yi  =  time  area  z,,  is  in  action 

2, 


t,  =  - 


i^y. 


^2/1)  =  time  area  2, 


IS  in  action 


'3  — (xS'2/3— i^'?/,)  =  time  area  2^  is  in  action 

«3 

Hence,  the  total  time  T  required  to  raise  the  press  ram  is: 
m      m 

«i  22 


—  i-^y-. 


^y-i)  minutes 


In  order  to  have  the  power  equal  at  pressures  y„  y,  and  y,: 

2/A  =  2/2«2  =  2/323 
By  multiplying  the  numerators  and  denominators  of  respec- 
tive terms  on  the  right  of  the  equation  for  T  by  y„  y,  and  y. 


gives : 

my. 

WiJ/j 

T  = 



^2/.  + 

«.2/i 

z,y. 

('i'y,  —  ^^,)  + 


2'32/3 


(^2/3    —     •^2/2) 


22  A+B 

Substituting  the  values  of  1/,  and  y.  in  the  above  equation 


(.'/:i'''^  +  .'/:i''"'  —  <ih''!/3^  +  yj  —  y^a}  \ 


2/3  2:i 


Simplifying  this  equation,  we  get: 

mil-} 
T  =  —^ 


(^hi  +  a'  -  nh''  +  1-  o^  ) 


The  relation  of  a  to  &  that  will  give  a  minimum  value  of  T 
dT  dT 

may  be  found  by  making =  0  and  =  0,  and  solving 

da  db 

the  two  resulting  equations  as  follows: 


0 


(IT 
da 

"','/3'/4                        1    ^ 
23      \'3                    3rt'  / 

Since 

my,^ 

is  not  =  0 

23 

4    ,         ,        1 

_„5  -  ?>i =0 

3                     3a5 

(IT 
db 

23     \3            3?>'  / 

Hence 

4     ,          0 

3             3?)5 
46  =  a 

By  substituting  a  ■■ 

=  4&  in  the  equation: 

4     ,         ,         1 

((i       h-                 -  0 

3                    3a' 

a 

=  0.474  and  6  =  0.1185 

From 

the  equation: 

A-\-B 
1  — ( 


B  =  A 


1  — a 


From  the  equation: 

A 

Z)= 

A+B  +  0 
A  A 

C  = A—B= A 

b  b 

C  =  A\ 

\   b        a 

By  substituting  a  =  0.474  and  b  =  0.1185  in  the  preceding 
equation: 

B  =  l.llA  and  C  =  6.33A 
Since  the  area  varies  as  the  square  of  the  diameter,  diameter 
of  ram  B  is  1.05  X  diameter  of  A;  and  the  diameter  of  C  is 
2.52  X  diameter  A.  Hence,  for  baling  a  material  which  obeys 
the  law  y  =  kx^,  the  diameters  of  plungers  A  and  B  may  be 
made  equal  and  the  diameter  of  C  should  be  about  2.5  times 
that  of  A. 

Time  Required  to  Form  Bale 
The  time  required  to  run  a  press  ram  through  its  entire 
stroke  when  y  =  fcx'  and  a  three-plunger  pump  is  used,  hav- 
ing the  diameters  of  the  plungers  in  the  ratio  of  1,  1.05  and 
2.52,  may  be  found  by  substituting  a  =  0.474  and  &  =  0.1185 
in  the  equation  for  total  time  T,  which  gives: 
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0.1185^  +  0.474^  -  0.474  X  0.1185^  +  1  -  0.474' 

0.42my],h  0A2mph 


i2mph  0.42M     s  I  2^  0.42/1/ 

.4  vA      S  fc  vA 


General  Case  for  Three-plunger  Pump 

The  diameters  of  plungers  for  pumps  designed  to  operate 
any  baling  machine,  regardless  of  the  material  to  be  baled, 
should  be  based  on  the  assumption  that  y  =  kx'.  This  value 
may  be  considered  an  average  for  the  materials  commonly 
operated  upon;  but  if  it  is  definitely  known  that  a  pump  is  to 
supply  water  to  a  press  for  compressing  any  given  material, 
such  as  tankage,  apples,  grapes,  olives,  hay,  tin  cans,  etc.,  the 
exact  relation  between  pressure  and  travel  may  be  easily  de- 
termined by  experiment.  The  pressure  per  square  inch  of  the 
liquid  in  the  cylinder  is  read  from  a  gage  for  a  number  of 
positions  of  the  ram,  and  these  data  plotted  on  log-log  paper 
or  the  values  of  n  and  k  are  determined  by  substituting  values 
of  X  and  y  in  the  equation  y  =  kx",  which  may  be  used  for 
practically  any  material. 

By  using  ;/  =  kx"  instead  of  y  =  fcx^  it  is  found  for  a 
three-plunger  pump  that: 

a  =  (n  -f  1)6 
and  1 

6  = 

M  — 1 

(n  +  iy  —  n(n  +  l)- 

n 
From  these  equations,  values  of  a  and  6  and  the  areas  and 
diameters  for  given  values  of  n  are  shown  in  Table  1. 

TABLE   1.     RATIOS  OP  PLUNGER  DIAMETERS  FOR 
THREE-PLUNGER  PUMP 


n 

b 

a 

Area  of  B 
Area  of  A 

Area  of  C 

Diam.  B 

Diam.  C 

Area  of  A 

Diam.  A 

Diam.  A 

1 

0.333 

2b  =  0.666 

0.50 

1.50 

0.70 

1.22 

2 

0.179 

3b  =  0.549 

0.84 

3.69 

0.92 

1.92 

3 

0.118 

4b  =  0.474 

1.11 

6.33 

1.05 

2.52 

4 

0.085 

5b  =  0.429 

1.33 

9.33 

1.15 

3.05 

5 

0.067 

6b  =  0.406 

1.46 

12.29 

1.21 

3.51 

Machinery 

General  Case  lor  Two-Plung-er  Pump 
In  the  case  of  a  pump  having  two  plungers  with  areas  A 
and  B,  it  may  be  shown  that: 

A                1 
a  = = 


A  +  B       n  +  1 
from  which 

B  =  An 
The   relative   values   of  A   and   B   and   their   corresponding 
diameters   are   shown   in   Table   2    for   different   values    of   n. 

TABLE  2.    RATIOS  OF  PLUNGER  DIAMETERS  FOR 
TWO-PLUNGER   PUMP 


Area  of  B 

Diam.  B 

Area  of  A 

Diam.  A 

1 

1 

1.00 

2 

2 

1.41 

3 

3 

1.73 

4 

4 

2.00 

5 

5 

2.24 

Machinery 

Determination  of  "Knock-out"  Pressures 
The  method  of  finding  the  "knock-out"  pressure  is  illustrated 
"by  the  following  example:  A  three-plunger  pump  having  a 
piston  velocity  of  50  feet  per  minute,  diameters  of  plungers 
1.5  inch,  1.5625  inch,  and  3.75  inches,  gives  a  maximum  pres- 
sure of  1500  pounds  per  square  inch.  The  efficiency  of  the 
pump  is  70  per  cent. 

The  maximum  horsepower  required  is: 

1500  X  50  X  1.76 

H.P.  = =  5.72 

33,000  X  0.7 


This  is  found  by  using  the  maximum  pressure  and  the  area 
of  the  plunger  giving  that  pressure.  The  maximum  horse- 
power is  readied  when  the  product  of  the  pressure  into  the 
area  is  equal  to: 

1500  X  1.76  =  2640 

The  area  of  all  three  plungers  is  1.76  -f  1.91  +  11.04  =  14.71 

2640 

square  inches,  which  gives  •  =   180  pounds  per  square 

14.71 
inch 'for  the  first  "knock-out"  pressure.    The  sum  of  the  areas 
of  the  second  and  third  rams  is  1.76  -f  11.04  =  12.80  square 

2640 

inches,  and  the  second   "knock-out"  pressure   is  =  206 

12.80 
pounds  per  square  inch. 

These  pressures  are  lower  than  those  generally  found  on 
pumps  for  baling  presses;  but  in  view  of  the  fact  that  fibrous 
materials,  such  as  cotton,  approximately  compress  according 

3|T80^ 

to  the  equation  y  =  kx',  and  the  ram  is  at       =  0.49  and 

NJ  1500 
I  206" 

=  0.52  of  its  total  run  when  these  pressures  are  attained, 

1500 

the   advantage   of   the    low    "knock-out"    pressures    is    readily 
appreciated. 

IGNORANCE  IN  STARTING  A  MANUFACTUR- 
ING BUSINESS 
A  large  percentage  of  business  failures  are  due  to  the  lack 
of  knowledge  of  the  business  entered  and  the  equipment  and 
organization  required.  Men  engage  in  retail  selling  with  little 
or  no  business  experience.  They  buy  goods  unwisely,  acquire 
ill-balanced  stocks,  and  finally  fail  with  a  lot  of  bad  accounts 
which  can  never  be  collected.  The  manufacturing  business  is 
no  exception  to  the  rule,  and  many  heedless,  ill-advised  ven- 
tures are  often  met  with  in  manufacturing.  It  is  stated  by  a 
machine  tool  salesman  of  broad  experience  in  selling  new  ma- 
chinery and  dealing  in  second-hand  tools  that  a  large  per- 
centage of  the  men  who  start  small  manufacturing  enterprises 
know  practically  nothing  of  manufacturing  principles  and  are 
almost  totally  ignorant  of  the  equipment  required  to  produce 
their  products  efficiently.  They  buy  lathes,  planers,  drilling 
machines,  milling  machines,  and  other  standard  machines  with 
little  discrimination  and  set  them  up  in  orderly  rows  in  their 
new  quarters.  Power  is  turned  on  and  the  wheels  start  in 
motion,  but  machinery  running  does  not  necessarily  result  in 
turning  out  marketable  carbureters,  gas  engines,  egg  beaters 
or  anything  else.  The  important  elements  of  directive  skill 
and  sales  organization  are  too  often  lacking.  After  struggling 
along  miserably  for  a  few  months,  a  lot  of  machine  tools,  some- 
what the  worse  for  wear,  are  offered  to  second-hand  dealers. 


ENGINEERING  COUNCIL 

The  first  meeting  of  the  Engineering  Council  was  held  in 
the  Engineers'  Bldg.,  New  York  City,  June  27.  This  body  is 
a  department  of  the  United  Engineering  Society  and  has  re- 
cently come  into  being  as  a  medium  of  cooperation  between 
the  four  national  engineering  societies.  The  function  of  the 
council  is  to  speak  authoritatively  for  all  member  societies  on 
all  public  questions  of  a  common  interest  or  concern  to  engi- 
neers. It  is  composed  of  twenty-four  members,  five  being 
appointed  from  each  of  the  four  founder  societies  and  four  by 
the  United  Engineering  Society;  the  founder  societies  are  the 
American  Society  of  Civil  Engineers,  the  American  Institute 
of  Mining  Engineers,  the  American  Society  of  Mechanical  En- 
gineers, and  the  American  Institute  of  Electrical  Engineers. 
At  the  organization  meeting.  Dr.  I.  N.  HoUis  was  elected  presi- 
dent of  the  council;  H.  W.  Buck  and  George  F.  Swain,  vice- 
presidents;  and  Calvert  Townley,  secretary.  Ways  and  means 
were  discussed  by  which  the  societies  through  the  council 
might  be  of  use  to  the  national  government.  A  resolution  was 
adopted  instructing  the  executive  committee  to  cooperate  with 
the  government  in  procuring  the  services  of  engineers,  and  a 
committee  was  appointed  to  consider  the  best  means  of  utiliz- 
ing the  inventive  ability  of  members  of  the  founder  societies. 


MOTOR-DRIVEN  trucks,  provided  with  their  own  power 
plant  in  the  form  of  an  electric  storage  battery  and 
motor,  are  now  being  used  in  many  industrial  plants 
in  the  United  States.  Trucks  of  this  type  naturally  cost  con- 
siderably more  than  any  of  the  trucks  which  are  driven  by 
manual  labor,  and  the  only  justification  for  investing  in  equip- 
ment where  the  first  cost  is  higher  is  if  conditions  of  opera- 
tion are  such  that  a  greater  amount  of  service  might  be  ob- 
tained from  motor-driven  trucks.  It  is  difficult  to  make  state- 
ments to  cover  general  conditions,  but  in  the  present  case  it 
may  be  stated  that  the  particular  field  of  usefulness  of  motor- 
driven  trucks  Is  where  the  length  of  haul  is  sufficiently  great 
so  that  a  material  saving  of  time  and  labor  may  be  obtained 
through  the  increased  speed.  Running  on  hard  level  surfaces, 
the  speed  of  these  trucks  will  be  about  seven  miles  an  hour, 
and  the  average  truck  has  a  capacity  for  running  about  twenty- 
five  miles  on  a  single  battery  charge. 

The  driver  stands  erect  on  a  platform  at  the  end  of  the 
truck,  with  his  hands  on  the  controller  and  steering  levers, 
respectively,  and  one  foot  on  the  brake  pedal.  Simplicity  of 
operation  does  away  with  the  necessity  of  hiring  high-priced 
operators  for  these  trucks.    Where  motor-driven  trucks  can  be 


1  Associate  Editor  of  M.\rHiNERY. 


kept  busy,  the  General  Vehicle  Co.  of  Long  Island  City,  N.  Y., 
claims  that  with  hauls  ranging  from  200  to  800  feet  each  truck 
will  take  the  place  of  from  four  to  six  men.  An  idea  of  the 
rate  at  which  these  trucks  operate  will  be  gathered  from  the 
fact  that  a  time  study  made  in  unloading  bags  of  cement  at  a 
New  York  pier  showed  that  it  took  thirty  minutes  to  unload 
thirty-eight  bags  of  cement  and  transport  them  a  distance  of 
500  feet,  where  four  men  were  employed  operating  hand  trucks. 
With  an  electric  truck,  two  men  handled  seventy  similar  bags 
in  seventeen  minutes  and  carried  them  750  feet  instead  of  500 
feet.  It  is  not  claimed  that  any  such  saving  may  be  expected 
in  all  cases.  There  are  many  classes  of  work  where  better  re- 
sults will  be  obtained  with  hand  trucks;  but  for  those  classes 
of  service  for  which  motor-driven  trucks  are  adapted,  they 
give  highly  satisfactory  results. 

A  manufacturer  who  contemplates  the  installation  of  motor- 
driven  trucks  will  naturally  ask  himself,  "What  will  it  cost 
to  operate  such  equipment?"  For  the  benefit  of  such  men  it 
may  be  stated  that  the  average  cost  of  running  an  electric 
truck  and  the  necessary  charging  equipment — including  main- 
tenance, interest,  depreciation,  taxes,  insurance  and  charging 
current — is  $2.50  per  working  day,  exclusive  of  operator's 
wages.     A  single  charge  of  the  battery  during  the  preceding 


Fig.  65.  Frogressive  assembly  of  automobiles  has  been  developed  to  a 
high  degree  by  engineers  of  the  Willys-Overland  Co.  Four  assembling 
tracks  are  provided  in  the  factory,  down  which  cars  are  run,  and  con- 
veyors running  at  right  angles  to  these  tracks  carry  all  the  different 
parts  to  the  assemblers.  This  system  has  been  brought  to  a  high  degree 
of  perfection  and  work  is  handled  very  rapidly 


Fig.  66.  The  benefits  secured  by  progressive  iiittliods  ol  assembling  in 
automobile  factories  have  been  so  marked  that  this  method  is  now 
finding  application  in  other  industries.  The  Detroit  Stove  Works  is 
making  use  of  a  conveyor  system  installed  in  its  plant  by  the  Palmer- 
Bee  Co.  of  Detroit,  Mich.,  for  use  in  the  progressive  assembly  of 
gas  ranges 
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Figr.  67.  Overhead  conveyors  are  used  in  the  motor  assembling  depart- 
ment of  the  Willys-Overland  Co..  Toledo,  Ohio,  for  carrying  the  larger 
parts  of  the  motors  to  the  assembling  benches.  Small  parts  are  held 
in  New  Britain  tote  boxes  underneath  the  benches,  where  they  are 
within    convenient    reach    of    the    operator 


Fig.  58.  In  the  Ford  Motor  Co.'s  plant  every  possible  saving  is  effected 
in  production.  In  assembling  motors,  as  fast  as  one  man  finishes  his 
task  he  pushes  the  motor  along  to  his  companion  and  receives  a  new 
motor  from  the  man  on  the  other  side.  This  is  another  example  of  the 
progressive   method   of   assembling 


Fig.  59.  Progressive  methods  of  assembling  are  used  in  manufacturing 
automobile  cushion  springs.  In  the  Detroit  Wire  Spring  Co.'s  factory, 
the  Palmer-Bee  Co.  has  installed  equipment  for  handling  this  work. 
The  spring  frames  are  placed  on  small  trucks,  on  which  they  are  carried 
along  the  bench  from  man  to  man,  and  the  various  parts  of  the  spring 
are   put  together 


Fig.  60.  The  Palmer-Bee  Co.  of  Detroit,  Mich.,  makes  a  specialty  of 
designing  and  installing  time-  and  labor-saving  equipments  for  handling 
material  in  course  of  manufacture.  This  illustration  shows  an  outfit 
installed  by  this  company  for  assembling  automobile  transmissions. 
Two  strands  of  endless  chain  carry  brackets  which  support  the  work 
at   each   end 


Fig.  61.  In  this  case  the  magnetic  generator  unit  of  the  motor  is  car- 
ried on  an  endless  belt  conveyor,  and  men  with  power-driven  wrenches 
are  screwing  up  the  nuts.  Attention  is  called  to  the  large  number  of 
men  at  work;  this  is  typical  of  the  intensive  production  methods  in  the 
Ford  Motor  Co.'s  shops 


Fig.  62.  Formerly  the  Packard  Motor  Car  Co.  assembled  clutch  units 
on  stands  that  were  distributed  over  the  floor  of  the  clutch  assembling 
department.  The  Palmer-Bee  Co.  suggested  that  the  progressive  method 
of  assembly  be  employed  in  handling  them,  so  a  conveyor  system  was 
installed,  which  carries  stands  similar  to  those  formerly  employed 
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Fig.  63.  Where  it  is  necessary  to  transfer  work  from  an  upper  floor 
in  a  building  to  an  upper  floor  in  another  building,  much  time  is  lost 
in  taking  the  work  down  and  up  in  elevators  in  the  ordinary  "way. 
Sometimes  it  is  possible  to  have  a  conveyor  carry  the  work  right  across 
from   one   building-  to   the   next,    as   here   shown 


Fig.  64.  In  the  Studebaker  Corporation's  factory  in  Detroit  it  is  neces- 
sary to  transfer  automobile  frames  from  one  building  to  a  floor  two 
stories  higher  up  in  an  adjacent  building.  For  this  purpose  a  conveyor 
system  was  installed  by  the  Palmer-Bee  Co.  It  consists  of  a  structural 
steel  frame  with  rails,  over  which  the  automobile  frames  are  pulled  by 
an    endless    chain    conveyor 


Fig,  66.  Factories  engaged  in  building  heavy  machinery,  structural 
iron  work,  etc,  find  it  necessary  to  have  cranes  for  loading  finished 
product  onto  cars.  This  illustration  shows  the  work  of  loading  a 
kerosene  tractor  onto  a  flat  car.  The  crane  was  built  by  the  Northern 
Engineering  Works  of  Detroit,   Mich. 


iiiKlit  is  HiiHicioiit  to  run  tlio  truck  with  its  full  load  of  two 
tons  for  90  to  100  round  trips  of  1000  feet.  IJatteries  may  be 
cliargcd  while  in  the  truck  or  a  complete  <'hange  of  batteries 
may  be  made  in  five  minutes.  A  laborer  of  average  intelli- 
gence can  be  taught  to  drive  one  of  these  trucks  in  a  few 
liours,  and  automatic  safety  control  features  make  it  practi- 
cally impossible  to  damage  tlie  load  or  for  the  operator  to 
be  injured. 

One  point  that  stands  out  in  favor  of  the  use  of  motor- 
driven  trucks  is  that  when  a  man  can  ride,  little  difficulty  is 
experienced  in  keeping  him  at  work;  but  when  he  is  required 
to  pull  a  heavy  truck,  which  is  a  tiresome  job,  he  is  not  likely 
to  stay  long.  Hence  the  motor-driven  truck  may  be  said  to 
constitute  a  means  of  saving  employers  the  expense  of  break- 
ing in  new  help.  In  conclusion,  it  may  be  stated  that  motor- 
driven  trucks  may  be  furnished  with  flanged  wheels  for  opera- 
tion on  rails,  or  with  rubber  tired  wheels  to  travel  on  the 
floor.  Signal  systems  of  various  kinds  may  be  used — such  as 
electric  lamps  or  flags — to  show  when  aisles  are  clear  for  the 
passage  of  trucks,  or  when  one  truck  is  likely  to  meet  another 
before  reaching  the  opposite  end  of  an  aisle.  Electric  trucks 
are  built  in  many  designs  to  meet  the  requirements  of  differ- 
ent classes  of  work.  Elevating  trucks  are  made  for  use  in 
connection  with  platforms,  boxes,  etc.,  and  plain  trucks  are 
made  for  carrying  loads  directly.  In  addition,  there  are  the 
so-called  tractors  designed  for  pulling  one  or  more  cars  on 
which  the  load  is  piled. 

Demountable  Body  Trucks 
Motor  trucks  may  be  employed  to  advantage  in  many  shops 
for  carrying  shipments  from  a  factory  to  the  main  line  of  a 
railway,  shipping  dock,  etc.,  or  for  making  quick  deliveries 
within  twenty  or  thirty  miles  of  the  plant.  Where  the  tonnage 
to  be  handled  is  large,  it  may  be  desirable  to  use  one  or  more 
trailers  in  connection  with  a  truck  in  order  to  increase  its 
carrying  capacity.  A  good  grade  of  motor  truck  is  quite  costly, 
and  this  makes  it  necessary  for  the  firm  employing  one  or 
more  of  these  trucks  to  take  advantage  of  every  opportunity 
to  secure  the  greatest  possible  return  on  its  investment.  One 
way  of  greatly  increasing  the  amount  of  service  obtained  from 
motor  trucks  is  to  use  what  are  known  as  "detachable"  bodies. 
Two  or  more  of  these  bodies  may  be  used  in  connection  with 
each  truck,  so  that  when  a  truck  comes  in  loaded  the  re- 
movable body  can  be  lifted  off  and  carried  away  by  trolley 
hoists,  after  which  an  empty  body  is  substituted  so  that  it 
may  haul  away  a  new  load  or  go  out  after  a  fresh  load,  as  the 
case  may  be.  While  the  truck  is  away  from  the  plant  the 
load  brought  in  on  the  previous  trip — which  has  been  re- 
moved with  the  detachable  body — is  taken  to  its  destination 
by  the  trolley  hoist,  and  the  empty  body  is  brought  back  ready 
to  be  exchanged  for  a  full  body  when  the  truck  returns  with 
its  next  load.  This  method  is  said  to  be  the  means  of  increas- 
ing the  capacity  of  motor  trucks  from  50  to  100  per  cent  when 
used  under  conditions  that  enable  maximum  efficiency  to  be 
attained.  In  the  case  of  very  heavy  loads,  the  detachable  body 
may  be  furnished  with  nests  so  that  the  load  may  be  divided 
to  bring  it  within  range  of  the  trolley  hoists.  In  some  cases 
the  bodies  are  mounted  on  auxiliary  casters  or  wheels  upon 
which  they  may  be  moved. 

Progressive  Machining:  Operations 
Where  machining  operations  to  be  performed  on  a  given  part 
are  of  such  a  nature  that  a  battery  of  planers,  milling  ma- 
chines, drill  presses,  boring  machines,  etc.,  is  required  to 
finish  a  piece,  it  is  of  the  utmost  importance  to  have  these 
machines  so  grouped  that  the  work  passes  continuously  from 
machine  to  machine  without  delays.  In  many  well  organized 
factories  the  equipment  has  been  so  arranged  that  conveyors, 
trucks  or  some  other  form  of  device  can  be  used  to  carry  the 
work  from  machine  to  machine  with  the  least  amount  of  time 
and  labor. 

An  example  of  this  kind  is  seen  in  the  milling  operations 
on  aluminum  crank-cases  in  the  plant  of  the  Buick  Motor  Co.. 
Flint,  Mich.  The  first  four  milling  operations  are  performed 
on  Ingersoll  planer-type  milling  machines,  which  provide  for 
handling  five  upper  and  five  lower  halves  of  the  crank-cases  at 
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a  time.  In  operation,  the  table  is  run  forward  under  the  cross- 
rail,  and  castings  placed  ready  on  the  floor  are  dropped  into 
position  in  the  milling  machine  fixtures  without  any  attempt 
to  tighten  the  clamps  on  the  fixtures.  Then  as  the  table  starts 
to  feed  back,  the  operator  starts  with  the  fixtures  nearest  the 
cross-rail  and  tightens  up  all  bolts  so  that  the  work  is  secured 
for  machining.  After  all  the  work  has  been  secured,  he  goes 
to  a  position  back  of  the  cross-rail  and  starts  taking  out  the 
milled  cases,  which  are  swung  over  onto  gravity  carriers  and 
rolled  down  to  a  position  ready  to  go  on  the  next  IngersoU 
milling  machine.  In  this  connection  it  is  important  to  note 
that  the  gravity  carriers  are  made  the  same  height  as  the 
milling  machine  tables  so  that  the  work  can  be  transferred 
from  the  carrier  to  the  table  and  vice  versa  with  the  minimum 
effort. 

A  more  highly  developed  method  of  progressive  machining 
consists  of  having  tracks  laid  between  different  machines  on 
which  trucks  run  that  support  jigs  and  fixtures  for  carrying 
the  work.  Fig.  38,  in  the  first  installment,  shows  a  view  in 
the  plant  of  the  Packard  Motor  Car  Co.,  Detroit,  Mich.,  where 
crank-cases  are  being  drilled.  There  are  200  holes  to  be  drilled 
in  these  cases  and  the  complete  drilling  operation  is  finished 
In  forty-two  minutes;  the  actual  drilling  time  is  thirty-eight 
and  one-half  minutes  and  three  and  one-half  minutes  are  al- 
lowed for  setting  up  and  removing  work  from  the  jig.  The 
machine  tool  equipment  consists  of  seven  Baush  multiple- 
spindle  drilling  machines  with  various  numbers  of  spindles 
and  different  types  of  heads,  and  one  radial  drilling  machine. 
The  jigs  are  arranged  so  that  they  can  be  pivoted  to  bring  dif- 
ferent surfaces  of  the  work  into  the  operating  position.  Index- 
pins  enter  hardened  steel  bushings  in  the  jigs,  locating  them 
accurately  for  each  successive  operation,  and  clamps  are  pro- 
vided which  secure  the  jig  trucks  in  place  on  the  tracks.  Han- 
dled in  this  way,  a  high  rate  of  production  may  be  obtained, 
because  the  workman  is  relieved  of  all  physical  strain  in  lift- 
ing work  on  and  off  machines,  it  being  merely  required  for 
him  to  set  the  work  up  in  the  jig  at  the  beginning  of  the  row 
and  remove  it  when  the  job  is  finished.  One  workman  follows 
a  single  casting  right  down  the  line,  performing  all  the  ma- 
chining operations  required  on  it. 

For  boring,  milling  and  other  operations  where  the  fixtures 
are  of  such  a  type  that  it  would  not  be  feasible  to  use  a  single 
fixture  for  a  number  of  operations,  a  somewhat  similar  idea 
may  be  employed.  Instead  of  having  the  work  and  fixture 
taken  from  machine  to  machine  on  tracks,  a  roller  type  con- 
veyor is  run  parallel  to  the  line  of  machines,  with  switches 
branching  off  to  individual  machines,  as  was  illustrated  in 
Figs.  44  and  45  in  the  July  installment.  With  an  equipment 
of  this  kind  the  operator  can  push  a  heavy  casting  along  on 
the  conveyor  and  run  it  in  on  the  switch  to  a  given  machine. 
The  conveyor  and  the  machine  table  are  the  same  height, 
so  that  the  operator  merely  swings  the  work  over  from  the 
conveyor  and  puts  it  in  position  in  the  fixture  for  machining. 
When  the  operation  has  been  completed,  the  casting  is  put 
back  on  the  switch  and  run  up  to  the  main  line,  upon  which 
it  is  carried  to  the  switch  leading  to  the  next  machine.  Where 
this  method  has  been  adopted  it  has  been  found  the  means 
of  saving  a  great  deal  of  time  in  the  performance  of  machining 
operations. 

Laying  Out  Gravity  Carriers 

As  the  name  implies,  the  pitch  of  a  gravity  carrier  is  relied 
upon  to  enable  the  force  of  gravity  to  run  the  load  along  the 
conveyor  without  the  application  of  power  from  an  external 
source.  In  designing  this  type  of  equipment  it  is  the  practice 
of  the  Mathews  Gravity  Carrier  Co.,  Elwood  City,  Pa.,  to  make 
the  pitch  of  conveyors  from  2  to  8  per  cent,  but  most  of  the 
conveyor  systems  installed  by  this  company  have  a  pitch  of 
4  per  cent.  In  the  construction  of  conveyor  systems  of  this 
type,  there  is  a  good  deal  of  variation  in  the  lay-out,  accord- 
ing to  the  nature  of  the  work  to  be  carried.  Packages  with 
smooth,  flat  bottoms  may  be  run  on  these  carriers  without 
guard  rails,  but  where  the  load  is  irregular  in  shape  some 
form  of  guard  rail  is  necessary. 

Various  expedients  are  adopted  to  keep  the  load  running  on 
these  conveyors.     The  most  obvious  way  is  to  place  a  guard 
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Tig.  66.  In  foundries  where  moderate  loads  are  to  be  handled  at  fairly 
frequent  intervals,  it  is  convenient  to  use  a  crane  in  which  the  trolley 
and  bridge  are  operated  by  hand,  and  the  hoist  is  driven  by  power. 
Cranes  of  this  type  are  shown  here,  equipped  with  "Imperial"  pneu- 
matic motor  hoists  built  by  the  IngersoU-Rand  Co..    New   York  City 


Figr.  67.  Where  there  is  consid.  r.,  hi,  ,  ..ugestion  in  a  shop,  it  may  be 
desirable  to  hang  conveyor  systems  and  similar  equipment  on  the  outside 
of  buildings.  A  case  in  point  is  seen  in  the  accompanying  illustration, 
which  shows  a  view  of  a  conveyor  system  installed  in  the  Studebaker 
Corporation  factory  for  handling  tires,  wheels  and  hubs.  The  conveyor 
is  an  endless  chain  with  hooks  for  carrying  the  work 


Fig,  68.  One  200-ton  and  one  20-ton  electric  traveling  crane  with  a 
span  of  75  feet,  6  inches  are  here  shown  in  use  in  a  railroad  shop. 
These  cranes  were  built  by  the  Niles-Bement-Pond  Co.,  New  York  City, 
The  weight  of  the  suspended  engine  is  270  tons.  Attention  is  called  to 
the  method  of  lifting  the   locomotive   from  four   comers 
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Fig.  69.  This  illustration  shows  a  bin  at  the  side  of  the  railroad  at 
the  Ford  Motor  Co.'s  plant  in  Detroit  for  storing  coal,  coke,  limestone, 
scrap  metal,  etc.  The  Shaw  Electric  Crane  Co.,  Muskegon,  Mich.,  in- 
stalled a  gantry  crane  equipped  with  a  grab  bucket  for  handling  this 
material 


Fig.  70.  Gantry  cranes  are  generally  used  where  the  amount  of  service 
is  not  great  enough  to  warrant  the  construction  of  an  overhead  runway 
for  a  traveling  crane.  Gantry  cranes  are  more  expensive  to  operate. 
however,  and  this  may  offset  the  lower  first  cost.  The  crane  here  shown 
was  built  by  the  Northern  Engineering  Works,   Detroit,   Mich. 


Fig.  71.  In  large  power  plants  it  will  often  be  found  necessary  to  pro- 
vide special  equipment  for  the  handling  of  fuel,  as  manual  labor  is  too 
slow.  This  illustration  shows  a  monorail  bucket  hoist  built  by  the 
Northern  Engineering  Works  for  charging  coal  into  boiler  hopper  storage 
tanks  In  a  large  power  plant 


Fig.  72.  In  toundries  where  there  is  a  lot  of  sand,  coke  and  lime- 
stone to  be  handled,  it  will  sometimes  be  found  advantageous  to  employ 
a  grab  bucket.  This  illustration  shows  a  trolley  hoist  built  by  the 
Sprague  Electric  Works  of  New  York  City,  equipped  with  a  grab  bucket 
for  use  in  a  foundry.     Such  an  outfit  operates  at  a  high  rate  of  efficiency 
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Fig.  73.  Crane  builders  are  often  called  upon  to  construct  special  equip- 
ments to  meet  the  requirements  of  various  industries.  The  illustration 
shows  cranes  built  by  the  Pawling  &  Hamischfeger  Co.,  Milwaukee, 
Wis.,  especially  for  handling  work  in  the  annealing  shop  of  a  car 
wheel  foundry 


Fig.  74,  Lifting  magnets  are  used  for  handling  various  iron  and  steel 
products.  This  illustration  shows  an  electromagnet  built  by  the  Cutler- 
Hammer  Clutch  Co.,  Milwaukee,  Wis.,  lifting  long  steel  bars.  A  special 
arrangement  of  a  beam  and  two  hoists  prevents  the  magnet  and  its 
load  from  rotating 
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Fig.  75.  There  are  many  pieces  of  work  that  are  a  little  difficult  for 
one  man  to  handle  alone,  and  if  he  attempts  to  do  so,  he  is  likely  to 
waste  a  considerable  amount  of  time  in  setting  up.  This  illustration 
shows  the  use  of  a  jib  crane  equipped  with  a  Yale  &  Towne  chain  block 
for  handling  such  work 


Fig,  76.  Car  axles  are  too  heavy  to  be  handled  by  one  man.  This 
illustration  shows  a  view  in  the  Griffin  Wheel  Co.'s  plant  in  Chicago, 
where  each  axle  lathe  is  equipped  with  an  air  cylinder  hoist  for  set- 
ting up  work  and  removing  it.  Turned  axles  are  rolled  on  rails  to  the 
hydraulic   wheel   press 


Fig,  77.  A  locomotive  crane  is  useful  for  handling  materials  in  factory 
yards  where  there  is  a  lot  of  space  to  be  covered.  This  equipment  may 
be  employed  as  a  switch  engine  when  there  is  no  lifting  to  be  done. 
The  illustration  shows  a  locomotive  crane  and  lifting  magnet  used  by 
the   Griffin  Wheel   Co.,    Chicago,    111.,    for  handling   car   wheels 


Fig,  78,  An  "Imperial"  pneumatic  motor  hoist  built  by  IngersoU  Rand 
Co.,  New  York  City,  is  used  to  assist  the  operator  in  setting  up  heavy 
work  on  a  turret  lathe  and  to  remove  completed  work  from  machine. 
Having  an  individual  hoist  for  a  machine  avoids  loss  of  time  by  the 
operator   and   machine   in   waiting   for   assistance 


Fig,  79,  To  facilitate  pouring  metal  into  molds  in  the  Ford  Motor  Co,'s 
foundry,  molds  are  brought  in  on  a  conveyor  and  transferred  to  a 
carousel  on  which  each  mold  is  supported  by  a  pendulum.  This  swing- 
ing support  eliminates  vibration  and  prevents  molds  breaking.  Molds 
are  carried  away  by  a  second  conveyor 


Fig,  80,  One  jib  crane  can  often  be  arranged  to  serve  a  number  of 
machines,  molds,  etc.  In  the  Griffin  Wheel  Co.'s  foundry,  car  wheel 
molds  are  arranged  in  a  circle,  with  a  jib  crane  at  the  center,  equipped 
with  an  air  hoist  built  by  the  Curtis  Pneumatic  Machinery  Co,,  St. 
Xouis,  Mo, 


1082 


MACHINERY 


Auijust,  1917 


th 


Fig.   81.     In  the  Timken-Detroit   Axle   Co.'s   plant   special  furnai 
a    rotary    hearth    are    maintained    at    such    a    temperature    that    forgings 
are   raised    to    the    proper   temperature    for    heat-treatment   by    one    revo- 
lution.     These   furnaces  save   space   and   keep   operator   busy 


Fig.  82.  In  the  Ford  Motor  Co.'s  plant,  use  is  made  of  belt  conveyors 
for  carrying  away  the  product  of  power  presses.  Chutes  are  provided 
by  means  of  which  the  product  is  transferred  from  the  machines  to  the 
belt  conveyor  which  carries  it  away.  This  is  the  means  of  saving  the 
time  ordinarily  required  for  removing  the  product  in  trucks 


Fig.  83.  An  elevator  raises  the  work  to  the  upper  floor  in  the  Willys- 
Overland  Co.'s  plant.  This  equipment,  installed  by  the  Link-Belt  Co., 
Chicago,  111.,  consists  of  an  apron-type  conveyor  with  cleats  to  prevent 
the  work  from  slipping  back.  A  chute  at  the  left  returns  the  tote  boxes 
to  the  lower  floor 


rail  at  each  side  so  that  it  is  inipossiljle  lor  llie  load  to  run 
oiT.  A  simple  method  and  one  that  is  highly  satisfactory  where 
I  ho  packages  or  parts  to  be  carried  are  of  fairly  regular  shape, 
i.s  to  have  a  small  flange  at  both  ends  of  each  roller.  This 
lliinge  rotates  with  the  roller  so  that  there  is  no  loss  of  efll- 
(  iciicy  through  the  retarding  action  of  a  fixed  guard  rail,  and 
si  ill  it  is  effective  in  preventing  work  from  running  off.  A 
.si ill  simpler  method  and  one  that  is  effective  in  cases  where 
I  Ik;  work  has  a  smooth  surface  to  run  on  is  to  make  the  con- 
veyor with  two  sets  of  rollers.  These  rollers  are  arranged  in 
pairs,  with  the  rollers  of  each  pair  inclined  at  a  slight  angle, 
so  that  the  two  rollers  have  a  form  somewhat  similar  to  the 
letter  V  (the  angle  is  much  less  acute)  with  the  apex  pointing 
in  the  opposite  direction  to  that  in  which  the  load  is  to  travel. 
The  effect  of  this  inclined  double  roller  construction  is  to  keep 
the  load  on  the  conveyor,  the  tendency  of  each  of  the  inclined 
rollers  being  to  force  the  load  toward  the  center.  For  handling 
pig  iron  and  other  irregular  shaped  pieces  of  this  kind,  the 
only  way  to  be  sure  of  keeping  the  load  on  the  conveyor  is  to 
use  a  guard  rail  at  each  side. 

Use  of  Revolvator 

A  machine  known  as  a  "revolvator"  is  built  by  the  New 
York  Revolving  Portable  Elevator  Co.,  Jersey  City,  N.  J.  This 
is  a  portable  elevator  mounted  on  a  revolving  base  so  that  the 
elevator  platform  may  be  faced  in  any  direction  to  receive  or 
discharge  a  load,  as  the  case  may  be;  ball  bearings  in  the 
revolving  base  enable  the  elevator  to  be  easily  swiveled  when 
carrying  its  maximum  load.  This  type  of  equipment  is  used 
for  a  variety  of  different  classes  of  service  In  industrial  plants, 
but  a  typical  case  is  where  it  is  desired  to  raise  or  lower  a 
load  and  turn  the  elevator  in  the  direction  in  which  the  load 
is  to  be  deposited.  For  instance,  suppose  that  a  stock-room 
is  arranged  with  aisles  running  over  to  the  wall  and  the 
necessity  for  economizing  in  the  use  of  space  makes  it  neces- 
sary to  stack  material  up  almost  to  the  ceiling.  Here  the  re- 
volvator may  be  used  to  excellent  advantage,  as  the  material 
is  brought  on  elevating  trucks  or  in  any  other  convenient  way 
and  deposited  on  the  platform  of  the  revolvator.  The  load 
is  then  raised  to  the  desired  height  and  the  platform  turned 
so  that  the  load  may  be  run  off  at  either  side  of  the  aisle  onto 
the  top  of  the  material  already  stacked. 

A  similar  use  is  where  sheet  metal  and  other  material  is 
being  stacked  in  racks;  the  revolvator  carries  the  load  down 
an  aisle,  and  when  it  reaches  its  destination,  the  platform  is 
raised  and  turned  through  one-quarter  revolution  to  allow  the 
load  to  be  slid  off  onto  the  racks.  Another  similar  example 
is  where  heavy  dies  for  use  on  power  hammers  and  presses  are 
kept  in  storage  racks.  These  dies  are  so  heavy  that  they  are 
hard  to  handle,  and  work  of  this  kind  can  be  done  conveniently 
by  pulling  them  out  on  the  platform  of  the  portable  elevator, 
which  is  then  lowered  to  a  convenient  height.  The  entire  ele- 
vator then  serves  as  a  truck  on  which  the  die  is  pulled  to  the 
machine  on  which  it  is  to  be  used.  Here  the  platform  of  the 
elevator  is  adjusted  to  bring  it  to  the  same  height  as  the  bed 
of  the  machine,  so  that  the  die  may  be  easily  slid  off  the  eleva- 
tor platform,  into  place  on  the  machine. 

Portable  elevators  of  this  type  are  made  in  two  standard 
sizes,  with  capacities  for  handling  loads  up  to  800  pounds  and 
1800  pounds,  respectively.  By  the  use  of  special  bracing,  ele- 
vators have  been  made  for  carrying  loads  up  to  2500  pounds. 
Elevators  up  to  and  including  seven  feet  in  height  are  made^ 
with  the  structure  in  a  single  piece;  but  when  the  height 
exceeds  seven  feet,  the  structure  is  hinged  so  that  no  diffi- 
culty is  experienced  in  pulling  the  elevator  through  doors 
from  one  department  to  another.  The  platform  is  raised  by 
hand  by  means  of  gearing  turned  by  a  crank.  When  it  is 
necessary  to  lower  the  load,  the  first  step  is  to  take  the  crank 
off  the  squared  end  of  the  shaft;  the  crank  is  then  fitted  onto 
a  lowering  brake,  and  until  this  is  done  the  platform  cannot 
be  lowered.  By  means  of  the  crank,  the  brake  may  be  adjusted 
to  any  required  degree  while  lowering  the  load. 

In  revolving  the  entire  structure  of  the  elevator,  the  first 
step  is  to  withdraw  a  locking  pin  that  holds  the  elevator  in 
one   of  four   90-degree   positions   around   the   complete   circle. 
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When  this  pin  has  been  withdrawn,  the  elevator  is  usually 
turned  by  hand,  taking  hold  of  the  elevating  crank.  Some 
users  of  portable  elevators  employ  them  as  a  means  of  trans- 
porting material  from  one  department  to  another  located  on  a 
higher  or  lower  floor.  This  is  done  by  having  a  trap  door  in 
the  upper  floor  through  which  the  elevator  platform  may  be 
raised  or  lowered  with  the  material.  Such  an  arrangement 
would  only  be  recommended  where  departments  are  not  laid 
out  in  the  normal  way;  ordinarily,  where  there  is  a  demand 
for  equipment  to  transfer  work  from  one  floor  to  another,  some 
permanent  form  of  elevator  would  be  more  desirable. 

Portable  Scoop  Conveyor 

For  handling  coal  of  all  grades,  coke,  ashes,  crushed  stone, 
sand,  gravel,  small  castings  and  a  variety  of  other  similar 
material,  the  Portable  Machinery  Co.,  Inc.,  Passaic,  N.  J.,  is 
now  building  the  portable  scoop  conveyor  shown  in  Fig.  87. 
This  equipment  consists  of  a  scoop  which  can  be  buried  in 
the  material  to  be  handled,  and  an  endless  traveling  belt  which 
carries  the  material  up  and  discharges  it  into  a  wagon,  chute 
or  other  receiver.  The  conveyor  belt  has  transverse  cleats  to 
prevent  the  material  from  slipping  back  down  the  incline. 
One  man  and  this  scoop  conveyor  can  handle  coal  or  similar 
material  at  the  rate  of  one  ton  in  one  and  one-half  minute, 
i.  e.,  forty  tons  per  hour.  This  outfit  can  be  equipped  with 
an  electric  motor  or  gasoline  engine  for  driving  the  belt,  and 
as  it  weighs  only  900  pounds  and  is  mounted  on  wheels,  it  may 
be  easily  taken  to  any  desired  place.  The  amount  of  power 
required  to  drive  the  conveyor  is  fii  horsepower. 

A  special  machine  is  used  at  the  plant  of  the  Boss  Nut  Co., 
Chicago,  111.,  to  charge  tumbling  barrels  with  blank  punched 
nuts,  take  these  nuts  from  the  tumbling  barrels,  and  distribute 
them  in  bins  located  convenient  to  the  tapping  machines.  This 
apparatus  consists  of  a  modified  form  of  the  standard  tiering 
machine  built  by  the  Economy  Engineering  Co.,  Chicago,  III. 
It  has  a  cantilever  type  of  platform,  open  on  three  sides.  The 
main  uprights  extend  into  a  pit  about  three  and  a  half  feet 
below  the  floor  level. 

The  platform  consists  of  two  arms,  on  which  run  the  flanged 
wheels  of  a  small  transfer  car;  the  latter,  in  turn,  carries  a 
pair  of  rails  at  right  angles  to  its  direction  of  movement.  On 
these  rails  is  placed  a  small  hopper-bottomed  car  with  a  ca- 
pacity of  about  2000  pounds  of  punched  nuts.  The  pit  extends 
under  the  tumbler,  and  at  the  bottom  are  rails  to  allow  the 
transfer  car  with  the  hopper  car  to  be  moved  to  a  position 
directly  under  the  tumbler.  A  steel  frame  is  also  provided 
above  the  tumbler  so  that  the  transfer  car  can  be  moved  over 
the  tumbling  barrel.  At  one  side  of  the  machine  is  a  row  of 
bins,  over  the  tops  of  which  runs  a  track  on  which  the  hopper 
car  moves. 

To  charge  the  tumbler,  the  platform  of  the  machine,  with 
the  transfer  and  hopper  car,  is  lowered  to  the  bottom  of  the 
pit,  bringing  the  top  of  the  hopper  car  on  a  level  with  the  floor. 
The  punched  nuts  are  then  dumped  into  it  from  the  kegs  in 
which  they  have  been  deposited  at  the  punchers.  The  plat- 
form with  its  load  is  then  raised  to  the  top  position  and  the 
transfer  car  with  the  loaded  hopper  car  moved  to  a  position 
over  the  tumbling  barrel,  where  the  gates  at  the  bottom  of 
the  hopper  are  opened  and  the  nuts  drop  into  the  tumbling 
barrel.  Here  they  are  tumbled  with  sawdust  until  polished. 
The  tumbling  barrel  is  provided  with  perforations  and  a 
wooden  tray  is  placed  under  it  while  the  tumbling  operation 
is  being  carried  on,  so  that  the  sawdust  gradually  works  out 
and  is  entirely  eliminated  by  the  time  the  polishing  is  com- 
pleted. To  empty  the  tumbling  barrel,  the  transfer  car  is 
again  moved  into  the  elevator  platform  and  lowered  to  the 
position  in  the  bottom  of  the  pit,  where  it  is  moved  under  the 
tumbler  and  the  polished  nuts  are  deposited  in  the  hopper  car. 
It  is  then  returned  to  the  elevator  and  hoisted  to  the  level 
of  the  track  over  the  bins  and  then  pushed  by  hand  to  the 
proper  bin,  where  the  load  is  deposited  by  opening  the  gates 
in  the  bottom  of  the  hopper. 

The  elevator  is  operated  by  means  of  a  three-horsepower 
General  Electric  motor,  through  silent  chain  drive  to  a  series 
of  machine-cut  spur  gears  connected  to  a  drum  upon  which 
the   steel   hoisting   cable   winds.     Automatic   top   and   bottom 


Fig.  8^.  A  jib  crane  must  be  provided  with  support  for  the  outboard 
end  of  the  beam.  This  is  often  done  by  means  of  tie-rods.  In  this 
case  the  ceiling  is  too  low  to  permit  of  this  construction,  so  the  outer 
end  of  the  beam  is  furnished  with  a  troUey  which  runs  on  a  semi- 
circular rail 


Fig.  85.  In  automobile  tire  factories  there  are  a  lot  of  heavy  molds  to 
be  handled,  and  some  means  of  assisting  the  operators  must  be  pro- 
vided. This  view  shows  a  chain  hoist  built  by  the  Wright  Mfg.  Co.. 
Lisbon,  Ohio,  in  use  in  the  Knight  Tire  &  Rubber  Co.'s  plant.  The 
molds  are  being  placed   in   a  vulcanizer 


i 

i 

Fig.  86.  Combinations  of  equipment  are  often  necessary.  This  view 
in  the  Detroit  Wire  Spring  Co.'s  shops  shows  a  conveyor  and  elevator. 
Assembled  cushion  springs  are  carried  to  the  crating  department,  where 
they  are  packed,   and  the  elevator  carries  crates  to  shipping  department 
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Fig,   87,     For  handling  loose  material,   such  as   coal,   sand,   etc,    a  scoop 

conveyor  is   made   by   the   Portable   Machinery   Co.,    Inc.    Passaic,    N,    J, 

This  consists  of  a  scoop   and   a  power-driven   bolt   conveyor  that  carries 

the  material  up  an  incline   and  delivers  it  into  a  chute 


Fig.  88,  There  is  often  lack  of  system  in  handling  metal  goods  which 
are  to  be  heat-treated ;  this  results  in  an  unusually  heavy  charge  against 
the  work.  The  Chain  Belt  Co.  of  Milwaukee,  Wis,,  has  installed  a  spe- 
cial apron-type  coHveyor  with  chutes  for  carrying  heavy  drawn  steel  shells 


Fig,  89.     For  unloading  flywheel  castings  from  freight  cars,  the  Cadillac 

Motor  Car  Co.   of  Detroit,   Mich,,   has  a  spiral  steel  chute  leading  down 

from   the   platform   on   which  the   load   is   discharged.      The   castings   are 

ejected  from  the  chute  onto  a  gravity  carrier 


Fig,    90.     This   illustration   shows   the   gravity   carrier   leading  from   the 

spiral   chute   shown   in  Fig.    89   to   the   machining  shop.      The  carrier  is 

suspended  on  cables  so  that  it  may  be  raised  to  provide  the  necessary 

head  room  for  a  team  to  go  underneath 


stops  and  other  safety  features  are  provided,  making  the  ina- 
cliino  largely  automatic  in  its  action,  one  ordinary  laborer 
l)oing  all  the  help  retiuired. 

BrlnylnK'  the  Saw  to  the  Shaftinir 
The  Mechanical  Appliance  Co.,  Milwaukee,  Wis.,  has  devel- 
oped a  novel  method  of  handling  the  steel  shafting  that  it 
uses  in  the  manufacture  of  its  product.  Shafting  of  from 
V2  to  3y2  Inches  in  diameter  is  used.  It  was  found  that  a 
great  amount  of  time  and  labor  was  consumed  in  bringing 
lieavy  shafting  to  the  hacksaw  from  the  racks  onto  which 
the  shafting  was  loaded  from  the  trucks.  Instead  of  bringing 
the  heavy  shafting  to  the  hacksaw,  the  motor-driven  hacksaw 
is  brought  to  the  pile  of  shafting.  The  shafting  is  stacked 
onto  the  racks  from  the  trucks.  The  hacksaw  is  raised  to 
the  correct  level  of  the  shafting  by  means  of  a  tiering  ma- 
chine built  by  the  Economy  Engineering  Co.  One  operator  is 
able  by  means  of  this  arrangement  to  take  care  of  the  complete 
operation  of  cutting  off  shafting  from  1/2  to  31/2  inches  in  diam- 
eter. As  many  as  six  men  were  formerly  employed  to  carry 
the  long  pieces  of  the  heavier  sizes  of  shafting  to  the  saw. 

Adapting  Transportation  Methods  to  Requirements  of  Shop 

In  working  out  methods  of  progressive  assembly  for  use  in 
his  factory,  a  manufacturer  must  bear  in  mind  the  volume 
of  work  which  is  to  be  handled.  It  would  not  pay  to  install 
a  complex  equipment  of  conveyors,  trolley  systems,  etc.,  to 
facilitate  handling  work  unless  the  volume  of  product  was 
suiBcient  to  keep  equipment  of  this  kind  employed  so  that  a 
reasonable  return  would  be  earned  on  the  investment.  Even 
in  highly  organized  shops  handling  a  moderate  volume  of 
product  each  day,  little  attempt  is  made  to  employ  a  complete 
outfit  of  mechanical  contrivances  for  handling  the  work,  be- 
cause it  is  realized  that  there  would  be  little  likelihood  of  ob- 
taining a  satisfactory  return  on  the  investment.  Recently  we 
have  seen  some  exceptions  to  this  rule  that  are  probably  due 
to  the  condition  of  the  labor  market.  Unskilled  labor  has  been 
so  scarce  and  has  commanded  such  exceptionally  high  prices 
that  some  manufacturers  have  substituted  mechanical  means 
of  handling  as  far  as  possible.  This  has  been  particularly  true 
in  shops  engaged  in  certain  munitions  work  where  the  neces- 
sity for  making  deliveries  at  an  early  date  has  demanded  the 
employment  of  every  possible  means  to  increase  production 
rates. 

Plants  handling  an  extremely  large  volume  of  product  are 
best  suited  for  the  installation  of  complete  systems  of  con- 
veyors, trolleys,  gravity  carriers,  chutes  and  other  forms  of 
equipment  arranged  in  combination,  so  that  as  soon  as  one 
workman  or  group  of  men  have  completed  their  task  on  a 
given  piece  of  work  it  may  be  placed  on  a  mechanical  carrier 
that  will  convey  it  to  the  department  where  the  next  operation 
is  to  be  performed.  Aside  from  the  reduced  cost  of  production 
made  possible  through  the  reduction  in  help,  the  employment 
of  mechanical  carriers  has  another  important  feature  which 
commends  it  to  the  attention  of  manufacturers  operating  large 
factories  in  which  there  is  likely  to  be  a  congestion  of  ma- 
chines and  product.  Unless  mechanical  carriers  are  used,  the 
alternative  is  to  make  transfers  on  trucks  pushed  by  hand  or 
by  power,  and  the  handling  of  a  large  amount  of  work  in 'this 
way  is  bound  to  create  confusion — especially  when  aisles  are 
blocked  or  there  is  other  interference  with  the  movement  of 
the  trucks. 

In  an  article  of  this  kind  it  is  the  aim  to  explain  funda- 
mental principles  and  describe  methods  which  the  average 
manufacturer  can  employ  in  his  own  shop.  On  this  account, 
the  methods  of  handling  material  and  product  in  extremely 
large  plants  are  not  entered  into  in  detail,  inasmuch  as  they 
require  complete  installations  of  mechanical  transporting  fa- 
cilities and  an  engineering  staff  capable  of  laying  out  all  kinds 
of  equipment.  Nevertheless,  all  manufactui'ers  will  be  inter- 
ested in  reading  of  the  equipment  employed  in  the  factory  of 
the  Willys-Overland  Co.,  Toledo,  Ohio,  for  the  final  work  of 
assembling  parts  of  automobiles. 

General  Arrangement  of  Equipment 

The  department  in  which  the  final  assembly  is  conducted 
is  laid  out  with  four  tracks,  down  which  the  automobiles  are 
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pulled  by  chain  conveyors  that  were  installed  by  the  Link- 
Belt  Co.,  Chicago,  111.  The  automobile  frame  is  placed  on  this 
track  and  a  hook  on  the  chain  conveyor  takes  hold  of  the 
front  axle  to  draw  the  frame  along.  Features  of  the  pro- 
gressive method  of  assembly  have  been  explained  previously, 
so  they  need  not  be  considered  here.  The  point  of  greatest 
interest  is  the  arrangement  of  the  auxiliary  carrying  systems 
that  bring  parts  to  the  main  assembling  track  at  the  different 
points  where  the  parts  are  to  be  assembled  onto  the  car.  There 
are  four  of  these  tracks  that  run  lengthwise  down  the  shop, 
and  a  large  number  of  conveyors  running  crosswise.  Each  of 
these  cross  conveyors  brings  such  parts  as  lamps,  mud  guards, 
radiators,  etc.,  to  the  four  main  assembling  tracks  at  those 
points  where  the  different  parts  are  to  be  added  to  the  car; 
and  all  the  time  that  this  continual  stream  of  parts  is  run- 
ning across  the  shop,  the  automobiles  in  course  of  assembly 
are  running  lengthwise,  so  that  as  each  car  passes  down  one 
of  the  assembling  tracks  the  different  parts  which  go  to  make 
a  complete  car  are  brought  over  to  the  assembling  track  and 
secured  in  place.  This  system  has  been  carried  to  such  a 
degree  that  when  the  gasoline  tank  is  delivered  to  the  assem- 
bling track  by  one  of  the  cross  conveyors,  it  contains  sufficient 
gasoline  to  allow  the  completed  automobile  to  run  out  of  the 
assembling  department  on  its  own  power. 

In  the  various  manufacturing  departments,  as  well  as  in  the 
assembling  department,  use  is  made  of  conveyor  systems  for 
handling  work  in  course  of  manufacture  and  finished  parts. 
For  the  parts  of  a  product  as  complex  as  a  modern  automobile, 
it  will  be  evident  that  a  great  variety  of  carrier  systems  must 
be  provided,  and  in  the  Willys-Overland  plant  use  is  made  of 
practically  all  the  standard  conveyors,  trolleys,  etc.  For  in- 
stance, completely  assembled  motors  are  handled  on  apron- 
type  conveyors  or  on  trolley  systems,  from  which  they  are 
suspended  in  a  suitable  sling.  Advantage  is  taken  of  the  cir- 
cular form  of  wheels  and  tires,  and  they  are  rolled  down  grav- 
ity carriers.  Gravity  is  also  employed  for  carrying  certain 
forms  of  castings  and  similar  parts,  but  it  is  necessary  to 
provide  some  form  of  roller  conveyor,  because  the  castings 
could  not  be  rolled.  In  the  case  of  lamps,  mud  guards  and 
many  other  parts  of  a  like  nature,  there  is  no  better  method 
of  carrying  than  on  a  trolley  system,  and  extensive  use  is  made 
of  this  form  of  equipment.  In  addition  to  standard  conveyors, 
many  special  forms  of  equipment  have  been  provided  for  han- 
dling parts  of  unusual  form,  and  a  general  idea  of  the  diversity 
of  the  carriers  that  have  been  installed  by  the  Willys-Overland 
Co.  will  be  gathered  from  the  illustrations  presented  in  this 
and  the  preceding  installment,  showing  views  in  this  com- 
pany's plant.  These  are  by  no  means  complete,  but  they  serve 
to  give  an  idea  of  the  great  variety  of  methods  of  handling 
that  have  been  adopted  to  meet  different  conditions  and  the 
care  that  has  been  taken  by  this  company's  engineering  de- 
partment in  studying  all  the  available  methods  and  adopting 
those  that  haVe  the  greatest  number  of  features  to  commend 
them. 

Development  of  Special  Forms  of  Carriers 

In  working  out  the  transportation  system  for  any  factory, 
the  engineer  in  charge  of  the  .work  has  at  his  disposal  nu- 
merous forms  of  standard  equipment  that  are  manufactured 
by  plants  making  a  specialty  of  this  work,  and  it  is  desirable, 
whenever  possible,  to  adopt  the  use  of  standard  forms  of  equip- 
ment, because  a  plant  specializing  in  such  work  can  usually 
furnish  equipment  at  a  price  considerably  lower  than  that  at 
which  special  equipment  could  be  made  for  a  given  service. 
There  are  many  cases,  however,  where  the  nature  of  the  work 
to  be  handled  is  such  that  it  demands  the  use  of  special  equip- 
ment, and  under  those  circumstances  the  engineer  who  is  lay- 
ing out  the  transportation  system  would  be  called  upon  to 
design  suitable  equipment  for  the  work.  This  may  involve  the 
development  of  special  methods  of  handling,  but  in  many  cases 
it  will  be  found  possible  to  use  standard  equipment  and  add 
special  features  to  adapt  it  for  a  given  service. 

Where  it  is  found  that  standard  equipment  cannot  be  ob- 
tained for  handling  the  work,  the  next  step  of  the  engineer 
should  be  to  ascertain  whether  certain  standard  forms  of  equip- 


Fig.  91.  Where  spiral  cliutcs  arc  employed  to  carry  work  through  a 
building,  it  is  often  desirable  to  discharge  the  load  on  some  of  the 
floors  through  which  the  chute  passes.  The  chute  shown  (Mathews 
Gravity   Carrier   Co..    Elwood   City,    Pa.)    has   a  branch   for  this   purpose 


Fig.  92.     This  illustration  shows  the  same  equipment  shown  in  Fig. 
but  here  connection  is  made  with  the  branch  chute.     Attention  is  called 
to   the   fire   door;    this   is   held   open   by   a   fusible   link,    which   will   melt 
and  allow  the  door  to  close  automatically  in  case  of  fire 


Fig.   93.     In  the  Detroit  Wire  Spring  Co.'s  shops  extensive  use  is  made 

of   chutes  for   carrying  work   from   upper   to   lower  floors.      Here    we   see 

chutes   down    which    coiled    springs    are    delivered    to   the    department   in 

which    these    springs    are    assembled    into    strips 


Fig.  94.  Where  gravity  carriers  are  used  it  is  desirable  to  provide  for 
discharging  the  load  at  different  points  in  the  shop.  In  the  illustration 
provision  is  made  for  raising  sections  of  the  carrier  at  different  points, 
so  that   the   load   may   run   under   the   rollers   and   slide   down   the    chute 
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Fig.  95.  In  some  machine  shops  compressed  air  is  preferred  to  electric 
power.  Such  a  case  is  shown  in  this  illustration.  Attention  is  called  to 
the  way  in  which  the  hose  connection  to  the  pneumatic  motors  is  hung 
in  festoons  so  that  there  will  be  plenty  of  length  to  enable  the  crane  to 
run  to  the  far  end  of  the  building 


Fig.  96.  When  a  number  of  trolley  hoists  are  used  on  rails  running 
parallel  to  each  other,  it  is  desirable  to  provide  means  of  transferring 
trolleys  from  one  rail  to  another.  This  can  be  done  with,  a  transfer 
bridge  carrying  a  section  of  rail  that  may  be  lined  up  with  some  one 
of  the  main  rails.     The  hoist  is  run  onto  the  rail  on  the   transfer  bridge 


Fig.    97.     This    illustration    shows    a   close    view   of    the    trolley   in   place 
on  the  rail  of  one  of  these  transfer  bridges.     The  trolley  is  locked  while 
the  bridge  is  in  motion  so  that  it  cannot  run  off  the  rail.     This  equip- 
ment was  built  by  the  Sprague  Electric  Works,   New  York  City 


Fig,  98.  In  machine  shops  that  produce  large  quantities  of  chips  means 
may  must  be  provided  for  hauling  these  chips  away  to  the  scr^  pile. 
The  illustration  shows  a  skip  loaded  with  chips,  which  is  pulled  over 
to  the  scrap  pile  by  a  laborer,  who  removes  the  contents  with  a  pitchfork 


Fig.    99.     In    manufacturing    military    rifle    stocks,    each    stock    must   be 

finished    so    as    to    present    a    good    appearance.      In    the    United    States 

arsenals    special    trucks    are    used    to    carry    the    finished    rifle    stocks    to 

prevent  marring  finished  surfaces 


Fig.   100.     Durability  is  one  of  the  most  important  features  of  any  form 

of  factory  equipment.     The   Timken-Detroit   Axle   Co.   makes  steel  boxes 

for   use    in    connection    with   elevating    trucks    for   carrying   heavy   metal 

parts,  which  are  practically  indestructible 
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Fig.  101.  In  the  Timken-Detroit  Axle  Co.'s  factory  axles  are  delivered 
to  local  factories  on  special  motor  trucks.  A  trolley  hoist  lifts  an  axle 
off  the  small  truck  onto  a  stand;  when  eight  axles  have  been  put  on 
tlje  stand  it  is  picked  up  on  an  elevating  truck  and  carried  to  the 
motor  truck 


Fig.  102.  This  illustration  shows  how  elevating  trucks  built  by  the 
Stuebing  Truck  Co..  Cincinnati,  Ohio,  are  used  for  handling  the  product 
of  the  Cincinnati  Sharer  Co.  Machines  a'e  plac»d  on  skids  so  that  they 
may  be  handled  in  the  minimu;n  time.  The  elevating  truck  enables  the 
machines   to   be   easily   picked   up   and   taken   to   exactly   the   desired    spot 


Fig.   103.     In  setting  up  heavy  work  on  machine  tools,   it  li   aciii^bl..   lu 

use    a   trolley    hoist   in    connection    with    each    machine    to    conserve    the 

operator's  time.     This  illustration  shows  a  chain  hoist  built  by  the  Ford 

Chain  Block  &  Mfg.   Co.,   Philadelphia,   Pa. 


Fig.    104.      The    crane    built   by   the    Toledo    Bridge    &    Crane   Co.,    Toledo, 

Ohio,    is   used  for  placing   dies   on   hammers   or   presses   and   transferring 

them   to   and   from    the   storage   department.      The    arm   that   carries   the 

lifting  hook  is  raised  and  lowered  by  means  of  cables 


Fig.  105.  For  handling  lumber,  the  Covel  Mfg,  Co..  Benton  Harbor, 
Mich.,  manufactures  what  is  known  as  the  "Ross"  lumber  truck.  A 
load  is  built  up  to  the  desired  size,  after  which  the  truck  is  driven 
over  it  and  the  load  picked  up.  It  is  claimed  that  the  cost  of  handling 
is  six  cents  per   1000  board   feet 


Fig.  106.  This  illustration  shows  how  steel  balls  are  handled  in  the 
New  Departure  Mfg.  Co.'s  plant  in  Bristol.  Conn.  Balls  are  placed  in 
steel  tote  boxes  made  by  the  New  Britain  Machine  Co..  New  Britain, 
Conn.,  and  stacked  up  on  the  platform  of  an  elevating  truck  built  by  the 
Elwell-Parker   Electric    Co..    Cleveland,    Ohio 
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Fig.  107.  In  handling  the  proifressive  assembly  of  automobiles,  the 
Willys-Overland  Co.  has  tracks  down  which  the  cars  are  run  during  the 
process  of  assembly.  Overhead  trolley  systems  running  at  right  angles 
to  the  line  of  travel  of  assembling  tracks  carry  various  parts  to  the 
assemblers 

ment  furnished  with  special  attachments  for  holding  work, 
etc.,  cannot  be  made  to  meet  his  requirements.  If  so,  it  will 
be  more  desirable  to  use  such  equipment  than  to  attempt  to 
produce  a  complete  special  outfit.  For  instance,  the  Detroit 
Wire  Spring  Co.,  Detroit,  Mich.,  recently  laid  out  a  complete 
new  plant  for  the  manufacture  of  automobile  cushion  springs. 
It  -was  a  point  of  great  importance  to  provide  methods  that 
would  enable  the  large  volume  of  work  constantly  going 
through  the  shops  to  be  passed  along  with  the  greatest  pos- 
sible dispatcii.  Certain  features  of  this  company's  equipment 
are  illustrated  in  this  article,  and  it  will  be  seen  that  me- 
chanical carriers  are  employed  for  dipping  work  into  japanning 
tanks,  carrying  the  work  into  baking  ovens,  and  many  other 
purposes  where  manual  labor  would  ordinarily  be  employed. 
A  bundle  of  coiled  wire  springs  does  not  weigh  very  much, 
but  it  is  of  necessity  quite  bulky  and  calls  for  some  special 
method  of  handling.  The  Detroit  Wire  Spring  Co.'s  trans- 
portation equipment  consists  largely  of  trolley  systems,  and 
to  provide  for  carrying  wire  springs  on  trolleys  it  was  neces- 
sary to  develop  special  forms  of  carriers  which  could  be  used 
in  conjunction  with  standard  trolleys.  This  was  worked  out 
by  arranging  baskets  for  handling  bundles  of  coiled  springs 
and  long  racks  on  which  a  number  of  assembled  cushion 
springs  could  be  suspended.  The  adoption  of  this  method 
enabled  the  engineering  department  of  the  Detroit  Wire  Spring 
Co.  to  buy  standard  hoists,  trolleys  and  rails  from  manufac- 
turers of  this  type  of  equipment,  and  then  merely  make  its 
own  racks,  so  that  there  was  little  special  work  to  be  done 
in  getting  everything  ready  for  use.  Needless  to  say,  this 
was  a  less  expensive  installation  than  would  have  been  a 
special  outfit  built  for  a  particular  class  of  service. 
*     *     * 

AFTER  THE  WAR-WHAT  OF  MACHINERY 
EXPORT?' 

Opinions  regarding  the  export  of  machinery  after  the  war 
range  from  extreme  pessimism  to  broadest  optimism.  England 
and  Germany  have  been  the  most  potent  competitors  of  Amer- 
ica in  the  machinery  market,  but  Germany  is  arrayed  against 
us,  and  it  is  reasonable  to  premise  that  the  nations  now  at 
war  will  later  cooperate  with  their  present  allies  along  eco- 
nomic lines.  Further,  for  a  considerable  period  at  least,  the 
products  of  Germany  will  find  little  favor  among  the  Allies, 
with  the  possible  exception  of  Russia.  It  would  thus  appear 
that  for  some  time  we  may  reasonably  anticipate  having  only 
England  as  a  serious  competitor.  Later,  Canada  may  become 
an  important  factor  in  the  machine-tool  industry. 

Although  the  present  great  demands  on  the  resources  of 
Europe  have  encouraged  in  England  the  highest  possible  de- 
velopment of  those  classes  of  machinery  that  have  a  direct 
bearing  on  the  war,  there  has  probably  not  been  a  similar  de- 
velopment of  automatic  and  other  types  of  machines  that 
until  a  few  years  ago  were  peculiarly  American.     Therefore, 

'Abstract  of  a  paper  read  at  the  Export  Conference,  Springfield.  Mass..  .T\ine, 
1917,   by  C.   O.   Smith,    sales  manager,    Norton   Grinding   Co..   Worcester.    M.tss. 


Fig.  108.  Eeference  has  already  been  made  to  the  desirability  of  using 
combinations  of  equipment  for  handling  material  and  produce  which  is 
being  passed  through  a  factory.  This  illustration  shows  the  combination 
of  an  elevator,  a  gravity  carrier  and  an  apron-type  conveyor  for  raising 
work   from    the   lower   floor   and   transferring    it   through    the    shop 

in  many  of  these  lines  we  may  expect  to  occupy  a  command- 
ing position  in  the  industry. 

Another  factor  that  will  loom  large  in  our  machine-tool  in- 
dustry is  the  labor  question.  While  there  may  be  no  reduction 
in  wages  in  this  country  for  a  number  of  years,  because  of  the 
labor  shortage,  etc.,  wages  abroad  will  so  increase  as  to  ma- 
terially aid  our  export  business.  Further,-  the  return  of  those 
soldiers,  from  the  less  enlightened  sections,  who  have  been 
prisoners  in  Germany  will  create  among  their  people  desires 
for  the  better  things  of  life,  and  they  will  be  satisfied  with 
nothing  short  of  an  approximate  fulfillment  of  these  desires. 
However,  regardless  of  the  apparently  favorable  competitive 
conditions  and  the  essential  needs  for  the  work  of  restoration, 
as  well  as  the  meeting  of  normal  demands,  our  prosperity  fol- 
lowing the  war  will  be  largely  dependent  on  the  restoration 
program.  Will  our  allies  inaugurate  a  "pay-as-you-go"  policy, 
which  contemplates  reconstruction  through  their  own  re- 
sources, or  will  they  avail  themselves  of  America's  credit  so 
that  the  devastated  districts  may  utilize  to  its  fullest  capacity 
the  labor  of  their  remaining  populations? 

Indications  are  not  lacking  that  Europe  contemplates  an 
eventual  industrial  development  far  beyond  that  attained  prior 
to  the  war,  thereby  utilizing  a  large  proportion  of  that  great 
army  of  metal  workers  that  during  the  present  crisis  is  sup- 
porting the  armies  at  the  front.  Heavy  purchases  of  ma- 
chinery are  being  made,  largely  for  use  after  the  war.  Be- 
sides, many  difficulties  have  developed  during  the  war  which 
seriously  interfere  with  satisfactory  financial  arrangements; 
this  has  been  most  evident  as  affecting  sales  to  Russia.  Also 
for  some  time  after  the  war  we  may  expect  to  be  handicapped 
through  a  lack  of  shipping  facilities. 

Assuming  that  the  views  here  expressed  as  to  the  immediate 
future  in  Europe  are  far  too  optimistic,  are  there  other  fields 
wherein  we  may  develop  an  outlet  for  our  surplus  product? 
Canada  has  but  recently  experienced  the  prosperity  that  comes 
from  intensive  industrial  effort;  nothing  short  of  continued 
development  along  these  lines  will  satisfy  these  "Yankees  of 
the  North."  South  America,  which  has  purchased  German 
goods  so  heavily,  is  now  looking  to  us  for  supplies.  India, 
South  Africa  and  Australia  will  favor  England  whenever  pos- 
sible, but  China,  although  regarded  by  Japan,  from  a  commer- 
cial standpoint  at  least,  as  her  rightful  heritage,  strongly 
favors  American  things  in  her  industrial  upbuilding. 

One  factor  that  will  decrease  industrial  unrest  and  ma- 
terially improve  our  export  business  is  the  establishment  of 
fair  standards  of  production  and  wages.  If  this  problem  is 
correctly  solved,  one  of  the  greatest  handicaps  to  an  aggressive 
seeking  of  world  trade  will  be  removed.  There  is  also  a  feel- 
ing on  the  part  of  the  foreign  buyer  that  when  our  business 
is  good  at  home,  scant  attention  is  given  business  abroad; 
as  soon  as  business  is  less  prosperous,  there  is  a  rush  to  dis- 
pose of  our  products  in  the  foreign  market.  If  the  foreign 
buyer  of  machinery  is  given  value  received  in  the  goods  pur- 
chased and  the  attention  necessary  to  produce  the  results  to 
which  he  is  entitled,  he  will  be  loyal  to  his  source  of  supply. 
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PROBLEMS  IN  THE  MANUFACTURE  OP  GAGES  FOR  RUSSIAN  TIME  FUSES  AND  METHODS  BY 

WHICH  THEY  WERE  SOLVED 


BY   DONALD  A.   BAKER 2 


M 


Cap  of  Russian  Time 
Fuse 


ANY  of  the  gages  and  Jigs 
used  in  the  manufacture 
of  Russian  time  fuses  pre- 
sent unusual  problems  to  the 
toolmaker.  In  order  that  the 
use  of  the  gages  and  jigs  may 
be  clearly  understood,  the  parts 
of  the  fuses  are  illustrated;  Fig. 
1  shows  the  cap,  Fig.  2,  the  top 
ring  of  the  fuse,  and  Fig.  3,  the 
body.  In  Fig.  4  is  shown  a  gage 
for  testing  the  relation  of  the  various  holes  in  the  top  ring. 
As  a  number  of  these  gages  are  required  by  the  inspectors, 
and  as  they  wear  rapidly,  a  master  gage,  Fig.  5,  is  used  for 
testing  them  and  keeping  them  standardized.  This  consists 
of  a  piece  of  annealed  tool  steel,  bored  out  to  fit  over  the  center 
plug  of  the  working  gages  and  having  the  necessary  holes 
properly  located  for  testing  the  gages.  The  special  tools  and 
fixtures  required  for  making  the  master  gage  were  so  designed 
that  they  could  be  used  in  the  manufacture  of  the  working 
gages.  The  master  gage  is  made  as  follows:  After  a  piece  of 
steel  is  roughed  out  and  a  5/16-inch  hole  reamed  in  its  center, 
it  is  placed  on  a  mandrel  and  turned  and  faced 
to  the  proper  size,  enough  material  being  left 
on  the  faces  to  grind  them  perfectly  parallel. 
After  grinding,  hole  A  is  bored,  the  work 
being  strapped  to  an  angle-plate,  swung  on 
the  bench  lathe  faceplate.  The  angle-plate  is 
located  the  proper  distance  below  the  center 
by  plug  A,  Fig.  6.  One  end  of  the  plug  passes 
through  the  hole  in  the  faceplate,  and  is  held 
in  a  spring  chuck,  while  the  other  end  is 
turned  to  the  proper  diameter  for  locating  the 
angle-plate  when  the  plate  is  brought  against 
it,  as  shown. 

The  work  is  then  located  approximately  on 
the  angle-plate,  and  the  lathe  spindle  is  turned 
until  the  face  of  the  plate,  with  the  work  at- 
tached, is  at  right  angles  with  the  top  of  the 
lathe  bed;  this  is  tested  by  placing  a  parallel 
across  the  ways  of  the  lathe  and  using  a  square 
from  the  surface  of  the  parallel.  An  indicator 
attached  to  a  surface  gage  is  then  used  to  set 
the  work  central,  being  brought  first  against  one  edge  and 
then  against  the  other,  the  lathe  faceplate  being  turned  a  half 
revolution  for  this  purpose.  After  the  work  is  securely 
strapped,  it  is  tested  to  see  that  its  position  was  not  changed 
when  tightening  the  clamps.  The  work  is  then  center-drilled 
with  a  combination  drill  and  counterbore.  It  is  drilled  a  little 
smaller  than  the  desired  size,  and  a  small  boring  tool  is  used 
to  enlarge  and  true  up  the  hole  suflflciently  to  start  a  reamer; 
the  starting  hole  must  be  of  the  proper  size  for  the  reamer 
to  fit  into  it.  This  operation  of  boring  and  reaming  is  repeated 
several  times;  for  instance,  0.002  inch  may  be  removed  with 
the  first  reamer,  about  0.001  inch  with  the  second,  and  0.0005 
inch  with  the  third — the  last  being  more  of  a  burnishing  than 
a  cutting  operation.  The  finishing  reamer  should  leave  be- 
tween 0.0002  and  0.0005  inch  to  be  removed  with  a  solid  lap. 
The  lap  is  made  of  either  brass  or  copper,  preferably  the  lat- 
ter, charged  with  washed  flour  of  emery.  It  is  held  In  the 
fingers  and  the  work  revolved  against  it. 

Boringr  Angular  Hole  in  Master  Gage 
For  the  next  operation,  boring  the  angular  hole  B  and  the 
two  half  holes  C  and  D,  Fig.  5,  a  special  angle-plate  is  used 
on  the  bench  lathe  faceplate.     This  consists  of  a  flat  plate  A, 


Fig.  2.    Top  Hing  of  Russian  Time 


'For  other  articles  on  making  fuses,  see  "Manufacturing  Parts  of  Type 
80  Time  Fuses,"  in  the  December,  1916,  number  of  Machineet,  and  other 
articles  there  referred  to. 

'Address:   Williams  Mfg.  Co.,   Ltd..  Montreal,  Canada. 


Fig.  7,  which  is  ground  perfectly  parallel,  and  a  plate  B,  shaped 
up  and  ground  accurately  on  the  faces  and  edges,  and  having 
accurate  angles.  An  accurate  angle-plate  and  sine  bar  are 
used  to  make  the  angles  correct.  The  master  gage  is  placed 
over  a  plug  inserted  in  a  5/16-inch  hole  C  bored  and  reamed 
near  the  center  of  this  plate.  The  plate  also  contains  two 
holes  D  and  E  for  locating  and  boring  the  two  half  holes  in 
the  master  gage;  while  this  is  being  done,  plate  B  is  used  sepa- 
rately from  plate  A.  These  two  holes  are  carefully  located 
by  the  following  method:  First  a  hardened,  ground  and  lapped 
plug  A,  Fig.  8,  is  made.  One  end  of  this  plug  fits  the  center 
hole  in  plate  B  and  the  other  end  is  1/2  inch  in  diameter;  near 
the  middle  is  a  disk-like  section.  The  diameter  C  of  the  disk 
is  such  that  when  two  i/^-inch  standard  jig  buttons  are  placed 
directly  opposite,  one  on  each  side  of  the  center  plug  and 
against  its  edge,  as  shown,  their  center  distances  will  be  equal 
to  the  center  distance  of  the  two  holes  to  be  bored. 

The  position  of  the  buttons  having  been  laid  out  roughly 
and  the  holes  for  the  button  screws  having  been  drilled  and 
tapped,  the  buttons  are  put  in  place  and  held  lightly  by  their 
screws.  The  plate  is  then  placed  on  its  edge,  as  shown,  and 
the  sine  of  the  angle  having  been  found  by  calculation,  the 
tool  D  is  used  to  set  one  of  the  buttons  in  posi- 
tion. This  tool  consists  of  a  tool  steel  base  A, 
Fig.  9,  which  is  hardened,  ground  and  lapped 
on  the  bottom,  and  several  lengths  of  drill 
rod,  the  ends  of  which  have  been  hardened, 
rounded  off  and  lapped  smooth.  These  rods 
are  held  in  the  body  and  can  be  clamped  se- 
curely in  place  by  screw  C,  the  body  being 
split  at  B.  The  rods  are  first  set  to  the  proper 
distance  from  the  base  of  the  tool  by  the  aid 
of  a  micrometer,  one  rod  being  set  to  the  dis- 
tance from  the  bottom  of  the  plate  to  the  edge 
of  a  button,  and  the  other  to  the  distance 
from  the  side  of  the  plate  to  the  edge  of  a  but- 
ton. The  rods  are  adjusted  by  lightly  tapping 
them,  as  when  setting  an  ordinary  firm-joint 
caliper.  Sometimes  the  rods  are  threaded, 
when  they  are  adjusted  by  screwing  in  or  out. 
To  locate  the  buttons,  the  plate  is  set  first  on 
one  edge,  then  on  the  other,  using  the  tool  as  a 
feeler  by  sliding  it  along  the  surface  plate 
underneath  the  button,  and  tapping  the  button  in  the  direc- 
tion that  the  feeler  shows  it  should  go,  until  the  "feel"  is 
just  right.  This  method  applies  to  the  setting  of  any  button, 
but  as  in  this  case  one  dimension  is  supplied  by  the  central 
plug,  only  one  dimension  is  needed — that  from  the  bottom  of 
the  plate  to  the  edge  of  the  button. 

The  second  button  on  the  plate  can  be  adjusted  by  using  a 
knife-edge  straightedge  to  get  the  two  buttons  and  the  plug 
dead  in  line.  The  straightedge  is  tried  first  on  one  side  and 
then  on  the  other,  and  the  screw  of  the  second  button  is  tight- 
ened, when  finally  adjusted,  so  that  the  straightedge  no  longer 
"rocks."  After  the  but- 
tons are  set  in  the  prop- 
er position,  the  plate  is 
strapped  lightly  to  the 
lathe  faceplate  and  one 
of  the  buttons  indicated 
until  it  runs  true.  Then 
the  straps  are  tightened 
and  the  button  again 
indicated  to  make  sure 
the  clamping  has  not 
disturbed  the  setting; 
if  it  still  runs  true,  the 
button  is  removed  and 

the   hole    bored,    reamed  Fig.   3.     Body  of  Russian  Time  Fuse 
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Fig.  4.     Gage  for  testing  Holes  in  Top  Ring 

and  lapped  as  described  for  the  master  gage.  After  the  first 
hole  is  finished,  the  second  is  treated  in  a  like  manner  and 
the  plate  completed. 

To  use  this  master  plate,  a  plug  is  placed  in  the  center  hole 
and  the  master  gage  is  placed  over  this,  being  held  in  position 
by  putting  a  few  drops  of  solder  around  the  edge.  Next  a 
special  collet  with  a  hole  bored  through  it  is  placed  in  the 
lathe,  as  shown  in  Fig.  10.  In  the  end  of  the  collet  is  placed 
a  piece  of  5/16-inch  hardened  drill  rod  A,  the  end  of  which 
is  ground  and  lapped  to  fit  the  holes  in  the  master  plate. 
After  this  collet  is  in  place  and  the  end  of  the  plug  is  ground, 
the  faceplate  is  put  on  and  indicated  on  its  face,  to  make  sure 
that  it  runs  true;  then  the  master  plate,  carrying  the  master 
gage,  is  located  by  putting  it  over  the  center  plug  in  the  lathe, 
and  strapped  fast  in  the  proper  position  for  one  of  the  two  half 

holes  to  be  bored. 
The  remainder  of 
the  operation  is  the 
same  as  described 
for  the  other  holes. 
The  second  half 
hole  is  treated  in 
the  same  manner. 
The  method  of 
boring  the  angular 
hole  B,  Fig.  5,  is 
one  seldom  used. 
Although  the  locat- 
ing of  this  hole  is 
usually  considered 
one  of  the  things 
that  must  be  found 
by  the  most  unsat- 
isfactory cut -and - 
try  methods,  it  may 
be  accurately  done  as  follows:  The  two  plates  A  and  B  are 
screwed  and  doweled  together,  as  shown  in  Fig.  7,  converting 
them  into  a  special  boring  fixture,  or  master  angle-plate.  Then 
a  special  plug  having  a  hardened  steel  ball  F  at  one  end  is  made 
up.  Commercial  steel  balls  are  used,  as  they  are  readily  obtain- 
able and  are  usually  accurate  as  to  sphericity.  This  plug  is  placed 
in  the  5/16-inch  hole  in  the  plate  and  the  ball  is  adjusted  with 
micrometers  until  its  center  is  as  far  from  the  face  of  the 
plate  as  the  sine  of  the  angle  of  the  hole  to  be  bored.  The 
boring  fixture  is  then  strapped  to  the  lathe  faceplate  and  the 
ball  indicated  until  it  runs  true,  after  which  the  ball  and 
plug  are  removed,  a  short,  straight  plug  substituted,  and  the 
master  gage  located  in  place  again  over  this  plug,  being  held 
by  solder,  when  it  is  ready  to  have  the  hole  B  finished  in  the 
usual  way. 


Master  Gage  for  testing  Gage   shown 
in  Fig.  4 


Finishlner  Center  Hole  of  Master  Gagre 

The  last  operation  on  the  master  gage  is  finishing  the  cen- 
ter hole  to  size,  stock  having  been  left  so  as  to  bore  the  two 
half  holes  through  solid  steel.  The  gage  is  held  in  a  cast- 
iron  spring  chuck  of  the  "step"  variety,  and  the  hole  Is  roughed 
out.  But  as  these  chucks  are  not  absolutely  accurate,  the 
finishing  is  done  in  a  brass  chuck  like  that  shown  in  Fig.  11. 
This  chuck  consists  of  a  special  lathe  collet  A,  to  one  end  of 
which  is  screwed  and  soldered  the  piece  of  brass  B.  The  collet 
is  placed  in  the  lathe  and  the  brass  piece  bored  out  to  within 
a  couple  of  thousandths  inch  of  the  size  of  the  outside  diam- 
eter of  the  master  gage.     It  is  heated  with  an  alcohol  lamp 


Fig.  6.     Angle-plate  used  to  support  Master  Gage  when  it  is  being  ground 

until  the  gage  will  slip  into  it,  and  is  then  cooled  with  a  piece 
of  waste  dipped  in  water;  the  shrinkage  of  the  brass  will 
hold  the  gage  securely  and  accurately.  The  gage  is  then  bored 
in  the  regular  way,  care  being  taken  on  the  last  few  cuts  not 
to  break  down  the  corners  of  the  two  half  holes.  In  boring, 
0.01  inch  is  left  for  finishing  with  the  bench  lathe  grinder, 
and  in  this  operation  from  0.0002  to  0.0005  inch  is  left  to  be 
taken  out  with  a  lap.    When  lapped,  the  gage  is  ready  for  use. 

Making  Workingr  Gages 

In  making  the  working  gages,  practically  the  same  meth- 
ods are  used.  These  gages  consist  of  a  base  A,  Fig.  4,  a  hard- 
ened tool  steel  locating  and  gaging  nose  B,  to  which  are 
screwed  and  doweled  the  half-hole  gaging  parts  C,  and  hard- 
ened steel  block  E,  which  is  screwed  and  doweled  to  trie  base. 


Fig.  7,     Special  Master  Plate  for  holding  Master  Gage 
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rig.   8.     Plugs  for  locating  Half  Holes  in  Master  Plate 

In  addition  there  are  four  hardened,  ground  and  lapped  plugs, 
only  two  of  which  are  shown;  the  other  two  are  double  ended 
"Go"  and  "Not  Go"  gages  for  the  half  holes. 

To  make  this  gage,  the  base  A  is  first  machined,  the  two 
flat  sides  being  ground  parallel  and  smooth;  then  the  5/16-inch 
hole  in  the  center  is  bored,  after  which  the  block  E  is  made 
in  the  usual  way,  placed  on  the  base  and  located  approxi- 
mately. After  the  screw  holes  are  located,  drilled  and  tapped, 
the  piece  is  fastened  lightly  in  place  and  lined  up  properly 
with  the  center  hole  in  the  gage  base.  It  is  then  fastened 
securely  by  the  screws,  and  the  dowel-pin  holes  are  drilled 
and  reamed  and  the  dowels  placed  in  them. 

The  next  step  is  machining  the  center  plug,  or  locating 
nose  B,  which  is  done  in  practically  the  same  manner  as  was 
described  for  the  master  gage,  using  the  same  master  plate 
and  master  angle.  A  piece  of  tool  steel  is  roughed  out  and  a 
hole  0.002  inch  less  than  5/16  inch  is  bored  and  reamed  in 

_    _  the    center.     The 

piece  is  then  placed 
on  a  mandrel  and 
the  outside  turned 
to  within  0.01  inch 
of  size  and  the  top 
and  bottom  are 
faced  off.  The  bot- 
tom-, being  slightly 
under-cut,  leaves  a 
rim  0.004  or  0.005 
inch  around  the 
edge.  This  edge 
makes  it  impossi- 
ble for  any  bulg- 
ing, caused  in  hard- 
ening, to  prevent 
the  bottom  from 
being    lapped    to    a 


Tool  for  locating  Plugs  sliov 
Fig.  8 


true  surface  again  without  grinding  on  the  surface  grinder. 
After  the  piece  is  turned  and  faced,  it  is  removed  from  the 
mandrel  and  placed  on  the  milling  machine,  and  a  5/16-inch 
slot,  1/4  inch  deep,  is  milled  across  the  face  to  take  the  two 
pieces  that  are  to  gage  the  two  half  holes.  Screw  and  dowel 
holes  are  then  made  in  it.  In  boring  the  angular  hole,  the 
same  methods  and  fixtures  are  used  as  in  making  the  same 
hole  in  the  master  gage.  After  this  hole  is  bored  and  reamed, 
the  piece  is  hardened.  The  scale  is  then  lapped  out  of  the 
center  hole,  and  a  short  piece  of  drill  rod  is  caught  in  the 
lathe  chuck  and  ground  in  place  until  the  piece  can  be  wrung 
onto  it.  In  this  position  the  piece  is  ground  to  within  0.0005 
inch  of  size  and  then  lapped,  to  remove  the  remainder.  Next, 
the  two  pieces  of  soft  tool  steel  are  fitted  to  the  5/16-inch  slot 
milled  across  the  face  of  the  plug,  leaving  enough  projecting 
at  each  end  so  that  when  the  half  holes  are  being  made  there 
will  be  stock  all  around  to  support  the  reamers,  etc.  In  mak- 
ing these  holes,  the  master  plate  used  in  making  the  master 
gage  is  again  used.    In  boring,  about  0.002  inch  is  left  in  the 


holes,  so  that  after  they  are  hardened  and  replaced,  they  can 
be  again  set  up  and  ground  with  a  diamond-charged  lap  used 
in  the  bench  lathe  traverse  spindle  grinder.  Afterward  the 
surplus  stock  on  the  ends  of  the  inserted  pieces  is  ground  off 
on  the  tool  grinder  freehand,  the  final  finish  being  given  by 
placing  the  piece  that  carries  them  over  a  plug,  previously 
ground  in  the  lathe  chuck,  and  finishing  with  the  bench  lathe 
grinder. 

The  gage  is  then  ready  to  assemble.  This  is  done  by  placing 
the  gage  over  a  5/16-inch  plug  that  is  inserted  in  the  hole 
in  the  base.  Then  the  master  gage  is  placed  over  it  and  the 
two  plugs  of  the  proper  size  are  inserted  in  the  two  half  holes 
and  in  the  corresponding  holes  in  the  working  gage,  while  a 
third  plug  is  put  through  the  block  E  and  entered  into  the 
proper  hole  in  the  master  gage.  In  this  position,  the  center 
plug,  or  locating  nose  of  the  working  gage,  is  ready  to  have  the 
dowel  and  screw  holes  transferred  to  the  base.  After  these 
holes  are  finished,  the  dowels  inserted  and  the  nose  secured 


Fig.   10.     Special  Collet  used  in  making  Master  Gage 

by  the  screws,  the  gage  is  ready  for  use.  The  angular  hole, 
and  all  others  that  are  likely  to  become  out  of  true  in  harden- 
ing and  which  cannot  readily  be  trued  up  by  other  means, 
are  ground  out  by  using  a  diamond  lap  where  they  are  too 
small  for  an  emery  wheel  to  be  used. 

Height  Limit  Gagre 

At  B,  Fig.  12,  is  shown  a  limit  gage  for  testing  the  height  of 
the  under-cut  A  in  the  fuse  cap.  Fig.  1.  For  the  benefit  of 
those  who  like  to  work  out  interesting  and  practical  problems 
in  toolmaking  that  require  a  knowledge  of  simple  shop  trigo- 
nometry, the  dimensions  of  the  gage  and  the  cap  are  given 
here  just  as  the  workman  gets  them.  The  gage  consists  of  five 
pieces;  A  and  B  form  the  body  and  are  doweled  and  riveted 
together  by  the  pin  D,  which  is  a  snug-fitting  piece  of  drill  rod. 
Pins  C  are  driven  into  body  B.  the  center  hole  being  for  clear- 
ance to  allow  the  pins  to  be  driven  out. 

Fig.  15  shows 
the  master 
plate  on  which 
the  two  parts 
forming  the 
body  were 
made.  This 
consists  .  of  a 
flat  plate  A 
ground  paral- 
lel on  the  sides 
and  two  long 
edges.  In  it  are 


Fig.    11.     Brass   Chuck   for   holding   Master   Gage 
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Fig:.   12.     Gago  for  testing  Undor-cut  in  Fuse  Cap 

bored  four  holes  B,  C,  D  and  E,  and  two  pins  F  and  G  are 
located  on  it.  The  positions  of  the  holes,  of  course,  are  found 
by  calculations  involving  trigonometry.  After  the  dimensions 
have  been  found,  the  plate  can  be  laid  out  roughly,  the  holes 
drilled  and  tapped,  and  jig  buttons  screwed  in  place  and  then 
located  accurately  by  using  micrometers,  a  height  gage,  or 
other  convenient  means.  In  this  case,  the  hole  B  was  first 
located  approximately  and  the  center  punched.  Then  the  plate 
was  swung  on  the  faceplate  of  a  lathe,  and  the  hole  drilled, 
bored  and  reamed  to  size,  but  without  taking  any  particular 
pains  to  keep  it  in  exact  relation  to  any  other  part  of  the 
plate,   as   it   was   afterward   to   be   used    as   a   starting   point. 


Fig.   13.     Locating  Holes  on  the  Master  Plate 

After  hole  B  was  finished,  the  jig  buttons  were  put  in  place 
and  accurately  located  for  holes  C  and  D.  As  we  had  no  en- 
gine lathe  large  enough  to  swing  the  plate  when  these  holes 
were  being  bored,  a  milling  machine  was  used,  as  shown  in 
Fig.  13.  Lacking  a  proper  "faceplate 
for  this  machine,  a  large  internal 
gear  that  was  part  of  a  high-speed 
milling  attachment  was  put  in  place 
on  the  machine  and  a  light  cut 
taken  off  its  inside  face  to  make 
sure  that  it  ran  true,  holding  a 
lathe  tool  in  the  miller  vise.  Two 
blocks  that  had  been  ground  square 
on  the  surface  grinder  were  then 
placed  against  the  trued  face  of  the 
gear,  and  the  master  plate  was 
clamped  back  against  them  as 
shown;  then  the  buttons  were  trued 
up  by  the  indicator,  which  was  held 
fast  in  the  miller  vise.  After  truing 
them,  the  work  was  clamped  more 
securely,   again   indicated,   and   the 


buttons  were  removed;  a  boring  tool  was  put  in  the  miller 
vise  in  place  of  the  indicator,  and  the  holes  were  bored  true, 
using  the  milling-machine  feeds. 

After  the  end  holes  C  and  D,  Fig.  15,  were  finished,  plugs 
were  inserted  and  the  button  for  hole  K  was  put  in  place 
and  trued  up  from  holes  C,  D  and  B.  As  hole  E  is  in  the 
center  of  the  plate,  it  was  bored  in  the  engine  lathe  in  the 
regular  way.  The  pins  F  and  O  were  then  located.  No  par- 
ticular pains  were  taken  with  these,  as  they  were  under-cut 
next  to  the  plate;  they  were  then  ground  on  the  surface 
grinder,  the  plate  being  stood  on  edge  to  get  the  proper  dimen- 
sion from  hole  B.  Next  a  drill  bushing  was  inserted  in  the 
center  hole  E  and  a  plug  in  hole  B. 

The  piece  B,  Fig.  12,  having  previously  been  roughed  out 
of  tool  steel  and  the  center  hole  having  been  bored  on  the 


Fig.   14.     Milling  Edges  of  Gage  and  Slots  on  Master  Plate 

bench  lathe  and  lapped  to  a  plug  fit,  was  placed  over  the 
plug  in  the  hole  B  on  the  master  plate,  clamped  fast,  and  the 
dowel-hole  spot-drilled,  drilled  and  reamed  through  the  drill 
bushing  E.  Next,  the  four-inch  radius  was  milled,  about  0.005 
inch  being  left  on  a  side  to  be  ground  off.  The  milling  was 
done  on  the  bench  lathe,  as  shown  by  Fig.  14.  Plugs  were 
inserted  through  the  work  and  the  holes  E  and  B,  Fig.  15,  in 
the  master  plate,  while  another  plug  was  trued  up  in  place  in 
the  lathe  spindle  from  which  to  swing  the  plate  from  either 
of  the  corner  holes  C  or  D,  using  the  lathe  milling  attachment 
as  shown.  During  this  operation,  the  two  clearance  slots  H 
in  the  master  plate  were  milled  so  as  to  allow  a  grinder  wheel 
to  pass  over  the  work  on  the  following  operations. 

Next  the  bar  A,  Fig.  12,  is  milled  to  receive  the  piece  B. 
This  slot  is  roughed  out  on  the  regular  milling  machine  and 
finished  on  the  bench  lathe  to  within  0.005  inch,  using  the 
master  plate  and  the  bench  lathe  milling  attachment,  as  pre- 
viously described,  and  locating  from  the  dowel-hole  D,  which 
has  been  drilled  and  reamed,  and  the  two  pins  F  and  G, 
Fig.  15.  Next  comes  the  boring  and  reaming  of  the  two  holes 
for  the  pins  C,  Fig.  12.  Figs.  16  and  20  show  how  the  part 
B,  Fig.  12,  is  located  on  an  angle-plate  over  the  two  l)ins  that 
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Fig.    15.     Master  Plate   for  making  Gage   shown  in  Fig.    12 


August,  1917 


MACHINERY 


1093 


Fig.    18.     Master   Gage   for 

making    Gage    shown 

in  Fig.   21 


Fig.  16.     Lapping  Holes  in  Ends  of  Gage 

were  accurately  located  for  holding  the  piece  in  the  proper 
position.  After  the  holes  are  reamed  for  the  pins,  the  piece 
is  taken  to  the  milling  machine  and  the  end  milled  where  it 
is  to  fit  on  the  bar,  enough  stock  being  left  for  grinding  after 
hardening.  All  the  pieces  are  now  ready  to  harden.  After 
hardening,  red-hot  tongs  are  used  to  draw  out  those  parts 
that  are  to  be  joined  together 
so  as  to  eliminate,  as  far 
as  possible,  any  chance  of 
their  breaking  at  this  point. 
Next  the  holes  for  pins  C 
are  lapped  out  and  temporary 
pins  driven  in  place,  after 
which  the  work  is  taken  to 
a  surface  grinder  and  the 
sides  ground  parallel  with 
these  pins.  Then  the  center 
holes  and  the  dowel-holes  are 
lapped  out  until  the  pieces 
can  be  put  back  in  place. 
Fig.  16  shows  the  final  finish- 
ing of  the  two  pin-holes  with 
a  diamond  lap,  using  the 
bench  lathe  traverse  spindle 
grinder.  Next  the  four-inch  radius  is  ground  on  both  parts 
A  and  B,  Pig.  12.  This  work  is  done  on  the  bench  lathe,  using 
the  master  plate  swung  from  the  center  plug  and  the  tool- 
post  grinder,  as  is  shown  in  Fig.  17.  The  lathe  is  turned  back 
and  forth  by  hand  and  the  measuring  is  done  from  the  center 
plug  to  the  side  of  the  radius  with  a  vernier  to  get  the  exact 

radius.  Parts 
A  and  B  are 
then  fitted  to- 
gether and  the 
dow  el  -holes 
lapped  true 
with  each  other 
and  a  tight  fit- 
ting dowel  in- 
serted, but  not 
headed  over. 
Getting  the  di- 
mensions 0.503 
and  0.497  inch 
is  then  a  mat- 
ter of  calcula- 
tion and  meas- 
urement from 
a  plug  Insert- 
ed in  the  cen- 
ter hole  in 
part  B  to  the 
face  of  bar  A, 
then  removing 
B  and  grinding 

Holding   Gage   for  boring   and  lapping  ,      ,  ., 

Holes   in   Ends  A.  After  aSSem- 


Fig.     19.     Master    Angle-block    for 

making    Master    Gage    shown 

in  Fig.    18 


Fig.   17.     Grinding  Four-inch  Badius  on  Gage 

bling  them  and  inserting  and  heading  the  dowel,  the  gage  is 
finished. 

Flat  Gage  for  Measuring'  Depth  of  Slot  In  Fuse  Ring 

At  A,  Fig.   21,   is   shown  a  gage  that   puzzles   the  average 
toolmaker.    It  is  a  simple  flat  gage  used  to  measure  the  depth 

of  a  milled  slot  B  in  the  fuse 
ring;  a  is  the  angle  of  the 
edge  of  the  ring,  and  D  and 
E  the  dimensions  given  by 
the  part  drawing.  The  dimen- 
sion X  is  determined  by  cal- 
culations involving  simple 
shop  trigonometry,  but  meas- 
uring this  dimension  on  the 
piece  is  another  matter.  As 
it  cannot  be  done  directly 
with  micrometers,  a  master 
gage  A,  Fig.  18,  must  be 
made.  This,  at  first,  seems 
to  be  as  hard  a  proposition  as 
the  working  gage,  but  actually 
is  much  easier.  A  piece  of 
Brown  &  Sharpe  ground  tool 
steel  is  roughed  out  to  approximately  the  shape  shown,  leav- 
ing enough  to  grind,  and  is  then  hardened.  It  is  then  placed 
on  a  surface  grinder,  and  after  the  sides  and  edges,  and  the 
surfaces  B  and  C  are  ground,  the  angle  is  ground  and  dimen- 
sion X  made  correct. 

But  before  this^an  be  done,  a  master  angle-block  must  be 
made.  This  block,  shown 
in  Fig.  19,  is  made  of 
machine  steel  and  is 
ground  perfectly  square 
and  parallel  on  the  ends 
and  sides.  The  angle  is 
obtained  with  the  aid 
of  a  sine  bar  and  an 
accurate  angle  -  plate. 
When  this  block  is  fin- 
ished, the  master  gage 
is  clamped  to  it  while 
the  angle  is  ground  on 
a  surface  grinder.  To 
make  dimension  X  cor- 
rect, a  hardened  and 
ground  plug  D.  Fig.  18, 
is  made,  the  outside  di- 
ameter and  the  point 
being  ground  at  one 
setting,  so  as  to  have 
the  point  exactly  con- 
centric. The  point  is 
rounded  with  a  fine 
Arkansas  oilstone  to  re-         „.     „,       ,  ,       , 

Fig.  21.    Flat  Gage  for  measuring  Milled 

move    any    slight    burr  slot  in  Ring 
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Fig.    22.     Using    Master   Angle-block   to    get    True    Angle   on    Grinding 
Wheel 

or  sharpness  that  can  possibly  interfere  when  measuring  across 
it  with  a  micrometer.  Care  must  be  taken  to  remove  no  more 
than  is  necessary.  After  grinding  the  outside  and  the  point, 
the  other  end  is  ground,  eitlier  in  the  bench  lathe  or  the  sur- 
face grinder,  whichever  is  most  convenient  or  accurate,  until 
the  plug  is  the  proper  length.  Then  the  master  gage  is  laid 
flat  on  a  surface  plate  and  the  plug  is  pressed  between  sur- 


yaeJiincry 


Fig.    23.     Method   of   clamping   Gage    to   Master   Angle-block 

faces  B  and  against  surface' C,  as  shown  by  the  dotted  lines, 
and  secured  in  that  position  by  a  drop  of  melted  wax.  This 
wax  is  made  by  melting  together  one  part  of  beeswax  and  one 
part  of  rosin.  When  the  master  gage  is  secured  to  it,  the 
master  angle-block  is  taken  to  the  surface  grinder  and  ground 
on  the  angle  until  a  straightedge  will  rest  on  the  angular  sur- 
face and  the  point  of  the  plug.  Great  care  must  be  exercised 
not  to  grind  off  too  much,  as  the  point  of  the  plug  is  so  small 
that  a  ray  of  light  shining  through  between  it  and  the  straight- 
edge may  appear  to  be  several  thousandths  inch,  when  in  real- 
ity it  is  no  more  than  0.0001  or  0.0002  inch.  After  the  angle 
is  properly  ground,  the  master  gage  is  ready  for  use. 

The  working  gages  are  roughed  out  of  Brown  &  Sharpe 
ground  stock,  no  particular  pains  being  taken  with  them  other 
than  to  leave  enough  stock  on  the  working  faces  to  grind, 
after  which  they  are  hardened.  They  are  then  ground  true  and 
parallel  on  the  sides  and  edges.  In  order  to  grind  surfaces  B, 
Fig.  18,  and  the  angular  faces,  the  master  angle-block  is  set 


up  on  the  surface  grinder,  as  in  Fig.  22.  After  a  parallel  A 
is  clamped  to  It,  the  diamond  emery  wheel  dresser  is  slid  up 
and  down  it  past  the  face  of  the  wheel  B,  thus  obtaining  the 
correct  angle  on  the  wheel.  In  Fig.  23,  the  work  is  shown 
clamped  to  one  of  the  plain  surfaces  of  the  master  angle-block, 
in  the  proper  position  to  grind;  the  wheel,  besides  being  trued 
on  the  face  to  give  the  proper  angle,  is  under-<;ut  on  the  sides 
with  the  diamond,  as  shown  by  the  dotted  lines. 

In  grinding  surfaces  of  this  kind,  the  grinder  spindle  must 
have  no  end  play,  so  it  is  customary  to  use  a  piece  of  hard 
wood,  sharpened  to  a  blunt  point,  in  the  spindle  center  and 
keep  the  spindle  in  the  proper  position  by  lightly  pressing 
against  it.  If  much  work  of  this  kind  is  to  be  done,  a  flat 
spring  secured  to  the  wheel  guard  and  pressing  against  the 
end  of  the  spindle  may  be  made  to  answer.  After  surfaces  B, 
Fig.  18,  are  ground,  the  angular  faces  are  ground.  As  these 
faces  must  be  parallel  and  perfectly  in  line,  it  is  difficult  to 
grind  them  on  the  surface  grinder,  so  the  bench  lathe  is  used. 
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Fig.   24.     Grinding  Gage  in  Bench  Lathe 

In  Fig.  24,  A  is  the  faceplate  and  B  is  the  master  angle-block, 
to  which  the  gage  is  clamped,  which,  in  turn,  is  secured  to  and 
swung  from  the  faceplate  of  the  lathe.  The  grinding  is  done 
with  the  bench  lathe  grinding  attachments,  either  the  tra- 
verse spindle  or  toolpost  grinder  being  used.  Lastly,  the  end 
of  the  gage  has  to  be  ground  to  make  dimension  X,  Fig.  21, 
correct.  This  is  set  up  as  shown  in  Fig.  23,  only  using  a 
straight   wheel   and  trying   the  work   with   the  master   gage. 

Gag-e  for  Testing  Counterbore  of  Angular  Hole  in  Fuse  Body 

Fig.  25  shows  a  gage  for  testing  the  depth  of  counterbore 
of  the  angular 
hole  A  in  the 
fuse  body.  Fig. 
3.  This  con- 
sists of  the 
body  into  which 
pins  are  driv- 
en. All  the 
parts  are  of 
tool  steel  and 
are  hardened 
and  ground. 
The  hole 
through  the 
center  pro- 
vides means 
for  driving  out 
the  pins  easily.  ,         ,  .      , 

Fig.  25.     Gage  for  Depth  of  Counterbore  of  Angular 
The    difficulties  Hole  in  Fuse  Body 
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Fig.   26.     Gage  for  locating  Angular  Hole   drilled  in  Stem  of 
Fuse  Body 

met  in  making  a  gage  of  this  type  are  in  getting  the  dimen- 
sions A  and  B  correct,  as  neither  of  these  may  be  obtained  di- 
rect with  ordinary  measuring  tools. 

The  method  of  making  these 
gages  is  as  follows:  First  the 
body  is  roughed  out,  taking 
care  only  to  see  that  the  two 
pins  are  kept  in  line  with 
each  other.  Then  the  body  is 
hardened,  the  holes  lapped 
out  to  receive  the  pins,  the 
pins  put  in  temporarily,  and 
the  sides  and  edges  ground 
parallel  with  these,  care  be- 
ing taken  that  both  the  edges 
are  a  given  distance  from  the 
pins.  The  pins  are  then  re- 
moved and  the  work  is 
clamped  to  a  master  angle- 
block  and  the  longer  of  the 
two     oblique     sides     ground. 

Before  finishing  the  short  sides  and  getting  dimension  B, 
it  is  necessary  to  make  up  the  master  gage,  which  may  be 
used  to  test  the  working  gages.     The  angles  on  this  master 


Fig.  28.     Testing  Slot  in  Kelation  to  Badius 


Fig.   27,     Gage   for   locating   Angular   Hole,    Similar   to   that   shown 
in  Fig.  26 

gage  are  generated  by  a  sine  bar  and  an  accurate  angle- 
plate,  grinding  them  on  a  surface  grinder.  The  measurement 
C,  which   is   the   difference  between  B   and  the  edge  of  the 

working  gage,  is  easily  ob- 
tained with  a  micrometer. 
The  "Go"  and  "Not  Go"  ends 
of  the  master  gage,  which  are 
used  to  test  the  length  of  the 
pins,  are  ground  in  the  usual 
way,  as  they  can  be  measured 
direct  with  the  micrometer. 
When  the  short  oblique  side 
of  the  working  gage  is  to  be 
ground,  the  gage  is  clamped 
fast  to  a  master  angle-block, 
set  up  on  the  magnetic  chuck 
of  a  surface  grinder  and 
ground  little  by  little.  The 
master  gage  and  a  knife-edge 
straightedge  are  then  used  to 
test  it,  as  shown,  until  the 
two  edges  are  perfectly  in  line.  A  variation  of  0.0002  inch  be- 
tween the  master  and  the  gage  will  look  large  when  they  are 
held  to  the  light.     After  finishing  the  angle,  which  makes 


Fig.   29.     Method  of  handling  Gage  shown  in  Fig.  26 


Fig.   30.     Method  of  handling  Gage  shown  in  Fig.   27 
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Fig.   31. 


Jig  for  drilling  Angular  Hole  in  Stem 
of   Fuse   Body 


diniensluii  li  correct, 
the  hardened  pins 
are  driven  in,  leav- 
ing Just  enough  pro- 
jecting to  grind. 
Tlien,  squaring  up  on 
an  angle-plate,  the 
p'ins  are  ground  off, 
the  master  gage  be- 
ing used  to  get  the 
dimension  D,  which 
has  been  found,  by 
trigonometry,  to 
bring  dimension  A 
right  and  finish  the 
gage. 

Testing:  Slot  in  Rela- 
tion to  Radius 
Fig.  28  shows  a 
method  of  measur- 
ing a  slot  in  relation 
to  a  radius  that  it  is 
desired  to  make  more 
accurate  than  can  be 
done  with  a  height 
gage  or  other  ordi- 
nary means.  A  is  the  piece  to  be  measured;  B,  a  special  square 
of  hardened  and  ground  steel;  C,  a  smaller  square  made  to 
fit  and  slide  perfectly  in  a  slot  in  the  larger  square  and  held 
in  place  by  a  flat  plate  screwed  on,  as  shown.  All  parts  of  the 
tool  are  made  as  accurately  as  possible.  The  manner  of  using 
is  clearly  shown;  the  width  of  the  square  ends  are  subtracted 
from  the  over-all  dimension  found  by  the  aid  of  the  micrometer. 

Miscellaneous  Examples  of  Gagres  and  Jigs 

Figs.  26,  27  and  29  to  32,  show  other  examples  of  gage  and 
jig  work.  Fig.  26  shows  a  ring  A  that  fits  over  the  stem  of 
the  fuse  body  and  down  onto  the  platform,  where  it  is  located 
from  the  pin  B  that  fits  into  a  hole  in  the  platform.  The  pin  C 
is  used  to  gage  the  location  of  an  angular  hole  drilled  through 
the  stem.  The  method  of  handling  this  gage  is  as  follows: 
After  roughing  out  the  ring  A,  allowing  for  grinding  and  lo- 
cating the  pin  B,  it  is  transferred  to  a  master  angle-plate  A, 
Fig.  29,  which,  in  turn,  is  clamped  to  a  bench  lathe  faceplate, 
as  illustrated.  This  angle-plate  has  been  previously  ground 
perfectly  true  on  the  surface  grinder,  using  a  sine  bar  to  make 
the  angles  correct;  it  also  has  two  holes  accurately  located  in 
it,  one  for  centering  the  gage  and  the  other  for  receiving  pin  B. 
When  the  angle-plate  has  been  properly  positioned  on  the  lathe 
faceplate  by  means  of  the  ball  plug,  as  shown,  the  latter  is 
removed  and  another  plug  inserted;  over  this  plug  is  placed  a 
ring  B  that  is  used  to  locate  the  gage.  The  remainder  of  the 
work  is  performed  as  has  been  previously  described. 

Fig.  27  shows  a  somewhat  similar  gage,  while  Fig.  30  shows 
the  method  of  handling  it  on  a  master  angle-plate,  using  a 
ball  plug  as  described  for  the  other  gages.  In  all  cases,  due 
allowance  must  be  made  for  grinding  all  over  after  harden- 
ing and  repeating  all  operations  on  surfaces  that  are  to  be 
very  accurate. 

Fig.  31  illustrates  a  jig  for  drilling  an  angular  hole  in  the 
stem  of  the  fuse  body,  this  being  the  hole  for  which  the  gage 
shown  in  Fig.  26  is  used.  This  jig  was  made  in  two  pieces, 
being  split  on  center  line  A  on  account  of  trouble  experienced 
from  drill  breakage.  When  solid  jigs  were  used  and  drills 
broke,  they  wedged  the  body  fast  in  the  jig  and  it  was  difficult 
to  remove  them;  but  by  making  the  jig  in  two  pieces,  the 
upper  part  can  be  removed,  and  the  drill  easily  extracted  with- 
out removing  the  jig  proper  from  the  drill-press  table. 

The  method  of  handling  this  jig  is  to  fasten  an  angle-iron  B 
to  the  back  side  of  the  jig,  then  set  it  up  in  a  lathe,  or  milling 
machine,  and  finish-bore  the  hole  G.  At  the  same  setting, 
angle-iron  B  is  bored  to  take  the  ball  plug  D,  thus  having  the 
ball  plug  exactly  central.  The  ball  is  easily  set  to  the  exact 
apex  of  the  angle  by  using  the  depth  micrometer  E  from  the 
face  of  the  jig.  After  the  ball  is  set,  the  jig  is  swung  up  on  a 
lathe  faceplate  from  the  surface  F,  the  top  half  of  the  jig  is 


Fig.  32.     Jig  for  drilling  Angular  Hole 
in  Fuse   King 


removed,  so  that  the 
ball  can  be  reached 
by  an  indicator,  and 
the  ball  indicated  un- 
til it  runs  true.  The 
top  half  of  jig  a  is 
then  put  back  and 
bored,  reamed,  etc., 
in  the  regular  way. 
If  the  jig  had  not 
been  made  in  two 
pieces,  the  setting 
could  have  been  ac- 
complished by  locat- 
ing the  ball  as  al- 
ready described  and 
then  using  a  second 
ball  fastened  to  a 
piece  as  shown  at 
the  top  of  the  view, 
and  transferring  the 
location  by  means  of 
an  indicator,  height 
gage  or  other  means. 
Another  method  is 
to  locate  a  jig  button 
on  face  H,  using  the  ball  for  transferring  the  location. 
Fig.  32  shows  a  drill  jig  for  drilling  an  angular  hole  in  a 
time-fuse  ring.  The  ring  A  is  located  over  the  plug  B,  which, 
with  the  drill  bushing  C,  is  driven  into  the  jig  body  D.  The 
manner  of  using  the  ball  plug  E  at  the  apex  of  the  angle  is 
clearly  shown. 

*  *     * 

RHOTANIUM-A  PLATINUM  SUBSTITUTE 
Rhotanium,  a  palladium-gold  alloy  in  which  the  gold  content 
varies  from  60  to  90  per  cent,  is  said  to  form  a  satisfactory 
substitute  for  platinum.  It  is  malleable  and  ductile  and  can 
be  welded  without  the  use  of  a  flux  or  other  reagent.  Its  spe- 
cific gravity  ranges  from  about  16  to  18.5,  according  to  com- 
position, and  its  losses  by  volatilization  at  temperatures  below 
1300  degrees  C.  are  less  than  those  of  commercial  platinum.  It 
can  be  used,  within  its  temperature  limitations,  in  electric 
heating  units,  and  is  satisfactory  for  contact  terminals  in 
many  forms  of  automatic  electric  devices.  Its  behavior  when 
tested  on  certain  magnetos  was  satisfactory,  but  experiments 
performed  on  a  high-grade  aeroplane-engine  magneto  gave  neg- 
ative results.  It  is  not  suitable  for  use  with  hot  concentrated 
nitric  acid  nor  for  electrolytic  anodes,  but  for  all  other  chem- 
ical purposes  it  is  entirely  satisfactory  if  the  proper  compo- 
sition is  chosen  and  if  properly  manufactured.  Certain  of  the 
alloys  have  given  good  service  in  dentistry  when  used  for  pins 
and  baked  into  porcelain  teeth  and  as  thin  foil  and  heavy  sheet 
for  other  types  of  construction.  Rhotanium  is  said  to  be  su- 
perior to  pure  platinum  for  use  in  jewelry;  it  is  harder, 
stronger  and  takes  a  better  finish.  It  does  not  tarnish,  is  non- 
corrodible,  has  practically  the  color  of  platinum,  and  can  be 
worked  as  readily.  Jewelry  made  with  it  passes  the  cpmmon 
jewelers'  and  platinum  buyers'  tests. — U.  S.  Commeixe  Reports. 

•  •     * 

Sir  Francis  Fox  told  the  Royal  Geographical  Society,  of 
Great  Britain,  that  one  of  the  difficulties  in  planning  the  actual 
route  of  the  Channel  tunnel  was  to  keep  the  tunnel  well  within 
the  thickness  of  the  gray  chalk.  Because  of  this  the  tunnel 
would  not  be  quite  a  "bee  line."  The  maximum  depth  of 
water  over  the  tunnel  would  be  from  160  to  180  feet,  and  the 
roof  of  chalk  over  the  structure  had  been  fixed  at  a  minimum 
of  100  feet.  A  dip  in  the  level  of  the  rails  would  form  a  water 
lock,  so  that  a  mile  of  the  tunnel  could,  in  case  of  emergency, 
be  filled  with  water.  The  mechanism  for  doing  this  would 
be  controlled  from  Dover  Castle,  and  the  entrance  and  exit 
of  both  tunnels  would  be  under  the  gunfire  of  the  Dover  forts. 
By  means  of  the  tunnel,  it  was  stated  trains  would  run  direct 
from  London  to  Paris  in  less  than  six  hours,  and  it  would 
be  possible  to  go  from  London  to  Constantinople,  Petrograd, 
and  by  the  Serbian  express  to  the  Far  East. 
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DETERMINATION  OF  BLANK  DIAMETER 
FOR  DRAWN  METAL  SHELL 

In   some   shops,   the   determination   of  the   diameter   of   the 
blank  for  a  shell  of  given  diameter  and  depth  is  a  matter  of 

guess   or   "cut   and   try,"   although   there 

are  tables  that  give  this  information. 
However,  all  the  tables  that  the  writer  has 
seen  have  been  made  by  calculating  the 
blank  diameters  for  various  sized  shells 
by  the  formula  Z)  =  VcP^idh,  in  which 
D  is  the  diameter  of  a  blank  for  a  shell 
having  a  diameter  d  and  a  height  h.  It 
is  obvious  that  the  area  of  the  blank  must 
be  equal  to  the  area  of  a  circle  having  a 
diameter  d  and  the  lateral  area  of  the 
shell.     Then,   as    the   area   of   the   circle 

ird' 

with    a   diameter   d   is   ,   the   lateral 

^  ttD- 

area  is  Trdh,  and  the  blank  area  is ; 

4 
ird' 

+  irdh 


Fig.    1.     Shell   and 
Blank-holder 


nD' 


ird' 


= h  Trdh,  D^  =  —{   ■ •  +  irdh  ) ,  Z>  =  V  d'  +  'idh. 

4  4  TT  \     4 

But  this  formula  does  not  take  into  consideration  the  "draw," 
or  stretch,  of  the  metal  that  takes  place  during  the  stamping 
operation.  This  draw  is  in  proportion  to  the  depth  of  the  shell 
and  is  different  for  different  metals.  To  determine  the  blank 
diameter  for  a  zinc  shell  of  known  depth  and  diameter,  made 
in  one  drawing  operation,  the  chart  shown  in  Fig.  2  will  be 
found  accurate.  This  chart  is  made  with  each  division  repre- 
senting 1/64  inch.  The  abscissas  represent  the  depth  h  of  the 
shell.  Fig.  1,  and  the  ordinates,  the  width  W  of  the  blank- 
holder.  For  example,  suppose  that  it  is  desired  to  find  the 
blank  diameter  of  a  shell  2  inches  in  diameter  and  13/16  inch 
deep.  Now  13/16  inch  is  52/64,  so  following  the  vertical  line 
from  52  to  the  curve  and  reading  the  horizontal  line  that  it 
intersects  at  that  point,  the  width  W  of  the  blank-holder  is 
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found  to  be  39/64  inch.    39/64  X  2  =  1  7/32,  which,  added  to 

the  diameter  2  inches,  gives  a  blank  diameter  of  3  7/32  inches. 

Wheeling,  W.  Va.  H.  S.  Beady 


MAKING   SQUARE   STOCK  OCTAGONAL 

In  the  machine  shop,  if  a  piece  of  square  stock  is  to  be  made 
octagonal,  it  is  necessary  to  know  either  the  depth  of  cut  AB, 
Fig.  1,  or  the  thickness  BC  of  the  collars  between  the  straddle- 
mills.  To  the  carpenter,  however,  the  problem  presents  itself 
in  a  different  light.  He  cares  for  neither  of  these  measure- 
ments, but  needs  AT),  so  that  he  can  scribe  a  line  to  guide  his 
saw  and  plane. 

The  methods  employed  to  obtain  this  dimension  are  interest- 
ing.    Some  of  the  men  with  whom  the  writer  has  conversed 


Figs.  1  to  5. 


Diagrams  showing  Methods  used  in 
Octagonal 


aaking  Square   Stock 


Fig.  2.     Chart  for  determining  Blank  Diameter  of  Zinc  Shell 


say  that  they  take  AB  equal  to  one-third  the  side  of  the  square, 
and  "don't  cut  quite  to  the  line."  This  is  undeniably  an  easy 
scheme,  but  about  as  accurate  as  the  proverbial  "blacksmith's 
hairbreadth,"  the  actual  value  of  AT)  being  not  side  X  1/3, 
but  side  X  0.2929  +.  Others  adopt  the  plan,  shown  in  Fig.  2, 
of  dividing  half  the  side  of  the  square  into  fifths  and  taking 
the  third  division  from  the  corner  as  the  starting  point  for 
scribing  the  line.  This  is  not  so  inaccurate  a  method  as  the 
first,  0.3  being,  probably,  near  enough  to  0.2929  +  for  wood- 
working purposes,  except  in  the  more  exacting  branches  of 
work. 

Another  plan  is  to  lay  out  an  equilateral  triangle,  as  in 
Fig.  3,  then  with  the  miter  square  subtract  45  degrees  from 
it.  The  length  of  the  side  of  the  square  is  then  laid  off  at  BA, 
and  the  perpendicular  AD  erected,  its  length  being  taken  for 
AT)  in  Fig.  1.  This,  also,  is  only  an  approximation,  giving 
side  X  0.2588  -f .  Some  workmen,  however,  follow  a  method 
that  is  theoretically  exact,  as  it  gives  the  true  value:  AD  = 
side  X  tan  22  deg.,  30  min.,  X  sin  45  degrees.  Laying  out 
an  angle  of  45  degrees  with  his  miter  square,  the  workman 
bisects  it  with  dividers  and  straightedge,  as  in  Fig.  4.  Then 
making  OP  equal  to  the  side  of  the  square,  he  erects  the  per- 
pendicular PD,  which  equals  side  X  tan  22  deg.,  30  min.,  and 
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drawing  NP  at  45  degrees  to  PD,  he  draws  the  perpendicular 
AD,  which  he  takes  for  AD  in  Fig.  1. 

Various  other  methods  of  obtaining  AD  by  construction  are 
in  use,  but  none,  so  far  as  the  writer  is  aware,  is  as  quick  as 
the  apiJFOximate  schemes  here  given,  nor  as  accurate  as  that 
given  in  Fig.  4.  Obviously,  the  22-degree,  30-minute  angle  can 
be  used  in  the  solution  of  two  problems  allied  to  this;  for  if, 
in  Fig.  5,  AD  is  made  equal  to  the  diameter  of  a  circular  piece, 
BD  will  be  the  side  of  the  included  regular  octagon.  Con- 
versely, if  BD  is  made  equal  to  the  side  of  the  octagon  desired, 
AD  will  be  the  diameter  of  the  circumscribing  circle. 

New  London,  N.  H.  Guy  H.  Gardner 


BLANKING  AND  FOLDING  PUNCHES 
AND   DIES 

The  shell  shown  at  A,  Fig.  1,  is  made,  in  two  operations, 
from  16-gage  hot-rolled  steel.  At  B,  it  is  shown  seated  in  posi- 
tion, and  as  it  is  surrounded  by  metal,  it  will  not  open  if 
an  unequal  strain  should  develop.  This  shell  is  utilized  as 
a  spring  seat  and  retainer;  but  it  has  a  wider  scope  of  use- 
fulness by  reason  of  its  low  cost  of  production.  Under  ordi- 
nary conditions,  a 
shell  of  these  di- 
mensions drawn 
from  a  round  blank 
will  take  five  press 
operations ;  or,  on 
a  basis  of  8000 
pieces  a  day,  40,000 
operations  are  re- 
quired, against  16,- 
000  operations  by 
the  folding  method. 
In  addition,  five 
separate  dies  and 
punches  are  re- 
quired, besides  the 
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Tig.    1,     Blank   and    Shell   formed   from   it 


expense  of  repairs  and  extra  help.  Furthermore,  uniform  and 
unstrained  walls  cannot  be  guaranteed  when  dies  and  punches 
must  often  be  polished  to  eliminate  the  excessive  friction 
caused  by  the  constant  rubbing  of  metal  and  dies. 

The  shell  A,  Fig.  1,  is  made  on  an  inclined  press  in  one 
blanking  and  one  folding,  or  drawing,  operation.  The  blank- 
ing is  done  with  the  compound  punch  and  die  shown  in  Fig. 
2.  The  advantage  of  operating  this  die  in  an  inclined  press 
is  that  the  blanks  will  drop  clear  of  the  die,  by  gravity,  and 
will  be  transferred  to  a  receptacle  by  a  chute  fastened  to  the 
stripper  at  J.     The  blank  C,  Fig.  1,  which  is  made  of  scrap. 
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Fig.    3.     Top   View  of   Blanking  Die 

must  be  carefully  developed  in  size  and  shape  to  meet  the 
necessary  requirements  in  dimensions  and  have  all  seams 
tight,  as  well  as  to  have  a  uniform  and  concentric  flange,  as 
shown  at  D,  which  is  a  view  of  the  bottom  of  the  shell.  This 
view  shows  that  the  hole  has  opened  1/32  inch  in  drawing, 
which  is  always  taken  into  consideration  in  developing  work 
of  this  nature. 

Fig.  2  shows  the  compound  blanking  and  perforating  die, 
which  is  of  the  pillar  type;  this  is  easily  set  up,  adjusted,  and 
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Fig.    2.     Blanking    Punch    and    Die 


Fig,    4.     Folding  Punch  and  Die 

put  into  operation.  A  is  the  cast-iron  punch-shoe,  made  to  fit 
the  press  ram;  B  is  the  die-shoe,  also  made  of  cast  iron. 
These  are  held  in  alignment  by  guide  pins  C  and  bushings  D, 
which  are  made  of  tool  steel  and  are  hardened  and  ground. 
The  guide  pins  C  are  provided  with  oil  channels  to  facilitate 
lubrication;  the  lubricant  used  consists  of  white  lead  and  oil. 
The  punch  E  is  made  of  hardened  tool  steel  and  is  held  in 
position  by  a  set-screw  F.  The  hole  Z  is  provided  to  remove 
the  punch  E,  when  it  becomes  necessary.  Punch  E  has  a  clear- 
ance hole  at  0  and  when  operating  in  an  inclined  press  dis- 
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charges  the  slugs 
over  the  strip- 
per G,  which  al- 
lows them  to 
slide  through  a 
chute  y  to  the 
scrap  receptacle. 
The  stripper  G 
is  held  in  posi- 
tion by  screws  // 
and  dowel-pins  /. 

The  die  X  is 
made,  in  sec- 
tions, of  tool 
steel  and  is 
hardened.  It  is 
securely  held  in 
the  die-shoe  B  by 
reason  of  the  sections  being  properly  fitted  and  by  screws  K. 
Fig.  3  shows  a  top  view  of  the  die,  which  consists  of  twelve 
sections  X;  it  also  shows  the  clearance  under  the  stripper  to 
allow  the  blank  to  leave  the  die  and  enter  the  chute  J,  Fig.  2. 
The  perforating  punch  L  is  seated  in  the  bottom  of  the  die  and 
is  held  in  position  by  nut  M.  The  ejecting  pad  N  receives  its 
motion  from  a  rubber  buffer  P,  the  force  being  transmitted 
through  plates  Q  and  pins  R.  The  rubber  buffer  is  held  in  po- 
sition by  a  bolt  S  screwed  into  the  die-shoe  at  T  and  tension 
nuts  V.  Holes  W  are  provided  for  bolting  the  die  to  the  press, 
making  it  unnecessary  to  use  a  bolster  plate. 

Fig.  4  shows  the  folding,  or  drawing,  punch  and  die.  The 
die-shoe  A  is  made  of  cast  iron  and  has  a  seating  bushing  B, 
held  in  position  by  screws  G.  Bushing  B  is  made  unusually 
long  to  increase  its  life;  after  the  face  is  ground  when  the 
edge  becomes  worn,  a  washer  is  placed  under  the  bushing  to 
raise  it  to  the  proper  height.  This  bushing  is  tapered  0.003 
inch  to  allow  the  shell  to  be  ejected  more  easily  by  the  knock- 
out pin  D.  Pin  D  has  a  gage  pin  E  on  its  face  to  gage  and 
center  the  blank  previous  to  drawing  it.  The  knockout  pin 
receives  the  proper  tension  from  a  rubber  buffer  F,  which  is 
secured  by  bolts  G,  plate  H,  and  adjusting  nuts  I. 

The  drawing  punch  J  is  made  of  carbon  steel  and  is  counter- 
bored  to  clear  the  gage  pin  E.  It  is  held  in  a  machine-steel 
punch-holder  K  and  secured  by  a  tapered  pin  L.  The  stripper 
plate  M  Is  machine  steel  and  has  a  hardened  bushing  N 
in  the  center  to  flatten  the  flange  of  the  shell  when  the  punch 
descends.  This  bushing  also  releases  the  shell  from  the  punch 
when  the  latter  returns  to  high  center.  The  adjustment  of 
the  stripper  M  is  made  by  bolts  0  and  P.  A  pin  R  secures  the 
punch  to  the  ram  and  prevents  it  from  pulling  out  under  ordi- 
nary conditions.  Bolt  holes  T  are  provided  for  securing  the 
die  to  the  bed  of  the  press. 

Highland  Park,  Mich.  Ernest  A.  Walters 


Knife   Grinding  Fixture 


KNIFE   GRINDING  FIXTURE 

When  their  edges  are  to  be  ground,  knives,  bayonets  or 
other  thin  stock  may  be  set  up  on  the  centers  of  a  Brown  & 
Sharpe  grinding  machine  or  some  similar  type  of  grinder. 
The  grinding  fixture  here  shown  consists  of  a  cast-iron  body  A. 
to  which  spring-steel  plates  B  are  attached  by  pivots  H.  These 
plates  are  U-shaped  and  clamp  the  work  F  to  the  cast-iron 
body  A,  the  tension  being  adjusted  by  screws  G.  The  centers 
are  provided  with  two  hardened  bushings,  which  engage  the 
centers  of  the  grinder.     The  fixture  can  be  set  at  any  desired 


angle  by  adjust- 
ing screw  D. 
This  screw 
works  in  pivots, 
one  of  wliich  is 
screwed  into  the 
fixture  and  can 
rotate  to  suit  the 
various  angles 
required.  The 
other  pivot  is 
screwed  into  the 
tailstock  in  the 
same  way,  and 
is  not  threaded 
in  the  hole.  The 
adjusting  screw 
has  two  collars, 
one  on  each  side  of  the  pivot.  Stops  I  support  the  work  while 
it  is  being  ground  by  wheel  E,  which  can  be  adjusted  back- 
ward and  forward.  This  fixture  has  proved  to  be  very  rapid 
and  efficient. 
Mount  Vernon,  N.  Y.  S.  W.  Potts 


COATING  CASTINGS   WITH  CHALK 

Common  white  chalk  is  used  extensively  as  a  coating  on 
castings  that  are  to  be  laid  out.  Although  its  application  may 
seem  to  be  extremely  simple,  some  men  cannot  get  the  chalk 
to  stay  on  even  if  they  rub  a  whole  lump  into  dust  and  blow 
it  off.  The  first  time  over,  the  chalk  sticks  fairly  well,  but 
the  coating  is  not  heavy  enough  for  lines  drawn  upon  it  to 
be  easily  distinguished;  after  that  the  pulverizing  begins. 
Rubbing  in  this  pulverized  chalk  with  the  fingers  will  give  a 
good  white  face,  and  one  that  will  stand  scribing.  When  a 
vigorous  rubbing  will  not  make  the  chalk  stay,  the  old  school- 
boy trick  of  wetting  it  will  help.  Momentarily,  the  dampened 
surface  looks  too  gray  or  black,  but  blowing  on  it  drys  it  to 
its  normal  white.  If  a  machined  cast-iron  surface  is  to  be 
laid  out,  chalk  should  only  be  used  when  permission  has  been 
obtained,  as  the  chalked  section  is  sure  to  rust — not  badly,  but 
enough  for  it  always  to  be  visible  unless  a  cut  is  taken  over  it. 

Middletown,  N.  Y.  Donald  A.  Hampson 


CHART  FOR  POWER  TRANSMITTED 
BY  LEATHER  BELTS 

The  accompanying  chart  may  be  used  to  determine  the 
width  of  a  single  leather  belt  necessary  to  transmit  any  ordi- 
nary amount  of  power,  the  horsepower  that  will  be  transmitted 
by  a  single  belt  running  at  a  given  speed,  or  the  speed  at 
which  a  belt  must  run  in  order  to  transmit  a  given  power. 
For  example,  to  determine  the  power  that  will  be  transmitted 
by  a  single  belt  7  inches  wide  running  at  a  speed  of  5000  feet 
per  minute,  locate  the  points  7  and  5000  in  the  lower  graduated 
line  and  then  find  the  point  midway  between  them.  This  point 
will  be  found  at  44  horsepower  on  the  upper  graduate^  line. 
The  dividing  may  be  done  with  a  rule,  or  a  pair  of  dividers, 
or  by  folding  a  piece  of  paper. 

Should  it  be  necessary  to  transmit  44  horsepower  by  means 
of  a  belt  traveling  at  a  speed  of  5000  feet  per  minute,  the 
width  of  single  belt  required  may  be  found  by  measuring  the 
distance  between  44  horsepower  and  5000  and  then  measuring 
an  equal  distance  to  the  left  of  the  44-horsepower  point.     In 
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this  case,  it  will  be  found  that  a  7-inch  belt  is  suflleieat.  In 
a  similar  way,  the  belt  speed  can  be  determined  where  the 
belt  width  and  horsepower  are  known.  This  chart  is  based 
on  the  well-known  rule  of  thumb:  A  single  leather, belt,  one 
inch  wide,  running  at  a  speed  of  800  feet  per  minute  will 
transmit  one  horsepower.  N.  G.  Neak 

AUTOMATIC    STOP    FOR    BLANKING    DIES 

Probably  one  of  the  most  valuable  attachments  used  in  con- 
nection with  blanking,  shearing  and  perforating  dies,  where 
stock  is  fed  in  by  hand,  is  the  automatic  stop,  and  yet  it  is 
astonishing  how  little  is  known  of  its  application.  "When  the 
stock  is  fed  in  a  strip  or  from  a  reel,  this  simple  contrivance 
is  more  efficient  than  any  kind  of  automatic  feed  and  is  far 
less  expensive.  The  writer  has  observed  many  instances  where 
the  automatic  stop  could  have  been  applied  with  a  great  sav- 
ing of  time.  In  one  case  the  production  of  mica  and  hard  rub- 
ber disks  was  increased  from  11,000  to  100,000  a  day  by  its 
use,  while  a  shop  blanking  8000  sheet-steel  gear  blanks  in- 
creased its  daily  output  to  58,000.  The  stop  is  an  essential 
feature  on  dies  made  by  high-class  diemakers  and  is  extensively 
used  by  firms  who  specialize  in  punch-press  products,  but  there 
is  no  reason  why  firms  who  use  the  punch  press  as  auxiliary 
equipment  should  not  adopt  its  use  wherever  possible. 


Automatic  Stop  for  Blanking  Dies 

The  illustration  shows  the  application  of  this  stop  to  a 
simple  blanking  die.  Trigger  A  is  shown  locating  the  stock 
for  the  next  blank,  one  of  the  perforations  in  the  stock  serv- 
ing as  a  shoulder  for  this  trigger  at  point  D.  When  the 
ram  descends,  stud  B  trips  the  trigger  A,  lifting  its  point  D 
until  it  clears  the  stock.  When  the  point  clears  the  top  of  the 
flat  stock,  the  spring  C  pulls  the  trigger  forward;  and  when 
the  stock  is  fed  farther,  the  spring  pulls  the  trigger  down  into 
the  next  perforation,  which  again  forms  the  shoulder  for  the 
point.  One  end  of  spring  C  is  fastened  to  trigger  A  and  the 
other  to  the  bottom  of  the  stripper  plate.  There  is  a  slot  in 
the  trigger  for  the  fulcrum  pin,  which  allows  the  double  mo- 
tion, forward  and  down.  This  entire  operation  is  repeated 
at  each  stroke,  so  that  the  press  may  be  run  at  full  speed  and 
the  stock  fed  through  without  having  to  trip  the  press  each 
time.  The  trigger  is  shown  mounted  on  two  lugs  on  top  of 
the  stripper  plate,  but  it  may  be  set  in  the  die-block  beside  the 
stock,  reaching  in  over  the  stock.  While  only  a  simple  case 
is  described  here,  the  application  of  the  automatic  stop  will 
not  at  any  time  be  found  complicated. 

Cincinnati,  Ohio  Joseph  Ahlers,  Je. 


IMPROVED   FORM   OF   OIL-CUP 

On  a  number  of  small  machines  an  ordinary  brass  oil-cup 
with  a  top  that  is  screwed  on  is  used.  Waste  soaked  in  oil 
or  boiled  in  vaseline  before  soaking  is  then  put  in  it.  If  the 
spindle  revolves  very  rapidly  a  vacuum  is  formed  in  the  cup, 
causing  a  thread  of  the  waste  to  be  drawn  into  the  bearing. 


On  most  of  the  smaller  grinders 
and  buffing  lathes,  the  bearings 
are  of  babbitt,  and  so  are  quickly 
cut  enough  to  allow  dirt  to 
gather  and  in  time  to  wear  the 
spindle,  thus  spoiling  the  effi- 
ciency   of    the    entire    machine. 

This  trouble  is  eliminated  in 
the  oil-cup  shown  in  the  accom- 
panying illustration.  A  basin 
about  the  diameter  of  the  ball 
used  is  milled  in  the  brass  cup. 
Then  the  steady,  positive  vibra- 
tion of  a  grinding  or  a  buffing 
machine  causes  the  ball  to  rock 
on  the  oil-hole,  thus  allowing 
the  oil  to  drop,  as  in  a  sight- 
feed  oiler.  The  ball  also  shuts 
off  the  supply  of  oil  when  the  ma- 
chine is  not  running.  The  fact 
that  more  oil  can  be  put  in  at  a 
time  means  that  the  machine  will  run  longer  without  the 
trouble  of  oiling  and  an  operator  can  readily  tell  if  oil  is 
needed  by  removing  the  cap.  The  steel  ball  used  should  be 
six  times  the  diameter  of  the  hole  in  the  oil-cup. 

New  Britain,  Conn.  John  J.  McGaulet 


Improved    Form    of    OlI-cup 


REDUCING  GLARE  OF  ELECTRIC  BULB 

Coating  an  electric-light  bulb  with  Prussian  blue  reduces  the 
glare  and  gives  a  light  that  does  not  tire  the  eyes.  The  pig- 
ment should  be  rubbed  lengthwise  on  the  bulb,  but  not  on 
the  bottom,  of  course. 

Milwaukee,  Wis.  Fred  Fruhneb 


CENTERING  SLEEVE  FOR   PISTON-ROD 

The  device  shown  in  the  accompanying  illustration  was  de- 
signed principally  for  use  on  piston-rods  that  have  to  be  trued 
up  in  a  lathe  or  grinding  machine,  but  the  centers  of  which 
are  so  battered  that  they  will  not  run  anywhere  nearly  true. 
So  much  material  must  be  cut  or  ground  off  a  piston-rod  in 
this  condition  that  the  rod  soon  gets  down  to  the  limit  size, 
and  instead  of  having  a  long  and  useful  life  it  is  wasted.  For 
use  under  these  conditions,  a  sleeve  is  made  to  fit  the  end  of 
the  piston-rod.  In  one  end  of  this  a  small,  hardened,  tool-steel 
plug  is  shrunk.  This  plug  has  a  %-inch  hole  and  is  counter- 
sunk 60  degrees  to  suit  the  lathe  center.  At  the  other  end, 
the  sleeve  is  made  a  little  larger  in  section,  so  that  it  can  be 
knocked  off  the  piston-rod  with  a  soft  hammer,  when  the  rod 
has  been  turned  or  ground,  without  being  injured.  This  sleeve 
can  be  modified,  of  course,  to  suit  other  tapered  or  straight 
pieces  with  poor  centers.  M.  K. 
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Countersink    with    Sleeve    attached    for 
obtaining'  Accurate  Depths 


COUNTERSINK 
SLEEVE 

The  sleeve  here  shown 
enables  the  user  to  ob- 
tain accurate  depths  in 
countersinking;  where 
a  large  quantity  of 
work  is  to  be  machined 
to  the  same  depth,  it 
saves  time  and  pro- 
duces satisfactory  re- 
sults. The  sleeve  A  is 
made  to  fit  the  counter- 
sink and  may  be  ad- 
justed to  suit  the  piece 
being  worked  on.  The 
tool  is  fed  down  until 
the  sleeve  touches  the 
surface  of  the  work,  so 
that  all  the  pieces  are 
countersunk  to  the  same 


depth.  It  is  difficult  to  countersink  all  the  pieces  alike  with- 
out employing  some  method  of  this  kind,  especially  if  some 
of  the  pieces  are  thicker  than  others,  but  this  is  successfully 
accomplished  with  the  tool  described. 

Ambridge,  Pa.  August  J.  Lejeune 


FALSE  GRAPHIC  REPRESENTATION 

I  find  Babson's  "Graphic  Representations  of  Volumes  and 
Weights"  to  be  misleading.  For  eight  times  the  quantity, 
he  shows  a  bottle,  bag,  or  barrel  eight  times  as  high  and  wide; 
whereas  it  should  be  only  twice  the  linear  dimensions,  because 
8  =  2X2X2.  This  method  was  carried  to  the  height  of  ridicu- 
lousness in  the  war  statistics  of  the  National  Security  League 
and  American  Defense  Society,  where  armies  were  represented 
by  soldiers  of  height  in  proportion  to  number.  Nothing  is  so 
simple  and  convincing  as  ordinary  heavy  straight  lines  to 
scale. 

New  York  City  Robeet  Grimshaw 


FINDING  TRUE   ANGLE   OF  VALLEY 
PLATES   FOR   STEEL   HOPPERS 

The  article  in  the  May  number  of  Machinery,  "Laying  Out  a 
Hopper  Miter  Joint,"  brings  to  mind  a  method  the  writer  has 
used  to  find  the  true  angle  of  valley  plates  used  on  steel  hop- 
pers. It  is  a  graphic  method  and  may  be  used  for  any  size 
or  shape  of  hopper.  Let  ABCD  represent  the  plan  of  the  hop- 
per, while  EFO  is  the  elevation;  BD  is  the  intersection  line 
of  the  sides.  Draw.  HE  perpendicular  to  BD;  line  HE  is  the 
edge  of  an  imaginary  plane  passed  perpendicular  to  the  inter- 
section line  and  is  shown  in  the  elevation  by  a  line  JL  drawn 


perpendicular  to  EG.  Revolve  JL  about  the  point  J  to  the 
position  JM  and  project  the  point  M  back  to  the  plan  to  N. 
Then  HNK  is  the  true  angle  of  intersection  of  the  two  sides 
of  the  hopper,  since  it  is  the  trace  on  a  perpendicular  plane  of 
the  two  sides  after  the  plane  is  revolved  into  the  plane  of  the 
drawing. 

St.  Joseph,  Mo.  L.  M.  Hamlet  . 


STUB-TOOTH  BEVEL   GEARING 

Stub-tooth  bevel  gears  are  now  being  used  extensively  by 
some  automobile  manufacturers  instead  of  the  standard-tooth 
bevel  gears.  By  using  a  20-degree  pressure  angle  and  shorten- 
ing the  height  of  the  gear  tooth,  a  stronger  gear  is  obtained, 
which  requires  no  under-cutting  but  which  has  better  rolling- 
contact.  This  type  of  tooth  is  therefore  recommended  for 
machinery  requiring  gearing  that  will  withstand  severe 
stresses.  The  method  of  calculating  the  parts  of  this  gear  Is 
best  shown  by  an  example. 

Let  it  be  required  to  make  a  pair  of  stub-tooth  bevel  gears 
of  4/5  diametral  pitch,  with  46  teeth  in  the  gear,  15  teeth  in 
the  pinion,  and  a  20-degree  pressure  angle.  As  the  tangent  of 
the  pitch  angle  of  the  pinion  is  15  -^  46  =  0.32609,  the  angle 
is  18  degrees,  4  minutes.  The  pitch  angle  of  the  gear  is  then 
90  degrees  —  18  degrees,  4  minutes  =  71  degrees,  56  minutes. 


A«f*''     \ 


Graphic  Method  of  finding  True  Angle  of  Valley  Plates  for  Steel  Hoppers 


Stub-tooth  Bevel   Gears  of  Forty-six  and  Fifteen  Teeth 

The  pitch  diameter  of  the  pinion  is  15  ^  4  =  3.75  inches,  and 
of  the  gear,  46  ^  4  =  11.5  inches.  The  addendum  of  both  the 
gear  and  the  pinion  is  0.2  inch.  The  cone  distance  is  one-half 
the  pitch  diameter  of  the  gear  divided  by  the  sine  of  the  pitch 
angle  of  the  gear,  or  11.5  s-  2  -;-  0.9507  =  6.048  inches.  Then, 
dividing  the  addendum,  0.2  inch,  by  the  cone  distance,  6.048 
inches,  gives  the  tangent  of  the  increment  angle  for  both  the 
gear  and  the  pinion;  or,  0.2  -^  6.048  =  0.033068.  This  angle 
is  therefore  1  degree,  54  minutes.  The  face  angle  of  the  gear 
is  71  degrees,  56  minutes  +  1  degree,  54  minutes  =  73  degrees, 
50  minutes;  and  the  face  angle  of  the  pinion  is  18  de- 
grees, 4  minutes  +  1  degree,  54  minutes  =  19  degrees,  58 
minutes. 

The  dedendum  for  both  the  gear  and  the  pinion  is  0.25  inch. 
The  tangent  of  the  dedendum  angle  or  the  angle  of  decrement 
for  both  gears  is  therefore  0.25  -^  6.048  =  0.04133;  which  la 
the  tangent  of  2  degrees,  22  minutes.  The  cutting  angle  of  the 
gear  is  then  71  degrees,  56  minutes  —  2  degrees,  22  minutes 
=  69  degrees,  34  minutes;  and  of  the  pinion,  18  degrees,  4  min- 
utes —  2  degrees,  22  minutes  =  15  degrees,  42  minutes.  The 
diameter  increment  of  the  gear  is  the  product  of  twice  the 
addendum  and  the  cosine  of  the  pitch  angle,  or  2  X  0.2  X 
0.31012  =  0.124  inch.  Adding  this  to  the  pitch  diameter  of 
the  gear  gives  the  outside  diameter  of  the  gear,  or  11.5  inches 
+  0.124  inch  =  11.624  inches.  The  diameter  increment  of 
the  pinion  is  the  product  of  twice  the  addendum  and  the  cosine 
of  the  pitch  angle,  or  2  X  0.2  X  0.9507  =  0.38.  Adding  this 
to  the  pitch  diameter  of  the  pinion  gives  the  outside  diameter, 
or  3.75  inches  +  0.38  inch  =  4.13  inches.  As  the  addendum 
is  0.2  inch  and  the  dedendum  is  0.25  inch,  the  total  depth  of 
the  gear  tooth  is  0.45  inch.  The  thickness  of  the  tooth  is 
0.3926  inch. 

Brooklyn,  N.  Y.  Edward  J.  Rantsch 
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Tig.  1.   Piece  formed 

by    Die    shown 

in  Fig.  2 


DIE  FOR  PRODUCING  SMALL 

STEEL  PIECES  IN  ONE 

OPERATION 

Fig.  1  shows  a  small  piece  ihade  from 
l/;{2-inch  steel,  and  Pig.  2  shows  the  die 
for  producing  it  in  one  operation.  Sim- 
ilar dies  can  he  used  for  work  of  this 
kind,  where  great  accuracy  is  not  re- 
quired, where  the  metal  is  light,  and 
where   the   bending  point   is  reduced,  so 


that  it  is  not  necessary  for  the  forming  punch  to  bottom  the 
piece  against  the  die  to  form  the  bend.  As  the  part  is  pushed 
through  the  die  out  of  the  way,  the  operation  is  much  faster 
than  it  would  be  if  the  part  were  left  on  the  die  to  be  slid 
or  knocked  off. 

Fig.  2  shows  the  plan  of  the  die  without  the  stripper  and  the 
front  view  ofthe  punch  and  die.  The  hole  is  pierced  at  A  and 
the  piece  formed,  cut  off,  and  dropped  through  at  B.  D  and  E 
are  the  cutting  edges  and  F  the  forming  edge,  which  is  3/16 
inch  higher  than  the  cutting  edges.  The  end  of  stop  C  is  the 
same  size  and  shape  as  the  cutting-off  punch,  so  that  the  end 
of  the  strip,  after  being  cut,  centers  against  it.  The  stripper 
G  is  1/4  inch  thick  and  extends  3/8  inch  above  the  die,  leaving 
3/16  inch  under  it,  over  the  forming  edge.    The  cutting-o£C  and 


bend  is  completed  before  the  piece  is  cut  off.     The  forming 
edge  is  under-cut  so  that  the  piece  is  free  to  drop  away  from 
the  punch  and  will  not  follow  it  back. 
Plymouth,  Mich.  W.  B.  Gkkenleaf 


A   SIMPLE   JIG 

The  toolniaker  in  the  jobbing  shop  meets  many  difficulties; 
sometimes  he  is  called  upon  to  be  a  designer,  without  making 
elaborate  details.  The  other  day  it  was  necessary  to  make 
three  brass  plates  containing  280  steel  pins,  3/32  inch  in  di- 
ameter, 1/2  inch  apart.  For  one  plate  the  holes  for  the  pins 
were  laid  out  by  the  aid  of  a  milling  machine,  as  accuracy 
was  essential.  But  this  method  was  too  slow  and  not  accurate 
enough.  So  four  rows  of  holes  were  laid  out  on  a  piece  of 
steel  3/16  by  6  by  3  inches,  which  was  used  as  a  jig. 

As  the  brass  plates  were  milled  up  square,  it  was  easy  to 
clamp  the  jig  for  the  first  four  rows  of  holes.  Then,  after 
these  holes  were  drilled,  the  jig  was  undamped  and  moved 
along  on  the  plate,  being  located  by  pins  that  passed  through 
the  jig  into  two  of  the  holes  drilled  in  the  brass  plate.  This 
method  was  continued  until  all  the  holes  were  drilled.  The 
plate  laid  out  by  the  milling  machine  was  not  nearly  so  true 
as  those  laid  out  by  means  of  the  jig;  this  may  be  due  to  the 
fact  that  when  milling  machines  are  used  much  the  screws 


OUTLINE  OF  PUNCH  HOLDER 


Tig,   2.     Die   for   forming   Small   Steel   Piece   shown   in  Fig.    1 


forming  punch  H  is  made  the  full  size  of  the  hole,  except  at 
the  two  corners  where  clearance  is  allowed  for  the  two  prongs. 
This  leaves  a  space  between  the  prongs  for  it  to  slide  against 
the  forming  edge,  to  back  up  the  cut.  The  guide  pins  are  of 
one-inch  drill  rod;  they  are  not  hardened  and  are  left  with 
the  original  finish.  They  are  a  drive  fit  in  the  shoe  and  a  nice 
sliding  fit  in  the  punch-holder,  and  have  no  bushings.  This 
construction  will  outlast  two  or  three  dies  and  has  been  used 
for  the  last  five  years. 

In  operation,  the  strip  is  fed  directly  against  the  stop  G; 
this  gives  a  blank  without  prongs  or  hole.  The  second  blank 
also  lacks  the  hole,  but  after  this  blank  a  complete  piece  is 
produced  at  each  stroke.  If  this  material  is  bought  in  coils, 
the  loss  of  two  pieces  at  the  beginning  of  each  coil  does  not 
amount  to  anything.  The  press  may  be  run  continuously  to 
the  end  of  the  coil,  for  the  stop  is  positive  and  cannot  be  run 
over  and  the  part  drops  through  without  scrap.  As  the  punches 
rise  after  the  cut,  they  carry  the  strip  against  the  stripper, 
so  that  it  is  pushed  forward  on  that  level,  with  the  prongs  at 
the  end  resting  on  the  forming  edge.  On  the  downward  stroke, 
the  punch  bends  the  prongs  while  the  blank  is  still  part  of  the 
strip,  which  gives  the  prongs  the  necessary  support,  for  the 


wear  and  the  graduated  collars  are  not  absolutely  accurate. 
New  Haven,  Conn.  Eric  Lee 


HEAVY-DUTY  PUNCH 

If  a  heavy-duty  punch  is  ground  off  as  illustrated,  it  will 
take  less  power  to  operate,  start  more  easily,  and  shear  a 
smoother  hole  than  it  will  if  ground  as  shown  in  the  April 
number  of  Machinery. 
I  have  used  punches 
ground  as  illustrated 
up  to  two  inches  in 
diameter  on  material 
two  inches  thick,  and 
have  found  that  if  the 
bevel  is  not  greater 
than  3/32  inch  in  two 
inches,  the  punches 
stand  up  to  the  work 
and  give  better  service. 
C.  G.  Williams 

Miles   City,   Mont.  Heavy-duty  Punch 


August,  1917 


MACHINERY 


1103 


TO  PREVENT  BREAKING  VULCANITE- 
MOUNTED  MAGNIFYING  GLASSES 

A  simple  and  effective  method  of  preventing  the  breaking 
of  the  ferrule  of  vulcanite-mounted  magnifying  glasses  consists 
of  placing  several  rubber  bands,  about  14-inch  wide,  around 
the  ferrule  at  the  glass  end,  allowing  the  rubber  to  project 
slightly  beyond  the  ferrule.  When  dropped,  the  glass  end, 
which  is  the  heavier,  will  almost  always  strike  the  floor  first, 
and  if  not  protected,  the  vulcanite,  being  very  thin  at  this  end, 
will  chip  off  and  allow  the  glass  to  fall  out.  These  bands  act 
as  a  cushion  and  protect  the  vulcanite. 

Providence,  R.  I.  R.  C.  Scholz 


SAFETY  ATTACHMENT  FOR  LADDERS 

Several  accidents  occurred  in  the  plant  in  which  the  writer 
is  employed  to  the  men  who  inspected,  repaired,  and  oiled  the 
lineshafting,  before  it  was  noticed  that  these  were  due  chiefly 
to  the  fact  that  the  ladders  slipped  when 
the  men  leaned  too  far  to  one  side  to  reach 
a  bearing,  etc.  Therefore,  to  prevent  the 
ladder  slipping  along  the  shaft  on  which 
it  was  resting,  rubber  strips  were  tacked 
along  both  sides  of  the  ladder,  as  indicated 
by  the  heavy  lines  in  the  accompanying 
illustration.  This  device  worked  out  very 
satisfactorily,  and  no  further  accidents 
have  been  due  to  this  source.  Although 
not  shown,  the  base  of  the  ladder  was  also 
equipped  with  iron  claws  to  prevent  slip- 
page at  that  point. 

Philadelphia,  Pa.  W.  A.  Lailer 


HARDENING  KINK 

Toolmakers  and  diemakers  often  ex- 
perience difficulty  from  dies  expanding 
during  hardening.  If,  when  a  die  is  put 
in  the  furnace,  it  is  placed  top  face  down 
on  a  firebrick  slab,  it  will  get  more  heat 
than  if  placed  bottom  face  down,  which  is 
the  usual  method.  The  hole  will  then 
contract,  instead  of  expanding,  and  will 
allow  about  0.002  inch  for  stoning.  When 
too  much  metal  has  been  filed  from  the 
hole  in  the  die,  there  is  more  chance 
of  the  templet  fitting  if  the  die  is  hard- 
ened this  way. 

Long  Island  City,  N.  Y.  E.  Kern 


TOOLMAKER'S   CLAMP 


CUTTING-OFF 

,  lUOLS  FINISHING  TOOL 

The  accompanying  il- 
lustration shows  two 
cutting-off  tools  mount- 
ed on  one  cross-slide. 
With  a  roughing  tool 
shaped  as  shown,  great- 
er speed  and  better 
work  is  insured,  and  a 
minimum  of  power  is 
required.  This  tool  is 
self-clearing  on  the  sides 
and  guides  straight,  an  important  feature  when  cutting  off 
thin  disks  of  large  diameter.  When  the  roughing  tool  has 
been  fed  to  a  certain  point,  it  is  backed  off  and  the  finishing 
tool  on  the  opposite  side  is  brought  up  to  finish  the  cut. 
The  small  amount  of  work  done  by  the  finishing  tool  makes  it 
possible  for  this  tool  to  be  ground  at  an 
extreme  angle,  thereby  making  a  clean  cut. 
Oak  Park,  111.  P.  Bertles 


ROUGHING  TOOL 

k 

ilnrhlnrry 


Roughing  and  Finishing  Cutting-off  Tools 


GRINDING   EDGE    TOOLS 
EMERY  WHEEL 


ON 


The  clamp  shown  in  the  accompanying 
illustration  is  one  of  the  most  useful  to  be  found.  As  the 
screws  A  are  headless  and  pass  through  only  one  side,  it 
is  possible  to  get  to  the  bottom  working  surface.  The  nuts  B 
permit  the  work  to  be  fastened  more  securely  than  the  screws 

in  the  ordinary 
form  of  clamp;  the 
nuts  are  tightened 
by  means  of  the 
pin  C.  This  clamp 
is  made  of  cold- 
rolled  steel  and  is 
casehardened;  the 
nuts  are  made  of 
carbon  steel  and 
are  drawn  to  a 
dark  brown,  and  the 
screws  are  made  of 
steel  (Stubs  gage) 
and  tempered  in  oil. 
August  J.  Lejeune 

Handy  Parallel  Clamp  for  Toolmakers  and  »       ,     .  ,  -r. 

Diemakers  Ambndge,  Pa. 


Ladder  with  Hubber  Strips  to  prevent 
Slipping 


The  article  entitled  "Wheel  Dressing"  in 
the  June  number  of  Machinery  recalls  an 
incident  that  shows  what  the  average  wood- 
worker thinks  of  the  emery  wheel  for 
grinding  edge  tools.  The  writer  was  as- 
sisting the  boss  patternmaker  to  make  a 
large  pattern,  which  was  being  turned  in 
the  lathe,  when  it  became  necessary  to 
grind  the  wood-turning  chisel.  This  was 
made  from  a  flat  file  5/16  by  1 1/2  inch, 
and  considerable  stock  had  to  be  removed 
to  put  the  chisel  in  good  working  condi- 
tion. As  the  shop  grindstone  was  worn 
down  pretty  close  to  the  hub,  the  writer 
began  to  grind  the  chisel  on  the  emery 
wheel,  but  was  soon  stopped  by  the  boss, 
who  called  him  down  for  committing  such 
an  unmechanical  act. 

In  that  particular  shop  the  grinding  of 
an  edge  tool  on  an  emery  wheel  might  be 
considered  unmechanical,  but  the  writer 
did  it  long  before  he  worked  there  and  has 
done  it  ever  since,  and  his  edge  tools  are 
in  good  condition  and  in  use  every  day.  A 
great  many  first-class  mechanics  in  the 
wood-working  lines  have  an  idea  that  the 
emery  wheel  has  a  bad  effect  on  edge  tools. 
Perhaps  experiences  have  shown  this  to  be 
true,  but  if  you  inquire  from  these  men,  "Do  you  keep  the 
wheel  in  good  cutting  condition?"  their  answer  is  in  a  great 
many  instances,  "I  never  bother  about  that;  an  emery  wheel 
requires  no  attention." 

Wood-turning  tools  become  dull  very  quickly;  they  are 
made  from  heavy  stock,  and  grinding,  even  on  a  good  grind- 
stone, is  slow  and  tedious.  In  a  great  many  shops,  the  grind- 
stone is  located  in  a  dark  corner  some  distance  from  the 
wood-turning  lathes,  and  during  the  process  of  turning  a  great 
ttiany  patterns,  several  trips  to  the  stone  must  be  made.  The 
writer  grinds  his  turning  tools  on  an  emery  wheel,  which  he 
has  mounted  on  a  wooden  faceplate  that  fits  on  either  end  of 
the  lathe  spindle.  When  turning  between  centers  or  on  a  face- 
plate at  the  front  end  of  the  lathe,  the  emery  wheel  is  mounted 
at  the  back  end  of  the  spindle,  and  when  turning  at  the  back 
end  of  the  spindle,  the  emery  wheel  is  placed  at  the  front.  For 
the  small  lathe,  a  small  wheel  is  mounted  on  a  wooden  cen- 
ter made  like  the  regular  lathe  center  and  fitted  to  the  hole 
in  the  spindle.  By  this  plan,  the  turning  tools  are  easily  and 
quickly  ground  without  leaving  the  lathe.  All  inside-ground 
gouges  are  ground  on  the  small  wheel,  as  it  is  but  a  moment's 


1104 


MACHINERY 


August,  1917 


exit,  unless  it  can  be  locked  back  when  open,  and  it  is  a  poor 
arrangement  in  any  case. 
New  York  City  Roukkt  Guimshaw 


Diagram   for  finding   Set-over,   Depth,   etc.,   of   Cutter 

work,  with  the  aid  of  the  dresser,  to  form  the  wheel  to  the 
curve  of  the  gouge.  The  wheels  and  the  dresser  are  part  of 
the  writer's  turning-tool  kit;  they  are  his  own  property  and 
he  keeps  them  in  good  cutting  condition.  A  clean  wheel  will 
do  good  and  fast  work;  a  dirty,  glazed,  neglected  wheel  will 
not  grind  burrs  off  rough  castings,  to  say  nothing  of  edge  tools. 
Kenosha,  Wis.  M.  E.  Duggan 


SETTING  AN  ANGULAR   CUTTER  FOR 

MILLING  SPIRALS 
The  writer  recently  had  a  number  of  spiral  end-mills  to  flute, 
and  not  being  able  to  find  a  suitable  formula  for  obtaining  the 
necessary  set-over,  full  depth,  etc.,  used  the  solution  given 
herewith.  The  outside  diameter,  number  of  teeth,  and  width 
of  land  are  the  dimensions  furnished.  In  this  solution  it  is 
assumed  that  the  vertex  of  the  cutter  angles  is  a  point, 
N  =  number  of  teeth;   X  =  land;   R  =  radius.     The  cutter 

2i?7r 

angles  were  53  and  12  degrees.  Arc  P  = ;  arc  S  =  P  —  X; 

N 
360  degrees  180  degrees  —  a 

a  = ;  7  = ;  (3  =  65  degrees;  5=  180 

2Rw  2 

S 

a  b  X  sin  5 

degrees—  (y  +  p) ;  b  =  2R  X  sin—;  c  = ;  0  =  R—c; 

2  sin  j3 
(9  =  12  degrees;  .B  =  G  X  sin  e  =  set-over;  F  =  G  X  cos  e; 
J  ===  R  —  F  =  full  depth. 

Denver,  Colo.  Stanley  Edwards 


DOUBLE   KEYWAY   MILLING  FIXTURE 

The  accompanying  illustration  shows  an  indexing  fixture 
that  was  designed  for  milling  opposite  keyways  for  movable 
saws  in  long  saw  arbors  on  wood-working  machinery.  The 
keyways  are  cut  in  opposite  sides  in  order  to  balance  the 
shafts,  as  they  run  at  high  speed.  The  fixture  consists  of  a 
cast-iron  bracket  A  and  a  steel  collar  B  which  is  fastened  to 
the  shaft  C  to  be  milled,  by  a  set-screw  D  that  bears  on  a 
shoe  E.  The  bracket  A  extends  down  over  the  end  of  the 
platen  of  the  milling  machine  and  is  held  in  place  by  a  bolt 
in  the  T-slot  next  to  that  in  which  the  work  is  laid.  The  col- 
lar B  thus  forms  a  stop,  bearing  against  the  bracket  and  the 
end  of  the  platen  to  resist  the  action  of  the  milling  cutter. 
The  collar  is  slotted  to  receive  two  keys  F,  which  are  fastened 
in  slots  in  the  body  A  of  the  fixture;  the  slots  in  the  collar 
are  made  central  with  the  hole.  No  key  is  used  to  locate  the 
fixture  in  relation  to  the  T-sIots,  as  this  would  entail  locating 
the  key  an  exact  distance  from  the  indexing  keys,  and  this 
would  be  affected  by  any  variation  in  the  chamfer  on  the 
edges  of  the  T-slot  where  the  work  is  located. 

In  operation,  the  work  and  fixture  are  put  on  the  milling- 
machine  table,  and  the  holding-down  bolt  is  tightened  slightly 
by  hand;  the  hole  for  this  bolt  is  1/16  inch  larger  than  the 
bolt.  Collar  B  is  then  set  up  solidly  on  the  shaft  in  the  proper 
position  lengthwise,  and  the  shaft  is  strapped  down  over  the 
T-slot  with  U-straps  in  the  customary  manner.  The  holding- 
down  bolt  for  the  fixture  is  now  tightened,  as  the  work  has 
located  it  in  the  correct  position.  "When  the  slot  has  been 
milled,  the  U-straps  are  loosened,  the  shaft  is  drawn  back  until 
collar  B  clears  keys  F  (without  loosening  the  collar),  the 
shaft  is  given  a  half  turn,  and  the  collar  is  slipped  over  the 
keys  again.  The  straps  are  then  tightened  and  the  second 
slot  is  milled. 

This  fixture  has  done  very  satisfactory  work,  indexing  the 
slots  perfectly  without  the  necessity  of  putting  the  shafts  on 
index  centers,  which  in  most  cases  would  be  impossible  owing 
to  the  length  of  the  shafts  handled.  The  accuracy  of  the  fix- 
ture is  dependent  wholly  on  the  accuracy  with  which  the  slot 
in  collar  B  is  centered ;  this  can  easily  be  done  very  accurately. 
The  fixture  is  so  proportioned  as  to  handle  shafts  from  1  7/16 
to  2  3/16  inches  in  diameter,  a  collar  being  used  for  each  size 
of  shaft  that  is  milled. 

Orange,  Mass.  W.  R.  Stults 


LIGHTING  STAIRCASES 

Recently,  the  writer  called  attention,  in  a 
certain  factory,  to  the  necessity  of  having 
electric  lights  at  the  foot  of  each  staircase. 
Light  at  the  top  of  the  flight  casts  a  shadow 
on  each  step  and  makes  the  stairs  danger- 
ous. He  also  found  a  swinging  door  open- 
ing outward  at  the  foot  of  one  of  the  stairs, 
tending  to  block  the  corner  on  the  turning. 
Such  a  door  should  not  be  used   as   a   fire 
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HOW  AND  WHY 


QUESTIONS  ON   PRACTICAL  SUBJECTS   OF   CiENERAL   INTEREST 


HOBS  AND   MULTI-CUTTERS 

A.  L.  K. — We  have  had  a  difference  of  opinion  over  the 
meaning  of  the  term  "hob."     What  is  the  correct  definition? 

A. — The  term  hob,  when  applied  to  a  tool  for  cutting  threads 
or  gear  teeth,  means  a  cutter  having  teeth  in  a  helical  path  like 
a  tap.  The  term  hob  is  sometimes  erroneously  applied  to 
multi-cutters  used  in  thread  milling  machines  for  cutting 
threads.  These  cutters  do  not  have  the  teeth  in  a  helix,  but 
in  parallel  circumferential  rows. 


MARKING   COUNTERSINK   ANGLES    ON 
DRAWINGS 

H.  G.  F. — We  have  had  a  lengthy  discussion  on  the  proper 
method  of  marking  the  angle  of  countersinks  on  a  drawing. 
I  made  a  drawing  which  indicated  three  holes  for  screws 
with  countersink  heads,  and  marked  them  "25/64  drill,  76  de- 
grees countersink."  When  the  pieces  were  made  and  deliv- 
ered, it  was  found  that  the  included  angle  of  the  countersink 
was  104  degrees,  that  is,  180  degrees  minus  76  degrees.  Will 
you  kindly  tell  us  what  is  regarded  as  the  proper  method 
of  marking  countersink  angles? 

A. — The  angle  of  countersink  is  always  the  included  angle 
and  there  is  no  practice  warranting  anyone  using  the  supple- 
ment angle  instead.  The  angles  of  twist  drills,  countersinks, 
and  similar  tools,  are  always  expressed  as  the  included  angle 
or  half  the  included  angle. 


WHY  DIDN'T  IT  EXPLODE  ? 

W.  S.  R. — A  small  can  of  evaporated  milk — not  the  thick- 
ened condensed  milk,  but  the  50  per  cent  reduction  kind — was 
left  in  a  pot  of  water  boiling  furiously  for  twenty  minutes 
after  it  came  to  a  boil  from  96  degrees  F.  The  can  was  abso- 
lutely tight  and  there  was  no  apparent  escape  of  steam.  Early 
in  the  boiling  the  can  ends  bulged,  indicating  internal  pres- 
sure, but  that  was  all.    Why  didn't  it  explode? 

A. — -The  probability  is  that  the  ends  bulged  sufficiently  to 
crack  the  soldering  at  some  point  and  make  a  minute  opening 
through  which  sufficient  steam  escaped  to  prevent  explosion. 
However,  there  is  another  side  to  the  matter,  and  that  is  the 
slowness  of  heat  transfer  under  certain  conditions.  It  may 
be  that  even  after  having  been  in  boiling  water  for  twenty 
minutes,  the  whole  mass  of  milk  had  not  yet  reached  boiling 
temperature.    The  question  is  submitted  to  the  readers. 


GRINDING  TAPER  PLUGS  IN  BRASS  VALVES 

F.  E.  R. — What  is  an  approved  method  of  grinding  in  the 
taper  plugs  of  brass  plug  cocks?  I  have  had  trouble  in  mak- 
ing a  tight  job,  using  fine  ground  glass  and  flour  emery  as 
abrasives. 

A. — The  grinding  in  of  brass  taper  plugs  in  valve  bodies  is 
a  job  requiring  considerable  care  and  skill  to  insure  water- 
tightness.  Emery  should  never  be  used,  as  it  tends  to  cut  cir- 
cumferential grooves,  and  the  abrasive  action  continues  after 
the  valve  is  put  in  use,  due  to  minute  particles  of  emery  that 
are  left  embedded  in  the  soft  brass.  Valve  manufacturers  use 
fine  burnt  foundry  sand  mixed  with  machine  oil  to  form  a 
paste  abrasive  for  grinding  plug  valves.  Hard  soap  is  rubbed 
on  the  plug  at  short  intervals  to  furnish  the  necessary  lubrica- 
tion. The  action  when  grinding  in  a  plug  valve  should  be  an 
oscillating  motion,  and  the  plug  should  be  pulled  out  of  the 
valve  body  frequently  to  distribute  the  abrasive  evenly  and 
to  prevent  cutting.  The  fine  burnt  sand  and  hard  soap  give 
goo'd  results;  when  the  grinding  is  finished,  the  surface  may 
be  easily  cleaned  and   no  cutting  will   take  place  afterward. 


CASTING   LAMP   BASES   AND   COFFIN 
HANDLES  WITHOUT   CORES 

H.  T.  S. — Will  you  tell  me  how  fancy  lamp  bases,  coffin 
handles  and  other  articles  requiring  a  high  finish  are  cast 
hollow  without  using  cores? 


A. — Fancy  lamp  bases  are  cast  in  iron  molds  by  pouring 
in  a  comparatively  small  amount  of  alloy  having  a  low  melt- 
ing point  and  turning  the  mold  about  while  a  thin  shell  of  the 
metal  hardens.  When  the  desired  thickness  has  hardened, 
the  workman  tilts  the  mold  so  that  the  molten  metal  runs 
out,  leaving  a  thin  shell  of  metal  in  the  mold,  which  is  then 
removed.  Essentially  the  same  process  is  employed  in  casting 
coflSn  handles.  The  mold  is  provided  with  a  gooseneck  into 
which  the  britannia  metal  is  poured.  The  mold  is  allowed  to 
stand  for  a  few  seconds  until  the  metal  hardens  and  then 
turned  over  and  the  molten  metal  poured  out,  leaving  the 
center  hollow.  The  workman  can  make  a  thick  or  thin  shell 
by  simply  varying  the  time  that  the  metal  is  allowed  to  stand 
in  the  mold.  Considerable  skill  is  required  to  make  a  shell 
of  uniform  thickness,  especially  thin  shells.  The  chief  art 
in  this  trade  is  in  securing  uniform  thickness  of  the  shell 
and  using  the  minimum  of  metal. 


RESISTANCE   OF  SHEAR  PIN 

p.  G.  P. — ^We  have  fitted  a  flywheel  with  the  safety  device 
shown  in  the  illustration.  A  one-inch  square  steel  pin  C 
is  held  between  steel  bushings,  one  bushing  being  held  in 
the  flywheel  arm  and  the  other  in  a  spider  D  keyed  to  the 
shaft  B.  The  flywheel  A  is  free  to  revolve  around  the  shaft., 
in  case  an  overload  should  shear  pin  C.  We  have  assumed 
that  it  would  require  60,000  pounds  to  shear  a  steel  pin  one 
inch  square  and  also  that  the  pin  would  be  severed  when 
sheared  about  one-third  its  thickness.  The  question  is,  does 
the  distance  F  affect  the  resistance  of  the  shear  pin?  It 
seems  to  me  that  it  must  remain  the  same  wherever  placed. 

A. — The  position  of  the  shear 
pin  positively  affects  its  effective 
shearing  resistance.  If  it  is  lo- 
cated at  the  hub,  its  resistance 
to  the  action  of  the  flywheel  will 
be  much  less  effective  than  if  it 
is  located  in  the  rim.  If  the 
shear  pin  is  located  20  inches 
from  the  shaft  center,  its  ef- 
fective resistance  to  check  the 
flywheel  will  be  twice  that  if 
placed  only  10  inches  from  the 
center.  The  principle  is  exactly 
the  same  as  found  in  a  pair  of 
shears.  If  a  thick  wire  is  to  be 
sheared,  you  place  it  as  near  the 
pivot  or  hinge  of  the  shears  as 
possible  in  order  to  get  the  most 
effective  leverage.  The  farther 
the  wire  is  placed  from  the 
pivot,   the  harder   it   is  to  force 

the    jaws    through    it.       The    wire  Flywheel    loosely    mounted   on 

cuts  no  harder,  however,  in  one        ^''*"  *"''  '^"'"'"  '"'  shear-pin 
position  than  in  the  other,  but  the  elTective  leverage  is  lessened 
as  the  wire  is  moved  away  from  the  pivot. 


MELTING   COPPER    IN    AN  IRON   CUPOLA 

E.  P.  P.  &  N.  Co. — We  have  a  small  brass  furnace  and  an 
iron  cupola  in  our  foundry  and  have  to  make  three  bronze 
castings  weighing  one  ton  each.  We  understand  that  the 
copper  can  be  melted  in  the  iron  cupola  and  the  tin,  zinc  and 
lead  required  for  making  brass  or  bronze  mixtures  may  be 
melted  in  the  brass  furnace  and  heated  in  the  cupola  as  the 
copper  runs  from   the  iron  cupola.     Will   you  please  advise? 

A. — Large  quantities  of  copper  for  making  bronze  castings 
may  be  melted  in  an  iron  cupola  by  using  a  reduced  tuyere 
area  and  a  blast  pressure  of  8  to  10  ounces.  The  tin  and 
other  metals  used  for  making  the  bronze  shoulu  be  melted 
in  an  ordinary  crucible  brass  furnace  and  poured  into  a  large 
Jadle  into  which  the  copper  is  tapped  from  the  cupola.    Care 


1106 


MACHINERY 


August,  1917 


should  be  exercised  in  ineUinK  llic  copper  lo  use  a  fuel  having 
a  low  sulphur  content.  Al'tor  tapping  the  cupola,  the  melted 
copper  should  be  covered  with  lump  charcoal  to  prevent  oxi- 
dation. Heavy  brass  castings  may  also  be  made  by  melting 
in  an  iron  cupola.  The  practice  of  Dibert,  IJancroft  &  Ross  Co., 
Ltd.,  of  New  Orleans,  Pa.,  in  melting  brass  in  the  cupola,  is  to 
charge  with  90  per  cent  heavy  red  brass  and  10  per  cent 
pure  copper.  A  very  light  blast  is  used  while  melting.  The 
losses  from  oxidation  in  the  foregoing  mixture  vary  according 
to  the  quality  of  brass  with  which  the  cupola  is  charged, 
but  are  rarely  more  than  5  per  cent,  affecting  mostly  the  zinc 
and  tin.  To  secure  the  proportions  desired  in  the  casting, 
zinc  and  tin,  previously  melted  in  a  brass  furnace,  are  added 
to  the  ladle  after  tapping  from  the  cupola.  The  company 
has  not  thought  it  necessary  to  use  deoxidi/.ers  in  the  ladle, 
•ilthough   they  are  regarded  as  beneficial   in  some  cases. 


MEASURING   DOVETAIL   SLIDES 

S.  C.  B. — Please  show  me  how  to  calculate  the  distance  over 
the  two  wires  used  in  measuring  the  dovetailed  angles  shown 
in  Fig.  1,  the  dimensions  of  which  are  as  given. 

A. — To    calculate 


]«  -ri-aj 


R  =  0.02" 


the  distance  x,  it 
is  first  necessary  to 
know  the  distance 
b,  Fig.  2,  between 
the  sharp  corners 
of  the  angles; 
therefore,  the  dis- 
tance c,  Fig.  3, 
must  be  found. 
This  distance  may 
be  obtained  by  first 
finding  the  distance 
d  from  the  formula 

0 
d  =  R  cot  — ;  then 

2 

c  =  d  —  R.  This 
value  of  c  must  be 
subtracted  from  the 
length  a  to  give  the 
distance  b.    The  dis- 


Figs.  1  to  3.    Diagrams  used  for  finding  Distance  x 


tance  x  is  then  found  by  the  formula  x  =  D  -{-  [  %DXcot  — 


+  {  V2D  X  cot —  )  +  b.     Applying  these  formulas  to  the  pres- 

75  deg.,  10  min. 

ent  case,  d  =  0.02  X  cot  =  0.02598  inch;   so 

2 
c  =  d  —  R  =  0.02598  —  0.02  =  0.00598  inch,  and  b  =  a  —  c 
=  0.135  —  0.00598   =   0.12902   inch.     Then  x  =  0.12   +   0.06 
X   1.0774  -f  0.06   X   1.2993  +  0.12902  =  0.3916  inch. 


of  blow  resistance  offered  Ijy  pile,  and  s  —-  distance  pile  is 
driven  by  blow;  the  weight  w  and  the  force  /  are  in  pounds 
and  li  and  s  are  in  feet.  In  the  present  case,  the  hammer  is 
assisted  by  an  additional  force,  and  if  this  is  known  or  can  be 
found,  it  must  be  added  to  w.  Kven  then,  the  result  will  not 
lie  exact,  because  every  body,  even  lead,  has  a  certain  amount 
of  elasticity  and  will  not  entirely  retain  the  shape  it  had  at 
the  instant  of  greatest  compression.  Solving  the  foregoing 
IV  h 

formula  for  f,  f  ^  .    If  it  is  assumed  that  the  work  done 

s 
in  the  testing  machine  is  equal  to  wh,  all  that  is  necessary  is 
to  multiply  and  divide  the  pressure  p  recorded  by  the  ma- 
chine by  s  (measured  in  feet),  and  the  result  (/  -=  p)  will  be 
a  fair  approximation  to  the  force  of  the  blow  struck  by  the 
hammer.  But  this  assumption  implies  that  the  pressure  is 
uniform  from  the  instant  that  the  plug  begins  to  be  com- 
pressed until  the  required  thickness  is  reached,  which  is  by 
no  means  the  case.  It  is  also  probable  that  a  greater  force 
will  be  required  in  the  machine  than  the  almost  instantaneous 
force  exerted  by  the  hammer;  however,  it  is  reasonable  to 
assume  that  your  method  is  not  far  wrong.  J.  J. 

CONCERNING   THE   DIAMETER   OF 

A   SHAFT 

B.  C.  L. — In  an  article  showing  how  to  calculate  the  diam- 
eter of  a  steel  shaft,  I  find  the  statement:  "If  the  diameter 
is  less  than  13.6  inches,  use  Formula  (1) ;  but  if  it  is  greater 
than  13.6  inches,  use  Formula  (2)."  The  formulas  are  as  fol- 
lows, in  which  d  is  the  diameter,  in  inches,  H  is  the  horse- 
power transmitted,  and  N  is  number  of  revolutions  per  min- 


MEASURING  FORCE  OF  A  HAMMER  BLOW 

C.  C.  B. — To  test  the  force  of  a  blow  in  hammers,  we  take  a 
round  lead  plug,  one  Inch  in  diameter  and  one  inch  high,  and 
strike  it  one  blow  with  the  hammer;  then  we  take  a  duplicate 
plug,  put  it  in  a  Riehle  testing  machine,  and  press  this  plug 
to  the  thickness  of  the  plug  that  has  been  struck.  Is  the  pres- 
sure indicated  by  the  machine  equal  to  the  force  of  the  blow? 
Some  people  say  it  is,  while  others  take  the  opposite  view; 
which  are  right? 

A. — The  fundamental  formula  for  ascertaining  the  force  of  a 
blow  is  ft  =  mv,  in  which  /  =  force  of  blow,  t  =  time  re- 
quired to  bring  body  to  rest,  m  =  mass  of  body,  and  v  =  ve- 
locity of  body  at  instant  of  striking.  It  is  seldom  possible  to 
measure  t  and  it  is  usually  difficult  to  ascertain  v;  conse- 
quently it  is  customary  to  determine  the  force  of  a  blow,  with 
more  or  less  accuracy,  by  employing  the  principle  of  work. 
In  the  case  of  a  pile  driver,  this  method  gives  fairly  satis- 
factory results,  the  formula  being,  theoretically,  wh  =  /s,  in 
which  w  =  weight  of  falling  body,  h  =  height  of  fall,/ =  force 


ute:    d!  =  4.7 


^   —  (1),  and  d  =  3.3      (2).     Why 

\   A'  S  N 


are  the 


formulas  so  different,  and  how  is  the  number  13.6  obtained? 
A. — When  a  shaft  transmits  power,  it  is  subjected  to  a  twist- 
ing stress,  and  the  resulting  deflection  is  measured  by  the  so- 
called  "angle  of  twist."  It  is  not  desirable  to  have  this  angle 
exceed  a  certain  limit,  and  when  it  is  taken  into  account,  For- 
mula (1)  is  derived.  But  when  the  angle  of  twist  is  neglected 
and  only  the  strength  of  the  shaft  is  considered.  Formula  (2) 
is  obtained.  It  is  evident  that  there  must  be  one  diameter 
for  which  both  formulas  will  give  the  same  result;  to  find  it, 
proceed  as  follows:    Placing  the  right-hand  members  of  the 

/  H\i            /  H 
two  equations  equal   to  each   other,   4.7  ( =3.3     

\N  /  \y 

*From  the  last  expression,  ob- 


or  4.7 


H 


N 


tain  by  division 


H 
3.3  ( 

H 


4.7 

3.3 

4.7^ 


3.3 


Raising  both  members  to 


69.075,  using  a  five-place 


the   12th   power,  = 

N 

H 
table  of  logarithms.     Substituting  this  value  of  in  either 

N 
of  the  two  formulas,  the  value  of  d  is  found  to  be  13.579,  say 
13.6.  In  practice,  that  formula  should  be  used  which  gives 
the  larger  value  for  d.  If  the  diameter  is  less  than  13.6,  For- 
mula (1)  will  give  the  larger  value;  but  if  the  diameter  is 
greater  than  13.6,  Formula  (2)  will  give  the  larger  value.  In 
the  case  of  engine  crankshafts,  neither  formula  will  give  very 
good  results,  because  the  heavy  loads  induce  bending  stresses, 
which  must  also  be  considered,  the  resulting  formula  being 
somewhat  complicated.  J.  J. 


STRENGTH  OP  ROPE  FOR  A  CABLE 
BRIDGE 

W.  H.  D. — We  wish  to  put  a  cable  bridge  across  a  small 
stream  and  would  like  to  know  what  size  steel-wire  rope,  nine- 
teen wires  to  the  strand,  will  be  necessary.  The  span  is  85 
feet,  and  the  sag  H  must  not  exceed  5  feet;  the  greatest  weight 
of  the  car  and  contents  is  2500  pounds. 

A. — As  may  be  supposed,  it  is  not  possible  to  derive  a  for- 
mula that  will  give  exact  results;  that  is,  results  that  will 
be  closer  than,  at  the  most,  two  significant  figures.     The  ten- 
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Determination  of  Strength  of  Rope   for  a  Cable  Bridge 

sion  T  in  the  rope  may  be  found  quite  accurately  by  means 
of  the  following  formula: 

T  =  lI + + +  HW 

\  AH  S''W  +  2fe'L  /  9,H 

in  which   iS  =  span,  in  feet; 
H  =  sag,  in  feet; 

L  =  maximum  weight  of  car  and  contents,  in  pounds; 
W  =  weight  of  rope,  in  pounds,  per  foot  of  length. 
In  order  to  find  a  value  for  T,  it  is  necessary  first  to  de- 
termine the  value  of  W.  When  the  values  of  8  and  L  are 
comparatively  large,  as  in  this  case,  and  steel  rope  is  used, 
\V  exerts  but  a  small  effect  on  T ;  hence,  making  W  =  0, 
a  value  for  T  is  found,  by  means  of  which  the  size  of  the 
rope  can  be  determined,  approximately.     In  the  present  case, 

85               4  X  5  X  2500 
r  =  2500   X(    ■  H 1=  10,900  pounds,  ap- 


4X5  2  X  85  X  2500 
proximately.  It  is  necessary  to  allow  a  reasonable  factor 
of  safety,  the  value  of  which  will  depend  upon  how  fre- 
quently the  cable  is  used  and  how  often  the  maximum 
load  is  carried;  it  may  be  as  low  as  3  or  as  high  as  6. 
Assuming  that  it  is  4.5,  the  rope  should  have  a  break- 
ing strength  of  10,900  X  4.5  =  49,050  pounds,  say  25  tons. 
A  cast-steel  wire  rope  %  inch  in  diameter  has  a  break- 
ing strength  of  25  tons  and  weighs  1.2  pound  per  foot.  Sub- 
stituting this  value  for  W  in  the  complete  formula  for  T, 
85  4  X  5  X  2500  \  85'  X  1.2 
T  =  2500  X  (  + + 


4X5        85'  X  1.2  -f  2  X  85  X  2500  /  8X5 

+  5  X  1.2  =  11,135  pounds.  Multiplying  by  the  factor  of 
safety,  11,135  X  4.5  =  50,107  pounds,  or  25  tons,  very  nearly. 
Hence  a  %-inch  rope  will  be  large  enough;  but  if  the  cable 
bridge  is  to  be  subjected  to  heavy  usage,  it  might  be  well  to 
use  a  1-inch  rope.  J.  J. 

TRIGONOMETRIC  FUNCTIONS  FOR  ANY 
ANGLE 

J.  p.  C. — I  should  appreciate  a  rule  that  is  easily  remem- 
bered for  finding  the  trigonometric  functions  for  angles  greater 
than  90  degrees,  using  an  ordinary  table. 

A. — -Let  X  be  any  angle  less  than  90  degrees;  then  any  other 
angle  can  be  expressed  as  w  X  90  degrees  -\-  x,  n  being  an 
integer.  For  example,  286  degrees,  42  minutes  may  be  written 
3  X  90  degrees  +  16  degrees,  42  minutes;  563  degrees,  19  min- 
utes =  6  X  90  degrees  -f  23  degrees,  19  minutes;  and  52  de- 
grees, 24  minutes  =  0  X  90  degrees  -f  52  degrees,  24  minutes. 
As  shown  in  Fig.  1,  angles  are  assumed  to  increase  by  the 
radius  starting  from  OA  and  moving  counter-clockwise  about 
the  circle;  hence  AOM  =  x,  AON  =  90  degrees  -f  x,  AOP  = 
2  X  90  degrees  +  x,  and  AOQ  =  3  X  90  degrees  +  x.    If  the 

angle  is  greater  than 
360  degrees  (=4  X  90 
degrees),  subtract  4  (or 
some  multiple  of  4),  so 
that  n  will  be  less  than 
4,  but  not  negative.  For 
example,  the  functions 
of  563  degrees  =  6  X  90 
degrees  +  23  degrees 
are  exactly  the  same  as 
for  2  X  90  degrees  +  23 
degrees  ^  203  degrees. 
Having  expressed  the 
angle  in  the  form  »i  X  90 
degrees  +  x,  note 
whether  n  is  even  or 
Fig.  1.    Angle  Diagram  odd;  if  it  is  even  (0,  2, 
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4,  etc.),  the  numerical  values  of  the  functions  will  be  the  same 
as  those  for  x;  but  if  n  is  odd  (1,  3,  5,  etc.),  the  numerical 
value  of  the  functions  will  be  the  same  as  those  for  the  co- 
functions  of  x.  Thus  the  numerical  value  of  the  sine  of  203 
degrees  =  2  X  90  degrees  +  23  degrees  is  sin  23  degrees; 
of  296  degrees  =  3  X  90  degrees  +  26  degrees  is  cos  26  de- 
grees, cot  163  degrees  =  1  X  90  degrees  -f  73  degrees  =  tan 
73  degrees,  etc.  The  sign  of  the  function  is  determined  by 
noting  the  quadrant  in  which  the  revolving  radius  stops.  As 
shown,  in  Fig.  2,  all  the  functions  are  positive  for  the  first 
quadrant  AB.  Note  that  for  the  upper  semicircle  ABC,  the 
sine  is  positive  and  for  the  lower  semicircle  it  is  negative. 
For  the  right-hand  semicircle  BAD,  the  cosine  is  positive;  and 
for  the  left-hand  semicircle,  it»is  negative.  In  the  diagonally 
opposite  quadrants  AB  and  CD,  the  tangent  and  cotangent 
are  positive,  and  in  the  other  two  diagonally  opposite  quad- 
rants BC  and  DA,  they  are  negative.  From  this  it  follows  that 
cos  685  degrees,  13  minutes,  33  seconds  =  cos  7  X  90  de- 
grees -f  55  degrees,  13  minutes,  33  seconds  =  cos  3  X  90  de- " 
grees  -f  55  degrees,  13  minutes,  33  seconds  =  +  sin  55  degrees, 
13  minutes,  33  seconds. 
The  name  of  the  func- 
tion changes  from  the 
cosine  to  the  sine  be- 
cause n  is  odd;  the  sign 
is  plus  because  the  re- 
volving radius  stops  be- 
tween D  and  A  in  the 
fourth  quadrant,  and 
the  cosine  of  any  angle 
in  this  quadrant  is  +• 
The  sign  of  the  secant 
is  the  same  as  that  of 
the  cosine  of  the  same 
angle,  since  the  secant 
is  the  reciprocal  of  the 
cosine;  for  the  same 
reason,  the  sign  of  the  cosecant  is  the  same  as  that  of  the 
sine  of  the  same  angle.  J.  J. 


Fig.   2.     Signs  of  Functions  in  Each 
Quadrant 


GANG  AND  MULTIPLE-SPINDLE  DRILLING 
MACHINES 

E.  K^H. — What  is  the  distinction  between  an  upright  mul- 
tiple-spindle drilling  machine  and  a  gang  drilling  machine? 
It  is  my  impression  that  a  machine  is  classified  as  a  multiple- 
spindle  drilling  machine  if  there  are  two  or  more  spindles 
carried  by  a  single  frame,  and  that  it  is  known  as  a  gang 
drilling  machine  if  there  are  two  or- more  spindles  carried  by 
individual  machine  frames. 

A. — This  question  was  submitted  to  the  principal  makers 
of  multiple-spindle  and  gang  drilling  machines,  but  there 
seems  to  be  no  general  agreement.  F.  K.  Hendrickson, 
of  the  Reed-Prentice  Co.,  Worcester,  Mass.,  writes:  "Originally 
a  gang  drill  meant  not  only  a  machine  composed  of  a  series 
of  independent  frames  or  columns  carrying  one  or  more 
spindles,  but  any  type  of  machine  wherein  there  were  several 
spindles.  I  note  that  it  is  your  impression  that  a  multiple- 
spindle  drill  is  composed  of  two  or  more  spindles  carried  by 
a  single  machine  frame  and  that  a  gang  drill  is  composed 
of  two  or  more  spindles  carried  by  individual  frames.  If 
your  meaning  of  the  word  'frame'  applies  to  the  entire  column 
or  unit,  the  distinction  would  be  quite  definite,  but  if  your 
understanding  of  the  word  frame  merely  suggests  the  member 
carrying  the  spindle,  the  situation  becomes  a  little  more 
complicated.  In  referring  to  the  old  type  .of  gang  drills  such 
as  were  originally  used"  by  the  railroads,  a  nlain  housing  with 
cross-rail  was  a  general  construction  upon  which  were 
mounted  several  heads,  each  carrying  its  own  spindle  or  mul- 
tiple spindles.  This  type  of  machine  was  generally  known  as 
a  gang  drill.  It  is  my  opinion  that  a  multiple-spindle  drilling 
machine  is  any  drilling  machine  having  a  single  housing,  with 
all  the  spindles  either  mounted  in  a  single  head  or  in  inde- 
pendent heads  and  supported  by  the  single  housing,  while  a 
gang  drill  is  a  series  of  practically  independent  machines 
driven  from  one  source  of  power  and  mounted  either  on  a 
single  base  or  independently  in  a  group." 
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C.  10.  liaiiillos,  vico-pri'sidoiil  i>(  the  Kootolturl  CIo.,  Cleve- 
land, Oliio,  states  that  it  is  tlieir  opinion  tliat  any  drilling 
niacliine  liaving  more  than  one  spindle  is  a  multiple  drill, 
and  from  this  the  dilTerent  types  should  be  classified,  such  as: 
universally  adjustable  (which  would  be  the  Haush  type); 
fixed  center  independent  feed,  the  type  of  drilling  machine 
in  which  the  spindle  heads  are  mounted  on  a  common  cross- 
rail  and  adjustable  in  a  straight  line  for  centers,  but  provided 
with  an  independent  feed  for  ea('h  spindle.  "The  gang  type 
is  this  same  sort  of  machine,  except  where  the  feed  is  con- 
nected up  in  a  gang  and  the  feed  on  all  spindles  is  engaged 
and  disengaged  at  one  time  and  from  one  point.  We  think 
this  type  of  machine  is  more  truly  the  gang  drill  than  the 
type  to  which  you  refer  where  several  individual  machines 
may  be  set  on  one  base  with  one  common  table,  such  as  the 
Harnes  type.  We  would  say  that  the  correct  term  for  a  battery 
of  machines  of  this  sort  would  be  fixed  by  the  size  of  the 
machine  set  in  a  gang,  no  matter  what  number  may  be  used. 
We  build  practically  all.  types  of  multiple-spindle  drills  and 
class  everything  of  more  than  one  spindle  as  a  multiple  drill, 
but  also  classify  them  beyond  this  as  universally  adjustable 
multiple  drills,  independent-feed  multiple  dY-ills,  gang-type 
multiple  drills,  etc." 

G.  E.  Hallenbeck,  of  Ba'ker  Bros.,  Toledo,  Ohio,  writes  that 
it  is  their  belief  that  "multiple-spindle  drill"  should  apply  to 
machines  of  the  Baush,  Fox,  "Natco"  or  cluster  box  type,  and 
that  "gang  drill"  should  apply  to  single-spindle  drilling  ma- 
chines connected  in  a  gang. 


TOGGLE   FRICTION   CLUTCH 

H.  W.  L, — The  two  clutches  shown  roughly  in  Fig.  1  act  on 
the  toggle  principle.  What  is  the  theory  pertaining  to  the 
friction  and  forces  acting  on  the  bearing  surfaces  of  such 
clutches?     I  have  been  unable  to  find  any  data  of  this  kind. 

Ans-wered  by  John  S.  Myers,  Philadelphia.  Pa. 

To  illustrate  the  principle  on  which  such  clutches  operate, 
refer  to  Fig.  2.  Here,  a  block  resting  upon  a  smooth  surface 
is  acted  upon  by  a  force  C.  This  surface  reacts  against  the 
block  with  an  equal  force  Ci,  neglecting  the  weight  of  the  block. 
Now  force  C  may  be  resolved  into  a  component  N  acting  nor- 
mal to  the  surfaces  and  a  component  F  acting  parallel  to  the 
surfaces.  The  resistance  offered  by  friction  opposing  motion 
in  the  direction  of  the  arrow  is  fN,  where  /  =  coefficient  of 
friction.  If  this  resistance  is  greater  than  the  component  F, 
no  sliding  of  the  surfaces  will  result.  As  F  =  N  tan  a,  if  we 
do  not  desire  sliding  to  occur,  N  tan  a  must  be  less  than  fN, 
or  tan  o  must  be  less  than  the  coefficient  of  friction  /. 

The  same  principle  applies  to  the  clutch  problem,  and  the 
forces  there  acting  are  indicated  by  similar  letters  in  Figs.  3, 
4  and  5.  The  function  of  the  spring  A,  Fig.  1,  is  simply  to 
keep  the  friction  surfaces  in  contact,  and  the  forces  due  to 
it  as  well  as  to  centrifugal  effect,  being  small,  may  be  neg- 
lected. For  example,  suppose  that  it  is  desired  to  develop  a 
twisting  moment  of  6000  inch-pounds  with  a  radius  R  of  10 
inches  and  a  coefficient  of  friction  /  =  0.08;  what  are  the  forces 
acting?  The  frictional  component  must  be  F  =  6000  -f-  10  ^ 
600  pounds.     Taking  tan  a  =  0.06,  allowing  0.02  less  than  / 
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Figs.   2  to  5.    Diagrams  sliowing  Principles  of  Friction  Clutches 

as  security  against  slipping,  the  force  acting  normal  to  the 
F  600 

friction  surfaces  is  N  =  =  =  10,000  pounds,  or 

tana  0.06 
10,000  -^  3  =  3333  pounds  on  each  of  the  three  surfaces.  The 
various  parts  of  the  clutch  would  have  to  be  sufficiently  strong 
to  withstand  these  forces.  Problems  allied  to  this  are  dis- 
cussed In  "The  Constructor,"  by  Reuleaux,  pages  158  to  161. 
The  wearing  shoes  indicated  in  Figs.  4  and  5  make  no  differ- 
ence in  the  theory  of  the  device,  but  increase  its  useful  life 
by  preserving  the  proper  length  of  the  toggle  element. 


Fig.   1.     Toggle  Friction  Clutches 


CONCRETE  MIXTURES 

In  a  paper  read  before  the  Concrete  Institute  of  Great  Brit- 
ain recently,  it  was  stated  that  in  a  1-2-4  concrete  the  cement 
may  range  from  18  to  24  per  cent  of  the  total  volume  of  the 
mixture.  For  instance,  130  tons  of  dry  cement  is  required 
for  a  broken-stone  aggregate  and  only  100  tons  when  gravel 
is  used.  But  the  concrete  containing  gravel  is  from  12  to  15 
per  cent  weaker  than  the  one  with  the  broken  stone.  However, 
when  the  quantity  of  cement  per  cubic  foot  of  the  mixture 
is  the  same,  gravel  concrete  is  as  strong  as  concrete  with  a 
broken-stone  aggregate.  Washing  the  aggregate  increases  the 
strength  of  hand-mixed  concrete  30  to  40  per  cent, » and  of 
machine-mixed  concrete,  from  15  to  20  per  cent.  As  the 
strength  of  concrete  is  governed  largely  by  the  percentage  of 
cement  that  it  contains,  it  has  been  suggested  that  specifica- 
tions, instead  of  calling  for  a  1-2-4  mixture,  provide  that  the 
volume  of  dry  cement  used  be  a  specified  proportion  of  the 
total  final  volume  of  the  mixture. 
*  *  * 
A  new  type  of  soldering  iron  consists  essentially  of  two 
high-resistance  heating  points,  or  electrodes,  that  become  in- 
candescent when  the  current  passes  through  them.  As  the 
circuit  is  closed  as  soon  as  the  points  come  into  contact  with 
the  metal  to  be  heated,  the  iron  is  said  to  become  heated  to 
the  required  degree  the  moment  it  touches  the  work.  Besides, 
the  heat  is  generated  at  the  point  of  contact  and  at  the  spot 
where  the  heat  is  needed  when  soldering,  brazing,  or  anneal- 
ing. The  iron  operates  at  from  six  to  sixteen  volts  and  the 
points  are  made  to  carry  current  according  to  ratings  of  150, 
250,  and  500  watts. 
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LEEDS  &  NORTHRUP  OPTICAL 
PYROMETER 

This  is  (in  optical  pyrometer  for  dctcrininin</  temperatures 
by  the  comparison  of  luminous  hot  bodies  with  a  tungsten- 
lamp  filament  in  the  pyrometer,  which  is  adjusted  by  means 
of  a  rheostat  until  the  brightness  of  the  lump  corresponds  to 
the  brightness  of  the  heated  part  as  seen  through  the  pyrom- 
eter. The  reading  of  a  milli-ammcter  connected  to  the  pyrom- 
eter enables  the  observer  to  determine  the  temperature  with 
considerable  accuracy,  the  readings  of  different  observers  for 
temperatures  within  the  hardening  range  of  steel  varying  not 
more  than  six  degrees. 

For  the  measurement  of  temperatures  above,  say,  1400  de- 
grees F.,  only  two  methods  have  been  found  practicable  for 
works  service.  One  of  these  is  based  on  the  thermo-couple 
and  the  other  on  the  laws  of  radiation.  The  latter  includes 
both  the  radiation  pyrometer  and  the  optical  pyrometer,  which 
utilizes  only  that  radiant  energy  visible  to  the  human  eye. 
For  many  services  the  inexpensive  base-metal  couple  may  be 
used  for  accurate  measurements  up  to  2000  degrees  F.  with 
satisfaction;  the  more  fragile  and  expensive  platinum  couple 
may  be  used  up  to  2800  degrees  F.,  but  the  thermo-couple,  like 
thermometers  in  general,  must  assume  che  temperature  of  the 
hot  object  by  convection,  conduction,  radiation,  or  all  com- 
bined. This  fact  militates  against  its  use  for  measuring  the 
temperature  of  molten  brass,  iron  and  other  metals,  or  for 
measuring  temperatures  in  gas  producers  and  other  locations 
where  the  thermo-couple  would  be  subjected  to  rough  mechani- 
cal treatment  or  to  contamination  by  vapors  and  gases,  which 
would  rapidly  impair  its  accuracy.  In  many  industries  the 
temperatures  are  far  above  the  range  of  thermo-couples. 

Measurements  by  radiation  can  be  carried  out  at  a  distance 
when  the  laws  concerning  the  temperature  of  radiating  body 
and  intensity  of  radiation  have  once  been  determined,  and 
the  radiation  receiving  and  measuring  part  need  not  be  heated 
to  the  temperature  of  the  radiating  body,  nor  even  anywhere 
nearly  to  that  temperature.  Pyrometers  utilizing  radiation 
are  divided  into  two  classes:  those  which  measure  as  heat 
energy    the    total    radiation    falling   upon    the    receiving    part 


Tig.    1.     Leeds    &    Northrup    Optical    Pyrometer 

of  the  instrument,  and  those  known  as  optical  pyrometers, 
which  are  based  upon  the  fact  that  the  luminous  radiation  or 
light  varies  in  a  definite  manner  as  the  temperature  of  the 
hot  body  changes. 

The  greatest  success  has  been  attained  by  separating  out  one 
wave  length  of  radiation — usually  that  which  excites  the  sen- 
sation of  red — and  comparing  the  Intensity  of  this  one-color 
light  with  the  intensity  of  the  light  of  the  same  color  emitted 
by  a  standard  source  of  light.  The  eye  is  very 'sensitive  when 
comparing  the  brightness  of  two  surfaces  when  one  is  super- 
imposed upon  the  other,  and  after  having  arranged  to  have 
light  from  the  hot  body  and  light  from  the  standard  of  com- 
parison viewed  in  this  relation,  they  can  be  made  equal,  either 


by  varying  the  amount  of  light  received  from  the  incandescent 
object  or  by  varying  the  intensity  of  the  standard  of  compari- 
son. The  latter  method,  that  is,  variation  of  the  intensity  of 
the  standard  of  comparison,  is  preferred  and  used  by  the  U.  S. 
Bureau  of  Standards,  also  by  the  Reichsanstalt,  of.  Berlin, 
where  its  practical  application  has  been  brought  to  a  high 
degree  of  perfection  by  Messrs.  Holborn  and  Kurlbaum.  The 
Leeds  &  Northrup  Co.,  of  Philadelphia,  Pa.,  working  under  the 


Optical    Syst 


and    Flectrical    Circuit    of    Leeds    &    Northrup 
Pyrometer 


fundamental  Morse  patents,  has  developed  this  type  of  optical 
pyrometer  with  a  view  to  realizing  a  high  degree  of  accuracy 
and  reliability  in  a  simple  and  portable  device.  The  instru- 
ment, which  is  illustrated  in  Fig.  1,  is  suitable  for  measuring 
from  dull  red  (about  1100  degrees  F.)  up  to  the  highest  known 
temperature. 

The  manner  in  which  the  luminous  radiation  from  the  hot 
body  is  balanced  against  that  from  a  standardized  source  will 
be  understood  by  reference  to  Fig.  2.  By  means  of  the  lens  L, 
rays  from  the  hot  body  are  brought  to  a  focus  in  the  plane  F. 
where  there  is  located  a  tungsten  lamp  filament.  By  means 
of  the  eye-piece  E,  the  observer  views  the  incandescent  fila- 
ment, which  appears  to  lie  upon  the  image,  just  as  the  cross- 
hairs in  a  surveyor's  telescope  appear  upon  the  distant  object 
looked  at.  By  means  of  a  rheostat  in  a  case  slung  about  the 
neck  (see  Fig.  3),  the  case  also  containing  a  storage  battery 
and  a  milli-ammeter,  the  current  through  the  lamp  is  adjusted 
until  the  brightness  of  the  filament  is  just  equal  to  the  bright- 
ness of  the  image  produced  by  the  lens;  that  is,  so  that  the 
filament  blends  with  the  background  formed  by  the  hot  object. 
The  observer  then  notes  the  reading  of  the  milli-ammeter, 
which  may  be  provided  either  with  a  special  scale  to  read  in 
degrees  of  temperature  or  the  temperature  corresponding  to 
the  current  may  be  read  from  a  calibration  curve  supplied 
with  the  instrument.  The  adjustment  is  made  with  accuracy, 
as  the  eye  is  keen  in  distinguishing  differences  in  brightness 
between  superimposed  objects. 

At  high  temperatures  the  light  emitted  by  both  the  hot 
body  and  the  filament  would  become  dazzling,  and  comparison 
would  be  difficult.  For  this  reason  a  red  glass  is  placed  in 
the  eye-piece  at  R,  which  has  the  further  advantage  that  light 
of  only  one  color  then  reaches  the  eye  and  no  difficulty  is  in- 
troduced by  lack  of  color  identity  between  the  light  emitted 
by  the  hot  body  and  that  emitted  by  the  filament.  The  in- 
tensity of  light  radiation  of  any  one  color  increases  pro- 
gressively in  a  definite  manner  as  ^he  temperature  of  the 
radiating  body  rises,  and  nothing  is  therefore  lost  by  eliminat- 
ing all  other'light  from  the  comparison.  As  only  brightness, 
not  color,  of  light  is  matched,  inability  to  distinguish  colors 
and  color-blindness  do  not  interfere  with  the  use  of  the  instru- 
ment.   In  fact,  In  the  range  of  temperatures  used  for  harden- 


1110 


MACHINERY 


August,  1917 


Fig.   3.     Method  of  using  Optical  Pyrometer 

ing  steel,  for  example,  different  observers  using  this  instru- 
ment agree  in  their  readings  within  6  degrees  F. 

The  brightness  of  the  image  of  the  hot  body  produced  by 
the  lens  L  is  almost  absolutely  constant,  irrespective  of  the 
distance  from  the  hot  body,  although  the  size  of  the  image 
varies  with  the  distance.  Since  it  is  the  brightness  of  the 
image  and  not  the  total  radiation  received  through  the  lens 
that  is  measured,  it  is  possible  to  measure  the  temperature 
of  a  small  body  or  of  a  body  at  a  distance  equally  as  well 
as  that  of  a  large  body  or  of  one  near  at  hand.  It  is  not 
necessary  that  the  hot  body  should  fill  the  entire  field  of  view 
of  the  instrument,  as  with  "total  radiation"  pyrometers. 

In  observing  bodies  at  very  high  temperatures,  as  2500  de- 
grees to  10,000  degrees  F.,  the  light  received  through  the  lens 
is  too  blinding  for  direct  observation,  even  through  the  red 
glass  of  the  eye-piece,  and  the  intensity  of  the  image  might 
also  become  greater  than  that  at  which  it  is  practicable  to 
burn  the  tungsten  filament,  so  that  a  balance  would  become 
impossible.  Some  method  for  reducing  the  intensity  of  the 
light  must  therefore  be  provided,  such  as  by  placing  a  screen 
to  intercept  some  of  the  light.  The  screen  is  placed  between 
the  lens  and  the  image  so  that  it  reduces  the  light  from  the 
hot  body,  but  not  that  from  the  filament.  With  the  reducing 
screen  it  is  possible  to  make  direct  observations  of  the  most 
brilliant  light,  as  the  electric  arc  or  the  surface  of  the  sun. 

It  is  not  feasible  to  calibrate  the  instrument  at  such  high 
temperatures  by  direct  comparison,  since  they  are  above  all 
known  melting  points  and  the  ranges  of  contact  thermome- 
ters, but  fortunately  a  relation  has  been  found  to  exist  be- 
tween temperature  and  intensity  of  radiation  of  any  one  color 
or  wave  length  of  light.  By  making  use  of  this  relation, 
known  as  Wien's  law,  and  reducing  the  intensity  of  the  image 
in  a  known  ratio  by  means  of  the  screen  just  referred  to,  it 
is  possible  to  extend  the  scale  of  the  instrument  to  the  highest 
temperature.  The  scale  thus  obtained  has  been  found  to 
agree  closely  with  a  scale  of  temperatures  established  by 
known  facts  about  the  relation  between  temperature  and 
total  radiation.  In  other  words,  this  form  of  optical  pyrom- 
eter gives  the  same  scale  of  temperature  as  do  total  energy 
pyrometers  used  with  the  precautions  necessary  to  secure 
accuracy  and  precision  in  the  measurement  of  total  radia- 
tion. The  screen  useufor  cutting  off  part  of  the  radiation 
from  very  hot  bodies  can  be  thrown  into  or  out  of  the  field 
of  view  by  means  of  a  milled  disk  projecting  through  an  open- 
ing in  the  tube  of  the  instrument.  With  the  absorbing  screen 
in  use,  a  different  mllli-ammeter  scale  or  calibration  curve  is 
required,  but  as  the  range  of  the  instrument  without  the  ab- 


sorbing screen  overlaps  many  hundred  degrees  with  the  range 
for  the  al)sorbing  screen,  the  accuracy  of  the  two  scales  can 
always  be  checked  by  ol)sorving  a  liot  body,  the  temperature 
of  wliich  lies  within  this  range. 

The  readings  obtained  with  this  instrument  are  always  the 
same  for  the  same  temperature,  if  the  body  viewed  is  sur- 
rounded by  other  objects,  such  as  the  walls  of  a  furnace  at 
the  same  temperature.  Also  no  correction  is  required  in  the 
case  of  so-called  "black  bodies,"  such  as  incandescent  carbon, 
when  viewed  in  the  open.  For  iron  and  steel  in  the  solid 
state,  the  corrections  required  for  readings  taken  in  the  open 
are  also  negligible.  Objects  having  a  metallic  sheen,  that  is, 
a  surface  which  reflects  light  freely,  as  molten  metal  or  pol- 
ished platinum,  do  not  give  the  same  readings  when  viewed 
in  the  open  as  when  viewed  in  the  furnace,  or  as  a  black  body 
would  give  with  this  or  any  other  radiation  or  optical  pyrom- 
eter. The  readings,  however,  are  always  consistent  for  the 
same  material  under  the  san\e  conditions,  and  by  using  suit- 
able reduction  factors,  can  be  converted  to  true  temperatures. 
Furthermore,  the  readings  obtained  with  this  type  of  instru- 
ment when  sighted  upon  a  body  in  the  open  differ  less  from 
those  given  for  the  same  body  at  the  same  temperature  en- 
closed in  a  furnace,  or  for  a  black  body  at  the  same  tempera- 
ture, than  do  the  readings  of  instruments  which  measure  the 
total  radiated  energy.  In  other  words,  the  correction  where 
there  is  a  departure  from  "black  body"  conditions  is  smaller 
than  with  the  total  radiation  pyrometer. 

The  instrument  can  be  calibrated  by  sighting  it  upon  bodies 
the  temperatures  of  which  are  known,  either  by  means  of  a 
thermo-couple  pyrometer,  or  by  the  melting  or  freezing  of 
various  substances.  The  constancy  or  reliability  depends 
upon  the  constancy  of  the  lamp,  or  its  ability  always  to  shine 
with  the  same  intensity  when  receiving  the  same  current. 
This  matter  has  been  investigated  exhaustively  by  the  U.  S. 
Bureau  of  Standards  and  also  in  the  laboratory  of  the  Leeds 
&  Northrup  Co.,  and  it  has  been  found  that  after  a  tungsten 
filament  is  thoroughly  aged,  that  is,  burned  for  some  time  at 
a  temperature  higher  than  that  to  which  it  will  be  subjected 
in  service,  no  sensible  variation  thereafter  occurs.  The  instru- 
ment is  so  designed  that  one  lamp  can  quickly  be  replaced 
by  another,  and  by  keeping  two  lamps,  their  correctness  can 
always  be  insured  by  checking  one  against  the  other. 

The  instrument  itself  is  handy  and  portable,  weighing  only 
a  few  ounces,  and  can  be  sighted  as  easily  as  an  opera  glass. 
The  case,  containing  the  battery,  rheostat,  and  milli-ammeter, 
is   slung  about  the  neck,   and   weighs  about  ten   pounds. 


CROSS-FEED  MECHANISM  FOR   OTT 
GRINDER 

The  Ott  Grinder  Co.  of  Indianapolis,  Ind.,  has  brought  out  a 
new  design  of  universal  grinding  machine.  The  most  notable 
feature  of  this  machine  is  the  automatic  cross-feed  mechanism. 


Automatic  Cross-feed  Mechanism  applied  to  Ko.  2  Universal  Grinder  built 
by  the  Ott  Grinder  Co. 
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which  is  shown  by  tlie  accompanying  detail  illustration.  In 
order  to  obtain  simplicity  and  ease  of  adjustment,  this  mech- 
anism has  been  equipped  with  a  single  rot^ker  arm,  a  spring 
plunger  and  a  stop-screw.  When  the  table  reaches  the  end 
of  its  stroke,  the  cross-feed  rocker  arm  is  swung  down-  to  its 
lowest  position  by  a  hardened  pin  on  the  reverse  lever.  As 
the  table  reverses  its  motion,  the  rocker  arm  is  forced  to 
move  upward  by  a  compressed  spring.  This  upward  movement 
continues  until  it  is  arrested  by  an  adjustable  stop-screw. 
The  pawl  attached  to  the  left-hand  end  of  the  rocker  arm 
engages  the  cross-feed  ratchet  wheel,  thus  feeding  the  wheel 
slide.  The  feeding  movement  may  be  varied  from  0.00025  to 
0.003  inch.  With  this  mechanism  the  grinding  wheel  is  fed 
inward  by  the  positive  action  of  the  reverse  lever  as  it  engages 
the  rocker  arm,  whereas  the  spring  previously  referred  to  is 
simply  relied  upon  to  move  the  rocker  arm  and  pawl  back  an 
amount  depending  upon  the  feed  adjustment.  The  feeding 
movement  may  be  disengaged  by  swinging  over  the  feed  pawl 
or  by  screwing  down  the  adjusting  stop.  The  feed  may  be 
disengaged  automatically,  a  positive  stop  being  provided  for 
hand  feeding. 


METALWOOD   STRAIGHTENING   PRESS 

The  Metalwood  Mfg.  Co.,  Leib  and  Wight  Sts.,  Detroit,  Midi., 
is  now  manufacturing  a  straightening  press  in  20-  and  35-tou 
sizes,  and  in  three  styles,  including  a  motor  drive,  a  belt  drive 
from  a  lineshaft,  and  an  accumulator  drive.  The  particular 
press  shown  is  equipped  with  a  motor.  The  hydraulic  pump 
for  operating  the  press  forms  an  integral  part  of  the  design 
and  is  of  the  two-plunger  type.  This  pump  is  mounted  upon 
the  base,  which  forms  a  tank  for  the  liquid.  The  pump  body 
is  of  bronze,  and  the  plungers  are  of  tool  steel,  hardened  and 
ground.  The  pump  bearings  are  of  phosphor-bronze.  The  ram 
of  the  press  is  returned  by  a  heavy  spring  arranged  for  dif- 
ferential pull  and  with  an  adjustable  tension.  The  ram  nose 
has  a  sliding  chrome-nickel  steel  resistance  block  with  two 
steps  for  crank  work,  so  as  to  reduce  the  stroke  of  the  press 
whenever  practicable  and  increase  the  operating  speed. 

The  table  is  made  of  semi-steel  and  is  provided  with  re- 
newable steel  strips  upon  which  the  centers  are  mounted  and 
which  take  the  thrust  of  the  ram  when  pressure  is  applied 
to  the  part  being  straightened.  The  table  is  finished  on  the 
top  and  sides  so  that  indicators  can  be  used  for  testing  the 
work.  The  centers  are  of  the  yielding  type  and  are  adjustable 
for  length.  The  thrust  is  taken  by  tapered  steel  wedges 
placed  under  the  work  on  the  steel  tracks.  A  single  lever 
and  a  quick-operating  valve  serve  to  control  the  speed  of  the 
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Fig.  2.     Side  View  of  Stralglitening  Press 

press  ram,  the  pressure  applied,  and  the  return  movement. 
All  parts  of  the  press  subjected  to  heavy  stresses  are  of  alloy 
steel  castings  or  forgings,  and  all  piping  under  hydraulic  pres- 
sure is  of  seamless  steel  tubing.  The  press  is  equipped  with  a 
gage  reading  in  pounds  per  square  inch  and  tons  on  the  ram 
or  applied  to  the  work. 


WESTINGHOUSE   OVEN  HEATER 

An  electrical  oven  heater  designed  especially  for  use  in 
enameling  or  japanning  ovens  is  illustrated  herewith.  This 
heater  may  also  be  applied  for  a  variety  of  work  where  ovens 
are  employed  for  a  baking  or  drying  process.  The  heating 
element  consists  of  a  ribbon  wound  on  a  number  of  fire-clay 
bushings  assembled  on  two  steel  tie-rods,  between  two  pressed 
steel  end-plates.  The  ends  of  the  ribbon  are  secured  to  drop- 
forged  steel  terminals,  clamped  to  the  steel  tie-rods,  which 
therefore  become  the  terminals  for  the  heaters.  The  tie-rods 
are  insulated  where  they  pass  through  the  end  frames,  and 
the  ends  are  threaded  for  bolting  onto  the  connectors.    Special 
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Fig.    1.     Front  View  of  Metalwood   Straightening   Press 


Westingliouse   Type   C   Oven   Heater 
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iimiKM-tors  ii  r  v  I'lir- 
iiished  to  meet  rc- 
q  u  i  r cnients.  Colrt- 
rollert  steel  bus  bars 
are  recommended,  and 
may  be  mounted  di- 
rectly above  the  heatiM- 
on  insulators  Ixiltcil 
directly  to  the  oiiil- 
frames.  Connectors 
are  secured  to  bus 
bars   by   steel   clamps. 

Hooks  are  used  for 
hanging  the  heaters 
from  tlie  usual  sup- 
porting steel  work, 
which  may  be  flat 
iron,  angle  iron,  chan- 
nel iron  or  pipe  work. 
The  hooks  are  bolted 
to  the  flanged  end- 
plates  of  the  heaters. 
Protecting  screens 
may  be  attached  di- 
rectly to  the  flanged  end-plates  without  any  other  means  of 
support.  Heaters  may  be  mounted  either  on  the  side  walls 
or  on  the  floor,  and  in  any  position. 

These  heaters  are  normally  rated  at  2.5  kilowatts  at  120 
volts.  Any  number  of  them  may  be  installed  in  an  oven,  and 
connected  to  any  power  .circuit,  whether  single-phase  or  poly- 
phase and  110-220  or  440  volts.  On  220-volt  service,  two  heat- 
ers are  connected  in  series,  and  on  440-volt  service,  four  heaters 
are  connected  in  series.  Where  three-phase  power  circuits 
are  used,  the  heaters  are  connected  three-phase,  with  the 
phases  balanced.  This  heater  (Type  C)  is  made  by  the  West- 
inghouse  Electric  &  Mfg.  Co.,  East  Pittsburg,  Pa. 


Fip. 


Davis    "Closc-couplcd"    Tool-toom   Lathe 


DAVIS   TOOL-ROOM   LATHE 

The  "close-coupled"  tool-room  lathe  now  being  manufactured 
by  the  Davis  Machine  Tool  Co.,  Inc.,  Rochester,  N.  Y.,  has  been 
designed  to  meet  modern  requirements  as  to  accjuracy,  con- 
venience, power  and  simplicity  of  construction.  Front  and 
rear  views  of  this  machine  are  shown  in  Figs.  1  and  2,  and  a 
sectional  view  of  the  headstock  in  Fig.  3.  One  of  the  im- 
portant features  of  this  lathe  is  the  method  of  mounting  the 
"back-gears,"  which  are  placed  under  the  headstock  at  the 
front  end  of  the  spindle.  The  small  cone  gear  that  is  usually 
located  at  the  end  of  the  cone  next  to  the  small  step  is  placed 


next  to  tlie  large  end 
of  the  cone.  The  back- 
gears  arc  carried  in 
a  yoke  whiidi  swings 
from  a  bearing  at  the 
back  of  the  headstock. 
These  gears  are  en- 
gaged with  the  cone 
gears  by  a  cam  oper- 
ated from  the  front  of 
the  lathe  by  the  small 
handle  seen  in  Fig.  1 
at  the  right  of  the 
gear-box.  With  this 
back -gear  arrange- 
ment, the  long  eccen- 
tric shaft  and  quill 
common  to  cone-driven 
lathes,  and  the  tor- 
sional strains  to  which 
this  member  is  sub- 
jected, are  eliminated. 
The  headstock  is  a 
Jieavy  one-piece  cast- 
ing. Gear  guards  are  integral  with  the  headstock  and  form  a 
cover  for  the  cone  pulley.  At  the  top  of  the  gear  guard  there 
is  a  brake  for  stopping  the  rotation  of  the  spindle.  This  feature 
is  of  especial  value  when  frequent  inspection  or  gaging  is 
necessary.  The  crucible  steel  spindle  is  mounted  in  heavy 
phosphor-bronze  boxes,  which  are  lubricated  from  large  oil 
pockets  by  means  of  rings.  The  front  spindle  bearing  is 
tapered  to  compensate  for  wear.     The  carriage  has  a  bearing 


±ig     a.     Rear  View   of   Davis   Latho 


Fig.   3.     Headstock  of  Davis  Lathe 

of  191/4  inches  on  the  ways  and  a  cross-bridge  6  inches  wide. 
The  compound  rest  is  provided  with  four  clamping  bolts  for 
holding  it  rigidly  in  any  position. 

The  apron  is  of  the  dquble-plate  type  with  two  bearirfg  sup- 
ports for  all  shafts.  A  central  oil  pocket  is  arranged  to  lubri- 
cate all  bearings  from  one  point.  The  apron  has  the  usual 
interlocking  feature  to  prevent  engaging  the  feed-nut  and  half- 
nut  at  the  same  time.  The  lever  seen  in  Fig.  1  beneath  the 
right-hand  end  of  the  apron  serves  to  reverse  the  movement  of 
the  carriage  by  shifting  a  sliding  clutch  interposed  between 
bevel  gears  located  beneath  the  headstock.  The  same  rod  that 
operates  this  reverse  mechanism  carries  adjustable  collars  for 
stopping  the  feeding  movement  of  the  carriage  at  any  point. 
This  lathe  has  a  screw  cutting  capacity  varying  from  IM:  to 
80  threads  per  inch,  including  11 V^.  The  regular  equipment 
provides  thirty-six  different  leads  or  pitches,  and  this  number 
can  be  increased  by  applying  change-gears  to  the  quadrant. 
The  maximum  error  allowed  in  the  lead-S(-rew  is  0.001  Inch 
per  foot.  Thirty-six  dilTorenf  feeds  are  provided,  the  feuding 
movemenf  being  transmitted  through  an  independent  feed-rod. 
All  gears  in  the  quick-change  gear-box  are  made  of  steel  and 
generated  on  a  gear  shaper. 
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To  insure  cor- 
rect alignment, 
an  extra  foot  is 
placed  in  the 
center  of  the 
right-hand  leg, 
so  that  the  lathe 
has  a  three-point 
support.  The 
outer  ends  of  the 
right-hand  leg 
are  provided 
with  adjusting 
bolts  which  can 
be  screwed  down 
until  they  just 
touch  the  floor, 
thus  overcom- 
ing, any  rock- 
ing tendency. 
The  bed  of  this 
machine  is 
ribbed  trans- 
versely  with 
heavy  double- 
wall  cross  girths. 
The  rear  end  is 
low  enough  to 
permit  sliding  off  the  tailstock  without  disengaging  the  clamp- 
ing bar  or  removing  bolts.  The  manufacturers  will  supply  this 
machine  with  a  motor  drive  if  desired.    The  motor  is  mounted 

over  the  headstock  and 
is  geared  to  the  spindle 
through  a  train  of  gears 
which  provide  four  me- 
chanical changes  by 
sliding  clutches.  Fur- 
ther speed  changes  are 
obtained  through  the 
motor,  which  should 
have  a  variation  of 
from  500  to  1500  revo- 
lutions per  minute. 
This  lathe  may  be 
equipped  with  a  taper 
attachment,  d  r  a  w  -  i  n 
chuck  and  collets,  trans- 
posing gears  for  cut- 
ting metric  pitches,  and 
a  relieving  attachment 
if  desired  by  the  pur- 
Board  for  foUowingr  Progress  of  Orders  chaser, 
through   the   Plant 


Betts  Tire  Turning  Mill 


accompanying  il- 
lustration. The 
machine  swings 
diameters  up  to 
72  inches  and 
takes  work  16 
inches  high  un- 
der the  saddles. 
It  is  driven  by 
a  twenty -five- 
horsepower  elec- 
tric motor.  The 
general  design 
of  this  machine 
is  similar  to 
that  of  a  stand- 
ard boring  mill, 
but  owing  to  the 
extremely  severe 
duty  for  which 
the  machine  is 
intended,  it  has 
been  made  ex- 
ceptionally 
strong.  All  driv- 
ing gears  are  of 
"steel,  thorough- 
ly covered,  and 
provision  is  made  to  lubricate  them  properly;  all  feed  gears, 
saddles  and  tool  spindles  are  of  steel,  and  the  latter  are  inde- 
pendently counterbalanced  and  have  rapid  hand  movement. 
Separate  feed  works  are  provided  for  each  side  of  the  ma- 
chine, and  the  feeds  can  be  changed  quickly  without  stop- 
ping the  machine. 

The  necessary  speed  changes  are  obtained  through  the  field 
control  of  the  motor  in  connection  with  two  or  three  mechan- 
ical changes.  This  style  of  machine  is  built  in  five  different 
sizes,  ranging  from  66  inches  up  to  108  inches,  and  it  can 
be  furnished  with  a  movable  instead  of  a  fixed  cross-rail  so 
that  it  may  be  used  for  general  machine  shop  work  as  well  as 
for  tire  work. 


COLUMBIA   20-INOH  CRANK  SHAPER 

The  heavy-duty  crank  shaper  illustrated  herewith  is  a  20- 
inch  size  built  by  the  Columbia  Machine  Tool  Co.,  Hamilton, 
Ohio.  The  column  of  this  machine  is  made  straight  in  front 
in  order  to  permit  the  head  to  be  set  at  an  angle  without  in- 
terfering with  its  full  travel  across  the  table.  The  feed  mech- 
anism of  this  machine  is  designed  along  somewhat  different 
lines  from  usual;  it  is  carried  in  a  housing  which  covers  and 
protects   the  gears,   and   is  an   adaptation   of  the  well-known 


TUTHILL   SPRING   CO.'S    TRACING    BOARD 

The  tracing  of  orders  so  that  delays  are  noticed,  the  causes 
discovered,  and  deliveries  made  on  schedule  time,  is  a  prob- 
lem common  with  all  manufacturers.  Tuthill  Spring  Co., 
Kesner  Bldg.,  Chicago,  111.,  formerly  followed  the  progress  of 
orders  through  their  plant  by  a  card  index  system.  Every 
day  the  exact  location  of  each  job  was  noted  on  a  card,  and 
the  superintendent  or  shipping  clerk  was  kept  posted  on  just 
what  was  taking  place  by  referring  to  the  cards. 

The  tracing  board,  the  upper  section  of  which  is  shown  in 
the  illustration,  was  devised  to  facilitate  this  work.  This 
particular  board  is  used  in  tracing  Chicago  orders.  Each  day 
the  entry  clerk,  in  a  much  shorter  time  than  it  took  to  make 
the  card  records,  can  bring  his  tracing  board  up  to  date.  A 
glance  tells  the  superintendent,  or  anyone  else  interested, 
the  exact  status  of  each  job. 


BETTS  TIRE   TURNING  AND  BORING  MILL 

A   66-inch   tire   turning   and   boring  mill   recently   built   by 
the   Betts   Machine   Co.,   Wilmington,    Del.,    is   shown    in    the 


Columbia  20-inch  Heavy-duty  Crank  Shaper 
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ratchet  type.  Feed  changes  may  be 
made  quickly,  and  a  safety  stop  is 
provided,  as  well  as  means  of  con- 
trolling and  indicating  the  direc- 
tion of  the  feed.  There  are  eight 
feed  changes  in  all. 

The  position  of  the  ram  and  the 
length  of  the  stroke  can  readily  be 
adjusted  from  the  front  of  the  ma- 
chine. The  ram  is  held  in  place  by 
clamping  gibs  on  top  of  the  column, 
and  an  angular  gib  at  one  side  of 
the  ram  provides  adjustment  for 
wear.  The  tool-head  has  a  microm- 
eter adjustment  and  is  graduated 
for  angular  adjustment.  The  ma- 
chine is  provided  with  back-gears, 
which,  in  connection  with  the  four- 
step  driving  cone  pulley,  give  eight 
speed  change^  in  geometrical  pro- 
gression. The  table  is  of  box  form  and  long  enough  to  accom- 
modate work  up  to  the  full  rated  capacity.  In  addition  to  the 
regular  T-slots,  a  V-groove  is  formed  in  one  side  of  the  table 
for  holding  round  stock.  The  vise  regularly  furnished  is  of 
the   double-screw   type   and   has   a  graduated   swiveling  base. 


Fig.  3.    Magnetic  Contactor   Panel 


Fig.  4.     Gage  Type  Pressure  Regulator 


WESTINGHOUSE  AUTOMATIC    STARTERS 
FOR  INDUCTION  MOTORS 

Several  automatic  starters  for  motor-driven  machinery, 
(manufactured  by  the  Westinghouse  Electric  &  Mfg.  Co.,  East 
Pittsburg,  Pa.),  are  shown  in  Figs.  1  to  4  inclusive.  These 
automatic  starters  are  for  use  with  single-phase  or  polyphase 
squirrel-cage  and  wound-rotor  induction  motors,  where  it  is 
desired  to  start  the  motor  from  a  remote  point  or  where 
automatic  acceleration  is  required  to  guard  against  improper 
starting  by  unskilled  operators.  They  are  simple,  reliable, 
and  rugged  in  construction,  consisting  of  a  magnetic  con- 
tactor panel  and  a  master  switch,  which  may  be  either  a  push- 
button, a  float  switch,  a  pressure  regulator,  or  similar  device 
for  closing  the  control  circuit,  depending  upon  the  service. 
The  vital  element  is  the  magnetic  contactor.  The  contactors 
used  on  these  starters  have  been  employed  successfully  in 
steel  mill,  cement  plant,  and  mine  installations,  where  the 
requirements  are  extremely  severe.  The  contactors  are  opened 
by  strong  spring  action  assisted  by  gravity.  The  destructive 
action  of  the  arc  is  reduced  to  a  minimum  by  strong  blow-out 
coils  and  arcing  horns. 


Automatic    Starte 
Transformer    Type 


Westinghouse   High- 
voltage  Starter 


The  operation  of  the  starters  is  very  simple.  When  start- 
ing motors  driving  lineshafting,  woodworking,  and  machine 
tools,  and  similar  apparatus,  it  is  only  necessary  to  press  a 
button,  and  close  a  small  knife  or  snap  switch.  The  starter 
then  automatically  makes  the  proper  connections  to  limit  the 
starting  current  to  a  suitable  value  and  to  vary  the  time 
required  for  acceleration  according  to  the  load  on  the  motor, 
thus  preventing  damage  to  the  machinery  by  too  slow  or  too 
rapid  acceleration,  and  saving  time  by  bringing  the  motor  to 
full  speed  at  the  most  rapid  permissible  rate.  When  used  for 
pump  or  compressor  service  in  connection  with  a  float  switch 
or  pressure  gage,  the  action  of  the  starters  is  entirely  auto- 
matic, the  motors  being  started  when  the  pressure  or  liquid 
level  of  the  tank  control  falls  to  a  predetermined  point,  and 
stopped  when  the  desired  maximum  pressure  or  level  is 
reached,  or  vice  versa. 

The  automatic  starters  for  squirrel-cage  motors  are  most 
frequently  employed  for  starting  motors  operating  centrifugal 
pumps,  air  compressors,  fans,  blowers,  metal-working  and 
wood-working  machines,  and  other  apparatus  requiring  start- 
ing torque  less  than  full  load  torque.  This  type  of  starter, 
however,  owing  to  the  wide  application  of  squirrel-cage  motors 
for  industrial  service,  can  be  applied  economically  for  starting 
service  in  nearly  every  industry. 

Squirrel-cage  motors  of  five  horsepower  and  smaller  are 
usually  connected  direct  to  the  line.  Large  squirrel-cage 
motors  are  first  impressed  with  low  voltage  from  auto  trans- 
formers or  connected  to  the  line  through  resistance  so  that 
in  either  case  the  starting  current  is  reduced.  When  the  speed 
of  the  motor  has  reached  such  a  point  that  the  starting  current 
has  decreased  sufficiently  the  motor  is  then  automatically 
connected  to  the  line. 

The  automatic  starters  for  wound-rotor  motors  are  particu- 
larly adaptable  for  starting  motors  driving  plunger  pumps, 
positive  pressure  blowers,  air  compressors,  long  lineshafts, 
and  loads  having  heavy  inertia.  The  severe  starting  condi- 
tions encountered  in  this  class  of  service  require  from  100  to 
200  per  cent  full  load  torque  in  starting,  making  automatic 
starting  a  very  desirable  feature. 

When  an  automatic  starter  is  used  in  connection  with  a 
wound-rotor  motor,  the  line  switch  is  first  closed,  with  the 
maximum  resistance  in  the  rotor  circuit.  When  the  speed 
falls  to  a  predetermined  value,  a  relay  closes  a  magnetic  con- 
tactor which  cuts  out  a  part  of  the  resistance  in  the  rotor 
circuit.  Each  contactor  operates  in  a  similar  manner,  cutting 
out  its  portion  of  the  resistance  at  the  proper  time  until  all 
the  resistance  is  short-circuited  by  the  last  contactor. 

The  power  on  any  circuit  may  fail  suddenly,  and  it  is 
important  that  some  protection  be  afforded  both  operator  and 
motor  against  an  unforeseen  return  of  power.  This  protec- 
tion may  be  provided  for  motors  operating  pumps,  compress- 
ors, etc.,  by  a  low-voltage  release  to  disconnect  the  motor 
from  the  line  when  the  voltage  is  low  or  the  power  fails 
entirely.  Then  as  soon  as  the  power  returns,  the  motor  will 
automatically  start  up  again.  In  many  applications,  how- 
ever, such   as   for   motors   operating  machine   tools   or  wood- 
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working  machines,  low-voltage  protection  is  required.  Motors 
so  protected  are  disconnected  from  the  line  when  the  power 
fails  and  will  not  start  when  the  power  comes  on  again  until 
the  operator  presses  a  button  or  manipulates  a  similar  device; 
hence,  there  is  no  danger  from  the  unexpected  starting  of  a 
machine. 

The  advantages  resulting  from  the  use  of  automatic  starters 
for  induction  motors  comprise  absolute  protection  to  both 
operator  and  machinery,  proper  starting  at  the  most  rapid 
permissible  rate,  economy  in  operation  and  maintenance, 
convenience  of  reqjote  control,  and  automatic  operation. 


FOX  ARBOR  PRESS 

The  Sunderland  Machinery  &  Supply  Co.,  1006-1010  Douglas 
St.,  Omaha,  Neb.,  has  placed  on  the  market  an  arbor  press 
known  as  the  Fox  "high-speed"  No.  4,  th^t  is  designed  for 
rapid  operation  and  adjustment.  The  press  is  equipped  with 
a  special   type  of  mechanism  for  elevating  and  lowering  the 

table  easily  and  rap- 
idly. The  table  is 
counterbalanced  by  a 
weight  at  the  rear  of 
the  press  so  that  it 
can  easily  be  raised 
or  lowered.  It  is  ele- 
vated by  grasping 
the  handle  at  the 
left-hand  side  and 
simply  lifting  it,  and 
is  held  in  position  by 
the  rack  and  pawl 
shown  beneath  it.  In 
order  to  lower  the 
table  the  pawl  is 
first  disengaged  from 
the  rack  by  a  lever 
provided  for  that 
purpose,  and  the  ta- 
ble is  then  pushed 
down  to  the  required 
position.  The  press 
ram  is  operated  by  a 
counterwei  gh  t  e  d 
ratchet  lever,  as  the 
illustration  shows. 
The  frame  and  table 
are  of  cast  iron,  and 
the  rack,  pinion, 
pawl  and  ratchet  are 
made  of  a  special  alloy  steel  properly  heat-treated.  This  press 
will  take  diameters  up  to  19  inches,  and  the  capacity  over  the 
table  is  30  inches.  The  ram  has  a  movement  of  17  1/7  inches 
and  the  leverage  is  60  to  1.  The  weight  of  the  press  is 
1100  pounds. 


Tox  No.   4  Arbor  Press 


SKELTON   TAPER   REAMER 

The  taper  reamer  shown  in  Fig.  1  is  designed  for  reaming 
taper  holes  and  has  a  flat,  high-speed  steel  blade  and  a  low- 
carbon  steel  holder.  The  edge  A,  Fig.  2,  is  ground  to  a  circular 
form,  and  between  this  edge  and  the  heel  B  there  is  a  flat  sur- 
face. The  heel  is  backed  off  or  relieved  sufficiently  to  allow 
for  the  maximum  cut  and  still  prevent  "hogging  in,"  the  depth 
of  cut  being  positively  controlled  by  the  clearance  or  amount 
ground  away  at  B.  The  curved  flutes  C,  adjacent  to  each  cut- 
ting edge,  provide  rake  so  that  the  reamer  cuN  the  metal  in- 
stead of  scraping  it.    The  method  of  holding  the  blade  allows 


Fig.  2.     Connection  between  Blade  and  Holder  of  Skelton  Reamer 

for  lining  up  the  reamer  with  the  spindle  in  case  the  turret 
hole  is  out  of  alignment.  As  Fig.  2  shows,  the  end  of  the 
holder  is  split  and  it  has  a  circular  tongue  which  engages  a 
circular  groove  extending  across  the  end  of  the  reamer  blade. 
The  tongue  is  offset  slightly  with  reference  to  the  groove  in 
the  blade  so  that  the  blade  is  forced  back  into  the  bottom  of 
the  slot,  thus  aligning  it  with  the  holder.  The  clamping  screw 
is  of  nickel  steel,  heat-treated  and  so  arranged  that  the  pres- 
sure comes  in  front  of  the  holder.  This  reamer  has  been  placed 
on  the  market  by  Charles  E.  Skelton,  107  N.  Franklin  St., 
Syracuse,  N.  Y. 


SHELL   FORMING   ATTACHMENT   FOR 
CINCINNATI  LATHES 

An  attachment  for  use  when  turning  shells  is  shown  in  the 
accompanying  detailed  view  as  applied  to  one  of  a  number 
of  18-inch  lathes  built  by  the  Cincinnati  Lathe  &  Tool  Co., 
3207-3211  North  St.,  Oakley,  Cincinnati,  Ohio.  A  shell  made 
of  50-point  carbon  steel,  having  a  12-inch  radius,  was  finished 
to  the  required  size  and  form  with  an  attachment  of  this  type 
in  16  minutes,  48  seconds.     The  actual  cutting  speeds  varied 


shell  Forming  Attachment  applied  to  Cincinnati  Lathe 


from  69  to  204  feet  per  minute,  owing  to  the  curvature  of  the 
shell,  and  a  feed  of  1/32  inch  was  used.  The  attachment  illus- 
trated is  equipped  with  a  cam  for  forming  6-inch  shells. 


Fig.   1.     Skelton  Taper  Reamer 


ARMSTRONG-BLUM   METAL-CUTTING 
BAND    SAW 

A  universal  metal-cutting  band  saw,  which  is  the  product 
of  the  Armstrong-Blum  Mfg.  Co.,  343  N.  Francisco  Ave.,  Chi- 
cago, 111.,  is  shown  in  a  vertical  position  in  Fig.  1,  and  in 
Fig.  2  with  the  saw  blade  tilted  to  an  angle  of  45  degrees  for 
cutting  an  18-inch  beam.  The  saw  may  be  inclined  to  a  45- 
degree  angle,  either  to  the  right  or  left,  and  its  position  is 
indicated  by  suitable  graduations.  The  saw  blade  is  mounted 
on  two  flanged  wheels  supported  by  a  rigid  frame,  which  is 
pivoted  to  a  frame  or  cage  under  the  table.  This  cage  is 
equipped  with  four  hardened  roller  bearings  that  travel  in 
planed  dirt-proof  races.  The  automatic  feeding  movement  may 
be  engaged  or  disengaged  by  means  of  a  small  lever  at  the 
front  of  the  machine. 
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may  be  increased  about  90  per  cent  by  means  of  double  cone 
pulleys.  This  machine  has  a  throat  capacity  of  18  by  20 
Inches.  The  saw  blade  is  14  feet,  8  inches  long,  %  inch  wide, 
and  0.032  inch  thick.    Guards  are  provided  wherever  necessary. 


Fig.    1.     Armstrong-Blum    No.    8   Metal-cutting    Band    Saw 

The  required  pressure  is  imparted  to  the  saw  blade  by  a 
bronze  worm-gear  having  cork  Inserts,  two  friction  disks,  a 
spring  and  an  adjusting  nut.  Lubrication  is  supplied  to  the 
saw  blade  at  the  cutting  point  by  a  submerged  centrifugal 
pump,  the  lubricant  passing  directly  through  the  teeth  at  the 
point  of  delivery.  The  saw  blade  guide  rollers  have  double 
ball  bearings  and  felt  dirt-proof  rings.  The  machine  may  be 
stopped  at  any  required  depth  of  cut  by  a  knock-off  dog  or 
trip.  The  saw  table  is  32  inches  wide,  5  feet  long,  and  has 
four  T-slots.  The  two  inner  slots  are  machined  and  notched 
to  receive  the  vise  jaws,  which  may  be  placed  wherever  needed 
or  be  removed  entirely.  The  drip-pan  is  telescopic  and  de- 
signed to  catch  the  lubricant  when  the  saw  blade  is  inclined 
45  degrees  either  way  from  the  vertical.    The  speed  of  the  saw 


BILTON   UNIVERSAL    GEAR-HOBBING 
MACHINE 

A  universal  gear-hobbing  machine  recently  added  to  the 
gear -cutting  equipment  of  the  Bilton  Machine  Tool  Co.,  Bridge- 
port, Conn.,  has  a  rated  capacity  for  gears  of  10  inches  outside 
diameter,  10  diametral  pitch  and  10  inches  width  of  face.  The 
work-table  of  this  machine  (see  accompanying  illustration)  is 
driven  through  a  steel  worm  and  a  bronze  worm-wheel  11^/^ 
inches  in  diameter.  The  worm  is  automatically  lubricated  and 
is  fitted  with  a  ball  thrust  bearing.  Automatic  stops  are  pro- 
vided for  the  vertical  and  horizontal  feeding  movements,  and 
the  horizontal  feed  shaft  has  a  micrometer  dial.  The  differen- 
tial gears  and  the  feeding  and  indexing  gears,  which  are  on 
the  rear  end  of  the  machine,  all  have  teeth  of  14  diametral 
pitch,  so  that  they  are  Interchangeable,  and  the  total  number 
is  reduced  to  a  minimum. 

The  vertical  slide  is  made  extra  long  and  has  flat  ways  with 
large  bearing  surfaces.  The  hob  spindle  head  carried  by  this 
slide  may  be  set  at  any  desired  angle  for  cutting  right-  or  left- 


Fig.  2. 


Metal-cutting  Band  Saw  set  at  Angle  of  45  Degrees  for  cutting 
IS-inoh  Beam 


Bilton   No.    10   Universal    Gear-hobbing    Machine 

hand  spirals.  The  hob  spindle  is  driven  through  helical  gears, 
and  it  may  be  adjusted  lengthwise  to  relocate  the  hob  if  it 
should  become  dull  in  one  place,  without  disturbing  the  ad- 
justment of  the  spindle  bearings.  The  work-table  has  a  cen- 
tral hole  1%  inch  in  diameter,  so  that  teeth  can  be  bobbed  on 
the  ends  of  shafts  up  to  1%  inch  diameter  and  24  inches  long. 
The  table  has  deep  oil-grooves  with  a  drain  running  to  the 
base  of  the  machine  where  the  oil  reservoir  is  located.  This 
reservoir  is  removable  so  that  it  can  be  cleaned.  The  hob 
speeds  vary  from  50  to  250  revolutions  per  minute  and  the 
range  of  hob  feeds  per  revolution  of  the  work  is  from  0.010 
to  0.125  inch.  The  machine  is  driven  through  a  three-step  cone 
pulley  designed  for  a  2V^-inch  belt.  The  net  weight  of  the 
machine  is  1100  pounds. 
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UNITED  STATES   ELECTRICAL   GRINDER 

The  United  States  Electrical  Tool  Co.,  6th  Ave.  and  Mt.  Hope 
St.,  Cincinnati,  Ohio,  is  now  building  a  combination  wet  and 
dry  grinding  machine  that  is  electrically  driven.  This  grinder 
is  built  in  two  sizes,  with  motors  of  three  and  five  horsepower 
capacity.  The  machine  equipped  with  a  three-horsepower 
motor  is  arranged  to  carry  two  grinding  wheels  12  inches  in 
diameter  by  2  inches  face  width,  and  the  five-horsepower  ma- 
chine carries  two  grinding  wheels  18  inches  in  diameter  by 
3  inches  face  width.  These  grinders  are  equipped  with  either 
direct-current  motors  for  110-,  220-  or  550-volt  circuits  or 
alternating-current  motors  for  220-,  440-  or  550-volt  circuits 
of  25  or  60  cycle  and  two  or  three  phase. 

The  bearings  used  in  these  machines  are  of  the  self-aligning 
ball  bearing  type,  and  the  motors  are  built  by  the  Westing- 
house  Electric  &  Mfg.  Co.  The  grinding  machine  equipped 
with   a  three-horsepower  motor   weighs  575   pounds,   and   the 


United  States  l^lectrical  Grinder 

machine  equipped  with  a  five-horsepower  motor  weighs  700 
pounds.  The  speed  of  the  grinding  machine  driven  by  a  three- 
horsepower  motor  is  1800  revolutions  per  minute,  and  the 
machine  driven  by  a  five-horsepower  motor  runs  at  1120  revo- 
lutions per  minute. 


Plug  Gages:  Simplex  Tool  Co.,  Woonsocket,  R.  I.  A 
standard  line  of  hardened  tool  steel  plug  gages  varying  by 
1/32  inch  from  Vs  to  1  inch  in  diameter. 

Cutter  Grinder:  Elmer  Sacrey,  1001  Diamond  St.,  Phila- 
delphia, Pa.  A  grinder  for  sharpening  milling  cutters  up  to 
9  inches  in  diameter.  The  machine  is  equipped  with  a  dia- 
mond wheel-truing  device. 

Pneumatic  Hammer:  H.  Edsil  Barr,  Erie,  Pa.  This  ham- 
mer strikes  a  maximum  of  200  blows  a  minute  and  has  a 
capacity  for  stock  up  to  2  inches  square.  The  hammer  is 
arranged  to  permit  continuous  striking. 

Engine  Lathe:  Richard  H.  Kiddle,  Kinsman,  Ohio.  Four- 
teen-inch  engine  lathe  of  cone  pulley  type,  with  beds  varying 
from  4  to  10  feet  in  length.  The  swing  over  the  carriage  is 
8%  inches,  and  the  weight,  1200  pounds. 

Grinding  and  Polishing  Stand:  Lamb  Knitting  Machine 
Co.,  Chicopee  Falls,  Mass.  A  ball  bearing  grinding,  polishing, 
and  buffing  machine.  The  head  is  separate  from  the  base  so 
that  the  machine  may  be  used  either  as  a  bench  or  pedestal 
type. 

Grinding  and  Buffing  Stand:  U.  S.  Electrical  Mfg.  Co., 
Los  Angeles,  Cal.  This  is  a  self-contained,  motor-driven  tool 
equipped  with  ball  bearings  that  are  sealed  against  dirt  and 
grit.  The  machine  may  be  supplied  for  bench  mounting  or 
with  a  pedestal. 

Hydro-pneumatic  Press:  Metalwood  Mfg.  Co.,  Leib  and 
Wight  Sts.,  Detroit,  Mich.  A  press  for  subjecting  high-explo- 
sive and  shrapnel  shells  to  internal  pressure.  Presses  of  this 
type  are  built  in  various  sizes  with  pressures  ranging  from 
2000  to  21,000  pounds  per  square  inch. 


Bender  for  Ship  Frames:  Watson-Stillman  Co.,  192  Fulton 
St.,  New  York  City.  Hydraulically-operated  bender  designed 
for  bending  heavy  steel  ship  frames,  deck  beams,  etc.  The 
machine  is  mounted  upon  broad  rollers  so  that  it  can  be  moved 
along  the  work  when  bending  long  parts  to  the  shape  of  a 
templet. 

Polishing  Machine:  Harvard  Machine  Co.,  Harvard  Square, 
Cambridge,  Mass.  Polishing  and  lapping  machine  provided 
either  with  a  No.  2  Morse  taper  spindle  or  with  spring  chucks 
for  accommodating  work  up  to  Vz  inch  in  diameter.  These 
machines  are  intended  especially  for  tool-room  use  in  lapping 
bushings,  plug  gages,  etc. 

Pyromagnetic  Indicator:  Pyromagnetic  Instrument  Co., 
175  N.  Jefferson  St.,  Chicago,  111.  An  instrument  of  the  mag- 
netic type  for  determining  the  critical  point  when  heating 
steel  parts  for  hardening.  One  end  of  the  instrumept  is 
energized  and  is  placed  in  contact  with  the  steel,  which  is 
heated  until  it  becomes  non-magnetic. 

Universal  Curveograph:  W.  G.  Classon,  Leominster, 
Mass.  An  instrument  for  the  use  of  engineers  and  drafts- 
men, adapted  for  drawing  simple,  compound,  reverse,  and 
irregular  curves.  The  spline  or  part  for  guiding  the  pen  or 
pencil  is  held  by  adjustable  fingers  provided  with  graduations 
indicating  the  radius  of  curvature. 

Automatic  Threading  Lathes:  Automatic  Machine  Co., 
Bridgeport,  Conn.  These  lathes  operate  on  the  same  general 
principle  as  those  formerly  manufactured,  but  differ  in  some 
of  the  details.  They  are  adapted  for  single  or  multiple  thread 
cutting  on  either  right-  or  left-hand  screw  threads.  Forged 
tools  or  circular  form  cutters  may  be  used. 

Two-spindle  Milling  Machine:  Newton  Machine  Tool 
Works,  Inc.,  23rd  and  Vine  Sts.,  Philadelphia,  Pa.  A  machine  of 
the  type  having  a  horizontal  planer  type  table  equipped  with 
two  spindles,  one  being  vertical  and  the  other  horizontal.  The 
maximum  height  under  the  vertical  spindle  is  36  inches,  and 
the  width  between  the  uprights,  42  inches. 

Vertical  Bending  Rolls:  Southwark  Foundry  &  Machine 
Co.,  Philadelphia,  Pa.  A  large  bending  roll  for  boiler  plates 
having  rolls  which  are  vertical  instead  of  horizontal.  Two  of 
the  three  rolls  in  the  set  are  22  inches  in  diameter,  and  the 
third  roll  is  30  inches  in  diameter.  The  driving  motor  and 
mechanism  is  located  in  a'pit  beneath  the  floor. 

Cold  Saw:  Newton  Machine  Tool  Works,  Inc.,  23rd  and 
Vine  Sts.,  Philadelphia,  Pa.  A  cold  metal-cutting  saw  for 
handling  heavy  structural  steel  sections.  The  machine  is 
equipped  with  a  56-inch  saw  blade,  but  this  may  be  increased 
to  62  inches  in  diameter  if  necessary.  With  the  smaller  blade 
the  machine  will  handle  rounds  up  to  16%  inches,  squares  up 
to   151/^    inches,  and  oblong  sections  up   to   17  by  58   inches. 

Power  Shear:  Buffalo  Forge  Co.,  Buffalo,  N.  Y.  A  line  of 
power  cut-off  shearing  machines.  These  shears  are  mounted 
on  wheels  to  make  them  portable,  and  individual  electric  motor 
drive  makes  the  entire  machine  self-contained.  Four  sizes  of 
shears  are  built,  the  largest  of  which  has  a  capacity  for  cutting 
flat  bars  up  to  1%  by  5  inches,  round  stock  up  to  1%  inch 
in  diameter,  square  stock  up  to  li/>  inch,  and  angles  up  to 
5  by  5  by  9/16  inch. 

Spline  Milling  Attachment:  Standard  Engineering  Works, 
Pawtucket,  R.  I.  An  attachment  of  the  vertical  type  for  use 
on  hand  and  weight-fed  milling  machines.  It  is  adapted  for 
milling  tang  slots,  feather  keyways,  etc.  A  cam  operated  by 
a  ratchet  gear  controls  the  vertical  movement  of  the  cutter, 
and  the  spindle  returns  to  an  upright  position  automatically 
after  reaching  the  proper  depth.  The  horizontal  travel  is  con- 
trolled by  an  automatic  trip. 

Sandblast  Room:  American  Foundry  Equipment  Co.,  52 
Vanderbilt  Ave.,  New  York  City.  A  compartment  for  the  pro- 
tection of  the  operator  when  sandblasting.  The  compartment 
or  room  has  a  circular  table  which  extends  beyond  the  en- 
closed part  at  the  rear,  so  that  it  can  be  loaded  while  the  work 
inside  the  compartment  is  being  operated  upon.  The  sand- 
blast nozzle  is  inserted  through  a  slit  covered  with  rubber 
flaps,  and  the  work  may  be  seen  through  a  fine  brass  screen. 

Power  Press  Guard:  G.  H.  Scott  Machine  Co.,  Cleveland, 
Ohio.  This  guard  is  entirely  independent  of  the  press  treadle. 
Accidents  due  to  repetition  of  the  press  are  claimed  to  be 
impossible,  and  it  is  also  stated  that  interference  with  the 
production  of  the  machine  is  avoided,  as  well  as  accidents  to 
the  dies  and  the  press.  The  guard  is  actuated  by  a  cam 
and  roller,  and  descends  ahead  of  the  ram,  but  the  work  is 
visible  at  all  times  and  the  operator  has  free  use  of  his  hands. 

Dynamic  Balancing  Fixture:  N.  K.  Akimoff,  1013  Harri- 
son Bldg.,  Philadelphia,  Pa.  A  fixture  applied  to  an  engine 
lathe  for  testing  the  dynamic  balance  of  revolving  machine 
parts.  One  end  of  the  part  to  be  tested  is  held  in  the  chuck 
while  the  other  rests  on  rollers  having  a  yielding  support. 
The  position  of  an  adjustable  member  is  changed  until  an 
indicator  dial  shows  that  the  part  is  in  balance.  The  amount 
and  location  of  excess  metal  to  be  removed  by  drilling  is 
determined  by  reference  to  special  tables. 
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Wire  Nail  IVIachines:  Sleeper  &  Hartley,  Inc.,  Worcester, 
Mass.  Distinctive  features  of  these  machines  consist  of  the 
employment  of  toggle  Joints  actuated  from  a  single  crankshaft 
to  provide  the  working  motions,  separation  of  the  pointing  and 
heading  operations,  and  reduction  in  the  size  and  weight  of 
the  machines  and  the  floor  space  which  they  occupy.  In  opera- 
tion, wire  is  taken  from  a  coil  and  run  through  straightening 
rolls.  During  a  single  revolution  the  wire  is  fed  forward  to 
form  the  nail  blank,  the  blank  is  cut  off  and  the  incoming 
end  pointed.  In  the  meantime  the  previously  cut-off  blank 
Is  headed. 


sponding  reciprocating  movement  is  imparted  to  the  cross- 
slide  on  the  carriage.  In  this  way  the  necessary  motion  is 
obtained  to  give  the  cutter  teeth  the  required  relief.  Different 
cams  C  and  combinations  of  compound  gears  B  are  employed 
according  to  the  type  of  cutter  that  Is  to  be  relieved.  Cam  C 
must,  of  course,  have  the  same  number  of  lobes  as  there  are 
flutes  in  the  cutter.  Springs  O  hold  the  cross-slide  so  that  all 
lost  motion  in  the  mechanism  is  taken  up  and  accurate  re- 
sults are  secured.  E.  K.  H. 


MR.   SHIPLEY   RETIRES    FROM    THE  LODGE    & 
SHIPLEY  MACHINE  TOOL  CO. 

Mr.  Murray  Shipley  has  sold  his  holdings  in  the  Lodfee 
&  Shipley  Machine  Tool  Co.  of  Cincinnati  to  Mrs.  Lodge  and 
her  daughters,  and  given  up  all  connection  with  that  business. 
Mr.  Shipley  states  that  his  retirement  from  the  company  does 
not  necessarily  indicate  a  permanent  retirement  from  busi- 
ness, but  rather  a  relief  from  the  close  attention  which  he 
has  had  to  give  to  details  for  twenty-five  years.  Mr.  Shipley 
has  been  identified  with  the  concern  since  its  establishment 
by  Mr.  Lodge  and  himself  in  August,  1892,  and  his  activity 
in  the  machine  tool  business  has  covered  a  period  of  great 
progress  and  expansion  in  the  industry,  of  which  the  Lodge 
&  Shipley  Machine  Tool  Co.  has  had  its  full  share,  starting 
from  a  small  shop  on  Culvert  St.,  from  which  it  was  moved  to 
its  present  location,  where  the  plant  and  business  has  steadily 
increased  until  it  is  now  one  of  the  largest  and  best  known 
in  the  world.  The  new  oflficers  of  the  company  are  Mrs.  M.  G. 
Lodge,  president;  J.  W.  Carrel,  vice-president  and  general 
manager;  and  L.  A.  Hall,  secretary  and  treasurer.  It  is 
stated  that  the  policy  and  organization  of  the  company  will 
continue  on  the  same  progressive  lines  as  before.  J.  W. 
Carrel,  the  vice-president  and  general  manager,  has  had 
many  years  of  training  and  experience  in  the  manufacture  and 
sale  of  machine  tools,  having  been  connected  with  several 
well-known  concerns  before  he  became  sales  manager  for  the 
Lodge  &  Shipley  Machine  Tool  Co.  Mr.  Carrel  is  widely 
known  and  highly  regarded  in  the  industry,  and  under  his 
management  the  business  will  undoubtedly  continue  moving 

onward  and  upward. 

*     *     « 

RELIEVING  ATTACHMENT  FOR  LATHE 
The  Phoenix  Mfg.  Co.  of  Eau  Claire,  Wis.,  has  equipped  one 
of  its  engine  lathes  with  a  simple  attachment  for  relieving 
hobs,  taps  and  various  forms  of  milling  cutters.  It  will  be 
seen  that  this  consists  of  a  gear  A  mounted  on  the  lathe  spin- 
dle nose,  from  which  power  is  transmitted  to  compound  gears 
B,  carried  on  a  bracket  at  the  back  of  the  lathe.  These  com- 
pound gears  may  be  changed  to  suit  the  cutter  that  is  being 
relieved.  Secured  to  the  last  gear  of  the  compound  train  there 
is  a  cam  G  which  has  the  same  number  of  lobes  as  there  are 

flutes   in   the   cutter.  ^__^__ 

A  roller  mounted  at 
the  end  of  crank  D 
runs  in  contact  with 
cam  C,  and  is  se- 
cured to  an  eccentric 
shaft  E  mounted  in 
bearings  at  the  back 
of  the  .lathe  bed. 
By  disengaging  the 
cross-feed  screw  in 
the  lathe  carriage, 
the  cross-slide  is  left 
free  and  connection 
is  made  between  it 
and  the  eccentric  on 
shaft  E  by  means  of 
a  connecting-rod  F. 
It  will  be  apparent 
that  cam  C  and 
crank  D  impart  an 
oscillating  movement 
to  eccentric  shaft  E, 
from  which  a  corre- 


"COLLEGE  OF  THE  MIDNIGHT  LAMP" 

BY   GUY  H.   GARDNER  ' 

Though  not  wholly  unfamiliar  with  other  institutions  of 
learning,  I  hold  high  opinions  of  the  "College  of  the  Midnight 
Lamp."  Just  now  I  have  a  small  yarn  to  spin  in  regard  to  it. 
Last  November  a  young  apprentice  wrote  asking  me  to  tell 
him  how  to  find  by  a  lay-out,  as  he  knew  no  mathematics 
beyond  long  division,  how  far  apart  to  place  the  tacks  to  draw 
an  ellipse  8  by  12  inches.  I  learned  subsequently  that  he 
wished  to  make  a  hole  for  an  8-inch  stovepipe.  In  the  last 
week  of  November  he  began  the  "midnight"  study  of  plane 
geometry.  In  January  of  this  year  he  began  trigonometry. 
March  24,  in  response  to  his  request  for  "something  a  little 
harder,"  I  sent  him  a  trigonometric  problem  which  I  have 
put  before  successive  generations  of  high  school  and  academy 
boys  without  finding  one  who  could  solve  it.  It  is  simple, 
but  depends  on  the  formula  for  the  sine  of  twice  an  angle. 
My  apprentice  friend  sent  me  the  solution  by  return  mail. 
Rah  for  the  "College  of  the  Midnight  Lamp!"  He  is  now  work- 
ing on  the  mathematics  of  gearing,  and  asks  me  to  help  him 
later  with  navigational  astronomy,  as  he  thinks  "a  man  ought 
to  have  a  hobby  unconnected  with  his  daily  work." 

His  father  writes  that  he  has  never  seen  so  marvelous  a 
transformation  of  character.  No  more  loafing,  no  more  "movies," 
just  hard  work,  which  is  not  hard  because  he  loves  it.  That 
boy  will  amount  to  something.  I  could  tell  a  dozen  tales  of 
men  who  have  subscribed  to  Machinery  to  get  rid  of  an  im- 
portunate solicitor,  and  have  undergone,  in  consequence,  as 
complete  a  change  of  character  as  this  youngster.  Billy 
Sunday  "has  nothing  on"  Machinery  as  an  agent  of  reforma- 
tion. 


GRINDING  WHEEL  BALANCE 

Howard  W.  Dunbar  calls  attention  to  the  need  of  perfect 
grinding  wheel  balance  in  Grits  and  Grinds,  asserting  that 
probably  nine-tenths  of  all  trouble  with  cylindrical  grinding 
machines  is  caused  by  the  efforts  of  the  operator  to  obtain 
good  work  by  tightening  the  boxes  so  as  to  prevent  an  out-of- 
balance   wheel   causing   marks   on   the   work.     Out-of-balance 

wheels  set  up  vibra- 
tions throughout  the 
whol e  machine, 
which  cause  chatter 
marks  in  the  work; 
they  are  more  likely 
to  break  than  wheels 
in  balance ;  they  wear 
out  the  spindle  boxes 
rapidly;  and  are 
more  destructive  to 
diamond  truing  tools, 
requiring  more  fre- 
quent dressing.  Out- 
of-balance  wheels, 
therefore,  are  more 
expensive  than 
wheels  in  balance  be- 
cause of  more  rapid 
wear  and  their  de- 
teriorating effect  on 
grinding   machinery. 


Lathe  Attachment  for  relieving   UiUing   Cutters,    Taps   and  Hobs 


^Address:    Nf 
N.    H. 
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SPOT-FACING  TOOLS 

BY   F.   B.  JACOBS  ' 

Spot-facing  tools  and  counterbores  are  often  spoken  of  as  the 
same  thing,  but  there  is  a  slight  difference  between  them.  As 
a  general  thing,  a  spot-facing  tool  is  used  to  finish  off  a 
surface,  although  it  is  sometimes  used  to  counterbore  a  hole 
slightly.  On  the  other  hand,  a  counterbore  is  generally  used 
for  counterboring  comparatively  deep  work  and  sometimes 
for  enlarging  a  hole  that  has  been  drilled,  particularly  when 
several  holes  are  so  near  together  that  they  break  into  each 
other.  There  %re  many  varieties  of  spot-facing  tools,  but  this 
article  will  be  confined  to  some  of  the  more  simple  forms 
that  have  been  found  efficient  in  everyday  work,  especially  in 
the  automobile  industry. 

The  simplest  form  of  spot-facing  tool  is  shown  in  Fig.  4. 
This  consists  of  a  bar  of  the  requisite  length  having  a  hole 
drilled  and  reamed  near  the  bottom  to  accommodate  the  cutter, 
which  is  held  in  place  by  a  set-screw.  Owing  to  the  ease  with 
which  it  is  made,  this  tool  is  a  favorite  with  those  employed 
on  experimental  work,  who  often  have  occasion  to  face  off 
several  bosses  of  different  sizes.  If  the  tool  is  of  medium 
size,  say  with  a  one-inch  shank,  it  can  be  made  by  a  machinist 
in  about  one  hour. 
The  only  feature  call- 
ing for  any  degree  of 
accuracy  is  the  angle 
made  by  the  shank 
and  the  bar,  which 
should  be  90  degrees. 
This  tool  is  compara- 
tively short-lived,  as 
it  has  only  one  cut- 
ting edge,  but  when 
only  a  few  holes  are 
to  be  spot-faced  it 
serves  the  purpose  as 
well  as  some  of 
the  more  elaborate 
and  costly   forms. 

A  more  substantial 
form  of  spot-facing 
tool  is  illustrated  in 
Fig.  5.  This  con- 
sists of  a  shank  to 
which  the  cutter, 
which  closely  r  e  - 
sembles  a  hollow- 
mill,  is  fastened  by 
means     of     a     cone- 


Form   of   Spot-facing 
Tool   that   is   easily 
repaired 


Fig.    7.     Tool    for   spot-facing 

Surfaces  drilled  and  reamed 

in  a  Jig 


Fig.    1.     Spot-facing    Tool 

with  Interchangeable 

Cutter 


Fig.    2.     Convenient    Form 

of   Spot-facing  Tool 

for  Small  Sizes 


Indinnnpolis.    Tml. 


Fig.    4.     Simplest   Form   of    Spot- 
facing   Tool 


Fig.   5.     Rapid-production 
Spot-facing   Tool 


point  set-screw.  The 
teeth  terminate  in  a 
liberal  fillet  and  the 
angle  is  compara- 
tively slight.  This 
is  essential  on  rapid 
production  work, 
where  tools  are 
worked  to  the  lim- 
it to  avoid  undue 
breakage.  The  pilot 
can  be  protected 
from  undue  wear  by 
casehardening,  if  ma- 
chine steel  is  used. 
Boiling  in  cyanide  for 
fifteen  minutes  will 
produce  a  case  deep 
enough  to  withstand 
several  weeks  of  con- 
stant use.  The  cut- 
ter should  be  made 
of  high-speed  steel  if 
the  material  to  be 
machined  is  cast  iron 
or  steel;  for  brass 
and  aluminum,  how- 
ever ordinary  tool  steel  may  be  used,  especially  since  the  war 
has  forced  the  price  of  high-speed  steel  to  an  almost  prohib- 
itive mark.  If  an  accurate  face  is  desired,  the  hole  in  the 
cutter  should  be  finished  after  hardening  by  grinding  or 
lapping,  and  the  teeth  should  be  backed  off  by  locating  the 
piece  from  the  hole.  If  only  a  fair  degree  of  accuracy  is  called 
for,  however,  the  teeth  can  be  backed  off  with  a  file  before 
hardening,  and  in  this  case  no  grinding  is  necessary  until  the 
teeth  become  dull  through  use. 

Occasionally,  it  is  convenient  to  have  spot-facing  tools  that 
are  interchangeable,  as  shown  in  Fig.  1.  Here  the  shank  is 
drilled  and  reamed  to  accommodate  the  pilot,  which  is  held 
in  place  by  a  set-screw,  while  the  cutter  is  fastened  to  the 
shank  by  another  set-screw.  By  providing  several  pilots  and 
cutters,  quite  a  variety  of  work  can  be  taken  care  of  without 
making  complete  tools  for  each  hole.  The  shank  can  be  left 
soft,  but  the  cutters  and  pilots  should  be  finished  by  grinding 
after  hardening.  It  is  not  necessary  to  make  the  pilots  of 
tool  steel,  as  ordinary  machine  steel,  casehardened  by  pack- 
ing in  bone  dust,  gives  equally  good  results.  The  tool  shown 
in  Fig.  2  has  a  removable  pilot,  but  inasmuch  as  the  shank 
and  cutter  are  made  integral  it  is  an  expensive  form  of  con- 
struction. For  small  sizes,  however,  say  one  inch  in  diam- 
eter and  smaller,  this  form  is  often  used.  In  sharpening, 
the  pilot  is  removed  and  the  tool   is  located  by   the   shank. 


Fig.  3.  Spot-facing  Tool 
in  which  Cutter  is  driven 
by    Projections    on    Shank 
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Fig.   8.     Spot-facing  Tool  with  Inserted  Teeth 


A  good  design 
is  illustrated  in 
Fig.  3.  The  pilot 
locates  \,he  cutter, 
being  fastened  by  a 
set-screw,  while  the 
strain  of  driving  is 
taken  by  two  pro- 
jections, milled  on 
the  end  of  the 
shank,  which  fit  a 
slot  in  the  top  of 
the  cutter.  This  is 
a  practical  form  of 
tool  if  properly 
made.  As  the  il- 
lustration shows, 
the  slot  in  the  top 
of  the  cutter  ter- 
minates in  a  half- 
round  section;  this 
form  is  essential, 
for  a  sharp  corner 
at  this  point  would 
be  very  likely  to  re- 
sult in  a  fracture. 
A  unique  form  of  spot-facing  tool  is  shown  in  Fig.  6.  The 
cutter  is  driven  by  two  pins  A  that  are  a  driving  fit  in  the 
shank.  Slots  B  are  milled  with  a  Woodruff  key  cutter  for  the 
purpose  of  driving  out  the  pins  when  necessary.  When  the 
pins  shear  off,  which  sometimes  happens,  all  that  is  necessary 
is  to  remove  the  pieces  that  have  been  cut  off  and  drive  the 
pins  down  slightly;  the  cutter  is  then  ready  for  use.  With  the 
form  shown  in  Fig.  3,  it  would  be  necessary  to  remill  the  end 
of  the  shank,  which  would  take  at  least  an  hour's  time,  whereas 
with  the  pin  design  the  operator  can  repair  the  damage  in  a 
few  minutes.  For  this  reason  the  pin  form  of  tool  is  ex- 
tensively used. 

Comparatively  large  spot-facing  tools,  from  two  inches  in 
diameter  upward,  are  often  made  with  inserted  teeth  as 
shown  in  Fig.  8.  The  cutter-head  can  be  made  of  machine  steel 
while  the  cutters  can  be  of  either  tool  or  high-speed  steel  ac- 
cording to  the  nature  of  the  work.  The  cutters  are  held  in 
place  by  fillister-head  screws.  As  the  cutters  seat  firmly  on 
the  bottoms  of  the  slots  provided  for  them,  one  screw  suffices 
to  hold  each  cutter  in  place.  The  wear  on  the  cutter-head  is 
slight,  and  it  should  last  indefinitely;  when  the  cutters  have 
been  ground  until  they  have  become  useless,  they  can  be  re- 
placed at  slight  cost. 

It  is  often  advisable  to  spot-face  surfaces  on  work  that  is 
drilled  and  reamed  in  a  jig,  in  which  case  it  is  a  good  plan  to 
dispense  with  the  pilot,  guiding  the  tool  by  means  of  a  sup- 
plementary bushing  inserted  in  the  jacket  bushing.  As 
shown  in  Fig.  7,  the  cutter  is  held  to  the  shank  by  means  of  a 
coarse-threaded  screw  machined  to  fit  rather  loosely,  as  the 
tool  is  centered  by  the  bevel.  The  two  collars  are  threaded  to 
the  shank  and  are  for  the  purpose  of  adjusting  the  depth  of 
cut  as  occasion  requires;  as  they  bear  on  the  top  of  the  bush- 
ing they  should  be  hardened,  and  ground  true.  A  cutter  of 
this  kind  could,  of  course,  be  guided  by  a  pilot,  but  as  spot- 
facing  tools  are  generally  broken  by  the  pilot  galling  up  it  is 
a  good  plan  to  eliminate  this  feature  when  possible.  In  order 
to  save  the  expense  of  an  extra  bushing,  these  tools  are  some- 
times run  directly  in  the  jacket  bushing,  but  this  is  poor 
economy,  as  the  bushing  is  soon  worn  oversize,  and  the  accu- 
racy of  the  jig  is  impaired.  The  tools  described  are  among 
the  simple  things  that  are  often  lacking,  even  in  many  well 
organized  shops,  but  a  little  attention  to  simple  tools  often 
leads  to  efficient  results,  thus  aiding  materially  in  cutting 
down  the  cost  of  production. 

*  *  * 
In  order  to  prevent  the  misappropriation  of  foreign  trade- 
marks, the  president  of  Costa  Rica  has  ordered  that  no  trade- 
mark that  is  well  known  in  the  country,  because  of  the  adver- 
tising or  the  sale  of  the  trademarked  articles,  shall  be  regis- 
tered u  iless  authority  to  apply  for  such  registration  is  proved. 


THE    GRINDING   WHEEL' 

The  electrochemlst  speaks  of  the  abrasive  wheel  and  the 
automobile  manufacturer  of  the  emery  wheel,  but  the  manu- 
facturer thinks  that  neither  of  these  words  adequately  de- 
scribes his  product,  and  so  has  adopted  the  term  "grinding 
wheel."  This  term  is  here  restricted  to  those  wheels  that  are 
composed  of  two  main  constituents:  the  abrasive  and  the 
bond,  or  the  substance  that  holds  the  particles  of  abrasive  to- 
gether. The  commercial  method  of  classifying  grinding 
wheels  is  by  the  kind  of  bonding  material  used. 

The  most  important  type  is  the  vitrified  wh«el.  The  bond- 
ing material  in  this  type  is  composed  of  various  kinds  of  clay 
mixed  according  to  definite,  secret  formulas.  Weighed  amounts 
of  the  abrasive  and  the  bond  and  a  measured  amount  of  water 
are  stirred  together  in  a  mixing  kettle  for  a  certain  length  of 
time  and  then  the  mixture  is  drawn  off  from  the  bottom  of  the 
kettles  into  molds  and  allowed  to  dry.  When  dried,  the 
wheels  are  taken  to  the  shaving  department,  where  they  are 
turned  to  the  approximate  dimensions  and  shape  called  for 
by  the  order. 

A  kind  of  vitrified  wheel,  known  as  pressed  wheel,  is  made 
by  the  pressed  process.  In  this  case,  only  enough  water  is 
added  to  the  bonding  clays  to  make  the  particles  stick  together 
to  a  slight  degree.  The  abrasive  and  bond  are  mixed  in 
kneading  machines  and  are  then  placed  in  an  iron  mold  and 
subjected  to  pressure  by  powerful  hydraulic  presses.  The  pres- 
sure applied  depends  on  the  grade  of  hardness  desired.  These 
wheels  do  not  need  shaving.  The  next  operation  is  the  heat- 
treatment,  in  which  the  wheels  are  subjected  to  a  heat  that 
will  properly  vitrify  and  mature  the  bond;  the  highest  tem- 
perature reached  is  about  the  melting  point  of  steel.  The 
length  of  time  required  for  heating,  the  length  of  time  during 
which  the  wheel  is  subject  to  high  heat,  and  the  cooling  period 
must  be  carefully  controlled. 

In  silicate  wheels,  the  bonding  material  is  a  commercial 
grade  of  silicate  of  soda,  commonly  known  as  water-glass,  to 
which  certain  chemicals  are  added  to  make  the  bond  water- 
proof. A  weighed  amount  of  the  grain  and  a  measured  amount 
of  the  bonding  material  are  placed  in  long  cylinders,  which 
are  slowly  revolved,  end  for  end,  until  a  uniform  mixture  is 
obtained.  The  mixed  mass  is  placed  in  an  iron  mold  of  the 
approximate  dimensions  called  for  by  the  order  and  rammed 
into  place  by  hand  or  air  hammers.    The  wheel  is  then  baked. 

The  name  elastic  wheel  is  derived  from  the  fact  that  the 
bonding  material  has  quite  a  degree  of  elasticity.  The  bond 
is  of  organic  nature,  the  most  satisfactory  material  being 
shellac,  to  which  certain  chemicals  are  added  to  facilitate 
hardening  in  the  baking  and  also  to  make  the  wheel  water- 
proof. Weighed  amounts  of  the  grain  and  the  bond  are  thor- 
oughly mixed  and  then  dumped  into  large  shallow  pans  and 
allowed  to  cool,  thus  becoming  brittle.  This  brittle  cake  of 
abrasive  and  bond  is  broken  into  small  pieces  and  then  put 
through  rolls  that  break  the  mass  into  the  individual  grain. 
The  rolls  do  not  fit  close  enough,  however,  to  reduce  the  size 
of  the  grain,  the  idea  simply  being  to  produce  a  mass  com- 
posed of  loose  grains,  each  of  which  has  a  coating  of  shellac. 
The  material  is  then  placed  in  an  iron  mold  the  approj^imate 
shape  of  the  wheel,  heated  and  then  subjected  to  pressure. 
The  amount  of  pressure  depends  on  the  degree  of  hardness 
desired.  The  mold  and  mass  are  again  placed  in  a  steam  box 
and  heated  until  the  bond  becomes  permanently  hard. 

In  vulcanized  wheels,  the  bonding  material  is  rubber,  and 
their  manufacture  is  practically  like  that  of  any  other  hard- 
rubber  product.  A  weighed  amount  of  the  very  best  grade  of 
crude  rubber,  the  right  proportion  of  sulphur,  and  a  weighed 
amount  of  grain  are  thoroughly  mixed  by  numerous  passes  in 
a  vertical  direction.  After  a  uniform  mixture  is  obtained,  the 
mass  is  passed  through  a  set  of  rolls  that  passes  the  material 
in  a  horizontal  direction.  It  is  then  rolled  down  to  the  re- 
quired thickness,  cut  to  the  required  diameter,  and  a  hole  of 
the  required  diameter  is  cut  in  the  center.  The  next  operation 
is  vulcanizing,  which  does  not  differ  from  the  vulcanizing  of 
any  other  rubber  product. 


lAbstract  of  a   paper  by  R.   G.   WiUiams  read  before  the  American   Electro- 
chemical Society,    in   Detroit,    May,    1917. 
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The  next  operation  in  the  making  of  the  wheels  is  that  of 
truing,  or  bringing  the  wheels  to  the  dimensions  called  for 
on  the  order.  The  wheels  are  mounted  in  a  three-jaw  chuck, 
revolved,  and  special  tools  resembling  an  emery-wheel  dresser 
are  brought  up  against  the  side  of  the  wheel.  In  order  to 
bring  the  wheels  to  the  desired  diameter,  they  are  firmly  held 
on  a  revolving  arbor  and  the  dressing  tool  passed  back  and 
forth  across  the  face,  gradually  reducing  the  wheel  to  the  de- 
sired size.  For  fine  wheels  that  must  be  carefully  shaped  on 
the  face,  a  diamond  is  securely  mounted  in  a  fixture  and 
slowly  passed  across  the  face  of  the  wheel.  Light  cuts  only 
are  taken  so  as  not  to  crack  and  destroy  the  diamond. 

The  bushing,  as  it  is  termed,  consists  of  lead  or  a  babbitt. 
The  wheel  is  allowed  to  rest  on  its  side  in  a  three-jaw  chuck 
and  is  carefully  centered;  then  a  steel  arbor  from  0.002  to 
0.005  inch  larger  than  the  desired  hole  in  the  wheel  is  placed 
in  the  center  hole  in  the  chuck  and  the  lead  poured  around  the 
arbor.  When  the  lead  has  solidified,  the  wheel  is  removed 
from  the  chuck  and  the  arbor  is  carefully  driven  out  with  a 
soft  hammer.  The  bushing  is  then  trimmed,  so  that  it  is  not 
quite  flush  with  the  sides  of  the  wheel;  this  is  to  provide 
clearance  so  that  when  the  wheel  is  mounted  on  the  machine 
there  will  be  no  possibility  of  stress  being  concentrated  at  the 
hole  of  the  wheel. 

In  the  next  operation,  the  speed  test,  the  wheel  is  revolved 
at  a  speed  higher  than  that  recommended  for  its  operation, 
in  order  that  the  manufacturer  may  know  that  his  product 
goes  out  with  a  sufficient  factor  of  safety.  The  testing  speed 
for  wheels  is  9000  surface  feet  per  minute,  except  for  those 
of  organic  bonds,  when  the  test  speed  is  higher.  Since  wheels 
are  recommended  to  operate  at  about  5000  surface  feet  per 
minute,  this  gives  a  factor  of  safety,  based  on  the  squares  of 
these  speeds,  of  between  3  and  4.  A  careful  record  of  every 
test  is  kept;  and  before  these  records  are  filed,  the  men  that 
keep  them  are  required  to  appear  before  a  justice  of  the  peace 
and  swear  that  their  statements  are  true. 

Grinding  Characteristics  of  Various  Abrasives 

Probably  the  most  important  physical  property  of  an  abrasive 
is  hardness.  Other  properties,  such  as  toughness  and  ability 
to  resist  shock,  are  also  important,  but  knowledge  of  the  art 
of  grinding  has  not  advanced  sufficiently  for  us  to  state  defi- 
nitely the  relative  importance  of  the  different  physical  charac- 
teristics; that  is,  we  cannot  state  on  which  of  the  properties 
the  grinding  action  of  the  abrasive  most  depends.  It  is  known 
that  the  artificial  abrasives  are  harder  than  corundum  but  not 
so  hard  as  diamond.  It  is  hard  to  determine  differences  in 
the  hardness  of  artificial  abrasives,  although  it  is  known  that 
carbide-of-silicon  abrasives  are  harder  than  aluminous  abra- 
sives. 

When  a  grinding  wheel  containing  a  certain  abrasive  satis- 
factorily grinds  very  tough  material,  it  is  said  to  possess  con- 
siderable toughness.  Actual  experience  has  shown  that  when 
materials  of  low  tensile  strength,  such  as  cast  iron,  brass, 
bronze,  etc.,  are  ground,  carbide  of  silicon,  which  is  hard  but 
relatively  weak,  is  more  efficient  than  aluminous  abrasives. 
On  the  other  hand,  when  grinding  materials  of  high  tensile 
strength,  ranging  all  the  way  from  medium  carbon  to  the  high- 
speed steels,  aluminous  abrasives  give  better  satisfaction. 

Precision  Grinding'  Machines 

The  word  "precision"  is  used  to  designate  a  type  of  grinding 
machine,  because  these  machines  must  be  capable  of  producing 
work  of  great  accuracy.  The  art  of  precision  grinding  has  ad- 
vanced rapidly  during  the  past  few  years  and  the  demand  of 
the  automobile  manufacturer  should  receive  credit  for  pro- 
ducing most  of  the  advance.  Only  a  few  years  ago  anyone 
advocating  the  accurate  grinding  of  shafts  five  or  six  inches 
long  without  table  or  wheel  traverse  would  have  been  con- 
demned as  too  visionary;  this  step  in  the  art  has  long  since 
been  passed.  It  is  now  possible  to  grind  more  than  one  diam- 
eter at  one  time  with  one  wheel;  this  is  an  outgrowth  of  the 
use  of  very  wide  wheels  taking  extreme  cuts  without  any 
traverse  of  the  table  or  the  wheel. 

A  machine  using  a  very  wide  wheel,  say  ten  or  twelve 
inches,  must  be  very  rigid  as  well  as  capable  of  producing  re- 


fined work.  Imagine  the  forces  present  when  a  wheel  weigh- 
ing 150  or  200  pounds  revolves  on  a  spindle,  in  plain  bearings, 
at  1000  to  1200  revolutions  per  minute.  This  spindle  must  be 
kept  in  perfect  alignment  so  that  the  face  of  the  grinding 
wheel  will  produce  an  absolutely  straight  cylinder,  and  there 
must  be  ample  weight  in  the  base  of  the  machine  and  in  the 
wheel-slide  to  absorb  all  vibration  caused  by  the  revolving 
mass.  Another  factor  that  must  be  borne  in  mind  is  the  re- 
sistance offered  when  the  wheel  is  brought  in  contact  with 
the  work,  as  small  particles  of  a  very  hard  material  are  re- 
moved at  an  extremely  rapid  rate.  The  spindle  bearings  must 
be  so  adjusted  that  the  boxes  will  be  quite  hot  when  the  ma- 
chine is  in  operation;  In  fact,  a  temperature  of  about  140  de- 
grees F.  is  desirable. 

Limits  of  0.0005  inch  on  the  work  being  ground  are  very 
common;  those  of  0.00025  inch  are  quite  common;  and  in  some 
cases  less  than  0.00025  inch  is  demanded.  When  the  work  is 
reduced  0.00025  inch,  the  massive  slide  carrying  the  wheel- 
spindle  and  the  grinding  wheel  moves  forward  only  one-half 
this  distance,  or  0.000125  inch.  If  it  were  possible  to  split  a 
piece  of  tissue  paper  into  twelve  thicknesses,  the  thickness  of 
one  piece  would  represent  the  motion  of  the  wheel-slide  when 
the  grinding  wheel  removes  0.00025  inch  from  the  work,  and 
this  accuracy  must  be  maintained  not  only  where  very  small 
cuts  are  taken,  but  also  when  the  object  is  to  grind  off  as  many 
cubic  inches  per  minute  as  possible. 

*  *     * 

CONFERENCE  WITH  GOV.  WHITMAN 
A  conference  between  Governor  Whitman  of  New  York  State 
and  trade  press  editors  and  publishers  was  held  in  Albany, 
July  25,  at  the  Executive  Mansion.  The  conference  is  likely 
to  have  bearing  on  some  of  the  relations  of  the  state  execu- 
tive to  the  various  industries  represented.  Questions  of  trans- 
portation, food  control,  marketing,  conservation  of  coal  and 
lumber,  relations  of  manufacturers  and  labor,  the  importance 
of  exempting  machinists  and  toolmakers  and  others  vitally 
necessary  to  the  prosecution  of  this  war  with  machinery,  were 
discussed  at  some  length.  A  committee  of  five  editors  has 
been  appointed  to  give  Governor  Whitman  the  expert  advice 
they  are  able  to  furnish  because  of  personal  knowledge  and 
connections  that  enable  them  to  draw  from  sources  of  informa- 
tion  which    may   be    of   service    in    the    prosecution    of    war. 

*  *     * 

The  new  color  scheme  of  signal  indications,  by  which  white 
lights  will  be  eliminated  altogether,  was  placed  in  effect  on  all 
lines  of  the  Pennsylvania  Railroad  east  of  Pittsburg,  June  28. 
Nearly  a  year  of  preparatory  work  was  required  to  make  the 
change  possible.  Great  difficulty  was  experienced  in  obtaining 
deliveries  of  materials,  owing  to  the  war  conditions.  The  de- 
cision to  eliminate  white  from  the  signal  color  scheme  was 
reached  on  account  of  the  increasing  use  of  white  lights  in 
buildings,  driveways,  roads  and  streets  close  or  adjacent  to 
the  railroad's  right-of-way.  Under  the  new  plan,  green  will 
replace  white  for  "clear"  or  "proceed."  "Caution"  will  be  indi- 
cated by  yellow.  Red  will  mean  "stop,"  as  heretofore.  The 
glasses  in  all  the  semaphore  signals  and  the  following  devices 
have  been  altered  to  conform  to  the  new  plan  of  color  indica- 
tion: marker  lights  on  the  rear  of  passenger  and  freight 
trains;  switch  lamps  and  targets;  markers  for  track  tanks; 
"slow"  signs;  "resume  speed"  signs;  and  hand  lamps  at  Inter- 
locking and  block  signal  stations. 

*  *     * 

An  elaborate  electrical  sign  has  recently  been  erected  by 
the  Rice  Leaders  of  the  World  Association  in  a  prominent 
position  overlooking  upper  Broadway  in  New  York  City.  The 
firms  in  the  machinery  and  tool  field  whose  products  are 
advertised  by  flashes  on  this  sign  are  the  Billings  &  Spencer 
Co.,  Hartford,  Conn.;  the  Nicholson  File  Co.,  Providence, 
R.  I.;  and  the  L.  S.  Starrett  Co.,  Athol,  Mass.  The  names 
and  products  of  the  various  firms  that  are  members  of  the 
Rice  Leaders  of  the  World  Association  are  flashed  upon  the 
sign  in  rapid  succession.  The  upper  part  of  the  sign  is 
composed  of  the  elaborate  "  coat-of-arms  or  emblem  of  the 
Association  in  colors. 
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ACCURACY— The  First  Requirement, 


TRATlE  MARK 


[  mOWN&SHARPE 

^"""""^  For  Steady,  Fast, 


The  Twist  of  a  Wrench  Adjusts 

the  Chuck  of  This  Screw  Machine 

to  Any  Size 

Not  only  does  this  feature  of  B  &  S  Nos.  4  and  6 
Wire  Feed  Screw  Machines  make  a  material  saving 
on  the  first  cost,  but  saves  time  as  well  as  dollars 
throughout  their  years  of  eflBcient  service  because  no 
time  is  lost  in  adjusting  special  chucks  or  in  search- 
ing for  collets. 


BROWN 

& 
SHARPE 

Heavy 
Wire  Feed 

Screw 
Machines 


Offices : 

NEW  YORK,  N.  Y.,  20  Vesey  St. 
PHILADELPHIA,  PA.,  652-654  The 
Bourse.  CHICAGO,  ILL.,  626-630 
Washington       Blvd.  ROCHESTER, 

N.  Y.,  415  Chamber  of  Commerce  Bldg. 
SYRACUSE,  N.  Y.,  Room  419  Uni- 
versity Block.  PITTSBURGH,  PA., 
2538  Henry  W.   Oliver  Bldg. 

Canadian  Representative : 

MONTREAL,  TORONTO,  WINNIPEG, 
CALGARY,  VANCOUVER,  ST.  JOHN, 
SASKATOON,  The  Canadian  Fair- 
banks-Morse Co.,   Ltd. 


A  simple  adjustment,  as  shown  in  cut  above,  similar  to  the  method  used  in 
adjusting  the  jaws  of  a  universal  chuck,  is  all  that  is  necessary  to  handle 
round,  square  or  hex  stock  of  any  size  within  capacity  of  machine.    It  also 
automatically  compensates  for  any  slight  variation  in  the  size  of  a  bar. 
This  automatic-chuck  feature  together  with 

Three- lever  Centralized  Control 

practically  eliminates  all  lost  motions.  » 

After  tools  are  set  chuck  is  opened  and  stock  advanced  by  the  slight  throw 
of  a  handy  lever.  The  return  of  this  lever  to  its  original  position  closes  and 
locks  the  chuck. 

A  second  lever.also  on  the  headstock,  is  employed  for  starting,  stopping  and 
changing  speeds  while  the  simple  movement  of  a  third  lever,  close  by,  changes 
feed  of  turret  slide  in  conjunction  with  a  lever  just  behind  the  pilot  wheel  of 
turret  slide  which  is  manipulated  with  the  right  hand  in  connection  with  the 
handling  of  pilot  wheel  to  bring  tools  up  to  cut. 

Other  reasons  why  your  bar  work  should  be  handled  on  these  machines — 
reasons  that  spell  economy  and  increased  production— are  explained  in 
detail  in  our  Catalog  21 -G.      Your  request  will  bring  a  copy. 

Brown  &  Sharpe  Mfg.  Co., 
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HANDINESS—An  Attribute  of  Every  B&  S  Product 


EQUIPPED" 

Quality   Production 


An   Increase  in  Production 

and  Quality  With  a 

Corresponding   Decrease  in 

the  Scrap  Heap 

naturally  follows  the  use  of  Brown  & 
Sharpe  Tools.  The  confidence  that 
encourages  competence  is  inspired  by 
the  use  of  these  handy,  accurate  tools 
and  is  soon  reflected  in  the  high  de- 
gree of  efficiency  their  use  promotes. 

Numbering  over  a  thousand  different 
varieties,  they 

Cover  Thoroughly 
Every  Precision -Tool 
Requirement 

and  represent  a  development  cover- 
ing over  half  a  century. 

Practically  every  variety  of  measur- 
ing tool  is  used  in  our  own  shops  in 
the  manufacture  of  our  extensive  line 
of  machinery,  and  our  small-tool  de- 
signers have  worked  with  the  ad- 
vantage of  first-hand  information  as 
to  the  needs  of  the  man  in  the  shop. 

Every  care  is  taken  that  the  highest  quality  of  workmanship  be 
maintained,  resulting  in  a  line  of  machinists'  tools  that  is  world- 
known  for  its  uniform  quality.  Not  only  the  kits  of  your  tool- 
makers  and  machinists  but 

Your  Tool  Cribs 
Should  be  "Brown  &  Sharpe  Equipped" 

If  interested  in  steady,  fast,  quality  production  you  should  have 
a  copy  of  our  Catalog  27.    Send  for  your  copy  today. 

Providence,  R.  L,  U.  S.  A. 


L 


BROWN 

& 

SHARPE 

Machinists' 

Tools 


Representatives  : 

BALTIMORE,  MD.,  Carey  Machinery 
&  Supply  Co.  CINCINNATI,  C,  IN- 
DIANAPOLIS,  IND.,  The  E.  A.  Kin- 
sey  Co.  SAN  FRANCISCO,  CAL., 
Pacific  Tool  &  Supply  Co.  CLEVE- 
LAND,  C,  DETROIT,  MICH.,  Strong, 
Carlisle  &  Hammond  Co.  ST.  LOUIS, 
MO.,  Colcord-Wriffht  Machinery  & 
Supply  Co.  SEATTLE,  WASH.,  Ferine 
Machinery  Co.  PORTLAND,  ORE., 
Portland  Machinery  Co. 
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LESSONS   FROM   BRITISH   EXPERIENCE 

In  1915,  the  British  Minister  of  Munitions  appointed  a  com- 
mittee to  consider  and  advise  on  iiuestions  of  industrial 
fatigue,  hours  of  labor,  and  other  matters  affecting  the  per- 
sonal health  and  physical  efficiency  of  workers  in  munition 
factories  and  workshops.  This  committee,  after  making  a 
cai:eful  investigation,  has  made  the  following  suggestions  and 
recommendations  with  the  purpose  of  securing  maximum  out- 
put over  a  period  of  months,  or  even  years,  and  at  the  same 
time  safeguarding  the  physical  efficiency  of  the  workers: 

If  the  maximum  output  is  to  be  secured  and  maintained 
for  any  length  of  time,  a  weekly  rest  period  must  be  al- 
lowed. Except  for  short  periods,  continuous  work  is  a  mis- 
take and  does  not  increase  the  output.  On  economic  and 
social  grounds,  this  weekly  rest  period  is  best  provided  on 
Sunday.  The  foremen  and  the  higher  management  even  more 
certainly  require  definite  periods  of  rest.  They  have  never 
spared  themselves;  they  carry  a  heavy  burden  of  responsibil- 
ity and  cannot  be  replaced.  It  is  of  primary  importance,  in 
the  interests  of  the  nation,  that  they  should  be  allowed  that 
rest  which  is  essential  to  the  maintenance  of  their  health. 

The  objections  to  overtime,  briefly  stated,  are:  It  is  likely 
to  impose  too  severe  a  strain  upon  the  workers,  which  ad- 
versely affects  the  rate  of  production  and  quality  of  output 
during  the  whole  period  of  work  as  well  as  during  the  hours 
of  overtime.  It  frequently  results  in  a  large  amount  of  lost 
time,  which  is  attributed  to  the  workers  becoming  exhausted 
and  taking  a  rest,  and  also  to  sickness.  It  imposes  a  serious 
strain  upon  the  management,  the  executive  staff,  and  foremen, 
since  these  persons  cannot  take  days  off  like  the  ordinarj 
worker.  It  is  likely  to  curtail  unduly  the  period  of  rest  and 
sleep  available  for  those  who  have  to  travel  long  distances 
to  and  from  work,  a  matter  of  special  importance  in  the  case 
of  young  persons.  The  fatigue  entailed  increases  the  tempta- 
tion to  indulge  in  the  consumption  of  alcohol. 

Admitting  that  overtime  must  continue,  for  adult  male 
workers  the  average  weekly  hours  (exclusive  of  meals)  should 
not  exceed  65  to  67,  including  overtime.  It  may  be  desirable 
to  differentiate  to  some  extent  between  different  kinds  of  work 
and  to  fix  a  rather  low  limit  of  hours  for  work  requiring  close 
individual  attention.  Where  practicable,  the  overtime  should 
be  concentrated  within  three  or  four  days  in  the  week,  which 
should  preferably  not  be  consecutive.  Where  overtime  is  neces- 
sary, it  is  specially  important  that  there  should  be  no  Sunday 
work.    The  committee  feels  that  the  need  for  overtime  among 


women  and  girls  is  much  less  pressing  than  it  is  for  men, 
and  should  be  abandoned  in  favor  of  shifts. 

Although  work  on  shifts  involves  night  work,  night  work 
is  not  a  good  thing  in  itself  because  it  is  uneconomical. 
Though  wages  are  paid  at  a  higher  rate,  the  rate  of  output, 
more  particularly  during  the  last  two  or  three  hours  of  a 
twelve-hour  shift,  is  generally  lower.  Supervision  is  fre- 
quently unsatisfactory.  Conditions  of  lighting  are  seldom  as 
good  as  in  the  daytime  and  make  fine  work  more  difficult. 
Workers  experience  great  difficulty  in  sleeping  by  day.  The 
unfamiliar  meal  hour  makes  it  difficult  for  the  workers  to 
consume  substantial  food,  and  digestion  is  likely  to  be  upset. 

As  a  method  of  speeding  up  production,  the  committee  rec- 
ommends the  careful  regulation  of  rest  periods.  It  has  been 
found  that  the  operatives,  if  left  to  themselves,  take  rests  at 
irregular  and  often  unsuitable  times;  hence  it  is  much  better 
for  the  rest  periods  to  be  chosen  for  them.  For  instance,  a 
ten-minute  period  in  the  middle  of  the  morning  and  the  after- 
noon, during  which  the  operatives  remain  at  their  machines, 
but  have  tea  or  other  nutriment  brought  them  by  boys  or  by 
traveling  canteens,  has  been  found  a  valuable  aid  to  output. 
Some  kinds  of  work  need  longer  and  more  frequent  rest  peri- 
ods than  others;  this  is  determined  only  by  experience. 

The  committee  found  that  the  munition  workers,  in  general, 
have  been  allowed  to  reach  a  state  of  reduced  efficiency  and 
lowered  health,  which  might  have  been  avoided  without  re- 
duction of  output  by  attention  to  the  details  of  daily  and 
weekly  rests.  The  signs  of  fatigue  are  even  more  noticeable 
in  the  case  of  managers  and  foremen. 

The  committee  calls  attention  to  the  fact  that  bad  lighting 
affects  output  unfavorably  by  making  good  and  rapid  work 
difficult,  and  also  by  causing  headaches  and  other  effects 
of  eyestrain.  The  difficulties  of  supervision  are  further  in- 
creased. The  essentials  of  good  lighting  are:  adequacy;  a 
reasonable  degree  of  constancy  and  uniformity  of  illumina- 
tion over  the  necessary  area  of  work;  the  placing  or  shading 
of  lamps  so  that  light  does  not  fall  directly  on  the  eye  of  the 
operator  when  engaged  at  his  work  or  when  looking  horizon- 
tally across  the  work-room;  the  placing  of  lights  so  as  to 
avoid  the  casting  of  extraneous  shadows  on  the  work.  The 
committee  also  calls  attention  to  the  need  of  special  measures 
to  prevent  undue  strain  upon  the  eyesight  or  to  reduce 
the  liability  to  accidents  to  a  minimum.  It  suggests  that  the 
eyesight  of  operatives  employed  on  close  work  be  tested  and 
the  persons  supplied  with  glasses  when  necessary;  it  also 
suggests  guarding  the  eyes  by  the  use  of  goggles. 


Assembling,    erecting   and  testing   Ott  No.    1   Universal   Grinding   Machines 


The  illustration  shows  the  floor 
of  the  Ott  Grinder  Co.  in  the  In- 
dustrial Building,  Indianapolis,  Ind. 
The  view  is  of  interest,  as  it  gives 
an  idea  of  the  rapid  development  of 
one  comparatively  small  manufac- 
turer who  started  a  few  months  ago 
to  build  the  line  of  cylindrical 
grinding  machines  acquired  by  pur- 
chase from  the  Modern  Tool  Co.  of 
Erie,  Pa.  The  growth  of  the  busi- 
ness reflects  the  fact  that  the  cylin- 
drical grinding  machine  is  no 
longer  regarded  as  a  refinement  for 
the  use  of  toolmakers  only,  but  is 
rapidly  becoming  an  indispensable 
machine  tool  to  many  concerns  that 
found  no  use  for  it  in  their  machine 
shops  a  few  years  ago.  The  view 
shows  thirty  No.  1  universal  grind- 
ing machines  in  the  various  stages" 
of  assembling,  erecting  and  final 
testing  under  belt.  These  are  part 
of  fifty  machines  put  through  in  one 
lot.  The  first  machine  in  the  front 
row  is  being  tested  for  accuracy,  a 
Brown  &  Sharpe  indicator  being 
used  for  testing  the  alignment  of 
both    wheel-spindle   and    headstock. 
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Cincinnati   Verticals 


Unusual  Spindle  Power. 

Heat  Treated  Alloy  Steel  Hardened  Gearing. 
Massive  Spindle  Head  Construction. 
Handy — Can  mill  around  a  rectangle  without 
stopping  feed  or  speed. 

These  are  some  reasons  why  you  should  use  Cincinnati  Verticals 

THE  CINCINNATI  MILLING  MACHINE  CO. 

CINCINNATI,  OHIO,  U.  S.  A. 
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PERSONALS 


n.  H.  Blood  has  been  appointed  general  manager  oC  the  Pratt 
&  Whitney  Co.,  Hartford,  Conn.,  following  the  resignation  of 
B.  M.  W.  Hanson. 

L.  A.  Larsen  was  appointed  comptroller,  effective  July  1,  at 
a  recent  meeting  of  the  board  of  directors  of  the  American 
Lecomotive  Co.,  New  York  City. 

B.  Orum  Andresen  has  joined  the  engineering  staff  of  Aall 
&  Co.,  of  Tokyo,  Japan,  the  Japanese  agents  for  the  American 
Steel  Export  Co.,  Woolworth  Bldg.,  New  York  City. 

Charles  H.  Purdy,  superintendent  of  the  Dalton  Machine  Co., 
of  New  York  City,  has  resigned  to  engage  in  the  designing  and 
building  of  special  machinery,  with  offices  at  103  E.  125th  St., 
New  York  City. 

H.  L.  Paulus,  R.  G.  Ferguson,  and  F.  L.  Graf,  for  many  years 
connected  with  the  Baird  Machinery  Co.,  of  Pittsburg,  Pa.,  have 
resigned  and  joined  forces  with  the  J.  S.  Miller  Machinery 
Co.,  of  Pittsburg. 

B.  M.  W.  Hanson,  general  manager  of  the  Pratt  &  Whitney 
Co.,  Hartford,  Conn.,  has  resigned,  and  has  been  made  vice- 
president  and  general  manager  of  Colt's  Patent  Fire  Arms 
Mfg.  Co.  of  Hartford. 

Albert  P.  Weigel,  superintendent  and  general  manager 
of  the  Superior  Machine  Tool  Co.,  Kokomo,  Ind.,  has  resigned 
and  organized  the  Weigel  Machine  Tool  Co.,  Peru,  Ind.,  to 
manufacture  machine  tools. 

Edgar  N.  Dollin,  organizer  and  president  of  the  Acme  Die- 
Casting  Corporation,  Brooklyn,  N.  Y.,  has  sold  his  holdings 
in  the  company  and  retired  from  active  management.  Mr. 
Dollin  was  formerly  secretary  of  the  Doehler  Die-Casting  Co., 
and  president  of  the  Kalak  Water  Co.  He  has  had  a  wide 
business  experience  as  a  lawyer  and  as  a  manufacturer.  His 
new  activities  have  not  been  announced. 

R.  M.  Klein  has  been  appointed  sales  manager  of  the  Inter- 
national Oxygen  Co.,  with  headquarters  at  the  company's  main 
office  at  115  Broadway,  New  York  City.  Mr.  Klein  brings  to 
his  new  position  technical  training,  and  experience  as  an 
engineer  in  the  United  States  government  employ,  as  sales- 
man and  sales  manager  of  the  Diehl  Mfg.  Co.,  and  as  manu- 
facturers' representative  handling  a  number  of  mechanical 
lines. 


H.  J.  Doty,  who  for  the  last  three  and  one-half  years  has 
been  in  charge  of  the  steel  foundry  of  the  Isaac  Johnson  Co.. 
Spuyten  Duyvil,  N.  Y.,  has  resigned  his  position  to  become 
associated  with  the  Sivyer  Steel  Coasting  Co.,  Milwaukee,  Wis. 
The  company  is  enlarging  its  plant  and  installing  an  addi- 
tional three-ton  electric  furnace  to  take  care  of  its  growing 
business  among  the  motor  truck,  tractor,  and  general  machin- 
ery manufacturers. 

George  A.  Willard,  for  many  years  a  manufacturer  of  lathes 
in  Cincinnati,  Ohio,  has  sold  the  Willard  Machine  &  Tool  Co. 
to  G.  Mattman  and  Thomas  L.  Bratten.  Mr.  Matlman  was 
formerly  European  representative  of  the  Cincinnati  Milling 
Machine  Co.,  and  Mr.  Bratten  held  an  executive  position  with 
the  Employers'  Liability  Corporation,  and  is  well  known  in 
the  trade.  Mr.  Willard  will  retire  from  business  and  take  a 
much  needed  rest  at  his  summer  home  in  Michigan. 

F.  H.  Tackaberry,  general  agent  of  the  American  Steel  Ex- 
port Co.,  Woolworth  Bldg.,  New  York  City,  sailed  July  7  for 
South  America.  Mr.  Tackaberry  will  visit  the  principal  South 
American  cities — Rio  de  Janeiro,  Sao  Paulo,  Buenos  Aires, 
Montevideo,  La  Plata,  Rosario,  Valparaiso,  Santiago,  etc.,  his 
object  being  primarily  to  collaborate  with  the  company's  fac- 
tory agents  and  acquaint  them  with  the  market  conditions  in 
the  United  States  for  iron  and  steel  and  engineering  and  con- 
tracting. 


OBITUARIES 


H.  C.  Mather,  president  of  the  Moore  Oil  Co.,  Cincinnati, 
Ohio,  was  drowned  June  26  in  Lake  Superior  near  Calumet, 
Mich. 

Casimir  von  Philp  died  July  5  at  Ocean  City,  N.  J.,  aged 
sixty-four  years.  He  was  born  in  Sweden,  but  came  to  the 
United  States  nearly  forty  years  ago.  Since  1890,  he  was  con- 
nected with  the  Bethlehem  Steel  Co.,  at  Bethlehem,  Pa.,  for  a 
considerable  period  as  chief  engineer  and  recently  as  manager 
of  the  machinery  department.  As  an  engineer,  his  career  was 
marked  by  unusual  ability  and  originality.  His  Inventions 
included  improvements  in  rolling  mills  and  special  features  of 
heavy  forging  equipment  produced  at  the  Bethlehem  works. 
He  was  a  member  of  the  American  Society  of  Mechanical  Engi- 
neers, the  American  Society  of  Swedish  Engineers,  and  the 
Engineers'  Club  of  New  Yark.  He  was  also  recently  appointed 
a  member  of  the  John  Ericsson  Memorial  Commission. 


COMING  EVENTS 


August  30 — Monthly  meeting  of  the  Rochester  So- 
ciety of  Technical  Draftsmen,  in  Rooms  131-137, 
Sibley  Block,  328  Main  St.,  E.,  Rochester,  N.  T. 
O.  L.  Angevine,  Jr.,  secretary,  857  Genesee  St., 
Rochester. 

August  30-September  1 — Ninth  annual  conTention 
of  the  American  Railway  Tool  Foreman's  Associa- 
tion, Chicago,  111.;  Shermjm  Hotel,  headquarters. 
C.  N.  Thulin,  secretary-treasurer,  935  Peoples  Gas 
Bldg.,   Chicago,    111. 

September  10-15 — Annual  conyention  of  the  Na- 
tional Safety  Council,  New  York  City;  Hotel  Aster, 
headquarters.  Marcus  A.  Dow,  president.  Grand 
Central  Station,  New  York  City. 

September  10-16 — Exposition  of  safety  appliances 
at  the  Grand  Central  Palace,  New  York  City,  under 
the  auspices  of  the  American  Museum  of  Safety,  18 
W.  24th  St.,  New  York  City.  Arthur  H.  Young, 
director. 

September  25-28— Twenty-second  meeting  of  the 
American  Foundrymeu's  Association,  Boston,  Mass.; 
Copley-Plaza  Hotel,  headquarters.  The  registra- 
tion booth  will  be  in  the  Mechanics'  Bldg.,  where  the 
exhibition  of  foundry  and  machine  shop  equipment 
and  supplies  will  be  held.  A.  O.  Backert.  secre- 
tary-treasurer, 12th  and  Chestnut  Sts„  Cleyeland. 
Ohio.  •        ^ 

September  27-29 — Informal  congress  and  reunion 
of  American  and  Canadian  engineers  and  architects 
of  Norwegian  birth  or  descent  in  Chicago  at  Chicago 
Norske  Klub,  2346  N.  Kedzie  Blvd.,  Logan  Square 
Chicago,    111. 


SOCIETIES.  SCHOOLS  AND 
L  COLLEGES 

Brown  University,  Providence,  R.  I.  Circular  on 
the  new  course  in  engineering  containing  illustra- 
tions of  the  laboratory  equipment  and  statement 
of  the  requirements  for  the  degree  of  bachelor  of 
science  in   engineering. 

Polytechnic  Institute  of  Brooklyn,  Brooklyn.  N. 
Y.  Pamphlet  outlining  the  evening  courses  offered 
by  the  institute  in  engineering,  chemistry,  physics, 
mathematics,  drawing,  history,  economics  and"  lan- 
guages. The  season  1917-1918  begins  October  1 
and  continues  until  the  courses  are  completed. 

Y,  M.  0.  A.  Industrial  Department,  124  E,  28th 
St.,    New    York    City.      Pampljlet    outlining    the    or- 


ganized industrial  extension  work  undertaken  by 
the  City  Association  Among  Industrial  Workers  tor 
the  benefit  of  workers  in  factories  and  shops 
throughout  the  country.  The  work  comprises  edu- 
cational, social,  physical,  religious  and  general 
activities. 

Electric  Power  Club  at  its  annual  meeting  held 
in  Washington,  D.  C,  June  11-12,  elected  C.  L. 
Collens,  of  the  Reliance  Electric  &  Engineering  Co., 
president:  F.  S.  Hunting,  of  the  Fort  Wayne  Works 
of  the  General  Electric  Co.,  vice-president;  and 
C.  H.  Roth,  of  Roth  Bros.  &  Co.,  secretary-treasurer. 
A  resolution  tendering  t(J  the  government  the  use 
of  the  manufacturing  plants  of  the  members  and 
offering  the  services  of  the  committees  was  passed? 


fM 


NEW  BOOKS  AND  PAMPHLETS 


Constitution    of    the    United    Nations    of    the    Earth. 
By    Edgar    D.    Brinkerhoff.      22    pages,    G    by    9 
inches.      Published   by   the   Pamphlet   Publishing 
Co.,   Fall   River,    Mass. 
This    r.^markable    document    is    virtually    a    para- 
phrase   of    the    Constitution    of    the    United    States 
adapted    for    the    united    nations    of    the    earth    as 
visioned  by  the  author. 

Oxy-acetylene  'Welding  Practice.    By  Robert  J.  Kehl. 

105  pages,   51/2   by  814    inches;    111   illustrations. 

Published    by    the    .\merican    Technical    Society, 

Chicago,  111.  Price,  $1. 
The  work  is  a  practical  presentation  of  the  pro- 
cesses of  welding,  cutting  and  lead  burning,  with 
special  attention  to  welding  practice  for  steel,  cast 
iron,  aluminum,  copper  and  brass.  It  is  illustrated 
with  many  examples  showing  how  to  handle  the 
torch  and  to  prepare  work  for  welding.  Examples 
of  automobile  repair  are  included,  thus  making  the 
wovk  of  special  interest  to  owners  of  garages  and 
others  concerned  with  motor  car  repairs. 

How     to     Make     High-pressure     Transformers.       By 
F.    E.   Austin.     46  pages,   414    by  ~%   inches;    21 
illustrations.       Second     edition.       Published     by 
Prof.    P.    E.    Austin,    Box    441,    Hanover,    N.    H. 
Price,  65  cents. 
The    first    edition    of    this    book    was    published    in 
1914.       It    is    essentially    a    work    on    e.xj)erimental 
electrical    engineering    written    with    regard    to    the 
well-known    fact    that    to    learn    things    we    must    do 
things.      The    student    is    instructed    in    the    theory 
of    high-pressure    transformer    design    by    designing 
and  making  a  transformer.     The  work  is  both  prac- 
tical and   technical,   but  not  too  highly  technical   to 
place    it    beyond    the    comprehension    of    men    having 
a    good    high    school    education.       It    contains    ilata 


that  should  be  of  use  to  engineers  who  wish  to 
brush  up  on  the  principles  of  electrical  engineering. 
Machine   Drawing.      By   Ralph   W.    Hills.      22  pages, 

6  by   9   inches;    119   illustrations.      Published   by 

the    McGraw-Hill    Book    Co.,     New    York    City. 

Price,  ?1. 
Many  books  have  been,  published  on  mechanical 
drawing;  these  may  be  divided  into  two  general 
classes:  first,  those  that  teach  drawing  for  draw- 
ing's sake,  and,  second,  those  that  teach  mechanical 
drawing  for  the  purpose  of  making  the  student  a 
practical  draftsman  or  to  give  him  the  knowledge 
that  will  enable  him  to  make  use  of  mechauical 
drawing  to  the  best  advantage.  This  work  is  an 
excellent  example  of  the  second  class.  The  material 
is  the  first  half  of  the  instruction  papers  in  ma- 
chine drawing,  as  developed  and  used  by  the  Ex- 
tension Division  of  the  University  of  Wisconsin. 
The  subject  matter  deals  with  instruments  and  ma- 
terials, principles  of  mechanical  drawing,  screws 
auii  screw  fastenings,  sections,  technical  sketching, 
tracing,  assembly  and  detail  drawings.  Some  useful 
data  are  included  which  afford  good  examples  for 
practice  in  making  up  tables.  The  work  is  one  that 
we  recommend  to  students  whether  in  school  or 
engaged  in  home  study. 
Locomotive   Valves   and   Valve   Gears.      By   Jacob  H. 

Yoder  and  George  B.   AVharen.     272  pages,  6  by 

9    inches;    274    illustrations.      Published    by    D. 

Van   Nostrand    Co.,    New    York    City.      Priije,    $3 

net. 
This  work  is.  we  believe,  the  first  special  treatise 
on  valves,  valve  gears  and  valve  setting  published 
which  may  be  recommended  to  railway  mechanics 
as  a  practical  guide  for  locomotive  valve  setting 
and  a  treatise  on  the  common  and  uncommon  types 
of  valve  gears.  It  explains  the  construction  and 
action  of  the  plain  slide  valve,  the  piston  valve, 
and  the  valve  gears  used  to  operate  them,  as 
applied  to  locomotives,  and  is  based  on  notes  used 
in  schools  for  apprentices  on  the  Pennsylvania 
Railroad.  The  authors  state  in  the  preface  that 
the  book  had  been  prepared  to  meet  the  general 
desire  among  railroad  shop  men  to  ac(iuaiut  them- 
selves with  the  valves  and  valve  gears  applied  to 
modern  locomotives,  and  to  master  the  principles 
of  valve  motion  as  a  preparation  to  valve  setting. 
Valve  motion  and  valve  setting  luive  always  ap- 
peared to  many  shop  men  as  more  or  less  of  a 
mystery,  and  it  is  the  aim  of  the  work  to  enable 
those  interested  to  acquire  first-hand  knowledge. 
The  subject  matter  is  given  in  seven  chapters,  the 
contents  of  which  are  as  follows:  Locomotive 
Valves  and  Valve  Gears;  Stephenson  Valve  Gear; 
Walschaerts  Valve  Gear;  Baker  Locomotive  Valve 
Gear — Southern  Locomotive  Val,e  Gear — ,Toy  Valve 
Gear — Young  Locomotive  Valve,  Valve  Gear,  and 
Reverse  Gear — Gooch  Stationary  Link»-Allen  Valve 
Gear— Effects  of  Altering  the  Valve  and  Its 
Events;    Locomotive    Valve    Setting;    Steam    Engine 
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The  LUCAS 


(OF  CLEVELAND) 


"PRECISION" 

BORING,  DRILLING  AND 

MILLING  MACHINE 


ALWAYS  GOOD 

and  as  time  goes  on 

ALWAYS  BETTER 


Lucas  Machine  Tool  Co,  ^Bp  Ci£VE1juid,  0.,  II.S.  A. 
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IiKllcnIor  anil  tli(-  Indlontor  DlnKmin.  Tlio  llliislrn- 
tlons  and  (llroctloiis  for  valve  scttlns  li'uve  little  to 
the  Imagination,  the  steps  pursued  by  tlie  practical 
valve  setter  In  securing  the  data  required  for  ad- 
justment of  the  eccentrics  and  eccentric  rods  being 
clearly  and  spccUlcally  describcil.  The  book  Is  one 
that  we  heartily  recommend  to  all  railway  students 
and  others  Interested  In   locomotive   valve  motion. 

NEW  CATALOGUES  AND 
CIRCULARS 

Warner  Hammer  Co..  t'ronnvi'll,  Conn.  Tru'C  list 
of   Warner  hammers  and  edRC   tools. 

Motalwood  Mfg.  Co.,  Detroit.  Mich.  Bulletin  B-44 
of  the  Metulwood  inverted  type  adjustable  forming 
press,    No.    121. 

Motalwood  Mfg  Co.,  Detroit,  Mich.  Circular  B-53 
of  the  Metulwood  No.  79  hydro-mechanical  banding 
press  for  bamling  shells  from  8  to  0  inches. 

Standard  Alloys  Co.,  Pittsburg.  Pa.  Pamphlet 
entitled  "Uranium  in  Steel,"  presenting  compara- 
tive tests  of  uranium  and  other  high-speed  steels. 
Day  &  Zimmormann,  Inc.,  IMiiladelpliia,  Pa.,  has 
Issued  u  bulletin  showing  typical  industrial  plants 
throughout  the  country  constructed  by  this  com- 
pany. 

Link-Belt  Co.,  Chicago,  111.  "Book  258  entitled 
"The  Ideal  Drive  for  Textile  Machinery,"  illus- 
trating Link-Belt  silent  chain  installations  in  textile 
mills. 

Cummings  Ship  Instrument  'Works,  Boston,  Mass. 
Bulletin  descriptive  of  the  Gary-Cummings  torsion 
meter  for  determining  the  horsepower  transmitted 
by   shafts. 

Hisey-Wolf  Machine  Co.,  Cincinnati,  Ohio.  Bulle- 
tin 14(13,  describing  "Hisey"  portable  electric  surface 
grinders,  matle  for  use  with  either  direct  or  alter- 
nating current. 

Oakley  Chemical  Co.,  26  Thames  St.,  New  Tork 
City.  Information  sheet  857  on  munitions  manu- 
facture, illustrating  uses  of  "Oakite"  cleaning  and 
cutting   compounds. 

Stanley  Belting  Corporation,  32-40  S.  Clinton  St., 
Chicago,  111.  Circular  of  Stanley  woven  cotton 
Ijelting,  made  in  single,  double  and  triple  thick- 
nesses and  in  all  widths  up  to  forty-two  inches. 

Peter  A.  Frasse  &  Co.,  Inc.,  417  Canal  St.,  New 
York  City.  July  stock  list  giving  sizes  in  stock 
ready  for  immediate  shipment  of  Frasse  electric 
tool  steel,  drill  rods,  steel  shafting  and  strip  steel. 
Messer  Mfg,  Co.,  117-121  N.  7th  St.,  Philadel- 
phia, Pa.  Catalogue  of  Messer  portable  oxy- 
acetylene  apparatus  for  welding  and  cutting;  regu- 
lating valves,  welding  blow-pipes  and  acetylene 
generators. 

Nagle  Corliss  Engine  Works,  Erie,  Pa.  Bulletin 
27,  illustrating  and  describing  Nagle-Corliss  Class 
A-E  and  B-E  steam-  and  power-driven  air  com- 
pressors with  capacities  from  3  to  8000  cubic  feet 
of  free  air  per  minute. 

Sunderland  Machinery  &  Supply  Co.,  1006-1010 
Douglas  .St.,  Omaha,  Neb.  Circular  of  the  Fox 
arbor  press  No.  4,  having  capacity  for  work  19 
inches  diameter.  The  movement  of  the  ram  is 
l'tV2   inches  and   the  leverage  60  to  1. 

Sprague  Electric  Works  of  General  Electric  Co., 
527-531  W.  34th  St.,  New  York  City.  Bulletin 
48023  of  Type  W,  one-  to  six-ton  electric  hoists, 
giving  specifications,  dimensions,  and  weights,  and 
showing   a   few  uses  of  standard  Type  W   hoists. 

Whitman  &  Barnes  Mfg.  Co.,  Akron,  Ohio. 
Catalogue  90,  158  pages,  4%  by  7'/4  inches,  con- 
taining tables  of  dimensions  and  prices  for  twist 
drills,  reamers,  drop-forgings,  drop-forged  and 
screw  wrenches,  spring  cotters,  and  flat  spring  and 
riveted   keys. 

General  Electric  Co.,  Schenectady,  N.  Y.  Bulle- 
tin 42014  entitled  "Headlights  and  Turbo-generators 
for  Steam  Locomotives,"  describing  a  turbo-genera- 
tor set,  designed  to  meet  the  rigid  requirements  of 
locomotive  headlight  service,  and  giving  diagrams 
showing   the   assembly. 

Detroit  Twist  Drill  Co.,  Detroit,  Mich.  Cata- 
logue 18,  251  pages,  5  by  71/2  inches,  containing 
tables  of  dimensions  and  prices  for  twist  drills, 
reamers,  counterbores,  milling  cutters,  end-mills, 
etc.  Special  sections  are  given  for  millimeter  sizes 
of  twist  drills  and  reamers. 

Buffalo  Forge  Co.,  Buffalo,  N.  Y.  Catalogue  256 
of  Buffalo  e.Nhaust  fans  for  the  removal  of  shavings, 
sawdust,  smoke,  fumes,  etc.,  containing  also  engi- 
neering data  and  extracts  from  state  laws  regard- 
ing the  provision  of  exhaust  fans  in  manufacturing 
plants  as  required  by  law. 

Manufacturers  Equipment  Co.,  169-179  N.  Jeffer- 
son .St.,  Chicago,  111.  Circular  illustrating  "M.  C.  E." 
three-jaw  air-operated  chucks,  which  are  furnished 
in  two  styles — semi-universal  and  full  universal. 
The  chucks  are  made  in  five  sizes,  ranging  from  8 
to  18  inches  diameter,    inclusive. 

Manufacturers  Equipment  Co.,  169-179  N.  Jeffer- 
.  son  St.,  Chicago,  111.  Catalogue  of  labor-saving  de- 
vices, including  two-Jaw  air  chucks,  hinge  collet 
chucks,  milling  machine  chucks,  air  cylinders,  air 
valves,  air  vises,  bath  cock  millers,  self-opening  die- 
beads,    forming   tools  and   collapsible   taps. 

Chicago  Pneumatic  Tool  Co.,  1060  Fisher  Bldg., 
Chicago,  111.  Bulletin  34-Y  treating  of  gas-  and 
gasoline-driven  air  compressors.  The  "Simplate"  flat 
disk  air  inlet  and  discharge  valves  with  which 
these  compressors  are  equipped  enable  high  com- 
pressor speeds  and   etficiencies   to  be  obtained. 

Oakley  Chemical  Co.,  26  Thames  St..  New  York 
City.  Information  Sheet  860  on  "Oakite"  for 
cleaning      metal      parts      preparatory      to      plating. 


I'hdlomlcroKraplis  »f  oil  emulsined  by  "Oukito"  and 
nil  saponilled  by  caustic,  are  reproduced  to  snow 
their  fundamental  difference  of  action  In  cleaning 
metal    surfaces. 

HammtU  Oil  Burning  Equipment  Co.,  Ino,,  400 
Pine  St.,  Providence,  11.  I.  (Jataliiguc  of  the  Ilam- 
md  oil  burniuK  aiiiiaratus.  Kli(iwln«  applications  to 
steam  and  water-tube  boilers  <if  horizontal  and  verti- 
cal tyiies;  oil  immp  sets;  oil  burner  governors;  and 
oil  firing  valves.  A  list  of  users  of  the  Uammel 
burners  and    furnaces   is   Included. 

R.  D.  Nuttall  Co.,  Pittsburg,  Pa.  Circular  of 
tlic  Nuttall  one-piece  expansion  Joint  for  pipe  lines, 
wlildi  is  offered  as  a  leak-proof  device  reciuiring 
no  packing  and  eliminating  loops  and  U-bends  from 
pipe  lines.  The  Nuttall  expansion  Joint  Is  of  the 
accordion  type,  the  corrugations  being  machined 
from  a  solid  blank,  and  not  molded  or  bent  to 
shape. 

Bilton  Machine  Tool  Co.,  Bridgeport,  Conn,  Bul- 
letins 203  to  221,  illustrating  and  describing  auto- 
matic gear  milling  machines,  automatic  manufac- 
turing milling  machines,  drill  presses  built  in 
single-spindle  and  gang  types,  automatic  cam-feed 
drill  presses,  horizontal  milling  machines,  rotary 
blow  riveting  macliincs,  automatic  worm  milling 
machines,   and  universal  gear  bobbing  machines. 

Chesnutt  Mfg.  Co.,  1301-1303  Independence  Ave., 
Kansas  City,  Mo.  Booklet  descriptive  of  the 
"Eleveyor,"  an  elevating  truck  equipped  with  ser- 
vice swivel  casters,  which  is  so  designed  as  to 
enable  it  to  meet  a  wide  range  of  work  under  dif- 
ficult conditions.  The  "Eleveyor"  elevates  the 
load  and  then  conveys  it  wherever  desired.  The 
book  contains  reproductions  of  letters  of  recom- 
mendation from  various  users  of  the  "Eleveyor." 

Stroh  Steel-Hardening  Process  Co.,  Pittsburg,  Pa. 
Catalogue  descriptive  of  the  Stroh  Process,  which 
is  a  method  for  casting  the  finest  alloy  steel  to- 
gether with  ordinary  soft  steel  in  one  solid  piece. 
The  resultant  casting  has  a  wear-proof  alloy  steel 
stratum  on  the  wearing  surfaces,  while  the  body 
is  composed  of  any  desired  steel  and  is  in  no  way 
affected.  Illustrations  of  gears,  car  wheels,  and 
many  large  castings  made  by  this  process  are 
shown. 

Henry  Disston  &  Sons,  Inc.,  Philadelphia,  Pa., 
has  inaugurated  a  monthly  house  organ  for  its 
employes,  the  first  issue  of  which  was  published 
in  July.  The  title  of  the  publication  is  "Disston 
Bits,"  which  has  a  double  significance,  "bits" 
being  another  name  for  the  teeth  of  inserted-tooth 
saws,  one  of  the  company's  products.  The  an- 
nounced purpose  of  the  publication  is  the  stimula- 
tion and  crystallization  of  good-will  and  fellowship 
among  the  employes,  and  it  is  the  editorial  policy 
that  all  illustrations,  cartoons,  and  editorial  mat- 
ter be  the  work  of  the  employes  themselves.  The 
new  publication,  "Disston  Bits"  will  not  in  any 
way  conflict  with  the  "Disston  Crucible,"  the  trade 
organ  of  the  company,  which  has  been  issued  for 
several  years,  as  the  objects  and  purposes  of  the 
two  publications  are   dissimilar. 


TRADE  NOTES 


Cooper  Hewitt  Electric  Co.,  manufacturer  of  mer- 
cury vapor  lamps,  has  moved  its  Philadelphia  of- 
fice  from   124   S.   8th   St.   to  the   Drexel   Bldg. 

E.  E.  Senn  &  Co.,  manufacturers  of  "Belt-ol," 
a  scientific  oil  for  treating  leather  belts,  have  re- 
moved their  oflices  to  more  spacious  quarters  at 
52  Tanderbilt  Ave.,   New  York  City. 

J.  N.  Lapointe  Machine  Co.  of  Massachusetts, 
Hudson,  Mass.,  has  been  organized  for  machine 
building,  and  a  one-story  cement  factory  building 
80  by  300  feet  is  being  erected.  Ralph  Lapointe  is 
general    manager. 

Crosman  Stamping  Co.,  Ypsilanti,  Mich.,  is  a 
concern  recently  incorporated  to  do  general  stamp- 
ing and  die  work.  George  J.  Crosman  is  president 
and  treasurer;  A.  E.  Sanford,  vice-president;  and 
Lewis  H.   McLouth,   secretary. 

Bickett  Machine  &  Mfg.  Co.,  Cincinnati,  Ohio, 
manufacturer  of  horizontal  and  vertical  milling 
machines,  has  added  a  large  office  and  engineer- 
ing department  to  its  plant,  v\'hich  occupies  the 
entire  second  floor  of  the  main  building.  The  lower 
fioor   is   now    required   for   manufacturing   alone. 

Phoenix  Mfg,  Co,,  Eau  Claire,  Wis.,  has  moved 
its  Cleveland  office  from  1430  W.  Sixth  St.  to  913- 
15  Engineers  Bldg.,  in  order  to  obtain  larger  quar- 
ters, which  are  required  to  care  for  the  increase 
of  business.  W.  L.  Harrison  is  the  eastern  repre- 
sentative in   charge. 

Chesapeake  Iron  Works,  P.  0.  Box  1123,  Balti- 
more, Md.,  and  Westport,  Md.,  are  building  over- 
head electric  traveling  cranes  of  three-motor  di- 
rect-current type,  having  from  5  to  25  tons  capac- 
ity. The  company  also  builds  five-motor  double- 
trolley  cranes  of  any  span,  having  capacity  up  to 
50   tons. 

Carlton  Machine  Tool  Co.,  Cincinnati.  Ohio,  has 
moved  to  2994  Spring  Grove  Ave.,  where  a  new 
factory  having  about  three  times  the  floor  space 
of  the  old  shop  has  been  erected.  The-  new  shop 
is  equipped  with  machinery  and  appliances  that 
will  facilitate  tlie  production  of  the  line  of  radial 
drilling  machines  made  by  this  company. 

Columbia  Machine  Tool  Co.,  Hamilton,  Ohio, 
which  recently  acquired  the  business  of  the  Cer- 
amic Machinery  Co.,  will  manufacture  machine  tools, 
making  a  specialty  of  shaping  machines.  A  plant, 
G6  by  190  feet,  of  brick  and  steel,  is  being  erected, 
and  will  be  in  operation  at  an  early  date.  E.  S. 
Uich.  formerly  witli  the  Hamilton  Machine  Tool 
Co.,  is  secretary. 

Joseph    F.    Wangler    Boiler    &    Sheet    Iron    Works 


Co.,  St.  Louis.  Mo.,  has  moved  Its  general  offlces  from 
1047  N.  9th  St.,  to  911-012  Federal  Ueservc  Bank 
Bldg.,  415  Pine  St.  The  company  was  established 
in  St.  Louis  more  than  fifty  years  ago  to  manufac- 
ture steam  boilers,  tanks,  and  all  kinds  of  boiler 
plate  and  sheet  Iron  work.  Joseph  A.  Wungler, 
who  has  been  with  the  company  lor  more  than 
twenty-Uve   years,   is  president. 

La  Salle  Machine  4  Tool  Co.,  La  Salle,  111.,  has 
taken  out  a  life  Insurance  policy  for  each  of  lt» 
employes  In  the  group  plan,  the  amounts  of  which 
are  equal  to  the  yearly  wages,  limited  to  a  mini- 
mum of  $300  and  a  maximum  of  $2000.  It  Is 
straiglit  life  insurance,  and  the  entire  cost  is  paid 
liy  the  company.  Employes  participate  Id  the  bene- 
fits of  the  plan  wiien  they  have  been  in  the  em- 
ploy of   the   company   for   six   months. 

Soott-Speneer  Automatic  Tool  Co.,  Madison  Rood 
and  N.  &  W.  H.  R.,  Cincinnati,  Ohio,  was  lately 
or(janized  to  manufacture  tools  ami  equipment  for 
automatic  screw  machines,  specializing  on  this 
work  exclusively.  Thomas  J.  Scott,  president,  and 
L.  B.  Spencer,  secretary  and  treasurer,  are  prac- 
tical screw  machine  operators  and  are  thus  equipped 
by  experience  to  design,  make,  and  test  equipment 
for  automatic  screw  machines  to  suit  various  needs. 
Davis-Bournonville  Co.,  Jersey  City,  N.  J.,  opened 
a  welding  institute  August  1,  for  the  purpose  of 
giving  competent  instruction  in  the  oxy-acctylene 
art.  The  Institute  will  be  In  charge  of  Henry  Cave, 
technical  director.  The  class  will  be  held  at  the 
Jersey  City  factory  of  the  company,  and  a  charge 
will  be  made  to  cover  the  cost  of  oxygen,  acetylene, 
metals  and  other  supplies  consumed.  Employers 
using  the  oxy-acetylene  apparatus  can  arrange  to 
give  a  limited  number  of  employes  this  course  in 
welding  and  cutting. 

Electrical  Industrial  Co.,  Drammen,  Norway,  has 
consolidated  with  two  other  concerns  In  Norway — 
the  Holm-Hansen  Electrical  Co.,  Sandefjord,  and 
the  Fridtjov  Andersens  Telepointage,  Christiana. 
The  association  will  continue  to  manufacture  all 
articles  in  the  electrical  line,  and  will  hereafter 
conduct  its  business  under  the  name  of  the 
National  Industrial  Co.,  with  main  office  at 
Sandefjord,  and  branch  offices  at  Drammen  and 
Christiania.  The  association  is  represented  in 
New  York  City  by  Hans  Karlsrud,  manager  of 
the    Drammen    branch,    309    Broadway. 

J.  T.  Slocomb  Co.,  Providence,  R.  I.,  manu- 
facturer of  machinists'  tools,  is  building  an  addi- 
tion of  two  stories  to  the  main  building  60  by 
100  feet,  making  the  building  four  stories  in 
height.  Another  addition  in  the  rear  of  the  main 
building  was  erected  last  winter  and  has  been 
in  use  for  the  past  three  months.  The  main 
office,  stock-room  and  shipping  rooms,  will  be 
located  on  the  fourth  floor  and  automatic  eleva- 
tor service  will  be  provided.  The  additions  made 
in  the  past  year  and  a  half  provide  facilities  that 
more    than    double    the    production. 

General  Electric  Co.,  Schenectady,  N.  Y.,  has 
erected  a  building  at  the  Schenectady  plant  af- 
fording approximately  20,000  square  feet  floor 
space,  which  will  be  devoted  exclusively  to  the 
manufacture  of  industrial  heating  devices.  Con- 
tinuous operation  and  the  most  productive  group- 
ing of  machines  have  been  obtained  by  the  use  of 
individual  motor  drive,  direct-current  motors  be- 
ing employed  which  range  up  to  twenty-five  horse- 
power. Many  of  the  machines  were  developed 
especially  to  meet  the  unique  requirements  for 
machining,  assembling  and  testing  heating  devices. 
Acme  Die-Casting  Corporation,  5  Bush  Terminal 
Bldg.,  Brooklyn,  N.  Y.,  has  issued  a  statement 
to  the  effect  that  the  suit  recently  brought  against 
it  by  the  Doehler  Die-Casting  Co.  for  infringe- 
ment of  patent  No.  1,156,093  is  limited  strictly 
to  the  use  of  certain  alloys  of  aluminum  die-cast 
by  a  certain  process.  It  does  not  cover  aluminum 
zinc,  aluminum  manganese,  or  aluminum  alloys 
containing  8  per  cent  or  less  of  copper  or  more 
than  20  per  cent  of  copper.  The  suit  does  not  in 
any  way  affect  the  product  and  present  business  of 
the  corporation,  as  it  covers  a  process  not  now 
in   use. 

Cincinnati  Grinder  Co.,  Cincinnati,  Ohio,  manu- 
facturer of  plain,  cylindrical,  universal,  and  inter- 
nal grinding  machines,  is  building  a  modern  plant 
on  Colerain  Ave.,  in  the  heart  of  the  West  End 
manufacturing  district.  The  new  plant  will  afford 
35.000  square  feet  of  floor  space  and  wilU  be  mod- 
ern in  its  equipment  and  appointments.  The  build- 
ing is  of  brick  and  steel  construction  with  saw- 
tooth roof,  and  will  have  a  two-story  front.  The 
offices  will  be  on  the  second  floor,  which  is  40  by 
96  feet.  The  rapid  growth  of  the  concern  has 
made  larger  and  better  facilities  for  manufacturing 
imperative.  Provision  has  been  made  for  further 
extending  the  plant  as  the  need  for  more  room  is 
felt. 

Willard  Machine  &  Tool  Co.,  Cincinnati,  Ohio, 
manufacturer  of  the  Willard  13-inch  tool-room 
lathe,  has  been  sold  to  G.  Mattman  and  Thomas  L. 
Rratten.  The  flrm  name  has  been  changed  to 
Willard  Machine  Tool  Co.  Mr.  Mattman  is  well 
known  in  the  machine  tool  trade,  having  been  for 
several  years  the  European  representative  of  the 
Cincinnati  Milling  Machine  Co.  He  came  to  the 
United  States  from  France  in  1904  and  worked  in 
the  shop  for  four  years,  learning  the  American  way 
of  building  machinery.  He  has  had  wide  experi- 
ence both  in  the  production  and  selling  end.  Mr. 
Bratten,  although  never  identified  with  the  machine 
tool  industry,  is  also  well  known  to  the  trade  in 
and  about  Cincinnati,  having  held  an  executive 
position  with  the  Employers'  Liability  Corporation, 
Ltd.  For  the  present,  the  company  will  continue 
to  manufacture  the  Willard  13-inch  lathe,  which 
will  be  somewhat  improved,  but  the  intention  is 
to  add  other  machine  tools  to  the  line  in  the  near 
future. 
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WOOD  WORKERS 

BENCHES 


If  You  Can  Use  a  BencH  at  all. 
You  Can  Use  tHe  Best  One  Made, 
to  tHe  Best  Advantage 

Our  "B"  Bench  as  illustrated  has  for  years  been  the 
standard.  Made  of  thoroughly  kiln  dried  maple,  except 
the  vise  screws,  which  are  of  second  growth  hickory. 

Tops,  exclusive  of  vises,  are  75  inches  long,  24  inches 
wide,  2%  inches  thick,  with  7  inch  recess.  Height  83 
inches.  Has  two  iron  stops.  Head  vise  is  18  inches  wide 
and  opens  12  inches.  Tail  vise  is  6  inches  wide,  opens  10 
inches.   Weight  190  pounds. 

We  also  carry  all  kinds  of  vises,  hand  screws  and 
-    clamps  and  wood  working  tools  and  accessories,  and, 
of  course,  our  full  line  of  metal  working  tools  and 
bolts,  nuts,  screws,  etc.,  etc. 

Send  for  Catalog  No.  86  of  "Benches." 

HAMMACHER,  SCHLEMMER  &  CO. 

HARDWARE,   TOOLS  AND   SUPPLIES 
NEW  YORK,  Since  1848  4th  Avenue  and  13th  Street 
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WINNER  OF  THE  ONLY  GRAND  PRIZE 


AWARDED     AT     THE      PANAMA- 


IN  THE  TOOL  HOLDER  CLASS 


ARMSTRONG  BORING  TOOLS 

Use  High  Speed  Steel  efficiently  and  economically,  and  are  made 
in  a  range  of  sizes  suitable  for  all  clcisses  of  work,  light  or  heavy 


Single  Screw,  Quick  Action  Boring  Tool 


always  ready  to  use,  very  stiff,  will  bore 
close  up  to  shoulder  or  bottom.  Strain 
of  cut  tightens  cutter.    7  sizes. 


This  cut  shows 
Double  Ended  Cut- 
ter roughing  out 
cored  hole :  also 
angle  cutter  boring 
and   facing  end. 
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Armstrong  Adjustable  Boring  Tool 


This  tool  combines  Convenience,  Adjust- 
ability and  Rigidity  to  a  remarkable  degree 
and  is  well  adapted  to  a  very  wide  range  of 
work.  The  holder  is  easily  adjustable  to 
different  heights  and  will  hold  bars  of  vari- 
ous diameters.  The  bars  are  made  from 
high  carbon  steel  seamless  tubing  of  heavy 
gauge  and  are  extremely  stiff.  The  cutter 
can  be  adjusted  and  solidly  fixed  at  various 
angles  for  boring,  facing  or  turning.  Made 
in  four  sizes. 


Armstrong  3-Bar  Boring  Tool 


The  many  points  of  advantage  of  this  lathe 
attachment  will  be  appreciated  by  practical 
machinists.  A  slight  turn  of  one  nut  re- 
leases or  fastens  both  bar  and  holder.  Bars 
can  be  changed  as  needed  almost  instantly, 
thus  allowing  the  operator  to  use  the  stiffest 
bar  possible  for  each  job,  with  the  result 
that  speeds  and  feeds  can  be  increased  and 
time  saved.    Made  in  four  sizes. 


Armstrong  Boring  Tool   Holder 

For  Small,  Light  Boring,  Threading,  Etc. 


This  tool  will  be  found  very  handy  in  the 
tool  room  or  in  boring  work  of  small  in- 
ternal diameter,  threading,  brass  turning, 
etc.  The  boring  bars  furnished  are  made 
from  the  best  tool  steel  properly  hardened, 
tempered  and  ground  ready  for  use.  The 
holder  is  reversible,  and  can  be  used  for 
turning  either  right  or  left  hand.  Made 
in  four  sizes. 


A  Boring  Tool  for  Every  Requirement.      Write  for  Catalog. 
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In  this  time  of  the  nation's  need,  AJAX,  like  every  manufacturer, 
takes  a  pretty  careful  inventory  to  find  out  just  where  he  is  helping 
and  where  he  can  help  more.  This  is  the  result. 


Trade  Mark  Registered 


Forging  Machines 

They  are  not  only  playing  an  essential  part 
in  rapid  production  of  actual  fighting 
equipment,  rifles,  shrapnel,  etc.,  but  they 
are  speeding  up  production  and  cutting 
cost  in  railroad  shops,  automobile  plants, 
implement  factories  and  other  vital 
industries. 

Reclaiming  Rolls 

On  the  country's  biggest  railroads,  these 
rolls  are  turning  scrap  into  new  bars  at  a 
rate  of  6  to  25  tons  per  day.  They  increase 
by  that  much  the  amount  of  steel  available 
and  release  an  equal  tonnage  for  use  in 
other  vital  industries. 

Heading  Machines 

They  are  producing  rivets  and  bolts,  especi- 
ally for  ship  building,  car  building,  track 
work,  etc.,  at  the  rate  of  28,000  to  42,000  per 
ten  hour  day.  The  rivet  is  a  small  but  a 
mighty  important  factor  in  this  part  of 
Uncle  Sam's  program. 

Put  your  war  production  problem 
up  to  Ajax  Engineers  —  they  can, 
and  will,  give  it  special  attention 

THE  AJAX  MFG.  COMPANY 


621  Marquette  Bldg. 
CHICAGO,  ILL. 


CLEVELAND,  OHIO 


1369  Hudson  Terminal 
NEW  YORK  CITY 
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Machinery  Is  the 
biggest  factor  in 
the  present  war. 
America  needs 
every  machine 
and  every  ma- 
chine  operating 
at  its  highest  ef- 
ficiency. This  is 
a  war  of  re- 
sources. 


Your  Machineiy  is  Now  a  National  Asset 


America  is  facing  the  task  of  feed- 
ing, clothing  and  equipping  her 
Allies.  Every  wheel  in  America 
must  be  kept  turning.  Every 
machine  must  be  regarded  as  a 
national  asset  and  be  kept  "fit." 

You  know  the  resources  of  this 
great  country.  Do  you  realize  the 
need  of  conserving  them? 

Consider  the  nation's  oil  supply. 
It  must  not  be  wasted,  for  America 
needs  every  drop  of  oil  she  can 
produce.  Every  plant  owner  can 
perform  a  national  service  by 
avoiding  waste  in  lubrication. 

Every  plant  owner  must  be  eco- 
nomical in   his  purchase   of   oils. 


He  must  be  economical  but  not 
pennywise.  Use  good  oils.  It  is 
real  economy.  Be  sure  you  get 
the  oil  best  suited  to  your  needs. 
Thousands  of  dollars,  and  thou- 
sands of  gallons  of  oil  can  annually 
be  saved  by  eliminating  the  "hit 
or  miss"  method  of  using  and  pur- 
chasing oils. 

For  every  power  plant,  for  every 
phase  of  the  production  of  elec- 
trical energy,  there  is  one  best  oil. 
Its  use  means  a  better  manufac- 
tured article,  greater  production, 
less  wear  and  tear  on  equipment 
and  reduced  overhead.  The  pres- 
ent crisis  demands  that  you  keep 
all  these   considerations  in  mind. 


SWAN  0*  FINCH 

COMPANY 

We  feel  that  sixty-five  years'  experience  in  the  oil  business  qualifies  us  to  be  of  real  service  to 
manufacturers  of  the  nation  in  this  crisis. 

We  know  that  scientific  attention  to  oil  problems  will  save  large  sums  to  the  nation  and  all 
its  manufacturers.  And  so  we  offer  to  help  American  industry  maintain  its  topmost  eflBciency. 
We  have  an  engineering  department  composed  of  men  who  know  oiling  problems  from  A  to  Z. 
These  men  have  studied  the  oils  you  should  use  for  various  processes  in  your  plant.  Their  ad- 
vice will  save  oil  and  money  and  increase  your  plant  efficiency.    It  is  free  for  the  asking. 

Write  us  fuU  details  of  your  plant  equipment,  so  that  our  engineering  department  can  make  in- 
dividual recommendations.  Or,  if  you  prefer,  we  will  send  you  booklets  on  the  various  phases 
of  oiling  and  lubrication,  indicated  below. 

Just  mark  what  you  want  on  the  attached  coupon  and  return  to  us. 


SWAN  &  PINCH  COMPANY,  165  Broadway,  New  York  City.    Please  send  booklets  checked. 

QEngine  Lubrication                                          □Dynamo   and    Motor   liUbrication                Qlce   Machine  Lubrication                              □Tempering  Oils 

□  Steam   Cylinder  Lubrication                          □Compressor  Lubrication                                  QCar  Journal   Lubrication                               QCore  Oils 

□  Crank    Case    Engine    Lubrication                 □Shafting  Lubrication                                      □Printing    Press   Lubrication                          DWool  Oils 

□Turbine  Lubrication                                        QMachinery  Lubrication                                    □Automobile    Lubrication                                □Leather  Oils  and  Greases 

pGas   Engine   Lubrication                                 nSpindle  and  Loom  Lubrication                   ^Cutting  Oils  and  Compounds                      □Plater's  Cleaning  Compound 

.   □Transformer   and  Oil   Switch   Insulation                            QGrease— Where  and  why? 

□Please  send  your  representative  to  personally  discuss  lubrication  of  the  machinery  checked. 

Ppr.snnfll  Namp                                                   

Firm  Name 

Address          
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Are 
Good 
Tools 


For  manufacturing, 
they  are  particularly 
good  tools.  That's 
the  opinion  of  the 
Goulds  Manufactur- 
ing Company  of 
Seneca  Falls,  N.  Y. — 
and  they  ought  to 
know. 

The  picture  shows  a  set- 
up of  Celfor  Drills  nosing 
their  way  through  the 
flange  of  a  514"  x  16" 
Triplex  Plunger  Pump. 
Eight  drills  find  their 
way  through  a  solid  two- 
inch  flange  in  one  minute 
and  forty-five  seconds — 
and  only  one  grinding 
each  day. 

That  is  drill  economy 
and  a  production  record 
of  an  unusual  sort — yet 
common  enough  for 
Celfor  Drills.  The  Goulds 
people  use  them  on  every 
job  where  holes  are  1/2" 
or  over.  There  are 
sound  reasons  why.  Let 
us  tell  you  of  them. 

CLARK 

EQUIPMENT 

COMPANY 

Successor  to 
CELFOR  TOOL  COMPANY 

BUCHANAN,  MICHIGAN,  U.S.A. 
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It  Must  Be  a  Fabroil  Gear 


Convince  yourself  of  the  ability  of  a  Fabroil 
Gear  to  withstand  atmospheric  changes. 

Put  it  through  ''the  third  degree."  Immerse  it  in 
water — or  oil.  Heat  it  on  the  radiator  and  put  it  out 
in  the  cold.  Turn  a  steam  jet  on  it.  Prove  it  to  your 
own  satisfaction. 

Fabroil  Gears  come  out  of  tests  like  these  un- 
changed, retaining  all  their  excellent  qualities.  You 
never  have  to  guard  against  deterioration  by  long 
storage;  consequently  you  can  stock  Fabroil  Gears 
with  perfect  safety  and  so  guard  against  loss  of  time 
in  the  day  of  accident  or  rush  orders. 

General  Electric  Company 

General  Office:  Schenectady,  N.  Y. 

Sales  offices  in  all  large  cities 
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The  P-C 

Manufacturing  Lathe 

Just  as  fast,  just  as  efficient  and  immeasurably 
more  economical  is  the  Porter-Cable  Manufactur- 
ing Lathe,  Here  are  two  P-C  Lathes  at  the 
Stromberg-Carlson  Telephone  Manufacturing 
Company's  plant,  Rochester,  N.  Y.  One  is  turn- 
ing armatures;  (92  punched  steel  blanks)  the  cut 
is  intermittent;  the  diameter  must  be  1.480",  held 
with  a  0.001"  limit.  The  operator  starts  the  cut 
across  the  armature  at  a  speed  of  140  r.  p.  m.  and 
a  feed  of  0.040"  per  revolution,  and  goes  right  on 
filing  armatures  that  have  already  been  turned. 
All  he  does  to  the  machine  is  take  off  finished  work 
and  start  new  work. 


Why  Tie  up  an 
Engine  Lathe  on 
Plain  Turning  ? 

The  other  job  is  turning  rough 
cast  iron  generator  gears, 
3.526"  diameter,  mounted  12 
on  an  arbor.  About  1/16" 
stock  is  taken  off;  limit  is 
within  0.001"  of  standard  size. 
When  the  blanks  are  finished 
the  operator  takes  them,  arbor 
and  all,  over  to  the  two  gear 
cutting  machines  that  cut  the 
teeth.  He  keeps  them  going  in 
addition  to  his  P-C  Lathe  and 
is  by  no  means  overworked. 

Porter-Cable  Manufacturing 
Lathes  are  practical,  hard- 
working machines.  They  take 
big  cuts,  turn  big  chips,  in- 
sure big  output.  They  save 
money  on  work  not  over  9"  di- 
ameter by  18"  long,  and  are 
ideal  for  duplicating  parts  in 
quantity. 

We'll  be  glad  to  go  over  P-C 
advantages  in  detail  and  tell 
specifically  what  our  machines 
are  doing  for  others.  Write  us. 


The    Porter -Cable   Machine   Co. 


SYRACUSi: 


N.Y..  U.S.A. 


Foreign    I^epresentative  t   Benjamin   '^VHittaKer,    2    NorfolK   Street,    Strand,    London 
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AMERICAN  GAS  FURNACES 


The  Sure  Furnaces 

No  guesswork  with  these  machines — a  heat 
treating  operation  under  ''American"  Gas 
Furnace  methods  is  an  assured  success.  Every 
factor  necessary  for  the  proper  handling  of 
expensive  material  has  been  assured — perfect 
temperature  control  by  means  of  our  Auto- 
matic Controller,  even  fuel  consumption,  and 
quick,  uniform,  direct  heating.  This  furnace 
for  annealing,  hardening  and  case-hardening 
is  typical  of  ''American"  construction  and  a 
sure  producer  of  high-grade  work. 

We  make  furnaces  for  every  heat  treating 
purpose  and  they're  all  listed  in  the  catalog. 
If  you're  interested  in  better  heat  treating  re- 
sults, get  a  copy  and  select  "sure"  furnaces 
for  your  work. 

American  Gas  Furnace  Co. 

ENGINEERS  AND  MANUFACTURERS 

24  John  Street  New  York  City 


Made  in  Various  Sizes 


FtIiiiiiiiiiiiiihiiiiiiiiiiiiiii I Illllllllllllllllllllllllllllll I Illiiiiill iliiiiiiiiiiiiiiiiii I iiiiiiiii I iiiMiiiiiiiiiiiiilllirrTmT I If 


Cleveland  Horizontal  Boring,  Milling  and  Drilling  Machine 


In  this  machine  all  the  handles  are  conveniently  lo- 
cated and  are  operated  from  a  natural  working  posi- 
tion. A  single  handle  provides  a  complete  change  of 
either  feed  or  speed,  the  same  pilot  wheel  controls  both 
slow  hand  feed  and  quick  traverse  of  the  bar ;  all  speed 
and  feed  changes  are  made  while  the  machine  is  run- 
ning, spindle  can  be  stopped,  started  and  reversed  in- 
stantly. There  are  16  feeds  and  12  speeds,  all  gears 
are  steel  and  fully  enclosed. 

Full  details  on  request. 

The  Cleveland  Machine  Tool  Works 

CLEVELAND,  OHIO,  U.  S.  A. 


It^s  Always  Well  to  Be  Prepared 


Don't  run  the  risk  of  having  to  shut  down  every 
time  a  cylinder  needs  reboring — Add  an  UNDER- 
WOOD PORTABLE  BORING  BAR  OUTFIT  to 
your  equipment.  No  need  to  dismantle  the  ma- 
chine— simply  remove  the  piston,  attach  the 
Underwood  and  bore. 

We  designed  this  machine  primarily  to  fill  a  need 
in  our  own  shops  and  are  confident  there  is  work 
enough  for  it  in  yours  to  keep  it  busy  between 
emergencies. 

Send  for  Complete  Catalog  of  Underwood  Tools 

H.  B.  UNDERWOOD  &  CO. 

PHILADELPHIA        Est.  1870        PENNSYLVANIA 
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BETHLEHEM  CUTS  STEEL  WITH 
FASTEST  CUTTING  HACK  SAWS 


THAT  the  Bethlehem  Steel  Co.  uses 
STAR  BLADES  is  vitally  significant 
for  every  manufacturer  who  saws 
metal.  Because  every  tool  the  famous 
Bethlehem  plant  uses  has  first  had  to  prove 
beyond  question  its  ability  to  help  extend 
their  output  to  the  last  notch. 


You  who  are  buying  hack  saw  blades  to- 
day— whether  machine  or  hand  blades — 
must  realize  that  in  last  analysis  you  are 
not  buying  blades  at  all  but  the  output 
those  blades  will  give  you.  It  is  not  a  ques- 
tion of  getting  blades  at  the  lowest  cost,  but 
of  getting  blades  that  tvill  give  you  the 
maximum  number  of  cuts  at  the  lowest  cost. 


STAR  HACK  5AW  BLADE5 


Machine  and  Hand 

were  the  first  modern  blades  ever  manufactured, 
and  for  thirty  years  they  have  held  their  quality 
supremacy.  Hundreds  of  thousands  of  tests  have 
been  made  to  determine  out  of  thousands  of  com- 
binations exactly  what  relative  dimensions,  what 
shape  and  setting  of  teeth  and  what  kind  and  hard- 
ness of  steel  would  give  the  best  cutting  results. 

Our  special  automatic  machinery  with  its  gauges  to 
the  finest  limits  makes  possible  a  uniform  quality 
of  production  that  ordinary  methods  could  not  give 
and  an  unbelievable  quantity  production  at  a  mini- 
mum of  factory  cost.  It  is  significant  that  the  pres- 
ent standard  practice  with  other  hack  saw  makers 
was  abandoned  by  us  more  than  twenty  years  ago 


Flexible  and  All  Hard 

for  more  efficient  methods.  The  Star  line  includes 
machine  and  hand  blades — flexible  and  all  hard  for 
every  purpose.  Whatever  your  metal  sawing  prob- 
lem, there  is  a  Star  Blade  that  will  give  you  the 
greatest  cutting  efficiency  at  the  smallest  blade  and 
time  cost. 

Prove  this  fact  for  yourself  by  making  the  most 
drastic  tests  or  place  the  burden  of  proof  on  us 
and  we  will  demonstrate  the  greater  efficiency  in 
Star  Blades  to  your  thorough  satisfaction.  The 
more  difficult  the  problem,  the  more  we  will  wel- 
come the  chance  to  show  you. 

Address  our  Engineering  Department  at  200  River 
St.,  Millers  Falls. 


$500.00    FOR    YOUR    EXPERIENCE 


Our  position  as  authorities  on  metal  sawing  efficiency 
has  made  us  a  national  clearing  hou.se  of  information  on 
the  results  blade  users  are  getting  under  all  classes  and 
kinds  of  conditions.  To  encourage  this  clearing  house 
idea,  we  offer  $500.00  in  gold  for  the  best  articles  on 
"How  I  Test  Hack  Saws."  Tell  us  your  methods  In 
detail   (either  on  machine  or  hand  blades)   and  give  us 

1st     Prize $250.00 

2nd    Prize 100.00 

3rd     Prize 50.00 


your  conclusions  with  absolute  truth  and  frankness,  in- 
cluding some  of  the  records  of  your  results.  It  is  not 
necessary  to  be  a  Star  user  to  win  a  place  in  this  prize 
award.  We  want  your  experience  whatever  it  is.  Get 
your  reply  in  as  early  as  possible.  The  best  replies  will 
be  published  in  book  form  and  in  our  advertising. 
Contest  closes   November  30. 

4th     Prize $25.00 

5th     Prize 15.00 

6th    to    11th    Prizes         .  $10.00    each 


Manufactured  by  CLEMSON  BROS.,  Middletown,  New  York 

MILLERS  FALLS  CO.,  Millers  Falls,  Mass. 


SOLE    DISTRIBUTORS 
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LEES-BRADNER 

COLLET    TYPE    THREAD    MILLERS 


Part  of  the  Total   Installation  of  Lees-Bradner 
The  Accepted  Standard  For  Munition  Manu 


T^HESE  machines  will  cut  a  full  thread 
■*■  up  to  a  shoulder.  In  operation  there 
is  no  reversal  of  rotating  parts  so  that  no 
time  is  lost  on  account  of  back  lash.  The 
lead  screw  is  reversed  once  for  about  fifty 
pieces.  These  Collet  type  thread  millers 
are  adapted  for  milling  internal  or  external 


THE  LEES-BRADNER  COMPANY 


THREAD   MILLERS 


CLEVELAND,  U.  S.  A. 


GEAR   GENERATORS 


August,  1917 


MACHINERY 


117 


LEES-BRADNER 

COLLET    TYPE    THREAD    MILLERS 


Collet    Type    Thread    Millers    in    One    Plant 
facturers;  Approximately  1000  in  Operation 


threads  with  a  hob  type  cutter  in  one 
revolution  of  the  work.  The  work  is  sup- 
ported in  a  positive  opening  and  closing 
Collet.  Remarkable  accuracy  and  pro- 
duction are  obtained.  Built  in  sizes  up  to 
9M-inch  Collet  capacity.  Send  us  blue 
prints  of  the  work  under  consideration. 


THE  LEES-BRADNER  COMPANY 

CLEVELAND,   U.   S.  A. 


THREAD   MILLERS 


GEAR   GENERATORS 
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Two  Stories 

of 

American 
Independence 


ONE  is  the  story  of  National 
Independence    and    goes 
back    to   1776  when   the 
Signers  of  the   Declaration  pro- 
claimed America  free. 

The  other  has  to  do  with  indus- 
trial independence  —  the  freeing 
of  American  manufacturers  from 
the  handicap  of  uncertain  sup- 
plies. The  new  country  needed 
steel  products  of  the  highest 
grade.  Hermann  Boker  & 
Company  did  their  part  to 
establish  and  maintain  an  ade- 
quate and  accessible  supply  of 
the  world's  best  steel  specialties 
on   American  shores. 

Right  now  we  are  pushing 
Gibraltar — "The  Tool  Steel  with- 
out a  risk."  We  recommend  it, 
without  qualification,  for  thread- 
ing dies,  taps,  chasers,  punches 
and  dies,  reamers,  milling  cut- 
ters, form  cutters  and  other 
uses  where  high  speed  steels  are 
unsatisfactory.  We  stake  our 
reputation  upon  Gibraltar  Tool 
Steel.  In  the  80  years  of  our 
experience  we've  never  seen  any- 
thing better.  Try  it.  Ask  for 
the  booklet. 


[[]]]]  Independence  Hall  \^ 


NOVO   SUPERIOR 
The    Steel    without    an    equal. 

NOVO 
The  standard  in  high-speed  steel. 

INTRA 
The  non-shrinking  tungsten  alloy 
tool  steel. 

GIBRALTAR 
The    tool    steel   without   a   risk. 


H.    BOKER    &    COMPANY,   Incorporated 

Successors  to  HERMANN'  BOKER  &  COMPANY 

loi  DUANE  STREET  NEW  YORK,  N.  Y. 

CLEVELAND  CHICAGO  MONTREAL  PHILADELPHL\  BOSTON 

ESTABLISHED    1837 
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Welding 

PAYS  "BIG" 
IN  THIS  SHOP 


Pays  big  returns  be- 
cause it  bettered  the 
quality  of  the  work 
as  well  as  increased 
the  quantity  of  it. 


The  piece  is  a  wire 
basket  for  use  in  a 
dish-washing  ma- 
chine —  834  spot 
welds  in  all  being 
made  in  the  several 
baskets  that  go  into 
one  machine. 


Walker  Bros.  Company,  Syracuse,  N.  Y,,  reduced  the  time 
on  this  one  particular  job  from  eight  hours  to  seven  hours 
and  bettered  the  quality  of  their  product  beyond  compari- 
son— with  a  -MMmmf-  Electric  Welder.  The  time  to  make 
one  weld  is  about  one  second — quicker  than  it  takes  to  tell 
about  it. 

This  -:fe«s«rf  has  been  in  use  over  three  years.  It  is  a  highly 
satisfactory  installation  from  every  point  of  view.  We 
have  the  Walker  Comnany's  statement  that  it  is  indis- 
pensable for  their  work. 


•iMhms^  Electric  Welders  pay  big  returns  wherever  they  are  used.    They 
better  both  quality  and   quantity.     Let  us  tell  you  more  about  them. 

The  ^^^^^Mmmf-  Electric  Welder  Company 

WARREN,  OHIO,  U.  S,  A. 

Manufacturers  of  All  Types  of  Spot,  Butt,  Jump  and  Seam  Welders,  Electric  Welders  and  Rollers  for  Safe  Ending  Locomotive  Boiler  Tubes 
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The  airplane  has  reached  a 
point  in  its  development 
where  it  becomes,  in  the 
opinions  of  men  who  should 
know,  the  greatest  single 
factor  in  the  greatest  war 
ever  fought.  It  is  confi- 
dently expected  to  prove 
the  deciding  factor,  it  is 
already  known  as  the  "Eyes 
of  the  Army"  without  which 
that  army  is  almost  helpless. 


August,  1917 


MACHINERY 


It  is  easy  to  moralize — to  draw  a  lesson 
from  this  event  or  that — after  it  is  all 
over.  One  lesson  we  learned  quickly  from 
the  world  war,  however — the  absolute 
necessity  for  accuracy  in  manufacture.  It 
got  to  the  manufacturers  in  this  country 
fast.  It  was  an  expensive  lesson  to  some — 
a  lesson  that  once  learned  will  never  be 
forgotten. 

First  machinery,  then  shells,  now  ord- 
nance and  airplanes — where  would  we  be 
without  means  and  methods  for  duplicate 
manufacture? 

The  making  of  precision  tools  and  meas- 
uring instruments  is  a  fine  art.  G.  T.  D. 
Screw  Cutting  Tools  and  G.  T.  D.  Stand- 
ard Gages  for  both  screw  thread  and 
cylindrical  work  have  been  developed  to 
a  high  point  of  efficiency.  They  have 
helped  many  munitions  and  ordnance 
makers  over  the  rough  spots.  They  can 
help  you.  They  can  save  money  for  you. 
They  are  invaluable  if  you  make  dupli- 
cate mechanical  parts. 

Let  us  send  more  information 
on  this  subject. 


Wells 

Seli-Opening 

Die 


"iMAss.,-crsrA.  ^ 


~5>I  VISlO«r^r^f«Ufr  Bros.  Company...  Wiler  &  KuinseU  MJfi.  Ce 
■^lfi«Xp.      %.  B.  W6lt»  »:  Sou  Co.        TtuUer  &  Bttrn^H  Co.        Can 
eljs  !)«»*•  "*  Canada,  i:<'d^«alt.  «Ki, 
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Immediate  Delivery! 
When?    Now! 

A  LIMITED  NUMBER  READY  TO  BOX 

Next  to  Workmanship  and  Design 
is  Delivery.     We  have  them  ALL 

Our  lathes  have  margin  enough  to  cover  a  large  range  of  work.  Built  either 
as  shown  or  with  4-step  cone  and  single  back  gears.  Heavy ;  extremely  ac- 
curate; beautifully  finished;  all  parts  made  to  standard  jigs  and  gauges; 
all  interchangeable. 

These  lathes,  owing  to  the  large  cone  pulleys  and  wide  bearings,  are  cap- 
able of  taking  extremely  heavy  cuts  at  coarse  feed.  We  guarantee  them  to 
reduce  50  point  carbon  steel  1  3/4  inches  at  1/16  inch  feed. 

We  make    ball    bearing  drills  also, 
from  2P  to  42\    Send  for  Circulars 

THE  CLEVELAND  MACHINERY  &  SUPPLY  CO. 

General  Offices:  CLEVELAND,  OHIO 
Factories  :    HAMILTON,  O.        COLUMBUS,  O.        RICHMOND,  IND. 
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Are  Made  Right 
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EIRCE 


Taper   Test   Gage 


THESE  and  other 
T-P  small  tools 
are  standardized 
and  are  manufac- 
tured in  quantities. 
You  can  secure  du- 
plicates at  anytime. 


Hardened    Steel    V-Blocks 


:UIIIIJIIIIIIINIJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 


TAFT-PHRCE 

Tool  Room  Specialties 

In  these  days  of  shop  activity, 
any  factor  or  equipment  which 
might  help  you  keep  output 
strictly  in  line  with  promises  of 
delivery,  should  receive  careful 
consideration.  No  shop  aids 
have  proved  more  efficient  in 
this  respect  than  Taft-Peirce 
Tool  Room  Specialties.  If  you 
are  still  making  your  own,  the 
substitution  of  these  tools  will 
save  buying  extra  materials, 
save  work  in  your  tool  room,  do 
away  with  congestion  in  tool 
room  and  the  retarding  of  pro- 
duction sure  to  result.  These 
specialties,  manufactured  in 
quantities  and  standardized,  are 
unvarying  in  their  accuracy. 

A  careful  consideration  of  their  ad- 
vantages should  convince  you  that 
real  shop  efficiency  demands  their 
adoption.  Write  for  Catalogue  B 
for  further  details. 

The  Taft-Peirce  Mfg.  Co. 

WOONSOCKET         RHODE  ISLAND 

New  York,  Woolworth  Building 
Detroit,   Majestic   Building 
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Double-end    Internal    Limit   Gage 
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50,000  lbs-5-ft.3-in.diam-9y2-in.  thick 
How  Did  They  Cut  It  in  SSVz  Minutes? 


(Pholo  by   New  "l  ork  Shipbuilding  Corp.) 

It  was  cut  with  a  torch  and  gas  flame — Davis-Bournonville  Oxy-Hydro- 
gen  Cutting  Apparatus — in  the  New  York  Shipbuilding  Yards;  a  cast 
steel  rotor  14  V2  inches  thick  at  the  head,  5  inches  thick  at  the  foot, 
9V2  inches  thick  and  5  feet  3  inches  diameter  where  it  was  cut — cut  slick 
and  clean  as  shown  in  the  illustration,  in  35V2  minutes  cutting  time.  It 
would  have  taken  many  hours,  and  been  a  considerable  problem,  by  any 
other  method.  Davis-Bournonville  Oxy-Acetylene  and  Oxy-Hydrogen  Ap- 
paratus is  applied  successfully  to  the  problems  in  metal  working,  and  is 
in  use  by  most  of  the  big  metal  working  concerns — foundries,  steel 
jnills,  ship  yards,  navy  yards,  locomotive  and  car  shops,  munitions 
plants,  sheet  metal  working  factories,  etc.  Make  inquiry  about  it,  or 
write  us. 

"Davis  Apparatus"  Leads  the  World  in  Range,  Efficiency,  and  Number 

of  Successful  Users 


^m 


NEW    YORK 

BOSTON 

PHILADELPHIA 


PITTSBURGH 
CLEVELAND 
CINCINNATI 


CHICAGO  SEATTLE 

-BRANCHES-^     DETROIT  SAN    FRANCISCO 

ST.    LOUIS         TORONTO,    ONT. 

(Carter    Welding    Co.) 
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Quality    Files 

for 

Quality  Work 


AmericanSwiss 
Files 


FINE  FILING  not  only  requires  special  skill  and  a 
dexterous  touch,  but  calls  for  files  that  are  absolute- 
ly correct  in  shape  and  cut.  American  Swiss  Files 
designed  especially  for  the  finer  classes  of  work,  give 
unqualified  satisfaction  and  can  be  duplicated  accurately, 

There  are  now  more  American   Swiss    Files    in  use 
than    at    any    time  since  they    were    first    marketed. 

Specify  ** American  Swiss" 


AMERICAN  SWISS  FILE  &  TOOL  COMPANY 


24  JOHN  STREET 


NEW  YORK,  U.  S.  A. 
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"CnCn"  TURNING  STEE 

^■^V-r  ^^i^V-/  TOOL  HOLDER  BITS 

"THE  BIT  WITH  THE  GROOVE" 


What  ''CoCo''  Is  Doing 
On  Other  Jobs 


"CoCo"  Steel  does 
not  do  stunts  —  It 
does  the  work.  It 
will  do  yours  as 
well.     Ask  us. 


"CoCo  will  do  the  same  in  your  shop — will  cut  faster  or 
longer  than  other  steels.    Here  are  some  proofs : 

CoCo  is  cutting  Semi-steel  Castings  at  100  ft.  per  minute, 
cut  V2"  deep.    30  hours  continuous  service  between  grinds. 

CoCo  is  turning  Cast  Iron  Hydrant  Caps  at  169  ft.  per 
minute,  feed  %",  cut  %"  and  turns  4  hydrants  per  grind  where 
less  than  one  per  grind* used  to  be  standard. 

"CoCo"  is  turning  .40  Carbon  0.  H.  Forged  Rams  at  95  ft. 
per  minute,  feed  1/4",  cut  3/32",  turning  3  rams  in  the  same 
time  it  formerly  took  to  do  one. 

CAN  YOU  BEAT  IT? 


COLONIAL    STEEL    COMPANY 

PITTSBURGH  BOSTON         DETROIT         NEW  YORK         PHILADELPHIA  ST.  LOUIS         CHICAGO 
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BOEHM 


chasers  averages  21,000  studs, 
develop  on  this  operation. 


The 

Super-Six 

and  the 

Super 
Die  Head 


Could  you  follow  the  con- 
struction of  a  fine  mechani- 
cal creation  such  as  the 
Hudson  "Super-Six,"  you'd 
find  up-to-date  methods  and 
the  most  improved  tools  and 
machines  throughout  the 
plant.  Big  machines  or 
small,  any  device  whatever, 
only  the  best  can  be  good 
enough  if  standards  are  to 
be  maintained.  Because 
threading  is  an  important 
operation,  the  Hudson  Motor 
Car  Co.  uses  the  "Boehm" 
Die  Head  for  that  work.  The 
photograph  shows  a  %">  Die 
Head  threading  nickel  steel 
studs  ( 1/2"— 20  pitch— 1"  of 
threads)  and  giving  perfect 
satisfaction  from  the  stand- 
points of  both  the  *'big  boss" 
and  the  operator.  On  this 
work  a  set  of  "Boehm" 
pretty  good  evidence  of  the  efficiency  ''Boehm"  tools 


DIE 
HEAD 


The  "Boehm"  is  the  only  Die  Head  carrying  a  universal  taper  attachment  cam,  and 
it  possesses  the  added  advantage  of  having  the  triangular  cam  on  the  side  of  the 
head  adjustable  for  any  desired  taper  or  length  of  thread.  There  are  other  points 
of  superiority  you  should  know  about  if  you're  interested  in  better  threading  and 
lower  costs.    Let  us  send  complete  description. 


RICRERT-SHAFER   COMPANY 


612   West   12tH   Street 


KRIE,   PA.,   U.  S.  A. 


August,  1917 


MACHINERY 


129 


POSITIVE  drives  insure  intensive  production 
from  machine  tools.  Modern  machines,  motors,  high 
speed  steel  and  Link-Belt  Silent  Chain  make  continuous, 
rapid  production  a  reality—assure  the  fulfillment  of  muni- 
tion contracts,  both  as  to  output  and  character  of  product. 

The  machine  illustrated  was  made  by  the  Amalgamated 
Machinery  Corporation  for  the  Midvale  Steel  Company  to 
be  used  for  turning  296  mm.  French  shells.  The  forgings 
are  approximately  12  inches  in  diameter  and  44  inches  long, 
the  turning  time  being  19  minutes  each.  The  50  H.  P. 
Link-Belt  Silent  Chain  Drive  operating  the  spindle  is  fully 
encased  and  runs  in  a  bath  of  oil.  Carriage  drive 
in  both  directions  is  through  a  3  H.  P.  Link-Belt 
Silent  -Chain  Drive.  / 

Write  for  Link-Belt  Data  Book  No.  125,  our  128-page  pricelist. 


Link-Belt  Company 


PHILADELPHIA 


INDIANAPOLIS 


1501  Park  Bldir. 

Central  Nat'l  Bank  Bids. 

.      698  Ellicott  Square 

2d  NaflBank  Bide. 

429  Rockefeller  Bids. 

732  Dime  Bank  Bids, 

418  S.  Third  St. 


San  Francisco 

Los  Anseles  161  and  163  N.  Loa  Anu 

Denver         Lindrooth.  Shubart  &  Co..  Boston  B\dg 
Louisville.  Ky.  Frederick  Wehle.  Starks  Bldg, 

Knoxville.  Tenn.  .        .  D.  T.  Blakoy.  Empii      ■"  ' 
Birmingham.    McCrossin  &  Darrah  ~" 

New  Orleans  C.  O.  Hinz.  Hibe 

.  S.  Cothran.  Com'l  Bank  BIdK. 


[uj?Trii[nr  rr  f:  r  TFrTb? 

ST  I.  I IMII       ■■ 
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Do  You  Know  About 

Nichrome 

Nichrome  is  a  nickel-iron-Chromium  alloy  that  may  be  cast  up  to  1200 
pounds.  It  has  the  properties  of  being  hard  and  strong  while  hot, 
and  resistance  to  the  action  of  many  acids.    It  is  easily  machined. 

There  are  a  thousand  and  one  uses  for  Nichrome  in  connection  with 
apparatus  for  heat-treating  operations;  case-hardening  boxes,  dip- 
ping baskets  and  other  apparatus  that  require  strength  while  hot. 
Particularly  is  Nichrome  valuable  for  apparatus  that  must  be  alter- 
nately heated  and  cooled.  It  can  be  heated  and  cooled  repeatedly 
without  appreciable  scaling. 


Get  this  Sample 
of  Nichrome 


RETURN    TO 

ORIVER-HARRIS  COMPANY 

HARRISON,  N.J. 


We  would  like  to  demon- 
strate the  qualities  of 
Nichrome  to  you — and 
have  prepared  a  little 
sample  which  we  will 
send  for  examination.  It 
may  suggest  some  uses 
in  your  own  plant,  and  at 
any  rate,  we  would  be 
glad  to  give  you  all  the 
information  you  desire. 

Write  Us 


Manufactured 

under 

Henderson 

Patent  Number 

1,190,652 


CHICAGO 

28  So  JEFFERSON  ST 


MANCHESTER 

ENGLAND 
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One  Hundred  and  Thirty  of  These  Forgings  Per  Day  on  a 

BRADLEY  CUSHIONED  HELVE  HAMMER 

Could  any  doubter  of  Bradley  superiority  take  a  walk  through  the  shop  of 
one  of  the  largest  car  building  concerns  in  the  country  and  watch  the 
eighteen  80-pound  Bradley  Helve  Hammers  busy  at  work  there,  he'd  have 
to  change  his  mind.  A  typical  job  at  this  plant  is  forging  bridge  beam 
compression  members.  These  members  are  first  upset  on  a  forging  ma- 
chine, then  the  hammer  reduces  the  diameter  of  each  end  from  2  ¥2"  to  2". 
A  helper  heats  one  end  of  the  rod  and  the  blacksmith  does  the  reducing 
with  the  aid  of  the  simple  holding  ''rig"  noted  in  the  photograph.  260 
ends  are  forged  per  day  of  ten  hours,  or  130  complete  members.  For  over 
nine  years  Bradley  speed,  control,  power  and  economy  have  been  a  source 
of  satisfaction  to  this  concern — and  there  are  many  others  who  consider 
it  the  finest  machine  on  the  market  for  its  purpose. 

The  Bradley  line  of  hammers  includes  Horizontal  and  Upright  type  and 
the  Bradley  "Compact."     Catalogue  gives  full  particulars — send  for  it. 

C.  C.  BRADLEY  &  SON,  Inc.,  SYRACUSE,  N.  Y. 

FOREIGN  AGENTS:     France,  Belgium,   Switzerland,   Spain  and  Portugal;  Fenwick  Freres  &  Co.,  8  Rue  de  Rocroy,  Paris. 
Italy,  Taddeo  Giusti,  Modena,  Italy.     England,  Buck  &  Hickman,   Ltd.,   London. 
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MONARCH  LATHES 


Give  complete  SATIS- 
FACTION in  rapid 
manufacturing  of  dupli- 
cate parts  for  BUTTER- 
FIELD  &  COMPANY, 
Tap  and  Die  Makers  at 
Derby  Line,  Vt. 

They  have  eight  Mon- 
arch Lathes  in  use  sim- 
ilar to  illustration  be- 
low, and  they  write : 

"We  are  entirely  satisfied 
ivith  these  eight  Monarch 
Lathes.  They  are  doing 
good  work  and  they  are 
satisfactory  in  every  re- 
spect." 


View    showing    8    Monarch    Lathes    in    the    manufacturing    department    of 
Butterfield  &  Company,  Tap  and  Die  Makers,  Derby  Line,  Vt. 


Monarch  Lathes  are  giving  universal  satisfaction  in  hundreds  of  such  plants. 
Whether  for  manufacturing  of  duplicate  parts  or  for  fine  tool  work,  there  is  a 
Monarch  Lathe  that  we  guarantee  to  give  you  satisfaction  and  to  save  you 
money.    The  prices  of  Monarch  Lathes  are  reasonable.    The  quality  is  right. 


14  in.  X  6  ft.  Monarch  plain  turning  lathe  as  used  by  BUTTERFIELD  &  COMPANY  for 
duplicate  manufacturing.  Equipped  with  pan,  pump  and  piping,  automatic  length  stops,  taper 
attachment  and  compound  rise  and  fall  rests. 

Monarch  Lathes  are  built  in  all  styles  in  14-,  16-,  18-,  20-inch  swings. 

THE  MONARCH  MACHINE  TOOL  CO. 

SIDNEY,  OHIO,  U.  S.  A. 
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BAKER  Drilling  Machines 

For  Making 
Automobile 
Parts 


We  are  showing  a 
"close  up"  of  two 
Baker  Drilling  Ma- 
chines that  have 
been  doing  hard, 
heavy  drilling  in 
steel  for  years  in 
a  New  England 
automobile  plant. 


A     BAKER 


The  work  is  cast  steel  distance  rods. 
They  are  first  rough  drilled,  then 
finish  drilled,  hollow  milled  on  one 
side,  turned,  and  hollow  milled  on 
the  other.  Nothing  startling  in 
these  operations,  to  be  sure;  but 
they  throw  an  interesting  light  on 
what  machines  used  for  automobile 
building*  have  to  stand  up  to  as  a 
steady  job.  There  is  a  row  of  Baker 
Drilling  Machines  at  this  plant — 
practical,  productive,  dependable 
machines  that  lower  costs  to  the 
minimum  on  the  work  they  do. 

Baker  power,  speed,  accuracy  and 
convenience  make  a  profitable 
manufacturing  combination  no 
matter  what  your  line.  The  Baker 
limit  is  the  limit  of  what  your  tools 
can  stand. 

Let  us  work  out  your  boring  problem. 

BAKER  BROTHERS 

TOLEDO,  OHIO,  U.S.A. 
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with   or   without 
Motor   Drive 

For  use  wherever 
accurate  machining 
is   imperative 


THE  Master  Lathe  is  a  high- 
grade,  geared  head  tool  in  a 
121/2"  swing;   of  solid  con- 
struction, rigid  throughout,  and 
of  an  efficient  design. 

First  class  in  every  respect.  Is 
built  from  the  finest  materials  and 
under  conditions  ideal  for  produc- 
ing a  fine  machine.  Absolutely 
guaranteed  as  to  accuracy  of  per- 
formance and  perfection  in  work- 
manship and  material. 

The  Master  Lathe  possesses  many 
time-saving    features — in    addi- 


tion to  the  recognized  advantage 
of  the  geared  head  which  trans- 
mits power  to  the  cutting  tool 
without  belt  slippage,  etc. 

Length  of  bed  4'  SV^";  distance  be- 
tween centers,  2'  6";  speeds  of 
head  spindle  (6)  28,  46,  85,  135, 
225,  418. 

Just  now,  shipment  of  a  few 
Master  Lathes  with  pulley  drive 
can  be  made  within  ten  days  from 
the  receipt  of  order.  With  motor 
drive  attachment,  within  thirty 
days  from  receipt  of  order. 


Send  for  particulars  today 

THE  MASTER  MACHINE  TOOL  COMPANY 

110-112  WEST  40th  STREET  NEW  YORK  CITY 
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Duplex  Typeless  Die  Sinking  Machine 

Cuts  Labor  and  Time  in  Making  Drop  Forge  Dies 

H 
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Cable  "Die  Sinkc 

shows   "Duplex"   No.   6— A  vertical   Mi 
hine  with  additional  head  for  cutting  semi 
r  impressions  in  drop-forge  dies. 

"Duplex"  will  save  you  more  money  than 
r  machine  in  your  Die  Department. 

1   the   "Duplex,"  Dies   for   cranks,    camsh 
ckle  joints,   etc.,   can   be   machined   in  one 
in  one-half  to  one-tenth  the  time  require( 
ng  and  without  the  cost  of  types. 

For  prompt  delivery  write  for  Circular  and  Price. 

3N  MACHINE  TOOL  COl 

ir  Jackson"                                       JACKSON,    MICHIG 

lling 
-cir- 

any 

lafts, 

set- 
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WALCOTTS 

Lathes  of  Superior  Endurance 


Walcott  Lathes  are  particularly  productive  in 
plants  where  machine  tools  are  driven  con- 
tinually to  the  last  notch  of  capacity,  and  on 
special  demands  even  to  carry  an  overload. 
To  enable  them  to  stand  the  pace,  they  are  de- 
signed along  lines  heavier  than  generally 
followed. 

Bearings  and  wearing  surfaces  are  as  large 
as  practicable,  much  larger  than  usually  found 
on  lathes  of  corresponding  sizes.  Parts  sub- 
ject to  greatest  strain  are  reinforced,  new  fea- 
tures have  been  introduced  and  standards  of 
design  perfected.  Every  Walcott  represents 
the  results  of  35  years  of  lathe  building  and  is 
a  wonder  for  high  production  in  continuous 
heavy  service. 

Walcotts  are  made  in  sizes  from 
14"  to  28".     Send   for   circulars. 

Walcott  Lathe  Company 

Established  1881 

414-420  Jackson  St.  Jackson,  Michigan 


This  28"  machine  is  typical  of  the  line. 
Bed  Is  extremely  heavy;  there  is  a  large 
front  way  on  the  bed,  a  double  plate 
apron  with  drop  forged  gears,  rigid  com- 
pound rest,  heavy  back  gear  arm  rein- 
forced by  single-piece  gear  guard  and 
headstock.  Gears  are  enclosed,  feed  gears 
run   in  oil.    Other  features  as  distinctive. 
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'^  Facing  Motor TruckKnuckles-on  a 

COLBURN  DRILL 

The  success  of  Colburn  Heavy  Duty  Drilling  Machines  is  due  not  alone  to  their  wonder- 
ful power  and  rigidity,  though  you  will  see  them  handling  the  heaviest  work  everywhere ; 
but  to  their  convenience  and  accuracy  and  speed  on  lighter  kinds  of  work.  This  is  demon- 
strated m  the  work  at  the  Timken-Detroit  Axle  Company, 
where  Colburn  Machines  finish  a  wide  range  of  automobile 
and  truck  parts — axle  knuckles,  axles,  etc. 

On  such  jobs,  as  everywhere,  Colburn  Machines  are  real 
cost  reducers — modern  in  methods  and  economies.  Let  us 
show  you.     Suggestions  cost  nothing.     Tell  us  what  your 

problems  are  and  we'll 
do  the  rest. 

COLBURN 
MACHINE 
TOOL  CO. 

Franhlin,Pa.,U.SA. 
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GARVIN 

MILLING    MACHINES 

Made  to  Stand  Long  and  Hard  Usage 


GARVIN  No.  13  Plain  Milling  Machine 
Use  Code  Accession 


Known  for  their  Rigidity,  Sim- 
plicity, Efficiency  and  Maximum  of 
Output.  In  the  manufacture  of 
these  machines  the  best  materials 
are  used,  hardened  and  ground 
where  necessary. 

Equipped  with  our 

SQUARE  LOCKED 
SOUD  TOP  ^^J^^R'^P  KNEE 

doing  away  with  all  possibility  of 
weakness  or  chattering. 

Rigid  and  powerful  under  the 
most  exacting  cuts. 

There  are  other  exclusive 
GARVIN  Features. 

Adjustments  of  No.  13  Plain  Miller 

Table  Feed 24  in. 

In  and  Out  Adjustment 7  in. 

Vertical  Adjustment 19  in. 

Weight 1725  lbs. 

Ask  a  GARVIN  User 


FOR  FURTHER  INFORMATION  rV.?Eus''Dmf?T°'' 


MANUFACTURED  BY 


THE  GARVIN  MACHINE  CO. 

Spring  and  Varick  Streets  50  Years  in  NEW  YORK  CITY 

VISITORS  WELCOME 
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Fj^^Sl"^^^  Motors 


from  Stock 


Remember  this  when  you  plan  motor  drives  for  small 
shops.    Arrange  the  layout  for  individual  drives — 14, 
1/2,  %  H.P.— and  get    -.^o  „  ,,- 
a  stock  shipment  of      ^Phf,:  Motors 

Don't  wait  for  the  lineshafts,  pulleys,  etc.,  necessary 
for  a  group  drive.  Just  pick  up  one  of  these  little  RI 
Motors,  install  it  on  the  floor  beside  the  machine  and 
have  the  outfit  running — all  in  the  same  day. 

These  fractional  RI  Motors  have  all  the  good  mechan- 
ical and  electrical  characteristics  of  their  bigger 
brothers  (the  line  runs  up  to  20  H.P.). 

The  direction  of  rotation  of  RI  Motors  can  be  easily 
changed  by  loosening  a  screw  and  moving  the  brush 
rigging — or  if  reversible  service  is  wanted  a  four  pole 
switch  is  all  that  is  required. 

Ask  our  nearest  office  about  stock  shipments  on  the 
RI  Motors  in  the  \i,  1/2  and  34  H.P.  1800  R.P.M..sizes. 


General  Electric  Company 


General  Ofl&ce : 
Schenectady,  N.  Y. 


Sales  offices  in  all 
large  cities 
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^  CARTRIDGE 

MACHINERY 

Waterbury  Fanrel 
Standard 

Machines 


Standard  Loading  Machine  in   Government  Arsenal 


The  Waterbury  Farrel  Foundry  &  Machine  Co.,  of  Waterbury,  Conn.,  U.  S.  A., 
has  appointed  me  to  be  the  sole  manufacturer  for  export  of  their  entire  line  of 
Cartridge  and  Shot  Shell-Making  Machinery.  Proposals  and  Estimates  covering 
complete  plants  or  separate  units  required  for  export  will  be  furnished  on  request. 

FREDERICK   S.  BLACKALL 


WOOLWORTH    TOWER 


NEW    YORK,  U.  S.  A. 
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Combination  Grinder  with  exten- 
sion removed  and  Angle  Plate 
fitted  for  external  work 


Tool  Post  Grinder.  Ten  styles 
and  sizes 


Hand  and  Breast  Drill. 
Twelve  styles  and  sizes, 
%-    to    %-inch    capacity 


Angle    Plate    Grinder.      Five 
sizes,   %   to  3  HP. 


iliiii.ilioii    Intf-rn.-il    and    External 

Grinder.     Two  sizes, 

%   and   %  H.P. 


Hand  Drill.  Eight  styles  and  speeds 


HISEY 

Electric  Machine  Tools 


Ball  Bearing  Floor  Grinder. 
Five  sizes,   %  to  5  H.P. 


Most  Complete  Line  of  Hand  and 
Breast  Drills,  Radial  Drills,  Sensitive 
Bench  Drills,  Portable  Hand  Grinders, 
Buffers,  Bench  and  Pedestal  Grinders, 
Beveling  and  Glass  BlockingMachines. 

Complete  catalog  No.  12  on  request. 


The  Hisey-Wolf  Machine  Co. 


CINCINNATI, 
OHIO,  U.S.A. 


Heavy  Duty  Drill.     Seven   sizes,    V2-   to 
2% -inch  capacity 


New  York 
Office: 

50  Church 
Street 


Ball  Bearing  Bench  Grinder.     Four  sizes, 
%    to   3    H.P. 
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Trade  Mark  It«g,   U.   S.  Pat.   Office 

Universal  Grinder 

We  know  of  no  tool  room  or  general 
grinding  job — surface,  cylindrical,  in- 
ternal— within  the  capacity  of  a  ma- 
chine of  this  size  that  the  Greenfield 
Grinder  cannot  handle  easily  and  ef- 
ficiently. We  have  made  the  "Green- 
field" a  rigid,  accurate,  smooth  running 
machine,  and  supply  as  regular  equip- 
ment attachments  which  make  it  a 
truly  universal  grinder.  Changes  from 
one  job  to  another  are  quickly  made; 
controlling  wheels  are  directly  in  front 
of  operator  no  matter  what  the  set-up. 
The  Greenfield  Grinder  is  conceded  by 
experienced  operators  to  be  one  of  the 
most  practical  and  economical  all- 
around  grinders  on  the  market. 

Write  for  the  catalog. 

THE  GREENFIELD 
MACHINE  COMPANY 

GREENFIELD,       MASS.,  U.  S.  A. 


Safety  First  and  Always 


There  can  be  no  grind- 
ing wheel  accidents  in 
the  shop  equipped  with 
Safety  (Grinding  Wheels 
and  Safety  Collars. 
These  wheels  are  tested 
at  the  factory  at  speeds 
50  per  cent  higher  than 
actual  practice  demands, 
and  they're  held  in  the 
collars  with  such  a  bull- 
dog grip  that  pieces 
couldn't  possibly  fly,  even 
though  the  unusual  hap- 
pened, and  a  wheel  did 
break.  They  are  per- 
fectly safe  at  maximum 
speed.  You  owe  it  to 
your  workmen  to  make 
your  shop  safe;  you  owe 
it  to  yourself  as  a  sound 
business    investment. 


Full  Line   of  Wheels,   Qrinding  Machines 
and  Qrinding  Room  Equipment  in  Catalog. 

THE  SAFETY  EMERY  WHEEL  COMPANY 

SPRINGFIELD,  OHIO,  U.S.  A. 


Perfection  Cylinder  Grinder 

Strong,   Durable,  Convenient 

Designed  for  auto- 
mobile cylinder 
grinding  on  hollow 
spindle  lathes  swing- 
ing 14"  or  over.  Has 
centering  device, 
micrometer  adjust- 
ment, is  easily  set 
up  and  detached. 
Two  models. 

Write  for  Details 

W00D:&  SAFFORD  MACHINE  WORKS 

GREAT  FALLS  MONTANA 


REAL  GRINDING  lECONOMY 

Wet  and  Dry  Grinders  aie  equally  essential  in  most  shops — 
but   buying  two  machines  seems  extravagance. 

Here   is  the   solution — 

The  Bridgeport  Combination 
Wet  and  Dry  Grinder — 

a    complete    Wet    Tool 

Grinder    at    one    end — 

a   Dry   Grinder   at   the 

other — does    the    work 

of      two      machines — 

costs  little   more   than 

one.    3  sizes — belt  or  motor 

driven.     See  our  exhibit  at 

Foundrymen's     Convention, 

Boston,    September   25th   to 

28th,    1917,    Booth    No.    273, 

Section  C 

The  Bridgeport  Safety 
Emery  Wheel  Co.,  Inc. 

Bridgeport,  Conn.,  U.  S.  A. 
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FRASER  UNIVERSAL  GRINDER 


The  Logical  Machine  for 
Varied  Grinding 


No  other  similar  machine  offers  greater 
speed  and  all-round  convenience  in  changing 
from  one  set-up  to  another  than  the  "Fraser." 
It's  only  a  matter  of  a  few  minutes,  after  fin- 
ishing an  internal  grinding  operation,  for 
instance,  to  make  ready  for  either  cylindrical 
or  surface  work. 

For  internal  grinding,  capacity  is  8"  outside 
diameter,  for  cylindrical  grinding  8"  diam- 
eter by  20"  length,  for  surface  grinding  work 
up  to  6"  in  width  and  20"  long. 
Some  of  the  more  striking  features  of  de- 
sign are:  Variable  table  movement  as  low 
as  %",  large  bearings,  double  end  wheel  tak- 
ing spindle  for  wheels  up  to  1/2"  f3.ce  and  8" 
diameter,  box  type  base,  three  point  suspen- 
sion for  upper  part  of  machine,  unit  con- 
struction of  apron  permitting  feed  mechan- 
ism to  be  removed  as  a  unit,  two  wheel 
speeds,  four  table  speeds,  five  work  rotation 
speeds.  Let  us  tell  you  all  about  the  possi- 
bilities of  the  "Fraser"  for  fine  grinding  on 
tools,  gauges,  jigs  and  fixtures  as  well  as  for 
production  work  within  its  range. 

Detailed  description  on  request. 

THE  WARREN  F.  FRASER  CO. 

Freeport  Street  BOSTON,  MASS.       | 
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The  Connecticut  Universal  Grinder 


EXTERNAL,  internal,  surface  and  cutter  grind- 
ing can  be  handled  on  this  machine  with  re- 
markable ease  and  adaptability.  The  unique 
column  construction  allows  the  table  to  swing  in  a 
complete  circle,  and  with  the  head  fastened  to  the 
column,  any  position  is  available  without  twisting 
the  belt.  The  Universal  Headstock  is  fitted  with 
draw-back  attachment  to  receive  special  collets  for 
grinding  small  cylinders — a  valuable  feature  for  tool 
room  work. 

Middlesex  Machine  Works 


MIDDLETOWN 


CONN.,  U.  S.  A. 


^PRODUCTION 


SURFACE 
GRINDER 


Adjustable  Taper  Spindle 

All  Surfaces  Hand  Scraped 

Graduated  Feeds 

Surface  of  Platen  15  x  5  in. 
Traverse  Movement   8   in. 
Vertical   Movement  9   in. 
Stone  6  X  1/2  X  1/2  in. 
Speed  of  c/shaft  400  r.  p 
Weight  435  lbs. 
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Write  for  Catalogue 


NEW  JERSEY  MACHINERY  EXCHANGE 


NEWARK 


NEW  JERSEY 
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This  Substitute  is  Better  than  the  Original 

DIAMO-CARBO  Emery  Wheel  Pressers  wear  longer  and  give  more  uniform 
service  than  diamond  point  dressers,  We'll  send  you  one  on  trial,  to  prove 
it,  if  you  are  willing  to  be  convinced.  Diamo-Carbo  is  much  less  expensive 
than  diamond  points — so  much  so  that  each  wheel  can  have  its  own  dresser. 

The  quality  is  uniform,  which  can  not  be  said  of  diamond  point  dressers, 
since  the  shortage  of  diamonds  puts  many  inferior  stones  on  the  market. 
Send  trial  order  today. 

To  he 


DESHOND-STEPHAN  MFG.  CO. 


Number  3,  10  inches  long $3.50 

Number  5,  12  inches  long $4.00 


URBANA,  OHIO,  U.  S.  A. 


The  Canadian  Deamoud-SWyban  MTg.  Co.,  Ltd., 


We  Will 

Gladly 

Send  a 

Copy  of 

Catalogue 

Listing 

Our 

Entire 

Line. 


^"'VC 


Wheel  that 
Corapleies 
aGood 
.  Grinder  A 


The  wheel's 
the   thing. 
Youcan"get 
by"  with  most 
any  machine; 

but  it's  the  wheel,       ^'^■i^^"/C| 
after  all,  that  does 
the   work.      Star   Grinding 
Wheels    complete    a    good 
machine.     They  are  accur- 
ate,  uniform  in   quality,    long   wearing 
— and  they're  needed   in   every  shop. 


STAR  CORUNDUM  WHEEL  CO. 

DETROIT  MICHIGAN 


Schmidt's  Internal  Grinders 


<^^ 


Dept.  C 


Equip  NOW 

Here    is    a   grinder 
that      sells     at     a 
popular    price    and 
does    the    work    of 
machines  costing  three 
times  as  much.  Designed 
lo   grind   worn   automo- 
bile   cylinders    and    do 
other  internal  grinding. 
There    is    a    handsome 
profit  in  cylinder  grind- 
ing. 

Write   for   Particulars. 

B.  L.  SCHMIDT  CO. 

Davenport,  Iowa,  U.S.A. 


A  Whole  Grinding  Department 

The  Thompson  Universal  Grinder  combines 
in  a  single  machine  means  for  handling  every 
possible  grinding  operation  within  ordinary 
range.  The  head  is  fixed,  work  table  being  ad- 
justable to  any  position  to  the  wheel,  rendering 
possible  plain  grinding,  surface,  edge,  die, 
cutter  and  internal  grinding.  It's  truly  a  uni- 
versal machine  with  a  full  measure  of  strength, 
accuracy  and  convenience  incorporated  to  in- 
sure  high   working  efficiency. 

Write  for  fall  particulars. 

The  Thompson  Grinder  Company 

SPRINGFIELD  OHIO,  U.  S.  A. 


PATENTED 


A  Tryout— A  Big  Reorder 

Invariably  a  trial  (sometimes  a  skeptical  one)  of  this 
improved  dresser  means  a  big  reorder.  The  largest 
.sliops  in  the  country  recognize  the  superiority  of  the 
"Brandenburg"  Emery  Wheel  Dresser,  and  are  adopt- 
ing it  because  the  "Brandenburg"  measures  up  to  their 
rigid  requirements. 

THE  "BRANDENBURG" 

is  a  cost  cutting,  efficient  dresser,  in  which  tlie  cutters 
are  automatically  lubricated  by  flake  graphite  fed  from 
the  hollow  handle.  Greatly  saves  the  cutters  and 
eliminates  the  cost  of  lubrication.  Standard  cutters  are 
used.     Let  us  help  you  cut  costs. 

THE  HETHERINGTON-McCABE  CO. 

PIQUA,  OHIO,  U.  S.  A. 
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Above  cut  shows  our  No.  48  Motor 
Driven  Grinding  Machine.  It  is  built  to 
do  the  heaviest  kind  of  grinding  and 
especially  in  steel  foundries. 

Size  of  wheels  24  x  4"  Weight  about  4000 1  bs. 
Size  of  journals  15x3/^"  H.  P.  of  motor  10 

As  shown  above,  it  is  equipped  with  Ransom 
Patent  Speed  Controller  and  without  guards. 
Different  types  of  guards  can  be  furnished. 

//  interested,  send  for  our  Catalogue. 


Ransom  Manufacturing  Co. 

OSHKOSH,  WISCONSIN,  U.  S.  A. 


Tell  Us  What  You  Grind 


and  we  will  tell  you 
the  wheel  to  use.  Un- 
less you  get  the  wheel 
made  for  the  partlcu- 
1  a  r      grinding 
you  do,  results 
cannot   be    the 
best  —  there- 
fore    Sterling 
Service     goes 
with  Sterling 
Wheels.     Cata- 
log. 

The  Sterling 
Grinding  Wheel  Co. 

TIFFIN,  OHIO 

SelllDeteency:  NewVork.75  Barclay  SI. 
CMcaeo  Store:  30  N.  Clinton  St. 


Burr  No.  1  Portable  Shaft  Keyseater 


c>=^^ 


This   machine    cuts   absolutely   ac- 
curate  keyseats    up    to    5"    in    diam- 
eter and  12"  in  length  without  reset- 
ting.    It  operates  without  chatter  or 
jar,    is   very   fast, 
easy  to  set  up  and 
remove,    and    can 
be    used    in    prac- 
tically   any    posi- 
tion.     Has    auto- 
matic    feed     and 
adjustable     depth 
gauge. 

JOHN  T.  BURR  &  SON 

4  29  Kent  Ave..  Brooklyn,  N.  Y. 


To  Keep 
Your  Tools  in 
Cutting 
Order — 


;^T^^v^ 


SIMMONS  UNIVERSAL  TOOL 
AND  CUTTER  GRINDER 

You  know  the  advantages  of  sharp  tools;  but  do  you 
know  the  merits  of  the  Simmons  Tool  and  Cutter 
Grinder?  It  not  merely  keeps  tools  sharp,  but  puts 
an  accurate  edge  on  them.  In  addition  to  grinding 
cutters,  reamers,  counterbores,  twist  drills,  etc.,  it  is 
adapted  for  cylindrical  and  internal  grinding.  The 
efficiency  of  the  Simmons  "Universal"  includes 
prompt  delivery  service. 

Write  for  description. 

SIMMONS  MACHINE  COMPANY,  Inc. 


987    Broadway 
ALBANY,  N.  Y. 


1001    Singer    Bldg. 
NEW  YORK  CITY 
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THE  MINSTER  HI-DUTY  DRILL 

This   new   machine   has   a 
wide   range   of   feeds   and 
speeds,  covers  a  broad  field 
of   drilling  and   is   de- 
signed to  meet  require- 
ments of  modern  work. 
The  massive  column  and 
heavy     table 
give    ample 
rigidity  for 
heavy  duty;  a 
special  spindle 
construction 
provides  for 
small     high 
speed     drilling 
as     well     as 
heavy   work  ; 
flood     lubrica- 
tion   of    all 
gears,    ball 
thrust    bear- 
ings on  pulley 
and    spindle 
and    correct 
balance  insure 

smooth   running.     Driving  pulley   speed   550 
R.  P.  M.   Drills  in  solid  steel  up  to  2i/>". 

THE  MINSTER  MACHINE  CO. 


MINSTER 


OHIO,  U.S.  A.  I 
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The  GRAND  RAPIDS  No.  2 

A  Really  Universal  Grinding  Machine 


Not  a  toy— Not  a  makeshift — Not  "The  best  possible   for  so  low  a  price" — But  THE   BEST 
MACHINE  FOR  YOUR  TOOL  ROOM  IRRESPECTIVE  OF  PRICE— And  yet  the  price  is  low. 

Fully  illustrated  circular  free  on  request — Don't  fail  to  ask  for  yours. 

GRAND  RAPIDS  GRINDING  MACHINE  CO.  ^^>.^,^^^^S^X!£»^iS:^i,.  s  a 


A  Modern  Grinder  at 


You  can  grind  almost  anything 
with  the  Wells  No.  184  Cutter  and 
Reamer  Grinder,  and  the  Swivel 
Table  permits  grinding  at  any 
angle. 

Cup  wheels  can  be  used  as  easily  as 
any  other  as  the  swivel  table  is 
fitted  with  vertical  adjustment — an 
advantage  which  no  other  low- 
priced  tool  grinder  possesses.  The 
table  revolves  entirely  around  the 
head,  the  slides  have  both  hori- 
zontal and  transverse  movement, 
and  the  top  slide  swivels  for  taper 
work.  All  slides  are  hand  scraped 
and  fitted  with  gibs  for  taking  up 
the  wear.  Suindle  is  ground,  thor- 
oughly protected 
by  dust  caps  and 
has  spring  take-up 
for  end  thrust. 

A  rapid  and  de- 
pendable machine 
for  general  shop 
use. 


a  Moderate  Price 


Wells  Grinder  No.  184 


Complete  line  in 

Catalog  11 

Send  for  it   now— 

don't  wait 


F.  E. WELLS  &  SON  COMPANY,  Greenfield,  Mass.,  U.S.A. 
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Full  details 
on  request 


A  Pull  to  Start- 

A  Push  to  Stop 


Simplicity  is  a  dominant  characteristic  of  the  Reid 
No.  2  Surface  Grinder  and  its  influence  is  direct 
in  promoting  ease  and  convenience  of  operation. 
A  pull  on  a  rod  operating  from  the  center  of  the 
longitudinal  feed  wheel  starts  the  machine,  a 
push  stops  it.  Table  travel  is  automatic  in  either 
direction  and  can  be  reversed  by  dogs  at 
the  front  side  of  the  table  that  trip  the  revers- 
ing lever.  Feed,  which  is  positive,  may  be  set  to 
operate  at  end  of  each  stroke  or  at  the  end  of  a 
complete  forward  and  return  stroke,  and  may  be 
varied  from  0.007"  to  0.084".  The  machine  is  de- 
signed for  production  grinding  as  well  as  tool- 
room operation  and  will  handle  work  up  to  18" 
length,  6"  width  and  12"  height.  Wheel  spindle 
takes  wheels  up  to  7"  diameter,  1/2"  face  and  %" 
hole. 


Boston  Scale  &  Machine  Co. 


381-389  Congress  Street 


BOSTON,  MASS. 


Piston  Rings  for  Hudson  Cars 

Piston  ring  production  has  reached  such  unprecedented  fig- 
ures that  manufacturers  of  such  parts  have  eagerly  ac- 
cepted a  machine  which  will  increase  the  output,  remove 
stock  quickly  and  hold  to  a  limit  of  .0005",  with  a  per- 
fect finish. 

Persons-Arter  Grinders 


are  the  machines  which  get  the  prefer- 
ence in  so  many  shops  because  of  their 
exceptional  speed,  accuracy,  conveni- 
ence and  economy.  You  undoubtedly 
have  work  that  could  be  handled  to 
better  advantage  on  Persons-Arter 
Grinders.  Tell  us  what  you  grind — 
will  be  glad  to  point  out  the  improve- 
ment these  machines  will  insure. 

Send  for  catalog,  too. 

THE  PERSONS-ARTER 
MACHINE    COMPANY 

WORCESTER  MASS. 
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"Sterling"  Grinders 


"Sterling"  Grinders  are  well-designed,  carefully  built  machines  that  can  be 
depended  upon  for  close  accuracy  and  speedy  production  on  any  work 
within  their  range.  They  are  simple  machines — highly  skilled  operators 
are  not  necessary  to  secure  best  results. 

Universal  Tool  and  Reamer  Grinder 

Completely  universal  in  all  movements.  The  table  revolves  entirely  around 
the  head,  permitting  the  use  of  the  wheel  at  any  desired  angle.  Gibbed 
slides  take  the  travel  of  the  knee,  which  revolves  around  a  center  column, 
and  which  can  be  locked  securely  in  position  before  moving  the  knee. 
This  feature  is  very  important  on  work  requiring  close  accuracy.  It  will 
pay  to  look  into  some  of  the  possibilities  of  this  little  machine. 


Plain,  Universal  or  Crankshaft  Grinder 

A  heavy  machine  for  manufacturing  purposes;  hand 
or  power  feed  table;  takes  work  up  to  50  inches  be- 
tween centers;  three  point  suspension  is  a  feature,  by 
means  of  which  weight  is  carried  at  the  same  points 
and  strains  always  come  through  the  same  channels; 
many  other  advantages.    Prompt  deliveries. 


Ask 

for 

details. 


McDONOUGH  MFG.  CO. 


Machine  Tool  Department 

EAU    CLAIRE,    WIS. 


YOUNG,  CORLEY  &  DOLAN,  Incorporated  J^'e^w^^IcT.^? 

NEW  YORK  AND  EXPORT  AGENTS 

L.  R.  MEISENHELTER  MACHINERY  CO.,  PhUadelphia,  Pa. 


Ott  Universal  Grinding  Machine 


This  machine  supplies 
the  need  for  a  fast, 
accurate,  economical 
grinder  for  universal  ap- 
plication. Wheel  arrange- 
ments for  face,  surface 
and  internal  grinding  are 
ideal,  the  machine  is  ex- 
ceptionally easy  to  con- 
trol, and  is  strongly 
and  rigidly  constructed 
throughout  to  give  a  long 
life  of  continuous  ser- 
vice. For  work  within  a 
range  of  9"  x  26"  it's  the 
superior  of  many  larger, 
higher  priced  machines. 

Full  details  should  interest 
you.      Write. 


OTT  GRINDER  CO., 


Main  Office 
and     Works 


Indianapolis,  Ind. 
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The  BESLY  GRINDER  will  do  MORE  WORK  with  LESS 
FATIGUE  than  any  other  disc  grinder  on  the  market 

"YVI-IY'?     Because   the    Besly   GEARED    Lever   Feed  WorKtable 
•      (Patented)   g'ives  three  to  five  times  greater   leverage, 
maKing  the  ^A/^orK  that  much  easier  for  the  operator. 


."^^^^^H 

^ 

\^^m 

ml 

J 

'.Sr' 

n^l 

■               ^^Hb 

514 

<^.' ^^^^^^^^^^^^^^Hi^i^^^^^B 

I^Kes^ 

Rear  View  of  Besly  GEARED  Lever  Feed  Worktable,  with  gear  cover  removed  to  show  construction 


Avoid  the  old  style  link  motion 
lever  feed  with  long,  unhandy 
fixed  lever  and  small  ratio  of 
leverage  offered  by  imitators. 

Insist  on  the  Besly  GEARED  mo- 
tion lever  feed  with  short,  handy, 
adjustable  lever  and  large  ratio  of 
leverage. 

Besly  construction  gives 

MAXIMUM  LEVERAGE 
MINIMUM  FATIGUE 

CHARLES  H.  BESLY  &  CO. 

120-B  North   /pESI^     CHICAGO 
Clinton  Street    v  Chicago  J      U.  S.  A. 

{Originators  of  Disc   Grinders) 
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Mostly  Figures — 

and  Worth  Looking  Over 


We  are  indebted  to  the  Robbins  & 
Myers  Company,  Springfield,  Ohio, 
for  facts,  figures  and  photographs 
of  some  remarkably  good  grinding 
operations.  The  work  is  point  30 
Corona  Steel  armature  shafts 
12.899"  long  with  nine  diameters 
to  turn  as  follows  : 


1st 
2nd 
3rd 
4th 
5th 
6th 
7th 
8th 
9th 


Diameter: 

length 
Diameter: 

length 
Diameter: 

length 
Diameter: 

length 
Diameter: 

length 
Diameter: 

length 
Diameter: 

length 
Diameter: 

length 
Diameter: 

length 


0.6875' 
0.968" 
0.798" 
1.157" 
0.875" 
0.625" 
1.001" 
1.391" 
1.125" 
1.094" 
1.001" 
4.703" 
0.8135' 
1.312" 
0.7876' 
0.531" 
0.6595' 
1.118" 


+  0.0005" 
+  0.005" 
+  0.002" 
+  0.005" 
+  0.001" 
+  0.005" 
+  0.000" 
+  0.005" 
+  0.005 " 
+  0.005" 
+  0.000" 
+  0.005" 
+  0.000" 
+  0.005" 
+  0.001" 
+  0.005" 
+  0.0005" 
+  0.005" 


-  0.000" 
•  0.005" 

-  0.000" 
0.005" 
0.000 
0.005" 

-  0.0005" 

-  0.005 
0.005" 
0.005" 

-  0.0005" 

-  0.005" 

-  0.0005" 

-  0.005" 

-  0.000" 

■  0.005" 

-  0.000" 

■  0.005" 


The  Norton  Limit 

is  the 

Grinding  Limit 


The  operator  grinds  50  to  60  shafts 
on  one  diameter,  then  dresses  the 
wheel  and  grinds  the  next  diam- 
eter until  the  shaft  is  completed, 
dressing  the  wheel  between  each  di- 
ameter. The  wheel  used  is  a  14"  x 
21/4  Norton  24-M.  Wheel  speed, 
5500  feet  per  minute;  work  speed 
70  feet  per  minute.  Output  per  11- 
hour  day,  110  complete  shafts. 

Let  us  tell  you  more  about  Norton 
Grinding — show  what  it  can  do 
for  you. 


NORTON  GRINDING  COMPANY,  Worcester,  Mass.,  U.S.A. 

CHICAGO    STORE:     11   North  Jefferson  Street 

AGENTS:  Vonnegut  Machinery  Co.,  Indianapolis.  Ind.  Robinson.  Cary  &  Sands  Co.,  St.  Paul,  Minn.;  Duluth,  Minn.  Manning,  Maxwell 
&  Moore,  Inc..  .St.  Lonis,  Mo.  Henry  Prentiss  &  Co.,  Inc.,  New  York.,  N.  Y,,  Boston,  Mass..  Buffalo.  N.  Y.,  Rochester,  N.  Y.,  Syracuse. 
^.  Y.,  Scranton,  Pa.  The  Motch  &  Merryweather  Machinery  Co.,  Cleveland,  O.,  Detroit,  Mich.,  Pittsburgh,  Pa.,  Cincinnati,  O.  Ecclea  & 
Smith  Co.,  San  Francisco.  Cal.,  Los  Angeles,  Cal.,  Portland,  Ore.  The  Canadian  Fairbanks-Morse  Co..  Montreal,  Que.,  Toronto,  Ont,  Van- 
couver B.  C.C.  T.  Patterson  Co.,  Ltd.,  New  Orleans.  La.  Kemp  Machinery  Co.,  Baltimore,  Md.  \V.  E,  Shipley  Machinery  Co.,  PhUadelphia, 
Pa.  Alfred  Herbert.  Ltd.,  Coventry,  England,  Paris,  France,  Milan,  Italy.  Post  Van  der  Burg  &  Co.,  Rotterdam,  Holland.  The  F.  W. 
Home  Company,  Tokio,  Japan.     Iznosskoff  &  Company,  Petrograd.  MoBcow   and   Ekaterinburg,    Russia.  N-3 
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The  Diamond  Surface  Grinder  in  the 
National  Scale  Works 

The  biggest  thing  in  sight,  in  this  corner  of  the  toolroom 
at  the  National  Scale  Company's  shops,  is  the  Diamond 
Surface  Grinder. 

It's  a  big  producer — "  ...  a  wonderful  producer,"  they 
call  it  in  a  recent  letter,  and  add  that  it  is  giving  them 
"excellent  satisfaction." 

In  the  National's  shop  the  "Diamond"  is  used  princi- 
pally for  grinding  the  sides  of  dies,  from  the  rough,  and 
for  re-sharpening — an  average  of  .005  to  1/16"  of  stock 
being  removed  from  each  surface. 

Such  work  is  by  no  means  the  extent  of  the  "Diamond", 
range.  It  gives  excellent  service  on  surfacing  anything 
from  cutlery  to  castings. 


DIAMOND  SURFACE  GRINDKRS 

are  easy    to   operate,  accurate, 
rapid  and  ecouumical. 


DIAMOND 


Complete   Catalogue 
on  Request. 


COMPANY 


•  /O  .-w-KMlPAMi 
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For 

Accurate 

Work 


You 
Will 
Need 


S.A.S.  PRECISION  TOOIS 


Made  by  Skilled 

Workmen 
Who  Thoroughly 

Appreciate 

the  Demand  for 

High  Grade  Tools 


Superior  in  Materials  and  Finish 
Built  for  Endurance 

IVnte  for  Description  and  Prices 


SLOCUM,   AVRAM   &   SLOCUM 
LABORATORIES,  Inc. 


550  West  21st  Street 


NEW  YORK  CITY 
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LANDIS 


We'd  like  to  send  you  the 
catalogue  and  show  you 
just  what  to  expect  from 
LANDIS  Grinding  Ma- 
chines. Send  drawings 
along  for  figures  —  we'll 
be  glad  to  prepare  them. 
Grinding  machines  for  all 
manufacturing    purposes. 


LANDIS 

TOOL 

COMPANY 

Main  Office  and  Works 

WAYNESBORO 
PA.  U.  S.  A. 


It's  Not  Difficult 

to  Secure  New 

Business 

Not  when  you  can  refer  New  Busi- 
ness to  Old  Business — not  when  the 
machines  in  use  back  up  the  claims 
you  make  for  the  machine  you  hope 
to  sell. 

And  that  is  why  it  is  easy  to  sell 
LANDIS  Grinding  Machines  to  men 
who  have  work  for  them  to  do. 
LANDIS  Grinding  Machines,  in  use 
all  over  the  world,  back  up  every 
claim  we  make  for  them.  They  are 
correct  in  design — the  grinding  wheel 
travels  and  the  work  table  is  sta- 
tionary— production  is  large — accu- 
racy is  just  as  close  as  you  may  want 
to  make  it — finish  is  unsurpassed. 

More  weight,  less  floor  space.  More 
work,  less  wheel  expense — and  it  is 
all  in  the  design.  Ask  any  LANDIS 
user. 
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Grinding  ^^Big  Four''  Piston  Rods 


THIS  photograph  was  taken  in  a 
large  eastern  railway  shop  and 
shows  a  "Big  Four"  piston  rod 
being  ground  on  a  NORTON  machine 
and  with  a  NORTON  wheel. 

The  wheel  used  is  a  24  x  3%  x  5",  24 
combination,  grade  M,  ALUNDUM, 
and  is  giving  satisfactory  results. 

Under  slightly  different  conditions  a 
24  combination  L  ALUNDUM  has 
also  proven  satisfactory. 


NORTON  COMPANY 

WORCESTER,  MASS. 


Ne^v  York  Store 
151  Chambers  St. 


ELECTRIC  FURNACE  PLAINTS 

Chippawa,  Ont.,  Can. 
Niagara  Falls,  N,  Y. 


Chicago  Store 
UN.  Jefferson  St. 


\o\ 
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The  New  YANKEE  I  I 
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Five  Years'  Heavy  Work  for  this 

BLANCHARD 
GRINDER 

The  Blanchard  is  a  rapid 
producer.  These  chilled 
cast  iron  mouth  pieces  for 
retorts,  for  example,  are 
faced  off  on  one  side  at  the 
Leetsdale  plant  of  the 
Riter-Conley  Mfg.  Co., 
Pittsburgh,  Pa.,  at  an 
average  of  twenty  min- 
utes per  piece.  From  each 
one  of  these  mouth  pieces 
Vs  of  an  inch  of  chilled  cast 
iron  is  removed,  enough  to 
square  up  and  clean  up  the 
surface. 


The  all  over  size  of  the  face  is  approximately  twenty  inches  by  thirty  inches,  and 
the  flange  is  one  and  one-half  inches  wide. 

This  Blanchard  Grinder  has  been  run  by  comparatively  inexperienced  labor  since 
1912,  and  has  given  excellent  satisfaction.  We  can  show  you  thousands  of  illus- 
trations of  Blanchard  grinding  varying  from  work  as  large  as  this  down  to  the 
smallest  of  punchings  from  thin  sheet  metal,  all  handled  efficiently  and  economic- 
ally as  well  as  accurately. 

Let  us  send  more  details. 

THE  BLANCHARD  MACHINE  COMPANY 


64  STATE  STREET 


CAMBRIDGE,  MASS.,  U.  S.  A. 


DOMESTIC  AGENTS:  Henrv  Prentiss  &  Co.,  Inc.,  Motch  &  Menywcather  Machinery  Co.,  Marshall  &  Huschart  Machinery  Co.,  W.  E.  Shipley 
Machinery  Co.,  Kemp  Machinery  Co.,  Robinson,  Cary  &  Sands  Co.,  Pacific  Tool  &  Supply  Co.  CAN.\r).\:  Williams  &  Wilson,  Ltd.,  A.  B. 
Williams    Machinery    Co.,    Lttl.      GHEAT    BRITAIN:     Burton,    Griffiths    &Co.,    Ltd.    FRANCE;    An.':   Forges   de   Vulcain. 
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What  is  Y-O-U-R 
Grimdiiig'  Problem? 


TF  you  are  facing  a  grinding  prob- 
-*-  lem  you  are  facing  a  need  for 
AMERICAN  GRINDING  WHEELS. 

We  can  solve  that  grinding  problem 
for  YOU  if  you  will  put  it  up  to  us. 

0\ir    Service    Department    is 
Mraitin^  for  a  line  from  YOU. 

AMERICAN  EMERY  WHEEL  WORKS 

PROVIDENCE,    R.    I. 
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TheyVe 
Gardner-ground 


Interest  in  this  job  centers  about  the  facts 
of  close  accuracy  and  unusual  speed.  The 
operator  is  grinding  an  over-all  width  of 
3.4375"  on  universal  joint  housings,  allov^- 
able  error,  plus  or  minus,  0.0005".  This 
machine  is  a  Gardner  Grinder — built  like 
all  Gardner  machines,  to  grind  accurately 
under  all  conditions.  The  vv^heels  used  are 
Norton  20-K,  16"  x  4"  x  10",  driven 
smoothly  and  evenly  in  the  regular 
Gardner  v^^ay,  at  a  speed  of  1000  R.  P.  M. 
Output  is  800  accurately  and  economically 
ground  housings  per  10-hour  day. 


800  Universal  Joint 
Housings  in  10  Hours 

There  is  no  quicker,  surer  w^ay 
of  securing  a  smooth,  accurate 
finish  than  Gardner  grinding — a 
statement  v^e  are  ready  to  prove 
as  soon  as  you  give  the  word. 
"Procrastination  is  the  thief  of 
time" — and  profits.    Write  us. 

THE  GARDNER 
MACHINE  COMPANY 

The  Largest  Manufacturers  of 
Disc    Grinders     in    the    World 


BELOIT 


WISCONSIN 
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"ABRASIVE"  GRINDING 

EXCLUSIVELY 


WHEELS 


Mr.  Storekeeper  in  one 
of  the  steel  casting  com- 
panies has  seen  a  good 
many  grinding  wheels 
come — and  go.  Then  he 
saw  Abrasive  Wheels 
enter  the  lists,  and  not 
only  stay,  but  crowd 
every  other  grinding 
wheel  out.  It  takes 
"bite,"  and  plenty  of  it, 
to  handle  his  company's 
grinding  efficiently  and 
economically.  There's 
"bite"  in  every  abrasive 
grain.  Moreover, 
Abrasive  Wheels  are 
uniform.  When  a  man 
asks  for  a  duplicate  of 
the  wheel  he's  been 
using,  he  gets  that  par- 
ticular wheel's  "twin." 


They've 

Got  the 

"Bite" 


Abrasive  Wheels  are  a  sure  aid  to  lower  pro- 
duction costs.  If  your  work  is  material  of 
high  tensile  strength  it  calls  for  "Boro- 
Carbone"  Wheels.  For  low  tensile  strength 
materials  we  recommend  "Electrolon" 
Wheels.  Should  you  have  grinding  prob- 
lems, don't  worry  about  them — send  them 
to  us. 

New  Abrasive  Catalog  on  request. 

ABRASIVE  COMPANY 

BRIDESBURG       PHILADELPHIA,  U.S.A. 

Chicago  Branch,  566   W.   Washington  Blvd. 


'abrasive" 
Grinding  Wheels 


ABRASIVE  ORDER  No.  H      8/180 
CUSTOMER  ORDER  No.        13159 

S'«  18x2x2 

GRAIN      ^  4        GRADE      Q     FACE  No. 

^"*''^  SAFETY 

TESTED  AT        1925 

SPEED  RECOMMENDED 

R.P.M.  1925  to        1275 

Spe«d  within-  alMve  range   is   deptndenl  on    condition    of 
nacfaine,  nethod  of  grinding  j|fld  safely,  appliances  used. 


Abrasive  Material   Co. 

BRIDESBURG,   PHILADELPHIA,  U.  S:  A. 

Chic«KO  Branch  .     566  W.  Rnndolph  Si. 


Retain  tag  for  duplicate  order. 


(OVKR) 
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¥\    ■        •  ■   High  Grade  Grinding  Wheels — 
lycll  UIl  A  Dependable  Source  of  Supply 

We  furnish  reliable  wheels  for  any  grinding  oper- 
ation and  fill  re-orders  with  exact  duplicates,  at 
economical  figures.  If  you  are  not  grinding  with 
Detroit  Wheels  just  give  the  line  a  trial.  Catalog. 

DETROIT  GRINDING  WHEEL  CO. 

DETROIT,  MICHIGAN,  U.  S.  A. 


The  BLOUNT  No.  5  Grinder 


provides  grind- 
ing    facilities 
for    two    men. 
It's    a    space 
and     power 
saver,  designed 
and     built     to 
give    efficient 
service.      It    is 
rigid,  strong 
and    maintains 
a  smooth,  even 
speed.      Has 
self-oiling    line 
reamed  bab- 
bitted  bearings,   carbon 
steel  spindle  ground  to 
size,    adjustable    wheel 
guards  and  can  be  fur- 
nished     with      surface 
grinding   attachment   if 
desired. 


Let  us  tell  you 

more  about  Blount 

Grinders 


25    Years    on    the 
Market 


J.  G.  BLOUNT  COMPANY 

EVERETT  MASS.,  U.  S.  A. 


EMERY  WHEEL  DRESSERS 


No.  0  For  Small  Wheels 


No.  2  For  Large  Wheels 


NO.    1    FOR    REGULAR    SHOP    USE 

These  Dressers  in  connection  with  our  Cutters  make  a 
most  powerful  and  efficient  tool,  especially  our  No.  0  for 
small  wheels  6  inches  and  under,  and  No.  2  which  is  made 
proportionately    larger   and   stronger    for   large   wheels. 

CUTTERS 

"We  make  the  reg-ular  "Huntington"  (pattern)  for  No.  0  and  "Hunt- 
ington" (pattern)  Paragon  Cutter  and  Koughing  Cutter  for  Dresser  No. 
1  and  the  "Huntington"  (pattern)  and  Roughing  Cutters  for  Dresser 
No.   2.     Let  us  send  you  descriptive  circular  and  prices. 

GEO.  H.  CALDER,  Lancaster,  Pa..  U.  S.  A. 


LATHE  CENTER  GRINDER 

Will    grind    lathe    centers    mechanically    with    scientific 
accuracy  in  fraction  of  time  required  with  other  methods. 

Builders  of  '  'Ideal' '  Patented  Portable  Electric  Tool;  Grinders, 
Drills,   Saws,   Screw  Drivers,  Nut,  Bolt  and  Lag  Screw  Setters. 

TH£  NEIL  (SL  SMITH 
ELECTRIC  TOOL  CO. 

Cincinnati,  Ohio,  U.  S.  A. 


The  Reason 
They're  Vitrified 


Vitrified  Grinding  Wheels  are 
vitrified  to  harden  the  bond, 
which  hardening  gives  it  almost 
the  cutting  quality  of  the  abrasive 
it  binds.  In  addition  the  evapor- 
ation of  moisture,  due  to  the  in- 
tense heat  necessary  for  vitrifica- 
tion, renders  the  wheels  porous, 
makes  them  free  cutters  and 
eliminates  all  possibility  of  glaz- 


ing or  creating  sufficient  heat  to 
draw  temper  from  the  tools. 

Vitrified  Grinding  Wheels  are 
made  in  all  required  shapes  and 
sizes.  We  guarantee  satisfac- 
tion— replacing  any  wheel  not 
giving  satisfactory  service. 

Seiid  for  Catalog  8 


Vitrified  Wheel  Company 

Westfield       Mass.,  U.  S.  A. 
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Gauge  Grinding 


With  this  machine  you  get  the  very  highest 
degree  of  accuracy  with  the  least  possible 
expense. 

Particular  attention  is  called  to  the  flat 
table  and  the  provisions  that  have  been 
made  for  quick,  easy  adjustments.  It  is  very 
simple  throughout  and  easy  to  operate. 

Are  you  familiar  with  all  the  details  that 
have  helped  to  make  this  machine  a  success? 

Let  us  help  you  acquire  them. 


THE  STEEL  PRODUCTS 
ENGINEERING  CO. 


SPRINGFIEIvD 


OHIO 


Bryant  Chucking  Grinder 
Company 

Springfield,  Vermont,   U.  S.  A. 

Delroil  Office:  924  Dime  Bank  BIdg.,  'Detroit,  Mich. 


Builders  of  One,  Two 
and  Three  Spindle 
Chucking  Grinders. 


^75  "^  No  Better  Grinder  for  the  Money 

AT  this  price  tlie  "Waterbury" 
L  Toolroom  Die  and  Surface 
Grinder  is  surely  a  paying  invest- 
ment. It  is  adapted  for  a  wide 
variety  of  work,  is  fast  and  accurate, 
fitted  with  up-to-date  conveniences 
and  means  for  compensating  wear, 
strong  and  rigid  throughout,  lasting 
in  service.  Better  values  for  the 
money  would  indeed  be  hard 
to  find. 


Detailed  description  on  request 


The  Blake  &  Johnson  Co. 

WATERBURY,  CONN. 


Solid  Comfort  in  Grinding 


DILLON 
Electric 
Grinder 


For  High 

Speed 

and 

Steady 

Work 

try  the 

Dillon 


overcomes    the    usual 
grinding  troubles.' The 
motor  is  rugged  and 
dustproof.  Large  shaft 
of   high   carbon   steel 
and  S  K  F  ball  bear- 
ings    insure     perfect 
balance.    Extra  heavy 
wheel    guards,    broad 
grinding  rests,  gener- 
ous water  cup  and  con- 
veniently   placed 
snap  switch  con- 
trol make  the 
"Dillon"  safe  and 
easy  to  operate. 


THE  DILLON  ELECTRIC  COMPANY 

CANTON  '  OHIO,  U.  S.  A. 
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MAXF= 

MAXIMUM 
EFFICIENCY 


WHEES 
TO  GRIND 
ANHHING 


Are  You  Grinding  Down  Your  Efficiency  ? 


ONE  weak  tool  lowers  the  efficiency  of  the  whole  shop.  If  grinding  is  your 
weak  spot  write  us  about  it.  MaxF  Grinding  Service  not  only  supplies 
wheels  for  every  grinding  need,  but  puts  the  knowledge  and  experience  of  its  en- 
gineers at  your  disposal  to  advise  you  in  your  selection.  This  makes  us  responsi- 
ble for  the  result  and  guarantees  your  grinding  service. 


SPRINGFIELD  GRINDING  CO.,  Ltro:?^  Chester,  Mass. 


PHILADELPHIA,  PA. 


Labor  Saving 
Machine  Ibols 


Three  of  the  reasons  why  machine 
shops  find  THE  SELLERS  TOOL 
GRINDER  so  profitable  that  it  is 
regarded  as  indispensable,  are 

Large  Output 

Accurate  Work 

Low  Cost  of  Maintenance 

For  quickly,  correctly  and  eco- 
nomically forming  and  grinding 
cutting  tools  for  Lathes,  Planers, 
Blotters,  etc.,  it  is  without  an  equal. 
It  produces  and  duplicates  any  de- 
sired shapes  and  angles.  Tools 
treated  by  it  do  much  more  work 
before  regrinding  than  when  sharp- 
ened in  any  other  way. 

Does  not  require  a  mechanic  for  operator. 
Saves  grinding  time.        Saves  money. 


Shafting  -  Drill  Grinders 
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P 

1  FURNACES 

for  oil,  natural  gas  or  manufactured  gas 


.RANKFORT 

INDUSTRIAL 


CATALOG-? 


Catalog  8.M  (1917 
Eldition)  shows  the  latest 
improvements  in  heat- 
treating  equipment. 
Do   you   want  a  copy? 


Standard  Types  for 
Every  Need — 

THE  average  furnace  order  is  a  rush 
order — that  is,  there  is  urgent  need 
for  the  furnace  well  in  advance  of  its  in- 
stallation. In  such  cases  standard  fur- 
naces— requiring  no  special  patterns, 
special  machine  work  or  special  cast- 
ings— are  the  buyer's  salvation. 

The  75  standard  furnaces  of  the  Frank- 
fort family  give  the  buyer  the  opportu- 
nity to  buy  exactly  what  he  needs  and 
buy  it  practically  from  stock.  Delivery 
becomes  merely  a  matter  of  assembling. 

For  Fast  Delivery  Consult 
Oar  Furnace   Department. 

The  Strong,  Carlisle  &  Hammond  Co. 

Cleveland,  Ohio 


Frankfort  Avenue 


Boaton 
New  York 


BRANCHES: 

Chicago 
Philadelphia'; 


Detroit 
IPitttburgh 
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THE 
HAMMOND  RADIAL 

As  a  Manufacturing  Machine 

The  shop  in  which  this  photograph  was  secured  is 
known  as  the  "little  shop  with  the  big  production," 
and  the  "Hammond"  plays, no  small  part  in  enabling 
it  to  merit  the  distinction.  For  example,  on  this 
crankcase  job,  eight  5/16"  holes  are  drilled,  and 
eight  3/8"-16  P  holes  tapped  at  one  setting,  opera- 
tion necessitating  bolting  flywheel  to  the  case  and 
taking  down  again  when  finished.  Regardless  of 
this  detail,  120  cases — 1920  holes — are  completed 
every  9V2  hours.  "Hammond"  service  pays  here — • 
will  pay  in  your  shop,  too.    Try  it. 

THE  HAMMOND  MFG.  CO. 

CLEVELAND,  OHIO 


Save  Time  and 

Avoid  Inaccuracy 


Many  an  able  man 
can't  set  a  screw 
straight  by  hand, 
but  any  intelligent 
boy  can  operate  the 
Reynolds  Auto- 
matic Screw  Driv- 
ing Machine  and 
average  two  to  five 
times  greater  out- 
put than  by  hand 
methods.  Every 
screw      sets      true. 

Adapted  for  wood 
or  metal.  Screws 
may  be  driven  flush 
or  to  any  desired 
depth  by  automatic 
adjustment. 

Catalogue  Gives 
Details — write 
for  Yours  Today 


Our  Record  is   18,000  Screws  set  in  10  hour* 

REYNOLDS  PATTERN  &  MACHINE  CO. 

MASSILLON,  OHIO 


Your  Choice  of  Three 

ROCKFORD  DRILLS 


SINGLE  PULLEY,  DOU- 
BLE PULLEY  or  DIRECT 
DRIVE  with  variable 
speed  motor  —  whichever 
meets  your  special  drilling 
requirements. 

All  three  have  the  same 
rigid  frame;  the  same 
rapid  operation  and  easy 
control,  four  instantane- 
ous feed  changes  and  a 
trip  lock  for  throwing  out 
feed  automatically  at  point 
set.  All  of  them  will  drive 
high-speed  drills  up  to  2% 
inches  diameter. 

There's  work  for  at  least 
one  of  these  modern,  heavy 
duty   drills    in   your   shop. 


Write 

for 
Booklet 


Rockf  ord  Drilling  Machine  Company 

ROCKFORD  ILLINOIS 
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A  Whitcomb-Blaisdell  Planer 


Which  is  Described  by 
Its  Operator  as  **One  of 
the  Finest  Machines  in 
the  City  of  Providence" 


Photograph    through    courtesy    oj 

The  New  England  Butt  Company, 

Providence,  R.  /. 


There  are  other  planers  in  this  plant  but  the  Whitcomb-Blaisdell  36"  x  42"  x  14'  Planer, 
with  its  three  heads,  individual  motor  drive,  hand-operated  dogs,  trouble-proof  head- 
raising  mechanism  and  second-belt  features  is  the  leader  of  them  all — and  we  have  the 
company's  own  word  for  it. 

On  work  such  as  illustrated,  planing  large  grinder  bases,  the  roughing  cuts  are  as 
heavy  as  one-half  inch,  through  sand,  scale  and  tough  iron ;  but  it  is  impossible  to  stall 
the  planer.    And  it  takes  the  finishing  cuts  to  just  as  close  limits  as  are  needed. 

When  you  buy  a  Whitcomb-Blaisdell  Planer  you  get  the 
maximum  in  planer  service.      Let  us  send  the  catalogue. 


WHITCOMB-BLAISDELL  MACHINE  TOOL  CO. 

AVORCESTER,    MASS.,    U.  S.  A. 
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Dreadnou^Kt 

HIGH  SPEED  STEEL 

Makes  Durable  Inserted  Tooth  Cutters 

Dreadnought  tools  stand  up  in  a  noteworthy  way  under  hard  usage. 
For  example,  here's  a  tool  14"  diameter  with  17  inserts  of  -yg"  square 
Dreadnought  High  Speed  Steel,  that  works  like  a  charm  in  sandy  iron 
castings.  The  work  is  part  of  a  clothes  pressing  machine,  is  13"  wide 
at  widest  part,  and  39"  in  length.  Notwithstanding  the  edge-dulling 
nature  of  the  work,  this  Dreadnought  Cutter  cleans  up  a  round  200  cast- 
ings before  the  inserts  have  to  be  re-ground.  Dreadnought  is  the  prince 
of  steels  for  hard  service  cutters,  lathe  and  planer  tools,  etc.  Economical 
production  depends  to  a  great  degree  on  the  wearing  and  working  quali- 
ties of  your  tools. 

Unless  you  know  you?-  present  tool  equipment  is  the  most 
pi-ofitable  for  your  work,  give  Dreadnought  Steel  a  trial. 

HALCOMB  STEEL  COMPANY 


SYRACUSE 


NEW  YORK 


Brax\<:Hes:    Chicago,  Cleveland,  PHiladelphia,  Boston.  Ne>v  YorK 
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Remarkable  DudiUty  of  "NATIONAL"  Pipe 


170  quarts  of  nitroglycerine  failed   to  crack  this  piece  of  "NATIONAL"  Casing.     The  terrific  force  of  the  explosion  reduced 
the  length  from  about  18  feet  to  less  than  6;  although  crushed,  twisted  and  distorted  there  was  no  fracture. 

"NATIONAL"  Pipe  for  Mechanical  Purposes 


This  piece  of  10-inch  "NATIONAL"  Casing  dropped 
236  feet  through  a  12%-inch  hole  without  fracturing 
the  material.  Although  the  end  is  distorted,  as  the 
thread  protector  was  driven  up  over  the  threads  by  the 
force  of  the  impact,  THE  MATERIAL  SHOWS 
NO  SIGN  OF  FRACTURE. 


1440    feet    of    8%-inch    "NATIONAL"    Casing    dropped    200 

feet    in    a    well,    and   as   a    result    of   the    impact    on    solid 

Stone    three    sections   of   the    casing    were    telescoped    with 

NO  SIGN  OP  FRACTURE. 


These  three  illustrations  should  be  con- 
vincing proof  of  the  extraordinary  duc- 
tility of  "NATIONAL"  Pipe.  No  mill  test 
ever  devised  could  equal  the  terrific  strains 
effected  by  the  unusual  accidents  which  pro- 
duced the  results  shown. 

^  It  is  therefore  a  reasonable  deduction  that 
as  '^NATIONAL"  Pipe  has  withstood  such 
enormous  forces  without  a  fracture  in  the 
material,  it  is  essentially  qualified  to  with- 
stand the  strains  incident  to  the  mechanical 
uses  for  which  it  is  recommended. 

q  As  a  matter  of  fact  "NATIONAL"  Pipe 
is  used  for  thousands  of  parts  of  different 
machines  which  are  used  for  thousands  of 
different  purposes. 

q  The  inherent  ductility  of  "NATIONAL" 
Pipe  lends  itself  most  satisfactorily  to  me- 
chanical manipulations,  and  in  service  with- 
stands without  failure  the  jars  and  shocks 
to  which  the  incessant  vibrations  of  ma- 
chinery are  inevitably  subjected. 


^jTo  r 


"NATIONAL 


:adily  i 
material  and  as  protection' to  manu- 
facturer and  consumer  alike,  the  prac- 
tice of  National  Tube  Company  is  to 
roll  in  raised  letters  of  good  size  on 
each    few    feet    of    every    length   of 


.0"  % 

■'mn'- 

w 


elded     pipe 


epK 


ically  feasible  on  the: 


nalli 


but 


eld 


the 


"NATIONAL"    appears    on 
the    metal    tag   attached    to 
each  bundle  of  pipe). 
^  When  writing  specifications 
or  ordering  tubular  goods,  al- 


ways   specily    "NATIONAL"    pipe, 
and  identify  as   indicated. 
^In     addition,     all     sizes    of 
"NATIONAL"  welded  pipe  four  in. 
and  under  are  sub)cclcd  to   a    roll- 
knobbling  process  known  as  Spcllcr- 
i/ing  to  lessen  the  tendency  to  awabdco 
corrosion,    especially    in    the     ^^%-^ 
formol  pitting.    This  Speller-   "^tUIll'" 
izing    process    is    peculiar  to  \P»IZE/ 
"NATIONAL"  pipe,  to  which    ^'»t\^ 
process  Nation.il  Tube  Com- 
pany has  exclusive  rights. 
«J"  NATIONAL"    pipe     waj 
awarded  thcGKAND  FKIZE 
(highest  possible   award)  at 
Panama  Pacific  International 
Exposition,  1915. 


NATIONAL  TUBE  COMPANY,  t^^'tZ:;  PITTSBURGH,  PA. 

DISTRICT    SALES    OFFICES;          Atlanta                     Boston                       Chicago                     Denver  Kansas  City  New   Orleans 

New   York                  Omaha                         Philadelphia               Pittsburgh                 St.   Louis  St.  Paul  Salt  Lake  City 

PACIFIC  COAST  REPRESENTATIVES:    U.  S.  Steel  Products  Co.,                  San  Francisco          Los  Angeles              Portland                Seattle 
EXPORT  REPRESENTATIVES:     U.  S.   Steel  Products  Co.,  New  York  City. 


170 


MACHINERY 


August,  1917 


I 


Superior 

The  Nationally  Kno^vn  First  Quality 

HIGH  SPEED  STEEL 


By  the  Men^WHo  Use  It 

THE  BEST  FOR  ALL 
MACHINE  WORK 


X 


VANADIUM-ALLOYS  STEEL  CO. 


PITTSBURGH,    PA.  WORKS  AT    LATROBE,PA. 

arried   in    Stock    in  These    Warehouses: 
ET  WARD'S  SONS  CEO. NASH  CO  FIELD&CO.lnc.  VANADIUM-ALLOYS  STEEL  CO.        GE0.NA5H  CO.  „.„.,„,„ 

44FTfnswor*hShB0ST0N,Ma5s.  304  Hudson  5L  NEW  YORK  K.Y.  721  ArchSf.  PHILADELPHIA.Pa.  PITTSBURGH.Pa  MATROBE.Pa  646Washin^honBlvdCHICAG0.lll. 
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The  above  cut  shows  the  wrench  in  its  two   positions 


A  New  Chain -Pipe  Wrench 

by  the 

Bilfings  &  Spencer  Company 

which,  for  the 
first  time  in  the 
construction  of 
this  type  of 
wrench,  accom- 
plishes reversi- 
bility of  action 
— works  either 
way  without 
disengaging  and 
turning. 
The    Billings 

Chain-Pipe  Wrench,  because  of  its  new  and  exclusive  feature,  saves  many  an  hour 

and  solves  many  an  awkward  situation.     Read  the  facts : 

The  important  and  exclusive  feature  of  this  wrench  is  its  double-action  or  re- 
versibility. Pipe  can  be  turned  in  either  direction  without  the  process  of  re- 
moving and  turning  over  the  wrench.  This  is  due  to  the  angular  position 
of  the  elliptical  jaws,  which  allows  the  engagement  of  either  the  outer  or 
inner  teeth. 

The  combination  feature  of  this  wrench  consists  of  its  adaptability  to  pipe 
fittings  and  short  connections,  as  well  as  ordinary  pipe.  By  removing  the  out- 
side elliptical  jaws,  thereby  bringing  into  play  the  narrow  jaw  attached  to  the 
under  part  of  the  handle,  the  wrench  is  immediately  converted  into  an  efficient  tool 
for  narrow  or  irregular  work  where  a  broader  wrench  would  be  ineffectual. 

The  elliptical  jaws  are  serrated  on  all  sides  and  may  be 
easily  changed  end  for  end,  thus  giving  double  life  to 
the  wrench. 

With  the  outer  jaws  removed,  the  wrench  is  available  for  nut 
and  bolt  heads,  as  well  as  pipe  fittings. 

The   handle    is   so   designed    as    to   give    the    necessary 
strength  with  minimum  of  weight. 

The  handle  and  jaws  are  made  from 
steel  drop  forging  of  superior  quality, 
the  jaws  being  carefully  hardened.  All 
parts  are  interchangeable. 

The  tool  is  made 
with  either  a  flat 
link  or  cable  chain. 
The  chains  are  made 
in  our  own  factory, 
and  are  of  sufficient 
safety-test  to  insure 
an  absolutely  reli- 
able tool. 

Prompt  Deliveries 

Descriptive    literature 
and    price    lists    upon 
The  above  cut  shows  the  wrench  as  adapted  to  fitting  nipples,  etc.  request. 

n-HE  B/LLfNGS  A 
/&  SPENCER  CO.£^ 
HARTFORD. CONN.  U.5.A 
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JESSOP'S  "ARK 


Has  an  Unexcelled  Record. 


» 


ARK. 


HIGH  SPEED  STEEL 

Note  the  Following  Facts. 


In  turning-  100  rail- 
way car  wheel  tires, 
Jessop's  "Ark"  High 
Speed  Steel  has  the 
record  of  losing  less 
steel,  due  to  g-rinding, 
than  any  other  make. 


The  actual  amount  of 
steel  ground  off  the 
tool  in  turning  100 
wheels  was  3  ounces. 
This  is  an  unrivalled 
performance  in  steel 
economy. 


We  Have  a.  large  stocK  of  Carbon  Tool  Steel 
and  HigH  Speed  Steel.    Mf^rite  for  Catalogue. 

WM.    JESSOP    &    SONS,    Incorporated 

91  JOHN  STREET,  NEW  YORK,  N.  Y. 

Boston  Warehouse :  1 63  High  Street  Branch  Warehouses  throughout  the  United  States 


DRILL  VISE 


MOV.   PLATE   FOR  SINGLE   SUSHrfJO 
MAKE   PLATE   FOR   SEVERAL   SUSMlNGS^ 
>  TO  SUIT  THE   WORK 


Always  a  good  vise  for 
general  shop  use  on  driller, 
miller,  shaper  or  planer, 
and  at  the  same  time  holds 
work  for  duplicate  drilling 
without    the    cost   of   a    jig. 


Fig,  2.     "Without  Jig  Attachments 


DRILL  SPEEDER 

For  use  in  Drillers  from  20-lnch  to  Lareest  Radial 
For  Twist  Drills  0'  to  M'  requiring  speeds  up  to  3000  R.  P.  M. 

VISE 

No.  3,  jaws  6",  opens 
4%",  "with  attachments, 
$22.00;  without,  $20.00. 
List. 

No.  4,  jaws  9",  opens  INCREASES 
7",  with  attachments,  li^ *-IVE/-f*0I1.0 
$27  50;    without,    $25.00.   J^E  SPEED 


List. 

No.      5,       Jaws      12". 
opens  9^/>",  with  attach- 
ments,    $40.00;    without  T"T1V/II?C 
$30.00.     List.  *  imCiO 


DRILL    SPEEDER 

No.  2,  with  chuck, 
drills  0"  to  5/16".  List, 
$25.00. 

No.  3,  with  chuck. 
flrills  0"  to  %".  List, 
•$27.50. 

No.  3B,  with  No.  1 
Morse  hole  instead  of 
cluick,  $27.50. 

No.  4,  with  chuck, 
drills  0"  to  %".  List, 
$40.00. 

No.  4B,  with  No.  2 
Morse  hole  instead  of 
chuck,    $33.00. 

No.  2L,  with  chuck, 
drills  0"  to  %".  Has 
feed  lever  mechanism. 
List,   $33.00. 


SHANKS 

in  various 

Sizes 


All  Patented.     Send  for  Circular. 


Co. 


Fig.  3.    V-Jaw  for  Round  Work 


The   Graham  Mfg. 

Providence,  Rhode  Island 


Great  Britain:  C.  W.  Burton,  Griffiths  &  Co.  Ger- 
many, Austria-Hungary,  Scandinavia:  A.  Kayser, 
Berlin.  S.  W.  OS.  France,  Italy,  Switzerland,  Spain 
and  Holland:   l''enwiek  Freres  &  Co. 


BAR 

keeps  Case 

from  turning 


SPINDLE 
BM  .1  revo- 
^^^  tutions 
to  1  of  Shank 


This  cut  shows  Kos.   3B  and  43  only. 
There  are  two  other  styles  and  sizes. 
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Stamtt  Toots 

Tell  the  Truth 


After  all,  the  principle  of  microme- 
ters and  other  fine  measuring  tools 
is  quite  simple.  The  only  require- 
ment is  that  they  tell  the  truth. 

This  test  indicator,  for  example,  has 
done  its  full  duty  when  it  has  regis- 
tered its  story  in  thousandths. 


Starrett  Tools  have  a  reputation  for 
truth  telling.  Their  character  is  well 
established.  That's  why  it  pays  to 
use  the  line  of  2100  styles  and  sizes 
of  micrometers,  calipers,  gages, 
squares,  height  and  depth  gages,  and 
other  precision  tools  described  in  our 
Catalog  No.  21  D. 


The  L.  S.  Starrett  Co.,  Athol,  Mass. 

The  World's  Greatest  Toolmakers 
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ELECTRITE  URANIUM  STEEL 

This  planer  hand  is  happy — and  with  good  reason.  He  has  a  lot  of  stock  to  remove  from  the  plate  he 
is  finishing  and  he  has  a  tool  that  will  carry  a  good  cut — an  Electrite  Uranium  High  Speed  Steel  Tool. 
He  is  planing  40 — 50  point  carbon  steel  with  a  1/16  inch  speed  and  a  1/2  inch  deep  chip.  The  reason 
for  the  staying  quality  in  Electrite  Uranium  High  Speed  Steel  is  due  largely  to  the  element  Uranium 
that  is  introduced  by  the  most  modern  steel  working  practice.  Uranium  gives  this  steel  a  toughness 
that  is  unattainable  in  other  ways. 

Besides   Electrite   Uranium   we   make   "Mangano"   oil   hardening  non-shrinkable   die 

steel;   "Select"   die  steel  for  hot  work   and  hot  trimming  dies;  "Renown"  die  steel, 

which    is    a    special    vanadium 

steel ;  also  chrome  and  tungsten 

magnet  steels.  ^ 

ir  next  steel  order.  ^^p^  '^'^"^^Smt 

Photograph  and  data 
through  courtesy  of 
Mackintoth,  Hemphill  &, 
Company,  Pittsburgh. 


LATROBE  ELECTRIC  STEEL  CO.,  LATROBE,  PA. 

LATROBE  ELECTRIC  STEBa;^  CO.  McMINN    &   QUIGI.EY    STEEL    CO.. 

165    Broadway,    New    York   City,    N.    Y.  40  Central  St.,   Boston,   Mass. 

LATROBE  ELECTRIC   STEEL  CO..  ELECTRIC    METALS    COMPANY. 

1001    Ford   Bldg.,    Detroit,    Mich.  First  National  Bank  Bldg..   Pittsburgh,  Pa. 

LATROBE  ELECTRIC  STEEL  CO.,  HOYT-NOE   STEEL   COMPANY, 

2802  Union  Central  Bldg.,   Cincinnati,  O.  Monroe    and    Jefferson    Sts.,    Chicago,    III. 

LATROBE  ELECTRIC   STEEL  CO.,  THE    DICKERSON    COMPANY Davton,    O. 

Commercial  Trust  Bldg.,  Philadelphia,  Pa.  C.    W.    BALDY 198   Cleveland    Ave.,    Bultalo,    N.    Y. 

MR.   GEORGE    F.   HARTMAN.  JNO.   H.   HEIMBUECHER   METALS  CO., 

6&1-66  Spitzer  BIJg.,   Toledo,  O.  Sl'l  North  Third  St.,   St.  Louis,   Mo. 

BETZ-PIERCE  COMPANY Cleveland,  O.  C.    W.    RICKARD Seattle,    Wash. 
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BLUE  CfflP  HIGH  SPEED  STEEL 

Boosts  Boring  and  Turning  Output 

The  work  is  cast  iron  valve  bodies  which  are  made  in  large  quantities  by 
a  New  England  manufacturer.  When  higher  production  was  required 
heavier  turning  lathes  were  installed,  but  no  change  was  made  in  the  tools. 
It  was  a  Blue  Chip  High  Speed  Steel  job  on  the  old  machines;  the  same 
tools  are  handling  it  now  under  a  drive  that  means  100%  increase  in  output. 

The  work  is  particularly  hard  on  tools;  material  is  hard  and  scaly;  for 
boring  and  facing  the  tool  must  work  from  the  end  of  a  12"  bar,  on  a  cast- 
ing that  overhangs  12"  from  the  faceplate;  cut  varies  from  1/8"  to  3/16" 
deep  and  not  a  chatter  mark  is  to  be  seen.  Tools  made  from  Blue  Chip 
High  Speed  Steel  stand  all  the  power  the  heaviest  machines  are  capable  of 
pulling.    For  turning  and  boring  tools,  taps,  dies,  reamers,  etc.   Write  us. 


Blue 
Chip 


FIRTH-STERLING  STEEL  CO. 

McKEESPORT,  PA.,  U.  S.  A. 

Boston      Cleveland      Philadelphia      Chicago      New  York      Pittsburgh 
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"DECAUSE  of  the  superior 
-^  qualities  of  Atlas  Steel 
Balls,  they  are  used  by  most 
Ball  Bearing  manufacturers 
— in  many  of  the  finest  auto- 
mobiles and  by  90'^  of  the 
machine  tool  manufacturers. 

The  superior  quality  of  Atlas 
Steel  Balls  cannot  be  duplicated. 

ATLAS  BALL  CO. 

Glenwood  Ave.  at  4th  St. 

PHILADELPHIA,  U.  S.  A. 


Guaranteed 
truejto 
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GRATON&  KNIGHT 

Standardized  Series 

LEATHER  BELTING 

TiiiirieJ  by  us  for  belting  use 


JT 


24'  Spartan  Douhl.-  Ihlt.  one  of  Graton  ^  Knight 
Staruiardiud  Sena  Lfather  Bflis^  on  Fwe  PulUy 
Quarter  Turn  Drive.  Great  Falls  Bleachery  6- 
Dye  Worki.  Somersworth,  N  H. 


\ 


It  Begins  in  the  Tannery 

Leather  is  the  standard  belting  material 

To  us,  the  largest  belting  makers  in  the 
world,  every  possible  belting  material 
lies  open  for  selection  and  use.  But  the 
belting  experience  of  generations  points 
to  the  unescapable  fact  that  leather  has 
the  properties  necessary  to  make  good 
belting. 

Leather  that  is  properly  tanned  for  belt- 
ing is  tough,  flexible,  durable  and  pre- 
hensile. It  preserves  the  natural  softness 
and  mobility  of  the  skin,  ensuring  an  ef- 
fective grip  on  the  pulley  surface. 

We  have  standardized  these  requirements  of 
perfectly  tanned  belt  leather.  The  standard  in 
each  case  is  the  highest  tvorking  efficiency  in  the 
finished  belt. 

Since  the  market  cannot  supply  tanned  belt 
leather  that  continuously  measures  up  to  Graton 
&  Knight  Standards,  we  tan  our  own  hides.  Last 
year  we  tanned  285,000  of  them,  in  our  own 
tannery.  We  tanned  them  for  belts.  We  tanned 
them  to  definite  and  uniform  standards  of  belt- 
ing requirements. 

This  standardization  of  material  is  the  founda- 
tion of  Graton  &  Knight  quality. 

It  makes  the  Standardization  of  Graton  & 
Knight  Belts  an  actual,  practical  thing. 

Think  what  other  standardized  products  have 
done  for  you — and  consider  the  standardiza- 
tion of  belting  on  that  basis.  Let  us  send  you 
complete  information  on  the  subject. 

The  Graton  &  Knight 
Mfg.  Company 

Oak  Leather  Tanners  and  Makers  of  Leather  Belling 

Worcester,  Massachusetts,  U.  S.  A. 

BRANCHES 
,\tlaiitii,   Boston,   Chicago.   Cleveland,   Detroit,  Fail  River,  Kansas 
City.    Minneaptrfis,    New   Orleans,    New   York,    Philadelphia,    Pitts- 
burgh,   Portland,   Ore.,    Seattle,    St.   Louis,   Leicester,   England. 

SELLING    AGENTS 
Graton   &   Knight  Mfg.    Co.   of  Texas,   Dallas,   Texas.     Graton   & 
Knight    Mfg.    Co.     of    Wisconsin,     Milwaukee,     Wis.      Graton 
Knight   Mfg.    Co.    of   California,    San    Francisco,    Cal. 


/ 
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One  Concern 
Buys 

200  to  300 

Every  Month 

When  the  photographer  snapped 
this  300-lot  of  'Tioneer"  Pressed 
Steel  Hangers  consigned  to  the 
Jones  &  Lamson  Machine  Com- 
pany, he  learned  something  of 
the  J.  &  L.  hanger  supply.  For 
example,  buyers  of  Jones  & 
Lamson  machines  have  their 
choice  of  hanger  equipment;  if 
they  simply  specify  "best  equip- 
ment," they  are  furnished  "Pio- 
neer" Hangers — and  from  200 
to  300  "Pioneer"  Hangers  per 
month  is  the  regular  Jones  & 
Lamson  order. 


"Pioneer"  Hangers  are  designed  to  carry  the  tremen- 
dous weight  of  shafting,  couplings,  pulleys,  etc.,  and 
stand  the  tug  of  belts  with  absolute  safety.  They  are 
made  from  open-hearth  steel,  weigh  only  one-third  as 
much  as  cast-iron  hangers,  cost  less  to  haul  and  erect, 
are  guaranteed  unbreakable,  and  are  actually  the 
cheapest  hangers  you  can  install. 

Machine  tool  builders  give  "Pioneer"  hangers 
the  preference  for  "safety-first"  reasons  and  for 
quality.    Write  for  booklet/'Transmission  Data." 

Standard  Pressed  Steel  Co. 

PHILADELPHIA,    U.  S.  A. 


'       STEEL 
HANGERS 
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W^stinghouse 

Reversing  Planer  Motor 5  g 


and  Control 


-rwor  PUCCEDLY 

I  "t-^t     ^^  Constructed.  AND 
SK        ('*     Capable   of  lono 
>  ^  Continuous 

Revehsinc 
Sebvice 


PRESSED  STEEL  CAR  CO; 
PITTSBjURGH.PA 


The  Right  Motor 
At  The  Right  Time 

The  right  motor  is  that  one  which  will  give  you  the  moS  intense  produdion,  com- 
bined with  high  efficiency  and  utmost  reHability.     And  NOW  is  the  right  time  for  such 
a  motor.     Our  government  must  depend  primarily  (or  means  of  transportation    upon  the 
car  shops,  and  it  naturally  follows  that  the  car  shops  should  employ  those  methods  which 

insure  MAXIMUM  OUTPUT  in  MINIMUM  TIME  with  HIGHEST  EFFICIENCY. 

The  accompanying  views  show  a  portion  of  the  machine  shops  of 
the  Pressed  Steel  Car  Co.  of  Pittsburgh  and  the  Weftinghouse 
Reversing  Planer  Motors  employed  on  these  planers.  Weflinghouse 
Automatic  Control,  also  inftalled,  so  simplifies  the  work  of  the 
operator  that  there  is  no  loss  of  time. 

It  has  taken  a  great  deal  of  study  of  machine  tool  practice  to 
bring  our  Motors  and  Control  Equipment  up  to  their  present 
acknowledged  high  standard.  Let  us  help  you  put  your 
plant  on  the  most  efficient  basis  NOW.     It's  the  right  time. 

Send  for  Book  No.   3042. 


'fc«f'"    "    '" 


Westinghouse  Electric  & 
Manufacturing  Co. 

East  Pittsburgh,  Pa. 

.if 


^-^ 


i^i 
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GrindiiuiBusliinqs 
OnDvillintf  Jm^s 

This  is  one  of  the  many  jobs  where  the  DUMORE  comes  in  handy  in  a  tooj  room. 
The  hardened  steel  bushings  in  this  Drilling  Jig  must  be  finished  accurately  and 
both  bushings  must  be  ground  at  the  same  operation  in  order  to  insure  perfect 
alignment.    The 


DIINORC 

PORTABLE   ELECTRIC 

GRIBII>ER 


is  the  ideal  tool  for  grinding  dies,  gauges  and  similar  work  where  extreme  ac- 
curacy is  necessary.  It  is  used  in  hundreds  of  machine  and  repair  shops  for 
all  kinds  of  grinding  jobs.  Manufacturers  regard  it  as  indispensable  for  handl- 
ing the  many  difficult,  hard-to-get-at  jobs  that  continually  arise.  It  will  be  the  most 
popular  tool  in  your  shop. 

The  high  speed  at  which  the  DUMORE  Grinders  operate— 10,000  R.  P.  M.  and  30,000 
R.  P.  M. — gives  the  correct  surface  speed  to  wheels  of  very  small  diameter.  This  pre- 
vents the  wheels  from  breaking  down  and  your  work  will  be  ground  accurately  and 
will  be  entirely  free  from  bell  mouth.  Equipment  A  as  shown  below  includes  the 
Internal  Attachment  A  which  operates  at  a  speed  of  30,000  R.  P.  M.  Equipment  B 
includes  the  Extension  Arm  B  which  has  a  reach  of  10"  and 
which  will  be  found  very  useful  for  deep  internal  work.  It  is 
interchangeable  with  the  Internal  Attachment  A. 

Let  as  send  yoa  a  DUMORE  Grinder  on  approval.     Specify  the  voltage  of  your 
current  when  ordering.     Literature  on  request. 

WISCONSIN  ELECTRIC  COMPANY 


1420  Dumore  Building 


RACINE,  WISCONSIN 


Sold  in  England  by  Canadian-American  Mchy.  Co..  Ltd.,  8  Bouverie  St.,  London,  E.  C,  Eng. 
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A  Page  From  a 
Carborundum 
Service  Man's 
Note  Book  says: 


*'Our  Customer  Considers 
this  an  Extraordinarily 
Good  Performance" 

The  job  is  grinding,  rough  from  the 
sanxi,  chilled  iron  rolls  on  a  Landis 
special  grinder.  The  rolls  are  32 
inches  long,  1 6^16  inches  m  dia- 
meter and  V\Q  stock  is  removed.  It 
takes  the  Carborundum  Wheel,  24 
grit,  L  grade,  G  3  +  bond  just  4% 
hours  to  do  the  work. 
C  The  finish  is  uniform,  the  wheel 
cuts  clean  and  it  loses  but  Vis  of 
an  inch. 

CIt  is  the  unbeatable  grinding 
combination  that  gets  these  results. 
— The  right  wheel.  Carborundum 
service  and  a  good  grinding  ma- 
chine. 

What  can  this  service  do  for  you? 
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For  Fast,  Heavy  Duty  Metal  Cutting 


For  cutting  Angles, 
Channels,  I-Beams,  Die 
Blocks,  Pipe,  Tubing, 
etc.,  at  high  speed,  this 
Racine  Machine  leads 
the  pack.  It  is  equipped 
with  the  patent  return 
stroke,  automatic  lifting 
device — original  with 
these  machines —  which 
means  higher  output  and 
greater  blade  economy 
than  is  possible  with  any 
similar  machine  of  equal 
capacity.  Blades  can 
be  tightened  without 
wrenches,  saw-frame 
holds  itself  automatically 
at  any  height,  stock  can 
be  held  firmly  at  any 
angle  and  short  lengths 
cut  without  trouble. 


RACINE  TOOL  ® 
MACHINE  CO.^' 

250   Fifteenth  Street 
RACINE  WIS.,  U.  S.  A. 


THE  RACINE 


Many  Sizes 


Ask  us  for  further 
details  of  the  alt- 
round  metal  cutting 
saw. 
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I  Our  Engineers*  Foresight 

I  has  again  Dominated. 

i  We  now  show  the 

I  HARRINGTON 

=  No.  62 

=  For     drilling     Nozzles,     Joints,     Unions, 

=  Bonnets,  Yokes,  etc.    The  drive  is  unusu- 

=  ally   powerful   with   a   minimum   number 

5  of  gears  and  ample  use  of  roller  bearings. 

E  A  compact  train  of  spur  gears  drives  the 

=  spindles.     Belt   drive   machines   are   pro- 

E  vided  with  an  eccentric  sleeve  within  the 

E  lower  cone  for  slackening  the  belt  when 

E  shifting. 

E  The  feed  has  three  geared  changes  by  slid- 

E  ing  key.     A  heavy  internal  gear  on  the 

E  rack  pinion  shaft  reduces  the  strain  of 

E  the  feed  pressure  on  the  worm  gear  teeth. 

=  A  quick  operating  clutch  is  provided  for 

E  rapid  hand  movement  of  the  head. 

2  lUJiiiiiriiiiiJiti Ill Ill nil nil im iiiiiiiiiiiiiii iiiiii iiii iiiiii iimi nm iiiiiiiiiiiiiiii ii iiiiiiiiiiiiiiiiiii iiii ii iiii iiiiii iiiii 

I  EDWIN  HARRINGTON,  SON  &  CO.,  Inc.,  Philadelphia, Pa.  | 
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BiltonAutomaticGearMiUer 


Spur  or  Bevel  Gears 

CAPACITY 

No.  lM-14  Pitch 
No.  2M-10  Pitch 
No.  3M-  8  Pitch 

The  Bilton  Machine  Tool  Co. 

Succeeding  THE  STANDARD  MFG.  CO.     ' 

Housatonic  Ave.,  Bridgeport,  Conn. 

Also  Manufacturers  of 

PLAIN  HORIZONTAL  MILLERS 
AUTOMATIC  MILLERS 
GEAR  HOBBING  MACHINES 
PLAIN  AND  BALL  BEARING 
BENCH  AND  COLUMN  DRILLS 
RIVETING  MACHINES 
MILLING  CUTTERS 

CATALOGUE  20.G  ON  REQUEST 

FOREIGN  AGENTS  :  Alfred  Herbert,  Ltd..  M.  Mett       g 
Engrineering:  Co.  Chas.  Churchill  &  Co..  Ltd. 


Illllllliiiiiiiiiiiii mill' IIIIIHIIIII iiMiii iirTTTT 
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Distinctive  Features 

of  the  No.  5  M.S.\Vr 

High  Speed  HackSawMachine 


1. 

2. 
3. 

DISTINCTIVE 

Two  Speeds. 
Shock  Absorber. 
Extension  Frame. 

FEATURES 

7.  Rotary  Pump. 

8.  Knock-oft. 

9.  Frame  Bearings. 

4. 
5. 
6. 

Patent  Swivel-Jawed  Vise. 

Automatic  Patent  Lift. 

Frame    Swings    on    Shaft 
Center. 

10.  Tank. 

11.  'Perfect  Blade  Alignment. 

12.  Lubricating  System. 

13.  Draw-Cut. 

For 

Explanaiion  of  these  and  other  features  send  for  Circular       \ 

The  Massachusetts  Saw  Works 

Sprin^eld^  OBSH^pHHBk        Mass.,  U.S.A. 
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MEDINA 


A  Powerful  Machine  for 
Heavy  Manufacturing 

To  the  experienced  man  there's  evidence  of 
power  even  in  appearance,  and  some  of  ac- 
curacy, too ;  for  the  Medina  has  the  propor- 
tion and  balance  and  backing-up  metal 
necessary  for  absolute  rigidity.  But  for 
the  FULL  facts  about  the  accuracy  and 
output  that  make  Medina  Drilling  Machines 
extra  efficient  for  manufacturing  purposes, 
it  is  necessary  to  go  into  detail. 

Ask  us — even  if  you're  not  in  the  market 
for  drilling  machines  right  now. 

MEDINA  MACHINE  CO. 

MEDINA.  OHIO,  U.  S.  A. 


•M'4r/^^^^/^-,  - 
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The 

Chicago 

Automatic 


Built  Around  the 

Cornerstone  of 

Simplicity 


Chicago  Automatic 
Machine  Company 

Chicago,  Illinois,  U.  S.  A. 

Eastern  Representative 

John  MacNab  Machinery  Co. 

90  West  St.,  New  York 
John  MacNab,  Hyde,  England 


The  Chicago  Automatic  Screw  Machine 

owes  a  great  deal  of  its  serviceability  to  simple  design.  There 
are  no  complicated  mechanisms  or  involved  systems  of  cams  to 
cause  trouble ;  no  countershafts  and  overhead  belts  to  waste 
power  and  interfere  with  additional  equipment,  spindle  speeds 
suitable  for  any  stock  are  obtained  by  changing  two  gears  on 
the  spindle  head ;  threads  are  cut  withopt  slowing  spindle  speed 
by  means  of  a  die  holder  revolving  in  the  same  direction  as  the 
spindle  but  at  higher  speed.  A  clutch  mechanism  indexes  the 
turret  and  skips  holes  not  in  use.  The  machine  is  rigidly  built 
throughout,  maintaining  alignments  and  accuracy  of  work  under 
long,  continuous  operation. 

Write  for  complete  description. 


Get  Acquainted  with  the 
New  "Filsmith"  Lathe 

A  13"  engine  lathe  that  swings  14"  over  the  bed  and  takes 
heavy  cuts.  The  "Filsmith"  Lathe  is  built  up  on  a  wide, 
deep,  heavy-walled,  box-girded  bed,  provided  with  solid, 
rigid,  perfectly  aligned  headstock,  full  webbed  type,  and 
with  tailstock  to  match.  Spindle  of  50-point  carbon 
crucible  steel,  accurately  finished  by  grinding,  has  bear- 
ings of  finest  grade  phosphor  bronze.  These  main  fea- 
tures are  typical  of  "Filsmith"  construction  throughout. 
Our  purpose  has  been  to  construct  an  extra  capacity 
small  lathe — accurate,  rapid  and  economical- to  use.  We 
have  succeeded.    Let  us  show  you.     Details  on  request. 


THE  PHIUP  SMITH  MFG.  CO.,  Sidney,  Ohio 
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Another  Angle  from  Which  a 

STAR    LATHE 

is  a  Paying'  Iiwestment 

The  ''Star"  Lathe  is  a  paying  investment  from  any  angle,  but  here's  one  in  par- 
ticular. In  the  plant  of  the  Hartford  Drop  Forge  Company,  Hartford,  Conn.,  a 
complete,  thread-cutting,  small  capacity  lathe  is  required  for  intermittent  service. 
Many  lathes  are  a  losing  proposition  under  such  conditions ;  but  on  account  of  the 
low  cost  compared  with  others,  a  Star  Lathe  need  not  be  run  all  the  time  to  insure 
proper  returns  on  the  investment.  It  is  an  ideal  lathe  for  requirements  of  this  kind. 
Accuracy  of  construction  and  operation  is  second  to  none,  and  with  taper  attach- 
ment incorporated  it  handles  a  considerable  range  of  work  with  efficiency  not  ex- 
ceeded by  lathes  at  double  the  cost. 

If  you  have  work  of  this  character  you  need  the  ''Star" ;  if  you  have  tool  room  work 
sufficient  to  keep  a  lathe  busy  all  the  time,  it's  still  unquestionably  the  lathe  to  buy. 

Write  for  catalogue  for  descriptions  of  the  line. 

SENECA  FALLS  MANUFACTURING  CO. 


330  FALL  STREET 


SENECA  FALLS,  N.  Y. 
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Mueller 
Radials 


Examined  and 
Passed  for 
Active  Service 


Mueller  Radial  Drills  have  been  thoroughly  exam- 
ined, tried  and  tested  under  ordinary  and  unusual 
conditions  and  are  admitted  to  be  in  every  way 
qualified  for  any  service  they  may  be  called 
upon  to  perform. 

Material,  reinforcement  and  design  of  the  best. 

Speeds,  feeds  and  ranges,  many  and  varied. 

Controls,  in  every  case  simple,  convenient  and 
rapid.    Ask  for  details. 


THE  MUELLER  MACHINE  TOOL  CO. 

CINCINNATI,  OHIO,  U.  S.  A. 

RADIALS  DRILLS  LATHES 
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PHOENIX 

Turret    Attachments 


A  Necessity  in  the 
Modern  Shop 

Phoenix  Attachments  are  adapted 
for  a  multitude  of  lathe  operations 
that  ordinarily  require  special 
tools ;  being  particularly  well  fitted 
for  handling  economically,  the 
"shortjobs"  so  difficult  for  either 
turret  or  engine  lathe. 

It  is  an  easy  matter  to  attach  them 
to  the  cross  slide  of  any  engine 
lathe;  they  are  perfectly  rigid 
when  set  up,  extremely  easy  to  use, 
and  are  readily  released  by  a  three- 
quarter  turn  of  the  handle. 

If  you'd  like  to  get  lOO*^"  efficiency 
from  your  engine  lathes,  you'll 
want  to  know  more  about  them. 

Complete  description  on  request. 


PHOENIX  MANUFACTURING  CO. 


EAU  CLAIRE 


WISCONSIN 


CLEVELAND  OFFICE  :     1430  WEST  6th  STREET 


75he  WILIvARD 

13"    Engine    loathe 


FITTED  with  cabinet  legs  and  pan  base,  is  especi- 
ally adapted  for  tool  room  and  school  purposes. 
Extra  powerful  drive  permits  handling  work  be- 
yond the  ordinary  small  lathe  range.  Convenient  oper- 
ation makes  for  speed.  Rigid  construction  insures  uni- 
form accuracy.  The  "Willard"  swings  full  13",  has  com- 
plete range  of  feeds,  stands  hard  driving,  is  complete 
in  every  detail. 

We  should  like    to  tell  you   more   about 
these   exceptional  machines.     May  we  ? 


The  Willard  Machine  Tool  Co. 

CINCINNATI  OHIO,  U.  S.  A. 


iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 


W  &  P  PLANERS 

Planers  with  rigidity,  strength  and  power  to 
meet  the  heaviest  demands. 

We  build  rapid,  accurate,  long  service  planers 
of  every  type,  know  planer  requirements 
from  A  to  Z,  and  will  be  glad  to  help  you 
pick  the  machine  best  suited  to  your  work. 

Write  for  particulars. 

WOODWARD  &  POWELL  PLANER  CO. 

WORCESTER  MASS.,  U.  S.  A. 


Postpaid,  coin  or 
stamps. 


SOUTH  BEND  LATHES 

For  the  Machine 
and  Repair  Shop 

A  Practical  Lathe  at  Low  Price.  1 1  -inch 
to  18-inch  Swing.     Straight  or  Gap 
Beds.     Send  for  free  catalog. 
SOUTH  BEND  LATHE  WORKS 

426  E.  Madison  St.,       South  Bend,  Ind. 


ENGINE  LATHES 

18'   to  48"   Swing 

THE  BOYE  ®  EMMES  MACHINE  TOOL  CO. 

Cincinnati,  Ohio 
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USERS  OF  THE  UTHE  WITH  THE  PULL 


PLEASE  NOTE 

We  find  that  we 
have  been  selling 

CISCO 
Lathes 

underweight. 

That  every  lathe 
manufactured 
weighs  about  200 
pounds  more  than 
the  published 
weight. 


BETTER  BUY  CISCO 

Made  in  14",   16",  18",  24"  sizes 


You  have  been 
getti  ng  your 
money's  Kvorth 
and  always  will. 
Better  and  better 
all  the  time 

That's 
CISCO 


THE  CINCINNATI  IRON  &  STEEL  COMPANY,  CINCINNATI,  U.  S.  A. 

Harron,  Kkkanl  i>.-  McCone,  San  Francisco  and  Los  Angeles.  A.  E.  Williams  Mchy.  Co.,  Ltd.,  Winnipeg.  St.  Johns.  Toronto,  Montreal  and  Vancouver.  Can 
Hendrie  &  BoltLott  Mfg.  &  Supply  Co.,  Denver,  Colo.  Young,  Corley  &  Dolan,  Inc.,  New  York,  N'.  Y.  Knight  \-  Wall  Co.,  Tampa,  Fla.  McArdle,  fsev 
Orleans,  La.  R.  L.  Scrutton  &  Co..  Sydney,  N.  S.  W.  Ferine  Machinery  Co..  Seattle.  Wash.  W.  F.  Davis  Machine  Tool  Co.,  Cleveland,  O.  La\ighlm 
Barney  Mchy.  Co.,  Pittsburgh,  Pa.  Southern  Mchy.  E.TChange,  Jacksonville,  Fia.  J.  L.  Lindsay,  Richmond,  Va.  Stratton  &  Bragg  Co.,  Petersburg,  Va 
Manufacturers  Selling  Agency,  Birmingham,  Ala.  Marshall  &  Huschart  Mchy.  Co.,  St.  Louis.  Mo.  C.  E.  Fales  Mchy.  Co.,  Detroit.  Mich.  S.  R.  Meisen- 
helter  Mchy.  Co..  Philadelphia,  Pa.  Purintou  &  Smith,  Hartford,  Conn.  H.  A.  Smith  Mchy.  Co.,  Syracuse,  N.  Y.  Herbert  R.  Lowe,  Providence,  R.  I. 
Badger-Packard  Mchy.  Co..  Milwaukee,  Wis.  Dale-Brewster  Mchy.  Co.,  Chicago,  III.  Thompson  Tool  and  Supply  Co.,  Indianapolis,  Ind.  John  MacNab. 
Hyde,  England.  Grimaldi  &  Co..  Genoa,  Italy.  A.  J.  Coccaro  &  Co.  (New  York)  for  France  and  Spain.  Chinese-American  Products  Exchange  Co.  (New 
York)   for  China. 


"PREPAREDNESS 

versus 


59 


RISING  COSTS 


Are  you  prepared 
to  make  those 
small  parts  the 
most  economical 
way — the  Dalton 
way? 

With  a  "Dalton 
Six"  Type  B-4  as 
part  of  your  shop 
equipment,  is  to  be 
prepared  to  com- 
bat your  most 
powerful  enemy, 
"Rising  Costs." 

Add  a  "Dalton 
Six"  to  your  battery  of  machinery.  You  will 
then  be  prepared  to  meet  the  enemy. 


Dalton  Manufacturing  Corporation 

1911-15  Park  Ave.        New  York,  U.  S.  A. 


HEAVY  DUTY  LATHES 
ALWAYS  SATISFY 


m^r^A  Ti^F^  '''^''^  '^^^  "*^  ^^'"^ 


^—^    A  o/^rT'xr 


the 
best  lathes  for  ALL- 
AROUND  work— very  best  in  every 
sense:     Quality    of    Material,    Workman- 
ship,  Accuracy,    Rigidity   and   numerous 
other  qualities. 

You  cannot  buy  a  better  lathe.  Scores 
of  satisfied  owners  of  AXELSON 
LATHES  are  our  best  arguments.  Bet- 
ter investigate. 

AXELSON  MACHINE  CO. 


Literature 
sent  upon 
request. 


Dept.  B 


LOS  ANGELES,  CAL. 
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Two  Lathes  in  One  at  a  Great  Saving  in   Cost  — 


Lathe 


Our  lloavy  Duty  Sliding  Kxtcnsion  Cap  Lathe 
Is  a  most  necessary  tool  to  the  shop  with  'a 
wide  range  of  work.  Being  practically  two 
lathes  in  one,  it  is  sure  to  be  kei)t  busy  all  the 
time. 

This  lathe  has  main  and  sliding  beds,  very 
heavy  and  broad.  Tliey  are  braced  over  their 
entire  length.  The  lathe  loses  none  of  the  ac- 
curacy and  rigidity  of  the  usual  type  lathe.  It 
is  equipped  with  powerful  back  gears — has  6 
quick  changes  of  geared  feeds,  12  spindle  speeds 
and  cuts  threads  2  to  30 — all  steel  gears 
tlirougliout. 

Let   us  send  full   details   in    Bulletin   "M." 


BARNES    DRILL   COMPANY,   Inc,  814   Chestnut   Street,   Rockford,  111.,  U.  S.  A. 


U)IIIIIIIIIIMIIIIIMnilllllMMIIIIIIIIIMIIMIIIIIIIIMII|niMIIMIIIIIIIMIIIIIIIIIMIIIIIIIIMIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIi 


The  Oliver 

Sawing,  Filing  and 
Lapping 
Machine 


Meets 

Modem 

Demands 


Write  forOur 
Circular 


The  order  of  the  day  calls  for  the  "latest  models." 
Machines  must  be  changed  frequently  to  meet  this  de- 
mand—new parts  must  be  designed,  new  patterns  made. 
There  is  no  time  for  the  handmade  dies  of  yesterday- — 
yet  the  work  must  be  just  as  accurate,  just  as  well 
finished. 

The  OLIVER  FILING  AND  LAPPING  MACHINE  is  the 
solution  of  the  skilled  patternmaker's  problem.  He  can 
devote  all  his  time  to  planning  and  designing  new  parts 
while  an  ordinary  mechanic  cuts  and  finishes  them  in 
30  to  60  per  cent  less  time  with  the  "Oliver." 

Oliver  Instrument  Company 

ADRIAN,  MICHIGAN 


iiiJiiniiiiiiiiiiiiiiiiiiiJiiiiiiiinniiiiiiiiiiiNiiiiiiiiiiiiiiiiMiMiiiiiNiiiiiiiiiijjiiMiiiii 
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Difl«^Si€fMAi«!S''M/ici«* 


Trade  Marks,  Letters 
or  Numbers  put  on 
your  work  at  RE- 
DUCED COST  with 
quality  improved  by 
these  machines.  Let- 
tering Dies  cut  by  EX- 
PERT ENGRAVERS. 

Noble  &  Westbrook  Mfg.  Co. 

Hartford,  Conn.  U.  S.  A. 


Send  for 
Catalogue 


Crescent  Wood  Working  Machinery 


will  satisfy  tliose  par- 
ticular     buyers      who 
want     enduring     ser- 
vice in  wood  working 
equipment.       Ask     to- 
day for  catalog  telling 
about      our      line      of 
tand  saws,  jointers,  saw  tables, 
planers,  disk  grinders,  planers 
and     matchers,     swing    cut-off 
saws,    shapers,    borers,    hollow 
chisel    mortisers,    variety    and 
universal  wood  workers. 


THE  CRESCENT  MACHINE  CO. 


56  MAIN  STREET 


LEETONIA,  OHIO 


Read  Our  Specifications 

Before  going  ahead  get  a  copy  of  our  specifications  of 
this  14"  engine  lathe.    It's  a 

CARROLL-JAMIESON 
Screw   Cutting   Lathe 

It  has  double  back  gears,  quick-change  gears  giving  thirty-two 
changes  of  feed  without  removing  a  gear,  nine  spindle  speeds, 
21/4"  belt  drive  from  three-step  cone. 

Drop  a  line  now  for  a  set  of  specifications. 

THE  CARROLL-JAMIESON  MACHINE  TOOL  CO.,  257  Davis  St.,  Bata¥ia.Ohio 
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The  Morton 

Draw-Cut 

Traveling 

Head  Planer 


Unequaled 
for  Manufac- 
turing or 
General  Shop 
Work 


MORTON 

MFG. 
COMPANY 

Muskegon  Heights 

MICHIGAN 


THE  remarkable  adaptability  of  Morton  Planers  makes  them  profitable 
machines  in  any  shop.  Their  range  is  practically  unlimited.  They 
are  ideal  for  general  requirements,  and  so  simply  designed  and  flexible 
that  they  can  be  readily  adapted  for  any  special  work.  Compared  with 
the  housed  planer,  the  Morton  requires  but  half  the  floor  space  and  one- 
fourth  the  power,  may  be  used  either  as  a  portable  or  a  stationary  ma- 
chine, can  be  reversed  into  a  push  cut  planer  if  desired,  and  handles  all 
boring  and  milling  easily  and  accurately  regardless  of  the  size  of  the 
piece.  Convenient,  powerful^ — and  needed  in  mosi  shops.  Send  for 
Bulletin  8D. 


Deitico  Higli  Speed 
Drilling  Machine 

Our  new  machine's  maximum 
speed  is  12,000  R.  P.  M.  Drives 
3/16"  to  3/8"  drills  at  proportion- 
ately slower  speed.  Ball  bearings 
are  used  throughout;  high  carbon, 
heat  treated,  accurately  ground 
spindle  has  3-jaw  geared  nut  chuck 
of  key  type;  three  speed  changes 
by  simply  moving  a  lever.  We 
have  built  a  sturdy,  high-grade 
small-hole  drilling  machine,  bench 
or  floor  type,  that  not  only  in- 
creases output  but  minimizes  drill 
breakage — a  marvel  of  speed  and 
accuracy.  Furnished  with  either 
square  or  round  table. 

Write  for  full  description. 

THE  DE  MOOY  MACHINE  CO. 

706  Frankfort  Ave.,   Cleveland,  O. 


No.  1  Drin-14" 

265  lbs.,  Capacity  1/2" 

No.  5  Drill-16" 

430  lbs.,  Capacity  3^" 

A  splendid  line  of  single 
spindledrillingmachines- 

Manufactured   by 

FRANCIS  REED  CO. 

43  Hammond  Street 

Worcester,  Mass. 


Worcester  11"  Tool  Room  Lathe 


This  simply  designed,  steady-going,  efficient 
machine  is  built  along  the  same  general  lines 
of  our  Standard  11"  Lathe,  with  the  addition 
of  Steel  Pan,  Taper  Attachment  and  Draw- 
in-chuck.  The  Taper  Attachment  is  gradu- 
ated and  can  be  easily  set  for  turning;  Draw- 
in-chuck  operates  by  means  of  a  closer  and 
split  collet  of  tool  steel,  hardened  and  ground. 
The  lathe  swings  \2%,"  over  bed,  8"  over 
carriage,  cuts  threads  from  2  to  40,  takes 
turning  tools    \/.y"  x   1".  Write  for  further  details. 

WORCESTER  LATHE  COMPANY 


68  Prescott  St. 


WORCESTER,  MASS. 
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ELWELD 
TOOLS 

For  One  Concern 

That  Would 

Indicate  They 

Were  Good  Tools 

Wouldn't  It? 


These  700  tools  were  made  from  so-called  scrap — short  pieces 
of  high  speed  steel  that  could  no  longer  be  used  to  advantage 
in  the  usual  manner.  We  Elwelded  these  pieces  to  tool  steel 
shanks,  conforming  to  sizes  designated,  and  700  new  high 
speed  tools  resulted  at  a  fraction  of  their  first  cost.  Com- 
pare this  cost  with  that  of  new  tools  and  it'll  be  an  eye-opener. 

And  don't  overlook  the  significance  of  the  repeat  orders  we've 
had  from  these  people.  The  fact  that  they've  come  back  again 
and  again  for  more  Elweld  tools  surely  proves  that  they're 
saving  money  and  we're  giving  satisfaction. 

Let  us  show  you  a  sample  of  our  work.  We're  increasing 
our  capacity  again  and  can  give  your  specifications  prompt 
attention.    Any  tools  from  II/2"  x  21^"  down  to  i/^"  x  1". 


We  do  commercial  butt  welding  also, 
large  or  small,  and  will  be  glad  to 
figure  with  you. 


The  Electric 
Welding  Co. 

(Superior  Viaduct) 

Cleveland  Ohio 
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Highspeed 
Steel  Tools 

Would  You 
Believe  it  7 


This  job  is  typical  of 
some  of  the  work  put 
up  to  Uranium  tools. 
These  two  pump  casing  castings  are  made  of  acid-proof  bronze,  an  excep- 
tionally tough  metal  to  cut;  the  chips  shown  are  full  size  and  indicate  how 
short  the  metal  flakes  under  the  cutting  action.  Uranium  steel  tools  are 
the  only  tools  that  stood  up  under  this  work. 

You,  no  doubt,  often  meet  just  such  tough  planing  or  turning  propositions 
and  then  you  need  Uranium  for  best  results. 

Your  own    steel    man    can    tell  you    about 
Uranium  High  Speed  Steel ;  if  not,  consult  us 

Standard    Alloys    Company 

Forbes  &   Meyran  Avenues  PITTSBURGH,  PA. 
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A  Good  Compound  for  Tough  Drilling 

The  machine  is  a  Prentice  Drill  Press,  the  work  is  chromium  high-carbon  steel  thrust  bearing 
washers — "tough  old  birds,"  the  operator  said — but  the  cutting  compound  is  Marnile.  So  the 
drills  cut  clean  and  cool,  don't  tear  the  holes,  and  stand  up  25  per  cent  longer  between  grinds 
than  when  oil  or  soda  water  was  used.  Output  is  25  per  cent  greater  and  lubricant  bills  are  75 
per  cent  lower.    Interesting  and  profitable  results,  aren't  they? 

Let  us  send  a  sample  of  Marnile  to  prove  similar  results  on  your  tvork. 

GEORGE  A.  HAWS,  Inc.,  135  Front  St.,  New  YorR,  N.  Y. 


Reducing  the  Thread  Cutting  Costs 

The  New  NAMCO  Positive  Collapsing  Tap  offers  an  immediate 
solution  to  this  high  threading  cost  problem. 

The  NAMCO  Tap  differs  from  all  other  collapsible  taps  both  in  de- 
sign and  construction  and  features  many  advantages  over  the  old 
style  of  tap,  namely 
— capacity  for  any  depth  hole. 
— positive  collapsing  action. 
— proper  support  for  chasers  while  cutting. 
— all  operating  mechanism  within  body. 

The  new  catalog  explaining  in  detail  the  reasons  for  the  improve- 
ments claimed  for  NAMCO  Collapsible  Taps  will  be  sent  on  re- 
quest.   Ask  for  NAMCO  Tap  Catalog  "B." 


NAMCO 


w 


irTAnrmcrr" — ] 

COLLAPSING  r*"* 


^"NO  HOLE 
^     TOO    J 
^DEEP' 


(Capacities    1*4    inch    up) 

THE  NATIONAL  ACME  COMPANY,  CLEVELAND,  OHIO 

New  England  Plant:  Windsor,  Vermont  Canadian  Plant:  Montreal,  P.  Q. 

BRANCH  OFFICES-NEW  YORK  BOSTON  CHICAGO  DETROIT 

ATLANTA,  SAN  FRANCISCO.      REPRESENTATIVES  IN  FOREIGN  COUNTRIES 

Makers   of  Gridley   Sing'c    and    Multiple    Spindle   Automatics    at    Wirtdsor,    Vermont;   and 
Acme    Automatics,    Threading    Dies,    and    Screw    Machine    Products    at    Cleveland,     Ohio 
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Constant  Speed  Alternating  Current  Electric  Motor, 
combined  with  Moore  &  White  Speed  Change  giving 
variable  speed,  and  Moore  &  White  High-Speed  Fric- 
tion  Clutch   for  starting   under  load. 


Speed  Regulation  with 
Alternating  Current  Motors 

The  Moore  &  White  Speed  Change  permits  the  drive  from  an 
A.  C.  motor  to  be  varied  in  speed  as  freely  as  when  D.  C.  mo- 
tors are  used. 

By  its  use,  lathes,  boring  machines,  and  machinery  tor  pump- 
ing, conveying,  bleaching,  drying,  textile  manufacture,  etc., 
can  be  made  to  operate  at  maximum  efficiency  all  the  time, 
thereby  overcoming  the  chief  drawback  to  the  use  of  alternat- 
•ing  current. 

MOORE  &  WHITE 
SPEED  CHANGES 

operate  without  frictional  slip.  Their  special  feature  is  the 
use  of  a  pair  of  flexible  "transformers,"  one  on  each  cone,  in 
which  tapering  strips  build  the  cone  up  to  cylindrical  form. 
Each  strip  acts  like  part  of  the  cones  while  in  contact  with  it. 
It  is  not  necessary  to  use  a  narrow  belt. 

Owing  to  the  absence  of  slip,  the  speed  control  is  very 
exact.  Taken  with  the  inherent  steadiness  of  A.  C.  motors, 
this  is  a  very  valuable  feature  for  many  classes  of  work  de- 
manding accurate  speed  regulation. 

We  furnish  the  complete  Speed  Change  in  vertical  and  hori- 
zontal form  in  sizes  from  1  to  200  H.P. 

To  manufacturers  wishing  to  incorporate  the  Speed  Change 
in  their  own  machines  we  sell  the  patented  transformers 
separately. 

Write  for  booklet,  "Speed  Changes  without  Frictional  Slip," 
giving  full  particulars  of  sizes  and  styles. 


THE  MOORE  &  WHITE  COMPANY,  Jl?.', '"  ''^'  ^  '"-  ^' 


[LADELPHIA,    PA. 


Makers    also    of    Moore    &    White    Standard    and    Hifih    Speed    Friction    Clutches 

NEW    ENGT-AND    REPRESENTATIVE:      GUbert    Howe    Gleason,    141    Milk    Street.   Boston,   M; 


COUNTERSHAFT 

FOR 

GRINDER  WORK 

REAL  FLEXIBILITY 

in  connecting  the  shafts  of  any  two 
close  coupled  machines  eliminates  the 
expense  of  extremely  careful  align- 
ment, and  provides  for  the  misalign- 
ment which  causes  trouble  and   ex- 
pense when  rigid  couplings  are  used. 

1           1 

Francke  Flexible  Couplings 

are  flexible  in  three  directions  in  addition  to 
providing  a  cushion  for  .the  driving  shocks. 
For  any  size  and  type  of  direct  power  drive. 
Send  for  descriptive  literature. 

Over  a  million  horsepower  in  service 

SMITH-SERRELL  CO.,  Inc 

General  Sales  Agent  for  THE  FRANCKE  COMPANY 

144-B  Cedar  St.,  NEW  YORK  CITY 

"DAI 

shaft 
all  m 
grind 

The! 
use  u 

Mam 
"DAI 

Dalt 

1911 

LTON"    (Patented)    Grinder    Cob 
is  designed  for  use  on  small  lath 
akes,  using  either  internal  or  exi 
ing  attachments. 

langers  are  universal  in  adjustmer 
pon  either  ceiling  or  wall. 

ifactured   only  by  the   makers   o 
.TON  SIX"  Lathe. 

Send  for  Bulletin. 
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PARK  AVE  ,  NEW  YORK,  U. 

nter- 
es  of 
ernal 

it  for 

e  the 

tion 

S.  A. 

198 


MACHINKKY 


August,  1917 


FORD  TRIBLOC 


The  Chain  Hoist  in  the 
Foreground   of    Service 

They  say  you  can  always  tell  whether  a  picture  of 
a  street  scene  is  real  by  looking  for  the  Fords. 
The  same  is  true  of  shop  scenes — only  in  this  case 
the  Fords  are  Ford  Tribloc  Chain  Hoists.  Manu- 
factured, marketed  and  guaranteed  for  five  years 
by  Ford  of  Philadelphia. 

Ask  for  Catalog. 

FORD  CHAIN  BLOCKS  MFG.  CO. 

137  Oxford  Street  PHILADELPHIA,  PA. 

2090-D. 


J^^^L 


(([viADE  IN  America! 

THE  BEARINGS  COMPANY 
OF  AMERICA 

LANCASTER  PA.,  U.S.A. 


Western  Office: 
604  Ford  BIdg. 
Detroit,  MICH. 


COMPLETE  THRUST  BEARING 


Manufacturers  of  Ball  Retain- 
ers for  Cup  and  Cone,  Thrust 
and    Magneto  Type   Bearings. 


Write 

for  List  of 

Sizes 


BROWN  CLUTCHES 

are  guaranteed  to  deliver  their  true  rated  horse- 
power.     Our  line  runs  up  to  150  horsepower. 

SEND  FOR  CATALOG  AND  PRICES 

THE   BROWN   CLUTCH  COMPANY 


1005    CAMP   STREKT 


SANDUSKY.   OHIO 


"THE  CHAIN  OF  DOUBLE  LIFE" 
Fits  Cut  and  Standard  O.  I. 
Sprockets— 1  to  12  in.  pitch. 

Union  Steel 
Rivetless  Chains 

High  Carbon  Links  (STRENGTH),  Large  Glass-hard  Reversible  Bearings 
(DURABHilTY),  One-piece  Rivetless  Construction  (PERMANENCY)  Insure 
TROUBLE-PROOF,  MONEY-SAVING  SERVICE.  Bushing  Chains,  Roller 
Chains,    Sprockets,    Buckets,    Elevators,    Conveyors,    etc 

The  Union  Chain  &  Manufacturing  Company,        Seville,  Ohio 

30  Church  Street.  New  York  Telephone.  Cortlandt  892 


New 


^^'WHIP=HOISTS 

and  Elevators  with  Governor  Safety 

Also   Patent  Friction   Clutches  and   Pulleys 

VOLNEY  W.  MASON  &  CO.,  INC.  Providence  R.  I.,  U.  S.  A. 
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The  hand  hoist  is  an  important  link  in  a  conveying 
system.  It  is  an  integral  part  of  a  trolley  system ; 
an  accessory  that  is  practically  indispensable  for 
loading  or  unloading  of  various  kinds;  a  portable 
outfit  that  can  be  taken  vi^herever  it  may  be 
needed,  for  all  manner  of  miscellaneous  hoisting. 
Wright  Hoists  are  built  for  hard,  continuous  ser- 
vice, and  we  claim  they'll  both  outlift  and  outlast 
any  other  chain  hoist  on  the  market.  Catalog  A-16. 


WRIGHT 


i^TURlNG 


OHio,rr.Sj\ 


The  Incapable  Hoist  Operator 

A  man  who  is  tired  is  in- 
capable of  performing 
any  kind  of  duty.  His 
mental  efficiency  is 
dulled  and  his  energy 
gone. 

THE 

PEERLESS 
HOIST 

is  not  burdensome  or 
a  back-breaker.  The 
ease  of  operation  is  per- 
fect. Only  easy  pulling 
is  required  to  raise  and 
lower  the  load.  Abso- 
lute safety  is  assured  by 

Steel  Hangers 
Steel  Hooks 
Steel  Swivels 
Steel  Load  Wheels 
Steel  Gears 

No  cast  or  malleabU  iron 
parts   used  to  carry  the  load. 

EDWIN  HARRINGTON,  SON  &  CO.,  Inc. 

PHILADELPHIA,  PA. 
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The  Yale  Triplex 

Block  setting 

castinn  in  a 

Tnachine. 

The  name  "  Yale  "  on  a  chain  hoist 

means  more  to  the  buyer  than  a  mark  of  identification. 
It  is,  above  all,  a  visible  guarantee  of  service  and 
quality — a  guarantee  of  superiority  in  design,  ma- 
terials and  workmanship. 

This  visible  guarantee  on  the  Yale  Triplex  Block  rests 
upon  the  conclusive  tests  of  the  materials  entering 
into  its  construction;  the  careful  machining  and  as- 
sembling of  the  parts;  and  finally  the  working  test 
of  3360  pounds  for  each  rated  ton. 

Put  your  hoisting  problems  up  to  us 

For  factory  locking  equipment  use  a  Yale  Master-key 
System.     Write  us  for  particulars. 

The  Yale  ®  Towne  Mfg.  Company 

9  East  40lh  Street  New  York  City 
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iiiiililiiilllllJiillllliiJjjr. 


Cranes  and  Hoists 


Electric  Traveling 
Cranes. 

Hand  Power  Travel- 
ing Cranes. 

Bucket  Cranes. 

Jib  Cranes. 

Monorail  Cranes. 

Electric  Hoists. 

I-beam  Trolleys. 

Track  Systems. 

High  Speed  Chain 
Hoists. 


Alfred  Box  &  Co. 

PHILADELPHIA,  PA. 
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Did  you  ever  stop  to  realize  what 
a  big  advantage  that  machine 
manufacturer  has  who  can  order 
his  duplicate  clutch  parts  by- 
number  ? 

Conway  Patent  Friction 
Clutches  have  other  remarkable 
features. 

CONWAY  &  COMPANY 

FAI[«M01JNT,  CINCINNATI 

Manufacturers    of   Friction    Clutches    Since    1895 


A  SIMPLE,  POWERFUL  FRICTION 
CLUTCH 

which  can  be  modified  to  meet  any  clutch 
requirement.  The  "  Cleveland  "  has  no  com- 
plicated parts  to  give  trouble,  nothing  to  get 
out  of  adjustment,  engages  smoothly,  operates 
safely,  releases  instantly.  If  you  want  the 
ultimate  in  dependable  clutch  service  buy  a 
"  Cleveland."     Clutches  up  to  270  H.  P. 

WRITE   FOR   CATALOG   C 

THE  RELIANCE  GAUGE  COLUMN 
COMPANY 

6008  Carnegie  Avenue,  Cleveland,  Ohio 


Meran 


Has  your  crane  a  modern  ship-shape  safety 
trolley  like  this?    This  is  our 

"Type  E"  Crane  Trolley 

Made  along  up-to-the-present  lines  with  all 
features  of  safety  and  ef- 
ficiency demanded  by  good 
engineering  practice.  Learn 
more — get  our  catalogs.  We 
also  make 

ELECTRIC    HOISTS 

Air  Hoists,  Foundry 
Equipment,  etc. 

Northern    Engineering  Works 

6  Chene  Street  Detroit,  Mich. 


TOLEDO  CRANES 

FOR  EVERY  SERVICE 


TKey  are  cttiite 
Reliable 


The  Toledo  Bridge  ®  Crane  Co. 

2950  "Dorr  St.  TOLEDO.  OHIO 


It's  So  Easy  with  a  "Canton" 

The  lifting  that  taxes  half  a 
dozen  strong  workmen  and 
causes  their  machines  to  stand 
idle,  can  be  handled  easily  by 
one  man  if  there's  a  Canton  Port- 
able Floor  Crane  handy.  It's  a 
real  necessity  in  any  shop,  big 
or  little;  the  convenience,  econ- 
omy, power  and  serviceability 
are  arguments  for  its  use  that 
simply   can't  be  overlooked. 

Booklet  E-10  for  particulars. 

CANTON  FOUNDRY  a  MACHINE  CO. 

CANTON  OHIO,  U.S.  A. 
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BETTER  TRANSMISSIONS 

An  Aim — 

Not  A  Claim 


A    Useful  Handbook 

If  you  are  interested  in  efficient  power  transmission,  you 
will  find  our  new  complete  catalogue  and  treatise  on  chain 
driving,  "Diamond  Tooth  Form  for  Roller  Chain 
Sprockets,"  a  most  useful  handbook. 

This  booklet  contains  valuable  data  regarding  the  applica- 
tion of  chains  and  sprockets  for  power  transmission  and 
will  prove  of  assistance  to  engineers  and  others  in  the  solu- 
tion of  driving  problems. 

A  new  form  of  sprocket  tooth  has  been  developed  by  our 
engineers,  which  greatly  increases  the  life  and  efficiency  of 
both  chains  and  sprockets.  A  complete  description  of  this 
new  tooth  form  is  inc'uded  in  this  booklet. 

Chain  drives  are  rapidly  gaining  in  prominence — they  af- 
ford a  compact,  powerful,  positive  method  of  power  trans- 
mission. Engineers,  designers,  officials  and  others  who  are 
in  touch  with  driving  problems  should  have  a  copy  of 
"Diamond  Tooth  Form  for  Roller  Chain  Sprockets"  for 
reference. 


Mail  coupon  or  write  for 
your  copy  today. 


Diamond  Chain  &  Mfg.  Company 


240  West  Georgia  Street 

INDIANAPOLIS,  IND. 


---------COUPON'" 

DIAMOND  CHAIN  &  MFG.  CO. 
Indianapolis.  Ind. 


Please  send   copy    of 
Form  for  Roller  Chai. 


lew    handbook.   "Diamond   Tooth 
Sprockets.  " 


Street... 

City 

Firm 

Position  . 


Machinery-8- 1  7 


Cullman  Sprockets 

in  stock  and  to  order 


For  Block,  Roller  and  High   Speed 
Silent    Chains.       New    Catalogue. 

CULLMAN  WHEEL  CO.,  1339  AltgeW  St.,  Chicago 


Power  Transmitting    Machinery 

Shafting  Every  Power  Transmission      Pillow  Blocks 

Tm J  ■       J  >   I  I  L  Friction  Clutches 

Pulleys  need  is  adequately  met  by      — — .. ,    „ — r— , 

—  .  II-  1        Flexible  Couplings 

Hangers  the    complete      line      and      Gears  for  Heavy 

Floor  Stands  abundemt  experience  of  the         Service 

CRESSON-MORRIS  COMPANY 


Engineers— Founder 

PHILADELPHIA 


-Machinists 

PENNA.,  U.  S.  A. 


rU  A  CC  ELEVATING  and  TDf  Trif 

LnAOt.  TRANSFERRING  lI\UL^ 

Cuts    Handling    Costs 

Save  labor  and  floor  space  with  Chase 
direct  control,  easy  running  roller  bear- 
ing trucks. 

Complete  trucking  and  railway  systems. 


Write  for 
catalog 
No.  16  B. 


THE  CHASE  FOUNDRY  &  MFG.  CO.,  Columbus,  Ohio 
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THE  SHAW  ELECTilC  CiANEC©MPAM¥ 


1 


GCEG©! 

=<!Ol;^ — 


I1€IHID©A1 


SALES  ©FFICE 

MAiWiiG,  MAX 

PIRDIMCDIPAL  ©FIFDCE  - 


m  ALL  FlDlMCiFAL  CITIES 

ILAMDMOOREJUC. 

9  WEST   4i®TI}a»  ST..  MEW  YOD^i^, 


GILBERT 
PULLEYS 

COST 

LITTLE  and 
SAVE  MUCH 

Gilbert  Wood  Split  Pulleys  cost  less  than  split  iron  or 
steel  pulleys.  Being  much  lighter,  they  require  less  ex- 
pensive shafting  and  hangers',  put  less  weight  on  the 
bearings,    and    so    reduce    power   loss    through    friction. 

It  has  been  authoritatively  proved  that  wooden  pulleys 
require  nearly  50  per  cent  less  belt  tension  than  iron — 
for  equal  power.  Reduced  tension  prolongs  belting  life 
and  further  reduces  journal  friction  and  strain  on  the 
shafting. 

Gilbert  Wood  Split 
Pulleys  wear  as 
long  as  iron,  give 
as  good  or  better 
service,  and  save 
money  in  everyway. 

Send  for  Catalog. 

SAGINAW 
MFG.    CO. 

SAGINAW,  W.  S. 
MICHIGAN 

Sales  Agencies  in  all 

Principal  Cities  of 

the  World. 

New    York    Branch; 

88  Warren  Street 

Chicago   Branch: 

105-109  So.  Jefferaon 

Street 

Cable   Address :    Engrave 

A.    B.    C.    and    Lieber's 

Codes 


GET  OUR  OFFICIAL  BLUE  BOOK 


DETROIT  OFFICE 

905  Dime  B«nk  BIdg. 
DETROIT 


F.  M.  COBBLEDICK  &  CO. 

693  Mission  Street 
SAN  FRANCISCO.  CAL. 


NEED  THRUST  BEARINGS  QUICK? 

Specify 


ROCHESTER " 

We  make  them — big  bearings, 
good  beaiings.  Ball.s,  all  sizes, 
any  material.  Speedy  delivery 
on  early  orders.  Write  for 
circulars. 

ROCHESTER  BALL  BEARING  COMPANY,  Inc..   ROCHESTER,  N.  Y. 


BOOKLET  SHOWING 
HO W    T  O    SAVE 


FREE 

HANDLING  EXPENSE 

How  to  enable  I  nan  to  do  the  work  of  4  or  5- 
how  to  meet  the  labor  shortage — by  using  the 

BARRETT   MULTI-TRUCK 

BARRETT-CRAVENS  CO. 

750  Transportation  BId'g.       Chicago,  111. 


Auburn  Ball  Thrusts  Solve  Problems  Like  These 


Steel,  Brass  and  Bronze  Balls 
AUBURN   BALL  BEARING  COMPANY,  ^^j^Jirsx^R.^N: 
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US.  Ball  Beai'ingg-' 

Assurance  of  Quality  Production 

It  is  important  first  to  remember  In  connection  with  U.  S.  Ball  Bearings  that  only  quality 
bearings  are  produced  in  the  immense  U.  S.  plant — one  of  the  largest  exclusive  ball 
bearing  plants  in  the  world.  This  is  positive  assurance  that  every  user  of  U.  S.  Ball 
Bearings  receives  only  one  quality  bearing — the  highest  possible  of  production — for 
that  is  the  only  kind  of  U.  S.  Ball  Bearing  produced.  In  other  words,  in  the  U.  S.  Ball 
Bearings  you  find  the  most  highly  developed  and  most  efficient  ball  bearings 
known  to  the  manufacturing  world — hence  the  most  efficient  anti-friction 
device  obtainable. 

U.S.  BALL  BEARING  MFG.  CO. 

(Conrad  Patent  Licensee) 

Palmer  St.  and  Kolmar  Ave.  CHICAGO,  ILLINOIS 


Another  Concern  which  Considers 

"K  E  T  O  S 

the  Best  Steel  for 
Punches  and  Dies 

With  years  of  punch  and 
die  making  experience  to 
judge  from,  the  Bridge- 
port Metal  Goods  Co.  finds 
that  for  intricate,  hard 
working  dies  there  is  no 
steel  quite  like  "Ketos." 
They  showed  the  photog- 
rapher this  8-step  die  in 
action,  the  remarkably  fine 
cups  it  turns  out — within 
0.001"  limit — and  named 
a  total  production  far  in 
excess  of  that  secured  from 
any  other  steel,  as  proof. 
This  concern  has  been  a 
"Ketos"  Steel  user  for  the 
past  eight  years. 


Give  Ketos  Steel  a  Trial. 


HAWKRIDGE    BROTHERS    COMPANY 


303  Congress  Street 


BOSTON,  MASS.,  U.  S.  A. 
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Reliability 


The  rough  usage  to  which  pneumatic  tools 
are  generally  subjected  makes  staunchness 
and  reliability  essential  qualities  in  every 
detail  of  construction. 

Especially  important  are  the  bearings;  since,  if  friction  is 
to  be  reduced,  power  saved,  and  wear  made  negligible,  it 
must  be  accomplished  through  the  efficiency  of  the  bearings. 

For  bearing  efficiency  the  Inger soil- Rami  Company 
relies  upon  Fafnir  Ball  Bearim^s. 


m 


The  Fafnir  Bearing  Company 


Detroit  Office  : 
752  David  Whitney  Bldg. 


Conrad  Patent  Licensee 

Main  Oflfice  and  Factory 
New  Britain,  Conn. 


^ 


^ 


^ 


Chicago  Otitice; 
39  So.  Clinton  St. 


^ 


^ 


^Z 


^ 
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Another    Special    Machine 

On    Which    Part    of    the    Drive    is    Baldwin    Chain 

This  is  a  paper  corrugating  machine,  designed  by  the  Potdevin  Machine  Company, 
Brooklyn,  N.  Y.,  and  the  drive  to  the  upper  rolls  is  a  Baldwin  Special  Roller  Chain,  the 
center  distance  between  sprockets  being  approximately  two  feet.  The  advantage  of  chain 
over  gears  or  belts  for  many  purposes  has  been  demonstrated  by  the  above  concern  to  its 
complete  satisfaction — and  the  chain  selected  is  "Baldwin." 

Baldwin  Chain  is  good  chain.     It  has  many  uses  and  many  advantages. 
May     we    tell   you    more    about    it?        Address    Department    ''S''. 

Baldwin  Chain  &Mfg.  Co,,  Worcester,  Mass.,  U.S.A. 

AGENTS:  C.  I).  Schmiilt,  27(',  Canal  St.,  New  York  Oity.  W.  D.  Foreman,  1425  Michigan  Are.,  rhicago.  III.  N.  A.  Petry  Co.,  Inc.,  1.S09 
Iface  St.,  Philadelphia,  Pa,  Walter  H.  Williams,  175  Massachusetts  Ave.,  Boston.  Mass.  M,  A.  Bryte,  788  Mission  St,,  San  Francisco,  Cal. 
Motor  &  Machinists  Supply  Co.,  Kansas  City,  Mo.  M.  &  M.  Co.,  Cleveland,  Ohio.  Nenstadt  Automobile  &  Supply  Co  ,  St.  Louis,  Mo.  C.  J. 
Smith    Co.,    St.    Paul,    Minn. 
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"We  Must  Stop  These 
Pulley  Losses" 

Pulley   breakdowns — men   and   machines 
idle — are  all  too  frequent  in  some  plants. 
Belt  slip  and  air  resistance  eat  up  power. 
Not  enough  attention  is  paid  to  the  selec- 
tion of  pulleys.     Perhaps  wood  and  iron 
pulleys  are  still  being  used.    Their  first 
cost  may  be  low  but  their  last  cost  is  far 
higher  than 


AMERICAN 

r%^  STEEI.  SPLIT  ^i  ^ 

^  PULLEYS  ^ 

The  flat  A— braced  arms  of  "American"  Pulleys 

cut  the  air  and  save  enormously  on  power.     Belt 

slip  is  reduced  to  a  minimum.     "Americans"  are 

giaranteed    to  perform  double  belt  duty  under  all 

conditions  not  demanding  a  special  pulley.     They 

/    are  capable  of  enduring  higher  speeds  than  any  other 

standard  metal  pulley. 


FREE  BOOK-"Pulley  Efficiency' 
Full  of  money-saving  pulley 


The  American  Pulley  Co. 

4208-60  Wissahickon  Ave.       PHILADELPHIA,  PA. 

New    York.    Cor.    Grand    and    Greene    Sts.     Boston,    165    Tefirl    St. 
Chicago,    124    8.    Clinton    Ht.     Seattle,    536   First  Ave.,    South. 
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PHILADELPHIA 

Dynamo  of  the  World  War 


Philadelphia  is  the  dynamo  of  the  wodd  war.  It  is 
not  local  pride  nor  the  appeal  of  high-sounding  phrases 
that  justifies  this  title,  but  the  prime  warranty  of  facts. 

Russia  and  France  are  receiving  our  railway  engines 
and  equipment.  Our  munition  plants  gird  civilization 
in  the  fray  for  liberty.  Clothing  and  tools,  farm  imple- 
ments, prepared  foods,  machinery,  iron  and  steel  con- 
struction— these  are  but  a  few  of  the  array  of  products 
from  Philadelphia's  dynamo. 

The  Federal  Government  recognizes  Philadelphia's 
exceptional  position.  At  League  Island  Navy  Yard  alone 
new  work  involving  an  expenditure  of  $  1 8,000,000  is 
planned,  and  in  the  Philadelphia  district  half  a  hundred 
shipways  hum  with  the  fast-maturing  hopes  of  a  new 
merchant  fleet  and  a  mightier  navy  that  must  nullify 
the  submarine. 

In  Europe's  industrial  organization,  manufacturing 
centers  have  long  been  specialized.  Locomotives  hail 
from  Creusot,  arms  from  St.  Etienne  and  Woolv^ch, 
textiles  from  Manchester,  ships  from  Newcastle  and 
Glasgow^.  Philadelphia  is  a  Creusot,  a  St.  Etienne,  a 
Woolwich,  a  Manchester,  a  Newcastle  and  a  Glasgow 
in  one  mighty  w^hole. 

The  tide  of  her  industrialism  swells  steadily. 

—Public  Ledger.  June  10,  1917. 


We  are  proud  to  he  one  of  Philadel- 
phia's leading  institutions  and  to  be 
doing  our  part  to  swell  the  "tide  of  her 
industrialism. " 

Standard  Roller 
Bearing  Company 

PHILADELPHIA,    PENNA.,   U.  S.  A. 

Makers  of  SRB  Annular  Ball  Bearings,  Ball  Thrust 

Bearings,  Taper    Roller  Bearings,  Steel    Balls  and 

Rudge-  Whitworth    Wheels 


MAXIMUM  SILENT 
ANNULAR 
BALL  BEARINGS 
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Write 

for 

Details 

and 

Samples 


TRY  A  GILMER  ENDLESS  BELT 

P^or  driving  high-speed  machinery — light  grinding  machines,  pol- 
ishing heads,  drills,  motors,  etc. — the  Gilmer  Endless  Woven  Belt  is 
without  equal.  It  is  dependable,  insures  smooth,  even  running,  is 
pliable  and  does  not  slip. 

Gilmer  Belts  are  long  lived — do  not  stretch,  are  not  affected  by  oil, 
dust  or  moisture  and  are  adapted  for  special  conditions. 
Made  in  single  or  double  thickness,  any  specified  length;  regular 
widths  from  1/2  to  6  inches — specials  to  specifications. 

L.  H.  GILMER  CO.,  Tacony,  Philadelphia,  Pa. 


95%  of  All 
Cars  Carry  Them 


Not  One 
Report  of  Breakage 

AM ARVELOUS  record  has  been  made 
by  Hoover  Balls  in  service.  We 
make  25,000,000  7ie7V  balls  daily.  Dur- 
ing the  four  years  of  onr  800%  produc- 
tion increase,  with  billions  of  balls  in 
service,  not  a  single  case  of  breakage 
has  been  reported. 

The  Hoover  chrome  steel,  hard  surface, 
tough  center  construction  eliminates 
breakage  by  providing  for  steel  contrac- 
tion and  expansion  and  allowing  for 
fatigue  in  service.  Our  research  labora- 
tory will  build  the  right  ball  for  your 
service.     Booklet  free. 

Hoover  Steel  Ball  Company- 
Ann  Arbor,  Mich. 


HOOVER 

Steel  Balls 


GWILLIAM  SERVICE 

BALL  and  ROLLER  BEARINGS 

ANNULAR— Single  and  Double  Row 
BALL  THRUST— All  Types 

ROLLER  THRUST-Collar  Type 
TAPER  ROLLER— Standard 

PRESSED  STEEI — All  Types 

AUTOMOBILE,  MOTOR  BOAT  and  TRIJCK  BEARINGS 

STEEL    BALLS 

Sole  Agents  for  the  United  States  of 

THE   BOWDEN   PATENT  WIRE   MECHANISM 

for  the  transmission  of  reciprocating  motion 
through  a  Flexible  and  Tortuous   Route 

THE    GWILLIAM    COMPANY 

Engineers  and  Specialists 
NEW  YORK.  253  W.  58th  St.  PHILADELPHIA.  1314  Arch  St. 

Phone:  Columbus  8355  Phone:  Walnut  3497 


Like  the  Statue  of  Liberty 


Providence 


F.   BROWN'S  PATENT  FRICTION   CLUTCH   COUPLINGS  AND   PULLEYS 


FOR 
HIGH  SPEED 


FOR 
HEAVY  DUTY 


lARCLAY 
YORK, 

POWER    TRANSMISSION 
MACHINERY 

GEARS 

FOR  MOTOn,  MACHINE,  MILL  OR  POWER  PLANT 
ROPE  DRIVES  A  SPECIALTY 


The  life  of  a  pipe  union  is 
limited  by  the  capacity  of  the 
seats  to  resist  rust  and  cor- 
rosion. Take  a  look  at 
Bartholdi's  statue,  which  has 
been  exposed  to  the  elements 
for  30  years,  and  you  will  get 
an  idea  of  the  lasting  quality 
of  the  "bronze  to  bronze" 
seats  of  Dart  Unions. 

A  sample  sent  on  request,  also 
complete  list  of  Dart  Ells, 
Tees,    Flanges,   etc. 

E.  M.  Dart  Mfg.  Co. 


Rhode  Island 


The  Fairbanks  Co..  Sales  Agents. 
Canadian  Factory;  Dart  Union  Co., 
I-td.,   Toronto. 


FRICTION  CLUTCH  PULLEY 

We  lay  o.l,  make  t.  i  drawlnss,  (urnlsh  thi  material,  and  erect  IL    Special  machinery  built  to  drawlnes  and  specifications. 


FRICTION  CLUTCH  PULLEY 
WORKS:-ELIZABETHPORT,   N.  J. 
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OILLESS 
BEARINGS 


That  Is  Dut  a  typical  any  day  record  for 
Arguto  Oilless  Bearings — but  just  to  get  the 
story  out  in  the  way  it  came  to  us,  note  these 
two  letters. 


We  also  wish  to  advise  that  we  received  the 
twelve  bearings  covered  by  our  order  No.  914, 
and  beg  to  advise  that  your  bearings  are  giving 
the  best  of  satisfaction;  in  fact  we  are  using 
them  on  I'^rie  clutch  pulleys  where  brass  wovild 
not  stay  over  six  days. 

Yours  tnily. 
Pioneer    Pole    and    Shaft    Company. 

The  Arguto  Oilless  Bearing  Co., 
149    Berkley    St., 
Philadelphia,    Pa. 
Dear    Sirs: 

We  send  you  herewith  an  Arguto  Bearing 
which  we  ran  continuously  for  about  five  and 
one-half  years  as  the  bushing  of  a  clutch  pulley. 
This  bearing  has  lasted  in  a  remarkable  manner, 
being  apparently  as  good  as  when  lirst  received. 
Yours  very  truly, 

Collins    and    Aikman    Co.. 
(Signed)    M.    G.    Curtis,    Mgr. 


Arguto  Oilless  Bearings  do  outwear  the  best 
bronze;  they  do  reduce  overhead  charges; 
they  do  eliminate  both  life  and  fire  hazards 
in  the  lubrication  of  transmission  machinery; 
they  actually  do  increase  production  ef- 
ficiency.   Ask  us  how,  there's  no  obligation. 

Arguto  Oilless  Bearing  Company 

•  i4S  Berkley  Street, 

Wayne  Junction  Philadelphia 


We  Are  Doing'  Our  Bit 
To  Keep  Machinery 
Running  Smoothly 


Somewhere  along  the  line  of  pro- 
gress there's  a  machine  not  giving 
the  best  of  service,  due  to  lack  of 
anti-friction  bearings.  It  may  be  in 
your  plant.  If  it  is,  a  complete  line 
of  anti-friction  bearings  awaits  your 
consideration. 


We  make  a  bearing  of  guaran- 
teed quality  that  will  overcome 
the  trouble;  send  blue  prints 
and  specifications  and  we  will 
be  glad  to  estimate. 

Have  you  our  catalog? 


THE  BALL  ®  ROLLER 
BEARING  COMPANY 

DANBVRY  CONNECTICUT 
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Speed  up  witniElectric  Pofwer 


H 


G-E  Motors  and  Control  increase 

ERE  are  some  of  the  ways  in  ■which  modern 
industry   has  been  speeded  up  by  putting 
electric  power  to  work  in  the  right  place. 

Metal  mines  have  boosted  output  to  meet  w^orld- 
wide  demands.  Great  central  power  plants  in 
place  of  small  local  plants  in  coal  mining  areas 
now  supply  cheaper  electric  power  per  ton  out- 
put for  each  mine.  All  tonnage  records  have 
been  smashed  in  the  steel  industry.  Greater 
automobile  output  has  lowered  prices  and  given 
better  road  transportation.  More  and  better 
cloth  has  been  produced  at  lower  power  costs. 


production  and  reduce  maintenance. 

The  engineering  problems  solved  in  putting 
electric  power  to  w^ork  in  these  and  other  indus- 
tries w^ere  many  and  intricate.  Production  of 
electrical  equipment  suited  to  this  work  and  in 
quantities  required  is  an  important  part  of  this 
company's  service  to  American  industries. 

Any  problem  involving  the  use  of  power  can 
be  simplified  by  the  application  of  electricity.  The 
General  Electric  Company  is  well  equipped  to 
lend  valuable  assistance  in  working  out  such 
problems  and  is  glad  to  co-operate  with  manu- 
facturers and  engineers  in  every  possible  way* 


nve 


General  Electric  Company 


General  Office.  ScKenectadi)  N.Y. 


Sales  Offices  in  all  large  cities 
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Wafiner  Polyphase  Motor  Driving  Cupola  Blower 


ISaSnerXlu^Jiiy 


A  Liability  or  An  Asset? 

How  can  you  honestly  class  your  motors?  This  is  more  serious 
than  appears  at  first  glance. 

Motors  are  a  liability  when  they  are  unreliable,  prone  to  break 
down,  responsible  for  interrupted  production  and  unproductive 
labor  and  frequently  in  need  of  repairs. 

Motors  are  an  asset  when 
they  are  trustworthy,  free 
from  repairs,  built  to 
withstand  overloads  and 
for  day  in  and  day  out 
service.  In  a  word,  when 
they  are  quality-built-in 
dependable  motors. 

Are  you  specifying  any  motors  and  getting  a  liability  or  do  you 
say  Wagner,Quality  and  get  motors  you  can  add  to  your  assets? 
Send  for  Bulletins  11024  and  11124. 

Manufadturmi^  Company,  Si.  Louis,  Mo. 
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THEY  STAY  ON  THE  JOB-THEY'RE  DEPENDABLE 


Portable  Electric  Drills 

Thirteen  years  of  specialization  on  portable  electric  tools  only 
Is  our  warrant  for  the  statement  that  our  drills  are  the  highest 
development  of  this  type  of  machine  tools. 

The  powerful  Van  Dorn-made  motor  will  carry  an  exceptionally 
heavy  load  and  the  patented  semi-automatic  switch  guards 
against  burn-outs  and  fused  switch  contacts. 

■  They  Stay  On  the  Job  Until  the  Job  is  Done 
We  make  a  tool  for  almost  every  kind  of 
work,  one  for  yours.  Tell  us  the  nature  of 
your  work  and  we'll  quote  on  a  labor-saving 
tool  for  you.    Send  your  data  to  Dept.  M. 

Uo    (D^Electric7o<AG>. 

SALES  OFFICES: 

New  York,   N,   Y 30  Church  Street 

Boston,    Mass 170    Purchase    Street 

Chicago,    111 601    Monadnock    Building 

Pittsburgh,    Pa 701    Empire    Building 

Cincinnati,  0 1102  Second  National  Bank  Building 

Atlanta,    Ga 1018   Healy   Building 

St.   Paul,   Minn 1005  Germania  Life  Building 

Denver,   Colo ; 1633   Tremont   Street 

San   Francisco,   Cal 66   Eighth   Street 

Los   Angeles 1019    Wright   &   CoUander   BuUding 

Milwaukee,    Wis 529-30    Wells    Building 

El    Paso.    Texas 324    MiUa   BuUding 

Salt    Lake    City,    Utah 811    Walker    Bank    Building 


SIBLEY 

Sliding'   Head    Drill 


28"  swing.  Height 
spindle  up,  123". 
Maximum  distance 
spindle  to  base,  55". 
Maximum  distance 
spindle  to  table,  40". 
Traverse  of  table, 
16".  Traverse  of 
head,  25".  Feed  of 
spindle,  IOI/2".  Eight 
spindle  speeds,  16  to 
294  R.  P.  M.  Four 
feeds  to  each  speed 
per  revolution  of 
spindle— .008",  .013", 
.016",  .024".  Horse- 
power required,  2. 
Weight  net,  1800  lbs. 
Weight  boxed,  2200 
lbs.  Code  word 
CHURN. 

Also  a  complete  line, 
16"  to  30"  swing. 


Write  for  Catalog 


SIBLEY  MACHINE  COMPANY 

8  TUTT  STREET,  SOUTH  BEND,  IND.,  U.S.A. 


Tapered  Cutters  for  Relay  Team  Work 


Anderson's  SuperHellcal  Tapered  Cutters, 
for  use  on  Anderson's  Die  Forming  Ma- 
chine, are  adapted  to  produce  dies  of  in- 
tricate form  and  varied  degrees  of  clear- 
ance. 

Cutter  a — for  finishing  openings — followed 
by  cutter  b — for  outside  finishing — produces 
patterns  of  uniform  inside  and  outside 
draft  of  the  proper  angle.  This  team  work 
speeds  up  production,  which  is  further  ac- 
celerated by  our  Universal  Pivoted  Feed 
Mechanism. 


Write     for 
Details 


The  Anderson  Die 
Machine  Company 

Bridgeport         Connecticut 


mill II iiiMiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiimi iimiiiiininiiiiiiimiiiiriMinniiiiiiiMiiiiiiiiiiimiiiiiiiiiif 

STOW  grinders' 


II     nil     mil 


Portable 
All  sizes 

Rope  and 
Motor  drivex\ 

No     welding    job     Is  = 

finished  unless  prop-  i 

erly    ground.      Write  I 

today  for  details  with  = 

illustrations.  = 

STOW  MFG.  \ 
COMPANY 

Blnghainton.N.Y.  I 

Oldal  Portable  Tool  Manu.  | 

facimcn  in  Jlmtrica  = 

in  iiiiiiiMiiiiiiMiiiiiiiiiiiiniiiiiiiiMiiiiiiinMniiiiMil 
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Triumph  Adjustable  Speed 
Commutation   Pole   Motors 

Are  Ideal  for  Machine  Tool  Drive 
Are  Non-SparKing  at  Any  Speed 
Have  Wide  Speed  Range 
Develop  High  Starting  Torque 
Have  Liberal  Overload  Capacity 

AsK  for  descriptive  iDulletin 

Triumph  Electric  Co.,  Cincinnati,  O. 

Branches  in  All  Leading  Cities 


'*Willey  Electric 
Portable  Drills 

ARE  HANDY  TO  HAVE  IN  THE  SHOP 

In  less  time  than  it  takes 

to  load  your  work  on  a 

truck  and  take  it  to  the 

drill  press,  the  "Willey" 

has  the  first  hole  drilled  and  is  well 

on  its  way  through  the  second. 

For  light  drilling,  up  to  %,  inch,  the 
"Willey"  is  the  tool  for  quick,  ac- 
curate, economical  service. 

Send  for  New  Catalog  No.   26 

JAMES  CLARK,  Jr.,  ELECTRIC 
COMPANY,  Incorporated 

522  W.  Main  Street,  Louisville,  Kentucky 


BRANCHES:  31  N.  Jef- 
ferson St.,  Chicago,  111.: 
1309  First  National  Bank 
Bldg.,  Pittsburgh,  Pa.;  154 
Nassau  St.,  New  York,  N.  Y. 


Indicating 

and 
Recording 


PYROMETERS 

Wilson-Maeulen  Co.,  Inc. 
783  E.  142  Street,  New  York 


The  Rearwin  Die  Filing  Machine 


has  480  pounds  of  efficiency  as 
follows:  Table  17  x  18",  39" 
from  floor.  Supported  on  a  yoke 
and  tilts  7  degrees  four  ways. 
Has  two  adjustable  arms.  Uses 
files  and  hacksaws  3  to  12"  in 
length.  Adjustable  stroke  %  to 
1".  Is  driven  with  a  2"  belt 
over  a  12"  friction  pulley.  Speed 
is  varied  with  two  cone  pulleys, 
4  steps,  4  to  8". 

Circulars  are  yours 
for  the  asking 

W.  D.  REARWIN 

341  Mill  Ave.,  Grand  Rapids,  Mich. 


I 


Universal 
Electric  Drills 

Licensed  tinder  Burke  Universal 
Motor  Patent 


The  only  portable  electric  tools 
made     that     are     equipped 
throughout  with  ball  and  roller 
bearings.  Made  with  aluminum 
cylinder,    insuring   extreme 
lightness,  and  a  powerful 
cially      c  o  n  - 
structed    mo- 
tor   resulting" 
in     increased 

capacity.  Can  be  furnished  with 
Universal,  Alternating  or  Direct 
current  motor  110  to  250  volts. 

000    Drilling    Capacity    1/4" 

00    Drilling    Capacity    5/16 

0    Drilling    Capacity    3/8" 

01     Drilling    Capacity    1/2" 

1    Drilling    Capacity    9/16" 

No.   6    Electric   Grinder,   wheel   4"   x   3/4". 
SHIPPED  ON  TRIAL 

INDEPENDENT  PNEUMATIC  TOOL  CO. 

CHICAGO  NEW  YORK  PITTSBURGH  DETROIT 

SAN  FRANCISCO  BIRMINGHAM  MONTREAL 


"0yrMy<0im'i?lm^<^ims 
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ECK  "HIGH-GRADE"  MOTORS  i 

WITH  COMMUTATING  POLES  AND  SELF-ALIGNING  BALL  BEARINGS   | 

Sizes  40  H.  P.  | 

and  Smaller.  I 


Unequaled 
Electrical  and 
Mechanical 
Performance  for 
Machine  Tool 
Applications. 


Send  for  Bulletin  No.  1000-B      | 
for  complete  description.  = 


I  ECK  DYNAMO  &  MOTOR  CO.,  BeUeviOe,N.  J.  | 

iiMiiiiiiii mil nil mil mii mi mm imiiiiiiimm mmi miiiiii miiiiiiiiiinilliunl 


214 


MACHINERY  August,  1917 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin^ 


The  Pedrick  Column  Boring  Machine 
Is  Needed  In  Your  Shops  This  Minute 


Orders  are  coming  in 
for  this  machine  in 
groups  —  not  singly. 
And  as  soon  as  its 
merits  are  generally 
appreciated  larger 
numbers  will  be 
wanted. 

Even  a  casual  inspec- 
tion will  impress  these 
facts : 

Simplicity 
Range  of  Work 
Power 
Moderate  Price 

The  unusual  boring 
capabilities  of  the 
machine  afford  new 
methods  of  doing 
work.  The  boring  bar 
may  be  passed  through 


Boring  and  Facing  a  Pair  of  Pedestals 

PEDRICK   TOOL  & 
MACHINE  COMPANY 

3639  North  Lawrence  Street 
PHILADELPHIA,     PA. 

Manufacturers  of  Portable  Cylinder  Boring  Bars,   Crank 
PinTurners,  Pipe  Benders,  Portable  Milling  Machines,  etc. 


the  work  with  a  cut- 
ter head  traveling 
along  the  bar  to  do  the 
boring,  or  the  bar 
feeds  in  the  regular 
manner  with  the  cut- 
ter keyed  fast  or  oper- 
ating auxiliary  boring 
bars.  The  machine 
may  be  set-up  in  a 
permanent  position  or 
it  may  be  taken  to  the 
work. 

If  you  need  more  bor- 
ing machines  these  ad- 
vantages must  appeal 
to  you.  We  have  the 
machine;  it  has  been 
tried  out  and  is  not  an 
experiment. 

Send  for  your 
circular  now. 


lillllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllilli 


Nutter  and  Barnes  Cutting-Off  Machines 


Massiveness  without  clumsiness, 
convenience  without  superfluous 
parts,  speed,  accuracy  and  range — 
all  combine  to  put  these  machines 
in  a  distinct  class.  Size  of  saw 
considered,  their  capacity  is 
greater  than  any  other  cutting-off 
machine;  their  economy  in  blades 
and  saw  kerf  is  remarkably  high, 
while  their  ability  to  stand  hard, 
driving  service  is  a  factor  that  in-> 
sures  highest  returns  on  the  in- 
vestment. 

Complete  Details  in  Catalog. 

NUTTER  ®  BARNES  CO. 

The    Metal    Cutting-Off    Machinery    Specialists 

HINSDALE      -       NEW  HAMPSHIRE 

13  South  Clinton  Street,  Chicago 

FOREIGN  AGENTS:  England.  Alfred  Herbert,  Ltd., 
Coveutry,  England.  Si-andinavia,  Wilb.  Sonesson  &  Co.,  Ltd., 
Mai  mo,  Sweden ;  Copenhagen,  Denmark.  Russia,  C.  Schinz, 
Petrograd.  Allied  Machinery  Co.  of  America,  19  Rue  de 
Kocroy,  Paris,  France;  Via  XX  Settembre  12,  Turin,  Italy; 
16  Seidengasse,  Zurich,  Switzerland;  Ekaterininskaya  6,  Petro- 
grad, Russia;  Malaya  Lubianka  IG,  Moscow,  Russia.  Spain, 
Socieded  General  de  Repre sen ta clones,  Madrid.  Australia,  A. 
Asher  Smithy  Sydnev.  South  America.  A.  G.  Burbanks,  Bueuoa 
Aires,  A.  R.  DOMESTIC  AGENTS:  Swind  Mchy.  Co., 
Philadelphia,  Pa.     Patterson  Tool  &  Supply  Co.,  Dayton,  Ohio. 
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Grant 
Riveters 

Help  Make 
Good  Shears 

This  little  battery  of 
eight  bench  type 
Grant  Riveters  i-ivets 
240  gross  scissors  per 
day  for  the  Acme  Shear  Company, 
,  Bridgeport,  Conn.,  without  break- 
\ing  a  single  casting.     The  Acme 
Company    probably    makes    more 
scissors,  shears,  etc.,  than  any  one 
concern  in  the  world.    Considering 
the  finish  and  durability  of  their 
product,  their  choice  of  Grant  Riv- 
eters is  significant. 

Grant  Machines  rivet  perfectly,  noiselessly,  economically  and  at  record  breaking  speed 

GIVE  GRANT  RIVETING  A   TRIAL 

GRANT    MANUFACTURING    &    MACHINE   COMPANY 

N.  W.  STATION,  BRIDGEPORT,  CONN. 


BRIGGS  MILLERS 

in  the  "Hudson"  Plant 

Many  of  the  foremost  manufac- 
turing concerns  of  the  country 
have  learned  that  differentiating 
between  milling  and  "Briggs" 
Milling  is  a  profitable  depar- 
ture. They've  found  that  over  a 
wide  range  of  application 
"Briggs"  means  better  work  and 
more  of  it,  greater  economy  and 
longer  service.  In  the  Hudson 
Motor  Car  Co.'s  plant,  Detroit, 
Mich.,  "Briggs"  Millers  are  mak- 
ing a  particularly  fine  showing, 
being  used  exclusively  on  many 
operations  requiring  the  closest 
limitations.  It'll  pay  you  to  in- 
vestigate "Briggs"  possibilities 
on  your  work. 

Write  for  particulars. 

GOOLEY  &  EDLUND,  Inc. 

CORTLAND        N.  Y.,  U.  S.  A. 

DOMESTIC  AGKXTS:  Chandler  &  Farquhar  Co..  Boston. 
Mass.;  Vandyck  Cbnrchill  Co.,  Ne\v  York  and  New  Haven; 
S\\ind  Machinery  Co.,  Philadelphia,  Pa.;  Syracuse  Supply 
Co.,  Syracuse,  N.  Y. ;  O.  U.  Adams,  Rochester,  N.  Y. ; 
Brown  &  Zortman  Machinery  Co.,  Pittsburgh.  Pa.;  English 
&  Miller  Machinery  Co..  Detroit.  Mich.;  Federal  Machinery 
Sales  Co..  Chicago.  111.;  Vonnegiit  Machinerv  Co,.  Indian- 
apolis, Ind.  FOREIGN  AGENTS:  Allied  Machinery  Co. 
of  America.  Paris,  Turin,  Zurich,  Petrograd,  Barcelona; 
Burton,  Griffiths  &  Co..  Ltd..  London,  Manchester  and 
Glasgow;  Andrews  tfc  George,   Tokyo. 
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For  economical 

reasons    give 

Murchey  Tools 

a  trial. 


750  in  10  Hours 


These  pictures  were  secured  recently  from  a 
western  manufacturer  who  has  a  habit  of 
short-cutting  his  way  to  results  with  the  best 
equipment  that  can  be  bought. 

They  show  Murchey  Die  Heads — 12  of  'em — 
operated  on  12  New  Britain  Automatics,  cut- 
ting the  threads  in  nose  pieces  for  3"  shells. 
Thread  is  2i/^"  diameter,  20  pitch  Went- 
worth,  5  threads  to  the  piece. 

The  Murchey  "Automatic"  combination 
turns  out  accurately  threaded  nose  pieces  at 
the  rate  of  750  in  10  hours,  each  machine,  or 
9000  in  10  hours  from  the  twelve. 

Murchey  Tools  are  high  speed  thread  cutters. 
Their  work  is  clean  cut,  accurate,  finely 
finished  and  economically  done.  Practically 
every  threading  operation  can  be  handled 
with  taps  and  dies  picked  from  the  Murchey 
stock.  If  special  tools  are  required  we  can 
furnish  them  in  short  order. 


MURCHEY  MACHINE  &  TOOL  CO. 


34  PORTER  STREET 


l-'l*'*.''c^^'',','r"'"-     I'*"'""''    and    British    Colonies,    Coats    Machine    Tool     Company, 
OLA.SGOW.     France;     Fenwicli  Freres  vt  Company,  8  Rue  de  Rocroy,    PARIS. 


DETROIT,  MICHIGAN 

lited-LONDON  -   NEWCASTLE-ON-TTNE   — 
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FOR 


AIRPLANES 

— Immediate  Deliveries — 


If  you  are  building  planes  for  the  war  or 
any  purpose,  we  can  serve  you. 

For  years  we  have  made  essential  parts  for 
airplane  builders. 

Write  us  for  information  as  to  our  engineer- 
ing assistance  and  our  facilities. 

Steel  Tubing  and  Special  Formed  Tubes, 

Rims,  Springs,  Forgings,  Bearings, 

Special  Rod  Assemblies,  etc. 

The  present  urgency  of  requirements  among 
those  who  are  manufacturing  or  who  con- 
template the  manufacture  of  airplanes  finds 
us  fortunately  placed  to  be  of  valuable 
assistance. 


THE  STANDARD  PARTS  CO. 

CLEVELAND,    OHIO,    U.  S.  A. 

BrancH   Sales   Offices : 
NEW    YORK  CHICAGO  DETROIT 
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When  Ordering  STILLSON    WRENCHES 

Demand  TRIIWO   with  the 
Steel  Frames  and  Nut  Guards 


Of  all  Stillson 
Wrenches 

TRIMO 

is  the  Best 


SEND    FOR    CATALOG    No.     38. 


Made  by   TRIMONT   MFG.  COMPANY 


SS-71  Amory  Street 


Roxbury,  (Boston),  Mass. 


BRUBAKER  TOOLS 


No  detail  of  equipment  bears  more  di- 
rectly upon  production  than  small  tools. 
Machines  may  be  first  class,  workmen 
thoroughly  competent,  but  output  will 
never  reach  the  mark  it  should  unless 
the  tools  complete  the  triangle.  If  you 
are  still  retarding  output  by  the  use  of 
inferior  tools  it's  time  Brubaker's  got 
a  chance.  Brubaker  Tools  are  quality 
tools  through  and  through.  They  em- 
body the  best  in  design,  material  and 
workmanship.  They  will  reduce  screw 
cutting  costs,  insure  good  work  and  are 
dependable  under  all  conditions. 

Send  your  next  order  to  Brubaker. 


W.   L.    BRUBAKER    &    BROTHERS 


MILLERSBURG 


:A.ST1:i<N      UKI-KESKNTATIVES:         F.      E       Harrison.      50     Church 
trcet,     New    Ytirk.      \V.     Searls    Kose,    50    Church    Street.     New    York. 


PA ,  U.  S.  A. 
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CHAMPION 


TOOL  HOLDERS 

£orHe(wyCuh 


MANDRELS 

Hold  Securefy 


Not  only  tor  heavy  cuts,  but  also  for  reducing  tool 
costs.  Champion  Tool  Holders  are  made  with  the 
big  head  construction  which  gives  solid  support  to 
the  cutter  proper,  permits  taking  the  heaviest  cuts 
on  modern  machines,  saves  75  per  cent  of  high- 
speed steels  and  lowers  grinding  costs.  Adapted 
for  planer,  shaper  or  lathe  and  made  in  all  types. 


Champion  Expanding  Mandrels  hold  securely 
because  they  expand  uniformly  and  grip  posi- 
tively withotd  distorting  the  work.  One  of  the 
greatest  economies  you  can  make  is  to  junk 
your  whole  stock  of  solid  mandrels  for 
Champion  Expanding  Mandrels. 
Let  us  show  you. 


THE  WESTERN  TOOL  &  MANUFACTURING  CO.,  Springfield,  Ohio,  U.S.  A. 

FOREIGN  AGENTS:    Alfred  Herbert.  Ltd.,  Great  Britain,   Italy,    France,  etc.     V.  Lowener,  Copenhagen,  Stockholm.     Spliethoff,  Beeuwkes  &  Co.,  Rotterdam.     W.  R. 
Grace  &  Co.,   Chili,   Peru  and   Boliria. 


IDEAL 
ALL  WAYS 


Manning,  Maxwell  &  Moore,  Inc., 

119  W.  40th  St.,  New  York  City. 

Swind  Machinery  Co., 

Widener  Bldg.,  Philadelphia,  Pa. 

H.  E.  Barton  Tool  Co. 

106  South  Jefferson  St.,  Chicago,  111. 


IDEAL  DIES 


Are  big  time  savers.  They  make  it 
possible  for  you  to  obtain  clean, 
straight,  absolutely  accurate  threads 
at  a  fast  rate  of  production.  They 
are  simple  in  construction;  have 
fewer  parts  than  any  other  similar 
tool;  can  be  quickly  and  easily  taken 
apart;  cut  either  right  or  left  hand 
threads.  Prompt  deliveries  on  both 
dies  and  chasers. 


THE  IDEAL  TOOL 
&  MFG.  COMPANY 

BEAVER     FALLS,     PENNA. 
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Climax 
Mineral 
Lard  Oil 

Best  for  Many 
Purposes 


CLIMAX  Mineral  Lard  Oil  is  a  scientific  combination  of 
the  best  fatty  oils  and  has  been  used  successfully  for  40 
years  for  all  manner  of  cutting  operations.  It  can  be 
used  as  a  base  for  many  cutting  oils  or  can  be  used  straight, 
and  if  desired  may  be  readily  converted  into  a  water  solution 
by  the  addition  of  a  small  quantity  of  sal  soda  and  water.  It 
prolongs  the  life  of  tools  and  increases  output;  does  not  gum, 
separate  or  turn  rancid;  does  not  cause  infection  in  open 
wounds.  Truly,  for  many  purposes  Climax  is  without 
an  equal. 

FISKE   BROS.  REFINING   COMPANY 


Send  for  samples 
and  give  Climax 
a  thorough  tryout 
on  your  machine. 


24  STATE  STREET 


Manufacturers    of   the    well-known    Maliio 
Soluble  Oil  and  Ma^ic  Cuttinii  Compound 


NEW  YORK  CITY 


r^**^^y^^ 


THREADING  OIL 

Can  save  you  money.  First, 
because  it  means  longer  life 
for  your  dies  by  really  keeping 
them  cool.  Second,  because  it 
goes  twice  as  far  as  the  best 
of  winter-strained  lard  oil,  and 
third,  because  a  threading  job 
treated  the  Ex-EI-Ard  way 
need  never  be  done  over- 
smooth,  firm  threads  the  first 
time. 

Here's  the  big  reason  for 
Ex-El-Ard's  superiority,  and 
it'.s  worth  remembering.  There 
is  only  2%  of  free  fatty  acid 
(the  deadly  enemy  of  all 
metals)  In  Ex-EI-Ard,  while 
the  best  grade  of  lara  oil  has 
seldom  less  than  6%. 
Your  jobber  or  the  manufac- 
turers will  be  mighty  glad  to 
send  you  a  ten-gallon  can  of 
Ex-EI-Ard  on  thirty  days'  free 
trial,  and  will  be  equally  glad 
to  have  you  return  it  if  it 
doesn't  live  up  to  their  claims. 

G.  A.  HOSMER  CO.,  Buffalo,  N.  Y. 


COMPLETE  LINE  OF 

GREASE  CUPS 

OILERS  AND  OIL  CUPS 

Send  for  Catalogues  today* 


THEWINKLEYCOMPANY 

DETROIT  MICHIGAN 


SF»ECIALIZ.ED        ON        OIL.    CUPS 


imaidski 


Give  perfect  satisfaction  where 
others  fail.  State  style  and  size  in 
which  you  are  interested,  and  we 
will  send  free   samples  and  catalog. 

GITS  BROS.  MFG.  CO. 

553-557  W.  MONROE  ST.,  CHICAGO 

■  iii  iiii  I  I'l  I  1 1  iiiB  mill 
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//  Germany  Saves  the  Oil  from  Waste, 
Why  Shouldn't  We? 

"A  recent  report  says  that  Germany  has  discovered  a  new  process 
for  extracting  oil  from  cleaning  waste.  It  is  estim-ated  that  18 
million  Kilograms  of  oil  have  thus  been  recovered." — From  the 
New  York  Evening  Mail. 


CLEANS  WASTE  AND  CLOTHS 

from  50  to  150  times  at  a  cost  of  i/^  cent  per  pound  for  waste  and  Ys  of  a 
cent  per  cloth. 

A  thorough  soaking  in  OAKITE  Solution,  then  a  simple  steam  wash,  and 
waste  is  absolutely  clean  and  a  better  absorbent  than  when  new. 

OAKITE  cleans  on  a  new  principle.  It  emulsifies  oils  and  greases — ^breaks 
them  up  into  finely-divided  particles,  thus  destroying  their  adhesive  nature. 
This  is  a  purely  physical  action.  That  is  why  the  oil  may  be  reclaimed 
from  waste  and  cloths  and  used  over  and  over  again.  It  is  not  affected 
chemically  or  physically — does  not  lose  any  of  its  original  properties. 

OAKITE  absolutely  will  not  injure  fibres — neither  will  it  injure  the  hands. 
It  contains  no  acid,  lye,  sal  soda,  caustic,  soap,  washing  powder,  grease,  fat 
or  oil. 

Our  Service  Department  will  show  you  how  to  save  oil  which  is  ordinarily 
thrown  away.  We  have  a  staff  composed  of  men  who  know  cleaning  from 
every  angle.  Their  services  are  freely  at  your  disposal.  Send  for  one  of 
them  and  let  him  demonstrate  OAKITE  in  your  plant  for  you. 

Thirty-day  Trial  Offer 

Write  for  details  of  our  offer  to  send  a  barrel  of  OAKITE  on 
thirty  days'  trial  subject  to  the  terms  of  our  Positive  Guarantee 

OAKLEY  CHEMICAL  COMPANY 


26  THAMES  STREET 


NEW  YORK  CITY 
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THE  ACME  RIGID  H.  S.  EXPANDING  BLADE  SHELL  REAMERS 

You  can  apciul  two  liours  of  a  tool-niaUor's  time 
uiuierlayiiiK  l>la(les  aiul  grindiiiK  reamers  down 
to  size  for  every  few  liours'  use  it  you  want  to. 
With  the  Acme  reamers  ninety  per  cent  of  tlie 
time  tlius  wasted  is  saved. 

With  tlie  Acme  reamers  you  can  get  an  ex- 
l)ansion  as  (iiip  as  .0005  in  a  few  seconds,  and  a 
nuiximuni  expansion  of  tlie  blades  of  %".  When 
the  blades  are  worn   out  they  can  be  renewed. 

Try  an  Acme  aoninst  any  reamer  you  have 
ever  used  atid  see  the  great  difference  in  general 
efficiency  and  lower  cost  of  maintenance.  Write 
for  an  Acwc  hiilhi'ni   todaii. 

The  ScheUenbach-Hunt  Tool  Co.,  Cincinnati,  0. 

FOItEinN  AGENTS:  O.  W.  nurton,  Griffiths  &  Co.,  London,  England.  Markt  &  Co.,  193  West  St.,  New  York;  Germany  and  Italy.  New  York 
K.t|i<>rt  anil  IniiHirt  Co.,  133-137  Front  St.,  New  York;  China,  Japan  and  Australia.  Williams  &  Wilson,  Montreal,  Canada.  J.  8.  Cock,  Chris- 
tiania,    Norway.  , 


_\SImpleX^ 
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Immediate  Shipment 
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.  Seamless  Tubing 

STEEL-BRASS-COPPER-BRONZE 

Shafting  and  Screw  Steel 

Springs  Metal  Stampings 

Tungsten  Hack  Saw  Blades 

Cold  Rolled  Strip  Steel 

Annealed   and  Tempered  Spring  Steel 

Wrought  Iron  Mouldings 

Square  and  Rectanguleur  Tubing 

Tool  and  Alloy  Steels 

Magnet  Steel 


■  lULIUS  BLUM  &  rOMPANY 

(KEYSTONE  STEEL  &  TUBE  CO.,  Inc.) 

510-512  W.  24th  Street,  New  York 

Branches— Boston  Chicago  Pittsburgh  Philadelphia 

Buffalo         Cleveland         St.  Louis       Houghton,  Mich.        Denver,  Colo. 


GUARANTEED  FORCINGS 

for  all 

MACHINE  PARTS 

Wyman-Gordon  Company 


Worcester,  Mass. 


Cleveland,  Ohio 


PEERLESS  High  Speed  Steel 

Also  full  line  of  regular  Crucible  Steels 
and  Steels  for  special  needs 

Write  us  for  particulars 

HELLER   BROS.  CO.,  Newark,  N.  J. 


tfBHK^^^HHflfaBt^Hl 
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LATHE  and 

PLANER 

TOOLS 

THE  0.  K.  TOOL 
HOLDER  CO. 
Shelton,  Conn. 

^^^m9 
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DROP  FORCINGS 

^ 


THE  WHITMAN  &  BARNES  MANUFACTURING  CO. 

ESTABLISHED  64  YEARS 

1000  WEST  120th  STREET,  CHICAGO,  ILL. 
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ASK  FOR  YOUR  COPY-NOW! 


(Just 
Issued) 


Containing  a  Full  Description 
of  the  Various  Grades  and  Finishes 

Frasse-Electric  Tool 
and  Alloy  Construction  Steels 

and  many  handy  tables  of  value  to  steel  users. 
Write  to  our  nearest  office  for  a  copy 

PETER  A.  FRASSE  &  CO.,  Inc. 

417-421  Canal  St.,     NEW  YORK 

PHILADELPHIA        (iVorks)  HARTFORD  BUFFALO 

625  Arch  Street  45  Boulevard  50-52  Exchange  Street 


FORGINGS-Big  or  Little 

Johnston  &  Jennings  forgings  are  always  up 
to  specifications.  Regardless  of  the  size  of  the 
forgings  or  of  the  order  our  facilities  enable  us 
to  fill  it  on  scheduled  time  and  the  quality  of 
the  finished  product  will  never  be  sacrified. 
Let  us  supply  your  requirements  for  high-grade 
forgings. 

Estimates  on  receipt  of  specifications 

The  Johnston  &  Jennings  Company 

CLEVELAND,  OHIO 


Addison  Road  and 
Lake  Shore  R.  R.  Tracki 


' '  fVe  have  a  definite 
interest  in  the  mech- 
anisms for  which  we 
die-cast  parts, "  says 
Mr.  Micrometer. 


T 


he  accuracy  and  econ- 
omy of  "Quality"  Die 
Castings  are  contributing  to 
the   success   of   this   pump 

cylinder,  a  device  growing  in  pop- 
ularity for  gasoline  vacuum  systems 
in  various  types  of  automobiles. 

Perhaps  you  use  parts  that 
could  be  produced  better  and 
cheaper  by  our  "Quality" 
automatic  process. 

Write  us. 


J 
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We  have  an  interesting  price  and  delivery  proposition  for  you  on  bushings 

made  up  to  your  specifications  or  in  the  alloy  best  suited  to  your 

requirements   as   suggested   by   our   years   of   specialized 

bushing  experience.     Send  blueprints  for  estimates. 


JOHNSi 


NEW  CASTLE,  PA. 


Sales  Offices  :    New  York,  Bujffalo,  Pittsburgh, 

Cleveland,    Cincinnati,    Detroit, 

Chicago,  San  Francisco, 


Bushing 
Specialists. 


What  DYSON  Knows  about  Forging 


Forging  is  like  a  lot  of  other  things;  the  more  you 
know  about  it,  the  better  you  do  it. 

There  isn't  anything  Dyson  doesn't  know  about  forg- 
ing; and  he  knows  some  things  about  combining  metals 
and  heat  treating  that  nobody  else  does — it  shows  in 
his  work. 

That's  why  Dyson  forgings  are  just  a  little  better  than 
any  others. 

We  make  any  kind  of  castings,  rough  machined  to 
your  specifications — up  to  5  tons.    Write  for  Estimates. 

JOSEPH  DYSON  &  SONS,  Cleveland,  Ohio 


MOLTRUP 

IS  NOV\r  MAKING 

Round  Cold  Drawn  Steel 

for  Shafting,  Screw  Steel,  etc. 


It  is  made  with  the  same  careful  pre- 
cision that  characterizes  our 

HEXAGON,  FLAT  AND  SQUARE 
COLD  DRAWN  STEEL  SHAPES 


Finished    Machine   Keys  —  Machine    Racks  — 
Flattened    Ground    Steel    Plates    and    Discs. 


Moltrup  Steel  Products  Co. 

BEAVER  FALLS  PA.,  U.  S.  A. 

SALES   AGENCIES 

CHICAGO  AND  DETROIT Central   Steel   &  Wire   Co. 

NEW  YORK George  Nash  Co. 

BOSTON Edgar    T.    Ward's    Sons 

CHESTER     Allison    &    Company 

SAN   FRANCISCO Milton   Pray 


August,  1917 


MACHINERY 


225 


MACHINERY 
FORCINGS 


When  you're  in  the  market  again  for 
high-grade  forgings  let  us  show  you 
why  we  should  fill  all  your  orders  in 
the  future. 

We  can  make  any  forging  that  a  manu- 
facturer of  machinery  needs,  and  have 
the  facilities  to  insure  prompt  deliveries 
regardless  of  the  detail  of  specifications. 
We  offer  choice  of  material  and  finish 
and  you'll  find  our  prices  right. 

Let  us  quote  on 
that  next  order. 

The  Machinery  Forging 
Company 

Hamilton  Ave.  and  Marquette  St. 
CLEVELAND      -      OHIO,  U.  S.  A. 


No.  10 

BRONZE 

For  Grinder,  Lathe  and  other 
Machine  Tool  Bearings 

Booklet  upon  request. 

Lumen  Bearing   Company 

BUFFALO,  N.  Y.,  U.  S.  A. 


Established  1902 


MOBERG  DIE  CASTINGS 

We  do  not  claim  to  be  the  only  die  casting  concern 
in  the  country,  but  have  customers  who  say  we  are. 

C.  J.    MOBERG,    Inc.,    Beach  St.,  Mt.  Vernon,  N.  Y. 


FLEXIBLE   STEEL    TUBING 

For  Supplying  Lubricant  to  Machine  Tool  Cutters 

Strong,  durable  and  warranted  tight.     No  packing.    All 
steel  construction.     Made  in  sizes  %  to  %". 
We  are  supplying  many  big  machine  tool  builders — why 
not  you?    Write  for  details  and  samples. 

WHEELOGKMFG.CO.,Wheelock,Vt. 
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Marvel  Draw  Cut  Hack 
Saw  No.  2 


strong  and  rigid  in  construction,  accurate,  fast 
and  economical  in  operation.  Provided  with 
adjustable  stroke,  quick-action  heavy  swivel 
vise  that  swivels  both  ways,  automatic  stop, 
means  for  taking  up  wear,  etc.  Capacity  on 
long  stroke,  6"  by  6" ;  on  short  stroke  8"  by  8". 
Blades  12"  to  17".  One  of  the  most  profitable 
machines  of  its  class  from  every  standpoint, 
and  very  moderately  priced.  Details  in  catalog. 

Armstrong-Blum  Manufacturing  Company 

343  North  Francisco  Avenue 

CHICAGO  ILLINOIS,  U.  S.  A. 


The 


HIGLEY 

COLD  METAL  SAW 

Catalog  furnished  by 

Vandyck  Churchill  Co. 


New  York 


Philadelphia 


Pittsburgh 


New  Haven 


SHAPERS 

EXCLUSIVELY 


12"   to    32"    StroKe 


SMITH  &  MILLS  CO. 

QNCMATI,  OHIO,  U.  S.  A. 

FOREIGN  AGENTS:  C.  W.  Burton. 
Griffiths  &  Co.,  London.  G.  &  F. 
Limbourg  Freres,  Brussels.  Tan 
Itietschoten  &  Ilouwens,  Rotterdam. 
Glaenzur,  Pcrroaud  &  Thomine. 
Paris.       Stnssi     &     Zwcifel.     Milan. 


A«  HARTFORD" 
Die  Filing  Machine 

accomplishes    many    times    more    work 
than  hand  filing,  at  the  same  labor  cost, 
and    does    it    with    greatest    accuracy. 
More  details  on  request. 
THE  ROBINSON   TOOL   WORKS,    Inc. 

Waterbury.  Conn..  U.S.A. 
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ATK  I  N  s! 

METAL    SAWS  i 


We  make  them  for  every  purpose — hot  or  cold  cut- 
ting, and  for  all  makes  of  machines. 

The  economy  of  their  use  is  worth  your  investigation. 
Write  for  Metal  Saw  Treatise  "M." 

E.  G.  ATKINS  &  CO.,  Inc. 

The    Silver    Steel    Saw    People. 
Home    Office    and     Factory      -      Indianapolis,     Ind. 

Canadian    Factory Hamilton,    Ont. 

Machine    Knife    Factory    -    -    -    Lancaster,     N.     Y. 


Branches   carrying   complete  .stocks  in   all   large  distributing 
centers,    as    follows: 


Atlanta, 
Chicago, 
Memphis, 


Minneapolis,  Portland,     Ore.       Vancouver,  B.C. 

New    Orleans.  San     Francisco,       Sydney,  N.  S.  W. 

New   York   City,     Seattle,  Paris,    France. 


rnitinMiiiiniinMnnniiiiiiiiniiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiiiii^ 


The  "HOLE  HOG"  Line 


7  D  CYUNDER  BORER 


The  type  you  need  for  progressive  manu- 
focturing  of  truck  and  tractor  motors. 

MOLINE  TOOL  CO.,  Moline,  III. 

MULTIPLE  DRILLING  AND  BORING  MACHINERY 
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I  Have  You  Ever  Stopped  to  Consider —  | 

Saving  only  1/16"  on  each  cut  that  50  = 

lbs.  of  material  are  saved  on  100  cuts  E 

of  6  in.  round,  or  200  lbs.  on  12  in.?  E 

Chances  are  your  savings  v^'ould  be  sev-  = 

eral  times  this,  depending  on  your  cut-  E 

ting-off  equipment.   At  the  present  high.  E 

cost  of  material  this  saving  would  pay  E 

for  a  Peerless  High  Speed  Heavy  Duty  E 

Metal    Cutting    Saw    in    a    remarkably  E 

short  time.  E 

After  an  actual  test,  some  of  the  largest  E 

manufacturers     have     repeated     their  E 

orders,  and  among  them  were  concerns  E 

that  heretofore  had  been  unable  to  ob-  E 

tain  satisfactory  results  from  this  type  E 

of  cutting-off  machinery.  E 

The  beauty  of  our  propositiem  is — you  E 

can  try  this  machine  out  for  thirty  days  E 

under  your  own  conditions,  if  it  does  E 

not  come  up  to  your  expectations  we  E 

will  gladly  take  it  back  and  pay  the  E 

freight  both  ways.  E 

I   PEERLESS  MACHINE  CO.,  1611  Racine  St.,  RACINE,  WIS.  | 
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One  of  the  Fastest  Cold  Sawing  Machines  in  the  World 


190 
Types 
and  Sizes 
for  Sawing  all 
kinds  of  Metal 

THE  ESPEN- LUCAS  MACHINE  WORKS,  ^AVLAOELPH^rpX 
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HENRY  &  WRIGHT  1 

Drilling  Machines 


The  Henry  &  Wright  Mfg.  Co. 


Hartford,  Conn. 


"Accuracy 
First" 

and  the 

Turner 
Turret 

In  one  of  the  big 
shops  at  Green- 
field, Mass.,  pre- 
cision drilling, 
reaming,  tapping, 
etc.,  are  handled 
on  the  Turner 
Turret  in  a  man- 
ner that  satisfies  the  demand  for  accuracy 
and  throws  in  speed  for  good  measure.  On 
the  Turner  Turret  illustrated  the  operator 
is  drilling  die  heads,  one  hole  two  diameters, 
one  of  which  is  also  reamed.  The  three  tools 
are  indexed  automatically,  completing  the 
operations  and  putting  through  the  entire  lot 
in  remarkably  fast  time. 

The  Turner  Turret  saves  30  to  60  per  cent  of 
time  and  economizes  labor — therefore  reduces 
costs.     And  it's  a  mighty  wide  range  machine. 

Write  for  Complete   Catalog 

Turner  Machine  Company 

DANBURY,  CONN,  and  NEWARK,  N.  J.,  U.  S.  A. 

Incorporated  with  Turner,  Atherton  &  Co.,  Ltd. 
Denton.    Manchester   and     Stockport,    England. 
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FEATURES 

Quick 
Change  Speed 

Change  in  2   seconds 

fflfSiL^ 

Most 
Efficient  Drive 

No  belt  troubles 

^Bi^ 

Safety  First 

All  parts  protected 

^H| 

Heaviest 
Drill  Made 

^^u^ 

Yet  very  sensitive 

^^^^^^^^Kh 

All  Ball  Bearings 

^^^s^ 

The  Right  Speed 

You  get  accuracy  and  bigger  output  with 

The  Sipp  Quick-Change-Speed  Drill 

because    the    speed    can    be    changed    in    two 
seconds,  hence  the  right  speed  for  the  job  will 
naturally  be  used.     Write  for  Bulletin  No.  4. 

THE  SIPP  MACHINE  CO.,  Paterson,  N.  J. 

THE  LINDGREN 

13-Inch   High  Speed  Drill 

V 

All    bearings    are   bronze 
bushed  and  provided  with 
ring  oilers.     The  spindle 
has  ball  thrust  bearings. 
The  sleeve  is  graduated  in 
inches. 

New  lubrication  features 
No  leakage  of  oil 

4P' 

F.W.  LINDGREN  CO. 

ROCKFORD           ILLINOIS,  U.  S.  A. 

Radial  Drills,  High  Speed  Sensitive 
and  Plain  Radial  Drills 

Manufactured  in  sizes  2%,  3,  33^  and  4  foot  by 

THE  CARLTON  MACHINE  TOOL  CO. 

Successor*  to 
The  William  E.  Gang  Company,  Cincinnati,  Ohio 


JOHNSON  14"  SENSITIVE  DRILL 

A  most  practical  machine  for  the  purpose  for  which  it 
was  built — to  drill  9/16"  holes  and  under  with  speed 
and  accuracy  that  make  for  greatest  efficiency.  The 
"Johnson"  spindle  and  the  other  features  of  construc- 
tion will  interest  you.     Ask  for  details.  . 

Johnson  Machine  Tool  Co.,  Gouverneur,  N.Y. 
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FOSDICK   2   and   2.V2  FT. 
DUTY    RADIALS 


HEAVY 


1"  Drill  THROUGH 
Cast  Iron  2"  Thick 
in  7  4/5  Seconds. 

OTHER  RECORDS 
equally  as  remarkable 
in  iron  and  steel  with 
high  speed  drills  up  to 
21/2  inches. 


The  INTERCHANGEABLE  DRIVE 
The  EXTRAORDINARY  POWER 
The  LUBRICATING  SYSTEM 
The  HARDENED  BEVEL  GEARING 
The  BRONZE  BUSHINGS 

and  many  other  valuable  fea- 
tures will  be  found  in  these 
machines. 


Send  for 
drilling 
and 
tapping 
test  sheet 


THE  FOSDICK  MACHINE 
TOOL  COMPANY 

CINCINNATI,         OHIO,  U.  S.  A. 

AGENTS:  Biggs-Watterson  Co.,  Cleveland,  Ohio.  Colcord-Wright  Mehy.  &  Supply  Co.,  St.  Louis,  Mo.  Eccies  &  Smith  Co.,  San  Francisco.  Cal.,  Los 
Angeles,  Cal.,  Portland,  Oregon.  Fairbanks  Co.,  New  York  City,  N.  Y.,  Harttord.  Conn.,  Albany,  N.  Y.  E.  A.  Kinsey  Co.,  Cincinnati,  Ohio,  Indianapolis, 
Ind.  J.  L.  Osgood,  Buffalo,  N.  Y.  Peninsiilar  Machinery  Co.,  Detroit,  Mich.  H.  A.  Smith  Machinery  Co.,  Syr,acuse.  N,  Y.  Swind  Machinery  Co.,  Phila- 
delphia, Pa.  Somers,  Fitler  &  Todd  Co.,  Pittsburgh,  Pi.  Stocker-Rumely-Wachs  Co.,  Chicago,  111..  Milwaukee,  Wis.  Taylor  Machinery  Co.,  Boston,  Mass. 
A.  R.  Williams  Machinery  Co.,  Ltd.,  Toronto,  Ont.,  Canada.  Burton  Griffiths  &  Co.,  London,  England.  Fenwick  Freres  &  Co.,  Paris.  France.  Wynmalen 
&Hausmann,  Rotterdam,  Holland.  U,vlander  &  Asplund,  Stockholm,  Sweden.  Wilh.  Sonesson  &  Co.,  Malmo,  Sweden,  Copenhagen,  Denmark.  Roku  Roku 
Shoten,   Tokyo,   Japan.     R.   L.    Scrutton   &   Co.,    Sydney,   Australia. 


CHILLED  WAYS 


Are  now  being  made  for  the  Ram 
Bearing    in    the    Column    on    all 

Cincinnati  Shapers 

This  EXCLUSIVE  feature,  being 
used  by  us,  together  with 
SQUARE  WAYS  with  SIGHT 
FEED  OILERS  and  FULL 
LENGTH  TAPER  GIBS  endwise 
adjustable  by  SINGLE  SCREW 
for  taking  up  wear,  are  a  few  of 
the  characteristics  that  place 
CINCINNATI  SHAPERS  in  a 
class  by  themselves. 

Catalog  G  upon  request. 


THE    CINCINNATI    SHAPER    COMPANY 

CINCINNATI,  OHIO 
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THE  WHITON 

REVOLVING  CENTERING  MACHINE 

FOR  ACCURATELY  CENTERING  FINISHED  SHAFTS 


The  cut  shows  new  Revolving 
Centering  Machine — a  large  size 
of  the  well-known  machine  of 
this  type.  It  is  heavier  through- 
out and  has  capacity  to  center 
shafts  up  to  5  inches  in  diameter. 

Constructed  same  as  the  smaller 
machine  and  embodies  all  the 
special  features. 

Circulars  and  prices  sent  upon 
application. 


THE  D.  E.  WHITON  MACHINE  COMPANY 

NEW  LONDON,  CONNECTICUT,  U.S.A. 


LAIDLAW 

Feather  Valve 

COMPRESSORS 

For  Operating  Air  Drills 
and  Pneumatic  Tools 

Include  features  which  greatly  Increase  the  return  on 
your  compressor  investment. 

Laidlaw    Feather    Valve    Air    Compressors    have    estab- 
lished notable  records  for  low  operating  costs. 
Described  in  detail  in  Bulletin  L530.    Write  for  a  copy. 

WORJHINGTON  PUMP  AND  MACHINERYCORPORATION 


115  Broadway 
New  York 


Laidlaw  Works: 
Cincinnati,  Ohio 


Branch  Offices  in  All  Principal  Citic 


M 


ERRELL 

Pipe  Threading 
and  Gutting 
Machinery. 

Hand  or  Power  Operated 

THE  MERRELL  MFG.  CO. 

IS  CURTIS  STREET  TOLEDO,  OHIO 


ARMSTRONG 


Genuine 

Stocks  and 

Dies 


Pipe  Threading 

and  Cutting-Off 

Machines 


Our  dies  can  be  adjusted  to  the  variations  in  the  size  of 
fittings.  They  can  be  worked  with  less  labor  and  the 
desired  result  accomplished  in  less  time  than  with  other 
dies.  They  are  interchangeable  in  the  stock,  sharpened 
without  drawing  the  temper,  easily  adjusted  and  kept  in 
condition.  Page  29  of  our  catalog  gives  you  the  details 
regarding  our  Pipe  Threading  and  Cutting-oft  Machines. 
Sent   on   request. 

THE  ARMSTRONG  MFG.  CO. 


297  Knowlton  Street 


BRIDGEPORT,  CONN. 
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Standard  Wieland  6-inch 
Pipe  Threader  and  Cutter 


Thread  Pipe  Do  You?  How? 

The  modern,  efficient  way  is  the  Standard  Wieland 
way,  with  a  heavy,  sturdy,  durable  machine,  simple 
and  positive  in  operation,  fast  and  accurate  in  pro- 
duction. This  machine  costs  more  and  is  worth  it; 
character  and  quantity  of  output  prove  it. 

A  few  features:  One-piece  bed;  single-speed  pulleys; 
gear  speed  changes  through  semi-steel  cut  gears;  deep 
chasers,  cutting  long  taper  threads  in  one  cut  per- 
fectly, steel  as  well  as  iron  pipe. 

Send  for  the  circular. 

Standard    Engineering    Company 
Ellw^ood  City  Pennsylvania 

San  Francisco  Office;  1801  Claus  SpreckeU  BIdg. 


Much  Power  for  Little  Money 

CAN  BE  OBTAINED  FROM 

Giant  Fuel  Oil  Engines 


Will  operate  air  compressors,  generators, 
hoists,  pumps  and  machinery  of  all  kinds. 
Runs  on  Fuel  Oil,  Star  Oil,  Calol,  Stove  Oil, 
Solar  Oil,  Diesol,  Kerosene,  etc. 

Made  in  sizes  20  to  160  horsepower 
Single  or  Duplex 

We  also  manufacture  Chicago  Pneumatic  Sim- 
plate  Valve  Compressors  in  300  sizes  and 
styles,  Hummer  Hammer  Self  Rotating  Rock 
Drill,  Little  Giant  Drills,  Boyer  Hammers  and 
Duntley  Electric  Tools. 

Ask  for  Bulletin  34- W 

CHICAGO  PNEUMATIC  TOOL  COMPANY 


1060  Fisher  BIdg. 
CHICAGO 


52  Vanderbilt  Ave. 
NEW  YORK 


Branches  Everywhere 


^ 


A  Machinery  Hnisli  for  Every  Need 

The  Glidden  Varnish  Company. 

Cleveland,  Ohio. 


Machinery  FinisKes 


Rockyrell  Furnaces 

FOR 

ANNEALING       HARDENING  METING 

FORGING         HEAT-TREATING         TEMPERING 

Write  for  Catalog  21 

W,  S.  ROCKWELL  CO.,  50  Church  St..  New  York 


BuffeJo 


ncdJlmf  ttl  onop 
^^Bi;^fer,Bcttei 


BUFFALO  YORQl^    COMPAKY 

BUFFALO        AJ.V 

NEW  YORK  CHICAGO  PITTSBURGH     ST.UOUIS 


No.  8-G  for  Natural  Gas,  $6.50 


PREHEATING    BLOWPIPES 


The   two   most   essential   points   in   welding  are: 
FIKST;     The  use  of  a  proper  sized  oxy-acetylene  flame. 
SECOND:      The    saving    of    gas    by    preheating    your    work 
for   the   oxy-acetylene   flame. 

The    first    is    under    your    control    in    the    use    Of    the    oxy- 
acetylene  apparatus  you  have  selected. 

The    second    we    can    ai(i    you    in    by    supplying    the    proper 
blowpipe  for  preheating  purposes. 

We  manufacture   blowpipes  tor  use  with   Coal  Gas,   Natural 
Gas,  Gasoline  Gas  and  Acetylene  Gas,  with  Air  Blast. 
Our   catalog   "B.M.,"    free   for   the   asking,   contains   full   de- 
scription and  prices.     WANT  ONE? 

BUFFALO  DENTAL  MANUFACTURING  CO.,  Buffalo,  N.  Y.,  U.  S.  A. 
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THE  SAUNDERS- 

for  Quick  and  Accurate  Pipe  Threading  and  Cutting 

Saiiiiilcrs  No.  (!  is  built  for  business  and  embodies  every  facility 
for  quick  and  accurate  service. 

Special  gearinj;  gives  anii)lo  power,  without  large  pulleys  and 
tight  belts.  Cone  pulleys  and  interchangeable  gearing — controlled 
by  lever — vary  speeds  according  to  sizes  to  be  cut.  The  adjustable 
die  head — our  patent — witli  interchangeable  chasers,  threads  from 
2'/2  to  8  inches  and  releases  pipe  without  stopping  or  reversing 
the  spindle.  There  are  no  complicated  attachments — the  whole 
mechanism   is  direct  and  easy  to  operate. 

Complete  Description  in  Catalog   "P." 

D.  SAUNDERS'  SONS,  Yonkers,  New  York 


The  Method  of  Drive  is  an  Im- 
portant Thing  in  a  Pipe  Machine 


Because  a  lot  of  time  Is  wasted  If  the  speed  is 
not  just  right  for  every  size  and  material  of  pipe. 

The"Stoever"Pipe  Machine 

has  a  single-pulley  drive  with  gear  speed  varia- 
tion. This  means  that  the  belt  speed  is  constant, 
not  lowest  when  it  should  be  highest.  The  belt 
tension  is  always  proportional  to  the  power 
transmitted — economy  of  power.  The  belt  contact 
Is  constant  and  always  adequate. 

The  "Stoever"  has  a  friction  countershaft  which 
eliminates  shifting  belts  and  saves  at  least  one- 
third  in  belting  cost. 

The  gear  speed  variation  affords  a  speed  exactly 
right  for  every  size  of  pipe,  and  for  iron  or  steel 
This  means  maximum  cutting  and  threading 
speed. 

Write  for  the  "Economy"  Booklet*. 

TREADWELL  ENGINEERING  CO. 


Sales  Office:  140  Cedar  Street,  New  York 
Worlts:  Easton,  Pa. 


TEltt 


SAVE  METAL- 

Swage  Your  Rods  and  Tubes 

Perhaps  you  have  never  considered  the  amount 
of  metal  wasted  cutting  and  grinding  stock  to 
form.  Swaging  eliminates  this  waste  and  is  a 
process  which  actually  makes  the  metal 
stronger   and   more   durable. 


Our  Catalog 
is  Complete 
and 
Interesting. 


For  all  small  work— from 
.015  up  to  2  inches — 
Dayton  Swaging  Machines 
give  the  best  service.  6  sizes. 


THE  EXCELSIOR  NEEDLE  CO.,  Torrington,  Conn. 

Coventry  Swaging  Co.,  Ltd..  White  Friars  Lane,  Coventry,  England,  Agents 
for  Great  Britain.  Kenwick  Freres  &  Co.,  8  Rue  de  Rocroy.  Paris,  France, 
Agents  for   France,    Italy,   Belgium,    Spain,  Portugal  and  Switzerland. 


The  "Forbes"  for  Better  Thread  Cutting 

Every  user  of  "Forbes"  Machines  is  firmly  convinced  that  they  handle 
pipe  cutting  and  threading  easier,  quicker  and  more  accurately  than  any 
similar  machine.  The  "Forbes"  doesn't  have  a  lot  of  extra  parts;  it  is 
complete  in  itself,  can  be  moved  readily  from  one  place  to  another,  has 
interchangeable  parts  and  adjustments  for  wear.  By  reason  of  these  ad- 
vantages and  the  exclusive  "Forbes"  feature  of  revolving  the  dies  instead  of 
the  pipe,  one  man  can  easily  cut  off  and  thread  pipe  up  to  15"  in  diameter. 

Full  line  of  "Forbes"  machines  in  catalog. 

THE  CURTIS  &  CURTIS  COMPANY 


8  GARDEN  STREET 


BRIDGEPORT,  CONN. 
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PEERLESS 


PIPE  THREADING 


PEERLESS 


DON'T  handicap  your  men  with  poor  tools.     Give  them  pipe  machines 
that  can  be   operated  easily  and  quickly,  and  with  the  assurance  that 
the  threads  will  be  good.     Beveled,  high  speed  steel  cut-off  tool,  speed 
change  gear-box,  rotary  oil  pump  and  the  Peerless  Die-head  all  go  to  make  up 
a  dependable,  lasting  pipe  machine. 

Send  for  the  catalog 

BIGNALL  &  KEELER  MACHINE  WORKS,  Edwardsville,!!!. 


PEERLES: 


W 


c 


Smalley-General 
Thread    Millers 

For  Shells  and 
General    Use. 

SMALLEY-GENERAL  COMPANY 

BAY  CITY,  MICHIGAN 


BICKFORD  MILLER 


Small  machine;  big 
range.  Does  both  hori- 
zontal and  vertical  mill- 
ing on  medium  and 
small  work  and  is  a 
star  at  light  finish  cut- 
ting on  duplicate  parts. 
It  is  accurate,  speedy 
and  the  easiest  kind  of 
a  machine  to  operate. 
If  you  are  looking  for 
big  output  on  light 
work,  buy  a  "Bickford." 
Write  for  details 

BICKFORD  MACHINE  CO. 

GREENFIELD       MASS. 


Speed  Up  your  Stock  Cutting 

The  Hurlbut-Rogers  Two-tool  Cutting-Off 
Machine  will  do  it.  It's  a  machine  of  great 
strength  and  power,  holds  stock  rigidly, 
stands  hard  driving.  Cuts  are  taken  in 
half  the  time  required  for  a  single  tool 
machine.  H-R  accuracy,  speed  and  ease 
of  operation  are  trump  cards  in  the  game 
of  rapid  production.    Capacities  up  to  10". 

THE  HURLBUT,  ROGERS  MACHINERY  CO. 

South  Sudbury,  Massachusetts 
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600  Ton  Hydraulic  Press 
For  Piercing  Steel  Billets 


HYDRAUUC  MACHINERY 


We  are  prepared  to  furnish  complete  hydraulic  plants 
from  pump  to  press,  Valves,  Fittings,  Accumulators, 
Benders,  Shears,  Bulldozers,  Riveters,  Straighteners, 
Presses  for  every  purpose,  as  well  as  a  large  number  of 
machines  for  special  operations. 

The  press  shown  here  is  designed  to  pierce  steel  billets 
and  other  heavy  forcing.  It  is  a  fast  working  press, 
the  ram  being  returned  by  two  cylinders. 

The  Watson-Stillman  line  is  the  result  of  nearly  70 
years'  continuous  effort  in  the  development  of  hy- 
draulic equipment. 

We  invite  you  to  consult  with  our  Engineering  Depart- 
ment.   It  will  gladly  solve  your  hydraulic  problem. 

Write  for  Catalogs 

THE  WATSON-STILLMAN  CO. 

Engineers  and  Builders  of  Hydraulic  Machinery 

NEW  YORK  CHICAGO 

192  Fulton  Street  McCormick  Building 

383 


"CLEVELAND" 

TOGGLE  DRAWING  PRESSES 

Perfect  dwell  and  perfect  timing — "Cleveland"  Tog- 
gle Presses  are  unusually  heavy  in  their  propor- 
tions,  and   are   built   in   all   sizes — both   single  and 

double  crank,  for 
the  production 
of  all  classes  of 
drawn  sheet 
metal  parts. 
They  are  equip- 
ped with  auto- 
matic or  hand 
operated  mul- 
tiple disc  fric- 
tion clutches. 
Yokes,  rock 
shafts,  cranks 
and  links  are 
steel  castings. 
All  pin  bearings 
are  bronze 
bushed. 

Patent  Applied  for  ^g  are  prepared 

to  furnish  complete  equipments  of  Presses,  Shears 
and  Dies  for  the  production  of  large  or  small  sheet 
metal  articles  of  every  description. 

Send  us  your  inquiries. 

THE  CLEVELAND  MACHINE  &  MFG.  CO. 

4944  Hamilton  Avenue 

CLEVELAND  OHIO,  U.  S.  A. 


SWAIN  E 

DOUBLE.  SEAMER  No.  4 


Belt  pull  is  close 
to  base;  rigidity 
is  built  into  the 
machine;  vibra- 
tion is  practically 
nil. 

The  ease  with 
which  table  is 
adjusted  for  vari- 
ous sizes  of  work, 
the  precise  align- 
ment of  upper 
and  lower  spin- 
dles are  some  of 
the  features  re- 
sponsible for  the 
efficiency  and  ac- 
curacy of  this 
machine.  There 
are  other  reasons 
also.  A  word  from 
you  will  bring 
you  our  200-page 
descriptive     cata- 


FRED.  J.  SWAINE  MFG.  CO. 

7th  and  O'Fallon  Streets        ST.  LOUIS,  MO. 

I^ARGEST    PRESS    BUILDE.RS   IN  THE  'WEST 
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THE    METALWOOD 

Crankshaft  Strai|;htenin^  Press 

This  press  is  built  in  20-ton  and 
35-ton  sizes,  and  is  particularly 
adapted  for  straightening  crank- 
shafts. Both  sizes  are  made  in 
three  styles,  for  direct  drive  from 
accumulator  line,  with  built-in 
pump  for  belt  drive  from  line- 
shaft,  also  as  a  self-contained  and 
movable  unit.  The  straightening 
centers  are  adjustable  for  length 
and  the  steel  tracks  on  M^hich  they 
travel  are  removable  for  wear. 
The  machine  is  rapid  in  operation 
and  a  close  degree  of  accuracy  is 
obtainable  through  the  prompt 
and  exact  action  of  the  **Metal- 
wood"  Patent  Operating  Valve. 

Let  us  send  more  detailed   description 

Metalwood  Manufacturing  Company,  Detroit,  Mich. 

Designers  and  Builders  of  High  Speed  Hydraulic  and  Special  Machinery  for  all  purposes 

COMPLETE    HYDRAULIC    INSTALLATIONS. 

R.  E.   Ellis  Engineering  Co.,  549  Washington  Blvd.,   Chicago,   111.,   Sales  Representatives.     For  Great  Britain  and  Continent, 
address  Gaston  E.  Marbaix,  Coronation  House,  4  Lloyds  Ave.,  London,  E.G.,  England. 


Niagara  Power  Presses 


Geared  Punching  Press 


Inclinable  Power  Press 


No  matter  what  your  requirements  may  be, 
there's  a  Niagara  to  answer  the  call;  any 
size,  single  and  double  action,  single  and 
double  crank,  up  to  10'  between  housings. 

Niagara  Presses  are  all  of  extremely  massive 
design  and  closely  finished  to  the  finest  de- 
tail. Shafts  are  forged  from  high  carbon 
steel,  ways  of  slides  and  gibs  are  long  and 
wide,  slides  are  of  box  construction  and 
ways  well  braced.  Many  other  features  fully 
described  in  catalog.    Write. 

Niagara  Machine  &  Tool  Works 

BUFFALO,  N.  Y.,  U.  S.  A. 


Hydraulic  Presses 

and 

Pumps 


WE  specialize  in 
them  and  build 
nothing  else.  Our 
plant  \\as  built,  our 
machinery  designed, 
our  organization  selected 
with  no  other  end  in 
view  than  manufactur- 
ing hydraulic  press 
equipment  to  fit  your 
pressing  needs.  That 
we  have  succeeded  is 
evidenced  by  the  fact 
that  we  are  doubling 
our  capacity  to  take 
care  of  the  business 
coming  to  us. 
The  press  shown  here  is 
designed  for  general 
forcing  work  in  ma- 
chine, railroad,  automo- 
bile and  repair  shops. 
It  is  a  particularly 
convenient  press  for  gen- 
eral work  and  is  only 
one  from  our  extensive 
line. 

Let  us  submit  expert 
information  on  any  t^e 
of  hydraulic  press  for 
■work  such  as  forcing, 
forming,  flanging,  forg- 
iug,  drawing.  baling, 
broaching,  die,  arbor, 
etc. ;  also  hydraulic 
pumps.    Write  us  today. 

The  Hydraulic 
Press  Mfg.  Co. 

84  Lincoln  Avenue 

MOUNT  GILEAD.OHIO 

Uranch    Offices:      Roon. 

1105-R.  39-41   CortlandL 

St..     New     York     City; 

427-D    Guardian    BIdg.. 

Cleveland,  Ohio; 

Division    B.    32 

N.    Clinton    St., 

Chicago,    III. 
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FERRACUTE 


Press  D45 


For  cutting,  forming  and  drawing  sheet  metals 
Hundreds  of  sizes  and  styles  for  every  kind  of  work 

Press  1345  is  a  horizontal,  double-eiuled  screw  press  designed  for  deepening  or  redrawing  sheet  metal  tubes  and  shells 
from  1  to  G  inches  diameter  and  18  inches  deep.  By  using  the  automatically  swinging  punch,  shown  at  the  left,  a  depth 
of  24  inches  is  obtained.  Five-inch  steel  rods  take  the  tensile  stresses.  The  steel  screw  is  6%  Inches  diameter.  Adjust- 
able gravity-feed,  let-off  device.     Weight  about  16,000  lb. 

Photographs  and  full  information  for  the  asking. 

FERRACUTE   MACHINE  COMPANY,   BRIDGETON,   NEW  JERSEY,   U.  S.  A. 


Conspicuous  and  Compelling   in  Their 
Superiority 

THE  "TOLEDO*' 

Double    Crank    Presses    represent    the 

cumulative   kno^v^ledge   of    the 

Toledo    organization 

Well  proportioned, 
strong  and  rigid,  they 
stand  the  acid  test  of 
time  and  service. 

Hammer 
forged  shafts, 
machine  cut 
gearing  well 
protected, 
massive  con- 
nectionsheav- 
ilyreinforced, 
ong and  wide 
slides  of  im- 
proved de- 
sign and  other 
dominant 
Toledo  char- 
acteristics. 


"Toledo"  No.  9.^  E  for  forming  and  other  opera- 
tions on  auto  hoods,  engine  pans,  bodies  and 
seats,  steel  range  and  other  heav;  stamped  and 
formed  parts. 


Over  250' sizes  for  every  requirement  of  sheet 
metal  and  drop  forged  work. 


The  Toledo  Machine  &  Tool  Co. 

TOLEDO,  OHIO,  D.  S.  A. 


PRESSES 

LARGE  OR  SMALL 
REGULAR  OR  SPECIAL 

"AMS" 


Let  us  quote  you  on  your 
next  press 

THEMAXAMS 
MACHINE    CO. 


Press  No.  580A 


BRIDGEPORT 


CONN. 


200-500 
Ton 

Flanging 
Press 


BETHLEHEM  STEEL  COMPANY 

MACHINERY  DEPARTMENT 

ENGINEERS  AND 
MACHINERY  BUILDERS 

SOUTH  BETHLEHEM,  PENNA. 


OSS    avtCa. 


Have  You  Ever  Considered 

That  you  might  save  money  on  some  of  the  parts 
you  use  if  you  bought  stampings  instead  of  castings? 
You  can,  providing  AcWin  does  the  stamping.  And 
you'll  find,  in  addition,  that  Acklin  Stampings  are 
stronger  and  of  greater  uniformity. 

Trial  Order  Brings  Prool 

THE  ACKLIN  STAMPING  CO,  '-^SL^^o^o 
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Thirty-Nine 
Years  Young 


"We  built  this  Press  RIGHT 
in  the  beginning." 

IT  is  the  exceptional  thing  in  ma- 
chinery manufacture  that  a  design 
is  so  well  conceived  at  its  inception 
as  to  retain  its  original  form  over  a 
long  period  of  time.     Still  more  un- 
usual is  a  steady  increase  in  popularity 
and  demand. 


1917 

"BLISS"    INCLINABLE 
PRESSES 

afford  a  striking  example  of  this.    Their 
adaptability  to  a  wide  range  of  work  and 
their  wonderful  convenience  and  economy 
in  operation  have  proved  them  the  most 
practical  of  machine  tools  for  manufac- 
turing articles  of  sheet  metal.    They  have 
been  refined  but  not  changed  fundament- 
ally.  Their  use  has  extended  into  so  many 
new    lines    without    imposing    material 
change  in  design  that  they  have  be- 
come an   accepted  standard  in  the 
trade.    We  have  devoted  especial  ef- 
fort to  standardizing  their  manufac- 
ture and  providing  every  desirable 
improvement.    ''Section  2A"  gives  in- 
teresting and  valuable  information. 
Send  for  it. 


E.  W.  BLISS  COMPANY 

Main  Office  and  Works:  BROOKLYN,  N.  Y.,  U.  S.  A. 

CHICAGO    OFFICE  DETROIT  OFFICE  CLEVELAND  OFFICE 

1857  People's  Gas  Bldg.  Dime  Bank  Bldg.  Union  Bank  Bldg.  1917 

LONDON,  S.  E.,  ENGLAND,  Pocock  St.,  Blackfriars  Road.         PARIS,  FRANCE,  100  Boulevard  Victor-Hugo,  St.  Guen. 
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Forging  Thin 
Stock  is  Hard 
on  a  Hammer 

Every  time  the  ram  of  this 
Nazel  Hammer  descends,  the 
punch  and  die  come  within 
%"  to  1/4"  of  meeting,  the 
hammer  itself  absorbing 
much  of  the  shock  of  the  blow. 
William  H.  Horn  &  Bro.,  Inc., 
Philadelphia,  have  used  this 
hammer  constantly  for  four 
years  on  thin  tool  steel  parts 
for  surgical  appliances.  They 
say,  "It  hasn't  cost  us  five 
cents  for  repairs." 

It  takes  a  hammer  built  and 
operated  like  the  Nazel  to 
stand  work  such  as  this. 
There's  practically  no  limit  to 
Nazel  usefulness.  Ask  us 
questions. 


NAZEL  ENGINEERING  WORKS,  Philadelphia,  Pa. 


■iiiiMiiiiiirriJiJiiiiiiiiiiiiiMiii 


4043  NORTH  5lh  STREET 
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Upkeep  expense  averages  less  than 
2/5  of  1  per  cent  annually  on  all  our 
hammers  in  use  from  first  one  sold  24 
years  ago  to  last  one  shipped. 

LITTLE  GIANT  POWER  HAMMERS 
are  guaranteed  forever  against  de- 
fective material  and  workmanship. 
Let  us  send  you  one  on  30  days'  trial. 
Write  your  jobber  or  direct  to  us. 

MAYER   BROS.  CO. 

131  W.  Rock  St.,  Mankato,  Minn.,  U.  S.  A. 


LITTLE 
GIANT 
POWER 
HAMMERS 

Motor  or  B«lt  Driven. 
250  lb.  Ram.  200r.p.m. 

Machine    gun    rapidity 
and  precision. 

Sold  on  30  days'  free 
trial. 

Prompt  shipments. 
Will  easily  forge  stock 
5)2  in-  square  or  7  in. 
round. 

Special  dies  for  any  forg- 
ing purpose. 

Also  made  in  25,  50, 
100  and  500  lb.  sizes. 


A  Big,  Wide-Range 
Steam  Hammer 

For  Heavy  Steel  Forging 


The  Erie  Dou- 
bl  e  Frame 
Steam  Ham- 
mer is  the  king 
of  hammers  for 
miscellaneous 
heavy  forging. 
Force  and  ra- 
pidity of  blows 
are  easily  con- 
trolled by  hand 
lever,  or  ham- 
mer may  be 
adjusted  to  de- 
liver continu- 
ous strokes 
automatically. 

Adapted  for 
steam  or  com- 
pressed air  as 
desired. 


"OLD 
RELIABLE" 

has  Automatic  Safety 
Stop  and  other  safe- 
guarding devices. 
Complete  details  on 
request. 


ERIE    FOUNDRY    COMPANY 

ERIE,  PA.,  U.S. A. 
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A  Service  Hammer 

Not  only  service  that  includes  the  work  of  the 
hour — but  service  that  means  years  of  hard, 
everyday  v^ork. 

For  nearly  50  years  "Bell"  Hammers  have 
.stood  up  under  all  manner  of  forging  tests. 
They  have  proved  themselves  powerful,  adapt- 
able, enduring.  "Bell"  Hammers  built  10  and 
15  years  ago  are  still  giving  uniformly  good 
service,  and  the  same  will  hold  good  with  the 
models  that  are  being  marketed  today. 

The  "Bell"  Hammer  operates  rapidly,  has  a 
uniform  stroke — meets  conditions.  Depreci- 
ation and  upkeep  almost  negligible. 


Our  illustrated 
catalogue  tells 
the  whole  story. 


BEL/L 
HAJ^M/ERS 


BUFFALO  FOUNDRY  &  MACHINE  COMPANY 


10  Winchester  Avenue 


BUFFALO,  N.  Y. 


DROP  PRESSES 

for  All  Purposes  Our  Specialty 


I 


The  Peck  Drop  Lifter 

can  be  readily  applied  to 
foot  or  hand  drops. 

MINER  &  PECK  MFG.  CO. 

Proprietors  of  the  PECK  DROP  PRESS  WORKS 

NEW  HAVEN  CONN.,  U.  S.  A. 


1 

RFAUDRY 
HAMMERS 

For  General  Forging 

Save  Fuel,    Time 
and  Labor.  Cut  Forg- 
ing Costs  iu  Tm'o. 

Belt  or  Motor  Driven 

BEAUDRY  &  CO. 

Incorporated 

141  Milk  St..Bostou,Ma8s. 

HIGH  SPEED 
HAMMERS 

For  High  Speed  Work 


FEATURES: 

Economy  in  floor 
space,  elimination 
of  weight  and  a 
guaranteed  saving 
of  from  15  %  to  20% 
on  any  class  of 
work.  The  life  of 
the  machine  is  prac- 
tically indefinite  as 
phosphor  b  ro  n  z  e 
bushings  are  used 
throughout. 

No  riveting  too  in- 
tricate for  us;  no 
riveting  which  our 
machine  cannot  ac- 
complish. 

Send  for  our 

High  Speed  Hammer 

Book 


THE  HIGH-SPEED  HAMMER  CO. 

ROCHESTER,  N.  Y. 
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Nos.  1,  2  and  5 


Hercules  Shears  and  Rod  Cutters 

In  Six  Sizes 

Are  preparedness  tools  in  that  they  are  always  ready  to  do 
that  joh  of  sheet,  bar  and  iron  or  soft  steel  rod  cutting.  No 
tools  to  adjust,  belts  to  break,  no  drag  on  the  power  plant. 
Feed  tlie  material  to  the  machine  and  work  the  lever  with 
low  cost  labor.  Hods  can  be  cut  with  ends  ready  to  thread,  or 
spin  over  forming  rivet  head  without  additional  machining. 

The  shear  blades  have  a  draw-in  cut,  with  no  tendency  to  crowd  work 
out  of  the  shear.  Note  that  leverage  is  directly  over  the  cutting  point, 
also   the  steel   band   that  raises  the  jaw,   dispensing  with  all  springs. 


Send   for  Shear  Catalog 


'^"""^n-^'JIor  sale  bx      W.    M.     (gl    C.     F.    TUCKER 


Plain    Shears' 


HARTFOR.D, 

CONN. 


CUTTINQ=OFF 

MACHINES 


Save  Time 
and  Material 

These  two  requirements  of  modern  effi- 
ciency are  satisfactorily  met  by  the 

MODERN  CUTTINQ=OFF 
MACHINE 

A  powerful  back  geared  machine,  especi- 
ally designed  for  cutting  off  pipe,  tubing 
and  solid  bars.  Has  been  in  constant  use 
for  over  five  years  on  heavy  production 
work.     For  further  information  ask  the 

Modern  Machine  Tool  Co. 

JACKSON,  MICHIGAN,  U.  S.  A. 


"DEAD  STROKE" 
POWER  HAMMERS 

strike  a  square,  true  blow  at  all  times 
and  can  be  safely  run  at  high  speed. 

The  peculiar  feature  is  the  spring,  to 
which  the  ram  is  attached  by  a  flexible 
belt,  permitting  a  far  more  effective  blow 
than  can  be  given  by  any  other  hammer 
of  the  same  weight  and  stroke,  and  re- 
quiring less  power. 

Built  in  7  sizes.     Write   for   circulars. 


MANUFACTURED  BY 

DIENELT&EISENHARDT,Inc. 

P  1304  No.  Howard  Street 

^     Philadelphia,  Pa.,  U.  S.  A. 


We  have  been  cam  cutters  so  long  that  we 
know  all  the  requirements  and  difficulties  of 
the  business.  This  knowledge  has  enabled  us 
to  employ  in  the  ROWBOTTOM  VERTICAL 
HEAD  CAM  MILLER  every  facility  for  ac- 
curate, rapid  and  economical  cam  cutting. 

If  you  use  enough  cams  to  make  it  pay  you  to 
cut  them,  send  for  particulars;  if  not — let  us 
estimate  on  cutting  them  for  you.  Either  way 
guaranteed  mutually  satisfactory. 

The  Rowbottom  Machine  Co. 


WATERBURY 


Waterville,  Conn. 


CONNECTICUT 


CHAMBERSBURG  STEAM  HAMMERS 

"All  Sizes  for  Every  Class  of  MTorH" 

Our    hammers    are    double    acting,    have    simple 

valve  gear  and  give  the  operator  perfect  control. 

Write  2is  jor  details. 

CHAMBERSBURG  ENGINEERING  COMPANY,  Chambersburg,  Pa. 

HYDRAULIC    MACHINERY 


PRESSES — Foot  and  power. 

WIRE    FORMING    MACHINES— Standard 

or  special. 

TUMBLERS— All  kinds. 

BALL  BURNISHING  EQUIPMENT. 

BAIRD  MACHINE  CO. 

BRIDGEPORT,  CONN. 
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Power  Eye  Bending  Machines 


Exceedingly 
rapid  and  uni- 
form production 
of  eye  bolts  at  a 
minimum  ex- 
pense of  opera- 
tion. 

Built  in  sizes  for 
bending  stock  up 
to  11/2"  in  di- 
ameter. 

Builders  also  of 
the  Lynch  Eye 
Bender. 

Write  for  catalog 
describing  the 
Moline  Line  of 
Punching,  Shear- 
ing and  Forging 
Machinery. 


Chicago  Office: 
933  Monadnoch  Block 


Pittsburgh  Office: 
808  House  Building 

New  York  Office:  C.  H.  Holbrook,  30  Church  Street 

Detroit  Office:    J.  C.  Austerberry,  924  Dime  Bank  Bldg. 
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Seven 
Sizes 


From  15 
Inches 
Single 
Geared 

to  26 
Inches 

Back 
Geared 


BEFORE  BUYING  A 
CRANK  SHAPER 

Send  for  our  catalog  and  compare  the 
specifications  of  the 

KELLY  CRANK  SHAPER 

with  any  other  crank  shaper  on  the 
market.  We  Invite  this  comparison 
because  we  are  confident  that,  next  to 
a  tryout,  it  is  the  best  way  to  demon- 
strate the  superiority  of  the  Kelly 
Orank  Shaper. 

Kelly  Shapers  are  built  strictly  as 
per  specifications. 

R.    A.   REULY   CO. 

XeNIA,   OHIO,  V.  S.  A. 
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RIVETERS,  SAND  SIFTERS,  LUBRICATORS 
SQUEEZERS,  JOLT  RAMMERS,  VIBRATORS 


METAL  SAWS,  HOISTS,  CRANES,  HAMMERS 
VULCAN  ENGINEERING  SALES  COMPANY 

General  Agent 
W63  ELSTON  AVENUE  CHICAGO.  U.  S.  A. 
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E  L  M  ES 

^Hfjf ?;.;■'■  •(juiwi,,, :    '"j.", ;  — SB 

From  Photo  T.ken  1862  of  Elm«  Employees 

60  years  of  successful  bus- 
iness  means    responsibility 
and     experience     building 

HYDRAULIC 
MACHINERY 

Charles  F.  Elmes  Engineering  Works 

222  North  Morgan  St.         Chicago,  U.  S.  A. 

The  Curtis 
Compressor 

Efficient  Cooling  Few  Parts 

Light  Disk  Valves,  Small  Clearances 


No  stufling  boxes, 
shoes,  slides  or 
guides,  less  friction 
and  wear,  lower 
maintenance.  Will 
run  10  to  15  times 
as  long  with  the 
same  amount  of  oil 
as  competing  makes, 
yet  will  lubricate  all 
parts  properly  and 
keep  oil  out  of  the 
discharge  line. 


Full  Self-Oiling 
Controlled  Splash 
Regulatable,  Sight 
Feed    Cylinder   Oiling         Write  for  descriptive  bulletin  C-1 


Curtis  Pneumatic  Machinery  Co. 

1568  Kienlen  Ave.  St.  Louis,  Mo. 

530  G  Hudson  Terminal,  New  York  City 
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Oxy Acetylene  \\^lding  and  Cutting 


Conserve  Iron  and  Steel 
— Cut  Out  the  Scrap  Pile 

In  ordinary  times  scrap  pile  waste  costs  American 
business  millions  of  dollars  annually. 
Today,  conservation  is  a  matter  of  national  neces- 
sity.    It  is  imperative  that  you  help  to  stop  this 
waste. 

Analyze  your  scrap  pile.  You'll  probably  find  con- 
ditions such  as  our  research  men  are  finding  in 
many  industries. 

In  mine  scrap  piles  were  found  a  year's  supply  of 
valuable  tram  buckets,  month's  supply  of  tungsten 
steel  tools,  stamp  stems  and  other  materials — all 
easily  made  good  as  new  at  trifling  cost  by  oxy- 
acetylene  welding. 

One  railway  shop  saved  the  tie-up  of  a  hundred 
locomotives  by  welding  boiler  tubes  taken  from 
the  scrap  pile. 

There  are  thousands  of  other  instances  where  oxy- 
acetylene  welding  has  made  wonderful  savings 
from  discarded  parts  and  materials. 
As  a  production  process  in  manufacturing  war 
munitions,  railway  supplies,  boilers,  ships,  agri- 
cultural implements,  surgical  instruments,  etc., 
oxy-acetylene  welding  is  saving  time  and  ma- 
terials— giving  increased  strength,  simplicity  and 
neatness  to  the  product. 


Employs    both    gases    (acetylene    and    oxygen)    iu    portable 
cylinders.      Prest-O-Lite    Dissolved    Acetylene    (ready-made 
carbide  gas)    is  backed   by  Prest-O-Lite   Service,   which   in- 
sures  prompt   exchange  of   fuU    cylinders   for   empty   ones. 
Provides  dry,    purified   gas,   insuring   better   welds,   quicker 
work,    and    lower    cost,    and    als©   avoids    the    large    initial 
outlay    and    heavy   depreciation    incurred    in    making    crude 
acetylene    in    a    carbide   generator. 
Necessary    equipment    is    not    expensive.      We    furnish    high-grade 
welding  apparatus  for  $75    (Canada   $100);  acetylene   service   at   ad- 
ditional cost.    Adaptable  for  oxy<-acetylene  cutting  by  the  addition  of 
special  cutting  blow  pipe.     Thorough  instructions  are  furnished  free 
to    every    user    of    Prest-O-Lite    Dissolved    Acetylene— any    average 
workman    who    understands    metals    can    learn    the    process    quickly 
and   easily. 

Let  us  hefp  you  analyze   YOUR  scrap  pile.      Hundreds  of 
possible  savings  are  described  in  our  illustrated  literature  — 
many  of  them  ditectly  applicable  to  your  problems. 
Write  for  it  today. 

The  Prest-O-Lite  Co.,  Inc. 

U.  S.  Main  Office  &  Factory,  837  Speedway,  Indianapolis 
Canadian  General  Office,  Dept.  A. 6,  Toronto,  Ont. 

59  Branches  and  Charging  Planlf 

World's  Largest  Makers  of  Dissolved  Acetylene 


Bellevue  Industrial  Furnace  Co. 

Detroit,  Michigan 

Manufacturers  of 

STEEL 

TREATING 

FURNACES 

FOR  ALL  PURPOSES 


No.  1014— Combination  High  Speed 
with  Preheatnng  Furnace  High  Spceti. 
Chamber,  36"  deep,  7"  diameter. 
Preheating  Oven  11"  wide,  3G" 
deep,  10"  high,  heating  from  the 
exhaust   of   High .  Speed    Furnace. 


Users  Assured 
High      Quality 
with  Large 
Production. 


JULIUS  C.  HINZ,  President 


REPRESENTATIVES:  Cleveland  Tool  &  Supply  Co..  Cleve- 
land, Ohio;  Coghlin  Machinery  &  Supply  Co.,  Toledo,  Ohio; 
Vonnegut  Machinery  Co.,  Indianapolis,  Ind.;  The  Chas.  A. 
Strelinger  Co.,  Detroit,  Mich.;  Somers,  Filler  &  Todd  Co., 
Pittsburgh,  Pa.;  Carpenter  &  Woodward,  233  Broadway, 
New  York  City,  N.  Y. ;  The  E.  A.  Kinsey  Co.,  Cincinnati, 
Ohio. 


Years  of  Service  will  Wear  — But  No 
Strain  will  Break  an  Osgood  Tool  Handle 


A  steel  tube,  inserted  where  the  pressure 
comes,  resists  all  strain  and  in  addition  se- 
curely locks  the  tool  and  ferrule. 

Sample  FREE  to  Dealers  and  Manufacturers. 
To  Others   Ten   Cents. 

J.  L.  OSGOOD  TOOL  COMPANY 


43-45  Pearl  Street 


Buffalo,  N.  Y. 


PHOENIX  DIE 

CASTINGS 

^^K  y'    ^MH  ^^^H 

Finished   Die   Cast- 
ings of  high  quality, 
good    workmanship 
and  perfectly  com- 
pounded alloys.  Let 
us  send  booklet  and 
more  details. 

PHOENIX  DIE 
CASTING  CO. 

21   Illinois  Street 
BUFFALO,  NEW  YORK 
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LEIM  AN  /Note  the  Name 

BROS.       ^    ^^^^""^ 


A 

N 
D 


BLOWERS 

VACUUM 


PUMPS 


This 
Picture 
Shows 
7  of  the 
9  sizes 


2  to  338  cubic  feet  per 
minute.    1  oz.  to  10  lbs.  pres- 
sure.   1  to  20  inches  Vacuum,  and  when  desired  still  higher 
Vacuum.     GET  MORE  HEAT  OUT  OP  YOUR  GAS  or  OIL  FURNACE 
Get  better  service  from  your  Vacuum  Cleaner,  Sandblast  or  AUTOMATIC  MACHINE  using  Air. 


GET 
CATALOG 


LEIMAN  BROS.,  62  E.  John  St.,  New  York 


WORKS: 
NEWARK,  N.  J. 
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Electric 
Furnaces 


The  leaders  in  the  field  control  tool  quality 
with  HosKins  Furnaces — as  does  TimKen. 

Temperature  Lower  Atmospheric 

Control  Tool  Cost  Control 


Hoskins  Manufacturing  Compauiy 

459  Lawton  Avenue  DETROIT 

New  York  :  Grand  Central  Terminal  Chicago :  Otis  Bldg.  Pittsburgh  :  Oliver  Bldg.  Boston  :  Tremont  Bldg. 
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ADtX   SUPLDIOI^ 


HIGH  SPLLD5TLLL 

APEX  5TEEI  OODPORATIOn 
^OCHUPCH  ST.  NLVyOQIS. 

^-^  CLEVELAND  OFFICE. ^6^1  BROADWAY 


mffiw^VBII 


srzES 


DELIVERY 
FROM  STOCK 


Hi^Kesl  Qualilij 

Ferro 
Tungsten 

Do  You  Analyze  Your  Ferro -Tungsten?  ^^^^^^01 
If  Not,  It  Would  Pay  You  To  Do  So—        ^^^"^^-^ 

The  value  of  a  product    is  largely  controlled  by  the 
purity  of  the  materials  of  which  it  is  made. 

We  Guarantee  — 

Our   Ferro -Tungsten    to   this   analysis: 

Tungsten 70  to  80% 

Carbon — not  over /^% 

Sulphur — not  over .05% 

Phosphorus — not  over .08% 

Our  facilities  are  of  the  very  best  due  to  a  strictly  modem  plant  and 
equipment  We  are  able  to  offer  quick  deliveries.  Write,  Wire  or 
Cable  for  prices. 

THE  VANADIUM-ALLOYS  STEEL  CO. 

LATROBE,  PENNA. 

.  Makeij  ol  "Rgdfiut Superior" —A  Quality  High  Spwd  Sim! 


Capacity  speeds  maybe  over- 
reached —  or  full  productive 
capacity  never  reached  -  un- 
less you  take  count  of  revo- 
lutions-per- minute. 


SPEED  COUNTERS 


report  speeds  to  a 
turn.  Can  be  started 
or  stopped  at  just 
the  right  moment 
by  means  of  clutch 
\\hich  engages  me- 
chanism. Price, 
with  two  rubber 
tips.  $3.00.  Circu- 
lar   gladly    sent. 


THE  VEEDER  MANUFACTURING  CO. 

39  SARGEANT  STREET  HARTFORD,  CONN. 

Makers    of    Cyclometers,    Odometers,    Tachometers,    Tachodometers, 
Counters  and  Die   Castings 


Right  Where  You  Can 
Put  Your  Hand  on  Them 

is  where  your  tools  should  be 


make  tool  cases  with 
a  place  for  every- 
thing. Tool  cases 
that  are  not  only 
convenient,  but  com- 
pact, strongly  built 
and  nicely  finished. 
Shipped  direct  from 
factory;  price  rea- 
sonable. 


Send     for     illustrated     catalog. 


GERSTNER  &  SONS 


61-71  Colu 
DAYTON 


Street 
OHIO 


Nothing  to  Do  but  Drive 


You  are  not  put  to  the  trouble  of 

filing  and  fitting  when  you  use  our 

Finished  Machine  Key.     We  finish 

them  comjplete — all  ready  to  drive, 

and  you  can  always  depend  upon  accurate  machining  and  true  size 

for  making  Machine  Keys  any  length,  width,  depth,  style  or  taper. 

too  much — get  our  prices. 

Our  specialties  include:   Machine  Racks,  Cold  Drawn  Shafting,  Screw  Stock, 
Flats,  Squares,  Hexagons  and  Special  Shapes.     Send  for  interesting  Catalog. 

STANDARD  GAUGE  STEEL  COMPANY,  Beaver  Falls,  Pa.,  U.  S.  A. 

Ill    &    Co.,    New    York. 


We  have  special  facilities 
If  your  keys  are  costing 
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I    B  B  Ml 

Ibi  Bib  B  iM 


A  100  per  cent  perfect  water  soluble — de- 
signed especially  for  the  consumer  who  appre- 
ciates the  highest  standard  of  quality  at  a 
minimum  cost. 


Each  of  our 
products  is 
backed  by 
a  reputation 
of  50  years 
in  business. 


Our  business 
was  founded 
on  quality — 
developed  on 
quality  —  and 

we  will 

continue  to 

feature 

quality. 


ASCOLEN 


A  scientifically  treated  lard  oil.  A  base  oil  of 
quality  equal  to  No.  1  lard  oil.  May  be  re- 
duced with  mineral  oils  for  any  machining 
operation.  We  will  be  glad  to  quote  you  or 
ship  a  barrel  for  test. 

Write  for  our  book"Kleen  Kut  Facts" — This 
is    a    treatise    on    machine   tool   lubrication. 

D.  A.  STUART  &  CO.,  Inc. 

29  So.  La  Salle  St.  CHICAGO,  ILLINOIS 

FACTORY:  350-360  E.  ILUNOIS  STREET 


EDGEMONT 

Extended  Sleeve  Clutch 

Designed     to     drive 
wood    or    steel    pul- 
leys,   gears,     drums, 
rope    sheaves,    sproc- 
ket wheels,  etc..  and  adapted  for 
continuous,   heavy    duty    in    any 
surroundings.    ,  It    requires    no 
oiling  or  attention   on  the   fric- 
tion     mechanism;      is      simple, 
powerful   and   long-lived. 

Catalog  E  for  Details 

The  Edgemont  Machine  Co. 

2700  National  Avenue  DAYTON,  OHIO,  U.  S.  A. 


Power  Transmitting  Machinery 

Heavy  bearings,  drop 
hangers  and  post 
hangers. 

Machine  moulded  gears 
and  pulleys. 

Friction  clutches,  rope 
drives  and  chain  drives. 

H.  W.  CALDWELL  &  SON  CO. 

Elevating,  Conveying  and  Power  Transmitting  Machinery 
17th   Street   &   Western  Avenue,  Chicago,  111. 

50  Church  St.,  New  York.  709  Main  St.,  Dallas,  Texas. 


Heavy  Pillow  Block 


s 
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'7/)3t  belt  must  be  siippino.  George' 
lt'5  too  loose  on  the  pulk\/i!" 

■m  If  isn't.  UncJe.  If  it  slipped  dt  dll.  it 
wouldn't  stdy  on  l/te' pulleys  a  minute!" 

THE  new  Superintendent  was  different.  For  the 
first  few  days  he  just  walked  through  the  plant 
and  looked  at  things.  Down  in  the  engine  room 
he  took  the  speed  of  the  engine.  Up  in  the  shop  he 
took  the  speed  of  the  main  shaft.  Then  he  did  some 
figuring.     These  are  the  figures. 

Driving  pulley  8  feet  diameter. 
Speed  80  rev.  per  minute. 
Driven  pulley  4  feet  diameter. 
Speed   should    be   160  rev.  per  minute. 
Speed  actually        155  rev.  per  minute. 

Loss  5  rev.  per  minute. 

5  ~  160  =  3%  approximately. 

8    feet  X  3.1416  X     80    rev.    per    minute  =  about 

2000  feet  per  minute  the  belt  travels. 
3%   of  2000  feet  =-60  feet  per  minute   LOST. 
Pulley  centers  at  20  feet,  so  belt  length  approx. 

60  feet. 

This  meant  that  once  every  minute  his  bolt  was  use- 
less, for  the  loss  in  feet  per  minute  due  to  slipping 
vjas  more  ttian  tfie  length,  of  the  belt  itself! 
In  a  ten-hour  day  this  loss  would  be  36,000  feet,  so 
that  every  day  the  engine  had  to  give  that  belt  a 
free  ride  of  nearly  7  miles!  And  the  firm  paid  the 
bills  at  the  coal  pile  and  machines,  at  the  bearings, 
pulleys  and  in  the  belt  itself.  It  didn't  look  right. 
The  plant  had  over  one  hundred  belts.  If  they  all 
slipped,  the  firm  must  be  losing  hundreds  of  dollars 
a  year  in  power,  time  and  equipment  which  might 
better  be  saved. 

*  *  *  * 

The  new  Superintendent  never  did  things  on  im- 
pulse, or  merely  on  someone  else's  say-so.  Back  in 
his  experience  he  had  used  CLING-SURFACE,  the 
treatment  which  PREVENTS  SLIPPING,  and  al- 
lows the  usual  drive  to  be  run  easy  or  slack  under 
full  load.  He  knew  that  it  makes  constant  tension 
unnecessary,  preserves  and  makes  the  belts  thor- 
oughly pliable  and  waterproof;  that  it  is  not  sticky, 
contains  no  rosin  or  anything  harmful,  and  is  safe, 
easy  and  economical  to  use 

So  he  had  every  belt  treated,  and  the  effect  was 
seen  at  once.  His  slipping  stopped,  he  had  more  and 
steadier  power,  and  not  a  belt  has  been  taken  up 
since  that  time. 

This  is  fact;  we  can  prove  it  on  your  drives  to  YOUR 
satisfaction.  Just  ask  for  THE  PLAN  10,000  firms 
have  found  successful. 

Ami  miieinber,  use  CLING-SURFACE  and  ytm 
M'un't   iirpcl   belt   <lreHKiii(iH. 


ace     Cling-Surface   Company 

lOlS  Niatiara  St  Buffalo  >'  Y 


New  York        Chicago         Memphis        Denver 
Boston       St  Louis       Atlanta       Toronto       Etc 


Copyright  1917  by  Clinfi-Surface  Co 
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There  Are  Two  Different  Kinds  of 
Genuine  Gr  aphited  Oil  Less  Bushings 


NIGRUM 


(Impregnated  Hard 
Wood)      O  i  1  -  L  e  s  s 
Bushings  are  made  of  se- 
lected   hard    wood,    thor- 
oughly seasoned  and  then 
thoroughly  impregnated  with 
our  special  lubricating  com- 
pound. 

This  bushing  not  only  runs  et- 
liciently  and  lasts  indefinitely 
without  oiling  or  any  attention 
whatever,  but  it  is  light  in 
weight,  small  in  bulk  and  has 
the  additional  advantage  of  ab- 
sorbing   grit    and    dust    without 

harm  to  itself,  thus  prolonging  its  own  service  life  as 
that  of  the  shafting. 


well  as        that   are   inaccessible   and 
keep  properly  lubricated. 


BOUND 
BROOK 

(G  r  a  p  h  i  t  c-and- 
Bronze)  Oil-I.iess 
Bushings  are  made 
of  finest  phosphor  bearing 
bronze,  so  constructed  as 
to      retain      a      sufficient 
quantity    of    our    specially    pre- 
pared    lubricating     graphite     to 
keep  them  lubricated  in  service, 
even  if  neglected. 

They  are   used  as  an   Insurance 

against  neglect  of  machine  parts 

therefore   difHcult   or   impossible   to 


Oiling  will  not  hurt  these  troubleless  bushings,  but  they  will 
give  efficient  service  even  if  overlooked,  and  as  the  life  of  a 
machine  is  no  longer  than  the  life  of  its  bushings,  the  proper 
installation  of  BOUND  BROOK  Bushings  gives  assurance  of 
long  life  and  increased  efficiency. 

LEADING  MANUFACTURERS  throughout  the  country,  as 
well  as  the  U.  S.  and  foreign  governments,  have  endorsed 
these  bushings  by  using  them  in  hundreds  of  different  kinds 

We  shnuld  be  glad  to  advise  with   you   con- 
cerning your  own  particular  bushing  problims 

All  Genuine  Graphited  Oil-Less  Bushings  Have   Always  Been 
Made   at    Bound    Brook,   U.    S.    A. 


of  machinery,  from  Armored  Oars,  Battleplanes  and  Naval 
Vessels  to  Mill  and  Factory  Machinery,  Windmills,  Escalators, 
Gas  Engines,   Elevators,   Mining  Machinery,   etc.,   etc. 

TEN  MILLION  BUSHINGS  per  annum  is  the  capacity  of  our 
plants  at  Bound  Brook  and  Lincoln,  New  Jersey,  where  we 
have  every  facility  for  the  manufacture  of  highest  quality 
bushings  in  large  quantities  on  short  notice.  Prompt,  depend- 
able deliveries  are,  therefore,  assured. 

BOUND  BROOK  OIL-LESS  BEARING  CO. 


Specialists  in 
Bushings  for  i 

BOUND  BROOK 


ufacture   of  OU-Le 
a  Third  of  a  Centa 


NEW  JERSEY 


No   Povrer   Swallowed  Up  In 

CHAPMAN  BEARINGS 


Every  bit  of  power  is  directly  avail- 
able for  the  work,  in  shops  where 
Chapman  Bearings  are  used  on 
shaft  transmission.  When  we  add 
that  the  average  saving  of  power 


reported  is  20  per  cent,  you  can  get 
an  idea  how  much  your  friction  loss 
is — aside  from  the  waste  of  time 
and  oil  for  upkeep,  eliminated  along 
with  the  friction,  if  you  are  not  using 


CHAPMAN  BEARINGS 

We  suggest  that  you  write  for  our  Bulletin 
No.  106,  which  explains  the  why  and 
wherefore  of  Chapman  saving. 

TRANSMISSION 
BALL  BEARING  CO.,  Inc. 

1050  Military  Road         Buffalo,  N.  Y. 

BRANCH  OFFICES 

NEW  YORK,  Room  101,  30  Church  Street 

PHILADELPHIA,  Bourse  Building 

TORONTO,  ONT.,  Chapman  Double  Bearing  Co.,  Ltd. 

339-351  Sorauren  Avenue 
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A  letter  is  interesting  to  the  extent  that  it 
either  says  something  worth  while  or  reflects 
personality — the  personality  of  the  writer. 

A  piece  of  machinery  is  serviceable  to  the 
extent  to  which  it  does  something  well — and 
is  the  embodiment  of  the  character  of  the 
maker. 

Conscientious  workmanship  and  sound  ma- 
terials, as  well  as  a  regard  for  performance, 
efficiency  and  upkeep,  are  reflected  in  "Sells" 
Roller  Bearings. 

Take  one  point  at  a  time — say  the  rollers.  There  is  a 
lot  of  good  judgment  in  the  selection  of  rollers  in- 
stead of  balls.  The  greater  bearing  surface  of  the 
rollers  will  reduce  the  friction,  lessen  the  amount  of 
attention  and  lubrication  required,  and  greatly  de- 
crease the  wear  on  the  shafting.  Ball  bearings  wear 
grooves  in  the  retainers,  rollers  do  not,  but  as  a 
further  protection  against  wear  in  Sells  Roller  Bear- 
ings, there  is  a  hard  metal  sleeve  to  protect  the  shaft. 

These  are  the  simple  devices  that  help  reduce  the  fric- 
tion from  25  to  50  per  cent  over  ordinary  bearings. 
Just  look  at  the  picture.  Did  you  ever  see  a  better  com- 
bination of  common  sense  and  mechanical  simplicity? 

Call  me  up  or  write  to  me  and  I'll  explain  the  "Sells" 
principles  as  fully  as  you  wish. 


Yours  for  less  friction, 


t^^ 


Manager. 


Royersford  Foundry  &  Machine  Co. 

54  North  Fifth  Street  Philadelphia,  Pa. 

"SelW  Line  Shaft  Bearings,  "Sells"  Commercial  Roller  Bearings, 
Babbitted  Ring  Oil  Bearings,  Shaft  Hangers,  Collars  and  Couplings, 
Punches  and  Dies,  Punching  and  Shearing  Machines,  Sensitive  Drill 
Presses,  Foot  Presses,  Grinding  and  Polishing  Machines,  Tumbling 
Barrels.  " Roller ine'" ~  the  ball  and  roller  bearing  lubricant. 

Old  Reliable  "Sells" 


IIIIIIIIIIIIIIIIIIUIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIH^ 

BALL  BEflRINfiS 


(Patented) 


Bearing  failure  means  machine  failure. 
Resultant  losses  lie  not  alone  in  the  cost 
of  repairs,  but  in  the  interrupted  ser- 
vice, the  loss  of  output — and  the  loss  of 
your  prestige  as  a  manufacturer  of  a 
dependable  machine.  Can  you  afford 
to  risk  these  losses  by  using  any  but 
bearings  of  proved  reliability? 


We  will  welcome  an  oppor- 
tunity to  explain  to  you  the 
factors  which  lie  at  the  root  of 
"NORfflfl"  dependability  — the 
open  type  and  separable  con- 
struction- the  rigid  mounting 
of  both  races — the  unequaled 
precision  —  the  silent-running, 
vibrationless  qualities.  We  can 
probably  help  you  to  better 
bearing  service,  higher  bear- 
ing serviceability.     Then — 


Let  it  be  said  of  your  machine, 
"It  is  "NORWfl"  equipped." 


THE  N9RmA  C9mPHNy  OF  AMERICA 

17 »0     BROflDWfly  NEW    yQRIC 

Ball,  Roller,  Thrust,  Combination  Bearings 


iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiy^ 
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SAVE 

Those  30  Minutes  That  Your 

Men  Waste  Daily  In 

Setting  Up  Work 


WITH  THE 

UTILinSVISE 

On  any  machine  'with  a  horizontal  table,  such  as  a 
drill  press,  miller  or  shaper,  this  vise  clamps  in- 
stantly work  of  any  shape,  and  in  any  position  de- 
sired. No  parallel  strips,  V-blocks,  clamps  or  other 
similar  pieces  are  needed.  The  revolving  four-sided 
rear  jaw  adapts  itself  to  any  form  or  position  of 
set-up,  vertical,  horizontal  or  at  odd  angles.  Ir- 
regular shapes  are  gripped  with  the  same  speed  by 
means  of  auxiliary  jaws. 

That's  why  the  Utility  TIME-SAVING  Vise  will  save 
all  the  time  your  machinists  waste  in  hunting  for, 
and  adjusting  the  many  clamps  and  fixtures  ordin- 
arily required  for  setting  up — why  it  will  get  30  to 
60  more  minutes  of  production  out  of  those  men  and 
their  machines  every  working  day. 

On  the  machine  that  must  handle  a 
variety  of  work,  the  Utility  TIME- 
SAVING  Vise  will  pay  back  its  cost  in 
a  few  weeks.  You  can  prove  that  fact  in 
your  own  shop  at  our  expense.  The 
coupon  will  bring  full  details  of  our 
FREE  TRIAL  OFFER.  Clip  and  mail  the 
coupon — now. 


Aug.,  1917. 
THE    BROWN    ENGINEERING    CO., 

133    N.    Third    St.,    Reading,    Pa. 

Send  me  details  of  your  Utility  TIME-SAVING  Vise 
with  full  information  concerning  your  FREE  TRIAL 
OFFER. 

Name    , 

Position     

Firm    

Address 


Choosing  A  Vise 

Here  are  some  practical  hints  valuable 
to  vise  purchasers.  Get  one  size  larger 
vise  than  would  ordinarily  be  required  for 
the  work,  as  the  larger  vise  will  not 
spring  away  from  a  blow  heavy  enough  to 
work  the  material. 

REED   VISES 

should  invariably  be  chosen,  as  they  have 
a  "limit  gage"  accuracy,  are  machine  fin- 
ished and  have  wide  bearing  surfaces 
offering  greater  wearing  resistance. 

When  buying  vises  use  our  Catalogue  H 
as  a  reference  book. 


Reed  Manufacturing  Co. 

ERIE,  PENNSYLVANIA,  U.  S.  A. 


T 


u 


TAPS  AND  REAMERS 

First-class  Tools  and  Prompt  Deliveries 

REIFF  &  NESTOR,  Lykens,  Pa. 


Quick  Operating  Lever  Vise 


TMs   Vise  is  well  adapted  for  us 
ingr   or    drilling   is    short 
and   a    large   number   of 
pieces     are     to    be    han- 
dled quickly. 

Send  for  Circular. 

The  Carter  S 
Hakes  Company 

Sterling  PL.Winsted,  Ct. 


rbere  operation  of  mill' 
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AIR  CHUCKS?  FINE! 

This  operator  enthusiastically  reports  a  25  per  cent  increase 
in  production  since  she  has  had  the  "Hannifin."  Other  re- 
ports vary  from  20  to  100  per  cent,  but  all  agree  that  Hannifin 

Air  Chucks  are  fine — easy  to  oper- 
ate, thoroughly  reliable,  simple  and 
durable. 


The  best  test  is  a  tryout. 
Send  for  one  on   trial. 

HANNIFIN  MFG. 
COMPANY 


CHICAGO 


U.  S.  A. 


REPRESENTATIVES 

R.    E.    Ellis   Engineering   Co., 

Chicago. 

Naumann-Flrmin     Co., 

602    Kerr    BIdg.,    Detroit,    Mich. 

Coats    Machine   Tool    Co., 

New    York    City. 

A.    R.    Williams    Machinery   Co., 

Toronto. 

Williams  &   Wilson, 

Montreal. 

Canadian    Fairbanks-Morse   Co., 

Montreal,   Que. 

EUROPEAN    REPRESENTATIVES 

Coats    Machine    Tool    Co.,    Ltd., 

London. 

Fenwick   Freres  &  Co., 

Paris. 

Iznosskoff   &    Co., 

Petrograd. 


^tiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii! 


KELLY    PRODUCTION    TOOLS 

FOR 

CYLINDERS, 

CRANKCASES, 

CONNECTING 

RODS,  AUTO 

PARTS,  ETC. 

They 

"ADJUST" 

I        We  make  DELIVERIES  in  1  to  10  days 
I  Write  for  the  catalog  G-3 

I   THE  KELLY   REAMER    CO. 

I  CLEVELAND,  OHIO.  U.  S,  A. 

I  Burton,  Griffiths  &  Co..  Ltd.,  London,  Enelish  Agtnts  7 

=      Burton  Fill,  Paris,  French  Agents  40  Domestic  Agencies       Operations 


viliiiiiiiriiiijiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
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TRADE 


^PRODUCTION 


f^      MARK 


Swivel  Milling  Vise  (Graduated) 

Width  of  Jaw.  .5  in. 
Depth  of  Jaw.1%  in. 

Vise  opens 3  in. 

Weight 45  lbs. 

$22.00 

NEW  JERSEY  MACHINERY  EXCHANGE 

NE'WARK.  N.  J. 


Save  Your  Taps  with  the 

1VEAR-EVER' 

TAP  CHUCK 


With  the 

Wear-Ever 

Tap    Chuck 

the    tap    runs 

true  and  break- 

f^T  ^^BP^  ^^^  ^^  reduced  to 
.  ^.  'W^t^  ^  minimum.  Use  it 
like  a  socket  and  stick 
it  in  the  spindle  like  a 
drill.  It  takes  but  a  mo- 
ment to  change  taps — no  expert  requir- 
ed, no  screws  to  adjust,  no  setting  for 
various  size  taps — just  a  single  piece  of 
metal,  hardened,  but  it  will  outwear 
any  number  of  friction  taps  and — the 
price    is    low.      Try   it   and  prove  it. 


SCULLY-JONES  &  GO. 

647  Railway  Exchange  Bldg.         Chicago,  111. 
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AMERICAN  SHELLS 

ARE  NOW  BEING  MADE  BY 

M.  E.  C. 

Short  Expanding  Mandrels 

AIR-OPERATED 

Shown  in  Illustration 

Manufacturers  Equipment  Co. 

175-179  N.  Jefferson  St.,  Chicago,  U.  S.  A. 


Hundreds  of  makers  of  American  shells 
have  found  M.E.C.  Mandrels  reliable,  dur- 
able and  efficient.  Thej'  are  particularly 
adapted  for  rough  and  finish  turning. 
Compensating  mandrel  furnished  for  cut- 
ting rough  shell  forgings  to  length  and  for 
centering. 

In  the  past  three  years  M.E.C.  Chucks  and 
Mandrels  have  been  extensively  and  profit- 
ably used  not  only  in  munition  work,  but 
in  automobile  and  gas  engine  manufac- 
tories as  well. 

If  you  are  in  the  market  for  labor-saving 
devices  of  this  kind,  by  all  means  get  in 
touch  with  us.  Tell  us  your  problems.  We 
know  we  can  help  you.  Write  today  for 
our  latest  catalog  describing  M.E.C. 
Labor  Saving  Devices. 


Again  the  Woodstock 
Tapping  Chuck  ^  ^Brings 
Home  the  Bacon'' 

The  Philadelphia  Scoop  Co.  never 
knew  trouble-proof  tapping  until 
they  tried  the  "Woodstock."  Now 
any  tapping  job  is  plain  sailing, 
with  broken  taps  as  scarce  as  they 
formerly  were  numerous.  Tap- 
ping scale  pans  is  the  job,  the  oper- 
ator using  a  li  inch  and  a  ?8 
inch  chuck  for  the  work.  The 
"Woodstock"  is  a  fixture  in  ihis 
plant  because  of  its  speed,  accuracy 
and  economy — and  we  could  tell 
you  of  hundreds  of  other  shops 
where  this  same  experience  ap- 
plies. The  shop  that  uses  theWood- 
stock  Tapping  Chuck  knows  tap- 
ping satisfaction.  Why  not  yours? 

Try  one  for  30  days  free  and  see  what  it  can  do. 


PETER  BROTHERS  MFG.  CO.,  135  Raibad  Ave,  Algonquin,  III. 
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UNION 

Makers  of  a  Complete  Line  of  Chucks 


reversible:  ja'ws 


Combination  Lathe  Chucks 

— ^-^PINION  SCREW  TYPE^^^ 

UNIVERSAL 

INDEPENDENT 
ECCENTRIC 

CONCENTRIC 

The  Union  Combination  Chuck 
as  illustrated  is  made  with  solid 
or  reversible  jaws,  also  with 
four  jaws.  This  type  (Pinion 
Screw)  of  chuck  makes  a  very 
accurate  and  quick  acting  chuck. 
Especially  adapted  for  tool  room, 
fine  manufacturing,  or  experi- 
mental work. 


UNION  MANUFACTURING  CO. 

NEW  BRITAIN  CONN.,  U.  S.  A. 

NEW  YORK  OFnCE :  26  CORTLANDT  STREET 


iiiiHiiiiiiiiiiiiiiin iiiiiiiiiiiiiiiiiMiiiiNiiiiiii I iiiiiiiiiiiiiiiiiiiiiiiiiii I iiiiiiiiiiiiiiiiiiiiiii nil  Mil  mill  niiiiiiiiiiiiiiiiiiMiiiiii iiii 


ROGERS 


Reamers. 

Measuring  Standards 

Adjustable  Hollow  Mills 

Mandrels,  Etc 


The  John  M.  Rogers  WorHs,  Inc. 


Gloucester  City.  N,  J..  17.  S.  A, 


1865-1917 
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I  Skinner  Independent  Chuck 

I  Iron  Body 

I  (Figure  900) 

I  Steel  Body 

i  (Figure  JOOO) 

I  The  most  popu- 

I  lar    chuck     on 

I  the  market. 

I  Contains    a 

I  the    latest    im- 

I  provements. 

I  Want  Catalog? 

I  THE  SKINNER  CHUCK  COMPANY  I 

i  Factorr  and  Main  Office:  NEW  BRITAIN.  CONN.                       | 

=  San   Francisco   OflSce:     Rial  to   Building.     New  York  Office:    94   Reade  St.     = 

i  London  Office:    149  Queen  Victoria  St.                                     E 

suumiiiiiwiiiiuiiiiiiiiiiiiiniiiiniiiinimiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinMiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiii iiiiiiiiiiin: 
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For  Rapid  Grinding  Use 
"D  &  W "  Magnetic  Chucks 

In  fact,  for  planing,  shaping  and 
milling  as  well;  the  "D  &  W" 
Magnetic  Chuck  lends  itself  most 
profitably  to  a  wide  range  of 
uses.  No  clamping  or  bolting — 
place  the  work  in  position,  throw 
on  the  switch  and  go  ahead. 
When  the  job  is  finished,  another 
turn  of  the  switch  releases  the 
work. 

Ask  for  Bulletin  10-M 

D  &  W  FUSE  COMPANY 

PROVIDENCE,  R.  I. 
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THE  RIGHT  CHUCK  FOR  HEAVY  TURNING 

This  Horton  AU-Steel  Heavy  Duty  Chuck,  made  with  extra 
large  screw,  double  thrust  bearings  and  long,  wide  jaws, 
possesses  strength,  power  and  endurance  equal  to  the  heaviest 
demands.  In  its  thoroughness  of  construction  it's  a  typical  ex- 
ample of  Horton  standards  and  a  true  representative  of  a 
specialized  line  that  provides  a  chuck  for  every  purpose.  Use 
Hortons  in  your  plant  and  you'll  be  sure  of  chuck  service  par 
excellence. 

Catalog  lists  entire  line. 

THE  E.  HORTON  &  SON  CO. 

WINDSOR  LOCKS  CONNECTICUT 


RED-E 

TOOLS 

^^W     Send   ^^^^|  flj 
^^^   for  Cata-   ^^^^|'S 
^W     log          our    ^^^HlfB 
W    full                 It    ^H  ■' 
r    will     pay     you.    ^H  ■ 

^  The  Ready  ^H  f : 

^k  Tool  Co.  ^^M  , 

^^^     Bridge-  ^^^Bsj 

J 

Makers  of  the  Tool  with 
the  Tool-Steel  Bearing 

The  Chuck  That 
Never  Slips. 

The  More 
You  Crowd  it, 

The  Tighter 

It  Grips. 


narragansett   machine   Co. 

PROVIDENCE,  R.  I..  U.  S.  A. 


ALMOND  CHUCKS 


BODY 


FERRULE 


NUT 


GtARXTtETH  CUT 
ON   HAROeNED 
TOOLSTEEU 
SPLIT  NUT 


JAW 


POWERFUL 
ACCURATE 
DURABLE 

COST  LESS 

TO 
MAINTAIN 


HARDENED 

BUSHING  IN  EACH    Pat.   Sept. 

PINION    HOLE  12'    ^^^^ 


Ask  Us  Why 


T.  R.  ALMOND  MANUFACTURING  CO. 

2  MAPLE  AVENUE  ASHBURNHAM.  MASS. 

LONDON  OFFICE:    8  White  Street.  Moorflelds.  London,  E.   C. 


TIME  TO  LOOSEN  UP 

A  chuck  must  grip  tight,  up  to  the  limit  of  its  driving  capacity ;  but  vv^hen  the  tool 
binds  or  strikes  bottom  is  the  time  to  loosen  up.  The  Bicknell-Thomas  Friction 
Chuck  does  this  automatically — that  is  why  there  are  no  broken  taps  v^here 
Bicknell-Thomas  Chucks  are  used.  It  is  especially  adapted  for  blind  tapping 
and  on  machines  having  relatively  small  center  distance  betv^^een  holes. 


5  Sizes 

From  I"  to  1" 

Capacity 


Write   for  details 


.■imMXi^J 


B1CKNEU,-TH0MAS  COMPANY 

Greenfield,  Massachusetts,  U.  S.  A. 
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PING! 


Another       ^^ 
Tap 

Broken — 
Another  Casting 
Scrapped 

And  the  operator  must  get  a  new 
tap  from  the  toolroom  before  the 
old  one  is  worn  out. 

TAKE  THE  PING 

out    of    TAPPING 

with  the 


"Double-Gripp" 

SAFETY 

Tapping  Chuck 

The  SAFETY  FRICTION  does  it. 
Only  the  "DOUBLE-GRIPP"  has  it. 

Write  for  our  new  circular  to- 
day. It's  a  yard  long  and  tells 
all  about  the  Safety  Friction 
and  the  jaws  that  made  the 
"Double-Gripp"  famous. 


WM.   L.   PROCUNIER 

549  Washington  Blvd.,        CHICAGO,  U.  S.  A. 


The  Safety  Drill  and  Tap  Holder 


is  the  only  attach- 
ment for  the  pur- 
pose that  gives 
universal  satisfac- 
tion and  is  un- 
equaled  in  effi- 
ciency, conveni- 
ence, rapidity,  ac- 
curacy and  sim- 
plicity. Nothing  to 
break  or  get  out 
of  order.  Made  in 
4  sizes,  covering 
from  0  to  214 
inches  diameter. 


The  Beaman  &  Smith  Co.  ™°™^''=^ 


Rhode  Island 


Flynn  Offset  Boring  Heads 

This  cliuck,  which  has  a  microm- 
eter adjustment  and  large  range, 
is  strong,  durable  and  easily 
operated. 

Write  for  free  circular 

J.  M.  WATERSTON,  77  Woodward  Ave.,  DETROIT,  MICH. 


1874  TRUMP  DRILL  CHUCK  ioi7 


Three  Sizes 


No.  3 
Oto  J's" 


We  have  been  mak- 
ing it  for  43  years;  it 
is  still  the  BIG 
Chuck  at  the 
SMALL  price;  for 
Straight  or  Taper 
Shank  Drills. 

Write  for  prices 
and  particulars 


TRVMP  BROS.  MACHINE  CO.\irilmin^ton,Del. 


MULTIPLE 


ERRINGTON 
MECHANICAL 
LABORATORY    t  A  DDT  DC 

39  Cortlandt  Sl,  New  York       J   A  I     1     t  K  U 
136  West  Lake  St.,  Chicago 


J" 

Ml 

-             1 

IE" 

r-i 

M          t          ... 

m 

LI 

1 

I 

J 

^^^^^^^H^^HR 

ERRINGTON  TAPPERS  reduce  tapping  costs  to 
the  minimum,  insure  exact  duplication  of  work, 
are  simple,  compact  and  long  wearing.  Taps  up 
to  %"  can  be  used  with  only  214"  between  centers, 
and  larger  sizes  are  proportionately  compact. 
In  the  job  shown  in  the  engraving  2560  %"  holes 
were  drilled  and  tapped  in  malleable  iron  gear  cases 
in  eight  hours.   Let  us  figure  on  your  line  of  tapping. 

Errington  Opening  Die  Heads;  Collapsing  Taps;  Opening 
Stud-Setters;  Friction  Stud,  Nut   and  Screw  Setters,  etc. 


FOR 
ACCURATE 
THREADING 


On  tapping  operations  in  general,  tlie  greatest 
damper  on  accurate  production  is  the  slow,  un- 
certain backing  out  of  the  tap.    Use 

VICTOR  COLLAPSIBLE  TAPS 

and  tapping  can  be  made  your  most  productive 
operation.  Never  any  spoiled  threads,  and  the 
work  is  done  in  half  the  time  required  by  solid 
taps.  Victor  Taps  are  adjustable  for  size  and 
spring  tension,  will  cut  large  and  small  threads, 
and  stand  the  strains  of  heavy  cutting.  Sizes 
from  1  to  12  inches,  either  straight  or  tapered 
shank.    Circular? 

VICTOR  TOOL  CO. 

WAYNESBORO,  PA.   - 
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Quick  Control  of 
a  Giant  Grip 

Experienced  men  readily  see  that 
only  the  combination  of  these  two 
things — easy  control  and  strong 
grip — can  bring  chucking  to  a 
maximum  point  of  profit.  An  im- 
movable grip  to  assure  accuracy; 
quick  control  to  utilize  the  oper- 
ator's time. 

SWEETLAND 

Lathe  Chucks 

hold  work  against  all  the  power 
that  any  machine  can  deliver,  and 
avoid  the  fractures,  distortion  and 
other  inaccuracies  that  lead  to  the 
scrap  pile. 

With  this  gripping  power  easily 
exerted  and  controlled — with  the 
quick  and  ready  adaptability  to 
work  of  differing  shapes  and  re- 
quirements, Sweetland  Chucks  are 
a  means  of  satisfactory  chucking 
that  shows  on  the  profit  sheets. 

The  special  features  that  bring 
about  these  and  other  individual 
advantages  are  shown  in  detail  in 
the  booklet,  "Chucking  for  Profit." 
Ask  for  it. 

HOG(;SON&  PETTIS  MFG.  CO. 


NEW  HAVEN 


CONNECTICUT 


Drill  Chucks 
Lathe  Chucks 

Centering  Chucks 
Portable 

Face   Plate   Jaws 

Steel  Bodies 
Iron    Bodies 

Many  Styles  and  Sizes. 
All  Designed  for  Hard 
and     Exacting     Service. 


Catalog  Free- 


THE  CUSHMAN  CHUCK  CO. 

HARTFORD        CONN.,  U.  S.  A. 


If  You  want  the  best  Lathe  or  Drill 
Chucks — buy  Westcott's 

Little  Giant  Auxiliary  Screw  Drill  Chucks,  Little  Giant 
Double  Grip  Drill  Chucks,  Little  Giant  Improved  Drill 
Chucks,  Oneida  Drill  Chucks,  Spur  Geared  Scroll  Com- 
bination Lathe  Chucks,  Scroll 
Combination  Lathe  Chucks,  Spur 
Geared  Scroll  Universal  Lathe 
Chucks,  IXL  Independent  Lathe 
Chucks,  Cutting-of£ 
Chucks. 

Strongest  Grip,  Greatest  Capacity 
111      Great  Durability  and  Accuracy 

^WESTCOn  CHUCK  CO. 

ONEIDA,  N.  Y.,  U.  S.  A. 

Ask  for  catalogue 


Solid  Steel  Rings 
Reinforce  these 
Independent 
Lathe  Chucks 

making  themstrong 

where  other  chucks  are  weak,  providing  for  tensile  stresses  and 

screw  thrusts,  insuring  greater   durability    and   better  service. 

National"  Round  Body  Drill  Chuck 

Made  with  three  distinct  grips 
which  can  be  applied  at  the 
same  time  when  necessary— a 
positive  gripping  chuck — all 
sizes  up  to  2  inches.     Catalog? 

Oneida  National  Chuck  Co. 

ONEIDA  N.  Y.,  U.  S.  A. 
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FIVE  SIZES 

No.  1—0  to  13-64" 
No.  2—0  to  21-64" 
No.  3—0  to  17-32" 
No.  4—1-16"  to  3-4" 

No.  5—3-8"  to  1" 


JACOBS— The  Chuck 


Ever  since  the  Jacobs  Improved  Drill  Chuck  was 
first  marketed,  in  1902,  it  has  held  its  place  as  the 
leader  in  this  field.  Thousands  have  been  sold — 
all  ovei;*  the  world.  And  this  chuck  is  more  popu- 
lar today — selling  in  greater  numbers — than  ever 
before. 

The  Jacobs  Improved  Chuck  combines  convenience,   efficiency, 
accuracy  and  durability.     What  more  can  you  ask  ? 


The  Jacobs 

Manufacturing 

Company 

Hartford,  Conn.,  U.S.A. 
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National   Counting  Machine   at   the   Plant  of   Stewart- Warner 
Speedometer    Corporation,     Chicago,    111. 

Instead  of  a  Handful 
Count  a  Thousand 

'pHAT  is  what  it  means  to  have  your 
counting  done  with  a 

NATIONAL 

COUNTING  MACHINE 

IT  gives  you   a  mechanically   accurate 
count — not     a     brain-wearied     result 
which  may  or  may  not  be  right — usu- 
ally not. 

The  human  brain  cannot  compete  either 
in  speed  or  accuracy  with  the  National 
Counting  Machine,  because  the  machine 
doesn't  get  tired — the  brain  does. 

The  National  Counting  Machine  will  han- 
dle any  kind  of  like  unit  raw  material  or 
finished  stores  in  50  to  90  per  cent  less 
time  than  it  takes  to  hand  count.  On  an 
inventory  it  often  saves  days  of  labor. 

Illustrated  Catalog  MA  on  Request 

National  Counting  Machine  Co. 

Distributors  for  the  National  Scale  Co. 

8  Mechanic  Street,  Chicopee  Falls,  Mass. 

Also  Builders  of 
NATIONAL-CHAPMAN   ELEVATING  TRUCKS 

FOEEIGN   EEPEESENTATITES 
S.     Haug     Elllngsen    &    Co.,     Christiania.     Norway.       Burton, 
Griffiths  &  Co.,   Ltd.,   London,   England.      H.   Brenneisen  &  Co., 
5   Jules   Ferry   Boulevard,    Paris,    France. 


A  Progressive    Mechanic 

has  a  place  for  every  tool.  He  knows  immediately  if  atjy 
tool   is   gone,    misplaced   or   borrowed.      He   should   have   a 

UNION  TOOL  CHEST 

Compact,  durable,  perfectly  designed.  Keeps  tools 
clean,  safe,  free  from  bangs,  knocks  and  moisture.  Saves 
time  because  tools  can  be  so  arranged  that  you  only 
iioed  open   the  drawer  and  pick  out   the   tool  wanted. 

Made  of  plain  or  qiiarteretl  oak 
or  ieatherelte  covered.  Highly 
finished.  Specially  designed 
drainers,  strong  and  perfectly 
fitted,  some  \\ith  felt.  Dra\Aer 
p  nils— specially  designed,  prac- 
tical and  efficient.  Space  sav- 
ing flush-ring.  Every  chest 
guaranteed  to  give  perfect  satis- 
faction to  meet  with  your  en- 
tire approval  or  money  back. 
n'rite  for  our  Catalog  and  Prm.s 
of  Nineteen  Styles  and  Sins.  // 
there  isn  t  a  "Union  Dealer  ncur 
ijou,  get  our  Special  Offer. 

UNION  TOOL 
CHEST  WORKS 

10  Railroad  St.,  Rochester,N.Y. 


.Style  A 


Adjustable 

to  fit 

any  face 


Can  be  worn 
glasses 


For    all    munition    ^vorRers 

Send  for  illustrated  price  list 

T.  A..  "WILI^SON  &L  CO.,  INC. 


K^        f      Drawing    Materials,    Mathematical 
X#      ^i  and  Surveying  Instruments, 

^^      ^Bi  Measuring   Tapes. 

Write  for  Catalogue. 

KeUFFEL    &    ESSER     COMPANY 

127    Fulton   Street  -  NEVT  TOR.K 

Generid  Office  and  Factories:  HOBOKEN.  N.J. 

Chicago  St.  Louis  Sao  Francisco  Montreal 

. . 


Electric 

Blue  Printing 

Machines 

Shipped     on 
30  days'  trial 

Write  for  Catalogue  B-2 

Buckeye  Engine  Co. 

Salem,  Ohio 
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SAFETY  GOGGLES 

FOR 
Chippers  Grinders  Riveters 

Welders  Drillers 

Babbitters  Pourers        Boiler  Makers 

Cupola  Workers    Open-Hearth  Workers 

For  Eye  Protection  of  All  Those  who 
do  Work  that  Might  Cause  Eye  Injuries. 

Write  for  our  catalog. 

F.  A.   HARDY  &  COMPANY 

John  H.  Hardin.  Pres. 

10  S.  Wabash  Ave.,  Chicago,  lU.       15  W.  36th  St.,  New  York,  N.  Y. 


Machinists'  S\^ivel  Vise 


with  self-adjust- 
ing jaw  that  is 
as  strong  and 
durable  as  any 
solid  jaw,  and  a 
Swivel  Bottom 
that  gives  any- 
desired  adjust- 
ment to  right  or 
left,  and  is  solid 
and  firm  at  any 
angle.  We  make 
all  sorts  of  good 
vises,  and  have 
been  leaders  in 
this  line  for 
forty    years. 


PRENTISS  VISE  COMPANY, 

Sole  Agents  for  Canada;  A.  Macfarlane  &  Co.,  Coristine  Bldg.,  Montreal. 


106-110  Ufayette  St. 
NEW  YORK 


This  Operator  Does  Not  Squint 


though  he  bends 
close  over  his 
work.  He  has  no 
fear  that  flying 
dust  or  bits  of 
abrasive  will 
lodge  in  his  eyes, 
so  he  keeps  them 
at  a  normal  focus 
and  centers  all 
his  attention  on 
the  task  in  hand. 


The  UNIVERSAL 
EYE  GUARD  in- 
sures this  freedom, 
and  it  costs  his  em- 
ployers only  $2.00 
—  money  well  in- 
vested. 


EYE  GUARDS    '   FOR  SHA.PERS,  $3.00 
*•**-  *'"-^**"»    ,   FOR  LATHES,   $3.50 

THE  SAFEH  ENGINEERING  COMPANY 


1444  Schofield  Bldg. 


Cleveland,  Ohio 


$100  in  Prizes ! 


TN  order  to  illustrate 

the  efTective  use  of  the 
pencil  as  a  medium  of  ex- 
pression for  engineering  and 
technical  work  we  shall  offer  $100 
for  the  best  drawings  or  designs. 

First  prize  $50 


Second  prize  $20 


Third  prize  $10 
Fourth  to  Seventh  prizes  $5  each 

1  A     special     box     of    VENUS     Drawing 

I  Pencils    will    be    sent    to    all    contestants 

■  awarded  honoi'able  mention. 

I  CONDITIONS: 

B  1-     The    drawing    submitted    must    illus- 

M  irate  pencil  work. 

B  2.     Name  and  degree  of  whatever  pencil 

J  is  utilized,  and  name  and  address  of 

I  sender  must  be  written  on  the  back 

J  of  the  drawing. 

B  3.    All  drawings  submitted  are  to  become 

■  the   property   of   the   American   Lead 
=  Pencil  Co.  and  none  will  be  returned. 

1  4.     Contest  closes  Sept.   10,  1917. 

B  5.     Important — The  drawing  must  relate 

B  to      some      one      of      the      following 

m  branches    of    engineering:     (a)     me- 

g  chanical.     (b)     electrical,     (c)     civil, 

B  (d)     automotive,     (e)     military,     (f) 

B  marine  or  naval. 

B  Mr.    H.    E.   Cleland,   Manager   of   the   Service   De- 

B  partment  of  the  McGraw-Hill  Publishing  Co.,  has 

J  kindly  consented  to  act  as  judge  in  this  contest. 

B  Awards   will   be   based   on   originality,   attractive- 

B  ness   and   strength    of  design.     In   case   of   a  tie, 

B  prizes  will  be  duplicated. 

B  This    offer    is    made    by    the    manufacturers    of 

1  VENUS   PERFECT   PENCILS,  which  pencils  are 

B  available    in    17    degrees    from    6B    softest   to   9H 

B  hardest,  and  also  hard  and  medium  copying.    The 

B  winners'  names  will  be  published  in  a  later  issue 

B  of  this  publication. 

B  Send  drawings  to 

I  American  Lead  Pencil  Co. 


1       237  Fifth  Avenue 


NEW  YORK       ■ 
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Acme  Die-Castings 

in  Aluminum  and  White  Metal  Alloys 

Accuracy  Guaranteed 

The  Gas  Engine  Governor  parts 
shown  above  are  difficult  die-cast- 
ings. Their  production  in  quanti- 
ties strictly  in  accordance  with 
specifications  requires  skill,  ex- 
perience and  careful  supervision 
and  inspection.  The  parts  must  be 
solid  and  extremely  accurate  at  a 
number  of  points — the  finish  must 
be  perfect.  We  cite  this  merely  as 
an  example  out  of  many  hundreds 
of  jobs  we  are  turning  out  with 
complete  satisfaction  to  our  cus- 
tomers. 

Acme  Die-Casting  Service  is  thor- 
oughly dependable,  the  workman- 
ship and  materials  measure  up 
fully  to  the  exacting  standards  of 
manufacturers  of  high  grade 
products.  This  service  awaits 
your  order. 


L 


A 


cme  v\o 

Bushlbnninol 


BOSTON 

PHILADELPHIA 
NEW    YORK 
ROCHESTER 


ion 


DETROIT 
CHICAGO 
ST.     LOUIS 
PITTSBURGH 


^^:- 


Back  of  the  Battlefield 

are  marshalled  the  machines  of 
production,  straining  to  speed  up 
their  output. 

Every,  minute  that  can  be  saved 
adds  to  the  total  supplies  which 
can  be  turned  out.  If  2  to  10 
minutes  could  be  clipped  off,  every 
time  the  job  on  a  lathe  is  changed, 
from  two  hours  to  a  full  day 
would  be  added  to  the  output  of 
each  lathe  each  week. 

How  many  lathes  have  you?  Even 
two 'hours  a  week  totals  nearly 
two  working  weeks  in  a  year. 

Nicholson  Expanding  Mandrels 
are  instantly  adaptable  to  any 
sized  hole  from  V2"  to  7",  round  or 
square,  even  or  tapered.  They 
can  be  centered  immediately  and 
quickly  removed.  The  outstand- 
ing time  saver  of  the  machine 
shop. 

This  is  a  backed-up  statement. 
We  will  lend  you  one  for  thirty 
days'  test  without  any  obligation. 
The  full  charges  will  be  ours. 

W.  H.  Nicholson  &  Co. 

I  1 2  Oregon  Street 
Wilkes-Barre,  Pennsylvania 


Nicholson  Expanding  M 
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The  Nuttall 

One  Piece  Expansion  Joint 


View  of  Joint  Installed 


Here  is  the  solution  for  pipe  line  expansion  difficulties. 

The  Nuttall  Expansion  Joint  is  made  in  one  piece,  ma- 
chined to  extremely  close  dimensions  from  a  solid, 
hammer-forged  steel  blank,  then  oil  treated.  Note  the 
illustration  showing  the  interior  construction. 

The  joint  is  strong,  non-leaking  and  bolts  solidly  into 
the  line.  Breakage  from  extreme  expansion  or  con- 
traction is  cared  for  by  an  arrangement  of  limiting 
bolts  equipped  with  sleeves.  A  sliding  sleeve  on  the 
inside  minimizes  friction  and  helps  support  internal 
strain.  In  actual  tests  it  proved  itself  fifty  times  more 
durable  than  ordinary  expansion  joints.  It  is  made  for 
all  standard  sizes  of  pipe  and  to  accommodate  high 
and  low  pressures,  allowing  a  total  movement  of  2"  on 
the  high  and  %"  on  the  low  pressure. 

It  retains  all  desirable  features  of  other  expansion 
joints  but  eliminates  the  objectionable  points. 


Write  for  circular. 


Cross  Sectional  View 


NUTTAL 
PITTSBURGH 


L 


"Can't  Afford"  to  Make  Their  Own 

Gray  &  Prior  Universal  Joints 
Are  Both  Better  and  Cheaper 

That's  the  verdict  of  the  manager  of  Deck  Bros.,  Buffalo,  N.  Y., 
manufacturers  of  polishing  machines.    This  concern  used  to  make 
their  own  universal  joints  for  transmitting  power  from  the  line- 
shaft  to  the  machine.    Biit  that  was  before  they  knew  of  Gray  & 
Prior  Universal  Joints.    Once  they  tried  G  &  P  Joints  they  discon- 
tinued manufacturing  their  own.      Today   they   have   over   4000 
G  &  P  Joints  in  use  and  not  a  single  case  of  trouble  has  developed. 
G  &  P  Universal  Joint  parts  are  strong  drop  forgings  with  wear- 
ing surfaces  carefully  case- 
hardened.     No  play  to  col- 
lect  dirt,    generate    friction 
and  absorb  power.    Can  you 
afford  to  make  your  own  uni- 
versal joints?     We  doubt  it. 


.V-iitV.  . ..' 


Write  for 


descriptive  literature 


The  GRAY  &  PRIOR 
MACHINE  COMPANY 

38  SUFFIELD  ST.        HARTFORD,  CONN. 
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Long  Service 

GEARING 


IS  the  result  of  specialized  knowl- 
edge and  specialized  equipment  such 
as  is  used  in  the  production  of 


TRADE    MARK 


We  furnish  complete  gears  designed  to 
give  maximum  service  under  your  par- 
ticular conditions  or  we  cut  your  blanks 
according  to  your  specifications. 

20  years  of  experience  in  the  manufactur- 
ing of  better  gearing  exclusively  has 
placed  us  in  a  position  to  give  you  posi- 
tively the  best  gearing  service  to  be  found 
in  the  industry. 

Ask  our  Engineering  Department 
for  suggestions  as  to  yo7ir  gearing. 


^m^m^ 


Cleveland 


Gear  Specialists 

Ohio,  U.  S.  A. 


Don't  Waste 

Your  Men's 

Energy 


THE  hum  of  the  shop  is  music  in 
the  ears  of  a  good  mechanic — but 
,  the  jarring  clash  of  metal  on  metal 
gears  soon  tires  his  nerves. 

Controlling  tired  nerves  consumes  a 
lot  of  energy  that  would  otherwise  go 
to  the  work,  and  the  quality  and  quan- 
tity of  production  suffei-s  proportion- 
ately. 


PEERLESS  RAWHIDE 
GEARS  AND  PINIONS 


increase  the  output  at  least  10  per  cent 
on  this  count  alone,  mesh  perfectly  with 
metal  gears  and  wear  well  under  any 
service. 

We  cut  gears  of  all  kinds.  Send  us  your 
specifications. 

THEHORSBURGH&SCOnCO. 

CLEVELAND  OHIO,  U.  S.  A 
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O/^O-yZ-^TUr     /^  EARS     ^QSTON  GEAR  WORKS,  NORFOLK  DOWNS  (Quincy)  MASS. 


CROFOOT  GEARS 


STAND  FOR 


QUALITY 


SERVICE 


There  is  only  one  way  to  insure  quality  and 
service,  and  that  is  to  have  an  up-to-date  equip- 
ment and  organization.  We  have  both,  and 
they  are  at  your  disposal. 

May  tve  have  an  opportunity  to  quote  on  your 
gear  requirements? 

CROFOOT  GEAR  WORKS 

INCORPORATED 

31  Ames  Street  CAMBRIDGE  "A"  Branch 

BOSTON,  MASS. 


inillJIii'.'/.]:!: 


SAFE  -  SILENT  -  EFFICIENT 


Where  gearing  of  close  accuracy  or  great  power — or 
both — is  required,  discriminating  engineers  specify 
Hindiey  Gears.  Adapted  for  ignition  mechanism?, 
mine  haulage,  driving  automobile  trucks — for  any  ser- 
vice where  safety  and  efficiency  depend  on  reliable 
gearing.     Try  us  on  your  next  order. 


HINDLEYGEAR  COMPANY 

IIOS  FRANKFORD  AVE.     PHILADELPHIA,  PA. 
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Gear 
Economy 


ALL  gears  wear  out  eventually. 
Kcoiiomically  speaking,  there- 
fore, the  vital  consideration 
in  buying  gears  is  to  buy  gears  that 
will  give  the  longest  service. 

Grant  Gears  are  durable  even  under 
severe  usage.  They  are  made  from 
selected  materials  in  a  plant 
equipped  to  turn  out  quality  gears 
Grant  carries  in  stock  Iron  Cut 
Gears,  Brass  Cut  Gears,  Cast  Gears, 
and  makes  gears  to  order,  all  sizes 
from  14"  to  6'  diameter,  any  face. 
Reasonable  prices,  prompt  deliver- 
ies and  gears  you  can  depend  upon. 

Send  for  Catalogue. 

Grant  Gear  Works,  Inc. 

151  Pearl  St.       Boston,  Mass. 


■^ 


m 


Equipped  to  Handle  All  Kinds  of 

Special 

Machine  Work 

We  make  the  unusual  ma- 
chinery that  other  shops  are 
not  now  equipped  to  handle. 

Nothing  too  large  for 
oar  equipment 


Poole  Engineering  &  Machine  Co. 

BALTIMORE,  MD.,  U.  S.  A. 
Ne^v  YorK  Office,  50  CKurcK  Street 


BEVEL  GEAR  GENERATORS 
BEVEL  GEARS 

CUT  THEORETICALLY   CORRECT 

Special  facilities  for  cutting  Worm,  Spiral, 
Miter,  Internal  and  Elliptical  Gear  Wheels 

The  Bilgram  Machine  Works 

1231  Spring  Garden  Street       Philadelphia,  Pa. 


FAVfCUSHERRIM<iBOME<iEARS 

Mill  Drives  .  Turbine-Transmissions 
SpurGears-Bevel  Gears  -WormGearingf 

FA>YCUS  MACHINE  COMPANY.  PITTSBUR(iH,PA. 


ONE   or   OUR   GREAT   SPECIALTIES 

HEAVY  DUn  HARDENED  GEARS 


For  General    Uie 

and  Machine 

TooU 


For 

Tractor  Truck- 

and  Auto   Drives 

For 

Transmissions 

and    Differentials 


The  IXL 
Cut 
Gears 
Lead 


Wr.U   f.'r   i:,.,r   rr.,bl.n,,    .V,,     I!     I;         ;,,,,„,/,    .„t.,l..,l  n ',,1  i.nrr  1,^1  I- lll'.K. 

FOOTE  BROS.  GEAR  &  MACHINE  CO. 

Manufacturers  of  all  kinds  of  Cut  Gears 
210-220  North   Carpenter  Street  CHICAGO,  ILL. 


Gear  Service  You  Can 
Depend  On 


Complete  satisfac- 
tion in  any  gear- 
ing emergency  is 
the  service  we  give 
— perfect  gears  of 
enduring  quality  in 
minimum  time. 
Our  whole  organ- 
ization is  keyed  to 
this  form  of  service. 
Send  your  next 
gearing  S.O.S.  to 
us  and  watch  the 
clocli. 


THE  CINCINNATI  GEAR  CO 
1827-1833  Reading  Road,  Cincinnati,  0 


Catalog  C 


GEARS 

SPROCKETS 
WORMS,ETC. 


manufac- 
tured true  to 
your  specifi- 
cations, sam- 
ple or  blue- 
print. 


We  have  a  modern  shop 
equipped  with  modern  auto- 
matic machinery  especially 
suitable  for  making  gears, 
etc.,  complete,  or  cutting 
the  teeth  in  your  blanks. 
We  have  had  years  of  ex- 
perience in  this  line  of 
work,  and  can  fill  your 
orders  promptly,  accurately 
and  at  the  right  price. 

Correspondence  answered 
promptly. 

We   Urgently  Request  You  to   Give   Us  a   Trial 

WOBURN  GEAR  WORKS,  Woburn,  Mass. 
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Making  "Bevels" 

While  You  Wait 


PHILADELPHIA 
GEAR.  T/ME 


'!£rcjy Second  Counts' 


Put  Your  Gear 

Troubles  up  to 
"Phillie  Gear/' 


PHILADELPHIA  GEARS 

The  reason  that  "Phillie  Gear"  can  turn  out  an  order  of  bevel  gears 
in  such  short  time  is  due  not  only  to  shop  organization,  good  equip- 
ment and  well-trained  men,  but  also  to  the  stocking  of  a  great  many 
sizes  of  the  finest  of  forged  steel  bars.  This  stock  is  conveniently  ar- 
ranged and  the  first  procedure  in  putting  through  a  batch  of  "bevels" 
is  to  pick  out  a  forged  bar  the  size  required,  deliver  it  quickly  to  the 
machine  room,  and  presto,  it  takes  the  form  of  bevel  gear  blanks  be- 
fore your  very  eyes. 

It  is  doing  the  desired  thing  just  a  little  better  and  in  better  time  than 
the  other  fellow  that  has  given  "Phillie  Gear"  and  his  organization 
their  present  reputation.     Why  not  try  Philadelphia  Gear  Service? 

PHILADELPHIA  GEAR  WORKS 

VINE  AND  nth  STREETS  PHILADELPHIA,   U.  S.  A. 
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NEW  PROCESS  GEARS 

Use  Them  Anywhere 

When  you  want  gears  that  are  absolutely  dependable,  that  are 
uniformly  good,  that  will  stand  up  to  severe  service  without 
fail,  choose  NEW  PROCESS  GEARS  and  you  can't  go  wrong. 

We  make  them  in  all  styles — spur,  bevel  and  spiral,  in  steel, 
iron  or  brass,  large  or  small — and  will  supply  any  quantity, 
one  gear  or  ten  thousand. 

Send  us  your  blueprints  for  quotation,  and  you'll  wonder  why 
you  have  been  cutting  your  own  gears  for  so  long. 


)@ 


New  Process 


)(§(; 


Gear  Corporation 


SYRACUSE.  NY 


We  not  only  make  good 
gears,  hut  we  make  good 
gears  at  lotv  cost.  One 
trial  order  is  all  toe  ask. 


NEWARK 


Gear  Cutting 
Machines 


Accurate,  p  r  o  - 
ductive,  durable 
machines ;  built 
by  skilled  labor; 
materials  care- 
fully selected ; 
automatic  in 
operation. 

Buy  them  for 
gear  cutting,  for 
cutting  sprock- 
ets,  ratchet 
wheels,  circular 
saw  teeth  and 
other  similar 
work.  Write  for 
Catalog. 


NEWARK  GEAR  CUTTING  MACHINE  CO. 

Gear  Specialists 
69  Prospect  St.  NEWARK,  N.  J. 


GENERATED 


Gear  Cutting 
Department 

(Cut  IS  full  size) 

Let  Us  Quote  You 


MEISSELBACH-CATUCCI  MFG.  COMPANY 

27  CONGRESS  STREET  NEWARK.  N.  J. 


ACCURATE  CUT  GEARS 

of  every  description  in  any  material 

SPUR,  SPIRAL,  HELICAL,  INTERNAL,  WORM 

We  Specialize  in 

MICARTA  BAKELITE  GEARS 

BRAUN  GEAR  WORKS  il'^S^^f'r:^.^: 
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Consider 
This— 


High-speed,  motor-driven  shears,  presses,  punches, 
etc.,  demand  extraordinary  service  from  the  gears 
used  with  them.  Aside  from  the  wear  induced  by 
high-speed  operation  itself,  the  intermittent  worlc 
such  machines  perform — running  free  one  moment 
and  laboring  under  full  load  the  next — reacts  vio- 
lently and  destructively  on  the  gear  teeth  and  unless 
provided  against  rapidly  leads  to  wear  and  in  many 
cases  to  costly  breakage  of  the  gears. 


NEW  PROCESS 
NOISELESS  PINIONS 


used  in  such  service  offer  an  ideal  remedy  to  both 
these  conditions. 

Cut  from  rawhide,  especially  cured  by  exclusive 
process  for  gear  requirements,  NEW  PROCESS 
NOISELESS  PINIONS  have  a  resiliency  in  serv- 
ice that  metal  gears,  no  matter  how  well  oiled, 
greased  or  lubricated,  can  never  acquire.  This 
characteristic  resiliency  acts  as  a  cushion  to  absorb 
the  sudden  shocks  of  heavy  service  and  will  protect 
the  whole  gear  train  against  crystallization  and 
tooth  fracture. 

More  than  that — there  is  no  ring  to  raivhide. 
NEW  PROCESS  NOISELESS  PINIONS,  no 
matter  how  worn — and  they  will  outwear  metal 
gears  in  many  cases — can  never  become  noisy.  The 
ringing,  rattling  roar  that  is  such  a  nuisance  and 
source  of  expense  with  ordinary  metal-to-metal 
gear  drives  is  permanentlv  absent  when  NEW 
PROCESS  NOISELESS  PINIONS  are  in  use. 

They  are  cut  to  suit  every  motor  drive  require- 
ment. Ask  for  our  booklet — Noiseless  Gear  Driv- 
ing.   It  is  worth  a  thorough  reading. 


J 


inr  PiocEss 


SYRACUSE,  N.Y. 


CANADIAN   AGENTS:      Robert  Gardner  &  Son,   Ltd.,   Montreal,  Que. 


26G 


MACHINERY 


August,  1917 


This  Mark  Guarantees 


gears  of  the  highest  grade  at  prices  as  low  as  quality  permits 


It  also  guarantees  prompt  delivery.  We  furnish  gears  for  driving  all 
manner  of  delicate  mechanisms,  and  for  hard,  heavy  service  in  the 
industrial  field,    Wc  have  never  lost  a  customer.  Let  us  show  you  why. 

Try    us    also    for    Automatic    Screw 
Machine  products  up  to  51/2"  diameter. 

Meisel  Press  Manufacturing  Company 

J)4S  Dorchester  Avenue  BOSTON,  MASS.,  U.  S.  A. 


*4 


^ones  of 
JD)  QuieigH 

■^curaiely  Genet'ated 

9^A 


Wherever  you  find  Albaugh- 
Dover  Accurately  Generated 
Gears  in  use,  you  are  sure  to  be 
impressed  with  their  unusual 
smoothness  and  silence  in  opera- 
tion. Our  gears  are  used  by 
many  of  America's  leading  manu- 
facturers of  automobiles,  trucks, 
tractors  and  other  machinery.  If 
you  use  gears— SPIRAL,  HELI- 
CAL, INTERNAL,  WORM  OR 
WORM  WHEELS— send  us  your 
blueprints  or  sample  gears  for 
estimates.  We  operate  our  shops 
continuously  day  and  night  in 
three  shifts  of  8  hours  each,  in- 
suring exceptional  service. 


ALBAUGH-DOVER  CO. 

2100  Marshall  Blvd.       Chicago,  Illinois 


IXL  CUT  GEARS-The  Best 


PROVEN  BY  TEST 

Made    in    the    largest    plant    in    the 
Middle  West 


MODERN 
MACHINES 

MODERN 
METHODS 

Write  for 

THE 

NEW  GEAR 

PROBLEMS 

No.  EN— 

384-page 

catalog  Free 


FOOTE  BROS.  GEAR  ®  MACHINE  CO. 


210-220  N.  Carpenter  Street 


CHICAGO,  ILL. 


■ 
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Forged  Gear  Blanks 

Made  from  open-hearth 
steel  of  any  carbon,  nickel 
steel,  chrome-nickel  steel 
and  chrome  vanadium — 
any  size,  any  amount. 

Blanks  that  will  enable 
you  to  guarantee,  abso- 
lutely, gear  quality  in  any 
machine  you  make.  We've 
been  forging  gear  blanks 
for  a  long  time  and  have 
saved  money  for  concerns 
the  country  over.  Let  us 
show  you  what  we  can  do 
for  you. 

Send  your  specifications   toda^. 

THE  MACHINERY 
FORGING  COMPANY 

Hamilton  Ave.  and  Marquette  St. 
CLEVELAND        OHIO,  U.  S.  A. 


liiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiyiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^^ 


Gears  and 
Gear  Cutting 

We  guarantee  satisfaction 


RODNEY    DAVIS,    Philadelphia,    Pa. 


ACME  GEAR  WORKS,  Inc. 

53  MILLS  STREET 
ASTORIA  LONG  ISLAND 
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STAHL  GEARS 


Good  gears — either  metal 
or  rawhide ;  gears  abso- 
lutely as  per  specifica- 
tions— m  a  t  e  r  i  a  1,  work- 
manship, delivery ;  gears 
of  standard  quality — for 
uniform  service — made  by 

STAHL 


m 


THE  STAHL  GEAR  &  MACHINE  CO. 

1390  E.  40th  St.  CLEVELAND,  OHIO 


^i^  Metal  and  Rawhide 


Metal  Gears — Spurs  up  to 
60"  dia.,  2  D.  P. ;  Bevels  up 
to  24"  dia.,  1%  D.  P.; 
Spirals  and  Herringbone 
gears  up  to  19"  dia.,  3 
D.  P.;  Worms  up  to  18" 
dia.,  3  D.P. ;  Racks  8'  long, 
4  D.  P.  Rawhide  Gears — 
any  requirement  up  to  15" 
dia.,  2  D.  P. 

TRY  US 


UNION 
TOOL  COMPANY 


^T^c-Wst^ooi  s  of  Q">^7^ 


Good  tools  are  essential  regardless  of  the  skill  of  the 
machinist.  With  Union  Tools  every  element  of  guess- 
work can  be  eliminated,  less  work  will  be  spoiled,  pro- 
duction naturally  can  be  greatly  increased.  Union  Tools 
brace  up  standards  unconsciously — and  the  line  is  com- 
plete; good  tools  for  every  purpose.   Send  for  particulars. 


HINDLEY  WORM  GEARING 

Complete    drives    ^vitH 
Housing  ready  for  poiver 

ALBRO-CLEM   ELEVATOR  COMPANY 

701  GLENWOOD  AVE.  PHILADELPHIA,  PA. 


You  Need  Them— 


We  Have  Them 

For  milling  and  boring  you  need 
accurate  Spacing  Washers  and 
the  E-Z-Set  Boring  Tool. 

We  have  both — the  Washers  three,  four,  five 
and  six  thousandths  thick,  $3.00  per  100  (25 
of  each).  The  E-Z-Set  Boring  Tool  in 
three  standard  sizes,  with  provision  for 
rigid  clamping  and  worm  actuated  adjust- 
ment to  secure  fine  variations.  Adapted  for 
screw  machines,  lathes,  drill  presses,  etc.,  a 
time  saver  on  tool  work  and  in  general  manu- 
facturing. 

You  Need  Them — 
We  Have  Them 

Maxwell -Hutchcroft  Co. 

4227  Lorain  Avenue 
CLEVELAND  OHIO 


YOU   CAN'T  JUDGE   BY  APPEARANCES 

There  are  two  ways  to  select  tools — ^try  them,  or  buy  from  a  house  of  established  reputation. 
Our  reputation  is  second  to  none.  We  carry  in  stock  a  complete  line  of  Taps,  Dies  and 
Screw  Plates,  and  our  name  on  a  tool  is  sufficient  guarantee  for  anyone  who  knows  us.  We 
guarantee  our  tools  and  our  tools  guarantee  repeat  orders.  Send  us  your  next.  Complete 
catalog  on  request. 


BAY  STATE  TAP  &  DIE  COMPANY 

MANSFIELD  MASSACHUSETTS,  U.  S.  A. 

REPRESENTATIVES  FOR  ENGLAND:  Geo.  W.  Gowlchild  &  Macnab. 
r.6-58  Eagle  St..  Southampton  Row,  London.  W.  C.  REPRESENTATIVES 
KOR    SCANDINAVIA:     Wilh.    Sonesson    &    Co.,    Ltd.,    Malmo,    Sweden. 
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EARLE  GEARS 

for  Durability 

Earle  Gears  have  become  well  known  as 
accurate  gears.  They  are  durable  gears 
also — partly  because  they  are  made  of  se- 
lected materials,  but  principally  because 
they  are  accurate  gears.  Accurately  cut 
gears  wear  evenly,  they  run  silently,  they 
mesh  perfectly,  they  transmit  the  maximum 
of  power — and  they  are  durable  for  these 
reasons. 

Earle  Gears  are  used  by  the  largest  users 
of  gears  as  well  as  by  the  users  of  the  largest 
gears — for  all  manner  of  transmissions. 
There  must  be  reasons. 

Let  us  show  you. 

THE  EARLE  GEAR  &  MACHINE  CO. 


4705  Stenton  Ave. 


Philadelphia,  Pa. 
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The  Cross  Gear  Tooth  Rounder 


Rounds  the  teeth  of  sliding  meshing  gears ;  does  its  work 
accurately  and  sets  a  fast  pace  for  speed.  The  Cross 
Tooth  Rounder  handles  spur  gears  up  to  30"  diameter, 
any  pitch  from  2  to  20,  any  number  of  teeth  from  8  to  50. 
It  rounded  the  5  pitch,  17  tooth  chrome  nickel  steel  gear 
we  are  showing  in  one  minute  ten  seconds,  floor  to  floor. 
If  you  make  sliding  gears  you  need  the  Cross  Tooth 
Rounding  Machine  to  give  them  the  flnishing  touch. 
The  machine  has  other  uses — removes  burrs  left  by  the 
cutter,  takes  off"  sharp  corners  left  by  the  hob. 


Bulletin  is  in- 
teresting. 

Tell  us  where 
to  send  it. 


CHARLES  H.  WALKER.  Detroit.  Michigan 

Corner   14tH   and    Grand    River  Avenues 

Alfred  Herbert,   Inc..   30  Church  St.,  New  York  City.   Sales  Agents  for  tie  Eastern    States.      Alfred    Herbert,     Inc.,    Coventry,    England,    Sales    Agents    for 
Great   Britain.     Allied  Machinery   Co.    of  America,    Turin,   Paris,    Zurich,    Fetroerad,   Sales  Agents  for  Europe. 
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BRONZE  WORM  GEARS 

For  Severe  Service  and  High  Efficiency 


Gear  blanks  must  be  of  a  uniform  hardness  throughout,  not  only  around  the 
periphery,  but  also  through  the  section  of  the  teeth.  Although  the  finished 
blank  is  of  quite  uniform  cross  section,  the  cast  in  the  mold  is  not  so,  be- 
cause of  the  heavy  headers  used. 


At  these  points  a  much  heavier  ci'oss  sec- 
tion sets  up  a  very  much  more  open  grain 
when  sand  cast  in  the  regular  way,  hence 
when  the  blanks  are  hobbed  the  softer 
portion  causes  a  different  pitch  to  be 
generated.  Furthermore,  these  heavy 
worm  gear  sections  set  up  a  very  much 
coarser  grain  in  the  center  near  the  root 
of  the  tooth,  athough  the  metal  at  the 
tip  of  the  tooth  is  a  very  fine  grain. 

It  has  always  been  recognized  that  a 
spur  gear  was  improved  by  casting  the 
teeth  in  since  the  "skin"  was  deep  enough 
to  leave  a  fine  uniform  grain  around  the 
tooth  sides  after  cutting.  This  fine 
grain  therefore  has  always  been  recog- 
nized as  an  improvement.  However,  on 
worm  gears  it  is  not  common  to  cast  the 
teeth  in,  hence  we  have  to  carry  the  chill- 
ing effect  deeper  than  sand  will  do 
ordinarily. 

Our  chill  cast  gear  blanks  have  this  fine 
grain  carried  well  past  the  root  of  the 
teeth  of  even  the  largest  worm  wheels. 


The  beneficial  results  of  the  chilling 
process  very  largely  contributed  to  the 
recent  success  of  worm  gearing  of  high 
efficiency. 

A  very  uniform  gear  can  be  generated 
which  is  much  more  quiet  and  which, 
since  the  compressive  strength  is  also 
increased,  will  retain  its  original  tooth 
form. 

The  machining  qualities  are  improved  by 
our  chilling  process  which  does  not  give 
an  objectionably  hard  skin,  but  is  a  proc- 
ess of  cooling  the  mass  of  metal  quickly 
and  evenly  throughout,  producing  a  fine 
uniform  grain  to  the  desired  depth. 

We  have  carefully  studied  the  English 
as  well  as  the  American  practice  in  worm 
gearing,  and  are  familiar  with  the  alloys 
giving  satisfaction. 

This  is  a  specialty  which  we  have  de- 
veloped to  a  very  high  degree.  We  would 
be  glad  to  study  your  worm  gear  con- 
ditions and  submit  our  recommendations 
as  to  the  proper  alloy  for  your  use. 


TITANIUM    ALLOY    MFG.    CO. 

WORKS:  NIAGARA  FALLS,  N.  Y.,  U.  S.  A. 

BRONZE   SALES   DEPARTMENT 
504    MARINE    BANK   BLDG.,   BUFFALO,    N.    Y. 
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FRANKLIN 

DIE-CASTINGS 

C>?e  Link  Bctwvvn 
EXPERIMKNiaFINlSHEDPRODUCT 


The  Franklin  Die-Casting  Process 
is  the  Direct  Way  to  Results 

The  advantages  of  die-casting  over  the  usual  forms  of 
machining  liave  become  a  recognized  fact.  A  die  once 
constructed  insures  for  all  time  a  degree  of  accuracy 
and  uniformity  difficult  to  secure  except  through  expen- 
sive machine  operations,  at  the  same  time  eliminating 
the  necessity  of  costly  machine  equipment.  This  is  of 
special  advantage  in  the  development  of  new  inventions 
or  the  meeting  of  rapidly  increasing  demands. 


WRITE  FOR 
BOOKLET  I 


FRANKLIN  MANUFACTURING  CO. 

SYRACUSE  736  G  if  ford  Street  NEWYOHK 
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TRY  A 

Casler  Offset  Boring  Head 

AT  OUR  EXPENSE 


We'll  send  the  size  best  suited  to  your  work 
and  let  you  use  it  for  thirty  days  just  as  you 
please.  Test  it  thoroughly ;  compare  the  cost 
of  operation  and  quality  of  work  with  those 
of  other  boring  devices  you've  used ;  then, 
if  it  hasn't  come  up  to  expectations,  send  it 
back.    You  run  no  risk. 

Free  details  of  the  offer  on  re- 
quest.   May  v/e  hear  from  you? 

MARVIN  &  CASLER  COMPANY 

CANASTOTA  NEW  YORK 


Universal  Angle  Plate 

A  little  device  for  shop  use  that  has  practically  un- 
limited possibilities  of  application  on  lathes,  planers, 
milling  machines,  shapers,  drill  presses  and  grinders. 
Capable  of  movement  through  360°  horizontally  and 
90°  vertically;  a  thoroughly  practical  tool  that  will 
give  quick  adjustment  to  any  angle  without  disturb- 
ing the  work.  Its  usefulness  will  be  apparent  to  every 
wide-awake  owner  who  appreciates  the  difficulty  of 
getting  accurate  results  from  makeshift,  inaccurate 
devices. 

Detailed  Information  on  Request 

BOSTON  SCALE  &  MACHINE  COMPANY 

381-389  Congress  Street     BOSTON,  MASS. 
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"NEW  BRITAIN" 

DROP-HEAD  POLISHING  MACHINE 


DRIVE  from  be- 
low makes  this 
an    all-around    safe 
machine.  The  belt  is 
entirely    enclosed — 
the  operator  is  safe 
from    the   belt    and 
the  belt  is  safe  from 
dust,    oil    and   grit. 
Countershafts, 
loose    pulleys, 
idlers    and    over- 
bead      belts      are 
eliminated  and 
the      spindle      is 
pulled  down  into 
solid  part  of  box — 
all  of  which  makes 
the  machine  smooth 
running,  convenient 
and  productive. 

Write  for  complete 
description. 


The   New   Britain  Machine  Company 

NEW  BRITAIN,  CONN.,  U.  S.  A. 
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BARKER 

Wrenchless  Chucks  Increase  Output  on  Any 
Work,  Any  Machine,  Under  Any  Condition 


A  big"  claim  to  make  for  any  chuck;  but  the  "Barker"  has  proved  its 
case  by  what  it  has  actually  done  and  is  doing. 

Barker  Chucks  have  been  skeptically  received  in  more  than  one 
plant  where  they  have  later  been  retained  as  reg-ular  equipment.  A 
Barker  Chuck  increased  average  daily  output  on  differential  cag-es 
from  45  to  64  for  a  motor  car  company  that  thought  45  per  day  re- 
markably g-ood.  In  a  plant  where  brass  ties  were  turned  out  at  the 
rate  of  375  per  day,  another  "Barker"  ran  the  figures  up  to  625  per 
day — a  66.6  per  cent  increase.    So  it  g-oes  through  a  long  list. 

The  Barker  Chuck  is  a  self-contained  unit,  practical  in  desig-n,  accu- 
rately constructed,  a  universally  efficient  and  economical  chuck. 


Complete  description  on  request. 


We'll  be  glad  to  tell 
in  detail  the  special 
advantages  of  Barker 
Chuck  construction. 
Write  us. 


Thomas 
Elevator 
Company 

22  SOUTH  HOYNE  AVE. 
CHICAGO       ILLINOIS 
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In  Selecting  Stamping  Dies 
Examine  the  Bevel 


The  life  of  Steel  Marking  Dies  is  largely 
determined  by  the  bevel.  A  long,  nar- 
row bevel  requires  only  a  light  blov^^ — 
but  it  soon  wears  down  and  must  be 
discarded. 

MATTHEWS 

STEEL  CUT  DIES 

are  the  short,  ''stubby"  kind.  They 
need  a  forceful  blow — but  will  outwear 
a  dozen  of  the  others. 
An  uneven  bevel  brings  too  much  press- 
ure on  one  side  and  the  figure  soon 
breaks  down — often  at  the  first  blow. 

Matthews  Dies  are  hand  cut  from  the 
best  Pittsburgh  steel.  They  are  abso- 
lutely uniform  and  Matthews  guaran- 
tees them  for  long  and  satisfactory 
service. 

All  Kinds  of  Marking  Devices 
Send  for  Catalog 


Interchangeable  Grooved 

Letters  and  Figures— 3  Types. 

Champion  Steel  Holders 

3  Styles 


Jas.  H.  Matthews  &  Co.,  Inc. 

Established  1850 

3946  Forbes  Field,  PITTSBURGH,  PA. 

Canadian    Distributors- Canadian  Fairbanks-Morse  Co.,  Ltd. 
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Carpenter 


Look  for  the  name  when 
you  buy  taps  and  dies.  It 
means  investing  in  47  years 
of  tap  and  die  experience. 

CARPENTER  TAPS 

cut  true  threads  and  retain 
a  lasting  cutting  efficiency 
even  under  the  harshest 
conditions.  If  there's  need 
for  better  thread  cutting  in 
your  work,  try  ''Carpenter" 
next  time.  You'll  remember 
the  name,  but  it  is  just  as 
well  to  keep  a  catalog  on 
file. 


The 

J.  M.  Carpenter 

Tap  and  Die 

Company 


PAWTUCKET 


RHODE  ISLAND 


We  Can  Make 

Early  Deliveries 

Fine  files  for  toolmaking  or 
manufacturing  purposes,  ac- 
curately cut,  uniform  in  quality. 

Considerable  quantity  and  vari- 
ous sizes  on  hand  from  which 
we  can  make  prompt  deliveries. 

T.  P.WALLS  TOOL  CO. 

SOLE  AGENTS 

75-77  Walker  St..  NEW  YORK 
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For  Clear  Markings  and  Long  Service 


PANNIER 

BEVEL  STAMPS 


Prompt 
Shipments 


Our  Advisory  and 
Consulting  Service 
are  yours  for 
the  asking. 
Catalogue  on 
Request. 


Pannier  Steel  Bevel  Stamps  are  designed  by  men  who  know  the 
exact  mathematical  degree  of  balance  between  maximum  efficiency 
and  maximum  wear — who  turn  out  stamps  that  cut  a  clean,  deep 
impression,  and  are  still  strong  enough  to  stand  up  under  hard 
work.  Pannier  Stamps  are  made  of  best  grade  tool,  steel,  from 
blanks  sawed  from  cold  bars  just  as  they  come  from  the  mill.  They 
receive  only  one  heating — that  in  the  tempering  furnace.  Grind- 
ing, cutting,  tempering  are  done  by  expert  steel  workers. 

We  guarantee  every  Pannier  Stamp  against  defect  in  material  or  TDorkmanship 

PANNIER   BROS.  STAMP   CO.,   Inc. 

PITTSBURGH,    U.  S.  A. 


Reducing  Your  Tool  Bill  with 
the  NATIONAL  Counterbore 


The  price  of  tool  steel  is  soaring — there's  no  telling  where  it  will  stop.  You 
can't  do  without  it — the  best  you  can  do  is  to  use  no  more  than  you  need. 

THE    NATIONAL    PATENT    INTERCHANGEABLE     COUNTERBORE 

demonstrates  the  value  of  this  practice  applied  to  tool  making.  Of  the  three 
interchangeable  parts,  only  the  cutter  is  high  speed  steel.  The  pilot  and 
shank  are  made  of  strong,  durable,  but  less  expensive  steel — saving  No.  1. 
The  cutter  is  always  the  part  that  wears.  If  it's  a  "National,"  only  the 
cutter  need  be  renewed — saving  No.  2. 

If  you  are  interested  in  reducing  your  tool  bill,  write  for  circular. 
MANUFACTURED    BY 

THE  NATIONAL  TOOL  CO.,  Cleveland,  Ohio 
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Coil  Springs  of 
Every  Kind 

Prices  Right 
Superior  Service 
Exceptional  Facilities 


S 
P 
R 
I 

N 
G 

S 


Send  us  your  blue  prints  or 
samples  for  estimates. 

Kokomo  Spring 
Company 

Kokomo,  Indiana,  U.  S.  A. 
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ATrahern  Cools 

this  Saw  that 

Cuts  Bethlehem 

G-30-A 


This  machine  is  designed  to  cut  a  beam  30  inches  deep, 
weighing  200  pounds  to  the  foot,  and  having  a  cutting 
area  of  58.85  square  inches.  The  manufacturers,  the 
Newton  Machine  Tool  Works,  Inc.,  say:  "The  fact  that  it 
supplies  enough  lubricant  to  carry  off  the  heat  generated 
by  such  a  large  blade,  testifies  to  the  practicability  and 
capacity  of  the  mechanism  of  the  pump."  TRAHERN 
ROTARY  GEARED  PUMPS  will  do  as  well  for  you. 


TRAHERN  PUMP  CO. 


ROCKFORD  Dept.  10 

Write  for  Particulars 


ILLINOIS 
Eastern    Office 

1328  Broadway 
New  York  City 
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A  Cold  Drink  for  the 
Industrial  Army 

There's  a  great  deal  of  sympathy  extended  to 
the  men  in  the  trenches  who  suffer  from  thirst ; 
but  little  if  any  goes  to  the  men  in  the  rank  and 
file  of  manufacturing — the  trench  workers  of 
the  nation's  industries.  Shop  work  is  hot  and 
tiresome — a  cold  drink  now  and  then  sets  a  man 
up  amazingly. 

"Meeco"  Bubbling  Ice  Water  Fountains  are  as 
necessary  to  maintain  uniform  production  in 
your  plant  as  your  lighting,  ventilating  and 
transportation  systems.  Take  care  of  your 
men  and  they  will  take  care  of  the  work. 
For  attachment  to  municipal  water  supply. 
Holds  75  pounds  of  ice.  1514  coils  of  1/2"  seam- 
less brass  tubing.    Serves  150  persons. 

Our  Lines  Include:  Sanitary  Wash  Bowls  (in  Batteries). 
Bubblinii  Fountains  (Plain  and  Ice  Cooled).  Metal  Lockers. 
Metal  Stock  and  Pattern  Storage  Racks.  Metal  Shelvinii. 
Metal  Cabinets.  Vault  Fixtures.  Soda  Kettles  (  lO  and  60 
fiallonsl.  Metal  Stools  and  Chairs.  Water  Mixers.  Work 
Benches.   Bench   Le^s,    Full   Line  of   Plumbing   Fixtures.   Etc. 

Manufacturing   Equipment   & 
Engineering  Company 


Works  and  Mail  Address  : 
FR.AMINGHAM.     MASS. 


Office  and  Showrooms : 
BOSTON.  .MASS. 


Send  for 
Complete 
Catalog  of 
"Meeco" 
Specialties. 


LIFT  TRUCKS 


THE  CHOICE  OF  THE  GREATEST  INDUSTRIES 


THE  STUBBING  TRUCK  CO. 


CINCINNATI 


OHIO,  U.  S.  A. 


Men  Who  Plan  and  Design 
Must  Preserve  Their  Physical 
Endurance.  Avoid  Unsteady 
Tables,  Haphazard  Filing 
and  Use  the  Economy  Way. 


Economy  is 
Harmony 


Standard  Sizes: 
26  X  38—32  X  44  Inches 


ECONOMY  DRAWING  TABLE  CO. 

Drawing  Tables  and  Filing  Cases  in 

Steel  and  Wood 

TOLEDO  OHIO 
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E    Ask  for 
E     Catalog 


\  Screw  Machine  Products  | 

for  Twenty  Years  | 

We  nmko  any  kind  of  screw  machine  product —  E 

any  metal — any  size  up  to  4  inches  in  diameter.  E 

We  carry  in  stock  a  full  line  of  standard  screws,  = 

studs,   bolts   and   nuts;    also   a   full    line  of   Ford  S 

accessories.  E 

We  solicit  si)ecifications  from  which  we  are  prompt  E 

in   furnishing  estimates  and  making  deliveries.  = 

All  screws  U.  S.  S.  thread  unless  otherwise  specified.  E 

The  Cincinnati  Screw  Company  | 

TWIGHTWEE             (Cincinnati  Suburb)               OHIO  | 
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HIGH 


9/1 


SPEED 


SHIP  your  high-speed 
steel  scrap  to  us.  We'll 
grade  it ;  remelt  it ;  forge 
it  to  the  size  bars  you  need — 
adding  any  Tungsten  or  other 
material  needed  to  raise  it  to 
the  high  standard  of 

High  Speed  Steel.  Every  bar 
trade  marked  as  above;  the 
best  high  speed  steel  you  ever 
used. 

Write  for  more  information. 

9/19/1l7fl^ft  ^TEELC^AlPfiflYJ^ 
SYRACUSE,  N.Y. 


STEEL  BEARING  BALLS 


e    Q 


^    €    e 


THE  ABBOTT  BALL  CO. 

Elmwood  Hartford,  Conn. 


For    Heavy   Cuts  in  Tough    Stock 

you  can  be  sure 
of   tool    stamina 
i'  it  you  use  serv- 
ice-guaranteed 

Windau 
Tools 

The   line   In- 
cludes     High 

Speed    Spiral    Milling    Cutters,    Form    Milling    Cutters, 

Circular  Tools  and  Special  Small  Tools. 

Write  for  Quotations. 

WINDAU     TOOL     COMPANY 

1318  ADDISON  ROAD  CLEVELAND,  OHIO 


Have  You  a  Scleroscope  to  Test  Your  Metals? 

For  Softness,  Hardness  or  Stren&ih 

Can  be  operated  by  non-technical  help.  The  majority  of  manu- 
facturers are  thus  ordering  their  material  to  specifications,  as  to 
quality  and  fitness,  meaning  that  the  minority  who  have  not  a 
scleroscope  to  inspect  their  material  may  have  to  accept  the  discard 
of  their  more  up-to-date  competitors.  It  shows  if  you  are  getting 
what  you  pay  for  out  of  your  tool  steels.  Send  for  our  80-page 
booklet.    Free. 

THE  PYROSCOPE  P?R'Ji%V^R 

If  your  heat  troubles  are  still  unsolved,  investigate  the  pyroscope, 
the  one  common-sense  instrument  that  makes  straight  for  results 
without  fuss.  E.xtreme  simplicity  —  constancy  —  always  ready. 
Pamphlet  on  request. 

,    ^   ^       ,^ ,       SHORE  INSTRUMENT  &  MFG.  CO.,  Inc.,  555-557  W.  22nd  St.,  New  York 

Testing  a  die  for  Hardness  (Sclero-     poREIGN  AGENTS:    Agent  for  Great  Britain  and  Colonies,   Coats  M.-h.  Tool  Co.,   Lt.l.,   Caxton  House,   London, 
scope   on   Swing   Arm)  s.    W. ;    Glasgow;    New<astlc-oii-T.vne.      .-<<liu(hanlt    &    Sdnitti-,    Tokyo.    Japan.      Iznosskoff    &    Co.,    Petrograd, 

Russia.     Aiix   Forges  de   Villi  ain,   Paris,   France.      It.  !<.   Stokvis  &   Zimcii.   Ltd..   Belgium  and  Holland. 
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On  Board  U.S.  S.  MELVILLE 

THIS  vessel,   which  has  served   as  Headquarters  for  Vice 
Admiral   Sims   and   Mother   Ship   of   the   Destroyer   Fleet 
now  operating  in  European  waters  as  submarine  chasers, 
went  abroad  equipped  with  "Multi-Unit"   Steel  Shelving  for 
the  storage  of  repair  materials,   etc.,  needed  by  the  fleet. 


Showing  the  Method  of  Assembling  Units 


SUPER-STRENGTH,  standardized  steel  units  wliich 
can  be  quickly  assembled  into  stacks  of  plain 
shelves  or  bin  compartments  of  various  dimensions. 
Construction: — Extra  heavy  sheet  steel  with  strengthen- 
ing tubular  edges  of  pleasing  design. 

Finish: — Furnished  in  plain  steel  for  rough  storage  or 
in  olive  green,  dark  green  or  black  enamels  for  offices, 
stores,  warerooms  or  storerooms  where  handsome  ap- 
pearance is  a  factor. 

First  cost  is  the  last  cost.  "Multi-Unit"  is  the  eco- 
nomical, efficient  shelving. 

"Multi-Unit"     Bulletin     MD 
and  prices  sent  on  request. 


NATIONAL  SCALE  CO. 

(Standard  Steel  Shelving  Division) 

8  Mechanic  St.,  Chicopee  Falls,  Mass. 

Manufacturers  of  National  Counting 

Machines  and  National-Chapman 

Elevating  Tracks 

FOREIGN  REPRESENTATIVES:  S 
Haug  Ellingsen  &  Co.,  Christiania. 
Norway.  Burton,  Griffiths  Co..  Ltd., 
London,  England.  H.  Brenneisen  &  Co  , 
5    Jules    Ferry    Boulevard,    Paria,    France. 


Not  Bric-a-brac.  Built  for  hard 
service.  Use  it  like  a  ladder 
to  reach  the  top-most  bin. 


Don't  Experiment  with  Wrenches-Buy  Goes 


A  "Goes"  Wrench  never  slips — never  rounds  the 
corners  of  a  nut — never  jams  the  thread.  You 
can  depend  on  a  ''Goes";  it  is  stronger  by  30  per 
cent  than  any  similar  wrench  on  the  market ;  it  is  the 
choice  of  experienced  mechanics  all  over  the  world. 

"Goes"  Wrenches  are  made  in  five  styles  and  a  wide 
range  of  sizes — order  by  name  from  your  dealer. 
"Goes"  Steel  Handle  Model,  4"  to  21"  sizes;  Knife 
Handle,  the  general  utility  "Goes,"  6"  to  21"  sizes; 
Key  Model  "Goes,"  28",  36",  48"  and  72"  sizes. 


GOES  WRENCH  COMPANY,  Worcester,  Mass.,  U.  S.  A. 


29    Murray    Street,     New    York. 
515  Lorimer  Street.   Denver,   Colo. 


AGENTS:     J<»HN    H.   CUAHAM   &   GO  .    113  Chambers  Street.   New    York. 
London,  K.   <'..   llS-122  Holborn,  for  Great  Britain  and  ContinentAl  Europe. 
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Advance  Machine  Tools  I 

Quality  and  Good  Delivery  at  a  Fair  Price  | 

Universal   Machinery   Company  | 


Manufacturers   of   Advance   Machine  Tools 


MILWAUKEE,  WIS.,  U.  S.  A.  = 
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The  Rockford  15"  Engine  Lathe 


iiiil 


A  Capable  Tool 


«*©^^ 


Nothing  necessary  is  omitted — nothing  unnecessary 
incorporated  in  the  design.  There  isn't  an  ounce  of 
superfluous  metal  in  the  whole  machine — but  there 
is  ample  provision  for  power,  speed  and  accuracy  ob- 
tained by  simple,  direct  and  quickly  controlled 
mechanism.  The  best  materials  and  equipment 
throughout. 

Powerful,  rapid,  high  grade  in  every  way ;  wide  range 
of  speeds  and  feeds ;  threads  4  to  56  per  inch. 


]Vrite  for  complete  specifications- 


ROCKFORD  TOOL  COMPANY,  "TErv.trst*'  Rockford,  Illinois 
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ATTENTION 

GAP  LATHES  for  SHIP  YARD  WORK 


20  26"  X  8' 


Swings  over  V's 
Swings  over  Gap 
Width  of  Gap 


21  inches 
27  inches 
14  inches 


THREE  STEP  CONE        DOUBLE  BACK  GEAR       QUICK  CHANGE  GEAR 

THE  RAHN-LARMON  COMPANY,  Cincinnati,  Ohio,  U.S.A. 


What  Threads  or  Worms 
Do  You  Cut? 

The  Automatic  Threading  Lathe  does  not 
compete  with  dies  or  thread  millers  in 
their   range   of  work.     Rather,   it   out- 
classes  both,   handling   that  fine,   exact 
work — threads  of  every  character,  par- 
ticularly those  of  large  diameter — that 
can  be  cut  satisfactorily 
only  on  a  lathe. 
It    triples    output     and 
lowers   costs   because  '  it 
does  automatically  what 
must  be  done  by  the  oper- 
ator on  any  engine  lathe, 
and  one  man  can  attend 
a  battery. 

Information  ? 

AUTOMATIC  MACHINE  COMPANY,  Bridgeport,  Conn. 

riffiths   &    To..    I.td..    of   I.nmlnn.    England.      Marshall  &  Iluscliart  Machinery  Co.  of  Chicago,  HI.    Motch  &  Merrraeather  Machinery 
antl   Van(ly<k"chiirchill    Cc   of   New   York. 
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I  The  National  Acme  Company 

^  CLEVELAND,  OHIO 

=  NEW  ENGLAND  PLANT,  WINDSOR,  VERMONT 

=  CANADIAN  PLANT,  MONTREAL,  P.  Q. 

=  BRANCH   OFnCES-NEW  YORK             BOSTON             CHICAGO             DETROIT 

=  ATLANTA     SAN  FRANCISCO.     REPRESENTATIVES  IN  FOREIGN  COUNTRIES 

SS  Makers  of  Gridley  Single  and  Multiple  Spindle  Automatics  at  Windsor,  Vermont :  and 

—-  Acme  Automatics.  Threading  Dies,  and  Screiv  Machine  Products  at  Cleveland,  Ohio 


Meeting 
Requirements 

Users  of  screw  machines  are 
putting  more  and  more  stress 
upon  Production  and  the  Accu- 
racy of  it. 

Today  there  are  many  manufac- 
turers of  screw  products  who 
look  to  Acme  Automatics  for 
an  output  that  will  meet  their 
requirements. 

Eight  regular  tool  positions 
permit  distributing  heavy  cuts 
over  two  or  three  tools. 
All  the  tools  at  once  gives  a 
constant  output  at  the  rate  of 
one  piece  in  the  time  of  a  single 
operation. 

The  Acme  patented  shaving 
tool  insures  better  finish  and 
uniformity  of  output. 
There's  an  Acme  for  every  kind 
of  screw  cutting  work  up  to 
3/4"  diameter. 

Catalog  Acme  Method  "B"  ? 


The 

Chard 

Exceptional 
Lathe 
Value 


16"-18"— 20"-24"— 28"  Sizes 


A  Chard  Lathe  is  100  per  cent  quality.  For  an  example  of  its  thoroughness  of  construction, 
study  the  value  put  into  the  spindle.  This  is  made  of  a  special  analysis  steel,  machined 
from  forgings  which  are  hammered  down  from  6-inch  billets.  The  steel  is  thoroughly  an- 
nealed, reheated  to  between  1525  degrees  and  1550  degrees  F.,  quenched,  then  reannealed 
at  a  temperature  of  from  1225  to  1250  degrees  F.  Every  detail  of  construction  is  just  as 
highly  specialized — with  factors  for  convenience  and  safety  worked  out  to  a  perfect  balance. 

Write  for  complete  description 

CHARD  LATHE  COMPANY,  Newcastle,  Ind.,  U.S.A. 

u^i^'^iT^l  ^o°°,«P>'  Machinery  Ca,  Indianapolis.  Ind.  Eogliah  and  Miller  Machinery  Co.,  Detroit,  Mich.  The  W.  M.  Pattison  Supply  Co.,  Cleveland,  Ohio. 
PiTt'.hnr^v,  %>:  <jI  ?.^m  ^;  °'^*^°  ^-  A'^»™3'  Rochester,  N.  Y.  The  P.  O.  Stallman  Supply  Co.,  San  Francisco,  Cal.  J.  S.  Miller  Machinery  Company, 
Pittsburgh.    Pa.     Monarch   Machinery    Company.    Philadelphia,    Pa.     Patterson    Tool    &    Supply    Company.    Dayton,    Ohio. 
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BICKETT  EFFICIENCY 

If  you  have  a  BICKETT  MILLER  in  your  factory 

you  know  it  is  always  in  use. 

If  you  have  not  as  yet  bought  one  you  are  minus  a 

good  tool. 

Not  CHEAP,  but  ECONOMICAL. 

Not  EXPENSIVE,  but  EFFICIENT. 

Fifteen  different  styles  and  sizes,  both  horizontal 

and  vertical. 

This  illustration  shows 

The  BICKETT  No.  0  Vertical 
Milling  and  Profiling  Machine 

with  spring  lever  attachment. 

Particularly  useful  for  profiling,  routing,  and  letter 

cutting. 

This  machine  can  also  be  furnished  with  foot  treadle 

attachment. 


iiiiiiiiiiiiiiiiiiiiiiiiiiiwiiii II  inn  II  [iimi  III  II  IIIIIIIIIIIIIIIII  II  iiniiiiiiiiiiiiiiiiiiiiiiiii  IIIIIIIIII iiiiiiiiiiiiiiiiiiiiinniiiiiiiiniiiiiiiiiiiiiiimiiiiiiiiiii 


THE  BICKETT  MACHINE  &  MFG.  COMPANY 

1118   Richmond   Street  CINCINNATI,   OHIO,    U.  S.  A. 

EUROPEAN    AGENTS:     The    Selson    Engineering    Co.,    83-85    Queen    Victoria  St.,   London,    England. 

IIIIIIIIII II  III  Mil iiiiiiniiiiiiiiiiiiiii inn  1 1 iiiiiiifiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiniiiiiiiui iniMiiiiinKiiiniimrimMiiiii 
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Gray's  Sheet  Metal  Cutter  Saves  a  Lot  of  Metal 

steel  is  high  and  going  higher — so  is  your  scrap  heap  unless 
you  are  using  a  Gray  Metal  Cutting  Machine  for  cutting 
gauge  blanks,  templates,  gaskets,  gear  covers,  jigs,  etc. 

Designs  may  be  laid  out  close  together  on  a  large  sheet — 
conserving  every  ounce  of  metal.  The  Gray  Machine  cuts  a 
clean,  smooth,  accurate  slot — M^ithout  the  spring  and 
buckled  edges  of  the  shearing  cut.    This  is  double  economy. 

Capacity  includes  metal  3/16  inch  thick  in  which  30  inches 

a  minute  can  be  accurately  cut — the  stock  is  automatic- 
ally fed  in  by 
rollers  above  and  be- 
low while  the  oper- 
ator follows  the  de- 
sign and  controls 
the  cutter. 

Complete  description 

in  Bulletin.      Write 

for  it. 


TATEXTED 


Steel    Plate,    10"    x    18",   3/16"   thick,    finished    by 
the  Gray  in  lOi/j  minutes. 


W.  J.  SAVAGE  COMPANY,  Inc. 

KNOXVILLE  TENN.,   V.  S.  A. 
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Hercules 

Turret  Lathe 


AND 


Screw  Machine 


Glad  to  Send 
T)eladed 
'Description 
on  Request. 


Himoff 
Machine  Co. 

45   Mills  St.,  ASTORIA 
In  the  City  of  New  York 


Sales  Office: 
SO   Church   St..    New    York 


THIS  machine  is  designed  for  working  bar  stock,  for  produc- 
ing work  that  requires  turning  and  threading  at  one  set- 
ting, and  for  machining  castings,  forgings  and  second 
operation  work.  It  is  strong  and  rigid ;  bed  is  well  braced ;  head 
and  bed  in  one-piece;  bearings  all  of  phosphor  bronze  and  lubri- 
cated automatically  bj^  a  chain-oiling  system.  Machine  is  regu- 
larly equipped  with  automatic  chuck  and  bar  feed ;  but  can  be  fur- 
nished without  these  attachments  if  desired.  It  is  an  accurate 
worker,  operates  smoothly,  has  provision  for  taking  up  wear. 


A  National  Bolt  Cutter 

For  Good  Threads  and  Big  Productions 


About  70  per  cent  of  all  screw- 
threads  are  cut  on  Bolt  Cutters  and 
a  large  percentage  of  this  produc- 
tion is  turned  out  by  "Nationals." 
No  matter  what  the  threading  prob- 
lem, there  is  a  "National"  to  meet 
it,  which  will  give  you  accurate 
threads,  along  with  the  largest  pos- 
sible production. 

The  National  Die  Head  has  a  posi- 
tive lock  which  makes  it  as  rigid  as 
a  solid  die,  and  insures  absolute  ac- 
curacy in  threading.  This  accu- 
racy continues  throughout  the  life 
of  the  machine,  as  there  is  no  fric- 
tion or  wear  that  can  affect  the 
threading. 

The  National  Die  Head  is  simple, 
hence  easy  to  adjust  and  operate: 
and  can  be  run  at  the  highest  cut- 
ting speeds. 

Tell  us  your  threading  problems  and 
let  us  give  you  our  recommendation. 


THE  NATIONAL  MACHINERY  CO.,  Tiffin,  Ohio 

Originators  of  Modern  Bolt,  Nut  and  Forging  Machinery 


August,  1917 


MACHINERY 


283 


uiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^ 


I         «    «.    I     M     M    T    >. 


Q 


6 
_a, 

"3 

a* 

a 

c 

3 

o 

b 

T3 

C 

CS 

a 
o 

JS 

en 

a 


1^ 

o 


^        J? 


va 


u  z 

u  < 

^^ 

S  < 

z 
o 

o 


a:  O 
H  u 
u  2 
Qu 

z 

a: 


CTi 


JS 


>J2 
u  3 
J  o 
u  J 

(-■ 

to 


r  u 

<  H 

5  < 

o  '•' 
z 
o 


u 


X 

o 

D 

O  CO 
O  H 

■<  H 

Ho: 

X 

u 


a. 


Z 
u 

> 
o  I 

en  :? 

O  u 

00  Z 


»     «    ■     W     M     V    F. 


Tiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^ 


284 


MACHINERY 


August,  1917 


Reduce  Riveting  Costs  60  to  90% 

How?  By  Spot  Welding 

One  boy  and  a  Thompson  Spot  Welding  Machine  can  do  as  much  work  as  five 
men  by  the  old  fashioned  method.  In  spot  welding  there  are  no  holes  to  punch, 
no  rivets  used,  and  the  result  is  a  stronger  and  better  finished  job.  Thomson 
Spot  Welders  in  operation  show  a  saving  of  from  60  to  90  per  cent.  Send  us 
samples  of  your  work.  We  will  weld  them  and  return  them  with  figures  of 
surprisingly  high  speed  and  low  cost. 

//  you  are  riveting  work  that  should 
be  welded  you're  wasting  good  money 


Write 
Us 


Ask  for 

Bulletin 

S-2 


84  State  St.  Boston 


30  E  42- St.  New  York  City 


603  Finance  Bldd.Phf(a 
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The 
Proper 
Way  to 
Weld 
Tires 

The  proper  way,  ac- 
cording to  the  Martin 
Carriage  Works  oper- 
ators, at  York,  Pa.,  is 
the  Thomson  way.  For 
eighteen  years  this 
Thomson  Electric 
Welding  Machine-  has 
been  welding  carriage 
tires.  Two  minutes  per 
tire  completes  the  job. 
All  the  operator  does  is 
clamp  the  work  in  the 
welder,  bring  the  ends 
together  and  turn  on 
the  current.  Output  has 
ranged  from  15,000  to 
18,000  tires  per  year. 
The  Martin  people  are 
going  into  automobile 
work,  which  means  just 
a  change  of  line  for  the 
Thomson,  since  Thom- 
son Electric  Welders 
have  made  some  of 
their  best  records  in 
the     automobile     in-  . 

dustry. 

The  important  point  is  that  no  matter  where  Thomson  Welders  work,  or  how  hard 
they  work,  they  wear  well.  They  are  long  service  machines,  high-grade  to  the 
smallest  detail.  We'll  be  glad  to  show  you  before-and-after  production  figures 
from  concerns  now  welding  with  Thomson  machines — we'd  rather  show  Thomson 
advantages  on  your  own  product,  however.  No  charge  or  obligation-  for  demon- 
stration.    Ask  for  particulars  and  Bulletin  B-2. 


Thomson     Process 


!©MSON  Electric  Welding  Co. 

kJM  ASS.,  U.  S.  A,  "27  Majestic  Bld^,  Detroit 

[|gjl  Falls  St..  Niagara  Falls         4100LangdonSt.Gncinnati.O.  323  N.Sheldon Sfr..ChicagoJl). 
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16"  Lehmann  Lathe  Swings  W^^ 

Built  for  Heavy  Duty  and  Accuracy 

;!KTKI'  CONIC  for  :'."  bell.  DOriil.IO  BACK  GEARS, 
CIIILLKI)  IJKl),  HIGH  CAUHON  STIOKI.  SIMNDLK, 
J'llOSI'HGU  iiUOXZlO  UEAUINGS,  DOUBLE  PLATE 
Al'KON,  STEEL  GEARING.  BALL  THRUST  BEARLNO 
lor  load  screw,  cuts  threads  2  to  112  to  the  inch  -with- 
out change  of  gears,  GEARED  FEEDS  from  .007  to  .4. 
9    bed  takes  3'  between  centers,  net  weight  i',020  lbs. 

Write  for  circular  illustrating  NEW  and  INTERESTING 
FEATURES  of  these  lathes. 

LEHMANN  MACHINE  CO. 


606  to  612  South  Broadway 


ST.  LOUIS,  MO. 


Thurlow  Waving  and 
Undercutting  Machine 


Designed  to  cut,  groove,  undercut  and  wave 
shells  simultaneously  and  at  a  single  operation. 
Its  adoption  in  any  plant  never  fails  to  reduce 
costs  and  increase  production,  and  in  addition, 
it  releases  for  other  operations  the  lathes  now 
tied  up  on  this  work.  The  Thurlow  is  made  in 
three  sizes  to  take  shells  from  3  inches  to  9 
inches;   is  strongly  built  and  easy  to  operate. 

Full  details  on  request. 

Thurlow  Steel  Works,  Inc. 


1418  Walnut  St. 


PHILADELPHIA,  PA. 


STEPTOE 

Milling  Machines  and  Shapers 

Set  Free  Your  Large  Millers  and  Planers 
for  Heavier  Work 


It  is  poor  pol- 
i  c  y  to  put 
small  work  on 
large  ma- 
chines. A 
small  milling 
machine  can 
be  handled 
much  more 
quickly  than 
a  large  mill- 
ing machine. 
The  same  is 
true  in  regard 
to  a  shaper  as 
compared  to  a 
heavy  planer. 


John    Steptoe 

Co. 

Brighton 

Cincinnati,    Ohio 


Steptoe  Mill- 
ing Machines 
and  Shapers 
will  enable 
you  to  get 
economy  and 
efficiency  in 
production  by 
the  proper  dis- 
tribution of 
work. 

The  best  pos- 
sible evidence 
of  their  reli- 
ability, accu- 
racy and  econ- 
omy is  the 
fact  that  thou- 
sands of  them 
are  in  world- 
wide use  to- 
day. 


Champion  Lathes 

Built   to   Turn    Out    Accurate   Work    Fast 

Champion  Lathes  are  solidly  constructed  12-, 
14-,  16-  and  18-inch  machines.  Metal  is  dis- 
tributed to  give  each  machine  maximum  rigidity 
and  strength;  power  is  provided  to  handle 
heaviest  cuts  within  range;  convenient  arrange- 
ment of  operating  parts  assures  speed.  The 
"Champion"  is  an  A-1  tool  room  or  manufac- 
turing lathe.    General  Catalog  on  request. 

CHAMPION  TOOL  WORKS  CO. 

2422  SPRING  GROVE  AVE.,    CINCINNATI,  OHIO,  U.  S.  A. 
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Canedy-Otto  Wall  Type  Radial  No.  51 

Every  Shop  Needs  It — Every  Shop  Owner  Can  Afford  It 

For  tVip  p-flrflcrp.  thp  manhinp  shnn  or  nt.Vipr 


For  the  garage,  the  machine  shop  or  other 
plant  where  a  low  cost  "Radial"  is  needed. 
Adapted  for  a  wide  range  of  work,  abso- 
lutely reliable  in  every  respect.  Equipped 
with  automatic  cut-off,  four  instantaneous 
speed  changes,  and  quick  return  lever  serv- 
ing as  pilot  to  move  spindle.  Well  built 
throughout,  rapid,  accurate.  Furnished 
with  2V2  or  3V2  foot  arms,  drills  up  to  VA". 

PRICES 
No.  51—21/2  Foot  Arm   .  .  $237.50  Net 
No.  51—31/2  Foot  Arm   .  .  $250.00  Net 

F.   O.  B.   Chicago  Heights 

Carried  in  stock  by  leading  jobbers  and  ma- 
chinery dealers  everywhere.  Ask  for  circu- 
lar and  name  of  our  dealer  in  your  locality. 


CANEDY-OTTO  MANUFACTURING  CO. 

CHICAGO  HEIGHTS,  ILL. 


The  Rockford  No.  2  is  a  Well  Balanced  Machine 


Extra  reinforcement  at  every  point  of  strain, 
arm  braced  to  withstand  vibration,  and 
smoothly  running  mechanism  insure  the  uni- 
form, powerful  service  which  only  a  well  bal- 
anced machine  can  give. 

Fourteen  changes  of  feed,  eighteen  speed 
changes — ranging  from  13  to  350  R.  P.  M. — 
and  simple,  instant  control  with  accurate  ad- 
justment, equip  the  "Rockford"  to  handle 
any  piece  of  work  its  ample  table  will  ac- 
commodate. 

These  twin  qualities,  perfect  balance  and 
sturdy  rigidity,  make  it  possible  for  the 
NO.  2  ROCKFORD  MILLING  MACHINE  to 
take  heavier  cuts  without  chatter  than  any 
similar  machine  of  its  size. 

Complete  specifications  on  request. 


ROCKFORD  MILLING  MACHINE  CO.,  Rockford,  Illinois 
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IMMEDIATE 
DELIVERY 

From  Stock 


Complete  Line  Calipers  and 

Gauges  and  Official  Inspecting 

Apparatus    for    75  mm    and 

155  mm   Shells 

Including  Shells,  Cases,  Sockets, 
Fuses,  Etc. 

Stamped   with    the   Approval   of  the 
French   Technical   Artillery   Section 


Also  Full  Stock 
Caliper  Gauges,  and  Thread  Gauges 

for 

Aviation  Motors 

Hispano-Suiza  —  Clerget  —  Rhone  —  Gnome 


LA  PRECISION  MECANIQUE 


11,  Rue  Vergniaud 


PARIS,  FRANCE 


Manufacturer  of  Caliper  Gauges — Established    1912 
Telegraphic  Address  :     CAUBRE,  PARIS 
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Bunting's  Bronze 

Bushings    and   Bearings 

"Selling"  the  purchasing  agents  of  million-dollar  cor- 
porations is  a  man-size  job.  These  gentlemen  know  a 
"good  buy"  when  they  see  one,  but  you  have  to  show 
them  every  inch  of  the  way.  Good  salesmanship  is  not 
enough — a  good  product  must  back  it  up. 

The  fact  that  51  concerns  rated  at  $1,000,000  and  over, 
in  addition  to  175  more  rated  at  from  $200,000  to 
$1,000,000,  order  Bunting's  Bronze  Bushings  and 
Bearings  is  sound  evidence  of  a  thoroughly  satisfactory 
product.  If  million-dollar  corporations,  with  their  com- 
plete and  modern  equipment,  find  it  more  profitable  to 
buy  bushings  and  bearings  completely  machined  and 
ready  for  assembly  there's  something  worth  while  for 
you  in  Bunting's  service.  They  find  it  cheaper  and 
better  or  they  would  not  buy.  Think  that  over  and  send 
for  price  list  G. 

THE  BUNTING  BRASS  &  BRONZE  CO. 

748    SPENCER    STREET 
TOLEDO,  OHIO 
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ARC  WELDED  TOOLS 


A  Stellite  Arc 
Welded  Tool  Turns  a 
Remarkable  Chip 


To  let  you  judge 
Stellite's  quality,  two 
samples,  one  for  cast 
iron  turning,  one  for 
steel,  will  be  sent  you 
upon  receipt  of  $1.00. 


Jobs  like  the  one  that  produced  this  chip  throw  Stellite  superiority  into  bold  relief.  The  chip  was  turned 
off  a  11/2"  bar  of  50  carbon  steel  by  a  Stellite  Arc  Welded  Tool  at  such  a  high  turning  speed  and  with  such 
a  coarse  feed  that  the  end  of  the  chip  was  fused,  and  the  floor  was  scorched  where  the  chip  dropped  upon  it. 

Stellite  "stacks"  up  against  some  mighty  tough  turning  propositions,  but  the  harder  they  are  the  greater 
are  Stellite  advantages.  Any  steel  tool  will  stand  the  ordinary  job;  but  it  takes  Stellite  for  the  "heart- 
breakers." 

We'll  gladly  tell  you  all  about  it,   if  you'll  write. 

THE  HAYNES  STELLITE  COMPANY 


HOME  OFFICE  AND  PUNT 


Patentees    and    Sole    Manufacturers 


KOKOMO,  INDIANA,  U.S.A. 


BRANCH     OFFICES: 

1829    Lytton    BIdg.,    Chicago,    IM.  120    Broadway,    New    York    City,    N.    Y. 

2402    Union    Central    BIdg.,    Cincinnati,    O.  517     Rockefeller     BIdg.,     Cleveland,     O. 

1370  Penobscot  BIdg.,  Detroit,  Mich.  523    Wldener    BIdg.,    Philadelphia,    Pa. 

2220  Farmers'  Bank  BIdg.,  Pittsburgh,  Pa. 

also  sold   by 

THE     MIDVALE    STEEL    COMPANY 

OFFICES:      Philadelphia,    Boston,    New   York,   Cleveland,    Chicago,   San    Francisco. 

Licensed    Canadian    Manufacturer 

DELORO    SMELTING    AND     REFINING   COMPANY 

Deloro  and  Montreal,  Canada. 
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Why  WOLFRAM  is  a  Standard 
Tungsten  High  Speed  Steel 


Wolfram  is 
Heat  Resisting 


Wolfram  is 
Uniform 

Wolfram  is 
Unchanging 


Carbon  Steel  without  Tungsten  will  harden  at  1400  degrees 
F.  and  will  coarsen  at  1500  degrees  F.  The  same  steel  con- 
taining 18  per  cent  Tungsten  will  not  coarsen  even  at  2350 
degrees  F. 

Tungsten  is  the  only  alloy  of  which  as  high  as  18  per  cent 
may  be  used  beneficially  in  tool  steel,  and  the  heat  resisting 
power  of  the  steel  is  increased  in  proportion  to  the 
Tungsten  contained. 

The  nature  of  the  alloying  element  must  be  such  that  the 
commercial  product  will  be  uniform  and  reliable.  One  heat 
must  be  very  similar  to  another,  one  bar  to  another,  and 
each  bar  must  be  the  same  throughout  its  entirety. 

Again,  the  steel  must  stand  the  test  of  time.  It  must  stand 
repeated  redressing,  hardening  and  use,  without  breakage 
or  loss  of  cutting  power.  And  TUNGSTEN  is  the  most 
stable  alloy. 

WOLFRAM  is  of  uniform  high  quality,  and  may  be 
worked  down  to  the  last  ounce  without  variation. 


VULCAN  CRUCIBLE  STEEL  COMPANY 


ALIQUIPPA 


ESTABLISHED  1900 


PA.,  U.S.A. 


BRANCHES: 


BOSTON 102  Purchase  Street 

CHICAGO 16-18  So.  Clinton  Street 

DETROIT ) 310   New   Telegraph   Bldg. 


MONTREAL Herald  Bldg. 

NEWARK,  N.  J 52  No.  11th  Street 

ST.  LOUIS 1215  International  Life  Bldg. 


WOLFRAM 

HICH  SPEED  STEEL 
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The  ''RockerJoinr 

Depends  Upon  Its  Construction, 

not  Upon  Lubricant, 

for  Its  Life  and  Efficiency 


POWER 

TRANSMISSION 

What  does  she  know  about  it?  Not  a  thing! 
But  she  knows  that  he  knows,  and  that's  the 
point.  He  is  a  long-time  user  of  silent 
chains  and  what  he  says  about  them  counts. 

This  is  what  he  says:  "There  is  only  one  silent 
Chain  with  a  properly  designed  joint,  and  that  is  the 
MORSE.  The  ROCKER-JOINT,'  the  exclusive, 
patented  feature  pi  the  MORSE,  eliminates  all  power 
losses  because  it  permits  no  destructive  sliding  fric- 
tion, as  do  all  other  joints.  There  is  only  the  simple 
movement  of  the  rockin£-chair." 

FltxihU  Positive  Efficient 

MORSE  CHAIN  CO.,  Ithaca,  N.  Y. 

Largest  Manufacturers  of  Silent  Chains  in  the  World 

MORSE 

SILENT   CHAINS 
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MFLO 


The  Lubricant  Pump 
You've  Looked  For 


A  Centrifugal  Pump 
which  is  greatly 
different  from  all 
other  lubricant  pumps 


Price 

$10.00 

Discount 

on 

Quantities 


Easily  attached  to  any  machine 


THE  ONLY  LUBRICANT  PUMP 
FOR  WHICH   THESE   CLAIMS   CAN   BE   TRUTHFULLY   MADE 


^^The  Trouble-proof  Pump 


>> 


1  Greatest  Capacity,  50  per  cent 
^  more  volume  than  any  other  pump  its 
size.  1  to  20  gallons  per  minute,  ac- 
cording to  speed. 

O  Cannot  Lose  Its  Prime.  Water 
^  has  to  run  uphill  before  the  Fulflo 
can  lose  its  prime.  All  other  pumps  de- 
pend on  valves  to  hold  their  prime. 


3  Longest  Life.  There  is  but  one 
pumping  part — the  impellor — and  it 
touches  nothing  but  the  liquid,  there- 
fore retains  its  pumping  efficiency 
indefinitely. 

A  Won* t  Clog.  Anything  that  can- 
^  get  in  will  go  right  through  without 
injury  to  the  pump.  No  passage  smaller 
than  intake,  which  is  %  inch. 


Are  you  going  to  continue  to  put  up  with  lubricant  pump  troubles  which  have  hereto- 
fore been  necessary  evils,  or  are  you  going  to  improve  this  feature  of  your  manufac- 
turing methods  as  you  have  all  others,  now  that  it  is  possible  for  you  to  do  so? 

THE  FULFLO 

PUMP 

COMPANY 

129  Opera  Place 
CINCINNATI,  OHIO,  U.S.A. 
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The  Machine  Without  a  Man 


O 


NE  of  the  chief  causes  of  delay 
all  forms  of  manufactur- 


in 


ing  is  the  machine  without  a 
man — the  machine  that  is  momen- 
tarily idle. 

When  a  workman  has  to  shut  down 
his  lathe  to  look  for  the  bolt  he  is  to 
turn,  when  he  has  to  stop  work  to 
sharpen  or  find  his  tools,  his  machine 
is  not  producing  and  a  decrease  in- 
output  results. 

Of  all  the  causes  which  make  it  neces- 
sary for  an  operative  to  leave  his  ma- 
chine, poor  light  is  the  most  com- 
mon—  and  the  most  unnecessary. 

Even  if  the  window  to  which  a  work- 
man must  step  in  order  to  adjust  his 
micrometer  or  examine  his  calipers 
is  but  a  few  feet  distant,  a  certain 
amount  of  time  is  lost.  Insignificant 
PS  these  seconds  may  seem  in  each  in- 
dividual instance,  the  total  amount  of 
time  wasted  by  all  operatives  in 
similarly  unproductive  movements  is 
far  from  negligible. 

Every  machine  in  your  plant  should 
be  so  well  lighted  that  no  workman 
need  ever  step  away  from  it  in  order 


to  see  more  clearly.  The  lamp  that 
makes  it  unnecessary  for  him  to  walk 
to  the  window  will  soon  pay  for  itself. 

Adequate  illumination  will  remove 
one  of  the  chief  causes  of  delay.  It 
will  enable  you  to  speed  up  produc- 
tion by  keeping  your  machine  run- 
ning all  the  time,  and  it  will  also  im- 
prove the  quality  of  your  output. 

By  suggesting  improvem.ents  and 
alterations  to  your  lighting  system 
our  Engineering  Department  is 
ready  to  help  you  remove  the  most 
unnecessary  cause  of  delay.  This 
service  is  free  and  obligates  you  in 
no  way. 

"Increasing  and  Improving  Produc- 
tion" is  the  title  of  a  new  book  we 
have  just  published.  The  wide  ex- 
perience of  the  author,  Mr.  R.  T. 
Kent,  in  industrial  plant  operation 
has  enabled  him  to  discuss  the  prob- 
lems of  factory  management  from 
the  standpoint  of  practice  rather  than 
theory. 

A  copy  of  this  book  will  be  sent  upon 
request  to  any  industrial  plant 
manager. 


Westinghouse  Lamp  Company 

165  Broadway,  New  York 

Sales    Offices    and   Warehouses    Throughout    the    Country 
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G  O  ODBMj 
PRAT 


IMMEDIATE  DELIVERY 

on  Goodell-Pratt  and  Greenfield  Drill  Chucks 


Goodell-Pratt     Drill     Chuck 
J/j"    Inch    Round    Shank 


Goodell-Pratt     Drill     Chuck 
Morse  Taper  Shank 


Goodell-Pratt     Drill     Chuck 
Bit   Brace   Shank 


Goodell-Pratt     Drill     Chuck 
Shank   Fitting   No.  2   Ratchet 


At  the  present  time  we  have 
in  stock,  or  can  assemble 
within  a  very  short  time,  all 
styles  and  sizes  of  Goodell- 
Pratt  and  Greenfield  Drill 
Chucks. 

These  chucks  are  made  en- 
tirely of  steel,  "are  very  sim- 
ple in  construction,  but  will  be 
found  equal  in  accuracy  and 
durability  to  many  that  are 
very  much  more  expensive. 

We  make  such  extraordinarily 
large  quantities  of  these 
chucks  for  use  on  our  various 
drilling  devices  that  we  are 
able  to  sell  them  at  remark- 
ably low  prices. 

These  chucks  are  regularly 
made  in  four  different  ca- 
pacities up  to  1/^  inch.  They 
can  be  furnished  with  V2  inch, 
41/64  inch,  bit  brace,  or 
Morse  taper  and  other  shanks ; 
or  without  shanks  if  desired. 


tJ 


Greenfield  Drill  Chuck 
Sectional   View 


Greenfield  Drill  Chuck 
IVIorse  Taper  Shank 


Greenfield   Drill   Chuck 
Taper    Hole 


Greenfield  Drill  Chuck 
Bit    Brace    Shank 


GOODELL-PRATT    COMPANY 

GREENFIELD  ^^^mMd^  MASS,,  U.  S.  A. 
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WIZARD 

CHUCKS   AND    COLLETS 


Equally  Satisfactory 
on  Either  Horizontal 
or  Vertical  Spindles 


At  the  Morrow  Mfg.  Co.'s  plant,  Elmira, 
N.  Y.,  time  is  money ;  every  second  is  made 
to  count.  If  work  calls  for  boring,  drill- 
ing, reaming,  tapping,  etc.,  whether  on 
boring  machines,  lathe  or  drill  press,  about 
the  first  move  the  operator  makes  is  to 
reach  for  his  Wizard  Chuck  and  Collets. 
He  can  make  tool  changes  with  a  Wizard 
outfit  without  stopping  the  spindle;  he 
lowers  non-productive  time  to  the  mini- 
mum, and  incidentally  he  makes  an  A-1 
record  for  himself  and  his  machine. 


,yH^wiAy 


WIZARD  Chucks  have  a 
sure  grip.  They  hold  big- 
tools  in  heavy  cuts  regardless  of 
spindle  position.  They  have 
been  part  of  the  Morrow  regu- 
lar shop  equipment  for  five 
years.  To  operate  a  Wizard 
Chuck  you  grasp  the  chuck  in 
one  hand  and  the  tool  in  the 
other  and  the  trick  is  done. 

Can  you  afford  to  change  tools 
the  old  fashioned  way?  Order  a 
"Wizard"  on  trial  and  find  out. 

Write  us  about  it. 


THE  McCROSKY   REAMER  CO. 


MEADVILLE,  PA.,  U.  S.  A. 


EXPORT  AGENT:     Benjamin    Whittaker.    21    State   St.,    New    York,  N.    Y. 

DIRECT   REPRESENTATIVES:     Young,    Corley   &   Dolan.    Inc..    115  Broadway,   New   York  City      J.   R.   Stone  Tool   and  Supply   Co.   24 

Goebel  Bldg.,  Detroit.   Jlich.     R.  E.  Ellis  Engineering  Ce  .  549  Washington   Blvd..    Chicago.    Ill 
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U  T  H  E  R 

High  Speed 
Inserted  Tooth  SaTv 

(Patented  Oct.  29,  1907-  Jan.  19,  1915) 


The  User  Says:— 

**It  has  done  every- 
thing put  up  to  it  and 
shows  greater  efficiency 
than  solid  blades." 


'    And   the   man  who   tells   the  story  has  used   this 

'    Huther   Blade   for   three   years,  on   miscellaneous 

work  of  all  kinds.  " 

I  you  more  about   Huther   Saws— show 
jwu  wii^they  are  efficient,  economical  saws. 

Hufiher  B^ffhers  Saw  Manufacturing  Co. 

1108  University  Avenue  Rochester,  N.  Y.,  U.  S.  A. 
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LEA-SIMPLEX  SAWS 

For  use  in  the  Stock  Room 

A  group  of  Lea-Simplex  Cold  Saws, 
represented  by  this  No.  15  machine, 
has  earned  the  good  word  of  the 
Buffalo  Forge  Company,  Buffalo, 
N.  Y.  The  Buffalo  Forge  people  have 
worked  these  machines  for  eight 
years — worked  them  hard  —  and 
found  them  satisfactory  in  every 
way.  They  are  still  doing  most  of 
the  stock  cutting,  and  have  every  ap- 
pearance of  being  good  for  a  long 
busy  future. 

Lea-Simplex  Cold  Saws  are  simple, 
powerful,  dependable  machines  with 
special  reasons — the  sprocket  drive, 
for  one — for  remarkable  perform- 
ance.   Write  for  particulars. 

EARLE  GEAR  &  MACHINE  COMPANY 

4705  STENTON  AVENUE  PHILADELPHIA,  PA. 
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MODERN  demands 
have  been  fully 
met  in  our  new 
"Close  Coupled"  tool 
room  lathe.  The  spindle 
has  taper  bearings,  and 
ball  thrust.  Add  to 
these  features  generous 
housings,  and  14^" 
swing,  and  you  have  a 
lathe  worthy  of  place  in 
your  tool  room. 


iinniniwinnmnT 


[^MlfllllUimilllllWII 


Complete  description  will 
be  sent  on  request. 


DAVIS  MACHINE 
TOOL  CO.,  Inc. 

Rochester,  N.  Y.  U.  S.  A. 


National 


18-inch  Geared 
Head  Lathe 


Write  for  complete 
description. 


S>-— d 


THE    NATIONAL    LATHE    COMPANY 

Established  1912  IS  West  Second  St.,  Cincinnati,  Ohio,  U.S.A. 
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■^^^  A  New  Economy 

Don't  Buy  Special  Taps- 
Extend  Those  on  Hand 

Allen  Patent  Tap  Extensions  eliminate  the  necessity  of 
keeping  taps  with  extra  long  shanks  on  hand,  in  case  you 
. .  may  need  them — and  prevent  delay  when  you  do  need 
them  and  have  none  in  your  equipment. 

Allen's  PatentTap  Extensions 

used  singly  or  in  combination — add  from  li/^  to  11  inches 
to  the  effective  length  of  your  taps.  Fit  the  shanks  of  all 
standard  makes — easily  ground  to  fit  others — try  a  set. 


We  also  make  a  full  line  of  Safety  Set  Screws 
Many  styles  and  sizes. 

THE  ALLEN   MANUFACTURING   CO, 

135  Sheldon  Street,  Hartford,  Conn.,  U.  S.  A. 


People's  Life  Insurance  Bldg..  Chicago,  Illinois 


173  Princess  Street,  Manchester,  England 


What  Would  YOU 
Do  With  Them  ? 


The  natural  impulse  would  be  to  scrap 

'em,  but  it's  our  business  to  show  you  that 

would  be  the  very  thing  not  to  do.    We  reclaim 

all  such  worn  reamers  and  drills;  make  them  over  so 

they   are   as   efficient   as   new   tools.     We   do   it   without 

annealing — or  even  drawing  the  original  temper. 

We  straighten  shanks,  square  off  broken  ends,  restore  centers,  renew  tangs 

and  tapers,  and  deepen  flutes  to  give  same  chip  room  as  new  reamers.     Scored  drills  are 

cured  by  the  same  medicine. 

fVE  GUARANTEE  every  tool  we  salvage  to  be  equal  to  any  new 
tool  of  like  kind  in  accuracy,  working  qualities  and  durability. 

Surprise  yourself  by  finding  out  how  much  you  can  save 
by  letting  us  salvage  your  old  drills  and  reamers. 

Write  for  particulars  today. 

/jfvm/ M>a»7er  Js/w^e  Conipami^ 

618^820  tUes^  Warren  i%^tme 
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ifjlirn  f  f  f  i^l^if 

Did  you  ever  notice  how  much  better  a 

man  works  after  he  has  taken  a 

refreshing  drink  of  water? 


Attach  to 
City  Water 
Supply 

Ice  is 
Separated 
from  Water 


5ELf-CL0SING 
FAUCET 


Sectionm]  View  Showing  Construction  of 
Allen  Coil  Cooler  Boxes 


"Dog  Days"  are  coming  but  that's  no  reason 
why  your  workmen  should  lead  a  ''dog's  life" 
through  this  sweltering  season.  Give  them 
plenty  of  good,  cool  water  to  drink,  make  them 
comfortable  as  possible,  and  production  will 
not  suffer.  Allen  Water  Coolers  do  the  trick. 
Stock  sizes  for  25,  50,  100  or  200  pounds  of 
ice,  fitted  with  self-closing  faucets  or  bubblers, 
sanitary  and  economical. 


list   of  satisfied    users   includes 
many    plants   of    national 
reputation,    such    as: 


^^£- 


Notice     Ice  Goes  in 
In  One  Piece— Lasts  Longer 


Studebaker    Corporation, 

Peerless    Motor    Car    Co., 

Chalmers  Motor  Co., 

Wrigley  Chewing  Gum  Co., 

Glidden   Varnish   Co., 

Western  Union  Telegraph 
Co., 

Curtiss   Aeroplane   Co., 

Cleveland  Automatic  Ma- 
chine Co., 

Chevrolet   Motor  Co., 

Carborundum  Co., 

Kelsey   Wheel   Co., 

Standard  Motor  Construc- 
tion  Co., 

Remington    Co., 

King    Motor  Co., 

John  A.   Roebling   Sans  Co., 

Electric  Auto-Llte  Co., 

Crocker-Wheeler    Co., 

Hudson   Motor  Car  Co. 

Write  for  folder  on 

"Drinking  Water  Coolers  that 

Save  Money.  ' ' 

The  Allen  Filter 
Company 

TOLEDO,  OHIO,  U.S.A. 


A 

Straight 

Tip 


The  Athol  Vise  is 
a  Dependable  Vise 

"Now  it  swivels  and  now  it  don't.  Swing 
it  round  till  you  have  it  at  just  the 
handy  angle,  push  down  the  lever — and 
get  to  work.  The  base  is  as  solid  as  bed 
rock  and  will  stay  so  until  you  release 
the  bull-dog  grip  of  the  Starrett  locking 
device.  Don't  forget  to  disengage  the 
handle  and  drop  it  down  out  of  the  way. 
Your  work  can't  slip,  the  buttress 
thread  on  the  vise  screw  was  specially 
designed  to  hold  it — and  the  Athol  hold 
is  some  grip." 

A  convenient,  dependable  vise  is  an  im- 
portant asset  in  a  shop  that  does  par- 
ticular work. 

Send  for  complete  description 

and  catalog  of  our  machinery 

and  high-grade  tools. 

ATHOL  MACHINE  COMPANY 


ATHOL,  MASSACHUSETTS,  U.S.A. 


304 


MACHINERY 


August,  1917 


O.  K.  TAPS  AND  DIES 

For  Long  and  Faithful  Service 

UiinniuTL'd  Irom  ll;il  bar  Ktccl,  sptM-ially  lioat 
treated,  given  ample  chip  clearance  and 
means  for  lubrication,  O.  K.  Taps  and  Dies 
are  well  adapted  to  survive  a  long  period  of 
active  duty. 

Accuracy  and  durability  are  standards  that 
are  never  lost  sight  of  in  the  manufacture  of 
these  tools.  They  are  twin  qualities  that  can 
be  reclioned  on  by  every  user. 

Complete  list  in  Catalog  7A. 

F.  E.  WELLS  &  SON  COMPANY 

GREENFIELD,  MASSACHUSETTS 


iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^ 

»^  "Matthews"  I 


m     Helps  with   I 
the  Pay-RoU  I 


=  The   bother    and    expense    of    time 

E  checking  and  pay-roll  distribution 

i  can  be  cut  dowm  considerably  by  the 

S  use  of 

I  Matthews'  Identification  Checks 

I  and  Badges 

i  They  are  clean-cut,  easily  read,  not 

S  easily   duplicated,   and  will  last  a 

i  life-time.      Unusually    prompt    de- 

=  livery  on  most  styles. 

E  Book  of  Checks,  Badges  and 

^  Name  Plates  on  request 

I  Jas. H.Matthews 

I  &  Company 

E  Manufacturers  of    Mark- 

^  ing  Devices    Since    1850. 

E  3946    Forbes    Field 

I  PITTSBURGH,  PA. 

iiiniiiiiiiiiiiiiiiiiiiiiiiiiimiimiiiiiiiiiiiiiiiiiiimiimimiiiiiiiiiiiin 


You  Can  Now  Solder  Aluminum  Successfully 


Send  for 


WITH 


The  Aluminum  Solder 


Makes  joints  that  are  stronger  than  the   metal. 
No  flux  required.     Used  with  gasoline  torch. 

SAMPLE  BAR  $1.00 

Uied  and  tndoned  ij)  U.   S.   Army  and  naoy,   and  leading  auto- 
mobile and  aeroplane  manufacturers.     Send  for  booklet  200. 

SO-LUMINUM  MFG.  CO.,  1790  Broadway,  New  York 


Protected  Lathe  Dogs 

SAFE    —    RELIABLE 


We  carry  a  full  ^tock  of  standard 
crucible  cast  steel,  protected  lathe 
dogs — strong,  durable,  dependable 
lathe  dogs.  We  are  regularly 
supplying  concerns  whose  policy 
is  to  surround  their  workers 
with  the  most  reliable  safeguards 
they  can  find.  We  shall  be  glad 
to  go  into  the  question  of  lathe  dog  equipment  with 
you   and   explain   why   ours   are   the   better   kind. 


Write  for 


Straight  or 
Bent  Tail 
Lathe  Dogs, 
any  size, 
any  form. 


The  West  Steel  Casting  Co. 

CLEVELAND  OHIO 


Oil  Pan 
Logic 

LATHE  PANS 
SPLASH 
GUARDS 

GEAR 
GUARDS 


Sheet  Steel  Oil  Pans  weigh  less,  cost  less 
and  wear  longer  than  any  other  kind  ,and 
fulfill  every  requirement. 

Incorporated  when  assembling  or  easily  at- 
tached  to   machines  already  on   the   Hoor. 

Uttleford  Sheet  Steel  Oil  Pans 

are    the    logical    pans    for    your    equipment. 
Send  for  details,  prices,  etc. 


UTTLEFORD  BROS. 

354  E.  Pearl  Street 


CINCINNATI.  OHIO 
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Mystic  Cutting 
"Compound- 

When  your  work  is  coming  fast, 
and  production  is  needed  badly, 
you  will  appreciate  the  speed  in- 
creasing- qualities  of  Mystic  Cut- 
ting Compound.  Mystic  keeps 
tools  cool  and  cutting  edges  in 
good  trim.  The  leading  lubri- 
cant for  turrets,  automatic  bolt 
cutters,  drilling  and  milling  ma- 
chines. 

Let  us  send  you  a  barrel  on  30 
days'    approval,   and    convince   you. 


Cataract  Refining  &  Manufacturing  Co. 

General  Ofl&ces :  Marine  National  Bank  Building,  Buffalo,  N.  Y. 

Plants  :  BUFFALO-CHICAGO 
Eastern  Department,  17  Batten,'  Place,  New  York  C.ty.  Western  Department,  327  So.  LaSalle  St.,  Chicago,  111. 

Warehouses :    Detroit,  Boston,  New  York,  San  Francisco,  Toronto,  London,  Eng. 


WecoEleclricOvens 

For   Dry   Heat  Tempering 


Weco  Ovens  have  been  developed 
to  the  highest  point  of  efficiency. 
They  are  simple,  easily  and  per- 
fectly controlled,  clean,  safe,  and 
do  their  work  rapidly  and  eco- 
nomically. Adapted  for  steel 
temper  drawing,  steel  heating, 
brass  and  copper  annealing,  and 
for  dry  heat  tempering  of  high 
speed  and  carbon  steel  tools. 
Temperature  ranges  from  70  de- 
grees F.  to  1100  degrees  F.  If 
you  want  accurate,  uniform  re- 
sults you  can  get  them  with  a 
Weco  Electric  Oven. 

"Dry  Heat  Process  of  Temper 
Drawing"    sent    fon    request. 


H.  Boker  &  Company,  Inc. 

Formerly  HERMANN  BOKER  (sf  COMPANY 

101  DUANE  ST.        E,t.i.iisk.jjm        NEW  YORK 

CLEVELAND        CHICAGO        PHILADELPHIA        MONTREAL        BOSTON 
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MACHI 

MOTION 

Shovi^ing  clearly  and  vividly  every 

High-Explosive 


THIS  extraordinary  motion  picture  con- 
tinues MACHINERY'S  "bit,"  which 
beg-an  with  the  remarkable  treatise  on 
Shrapnel  Shell  Manufacture  printed  more 
than  three  years  ago,  and  has  furnished  the 
government  as  well  as  engineers  and  manu- 
facturers a  mass  of  definite  specific  informa- 
tion on  mechanical  methods  and  processes  in 
the  making-  of  Shrapnel,  High-Explosive 
Shells,  Rifles,  Gauges,  and  other  devices  of 
the  utmost  importance  to  a  modern 
nation  engaged  in  or  preparing  for  war. 
MACHINERY  was  the  first  journal  in  the 
world  to  cover  these  subjects  and  did  it  long 
before  Uncle  Sam  found  it  necessary  to  join 
the  Allies.  It  was  a  work  of  preparedness, 
was  read  and  studied  by  the  whole  engineer- 
ing world — and  it  served  in  good  time. 

MACHINERY'S  motion  picture  was  arranged, 
made,  and  produced  by,  MACHINERY'S  Staff,  and 
shows  in  detail  every  operation  from  the  rough 
forging  of  the  shell  to  the  final  inspection  and  pack- 
ing for  shipment.  As  a  movie  it  is  different.  You 
see  exactly  what  the  cutting  tool  is  doing  and  you 
see  each  test  clearly  made.  Detail  drawings  flashed 
upon  the  screen  between  the  operations  show  ex- 
actly what  each  step  in  the  process  means. 


MACHINERY,  140-48 
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NERY'S 

PICTURE 

detail  in  the  machining  of  a  9.2" 
Howitzer  Shell 


THE  picture  has  been  shown  with  great 
success  at  the  Cincinnati  Convention 
of  the  American  Society  of  Mechanical 
Engineers  and  the  National  Machine  Tool 
Builders'  Association,  and  before  Engineer- 
ing Societies,  Superintendents'  and  Fore- 
men's Clubs,  Employers'  Associations,  and 
other  industrial  gatherings  in  Cleveland, 
Buffalo,  Rochester,  Syracuse,  Fitchburg, 
Worcester,  and  elsewhere. 

MACHINERY  is  arranging  an  itinerary  to  show 
this  interesting  film  in  all  the  leading  industrial 
centers  and  will  be  glad  to  hear  from  mechanical 
societies,  engineering  schools,  manufacturers  and 
others  interested.  This  is  not  a  money  making 
proposition  and  there  is  no  charge  for  showing  the 
picture  or  for  the  use  of  the  film.  All  that  is  neces- 
sary is  to  provide  the  auditorium  and  the  simple 
facilities  required.  Mr.  Lucas  of  MACHINERY'S 
Staff  gives  a  concise  explanation  of  the  operations  as 
they  are  shown.  Total  time  required  is  about  thirty 
minutes.  It  is  a  real  picture  of  actual  operations  in 
logical  order  and  was  taken  in  the  High-Explosive 
Shell  Department  of  the  A.  P.  Smith  Mfg.  Co., 
East  Orange,  N.  J. 

Write  MACHINERY  Now  about 
your  Dates  for  the  Fall. 


Lafayette  St.,  Nev*^  York 
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rODLS 


We'll  be  glad  to  show 
you  why  your  port- 
able drills,  reamers, 
grinders,  etc.,  should 
be  picked  from  the 
STANDARD  Line. 


Catalogue  on 
request. 


PAY  A  GREATER  RETURN 
THAN  EVER  BEFORE 

Today  is  the  day  of  intensive  produc- 
tion— of  crowding  every  hour  full  of 
productive  activity.  It's  the  day  of  the 
ever  ready,  easy  to  handle,  universally 
useful,  time-saving  portable  tool.  Stand- 
ard Portable  "Electrics"  are  working 
where  the  drive  is  thickest — in  machine 
tool  and  automobile  plants,  air-plane 
factories,  railroad  shops,  etc.,  working 
hard  and  working  profitably.  They  lead 
the  field  for  accuracy,  speed,  power  and 
endurance,  and  they  are  notably  eco- 
nomical to  use. 

The  list  of  Standard  users  reads  like 
an  industrial  directory.  It  includes  the 
U.  S.  Government  and  many  of  the 
largest  manufacturers  in  the  country. 

STANDARD  ELECTRIC 
TOOL  COMPANY 

CINCINNATI  OHIO,  U.  S.  A. 

New  York   Office 
Marbridge  Bldg 
1328   Broadway 

Chicago   Office 
lOSo.  LaSalle 
Street 
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Pawling  &  Harnischfeger  Co. 
No.52  Heavy  Duty  Vertical  Drill 


This  P  &  H  machine  is  of  rugged  construction 
throughout  and  is  designed  for  the  heaviest 
duty  that  may  be  required  of  a  drill  of  this  size. 

A  machine  of  this  kind,  which  is  master  of  its 
class,  should  surely  have  your  attention  long 
enough  to  convince  you  that  it  is  an  efficient  and 
economical  tool  for  your  work. 

Let  us  send  complete  description  of  the  Drilling 
and  Boring  Machine  suited  to  your  work. 
Eleven  sizes — all  high  grade,  well  built,  wide- 
range  machines. 


DALE-BREWSTER  MACHINERY  CO.,  Inc. 

545-547  West  Washington  Blvd.,  CHICAGO,  ILLINOIS 
30  Church  St.,  NEW  YORK 
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A  $650.  Thread 
MillingMachine 

A  simple  machine — operator  has 
absolutely  no  thinking  to  do — 
levers  to  pull,  that's  all.  Semi- 
automatic in  operation.  Ex- 
tremely accurate.  A  big  pro- 
ducer. Capacity  to  SV2"  di-  | 
ameter,  internal  or  external 
thread. 

Let  us  send  complete  description. 


BRONZE 

PRIMER  BRONZE  FtSE  BODY 

1"  diameter.     14  External    Thread.    14 

Threads  cut  at  pitch;  2"  diam.     Cut 

rate    of    160  at  rate  of   ICO 

I>er    hour.  per  hour. 


Prompt  Deliveries 


T.C.  M.  Manufacturing  Co. 


HARRISON  NEW  JERSEY 
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THE  LANGELIER 

No.  1  High  Speed  Ball  Bearing  Drill,  Eight  Thousand  R.  P.  M. 

This  high-speed  ball  bearing  sensitive  drill  is  built  expressly  for  drilling 
holes  up  to  7/32"  diameter,  developing  full  cutting  efficiency  of  the  drills. 
It  takes  up  to  6"  in  height  and  drills  to  3"  from  edge.  Table  v^^orking 
surface,  414"  by  7".    Total  spindle  feed  2".    The  spindle  is  hardened 

steel  ground  to  size ;  it  is  double 


^ 


splined  to  provide  perfect  bal- 
ance at  high  speed.  Upper  end 
runs  in  imported  high-grade 
ball  bearings ;  lower  end  runs  in 
phosphor  bronze  bearings.  Ma- 
chines have  fine  threaded  depth 
gauge.  Spindle  driving  belt  is 
endless  and  without  quarter 
turns.  Tightener  provided.  Ten- 
sion of  belt  does  not  affect 
sensitiveness  of  spindle  speed. 

Machines  also  made  in 
No.  2  size  for  drills  up  to 
%".  Both  sizes  in  bench 
or  floor  types  and  either 
in  single  spindle  or  gang 
models  as  desired. 

These  are  remarkable  tools 
—  write  us  for  more  details. 
Quick  deliveries. 


LANGELIER  MANUFACTURING  COMPANY 

PROVIDENCE.  RHODE  ISLAND 


piiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiyiiiiiiiiiiiiiiiiiiiiiiiiiiiy^^^ 


ATLAS 
Lathes 

Travel  a 
Longer  Road 
of  Accuracy 


How  accurate  will  that  new  lathe  be  after  a 
period  of  severe  service?  It  is  the  answer  to  this 
question  that  determines  the  real  efficiency  of  a 
lathe.  And  in  the  Atlas  Lathe  the  answer  is 
worked  out  to  unusual  completeness.  For  in- 
stance, 20  per  cent  steel  mixture  in  the  "V"  bearings  provides  a  harder  metal  on 
the  shears  than  in  the  carriage.  Thus  most  of  the  wear  is  confined  to  the  carriage 
and  accuracy  of  alignment  is  preserved.  There  are  other  reasons  why  Atlas  Lathes 
"travel  a  longer  road  of  accuracy."    Ask  for  details. 

THE  TAYLOR  MACHINE  CO.,  Cleveland,  Ohio 

Manufacturers  of  ATLAS  Machine  Tools 
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'<5he 

Cleveland  Machinery  <£  Supply  Co. 

Main  Office,  CLEVELAND,  OHIO 


=    Hamilton,  Ohio. 


WORKS: 
Columbus,  Ohio. 


Richmond,  Indiana 


GET  the  circulars  and 
more  details  cover- 
ing the  Simplex 
Lathe — the  lathe  that  will 
take  care  of  tomorrow's 
work  as  well  as  today's — 
the  lathe  with  a  margin  of 
power  and  strength  that 
provides  for  the  future  as 
well  as  it  takes  care  of  the 
present.  Built  by  men 
who  know — for  men  who 
know  lathe  values. 

We'll  be  glad  to  answer 
questions  and  send  more 
information.    Write  us. 
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The  U.  S.  GOVERNMENT 

has  made  strict  regulations 
with  regard  to  banding  shells 


THIS  Hydraulic  Banding  Machine 
meets  all  requirements,  and  bands  any 
size  shell  from  I51/2"  down. 

The  machine  is  also  well-  adapted  for  general 
banding  work  of  all  kinds,  it  is  a  fast  worker 
and  built  for  hard  service.  A  special  feature  holds 
bands  in  place  as  they  enter  the  grooves  and  pre- 
vents shearing — an  appreciable  advantage. 

Details  on  request. 

The  West  Tire  Setter  Company 

ROCHESTER,  N.  Y. 
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A  Reasonable  Price 


We  offer  reasonable  price  and  early  delivery  as 
two  very  good  reasons  why  you  should  biiy 
G.  M.  Engine  Lathest  They  are  good  lathes 
mechanically — well  built,  tested,  swing  16 
inches,  with  single  back  gears,  provided  with 
ample  oiling  facilities,  etc. 

G-M  Engine  Lathes 

Eight-foot  bed  only.      Can  be  furnished  with 

taper  attachment  if  required. 

They  are  all  you  can  require  in  a  lathe  this  size. 

Let  us  send  full  particulars. 

W.  H.  BOSWORTH,  Cleveland,  Ohio 

COMMERCIAL  BANK  BUILDING 
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"WHITNEY" 

HAND  MILLING  MACHINE 

THOUSANDS  IN  USE 


PROMPT  DELIVERIES 

Owing  to  the  increased  demand  for  WHITNEY  products  we  have  recently  completed 
another  large  addition  to  our  factory.  We  have  increased  our  production  and  are  now 
prepared  to  make  prompt  deliveries  on  our  Hand  Milling  Machine. 

NOTE  THE  SLIDING  HEAD 

The  handiest  machine  for  light  milling,  keyseating,  profiling,  die  sinking,  gear  cutting, 
etc.     Powerful  and  simple  in  operation.     Simply  send  for  Catalog  D. 

The  Whitney  Mfg.  Co.,  Hartford,  Conn. 


CHAINS 


KEYS 


HAND  MILLING  MACHINES 


FOREIGN  AGENTS:     Burton.  Griffiths  &  Co..  Ltd..    London.     Fenwiok  Freres  &  Co  .  Parir 
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Price  $450 

F.  O.  B.  DAYTON 


FOR   SALE 

No.  18  Lea-Simplex 
Cold  Metal  Saw 


Manufactured  by  The  Earle  Gear 
and  Machine  Company,  Phila- 
delphia, Pa.,  complete  with  extra 
swivel  block.  Capacity  5"  to  7" 
rounds  and  6V2"  squares;  an  extra 
circular  saw,  type  "BB";  serial 
number  1-46-11;  perfect  working 
order,  practically  good  as  new; 
belt  driven. 

For  Sale  by 

The  Patterson  Tool  &  Supply  Co. 

Dealers  in  Machinery,   Tools   and   Supplies 
DAYTON,        OHIO,        U.      S.      A. 
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OLIVER 
ENGINE 
LATHES 


Built  for  your  work,  ar- 
ranged with  various  Tool 
Room  Attachments,  Belt 
or  Motor  Drive,  with  or 
without  Chip  and  Oil  Pan 
Pump,  etc.  Any  length 
of  bed  to  suit  your  par- 
ticular needs. 


Relieving  Attachnient  Doing  Business 


Cut  of   18-inch   Tool   Room   Lathe   Equipped    with  Taper.   Draw-in   and   Relieving   Attachments 


Engine  Lathes — 26-inch,  18-inch,  16-inch. 
Turret  Lathes — 16-inch. 
Screw  Machines — 2i/4-inch. 
Speed  Lathes — 12-inch. 


OLIVER  MACHINERY  CO. 

No    7  Coldbrook  St.         GRAND  RAPIDS,  MICH. 
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Accuracy,  Speed,  and  Unusual  Range 

The  Pierce  Turret  Screw  Machine  in  operation  is  one  of  the  speediest  and  most  con- 
venient machines  of  its  kind  on  the  market.  We  have  made  the  'Tierce"  rigid  and 
strong,  provided  more  power  than  is  ever  apt  to  be  required,  and  made  the  machine  a 
joy  for  the  operator  to  handle. 
Spindle  is  carefully  machined 
and  hardened,  has  minimum 
overhang  and  is  free  from  vibra- 
tion regardless  of  speeds  or  class 
of  work.  Turret  is  rigidly  con- 
structed and  automatically 
locked,  directly  under  the  cutting 
tool,  when  indexed. 

Actual  capacity  is  1  1/16"  x  8". 
In  every  important  detail  the 
"Pierce"  is  of  greater  dimen- 
sions than  any  other  machine  of 
similar  capacity. 

Complete  description  on  request. 


Actual  Capacity    1    1    Iti"   x  8" 


617  W.  Jackson  Bhd. 


Pierce  Machine  T«30l (q. 

High  Grade  Turret  machinery 


Chicago  E,  U.S.A. 


APRON  POWER 

to  Feed  the  Carriage  Against  Heavy  Cuts  is  Provided  in  Our  Large  Lathes 

The  above  front  view  of  apron  partly  dismantled  shows  construction  of  positive,  toothed  clutch 
(no  frictions  employed).  The  arrangement  of  the  discs  which  carry  the  shearing  pin  is  also 
shown.    This  shearing  pin  will  break  before  the  all-steel  gearing  will  give  way. 

LARGE  SWING  LATHES  BUILT 
IN  30",  36"  42",  48%  54"  AND  60"  SIZES 

The  Houston,  Stanwood  &  Gamble  Company 

CINCINNATI,  U.  S.  A. 

DOMESTIC  REPRESENTATIVES: 
Hill     Clarke  &   Co,    Inc.,    Boston  The  Vonnegut   Machinery  Co.,   IndlanapoRs 

Sherrltt  &  Stoer  Co.,  Philadelphia  I'''®,^.^^"'''?'":,""?,'''^"^^'^^^  *^°'  ^*""9° 

William   K.  Stamets,   Pittsburgh  ^  f-    »■    McArdle,   New   Orleans 

Louis  G.  Henes,  San  Francisco 
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S-T-E-R-L-I-N-G 


THE    HACK    SAW^    BLADE    OF    REAL    MERIT 

Diamond  Saw  &  Stamping  Works,  Buffalo,  N.  Y.,  U.  S.  A. 


Tohe 


(Jmif 


Ball  Bearing 

Drilling 

Machines 

Sizes,  Speeds,  Capacities 
to  suit  each  specific  job 

High 
Speeds 
Clean 
Holes 

Our  No.  3  Machine  pro- 
vides maximum  speeds 
for  work  up  to  1 3^-inch. 

Our  No.  Y2.  machine  for 
light  work  may  be  run  at 
12,000  r.p.m. 

Other  Sizes  for 
Intermediate   Work 

Real  manufacturing  means  specializing.  Get  the  right  machine. 

The  Cincinnati  Pulley  Machinery  Co. 

CINCINNATI 


NO  ADJUSTMENT  NEEDED 

The  Twentieth  Century  Balancing  Tool  requires  no  adjust- 
ing. It  is  always  level  and  ready  for  instant  use  no  matter 
where  or  how  you  place  it.  Simplest  way  to  balance  pul- 
leys, cones,  polish- 
ing- wheels,  arma- 
tures, etc.  A  prac- 
tical tool  for  ma- 
chine shop  and  pol- 
ishing room.  Made 
in  four  sizes  to 
swing  from  22"  to 
S'. 

Ask  for  the 
circular 

Manufactured  by 

ROCKFORD 
TOOL  CO. 

Rockford         III. 
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SIMPLICITY   in  construction  | 

=            yet    embodying    all     necessary  | 

I     features  and  backed  up  by  perfect  | 

I     workmanship  is  what  we  offer  in  a  | 

I  SEBASTIAN  I 

I    13-14-15-INGH  SWING  | 

I            You  Need  One  in  Your  | 

I             Shop    for     Certain     Jobs  | 

I  The  Sebastian  Lathe  Co.  | 

I     154  Culvert  St.,  Cincinnati,  Ohio,  U.  S.  A.  | 
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Sellew  Adjustable 
Drill  Heads 


SAVE 
MONEY 

Three  Holes 

at  once 

instead  of  one. 

Write  for  details 


SELLEW  MACHINE  TOOL  CO. 

Pawtucket,  R.  /.,  U.  S.  A. 
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fWade  8"  Precision  Lathe 

This  lathe  is  designed  for  tool  room,  experi- 
mental and  scientific  work — for  use  wherever 
close  accuracy  is  of  prime  importance.  Noth- 
ing but  the  best  in  design  and  construction; 
only  honest  values  go — for  the  Wade  is  built  to 
take  a  permanent  place  in  the  machine  tool  field. 
A  strong  feature  is  the  quick  change  gear 
mechanism  which  provides  for  any  thread 
from  12  to  120  per  inch.  Other  features  in- 
clude a  set  of  eleven  spring  chucks,  two  face 
plates,  ground  tool-steel  bearings  and  draw-in 
type  spindle,  covered  gears,  etc. 

Complete  description  on  request 

WALTER  H.  WADE 


311  Atlantic  Ave. 


Boston,  Mass. 


AGENTS:  T.  Croivther  &  Co.,  Boston.  Mass.  L.  R.  Meisenhclter  Ma- 
chiDery  Co.,  Philadelphia.  Pa.  E.  A.  Kinsey  Co.,  Cincinnati,  Ohio.  In- 
ternational Commercial  Co.,  New  York,  for  Russia.  Alfred  Herbert,  Ltd., 
CoTentry,    England.     Charles  Churchill  &   Co.,   Ltd..  London,   Eng. 


The  Waltham  4" 
Precision  Gear  Cutter 


A  profitable  little  machine  tor  the  shop  that  makes 
small  gears  and  fine  pitch  pinions.  The  "Waltham"  is 
automatic  in  operation,  has  all  working  parts  protected 
and  is  a  speedy  producer  of  accurate  work.  When 
cutter  slide  is  in  cutting  position  and  cut  in  progress, 
it  is  tightly  clamped;  clamp  is  released  on  return  stroke 
so  slide  may  be  lifted  for  indexing. 

Complete  description  on  request. 

Waltham  Machine  Works 

Newton  Street  WALTHAM,  MASS. 

Small  Thread  Millers,  Gear  Cutters  and  other  small  Automatic  Machines 


BLOMQUIST-ECK 


No.  1  DRILL 


Simple 
Low  Cost 

An 

Elxcellent 

Investment 


There's    a 
place  for  this 
drilling     ma- 
chine in  your 
shop  if  there 
is   any   quan- 
tity of  bench 
d  r  1 11 1  n  g  to 
perform.  This 
drill  answers 
requirements 
with   the   same  speed, 
accuracy  and   uni- 
formity   that    has    al- 
ways    characterized 
B  1  o  m  q  u  i  s  t-Eck  Ma- 
chines.    It   Is   strong, 
compact,  has  two  speed 
changes,    drills   up    to 


land,   Ohio.     Eaaley  Mchy.    Co.,    Chicago,    Dl. 


The 

Blomquist- 
Eck  Machine 
Company 

203SLaairAve.,N.E. 
CLEVELAND,  OHIO 


Burnishing  Up-to-Date 

The  modern  idea  of  burnishing  small  metal  parts — the  most 
in  the  shortest  time — is  developed  to  the  last  notch  by  the 
Abbott  Tumbling  Barrel  process.  Hand  polishing  turns  out 
one  piece  at  a  time,  Abbott  polishing — hundreds.  Finish  Is 
perfectly   clean   and   uniform,   secured   without   injury   to   the 

work.  And  it's  particu- 
larly cheap  in  labor— one 
operator  handling  four  or 
five  machines. 


We  'It  gladly  burnish  sample 

of  your  work  free  and 

estimate  on  costs. 


THE   ABBOTT 
BALL  COMPANY 

(ELMWOOD) 

HARTFORD       CONN. 


•MH 


Second-Hand 


Machinery,  Tools  and  Accessories 


NEW,     REBUILT    AND 


USED      MACHINERY 


USED  MACHINERY 


BORING    MACHINES 

No.   1   Beaman  &  Smith  hor.,  double  head. 
2   spindle    Beaman    &    Smith    hor. 
24     Bullard  vert.,  2  heads. 
30'    Bullard   vert.,   1    head. 

DRILI^S 

24"   Henry  &  Wright,    B.B.,  sensitive. 

4  spindle    Foote-Burt,    P.F.  ' 

4  spindle  Gardam  sensitive. 

4  spindle  Barr  sensitive. 

6  spindle  Gardam. 

28     Blalsdell  sliding   head. 

36'   Prentice   Bros.,   upright. 

36'    BIckford   sliding   head. 

4    BIckford  plain  radial. 

4'   BIckford  full  universal  radial. 

GRINDERS 

No.  6   Bryant,   Internal. 

No.   1      Norton   univ.,   C.&T. 

No.   4   Springfield    planer  type   surface. 

No.  5   RIvett,  on  stand. 

No.  200   Heald   ring. 

No.  31/2  Van  Norman  radial. 

No.  4 — 12  X   60   Landis   universal. 

No.  2  Garvin  hole. 

12  X  60  Diamond   Surface. 

12  X  30   Landis  plain. 


LATHES 

11    X  5   Barnes,  C.R.,   P.C.F. 

15  X  8   Hamilton,   plain   rest,  T.A. 

16  X  8  Porter  C.R.,  P.C.F. 
16  X  6  Automatic  threading. 
18  X  6   Reed  C.R.,   P.C.F. 

18  X  8   Lodge   &   Shipley    C.R.,    P.C.F. 

18  X  8  American  C.R.,  Q.C.T.A. 

18  X  8  Rahn-Mayer   C.R.,    P.C.F.,   chuck. 

20—18  X  8  L.  &  S.  3-step,  Q.C. 

26  X   14  Gleason   C.R.,   P.C.F. 

5 — 22  X  10  L.  &  S.  selective  head. 

30  X  10  Gleason,  swivel  rest. 

36  X   14  Pond,  C.R.,  P.C.F. 

20—42  X  12  F.  &  S.  gap,  motor  drive. 

MILI^ER.S 

No.  3  Reed  plain. 

No.   13    Brainerd    universal. 

No.  2  Garvin  universal  . 

No.  31/2  Garvin  plain. 

25  Lincoln  pattern,  assorted. 

Nos.  1   and  2  P.  &  W.   hand. 

No.  12  B.  &  S.  plain,  belt  feed. 

Grant  Mfg.  Miller. 


PLANER-S 


:  24 
26  : 


:  6  Wheeler. 
5  Pond. 


SCREW  MACHINES 

21"  Gisholt  Turret   Lathe. 

18  X  7   Fay  &  Scott  universal  turret. 

1"  Smurr  &  Kamen,  w/Ire  feed. 

3 — 2  X  24  Jones  &   Lamson. 

2 — 24  "   Gisholt,  turret  lathe. 

3/4'   RIvett,    collet   chucking   attachment. 

1/2'  National   Acme  automatic. 

1/2"   P.  &  W.  automatic. 

314"  Cleveland  automatic. 

20"  J.  &  L.  geared   head. 

20 — 2"  Cleveland  automatics. 

MISCELLANEOUS 

No.  1   Baker  Bros.   Keyseater. 

30   ton   Watson-Stillman   bending    mch. 

675  lb.   P.  &  W.   board  drop  hammer. 

14"  Steptoe  shaper. 

16"   Rochester  shaper. 

24"   Hendey  shaper. 

4"   Espen-Lucas  saw. 

26  X  10  Cincinnati  gear  cutter. 

2 — No.   1    Slate   pinion   cutters. 


HENRY  PRENTISS  &  COMPANY,  Inc. 

FORMERLY 

PRENTISS  TOOL  (Si  SUPPLY  CO. 

Singer  Building',  149  Broadway,  NEAV  YORK 


BOSTON,  MASS. 


BUFFALO,  N.  Y.  ROCHESTER,  N.  Y.  SYRACUSE,  N.  Y. 

'W^arekouse:  439  Communipa-w  Avenue,  Jersey  City,  N.J. 


SCRANTON.  PA. 


Second-Hand  Tools 

1 — %  Cleveland  Automatic. 

4 — %  Automatic  Screw  Ma- 
chines. 

3 — %  Hartford  Automatics. 

5 — 1%  Hartford  Automatics. 

5 — 2"  Cleveland  Automatics. 

2—2"  Davis  &  Egan  Auto- 
matics. 

1 — 2i4Gridley  Automatic  M.D. 

2 — 11/2  X  6  Gray  Screw  Ma- 
chines. 

1 — 24  X  24  X  6  American 
Planer. 

1—32  X  32  X  8  S.  H.  New 
Haven  Planer. 

1—40  X  36  X  10  S.  H.  New 
Haven  Planer. 

56  X  42  X  16  D.  H.  Gray 
Planer. 

1 — Grindstone  and  Frame. 

The  Cincinnati  Planer  Co. 

CINCINNATI.  OHIO 


FOR   SALE 

1—3'  Pratt  &  Whitney  Vertical  Sur- 
face   Grinder   with    magnetic   chuck. 

1—5"  X  48"  P.  &  W.  Plain  Cylindrical 
Grinder. 

1 — No.  2   Bath   Universal   Grinder. 

2—12"   X   36"    Landis   Plain   Grinders. 

1 — No.  13  B.  &  S.  Automatic  Gear 
Cutter. 

1 — No.  3  B.  &  S.  Automatic  Gear 
Cutter. 

1 — 30"  Eberhardt  Bros.  Automatic  Gear 
Cutter. 

1—30"  Old  Style  Brainers  Automatic 
Gear  Cutter. 

2 — 12"  Gleason  Single  Tool  Gear  Gen- 
erators. 

2 — Lees    Bradner   Thread    Millers. 

2 — Reed    Plain    IVIllling    Machines. 

1— No.  3  Brown  &  Sharpe  Plain  Milling 
Machine. 

2— No.  4-B  Becker  Vertical  Millers, 
new. 

5 — No.    3    Bristol    Vertical    Millers,    new. 

4 — 14"  X  5'  Reed  Engine  Lathes, 
R.    &    F. 

1 — 14"   X  6'    Rockford    Engine   Lathe. 
10 — 14"     X     6'     Flather     Engine     Lathes, 
new. 

1 — 16"    X   7'    Oliver    Engine    Lathe,    new. 

1 — 16"   X   8'    CISCO    Engine    Lathe,    new. 

3 — 18"  X  8'  Davis  Engine  Lathes, 
D.B.G. 

1 — 20"  X  6'  Florence  Turret  Chucking 
Lathe. 

1 — 20"   X   8'    Bullard   Chucking    Lathe. 

1 — 22"  Cincinnati  Type  "B"  Double 
Head  Traverse  Head  Shaper,  10', 
new. 

1—15"  X  30"  Cincinnati  Open  Side 
Shaper,    new. 

BROWNELL  MACHINERY  CO. 

PROVIDENCE..  R..  I. 


For  Sale,  Immediately,  Electrical  Equipment 

2  Elevators,  complete,  two  and  three  ton 
capacity,  with  20  and  30  H.P.  Crocker- 
Wheeler  motors. 

20  Switches,    various    sizes. 

12  Lightinr  Transformers. 

2  Remek  Transformers. 

3  Type   "F"   Auto   Transformers. 
14  Current    Transformers. 

8  Potential   Transformers. 
6  Conduit   Series  Transformers, 
10  Miscellaneous   Transformers. 
10  Marble   Slabs.  7  Circuit  Breakers. 

2  Batteries    of   Conduit   Oil   Switches,    three 

and  six  units. 
17  Meters— Watt  Meters — Volt  Meters— Watt 

Hour  Meters,  etc. 
Numerous  other  items  in  electrical  equipment. 
Want   to    sell   in    one    lot — write   at   once   for 
complete    list    if    interested.  > 

The  Goodyear  Tire  &  Rubber  Co.,  Akron,  Ohio 


FOR  SALE 

Shell  Making  Machines 

For  Immediate  Delivery 

64—6"  Shell  Making  Machines,  with 
all  attachments. 

25— 9.2  and  12"  Shell  Making  Ma- 
chines, some  arranged  for 
motor  drive,  and  others  for 
belted  drive. 

For  further  particulars  inquire  of 

The  Geyeland  Machinery  &  Supply  Co. 

CLEVELAND,  OHIO 
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RE-MANUFACTURED 
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The  Only  Re-Manufacturing  Plant  in  the  World,  55,000  Sq.Ft.  of  floor  space 


25— al- 
as—21" 

15—24" 
40—24 
42—24" 
4— 3-A 


24 — 22" 
5—22" 
7—22" 
2—22 

20—22" 


TURRETS— Latest    Models 
Gisholts,  2-step,  5"  belt,  Z'/z"  hole. 
Gisholts,  motor  arrangement,  3'  2    hole. 
Gisholts,  3-step,  4"  belt,  4I4"  hole. 
Gisholts,  2-step,  6"  belt,  6     hole. 
Gisholts,  motor  arrangement,  6'  hole. 
Warner  &  Swasey. 

ENGINE    LATHES— Latest    Models 
X     8'   Hamilton,   D.B.G.,  C.R.,  Semi-Q.C.G. 
X     8'   Hamilton,  D.B.G.,  turret  tool   post. 
X   10     Hamilton,  D.B.G.,  C.R.,  Semi-Q.C.G. 
X   10     Hamilton,   D.B.G.,  turret  tool   post. 
X   10    Davis,  D.B.G.,  C.R.,  Q.C.G. 


4 — 22     X  8 

8—24"  X  10 

8—24"  X  10 

11—26"  X  10 

2—25"  X  10 

19—26"  X  12 

9-26"  X  12 

2—26"  X  12 

10—28"  X  10 

4 — 28"  X  14 

carriage 

3—30"  X  16 

carriage 

11—40"  X  18 


VERTICAL    BORING    MILLS 
1—30"  Baush. 
1—32"  Rogers. 
2—34"  Colburn. 

1 — 36"  Brown  &  Sharpe  Chucking. 
1—42"  Colburn,  2  hds. 
1 — 51"  Baush,  2  hds. 

RADIALS 
3— 2^^'  Fosdick. 
2—21/2'  Mueller. 
1 — 21^'  Dreses. 
1 — 3'  Prentice. 
1— 3'  Mueller. 


1— 31/2'  Gang. 

1 — 4'  Niles  Full  Universal. 

3 — 5'  Niles  Semi-Universal. 

PLANERS 
1—22"  X  22"  X     5'  Flather. 
1 — 22"  X  22"  X     6'  American. 
1—24"  X  24"  X     4'  Gray. 
2—24"  X  24"  X     5'  Gray. 
1 — 24"  X  24"  X     6'  Cincinnati. 
1—24"  X  24"  X  10'  Lodge   &  Davis. 
1 — 26"  X  26"  X     6'  American. 
1—30"  X  30"  X  10'  Powell,  4  hds. 
1—32"  X  32"  X     8'  Gray,  2  hds. 


IVlACHINI  TOOLS 

/^  /^  |-/a^i»         Your  money  back,   if  you 

Vylir    V3Ud.rd.nL66. return  machine  within  30 

days  from  date  of  shipment,  freight  prepaid.     No    excuses 
necessary. 

Our  new  "Green  List"  just  out,  describes  the  above 
machines  and  hundreds  of  others.      Write  for  one. 

HILL,  CLARKE  ®  CO.  of  CHICAGO 

625  Washington  Blvd.       CHICAGO,  ILL,  U.  S.  A. 


Davenport,   D.B.G.,  turret  tool   post. 

Lodge  &  Shipley,  D.B.G.,  C.R.,  Q.C.G. 

Lodge   &  Shipley,   Selective   Gd.    Hd.,   C.R. 

American,  D.B.G.,  C.R.,  Q.C.G. 

American,    D.B.G.,  carriage  turret. 

Putnam,   carriage  turret,   Semi-Q.C.G. 

Putnam,  C.R.,  Semi-Q.C.G. 

Wickes,  D.B.G.,  ,C.R.  Semi-Q.C. 

Niles,  Bement,  Pond,  Q.C.G. 

Lodge  &  Shipley,  Select.  Gd.  Hd.,  C.R., 
turret. 

Lodge  &  Shipley,  Select.  Gd.  Hd.,  C.R., 
turret. 

Pittsburgh   Triple   Geared,  Q.C.G. 

1—32"  X  32"  X  10'  Gray,  2  hds. 

1—76"     X     48"     X     18'     Woodward     & 

Powell,  4  hds. 

PRESSES 
1 — No.  30  Perkins  Inclinable. 
1 — No.  5  Niagara  Geared. 
1 — No.  5  Consolidated. 
1 — No.  20-U  Ryerson  Punch. 
3— No.   73 y2   Bliss  S.   S.  Trimming. 
1— No.  23y2-B  Niagara  Toggle. 
1 — Long  &  Allstater  Geared  Punch. 
1— No.    17   Williams   &   White   Double 

End  Punch. 

MILLERS 

1 — No.  3  Brainard  Plain. 

1 — No.  20  Oesterlein   Universal. 

1 — No.  11/2  Brown  &  Sharpe  Universal. 

1 — No.  25  Becker  Plain. 

1 — No.  2  Cincinnati  Universal. 

1— No.  5  Schuchardt  &  Schutte  Plain. 

1— No.  3  Hendey  Plain. 

1—60"  X  48"  X  8'  Ingersoll  Slab. 

1 — Beaman  &  Smith,  2  vert,  hds.,  1 
horiz.  hd. 

1 — No.  2  Beaman  &  Smith  Combina- 
tion. 

GEAR   CUTTERS 
1— No.  1  S.  &  S.  Hobber.  spiral. 
1— No.  12  B.  &  S.,  spur  and  bevel. 
1 — 24"  Fellows  Gear  Shaper. 
2— No.  3-26"  Cincinnati  Spur. 
1—36"  Fellows. 
1 — 36"     Gleason     Former,     spur     and 

bevel. 
1 — 84" — 96"  Gleasou  Planer,  spur  and 

bevel. 
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SECOND-HAND,    REBUILT 


zs: 


AND    NEW    MACHINERY 


NEW  AND  USED  MACHINE  TOOLS 

IN  STOCK  FOR  IMMEDIATE  DELIVERY 


1— No.   3 
3— U.    S 


2— No. 
3— No. 
1— No. 


arbor. 


RADIAL    DRILLS    (Used) 

1 3"    Bickford    Plain    Radial,    Gear    Box    Drive. 

THREAD    MILLER    (Used) 

1 No.  3   Lees-Bradner    (used   one   month) 

MILLING    MACHINES    (New) 
Rockford    Hand    Miller. 
Plain    Hand    Millers    (Whitney  type). 
2_Standard    Hand    Millers    (Whitney    type). 

MILLING    MACHINES     (Used) 

2  Garvin    Hand    Millers,    Lincoln    type. 
1    Steptoe    Hand    Millers   with    vise   and 

3  Cincinnati   Plain   Miller. 
SHAPERS    (Used) 

1 20"   Queen   City   B.G.    (like   new). 

SCREW    MACHINES    (New) 

Foster  Plain   Head,  9'16   wire  feed   capacity. 

Foster   Plain    Head,   1  1    16  wire  feed   capacity. 

Foster  Geared  Fr.  Head,  1  9   16  wire  feed  capacity. 

Foster  Geared  Fr.  Head,  2  1    16  wire  feed  capacity. 
1_No.   140  Wells  (7  8  capacity). 
1 — No.  2|/2  Garvin   (17   16  capacity). 

SCREW  MACHINES   (Used) 

1 1/2  Pratt  &  Whitney  Automatic  Screw  Machine. 

1 Foster  No.  4  Motor  Driven  Screw  Machine. 

1 No.  52  Acme  4-spindle,  %"  capacity  automatic. 

GRINDERS    (New) 

1 Capital   Internal  Grinder,  capacity  3/16"  to  2  x  2. 

1 — Greenfield  Universal  Grinder. 

1 No.  1  Wilmarth  &  Morman  Surface  Grinder. 

1 Wilmarth  &  Morman  No.  2  Full  Automatic  Surface. 

2 No.  190  Wells  Tool  and  Cutter  Grinder. 

6 — Dumore  Portable  Electric. 

GRINDERS   (Used) 
1— No.   190  Wells. 
1  —  No.   1    Landis   Universal. 


3— No. 
1— No. 
2— No. 
1— No 


POWER    SQUARING   SHEAR    (Used) 
1 — 60"   Niagara   Power  Squaring   Shear,  capacity  '/g  stock. 

BENCH   LATHES  (New) 
2 — No.  5'/2  Sloan  &  Chace,  Comp.  slide,  3  speed,  c/s  10  col. 
1 — Ames  Compound  Slide,  3  speed,  c/s  10  collets. 

LATHES  (New) 
2—13  X  6  Worcester,  P.C,  C.R. 
1—14  X  6   Hamilton,  Q.C.,  C.R.,  Sgl.  B.G. 
3—16  X  8   Flather,  Q.C.,  C.R.,  Dbl.   B.G. 
2—18  X  8   Hamilton,  Q.C.,  C.R.,  Sgl.  B.G. 
1—20  X  6    Rahn-Larmon,  Q.C.,  C.R.,   Dbl.   B.G. 
1 — 20  X   10   New   Haven,  P.C,  C.R.,  Dbl.   B.G. 
1—26  X   10   Lodge  &  Shipley,  Q.C.,  C.R.,  Dbl.  B.G. 

LATHES    (Used) 
1—12  X  5  Seneca  Falls,  P.C,  C.R. 
1 — 14  X  8   Davis,  Q.C,  C.R.,  with  chuck. 
1 — 18  X  8   Davis,  Q.C,  taper  attachment,  pan  bed. 
1 — 20  X  10  Jones  &  Lamson,  P.C,  C.R. 

1 — 20  X   12  Greaves-Klusman,  Q.C,  C.R.,  taper  attachment. 
1—28  X   10   Hamilton,  Q.C,  C.R. 
1 — 16  X  6  Lodge  &  Shipley  Geared   Head. 

DRILL    PRESSES    (New) 
6 — 10"  Sensitive  Bench   Drill   Presses  with  chuck. 
3 — 14"U.  S.  Sensitive  Drills. 
2 — 20"   Buffalo   B.G.  self-feed  automatic  stop. 
2 — 20"    Barnes  plain  lever  and  worm  feed. 
2 — 20"   Barnes  B.G.,  self-feed  automatic  stop. 
3 — 20"   Champion  B.G.  self-feed  automatio  stop. 
1 — 2-spindle  No.  32A  Reed  Sensitive. 

DRILL   PRESSES   (Used) 
1 — Sgl.  Spindle  Sipp  High  Speed. 
1 — 20"    Excelsior  B.G.  Auto.  Feed. 
1 — 25"    Hamilton   B.G.  Sliding  Head. 
3 — 23"   Snyder  B.G.  Automatic   Feed. 
1 — 24"    Barnes  Sliding   Head. 


HOMER  STRONG,  Successor  to  Strong  &  Hery  Company 

309  STATE  STREET  ROCHESTER.     ~     ^      w     «     ^ 


N.    Y  ,  U.  S.  A. 


1  FOR  SALE 

Two350-TonVerticalHydraulicPresses 


CAPACITY     - 
PRODUCTION  - 


UP  to  6"  H.  E.  Shell  Forgings 
5"  Forgings,  3,000  in  20  hours 


Immediate  Delivery 

Including  pumps,  motors,  accumulator,  valves,  under- 
ground and  overhead  piping,  fittings,  single  and  double 
holder  die  blocks,  and  all  other  accessories  for  com- 
plete units,  ready  for  operation,  except  heating 
furnaces. 

These  units  are  two  of  four  used  for  forging  H.  E. 
shell  blanks.  Operated  less  than  six  months.  In  first- 
class  condition. 

Also  offer  for  sale  complete  units  for  machine  finishing 
4.5",  5"  and  6"  H.  E.  shells. 

For  detailed  description,   price,   termt,  etc.,   address 

THE  UNION  SWITCH  &  SIGNAL  CO. 

SWISSVALE         PENNSYLVANIA,  U.  S.  A. 
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W.  F.  DAVIS  MACHINE  TOOL  CO. 

CHICAGO,  ILL..  549  W."WasKington  Blvd.       CLEVELAND.  O..  508  Leader  News  Bldg. 

CINCINNATI.  OHIO.  1QI8  Union  Central  Life  Bldg. 

NE-W  YORK  CITY.  Singer  Bldg. 


BOEING    MACHINES— VERTICAL 
1 — 30"   Colbum,   one   turret  head. 
1 34"   Sogers,   one   turret   head,    September   de- 
livery. 
1 — 34"    Gisholt,    including  motor. 
2 — 36"  N.-B.-P.,  one  plain  and  one  swivel  head. 
2 — 36""  B.   &  S.,  one  turret  head. 
12 New  42"'   Putnam,    two  heads,    November  de- 
livery. 
1 — 53"  N.-B.-P.,   two  swivel  heads. 
1 — 72"'  Niles,   two  swivel  heads. 
1 — New   8"    Bickford,    December   delivery. 

BOEING   MACHINES— HOEIZONTAL 
1 — Lucas,    ZVi"   bar. 

1 — Hoefer  Horizontal  Driller  and  Borer,  with 
111/16"'  spindle;  vertical  adjustment,  40"; 
horizontal  adjustment,  46"";  size  of  table, 
33"  X  48". 
2-spindle  Beaman  &  Smith,  3%"  bar.  Page  48, 
G.   of  G.   1907  Cat. 

BULLDOZEES 
1 — New  No.  4  Garrison  (same  as  No.  4  Williams- 
White). 
1 — No.  7  Ajax,  20"  stroke. 
1 — No.    7    High    Speed   Ajax,    16"    stroke. 

COMPEESSOES— ATE 
1 — 8"'   X   8"    Curtis,    belt   driven. 
1 10"'  X  10"  X  10"  Single  Cylinder  Smith- Valle, 

steam  driven. 

1 10"    X   12"    Chicago    Pneumatic,    belt   driven. 

1 10     X  16'/2""  X  13"  Peerless,   cross  compound, 

steam  driven. 

1 22"-13"   X   16"'   IngersoU-Eand,    motor  driven. 

1 — Ingersoll-Sargent   Duplex,    8  x  14'/2    x   8'. 
1 — Ingersoll-Sargent,    steam    driven,    345   cu.    ft. 
1 — Cincinnati,    cross    compound,    two    stage,    790 

cu.  ft.  ^ 

CTJTTING-OFF  MACHINES 
2 — No.    00   Brown  &   Sharpe. 
1 — 2"  capacity   Warner  &   Swasey. 
4— SVi"  Hall. 
10 — 4Va"    Williams. 
3 — 4"  Curtis   &   Curtis. 

DEILLING  MACHINES— EADIAL 

2 New  No.  3  American,   plain,   cone  drive. 

3 New  3"  Americans,  sensitive  tapping  attach- 
ment. 

7 — New   3"    Prentice,    July   delivery. 

1 New  3"   Mueller,   plain,   speed  box  drive. 

1 New  3V2'   Mueller,   cone  drive,  July  delivery. 

1 — New   3V'2    Western  Drill,    86"'   circle, 

2 — 4'  Mueller,    plain,   speed  box  drive. 

1 — 3"    Bickford,    gear    drive. 

1 — 5'  Bickford,    plain,   speed  box  drive, 

1 — 6'  American,   plain,  motor  drive. 

5^5'  Spindle,  arm  does  not  raise  and  lower, 
hand  feed. 

1 — 5'  Fosdick,  plain,  cone  drive,  tapping  at- 
tachment, 

1 — 6'    Baush,    plain,    cone   driver. 

DEILLING   MACHINES— HEAVY  DUTY 
3 — No.    14    Colburn,    24""    swing,    capacity   2"    in 

solid   steel. 
2 — No.    3    Colburn,    plain,    table. 
2 — No.  26  Foote-Burt,  44"'  swing,   3i^""  capacity 

in  solid  steel, 
1 — No.  310  Baker,  single  pulley  drive,  late  type. 

DEILLING    MACHINES— MULTIPLE    SPINDLE 
1 — No.   30  C.    Baush,    12  spindle,    capacity  V/a" 

holes,   30'"   circle, 
1 — No.    24    Baush,    12   spindles. 
1 — Gardam,    12  spindle,    capacity   %"   holes,    14" 

square. 
1 — 14-spindle     Baush,     capacity     1"     holes,     36" 

circle. 
1— No.     11    Pratt-Whitney,    16-spindIe,    cap.     10 

spindles,    V^"   cap. 

GEAE  CUTTING  MACHINES 

1 — New   6"    Standard    Gear  Cutter,    Spur. 

1-12"  G.  &  E.  Gear  Hobber. 

1 — 12"  Gleason    Bevel    Gear   Planer. 

1 — 15"  Gleason    Bevel    Gear    Planer 

1 — 16"  Bilgram  Bevel  Gear  Generator. 

1 — 20"    Grant-Lee   Gear  Hobber. 

1 — No.  1  20"  Schuchardt  &  Schutte  Gear  Hob- 
ber. 

1 — 22  X  8  G.  &  E.  Spur  and  Bevtl  Cutter. 

1 — 24"  Fellows   Gear   Shaper. 

1 24"   X  8"   G.   Ic  E.,   for  spur  and  bevel. 

1 26"  X   10"    Cincinnati,   spur  gears  oaly. 

1 — New   30"  Flather,   spur  gears  only. 

3 — 36"    Fellows    Gear   Shapers. 

1 No.    3    Brown   k   Sharpe   Auto.    Gear   Cutter, 

Spur. 

GEINDEES— UNIVERSAL,   FOE  CUTTEES, 
DRILLS,   REAMESS,   ETC. 
l_New  Norton  No.   1. 

1 — New  Wilmarth  &  Morman,   style  B  X. 
1 — No.   1  Cincinnati. 
1— New     Walker     No.     2,     outfit     K     (capacity 

9"  X  26"). 
8— No.    180   Wells. 


GRINDING    MACHINES— CYLINDRICAL- 
PLAIN 
1— No.  11   (6"  X  30")  Brown  &  Sharpe. 
1-6"  X  48"  Pratt  &  Whitney. 
1— New  No.  12  (8"  x  26")  Brown  &  Sharpe. 
1—10"  X  50"  Norton. 
1— New    10   X   72   Norton,    plain. 
1— No.    16    (10"   X   72")    Brown   &  Sharpe. 
20—12"  X  24"   Modern,   self-contained. 
6 — 12"   X   36"   Modem,    self-contained,   motor   or 

belt  driven. 
6 — 12"   X   48"    Modem,    self-contained,   motor   or 

belt  driven. 
1—16"  X  66"  Landis,   with  crank  grinding. 
1—12   X   32   Landis.    rebuilt. 
1 — 18"  X  96"  Brown  &  Sharpe. 
1— New  10"  X  36"  Landis.     Immediate. 

GRINDING    MACHINES— CYLINDRICAL- 
UNIVERSAL 

1— No.  1  Fraser,  with  surface  grinding  attach- 
ment. 

1— No.   m   (10"  X  30")  Landis. 

1— No.  2'/i    (10"  X  36")  Bath. 

1— No.  2    (9"  X  20")   Bath. 

1 — New  No.  2  Bath. 

1— No.  2  New  Walker,   9"  x  26". 

1—10"  X  42"  Modern. 

1— No.  2   (12"  X  30")  Brown  &  Sharpe. 

1— New  No.  2  Morse  Cap.  12"  x  30",  universal 
December  delivery. 

1— No.  3  (12"  X  40")  Brown  &  Sharpe. 

1—12"  X  42"  Landis. 

GRINDING   MACHINES— INTERNAL 
1— No.   11/2   Landis. 
1— No.  70  Heald. 
1— No.  75  Heald. 

GRINDERS— CYLINDER 
1 — No.    27  Brown  &   Sharpe. 
1 — No.  60  Heald.    single   pulley  drive. 

GRINDERS— DISC 
1— No.   14  Besly. 
1— New    No.    17    Gardner    (Pattern    Makers). 

GRINDING   MACHINES— EING 
1— No.  200  Heald. 
1— No.   210  Heald. 

GEINDING  MACHINES— EDGE 
1— No.   374  Safety  Emery  Wheel  Co. 

GRINDING    MACHINES— SURFACE 


4 — New  No.   2  Reid    (same   as  B.   &   S.). 
1—22"  X  12"  X  60"  Springfield,  planer  type,  au- 
tomatic. 
1— New  No.   1  Wilmarth  &  Morman. 

GRINDING   MACHINES— DUPLEX 
1 — No.   5  Bath,   suitable  for  grinding  cylinders, 
pistons,    piston  rings,    etc.,    16"   feed,    swivel 
table,  water  pump. 

GRINDING  MACHINES— FACE 

1 — Diamond  Face  Grinder,  4'  travel,  14"  wheels. 

HAMMERS— POWEE,    FOEGING 

1— 40-lb.  Bradley  Helve. 

1 — 150-lb.    Bradley   Helve,    upright. 

HAMMEES— BOARD   LIFT,    DEOP 

1 — 400-lb.  Billings  &  Spencer. 
1 — 2000-lb.    Chambersburg. 

HAMMEES— STEAM,    FOEGING 

l_New  600-lb.  Bell. 

1 — New  3000-lb.  Bell,  September  delivery. 

KEYSEATEES 

2— No.  0  Mitts  &  Merrill. 
1 — No.    2   Mitts   Sc   Merrill,    motor   driven. 
1 — 60"   stroke   Compton-Knowles   Broacher. 
6 — New   12  X  4  Shepard,    reverse   head. 
8 — New    12    X   5    Shepard,    reverse    head. 
3 — New    12   X   6    Shepard,    reverse    head. 

LATHES— MANUFACTUEING— NOT    SCEEW 
CUTTING 

13 — No.    3    X    Eeed-Prentice.    semi-automatic. 

14 — Eeed-Prentice  Shell  Lathes  for  4"  or  18-lb. 
American   shells. 

60 — 14"  X  6'  Reed  Stud  and  Bolt. 
5 — 16"   X  8'   Fairbanks-Morse,    heavy   duty. 

70— New    Simplex,    16"   x   8". 

14 — 16  X   8   Simplex,    single   pulley   drive. 

22 — 18"  X  8'  Battle  Creek,  heavy  duty. 
5 — 20"  I  8"   Merschon. 

50 — 20"  I  10'  Hindman,  high  duty, 

12 — 21"  X  8'  LeBlond,  quick  change,  with  at- 
tachment for  grooving  and  facing  both  ends 
of  shells,  with  air  cylinders  and  mandrels 
for  5"  shells. 


LATHES— ENGINE 
6 — New   12  X   4  Shepard   reverse   head. 
8 — New  12  X  5  Shepard  reverse  head. 
3 — New   12  X   6  Shepard   reverse  head. 
J—}*"  «  6'   Bradford,    taper  attachment. 
Z — 16      X    6'    LeBlond,    pan    bed,    quick    change 

gears,   taper  attachment. 
J~}*"   *  f   I"   &   S.,    geared   head,    taper. 
1 — 18    X    10    Hendey,    quick    change    gear,    14" 

chuck. 
3—18"  X  9"  Chard. 

1— New  19"  X  8"  LeBlond.  heavy  duty. 
22 — 20"    X    8'    Lodge    &    Shipley,     quick    change 

gear. 
^ — ?„^„*  ^^     ^  8"  American,   heavy  duty. 
9 — 22"  X  10"  Putnam,  oil  pan,  turrets. 
4—24"  X  10"  Reed. 
2—24"  X  12'  S.   &  B. 

1—24"  X  14'  Lodge   &   Shipley,    patent   head. 
4— 24     X  14'  American,   quick  change. 
3— New   26"    x   12"    Boye   &   Emmes. 
1—26"  X  24'  New  Haven. 
4— New  28"  x  12'  Boye  &  Emmes. 
1—28"  X  18"  S.  &  B. 
5— New  30"-  X  14'  Boye  &  Emmes. 
?~?„^"  ^2"  ^   12'  Pittsburgh  pattern. 
1—36"   X   15'   Fifield,   36  x   16"". 
? — J'/^  ^®  '  ^  24'  Putnam,   triple  geared. 
J — 38   X    19'    Steptoe,    single    back   gear. 
l_24"-46"  X  22'  McCabe.  double  spindle. 
}~ii  '^  ^^'  ^  ^"  Betts,   triple  back  gear. 
1—60  X  27  Betts.    triple  back  gear. 
J — New  66"   X   30"    Putnam,    December  delivery. 
1— Tl"  X  20"   Fifield,   triple  geared. 

LATHES — TURRET 
5 — 2   X   24  Jones   &   Lamson. 
5 — 3  X  36  Jones  &  Lamson. 
18— 6A  Potter  &  Johnson. 
2—21   Gisholt. 

MILLING    MACHINES— KNEE    TYPE- 
UNIVERSAL 
1 — New  No.    1   Kempsmith. 
1 — No.  IH  Hendey-Norton. 
1 — No.   2   Kempsmith.    back   geared. 
1 — No.   2  New   Cincinnati. 
2— No.   2'2    LeBlond,    September  delivery. 
2— No.    3-H    LeBlond,    September    delivery. 
1 — No.  3    Cincinnati,    single    pulley    drive,    high 

power,    vertical    attachment. 
1 — New  No.  4  LeBlond  Heavy  Duty.  Immediate. 

MILLING    MACHINES— KNEE    TYPE— PLAIN 

1— No.   0   Pratt   &  Whitney. 

3— New  No.   1  Rockford. 

2 — New  No.   1  Kempsmith. 

1 — 'i    American. 

1 — New  No.  2  Rockford. 

1— No.   3  LeBlond. 

1 — No.   3  Cincinnati. 

1 — No.    4    Garvin. 


MILLING   MACHINES— VERTICAL 
4 — New   No.   4  B  Becker. 
1 — No.    2    New    Cincinnati. 
2— No.    5  Becker. 

MILLING    MACHINES— PLANEK    TYPE 
1 — No.    2    Beaman-Smith. 
2 — IngersoU    Slab    Millers,    working    surface    of 

table  60"  x  20". 
1 — No.    4    Beaman    &    Smith,    vertical    spindle, 

open  side,  working  surfac^^  table  120"x24", 

removable   housing  on  on^mde, 

PLANERS 
1 — 24"  X  24"  X  6"  Gray,    one   head   on   cross   rail. 
1 — 26"  X  26"  X  8"  Gray,    one   head   on   cross   rail. 
1 — 30"    X    30""    X    8"    Gale    Planer,    one    head. 
1 — 30"  X  30"  X  8"  Whitcomb,    one    head. 
1— New    36"    X    36"    x    12"    Powell,    high    speed, 

one   head. 
1 — 36"  X  30"  X  12'  New  Haven,  one  head, 
1—36"  X  36"  X  9"  Sellers,  four  heads. 
1 — 36"  X  36"  X  9"  Sellers,  two  heads. 
2 — New   36"   x  36"   x   12"    Woodward   &   Powell. 

two    heads    on     cross    rail,     one     side     head, 

October  delivery, 
1 — 36"  X  36"  X  14"  Sellers,    four  heads. 
1 — 42"  X  10"  Hewes     Ic    Phillips,     one     head    on 

rail,    one  side   head. 
1 — 42"    X    10'    Hews    &    Phillips,    one    head    on 
1 — 48     X  48"  X   16'   Sellers,   one  rail  head,   two 

side   heads. 
1 — 60"  X  14'  Powell,  one  head. 
1 — 72"    X    72"    X    26"    motor    drive,    Betts,    four 

heads. 

SCREW    MACHINES    AUTO. 
3 — No.    51    National   Acme. 
2 — No.    52   National   Acme. 
'■i — No.    53   National   Acme. 

SHAPEES 
1— New  16"  Springfield. 
1 — 16"   Motor   Driven,   Rockford. 
2 — New  24"   Milwaukee. 
1 — New  Barker  24". 
3 — New  24"  Steptoe.     Back  Gear. 
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SECOND-HAND,    REBUILT 


w 


AND    NEW    MACHINERY 


Second  Hand  Machines 

Four  and  one-halt  Inch  bar  horizontal 
boring   machine. 

20'   Prentice   Bros,  lever  feed  drill. 

24'   Sibley,   sliding   head  drill,   B.G.,   P.F. 

20'  Hoefer  three-splndle  gang,  B.G.,  P.F. 

20"    Barnes  four-splndle  gang,  one   B.G., 

■     three    P.F.,   one   tapping. 

No.  413  Baker  Bro».  heavy  pattern  four- 
splndle  gang. 

16"  Brown  &  Sharpe  spur  and  bevel  gear 
cutter. 

26      Brown    &    Sharpe   spur   gear   cutter. 

36'  X  12"  Gould  &  Eberhardt  vertical 
cutting   type   spur   gear   cutter. 

12"  X  24  Modern  plain  grinder,  self- 
contained,    fine   condition. 

Landls    universal    grinder    (small). 

No.   1    Baker   Bros,   keyseater. 

16  X   8     Bradford   lathe,   compound   rest. 

21  X  10    Bradford  lathe,  compound  rest. 

22  X  10'  LeBiond  lathe,  compound  rest, 
turret   on   carriage. 

56"  X  56"  X  26'  Bement  planer,  four 
heads. 

1 I'j"  X  9"  Acme  wire  feed  screw  ma- 
chine,  power  feed  turret. 

34     Lodge  &   Davis  shaper. 

Marshall  &  Huschart  Machinery  Co. 

17  S.  Jefferson  St.  915  Chemical  BIdg. 
CHICAGO,  ILL.  ST.  LOUIS.  MO. 


WANTED  AT  ONCE 

the  followins  machines  for  export  to 
Japan.  Must  be  in  first-class  condition 
and  subject  to  acceptance  after  inspec- 
tion : 

10 — Radial  Drills,  5'  or  over.     Give  reach 
of    arm. 
6 — Blotters    over    18". 
4 — Horizontal    Borers. 

8 — Planers     48     x     48     or     over.         Give 
length    of    bed. 
30 — Lathes,    48"    or    over.       Give    length 

of   bed. 
3 — Lathes,  60"  or  over. 
20 — Upright    Drills,    2"    capacity. 
5 — Boring    Mills    over    7'. 
1 — Boring    Mill,    10'. 
1 — Boring    Mill,    12'. 
1 — Boring    Mill,  42". 
1— Bending    Roll    for   I-I/2"   material    13' 

wide. 
1— Bending    Roll    for    ^-y^"    material    8' 

wide. 
1 — Straightening  Roil  for  I-K2"  material 

8'   wide. 
1 — Punch      and      Shear      for      punching 
1-3j^"    hole    in    material,    ^-'/^"   thick, 
36"    gap. 
1 — Manhole     Flanging     Press    for    ^-l/^" 

material. 
1 — 2000-ton    Steam    Hydraulic    Press. 
3 — 6'    Universal    Radial    Drills. 
PAYMENT      CASH       AGAINST      SHIP- 
PING     DOCUMENTS— STATE      FULLY 
MAKE,     AGE     AND     CONDITION. 
ALSO — 6    Miles  40-lb.    Rails   and   5    Miles 
30-lb.      Rails,     complete     with     splice 
bars  and   bolts.     Second   Hand;  ship- 
ment  in   July. 

BOX  A.138 

Care  MACHINERY,  148  Lafayette  Street,  N.  Y. 


Immediate  Delivery 

24"   x   10'   Springfield   Engine   Lathe. 

9"  X  4'  Star  Engine   Lathe. 

No.  ^2  AVEY   High-speed   Ball-Bearing 

Sens.    Drills. 
No.      1      BAKER      BROS.      High-Speed 

Drill. 
12"  X  32"   LANDIS  Plain  Grinder. 
No.     3     GARVIN     Cutter    and     Surface 

Grinder. 
10"   X   50"   Norton    Plain    Grinder. 
36"    Blckford   Plain   Radial. 
3"  Stover  Pipe   Machine. 
2;i"      X     24"      WARNER      &      SWASEY 

Hollow    Hexagon    Turret    Lathe. 
No.  6  Warner  &  Swasey  Turret  Screw 

Machines. 
312'   Prentice   Bros.   Plain   Radial. 
4'    Mueller   Plain    Radial. 
7'   OHL    Bending    Brake. 
No.    2    BATH    Universal    Grinder,    9"    x 

20". 
No.     2     COCHRANE-BLY     Die     Filing 

Machine. 
Va"     FOSTER-KIMBALL     Plain     Head 

Screw    Machine. 
No.    111/2   HIGLEY   Cold   Saw. 
16"   Barker  Crank  Shaper. 
No.    3    Barber-Colman    Gear    Hobbing 

Machine. 
%■'     CLEVELAND     Automatic     Screw 

Machines   (2). 

THEE.LESSLEYMACH1NERYC0. 

551-557  West  Washington  Boulevard 
CHICAGO,  ILLINOIS 


ROUX  ®  HEYBERGER 

I8O  Rue  Lafayette,  Paris 

Solicit  Offers  for 

Seamless  Steel  Tubes. 

Lap  Welded  Boiler  and  Steam  Tubes. 

MACHINE  TOOLS 

Draw  Benches  for  Tubes.  Presses. 

Forging  Machines  for  Nuts,  Bolls  and  Rivets. 

PUNCHING  and  SHEARING  MACHINERY 
Radial  Drills.         Stee^  and  Iron  Products. 


MODERN  GRINDER 
Plain  Cylindrical,  Self 
Contained  12"  x36" 


Used  less  than  10  days.  Same 
&8  brand  new  machine.  No  use 
for  it  here,  bo  offer  to  help 
someone  else.  First  come  first 
gets  it.  A  great  bargain  for 
quick  sale. 

W.  B.  MARVIN  MFG.  CO. 

URBANA,  OHIO 


Factory  and  Mill  Supply  Co. 

137   Oliver  Street,        BOSTON,  MASS. 


Gnu  Baush  Plain  Radial  Drill,  d'  arm,  cons 
driven. 

One  Blckford  Radial  Drill,  with  tapping  at- 
tacliment,   3'   arm,   single  pulley  drive. 

Two  Pratt  &  Whitney  Plain  Cylindrical  Grind- 
ers, capacity  6"x  48",  in  excellent  condition. 

One  Springfield  Machine  Tool  Co.,  Cylindrical 
Grinder,   capacity  12"  x  96". 

One  Flather  Automatic  Spur  Gear  Cutter,  ca- 
pacity 26"   X   8',    excellent   condition. 

One  Brown  tc   Sharpe,   ditto. 

One  8"   X   18"   Modern   Tool   Co.,   Grinder,    new. 

One  Diamond  Machine  Co.,  Roll  Grinder,  ca- 
pacity  8"   X  26". 

One  No.   6  Becker  Vertical  Milling  Machine. 

One  Kempsmith  No.  1  Universal  Milling  Ma- 
chine. 

One  No.  3  Cincinnati  Plain  Milling  Machine. 

One  26"  x  7'  Niles  Planer,  parallel  drive,  one 
bead. 

One  Wheeler  Planer,  24"  x  24"  x  6'  in  excel- 
lent  condition. 

One  Whitcomb  Crank  Planer,  used  less  than 
two  years,   excellent  condition. 

One  Hendey  28"  Friction  Shaper,  motor  driven, 
complete  with  motor,   practically  new. 

One  2'x  24"  Jones  &  Lamson  Geared  Head 
Turret  Lathe,  with  bar  and  chucking  equip- 
ment. 

One  2"  X  24"  Jones  &  Lamson  Geared  Head 
Turret  Lathe,  flat,  two  spindle,  with  com- 
plete chucking  equipment,  latest  model,  in 
excellent  condition. 
We  also  carry  a  large  line  of  Shapers,  Tur- 
ret    Lathes,     Hand     Screw     Machines,     Engine 

Lathes,     Upright    Drills,    etc.       Send    us    your 

inquiries. 


WANTED 

SteamDrivdliAirCoinpressor 

about  1,000  cu.  ft.,  two  stage. 
90  to  100  pounds  pressure,  for 
125  pounds  boiler  pressure. 
Non-condensing. 

DRIVER -HARRIS  CO. 

NEWARK,  N.  J. 


3/4"  GRIDLEY 

Four  Spindle  Screw 
Machine,  absolutely  new 
— price  $1500. 

Nearly  new  Brass  Tube  Pol- 
ishing Machine  -  price  $500 
for  prompt  acceptance. 

STANDARD  METAL  MFG.  CO. 

NEWARK,  N.  J. 


BOARD  DROP  HAMMERS 

We  offer  subject  to  previous  sale 

2— Chambersburg  2000-lb.    Model  20-BR 
3— E.  W.  Bliss  800-lb.     Model  1-2100 
1— Billings  &  Spencer  400-lb.     Model  D 

All  are  in  good  condition.      B.  &  S. 

practically   new.      Space    required 

for   other   equipment. 

The  Union  Switch  ®  Signal  Co. 

SIVISSVALE,  PA. 


REBUILT  TOOLS 


GRINDERS:        No.      1      Landls 
universal,    8"    x    20". 
Landis    Crank    Grinder,    16" 
X  66",  with  plain  and  crank 
heads. 

TURRET  LATHES:  Jones  & 
Lamson,  3"  x  36",  geared 
sliding  head,  bar  equip- 
ment. 

Pond  21"  Rigid,  geared  head 
Hamilton,  20"  x  8",  engine 
turret,  friction  head,  pan 
bed,   p.   f.   turret  on   bed. 

GEAR    CUTTERS:      22"'   X   5"   x 
6      pitch,      Gould      &      Eber- 
hardt,   spur    and    bevel. 
Whiton,  24",  spur  gears  only 


MILLING  MACHINES:  No.1- 
',2  Grand  Rapids,  back 
geared,    plain. 

No.     13     Brown     &     Sharpe 
Manufacturing,    plain. 
No.   3   Aurora,   plain,   single 
back  gear. 

No.   1-1 '2  American,   univer- 
sal,   complete. 

4-spindle     Warner    &    Swa- 
sey  Valve    Miller. 

PLANER:  42"  x  42"'  x  10' 
Hewes  &  Phillips,  one  rail 
head,    one    side    head,    fine. 


SEND     FOR    COMPLETE     LIST 

FEDERAL  MACHINERY  SALES  CO. 

14  N.  Jefferson  Street,  CHICAGO 
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REBUILT  MACHINES 


PLANERS 


LATHES 


with   2 


1— Sellers    36    x    36 

heads. 
5— Sellers  25  x  25  x  6'. 
2 — Sellers  25  x   25  x  8'. 
1 — Putnam  24  x  24  z  8'6. 
1— Putnam  25  x  25  x  lO'. 
1— Wheeler  Heavy  30  x  30  x  86. 
1 — Lathe-Morse   24  x   24   x   56. 
1 — New  Haven  24  z  24  x  7'. 
1— Wood  Light  30  X  30  X  8'. 
1— Putnam   42   x   40  x   12'6. 

GRINDERS 

1 — LeBlond  Universal  Tool  &  Cut- 
ter, power  feed,  same  as  new, 
1— Bridgeport  Plain  Grinder,  16x36. 
1 — No,  1  Landis  Universal  Grinder, 
1 — No,  3  Landis  Universal  Grinder, 
2 — No,     6X    Diamond    Double    Disc 

Grinders. 
1 — Ford-Smith  Plain  Grinder. 

AUTOMATICS 

1 — 1"  National  Acme  Double  Belt 
Type. 

1 — 1%  "  National  Acme  Double  Belt 
Type. 

1 — No.   55  National  Acme. 

1 — 1"   National   Acme   four-splndle. 

2 — No.  54  National  Acme  four- 
spindle. 

3—2'  Cleveland. 

1— 2'/4"   Cleveland. 

2 — 2'4"  Grid.ey  Single-spindle  Mo- 
tors. 

1 — S'/i"  Gridley  Single-spindle  Mo- 
tor. 


C.R. 


1 — 32   x    12'    Draper   Lath* 

1—36  I  22'  Fitchburg  Lathe.   C.R., 

P.C.F. 
1—30  X  8'  Fitchburg,  C.R.,  P.C.F. 
3 — 16    X    8'    Putnam,    C.R.,    taper. 
6 — 18  X  8'  Porter,  C,E.,  semi-quick, 

taper. 
2 — 18  X  8'  Davis,  C.K.,  pan,  pump, 

taper, 
10 — 16  X  8'  Greaves-Elusman,  C.K., 

pan,   pomp. 
9 — 20  X  6'  Perkins  Plain  Turning, 

pan,    pump. 
1—14  X  6'  Porter,  C.E. 
1—20  X  8'  LeBlond,    C.E. 
1 — 13  X  5'  Seneca  Falls,  C.B.,  pan. 
14 — 20    X    6'    Perkins    Lathes,    pan 

bed,    chuck,    Fay   &    Scott    tur- 
rets, 

MISCELLANEOUS 

1— No.  3  Kempsmlth  Plain  Miller, 
same   as   new. 

1 — 9"   Industrial    Works    Slotter. 

1 — 24"  Aurora  Sliding  Head  Back 
Geared  Drill. 

3 — Prentice  24"   Sliding  Head  Drills. 

2 — Industrial  40"  Drills. 

1 — Western  Hydraulic  Banding  Ma- 
chine. 

1 — Jenckes  Band  Turning  Lathe, 
with   3"    Universal   Chuck. 

1 — 36"   Aurora  Drill. 

1—12"  Bement  Travelling  Head 
Shaper. 

1 — 12"  juengst  Crank  Shaper. 

1 — 90"'  Putnam  "Wheel  Lathe,  double 
quartering, 

1— Sellers  Slab  Miller,  24  x  21  x  12". 

1 — No.    21   Lea-Simplex   Saw. 

1—26  X  10  Cincinnati  Gear  Cutter. 


This  is  only  a  Partial  List — Send  for  Full  List. 

SIMMONS  MACHINE  CO.,  Inc. 

New  York :  1001  Singer  Building  Albany,  N.  Y. :  987  Broadway 


Telephone  Cortlandt  6575 


Telephone  4876  Main 


List  of  Machinery  for  Disposal 

On  hand  at  Hudson  Motor  Car  Plant 


Prices  are  all  f.o.b.  Detroit— sale  terms,  one-third 

cash  with  order,  balance  to  be  paid  against 

sight  draft  attached  to  bill  of  lading. 

1 — 14""  Fay  Automatic  Lathe.  14"  swing  over-shears  and  10"  under- 
carriage, turn  to  10"  in  length,  with  equalizing  drive  face  plate, 
self-contained  taper  attachment,  oil  pump,  piping  and  change  gears, 
(Practically  new). 

1 — 19"  X  8"  LeBlond  Heavy  Duty  Lathe,  complete  with  countershaft, 
etc.      (Never   been   used). 

7 — 19"  X  6  LeBlond  Heavy  Duty  Automobile  Lathes,  complete  with 
turret  tool  posts.     (Absolutely  new.) 

1 — 12-spindle    Foote-Burt    Valve    Grinder.       (Practically    new.) 

1 — 99  Defiance  Bow  Chucking  Machine,  complete  with  counter  belt, 
shifting  apparatus,  2  chucking  heads,  knives,  guards,  1  cast  iron 
master  cam  and  necessary  oil  cups  and  wrenches.  (Very  little 
service.) 

1 — No.  598  Bow  Shaping  and  Equalizing  Machine,  complete  with  all 
standard    equipment.     (Practically  new.) 

2 — Bryant    Chucking    Grinders    No.    6 — one    new    and    one    used. 

1 — Bryant   Chucking  Grinder — double   spindle.     (New.) 

No.        16-249       Gisholt 


Width   of   belt.    4". 
Length   overall,    11'   4". 
Width  overall,   3'  10". 
Shipping  weight  (approx.)  8000  lb. 
H.  P.  motor  for  main  drive  4*2. 
H.P.      motor,     turret     rapid     tra- 
verse  1. 


1  Serial 
Lathe. 

Diam.    of  chuck.    24"". 
Swing    over    ways,    24"", 
Swing  over  carriage,   13%". 
Traverse   of  turret,   50%". 
Bore  of  spindle,  2*^". 
Diam.    of    hojes    in    turret,    3". 

(This    machine    has    been    in    use    about   a   year   and   is    in   excellent 
condition.) 

1 — No.    6-K    Disc    Grinder,    manufactured    by    Diamond    Machine    Co., 
Serial  No.    5125.     (Slightly  used.) 

1 — No.   4   Gardner  Disc    Grinder.     (Slightly  used.) 

1 — 2   X    8   Barnes   Horizontal   Drill,    double   spindle.      (In    excellent    con- 
dition. ^ 


HUDSON  MOTOR  CAR  CO.,  Detroit,  Mich. 


Niles  42"  Vertical  Boring  Mill. 
One  Swivel  Head.  One  Plxed 
Turret  Head.  Four  Jaw  Chuck 
Table.    Self-contained. 

Fellows  36"  Gear  Shaper. 

Bardons  &  Oliver  No.  5  Screw 
Machine. 

Jones  &  Lamson  2"  x  24"  Flat 
Turret   Lathe.     Geared   Head. 

Warner  &  Swasey  No.  2-A 
Hexagon  Turret  Lathe.  Cone 
Drive. 

Greenfield  No.  1  Plain  Grinder, 
5"  X  12".  Hydraulic  Table  Feed. 
Landis  No.  24  Plain  Grinder, 
12"  X  66". 


HILL,  CLARKE  &  CO.,  Inc. 

THE  MACHINERY  MERCHANTS 


156  Oliver  Street,  BOSTON 


136  Cedar  Street.  NEW  YORK 


M.  J.  WALSH  MACHINERY  CO. 

HI  Sycamore  St.,  Milwaukee,  Wisconsin 

Second -Hand  Machines 

LATHES 
1— IS"   s   10'   Rahn-Meyer3  Lathe,   5-st«p  cone,   single  back  gear,   compound 

and      steady     rest,     holIo^\      spindle,      power     cross     feed,   chuck     fitted 

countershaft. 
1— IG"    X    8'    Porter   Lathe,    4-step    cone,    single   back   gear,    compound    and 

steady   rest,   power  cross  feed,    countershaft. 
2— No.    6   Warner    &    Swasey    Screw    Machines   geared   friction    head,    power 

feed  to  the  turret. 
1— No.    2  A    Warner   &   Swasey  Lathe   with   bar  equipment. 
1—14  X  6  Hamilton  Style  A  Lathe  oil  pan,  taper  attachment  and  relieving 

and  tapping  attachments. 
1—11"   X   5'    Pratt   &   Whitney  Lathe,    5-step  cone,   single  back  gear,    plain 

rest,   countershaft. 
1—20"    Porter   Pattern    Maker's  Lathe,    countershaft. 
2— No.    6  Potter   &  Johnston   Automatic   Chucking  Lathes,   with  all   regular 

equipment   regularly   furnished    for   chucking.. 
1—3    s    36    All    Geared    Head    Jbnes    &    Lamsoa    Turret    Lathe,    with    bar 

equipment,   friction  feed. 

DRILLS 
1-14"— t-Spindle   Henry  &   Wright   Ball    Bearing  Drill. 
1— ."^niall    Knight  Drilling   Machine   and   for   Milling. 

1— 20"— 2-Spindle    W.    F.    &    J.    Barnes    Drill.     One    spindle   arranged    with 
wheel,  lever  and  power  feed.     Other  spindle  with  wheel,   lever  and  power 

feed,  back  gears  and  tapping  attachment.     Both  drills  are  the  same. 
1—24"   All  Geared  Drive  Barnes  Drill 

PVNCH    PRESSES 
1— No,    19   Bliss  Open  Back  Inclined  Press,   with  stationary  legs,  automatic 

feed,    back  geared. 
1— No.  3  A  Willard  Oper  Back  Inclined  Press. 
1— No.   1    Solid   Back  Heartley   Press. 

i— No.   472  Consolidated   Double  Crank  Press,   with  4  stroke. 
1— Walsh  Hand   Screw   Press. 
1— Perkins  Screw    Press. 

GUINDERS 
1—16   X   60   Landis  Plain   Grinder  with   tvo   sets  of  heads.     One  for  plain 

c.vliudrical  grinding.     Other  for  crank  grinding. 
1-12  X   36  Cincinnati   Plain   Grinder  Self  Contained   Counter. 
1— No,   1   Landis  Universal   Grinder. 
16  Ott  Plain   Grinder. 

MISCKLLANEOrS    IRONWOBKING    MACHINES 
No.    14   Grand   Rapids  Back   Geared   Plain   Mfg.    Milling  Machine. 
Kempsmith   Lincoln    T>T)e   Milling  Machine. 

Four    Spindle    Warner    &    Swasey    Valve    Milling    Machine,    fitted    with 
No.    2   M.E.C.    valve  milling   air  chuck,   countershaft. 
Itacine  Power  Hack  Saw    No.   1. 
Circle  Shears. 

Bertch    Foot  Pover  Gap   Squaring   Shears. 
itO"   Peck,   Stow  &   Wilcox   Cornice  Brakft. 
10'   Dreis  &   Krump   Bending   Brake. 
4'   Peck  Stow  and   Wilcox   Roll.   4"   diameter  rolls. 
7'   Roll,     e*^''  Rolls. 
20"Whiton  Gear  Cutter. 
'^"   Acme  Bolt  Cutter. 
■American   Oil   Separator. 

No.   94   Forbes  Pipe  Machine,  for  hand  and  power,  cuts  off  and  threads 
from   2'i-"   to   6"   inclusive. 
No.    119   Bliss  Thread    RoUer. 
Peerless  Combination   Punch  and  Shear. 

Shuster    Riveter. 

Shnster   Riveter. 
—Bliss   Deep   Throat   Punch    and    Riveting    Machine, 


1- 


1-, 


1- 

\± 
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SECOND-HAND,    REBUILT 


"W" 


AND     NEW    MACHINERY 


RIVERSIDE    MACHINERY    LIST 

WE  OWN  EVERY  TOOL  OFFERED 


ENGINE    LATHES 
1 — 28  X    10   Hamilton   Standard    Engine   Lathe,  with  turret. 
1 — 28  X   15  Putnam   Standard    Engine   Lathe. 
1 — 22  X   14  Putnam   Standard   Engine   Lathe. 
3 — New  18  X  8  Springfield   Engine   Lathes. 
1 — New    16   X   8   Springfield    Engine    Lathe. 
1 — New   14  X  6  Springfield   Engine   Lathe. 
1 — 18   X   6   Jones   &    Lanison    Standard    Engine    Lathe. 
1 — 16  X  8   Porter  Standard    Engine   Lathe. 
2—16  X  8   Reed   Stud    Lathes. 
1 — 14   X   8   Sebastian    Standard    Engine    Lathe. 
1—14  X  6   Lodge  &  Shipley    Engine    Lathe. 
1 — 14  X  6   Springfield    Engine    Lathe. 
1 — 14  X  6   Prentiss   Engine    Lathe. 
1—14  X  6  Sebastian   Engine  Lathe. 
2—14  X  6  Van  Werk   Engine  Lathes. 
1 — 11    X  5  Seneca    Falls   Engine   Lathe. 
1 — No.  3  Hardlnge   Bench   Lathe. 

TURRET   AND   SCREW    MACHINES 
1 — 2'/>  X  24  Jones  &   Lamson   Flat  Turret   Lathe,  S.G.H. 

1 2  X  24  Jones  &    Lamson    Flat  Turret   Lathe,   cone   head. 

2 — No.  6-A   Potter  &  Johnson   Automatic    Lathes. 

3 — No.  4  Foster  F.G.    H.   Hand   Screw  Machines. 

2 — No.   3    Foster   F.G.H.    Hand   Screw    Machines. 

1 — No.   5   Pierson    F.G.H.    Hand    Screw    Machine. 

1 — No.  4  Smurr  &    Kamen    Hand   Screw    Machine. 

4 — New  14"   Pierce  Turret   Lathes. 

2 — New  1   X  8     Pierce   Hand  Screw   Machines. 

2 — 2"    Cleveland   Automatic   Screw    Machines,   jogger   feed. 

MILLING    MACHINES   AND   GRINDERS 
2 — No.    3   Cincinnati    Universal    Cone   Type. 
5 — No.   Ha   Knight   Milling  and   Drilling   Machines. 
2 — No.    13    Pratt   &   Whitney    Lincoln    Type    Milling    Machine 
1 — No.   1   Cincinnati   Plain   Milling   Machine. 
1 — No.   13' 2  Garvin   Plain    Milling   IVTachine. 
1 — No.  2   Hendey    Plain    Milling   Machine. 
3 — Fox   Hand   Milling    Machines. 
1 — Garvin    Hand    Miller. 
1 — No.  21,2   Bath    Universal   Grinder. 
1 — No.    170   Wells   Cutter  Grinder. 
1 — Mina    Valley    Universal    Cutter    Grinder. 
4 — No.  0   Burke   Bench   Mills.     (New.) 


We  also  carry  a  large  stock  of  Steam    Engi 
We  are   in  the   market  to   purchase    machin 


DRILL    PRESSES 
1— 3-splndle  8"   Overhang    Henry  &   Wright    High    Speed    Drill. 
3—12"   Leiand  &  GIfford   High  Speed   Bench   Drills. 
5 — 20"   Buffalo   Plain   Drill   Presses. 
4 — 6  spindle   Fox   High   Speed   Drill    Presses. 
2^-4  spindle   Fox   High   Speed    Drill    Presses. 
1—3'   Mueller  Plain   Radial   Drill. 
1—4'    BIckford    Radial    Drill    with   T.A. 
1-6-    Mueller   Plain    Radial    Drill. 
1 — 16   spindle    Natco    Drill. 

SHARERS   AND   PLANERS 
1 — 24"   Ohio   H.D.    B.G.   Crank  Shaper. 
1 — 24"   New    Barker  Crank   Shaper. 
1 — 24"  Lodge  &  Davis  Geared  Shaper. 
1 — 18"    Hendey   Geared   Shaper. 
1 — 16"    Hendey   Geared   Shaper. 
1 — 16"  Garvin   Shaper. 
2 — 16"   New  Springfield    B.G.   Crank   Shapers. 

PRESSES 

1 — Waterbury-Farrell   Straight   Sided   Geared    Press   with   double 

cam   knock-out. 
1 — No.    10    Perkins    Drawing    Press. 
5 — No.   2-W    Bliss    Wiring    Presses. 
1 — 800-lb.   B.  <£,  S.    Roll    Board   Hammer. 
1— 800-lb.    P.  &   W.   Roll    Board    Hammer. 
1 — 50-lb.    Scranton    Belt    Hammer. 
1 — 25-lb.   Bradley   Helve   Hammer. 

AIR    COMPRESSORS 

1 — 8  X  6  Westinghouse  Steam  Air  Compressor. 

1 — 16  X  18  X  12  Union  Steam  Pump  Co.,  Steam  Driven  Air 
Compressor. 

1 — 10  X  10  Ingersoll  Sargent  Belt  Driven  Air  Compressor. 

1 — 10  X  10  Clayton   Belt  Driven  Air  Compressor. 

1 — 8  X  8   Fairbanks   Morse    Electrical    Driven    Air  Compressor. 

1 — 8  X  8  Gardner  Single   Belt  Driven  Air  Compressor. 

1 — 8  X  8  Union   Steam    Pump  Co.    Belt    Driven   Air  Compressor. 

1 — 7|/2  X  6  Chicago  Pneumatic  Tool  Co.  Belt  Driven  Air  Com- 
pressor. 

1 — 6  X  6  Chicago  Pneumatic  Tool  Co.  Belt  Driven  Air  Com- 
pressor. 

nes,  Steam   Pumps  and   Electrical   Equipment  of  all  kinds, 
e  tools,   both   large  and    small. 


RIVERSIDE  MACHINERY  DEPOT,  17-29  St.  Aubin  Ave.,  Detroit,  Mich. 


SECOND-HAND  MACHINERY  FOR  SALE  BY 

THE  MOTCH  ®  MERRYWEATHER  MACHINERY  COMPANY 

711  LaKeside  Ave.,  N."W.  Cleveland,    Ohio 

BrancK  Offices:  Detroit,  Cincinnati,  Pittsbtirgh. 


AUTOMATICS 

2"  Cleveland. 

No.  22  New  Britain  Chucking. 
No.  23  New  Britain  Chucking. 
No.  33  New  Britain  Chucking. 

BROACHING   MACHINES 
No.  1  J.  N.  Lapointe. 
No.  2  Lapointe  Machine  Tool  Co. 
No.   3    Lapointe    Machine   Tool    Co. 

DRILLING    MACHINES 

15"   Barnes. 

10'  Burke  Sensitive. 

Four-spindle  26"  Hoefer  Gang. 

Four-spindle    No.    ^y^    Foote-Burt    Rail 

Four-spinde   No.  2  Avey. 

Two-spindle  No.  2  Avey. 

GRINDERS 
6"  X  32"  Norton. 
10"  X  50"  Norton. 
10"  X  30"  Landis. 
No.  1   Cincinnati  Cutter. 
No.  2  Brown  &  Sharpe,  universal. 
No.  2/2   Bath,   universal. 
No.  3  Oesterlein. 
No.  12  Gardner,  duplex  disc. 
24"  Double  Wet  Tool. 
20  X  11/2  Single  Wet  Tool. 
No.  200  Heald,  ring. 


HAMMERS 
35-lb.    Williams   &    White,    power    tire 

welding. 
No.  3  Standard  300-lb.  belt  drop. 
1200-lb.    Bell   steam. 

KEYSEATERS 
No.  1    Davis. 
No.  2  Mitts  &  Merrill. 
18"  X  II  2"  Norton. 

LATHES 
14"  X  6'  Sebastian. 
14"  X  6'   Reed   Extra   Heavy  Stud. 
16"   x  6'    Lodge   &   Shipley   Patent    Hd. 
16"  X  8'  Walcott. 
16"  X  8    Reed  Stud. 
16"  X  6'  Harrington. 
16"  X   10'    Rahn-Carpenter. 
18"  X  8'    Lodge   &  Shipley. 
Three  step  cone,  D.B.G. 
18"  X  8    Lodge  &  Shipley,  Pt.  Hd. 
18"  X  8'  LeBlond. 
18"  X  8'  Bradford. 
18"  X  8    Walcott  Q.   C. 
18"  X  10'   Monarch  Q.  C. 
18"  X    12'    Monarch   Q.   C. 
20"  X  8'  Walcott  Q.  C. 
30"  X  14'   Lodge  &  Shipley. 

MILLING    MACHINES 
No.  2  Oesterlein. 
No.  7-H   Becker,  Lincoln  Type. 
No.  00  Brown  &  Sharpe. 


No.  8  Pratt  &  Whitney,  hand. 
No~.  10  Pratt  &  Whitney,  hand. 

PLANERS 
24    X  24"  X  5    Blaisdell,  one  head. 
26"  X  26"  X  6-   Pond. 
36"  X  36"  X  10'  Sellers,  4  heads. 

PIPE    MACHINES 
12"  Curtis  &  Curtis. 

PRESSES 
No.  2  Consolidated   plain   inclinable. 
No.  5  Stiles  &   Parke   Blanking   Press. 

SAWS 
6"  Atkins  "Kwick-Kut." 
7"  High  Duty  Paragon. 

SCREW    MACHINES 

Foster,   motor  drive. 

Warner  &  Swasey. 

Bardons   &   Oliver. 

SLOTTERS 

Industrial.  . 

TURRET  LATHES 
2"  Jones  &  Lamson. 
14"  Warner  &  Swasey. 
16"  Bardons  &  Oliver. 
21"  Gisholt. 
22"   Libbey. 
24"  Gisholt. 

MISCELLANEOUS 
Flywheel  balancing  machine,  Rockford. 
Oil  Separator,  Curtis. 


V/2' 
41/2' 
12" 
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USED  MACHINERY  FOR  S4LE 

SCREW    MACHINES 
4 — No.  55   National   Acme  Automatics,   1%"  capacity,  4- 

spindle,  new  within  6  months. 
2 — Universal   Automatics,   %"   capacity,  5-spindie. 
1 — 2"  Cleveland  Automatic. 
1 — 1%"  Spencer  Double  End  Automatic. 
1 — 1"  Pratt  &  Whitney  Automatic. 
1 — Meridan   Tool   2>/^"   Hand   Screw   Machine,  wire  feed 

and  auto,  chuck,  back  geared. 

TURRET     LATHES 
1 — Pratt    <£.    Whitney    No.    3,    2"    capacity    with    drawn 
collets,  back  geared,  oil   pump  and   pan,  power  feed 
turret.         MISCELLANEOUS  TOOLS 
1 — Brainerd   Plain  Miller,  No.  4(2- 

2 — Geometric  Threading  Machines,  fitted  with  self-open- 
ing heads,  %"  dies,  new  within  6  months. 

THE  PUFFER  MFG.  CO.,  Winchester,  Mass. 


34  to  42  INCH  BORING  MILLS 

FOR  PROMPT  DELIVERY 

to  be  used  on  War  Department  production. 
Urgently  needed.     Reply  to 

THE  WEST  STEEL  CASTING  CO.,  Cleveland,  Ohio 


FOR  SALE 

Large  quantity  of  cast  iron,  steel  split,  wood 
pulleys  and  hangers.  AH  in  good  condition 
and  can  be  inspected  at  any  time.  Address, 
Purchasing  Dept. 

ROBERT  GAIR  COMPANY,  BrooKlyn.  N.Y. 


IDEAL! 


30  Days' 
Fl«Tri 


FOR  SALE 

ENGINE  LATHES 

FOR.  IMMEDIATE  DELIVERY 

20 — 16"  X  6',  8'  and  10',  full  quick  change  gear. 
8 — 20  X  10'  Engine  Lathes. 
9 — 16  X  6'  Toolroom  Lathes  with  full  equipment. 

Prices  right — act  quickh — for  further  particulars  and  printed  matter  address 
THE  CLEVELAND  MACHINERY  &  SUPPLY  CO..  Cleveland,  O. 


20=Ton  Forcing  Press  and 
Roller  Jaw  Drill  Chucks 

Manufactured  by 

WEAVER   MANUFACTURING    CO. 

SPRINGFIELD.  ILLINOIS 


Price  $2.50 


Light,  well  constructed  and  durable — easily  operated, 
easily  read  (from  either  siae  without  adjustment)  and 
easily  poked  into  odd  corners  and  small  un-get-at-able 
places,  the  IDEAL  UNIVERSAL  TESTING  INDICATOR 
is  absolutely  reliable  for  testing  the  accuracy  of  ma- 
chine, instrument  and  tool  work  to  thousandths. 

Yoa  cart 't  afford  to  be  without  it.    Write 


for    details 


aar    dealer 


direct. 


JOHNSON  &  MILLER,  42  Murray  St.,  New  York 


The 
FULTON 
Drills 
or  Taps 

It  performs  either 
operation  fast  and 
economically.     Ca- 


pacity 
holes. 


up 


to    3 


;8 


Has  positive  drive 
for    drilling ;    two 
speeds    for    either 
drilling     or     tap- 
ping; friction  pul- 
leys are  carried  on  ball  bearings ;  control  by 
hand  or  foot ;  capacity  to  drill  7/32  inch  hole 
through   one   inch   brass   in   eight  seconds. 
Vertical,  horizontal  and  attachment  types. 

Ask  for  complete  description. 

FULTON  FOUNDRY  &  MACHINE  CO. 


25  Fur  man  Street 


Brooklyn,  N.  Y. 


MARKING 

Can  Be  Done  at  a   Minimum 
of   Time   and    Cost  With   the 


No.  6  Hand  Marking  Machine 

Unsurpassed  for  the  marking  of  Trade, 
Name,  Size  or  Patent  Marks  on  all 
round  or  flat  surfaces  of  tools  or  work 
of  any  description  suitable  for  im- 
pressions. 

Write  for  Complete  Description 

Martin  Machine  Co. 

,,,  c      .  L    »u  "The  Marking  Machine  People" 

We  manufacture  both  _  _     _^  •«  .  ««      .t    ^      . 

Hand  and  Power  Mach.nes     GREENFIELD  MASS.,  U.  S.  A. 


ELGIN  PRECISION  BENCH  LATHE 


Superior  in  design  and  work- 
manship. Especially  adapted 
to  the  tool-room,  laboratory 
and  experimental  shop  for  all 
classes  of  tool,  die,  £au£e  and 
light  manufacturing. 

Cataloiiue  upon  reQuest 

THE  ELGIN  TOOL  WORKS 

ELGIN,  ILLINOIS 


COMPARE 

with  your  present  Handle 
costs  our  prices  for  Ball 
Cranks  and  Machine  Handles 
of  every  description,  from  bar 
steel.  Accurate,  highly  fin- 
ished, complete  in  every  de- 
tail   and    ready   to  attach. 

TheCinciBiati  Ball  Crank  Co. 

Cinciaoati*  Ohio 

Successors  to  this  depart- 
ment of  the  Schacht  Mfg.  Co. 
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SPECIAL  PARTS  ,1700LS 


m 


MACHINERY 


Carroll  Final  Inspection — The  Seal  of  Accuracy 

The  final  checking-up  on  a  Carroll-built  tool  or  machine  marks  the  culmination  of  a  step-by- 
step  inspection  that  makes  it  absolutely  impossible  for  anything  except  "just  right"  to  get 
through — it's  the  seal  of  absolute  accuracy. 

Maybe  you  need  some  special  machinery  or  tools,  or  there's  a  production  problem  in  your 
plant  causing  trouble.  Let  us  show  you  what  our  service  means.  We'd  welcome  the  chance 
to  tackle  your  toughest  proposition. 

THE   CARROLL  ENGINEERING   CO.,  Dayton,  Ohio 


JIGS  -  DIES  -TOOLS 

SPECIAL  MACHINERY 

Designed  around  practical  application  of  the  Golden  Rule — 
"chock-full"  of  the  same  high  quality  you'd  incorporate  if 
you  were  making  your  own.     A  trial  order  solicited. 


STEINER  BROS. 


Lima,  Ohio 


It  pays  to  use  Nelson  Dies.    Highest  grade 
•worKmanship.     Prices   right.     Consult  us. 

NELSON  TOOL  COMPANY,  Inc. 

781-783  East  142nd  St.  New  York  City 


Let  Us  Make  Your  Tools  or  Specialties 

\Ve    wnui    orders    to    manufacture    smalC    irregular    parts    such    as 

used   in   rifle  and  gun  \\ork,   or  complete  specialties. 

Complete   equipment   of   milling    machines,    profilers,    drills,    slotters, 

etc.     In   our  tool   room  "we  have   lathes,   milling   machines,    grinding 

equipment,  hardening  furnaces,   to  make  tools,   fixtures,  gauges,  jigs, 

dies,    etc. 

Our    Engineering    Department   will    develop    and    chart    manufacture 

operations  of  new   inventions. 

A.    H.    FOX    GUN    CO.,  PKiladelphia. 


%iS 


The  Metal  Specialty  Manufacturing  Co. 

WATERBURY,  CONN. 


Bearing 
Burnishing 


Brass 


*3-r\l_-il-jO  Copper 
Standard  —  RIVETS  —  Special 
Gloves-SNAP  FASTENERS-Boxes 

Quotations  on  request 


w 
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OUR  NEW  PLAN! 


Largest  and  best 
equipped  Fac- 
tory in  the  World 
for  manufactur- 
ing Automatic 
TOBACCO 
MACHINERY 


Also  builders  of 
high  grade  spe- 
cial and  automat- 
ic Machinery, 
Jigs,  Tools, 
Gauges  and 
-^  ■•■  Fixtures  ■=■  ■•• 


AMERICAN  MACHINE  &-  FOUNDRY  COMPANY 


Main  Office  and  Factory:  5520  Second  Avenue.  Broofelyn,  New  York 


New  York  Office:  511  Fifth  Avenue,  New  York 


The  paramount  objective  in  Marvin 
manufacture  is  accuracy — not  in  a  com- 
parative degree,  but  to  the  very  closest 
possible  limits — whatever  your  require- 
ments may  be. 

Everything  Checked  by 

JOHANNSON  BLOCKS 

Modern  methods  followed,  competent 
workmen  employed,  the  best  of  material 
incorporated. 


A  trial  order  meant 
we  make  a  new  friend. 


Let  ut  hear  from  you. 


.B.MARVlNMFO.CO^ 


i^RJBAMA 


OHIO 


25 

Years  of 

Service 

For  Value  Received 

Tool    makers    do    not    prosper    in 
business   for   25   years  unless   they 
make   good   tools — their  reputation 
is  based  on  the  value  of  their  tool 
service. 

Guaranteed  quality,  accurate  finish 
and    fair    treatment    of    customers 
have     made     our     reputation — the 
reputation   on   which  we   base  our 
application   for  your  patronage. 

Send  Specifications  for  Estimate 

Dies, 

Tools, 

Gauges, 

Fixtures, 

Special 

Machine 

and 

Instrument 

Work 

THE  J.  C.  ULMER  CO. 

CLEVELAND               OHIO 

A  "Taylor-Shantz" 

Single  Piece  Armature  Die 

To  make  an  armature  die  is  not  a  difficult 
operation — but  to  make  one  214"  diam- 
eter, the  Taylor-Shantz  way,  from  a  sin- 
gle piece  of  steel,  to  limits  of  0.0005"  in 
accuracy,  to  harden  it  properly  and  give  it 
long  life,  is  unusual. 

We  make  many  dies  for  many  concerns. 
We  can  make  them  for  you  as  well — and 
can  show  good  reasons  why  we  should. 

Write  as. 

TAYLOR-SHANTZ  COMPANY 

Rochester,  N.  Y. 

iiiiiMiiiiiiiiiniiiiiiin iiiiiiiii iiiiiiin iiiiiiiiiiiiiiiiililiii 


Dies,  Gages,  Jigs,  Fixtures 
Special  Machinery 

Prompt  Deliveries 


Snap  Fastener  Tools  a  Specialty 

252-254  Greenwich  Street 
New  York  City 

Telephone  Barclay  7769 


® 
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Tool  Worh 
Wood  Patterns 
Machine  Attachments 


If  a  competent  organization,  adequate  equipment  and  the  ability  to  give  real 
service  are  reasons  why  any  concern  should  have  your  orders  along  this  line, 
we'll  have  your  business  eventually.  We'll  get  it  "right  now"  if  you'll  just  let 
us  show  you  a  sample  of  our  work.  Tell  us  what  you  need — jigs,  fixtures, 
special  machine  attachments,  wood  or  metal  patterns,  model  work — anything 
in  this  field,  and  we'll  gladly  give  you  every  assistance.     As  specialists  in  our 

line  we're  capable  of  meeting  your  require- 
ments in  this  respect  in  a  thoroughly  practi- 
cal, dependable  manner.  Will  we  hear  from 
you? 


THE  S-P  MANUFACTURING  CO. 

CLEVELAND        >  OHIO,  U.  S.  A. 


SP 


J.  MAUTE  &  SONS 

23  KANE  STREET  BUFFALO,  N.  Y. 

MANUFACTURERS  OF 

Double  Action  Cut  and  Draw,  Blanking,  Forming, 
Drawing,  Combination,  Reducing  and  Perforating 

DIES 

TOOLS  AND  JIGS 

Use  Oar  Make    of  Dies   for    Good  Results  in  Difficult 
Drawing  and  Reducing. 


LONG  EXPERIENCE 


CONSULT  US 


TRY  US 

for  Your 

Screw  Product  Contract  Work 

Send  Blue  Prints  for  Quotations. 
Prompt  Deliveries  Our    Hobby 

/4"  to  2^0  '  Capacity. 

The  Toledo  Screw  Products  Co. 

XOLE,DO,  OHIO 


Can  You  Contract  for  Boring 
MiU  Work  ? 

We  have  contract  to  place  for  prompt 
machining  of  10,000  cast  steel  wheels, 
30  inches  in  diameter,  for  use  on  War 
Department  motor  trucks. 

Communicate  with  us  Quickly. 

THE  WEST  STEEL  CASTING  CO. 

CU;VELAND,  OHIO,  U.  S.  A. 


nr  wants  orders  to  manufacture  small  irregular  parts  such  as  required  S 

M  in  rifle  and  gun  making.  S 

»  We    have    milling    machines    profilers,    drills,    slotters.      Also    com-  K 

2g  plete    tool     room    equipment;    lathes,     milling    macluces,     grindera,  ^ 

X  hardening   furnaces,   etc.  ^ 

^  Let  us  figure   on   your   order  for  tools,    complete   specialties,   or  the  x 

^  development   and    manufacture   of   new    inventions.  K 

^  Box  A 126,   care  Machinery,  148   Lafayette  St.,  N.  Y.  ^ 


TOOLS,  JIGS,  DIES 

STAMPINGS        LIGHT  MANUFACTURING 

AMERICAN  TOOL  &  MFG.  CO. 


VRBA.NA 


OHIO,   v.  S.  A 


I 


w= 
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Economy  of 
Employing 
Specialists 


UNCLE  SAM,  in  mobiliz- 
ing the  nation's  re- 
sources, heads  his  vari- 
ous commissions  with  recog- 
nized specialists.  A  railroad 
official  regulates  transporta- 
tion, an  engineer  supervises 
shipbuilding,  a  banker  nego- 
tiates loans,  etc. 

Why  not  follow  Uncle  Sam's 
lead?  Let  us  design  and 
build  your  jigs,  fixtures,  dies, 
gages  and  special  machinery? 
We're  recognized  specialists 
for  such  products. 

We  also  manufacture  screw 
machine  products  up  to  1%" 
diameter.    Ask  us  for  details. 


TRADE 


MS 


HL 


MARK 


The  Symbol  ot  Success  in  Duplicate  Manufacture. 


Quotations  Furnished  on  Request. 


Mehl  Machine  Tool  & 
Die  Co. 

ROSELLE 
NEW  JERSEY 


xw 


:@/^¥[^A© 
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What  Krasberg  O.K.'s  is  Right 

Who  is  Your  Toolmaker? 

YOU  can  bet  your  last  dollar  on  the  accuracy  and  workmanship 
of  a  Krasberg-made  die,  tool  jig,  fixture,  etc.  The  constructive 
energ-y  of  a  complete  and  well  rounded  organization  of  experts 
is  centered  on  a  single  purpose — to  carry  out  specifications  to  the 
letter.  Because  we  specialize  in  high-grade  production  we  can  do  this 
work  economically;  because  we  have  every  modern  facility  at  com- 
mand we  can  do  it  quickly. 

If  you  have  blueprints  or  sketches  of  your  work  send  them  along.  We 
will  follow  them  absolutely  and  guarantee  satisfaction.  If  your  prob- 
lems are  not  yet  worked  out  we  shall  we  glad  to  help  solve  them. 

Krasberg  Service  extends  from  just  plain  tools  to  special  machines — 
a  dependable  time-,  trouble-,  money-saving  service. 


KRASBERG  MANUFACTURING  GO. 

412-420  Orleans  Street  CHICAGO,  ILLINOIS 


Let  us  show  you 
its  advantages 


molding^ 

HElectrjc 
Elding  /  / 


'Enamel  / 


Good  stocks  of  ma- 
terials on  hand  in- 
sure right  prices, 
prompt   shipments. 


AN  excellent  plant — well  equipped  for 
-^^^  quantity  production  of  parts  or  fin- 
ished articles — in  sheet  steel  or  other 
metals — both  heavy  and  light  gauges. 


Please  mention  Machinert. 


SOLAR  METAL  PRODUCTS  CQ.,  Inl 

COLUMBUS  OHIO,U.S.A^ 


:Kij 


;@^¥(^A© 


THE 


Columbus  Die 

TOOL  &■  MACHINE 
COMPANY 


COLUMBUS 


OHIO,  U.S. A. 


Designers      and      Manufacturers      of 

Special  Tools,  Dies,  Jigs,  Fixtures, 

Cutters,  Reamers,  Gauges, 

Machines 


Founded  1906 


ispr^ 


r 


^U  ':mi>. 


Example 
Drill  jig. 
53  Drill  Guide 
Bushings,  greatest 
error  in  center 
distance  0.0015". 


/QUALITY 

.SCOPE 
SERVICE 
EQUIPMENT 
CAPACITY 
EXPERIENCE 
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MORE  EQUIPMENT 

—  The  Logical  Answer  To  Greater  Demand 

We've  added  more  machines,  more  equipment  and  increased  our  facili- 
ties—had to  do  it— to  meet  the  demands  for  Urbana-made  tools,  dies, 
jigs,  fixtures,  etc.  We  are  now  better  prepared  than  ever  before,  to  meet 
your  most  exacting  requirements. 

Speaking  of  exacting  requirements,  the  Follow  Die  shown  is  a  good  ex- 
ample of  Urbana  skill.  Punches  20  holes  and  blanks  four  pieces  every 
stroke.  Holes  are  five  per  piece,  0.075"  and  0.052"  and  0.144"  diam- 
eter. Every  dimension,  size,  spacing,  punching  and  blanking  is  within 
0..001"  limit.  7/  you  want  a  gnob  job  on  that  next  die,  let  us  make  it  for  you. 

URBANA  TOOL  &  DIE  CO.,  Urbana,  Ohio 

Chicago  Representative:     Dale-Brewster  Machinery  Co..   547  Washington  Boulevard.  Chicago,  111. 


ODEDN 

TOOL   DIE  AND 
MACHINE    CO 


COLUMBUwT      OHIO 


Who  makes  your  dies  is 
by  no  means  as  im- 
portant as  how  well  he 
does  his  work — and  how 
promptly. 

We  guarantee  satisfac- 
tion in  all  we  do.  We  re- 
fuse to  contract  for  more 
work  than  we  can  handle 
promptly.  Our  custom- 
ers will  tell  you  we  are 
thoroughly  capable. 

We'll  be  glad  to  hear  from  you. 


STAMPINGS 


Dies,  Jigs,  Tools,  Pressed  Metal  Parts 

turned  out  by  us  have  quality,  accuracy, 
suitable  price  and  positively  prompt  de- 
livery to  recommend  them.  We  furnish 
estimates  from  blue  prints  or  samples  and 
solicit  trial  orders. 


Lansing  Stamping  ®  Tool  Co. 

LANSING      Dept.  D      MICHIGAN 


Tool 
Making' 


[o] 


The  MOORE-EASTWOOD 
MANUFACTURING    CO. 

DAYTON  OHIO 


THE  accuracy  of  our  work, 
together  with  our  prices 
and  deliveries,  should 
greatly  influence  you  in  your 
selection  of  firms  to  manufac- 
ture your  JIGS,  FIXTURES, 
TOOLS,  DIES,  GAUGES  and 
SPECIAL  MACHINERY. 
We  also  manufacture  surface 
plates. 


DO  YOU  GET  IT  ? 

A  monthly  nugget  of  food,  sunshine  and  entertain- 
ment.   The  man  who  edits  it  writes  it  as  a  pleas- 
ure— not  as  a  duty.    Sent  free  to  anyone  any- 
where without  obligation. 


THE  GLOBE  MACHINE  &  STAMPING  CO. 

CLEVELAND,  OHIO 


We  Are  Expert  Tool  Makers  on  Fix- 
tures, Gauges,  Jigsjools  and  Dies 

COMPLETE  OUTFITS 
OUR  SPECIALTY 

We  make  all  kinds — What  do  you  need? 

WM.  GARDAM  &  SON,  Inc. 

108-114  Park  Place  -  -  New  York 

Established  1870— Incorporated  1901 
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Our  Gridley 
Department 


is  at 
Your  Service 

We  are  equipped 
and  fully  pre- 
pared to  supply 
screw  machine 
products,  up  to 
IW  diameter, 
on  short  notice. 

Our  new  Grid- 
ley  Automatic 
installation  is 
now  ready.  Let 
us  have  some  of 
your  contract 
work. 


The  Inter-state  Machine  Products  Co.,  Inc. 

ROCHESTER  NEW  YORK  I 


LET  OUR 


SOLVE 
YOU  R 

^IP  l^  OKI 


TKe    MaRing    of 

SPECIAL 
SPRINGS 

is  our  business,  and  we 
are  glad  to  send  our  Book- 
let No.  7-1  to  help  you  in 
designing  them,  or  glad 
to  have  you  put  it  up  to 
our    Service    Department. 

Write  us. 


THE  WALUCE  BARNES  CO. 

South  and  Par2illel  Streets 
Bristol.  Conn..  U.  S.  A. 


JIGS,  DIES  AND   TOOLS 

Stampings  and  Electro  Plating 

Contract  work  solicited 

ROCKFORD  METAL  SPECIALTY  CO. 

ROCKFORD  ILUNOIS 


Hjorth  Perfection  Spring  Winder 


.Vo   factory   complete   without  one.     Makes 
every  kind  o£  springs.     Riglit  or  left  hand. 

Capacity  itO  3/32  wire  .$1.00  if  interested    s 
Capacity   to  3/18  wire     2.00  j^^  circular 

Capacity  to  5/16  wire     4.00  , 


Hjorth 
Lathe  &  Tool 
Company 

27    School    St., 
Boston,     M&S3. 

Works : 
Woburn,    Mass. 


A  Pencil 

Directs  Our 

Coast  Defense 


Intricate  fortification  plans 
and  big-gun  charts  must  be 
drawn  with  a  dependable 
pencil.  The  importance  of  a 
strong,  smooth,  long-wearing 
lead  to  an  engineer  can  hardly 
be  overestimated. 

ELSoeaDO 

"/Ae  master  drawing  pencil " 

has  proved  itself  ''''the  master 
drawi?ig  penciT'  in  every  case 
where  it  has  been  used.  No 
work  is  too  hard,  no  lines  too 
fine,  no  shading  too  difficult. 
If  it  can  be  done  by  pencil, 
there  is  one  or  more  of  the 
17  degrees  of  the  Eldorado 
that  can  do  it  best. 

Write  us  on  your  letter 
head  for  full-length  safnples 
of  your  favorite  degrees. 

JOSEPH  DIXON  CRUCIBLE  COMPANY 

Dept.  74-J,  Jersey  City,  N.  J. 


DIXONS  BEST  WHITE  N=352 


m 
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Send  the  cutter  along  today. 


HERE'S  the  "BEFORE  AND  AFTER"  ap- 
pearance of  a  milling  cutter  that  went,  via 
Sutherland  treatment,  from  the  scrap-pile 
back  to  active  service;  from  a  piece  of  junk  into  a 
new  cutter.  And  the  important  point  is  that  it  re- 
gained its  efficiency  ivithout  annealing.    We  guar- 

antee  to  preserve  the  original  temper 

absolutely. 

A  New 
Gutter  for  an 
Old  One  Without 
Annealing 


If  you  are  a  user  of  high-speed  milling 

^  cutters   and   would   welcome   the   opportunity   to 

save  60  per  cent  on  your  bills,  here's  your  chance.     Let 

us  recut  one  of  your  worn  cutters  and  offer  you  first-hand 

evidence  of  just  what  you  can  expect. 

SUTHERLAND  TOOL  CO. 


72?  Ann  Arbor  Street 


FLINT,  MICHIGAN 


First  Principles  of 
Theoretical  Mechanics 

Reference  Book  No.  5 

This  book  gives  briefly  and 
clearly  the  fundamental  prin- 
ciples upon  which  the  science 
of  mechanics  is  founded,  and 
presents  them  in  a  way  which 
makes  them  understood  by  the 
reader  even  if  he  has  very  lit- 
tle mathematical  knowledge. 
The  book  is  adapted  for  the 
designer  and  draftsman,  iS 
well  as  for  the  machinist  or 
toolmaker  who  wants  to  in- 
crease his  knowledge  of  the 
theoretical  principles  upon 
which  machine  design  is  based. 
25  Cents  a  Copy. 
Publithed  by 

The  Industrial  Press 

140-148  Lafayette  St.       New  Yolk 


KASENIT 

Non  -  Poisonous 


He 


Open- Fire 
rdening  Compou 


tells  of  the 
up-tu-ilatr  Milhuila 
of  Vuse-Hitrdtning. 
Copil  sent  free  on  request 


Rapid  and  uniform  sur- 
face   hardening    without 
poisonous     smoke     and 
fumes.  Replaces  dangerous 
materials    heretofore    used. 
Isfc  your  dealer  or  write  us. 
"KASENIT  No.  4" 

Is  the  Perfect  Carbonizer  for  oven 
work.  v\bsolutely  uniform  and  de- 
pendable  results   at  low   cost. 

KASENIT  COMPANY 


1 1  Water  Street 


New  York 


^WANTED 


CORRESPONDENCE    "WITH 

HIGH-GRADB  MEN 

The  undersigned  conducts  confidential  negotiations  for 
high-grade  positions,  and  invites  correspondence  from 
men  qualified  for  executive,  administrative,  technical, 
engineering,  manufacturing  or  professional  positions  car- 
rying salaries  not  less  than  $2,500  and  up  to  $25,000.  I 
provide  a  confidential  high-grade  service  to  locate  open- 
ings through  correspondence,  and  to  conduct  confidential 
preliminary  negotiations  without  jeopardizing  present 
connections.  This  is  effected  through  an  active,  con- 
structive, individual  campaign  for  each  client;  in  strict 
confidence.  Established  1910.  Not  an  employment 
agency.  Send  name  and  address  only  for  explanatory 
details. 

R.  "W.  BIXBY 

7  Niagara  Square  Buifalo,  N.  Y. 


TOOL  DESIGNERS  WANTED 

Experienced  men  for  designing  all  classes  of  jigs, 
fixtures  and  gauges.  State  in  first  letter  FULL 
ACCOUNT  of  your  past  experience,  names  of  companies 
with  whom  you  have  worked,  how  long  with  each  and 
on  what  class  of  work.     State  rate  of  wages  expected. 

OHMER  FARE  REGISTER  COMPANY,  box  976  Dayton,  Ohio 


C.  L.  PARKER 

Ex-member      Examining  Corps, 
U.  S.  Palenl  Office 


PATENTS 

Attorney-at-Law  and  Solicitor  of  Patents 

American  and  foreign  Patents  secured.    Searches  made 

to  determine  patentability,  validity  and  infringement. 

Handbook  for  inventors  sent  upon  request. 

McGill   Building  "WASHINGTON.   D.  C 


August,  1917 
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CLASSIFIED  ADVERTISEMENTS 

SITUATIONS.  HELP  WANTED,  FOR  SALE.  ETC. 


Advertisements  in  this  column,  20  cents  a  line,  seven  words  to  a  line.     The  money  should  be  sent  with  the  order.     Answers 
addressed  to  our  care  will  be  forwarded.   Original  letters  of  recommendation  should  not  be  enclosed  to  unknown  correspondenU 


HELP  WANTED 


HELP  WANTED 


FOR  SALE 


SHOP  AGENT. — Live  man  to  distribute  our  tools. 
Good  chance.  WELLES  CALIPER  CO.,  Milwaukee, 
Wis. 

WANTED.— DIE  SINKEES  (Drop  Forgings) ; 
steady  work;  hi^h  rates;  9  hours  per  day.  J.  H. 
WILLIAMS   &   COMPANY,    Brooklyn,    N.    Y. 


per- 


DESIGNING  DRAFTSMEN  wanted 
mauent  position.s  with  opportunity  fo: 
mcnt,  by  a  large  manufacturing  concern  near 
Boston,  Mass.  Men  with  steam  engine,  turbine  or 
pump  experience  preferred.  Address,  stating  for- 
mer experience,  education,  age,  salary  expected. 
Box    A132,    care    Machinery,    148    Lafayette 


LOWE,    1374 


St 


New  York. 
MACHINISTS. — Capable    men    accustomed    to 


WANTED.— MACHINE  SHOP  FOEEMAN  for  shop 
which  does  all   repair  work   for  rolling  mill.     Appli- 
cant must  have  similar  experience.     This  is  a  good  chine    tool    work    can    secure   steady    employment 
steady    Job    for    the    right    man.       Box    A135,    care  second    shift    with    good    wages.      We    need    men    on 
MAcni.NEKY.  148  Lafayette  St.,  New  York.  lathes,   turret  lathes,    planers,   horizontal   boring  ma- 
chines; also  vise  hands  and  machine  erectors.     Trans- 

SALESUAN  WANTED, — We  want  a  man  to  arrange  portation   refunded   after   two   weeks  of   satisfactory 

for    tests    and    make    sales   of    Belt-ol,    the    scientific  service.     Write  for  application  blank.     Plainfleld  has 


oil  for  belts.     Salary  and  commission.     E.  R.  SENN 
&   CO..    52   Vauderbilt   Ave.,    New   York   City. 

SCEAPEBS  AND  FIBST-CLASS  ASSEMBLEES 
wanted  at  once  by  builder  of  high-grade  tool-room 
lathes.  Must  be  steady  and  furnish  references. 
Good  wages  and  permanent  work.  Box  A72,  care 
Machinery,   148  Lafayette  St.,   New  York. 

WE  INVITE  APPLICATIONS  from  first-class 
Cleveland  Automatic  Operators  and  Job  Setters  ac- 
customed to  operating  3%"  and  5%"  machines. 
Steady  employment  to  capable  men.  Box  A125, 
care  Machinery,  148  Lafayette  St.,   New  York, 

WANTED.  —  MECHANICAL  DRAFTSMAN  for 
permanent  position.  Location  near  New  York  City. 
Must  have  at  least  five  years'  experience  in  the  de- 
tail of  machine  parts.  State  age,  experience,  sal- 
ary expected,  and  give  references.  Box  A  140,  care 
Machinery,  148  Lafayette  St.,  New  York. 

OPEEATOE  to  take  charge  of  seven  gear  cutting 
and  five  milling  machines.  Must  be  able  to  take 
complete  charge  of  department.  Salary  $40.00  to 
start.  Give  complete  details  as  to  experience,  age. 
etc.,  to  Box  A  139,  care  Machinery,  148  Lafayette 
St.,   New  York. 

WANTED.— DESIGNEE  OF  AtTTOMATIC  MA- 
CHINERY who  has  had  at  least  ten  years'  ex- 
perience. State  former  employers  and  full  par- 
ticulars. Box  A130,  care  Machinery,  148  Lafayette 
St.,  New  York. 


SITUATIONS   WANTED 


WANTED. — Experienced  and  competent  man  to  Machinery,  148  Lafayette  St.,  New  York, 
erect  and  manage  shop  manufacturing  bridge 
reamers,  pneumatic  rivet  sets,  punches  and  general 
shop  tools.  State  experience  and  salary.  Box 
A127,  care  Machinery,  148  Lafayette  St.,  New 
York. 

WANTED  AGENTS.— Saunders'  Pocket  "Hand 
Book  of  Practical  Mechanics"  for  tool  chest  $1.00 
only.  Why  pay  more?  It  fills  bill  for  shop  kinks, 
ready  reference,  simple  arithmetic.  Send  for  cir- 
cular. E.  H.  SAUNDERS,  216  Purchase  St.,  Bos- 
ton, Mass. 


GET  A   'LAST  WOED."— The  Test  Indicator  Par 
Excellence.      Ask    your   dealer. 
E.    88th    St.,    Cleveland,    (). 

HYDEAULIC  PRESS  EaUIPMENT  FOE  SALE. 
first  class  in  every  respect.  For  further  particulars 
of  units,  prices,  etc.,  address  Box  A102,  care 
Machinery,    148  Lafayette   St.,    New   York. 

FOR  SALE.— NEW  HAWLET  DOWW  DRAFT 
FTTRNACE.  Size  U42.  Never  run.  Box  A141,  care 
•Macminery,   148  Lafayette  St.,   New  York. 

FOR  SALE.— SIX  6"  SHELL  LATHES,  European 
lool  Post  standard  Equipment.  Write  for  further 
pnrticulars.  Box  A142,  care  Machinery,  148  Lafay- 
<-tte  St.,  New  York. 

FOR  SALE,  CHEAP,— Patent  No.  1127751.  The 
only  self-flUing  grease  gun  made  for  automobiles 
A  sure  money-maker  to  right  party.  Don't  miss  this 
chance.  WOOD  I.'I{EEMAN,  Owner,  5915  Thompson 
.Vve.,  Tacoma,  Wash. 

ATTENTION!     MACHINISTS.— $1.00    buys    Saun- 
ders'  Pocket   "Hand  Book  of  Practical  Mechanics  " 
Increase    your    salary.       It    gets    there.      Send     for 
circular.       E.     H.     SAUNDERS,    216    Purchase    St 
Boston,  Mass.  ' 

FOE  SALE.— 18  Calculagraph  Clocks  as  used  In 
lime  and  Cost  Departments  for  recording  elapsed 
time  on  work  performed.  All  in  good  working 
order.  JOHN  S.  MURRAY,  Aluminum  Company  of 
America.   Pittsburgh,   Pa. 

FOR  SALE.— ONE  EACH  NO.  5  AND  NO,  7 
PANGBORN  SAND  BLAST  EQUIPMENT,  com- 
plete with  cabinets,  gnaranieed  in  A  No.  1  con- 
dition, ready  for  use.  Full  particulars  upon  re- 
cpiest.  Box  A128,  care  Machinery,  148  Lafayette 
St.,  New  York. 

NEW  STYLE  EISLEE  LATHE  AND  DEILL  PRESS 
TITREET  HEAD.  Made  in  five  sizes.  "It's  an  at- 
tachment." It  converts  any  lathe  Into  a  semi-turret 
lathe;  any  ordinary  drill  press  into  a  gang  drill. 
Saves  time  and  money,  increases  your  production  at 
a  small  cost.  Get  Circular  B.  CHAS.  EISLER  43 
Dodd  St.,  Bloomfield,  N.  J. 
FOE    SALE. — A    complete    and    up-to-date    set    of 

^ Presses    and     Dies     for    making    sheet    metal     corn 

tion.  In  first  letter  state  age,  salary  and  complete  POPPers  from  start  to  finish.  Machines  have  been 
record  of  experience.  Location,  New  York  district.  "^^^  """'y  ^  short  time  and  in  perfect  order.  We 
Permanent  position  for  a  real  man.     Box  A129,  care    "!*"    "Jff    ^■*^£,,'''^-     "^    •^"''1    rolled    blue    sheets, 

"'  -■-.--  -  --  —  B.  _  no,  „„  _  ^^^^ 


a  population  of  35,000,  is  located  25  miles  from 
New  York,  on  the  C.  K.  R.  of  N.  J.,  and  is  a 
good  home  city  in  which  to  settle  down.  NILES- 
BEMENT-POND  CO.,   Pond  Works,   Plainfield,   N.   J. 


WANTED.— Chief  Draftsman  and 
Designing  Engineer,  over  six  to  eight 
men,  on  Addressograph  improvements 
and  auxiliary  machinery.  Give  full 
particulars  in  application,  which  will 
be  kept  strictly  confidential  if  so  de- 
sired. This  is  an  exceptional  oppor- 
tunity for  a  good  man  with  ability 
and  experience  on  light  machine  work. 
ADDRESSOGRAPH  COMPANY,  901 
W.  Van  Buren  St.,  Chicago,   III. 


GENEEAL  FACTOBT  EXECUTIVE.  —  High- 
grade  Mechanical  Engineer  wanted  for  position  of 
Works  Superintendent,  having  direct  charge  of  all 
power  and  maintenance  work  in  a  factory  of  over 
two  thousand  employees.  Applicant  must  be  able 
to  show  that  he  has  made  good  previously  in  a 
similar  position  and  must  have  pronounced  executive 
and  machine  design  ability.  A  desire  to  work 
harmoniously    with    organization    a    prime    qualifica- 


WANTED.— FIRST-CLASS    MECHANICAL 


DETROIT  REPRESENTATIVE  wants  a  good 
line  to  sell  automobile  manufacturers.  Acquainted 
with  trade  for  several  years.  E.  E.  ROUECH,  775 
Grand  River  Ave.,   Detroit,   Mich. 

EXPERIENCED  MECHANICAL  ENGINEER  with 
commercial  experience,    having   New  York  office  and 


DRAFTSMEN  AND  DETAILERS,  having  experience  'oreign  connections,  desires  to  represent  manufac- 
turers of  machinery  and  mechanical  devices  in  the 
East.      Address    E.    A.    BARTH,    Hudson    Terminal 


on  rolling  mill  and  heavy  machinery.  State  age, 
nature  of  experience,  salary  and  when  services  will 
be  available,  in  your  first  letter.  Box  A107,  care 
Machinery,   148  Lafayette  St.,   New  York. 


Bldg.,  New  York. 


WANTED. — In  the  Sales  Department  of  a  prom- 
inent manufacturer  of  pneumatic  machinery,  men 
of  at  least  thirty-four  years  of  age  with  college 
education  or  its  equivalent,  who  have  had  me- 
chanical training  and  shop  experience.  Good  oppor- 
tunity for  the  right  men.  Give  references,  state 
experience  and  salary  expected.  Box  A133,  care 
Machinery,  148  Lafayette  St.,  New  York. 


CHIEF  ENGINEER,   at  present  located  with  half 
million     dollar    corporation,     manufacturing    locomo- 
tive   cranes,    desires    connection    with    live    organiza- 
tion    manufacturing     hoisting     machinery.       Twelve 
years'    experience    in    the    design    and    manufacture 
of     steam     shovels,     locomotive     cranes,     drag-lines, 
hoisting    machinery,    etc.      Applicant    is   qualified    to 
fill   a   position   of   responsibility   and    desires   to   con- 
nect with  an  organization  that  is  alive  to  the  oppor- 
tunities presented  at  this  time  to  increase  business. 
MECHANICAL      ENGINEEE      WANTED.— Salary    Salary   not   prime   object,    but   co-operation   and   con- 
$100    to    $2.50    a    month.      Open    to    citizens    of    the    genial     working     conditions     essential.       Box     A131, 
United    States    over    twenty-five    years    old.       Open     <='"'«   Machinery,    148   Lafayette  St.,   New   York, 
to    non-residents    of    Illinois.      This    position    occurs 

in  the  office  of  the  Illinois  Public  Utilities  Com-  ^^-^^— — — ^^^^— — ^^^^^— ^^^— ^^-i^^— 
mission  at  Springfield.  An  unassembled  examina- 
tion, coYving  training  and  experience  only,  will 
be  held  about  August  25,  1917.  Those  who  qualify 
will  be  called  to  Illinois  later  for  a  personal  inter- 
view. For  further  details  and  application  blank, 
address  .STATE  CIVIL  SERVICE  COMMISSION, 
Springfield,  lU. 


Size     leVi     X     28%,     30     gauge.       Box     A136, 
Machinery,   148  Lata.vette  St.,  New  York. 

FOE  SALE — MACHINE  SHOP.  Fully  equipped, 
well-established  and  going  machine  shop,  situated 
OB  a  side  track  in  a  large  Ohio  city.  Has  capacity 
for  $50,000  to  $75,000  annual  business.  Has  25 
belted  machines,  consisting  of  horizontal  boring 
mill,  5  lathes,  3  milling  machines,  3  shapers,  bench 
lathes  and  profilers,  vertical  millers,  universal 
grinders,  drill  presses,  etc.  Has  a  thoroughly  com- 
petent superintendent.  Reasons  for  selling,  falling 
health.  Box  A137,  care  Machinery,  148  Lafayette 
St.,    New  York. 


CONTRACT     WORK 


HARDENING,  CARBONIZING,  GALVANIZING.— 
C.    U.   SCOTT,   Head  of  Wall  St.,    Davenport,    Iowa. 

DRAFTING  AND  DESIGNING,— Electrical  and 
mechanical.  Competent  enu'ineer.  H.  E.  WEIGHT- 
MAN,  5251  Cullom  Ave.,  Cliicago. 


PATENTS 


EMPLOYMENT    AGENCIES 


WANTED.— ELECTRICIAN  AND  DESIGNER ; 
one  familiar  with  the  line  of  portable  electric 
tools,   such  as  drills,   grinders,   and  other  small  kin- 


CORKESPONDENCE  SERVICE 
Are  you  qualified  for  position  between  $2,500  and 
$25,000?  The  undersigned,  acting  as  confidential 
intermediary,  will  negotiate  overtures  through  cor- 
respondence for  positions  of  grades  indicated — ex- 
ecutive,   technical,    mechanical,    administrative    and 


PATENTS  SECURED.- C.  L.  PARKER,  Ex-mem- 
ber Examining  Corps,  U.  S.  Patent  Office.  Instruc- 
tions upon  request,  UcGill  Building,  Washington, 
D.  C. 

PATENTS.— H,  W.  T.  JENNER,  patent  attomer 
.anil  mechanical  expert.  GW,  F  St.,  Washington,  D.  C. 
Established  1883.  I  make  a  free  examination  and 
report  if  a  patent  can  be  had,  and  the  exact  cost. 
Send   for   full   information. 


MISCELLANEOUS 


dred  portable  electric  tools.  To  be  fully  conversant  professional — without  Jeopardizing  present  connec- 
with  application  of  universal  current  as  well  as  tifins.  Not  an  employment  agency:  no  commission 
alternating  and  direct.  Have  necessary  experi-  involved,  but  a  reasonable  fee  for  actual  service, 
ence  and  machine  shop  practice  to  improve  present  I'stablished  1910:  endorsements  of  highest  character: 
tools  and  design  such  additional  tools  as  may  be  strictest  ethics  employed.  Negotiations  cover  coun- 
desired.  Applications  treated  confidentially  and  try,  all  lines.  The  difficult  aiJH  unusual  case  Is  par- 
should  give  full  information  with  salary  expected,  ticularly  invited.  Send  name  and  address  only 
Box  A134,  care  Machinery,  148  Lafayette  St.,  New  for  explanatory  details.  R.  W.  BIXBY.  CI  Niagara 
York.  Square,  Buffalo,  N.  Y. 


WANTED.  —  Roots  or  Connersville  Blowers. 
State  size,  condition  and  price.  Address  P.  O. 
Box  206.   Newark,   N.  J. 

HOUPEET  MACHINE  COMPANY  is  In  the 
market  for  a  double  spindle  machine  for  cutting 
lap  Joint  piston  rings,  l)oth  sides  at  the  same 
time.  HOUPERT  MACHINE  CO.,  351  West  52nd 
St.,  New  York. 


FOREIGN    MACHINERY  MERCHANTS 


A.VSTRA.I^IA 


R.  L.  SURUTTON  .V  l^l)..  Ltd.. 

Iru    fliiii.ii,  I.  HI I.   Hv.lrH.y.   N.   B.  W 

IMl'OHriCUM   OK    M.MMUNK    ItXJl.H.    HANI)  TDOIjS, 

WOOUWOHKINll    MAC-lllNKIiY    ANO    ALL. 

BNUINHIUKINU  BPUCl AI.TlUa.   AND 

8TKAM   USKHB*   ttEUUlSlTBB. 

boiKlon  OdlcB  :     Lloytln  Avi-mio   ll»un«.   London,  W. 


BCI^GIUM 


FKNWIUK  FRKRES  &  CO.. 

I.    Avcnnt.   lUondoii.    I 
AMKHICAN  MACHINKRV   AND  TOOLS 


B.   ISBEUQUE  &  CO.. 

OtTU't'M.  HaletfrooniH  nnti  DoinonHtratlon  Halls  : 

1.   Stnuiro  (lt>  r Aviation,  UruHSelM. 
Its,  Bui>  dt<»  P.>i(rnii»,   Antwerp. 
AMEKICAN  MACHINE  TOOLS,   SMALL  TOOLS 
AND  MACHINERY. 
New  York  Offices  :   15  Park  Row. 

Telephone;  Cortlandt  6363. 


LANDRE  <Sj  GLINDKRMAN. 

131    Boiilevarit   Liiniliernion 
Importers  ot  Maoluuory  and  Machi 


R.  S.  STOKVIS  &  F'lLS,  Sec    An. 

No.    I    Boulevard  du  Jardin   Bautanlque.  Brusseln 
MECHANICAL  ENOINEEKS. 
MACHINE  TOOLS  AND  TOOLS. 
Kotterdani.    Brussels.    l*arls,   Petroirrad.     (Soerabaja. 

Batavla.  Seinaranw.  Dutch  East  Indies). 
New  York  Otriie    17  Hat  tery  Place.   New  York  City 

DENMARK 

V.  LOWENER 

\'esterbrou^ade  J)   B,   Copenhagen 
MACHINERY    AND  TOOLS 


NIELSEN  &  WINTHER,   Ltd., 

Copenhagen, 
MACHINE    TOOLS    AND    SMALL    TOOLS 

WILH.  SONESSON  &  CO.,  Ltd,, 

Copeiihayeu  City  and  Freeport. 


ENGLAND 


BURTON,  GRIFFITHS  &  CO.,    Ltd.. 

Ludgate  Square.  Ludgate  Hill.  London,  E.  C. 

no  West  40th   St.,   New  York   City. 

IMPORTERS  OP  AMERICAN  MACHINE  TOOLS. 

Also  at  Manchester  and  Glasgow. 

ABC  and  Lieber's  Codes  used.     Telegrams, 


■Hibo 


udon 


CHAS.  CHURCHILL  &  CO,,  Ltd., 

9  to  15.  Leonard  St..  London,  E,  C. 
THE  PIONEERS  OF  AMERICAN  TOOL  TRADE 
IN  GREAT  BRITAIN. 
Established  1865.     Large  W^arehouses  in  Birmingham. 
Manchester.    Newcaatle-ou-Tyne,    Glasgow.     See    ad- 
vertisements in  this  journal   for  agencies. 


COATS  MACHINE  TOOL  CO..  Ltd.. 

Caxton  House,    Westminster,   London,  S.  W. 

TOOL  MAKERS  AND  IMPORTERS  OP  AMERICAN 

MACHINERY-. 

Branches:  Glasgow  and  Newcastle-on-Tyne. 

New  York  Office:  30  Church  St. 


GEO.  W.  GOODCHILD  &  MACNAB, 
56-07-68  E.iirlBSt..  Southampton  Row,  London.  ■«•  C, 
I  VIPORTERS  .A.ND  EXPORTERS  OF  AMERICAN  MA- 
CHINERY. TOOLS  nnd  ENGINEERING  SPECIALTIES, 
Cables:  "  Whizzmg."  Codes:  Lieber's,  ABC  5th  edition, 
Western  Union  and   Private. 


GEORGE  HATCH,  Ltd., 

20-21,  Queenhithe,  Upper  Thames  St..  London,  E.  C. 
IMPORTERS   OF  MACHINE  AND    HAND  TOOLS.  EN- 
GINEERING SUPPLIES.    SPECIALTY  :  NEW  TOOLS. 
Cable,  George  Hatch,  London      Codes.  ABC  and 

Lieber's, 


ALFRED  HERBERT.  Ltd..  Coventry. 

IMPORTERS  OF  AMERICAN  LABOR  SAVING 
TOOLS  OF  ALL  DESCRIPTIONS. 
Sho-«Tooms:     London,     Manchester,     Glasgow^     and 
Coventry.     Cable:  "Lathe,  Coventry."     Codes:  Lieb- 
ers,  ABC  5th  edition,  and  private. 


RICHARD  LLOYD  &  CO.. 

Steelhouse  Lane,   Birmingham. 
IMPORTERS   OP   AMERICAN    MACHINERY.  TOOLS 

AND  ENGINEERING  SPECfALTIES 
Established  1856.       Cable  Address.  "Cogs,  Birming- 
ham."    Lieber's  and   ABC   Codes. 


FRANCE 


ALLIED   MACHINERY   COMPANY 
OF  AMERICA. 

U)  Rue  de  Rooroy,  Parl» 
HIGH  OUADE  AMWKICAN  MACHINE  TOOLH. 
Uranchea:  BruMnela,  Turin,  Genoa,  Zurich,  Budapoat 
Cable  Addrena:  "Almacoa  " 
,    New  York  Offlc..:    1 20  Uroudwav 


AUX    FORGES   DE   VULCAIN, 

3   Rue  Saint  DenlH,  Pi 
IMPORTERS  OK  MACHINE  TOOLS 
VERY  LARGE   STOCK, 


ITALY- (Continued) 


ING.   MR(JOI-I';  VAGHI, 
MACHINE   lOOLH  Cordo  Porta  Ni 


VV.    VOGEI,,  I'oro  Bonaparte  44A.Mne 

AGENT  FOR  AMERICAN  MACHINERY. 


JAPAN 


LOUIS   BESSE,  30  Rue  de  Lappe.   Parle 

IMP0HTI;R  Of  AMERICAN    MACHINERY   AND 

TOOLS     LARGEST  STOCK  IN  PARIS. 

Asrent  for  the  WliltcombBlamdell  Machine   Tool  Co 

Wm.  E,  Gang  Co,,  J.  E    Snvder  <St  Son, 

Lapointe  Machine  Tool  Co.,  etc. 

Cable  addrea.-i  :    Bosaelap.   Paris  Lieber's  Coda 


EDGAR  BLOXHAM,  M.  I.  E.  E., 

OtBces  and  Show-rooma.  m.  Rue  du  Delta.  Paris. 

IMPORTER  OP  AND  DEALER  IN  AMERICAN 

MACHINERY.  TOOLS  AND  SUPPLIES, 

Telegrams,     Bloxham-Paris.    Code:    Western  Union. 

New  Y-ork   Offlce:  Grand   Central  Terminal   Bldg. 


BURTON  FILS.  as  Bue  de  Marala.  Paris 

IMPORTERS  OF  AMERICAN  MACHINE  TOOLS 

AND    MACHINERY   SUPPLIES 


LEON  CHAPUIS  &  CIE.. 

IMPOKTBRa  OF  MACHINE  TOOLS 
18  Rue  du  Plat.  Lyon. 
3G  Boulevard    Magenta.  Pari 


FENWICK  FRERES  &  CO., 
I  8.  Rue  de  Rocroy.  Paris 

AMERICAN  MACHINERY-  AND  TOOLS. 
Branches   or    Representatives  :    Liege,   Turin,  Zurich. 
BarCBlc -■    '  •->- 


nd   Lisbt 


ALFRED  HERBERT,  Ltd., 

14,  Yama»hlta.(;iio.  Yokohama. 
IMPORTERS  OF  AMERICAN   LABOR  SAVING 
,,    TOOLS  OF  ALL  DESCRIPTIONS 
Cable:      Lathe,   Yokohama,"     CikIi.m     Lieber's    ABC 
6th  edition,  and   private 


NORWAY 


J,  S.  COCK,  Ohrlatlania 
i'^.w?.'','?t  °'''  ISNGINBERINQ  SPECIALTIES  FOR 
fA'^^J^S"^  '^^°  MANUFACTURING  INDUSTRIES 
MACHINE  TOOLS,  ENGINEERS  SUPPLIES  OILS 
•             AND  CUP  GREASES,  ET<,'. 


A/S.    G.  HARTMANN, 

Dronnlnifens  (rt  13,  Chrlatlanla 
MACHINERY    AND   TOOLS 
Chrlstiania,  Bergen,  Norway;  Stockholm,  Sweden- 
HelsinBfore.   Finland. 


V.   LOWENBRS   MASKINFORRETNING. 

Klrkeifaden  20.  Chrlstiania 
MACHINERY  AND  TOOLS, 


K.  LUND  &  CO.. 

Dronnintfens  gt.  4,  Chria 
MACHINERY  AND  TOOLS 


RUSSIA 


GLAENZER  &  PERREAUD. 

18-20.  Faubourg  du  Temple.  Paris 
IMPORTERS  OF  AMERICAN  MACHINERY 
and  Mechanical  Supplies.  Agent  for  the  Niles-Bement 
Pond  Co..  etc.  Lieber's  Code.  Al  Code.  ABC  Code 
Cable  Address  Blakeniles.  Pans.  New  York  OfBce 
43-47  West  33rd  Street 


ALFRED  HERBERT  (Prance),  Ltd.. 

47,  Boulevard  de  Magenta,  Paris 
IMPORTERS  OF  AMERICAN  LABOR  SAVING 
,^  TOOLS  OP  ALL  DESCRIPTIONS. 
Cable:      'Hexagon,     Paris."        Codes:     Lieber's     and 


R.  S.  STOKVia  &  FILS.  See.  An. 

Rue  Lafayette.  103.  Paris. 
MECHANICAL   ENGINEERS.    MACHINE    TOOLS 
AND  TOOLS. 
Rotterdam.   Brussels.   Paris.  Petrograd.     (Soerabaja 

Batavia.  Semarang,  Dutch  Bast  Indiesl. 
Ne-wYork  Office:   17  Battery  Place,  New  York  City. 


HOLIvAND 


H.  G.  AIKEMA  &  CO.,  Rotterd 

ENGINEERING  AGENTS  AND  MERCHANTS. 
Importers  of  American  Machinery  and  Tools. 


LANDRE  &  GLINDERMAN,  Amsterdam 

ROYAL  MACHINERY  STORES. 

Importers  of  Machinery  and  Machine  Tools. 


PECK  &  COMPANY,  Amsterdan 

IMPORTERS  OF  AMERICAN  MACHINERY'. 
Tools.  Factory  Supplies.     Lieber  s  and  ABC  Codes. 


HEINTZ  &  TASCHEIT,  Inc. 

W.  O.    loth.     Line  No.    1,  Petrograd 
ENGINEERS  AND  IMPORTERS 
Telegrams:     "uIV-PETROGRAD." 


IZNOSSKOFF  &  CO. 

MACHINE  TOOLS  AND  SMALL  TOOLS 

Petrograd.  Moscow.  Ekaterinburg,  Odessa 

Cable  Address  :    Iznosskoff,   Petrograd 

New  York  OfBce:   Singer  Building.  149  Broadway , 


V,  LOWENER 

Mjassnitzkaja  32.  Moska 
MACHINERY  AND  TOOLS 


M.  METT  &  CO.  6  Simeonovskaia,  Petrograd 

ENGINEERS  AND  TECHNICAL  BUREAU 
MACHINE  TOOLS  AND  SMALL  TOOLS  ' 


C.  SCHINZ,  Mechanical  Engineer. 

Gorochowaja  4,  Petrograd 
MACHINE  TOOLS  AND  SMALL  TOOLS 
Cable  Address:  Konus-Petrograd. 


GR.  WEINBERG  &  AL.  POSNER 

ENGINEERING  CO. 

Foorstadskaia  31,  Petrograd.        Cables:  "Greweco  ' 

GENERAL   MACHINERY    IMPORTERS 

MANUFACTURERS'    REPRESENTATIVES 

Branches  and  Agencies  throughout  Russia 

New  York   Office:  Equitable  Bldg.,    120  Broadway. 


SOUTH    AFRICA 


POST  VAN  DER  BURG  &  CO..  Rotterdam 

DEALERS  IN  AMERICAN  MACHINERY 

AND    TOOLS 


SPLIETHOF?',  BEEUWKES  ^  CO., 

Rotterdam 
ENGINEERING  AGENTS  AND  MERCHANTS 


FRED.  STIELTJES  &  CO.,  Amsterdam 

ENGINEERS  AND  IMPORTERS  OF  AMERICAN 

MACHINERY. 


R.  S.  STOKVIS   &  ZONEN,  Ltd.     Rotterdam 

MECHANICAL   ENGINEERS.   TECHNICAL 

DEPARTMENT  II. 

MACHINE  TOOLS  AND  TOOLS, 

Rotterdam,    Brussels,    Paris.   Petrograd.     (Soerabaja, 

Batavia,  Semare  .^---,     .-  - 

Ne 


Batavia,  Semarans,  Dutch  Bast  Indi 
Y'ork  Office:   17  Battery  Place,  New  York  City, 


VAN  RIETSCHOTEN  &  HOUWENS, 

West  Zeedyk,  654,  Rotterdam. 
LARGEST  DEALERS  IN  AMERICAN  MACHINERY 
in  Holland.  New  show-room,  ll,OOOsq.  feet.  Cable: 
"Machinery,"  Codes  used;  ABC,  5th  edition;  Lieber's. 


WYNMALEN  &  HAUSMANN,        Rotterdam 

IMPORTERS  OF  FIRST-CLASS    AMERICAN 

MACHINERY 


FENWICK  FRERES  &  CO., 

6  Via  Lagranjfe.  Turir 
AMERICAN  MACHINERY  AND  TOOLS, 


POLLOCK  &  MACNAB,  Ltd., 

Bredbury,  Manchester 
IMPORTERS  OF  AMERICAN  MACHINE  TOOLS. 
Cables:  Macnab,  "Woodley.  Codes;  A  B  C.  AI,  Lieber's, 

UNIVERSAL  MACHINERY  CORP.,  Ltd. 

General  Offices,  326  Old  Street,  Loudon.  E.  C. 

Demonstration  Shops  : 

48-49  Cowper  Street.  London.  E.   C 

IMPORTERS  OP  AMERICAN  MACHINE  TOOLS. 

Branches  :  Paris,  Lyons,  Milano,  Genova;  Petrograd. 

Moscow,   Ekaterinberg,    Russia. 

FINLAND  i  ALFRED  HERBERT.  Ltd.,  Milan. 

^ ^^^_  19  Via  Pontaccio. 

FINSKA    A  B.     G.    HARTMANNS    MA=;KTW  IMPORTERS  OF  AMERICAN  LABOR  SAVING 

AFFAR  "J.-a.OQ.li\  -  TOOLS  OF  ALL  DESCRIPTIONS. 

■    MACHINERY   AND  TOOLs""'^"'*''"''^-  |  vat"^'    "Herbert,   Milan."     Codes:  Lieber's  and  pri- 


D.  DRURY  &  CO..  Central  House.  Johannesbur, 
MACHINERY  AND  SMALL  TOOLS  GENERAL 
ENGINEERING  SUPPLIES.  INCLUDING  MIN- 
ING MATERIALS.  Cables;  "Drurco  " 
Representing  the  whole  of  South  Africa  for  the 
above  lines. 


SPAIN 


CASAMITJANA  HERMANOS. 

Cortes  660.  Barcelona. 
MACHINERY'.    STEEL,    TOOLS.    ETC. 


LA  MAQUINARIA  ANGLO-AMERICANA 

B.  d'Aulignac.  Cortes  569.  Barcelona 

MACHINERY'.  TOOLS  AND  SUPPLIES. 


S-WEDEN 


A/B.    G.  HARTMANNS  MASKINAFFAR, 


B.  A.  HJORTH  &  COMPANY,  ''^  " 

Klaro  Norra  Kyrkogata  81.  Stockholm 
MACHINERY  AND  TOOLS 


SAM  LAGERLOF'S  MACHINE-BUREAU, 

„  Stockholm*. 

SPECIALTY  :   MACHINE  TOOLS. 

Cable:  "Machinlagerlot,"     A  B  C  and  Lieber's  Code. 


AKTIEBOLAGET   V.  LOWENER, 

Vasagatan  14.  Stockholm 
MACHINERY  AND  TOOLS. 
Cable:    Stallowener,  Codes:    Lieber's  and  ABC 


GRIMALDI  &  C,  Casella320,  Geno 

AMERICAN  MACHINERY  AGENTS, 
Branch  House  in  Milan,  Italy. 


WILH.  SONESSON  &  CO.,  Ltd., 

Malnio.  Gothenburg  and  Stockholn 


S-WITZERLAND 


THE  AMERICAN   MACHINERY   IMPORT 
OFFICE,  24.  Wembergstrasse.  Zurich 


J.  LAMBERCIER  &  CIE,  Geneva 

IMPORTERS  OF  AMERICAN  MACHINERY 

Technical  Appliances 
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HENDEY  LATHES 


No  Equal — 
OrWeWould 


That  is  what  F.  F.  Stein 
of  Wm.  P.  Stein  &  Co., 
Rochester,  N.  Y.,  has  to 
say  of  the  Hendey 
Lathe.  There  are  seven 
"Hendeys"  in  the  Stein 
shops,  the  oldest  10 
years  on  the  job,  the 
youngest  only  just  re- 
cently installed.  The 
machines  handle  general 
tool  and  die  work  in  a 
way  that  makes  the  Stein  toolmakers  happy.  One  of  the  jobs  (shown  above)  is 
turning  a  sector  of  an  armature  die,  a  bit  of  machining  that  calls  for  a  real  lathe. 
Hendey  Lathes  are  the  real  thing — accurate  to  the  last  degree,  speedy,  easy  to  oper- 
ate and  indefatigable  workers.  Ideal  for  tool  room  or  other  fine  work.  We  shall  be 
glad  to  cover  Hendey  advantageous  features  in  detail.    Write  us. 

THE  HENDEY  MACHINE  COMPANY 

TORRINGTON,  CONNECTICUT,  U.  S.  A. 

901   Singer  Building,  New  York  141   Milk  Street,  Boston  618  Washington  Boulevard,  Chicago 

Cleveland W.    M.   Pattison    Supply   Co.  Philadelphia,  Montreal Williams     &     Wilson 

Detroit W.    M.   Pattison    Supply  Co.  Sherritt  &  Stoer  Co..  603  Finance  Bldg.  Toronto.   Winnipeg,    Vancouver  and 

Pittsburgh.  St.  Louis.Colcord-Wright  Mchy.  and  Supply  Co.  St.  Johns.   N.   B..A.   H.   Williams  Mchy.  Co. 

Laughlin-Barney  Mchy.  Co.,  Union  Bank  Bldg.  San    Francisco Pacific  Tool   and   Supply  Co.  Great   Britain.. Chas.    Churchill    &    Co.,    London 

Syracuse Syracuse    Supply    Co.  Rochester Syracuse    Supply    Co.  Russia Iznoaskoff    &    Co..    Petrograd,    Moscow 

Buffalo,  Syracuse  Supply  Co.,  ElUcott  Sq.  Bldg.  South  Africa.. ..D.   Drury  &  Co.,   Johannesburg 


FOR    LOCATION    OF   ADVERTISEMENTS   OF   MANUFACTURERS    LISTED    IN    THIS 
SEE   ALPHABETICAL   INDEX,    PAGES   361-362 


NDEX, 


MirHsivr    ('Io<h    iiiiil    I'iiixt 

CarlHiruiuliiin    Co.,    Niltgnra    Kall».    N.    Y. 

Ilanuiiii>-l«-r.   Schlemiiior  &  I'u.,  4th  Ave.  and   13lh  St., 

.New    York. 
.\rciiniulntarii,    Ilyilrnnllo 

ll.'lhletu-m    St.el    Co..    South    Hethlehem,    Pn. 
t'haiulxnibiini   Kmriiicvring  t'o.,  Ubinibcrsbiirg,  P». 
Klniwi.    Kng.    Works.    Ctuu.    F.,    222    N.    Morgan    8t., 

Chiiago,    III. 
Byilraiilic     Press     Mfg.     Co.,     84     Lincoln     Are..     Mt. 

Oileail.    O. 
Nilea-Henient-Pond    Co.,    Ill    Broadway,    Now    York. 
Sellers   &    Co..    Inc..    Wm.,    Philadelphia,    Pa. 
lYeadnell    Kngineering   Co.,    Eagton,    Pa. 
Watson-SlUlmHD    Co.,    102    Fulton    St..    New    York. 

.\lr    IIola«ii 

Srt'    Hoists.    Air. 

.\IlorH,   Sterl   (TniiKa<eii,   I'runliim,    Ktc.) 

Ilaynca  Stellite  Co.,    Kokomo,   Ind. 

Standarvl    Allo\-s    Co.,    Pittsbureh,    Pa. 

VauadMiin-.Vlliiys    Slid    Co.,    Pittsburgh,    Pa. 

Alnnilnnin    Solder 

Bo-I-uniinum    Mfg.    &    Eiig.    Co.,    1700    Broadway.    New 

York. 
.VnKle    Plates,    Universal 
Boston    Scale    .V    Mch.    Co.,    Boston,    Maw. 
Arbor    Preaaea 
See    Presses,    Arbor. 

Arbora  and  Mandrela,  Expandlnsr 
Manufacturers    Equipment    Co.,    175    No.    Jefferson    St.. 

(^hicago.    HI. 
McCroiikv    Heanier    Co..    Meadville,    Pa. 
Morse  Twist  Drill  Ji  Machine  Co..   New  Bedford.   Mass 
Nicholson  &   Co..   \V.   H.,   Wilkes-Barre,   I'a. 
Western   Tool    &    Mfg.    Co.,    Springfield,    O. 
Arbora   and   Mandrels,   Solid 
.\dvance   Tix>l    Co..    Cincinnati.    O. 
Hrc.wn    &   Sharpe   Mfg.    Co.,    Providence,    K.    I. 
Cleveland    Twist    DrUl    Co..    Cleveland,    O. 
Detroit  'fivist   Drill   Co.,    Detroit,    Mich. 
Morse  T^vist  Drill  &  Machine  Co.,   New  Bedford,   Mass. 
National    Tool    Co.,   Cleveland,    O. 
National  Tv\ist  Drill   &   Tool   Co.,    Detroit,   Mich. 
Nicholson   &   Co.,    W.   H.,    Wilkes-Barre,    Pa. 
Pratt  &   Wliitney  Co.,   Hartford,   Conn. 
Rogers  Works.    Inc.,   J.    M.,    Gloucester  City,    N.   J. 
Standard    Tool    Co.,    Cleveland,    O. 
Union   Twist  Drill    Co..    Athol    Mas.s. 
Whitman    &    Bames    Mfg.    Co.,    1000    West    120th    St.. 

Chicago,  ni. 

Babbitt 

Amx   Metal   Co..   Philadelphia,   Pa. 

Besly    &    Co.    Chas.     H.,     120-B    North    Clinton    St., 

Chicago,    ni. 
Doehler  Die-  Casting  Co.,  Court  and  Ninth  Sts.,  Brook- 

b-n,    N.    Y. 
Light  Mfg.   &  Foundry   Co.,   Pottstown,   Pa. 
Lumen  Bearing  Co.,   Buffalo,    N.   Y, 

Balancing;   Tools 

Norton    Grinding  Co.,    Worcester.    Mass. 
Bockford   Tool    Co.,    Rockford,    111. 
Balls,   Brass,   Steel,   Etc. 

Abbott   Ball   Co.,    Hmwood,    Hartford,    Conn. 

Atlas  Ball  Co.,  Glenwood  Ave.  at  4th  St.,  Phila- 
delphia,   Pa. 

Auburn  Ball  Bearing  Co.,  33  Elizabeth  St.,  Rochester, 
N.    Y. 

Blum  &   Co..  Julius.   510  W.  24th  St..   New  York. 

Frasse  &  Co.,  Inc  .  Peter  A.,  417  Canal  St.,  New  York. 

Gwilliam   Co.,    253   W.    58th   St.,    New  York. 

Hoover  Steel  Ball  Co..   Ann  Arbor,   Mich. 

Metal    Specialty    Mfg.    Co.,    W'aterbury,    Conn. 

Rochester   Ball   Bearing  Co..    Inc.,   Rochester,    N.    Y. 

S  K  F  Ball   Bearing  Co..   Hartford,  Conn. 

Bars,   Borlns 

See  Boring  Bars. 

Bearings,    Ball 

Auburn  Ball  Bearing  Co.,   33  Elizabeth  St.,   Rochester, 

N.    Y. 
Ball    &    Roller   Bearing    Co.,    Danbury,    Conn. 
Bantam   Ball   Bearing  Co.,   Bantam,   Conn. 
Bearings  Co.   of  America,   Lancaster,  Pa, 
Boston   Gear   Works,    Norfolk   Downs.    Mass. 
Fafnir   Bearing   Co.,    New    Britain,    Conn, 
Gumey  Ball   Bearing  Co.,   Jamestown,   N.   Y, 
GwUliam   Co.,   253  W.   58th   St.,   New  York. 
Hess-Bright     Mfg.     Co.,     Front     St.     and     Erie     Ave., 

Philadelphia,    Pa. 
New   Departure   Mfg.    Co.,   Bristol.    Conn. 
Norma   Co.    of   .\merica,   1790   Broadway,   New   York. 
Rochester  Ball    Bearing   Co..    Inc..    Rochester,    N.    Y. 
S   K   F   Ball    Bearing   Co.,    Hartford,   Conn. 
Standard   Roller   Bearing   Co.,    Philadelphia.    Pa. 
Transmission    Ball    Bearing   Co..    Inc.,    Buffalo,    N.    Y. 
V.   S.   Ball   Bearing  Mfg.   Co,,   Palmer   St.   and    Kolmar 

.\Te.,    Chicago,    111. 

Bearings,   Bronze,   Babbitt,   Etc. 

Besly  &  Co.,  Chas.  H.,  120-B  N.  Clinton  St., 
Chicago,   lU. 

Brown   Co.,   A.   &  F..   79  Barclay   St.,   New  York. 

Bunting  Brass  &  Bronze  Co.,  748  Spencer  St.,  Toledo. 
O. 

Doehler  Die-Casting  Co.  Court  and  Ninth  Sts.,  Brook- 
lyn,   N.    Y. 

Light  Mfg.    &   Foundry   Co.,    Pottstown,    Pa. 

Link-Belt   Company,    Chicago,    111. 

Lumen    Bearing   Co.,    Buffalo,    N.    Y. 

Standard  Alloys  Co.,   Pittsburgh  Pa. 

Titanium  Alloy  Mfg.   Co..   Buffalo,   N.  Y. 

Bearini^s,   Llneshaft 

Hyatt  Roller  Bearing   Co..   Newark,   N.  J. 

Bearings,    Ollleas 

Argute    Oilless    Bearing    Co.,    145    Berkley    St.,    Wayne 

Junction.    Philadelphia.    Pa. 
Bound  Brook  Oil-less  Bearing  Co.,  Bound  Brook,   N.  J. 

Bearings,    Ring    Oiling 

Cresson-Morris    Co.,    Philadelphia,    Pa. 
Link-Belt  Company,    Chicago,    111. 

Royersford  Foundry  &  Mch.  Co.,  54  N.  5th  St.,  Phila- 
delphia,  Pa. 


ll<-iirliiUM,     lloU.r 

Ball    .Vi    Rollir    Hearing   Co.,    Daiiliury.    Conn. 
Bantam    Boll    Bearing    i'.u..    Bantam,    Conn. 
0»llliam   Co.,   283   W.    nsih   St..    New   York. 
Ilvatt    Roller   Hearing   Co..    Newark.    N.   J. 
HoNcr.sfcrd   Foundry  &  Mch.  Co.,  64  N.  Bth  St.,   Phlla- 

.lelphia.    Pa. 
Standard   Holler  Bearing  Co.,   Philadelphia,   Pa. 

Belt    Cement 

Schioren    t\>.,   Chas.    A.,    73   Ferry   St.,    New   York. 

Belt    C'lninpa 

Iii>ggson    &  Pettis  Mfg.    Co.,    New   Haven,   Conn. 

Belt    Dreaalng 

Cling-Surface   Co^    1018   Niagara   St.,    Buffalo.    N.    Y. 
Dixon   Crucible  Co.,   Joseph,   Jersey   City,    N.   J. 
Graton  &    Knight  Mfg.    Co.,    Worcester,   Mass. 
Schieren   Co.,   Chas.    A.,   73   Ferry   St.,    New  York. 

Belt    Fasteners,   Metal,   Leather,    Etc. 

Bristol    Co,    Waterbury,    Conn. 
C.rnton  ..V    Knight  Mfg.   Co..  Worcester,   Mass. 
Greene.    Twee<i    &   Co..    109   Duane   St.,    New    York. 
Schieren   Co.,    Chas.    A.,   73   Ferry   St.,   New  York. 

Belting,   Leather 

Chicago  Rawhide  Mfg.   Co.,   1301  Elston  Ave.,   Chicago, 

Rl. 
Graton   &    Knight  Mfg,    Co..   Worcester,   Mass. 
Schieren   Co.,   Chas.    A.,    73  Ferry   St..   New  York. 

Belts,   Endless    AVoven 

Gilmer   Co.,    L.    H..    Tacony.    Philadelphia.    Pa. 

Bending   Machines,    Hydraulic, 
Pipe,    Etc. 

Buffalo   Forge  Co.,  Buffalo,    N.   Y. 

Hydraulic     Press     Mfg.     Co.,     84     Lincoln     Ave.,     Mt. 

GUead,    O. 
Newman  Mfg.   Co.,   Cincinnati,   O. 
Niles-Bement-Pond    t"o..    Ill    Broadway,    New    York. 
Pedrick    Tool     &    Mch.     Co.,    3639    N.    Lawrence    St., 

Philadelphia,   Pa. 
Sellers    &    Co.,    Inc..    Wm.,    Philadelphia,    Pa. 
Treadwell    Engineering    Co..    Easton,    Pa. 
Underwood  &  Co..  H.   B..   Philadelphia,  Pa. 
Watson-Stillman  Co.,    192   Fulton   St.,    New  York. 
Williams,    White   &    Co.,    Moline,    111. 

Blocks,   Chain 

See  HoisU,   Chain,   Etc. 

BloTrers 

American    Gas    Furnace    Co.,    24   John    St.,    New    York. 

Buffalo   Dental    Mfg.    Co..    Buffalo,    N.    Y. 

Buffalo    Forge    Co.,    Buffalo.    N.    Y. 

Chicago    Flexible    Shaft    Co..     149    W.    La    Salle    St., 

Chicago,    ni. 
General    Electric  Co..    Schenectady,   N.   Y. 
Westinghouse   Elec.    &    Mfg.    Co.,    East  Pittsburgh.   Pa. 

Blon-ers,    Positive    Pressnre 

Leiman   Bros.,    62   E.    John   St.,    New   York. 

Blo^vplpes,    Gas 

Buffalo   Dental    Mfg.    Co.,    Buffalo,    N.    Y. 
Blueprint    Filing   Cabinets 

See  Cabinete,  Filing. 

Blneprint  Machines  and  Paper 

Buckeye  Engine   Co.,    Salem.    O. 
Keuffel   c!t   Esser  Co.,   Hoboken,   N.   J. 

Boiler    Tabes 

National    Tube    Co..    Pittsburgh,    Pa. 
Bolt    and    Nnt    Machinery- 
Acme  Mchy.    Co.,    Cleveland,    O. 
Aiax   Mfg.    Co.,    Cleveland,    O. 
Foote-Burt  Co.,    Cleveland,    O. 
Greenfield   Tap   &   Die   Corp.,    Greenfield,   Mass. 
Landia   Machine    Co.,    Inc..    Waynesboro,    Pa. 
National    Acme   Co.,    Cleveland,    O. 
National  Mchy.  Co.,  Tiffin,  O. 
Newton    Mch.    Tool   Works,    Inc.,    23rd   and   Vine    Sts., 

Philadelphia.    Pa. 
Standard   Engineering  Co.,   Ellwood  City,  Pa. 

Bolts    and    Nnts 

National    Acme    Co.,    Cleveland.    O. 
Toledo  Screw  Products  Co..   Toledo,    0. 

Books,    Technical 

Industrial   Press,    148   Lafayette    St.,    New   York. 

Boosters 

General  Electric  Co.,   Schenectady,  N.  Y. 
Westinghouse   Elec.    &   Mfg.    Co.,    East  Pittsburgh,    Pa. 
Boring   and    Drilling  Slachlnea, 
Horizontal 

Bames   Co.,    W.    F.    &  John.   231    Ruby   St.,    Rockford, 

111. 
Beaman   &   Smith   Co.,   Providence.    R.   I. 
Dale-Brewster    Mchy.     Co.,    Inc.,    545    W.    Washington 

Blvd.,    Chicago,    111. 
Fosdick   Mch.    Tool    Co.,    Cincinnati,    O. 
Gisholt   Mch.    Co.,    Madison,    Wis. 
Lucas   Machine   Tool    Co.,    Cleveland,   O. 
Manning,    Maxwell    &    Moore.    Inc.,    119    W.    40th    St., 

N.    Y. 
Newton    Mch.    Tool    Works.    Inc.,    23rd    and   Vine    Sts.. 

Philadelphia,    Pa. 
Niles-Bement>-Pond    Co..    Ill    Broadway,    New   York. 
Pedrick    Tool    &    Mch.    Co.,     3639    N.    Lawrence    St, 

Philadelphia,    Pa. 
Rockford    Drilling   Mch.    Co..    Rockford,    Bl. 
Sellers  &  Co.,   Inc.,   Wm.,   Philadelphia,   la. 

Boring    anil    Drilling   Machines, 
Vertical 

Billiard   Mch.    Tool    Co.,    Bridgeport,    Conn. 

Colburn    Mch.    Tool    Co..    Franklin,    Pa. 

Foote-Burt  Co..    Cleveland.    O. 

Fodick  Mch.    Tool   Co.,    Cincinnati,    O. 

Gisholt  Mch.   Co.,    Madison,    Wis. 

Moline   Tool   Co.,    Moline,    III. 

Niles-Bement-Pond    Co.,    Ill    Broadway,   New   York. 

Pedrick    Tool    &       Mch.    Co.,    3639    N.    Lawrence    St., 

Philadelphia,    Pa. 
Quint,    A.    E.,    Hartford,    Conn. 
Sellers  &   Co..   Inc..   Wm.,   Pliiladelphia,   Pa. 


Boring,    Drilling    iinil     MlIlinK 
MncliliM-N,    Horizontal 

Beaman   A   Smith   Co.    Providence,   R.    I. 

Cleveland    Machine    Tool    Works,    Cleveland,    O. 

Fosdick  Machine  Tool   Co.,   Cincinnati,   O. 

Gisholt    Mch.    Co.,    Madison,    Wis. 

Landia   Tool    Co.,    Waynesboro.    Pa. 

Lucas   Machine   Tool    Co.,    Cleveland,    O. 

Newton    Mch.    Tool    Works,    Inc.,    23rd    and    Vine   Sts., 

Philadeii.hia,    Pa   . 
Niles-Bcnicnt-I'ond  Co,.  Ill  Broadway.  New  York. 
Rockford    Drilling    Mch.    Co..    Rockford,    111. 
Sellers    &    Co.,    Inc.,    Wm.,    Philadelphia,    Pa. 
Universal    Boring    Mch.    Co.    Hudson,    Mass. 

Boring    and    Turning    Mills,    Vertical 

American    Tool    Works    Co..    Cincinnati,    O. 
Billiard    Mch.    Tool    Co.,    Bridgeport,    Conn. 
Cincinnati    Planer  Co.,    Cincinnati,    O, 
Colbum    Mch,    Tool    Co.,    Franklin,    Pa. 
Gisholt  Mch,    Co..    Madison,   Wis. 
Niles-Bement-Pond   Co..   Ill    Broadway    New   York. 
Sellers   &   Co..    Inc..    Wm.,    Philadelphia,    Pa. 
Springfield   Mch.    Tool   Co.,    631   Southern   Ave..    Spring- 
field,   O. 

Boring    Bars 

Advance    Tool    Co.,    Cincinnati.    O. 

Armstrong    Bros.    Tool    Co.,    313    N.     Francisco    Ave,, 

Chicago,    111. 
Beaman    &    Smith   Co..    Providence,    R.    I. 
Gisholt   Mch.    Co.,    Madison,    Wis. 
Pedrick    Tool    &    Mch.     Co.,    36S9    N.    Lawrence    St., 

Philadelphia.    Pa. 
Ready    Tool    Co.,    Bridgeport,    Conn. 
Underwood   &  Co.,   H.   B.,   Philadelphia,   Pa. 

Boring    Heads,    Offset 

Marvin  &  Casler  Co..  Canastota,  N.  Y. 
Porter-Cable  Mch.  Co.,  Syracuse.  N.  Y. 
Waterston,   J.    M.,    Detroit,   Mich. 

Boring  Tools 

Armstrong    Bros.     Tool    Co.,    313    N.    Francisco    Ave., 

Chicago,    111, 
Kelly  Reamer  Co..   Cleveland.   O. 
Maxwell-Hutehcroft    Co.,    Cleveland,    O. 
Morse  Twist  .Drill   &  Machine  Co.,   New  Bedford,  Maaa, 
O.    K.    Tool   Holder  Co..    Shelton,    Conn. 
Ready   Tool    Co.,    Bridgeport,    Conu. 
Taft^Peirce  Mfg.   Co.,  Woonsocket,  R.   I. 
Western   Tool   &  Mfg.   Co..    Springfield,   O. 

Brazing    Eiinipment 

Buffalo   Dental    Mfg.    Co.,   Buffalo,    N.   Y. 

Chicago    Flexible    Shaft    Co.,    149    W.    La    SaUe    St., 

Chicago.   111. 
Ferro-Brazing  Paste   Co.,   1423   Farragut  Ave.,   Chicago, 

111. 

Broaches 

Lapointe  Mch.  Tool  Co.,  Hudson,  Mass. 
Lapointe    Co.,    J.    N.,    New   London,    Conn. 

Broach    Grinding    Machines 

Lapointe  Co.,  J.  N.,  New  London,  Conn. 

Broaching    Machines 

Lapointe   Co..   J.    N.,    New  London,   Conn. 
Lapointe  Mch.    Tool   Co..  Hudson,  Mass. 

Bronze 

Bunting  Brass  &  Bronze  Co.,  748  Spencer  St.,  Toledo,  O. 
Light  Mfg.    &   Foundry   Co..   Pottstown,   Pa. 
Lumen    Bearing    Co.,    Buffalo,    N.    Y. 
Titanium   Alloy  Mfg.    Co.,    Buffalo.    N.   Y. 

Buffers 

Blount   Co..    J.    G.,    Everett,    Mass. 

Bridgeport   Safety   Emery   Wheel    Co.,    Inc.,    Bridgeport, 

Conn. 
Builders  Iron   Foundry,    Providence.    R.    I. 
Forbes   &   Myers,    178   Union    St.,    Worcester,    Mass. 
Hisey-Wolf   Mch.    Co.,    Cincinnati,    O. 
NeU   &   Smith   Electric  Tool   Co..   Cincinnati,   O. 
New   Britain   Mch.    Co..    New   Britain,   Conn, 
Stow    Mfg.    Co.,    Binghamton,    N.    Y. 

Bulldozers 

.\jax   Mfg.    Co..   Cleveland.    O. 

Bliss   Co..    E.    W.,    5   Adams   St.,    Brooklyn.    N.   Y. 

National    Mchy.    Co.,    Tiffin.    O. 

Watson-Stillman  Co..   192  Fulton  St.,   New  York. 

Williams,   White  &   Co..    Moline,    111. 

Burnishing   Machinery 

Abbott    Ball    Co.,    Elmwood.    Hartford,    Conn. 

Baird    Mch.    Co.,    Bridgeport,    Conn. 

Globe  Mch.   &  Stamping  Co..   Cleveland.   O. 

Metal  Specialty  Mfg.   Co.,  Waterbury,   Conn. 

Bushings,    Brass,    Bronze,    Etc. 

Round  Brook  Oil-less  Bearing  Co..  Bound  Brook,  N.  J. 
Prown  Engineering  Co.,   133  No.  3d  St.,  Beading,  Pa. 
Bunting     Brass     &     Bronze     Co.,,     748     Spencer     St., 
Toledo,    O.  ^ 

Johnson    Bronze  Co..    Newcastle,    Pa. 
Light  Mfg.    &   Foundry   Co.,   Pottatown,   Pa. 
Lumen    Bearing   Co.,    Buffalo,    N.    Y. 
Titanium    Alloy   Mfg.    Co..    Buffalo,    N.   Y. 
Walworth    Mfg.    Co.,    Boston,    Mass. 

Cabinets,   Filing 

Economy  Drawing  Table   Co.,    Toledo,   O. 
Keuffel   &   Esser  Co.,    Hoboken,   N.   J. 
Cabinets,  Tool 

Armstrong    Bros.    Tool     Co.,    313    N,     Francisco    Ave., 

Chicago.    III. 
Gerstuer  &   Sons,   H.,    Dayton,   O. 
Hainmacher,   Schlemmer  &  Co.,  4th  Ave.  and  13th  St.. 

New    York. 
Morse  Twist  Drill  &  Machine  Co.,   New  Bedford,   Mass. 
Union    Tool   Chest  Works,    10   Railroad   St.,    Rochester, 

N.    Y. 
Wedell   &    Boers,    Detroit,    Mich. 

Caliper  Gauges 

Williams    &    Co..    J.    H:,    61    Richards    St..    Brooklyn, 
N.    Y. 

Calipers,  Bot»' 

Brown    &    Sharpe    Mfg.    Co..    Providence,    R.    I. 
Goodell-Pratt   Co.,    Greenfield,    Mass. 
Greenfield    Tap   &   Die   Corp.,    Greenfield.   Mass, 
Starrett    Co.,    L.    S.,    Athol,    Mass. 
Union  Tool   Co.,   Orange,   Mass. 
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Silver's  Drills 
Single  or  in  Gangs 


These  20-inch  swing 
drills  can  be  furnished 
singly  or  in  gangs  of  2, 
3  or  4  spindles.  They 
meet  any  demand  for 
speed,  strength  and  ac- 
curacy. The  prices  are 
also  "right." 

Made  in  four  distinct 
styles  for  all  modern 
machine  shop  work. 
Plain  lever  feed,  lever 
and  wheel  feed,  power 
feed  and  automatic 
stop  and  with  back 
gearing. 

Our  catalog  No.  62  il- 
lustrates and  describes 
this  line — sent  on  re- 
quest. 


The  Silver  Mfg.  Co. 

385  Broadway,  Salem,  Ohio 


A  Wide  Range  Radial 

Designed  to  drill  holes  up  to  %"  in  diameter, 
covers  practically  every  drilling  requirement 
within  its  range.  The  adjustments  possible  on 
head  and  arm  enable  holes  to  be  drilled  in  pieces 
too  heavy  to  be  handled  readily  on  other  types 
of  machines.  Drilling  head  is  mounted  on  a 
3-foot  arm  and  moved  by  a  rack  and  pinion. 
Arm  has  long  column 
bearing,  table  is  heavily 
ribbed  and  supported  at 
outer  end.  Work  can  also 
be   handled   on   the  base. 


Catalog 


THE 
TAYLOR 
&  FENN 

CO. 

Hartford,  Conn. 


HARRIS 

Automatic  Multiple 
Plunger  Press 


A  Rapid  Prodvicer  of  Stamped, 

Perforated  or  Embossed 

Sheet  Metal  Parts 

If  you  make  automobile  curtain  snaps,  oil  cups,  fuse 
caps,  percussion  caps,  ferrules,  metal  boxes,  etc.,  and 
want  to  speed  'em  up,  here  is  your  machine. 

The  Harris  Automatic  Multiple  Plunger  Press  is 
rapid — runs  off  35,000  to  80,000  parts  per  10-hour  day, 
allowing  for  all  legitimate  delays.  Output  depends, 
of  course,  on  thickness  of  material  and  other  purely 
physical  features  of  the  work  in  hand. 

The  machine  produces  complete  parts  automatically 
from  sheet  stock  without  manual  handling.  It  is 
heavy  and  of  latest  improved  design.  It  is  well  built 
and  its  high  accuracy  permits  perfect  interchange- 
ability  of  tools  from  one  machine  to  another.  All 
operations  are  simultaneous.  All  the  operator  has 
to  do  is  keep  the  stock  reel  supplied  with  stock  and 
remove  boxes  of  finished  work.  One  operator  can 
keep  a  dozen  or  more  machines  going. 

Write  for  descriptive  bulletin. 


the: 

H.E.HARRIS 

ENGINEERING 
COMPANY 


MARK 

OF 
QUALITY 


SYMBOL 

OF 
SERVICE 


"Jjie  Bnd^eport  Tool  Shop 

BRIDGEPORT,       CONN 
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rnllitrra, 

Alii.oi"!.    T 


Mlcr«niet«'r 

t  .   Mfg.   Co.   '.'  M»i>lo  Ave 

Idence,    R 


|»ro«n    &    Sti»rm.   Mfii.    Co      rrovld 
l)iH«U>llPr«tt  Co..  U«eiineld.   Mais. 
Hl«-..inl.    Co..    J.    T..    ITovldcn. 
HUrralt  Co.   L.    B..    AUiol.    Ma 


Alhburnliant, 
I. 


UavenMWOod    A  v 


Koiindry    Co..    B620    Second    Aic, 


New 


Cania 

American    Mch. 

Hnwklyn.  N.  ■!. 
Iliwlon    dear   Works.    NorfiJk   Downs.    Maaa. 
'i«r«in    Mill    Co..    6l>ri"|l  and    Varlck   Sta.,    New    Yc.rk. 
Kowl.olli.in   Mill.   Co..    Walorbury.   Conn. 
Cnra,  Intliiatrinl 
Chaac  Foundrj  .V  Mfg.  Co..  Columbus.  O. 
('nrtrlilHTc   Mnolilnery 
Itlackiill,    l-rr.l.Tik   S..   Woolworlh   Tower, 
Cil««— liur«l«-iiiii»t 

Kascnlt  Co..   11    Water  St..   Now  iork.  „    ,  „ 

Mciwl    I'VcM    Mfg.    Co.,    918    Dorchester   An..    Boston. 

WiUiama    &    Co..    J.    H..    01    Hlchards    St..    Brooklyn. 

N.    Y. 
rnae-Iinr«lonlnK   Coiiiponnd 
Kaiwnit    Co.,    11    Water    St..    New    York. 
«  nae-linrdi'iiinu    Fuinnooa 
See   Kurnaces.   Casc-liurdciiinB. 

CnatinRM,  IlrnaM.    llroii/.t-    ami    Aluiiilnuiii 
Light    MfK.    &    Kmmdry    (o..    IVtlstoun,    I'H. 
Lumen    Hoiinng    Co.     Buttalc;.    V    Y. 
Newman    Mfg.   Co.,   Cincinnata,   O. 
Titanium    Alloy    Mfg.    Co..    Buffalo.    N.    Y. 
InHtlnKSt   me   <""  Die-Molded 


4'lincka,   L,ntlie,   ICto. 

riiMhinaii   Chuck   Co..   llart/ord.    Conn, 
(iinhiilt   Mch.    Co.,    Madison,    Wis. 
llurdinge    Bros.,    Inc.     Berlcau    « 

Chicago,    III.  „        „ 

lioggHiin   &   rettis  Mfg.   Co.,   New   Ilavcn,   Conn. 
Morton  «  Ron  Co.,    10..   Windsor  Locks,  Conn. 
McCrosky    Konmer   Co.    Meudvlllc.    I'a. 
Montgomery    &    Co..    Inc..    101    Kulton    St..    New 
Newman    Mfg.    Co..    Cincinnati 
Oneida    Natlimal    Chuck  Co,     ' 
clt  LpOie  &  Urindor  Co. 


rrcill    Kngi'iccriiig    Co..    Dayton.    O. 

iuinbuu  Die     Tool    &    Mcli.    Co..   Columbus.   O. 

ix    (!un   (Jo.,    A.    IL.    I'hiladelnhla.    I'a. 

nliiilt   Mch.    Co..    Madison,    Wis. 

lima   Kngineerlng   Works,   17(13   Klston  Ave..   Chicago, 


111. 


K., 


Bridgeport,   Conn. 
Astona,   N.   Y. 


Mil 


Uneida,   N.   T. 

Brighton  District,  Boston. 


Ave..   Chicago,    Bl. 


\cme    Die-Casting    Corporation.    Bush   Teriiiinal    No. 

35th   St.    and   8rd   Ave..    Bnwklyn.    N.    1- 
Dochlcr      Die-Casting      Co..    Court     and      Ninth      8 

KranWin*Mfg?^C^;   738  Gifford   St.,    Syracuse.   N.   Y 

Light  Mfg.    &   Foundry   Co.,    Pottstown.   Pa. 

Lumen    Bearing  Co.    Buffalo    N.    i. 

Mobcrg.    C.    J.,   Inc.,   Mt.    Vernon.    N.   Y. 

Newman    Mfg.    Co.    Cincinnati.    O. 

Dhmer    Fare    Register   Co.    Uayton,    O. 

Phoenix    Die-Casting   Co.,   Buffalo,    N.   Y. 

Precision    Die-Casting   Co.,    SjTacuse,    «■    f- 

Stewart   Mfg.    Co.,    Wells   St.    Bridge^   9}>'<=?80.    M- 

\eeder  Mfg'  Co..  39  Sargeant  St..   Hartford,   Conn. 

Castings,    Iron    and    Steel 

Cresson-Morris  Co.,   Philadelphia.   Pa. 

West   Steel    Casting   Co.,    Cleveland,    O. 

Castings,   Nichronie 

Driver-Harris  Co.,   Harrison,    N.   J. 

Centering  Machines 

Hendey  Mch.   Co..   Torrington,   Conn. 

Newton    Mch.    Tool   Works,    Inc.,    23rd   and    Vine    Sts., 

Philadelphia.    Pa.  ,  v.        -^    i. 

Niles-Bement-Pond   Co.,    Ill   Broadway^   New   York. 
Porter-Cable  Mch.   Co..   Syracuse.    N.   Y. 
Pratt  &  Whitney  Co.,  Hartford,  Conn. 
Springfield   Mch.   Tool  Co.,   631    Southern  Ave.,   Spring- 
field.    O.  „      ^        ^  ,.,    „ 
Wells  &  Son  Co.,  F.   E..  Greenfield.  Mass. 
Whiton   Mch.    Co..    D.    E.,    New  London,    Conn. 
Centers,    Planer    and    Miller 
Bickford   Mch.    Co..    Greenfield.    Mass. 
Cincinnati   Planer  Co..   Cincinnati.   O.       „,,,,, 
Morse  Tvvist  DrUI  &  Machine  Co.,   New  Bedford.   Mass. 
Newton    Mch.    Tool    Works.    Inc.,    23rd   and    Vine    Sts., 

Philadelphia,    Pa. 
Chain    Blocks 
See  Hoists.   Chain,   etc. 
Chains,  Driving,  Etc. 
Baldwin   Chain   &   Mfg.   Co.,   Worcester.   Mass. 
Boston    Gear    Works.    Norfolk   Downs.    Mass. 
D°araond    Chain    &    Mfg.    Co.,    240    W.    Georgia    St.. 
Indianapolis.    Ind.  .,>.*.       tt    i 

Frasse  &  Co..  Inc..  Peter  A.,  417  Canal  St..  New  York. 
Lick-Belt  Co..   Chicago.   Bl. 

Morse   Chain    Co.,    Ithaca.    N.    Y. 

Union   Chain   &   Mfg.    Co.,    SenUe,    O. 

Whitney   Mfg.    Co.,    Hartford,    Conn. 

Woburn  Gear  Works.  Wobum,  Mass. 

Checks,    Time,    Tool    and    Pay 

Matthews    &    Co.,    Jas.    H.,    3946    Forbes    Field,    Pitts- 
Noble^  &    Westbrook    Mfg.    Co..    Hartford,    Conn. 

Schwerdtle    SUmp    Co..    Bridgeport.    Conn. 

Chucking   Machines,   Antomatic 
and   Semi-Antoniatic 

See  also  Lathes.   Turret.  ^,      ,      j     r. 

Cleveland    .\utomatic    Machine    Co.,    Cleveland,    O. 

Gisholt   Mch.    Co..    Madison,    Wis. 

National   Acme   Co..    Cleveland,   O. 

New    Britain   Mch.    Co..    New   Britain,    Conn. 

Potter   &   Johnston   Mch.    Co.,    Paw  tucket.    R.   I. 

Chucking    Machines,    Multiple    Spindle, 
.\ntoniatic 

New  Britain  Mch.   Co..  New  Britain,  Conn. 

Chucks,    Air 

Bardons   &    Oliver,    Cleveland.    O.  »,        »,    , 

Gan-in   Mch.    Co..    Spring   and   Varick   Sts..    New   York. 

Hannifin   Mfg.    Co.,    Chicago,    Bl.  „      -  _  „, 

Manufacturers    Equipment    Co.,    175    N.    Jefferson    St, 
Chicago,    Dl. 


Chuck    ('o..    New    Britali 
Tlii.i.ias   Klcvalor   Co..    22   8.    lio: 
rni..n    Mfg.    Co..    New    llriUin.    ( 
Wc.Htcott   Chuck    Co..    Oncidu,    N.    Y. 
Wliilon    Mch.    Co..    D.    E.,    New   London,    Conn. 

<  liuelcB,    Magnetic 

I)  .V   W   Fuse  Co..   Providence,   K.   I. 

llonid    Mch.    Co..    20    New    Bond    St.,    Worcester.    Mass. 

Walker  Co.,    O.    B..    Worcester,    Mass. 

Chucks,   Planer 

I'liicinnati   Planer  Co.    Cincinnati.    O. 
I'usliman    Chuck    Co..    UarUord,    Conn. 
llc«i!son   &   Pettis  Mfg.   Co..   New   Haven,  Conn, 
ilorton  &  Son  Co..   E..   Windsor  Locks.  Conn. 
skinner  Chuck  Co.,    New    Britain,   Conn. 
1  nion  Mfg.    Co.,    New   Britain,    Conn. 

Chucks,   Tapping 

Beaman   &   Smith   Co.,    Providence.   R.    I. 

Iticknell-Thonias  Co.,    Greenlleld,    Mass. 

Krrington     Mechanical    Laboratory.     39     Cortlandt    St., 

New    York. 
Crcciilield   Tap   &   Die   Corp..    Greenfield,    Mass. 
Mii'roskv   Reamer  Co.,   Meadville,   Pa. 
.Millluillanrt  Mch.  Co..  W.   K..  Indianapolis,  Ind. 
Ncwinan    .Mfg.    Co..    Cincinnati.    O. 
Peter    Bros.    Mfg.    Co.,    135    Railroad    Ave..    Algonquin, 

111. 
Procunier,  Wm.  L.,  549  Washington  Blvd..  Chicago.  111. 
Scully-Jones    &    Co..    047    Railway    Exchange.    Chicago, 

Bl. 

Circuit    Breakers 

D  &  W   Fuse  Co..   Providence,   R.   I. 
General    Electric    Co.,    Schenectady.    N.    Y. 
Westingbouse   Elec.    &   Mfg.    Co..    East  Pittsburgh,    Pa. 

Clamps 

Armstrong    Bros.    Tool 

Chicago.    111. 
Besly  &  Co.,  Chas.  H.,  120-B  N.  Clinton  St.,  Chicago. 

Bl. 
Billings    &    Spencer    Co..    Hartford,    Conn. 
Brown   &   Sharpe  Mfg.    Co..   Providence,   H.    I. 
Goodell-Pratt  Co..   Greenfield.  Mass. 
Hammacher.   Schlemmer  &  Co..  4th  Ave.  and  13th  St., 

New    York. 
Hannifin   Mfg.    Co.,    Chicago.    Bl. 
Starrett  Co.,    L.    S.,    Athol,    Mass. 
Western  Tool  &  Mfg.   Co.,   Springfield,   O. 
Williams    &    Co.,    J.    H.,    61    Richards    St.,    Brooklyn, 
N.    Y. 


313    N.    Francisco    Ave., 


W.,    17th    St.    &    Western 


1000   West    120th    8t  , 


Clamps,  Pipe 

National  Tube  Co., 


Pittsburgh,   Pa. 


md    Ravenswood    .\ves.. 


E.,  2  Maple  Ave..    Ashburnham. 


Chucks,    Drill 

Almond  Mfg.    Co., 

Mass.  ™      .      ,     „ 

Cleveland    Twist   Drill    Co..    Cleveland.    O. 
Cushman   Chuck  Co.,   Hartford.    Conn. 
Detroit   Twist  Drill    Co..    Detroit.    Mich. 
Goodell-Pratt   Co..    Greenfield.    Mass. 
Greenfield    Tap   &   Die    Corp.,    Greenfield.    Mass. 
Horton   &    Son    Co..    E.,    Windsor  Locks,    Conn. 
Jacobs  Mfg.    Co.,   Hartford.    Conn. 
McCroskv    Reamer    Co..    Meadville.    Pa. 
Millers  Falls  Co..   Millers  Falls.    Mass. 
Modem  Tool  Co..  2d  and  State  Sts..   Erie.  Pa. 
Montgomery   &    Co.    Inc..    104    Fulton    St..    New   York. 
Morse  Twist  Drill  &  Machine  Co..   New  Bedford.   Mass 
Narragansett    Mch.    Co..    Providence.    R.    I. 
National    Twist   Drill    &    Tool    Co..    Detroit.    Mich. 
Newman   Mfg.    Co..    Cincinnati.    O. 
Oneida    National    Chuck    Co..    Oneida.    N.    T. 
Skinner   Chuck   Co.,    New    Britain.    Conn. 
Standard    Tool    Co..    Cleveland.    O. 
Swedish  Gage  Co.,   Inc.,  16  W.   61st  St..   New  York. 
Trump   Bros.   Mch.    Co.,   Wilmington.    Del. 
Union   Mfg.    Co..    New   Britain.    Conn. 
Waterston.    J.    M..    Detroit.    Mich. 
Westeott   Chuck   Co..    Oneida.    N.   Y. 
Whiton   Mch.    Co.,   D.    E.,    New  London,    Conn. 


Clocks,  Watchmen's 

Hardinge   Bros..    Inc..    Berteau 
Chicago.    111. 

Clutches,    Friction,    Etc. 

Bicknell-Thomas   Co.,    Greenfield.    Mass. 

Brown   Clutch    Co..    Sandusky,    O. 

Brown  Engineering  Co..   133  No.  3d  St..  Reading.  Pa. 

Caldwell    &    Son    Co..    H.    W..    17th    St.    and    Western 

.\ve..   Chicago.   111. 
Conway    &    Co..    Cincinnati.    O. 
(Bresson-Morris  (Jo.,  Philadelphia,  Pa. 
Edgemont  Mch.    Co.,  2700  National  Ave.,   Dayton,   O. 
Johnson   Mch.    Co..    Carlyle.    Manchester,    Conn. 
Link-Belt    Company,    Chicago,    111. 
Moore    &    White    Co.,    2707-2737    N.    15th    St.,    PhUa- 

delphia.    Pa. 
Reliance    Gau^e    Column     Co.,     6008    Carnegie    Ave., 

B..    Chambersburg.    Pa. 
Collars,   Safety 

Bridgeport   Safety   Emery   Wheel    Co.,    Inc..    Bridgeport, 

Conn. 
Brown   Co..    A.    &   F..    79   Barclay   St..    New   York. 
Link-Belt  Company.  Chicago,   111. 
.Safety    Emery   Wheel    Co..    Springfield,    O. 
Standard    Pressed    Steel    Co..    Philadelphia,    Pa. 

Collars,    Spacing,    Etc. 

Detroit   Stamping   Co.,    Detroit,    Mich. 
Scully-Jones    &    Co.,    Oil    Railway    Exchange.    Chicago, 
Bl. 

Collets,   Spring 

See  Chucks,  ete. 

Ames   Co..    B.    C,    Waltham,    Mass. 

Hardinge    Bros.,    Inc.,    Berteau   and    Ravenswood    .\ves., 

(Chicago.    Ul. 
Rivett  Lathe  &  Grinder  Co..  Brighton.  Boston,  Mass. 

Commutators 

Wagner   Elec.   Mfg.   Co..    St.   Louis.   Mo. 

Westingbouse   Elec.    &   Mfg.    Co.,    East   Pittsburgh,    Pa. 

Compound,  Cleaning 

Oakley  Chemical   Co..   26  Thames   St.,    New  Tofk. 

Compound.    Cutting.    Grinding,    Etc. 

CaUract  Refining  &  Mfg.   Co.,   Buffalo,   N.  Y. 
Fiske   Bros.    Refining   Co..   24   State   St..    New   York. 
Haws.    Inc..   Geo.    A..   135   Front  St.,    New  York. 
Oakley  Chemical   Co.,   26  Thames  St.,   New  York. 
Stuart  &   Co.,   Inc..    D.    A..   29  So.   La   Salle   St..   Chi- 
cago. Bl. 

Compressors,    Air    and    Gas 

Chicago     Pneumatic     Tool     Co..     1060     Fisher 

Chicago.    Bl. 
Curtis   Pneumatic   Mchy.    Co..    15(58    Kienlen   Ave. 

Louis.    Mo. 
General    Electric    Co..    Schenectady.    N.    Y. 
Ingersoll-Rand    Co..    11    Broadway.    New    York. 
Worthington    Pump    &    Mchy.     Corp..     115    Broadway. 

New    York. 

Conduits 

General    Electric   Co.,    Schenectady.    N.    Y. 

Contract   Work 

.\merican    Mch.    &    Foundry    Co..    5520    Second    Ave., 

Brooklyn.  N.  Y. 
.American   Tool    &   Mfg.   Co..   Tlrbana.   O. 
Automat  Tool  Works.  252  Greenwich  St..  New  York. 


Bldg., 
St 


Engineering   Co.,    I 

lliiiioir  Mch.  Cm.,  45  Mills  St., 

Inglo   Mcli.    Co..    Rochester.    N. 

Krnslicrg    Mfg.    Co..    412    Orleans    St..    (.'hicago,    III. 

l.angelicr   Mfg.    O.,    Providence.    It.    I. 

Marvin    Mfg.    Co..    W.    B..    Urbana,    O. 

Mautc  &   Sons.  J..   BiifTalo,    N.   Y. 

MchI    Mch.   Tool   &   Die  Co..    Roscllc.   N,   J 

Mciwl    Press    Mfg.    Co.,    048    Dorchester    Ave..    Boston, 

Mass. 
Miiorc  Kastwood   Mfg.    Co.,    Dayton,   O.  ..       _    ._ 

Nelson  Tool   Co.,   Inc.,  781-788  E.  142d  St.,  New  York. 
New   BriUln   Mcb.   Co..    New   BriUln.   Conn 
North    Side   Tool    Works.    Dayton.    O. 
(Ibmer    Fare    Register    Co.,    Dayton,    O. 
I'oole   Engineering   &   Mch.    (Jo..    Baltimore.    Md. 
Itockford   Melal    ftiiecialty   Co..    Rockford,    111. 
Sloan   &   Cbacc   Mfg.    Co.,   Ltd.,    Newark,    N.   J. 
Slcicum.    Avram    &    Slocum    Laboratories,    Inc..    531    W. 

21st    St..    New    York. 
Smallev-General    Co..    Bay   City,    Mich. 
Solar  Metal   Products  Co.,   Inc.,   Columbus.   O. 
8-P   Mfg.    Co..    Cleveland.   O. 
Steel   rro<liicts   Engineering   Co..    Springfield,   O. 
Steiner   Bros..    Lima,   O. 
Taft-I'circe   Mfg.    Co..    Woonsocket.    R.    I 
Taylor    Mch.    Co..    Cleveland.    O. 
Ta'vlor-Shantz    Co..    Rochester.    N.    Y. 
T    C.  M.   Mfg.   Co..  Harrison.  N.  J. 
Ulmer  Co.,    J.    C.    Cleveland,    O. 
Urbana  Tool  &  Die  Co.,  Urbana.  O. 

Controllers 

Eck    Dynamo    &    Motor    Co.,    Belleville.    N.    J. 

General   Electric  Co..   Schenectady,    N.   Y. 

Reliance  Elec.   &   Eng.  Co.,   1050  Ivanboc  Road.   Cleve- 

liind.  O. 
Sprague  Electric  Works.   527   W.    34th   St.,    New   York 
Triumph    Electric    Co..    Cincinnati,    O. 
Westingbouse  Elec.  &  Mfg.  Co..  East  Pittsburgh,  Pa. 

Convertors,    High    Speefl    Steel 

Onondaga  Stefl  Co..   Inc..   Syracuse,   N.   Y. 

Conveyers,  Gravity 

Caldwell    &    Son    Co..    H. 

Ave..    Chicago.    111. 
Link-Belt  Co..   Chicago,    Bl. 

Cotter  Pins 

Whitman    &    Barnes   Mfg.    Co.. 
Chicago,  ni. 

Counterhores 

Advance    Tool    Co.,    Cincinnati.    O. 

Billings  &    Spencer   Co.,   Hartford,    Conn. 

Brown   &   Sharpe   Mfg.    Co..    Providence.    R.    I 

Cleveland   Twist  Drill   Co..    Cleveland.   O. 

Detriot   Twist  Drill    Co.,    Detroit,    Mich. 

Morse  Twist  Drill   &   Mch.    Co.,    New   Bedford,    Mass, 

National   Tool   Co..    Cleveland,    O. 

National  Twist  Drill   &  Tool   Co..   Detroit,   Mich. 

Pratt  &   Whitnev   Co..   Hartford,    Conn. 

Standard   Tool    Co..    Cleveland.   O. 

Starrett  Co..    L.    S..    Athol.   Mass. 

Union   Twist  Drill   Co..    Athol.    Mass. 

Windau   Tool    Co..    Cleveland,    O. 

Countershafts,    Friction,   Etc. 

Bardons    &    Oliver,    Cleveland,    O. 

Brown    Cluteh    Co.,    Sandusky.    O. 

Brown  Co..   A.    &   F..   79  Barclay  St.,  New  York. 

Brown    &    Sharpe    Mfg.    Co..    Providence.    R.    I. 

Builders   Iron    Foundry.    Providence.   R.    I. 

Cresson-Morris    Co..    Philadelphia.    Pa. 

Dalton    Manufacturing    Corporation.     1911    Park    Ave., 

New    York. 
Diamond   Mcb.    Co..    Providence.   R.   I. 
Garvin  Mch.  Co.,    Spring  and  Varick  Sts.,   New  York. 
Gisholt  Machine  Co..   Madison.   Wis. 
Hvatt  Roller  Bearing  Co.,   Newark,   N.   J. 
LeBlond   Mch.    Tool   Co..   R.   K.,    Cincinnati,   O. 
Safety  Emery  WTieel  Co.,    Springfield,  O. 

Counters,    Revolution 

Bristol    Co.,    Waterbury,    Conn. 

Brown    Instrument   Co.,    Philadelphia,   Pa. 

Grant   Mfg.    &    Mch.    Co..    N.    W.    Station,    Bridgeport, 

Conn. 
Starrett   Co..    L.    S.,    Athol.   Mass. 
Veeder  Mfg.   Co..  39   Sargeant  St.,   Hartford,   Conn. 

Counting    Machines 

National   Counting  Mch.    Co.,    Cbicopee  Falls,   Mass. 

National    Scale   Co..    Cbicopee   Falls,   Mass. 

Veeder  Mfg.    Co.,    39    Sargeant   St.,   Hartford,    Conn. 

Couplers,   Hose 

Greene,   Tweed   &   Co.,   109  Duane   St..   New  York. 
Ingersoll-Rand   Co..    11   Broadway.    New   York. 

Couplings,  Pipe 

Dart  Mfg.  Co.,   E.  M..  Providence.  R.  I. 

National   Tube   Co..   Pittsburgh,    Pa. 

Couplings,    Shaft 

Brown    Clutch    Co..    Sandusky.    O. 

Brown   Co..    A.    &   F,.    79   Barclay    St..    New  , York. 

BroNvn   Engineering  Co..    133   N.   3d   St..   Reading.   Pa. 

Caldwell  &  Son  Co..  H.  W.,  17th  St.  and  Western 
Ave..   Chicago.   Bl. 

Cresson-Morris  Co..    Philadelphia.   Pa. 

Link-Belt    Companv      Chirnim      PI 

Moore  &  WTiite  Co..  2707-2737  N.  15th  St..  Phila- 
delphia,   Pa. 

Nicholson  &  Co.,  W.  H..  112  Oregon  St..  Wilkes- 
Barre,    Pa. 

Royersford  Foundry  &  Mch.  Co..  54  N.  .5th  St..  Phila- 
delphia.  Pa. 

Sellers   &   Co..    Inc.,   Wm..   PhUadelphia,   Pa. 

Smith-Serrell   Co..   Inc..   144-A   Cedar  St..    New  York. 

Wood    Sons   Co..    T.    B..    Chambershnrg.    Pa 

Cranes 

Box    &    Co..    Alfred.    PhUadelphia.    Pa. 

Curtis     Pneumatic     Mchy.     Co..     1568     Kienlen     At*., 

S3t.    Louis.    Mo. 
Harrington.   Son   &  Co..   Inc.,   Edwin,   Philadelphia.  P«. 
Manning.    Maxwell    &    Moore,    Inc.,    119    W.    40th    St., 

New  York. 
Niles-Bement-Pond    Co.    Ill    Broadway.    New    York. 
Northern    Engineering  Works,    Detroit,   Mich. 
Shaw    Electric   Crane   Co..    Muskegon,   Mich. 
Toledo   Bridge   &   Crane   Co.,    Toledo.    O. 
Vandvck   Churrbill    Co..   149   Broadway.    New    V.'k 
Wright  Mfg    Co  .   Lisbon.   O. 
Yale  &  Towne  Mfg.   (3o.,  9  E.  40th  St.,    New  York. 
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Doehler  Die-Cast  Check  Protector  Parts 


DOEHLER 

DIE- CASTINGS 

With  labor  at  a  premium  and  with  the 
prevailing  difficulty  of  obtaining  ma- 
chine tools,  Doehler  Die-Castings,  re- 
quiring the  use  of  but  a  minimum  of 
labor  and  little  if  any  machine  equip- 
ment, have  been  of  material  help  in 
solving  the  production  problems  for 
some  of  the  leading  manufacturing  con- 
cerns in  the  country.  This  has  been  ac- 
complished most  satisfactorily  from 
standpoints  of  EFFICIENCY  as  well 
as  ECONOMY. 


MAIN  OFFICE   AND  EASTERN  PLANT 
WESTERN    PLANT         iD  *».V-/ V^  X^  Jj  A   A^l  •   *^  •    A  •    NEW  JERSEY  PLANT 

TOLEDO.OHIO.  NEWARK,  N.J. 

Die-Castings  in  Brass  and  Bronze,  Aluminum,  and  White  Metal  Alloys. 
Die-Cast  Babbitt  and  Babbitt-lined  Bronze  Bearings. 


The  Gripping  Power  of  Universal 
Giant  Compression  Couplings 

Imagine  a  compression  grip  that  will 
hold  even  when  the  load  puts  a  perma- 
nent set  in  the  shaft.  That's  what  the 
Giant  Compression  Coupling  has  actu- 
ally done. 

It  is  a  keyless  coupling,  so  simple,  so 
efficient,  and  so  easy  to  attach  that  it 
has  remained  the  favorite  for  over 
thirty-eight  years.  Three  of  the  orig- 
inal couplings  made  in  1876  are  still  in 
use  and  apparently  as  good  as  ever. 
More  dealers  carry  Universal  Giant 
Couplings  and  more  of  them  are  sold 
than  any  other  type. 

Bulletin  describes  them  fully.  Catalog 
shows  complete  line  of  \  ]k  flAl  ^  ^' Y^\ 
Power  Transmission  l/l/OOl  J 
Appliances.  »  WsoNSco.I_-Z 

T.  B.  WOOD  SONS  COMPANY,  Chambersburg,  Pa. 

Makers  of  the  most  complete  line  of  Power  Transmission  Machinery  made  by  any  one  Manufacturer 
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<  riitifn,    KIrctrIc   Trii vrllnir 

lll(|g»-    \V.tU)rii..ii    (',...    Clcnilnnd,    O. 
Hoi    *    Co.    Alfrwl,    rhiladeli.hla.    I'a. 
Northern    Kiiglncoring    Worlui.    Dftrolt.    Mich. 
8h»»    Kleotnc   Oraiic   Co..    Muskegon,    Mich. 

rrnnca.    KIpctrlo    Trnpk 

Ucneml    KIrclric   Co..    Bohonct-tiidy.    N.    Y. 


Crnnca,    I.OFnniotlvo 

I.lnk-IU'lt  Comiinny,   Chicago.    III. 

CrnnpB,  Portnble 

Canton    K.lry.    &    Mch.    Co..    Canton.    O, 

Crnnk    Pin    TnriiInK    Mnohlnon 

.Vnicrkan   Tool    Works  Co.,   Cincinnati.   O. 
•  I.cniond    Mrh.    &    Tix>l    Co  .    It     K..    Cincinnati,    O. 
Lodge   &    Shiiiliw    Mch.    TihiI   (^o..   Cincinnati,   O. 
Nilcs  IloHient-l'ond    Co.,    Ill    Ilroadway.    New    York 
rcdri.k    Tool     &    Mch.     Co.     803!)    N.    lAwnnco    St.. 

l'hiladel|ihia.    Ta. 
i;ndcr«ood   &    Co.,    11.    II,.    riiilndolphia,   Pa. 

Craclltlm 

nixon    Cnicible   Co,,    Joseph,    Jersey   City,    N.    J. 

rnttpm,   MillinK 

Adams    Co..    Dubuque.    Io«a. 

.\dTanco   Tool    (""o..    Cincinnati.    O. 

Ilarlwr-Colman    Co..    Ilockford,    111. 

Heckcr    Milling    Mch.     Co..     Hvdc    Park,     Mass. 

Urown    &    .ShBrpe    Mfg.    Co..    rnnidcnce.    It,    I 

Cleveland    Milling   Mch.    Co.,    Cleveland,    O. 

Cleveland    Twist    Prill    Co..    Clevelntul,    O 

Detroit  Twi.st  Drill  Co.,   Detroit,  Mich. 

O.xldard  Tool  Co.,   Chicago,   111. 

Gould  &  Ebcrhardt,  Newark,   N.  J. 

Harris  Engineering  Co..  11.   E..  Uridgcport.  Conn. 

Illinois   Tool    Works,    Chicago,    III,, 

Ingcrsoll    Milling    Machine    Co.,     Rockford,     III. 

Kearney  &  Trecker  Co,,  Milwaukee,  Wi.'s. 

Krasberg   Mfg.    Co..   412  Orleans   St  .    Chicago,    III 

Morse  Twist  Drill  &  Machine  Co.,   New   Bedford,  Mass. 

Michigan   Tool    Co.,   Detroit,    Mich. 

National    Tool    Co..    Cleveland.    O. 

National  Twist  DrUI   &  Tool   Co.,   Detroit,   Mich 

O.    K.   Tool   Holder  Co..    Shelton.   Conn. 

Pratt  &   Whitaey   Co..    Hartford.    Conn. 

neliance  Steel   &  Tool    Co..    Inc..   30   Church    St..    New 

1  ork. 
Standard    Tool    Co.,    Cleveland.    O, 
T.   C.    M.   Mfg.    Co..    Harrison,    N.   J. 
T'nion    Tviist   DrUI   Co.,    Athol,    Mass. 
VJTiitney   Mfg,    Co.,   Hartford.    Conn. 
"  indau  Tool   Co..   Cleveland,   O. 

Cattlnsr    Coniponnd 

See    Compound,    Cutting,    Grinding,    etc. 

Cntting'-ofr    Machines,    Abrasive    "Wheel 

Armstrong    Bros.     Tool    Co,,     313    N.     Francisco    Aye . 
Chicago.    III. 

Nutter  &  Barnes  Co.,  Hinsdale,  N.  H, 

Peter  Bros.  Mfg.   Co.,  Algonquin,  ni. 

Cnftinsr-oflf    Machines,    Cold    Saw 

See  Saws.  Rotary  Machines. 

Cnttlns-off   Machines.    Rotary 

Brown    &    Sbarpe    Mfg,    Co.,    Providence.    R     I 

Curtis  &  Curtis  Co.,  8  Garden  St.,  Bridgeport,  Conn, 

Dans  Mch.   Tool  Co.,  Inc.,  Rochester,  N    Y. 

Etna   Mch.   Tool   Co.,    Toledo,   O. 

Fawcus   Mch,    Co.,    Pittsburgh,    Pa. 

Hurlbut,    Rogers   Mchy.    Co..    So.    Sudbury,   Mass. 

Modem   Mch,    Tool    Co.,    Jackson,    Mich, 

Trcadweil   Engineering  Co,,    Easton,    Pa, 

Cnttlnsr-oflf   Tools 

Armstrong    Bros,     Tool     Co.,    313    N.     Francisco    Ave 

Chicago.    III.  " 

Billings    &    Spencer    Co.,    Hartford.    Conn. 
O,    K.    Tool    Holder   Co..    Shelton,    Conn. 
Pratt  &  MTiitney  Co..  Hartford,   Conn. 
Ready   Tool    Co..    Bridgeport.    Conn, 
Western  Tool  &  Mfg,  Co.,  Springfield,  O. 
Cyclo?neters 

Veeder  Mfg.   Co.,   39  Sargeant   St„   Hartford,    Conn. 
Cylinder    Borers 

See  Boring  and  Drilling  Machines,   Vertical 
Be.iman    &    Smith    Co.,    Providence,    R.    I. 
Inderwood   &   Co.,   H.    B..    Philadelphia,   Pa 
Cylinder    Boring   Machines,   Portable 
''^Ph^lldeTptia.'^Pa''^''-     ^°-     ^^^    ^-    ^— ^     ^t., 
Deniagnetlzers 
D   &   W   Fuse   Co..    Providence.    R     I 

w.li.r",^^''-  '?C-^^°^^'^  ^""^  St..  WorcesUr,  Mass. 
Walker  Co..  O.   S.,   Worcester.  Mass. 

Die   Blocks 

Dvson    &    Sons,    Jos.,    Cleveland,   O. 
Die    Castingrs 
See    Castings,    Die    or    Die-molded. 
Die   Milling  Machines 

Rni'i^r,';f°%  °i^   Machine    Co,,    Bridgeport,    Conn, 
BUlings  &   Spencer   Co.,   Hartford,   Conn. 
Die    Sinkinsr   Machines 

Jackson  Mch.  Tool  Co.,  Jackson.  Mich 

S","  .?   Whitney   Co.,    Hartford.    Conn, 

Walcott  Lathe    Co.,    Jackson.    Mich. 

Die    Stocks 

Armstrong    Mfg.    Co..    297    Knowlton    St.,    Bridgeport 


Dies,    Sheet    Metal,    Btc. 

Acklin    HUniplng    Co.,    1007    Uorr    St.    Toledo     (I 

Aniorican  Mch.  &   Foundry  Co.,  6520  2nd  Ave..   Brook- 
lyn,   N.    Y. 

American    Tool    &    Mfg.    Co..    Urbana,    O. 

Automat  Tool    Works,  2r>2  Greenwich  St.,   New  York. 

1  lliw  Oo.     K    W,.  5  Adarna  SL,  Brooklyn.  N,   Y, 

(loveland     Mch,     &     Mfg,     Co,,     40U    BamUton     Ave., 
('leveland.    O. 

ColuMibiui    Die,    Tool    &    Mch.    Co.,    Columbus,    (). 

I'lrrncute  Mch,   Co,,    Jlri.lgeton,   N.   J. 

Goildard    Tool    Co.,    Chicago,    111. 

IlLrria    Engineering    Co..    fl.    E.,    Bridgeport,    Conn. 

Kriislwrg  Mfg.   Co.,    112  Orleana  St.,  Chicago    III. 
LnuHing    Stamping   &    Tool    Co.,    Lansing.    Jlich 

Mnrnn    Mfg.    Co..    W,    B.,    Urbana.   O. 

Miiiito   At    Sons.    J.,    BulTalo,    N.    Y. 

M.hl   Mch.    Tool   &   Die  Co..    Ko.Hclle.   N.   J 

Michigan   Tool   Co.,    Detroit,    Mich. 

Middlesi'x    Mch.    Wk»      Middlctown.    Conn 

Modern  T<Kil.   Die  &  Machine  Co..  Columbus.   O. 

.M. wire-Eastwood    Mfg.    Co..    Davton     O 

'"^'York  '^'""'    ^°'  T81-783    E.    i42nd    St..     New 

Pratt   &   Whitney   Co..   Hartford,    Conn. 

Itockford    Metal    Specialty    Co.,    Rockford,    111. 

SUmn   &  Chaco  Mfg,   Co.,  Ltd.,   Newark,    N,  J. 

Mocum,    Avram    &    Slocum   Laboratories,    Inc.,    .'i;!!    W. 

.ilst   St..    New    York. 
Solar   Metal    Products   Co.,    Inc..    Columbus.    O. 
,':""'"®.MfB-..po-.    K    J..    St.    Louis.    Mo. 
raft-Peirce  Mfg.    Co..    Woonsocket,    l{.    I 
Taylor-Shantz  Co.,   Rochester.    N.   Y 
rimer   Co.,    J.    C.,    Cleveland,    O. 
I  rbana    Tool    &   Die   Co.,    Urbana.    O. 
Waltham   Machine   Works,    Walthani,    Mass. 

Dies,   Threading,   Opening 

gutterfleld   &   Co.,    Derby  Line.    Vt 

.Ne^^Yor^^'^''*"'"^     ^*'"""'"°''-'''-     •'*'     Cortlandt    St, 
Geometric   TtoI    Co.,    New   Haven.    Conn. 
Greenflcld  Tap  &  Die  Corp.,  Greenfield,  Mass. 
Ideal   Tool   &   Mfg,   Co.,   Beaver  Falls,    Pa 

iT„^^-  "^/f  "'5?"   H'^^-   <""■•    Springfield,   Vt. 
I.andis  Mch.    Co.,    Inc,    Waynesboro,   Pa. 
Modern  Tool   Co.    2nd  and  State  Sts..   Erie  Pa 
Mig-hey    Mch.    &    Tool    Co..    34    Porter    It?  Detroit. 
National    Acme   Co..    Cleveland,    O. 

fi'if.V'  f'.^^T"*^"^^   ^ii'   Hartio/d,    Conn. 
liicKcrt-Shafer  Co.,    Erie,    Pa. 

Draftinsr    Machines 

Keuffel   &   Esser  Co.,   Hoboken,   N.   J, 

Draw  Benches 

Rous  &  Heyberger,    108  Rue  Lafayette,   Paris,    France, 
Drawlnsr   Boards   and    Tables 

Economy   Drawing   Table   Co,,    Toledo,    O, 

Keuffe^    &   E3.ser  Co.,   Hoboken,    N.   J 

New  Britain  Mch.    Co.,    New   Britain,   Conn. 

Drawing-    Materials 

Keuffel   cS:   Esser  Co,,   Hoboken,    N,    J. 

Dressers,    Grinding   'Wheel 

.\brasive  Co.,   Bridesburg,    Philadelphia,   Pa. 
American    Emery   Wheel    Works,    Providence.    R     I 

Com"         ^     ^   ^""''   ^''*'    C°-    I°c-    Bridgeport, 
Calder,    Geo.    H..   Lancaster.    Pa 
Desmond-Stephan   Mfg.    Co.,    Urbana.    O. 
Hethenngton-McCabe    Co..    Pioua      O 
Norton   Co..    Worcester.    Mass         ' 
Reed  Mfg.   Co.,   Erie,  Pa 
Safety  Emery  -Wheel   Co..    Springfield     O 
Standard   Tool    Co.,    Cleveland     O 
?.^''l!,"e  Grinding  Wheel  Co.,   Tiffin,  O 
Vitnfied   Wheel   Co     Westfield,   Mass 
Western    Tool    &   M'fg,    Co.,    Springfield,    O 


IrnnitUm     Mechanical     Laboratory,     ."19     forUandt     St., 

N.-w  York. 
lh».yWolf   Mch.    Co..    Cincinnati,    O. 
Iii>lc|icndent  Pneumatic   Tool    Co..    Chicago.    III. 
Niwton    Mch.    Tool    Works.    Inc..    23rd   and    Vino   Sts., 

Philadelphia.  Pa. 
Neil    &    Smith    Elcc.    Tool    Co..    Cincinnati,    O. 
Standard    Electric   Tool    Co  ,    Cincinnati.    O. 
Stow   Mfg.    Co..    Binghamtcm,    N.    Y. 
United    States    Electrical    Tool    Co..    0th    Ave.    and    Mt. 

Hope  St,  (Mncinnatl,  O. 
Van    Dorn   Electric  Tool    Co.,    Cleveland.    O. 

Drilling    MnchlncM,    Horizontal,    Duplex 

(iarvin   Mch.    Co.,    Spring   and    Varick   Sta,.    New    York. 
Langelier  Mfg.    Co.,   Providence.   II.    I. 

Drilling    Machines,    Multiple    Spindle, 
Adjnntnlile 

Bniish    Mch,    Tool    Co,,    200    Wason    Ave.,    Springfield. 

Ma.s.s. 
Harrington.   Son  &  Co..   Inc.,   Edwin,  Philadelphia,  Pa. 
Lanpelier  Mfg.    Co.,   Providence,   U.    I. 
National   Automatic  Tool   Co.,   Richmond,   Ind. 
Pratt  &  Whitney  Co.,   Hartford,  Conn. 

Drilling    Machines,    Multiple    Spindle, 
ll4»rixontal 

Eaush    Mch.    Tool    Co.,    200    Wason    Ave,    Springfield, 

Ma.ss. 
Harrington,   Son  &  Co..   Inc.,  Edwin,   Philadelphia,  Pa. 
Langelier    Mfg.    Co..    Providence,    It.    I. 
Moline    Tool    Co..    Moline,    III, 
National   Acme  Co.,    Cleveland,    O. 

Drilling    Machines,    Multiple    Siiindle, 
Turret 

Langelier   Mfg.    Co.,    Providence,    R.    I. 
National    Automatic   Tool    Co.,    Richmond,    Ind, 
Newman   Mfg.    Co.,    Cincinnati,   O. 
Quint   A.    E.,   Hartford,   Conn. 
Turner  Mch.    Co.,    Danbury,   Conn. 

Drilling    Machines,    Multiple    Spindle, 
Vertical 

Baker    Bros,,    Toledo,    O. 

Barnes   Co..   W.    F,    &   John,    231   Ruby   St.    Rockford. 

Barnes  Drill  Co..   Inc.,  814  Chestnut  St.,  Rockford,  III. 

Cincinnati   Bickford   Tool  Co,,   Oakley,   Cincinnati,   O. 

Cincinnati   Pulley   Mchv,    Co.,    Cincinnati,    O. 

Clark  Electric  Co.,  Inc.,  Jas.,  Jr.,  Louisville,   Ky. 

Colbum   Mch.    Tool   Co.,    Franklin,   Pa, 

Foote-Burt      Co..    Cleveland.    O. 

Harrington.   Son  &   Co.,   Inc.,   Edwin,   Philadelphia,  Pa. 

Henry  &  Wright  Mfg.   Co..  Hartford.   Conn. 

Langelier    Mfg.    Co.,    Providence,    R.    I, 

Leiand-Gifford   Co,,   Worcester,  Mass, 

Medina  Mch.  Co,,    Medina,  O 

Moline    Tool    Co.,    Moline,    HI, 

National  Automatic  Tool  Co.,   Richmond,   Ind. 

Newton    Mch.    Tool    Wks.,    Inc.,    23rd    and    Vine    Sts.. 

Philadelphia.  Pa. 
Niles-Bement^Pond    Co.,    Ill    Broadway,    New    York 
Pratt  &  Whitney  Co.,  Hartford,  Conn, 
Quint   A.    E.,    Hartford,    Conn. 

Reed  Co..   Francis,   43  Hammond  St,,   Worcester,   Mass 
Reed-Prentice    Co,,     F,     E,     Reed    Dept,    and    Prentice 

Bros,    Dept.,    Worcester.    Mass, 
Rockford    Drilling   Mch.    Co.,    Rockford,    n. 
Sellers  &  Co.,   Inc,   Wm.,   PhUadelphia,  Pa. 
Silver  Mfg.   Co.,   Salem,   O, 
Sipp    Mch,    Co,,    Patcrson,    N,    J. 
Taylor  &   Fenn  Co.,   Hartford.   Conn. 
Taylor  Mch,   Co..   Cleveland.   O. 

Drilling   Machines,    Pneumatic 

Chicago     Pneumatic     Tool     Co.,     1060     Fisher     Bldg., 

Chicago,  m. 
Independent  Pneumatic  Tool   Co..   Chicago    n 
Ingersoll-Rand   Co.,    H   Broadway,    New   York, 


Co 

Bay  State  Tap  &  Die  Co,,   Mansfield,   Mass, 
Billmgs  &   Spencer  Co.,   Hartford,   Conn. 
Bnibaker  &  Bros.,  W.  L.,  Millersburg    Pa 
?"15*'?.f''    S    ^°--    ^"'^^  Line,   Verniint.  ' 
Card   Mfg.    Co,,    S,    W..    Mansfield,    Mass 

CnrtfJ"  a'  J""^-  ^rP'^  Tp9-   J-    M..  Pawtucket    R.    L 
Curtis  &  Curtis   Co..   Bridgeport.    Conn. 
Sw''?!^''  ^A"  ^J*'^  Corp..  Greenfield.  Mass. 

land    6:   ^°-    ^-    ^^"^    ®*-    "-"^   M"'™   Ave,,    Cleye- 

Pra'tf  J4'i?""r.*  ^S^'  P°-   ^ew  Bedford,   Mass. 

i^'^r'^^''"^-^'  Co.,   Hartford,   Conn. 

Reed  Mfg.    Co.,    Erie.   Pa 

Saunders  Sons,   D,,   Yonkers,    N.   T 

Standard  Engineering  Co..  Ellwood  City.  Pa. 

Wa  worth  Mfg.   Co.,   Boston.   Mass. 

WeUs  &  Son  Co.,   F.   E..   Greenfield,  Mass. 

Dies,    Lettering    and    Embossing 

bS,'Pa.^°-    ^''-    ^-    ^'^    ^"'""^    Fi^l".    Pitt^ 
Maute  &   Sons.  J..   Buffalo.    N.   Y 
Noble  &  Westbrook  Mfg.    Co      Hartford     Conn 
SchwerdUe    Stamp    Co.,    Bridgeport    Conn.  " 


Drill   Heads,   Multiple 

^"ilL.**'''-    ''™'    ^"-    ^    ^^^O"    -'^^«-    Springfield, 
Covington    Multiple    Drill    Co.,    Cincinnati,    O 
Medina  Mch,    Co.,   Medina    O 

\ewm,n    Mf'°'"^"'=   Z^""'-  ^o  •    Richmond,    Ind. 
Newman    Mfg,    Co..    Cincinnati,    O. 

Sel  w^'m  ?"'iJ''8,  ^'■''-    Co..    Rockford,    ni, 
Sellew    Mch.    Tool    Co.,    Pawtucket    R.    I. 

Drill    Sockets 

»J^n>5f%c?DS^^ic,p- 

&f^isf-^ut^^oo,^",„.-;,S^^^^^^^ 

'™C&"lll*     '"'-     ^'     ''''""^^     Exchang'J^'^ldg.. 

Standard   Tool    Co..   Cleveland,   O 

tnion   Twist  Drill   Co.,   Athol.   Mass. 

Drill    Speeders 

Grahani    Mfg.    Co..    Providence.    R.    I 

Peter   Bros.    Mfg.    Co..    133    Railroad    Ave,,    Algonquin, 

Drill    Stands 

Cleveland    Twist    Drill    Co.,    Cleveland,    O 

Drilling  Machines,  Automatic 

Baker    Bros.,    Toledo,    O. 

Drilling  Machines.   Bench 

•Vmes   Co,,    B.    C„    Waltham.    .Mass 

Barnes.  Co,,    W.    F.    &    John,    23rR„by    St,    Rockford, 


r1,'!?='i""^.!.''^''''  ^'^'^''v.  C"  .    Cleveland,     O. 
Buffalo    Forge   Co.,    Buffalo,    N.    T 

HlS?vWrff°Mc},^^-c*^''n-^'^'™8<'    Heights,    ni. 

Hisey-Wolf  Mch.    Co.,    Cincinnati,    O 

Langelier  Mfg.   Co..   Providence,    R    i 

N»«;;^"?"I'"?    Co.,    Worcester,    Mass. 

Pra  n'  wi;??"""?.  ^°?l  Co..    Richmond,    Ind 

hiS   ^  Whitney  Co.,   Hartford,   Conn 

n^^Uf    S-rf!'?,?'^"''   ■'^  Hammond   St.,   Worcester    Mn^.! 

Tavl^r"'^  lj,"""'g  *r<^Ii-    Co.,    Rockford.    m'         ""■ 

TinitS^  ^w™°,.,C°-    Hartford,    Conn, 

"""i^e'^'c^^s;:^^  S?"'  ^^  "'"  ^--  --^  ^^*- 

Drilling  Machines.  Boiler 

?v,^"""S   Machines,    Portable    Electric 

Chfc°ago  ?ll""*"'     '^'~'     ^°-     "60     Fisher     Bldg,, 

riark""FWt?'^''J^"'''''T''°°'    Co.,    Cincinnati,    O. 

•  lark  Electric   Co..    Inc..    Jas.,    Jr  ,    Louisrille,    Ky. 


Drilling   Machines,   Radial 

American   Tool   Works  Co.,    Cincinnati,   O, 

Canedy-qtto   Mfg.    Co.,    Chicago   Heights,    Dl. 

Carlton   Mch.   Tool   Co.,   Cincinnati     O 

Cincinnati    Bickford    Tool    Co,,    Oakley,    Cincinnati     O. 

Dreses  Mch.    Tool    Co.,    Cincinnati,   O 

Fosdick  Mch.   Tool   Co..   Cincinnati     O 

Hammond    Mfg.    Co..    Cleveland,    O. 

Harrington     Son  &  Co.,   Inc.,   Edwin,   PhUadelphia,  Pa. 

Morris   Mch,    Tool    Co.,    Cincinnati,    O, 

MiieUer  Mch.   Tool   Co.,   Cincinnati,   O, 

Niles-Bement-Pond    Co.,    Ill    Broadway,    New   York 

Reed-Prentice    C^  ,     F.     E.     Reed    Dept    and    Prentice 

Bros.  Dept,  Worcester,  Mass. 
K^Y^   &  Heyberger,   108  Rue  Lafayette.  Paris,   France. 
SeUers    &    Co.,    Inc,    Wm.,    PhUadelphia,    Pa. 
Taylor  &  Fenn  Co.,   Hartford,    Conn. 

Drilling    Macliines,    Ball 

Colburn   Mch.    Tool    Co.,    Franklin     Pa 
Foote-Burt  Co.,   Cleveland.   O 

MVl\L7rool^"^o.''&JV^^''''  P^^^^e'Ph-.   Pa. 

'''phTalefpl'?a,?r'    '^^•'     ''^'=-    ^''    -"    ^'^    ^^■■ 

Pf"T|^;^rc.,^W,"ph^Se1;s^.  17  ^"^ 

Taylor  &  Fenn  Co.,   Hartford,   Conn 
Drilling    Machines.    Sensitlye 

Albany  Hardv-are   Si.ecialty  Mfg,    Co..   Albany,  ^Vis 
Barnes   Co,,    W.    F,    &  John,   231   Ruby   St..    Rockford, 

BUtqn    Mch     Tool    Co.,    Bridgeport,    Conn. 
Cincinnati  Pulley  Mchy.    Co..    Cincinnati,    O, 
De  Mooy  Mch.   Co..   Cleveland    O 

Gardam  &  Son,  Inc,  Wm.,  103  Park  Place    New  York. 
Hammond  Mfg.   Co  .   Cleveland    O  ^ 

Henry   &   Wright   Mfg.    Co.,    Hartford,    Conn. 
Johnson  Mch.  Tool   Co.,   Gouverneur    N    Y 
Langelier    Mfg.    Co.,    Providence,    R.    1 
Leland-Gifford    Co.,    Worcester     Mass 
gfo"   &    Whitney    Co.,    Hartford,    Conn. 
Sr^n"-'..^™",?'^'   -"^  Hammond   St,   Worcester,   Mass 
Reed-Prentice    C;p.,     F,     E.    Reed    Dept    and    PrentS 
Bros.  Dept,  W  orcester,  Mass.  rrenuce 

del'phia''  pa"'""'"^'  *  ^"^^   Co..  &4  N.  5th  St..  PhUa- 

|-nn\f'*'S?--    ^?;'   ^  J""   ^'-   South  Bend,    Ind. 
Sipp  Machine  Co..   Paterson.   N.  J 
Taylor  &   Fenn    Co.,   Hartford,   Conn. 

Drilling    Machine    Spacing    Attnchnient. 
Iniversal  ' 

Medina   Mch.    Co.,   Medina,    O. 

Drilling   Machines,    T^pright 

Albany  Hardware  Specialty  Mfg.   Co.,  Albany    Wis. 
Aurora    Tool   Works.    Aurora,    Ind.  ^""""J'    >>^"- 

Baker    Bros.,    Toledo,    O 
R.-i£jes   Co.,    W.    F.    &  John.    231    Ruby   St..    Rockford, 
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^'  Here   it    is, 
Gentlemen! '' 

Here    is    the    SERVICE    you 
want  in  a  Lathe. 

You    get    it    co-mingled    with 
.^y_    SIDNEY. 

Sidney  also  stands  for  Speed 
— and  Satisfaction. 

We  bring  this  "SIDNEY  FOR 
SERVICE"  label  to  your  attention  month  after  month 
because  it  is  the  visible  indication  of  a  superior  ma- 
chine. It  is  a  protective  mark.  It  is  our  guarantee  that 
the  Company  stands  behind  every  Sidney  Lathe.  It's 
the  sterling  mark  on  a  Lathe.  And  it  has  become  that 
in  the  space  of  a  few  years  of  remarkable  service. 

Write  for  Particulars.     Get  Bulletin  32  now. 

THE  SIDNEY  TOOL  CO. 

SIDNEY,  OHIO 

The  following  firms  handle  Sidney  Lathes: 

AGENTS    IN    THE 

I  NITED    STATES: 
.strong,     Carlisle     & 

II  a  m  m  o  D  d  Co. 
Cleveland,  Ohio 
Marshall  &  Hus- 
chart  Mchy.  Co. 
Chicago,  m.  J.  J 
JlcCabe.  New  York 
City.  Frank  Toonic 
Co.,  PhUadelphia 
Pa.  Vonnegut  Mch.v 
<-"  0  .  ,  Indianapolis 
Ind.       Chas.     Btrel 

inger  Co..  Detroit.  Mich 
Fred  Ward  &  Son.  San 
Francisco.  Cal.  Portland 
Mchy.  Co.,  Portland,  Ore. 
AGENTS  IN  CANADA: 
Foss  &  Hill  Mchy.  Co., 
Montreal.  Quebec.  H.  W. 
Petrie,    Ltd.,    Toronto,    Ont. 


ETNA    SWAGER 

No.  2 


This  little  machine 
is  designed  for 
ordinary  small 
swaging  and  can 
be  used  on  any 
class  of  work  with- 
out the  least  dan- 
ger of  warping  or 
straining. 
The  distinguishing 
characteristic  o  f 
operation  is  econ- 
omy— high  work- 
ing speed,  moder- 
ate die  costs  and 
low  power  con- 
sumption being  the 
factors  most  di- 
rectly responsible. 
The  machine  is 
heavily  built ;  in 
every  respect  fully 
up  to  the  high 
standards  of  all 
Etna     machines. 


Capacity,   1"  diameter. 


Write  for  Circular. 


THE  ETNA  MACHINE  CO. 

Maplewood  Avenue  and  Castle  Blvd.,       TOLEDO,  OHIO,  U.  S.  A. 


Cochrane-Bly 
Universal  Shaper 

This  machine  is  a  universal  pre- 
cision  tool,  and  w^hile  it  is  designed 
v^ith  reference  to  minimizing  cost 
on  dies,  jigs,  tools,  metal  patterns, 
etc.,  requiring  accurate  finish,  it  is 
also  well  adapted  to  machining  in- 
ternal and  external  cams,  gears, 
ratchets,  etc.,  or  for  broaching 
blind  holes  and  cutting  keyvi^ays  or 
similar  work  hard  to  perform  ex- 
cept with  special  equipment. 
As  an  illustration  of  the  usefulness 
of  the  machine  on  certain  pro- 
ductive work,  one  of  same  has  re- 
cently been  installed  by  a  prom- 
inent manufacturer  having  a  large 
contract  for  aeroplane  gears  with 
taper  holes,  the  shaper  being  used 
for  cutting  the  keyv^ays  at  the  de- 
sired angle  and  with  the  accuracy 
required.  Many  of  these  gears 
have  two  or  more  keyways. 
Construction  is  substantial,  all  con- 
trol and  adjustments  are  conveni- 
ent to  the  operator,  and  there  is 
ample  power  for  heavy  cuts. 

Complete  description  in  catalog. 

Cochrane-Bly  Co. 

ROCHESTER         NEW  YORK 

FOREIGN  AGENT.S:  James  Say,  184  WUnisIow  Road.  Man- 
chester. England,  for  Great  Britain  an!t  Ireland.  Fenwicl! 
Freres  &  Co..  Paris,  for  France.  Italy,  Belgium,  Switzerland, 
Spain   and   Portugal.     H.    P.   Gregory   &    Company,    Sydney,   for 


Australi: 
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ll«rm.»  Krlll  Co..   Im-.,  81)  Clirntnut  St..  Ilockford.  Dl. 

Ilraiimn    &    Smith    <'i>.,    rrn\  hloiiii),    l(.    1. 

Hlll..ri    M,h.    T.Hil    C.i  .    llriilgiMHirt,    Conn. 

llulTnlo    Poriii.    Co..     Ilurrnlo.     N.     V 

C«ni-.ly  otio   MfB.    Co..   CliU-ago  llsigliU.    Ill 

CiniMin«il    llukfoM    TiMil    Co..    Onkli'V.    Cincinnati.    O. 

Ciniliinsti    riillpy    M.hj'.    Co.,    CincinnuU.    O. 

Colluirii    Mill     '1'<M>1    Co..    rriinklin.    r«. 

DavlH   M.h.    Tool    Co.    Inc..    HiH-licster.    N.    Y. 

Ktv.l..  Hurt    Co..    Cli-vvUml,    (). 

F.w.li(k   .Moll.    T(«il   Co..   CInclnnntl.   O. 

IJunln    Meh.    Co..    Spring  and    Vorii-k   SU.,    New    York. 

llnrriiigton.   Son  &   Co..   Inc..    I'Mwin.   I'hll»<lel|)lii«.   P». 

Hi'iirv  &    Wright  Mfg.   Co.,   Hartford,   Conn. 

hnieht  ,\tcJiy.  Co.,  W.   11..  2011)  Lucas  Arc.  8L  Louis. 

I-aniipljcr    Mfg.    Cn..    Providence.    It.    I. 

I.olnnd-dlfford   Co..    Worce.stiT.    Mn.w. 

l.iticlgren   Co.,    K.    W.,   liockfonl.    111. 

Minster   Mch.   Co..   Minster,   O. 

.Molino    Tixil    Co.,    Mnlinc.    111. 

Nlle»-lleniont-I>ond    Co.,    Ill    Hrond«ay,    Nc»    York. 

Pratt  *   Whitnc.v  Co..   Ilartrord.   Conn. 

Kewl   Co..   J>anoi8,   43  Hammond   St.,   Won-.stcr.   Mass. 

Hced-Prentlro    Co.      I.-.    K.     Heed    Dept.    and    Prentice 

Hro.i.    Dept,,    Worcester.    Mns.i 
Hoikford  DrUIIng  Mch.    Co..    Itockford,    111. 
Selhra  *  Co.   Inc..   Wm..  Philadelphia,   Pn 
Sil.ley  Meh.  Co..  8  Tutt  St..  .South  IScnd.   Ind. 
Snip  Machine  Co.,   Pater.s,in,   N.  J. 
Snyder  &   Son,   J.    K..    Worcester,    Mum. 
Standard   Mfg.    Co.,    Bridceport,    Conn. 
Taylor  &  Fenn  Co.,   Hartford.   Conn. 

nrlUiiiK'    Miioliint>N.    AVnll    Rncliiil 

Canedy-Ollo   Mff.    Co.    Chicago   Heiglil.s.    111. 

DrlllM,  router 

Clevel.ind    T«i.><t    Drill    Co..    aevcland,    O.- 

Detroit    1\\ist    Prill    Co.,    Petroit,    Midi. 

Morse  T«ist  Drill  &  Machine  Co.,   New  liodford.   Mass. 

National   Twist   Drill   &   Tool   Co.,   Detroit.   Mich 

Pratt   &   Whitney  Co..    Hartford,    Conn. 

Sloconib  Co..   J.    T..   Providence.   R.   I. 

Standard   Tool   Co.,    Cleveland,   O. 

Drills,  Rntcliet 

.\rmstrong     Hros.     Tool     Co.,     313     N.     Francisco     .\ve., 

Chicago,  111. 
Billings    &    Spencer    Co.,    Hartford.     Cunn, 
Cleveland   T\\ist  DrUl   Co.,   Cleveland,   O. 
Detroit    Twist    Drill    Co.,    Detroit,    Mich. 
Oomlell-Pratt   Co.,    Greenfield,    Mass. 
(Greene,    Tweed   &   Co.,    109   Diiane   St..   New  York. 
Millers    Falls    Co..    Millers   Falls,    Mass. 
National   Twist  Drill   &  Tool   Co..   Detroit.  Mich. 
Pratt  &  Whitney  Co..   Hartford,   Conn. 
Standard  Tool   Co.,   Cleveland,   0. 
Walworth    Mfg.    Co.,    Boston.    Mass. 
Whitman    &    Barnes    Mfg.    Co.,    1000    West    120th    St , 

Chicago,  III. 

nrills,   Tavist 

Roker   &    Co.,    Inc..    H..    101    Duane    St.,    .New    York. 

(  lark   Equipment  Co..   Buchanan.    Mich 

Cleveland   Tv^ist  Drill    Co..    Cleveland     O 

Detroit   Twist   Drill    Co..    Detroit.    Mich 

Frassc  &  Co..  Inc..  Peter  A..  417  Canal  St..  New  York. 

Haiiimacher.   Schlemnier  &  Co.,   4th  Ave.   and  13th   St. 

New  ^ork. 
Montgnniery  A-   Cn.    Ire,    104   Fulton   St..    New  York. 
Morse    Twist  Drill   &  Machine  Co.,    New  Bedford.   Mass. 

P?,*i?"'j'  wl'-l'  ^"}}   *  J""'  ^"^   Detroit,   Mich. 

Pratt  &  Whitney   Co..   Hartford.   Conn. 

Reliance   Steel    &   Tool   Co.,    Inc.,   30   Church   St.,    New 

1  nrk. 
Standard    Tool    Co..    Cleveland     O 
t_nion   Twist   Drill    Co.    .\thol.   Mass 
Whitman    &    Barnes    Mfg.    Co.,    1000    West    120th    St., 

t  lucago,  Rl. 

Drinking-    TVater    Fonntains    and 
Systems 

Allen    Filter   Co.,    Toledo,    O. 

Mai'''"""^    Equipment    &    Eng.    Co.,    Framingham, 

Dynamos 

Eck   Dynamo   &    Motor   Co.,    Belleville.    N.    J. 
(.eneral   Electric  Co.,   Schenectady,   N.   Y 

CleTelan^'.'o."''    *    "^"^^    ^°-    ^°^^    ^^""'^"^    "™<'' 
Sgragiie   Electric   Works.    527  W.    34th   St      New    York 
WagTier  Electric  Mfg.   Co..   S5t.  Louis,   Ma 
Westinghouse    Elec.    &    Mfg.    Co.,    East  Pittsburgh,    Pa. 
Electrical   Snpplies 
General    Electric   Co..    Schenectady,    N.    Y 
WagTier  Elec.   Mfg.   Co..   St.  Louis    Mo. 
Westinghouse   Elec.    &   Mfg.    Co.,    East  Pittsburgh,    Pa. 
EleTatops 

^Jj^g^'^l«"ip Elevator    Co..    701    Glenwood    Ave.,    PhUa- 
Link-Belt   Company.    Chicago,    El. 
Emery  "Wheels 
See  Grinding  Wheels. 
Emery   AVheel   Dressers 
See  Dres.sers,  Grinding  Wheel. 
Ensrines,   Steam 

Bethlehcni   Steel   Co. ,   South  Bethlehem,   Pa.    ' 
Buckeye   Engine   Co,    Salem     O 
Buffalo    Forge   Co..    Buffalo,    N.    Y. 

Expanders,   Tube 

■"^'Ba^Tpa*    ^°"    ^'    °'    "^    °"^'"'    ®*-    '"''"'83- 
Watson-Stillman   Co.,    192   Fulton   St.,    New  York. 
Expansion   Joints 

Nuttall   Co.,   R.   D..   Pittsburgh,   Pa. 

Eye    Protectors 

Willson  &  Co.,   Inc.,   T.   A.,  3rd  and  Washington   Sts , 
Reading,  Pa. 

Fans,  Exhaust,  Electric,  Ventilatins- 

Buffalo   Forge   Co.,    Buffalo,    N.    Y 

Eck  Dynamo  &  Motor  Co..  Belleville,   N.  J 

General   Electric  Co.,   Schenectady,   N.   Y. 

Westinghouse   Elec.    &   Mfg.    Co.,    East  Pittsburgh.    Pa. 

Ferro   Tungsten 

Vanadium- Alloys  Steel   Co.,    Pittsburgh,   Pa. 

File    Handles 

Hammacher    Schlemmer  &  Co.,  4th  Ave.  and  13tli  St., 

New  York. 
Osgood  Tool  Co.,  J.  L.,  Buffalo,   N.  Y. 


Knii-ncnii     Sv\li«     File     &     Tool     Co.,     21     .lohn     St., 

New  York, 
llarnott  Co.    G.   &    H.,   Philadelphia,   Pa. 
Delta    Kilo  Works.    Philadelphia,   Pa. 
DiBiiton   &    Sons,    Inc.,    Henry,    Philadelphia,    I'a. 
Hammacher,   Schlemmer  «;   Co.   4lh   Ave.    and    13th   St., 

New  York.  „    . 

M.mlgiimery  &  On..   Inc..   104   Fulton  St.,   New  York. 
Nlcholmm    File   Co.,    Providence.    K.    I.  „     . 

Iteichhelin   &   Co.,    K.   P.,   24   John    St.,    New    York. 
Sinionds  .Mfg.   Co.,   Fitohburg    Mass. 
\\alls  Tool   Co.,   T.   P.,   78  Walker  St.,   New   York. 

I'MllnK    Mnclilnen,   Die,   Etc. 

Vines  (%i ,   B.   C,   Walthaui,   Mass. 
Coihrane-niv  Co.,   Rochester,   N.  Y. 
Dliyi'r    Instrument  Co.,    Adrian     Mich. 
Hearwin,    W,    D..    Grand    Rapids,    Mich. 
Robinson  Tool    Works,   Inc..    Waterbury,  Conn. 
Wnltham    Machine   Works,    Waltham,    Mass. 

Fillet    (i.ontlier) 

Graton  &   Knight  Mfg.   Co.,  Worcester.   Mass. 

FilterM,   DrlnklnK   AVater 


Alle 


■'ilte 


Toledo,   O. 


FlttlnKS,   Steam,   Ilydranlie,   Etc. 

Dart  Mfg.   Co..   E.    M.,    Providence,   R.    L 

Hydraulic     Press     Mfg.     Co.,     84     Lincoln     Ave.,     Mt. 

Gilcad.  O. 
Metalwood    Mfg.    Co.,    Detroit.    Mich. 
National    Tube    Co.,    Pitt.-iburgh,    Pa. 
Walworth    Mfg.    Co..    Bo.ston.    Mass. 
Watson-StUlman   Co.,    192   Fulton   St..    New   York. 

Flexible   Shafts 

Chicago    Flexible    Shaft    Co.,    149    W.    La    Salle    St., 

(-'hicago.  111. 
Oliver   Instniment   Co..    Adrian.   Mich. 
Stow  Mfg.  Co.,  Binghamton,  N.  Y. 

Flnx,  AVeldins 

Gisholt  Mch.    Co.,    Madison,    Wis. 

Forses 

Billings  &  Spencer  Co..  Hartford,  Conn. 
Buffalo  Dental  Mfg.  Co.,  Buffalo.  N.  Y. 
Buffalo    Forge    Co.,    Buffalo,    N.    Y. 

PorginK  Machines 

Acme   Machinery   Co..    Cleveland.    O. 

.\.iai:   Mfg.   Co.,    Cleveland,   O. 

Beaudrv  &  Co..   Inc..  Boston,   Mass. 

Bliss  Co.,    E.   W..   ,5  Adams  St.,   Brooklyn,    N.   Y. 

National    Machinery    Co.    Tiffin.    O. 

Rous   &   Hevberger,    108   Rue  Lafayette,    Paris,    France. 

Williams,   White   &    Co.,    Moline  111. 

Porsings,    Drop 

Billings  &  Spencer  Co.,  Hartford.   Conn. 

Johnston    &    Jfennings    Co.,     Addison    Road    and    Lake 

Shore  R.    R.   Tracks.    Cleveland,   O. 
Whitman    &    Barnes    Mfg.    Co..    1000   West    120th    St., 

Chicago,  111. 
Williams    &    Co..    J.    H.,    61    Richards    St.,    Brooklyn, 

N.   Y 
Wyman-Gordon    Co.,    Worcester.    Mass. 

Porgings,    Iron    and    Steel 

Camden    Forge    Co.,    Camden,    N.    J. 

Cleveland    Mch.     &    Mfg.     Co.,     4944    Hamilton     Ave.. 

Cleveland,  O. 
Cresson-Morris  Co.,  Philadelphia,   Pa. 
Dyson   &    Sons,    Jos.,    Cleveland.    O. 
Johnston    &    Jennings    Co.,     .\ddison    Road    and    Lake 

Shore   R.    R.    Tracks,    Cleveland,    O. 
Machinery  Forging  Co.,   Cleveland,  O. 

Forming    and    Bending    Machines 

Baird   Mch.    Co..   Bridgeport.    Conn. 

Bliss  Co..   E.  W..  5  Adams  St.,  Brooklyn.  N.  Y. 

Shuster  Co.,    F.    B.,    New   Haven,    Conn. 

Foundry  Equipment 

.\dams  Co..   Dubuque,   Iowa. 
Ingersoll-Rand  Co..   11   Broadway,   New  York. 
New  Britain  Mch.   Co.,   New  Britain,  Conn. 
Northern  Engineering  Works,   Detroit,   Mich. 

Furnaces,    .%-nnealing,  Hardening 
and  Tempering 

.\merican   Gas   Furnace  Co.,   24   John   St.,    New    York. 
Bellevue   Industrial    Furnace   Co.,    Detroit.    Mich. 
Brown   &   Sharpe  Mfg.    Co.,   Providence,   R.    I. 
Brown   Instrument    Co..    Philadelphia.    Pa. 
Chicago    Flexible    Shaft    Co.,    149    W.    La    Salle    St., 

Chicago,  ni. 
General   Electric   Co.,    Schenectady,   N.   Y. 
Hoskins   Mfg.    Co.,    459  Lawton    Ave.,    Detroit,    Mich. 
P.ockwell  Co.,  W.   S..  50  Church  St.,  New  York. 
Strong.   Carlisle  &   Hammond  Co..   Cleveland,   O. 

Furnaces,  Case-hardening 

American  Gas  Furnace  Co.,  24  John  St.,  New  York. 

Brown   &  Sharpe  Mfg.   Co.,   Providence,   R.   1. 

Chicago    Flexible    Shaft    Co.,    149    W.    La    Salle    St., 

Chicago,  ni. 
General    Electric   Co..    Schenectady,    N.    Y. 
Strong,    Carlisle   &    Hammond   Co.,    Cleveland,    O. 

F'urnaces,   Electric 

General   Electric  Co.,    Schenectady,   N.    Y. 

Hoskins  Mfg.  Co.,   459  Lawton  Ave..   Detroit.   Mich. 

Furnaces,  Heating 

Billings  &   Spencer  Co.,  Hartford,   Conn. 

Furnaces,    Melting 

.American  Gas  Furnace  Co.,  24  John  St.,  New  York. 
Chicago    Flexible    Shaft    Co.,    149    W.    La    Salle    St., 

Chicago,  111. 
Strong,    Carlisle   &   Hammond   Co.,    Cleveland,    O. 

Furniture,   Shop    and   Drafting-room 

Economy  Drawing  Table  Co.,  Toledo,  O. 

Hammacher,   Schlemmer  &  Co..  4th   .\ve.   and  13th  St,, 

New  York. 
Manufacturing    Equipment    &    Eng.    Co.,    Framingham, 

Mass. 
New    Britain    Mch.    Co.,    New    Britain,    Conn. 
Western  Tool  &  Mfg.   Co.,  Springfield,  O. 

Gages,    Ball 

Atlas    Ball    Co.,    Glenwood    Ave.    at    4th    St.,    Phila- 
delphia, Pa. 

Gages,    Recording,    Steam,    Vacuum 

Bristol   Co.,   \V"aterbury,   Conn. 
Brown  Instrument  Co.,   Philadelphia,  Pa. 
Reliance     Gauge     Column     Co.,     6008     Carnegie     Ave., 
Cleveland,  O. 


V.nnem,   Siirfnce,    Deiilli,    Dial,   .Snap,    Etc. 

Ailvance    Tool    Co..    Cincinnati.    O. 

Ames  Co.,    B.   C.,   Waltliaiii,  MasH. 

Automat  Tool    Works.    252   Greenwich   St.,    New    York. 

llrown   &   Sharpe  Mfg.    Co.,   Providence,   R,    I. 

Cleyeland    Twist    Drill    Co.,    Cleveland,    O. 

Coats  Mch.   Tool  Co..  30  Church  St..   New  York. 

Frascr  Co.,    Warren  F.,    BosUm,  Mass. 

Gardam  &  Son..  Inc..  Wm.,  108  Park  Place  New   York. 

Go.hlard   Tool   Co.   Chicago.    Ill, 

Goodell-Pratt    Co.,    Greenfield    Mass. 

Greenfield  Tap  &  Die  Corp.,  Greenfield,   Mass. 

Harris   Eng.    Co.,   H.    E.,    Bridgeport,   (3onn. 

Krasberg   Mfg.   Co..  412  Orteans  St.,  Chicago,   III. 

La    Precision    Mecanique.     11     Rue    Vergniaud,    Paris, 

France 
Marvin   Mfg.   Co.,  W.   B.,  Urbana,  O. 
Mehl    Mch.    Tool    &   Die  Co.,    Hoselle,    N.  J. 


Pratt  &   Whitney  Co.,    Hartford,   Conn. 

Rogers  Works,    Inc.,   J.   M.,   Gloucester  City,   N.  J. 

Slocomb   Co.,   J.    T.,    Providence.    R.    I. 

Slocum,    Avrani    &    Slociim    Laboratories,    Inc.,    531    W. 

21st  St.,  New  York. 
S-P    Mfg.    Co.,    Cleveland,    O. 
SUrrett  Co.   L.   S.,  Athol,   Mass. 
Swedish  Gage,  Co..  Inc.,  16  W.  61st  So.,  New  York. 
Taft-Peirce   Mfg.   Co.,   Woonsockct,   R.   I. 
Taylor-Shantz  Co.,   Rochester,   N.    Y. 
Ulmer  Co.,  J.   C,  Cleveland,  O. 
Union    Tool    Co.,    Orange,    Mass. 
Vincent  Steel  Process  Co.,   Detroit,  Mich. 

Gages,    Universal    Amplifying 

North   Side  Tool   Works,   Dayton,   O. 


Galvanizing    Machinery 

Erie    Foundry    Co.,    Erie,    Pa. 

Gaskets 

Gratim  &  Knight  Mfg.  Co..  Worcester,  Mass. 
Greene,   Tweed  &  Co.,   109  Duane  St.,   New  York. 

Gear   Blanks,   Bronze 

Bunting  Brass  &  Bronez  Co.,   748  Spencer  St.,   Toledo, 

Ohio. 
Johnson    Bronze   Co.,    Newcastle,    Pa. 
Light  Mfg.   &  Foundry  Co.,  Pottstown,  Pa. 
Lumen   Hearing  Co.,   Buffalo,    N.    Y. 
Titanium   Alloy   Mfg.    Co.,   Buffalo,   N.   Y. 

Gear   Cutting   Machines,   Bevel   (Gen- 
erator  and   Templet   Planer) 

Bilgrim    Mch.    Works,    1231    Spring   Garden    St.,    Phila- 
delphia. Pa. 
Gleason   Works.    Rochester,    N.   Y. 

Gear  Cutting  Machines,  Bevel  (Rotary 
Cutter) 

Bilton   Mch.    Tool   Co.,   Bridgeport.   Conn. 
Brown  &   Sharpe  Mfg.   Co..  Providence.   R.   I. 
Flather  Mfg.   Co.,  E.  J.,  Nashua,   N.  H. 
Gould  &   Eberhardt,   Nevark,   N.  J. 
Newark  Gear  Cutting  Mch..   Co.,   Newark,   N.  J. 
Whiton  Mch.  Co.,   D.  E.,   New  London,   Conn. 

Gear  Cutting  Machines,  Helical  and 
Spur  (Hob) 

Adams   Co.,    Dubuque.    Iowa. 

Barber-Colman   Co..    Rockford.    Bl. 

Boston  Gear  Works,    Norfolk  Downs,   Mass. 

Gould  &  Eberhardt,  Newark  N.  J. 

Himoff  Mch.  Co.,   45  Mills  St..   Astoria,   N.   Y. 

Lees-Bradner    Co.,    Cleveland,    O. 

Meisselbach-Catucci  Mfg.   Co.,  27  Congress  St.,  Newark, 

N.  J. 
Newark  Gear  Cutting  Mch.   Co.,   Newark,   N.  J, 
Newton    Mch.    Tool    Works,    Inc.,    23rd    and   Vine   Sts., 

Philadelphia,  Pa. 
Reynolds  Pattern    &   Mch.    Co.,   Massillon,    O. 

Gear  Cutting  Machines,  Helical  and 
Spur   (Shaper  and  Planer  Type) 

Bickett   Mch.    &  Mfg.    Co..   Cincinnati,    O. 
Fellows  Gear  Shaper  Co..   Springfield,  Vt. 
Newton    Mch.    Tool    Works,    Inc.,    23rd    and   Vine    Sts., 
Philadelphia,  Pa. 

Gear  Cutting  Machines,  Spur   (Rotary 
Cutter) 

Bilton   Mch.    Tool    Co.,    Bridgeport.    Conn. 

Brown  &  Sharpe  Mfg.  Co.,  Providence.  R.  I. 

Flather   Mfg.    Co.,   E.    J.,   Nashua.    N.   H. 

Gould   &   Eberhardt,    Newark,    N.   J. 

Newark  Gear  Cutting  Mch.   Co.,    Neyyark.   N.  J. 

Newton    Mch.    Tool    ^\T!S.,    Inc..    23rd    and    Vine    Sts., 

Philadelphia,  Pa. 
Waltham   Mch.    Works.   Waltham,    Mass. 
Whiton  Mch.   Co.,   D.  E.,  New  London,  Conn. 

Gear    Cutting   Machines,   Worms   nnd 
Worm    Wheels    (Hob) 

.\dams   Co.,    Dubuque,    Iowa. 

Barber-Colman    Co.,    Rockford,    Rl. 

Bilton   Mch.    Tool    Co..    Bridgeport,    Conn. 

Boston  Gear  Works,   Norfolk  Downs,   Mass. 

Gould  &  Eberhardt.  Newark,  N.  J. 

Himoff  Mch.    Co..   45  Mills  St..   Astoria,   N.  Y. 

Lees-Bradner    Co.,    Cleveland,    O. 

Meisselbach-Catucci  Mfg.  Co..  27  Congress  St.,   NewarS, 

N.  J. 
Newark  Gear  Cutting  Mch.   Co..   Newark,   N.  J. 
Newton    Mch.    Tool    Works,    Inc.,    23rd    and    Vine    Sts., 

Philadelphia,  Pa. 
Reynolds   Pattern   &   Mch.    Co.,    Massillon,    O. 

Gears,   Cut 

Acme  Gear  Works,   Inc.,   53  Mills  St.,   Astoria.  N.   Y. 

Adams    Co.,     Dubuque.     Iowa. 

Albaugh-Dover   Co.,   2100   Marshall    Blvd.,    Chicago,    111. 

Albro-Clem  Elevator  Co.,  701  Glenwood  Ave.,  Phila- 
delphia. Pa.  ,        „       „,^., 

Bilgrara  Mch.  Works,  1231  Spring  Garden  St.,  PhJa- 
delphia,  Pa. 

Boston    Gear   Works,    Norfolk    Downs,    Mass. 

Braun  Gear  Works.    1321   Gates  Ave.,   Brooklyn,   N.   Y. 

Brown  Co.,  A.   &  P.,  79  Barclay  St.,   New  York. 

Brown   &   Sharpe  Mfg.    Co.,   Proridence.   R.   I. 

Caldwell  &  Son  Co.,  H.  W.,  17th  St.  and  Western 
Ave..  Chicago,  Rl. 

Cincinnati    Gear    Co.,    Cincinnati,    O. 

Clrofoot  Gear  Works,  Inc.,  Cambridge  .\  Branch,  Bos- 
ton, Mass. 

Cullman  Wheel  Co..   1339  Altgeld  St.,   Chicago,   111. 

Davis,    Rodney,   Philadelphia.    Pa. 

Earie  Gear  &  Mch.  Co.,  4705  Stenton  Ave.,  PhUa- 
delphia.  Pa. 

Fawcus    Machine    Co.,    Pittsburgh,    Pa. 

Fellows    Gear    Shaper    Co.,    Springfield,    Vt. 

Flather  Mfg.    Co.,    E.   J..    Nashua,    N.   H. 

Foote  Bros.  Gear  &  Mch.  Co.,  210  N.  Carpenter  St.. 
Chicago,  III. 
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BLACK  DIAMOND  FILE  WORKS 


ESTABLISHED  1863 


INCORPORATED  1895 


Twelve  Medals  of 

Award  at 

INTERNATIONAL 

Expositions 


Special  Grand  Prize 

GOLD  MEDAL 

Atlanta,  1895 


Copy  of  Catalogue  will  be  seol  free  to  any  interested  File  User  upon  application 

G.  &  H.  BARNETT  COMPANY  Philadelphia,  Pa. 

Owned  and  Operated  by  Nicholson  File  Company 


A  New  Machine  in  15  Seconds 


A>kfor 
Compute 
Dacrlpti 
and  Trial 
Ojffet 


ALLADIN  himself  couldn't 
do  better  than  this — any 
good  engine  lathe  instantly 
converted  into  a  fully 
equipped  turret  lathe  by  at- 
taching the  NEWMAN 
MULTIPLE  ROTARY 
CHUCK  to  the  tailstock— 
five  operations  yours  to  com- 
mand at  a  moment's  notice. 


NEWMAN 

Manufacturing 

Company 

71 7  Sycamore  SL 
Cincinnati,   Ohio 


If  you  consider  the  clumsy  operations  of  the  old-fashioned  open 
end  wrenches  you  will  be  sure  to  use  the 


REVERSIBLE 
RATCHET 


FAVORITE 

which  works  on   a   quick    ratchet, 
vents  slipping. 


WRENCH 

Socket   form    of  head  pre- 


GREENE,  TWEED  &  CO. 


New  York 


SllllllliiiiiiiiiiiiiitiiiiiiiiiiiJiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiii nil II iiiiiiiiiiiiii iiiiiiiiiig 

I  "MILFORD"  HACK  SAW  BLADES  I 


oByT^eName' 


=  Sample  sent  on  request  E 

I    The  HENRY  G.  THOMPSON  &  SON  CO.,  New  Haven,  Conn.    | 

FiiiiiiiiiJiuiiiiiiiiiiiii iiiiiiMiiiiiii iiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimimiimiiiiiiii iiiiiiiinniiiiiiiiNiiiiiiiiuii 


"CHICAGO  RAWHIDE  PINIONS     ^ 

Standard  of  the  World  A 

We  Originated  the   Rawhide  Pinion  \ 

GEARS      AND      BLANKS  ^ 


,Li:":;':"i"'!![uim 


SPUR.,  BCVEL  OR.  M ITR.E         ^ 

Made    i>raniiptly    to    any.  ipecificatioiu 

The  Chicago  Rawhide  Mfg.  Co. 

1301  Elston  Ave.  Chicago,  III. 


oMAg 


SHIMS 

to  fit  all  milling 
machine  arbors 


Saving  38  V2  cents  on  each  shim  is  not  the 
only  advantage  of  buying  over  making. 
"Practice  makes  perfect" — and  we  have  had 
the  practice  in  shim  making. 

STOCK  SIZES— 1/2,  %.  %,  Vb  and  1  inch;  I'/a.  ^'A^ 
1%>  11/2.  1%.  1%.  1%,  2,  2I2  and  3  inches  inside  di- 
ameter; .003,  .005,  .015,  .025  Inch  thick.  All  ac- 
curately punched  from  cold-rolled  steel,  with  or  with- 
out standard  keyways.  .002  to  2.000  thicknesses  made 
to  order. 

FREE    SAMPLES. 
Corner  Fort  and  24th  Streets,   Detroit,  Mich. 


"WEAR-EVER"  SPACER 

The  Wear  -  Ever  Adjustable 
Spacing  Collar  saves  time  on 
milling  machine  operations. 
It  is  adjusted  by  means  of  12 
steps  of  .002"  each— a  total  of 
.024"  being  obtained.  The 
collar  is  thin  and  can  be  used 
in  close  quarters.  There  are 
no  threads  to  strip — when  ad- 
justment is  made  the  "Wear- 
Ever"  is  as  solid  as  two  plain 
disks. 

Write  for  details. 

Scully-Jones  &  Co. 

647  Railway  Exchange   Bids. 

CHICAGO,  U.  5.  A. 
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Oancnl    Eln-trlo  Co.,   RrAenerUdr,    N.   T. 

airatoii    Worka,    Kortiriilrr.    N      V. 

liraiit    Coi    Work!.    Im..    Huston,    Unn. 

HaiTliicloii.   Son  A  Co..   Im..    K.l»lii.   Ptallldalpkl*.   P*. 

Illmllvv    (irnr    Co..    riilUilplpliia.    I'll. 

Hor«|.iir|h   A    Bcotl   Co.    CIcteUDd,   O. 

Laeif-Hriitlnrr    Co.,    Clerelatid,    O. 

I.liik-llplt    Cm.    Cliloago,    III. 

Maiivl    I'rras    Mfii,    Co,    948    DorchMtcr    Arr,    noaUin. 

Uam. 
UelMrlloch'Catiicoi   Mfg  Co.,   27   Congreia  St.,   Newark, 

N.  J. 
Nmark   Oaar   Cutting   Mch.    Co.,    Nanirk.    N.   J. 
Naw    rroc«fla   Gear    CoriM>ration.    Syractiaa.    N.    T. 
Northarn    Knglnorring    worka.    Dotroit,    Mich. 
Niiiull   Co..   11.    I>  ,    ritlslinrsh,   I'a. 
Phlladpli.hla    Ofar   Worka.    VTiio   and    tllh    Sta.,    I 


daliihia.  fa. 


'hlln 


upiiuiia.   1  a. 

Poolo   Knginwrlng   &    Moh.    Co.    Ilaltimore,    Md. 

8inic.nd«   Mfg.    Co.    ritt^biirgli.    Pa. 

SUhl   iltar  &   Mch.   Co  .   Cleveland.   O. 

T.  C.   M.  Mfg.   Co..  Harrison,   N.  J. 

Van  Horn  &   Kiitton  Co  .  I'loveland.  O. 

\\>.«llnghouw   Klrc    &    M'k.    Co..    Kaat  Pittsburgh.    I'n. 

WolMim    Oar   Worka,    WoY.urn,    Mum. 

nrnm,    I)t>nl>Ie    Hellciil    Cut 

Earle    C.cnr    &    Mch.    Co..    4705    Stonton    .\ve.,    Pliila- 

delphia.  Pa. 
Fancus  Mch.   Co.,   Plttsb\irgh,   Pa. 
Harrington.   .Son  &  Co..   Inc..   Kdwin,   Philadelphia,   Vi\. 

Grara,    Kniiric,   nnn-lildc,    nnkrilte,    Ktf. 

Boston    (5ear    Worka.    Norfolk    Dovins.    Mn.w. 
Brown  Co..  .\    Jt   F..  70  llnrdav  St.,  New  York. 
Chicago  Rawhide  Mfg.   Co.,   1301   Elston  Ave.,  Chicago, 

Orwwon-Morris  Co..  Philadelphia.   P«. 

Crofoot  Gear  W^orks,  Inc.,  Cambridge  A  Branch,  Bos- 
ton.   Mass. 

Earle  Gear  &  Mch.  Co.,  4705  Stentoii  Ave.,  Phila- 
delphia. Pa. 

Fawcua  Mch.   Co..  Pittsburgh.  Pa. 

Foot*  Bros.  Gear  &  Mch.  Co.,  210  N.  Carpenter  St., 
Chicago.  III. 

Ganenil    Klectric    Co..    Schenectady,    N.    Y. 

Grant   Gear  Works.    Inc..    Boston,    Mass. 

Harrington.   Son   &  Co.,   Inc..  Edwin.  Philadelphia.  Pa. 

Boaburgh   &   Scott  Co..    Cleveland.   O. 

Meisel  Press  .Mfg.  Co.,  948  Dorchester  Ave.,  Boston, 
Mas.t. 

New    Process    Gear    Corporation,    Svracuse,    N.    Y. 

Nuttall    Co..    R.    D..    Pittsburgh,   Pa. 

Philadelphia  Gear  Works,  Vine  and  11th  Sts.,  Phila- 
delphia. Pa. 

Stahl   Gear  &   Mch.   Co..   Cleveland,  O. 

Van    Dom    &    Dutton    Co..    Cleveland,    0. 

Gears,    Molded 

Brown   Co..   A.   &   P.,   7(1   Barclay  St..   New  York. 

Caldwell  &  Son  Co..  H.  VV..  17th  St.  and  Western 
Are..    Chicago.    III. 

Cresaon-Morris    Co..     Philadelphia.     Pa. 

Crofoot  Gear  Works,  Inc.,  Cambridge  A  Branch,  Bos- 
ton. Mass. 

Franklin   Mfg.    Co..    738  GifTord   St..   Syracuse,   N.  Y. 

Horsburgh   &   Scott  Co..   Cleveland,   O. 

Link-Belt    Company.    Chicago.    III. 

Philadelphia  Gear  Works.  Vine  and  11th  Sts.,  Phila- 
delphia. Pa. 

Poole   Engineering  &   Mch.    Co..    Baltimore,    Md. 

SUhl   Gear  &   Mch.    Co..   Cleveland,   O. 

Van   Dorn  &  Dutton  Co.,   Cleveland,   O. 

Gears,    'Worin 

Albaugh-Dover  Co.,   2100   Marshall   Blyd.,    Chicago,    HI. 

Albro-Clem  Elevator  Co.,  701  Glenwood  Ave.,  PhUa- 
delphia.  Pa. 

Bajsh    Mch.    Tool    Co.,    200    Wason    Aye.,    Springfield. 

Boston  Gear  Works.   Norfolk  Downs.  Mass. 

Brown  &  Sharpe  Mfg.  Co.,   Providence,  R.  I. 

Brown   Co..    A.    &    F..   79   Barclay   St..   New   York. 

Cmcinnati    Gear    Co..    Cincinnati,    O. 

Crofoot  Gear  Works,  Inc..  Cambridge  A  Branch,  Bos- 
ton, Mass. 

Earle  Gear  &  Mch.  Co..  4705  Stenton  Ave..  PhUa- 
delphia.  Pa. 

Fawcus  Mch.   Co..   Pittsburgh.   Pa. 

ChicSo%I*^^''  ^   *''*■    ^°"   ^^^  '^^   *^«'Tenter   St., 

Harrington',  Son  &  Co..   Inc..   Edwin,   PhUadelphia,   Pa. 

HmiUey   Gear  Co.,   Philadelphia,   Pa.  v      ,        . 

Horshiirgh    &    Scott   Co..    Cleveland,    O. 

Link-Belt   Company.    Chicago.    111. 

mIss    "^'   Mfg.    Co..    948    Dorchester    Ave..    Boston. 

V^TtYn   J?**''„C'i''"8   ^f'-h-    Co..    Newark,    N.    J. 
g".'t»l'   Co-.   R.   D..   Pittsburgh.  Pa. 

de^lphia   Pa      *''   '^°'^^-    '^''°^    *'"'    ^^"^    ^'^-    ^"'»- 
^J^it   En^neering   &    Mch.    Co..    Baltimore.    Md. 
Stahl    Gear  &   Mch.    Co..   Cleveland,   O. 
Van   Dorn   &   Dutton    Co..    Cleveland.    O. 
Wobum    Gear   Works,    Woburn,    Mass. 
Gear   Testing:  Machinery^ 
Adams    Co..    Dubuque.    Iowa. 
Gisholt    Mch.    Co..    Madison,    Wis 
Gleason    Works,    Rochester.    N.    T 

Morse  Twist  DriU  &  Machine  Co..   New  Bedford.  Mass. 
Gear    Tooth    Ronnders 
Ingle    Machine    Co..    Rochester.    N.    Y 
I^Blond    Mch.    Tool    Co..    R.    K.,    Cincinnati,    0. 
Walker.    Chas.    H,,   Detroit,    Mich. 

Generators,  Electric 

Eck   D>-namo   &   Motor   Co.,    Belleville,    N.    J 

General   Electric   Co..    Schenectady.    N.    Y. 

Re  lance  Elec.  &  Eng.  Co.,  1056  Ivanhoe  Road,  Cleve- 
land, O. 

Sprague  Electric  Works.  527  W.  34th  St.,  New  York. 

Triumph  Electric  Co.,  Cincinnati,  O. 

Generators,  Gas 

American  Gas  Furnace  Co..   24  John  St.,   New  York. 

Gibs  and  Keys   for   Connecting  Rods 

Moltrup   Steel   Products   Co.,    Beaver   Falls,   Pa. 

Gogrgrles,    Safety  • 

Hardy  &  Co.,  F.  A..  10  S.  Wabash  Ave.,   Chicago.   III. 

WiJlson  &  Co..  Inc..  T.  A..  3rd  and  Washington  Sts.. 
Reading.  Pa. 

Grinding    Machines,    Bench 

AthoJ  Mch.   Co.,   Athol.  Mass. 

Bridgeport   Safety   Emery   'Wheel   Co..    Inc..    Bridgeport. 

Conn. 
Builders   Iron   Foundry.    Providence.    R.    I. 
C  &  C  Electric  &  Mfg.  Co.,  Garwood.  N.  J. 
Cincinnati    Elec.    Tool    Co..    Cincinnati.    O. 
Diamond    Mch.    Co..    Providence.    R     I. 
Forbes  &  Myers.  178  Union  St..  Worcester.  Mass. 
Goodell-Pratt   Co.,    Greenfield,   Mass. 


Ilanllngn    llriw..    Inc..    Berteau   and    RaToniwood    Aiea.. 

('lll<-AgO,   111.  ,  .,       ^^ 

niwy  Will*    Mch     Co.,    OlBclnnatl,    O. 

Nrw    llrllain    Mdi     Co..    New    Britain,    Conn. 

Kiumom    Mfg.    ch..    (l»liko«h.    Wis. 

l'i>..tt   Ijilho   &    (Inndcr  (^o..    Brighton.    Boaton,    Mtas. 

Hiif.ty    Emery   Wheel  Co  ,    Springfleld.    (). 

Htnn.lartl    Electric    T.«.l    Co.     Cincinnati     O. 

W.lla  &    Hon    Co.,    F.    E.,    Greenfleld,    Maaa. 

GrIndInK   Machines,  Center 

Cincinnati    Elec     Tool    Co.,    Cincinnati,    O. 

liianii.nd    Mch.    Co..    Providence.    It.    I. 

Slaiiclnrd    Elec     Tool    Co.,    CInclnnaU.    O. 

I  nito.l    Stales    Electrical    Tool    Co..    6th    Ave.    and    Mt. 

Ili.pe    St.    Cincinnati.    O. 
tirlndlnK    Mnt-hinos,    Chncltlnif 
ItrMint    Chucking    Grinder    Co..    Springfleld.    Vt. 
tirlndinK    Mnehines,    Cutter 
lice  kcr   Milling  Mch.    Co..   Hyde  Park,   Mass. 
llrldgcport   SaTety    Emery   Wheel    Co.,    Inc.,    Bridgeport. 

llrm'>'n"'&    Bharpe    Mfg.     Co..    Providence     It.     I., 

Cincinnati    Milling    Mch.    Co..    Oakley.    Cincinnati.    O. 

Garvin    Mch.    Co..    Spring   and    Vanck   Sta..    New   York. 

Could    *    Ebertiardt.    Newark.    N.    J. 

Grand  Rapids  Grinding  Mch.  Co..  Grand  Rapids.  Mich. 

Crccndeld    Mch.   Co..   Greenfield,   Mass. 

Harris   Engineering  Co.,   H.    E.,   Bridgeport,  Conn. 

luBcr.idll    Milling   Mch.    Co..    Rockford.    III. 

I.elUond   Mch.    Tool    Co.,   R.    Is...    Cincinnati.    O. 

Modern   Tool    Co..   2nd    and   SUte  Sts..    Erie,    Pa. 

Norton    Grinding    Co.,    Worcester,     Mas.s. 

Nutter    &    Barnes    Co..    Hinsdale,    N.    H. 

Oesterlein    Mch.    Co.,    Cincinnati.    O. 

Pratt  &   Whitney  Co..   Hartford.   Conn. 

SimiMcns  Mch.    Co.,    1001    Singer   Bldg.,    New   York. 

riiion    Twist    Drill    Co..    Athol.    Mass. 

Cnited    States    Electrical    Tool    Co.,    6th    ave.    and    Mt. 

Hope   St..    Cincinnati.    O. 
Waltbam    Mch     Works.    Waltham.    Mass. 
Wells  &  Son  Co..   F.   E.,  Greenfleld,  Mass. 
Wilmarth    &   Mornian    Co..   2180   Monroe  Ave..    N.    W.. 

Grand    Rapids,    Mich. 
Grinding    Machines,    Cylindrical,  Plain 
Brown    &    Sharpe   Mfg.    Co.,    Providence,    R.    I. 
Fitcliburg   Grinding   Mch.    Co..    Fitchburg,    Mass. 
Greenfield    Mch.    Co..    Greenfield.    Mass. 
I.andis   Tool   Co..    Waynesboro.   Pa. 
McDonough     Mfg.     Co..     Eau     Claire.     Wis. 
Middlesex  Mch.  Works.  Middletown,  Conn. 
Modern   Tool   Co..   2nd  and   State  Sts..    Erie    Pa 
Morse  Ti\i.st  DrUl   &  Mch.   Co.   New  Bedford.  Mass. 
Norton    Grinding   Co..    Worcester,    Mass. 
Ott    Grinder    Co..    Indianapolis.    Ind. 
Pratt    &    Whitney    Co..    Hartford.    Conn. 
Grinding   Machines,    Cylindrical, 

Universal 
Brown  &   Sharpe  Mfg.    Co..   Providence.   R.    I. 
Fitchburg  Grinding  Mch.   Co.,    Fitchburg,   Mass. 
Eraser   Co.,    Warren    F.,    Boston.    Mass. 
Grand  Rapids  Grinding  Mch.  Co.,  Grand  Rapids,  Mich. 
Greenfield    Mch.    Co..    Greenfield.    Mass. 
I.andis   Tool   Co..   Waynesboro,   Pa. 
McDonough   Mfg.    Co.,    Eau   Claire.    Wis. 
Modem  Tool  Co..  2nd  and  State  Sts..  Ene.  Pa. 
Ott  Grinder  Co..   Indianapolis.   Ind. 
Pratt    &    Whitney    Co..    Hartford,    Conn. 
Thompson    Grinder   Co..    Springfield.    O. 
Grinding    Machines,    Disc 
Besly  &  Co..  Chas.  H..  120-B  N.  Clinton  St..  Chicago, 

Bickf'ord    Mch.    Co..    Greenfield.    Mass. 

Bridgeport   Safety   Emery  Wheel    Co..    Inc..    Bridgeport, 

Conn. 
Diamond   Mch.    Co.,   Providence,   R.   I. 
Gardner  Mch.    Co.,    Beloit,   Wis. 
Ransom   Mfg.    Co.,    Oshkosh,    Wis. 
Rowbottom   Mch.    Co..   Waterbury.    Conn. 
Safety   Emery  Wheel   Co.,   Springfield.   O. 
Sellew  Mch.   Tool  Co.,   Paw  tucket.  R.  I. 
Grinding  Machines,  Drill 
Bridgeport   Safety    Emery   Wheel   Co..    Inc.    Bridgeport. 

Grand  Rapids  Grinding  Mch.  Co.,  Grand  Rapids,  Mich. 
Heald     Machine    Co.,     20    New     Bond    St.    Worcester, 

Mass. 
Morse  T^\ist  Drill  &  Machine  Co.,   New  Bedford,  Mass, 
Sellers    &    Co..    Inc.    Wra..    Philadelphia.    Pa. 
Standard   Tool   Co..    Cleveland.    O. 
Steriing   Grinding  Wheel   Co..   Tiffin.    O. 
United    States   Electrical    Tool    Co..    6th   Ave.    and    Mt 

Hope    St..    Cincinnati.    O. 
WUmarth   &   Morman   Co..    2180   Monroe  Ave..    N.    W.. 

Grand    Rapids.    Mich. 
Grinding  Machines,  Portable  Electric 
Chicago     Pneumatic     Tool     Co..     1060     Fisher     Bldg., 

Chicago,  ni. 
Cincinnati   Elec.    Tool   Co.,    Cincinnati.   O. 
Clark   Elec.    Co..    Inc..   Jas.   Jr..   Louisville.   Ky. 
Diamond    Mch.    Co..    Providence.    R.    I. 
Dillon   Electric   Co.,    Canton.    O. 
Forbes  &  Myers.   l78  Union  St.,   Worcester.   Mass. 
General    Electric    Co.,    Schenectady,    N.    Y. 
Hisey-Wolf    Mch.    Co.,    Cincinnati.    O. 
Independent   Pneumatic   Tool   Co.,    Chicago.    111. 
Neil   &   Smith   Elec.   Tool   Co..   Cincinnati.    O. 
Slocum.    .\vram    &    Slocum   Laboratories.    Inc.,    531    W. 

21st    St..    New    York. 
Standard    Electric   Tool   Co.,    Cincinnati.    O. 
Stow    Mfg.    Co..    Binghamton.    N.    Y. 
United    States   Electrical    Tool    Co..    6th    Ave.    and    Mt. 

Hope    St..    Cincinnati,    O. 
Van   Dom   Electric   Tool    Co.,    Cleveland.    O. 
Wisconsin    Elec.    Co..    Racine.    VNIs. 
Grinding    Machines,    Gage 
Steel    Products    Engineering    Co..    Springfield,    O. 
Grinding  Machines,   Internal 
Bridgeport   Safety    Emery   Wheel    Co.,    Inc.,    Bridgeport, 

Conn. 
Brown    &    Sharpe    Mfg.    Co..    Providence.    R.    I. 
Bryant    Chucking    Grinder    Co.,       Springfleld,    Vt. 
Cincinnati    Elec.    Tool    Co.,    Cincinnati,    O. 
Fraser    Co.,    Warren    F.,    Boston.    Mass. 
Greenfield    Machine    Co..    Greenfield.    Mass. 
Heald    Machine    Co..     20    New    Bond    St.,     Worcester. 

Mass. 
I.andis   Tool    Co..    Waynesboro.    Pa. 
Lansing  Stamping  &  .Tool    Co.,   Lansing,   Mich. 
Modern  Tool  Co.,  2nd  and  State  Sts.,   Erie,  Pa. 
Ott   Grinder    Co.,    Indianapolis,    Ind. 
Rivett   Lathe   &   Grinder   Co.,    Brighton,    Boston,    Mass. 
Schmidt  Co..   B.   L.,   Davenport.   Iowa. 
Slocum.    Avram    &    Slocum   Laboratories,    Inc..    631    W. 

21st  St..    New    York. 
United    States   Electrical    Tool    Co..    6th   Ave.    and    Mt. 

Hope    St..    Cincinnati,    O. 
Van  Norman  Machine  Tool  Co.,  Waltham  Ave.,  Spring- 
field. Mass. 
Wood   &   Saiford   Mch.   Wks.,   Great   Falls.    Montana. 


Grinding    Mnohlnea,    Knife 

llridgepurt    Safety    Emery   Wheel    Co..    Inc..    Bridgeport, 

Conn. 
Diamond    Mch.    f'o..    Providence,    R.    I. 
Newton    Mch     Tool    Works.    Inc..    23rd    and   Vina   Sts., 

Philadelphia.  I'a. 
Safety    Emery    Wheel    Co..    Springfleld.    O. 

Grinding    Machines,    Motor-Driven, 
Non-l*ortnl>Ie 

Dillon    Electric    Co..   Cantnn.    O. 

Ilanaom    Mfg.    Co..    Oshkosh.    Wla. 

Grinding    Machines,    Mnltlple    Spindle 

Bryant  Chucking  Grinder  Co.,   Springfleld,   Vt. 

Grinding   Machines,    Pipe    Threading 
Die 

Bignall    &    Kecler    Mch.    Works.    EdwardsvUle,    111. 

I.audis    Mch.    Co.,    Inc.,    Waynesboro,    I'a. 

National    Mchy.    Co..    Tiffln,    O. 

Grinding    Machines,    Piston    Ring 

Heald  Machine  Co..  20  New  Bond  St..  Worcester, 
Mass. 

Pedrick  Tool  &  Mch.  Co..  3039  N.  Lawrence  St., 
PhUadeljihia.  Pa. 

Walker    Co..    O.    8.,    Worcester.    Mass. 

Grinding  Machines,  Raiilal,  Ball  Race, 
Etc. 

Rivett  Lathe   &  Grinding  Co..   Brighton.   Boston.   Mass. 

Van  Norman  Machine  Tool  Co.,  Waltham  Ave.,  Spring- 
field, Mass. 

Grinding    Machines,    Rotary    Snrface 

Heald  Machine  Co.,  20  New  Bond  St.,  Worcester, 
Mass. 

Newton  Mch.  Tool  Works,  Inc.,  23rd  and  Vine  Sts., 
Philadelphia,  Pa. 

Persons-Arter  Mch.  Co..  Worcester,   Mass. 

Grinding    Machines,    Surface 

Blake   &   Johnson   Co..    Waterbury.    Conn. 

Blanchard     Machine     Co.,     64     State     St.,     Cambridge, 

Boston   Scale   &   Machine   Co.,   Boston,   ilass. 

Brown  &   Sharpe  Mfg.    Co..   Providence.    R.   I. 

Diamond    Machine    Co.,    Providence,    R.    I. 

Fraser  Co.,   Warren  F.,  Boston,   Mass. 

Garvin    Mch.    Co.,    Spring   and   Varick   Sts.,    New   York. 

Heald    Machine    Co.,     20    New    Bond     St.,     Worcester, 

Mass. 
Middlesex  Mch.   Works,    Middletown.    Conn. 
New   Jersey   Mchy.    Exchange.    Newark.    N.    J. 
Newton    Mch.    Tool    Works.    Inc.,    23rd    and    Vine    Sts., 

PhUadelphia,  Pa. 
Norton   Grinding   Co.,    Worcester,    Mass. 
Pratt    &    Whitney    Co.,     Hartford,     Conn. 
Keed-Prentice    Co..     F.    E.     Reed    Dept.     and    Prentice 

Bros.    Dept.,    W^orcester,    Mass. 
Rowbottom     Machine     Co.,     Waterbury,     Conn. 
Safety   Emery   Wheel   Co..    Springfleld.    O. 
Walker   Co.,    O.    S.,    Worcester,    Mass. 
Walls  Tool  Co.,  T.  P..  75  Walker  St.,  New  York. 
Wilmarth   &   Morman   Co.,    2180   Monroe   Ave.,    N.    W., 

Grand  Rapids,  Mich. 

Grinding    Machines,    Tool    and    Cutter 

Armstrong    Bros.     Tool    Co..     313    N.     Francisco    Ave.. 

Chicago.  III. 
Baird    Mch.    Co.,    Bridgeport,    Conn. 
Barnes   Co.,   W.    F.    &   John,   231   Ruby  St.,    Rockford, 

ni. 

Blake    &   Johnson    Co.    Waterbury,    Cona. 

Blount    Co.,    J.    G.,    Everett.    Mass. 

Bridgeport   Safety   Emery   Wheel    Co..   Inc.,    Bridgeport, 

Conn. 
Brown    &    Sharpe   Mfg.    Co.    Providence,    R.    I. 
Cincinnati    Elec.    Tool    Co.,    Cincinnati.    O. 
Cincinnati    Milling    Mch.    Co..    Oakley.    Cincinnati.    O. 
Diamond    Mch.    Co.,    Providence,    R.    I. 
Factory  &   Mill   Supply   Co.,    Boston,   Mass. 
Forbes  &  Myers,  178  Union  St.,  Worcester,  Mass. 
Gisholt  Mch.   Co.,  Madison,  Wis. 

Grand  Rapids  Grinding  Mch.  Co..  Grand  Rapids,  Mich. 
Greenfield    Machine    Co.,    Greenfleld,    Mass. 
LeBlond   Mch.    Tool   Co.,   R.    K..    Cincinnati,   O. 
McDonough  Mfg.    Co..    Eau   Claire,  Wis. 
Meisselbach-Catucci    Mfg.    Co.,    27    Congress    St.,    New- 
Modern  Tool   Co.,  2nd  and  State  Sts.,   Erie.   Pa. 
Morse  Twist  Drdl  &  Machine  Co..   New  Bedford.   Mass. 
Newark  Gear   Cutting  Mch.    Co..    Newark,    N.    J. 
Norton   Grinding  Co.,    Worcester,    Mass. 
Nutter    &    Barnes    Co..    Hinsdale,    N.    H. 
Oesterlein    Mch.    Co.,    Cincinnati,    O. 
Ott    Grinder    Co.,     Indianapolis.     Ind. 
Sellers   &    Co.,    Inc.,    Wm.,    Philadelphia,    Pa. 
Simmons   Mch.    Co..    1001    Singer   Bldg..    New   York. 
Standard   Tool   Co..    Cleveland.    O. 
Taylor   &   Fenn   Co..    Hartford,    Conn. 
United    States   Electrical    Tool    Co..    6th   Ave.    and   Mt. 

Hope    St..    Cincinnati.    O. 
Vitrified  Wheel  Co..  Westfleld.   Mass. 
Walker   Co..    O.    S..    Worcester,    Mass. 
Wells   &   Son   Co.,    F.    E.,    Greenfleld,    Mass. 
Whitney    Mfg.    Co.,    Hartford,    Conn. 
Wilmarth    &   Morman   Co.,   2180   Monroe  Ave..    N.    W., 

Grand  Rapids.  Mich. 
Wisconsin    Elec.    Co..    Racine.    Wis. 

Grinding    Machines,    Universal,    Lathe 
and    Planer   Tools 

Gisholt    Machine    Co..    Madison.    Wis.  , 

Sellers  &  Co..   Inc.   Wm.,   Philadelphia,   Pa. 

Grinding   'Wheels 

Abrasive   Co.,    Bridesburg.    Philadelphia.    Pa. 
American    Emery  Wheel    Works.    Proridence,    R.    I. 
Bridgeport   Safety   Emery    Wheel    Co..    Inc.,    Bridgeport. 

Conn. 
Carborundum    Co..    Niagara    Falls.    N.    Y. 
Detroit   Grinding   Wheel    Co.,    Detroit,    Mich. 
Norton    Co..    Worcester.    Mass. 
Safety    Emery    Wheel    Co.,    Springfleld,    O. 
Springfleld    Grinding    Co.,    Chester.    Mass. 
Star   Corundum    Wheel    Co.,   Detroit,    Mich. 
Steriing    Grinding   'Wheel    Co..    TifBn,    O. 
Vitrified    Wheel    Co.,    Westfleld,    Mass. 

Hammers,    Drop 

Billings   &    Spencer   Co.,    Hartford,    Conn. 

Bliss    Co..    E.    W.,    5    Adams    St.,    Brooklyn,    N.    Y. 

Chambersburg    Engineering    Co.,    Chambersburg,    Pa, 

Erie    Foundry    Co.,    Erie,    Pa. 

Miner   &   Peck   Mfg.    Co.,    New   Haven,    Conn, 

Niles-Bement-Pond    Co.,    Ill    Broadway,    New    York. 

Williams.    White  &   Co..   Moline,   111. 

Hammers,    Pnenniatic 

Erie    Foundry    Co..    Erie.    Pa. 
Independent    Pneumatic    Tool    Co.,    Chicago,    III. 
Ingersoll-Rand  Co..  11   Broadway,   New  York. 
Nazel     Engineering    Works,     4043    N      5th    St.,     Phila- 
delphia, Pa. 


August,  1917 


MACHINERY 


349 


The  Importance  of  Selecting  Cincinnati  Lathes 


SEND  FOR  OUR  LATEST  LITERATURE: 


THE  CINCINNATI    LATHE    &   TOOL   CO. 

cbie  Add,...  (CINTILATHE)  OAKLEY,  CINCINNATI,  OHIO,  U.  S.  A. 


SHUSTER  Wire  Straightening  and  Cutting-OfF  Machines 


Shuster  Wire  Straighteners  are  used  by  many  of  the  largest  steel  companies  in  the 
country,  the  photograph  showing  one  of  a  battery  of  four — a  %"  capacity  machine — • 
straightening  wire  in  the  plant  of  the  Carpenter  Steel  Company,  Reading,  Pa.  The  wire 
goes  from  the  coil  directly  through  the  straightening  arbor  and  is  automatically  cut  into 
12'  lengths  that  are  as  straight  as  an  arrow.  Operation  is  continuous  except  when  a 
new  coil  is  inserted.  Although  this  machine  has  been  in  service  ten  years,  it  shows 
practically  no  evidence  of  the  strain  its  enormous  production  has  entailed.  The  Shuster 
Wire  Straightener  is  built  for  accuracy  and  lasting  service.  Let  us  send  more  details. 
Catalogue  R. 

THE  F.  B.  SHUSTER  CO.,  New  Haven,  Conn. 


Four  in  the 

Carpenter  Steel 

Plant 

at  Reading 


Formerly  John  Adt  &  Son 


Est.  1866 


Also  makers  of  Riveting  l^achines,  etc. 
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llttniuirra,   I'ltwrr 

llcftudry    A    ('<»..    Inc  .    IttwUin,    MftM. 

llraillry   A    Hon.,    Inc.   C.    C,    HyraciiM,    N.    T. 

Huffilo    Fimudor    A     Mrh.     Co,    10    WIncbMtrr    Are.. 

IlulTulo.  N    V. 
DlrneJl    *t    KIwnhtnlt.    Inr  .    riiiUdi-lphln.    V*. 
Krle    KiMiiiilrv    <.\>  .     Krie.     !'». 
Mayrr   llr.m.   Co  ,    1.1)    l(>K'k   HI..    Mniikatn.    Minn. 
N«z«l     KiiglnMrtng    Works,    4013    N.     Mb    St..     ThUt- 

ilallilim.    I'll. 
W»it  Tire  HctWr  Co,  ItoclirsKr,   N.   Y. 
WUIIanm,    White   &   Co..    Mollne,    III. 

Ilamnirra,    Strain 

IlulTilo    Koundrj    &    Mcb.    Co..     10    Winchcater    Ave., 

lluHalo.  N.  V. 
ChanilKTalmrii    Kngtneering    Co..    ChamlieraburB,    I'a. 
Krle    Kounilry    Co.,    Krie,   Ta. 

Nlles-Ilrment  ronil    Co..    Ill    Ilnwdwaj-,    New    York. 
Sellers   &    Co,    Inc.,    Wiu.,    rbilailclphia.    Ta. 

IlnndlpK,    Machine 

Cincinnati    Hall    Crank    Co..    Cincinnati,    O. 
Cincinnati   Screw    Co..    Cincinnati.   O. 

HanKrm,    Shaft 

Brown    *    Sbarpe    Mfg.    Co.,    ProTldence.    11.    I 
nrown    Co.,    A.    *    F..    TO   llarclay   St.,    New    Y..rk. 
CreMon-MorriH    Co.,    rhiladcl|ihis.    Pa. 
Fafnir    Bearing    Co,    New    Hrltain.    Conn. 
HeiB-Itriglit   Mfg.   Co.,   Front  St.   and  Erie  Ave  .   Phila- 

delphia.  Pa. 
Hyatt    Roller    Hearing    Co..    Newark,    N.    J. 
I.ink-Ilelt    Company,    Chicago,    III. 
New   Departure  Mfg.    Co.,   Kristol.    Conn. 
Roversforil    Fdry.    &    Mch.    Co.,    64    N.    Bth    St  .    Phila- 

oelpbia.  Pa. 
Sellers  &   Co.,    Inc,    Wm.,   Philadelphia..  Pa. 
8   K    F   Ball    Bearing  Co.,    llartford.    Conn. 
Standard    Prensed    Steel    Co..    Philadelphia,    Pa. 
Wood   Sons  Co.,    T.    B.,    Chanibersburg,    I'a. 

Harflneaa    Teatlne    InstramcntN 

Shore  Instninient  &  Mfg.  Co.,  Inc.,  .'').'>7  W.  22n<i  St, 
New  York 

Hrntlnfr    and    Vontllntlne    Apparntns 

Buffalo  Forge  Co.,   Buffalo.   N.    Y. 

Hobbtimr    Mnclilnes 

See  Gear  Cutting  Machines.  Helical  and  Spur  (Hob) 
and  Gear  Cutting  Machines,  Worms  and  Worm 
Wheels    (Hob). 

Hoba 

Adams   Co.,    Dubuque.    Iowa. 
Barber-Colman    Co.,    Rockford,    111. 
Brown    &    Sharpe    Mfg.    Co.,    Providence,    R.    I. 
Goddard    Tool    Co.,    Chicago,    HI, 
Gould  &  Eberhardt,   Newark.   N.  J. 
Illinois  Tool   Works.   Chicago,   III. 
Lees-Bradner    Co.,    Cleveland,    O. 

Meisselbach-Catucci    Mfg.    Co.,    27    Congress    St.,    New- 
ark. N.  J. 
Michigan    Tool    Co..    Detroit,    Mich. 
Union   Twist  Drill   Co.,    Athol,    Mass. 

Holatingr    and    ConTeyins    Machlnerv 

Caldwell    &    Son,    Co.,    H.    W.,    17th    St.    and    Western 

Ave.,  Chicago,  HI. 
Link-Belt   Company,    Chicago,    111. 
Manning^    Manvell    &    Moore.    Inc,    119    W.    40th    St.. 

New  York. 
Wright    Mfg.    Co..    Lisbon,    O. 
Tale  &  Towne  Mfg.  Co.,  9  E.  40th  St..  New  York. 

Holsta,  Alp 

IngersoU-Rand   Co.,    11    Broadway,    New   York. 
Northern   Engineering  Works,   Detroit,   Mich. 

Hoiats,  Chain,  Etc. 

Box  &  Co..   Alfred,   Philadelphia,   Pa. 

Ford    Chain    Block   &    Mfg.    Co.,    Philadelphia.    Pa. 

Harrington.   Son  &  Co.,   Inc..   Edwin.   Philadelphia.   Pa. 

Mason  &  Co.,  Inc.,  Volney  W.,  Providence.  R.  L 

Wnght    Mfg.    Co.    Lisbon,    O. 

Tale  &  Towne  Mfg.  Co.,  9  E.  40th  St.,   New  York. 

Hoists,    Electric 

Box   &   Co.,    Alfred,    Philadelphia,   Pa. 

Chirago     Pneumatic     Tool     Co..     1060     Fisher     Bldg , 

Chicago.  El. 
General    Electric   Co.,    Schenectady,    N     T 
Link-Belt  Company,    Chicago,    Bl 
Northern   Engineering  Works,    Detroit.    Mich. 
Sprague   Electric   Works.    527   W.    34th    St..    New   York. 
Thomas   Elevator  Co..   22   S.   Hoyne   Ave.,    Chicago,   m. 
Toledo   Bridge   &    Crane   Co.,    Toledo,    O. 
Tale  &  Towne  Mfg.   Co.,  9  E.  40th  St.,   New  Tork. 

Hoists,  Pneumatic 

Chuago     Pneumatic     Tool     Co.,     1060     Fisher     Bldg.. 

Chicago.  111. 
Curtis   Pneumatic   Mchy.    Co.,    1568   Kienlen    Ave.     St. 

Louis,  Mo. 
IngereoU-Rand    Co..    11    Broadway,    New    Tork 
Northern    Engineering    Works,    Detroit,    Mich. 
Hoists,    Portable 
Brown   Clutch    Co.,    Sandusky,   O. 
Canton   Foundry   &   Machine   Co.,   Canton,    O. 
Horses,    Steel 

Frasse  &  Co.,  Inc.,  Peter  A.,  417  Canal  St.- New  Tork. 
Hydranllc   Machinery   and    Tools 
Bethlehem   Steel    Co.,   South   Bethlehem,    Pa. 
Chambersburg    Engineering    Co.,    Chambersburg.    Pa. 

GilMd'^O  '^°"     ^*     Lincoln     Ave.,     Mt. 

Metalwood   'Mfg.     Co..     Detroit,     Mich. 
Watson-Stillman   Co..   192  Fulton   St.,    New  Tork 
Williams,    White    &   Co.,    Moline,    HI. 
Indicators,    Speed 

Brown   &    Sharpe    Mfg.    Co.,    Providence,    R.    I 
P™^",,  Ipstriiment    Co.,    Philadelphia,    Pa 
Goodell-Pratt   Co.,    Greenfield,    Mass 
Greene,   l^'ecd  &  Co..   109  Duane  St.,  New  Tork. 
Johnson   &  Miller.   42   Murray  St.     New  Tork. 
I^",?."-   L.    S  .    Athol.    MasI  * 

Veeder  Mfg.    Co.,   39   Sargeant  St.,   Hartford,   Conn. 
Indicators,    Test 

Brown  &  Sharpe  Mfg.  Co..  Providence.  R    I 
Brown   Instrument  Co.,   Philadelphia    Pa 
Johnson   &  Miller.   42  Murray  St..    New  Tork 
Norton   Gnnding  Co..   Worcester.   Mass 

2is?'Str  N*w  Y*  v^'*^"™   Laboratories.    Inc.,    531    W. 
Starrett   Co..   L.    S.,    Athol.    Mass. 
Injectors,    Steam 
SeUera  &  Co  ,  Inc.,  Wm.,  Philadyphla)  Pa. 
Walworth   Mfg.    Co..    Boston,    Mass. 


.liK-ka.    llMlrnuIlc 

WutiHui  HUllnian  Co.,    1U2  Fulton  St..   New   Y'ork. 

Jacka,    I'IniKT 

Anii'ilroiig  llron.  'i'lkil  Co.,  818  N,  Francisco  Ave., 
Chicago,  111. 

JIk"    and    Flxtnrea 

American  Mrh.  *  Foundry  Co.,  BB20  2tid  Ave.,  Brook- 
lyn. N.  Y 

American    lool    &    Mfg.    l!o..    IJrbana,    O. 

Automat    Tool    Workn,    252    Greenwich    St.,    New    York. 

Becker  Milling  Mch.   Co.,   Hyde  Park,   Mass 

ColumlmH  Die,   Tool    &    Mch.   (^>..   Columbus,   O. 

Koi    Gun    Co.,    A.    H.,    Philaildiiliia,    Pa. 

(iardain  *  .Son,   Inc.,  Wm.,   108  Park  Place,   New  York. 

tJinbolt    Mch.    Co.,    Madison,    Wis. 

Coddard   Tool    Co.,   Chicago,    III. 

Ilnrri.H  Engineering  Co.,   fl.    E.,   Bridgeport,   Conn. 

Krasl'crg   Sifg.    Co..    412  Orleans   St..    Chicago.    111. 

I.an»ing  StamjilnR  &  Tool  Co..  Lansing,   Midi. 

Mni.U<    &    Sons.    J.,    Buffalo,    N.    Y, 

Mehl    Mch.    Tool    &    Die    Co.,    Koselle.    N.   J. 

Mi.higan    Tcml    Co.,    Detroit,    Mich. 

Micl.llesex    Machine    Works,    Middletown,    Conn. 

M.«lcrn    Tool,    Die    &    Machine    Co.,    Columbus,    O. 

Moore  Eastwood    Mfg.    Co.,    Dayton.    O. 

Nelson    Tool    Co.,    781-783    E     lB2nd    St..    New    York. 

North    Side    T<x)l    Works,    Dayton,    O. 

Off-Set   Tool    Co.,    Bridgeport,    Conn. 

Obmcr  Fare  Register  Co..   Dayton.  O. 

Reynolds  Pattern  &   Mch.    Co.,   Massillon,   O. 

SliM'uin.  Avram  &  Slocum  Laboratories,  Inc.,  531  W. 
21st  St.,  New  Y'ork 

Solar  Metal  Products  Co..  Inc.,  Columbus,  O. 

S-P    Mfg.    Co.,    Cleveland,   O. 

Steel   I*roducta  Engineering   Co.,    Springfield,   O. 

Steiner    Bros.,    Lima,    O. 

Swedish  Gage  Co.,   Inc.,   16  W.  01st  St.,  New  Tork. 

Taft-Peirco   Mfg.    Co..    Woon.socket,    R.    I. 

Taylor-Shantz   Co..    Rochester.    N.    Y. 

T.   C.   M.   Mfg.   Co.,   Harrison,   N.  J. 

Ulmer   Co.,    J.    C,    Cleveland,    O. 

Urbana   Tool    &   Die  Co..    Urbana,   O. 

Windau  Tool  Co.,  Cleveland.  O. 

Kettles,    Soda 

Brown  &  Sharpe  Mfg.  Co.,   Providence.  R.  I. 

Gray    &    Prior    Mch.    Co..    38    Suffield    St..    Hartford, 

Conn. 
Niles-Bement-Pond  Co.,   Ill   Broadway,   New  Tork. 
Keysenters 

Advance  Tool   Co.,   Cincinnati,   O. 
Baker  Bros.,   Toledo.   O. 

Burr  &   Son.  J.   T.,429  Kent  Ave,,  Brooklyn,   N.   Y. 
Davis  Mch.   Tool   Co..   Inc..   Rochester.   N.   T. 
I.apointe   Mch.    Tool   Co..    Hudson,   Mass. 
Mitts  &  Merrill,  843  Water  St..  Saginaw,  Mich. 
Morton  Mfg.   Co.,   Muskegon  Heights.   Mich. 
Newton    Mch.    Tool    Works,    Inc.,    23rd    and   Vine    Sts.. 

Philadelphia,  Pa. 
NUes-Bement-Pond    Co.,    Ill    Broadway,    New   Tork. 
Keys,    Machine 

Moltnip   Steel   Products   Co.,    Beaver   Falls.    Pa. 
Morton   Mfg.    Co.,    Muskegon   Heights.    Mich. 
Standard  Gauge  Steel   Co  ,   Beaver  Falls,  Pa. 
Whitney  Mfg.  Co.,  Hartford,  Conn. 
WUliams    &    Co.,    J.    H.,    61    Richards    St.,    Brooklyn, 

Knl-res,  Machine 

Coes  Wrench    Co.,    Worcester,    Mass. 
Simonds    Mfg.    Co.,    Fitchburg,    Mass. 

Knurl    Holders 

Graham   Mfg.    Co.,   Providence,   R   I. 
Pratt    &    Whitney    Co.,    Hartford.    Conn. 

Knnrllni!:   Tools 

Armstrong  Bros.   Tool  Co.,  313  N.  Francisco  Ave..  Chi- 
cago, ni. 
Billings   &    Spencer   Co.,    Hartford,    Conn. 
Goodell-Pratt  Co.,    Greenfield,   Mass. 
Pratt    &    Whitney    Co..    Hartford,    Conn. 
Wells  &  Son  Co..   F.   E.  Greenfield.  Mass. 
WUliams  &  Co.,  J.  H.,  61  Richard  St.,  Brooklyn.  N.  T. 

Lamp  Brackets,  Guards,  Etc. 

McCrosky    Reamer    Co..    Meadville.    Pa. 
Newman   Mfg.    Co.,    Cincinnati,    O. 

Lamps.    Electric 

General   Electric  Co..    Schenectady.    N.   T. 
Westinghouse  Lamp  Co.,   165  Broadway,   New  Tork. 

Lapplnic;    Machines,    Poorer 

Builders   Iron   Foundry,    Providence.    R.   I. 
Lathe    Attachments 

American   Tool  Works  Co.,   Cincinnati,   O. 

Barnes   Co..   W.    F.    &   John,   231    Ruby   St..    Rockford, 

111. 
Barnes  Drill  Co.,  Inc.,  814  Chestnut  St..  Rockford,  111. 
Boye   &   Emmes  Mch.    Tool   Co..   Cincinnati.   O. 
Bradford    Mch.    Tool    Co.,    Cincinnati.    O. 
Bridgeford     Mch.     Tool     Works,     151     Winton     Road, 

Rochester,  N.  T. 
Carroll-Jamieson      Mch.      Tool     Co.,     257     Davis     St., 

Batavia,  O. 
Champion    Tool    Works   Co.,    2422    Spring    Grove    Ave., 

Cincinnati.O 
Chard    Lathe    Co.,    Newcastle,    Ind. 
Cincinnati    Iron    &    Steel    Co.,    Cincinnati,    O. 
Davis  Machine  Tool   Co..    Inc.,    Rochester,    N.   T. 
Diamond  Machine  Co.,  Providence.  R.   I. 
Fitchburg   Machine   Works.    Fitchburg,   Mass. 
Flather   &   Co.,    Inc.,    Nashua,    N.    H. 
Garvin   Mch.    Co..    Spring   and   Varick   Sts..    New   Tork. 
Greaves-Klusman  Tool  Co..  Cincinnati,  O. 
Hendey   Mch.    Co..    Torrington,    Conn, 
LeBlond   Mch.   Tool   Co ,    R.    K.,    Cincinnati.   O. 
Lodge  &  .Shipley  Mch.   Tool  Co..   Cincinnati.  O. 
Manning.    Maxwell    &    Moore,    Inc..    119    W.    40th    St., 

New  York, 
Monarch   Mch.    Tool    Co.,    Sidney,    O. 
Mueller    Mch.    Tool    Co.,    Cincinnati,    O. 
Newman   Mfg.    Co..    Cincinnati.    O. 
Niles-Bement-Pond    Co.,    Ill   Broadway.    New   Tork. 
Oliver  Machinery   Co..   7  Coldbrook  St.,   Grand  Rapids, 

Mich. 
Pratt    &   Whitney   Co.,    Hartford.    Conn. 
Reed-Prentice    Co.,     F.     E.     Reed    Dept.    and    Prentice 

Bros.  Dept,  Worcester.  Mass. 
Rivett  Lathe   &   Grinder   Co.,    Brighton,    Boston,"  Mass 
Rockford   Tool   Co.,    Rockford.    111. 
Sebastian  Lathe   Co.,    Cincinnati,   O. 
Seneca    Falls    Mfg.    Co.,    330    Fall    St.,    Seneca    Falls. 

N.  T. 
Slocum,    Avram    &    Slocum    Laboratories,    Inc..    531    W 

21st    St..  New  Tork. 
Springfield   Mch.    Tool   Co..   631    Southern   Ave.,   Spring- 

iield.  O. 
Vandyck   Churchill    Co.     149   Broadway.    New  York. 
Willard  Machine  Tod  Co..  Cincinnati.  O. 
Wood  &  Safford  Machine  Works,  Great  Falls,  Montana 


l.nthe   DoKa 

Animtrong     Bros.     Tool     Co.,     313    N.     Francisco    Ave., 

Chicago,  111. 
Ilillinga  &   Spencer  Co.,   Ilartiord,  Conn, 
ilammacber,   Schlemmcr  &  Co.,  4th  Ave.  and  13th  St, 

New  York. 
Ready   TikiI    Co.,    Bridgeport,    Conn. 
Underwood   &   Co..    H.    B.,   Philadelphia,   Pa. 
Western   Tool   &   Mfg.    Co..   Springllcld,   O. 
Went  Steel  Casting  Co.,  Cleveland.  O. 
Williams    &    Co.,    J.    H.,    01    Richards    St.,    Brooklyn, 

N.  Y. 
l.nthe.   Planer  and   Sliaper  Toola 
Armstrong    Bros.     Tool    Co..    813    N.     Francisco    Ave., 

Chicago.  III. 
liillings  &   Spencer   Co..    Hartford,    Conn. 
Chard    Lathe    Co.,    Newcastle,    Ind. 
Ciaholt   Machine  Co.,    Madison     Wis. 
McCroaky   Reamer  Co..   Mcadviilc,   Pa. 
O.   K.  Tool   Holder  Co.,  Shelton,  Conn. 
Pratt  &    Whitney   Co..   Hartford,    Conn. 
Ready   Tool   (Jo.,    Bridgeport,   Conn. 
Sebastian  Lathe  Co.,   Cincinnati,  O. 
Thompson  &  Son  Co.,  Henry  G.,   New  Haven,   Conn. 
West  Haven  Mfg.   Co.,   New  Haven,   Conn. 
Western    Tool    &   Mfg.    Co.,    Springfield,    O. 
Williams    &    Co.,    J.    H.,    61    Richards    St,    Brooklyn, 

N.  T. 

Lathes,    Automatic 

Fitchburg     Automatic    Mch.     Works,     Fitchburg,     Mass. 
Gi-sholt   Mch.    Co.,    Madison,    Wis. 
Jones  &   Lamson   Mcb.    Co..   Springfield,   Vt. 
New    Britain    Mch.    Co..    New    Britain,    Conn. 
Potter  &  Johnston  Mch.   Co..  Pawtucket,   R.    I. 
Recd-Prentice    Co.,     F.     E.     Reed    Dept.    and    Prentice 
Bros.   Dept.,  Worcester,   Mass. 

Lathes,  Automatic   Screw   Threndingr 

Automatic   Machine    Co.,    Bridgeport,    Conn. 
I,athes,    A3;Ie    and    Shaft 

Bridgeford     Mch.     Tool     Works,     151     Winton     Road, 

Rochester,   N.  T. 
Fitchburg  Machine  Works,   Fitchburg.   Mass. 
Manning,    Maxwell    &    Moore,    Inc.,    119    W.    40th    St, 

New  York 
Niles-Bement-Pond   Co.,    Ill   Broadway,    New  Tork. 
Sellers  &  Co..  Inc.,  Wm.,  Philadelphia,  Pa. 

I>athes,    Bench 

.\mes  Co.,   B.   C.   Waltham,   Mass. 

Dalton     Manufacturing    Corporation,     1911    Park    Ave., 

New  York.  ^ 

Diamond  Mch.   Co.,   Providence,   R.   I. 
Elgin   Tool   Works,    Elgin,   111. 
Hardinge    Bros.,    Inc.,    Berteau   and    Ravenswood   Aves., 

Chicago.  111. 
Hjorth  Lathe   &   Tool    Co.,   Boston,   Mass. 
Pratt  &  Whitney  Co.,  Hartford,  Conn. 
Rivett  Lathe   &    Grinder   Co..    Brighton,   Boston,    Mass. 
Seneca    Falls    Mfg.    Co..    330    Fall    St.,    Seneca    Falls, 

N.  T. 
Sloan   &  Chace  Mfg.   Co.,  Ltd.,   Newark,   N.  J. 
Van  Norman  Mch.  Tool  Co.,   Springfield,  O. 
Wade,  Walter  H.,  Boston,  Mass. 
Waltham   Mch.   Works,   Waltham,   Mass. 
Wells  &  Son  Co.,   F.   E.,  Greenfield,  Mass. 
Lathes,    Borlngr 
Gisholt    Mch.    Co..    Madison,    Wis. 
Sellers  &  Co..  Inc..  Wm.,   Philadelphia,  Pa. 
Lathes,    Brass    Workers' 
Acme  Machine  Tool   Co.,   Cincinnati,   O. 
Bardons    &    Oliver,    Cleveland.    O. 
Dreses  Mch.   Tool   Co.,    Cincinnati,   O. 
Garvin   Mch.    Co.,    Spring   and   Varick   Sts.,    New  Tork. 
Pierce  Mch.   Tool  Co.,  617  W.  Jackson  Blvd.,  Chicago, 

ni. 

Springfield  Mch.   Tool   Co..   631   Southern  Ave.,    Spring- 
field, O. 
Warner   &    Swasey   Co.,   Cleveland.   O. 
Wood   Turret  Mch.   Co.,    Brazil,    Ind. 

Lathes,    Car    Wheel 

Manning,    MaxweU    &    Moore,    Inc,    119    W.    40th    St, 

New  York. 
Niles-Bement-Pond   Co..    Ill   Broadway,    New  York. 
Sellers  &  Co.,  Inc.,  Wm.,   Philadelplua.  Pa. 
Lathes,    Crankshaft 
American   Tool  Works  Co..    Cincinnati,   O. 
LeBlond  Mch.   Tool   Co.,   R.   K.,   Cincinnati,  O. 
Lodge    &    Shipley   Mch.    Tool    Co.,    Cincinnati.    O. 
Niles-Bement-Pond   Co..   Ill   Broadway,    New   York. 
Lathes,    Engine 
American   Tool  Works  Co.,   Cincinnati,   O. 

14"    to   24",    inclusive. 
Axelson   Mch.    Co.,    Los   Angeles,    Cal. 

16"    and    18". 
Barnes  Co.,    W.   F.    &  John,   Rockford,    Dl. 

9"    to    18",    inclusive. 
Barnes  Drill   Co..   Inc.,   Rockford,   Dl. 

14-24"    and    22-36"    gap. 
Bosworth,   W.    H..   Cleveland,   O.     16". 
Boye  &   Emmes  Mch.   Tool    Co.,    Cincinnati,   O. 

18"   to  48".   inclusive. 
Bradford   Mch.    Tool    Co.,    Cincinnati,    0. 

14"    to  42".    inclusive. 
Bridgeford     Mch.     Tool      Works,     151     Winton     Road, 

Rochester,    N.    T.,    26"    to   48",    inclusive. 
Carroll-Jamieson  Mch.  Tool  Co.,  257  Davis  St.,  BataviA, 

O..    13"   and   14".  ^ 

Champion    Tool    Works    Co..    2422    Spring    Grove    Ave., 

Cincinnati,    O.     12"    to   18",    inclusive. 
Chard    Lathe    Co.,    Newcastle,    Ind.     16"    to    28",    ind. 
Cincinnati   Iron   &   Steel    Co..    Cincinnati,    0. 

14"    to   24".   inclusive. 
Cincinnati    Lathe   &    Tool    Co.,    Oakley,    Cincinnati,    O., 

16"   to  22",   incl. 
Dalton    Manufacturing    Corporation,     1911    Park    Ave., 

New  York,   6"   to  18"  inclusive. 
Davis  Mch.   Tool   Co..    Inc.,   Rochester.   N.   T. 

12"    to   42",    inclusive. 
Earle   Gear  &   Mch.    Co.,    Philadelphia,    Pa. 

14"    and    18". 
Flather  &  Co.,   Inc..    Nashua,   N.   H..   13"  to  28",  ind. 
Gisholt  Mch.   Co.    Madison,   Wis.,    16"   and   25". 
Greaves-Klusman  Tool  Co.,  Cincinnati,  O.,  16"  to  30". 
Hamilton  Mch.   Tool   Co..   Hamilton,  O.     14"   to  U". 
Hendey   Mch.   Co.,    Torrington,    Conn.     12"   to  24". 
Hill,    Clark   &   Co.,    Inc.,    Boston,    Mass. 

18"    to   30"    idusive. 
HimoCr  Mch.    Co.,   45   Mills  St.,    Astoria,    N.  T. 

11"    to   21",    inclusive. 
Houston,    Stanwood    &    Gamble    Co.,    Cincinnati,    O. 

.30"    to    60",    inclusive 
LeBlond    Mch.    Tool    Co.,    R.    K.,    Cincinnati,    O..    12» 

to    36". 
Lehmann    Mch.    Co.,    St    Louis.    Mo.      16". 
Lodge    &    Shipley    Mch.    Tool    Co.,    Cincinnati,    O. 

14"   to  48".   inclusive. 
Manning,    Maxwell    &    Moore.    Inc..    119    W.    40th    St . 

New   York.     12"   to  84",    induslve. 
Master  Mch.  Tool  Co.,  110  W.  40th  St.  New   Tork  12'. 
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This  photograph  of  a  veteran  toolmaker  "Delta-filing"  dies  used  for  trim- 
ming large  nuts,  was  taken  at  a  Pittsburgh  plant  which  makes  screws  rang- 
ing from  1/4"  to  50"  in  length.  It's  a  plant  which  turns  out  2,500,000  nuts  a 
week  and  a  plant  where  Delta  Files  are  used  to  the  exclusion  of  all  other 
makes,  and  have  been  for  the  past  five  or  six  years. 

Delta  Files  get  the  call  in  the  big  shops  because  they  meet  big  demands ;  and 
they  meet  big  demands  because  they  are  made  right. 

For  maximum  file  service  and  minimum  file  cost,  specify  "Delta." 


DELTA 

FILE 
WORKS 

PHILADELPHIA 


No.  3  Press  with 
Pedestal 


POWERFUL 
ACCURATE 
DURABLE 


Atlas  Presses  are 
built  in  all  sizes  and 
types  for  driving 
mandrels,  bending 
and  straightening, 
broaching,  emboss- 
ing with  dies,  set- 
ting bushings,  etc. 
In  fact  all  work  re- 
quiring pressure  up 
to  25  tons  and  cen- 
tering capacity  up 
to  38  inches  may  be 
done  quicker  and 
easier  on  our  Com- 
pound Presses  than 
by  any  other 
method. 


Let  us  send  you  our 
catalog  matter 


ATLAS  PRESS  COMPANY 


323  No.  Park  St. 


Kalamazoo,  Mich. 


AURORA  UPRIGHT  DRILLS 


Designed  to  meet  the  de- 
mand for  wide-range, 
heavy  -  duty,  high  -  speed 
machines,  and  con- 
structed along  the  right 
lines  to  insure  maximum 
case  of  operation,  pulling 
power  and  accuracy. 

Column     and     base     are 
heavy    and    well    ribbed, 
head  has  a  long  bearing 
on  column  and  slides  by 
means  of  rack  and  pinion. 
Gears  are  accurately  cut 
from    semi-steel    of   high 
manganese     and     carbon 
content;  and  pinions  are 
of  steel.  Feeds  are  direct- 
ly controlled  by  the  oper- 
ator, any  one  being 
automatically     dis- 
engaged at  any  de- 
sired   depth   by   an 
automatic      stop. 

Both  stationary 
and  sliding  head 
types  and  various 
sizes. 

Send  for 
Circulars 


THE  AURORA  TOOL  WORKS 

AURORA  INDIANA,  U.  S.  A. 
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Uounh   Mch.   T<xJ    Co  ,    SlJn.y,   O.     14'   to  20"     Inrl 
Morrl.   M.h     T.hJ   Co.,    Cll.cinn.tl.    O       10"    to   21"    Incl. 
M.i«llfr   Mch.    T.H.1   Vo.     I'Inolnn.U.   O.     IH". 
N«U.>iml    I-nllio    Co..    (Mm-lnii.U.    O.        17"    «nd    18". 
Nllp"  Urnifnt  I'mkI    Co..    Ul    llro«il»»y.    New    York. 

20"    l.>   nlU".   Iiii-lu«li».  .     „      .  , 

OIlTtT    Mchy.    Co.,    7    Coldbrook    81..    Grand    lUpliU. 

Mich.     10"    U>  20".   Incliinlve. 
rort«r-C«l>le  Mch.    Co..    SyraciiM.    N.    Y.     12". 
Tnitl    *    Whitney   Co..    lUrtford.    Conn. 

10-     to    1(1-      Inclimtvc. 
ll«hn  Ijirinon   Co..   Cincinnati.   O.     lirto  82"  Incl 
Uc^l-1'rentlcc    Co.,     V.     K.     Uc«l    I>ei>t.    »nd    Prentice 

llroH    l>ei>t    Worcester,   Mnw.     12"   to  27",   Iml. 
Uo»kf.ird   Tool   Co.,    Uockfonl.    III.     15"   and   10". 
Belwstian  Ijithe  Co.,  Olnclnn»li.  O.     IS".  H"  and  1.1". 
Benefa    K»ll»    Mfg.    Co.,    330    Fall    Bt.,    Seneca    Kails. 

N.    Y.     ir   to   10".   incJimlvc. 
Bidnoy   Tivil   Co..    Sidney.    O.      17"   and   11)". 
Blmple^  Mch.  Timl  C.i  .  Hamilton.  O.    10"  to  32".  Incl. 
Bmlth   M(b.    Co.,    riiilip.    Sidney,   O.     13". 
Booth   IlemI   Ijithe  Worka.   South  Itend.   Ind. 

13"    to    2^1"    Inclusive. 
Bprlngfleld    Mch     Tool    Co.,    Sprlngfleld,    O. 

H"    to  30",   inclusive. 
Tavlor   Mch.    Co..    Cleveland,    O.     20". 
llnlted  States  I.athc  &  Mch.  Co..  Cincinnati,  O. 

20-   to  24".   inclusive, 
rniveraal    Mcliy.    Co.,    Milviaukee.    Wis. 

12"    to  21".    inclnsive.  _„      .     , 

Walcott  I.athe  Co.,   Jackson,   Mich.   14"  to  28".  Incl. 
WHiitconili-lllaisdell    Mch.    Tmil.    Co..    WorccsUr,    Mass. 

14-    to   31)-,    inclusive. 
Wickcs  Bro.<.,  Saginaw,  Mich.     17"  to  30"  inclusive. 
Willard   Mch.    Tool    Co..    CincinnaU.   O.     13". 
Worcester  Latlie  Co..   Worcester,  Mass. 

11".    13"   and    10". 
I.ntlien,    RsteiiNinn,    Itcfl    and    Gap 
Ilarncs  Drill  Co..   Inc..  814  Chestnut  St..  Hockford.  Tl. 
Harrington,  Son  &  Co..   Inc.,  Kdwin,  Philadelphia.   Pa. 
Manning,    kaxwell    &    Moore,    Inc.,    119    W.    40th    St, 

N.  Y. 
Itahn-Larmon    Co.,    Cincinnati,    O. 
Sebastian  Lathe  Co..  Cincinnati.  0. 
I.athea,  Foot   Power 
Barnes  Co..    W.    F.   &   John,   2:U   Ruby   St.,   Rockford. 

Reed-Prentice    Co..    F.    E.    Reed    Dept.    and    Prentice 

llros     Pept, ,    Worcester,    Mass. 
Seneca    Falls    Mfg.    Co.,    330    Fall    St.,    Seneca    Falls, 

N.   Y. 
Lathes,   Patternmaliers' 

Blount   Co.,    J.    G..    Everett,    Mass.  ,   „     ., 

Oliver   Machinery  Co.,   7  Coldbrook   St.,   Grand  Rapids. 

Mich.  ,  ,^     „ 

Wells  &   Son   Co..   F.    E.,   Greenfield,    Mass. 

Lathes,    Pulley 

Cincinnati    Pulley    Mchy.    Co..    Cincinnati,    O. 

Lathes,    Shell 

Thurlow   Steel  Works,   Inc.,   Philadelphia,    Pa. 
Lathes,    Speed 

Blount  Co.,  J.  G..  Everett.  Mass. 

Diamond    Mch.    Co.,    Providence.    R.    I. 

Himoff   Mch.   Co.,    45   Mills  St.,   Astoria,    N.   Y. 

Oliver  Machinery  Co..   7  Coldbrook  St.,   Grand  Rapids, 

Seneca    Falls    Mfg.    Co.,    330    Fall    St.,    Seneca    Falls, 

N   Y. 
Wells  &   Son  Co.,    F.   E.,    Greenfield,   Mass. 

Lathes,    Turret 

See   also   Chucking    Machines. 

Acme   Mch.    Tool    Co.,    Cincinnati,    O. 

Bardons   A:    Oliver,    Cleveland,    O. 

Brovn    &    Sharpe   Mfg.    Co.,    Providence.    R.    I. 

Bollard    Mch.    Tdol    Co.,    Bridgeport.    Conn. 

Davis  Mch.   Tool  Co.,   Inc.,   Rochester,   N.   Y. 

Drescs  Mch.   Tool  Co.,   Cincinnati.   O. 

Foster  Mch.   Co.,   Elkhart,   Ind. 

Garvin   Mch.    Co.,    Spring  and   Varick   Sts.,    New   York. 

Gisholt    Mch.    Co..    Madison,    Wis. 

Greaves-Klusnian    Tool    Co.,    Cincinnati,    O. 

HimoCE  Mch.   Co.,  45  Mills  St.,   Astoria,   N.   Y. 

International   Mch.    Tool   Co.,   Indianapolis.    Ind. 

Jones  &  I.amson  Mch.    Co.,   Springfield,   Vt. 

LeBlond   Mch.    Tool   Co.,    It.    K.,    Cincinnati.    O. 

Lodge   &    Shipley    Mch.    Tool    Co.,    Cincinnati,    O. 

Morris  Mch.   Tool   Co.,   Cincinnati,   O. 

New    Britain    Mch.    Co..    New    Britain,    Conn. 

Niles-Bement-Pond    Co..    Ill   Broadway,    New   York. 

Oliver  Machinery   Co.,   7  Coldbrook  St.,   Grand  Rapids, 

Mich. 
Pierce  Mch.  Tool  Co.,  617  W.  Jackson  Blvd.,  Chicago, 

ni. 

Pratt   &    Whitney   Co.,   Hartford.    Conn. 

Rahn-I.amion    Co..    Cincinnati,    O. 

Reed-Prentice  Co.,  F.  K.  Keed  Dept.  and  Prentice 
Bros.    Dept..    Worcester.    Mass. 

Rivett  Lathe    &   Grinder   Co..    Brighton,   Boston.    Mass. 

Springfield  Mch.  Tool  Co.,  631  Southern  Ave..  Spring- 
field, 0. 

Warner   &   Swasey   Co.,    Cleveland.    O. 

Wells  &   Son   Co..    F.    E..   Greenfield,   Mass. 

Wood  Turret  Mch.   Co.,   Brazil,   Ind. 

Lathes,  *Wootl    Workers' 

Barnes  Co.,   W.    F.    &   John,    231   Ruby   St.,    Rockford. 

lU. 
Oliver  Machinery   Co.,   7  Coldbrook  St.,   Grand  Rapids, 

Mich. 
Eeed-Prentice    Co.,    F.    E.    Reed    Dept.    an,d    Prentice 

Bros.  Dept.,  Worcester,  Mass. 
Seneca    Falls    Mfg.    Co.,    330    Fall    St.,    Seneca    Falls, 

N.  Y. 
Leather    Belting,    Round 
Bchieren   Co.,   Chas.   A.,   73   Ferry   St.,    New   York. 
Levels 

Goodell-Pratt  Co.,  Greenfield.  Mass. 
Keuffel  &  Esser  Co.,  Hoboken,  N.  J. 
Starrett    Co.,    L.    S.,    Athol,    Mass. 
Loekers,    Metal 
Manufacturing    Equipment    &    Eng.    Co.,    Frarningham, 

Mass. 
Lubricants 
Besly  &  Co.,  Chas.  H.,  120-B  N.  Clinton  St,  Chicago, 

Dl. 
Cataract   Refining   &    Mfg.    Co.,    Buftalo.   N.    Y. 
Dixon  Crucible  Co..   Joseph,  Jersey  City,   N.  J. 
Fiake  Bros.  Refining  Co..  24  State  St,   New  York. 
Haws,   Inc..  Geo.   A.,  135  Front  St.,  New  York. 
Hosmer   Co.,    G.    A.,    Buffalo,    N.    Y. 
Lumen  Bearing  Co..   Buflfalo.    N.  Y. 
Oaklev   Chemical   Co..   26  Thames   St,   New  York. 
Boyersford  Foundry  &  Mch.   Co.,  54  N.  Sth  St.,  Phila- 
delphia, Pa. 
B   K   F   Ball   Bearing   Co..   Hartford,    Conn. 
Stuart   &   Co.,    Inc.,    D.   A.,   29  La   Salle   St.,    Chicago, 

HI. 
Swan   &   Finch   Co.,   165  Broadway,   New   York. 


I.uhrlentora 

Hcsly  di  Co.   Chi 


Hciily 
III. 


1!.,   120  B  N.  Clinton  8t,  Chicago, 

Oreene.  Tweed  &  Co..  100  Dnano  8t.  New  York. 
InUT  Stale    Mch     Products   Co.,    Inc  ,    Rocheitter,    N.    Y. 

Miiolilnery    l>enler« 

ItcJv  *:   Cx...  Choa.   11..   120B  N.  Clinton  St,  Chicago, 

111. 
llrowncll    Mchy.    Co.    Providence,    R.    I 
CoaU  Mch.    T(K>1   Co.,    Inc.,   80  Church   St.   New  York. 
Davla    Mch      Tool    Co.,     W.     F..    82    N.     Clinton    8t, 

Chicago.  III.  „,  „ 

Earlo    Gear    &    Mch.    Co..    4705    Stentim    Ave..    Phila- 
delphia. Pa. 
Erwley  Mchv.   Co..  E.  L..  Chicago,  III. 
Garvin    Mch.    Co.,    Spring   and   Varick    fits..    New   York. 
Hill,    Harko   &    Co..    Inc.,    Boston.    Mass. 
Hill,   Clarke  &  Co..  of  Chicago,  025  Washington'Blvd,, 

Chicago,  111. 
Manning,    Maxwell    &    Moore,    Inc.,    119    W.    40th    St., 

New  York. 
Marshall    &    Iluschart  Mchy.    Co.,    17   S.    Jefl'erson    St., 

Chicago.  III. 
McDcmouKh    Mfg.    Co.,    Fan    Claire,    Wis. 
Molrh    &    Merryweathcr  Mchy.    Co.,    Cleveland.   O. 
Niles-Bement-Pond    Co.,    Ill    Broadway,    New    York. 
OsgMd   Tool    Co.,    J.    L.,    Buffalo.    N.    Y. 
Patterson    Tool    &    Suiiply    Co.,    Dayton,    O. 
Simmons   Mch.    Co..    1001    Singer    Bldg.,    New    York. 
Vandyck    Churchill   Co.,    149   Broadway.    New    York. 
W'alls  Tool   Co.,   T.    P.,   75  Walker   St..    New   Y"ork. 
Young.     Corlcy    &    Dolan,     Inc.,     115    Broadway,     New 

York. 

MaohiniHts'    Small    Tools 

See  Calipers,   Hammers,  Wrenches,   Drills,   Taps,  etc. 

Mallets,    Rawhide 

Chicago  Rawhide  Mfg.   Co.,   1301   Elston  Ave.,   Chicago, 

Rl. 
Mandrels,    Expandiner    and    Soli<l 

See    Arbors   and    Mandrels,    Expanding    and    Solid. 
Marking;    Machines 

Bickford    Machine    Co..    Greenfield.    Mass. 

Grant    Mfg.    &    Mch.    Co.,    N.    W.    Station,    Bridgeport 

Conn, 
Martin   Mch.    Co..    Greenfield,    Mass. 
Noble   &   Westbrook   Mfg.    Co.,   Hartford,    Conn. 

Measuring:    Machines,    Precision 

Pratt   &    WTiitncy    Co..    Hartford,    Conn. 

Rogers   Works.    Inc.,   J.   M..    Gloucester  City,    N.   J. 

Swedish  Gage  Co.,   Inc.,   16  W.  61st  St.,   New  York. 

Metals,    Bearing: 

See    Bearings,     Bronze.    Babbitt,    etc.,     and    Bushings, 

Brass,  Bronze,  etc. 
MillinK-    and    Drilling   Machines, 

UpriRht 

Knight     Mchy    Co.,     W.     B..     2019    Lucas    Aye..     St 

Louis.  Mo. 
Milling    Attachments 

Adams    Co..    Dubuque.    Iowa. 

Becker  Milling  Machine  Co..   Hyde  Park,  Mass. 

Brown   &    Sharpe    Mfg.    Co.,    Providence.    R.    I. 

Cincinnati  Milling  Machine  Co..   Oakley,   Cincinnati.   O. 

Garvin   Mch.    Co.,    Spring   and   Varick    Sts.,    New    York. 

Hendey    Machine    Co.,    Torrington,    Conn. 

IngersoU    Milling   Machine    Co.,    Rockford,    III. 

Kearney   &    Trccker   Co.,    Milwaukee.    Wis. 

Kempsmith  Mfg.  Co.,   Milwaukee,  Wis. 

LeBlond  Mch.    Tool   Co.,   R.    K.,   Cincinnati,   O. 

Oesterlein    Mch.    Co..    Cincinnati,    O. 

Porter-Cable    Mch.    Co.,    Syracuse,    N.    Y. 

Pratt   &    Whitney    Co..    Hartford.    Conn. 

Rivett  Lathe  &  Grinder  Co..   Brighton.   Boston,  Mass. 

Rockford    MUling   Mch.    Co..    Rockford.    111. 

Seneca    Falls    Mfg.    Co.,    330    Fall    St..    Seneca    F.ills, 

N.  Y. 
Whitney  Mfg.    Co..    Hartford,    Conn. 

Milling   Machines,   Automatic 

Pratt    &    Whitney    Co.,    Hartford,    Conn. 
Milling    Machines,    Bench 

,\mes    Co.,    B.    C.    Waltham.    Mass. 

Carter    &    Hakes    Co.,    Sterling    Place,    Winsted,    Conn. 

Hardinge  Bros.,  Inc.,  Berteau  and  Ravenswood  Aves., 
Chicago.  111. 

Rockford    Milling    Mch.    Co..    Rockford,    111. 

Sloan  &   Chace  Mfg.   Co..   Newark.   N.  J. 

Van  Norman  Mch.  Tool  Co.,  Waltham  Ave.,  Spring- 
field, Mass. 

Milling  Machines,  Circnlnr,   Continnons 

Becker   Milling  Mch.   Co.,   Hyde   Park,    Mass. 

Gould   &   Eberhardt,    Newark,    N.    J. 

Milling    Machines,    Hand 

Adams    Co..     Dubuque.     Iowa. 

Beckei'  Milling  Mch.    Co.,    Hyde  Park,   Mass. 

Bickett  Mch.    &   Mfg.    Co..   Cincinnati,   O. 

Bickford    Mch.    Co.,    Greenfield.    Mass. 

Biggs-Watferson    Co.,    Cleveland.    O. 

Carter  &   Hakes  Co.     Sterling  Place.   Winsted,   Conn. 

Cleveland    Milling   Mch.    Co..    Cleveland.    O. 

Garvin  Mch.  Co.,  Spring  and  Varick  Sts.,  New  York. 

Pratt  &   VATiitnev  Co..   Hartford,   Conn. 

Rockford    MillinE   Mch.    Co..    Rockford,    111. 

Steptoe    Co..    John.    Brighton,    Cincinnati,    O. 

Van  Nonnan  Mch.  Tool  Co.,  Waltham  Ave.,  Spring- 
field, Mass. 

Whitney    Mfg.    Co.,    Hartford,    Conn. 

Milling    Machines,    Horizontal,    Plain 

Adams    Co.,    Dubuque.    Iowa, 

Beaman   &   Smith   Co..   Providence.   R.   I. 

Becker    Milling    Machine    Co..    Hvde    Park,    Mass. 

Bilton    Mch.    Tool    Co.,    Bridgeport,    Conn. 

Brown  &  Sharpe  Mfg.   Co.,    Providence,   R.   I. 

(Cincinnati  Milling  Mch.   Co.,   Oakley,    Cincinnati,  O. 

Cleveland    MUling    Mch.    Co.,    Cleveland,    O. 

(Marvin   Mch.    Co.,    Spring   and   Varick   Sts.,    New   York. 

(^looley   &   Edlund,    Inc..   Cortland,    New   Y'ork. 

Hendey   Machine   Co.,   Torrington.    Conn. 

IngersoU    Milling    Machine    Co.,    Rockford,    111. 

Kearney    &    Trecker    Co..    Milwaukee.    Wis. 

Kempsmith    Mfg.    Co..    Milwaukee.    Wis. 

LeBlond   Mch.    Tool    Co..    R.    K.,   Cincinnati,    O. 

Newton  Mch.  Tool  Works,  Inc.,  23rd  and  Vine  Sts., 
Philadelphia.  Pa. 

Xiles-Bement-Pond   Co..    Ill    Broadway,    New   Y'ork. 

Oesterlein    Mch.    Co.,    Cincinnati.    O. 

Pratt  &   Whitney   Co..    Hartford,   Conn. 

Rockford    MUling    Mch.    Co.,    Rockford,    lUl. 

Milling  Machines,  Horizontal,  Universal 

Becker  Milling  Machine   Co..    Hvde  Park,   Mass. 

Brown   &    Sharpe   Mfg.    Co..    Providence,    R.    I. 

Cincinnati   Milling   Mch.    Co..    Oakley,   Cincinnati,   O. 

Cleveland    Milling    Machine    Co.,    Cleveland,    O. 

Hendey    Machine   Co..    Torrington,    Conn. 


Kearney  &   Trecker  Co.,   Milwaukee,   Wla, 

Ivempsrnith    Mfg.    (^o..    MUwaukee,    Wla. 

I.olllond    Mch.    Tool    Co.,   R.    K.,   Cincinnati,   O. 

Newton  Mch.  Tool  Works.  Inc.,  23rd  and  Vine  Sti., 
rhiladclphia  Pa. 

NilcB-Beiiiont  Pond   Co..    Ill    Broadway,    New   York. 

Oeslerlciu    M<li.    ('o.,    Cincinnati,    O. 

Itockfoi.!    Milling    Mch.    Co.,    Rockford,    111. 

It.iwb.illniii    Mch.    Co..    Waterhury,    Conn. 

Van  .\ornian  Mch.  Tool  Co.,  Waltham  Ave..  Spring- 
field, Mass. 

Milling    Machines,    I,lncoIn    Type 

Beaman    &    Smith    Co^    Providence,    R.    I. 
Becker  Milling  Mch.  Co.,  Hyde  Park.  Mass, 
(inrvin    Mch.    Co.,    Spring  and    Varick   Sts.,    New    York. 
Kempsmith   Mfg.    Co.,    MUwaukee,    Wis. 
Hendey    Machine   Co.,    Torrington,    Conn. 
Reynolds  Pattern   &  Mch.   Co.,   Massillon,   O. 
Van    Norman    Mch.    Tool    Co.,    Waltham    Ave.,    Spring- 
field, Mass. 

Milling   Machines,   Portable 

Newton    Mch.    Tool    Works,    Inc.,    23rd    and   Vine    Sta., 

Philadeliihia,  Pa. 
Pcdrick    Tool     &    Mch.     Co.,    3639    N.    Lawrence    St., 

IMiiladelphia,  Pa. 
Undei-wood   &  Co.,   H.    B.,   Philadelphia,   Pa. 
Milling   Machines,   Vertical 
Adams   Co.,    Dubuque,    Iowa. 
Beaman  &   .Smith  Co.,  Providence,  R.   I. 
Becker    Milling    Machine    Co.,    Hyde    Park,    Masa. 
Brown    &    Sharpe    Mfg.    Co.,    Providence.    R.    I. 
Cincinnati   MUling   Mch.    Co.,   Oakley,    (Jincinnati,    O. 
Garvin    Mch.    Co.,    Spring  and    Varick   Sts.,    New   York. 
IngersoU    MUling   Mch.    Co.,    Rockford,    111. 
Kearney    &   Trecker   Co.,    MUwaukee,   Wis. 
LeBlond   Mch.   Tool   Co.,   R.   K.,   Cincinnati,  O, 
Newton    Mch.    Tool    Works,    Inc.,    23rd   and    Vine    Sts., 

Philadelphia,  Pa. 
NUes-Bement-Pond    Co.,    Ill    Broadway,    New    York. 
Van    Norman    Mch.    Tool    Co.,    Waltham    Ave.,    Spring- 
field, Mass. 

Milling    Tools    (Hollow    Adjustable) 

Geometric  Tool   Co.,    New   Haven,    Conn, 

Rogers   Works,    Inc.,   J.    M.,    Gloucester   City,    N.    J. 

Model    and    Experimental    Work 

See   Special   Machinery  and   Tools. 
Molding   Machines 

Adams    Co.,    Dubuque,    Iowa. 

Mumford  Molding  Mch.  Co.,  1763  Elston  Ave.,  Chi- 
cago, 111. 

Motors,   Electric 

Eck  Dynamo  &  Motor  Co.,  BellevUle,   N.  J. 

General    Electric   Co.,    Schenectady.    N.    Y, 

Reliance  Elec.  &  Eng.  Co.,  1056  Ivanhoe  Road,  Cleve- 
land. O. 

Sprague   Electric  Works,    527  W.   34th   St,    New  York. 

Triumph   Electric    Co.,    Cincinnati,    O. 

Wagner  Electric  Mfg.   Co.,   St.   Louis,   Mo. 

Westinghouse   Elec.    &    Mfg,    Co.,    East  Pittsburgh,   Pa. 

Name    Plates,    Cast    Bronze, 
Stamped   and    Etched 

Matthews  &  Co.,  Jas.  H.,  3946  Forbes  Field,  Pitts- 
burgh, Pa. 

Newman    Mfg.    Co.,    Cincinnati,   O. 

Noble   &   Westbrook   Mfg.    Co.,    Hartford,   Conn. 

Schwerdtle    Stamp   Co.,    Bridgeport,    Conn. 

Nichrome    Castings 

Driver-Harris   Co.,    Harrison,    N.    J. 

Nipple    Threading    Macliinery 

Bignall  &  Keeler  Mch.   Works,   Edwardsrille,   Rl. 

Landis  Mch.    Co..   Inc..    Waynesboro,   Pa. 

Merrell   Mfg.   Co.,   15  Curtis  St..   Detroit  Mich. 

Murchey  Mch.  &  Tool  Co..  34  Porter  St.,  Detroit. 
Mich. 

Saunders'   Sons,   D.,    Y'onkers.    N.   Y. 

Standard  Engineering  Co.,   EUwood  City.   Pa. 

Nuts,   Castellated,   Etc. 

Cincinnati   Screw   Co.,    (Cincinnati,    O. 

BTut   Tappers 

See  Bolt  and  Nut  Machinery. 

Odometers 

Veeder   Mfg.    Co.,    39    Sargeant   St.,    Hartford,    Conn. 

Oil    Cups 

Besly  &  Co.,  Chas.  H.,  120-B  N.  Clinton  St..  Chicago, 
111. 

Gits   Brn.s.    Mfg.    Co..    551    Monroe   St.    Chicago,    m. 

Tucker.    W.   M.    &   C.    F.,   Hartford.   Conn. 

Winkley  Co.,   Detroit,   Mich. 

Oilers,  Loose  Pulley 

Brown  Engineering  Co.,  133  N.  3d  Street,  Reading,  Pa. 

Oil   Hole    Covers 

Gits    Bros.    Mfg.    Co,,    551    Monroe    St,    Chicago,    HI. 

Tucker,   W.  M.   &  C.   F..   Hartford,   Conn. 

Winkley   Co.,    Detroit,    Mich. 

Oil  Pans,  Sheet  Steel 

Littleford    Bros.,   Cincinnati,   O, 

Oils,   Lubricating 

Besly  &  Co.,  Chas.  H.,  120-B  N.  Clinton  St, 
Chicago,  lU. 

Cataract  Refining  &  Mfg,  Co.,  Buffalo,  N.  Y.  , 

Fiske  Bros.   Refining  Co.,   24   State  St,   New  York. 

Haws,   Inc.,   Geo.   A.,   1.T1   Front  St.,   New  York. 

Hosmer   Co.,    G.    A.,    Buffalo,    N.    Y. 

Stuart  &  Co.,  Inc.,  D.  A.,  29  So.  La  Salle  St.,  Chicago. 
111. 

Swan   &  Finch  Co.,      165  Broadway,   New  York. 

Oils,    Quenching    antl    Tempering 

Cataract   Refining   &   Mfg.    Co..    Buffalo,    N.    Y. 

Fiske   Bros.    Refining   Co.,   24   State   St.,    New   York. 

Haws,   Inc.,   Geo.    A.,   l.'SS   Front  St,    New  York. 

Stuart  &  Co.,  Inc.,  D.  A.,  29  So.  La  Salle  St,  Chicago, 
III. 

Swan  &  Finch  Co.,   165  Broadway,   New  York. 

Ovens,    Baking 

American  Gas  Furnace  Co.,  24  John  St..   New  York. 

General    Electric    Co..    Schenectadv,    N.    Y. 

RockweU    Co.,    W.    S.,    50    Church    St,    New    York. 

Ovens,   Tempering 

Boker  &  Co.,   Inc..   H.,   101   Duane  St.   New  York. 

General    Electric   Co.,    Schenectady,    New    York. 

Oxygen 

Linde  Air  Products  Co.,  42nd  St.   Bldg.,  New  York. 

Packings,   Leather 

Graton   &   Knight  Mfg.    Co.,   Worcester,   Mass. 

Swan   &    Finch   Co.,    165   Broadway,    New   York. 

Pans,    Shop    and    Lathe 

New   Britain  Mch.   Co.,   New  Britain,   Conn. 

Parallels 

Walker  Co.,   O.    S.,   Worcester,   Mass. 
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A    RNIGHT    Machine 
In  a  "Down  East"  Shop 

One  of  the  most  productive  machines  the  William  Hall  Co., 

Wollaston,  Mass.,  owns  is  a  No.  iy2  Knight  Milling  and  Drill- 
ing Machine.  This  concern 
finds  it  without  an  equal  for 
work  having  a  number  of 
angles  and  surfaces  to  ma- 
chine, and  for  making  dies, 
jigs,  molds  and  metal  pat- 
terns. It  handles  heavy  mill- 
ing just  as  readily  as  the 
lighter  jobs,  is  easy  to  con- 
trol, convenient  in  adjustments,  and  constructed  to 
stand  severe  service. 

Knight  Machines  are  made  in  two  other  sizes,  both  as 
efficient  and  productive  in  their  particular  fields  as 
this  one.  Ask  us  about  the  one  best  fitted  for  your 
requirements. 

W.  B.  RNIGHT  MACHINERY  COMPANY 


2019-25   Lticas  Aven\ie 


ST.   LOUIS,   MISSOURI 


FOREIGN   AGENTS:     Coats  Mch.   Tool   Co..   Ltd.,   London,    Glasgow   and  Ne-ncastle-on-Tyne;  n.   L.   Scnitton  &  Co.,   Sydney,   Australia. 


Don't  Waste  Time  Measuring  and  Figuring— 

Buy  the  ALB A}iY  miLL 


a  light,  high-speed  precision 
drill,  for  holes  up  to  14  inch, 
capable  of  rapid  adjustment 
to  a  wide  range  of  speeds. 

Index  not  only  registers  speed, 
but  designates  right  speeds 
for  various  metals;  microm- 
eter depth  gauge  constantly 
registers  the  exact  depth  of 
cut  in  Metric  or  English 
measure — according  to  ad- 
justment. No  need  to  meas- 
ure or  figure — it's  all  right 
before  you. 

A  touch  of  the  lever  changes 
the  speed  anywhere  from  268 
to  2140  R.  P.  M.  without  stop- 
ping the  machine — while  an- 
other as  quickly  starts  or 
stops  the  spindle. 

Ask  for  description  of  other 
"Albany"  features 


ALBANY  HARDWARE 
SPECIALH  MFG.  CO. 

ALBANY,  WISCONSIN 


™  walker™ 


A  Popular 
Tool  Room 
Grinder 

The  Walker  No.  2 
is  a  service  grind- 
er, strong,  rigid, 
speedy,  accurate — 
a  leader  in  its  field. 


It's  a  machine  that  meets  modern  require- 
ments efficiently  and  economically  and  is  as 
near  wear  proof  as  a  grinder  can  be  made. 
Furnished  with  complete  assortment  of 
wheels,  wheel  collets,  cutter  tooth  gauges, 
wheel  guards,  etc.  Full  description  on  request. 


O.  S.  WALKER   CO. 

MAGNETIC  CHUCKS     GRINDING  MACHlNEiS 
SucccMor*  to  O.  S.  Walker  &  Co,  and  Walker  Grinder  Co. 

WORCESTER,  MASSACHUSETTS,  U, S. A. 
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l'iick.T.    I).    I-.    \V»»hliii!l.m.   U.   C. 

I'uttrrn    Shop   TduIk   nnil    Muclilnrrr 

Crtwccnl    Mill.    Co..    no    Moili    Ht.,    I^cUmia.    O 
IUni]niirli(-r,   Hchli'iniuer  \  Co.,  <«Ui  Ate.  nud  ISth  St. 

N»»  York. 
Ollvrr  Mtchloerr  Co..  7   Coldbrook  St.,   Qnnd  Rapldi, 

Mii-h. 
Bsnna    Falls    Mfg.    Co..    830    Fall    Rt,    Sense*    Falls, 

N.  Y. 
l*nttrrnB,   AV'uod    an«l    Mrtnl 
CJraiit    Mfg.    &    Mih.    Co..    N.    W.    SUUon,    Bridgeport. 

Conn. 
Mchl    Mfh    Tool    &   Pie  Co..   lloselle.    N.   J. 
.SI'    Mfii.    Co..    Clpvcland.    O. 
I'eiK'lla.    nritTvliiK 

Anifrican   l.oail   Tencil   Co..   237  Bth  Aye.,  New  York. 
Dlion   Cruclblp  Co..   Jowph.   Jersey  City,   N.  J. 
I'hoiiplior   BroiiEP 
Seo  llronzc. 

ripe   IlrnilliiKr  Toola 
I'nJiTwoiKl   &    Co..   U.   H.,   Philadelphia,   Pn. 
I'Ipe    ('111(111*1:   nnil    Throniltntir    MnehlncH 
Aniislrong    Mfg.     C,     297    Kno«Uon    St..     Bridgeport, 

Conn. 
Hifimll    &    Kfelor   Mch     Works.    Kdwurdsville.    111. 
Ciirtia  &  Cnrlis  Co.,  8  Ganien  St.,  Uridgeport,  Conn. 
FooleKlUirt    Co..    Clfvolnnd.    O. 
C.rfenlieUi   Tap   &    l>io   Corp.,    Greenfield,    Mas9. 
Harrington,   Son  &   Co.,    Inc.,   Edwin,   Philadelphia,   Pa. 
Hart   Mfg.    Co..    K.    20th    St.    and   Marion   Are.,    Cleve- 

Innd.  (). 
Landis    Mch.    Co.,    Inc.,    Waynesboro,    Pa. 


I>ri»|> 

,  Drop, 


More 


sll   Mtg.   t;o.,   i:>  (urus  St.,    loieao,   u. 
bey    Mch.    &    Tool    Co.,    34    Porter    St.,    Detroit, 
.Mich. 

Saunders'    Sons,    D.,    Y^onkcra.    N.    Y. 
Standard  Engineering  Co..   Ellwood  City,  Pa. 
Treadwell    Knpineering   Co.,    Easton   Pa. 
Trimont    Mfg.    Co..    Ronbiiry,    Mass. 
Victor    T(X>1    Co.,    Waynesboro,    Pa. 
Walworth   Mfg.    Co..    Boston,    Mass. 
Wells  &   Son  Co.,   F.   E.,   Greenfield,   Mass. 
Pipe   and    Pipe    FittliiBS 
National    Tube    Co.,    Pittsburgh.    Pa. 
Newman    Mfg.    Co.,    Cincinnati.    O. 
Walworth  Mfg.    Co.,   Boston,   Mass. 

Pinner   AKaclinienls 

Cincinnati    Planer    Co..    Cincinnati,    O. 
Gray    Co..    G.    A.,    Cincinnati,    O. 

Keed-Prentice  Co..  F.  E.  Reed  Dept.  and  Prentice 
Bros.    Dept.,    Worcester,    Mass. 

Pinners 

American  Tool   Works  Co..    Cincinnati,   O. 

Cincinnati   Planer   Co.,    Cincinnati,   O. 

Cincinnati  Shaper  Co.,   Cincinnati,   O. 

ClCTeland     Planer     Works,     3150-3152     Superior     Ave., 

Qeveland,  O. 
Gray  Co.,  G.  A.,   Cincinnati,  O. 
Hamilton   Machine  Tool    Co.,    Hamilton,    O. 
Morton  Mfg.    Co..   Muskegon  Heights.   Mich. 
NUes-Bemcnt-Pond   Co..    Ill   Broadway,    New   York. 
Ohio  Machine  Tool  Co.,   Kenton,   0. 
Sellers  &   Co..   Inc.,   Wm.,   PhUadelphia.   Pa. 
Wbitcomb-Blaisdell    Mch.    Tool    Co.,    Worcester,    Mass. 
WUson  Mch.   Co.,   W.   A.,   Rochester,   N.   Y. 
Woodward  &   Powell   Planer  Co.,   Worcester,   Mass. 

Planers,   Portable 

Morton   Mfg.    Co.,    Muskegon   Heights,    Mich. 

Newton    Mch.    Tool    Works,    Inc.,    23rd    and    Vine    Sts., 

Philadelphia.    Pa. 
Cnderwood  &   Co.,   H.   B.,   Philadelphia.   Pa. 

Pinners,    Rotary 

Newton    Mch.    Tool    Works,    Inc.,    23rd   and   Vine    Sts., 

Philadelphia,  Pa. 
NUes-Bement-Pond   Co.,    Ill   Broadway,    New   York. 
Pedrick    Tool    &    Mch.    Co.,    3639    N.    Lawrence    St., 

PhUadelphia,  Pa. 
Underwood  &   Co.,   H.   B.,   Philadelphia,   Pa. 

Plate    Rolls 

Niles-Bement-Pond   Co.,    Ill   Broadway,    New   York. 
Plates,  Steel 

Moltrup  Steel  Products  Co.,  Bearer  Falls,  Pa. 
Pnenniatlc    Tools 

Independent  Pneumatic   Tool    Co.,    Chicago,   111. 
IngersoU-Rand   Co.,    11   Broadway,    New   York. 
Keller  Pneumatic  Tool   Co..   Fond  du  Lac,  Wis. 
Manning.    Maxwell    &    Moore,    Inc.,    119    W.    40th    St., 
New   York. 

Polishiniir    Machines 

Abbott   Ball    Co.,    Elmwood,    Hartford.    Conn. 

Beslr  &  Co.,  Chas.  H.,  120-B  N.  Clinton  St., 
Chicago.  111. 

Bridgeport  Safety  Emery  Wheel  Co.,  Inc.,  Bridgeport, 
Corm, 

Brown   &    Sharpe   Mfg.    Co.    Providence,    R.    I. 

BuUders   Iron    Foundry   Co.,    Providence,    R.    I, 

Diamond    Machine    Co..    Providence,    R.    I. 

Forbes   &   Myers,   178   Union    St.,   Worcester,    Mass. 

Gardner    Mch.    Co.,    Beloit,    Wis. 

Goodell-Pratt   Co.,    Greenfield,    Mass. 

Hisey-Wolf   Mch.    Co.,    Cincinnati.    O. 

New  Britain  Mch.    Co.,   New  Britain,    Conn. 

Ransom   Mfg.    Co.,    Oshkosh,   Wis. 

Ro.versford  Fdry.  &  Mch.  Co.,  54  N,  5th  St„  Phila- 
delphia, Pa. 

Safety    Emery    Wheel    Co..    Springfield.    O. 

Sterling   Grinding   Wheel    Co.,    Tiflin,    O. 

Stow    Mfg.    Co.,    Binghamton,    N.    Y. 

United  States  Electrical  Tool  Co.,  6th  Ave.  and  Mt. 
Hope  St.,  Cincinnati,  O. 

Wells  &  Son  Co.,   F.   E.,   Greenfield,   Mass. 

Portable    Tools,    Repair,    Railroad,    Etc. 

Newman  Mfg.    Co.,    Cincinnati,   0. 

Pedrick    Tool    &    Mch.    Co.,    3639    N.    Lawrence    St., 

Philadelphia,  Pa. 
Underwood   &   Co.,   H.   B.,   Philadelphia,    Pa. 
Presses,   Arbor 

Atlas  Press  Co.,  323  N.  Park  St.,  Kalamazoo,  Mich. 
Lucas  Mch.    Tool   Co..    Cleveland.   O. 
Nicholson    &    Co.,    W.    H..    112    Oregon    St.,    WUkes- 

Barre,  Pa. 

Presses,   Broachinisr 

Ams  Mch.    Co..    Max.    Bridgeport,    Conn. 

Atlas  Press  Co..  323  N.  Park  St..  Kalamazoo.  Mich. 

Bliss  Co.,   E.  W.,   5  Adams  St.,   Brooklyn,  N.  Y. 

Ferracute  Mch.    Co..    Biidgeton,   N.   J. 

Hydraulic     Press     Mfg.     Co.,     84     Lincoln     Ave.,     Mt. 

Gilead.  O. 
Metalwood   Mfg.    Co.,   Detroit,   Mich. 
Swaine  Mfg.    Co..    F.   J.,   St.   Louis,   Mo. 
Toledo  Mch.    &   Tool   Co..   Toledo,    O. 
Watson-SUllman    Co.,    192   Fulton   St.,    New   York. 


Preaaea,    Koo(    and    Screw 

llaird   Mch.   C.>.,    Hridgei.nrl.    Conn. 

Ilarneii  Co.,  W.  F.  A  John.  231  Iliiby  St.,  Rockford, 
lU. 

nilaa  Co..   E.    W..   B  Adann  St.,   Brooklyn.   N.    Y. 

Etnii   Mch.   Co.,    Tole<lo,    O. 

Ferracute   Mch.    Co.    Itridgcton,    N.    J. 

Niagara   Mch.    &   Tool    Works.   BulTalo.    N.   Y. 

Kovcmford  I'dry.  &  Mch.  Co.,  B4  N.  5th  St.,  PhUa- 
delphia. Pa. 

Shustcr   Co.,    F.    B..    New   Haven,    Conn. 

Swaine   Mfg.   Co..    F.   J..   St.    Louis,   Mo. 

Taylor  &    Fcnn   Co.,   Hartford,    Conn. 

Toledo  Mch.  &  Tool  Co..  Toledo,  O. 

PreaMca,   ForKinK 

Ams   Mch.    Co..    Max,    Bridgeport,   Conn. 
Hethlebem   Steel   Co.    South  Bethlehem,   Pa. 
Bliss   Co..    K.    W.,   5   Adams   St.,   Brooklyn,    N.   Y. 
Cleveland     Mch,     &    Mfg.     Co.,     4944    ftamilton    Ave., 

Cleveland,  O. 
EInics    Engineering    Works.    Chas.    F.,    222    N.    Morgan 

St.,  Chicago,  III. 
I'erracule   Mch.    Co..    Bridgeton,    N,   J. 
N'iagara   Mch.   &  Tool  Works.   BulTalo,   N,  Y. 
Swaine  Mfg.    Co..   F.   J.,   St.   Louis,   Mo. 
Toledo  Mch.    &    Tool   Co..    Toledo.    O. 
Treadwell   Engineering  Co.,    Easton,    Pa. 

Presses,   Hydraulic 

Chambersburg    Engineering    Co.,    Chambersburg,    Pa, 
Elmes    Engineering    Works,    Chas.    F.,    222    N.    Morgan 

St..  Chicago.  HI. 
Hydraulic     Press     Mfg.     Co.,     84     Lincoln     Aye.,     Mt. 

Gilead,  O. 
MetJilwood   Mfg.   Co.,   Detroit.   Mich. 
Niles-Bement-Pond    Co..    Ill    Broadway,    New   York. 
Sellers  &   Co.,    Inc.,   Wm.,   Philadelphia.   Pa. 
Treadwell    Engineering   Co..    Easton,    Pa. 
Watson-Stillman  Co.,   192  Fulton   St.,    New  York. 

Presses,    Power    Forcing 

.\tlas  Press  Co..   323  N.   Park  St.,   Kalamazoo.   Mich. 
Barnes  Co..    W.    F.    &  John,   231   Ruby   St.,    Rockford, 

III. 
Elmes    Engineering    Works.    Chas.    F.,    222    N.    Morgan 

St.,    Chicago.    111. 
Lucas    Mch.    Tool    Co.,    Cleveland,    O. 
Weaver   Mfg.    Co.,    Springfield,    111. 

Presses,    Sheet    Metal    Working 

Ams  Mch.    Co.,   Max,   Bridgeport,   Conn. 

Automatic   Mch.    Co..   Bridgeport,    Conn. 

Baird   Mch.    Co.,    Bridgeport,    Conn. 

Biggs-Watterson    Co,,    Cleveland,    O. 

Bliss  Co..   E.   W..  5  Adams  St.,  Brooklyn,   N.  Y. 

Buckeve   Engine   Co.,    Salem,    O. 

Cleveland    Mch.    &    Mfg.     Co..    4944    Hamilton    Ave., 

Cleveland,  O. 
Ferracute   Mch.    Co.,    Bridgeton,    N.   J. 
Niagara  Mch.   &  Tool  Works,  Buffalo,  N.  Y. 
Swaine  Mfg.    Co.,   F.   J.,   St.   Louis,   Mo. 
Toledo   Mch.   &   Tool   Co..   Toledo,   O. 
WUlard  Mch.   Tool  Co.,   Cincinnati,  O. 

Presses,    Shell   Banding; 

West   Tire    Setter   Co..    Rochester,    N,    Y. 
Presses,    Straightening 

Elmes  Engineering  Works.  Chas.  F.,  222  N.  Morgan 
St.,  Chicago,  Bl. 

Hydraulic  Press  Mfg.  Co.,  84  Lincoln  .\ve.,  Mt. 
Gilead,  O. 

Metalwood  Mfg.   Co.,  Detroit,  Mich. 

Morse  Tw-ist  Drill  &  Mch.  Co.,   New  Bedford,  Mass. 

Springfield  Mch.  Tool  Co.,  631  Southern  Ave.,  Spring- 
field, O. 

Watson-Stillman  Co.,  192  Fulton  St.,   New  York. 

Presses,   Trimming 

Billings    &    Spencer    Co.,    Hartford,    Conn. 

Bliss   Co.,    E.    W..    5    Adams   St.,    Brooklyn.    N.    Y. 

Cleveland  Mch.  &  Mfg.  Co.,  4944  Hamilton  Ave., 
Cleveland,  O. 

Erie  Foundry  Co.,   Erie,   Pa. 

Ferracute   Mch.    Co..   Bridgeton,   N.  J. 

Toledo  Mch.    &   Tool   Co.,   Toledo,   O. 

Press    Gnards 

Safety  Engineering  Co..   Cleveland.   0. 

Profiling    Machines 

Becker  Milling  Mch.   Co.,  Hyde  Park,   Mass. 

Bickett  Mch.   &  Mfg.   Co.,  Cincinnati,  O. 

Biggs-Watterson    Co..    Cleveland,    O. 

Garvin  Mch.   Co.,   Spring  and  Varick  Sta.,  New  York, 

Leland-Gifford   Co.,    Worcester,    Mass. 

Newton  Mch.  Tool  Works,  Inc.,  23rd  and  Vine  Sts,, 
Philadelphia,  Pa. 

Pratt   &   Whitney    Co.,    Hartford,    Conn. 

Pulleys,   Friction,    Cone,   Etc. 

American  Pulley  Co.,  4208-60  Wissahickon  Ave.,  Phila- 
delphia, Pa, 

Brown   Co..    A.    &    F.,    79   Barclay   St.,    New   York. 

Brown   &   Sharpe  Mfg.   Co.,   Providence,   R.    I. 

Caldwell  &  Son  Co.,  H,  W.,  17th  St.  and  Western 
Ave.,  Chicago,  111. 

Conway    &    Co.,    Cincinnati,    O, 

Cresson-Morria   Co.,    Philadelphia,    Pa. 

Link-Belt   Co.,    Chicago,    111. 

Mason   &   Co.,    Inc.,    Volnev  W.,    Providence,    R.   I. 

Moore  &  White  Co.,  2707-2737  N.  15th  St.,  Phila- 
delphia, Pa. 

Poole  Eng,   &  Mch.    Co.,   Baltimore,   Md. 

Saginaw    Mfg.    Co.,    Saginaw,    Mich. 

Sellers  &   Co.,    Inc.,    Wm.,   PhUadelphia,   Pa, 

Wood   Sons   Co.,    T.   B.,   Chambersburg,   Fa. 

Pulley    Blocks 

Yale  &  Towne  Mfg.  Co.,   9  E.   40th  St.,   New  York. 
Pnlley  Turning  and  Boring  Machines 

American  Tool   Works  Co.,    Cincinnati,    O. 

NUes-Bement-Pond   Co.,    Ill    Broadway,    New    York. 

Pump   Leathers 

Graton   &  Knight  Mfg.    Co.,   Worcester,  Mass, 

Pumps,   Hydraulic 

Buffalo  Forge  Co.,   Buffalo,   N.   Y. 

Chambersburg    Engineering   Co.,    Chambersburg.    Pa. 

Elmes    Engineering    Works.    Chas.    F.,    222    N.    Morgan 

St.,  Chicago,  ni. 
Hydraulic     Press     Mfg.     Co.,     84     Lincoln     Ave.,     Mt. 

GUead,  0. 
Metalwood   Mfg.    Co.,   Detroit,   Mich. 
Watson-StUlman  Co.,   192  Fulton  St.,   New  York. 
Worthington    Pump    &    Mchy.     Corp.,     115    Broadway, 

New  York. 
Pumps,    Lubricant    nnd    Oil 
Bickford  Mch.    Co..  Greenfield,   Mass. 
Brown   .S:   Sharpe  Mfg.   Co.,    Providence,   R.   I. 
Fulflo   Pump    Co.,    Cincinnati,    O. 
Inter-state  Mch.  Products  Co.,   Inc.,  Rochester,  N.  Y. 
Trahern  Pump  Co.,   Rockford.   El. 


l*uiiipa,    Pnenniatlc 

Ingemoll-Rand   Co.,    11   Broadway,    New   York. 
Worthington    Pump    &    Mchy.     Corp..    118    Broadway. 
New  York. 

Punipa,   Po»ver   Driven 

liothlchcm    Steel    Co..    South   Bethlehem.   Pa. 

I'nnipa,    Rotary 

lnt.ir-SUte  Mch.  Producta  Co..  Inc.,  Rochester,  N.  Y. 
Trahern   Pump   Co.,    Rockford,   III. 

I'umpa,  Steam 

BulTalo   Forge   Co.,   Buffalo,    N.    Y. 
Ingersoll-Itand   Co.,   11   Broadway,    New   York. 
Worthington    Pump    &    Mchy.    Corp..     115    Broadway, 

New  York. 

Pumps,    Turbine    Driven 

Earlo  Gear  &  Mch.  Co..  4705  Stenton  Ave..  Phila- 
delphia. Pa. 

Pumps,    Vncnnni 

Leiman  Bros.  02  E.  John  St..  New  York. 
Punches   nnd  Dies 

American  Mch.  &  Foundry  Co..  6520  2nd  Are..  Brook- 
lyn. N.  Y. 

Ama  Mch.    Co..    Max.    Bridgeport.   Conn. 

Bliss  Co.,   E.   W.,   5  Adams  St..   Brooklyn,   N.   Y. 

Columbus  Die.   Tool   &  Mch.   Co.,   Columbus,   0. 

Harris  Engineering  Co..  H.    E.,   Bridgeport,  Conn. 

Kraskerg  Mfg.    Co.,   412  Orieans  St.,   Chicago,   III 

Nelson  Tool   Co.,  Inc.,  781-783  E.  142d  St.,  New  York. 

Pratt   &   Whitney   Co..    Hartford,    Conn. 

Royersford  Fdry.  &  Mch.  Co..  54  N.  5th  St,  Phila- 
delphia, Pa. 

Slocum,  Avram  &  Slocum  Laboratories,  Inc..  531  W. 
21st  St..  New  York. 

Swaine  Mfg.    Co.,    F.   J.,    St.   Louis,   Mo. 

Taft-Peirce  Mfg.   Co.,   Woonsocket,   R.   I. 

Taylor-Shantz  Co.,   Rochester,    N.    Y. 

Toledo  Mch.   &  Tool  Co..   Toledo,   O. 

Ulmer  Co..   J.    C,   Cleveland,   O. 

Punches,   Centering 

Brown  &  Sharpe  Mfg.   Co..  Providence,  R.  I. 

Goodell-Pratt  Co.,   Greenfield,  Mass. 

Hammacher.  Schlemmer  &  Co.,  4th  Ave.  and  13th  St., 
New  York. 

Slocomb  Co.,  J.   T.,  Providence,  R,   I. 

Starrett  Co.,  L.   S.,  Athol,   Mass. 

Punching    and    Shearing    Machinery 

Beaudry  &    Co..    Inc.,    Boston,    Mass. 

Bethlehem   Steel    Co.,    South   Bethlehem,   Pa. 

Bliss  Co.,   E.  W.,   5  Adams  St.,  Brooklyn,  N.  Y. 

Buckeye  Engine  Co.,   Salem,   O. 

Buffalo  Forge   Co.,   Buffalo,   N.    Y. 

Canton  Foundry  &  Machine  Co,,   Canton,  Q. 

Cleveland  Mch.  &  Mfg.  Co.,  4944  Hamilton  Ave., 
Cleveland,  O. 

Ferracute  Mch.   Co.,  Bridgeton,   N.  J. 

Mitts  &  MerrUI,   843  Water  St.,    Saginaw,   Mich. 

Niagara  Mch.   &  Tool  Works,   Buffalo,   N.   Y. 

NUes-Bement-Pond    Co..    Ill   Broadway,    New   York. 

Royersford  Fdry.  &  Mch.  Co..  54  N.  5th  St.,  Phila- 
delphia. Pa. 

Roux   &   Heyberger.    108  Rue  Lafayette,   Paris,    France. 

Toledo  Mch.    &   Tool   Co.,   Toledo,   O. 

Tucker,   W.  M.   &  C.   F.,   Hartford,  Conn. 

Union  Mfg.   Co.,   New  Britain.    Conn. 

Watson-Stillman   Co.,    192   FiUton   St.,    New  York. 

WUliams,    White   &    Co..   Moline,    HI. 

Pyrometers 

Bristol    Co.,    Waterbury,    Conn, 

Brown   Instrument   Co.,    PhUadelphia,    Pa. 

Hoskins  Mfg.    Co.,   459  Lawton  Ave,,   Detroit,   Mich. 

Shore  Instrument  &  Mfg.   Co..   Inc.,   557  W.  22nd  St, 

New  York, 
WUson-MaeiUen  Co.,   Inc.,   783  E.   142d  St.,   New  York. 

Rack  Cutting  Machines  and  Attach- 
ments 

.\daras   Co. ,    Dubuque,    Iowa. 

Bickett  Mch.    &   Mfg.    Co.,    Cincinnati,    O. 

Gould  &  Eberhardt,   Newark,  N.  J. 

LeBIond  Mch.   Tool   Co.,   R.   K.,   Cincinnati,   O. 

Racks,  Cut 

Brown  &  Sharpe  Mfg.   Co.,  Providence,  R.  I. 

Fawcus   Mch.    Co..    Pittsburgh,    Pa. 

FeUows  Gear  Shaper  Co.,   Springfield,  Vt. 

Horsburgh  &  Scott  Co.,   Cleveland,  O. 

Meisel  Press  Mfg.  Co.,  948  Dorchester  Ave.,  Boston, 
Mass. 

Newark   Gear   Cutting   Mch.    Co.,    Newark,    N.   J. 

Nuttall   Co.,   R.    D.,   Pittsburgh,   Pa. 

Philadelphia  Gear  Works,  Vine  and  11th  Sts.,  Phila- 
delphia, Pa. 

Simonds  Mfg.  Co.,  Pittsburgh,  Pa, 

Stahl  Gear  &  Mch.   Co.,   Cleveland,   O. 

Standard  Gauge  Steel  Co.,   Beaver  Falls,  Pa. 

Racks,    Tool 

New   Britain   Machine   Co.,    New  Britain,    Conn. 
Western   Tool   &   Mfg.    Co.,    Springfield,   O. 

Radiators,   Japanning  Oven 

American  Gas  Furnace  Co.,  24  John  St,  New  York. 
Reamers 

Advance  Tool   Co.,    Cincinnati,   O. 

Frown  &  Sharpe  Mfg.   Co.,   Providence,  R.   I. 

Brubaker  &   Bros.,   W.   L.,    MUlersburg,   Pa. 

Butterfield   &   Co.,   Derbv  Lane,   Vt.  ' 

Card   Mfg.    Co.,    S.    W.,    Mansfield,    Mass. 

Carpenter  Tap   &  Die  Co.,   J.    M„   Pawtucket   R.   I. 

Clark   Equipment  Co.,    Buchanan,   Mich. 

Cleveland  Twist  DrUl   Co.,   Cleveland,   O. 

Detroit   Twist  Drill    Co.    Detroit,    Mich. 

Greenfield   Tap    &   Die   Corp.,    Greenfield,    Mass. 

Hammacher,  Schlemmer  &  Co.,  4th  Ave.   and  13th  St., 

New  York. 
Kelly  Reamer  Co.,   Cleveland,   O, 
McCroskv    Reamer   Co,.    Meadville,    Pa. 
Morse  Twist  DriU  &  Machine  Co.,   New  Bedford.   Mass. 
National   Twist  Drill   &   Tool  Co..   Detroit.  Mich. 
Pratt  &  Whitney  Co.,  Hartford,  Conn. 
Reiff    &    Nestor,    Lykens,    Pa. 

Rogers  Works,   Inc.,  J.   M.,  Gloucester  City,   N.  J. 
Schellenbach-Hunt  Tool   Co.,   Cincinnati.   O. 
Standard  Tool  Co.,   Cleveland,   O. 
Whitman    &    Barnes    Mfg.    Co.,    1000    West   120th    St, 

Chicago,  III. 

Reamers,  Adjustable 

Advance   Tool    Co.,    Cincinnati,    O. 

Cleveland  Twist  Drill  Co.,   Cleveland,  O, 

Detroit  Twist  Drill    Co.,    Detroit,    Mich. 

Gisholt  Mch.   Co.,   Madison,  Wis, 

Kelly  Reamer  Co.,   (^eveland,   O. 

McCrosky  Reamer  Co.,   Meadville,  Pa. 

Morse  Tavist  Drill  &  Machine  Co..   New  Bedford,  Mass. 

Pratt   &   Whitney   Co.,    Hartford,   Conn. 

Rogers  Works,  Inc..  J.   M..   Gloucester  Oitv.   N.  J. 

Schellenbach-Hunt   Tool    Co.,    Cincinnati.    O. 
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BUILDERS 


12-inch 
Polishing  Wheel  Stand 

This  machine  is  built  with  a  very  sim- 
ple, practical  means  of  disposing  of  pol- 
ishing wheel  dust.  The  stand  is  hollow 
and  the  wheel  guard  so  shaped  that  the 
draught  from  the  rapidly  turning 
wheel  carries  the  dust  to  the  bottom  of 
the  stand.  Blower  connections  can 
readily  be  made  for  removing  the  dust 
completely.  The  arbor,  is  set  in  hard 
maple  bearings  held  in  place  by  case- 
hardened  screws  which  are  given  firm 
bearing  on  blocks  by  iron  shoes.  The 
wheel  is  at  the  right  height  to  enable 
operator  to  work  while  seated.  Wheels 
up  to  12"  diameter  by  3"  face. 

Get  catalog  for  details. 

BUILDERS  IRON  FOUNDRY 

PROVIDENCE  RHODE  ISLAND 


TON 
HOIST 


SPRAGUE  ELECTRIC 

HOISTS 

Save  Time,  Elnergy 
and  Money 

500  Lbs.  to  6  Tons— A.  C.  or  D.  C. 

Write  for  Pamphlet  No.  90518 

Sprague  Electric  Works 

Of  General  Electric  Company 

Main  Offices:  527-531  W.  34th  St 
New  York 

Branch  Offices  in  Principal  Cities 


TUCKER  OIL  HOLE  COVERS 


style  D. 


Are  embodied  in  specifications  of  modern 
machine  construction.  They  are  essential 
to  the  oil  holes  leading  to  the  bearings  of 
moving  parts  to  be  lubricated.  The  func- 
tions of  oil  hole  covers  are  to  protect  the 
bearings,  exclude  foreign  matter  from  the 
oil  holes  and  designate  to  the  operator  the 
parts  to  be  oiled.  Send  for  Oiler  Catalog 
No.  5.  Select  and  request  samples.  Price 
will  follow.  All  styles  are  worked  with  one 
hand  or  with  oil  can  spout  and  are  in  the 
"safety  first"  class. 
Style  B.         Style  C.        „     , 

Style  D, 


Style  G. 


W.  M.  ®  C.  F.  TUCKER,  Hartford,  Conn.,  U.S.A. 

FOREIGN  AGE.NTS:    Fenwiok  Freres  &  C"-.  Paris,  France.     C.  W.  Burton, 
Gritlitlis  &  Co.,   London,   Eng. 


Jim       mil        II 


I  III    111        III      II     1 1        II     II       mil  1 1_ 


I  QUINT  TURRET  DRILLS 

I  Bore,  Drill  and  Tap— all  at  one  setting  of  the  work 


The  No.  2  Pattern 
as  shown  is  ar- 
ranged for  tap- 
ping, and  is  espe- 
cially adapted  for 
light  work  where 
accuracy  is  essen- 
tial without  stop- 
ping to  change 
work  or  tools. 

Reversing  Tap 
Holder  will  tap 
to  required  depth 
and  automatically 
back  out  more 
than  twice  as  fast 
as  when  cutting. 
Independent  stops 
for  depth  of  holes. 
Only  the  spindle 
in  use  rotates. 
Made  with  from  4 
to  12  spindles. 


Catalogue   for   Full   Description 


I  A.  E.  QUINT,  Hartford,  Conn. 

I  FOREIGN  AGENTS:  The  Moscow  MacUne  Tool  and  Eng.  Co..  Moscow, 
5  Russia.  Ph.  Bonvillain  and  E.  Ronceray.  Paris,  France.  C.  W.  Burton, 
=     Griffiths   &  Co.,   London.   England. 
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Itrniiirra,   I'orlnblr   Klrctrlc 

OlmlmiatJ    Kite.    Tool    CVi..    riiu-luniU,    O. 

HUiKlanl    Klritilc  Tool   Co..   Cinclnnmll,    O. 

V»ii    I'orn    Klertric  Tool   Co.,   Ck-velind,   O. 

IlfOttrtlrrK,    Tliiif 

lltKlioH    Mill.    Co..    Mmllnoii.    \VI». 

IltM'urdliiK    limtriiiiM'iit"    for    I'renniirc, 

T«'iii|>iTii«iir«',    KlcotrlcHj'i 

Sperd   niKl  Time 
Itrlatol    Co..    Waterbiirjf.    Conn, 
llronn    iKntriinient   Co.,    rhlltdclpbla.    Ti. 
(ipiifrnl    lOUHtrlc  Co.,    SrhenccUily,    N.   Y. 
c:Ih1ii>U   Mill.   Co.,   MatllMin.   VVia. 
Himkiiis  Mfg.   Co.,   450  l^wton  Ave,   Detroit,   Mlih. 
R<— CiiltiiiK   MIIIlnK   Cnttrrn,    Ilfiinivm, 

SniTM,   Kte. 
Detroit   Uonnior   SalTagc   Co.,    Detroit,    Mirli. 
Slltherlnml   Tool   Co.,    Flint,    Miili. 
RrllevliiH:    Machine* 
devilnnil   Milling   Mndiine  Co.,    Cleveland,   O. 
RlieoNtntM 

General    Electrii-  fa.,  Silienectady.   N.   Y. 
We.itingliou.sc  Dlec.   &  Mfg.  Co.,   Kast  ritlaburgh,   I'n, 
mile    nnrrel    Mnelilnery 
Dauah    Mch.    Tool    Co.,    200    Wason    Ave.,    Springlleld, 

Mass.  .,      . ,  „     , 

Diamond  Mcli.  Co.,  I'rovidcncc,  K.  I. 
Pratt  &  Whitney  Co.,  Hartford.  Conn. 
Reed-I'rentice    Co.,    !•'.    E.    Iteed    Dept.    and    Prentice 

Hro.1.    De|)t.,    Worcester,    Mass. 
Sloan  &  Chace  Mfg.   Co.,   Ltd,  Newark,   N.  J. 
Rlnsa,   WeldleHH 

Dvson  &   Sons.  Joseph,  Cleveland,   O.  ,     ,    , 

Jolinaton    &    Jennings    Co..     Addisou     Ilond    and     Lake 

Shore  H.  K.  Tracks.  Cleveland,  O. 
Machinery  Forging  Co.,   Cleveland,  O. 
Riveters,    Hy<lranlle 

Chamberslnirg    Kngineering    Co,,    Cliainbersliurg,    Pa. 
Hanna   Kng.   Works.    1763  Elston  Ave..   Chicago,   111. 
Niles-llement-Pond   Co.,    Ill    Broadway.    New    York. 
Riveters,   Pneumatic 
Chicago     Pueimiatic     Tool     Co.,     lOGO     Fisher     Bldg.. 

Hanna    Kng.    Works,    1703    Elston    Ave.,    Chicago,    III. 

Independent   I'nenniatic   Tool    Co.,    Chicago.    111. 

IngersoU-Kand  Co.,    11   Broadway.    New   York. 

Riveters,    Steam 

Hanna   Eng.    Works,    17C3   Elston    Ave.,    Chicago,    111, 

Riveting:   Macliines 

Bilton   Mch.    Tool   Co.,    Bridgeport,   Conn, 

Blomqviist-Kck   Mch.    Co..    Cleveland,    O. 

Buffalo   Forge   Co.,    Buffalo,    N.    Y. 

Grant   Mfg.    &    Mch.    Co.,    N.    W.    Station.    Bridgeport, 

Hanna   Eng.    Works,   1763   Elston    Ave.,    Chicago,    III. 

High-Speed  Hammer  Co.,  Rochester,  N.  Y. 

Niles-Bement-Pond    Co.,    Ill    Broadway,    New    York. 

Bhuster    Co.,    F.    B..    New    Haven.    Conn. 

Rivets,    Standard   and    Special 

Metal    Specialty    Mfg.    Co..    Waterbury,    Conn. 

Rolling   Machines,   Tapered   Forging 

Ajax   Mfg.    Co..    Cleveland   O. 

Williams,   ^\'hite  &  Co..   Moline,   111. 

Rolling   Mill   Machinery 

Aja-'s   Mfg.    Co..   Cleveland,   O. 

Blake  &  Johnson  Co.,   Waterbury,   Conn. 

Cleveland     Mch.     &     Mfg.     Co.,     49«     Hamilton  At., 

Cleveland.    O. 
Fawcus   Machine    Co.,    Pittsburgh,    Pa. 
Rope    Dressing    and    Preservative 
Cling-Surface  Co.,   1018  Niagara   St.,   Buffalo,   N.   Y. 
Link-Belt   Company,    Chicago,    111. 
Rope   Drives 
Link-Belt   Company,    Chicago,    111. 
Rales,    Steel 

Brown  &  Sharpe  Mfg.  Co.,  Providence.   U.   I. 
Goodell-Pratt    Co.,    Greenfield,    Mass. 
Hammacher,  Schlemmer  &  Co.,  •1th  Ave.   and  13th  St., 

New  York. 
Keuffel   &   Esser  Co.,   Hoboken,    N.   J. 
Starrett   Co..    L.    S..    Athol,   Mass.     . 
Rnst   Preventives 

Coats  Mch.   Tool   Co.,   Inc.  30  Church   St..    New   York. 
Oakley    Chemical    Co.,,  26   Thames    St.,    New    York. 
Safety  Devices,   Press,   Lathe,   Shaper, 

Etc. 
Safety   Engineering   Co.,    Cleveland,    O. 
Sand   Blast    Kanipnient 
Curtis   Pneumatic    Mchy.    Co.,    1568   Kienlen    Ave..    St. 

Louis.  Mo. 
Leiman   Bros.    62   E.    John   St.,   New   York. 
Link-Belt   Company,    Chicago,    111. 
Saw    Blades 

Atkins  &  Co..  Inc.,   E.   C.   Indianapolis,    Ind. 
Blum  &  Co.,  JiUius,  510  W.  21th  St..   New  York. 
Diamond   Saw    &   Stamping   Works.    Buffalo.    N.    Y. 
Disston  &   Sons.   Inc.,   Henry.   Philadelphia,   Pa. 
Goodell-Pratt   Co..    Greenfield,    Mass. 
Hammacher,   Schlemmer  &   Co.,  4th  At.   and  13th   St.. 

New  York. 
Huther    Bros.     Saw    Mfg.     Co.     1108    TJniversity    Aye., 

Rochester,  N.  Y. 
Massachusetts  Saw  Works.    Springfield,   Mass. 
MUlers  Falls  Co.,  Millers  Falls.   Mass. 
Montgomery  &  Co.,  Inc.,  104  Fulton  St.,  New   York. 
Napier  Saw   Works,    Inc,    Springfield,    Mass. 
Newton    Mch.    Tool    Works,    Inc.,    23rd    and    Vine   Sts., 

Philadelphia,  Pa. 
Reliance   Steel   &   Tool   Co.,    Inc.,   30  Church  St.,    New 

York. 
Simonds  Mfg.   Co.,    Fitchburg.   Mass. 
Starrett  Co..   L.    S.,   Athol,    Mass. 
Thompson  &  Son  Co.,  Henry  G.,  New  Haven.  Conn. 
West  Haven  Mfg.   Co..   New  Haven,   Conn. 
Saw  Frames,  Hack 
Atkins   Co.,    Inc..    E.    C.    Indianapoli.s.    Ind. 
Disston"  &   Sons,   Inc..   Henry,   Philadelphia,  Pa. 
Goodell-Pratt  Co..   Greenfield.   Mass. 
Hammacher,   Schlemmer  &  Co,,   4th   At.   and  13th   St., 

New  York. 
Massachusetts  Saw  Works.    Springfield,   Mass. 
Millers    Falls    Co..    Millers    Falls,    Mass. 
Montgomery  &  Co.,  Inc.,  104  Fulton  St.,  New  York. 
Napier  Saw  Works,    Inc..    Springfield.    Mass. 
Blmonds  Mfg.  Co..  Fitchburg.  Mass. 
Starrett  Co..  L.    S..   Athol.   Mass. 
Thompson  &  Son  Co..  Henry  G.,  New  Haven.  Conn. 
Union  Tool  Co..   Orange.  Mass. 
West  Haven  Mfg.  Co..   New  Haven.  Conn. 
Sa-w   Guards,   Circular 
Atkins  &  Co..  Inc.,   E.   C.   Indianapolis.   Ind. 


.Satviiitc    MufliliicM,    ^Vood 

Itamea   Co.,    W.    F.    &   John,    231    Ruby    St.,    Rockford, 

III. 
Cracent   Mch.   Co..   50  Main   St.,   Lcetonin,  O. 
Oliver  Machinery  Co.,   7   Ooldbrook   St.,   Grand   Rapids, 

Mich. 
Seneca    Falls    Mfg.    Co.,    330    Fall    St.,    Honeca    Falls, 

N.  Y. 

Sana,   Circular 

Alklna  &  ('<)..   Inc.,   E.   C,   Indianapolis,    Ind. 
Creaient   Mch.    Co.,    60   Main   St.    I,eet«nia,    O. 
Dis-slon   &   .Sons.    Inc.,    Henry,    Philadelphia,    Pa. 
IliiUu'r    Bros     Haw    Mfg.    Co.,    1108    University    Ave., 

RiK-liesUT,  N.  Y. 
Naiiler   Saw    Works,    Inc.,    Springfield,    Mass. 
Kiinonds  Mfg.   Co..    Fitchburg.   Mass. 

Sawa,    Metal    Band 

Atkins  &   Co  .   Inc.,    E.   C.   Indianapolis,   Ind. 
Disston  &   Sons,   Inc.,  Henry,   Philadelphia,   Pa. 
Iliitlur    Bros.    Saw    Mfg.    Co.,    1108    University    Ave., 

RiK-heater,  N.  Y. 
Nii])ier   Saw    Works,    Inc.,    Springfield,    Mass. 
Thompson  &  Son  Co.,  Henry  G.,   New   Haven,  Conn. 
West  Haven  Mfg.   Co.,    New    Haven,   Conn. 
SaivN,    Metal     Band     Machines 
Arnistrong-Hlum    Mfg.     Co.,     313     N.     Francisco    Ave., 

Chicago,  111. 
Racine  Tool   &  Machine  Co.,   Racine,   Wis. 
ITiompson  &  Son  Co.,  Henry  G.,   New  HaTen,  Conn. 

Saws,    Po^ver   Hack    Machines 

Armstrong-Blum    Mfg.     Co.,     343     N.     Francisco    Aye., 

(yhicago.  111. 
Atkins  &  Co.,    Inc.,   E.   C,   Indianapolis.   Ind. 
Coats  Mch.   Tool  Co.,   Inc..   30  Church   St.   New   York. 
Diamond   Saw  &  Stamping  Worlts.   Buffalo,   N.    Y. 
Goo<icll-Pratt   Co.,    Greenfield,    Mass. 
Massachusetts  Saw   Works,    Inc.,    Springfield,    Mass. 
Millers   Falls  Co.,  Millers  Falls,   Mass. 
Napier    Saw    Works,    Inc.,    Springfield,    Mass. 
Peerless  Machine  Co.,  Racine,   Wis. 
Racine  Tool  &  Machine  Co.,   Racine,  Wis. 
Thompson  &  Son  Co.,  Henry  G.,   New  Haven,  (.'unn. 
Western  Tool  &  Mfg.  Co.,   Springfield,   O, 
West  Haven  Mfg.  Co.,  New  Haven,  Conn. 

Saivs,   Rotary   Machines 

Billings   &    Spencer   Co..    Hartford,    Conn. 

Burr  &  Son,  John  T.,  429  Kent  Ave.,  Brooklyn,   N.  Y. 

Cochrane-Bly   Co.,    Rochester,    N.   Y. 

Earle  Gear  &  Mch.  Co.,  4705  Stenton  Ave.,  Phila- 
delphia,   Pa. 

Espen-Lucas   Machine  Works,    Philadelphia,    Pa. 

Harrington,   Son  &  Co.,  Inc.,   Edwin,   Philadelphia.   Pa, 

Newton  Mch.  Tool  Works,  Inc.,  23rd  and  Vine  Sts.. 
Philadelphia,  Pa. 

Nutter  &  Barnes  Co.,  Hinsdale,  N.  H. 

Vandyck  Churchill   Co.,    14   Broadway,    New   Y'ork. 

Saiv    Sharpening    Machines 

Cochrane-Bly    Co.,    Rochester,    N.    Y. 

Newton  Mch.  Tool  Works.  Inc.,  23rd  and  Vine  Sts., 
Philadelphia,  Pa. 

Nutter   &   Barnes  Co.,   New   Haven,    Conn. 

Saw    Tables 

Baker  Bros.,  Toledo,  O. 

Crescent   Mch.   Co.,    56  Main    St.,   Leetonia,    O. 

Oliver  Machinery   Co.,    7   Coldbrook  St.,   Grand    Rapids, 

Mich. 
Scales,   Weighing 
National   Scale  Co.,   Chicopee   Falls,   Mass. 
Scraping   Tables 

New  Britain  Mch.  Co.,  New  Britain,   Conn, 
Screw    Cutting   Tools 
See  Taps  and  Dies. 
Screw   Driving   Macliines 
Reynolds  Pattern   &   Mch.    Co.,   Massillon,   O. 
Scre^v    Machines,   Automatic 
Brown  &   Sharjie  Mfg.    Co.,   Providence,   R.   I. 
Cliicago  Automatic  Mch.   Co..   Chicago.   111. 
Cincinnati  Automatic  Mch.   Co..  Oakley,   Cincinnati.   O. 
Cleveland   Automatic  Mch.   Co.,   Cleveland,  O. 
Fitchburg  Automatic   Mch.    Works.    Fitchburg.    Mass. 
Macnab  Mchy.  Co.,  John,  90  West  St.,  New   York. 
National   Acme  Co.,   Cleveland,   O. 
New   Britain  Mch.   Co.,   New   Britain,   Conn. 
Pratt   &    Whitney   Co.,    Hartford,    Conn, 
Scre«'    Machines,    Hand 
See   Lathes,    Turret. 
Acme  Mch.   Tool   Co..   Cincinnati,   O. 
Bardons  &  Oliver,    Cleveland,   O. 
Biggs- Watterson   Co..    Cleveland,   O. 
Brown  &  Sharpe  Mfg.  Co.,  ProTidenc,   R.   I. 
Dreses   Machine  Tool   Co.,    Cincinnati,    O. 
Foster  Machine  Co.,  Eljihart,  Ind. 

Garvin    Mch.    Co.,    Spring  and   Varick   Sts..    New   York. 
Himoff  Mch.   Co..  45  Mills  St,  Astoria,  N.  Y. 
Jones  &  Lamson  Mch.   Co.,   Springfield,  Vt. 
Oliver  Machinery   Co.,    7   Coldbrook  St.,   Grand  Rapids, 

Mich. 
Pierce  Mch.   Tool  Co.,  617  W.  Jackson  Blvd.,   Chicago, 

111. 
Potter  &   Johnston  Mch.   Co.,   Pawtucket.   R,   I. 
I'ratt  &  Whitney  Co.,  Hartford,  Conn. 
Rivett  Lathe   &   Grinder   Co..    Brighton,    Boston,    Mass. 
Universal   Mchy.   Co.,    Milwaukee,    Wis. 
Warner  &  Swasey  Co.,  Cleveland.  O. 
Wells  &  Son  Co.,  F.  E.,  Greenfield,  Mass. 
Wood  Turret  Mch.  Co.,   BrazU,  Ind. 
Screw    Machines,    Multiple     Spindle 
Cincinnati  Automatic  Mch.   Co..   Oakley,   Cincinnati.    O. 
Fitchburg  Automatic  Mch.   Works,    Fitchburg,  Mass. 
National   Acme  Co.,   Cleveland,   O. 
New   Britain  Mch.   Co.,   New  Britain,  Conn. 

Screw    Machine    Tools    and    Ffiuipmeut 

Bardons  &  Oliver,   Cleveland,  O. 

Brown   &   Sharpe  Mfg.  Co.,  Providence,   R.   I. 

Chicago  Automatic  Mch.   Co^  Chicago,   111. 

Cincinnati  Automatic  Mch.   Co.,   Oakley,   Cincinnati,   O. 

Cleveland   Automatic   Mch.    Co.,   Cleveland,    O. 

Foster  Mch.  Co.,  Elkhart,  Ind. 

Garvin  Mch.  Co.,  Spring  and  Varick  Sts.,   New  York. 

Harris  Engineering  Co..  H.  E.,  Bridgeport.  Conn. 

Himoff  Mch.  Co.,  45  Mills  St.,   Astoria,  N.  Y. 

Jones  &  Lamson  Mch.   Co.,   Springfield,  Vt. 

Macnab  Mchy.   Co.,  John.  90  West  St,   New  York. 

National    Acme   Co..    Cleveland,    O. 

New  Britain  Mch.  Co.,   New  Britain,  Conn. 

Oliver  Machinery   Co..   7   Coldbrook  St..   Grand   Rapids, 

Mich. 
Pierce  Mch.   lod  Co..   617  W.  Jackson  Blvd.,   Chicago, 

Potter  &  Johnston  Mch.   Co..  Pawtucket,   R.   I. 
Pratt   &   Whitney   Co.,    Hartford,    Conn. 
Warner  &   Swasey  Co.,   Cleveland,   O. 
W'ells  &  Son  Co.,  F.  E.,  Greenfield,  Mass. 
Wood  Turret  Mcb.    Co.,   Brazil,   Ind. 


.Scretv    Machine    AVurk 

AlbaugliDovcr   <;o.,    2100   Marshall    Blvd.,    Chicago,    111. 
Ilium   &   Co..  Julius.   510  W.   2-Uh  St.,    New   York. 
Urown   ICngincerlng  Co.,    133   N.   3d  St.,   Reading,   Fa. 
Cincinnati   Screw   Co.,   Cincinnati,   O. 
IntcrstatJj    Mch.    Prwlucts   Co.,    Inc.    Rochester,    N.    T. 
Meisel    Press    Mfg.    Co.,    OtH    Dorchester    Ave.,    Boston, 

Mass, 
National    Acme  Co.,    Cleveland,   O. 
(thmer   Fare  Register  Co..  Dayton,   O. 
'I'olcdo  Screw  Products  Co.,   Toledo,   O, 
Scre>v    I'latea 

Bay   State  Tap   &   Die  Co.,    Mansfield,   Mass. 
liesly     &     Co.,     Chas.     H..     120-B     N.     Clinton     8t, 

Chicago.  111. 
Brubaker  &   Bros..   W.  L.,   Millcrsburg.   Pa. 
Butterlield   &   Co.,   Derby   Line,   Vt. 
I^ard  Mfg.   Co.,   B.   W.,   Mansfield,   Mass. 
Carpenter  Tap  &  Die  Co.,  J.  M.,   Pawtucket,   R.  I. 
Greenfield   Tap  &   Die   Corp.,   Greenfield,    Mass. 
Hart   Mfg.    Co,,    K.    20th    St.    and   Marion    Ave.,    Cleve- 
land, O. 
Morse  Twist  Drill   &  Mch.   Co.,   New  Bedford,   Mass. 
lljorth  Lathe  &  Tool  Co.,   Boston,  Mass. 
Wells  &   Son   Co.,    F,   E.,   Greenfield.   Mass. 
.Screws,   Cap    and    Set 
Allen  Mfg.   Co..   Hartford.   Conn. 
Hammacher,  Schlemmer  &  Co.,  4th  Ave.  and   13th  St., 

New  York. 
National    Acme   Co.,   Cleveland,   O. 
'J'oledo   Screw    Products   Co.,    Toledo,    O. 
Screivs,    Machine 
Allen   Mfg.    Co.,   Hartford,   Conn. 
Hammacher,  Schlemmer  &  Co.,  4th  Ave.  and  13th  St., 

New  York. 
National    Acme  Co.,    Cleveland,    O. 
Toledo   Screw  Products  Co.,   Toledo,  O. 
Screivs,   Special  Lead,  Feed,  Ftc. 
Automatic  Mch.    Co.,   Bridgeport,   Conn. 
Second-hand    Machinery,    Etc. 
Biggs-Watterson    Co.,    Cleveland,    O. 
Brownell    Machinery    Co.,    Providence,    R.    I. 
Cincinnati    Planer    Co.,    Cincinnati,    O. 
Davis  Mch.   Tool  Co.,   Inc.,   Rochester,   N.   Y. 
Davis    Mch.     Tool    Co.,    W.     F.,    32    N.     Clinton    St, 

Chicago,  Rl, 
Essley   Mchy.    Co.,    E.   L.,    Chicago,    Bl. 
Federal  Mchy.   Sales  Co.,  14  N.   Jefferson   St,  Chicago, 

111. 
Frasse  &  Co..  Inc.,  Peter  A.,  417  Canal  St.,  New  York. 
Gair  Co.,   Robert   50  Washington   St.,   Brooklyn,   N.   Y. 
Goodyear  lire   &  Rubber  Co.,   Akron,   O. 
Gurney  Elevator  Co.,   62  W.   45th  St.,   New  York. 
Heppenstall    Forge   &   Knife   Co.,    Pittsburgh,    Pa. 
Hill,    Clarke  &  Co.,   Inc.,   Boston,   Mass. 
Hill,   Clarke  &  Co.,  of  Chicago,   625  Washington  Blvd., 

Chicago.  111. 
Hudson    Motor   Car   Co.,    Detroit,    Mich. 
Marshall   &   Huschart  Mchy.    Co.,    17   S.    Jefferson    St., 

Chicago,  111. 
McDonough  Mfg.  Co.,  Eau  Claire,  Wis. 
McShane  Bell   Foundry  Co.,   Baltimore,  Md, 
Motch   &   Merryweather  Mchy.    Co.,    Cleveland,   O. 
New  Jersey  Mchy.   Exchange,   Newark,   N.   J. 
Newton    Mch.    Tool    Works,    Inc.,    23rd    and    Vine    Sts., 

Philadelphia,  Pa. 
Niles-Bement-Pond   Co.,   Ill   Broadway,    New   York. 
Patterson  Tool  &  Supply  Co,,   Dayton,  O. 
Prentiss  &  Co.,   Inc.,  Henry,  149  Broadway,  New  York. 
Puffer  Mfg.  Co.   Winchester,  Mass. 
Riverside   Machinery   Depot,    Detroit,   Mich. 
Simmons  Mch.    Co..    1001    Singer   Bldg.,    New   York. 
Standard   Metal  Mfg.    Co..    Newark,    N.   J. 
Strong,    Homer.    Rochester,    N.    Y. 
Union   Switch  &   Signal   Co.,    Swissvale,    Pa. 
Vandyck   Churchill   Co.,   149   Broadway.    New   York. 
Walsh   Mchy.    Co..    M.    J.,    Milwaukee,    Wis. 
Worthington  Pump  &  Mchy.  Corp.,  115  Broadway,  New 

York. 
Young,     Corley    &    Dolan,    »Inc,,    115    Broadway,    New 

York, 
Separators,   Oil   and   Steam 
Nickolson    &    Co.,    W,    H.,    112    Oregon    St.,    Wilkes- 

Barre,  Pa. 
Set    Screws,   Safety 
Allen  Mfg.   Co.,  Hartford,  Conn. 
Bristol  Co.,  Waterbury,   Conn. 
Hammacher,   Schlemmer  &  Co.,  4th  Ave.  and  13th  St., 

New    Y'ork. 
Standard  Pressed   Steel   Co.,   Philadelphia,    Pa. 
Shafting,    Steel 

Blum  &  Co.,  Julius,  510  W,  24th  St.,  New  York. 
Brown  Co.,  A.   &  F.,   79  Barclay  St,  New  York. 
Cresson-Morris  Co.,   Philadelphia,   Pa. 
Standard  Pressed   Steel   Co.,   Philadelphia,   Pa. 
Shapers 

American    Tool    Works   Co.,    Cincinnati,    O. 
Cincinnati    Shaper    Co.,    Cincinnati,    O. 
Cochrane-Bly  Co..  Rochester.  N.  Y. 
Davis  Mcb.   Tool   Co..   Inc.,   Rochester,  N.   Y". 
Gould    &    Eberhardt,    Newark,    N.    J. 
Hendey  Mch,   Tool  Co,.  Torrington,  Conn. 
Kelly   Co.,    R.   A.,    Xenia,   O. 
Morton   Mfg.    Co.,    Muskegon  Heights,    Mich. 
Newton    Mch.    Tool    Works,    Inc.    23rd   and    Vine    Sts., 

Philadelphia,  Pa. 
Niles-Bement-Pond    Co.,   Ill    Broadway,    New   York. 
Ohio  Machine  Tool   Co.,   Kenton,  O. 
Potter  &  Johnston  Mch.   Co.,   Pawtucket,  R.  I, 
Smith   &   Mills  Co.,  Cincinnati,   O, 

Springfield   Mch.    Tool  Co.,   631   Southern  Ave.,    Spring- 
field. O. 
Steptoe    Co.,    John,    Cincinnati,    0. 
Shapers,    Vertical 

IngersoU-Rand  Co.,    11   Broadway,   New  York. 
Pratt  &  Whitney  Co.,  Hartford,  Conn. 
Shears,   Rotary 

Bliss   Co.,    E.    W.,    5   Adams   St.,    Brooklyn,    N.    Y. 
Niagara    Mch.    &    Tool    Works,    Buffalo,    N,    Y. 
Toledo  Mch.    &   Tool   Co.,    Toledo,   O. 
Shears,   Sqnaring 
Erie    Foundry   Co..    Erie,    Pa. 
Sheet    Metal    Work 
Littleford  Bros.,  Cincinnati,  O. 
Sheet    Metal    Working    Machinery, 

(.See    Presses) 
Savage  Co.,   Inc.,   W.   J.,   Knoxville,  Tenn. 
Shell    Making    Machinery 
Thurlow-Stcel  Works,   Inc,   Philadelphia,   Pa. 
Slide    Rests 

National    Acme   Co.,    Cleveland,    O. 
Newton    Mch.    Tool    Works,    Inc.,    23rd   and    Vine   Sts., 

Philadelphia,  Pa. 
Niles-Bement-Pond   Co.,   Ill   Broadway.    New   York. 
Reed-Prentice    Co.,    F.    E.    Reed    Dept.    and    Prentice 
Bros.    Dept,    Worcester,    Mass. 
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The  Lathe  That  Does  the  Work  of  Two 

The  Cataract  Quick 
Change  Swing  Precision 
Lathe  is  really  two  ma- 
chines in  one.  It  norm- 
ally swings  9"  but  can 
readily  be  changed  to 
15"  swing  by  means  of 
raising  blocks  under  the 
head-    and    tail-stocks. 

The  practical  advantage  of 
this  feature  will  appeal  to 
the  toolmaker  and  manu- 
facturer of  fine  parts  as 
singularly  valuable.  The 
lathe  is  substantially  con- 
structed throughout  and 
capable  of  taking  heavy 
cuts  without  the  least  chat- 
ter or  vibration.  The  many 
other  fine  points  of  the 
Cataract  are  worthy  your 
closest  study. 

HARDINGE    BROTHERS,  Inc.,  Chicago,  111. 

Berteau  and  Ravensw^ood  Avenues 


GREATER    EFFICIENCY 

THESE  WORDS  BRIEFLY  EXPRESS  HOW  THE 

NEW  DUPLEX  DIE  STOCK 

FOR  THREADING  PIPE 


compares  with  similar  tools ; 
but  there  is  much  more  in 
a  detailed  description  of  the 
new  "Duplex"  that  will  in- 
terest the  merchant  and 
user.      Write    ior    circulars. 


The  Hart  Manufacturing  Co. 

E.  20lh  Street  and  Marion  Avenue  CLEVELAND,  OHIO,  U.S.A. 


DO  YOU  CUT  GEARS? 

Then  you'll  be  interested  in  the  Flather  Automatic 
Gear  Cutting  Machine.  Let  us  cut  your  gears. 
Planed  tooth,  mitre  and  bevel  gears  a  specialty. 
Guaranteed    accuracy.     Low    cost. 

E.  J.  RATHER  MFG.  CO.,  Nashua,  N.  H. 


Tools   for   Accurate   Threading 

ECONOMICAL  AND  LONG  UVED 

Send  for  catalog  describing  full  line  of 
taps,  dies,  screw  plates,  etc.,  and  pick 
your  next  order  from  it. 

BUTTERFIELD  &  CO.,  Derby  Line,  Vt. 


Chicago,    11    So.    Qiaton    Street 
New    York,    62    Reade    Street 


Detroit,    56    Cadillac    Square 
Canada,    Ro<'i    Island,    Que. 


Bolt  Threaders,  Bolt  Headers,  Nut  Tappers 


Write  us  your  needs 
in  this  line.  Makers 
of  Bolt  and  Nut  Ma- 
chinery and  Forging 
Machines  of  every 
kind. 

CATALOG 
On  Request 


THE  ACME  MACHINERY  CO. 

CLEVELAND,  OHIO,  U.  S.  A. 

FOREIGN  AGENTS:     Burton.   Griffiths  &  Co..  Ltd.,  London. 


b\jild£:r.s  of 


Variable  Speed  Planers 


Write  us 

THE  W.  A.  WILSON 
MACHINE  CO. 

ROCHESTER  NEW  YORK 


NO.  lOOR  SET  OF  10  PUNCHES 


5  Drive  Pin  Punches.  1    Pin  StarlinR  Punch       "  point.  1   Prick  Punch, 
3  sizea  Center  Punches  in  Cloth  Container.    Order  of  your  Tool  Dealer. 

Made  by 

The  West  Haven  Mfg.  Co.,    New  Haven,  Conn. 
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HloUrra,     Mnt'liliir 

llaknr    llnML.    Tul»<li>,    O. 

Nentiiii    Mch.    T.H>I    Worku,    Inc..    23rd    tod    Vln«    8U.. 

Nllci«-ll«uiw>t  r»u<l   Co..    lit    llroailnay.    New   York. 
Ofllrra  &   Co.,   Ini'.,    Win.,    rbtUdelpma,   Pi. 

Slollrrn,   l*t>rtnl>I<- 

Ne«tou    Mcli.    TmU    Works.    Inc..    23rd    »nd    Vine   St*.. 

l>liU>d«li>bit.  I'a. 
8orkrta,    Slrrvm,    CoIIeta,    Ktc. 

llUllnga    &    Spcneir    Co.,    Hartford.    Conn. 
Olerrland  T«iBt   Orill    Co.,   Cloreland,   O. 
Frawe  *  Co.,   Tetcr  A..  417  Canal  St..   New  York. 
UaHuiiacher,   Si-hleiumer  &  Co.,  4tli  Atc.  and  ISlb  St.. 

Mon?io">"y    "t    Co-i    Inc-i   104    Fulton    St..    New   York. 

Monw  T»i»t  OrlU  &  Marhlne  Co.,    New  Ilcdford.  Maw. 

NaUonnl   T»t»t  lirill   &   Tool   Co..    Dptroit.   Mich. 

Pratt   &    WhiUiey   Co.,    HarUord,   Conn, 

SUndard  Tool   Co,    Cleveland,   O. 

Union    Twist    Prill    Co.,    Athol,    Mum. 

Whitinon  &  Hnrncs  xifg.  Co..  1000  W.  120th  St.. 
Chicago.  111. 

Special    Mncliliicry   niicl    Tool* 

American  Mch.  &  Foundry  Co..  6520  2nd  Ave..  Brook- 
lyn.   N.    Y. 

Automatic    Mch.    Co.,    nridgciiort,    Conn 

Automat  Tool  Works.   252  tircenwich  St.   New   York. 

l)air>l    Mch.    Co.,    llridgeport.    Conn. 

Heaman   &   Smith  Co..    Providence,    K.   I. 

Kilgram    Mch.    Works.    1231   Spring   Garden   St..    Phila- 

Blake'\'t'''johtiaon    Co.,   Waterhury,   Conj 

Blanchard     Machine     Co..     (M     SUte     St..     Cambridge, 

Rli<B  Co     K    W.,  5  Adams  St,  Brooklyn.  N,  Y. 

Brown  ci..  A.  &  F.,  79  Barclay  St.,  New  York. 

ButTalo  Foundry  &  Mch.  Co.  10  Winchester  Ave., 
ButTalo,  N.  Y.  „        ^     .         „ 

Carroll    Engineenng    Co.,    Dayton,    O.    „  ,       .  „ 

Columbus  Die.    Tool    &    Machine   Co..    Columbus.    O. 

Earle  Gear  &  Mch.  Co..  4705  Stenton  Ave..  Phila- 
delphia. Pa.  ^         „.^^  ,       .       „ 

Fa-ncus    Machine    Co..    Pittsburgh,    Pa. 

Gardam    &    Sons,    Inc.,    Wm.,    108    Park    Place.    New 

Garvin  Mch.   Co..    Spring  and  Varick  Sts..   New  York. 

Giaholt   Mch.    Co..    Madison.    Wis. 

Grant   Mfg.    &   Mcb.    Co..    N.    W.    SUbon,    Bridgeport. 

Banna   Engineering  Works.   1763   Elston   Aye.,   Chicago. 

111. 
Hannifin   Mfg.   Co.,   Chicago,    HI. 
Harris  Engineering  Co.,   H.    E.,   Bridgeport,   Conn. 
Hetherington-MeCabe   Co..  Piqua.   O. 
Hoggson   &   Pettis  Mfg.    Co..    New   Haven,   Conn. 
Horton   &   Sons  Co.,    E.,   Windsor  Locks,    Conn. 
Ingle   Machine   Co..    Kochester,    N.    Y. 
Krasberg  Mfg.  Co..  412  Orleans  St,  Chicago.  El. 
Langelier  Mfg.    Co..   Providence,   R.    I. 
Lucas  Machine  Tool   Co..   Cleveland.   O. 
Mehl  Mch.  Tool  &  Die  Co..  Roselle,  N.  J. 
Meisel    Press    Mfg.    Co..    948    Dorchester    Ave..    Boston, 

Meisselbach-Catucci    Mfg.    Co.,    27    Congress    St.    New- 

Middlesci    Mch.    Works.    MiddletoviTi.    Conn. 

Modern   Tool   Co.,   2nd  and   State   Sts..   Erie.   Pa. 

Mueller  Mch.   Tool   Co..   Cincinnati.   O. 

National    .\utoniatic   Tool    Co.,    Richmond,    Ind. 

National    Machinery    Co.,    Tiffin,    O. 

National    Tool    Co.,    Cleveland,    O. 

National    Twist   Drill    &   Tool    Co..    Detroit.    Mich. 

Nelson    Tool    Co.,    Inc..    781-783    E.    142nd    St.    New 

New    Britain    Mch.    Co..    New    Britain,    Conn. 

Newman   Mfg.    Co.,    Cincinnati,    O. 

Newton    Mch.    Tool    Works,    Inc.,    23rd   and    Vine    Sts., 

Philadelphia,  Pa. 
North    Side   Tool    Works,    Dayton,    O. 
Ohmer    Fare    Register    Co.,    Dayton,    O. 
Pratt   &   Whitney   Co.,    Hartford,    Conn. 
Reed-Prentice    Co.,     F.     E.    Reed    Dept.    and    Prentice 

Bros.    Dept.,    Worcester,    Mass. 
Reliance   Steel   &   Tool   Co.,    Inc.,   30   Church  St.,    New 

York.  „ 

Shuster  Co.,    F.    B.,    New   Haven.    Conn. 
Simonds   Mfg.    Co.,    Pittsburgh.    Pa.    .  ,„,    ,„ 

Slocum,    .^vram   &    Slocum   Laboratones,    Inc.,    631    W. 

21st  St,  New  Y'ork. 
S-P    Mfg.    Co..    Cleveland,    O. 
Standard    Engineering    Co.,    EUwood    City,    Pa. 
Steel   Products  Engineering  Co.,   Springfield,   O. 
Steiner  Bros..   Lima,    O. 

Swedish  Gage  Co.,  Inc.,  16  W.   61st  St.,  New  York. 
Taft-Peirce  Mfg.    Co..  Woonsocket   R.   I. 
Taylor  &  Fenn   Co..    Hartford,  Conn. 
Taylor-Shantz  Co.,  Rochester,   N.  Y. 
T    C    M    Mfg.  Co.,  Harrison,    N.  J. 
Toledo  Mch.   &  Tool  Co..   Toledo,  O. 
Treadwell   Engineering   Co..    Easton,   Pa. 
Ulmer  Co.,  J.  C.  Cleveland,  O. 
Windau   Tool    Co.,    Cleveland,    O. 
Speed    CUanging    Devices 
Moore    &    Whit«    Co.,    2707-2737    N.    15th    St,    PhUa- 

delphia.  Pa. 
Spring  Colling  and  Forming  Macbinery 
Baird   Machine    Co.,    Bridgeport,    Conn. 
Springs 
Barnes  Co.,   Wallace.    South  and  Parallel   Sts..    Bristol, 

Conn.  __ 

Blum  &  Co.,  Julius.  510  W.  24th  St,  New  York. 
Kokomo    Spring    Co.,    Kokomo,    Ind. 
Sprocket    Cliains 

Baldwin  Chain  &  Mfg.   Co.,  Worcester,   Mass. 
Boston   Gear   Works,    Norfolk   Downs.    Mass. 
Caldwell    &    Son    Co..    H.    W.,    17th    St    and    Western 

Ave..   Chicago,    III. 
Cullman  Wheel   Co.,   1339  Altgeld   St.   Chicago,   111. 
Diamond    Chain    &    Mfg.    Co.,    240    W.    Georgia    St.. 

Indianapolis.    Ind. 
Link-Belt    Company.    Chicago,    Hi. 
Morse  Chain  Co.,    Ithaca,   N.   Y. 

Philadelphia    Gear   Works,    Vine   and   11th   Sts.,    Phila- 
delphia, Pa. 
Union    Chain    &    Mfg.    Co.,    Seville,    O. 
Whitney    Mfg.     Co.,     Hartford,     Conn. 
Woburn  Gear  Works,  Wobum.  Mass. 
Sprockets 

Boston   Gear  W'orks,    Norfolk   Downs,   Mass. 
CuUman  Wheel   Co..    1339  Altgeld   St..   Chicago.   Bl. 
Link-Belt   Co.,    Chicago.    111. 
Meisel   Press   Mfg.    Co..    948   Dorchester   Ave..    Boston. 

Mass. 
Philadelphia    Gear   Works.    Vine   and   11th   Sts..    Phila- 
delphia, Pa. 
Wobum    Gear   Works,    Wobvirn,    Mass. 


Millinrliiu;     Mltfliliifn 

llukford    .Machine   ('>,.    UriH-nflold.    Mass. 
i'^rtu    Foundry   Co..    Eric,    Pa. 
.Hlnniplniria,    Sheet    Metal 

Aeklln   HUmpIng  Co..   1067  Dorr  St.  Toledo.  O. 
American    Tool   4    Mfg.    Co.     llrbana     O. 
Ilium   &   Co..   JulluH.   510   W.    21th   St,    New   York. 
Vox    Gun    Co..    A.    II  ,    Philadciiihla,    Pa. 
Globe  Mcb.   *  SUmptng  Co  ,   Cleveland,   O 
I.anKlng    Stamping    &    Tool    Co.,    l.anijing,    Mich. 
Hookforil     Melal     Specially    Co..     Itockford,     III. 
Solar   Metal    I'rodiictn  Co..    Inc..    Columbus,    O. 
Slanipa,    Letters    and    Kluures,    Steel 
lloucsoii   &   Pettla   Mfg.   Co.,    New   Haven,   Conn. 
MimMk'wb    &    Co..    Ja*    H..    3040    Forbes    Field,    Pitt» 

iMirgh,  Pa.  ,         .      „ 

N.wMian    Mfg.     Co..    CincinnaU,    O. 
Noble   i&    WcBtbrook   Mfg.    Co..    Hartford,    Conn. 
Pannier  BroK.   Stamp   Co..    Inc..   Pittsburgh,    Pa. 
Schwerdtle    Stamp    Co.,    Bridgeport    Conn. 
.Slenni    S|>eclnltles 
National    Tube    Co..    Pittsburgh,    Pa. 
Itclinncc     Gauge     Column     Co..     6008     Carnegie     Ave. 

Cleveland.  O. 

Apex   Steel   Corporation,   60  Church  St.,    New  York. 

Bethlehem    Stool    Co.,    South   Bethlehem,    Pa. 

Blum  &  Co..   Julius.   510  W.  24th  St.   New  York. 

Boker  &  Co..   Inc.,   H.,  101  Duane  St,   New  York. 

(^amdcn   Forge  Co.   Camden.   N.  J. 

Colonial    Steol    Co.,    Pittsburgh.    Pa. 

Firth-Steriing    Steel    Co..    McKeesport.    Pa. 

Frasse  &  CoT.  Inc.,  Peter  A..  417  Canal  St..  New  York. 

Ualcomb  Steel   Co.,   Syracuse.    N.   Y. 

Hawkridge   Bros.    Co.,    Boston.    Mass. 

Heller  Bros.   Co..   Newark,   N.  J. 

JCS.SOP  &  Sons.  Inc..  Wm..  91  John  St     New  York. 

Johnston    &    Jennings    Co.,    Addison    Road    and    Lake 

Shore  K.    R.    Tracks,    Cleveland,    O. 
I.atrobe    Electric    Steel    Co.,    Latrobe,    Pa. 
Standard    Alloys    Co.,    Pittaburgh.    Pa. 
Vanadium-Alloys    Steel    Co.,    Pittsburgh.    Pa. 
Vulcan    Crucible    Steel    Co.,    Aliquippa,    Pa. 
Steel,    Cold    Rolled    Strip,    Sheet    and 

Wire 
Driver-Harris  Co.,    Harrison.    N.    J. 
Steel,    High    Speed,    Tool 
Apex   Steel  Corporation.   50  Church  St.,   New  York. 
Bethlehem    Steel   Co.,    South    Bethlehem     Pa 
Blum  &  Co.,  Julius,  510  W.  24th  St.,  New  York. 
Boker  &  Co.,   Inc.,  H.,   101   Duane  St.   New  York. 
Colonial    Steel   Co.,    Pittsburgh     Pa. 
Firth-Steriing    Steel    Co.,    McKeesport    Pa.     ^,       ^    . 
Frasse  &  Co..  Inc..  Peter  A..  417  Canal  St..  New  York. 
Halcomb   Steel   Co.,    Syracuse,   N.   Y. 
Hawkridge  Bros.    Co.,    Boston.   Mass. 
Haynes    SteUite   Co.,    Kokomo.    Ind. 
Heller   Bros.    Co..    Newark,    N.   J- ^      „^      „       .^    . 
Jessop  &  Sons.   Inc..  Wm.,  91  John  St..   New  York. 
Latrobe   Electric   Steel   Co.,   Latrobe,    Pa. 
Onondaga  Steel  Co.,   Inc..   Syracuse    NY. 
Reliance   Steel   &   Tool   Co.,    Inc.,   30  Church   St.    New 

York.  .     ^       ,.     T, 

Standard    Alloys    Co..    Pittaburgh.    Pa. 
Standard   Gauge   Steel   Co..   Beaver   Falls    Pa. 
Vanadium-AUoys   Steel   Co..   Pittsburgh,   Pa. 
Vulcan    Crucible    Steel    Co..    Aliquippa.    Pa. 
Steel,    Machine 

Apet   Steel  Corporation,   50  Church  St,    New  York. 
Bethlehm   Steel  Co..   South  Bethlehem,   Pa. 
Blum  &  Co.,  Julius.  510  W.  24th  St,  New  York 
Boker  &  Co..   Inc..   H..   101  Duane  St.,   New  York. 
Camden  Forge  Co..   Camden,   N.   Y. 
Colonial    Steel   Co.,    Pittsburgh,    Pa. 
Firth-Sterling    Steel    Co.,    McKeesport,    Pa. 
Halcomb  Steel   Co.,   Syracuse,   N.  Y. 
Hawkridge  Broe.   Co.,   Boston,   Mass. 
Jessop  &  Sons,  Inc..  Wm.,  91  John  St.,  New  York. 
Latrobe  Electric  Steel  Co.,  Latrobe,  Pa. 
Standard   Alloys  Co.,    Pittsburgh,    Pa. 
Standard  Gauge  Steel  Co.,  Beaver  Falls,   Pa. 
Standard    Alloys    Co.,    Pittsburgh.    Pa. 
Vanadium-Alloys   Steel   Co.,    Pittsburgh,    Pa. 
Vulcan  Crucible  Steel  Co.,  Aliquippa.  Pa. 
Steel    Shelving,   Racks,   Harrels,  Tahles, 

Etc. 
Manufacturing    Equipment    &    Eng.    Co.,    Framingham. 

Mass.  „  „ 

National  Scale  Co.,  Chicopee  Falls.  Mass. 
New  Britain  Mch.   Co..    New   Britain.   Coim. 
SteUite 

Haynes  SteUite  Co..   Kokomo,   Ind. 
Stocks,    Die 
See  Taps  and  Dies. 
Stones,    Oil 

American   Emery  Wheel  Works,   Providence,   R.   I. 
Cabonindum   Co..   Niagara   Falls,    N.   Y. 
Norton   Co.,   Worcester,   Mass. 
Vitrified  Wheel  Co.,   Westfleld,  Mass. 
Stools,    Steel 

See   Furniture,    Shop   and   Drafting-room. 
Straightening    Machinery 
Morse  Twist  Drill  &  Machine  Co..  New  Bedford,  Mass. 
NUes-Bement-Pond   Co.,    Ill    Broadway.    New   York. 
Shuster   Co..    F.   B.,   New   Haven,    Conn. 
Stud    Setters,    Opening 
Errington     Mechanical    Laboratory,     39     Cortlandt     St., 

New  York. 
S-tvaging    Machines 
Etna  Machine  Co.,  Toledo,  O. 
Excelsior    Needle    Co.,    Torrington,    Conn. 
Langelier  Mfg.   Co.,   Providence.   R.   I. 
Switchboards 

General   Electric  Co.,    Schenectady,   N.  Y, 
Westinghouse  Elec.  &  Mfg.  Co..  East  Pittsburgh.  Pa. 
S-fvitches 

General  Electric  Co.,  Schenectady.  N.  Y. 
Westinghouse  Elec.   &  Mfg.  Co..  East  Pittsburgh.  Pa. 
Tachometers    and    Thermometers 
Bristol    Co.,    Waterbury,    Conn. 
Brown  Instrument  Co,,   Philadelphia,  Pa. 
Veeder  Mfg.   Co.,   39   Sargeant  St,   Hartford,   Conn. 
Tapes,   Measuring 
Keuffel   &  Esser  Co.,   Hoboken,   N.   J. 
Starrett  Co.,  L.   S..  Athol,  Mass. 
Ulmer  Co..   J.    C    Cleveland,    O. 
Tapping    Attachments    and    Devices 
.American  Tool  Works  Co..   Cincinnati,  O. 
Baker   Bros..    Toledo.    O. 
Barnes   Co.,   W.    F.   &   John,   231   Ruby   St,    Rockford, 

ni. 


Ilcaman   &   Smith  Co..   Prorldencc,  R.   I. 
Ilickiiell-Tboniaa   Co.,    Qretnllald,    Mau. 
CincinnaU  Bickford  Tool  Co.,  Oakley,  Oiodiuwtl,  O. 
lOrringtou    Mechanical    Laboratory,     89     Cortlandt     St., 

New  York. 
Geometric  Tool   Co..   New   Haven,  Conn. 
Hammond  Mfg.  Co..   Cleveland.  O. 
l.olaiid'GKTord    Co..    Worcester.    Mass. 
MiMlern  Tool   Co..  2nd  and  State  Bta..   Erie,  Pa. 
Newman   Mfg     Co..   Cincinnati,   O. 
I'oter    Bros.    Mfg.    Co.,    136    Railroad   Ave.,    Algonquin, 

III. 
Procimler,    Wm.    L.,    649    Washington    BUd.,    Chicago, 

111. 
Quint   A.   E..  Hartford,   Conn. 
Wella  &  Son  Co.,   F.   E.,  Greenfield.  Masa. 
Whitney   Mfg.    Co..   Hartford,   Conn. 

Tapping    Machines 

.\cme    Mchy.    Co.,    Cleveland,    O. 

Hiikcr    Bros..   Toledo.    O. 

I'ulton    Foundry   &   Mch.    Co.,    Brooklyn.    N,    Y. 

Garvin  Mch.   Co^  Spring  and  Varick  8t».,   New  York. 

Geometric  Tool  Co..   New   Haven,  Conn. 

Hammond  Mfg.  Co.,  Cleveland,  O, 

Harrington,   Son  &  Co.,   Inc.,   Edwin,   Philadelphia.   I'a. 

Harris  ICngineering  Co,  H.   E..   Bridgeport,  Conn. 

Langelier  Mfg.   Co.,   Providence,   U.    I. 

.Moline  Tool   Co.,   Moline,   III. 

National    Mchy.    Co„   Tiffln,   O, 

I'clcr   Bros.    Mfg.    Co.,    135    Railroad   Ave.,    Algonquin, 

111. 
Procunier,    Wm.    L.,    549    Washington    Blvd.,    Chicago, 

III. 
Rockford  Drilling  Mch.  Co.,  Rockford,  HI. 
Saunders'    Sons,    D..   Yonkers,   N.   Y. 

Taps    and    Dies 

Bay   State  Tap  &  Die  Co..   Mansfield,   Mass. 

Besly     &     Co..     Chas.     H..     120-B     N.     Clinton     St. 

Chicago,  III. 
Brubaker   &  Bros.,   W.   L..    Milleraburg.   Pa. 
Butterfield  &  Co..  Derby  Line,  Vt 
Card   Mfg.   Co.,   S.   W.,    Mansfield,   Mass. 
Carpenter  Tap  &   Die  Co.,  J.   M..   Pawtucket.  R.  I. 
Errington     Mechanical     Laboratory.     39     Cortlandt    St.. 

New  York. 
Geometric  Tool  Co.,   New  Haven.  Conn. 
Greenfield  Tap  &  Die  Corp     Greenfield.  Mass. 
Eammacher.   Schlemmer  &  Co..  4th  Ave.  and  13th  St., 

New  York. 
Hardinge    Bros.,    Inc..    Berteau   and   Ravenswood   Aves.. 

Chicago.    ELI. 
Harris  Engineering  Co.,  H.   E.,  Bridgeport,  Conn. 
Hart   Mfg.    Co.,    E.    20th   St.    and   Marion   Atb..    Cleve- 
land, O. 
Hjorth  Lathe  &  Tool  Co.,  Boston,   Mass. 
Morse  Twist  Drill  &  Machine  Co.,   New  Bedford.  Mass, 
National  Acme  Co.,    Cleveland,   O. 
Nicholson    &    Co..    W.    H.,     112    Oregon    St,    Wilkes- 

Barre,  Pa. 
Pratt   &   Whitney  Co..    Hartford.   Coniu 
Heed   Mfg.    Co.,    Erie,   Pa. 
Reift   &   Nestor.   Lykens,   Pa. 
Reliance  Steel   &   Tool  Co..   Inc..   30   Church   St.    New 

York. 
Rogers  Works.   Inc..   J.   M.,   Gloucester  City,  N.  J. 
Saunders'    Sons,    D.,    Yonkers.    N.    Y. 
Stnadard   Tool    Co.    Cleveland,    O. 
Walworth    Mfg.    Co.,    Boston,    Mass. 
Wells  &  Son  Co.,  F.   E.,  Greenfield,  Mass. 

Taps,   Collapsing- 

Errington    'Mechanical     Laboratory,     39     Cortlandt    St., 

New  York. 
Geometric  Tool   Co.,    New  Haven.   Conn. 
Manufacturers'    Equipment    Co..    175    N.    Jefferson    St., 

Chicago,  111. 
Modem  Tool  Co.,  2nd  and  State  Sts.,  Erie.  Pa. 
Murchey    Mch.    &    Tool    Co.,    34    Porter    St.,    Detroit. 

Mich. 
Victor  Tool   Co.,  Waynesboro.  Pa. 

Testing    Outfits,    Hydranlic 

Metalwood   Mfg.    Co.,    Detroit.    Mich. 

Thread     Catting    Machinery 

Automatic  Machine  Co..   Bridgeport,  Conn. 

Bickford  Machine  Co.,   Greenfield,   Mass. 

Boston   Gear   W'orks,    Norfolk   Downs.    Mass. 

Geometric  Tool  Co.,    New  Haven.   Conn. 

Greenfield   Tap   &   Die   Corp.,    Greenfield,    Mass. 

Lees-Bradner    Co.,    Cleveland,    O. 

National  Mchy.   Co.,   Tiffln.  O. 

Newton   Mch.    Tool    Woiks.    Inc.,    23rd   and   Vine    Sts., 

Philadelphia.  Pa. 
Pratt  &  Whitney  Co.,   Hartford,  Conn. 
Rivett  Lathe  &  Grinder  Co.,  Brighton,  Boston,  Mass. 
Wells  &  Son  Co..  F.   E..   Greenfield.   Mass. 

Thread    Catting    Machines, 
Semi-antoiuatic 

Chicago  Automatic  Mch.   Co.,   Chicago,  111. 
Macnab  Mchy.  Co.,  John,  90  West  St,  New  York. 
Newton    Mch.    Tool    Works.    Inc..    23rd    and    Vine    Sts. 
Philadelphia.  Pa. 

Tliread    Cutting    Tools 

Rivett  Lathe   &   Grinder   Co..    Brighton.    Boston.    Mass. 

Thread    Milling    Machines 

Bickford   Mch.    Co..   Greenfield,   Mass. 

Biggs-Watterson  Co..   Cleveland.   O.  * 

Gisholt  Mch.   Co..   Madison.   Wis. 

Harrington,   Son  &  Co.,  Inc,   Edwin.   Philadelphia,   Pa. 

Lees-Bradner  Co.,   Cleveland,   O. 

Newton    Mch.    Tool    Works.    Inc.    23d    and    Vine    Sts., 

Philadelphia,  Pa. 
Pratt  &   Whitney   Co.,   Hartford,  Conn. 
Smalley-General   Co..   Bay  City,   Mich. 
Taft-Peirce  Mfg.   Co.,   Woonsocket.  R.   I. 
T.   C.    M.   Mfg.    Co..   Harrison.   N.  J. 
W^altham  Mch.    Works,    Waltham,   Mass. 

Thread    Rolling    Machines 

Acme   Mchy.    Co.,    Cleveland,    O. 

Blake   &   Johnson   Co..    Waterbury,    Conn. 

National  Mchy.  Co.,   Tiffln,   O. 

Time    Recorders,    'Workmen's    Tim«    on 
the   .Job 

Gisholt  Mch,   Co..  Madison,  Wis. 

Tire    'Welders    and    Benders 

Williams,    White    &    Co..    Moline,    111. 

Tool    Cases 

Gerstner  &  Sons,  H.,  Dayton,  O. 

Hammacher,   Schlemmer  &  Co..  4th  Ave.  and  13th  St. 

New  York. 
Starrett  Co.,   L.   S.,   Athol,  Masa, 
Union    Tool    Chest   Works,    10    Railroad   St..    Rochester, 

N.  Y. 
Wedell   &  Boers,   Detroit.   Mich. 
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IN  THE  ADVANCE 

OF  AUTOMATIC  MACHINERY  WILL  BE  FOUND 

GRIDLEY  AUTOMATICS 

READY  TO  SERVE  THEIR  OWNERS 


In  the  manufacture  of  duplicate  parts  from  ^A  to  2% 
inches  diameter  (7"  in  length)  the  GRIDLEY  MULTI- 
PLE SPINDLE  AUTOMATIC  SCREW  MACHINE  is 
rapidly  producing  accurate  pieces  for  hundreds  of 
manufacturers. 

The  consistent  and  superior  mechanical  construction  of 
GRIDLEY  AUTOMATICS  has  established  their  repu- 
tation for  RAPID  PRODUCTION— UNIFORMITY  OF 
OUTPUT  and  LOW  OPERATING  COSTS— as  proved 
by  the  number  of  Gridleys  in  use  and  the  continued  de- 
mand for  them. 


The  Gridley  Multiple 
Spindle  Automatic 
Screw  Machine 

Chuck  Capacity  Feed 

Up  to  2%"  7" 

FOUR  SIZES  OF  MACHINES 

Send  for  our  catalog 
and  also  let  us  quote 
on  your  specific  product. 


THE  NATIONAL  ACME  COMPANY 


WINDSOR,  VERMONT 


GENERAL  OFFICES,  CLEVELAND,  OHIO 


CANADIAN  SCREW  PLANT,  MONTREAL,  P.  Q. 


BRANCH    OFFICES: 
NEW  YORK  BOSTON  CHICAGO  DETROIT  ATLANTA  SAN  FRANCISCO 

WAREHOUSES:    NEW  YORK  AND  CHICAGO  REPRESENTATIVES  IN  FOREIGN  COUNTRIES 

Makers  of  Gridley  Single  and  Multiple-Spindle  Automatics  at  Windsor,  Vermont;  and 
Acme  Automatics,  Threading  Dies,  and  Screw  Machine  Products  at  Cleveland,  Ohio 
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Tool    lluldrra 

AniMtnmc  Ilroa.  Tool  Co.,  81S  N.  FranciKO  At*., 
Ohli-M",  III 

lUllttigM   &    .Sii«ni^r   Co.,    Hartfunl,    Conn. 

(<lr>elsuil    T»iiit    Drill    (V>.,    Clavelind,    O. 

(Iliitiolt    .Mc'h.    Co..    .MidlM.ii.    Wis 

llaiiiinailirr,  8clil«uiinrr  JL  t'o.,  itii  Ate.  aiul  lath  St  . 
Nrx    York. 

O.   K.   TiM>l   Holder  Ca  .   Shcllon,  Conn. 

OagiMxl   Tool   Co.,   J.    I,  ,    llulT»lo.    N.    V. 

l(p*<ty   Tool    Co.,    llridspirart,    Conn. 

Weiimrn  Tool   &  Mfg.   I'o.,  Spriiisneld,  O. 

Wllllim*  A  Co.,  /  11.,  01  Kichtnls  BU,  KrooMyn, 
N.  Y. 

Winilaii  Tool  Co..   Clerdtnd,   O. 

Tool    SnIvnKc 

Detri.il    ItMiiirr  Salvage  Co.,   Detroit,   Mich. 

Trn'fliiir    Cloth    ami    rnprr 

KeulTol   &   EssiT  Co..   llobokeu.    N.   J. 

Trarinir    Fllliiir   Cabinets 

See  Cablnetn.  raing. 

Trarku,   Tr€>llr>-    niitl    OverlK-nil 

llarrinBl.m,   8™   *   Co..   Inc..   Ed»ln.   I'hiladelpbia.   Pa. 

Northern   Kngineering  Worka,   Detroit,   Mich. 

Yale  &   To»ne  Mfg.   Co.,  0  K.   40th  St.,   New  York. 

Trannforniern 

Eck  Drnamo  &  Motor  Co..   BellerUle,   N.  J. 

General  Electric  Co..  Schenectady,   N.  Y. 

Keliance  Elec.  &  Eng.  Co.,  1050  Ivanhoe  Road,  Cleve- 
land. O. 

Wcstinghouae  Elec.  &  Slfg.  Co..  East  Pittsb\irgh,  Pa. 

TrnnHnilBMlon    Mncliliiery 

8c«  Uangers,  Shafting,  Pulleys.  Clutches,  Couplings, 
Belting,  Chain,  etc. 

Trolley*   and   TrniiiiTnys 

Boi  &   Co.,   Alfred,   Philadelphia.    Pa.    . 

Curtis  Pneumatic  Mch;.  Co.,  1508  Kienlen  Aye.,  St 
Louis.  .Mo. 

Wright   .Mfg.    Co.,    Lisbon,   O. 

Yale  &   Tonne  Mfg.    Co..  9   E.   40th  St.,    New  York 

Tracks 

Barrett-Cravens  Co.,  750  Transportation  Bldg.,  Chi- 
cago. III. 

Chase   Foundry  &  Mfg.   Co.,  Columbus,   O. 

Qreenflcld   Tap  &   Die  Corp.,   Greenfield,   Mass. 

National   Scale  Co..   Chicopee  Falls,   Mass. 

Transmission  Ball  Bearing  Co.,  Inc.,  Buffalo,  N,  Y. 

Tracks,    Elevating 

Barrett-Cravens  Co.,  750  Transportation  Bldg.,  Chi- 
cago, 111. 

Chase  Foundry  &  Mfg.   Co..  Columbus.  O. 

National   Scale  Co.,   Chicopee  Falls.  Mass. 

Stuebing  Truck  Co.,  Cincinnati,  O, 

Transmission  Ball  Bearing  Co.,   Inc.,   Buffalo,   N.   Y. 

Tabe    Expanders 

Watson-Stillman   Co.,   192  Fulton  St.,   New  York. 

Tabiner,    Flexible 

Almond  Mfg.  Co.,  T.  R.,  2  Maple  Ave..  Ashbumham. 
Mass. 

Wheelock   Mfg.    Co.,    Wheelock,   Vermont 

Tablng:,    Seamless    Steel 

Blum  &  Co.,  Julius,  BIO  W.  24th  St.  New  York. 

Frasse  &  Co.,  Inc.,  Peter  A.,  417  Canal  St.  New  York. 

National  Tube  Co.,  Pittsburgh,  Pa. 

Rous   &   Heyberger,    IDS   Rue  Lafayette,   Paris,   France. 

Standard  Parts  Co.,   Cleveland  O. 

Tnblngr,    Steel 

Blum  &  Co.,  Julius.   510  W.  24th  St.  New  York. 

Frasse  &  Co.,  Inc.,  Peter  A.,  417  Canal  St,  New  York. 

National  Tube  Co.   Pittsburgh,  Pa. 

Standard  Parts  Co.,  Cleveland,  O. 

TablnK,  Welded  Steel 

Empire  Art  Metal  Co..   Inc..   College  Point  N.  Y. 

Roui  &  Heyberger.   108  Rue  Lafayette,  Paris,  France. 

Tambllng  Barrels 

Abbott  Ball  Co.,   Elmwood,  Hartford,  Conn, 

Baird    Mch.    Co.,    Bridgeport    Conn. 

Globe  Mch,   &  Stamping  Co.,   Cleveland,  O. 

Royersford  Fdry.  &  Mch.  Co.,  54  N.  5th  8t,  Phila- 
delphia, Pa. 

Tarntables 

Canton  Foundry  &  Mch.  Co.,   Canton,  O. 

Chase   Fdry.    &    Mfg.    Co.,    Columbus.    0. 

Lmk-Belt    Company,    Chicago,    Bl. 

Turret    Attachments 

Almond  Mfg.  Co..  T.  R..  2  Maple  Ave.,  Ashbumham, 
Mass. 

Meisselbach-Catucci  Mfg.  Co.,  27  Congress  St,  New- 
ark. N.  J. 

Newman  Mfg.   Co.,   Cincinnati.   O. 

Phoenii  Mfg.   Co.,   E»u  Claire,   Wis. 

Pierce  Mch.  Tool  Co..  617  W.   Jackson  Blvd.,   Chicago. 


Turret    L,Bthea,    Vertical 

llullurd  Mch.  Tool  Co.,   Itrldgoport,  Conn, 
l-ratl  &   Whitney  Co.,      UarUord,   Conn. 

TnUt    Urilla 

See  Drilln,  T»l«t 

I'lllttllS 

Dart  Mfg    (lo.,   E.   M.,   Providence.   U.   I. 
.National    Xul>e  Co.,    Pittsburgh,    Pa. 

I'nlverMnl    Joints 

llauHh    Mch.    Tool    Co.r  200    Wason    Ave.,    Siiringfleld. 

Mn.'iH 
llo.Hton    Hear   Works,    Norfolk   Donna.    Mass. 
Gray    &    l>rior    Mch.    Co,,    88    Suffleld    St.,     Hartford. 

donn. 

Valve   I.enthera 

Graton  &   Knight  Mfg.    Co.,   Worcester,   Mass. 

Valves 

EInios    Eng.    Works,    Chas.     F.,    222    N.     Morgan    St., 

('liicftRO,  m. 
Ilvilraiilic     Press     Mfg.     Co..     84     Lincoln     Ave.,     Mt 

Ciload,  O. 
.Metal vmkhI   Mfg.  Co.,   Detroit  Mich. 
National   Tube  Co.,  Pittsburgh,  Pa. 
Watson-Stillman  Co.,   192  Fulton  St..   Ne"   Y'ork. 
Varnish 
Glidden   Varnish   Co.,    Cleveland,   0. 

VentllatlnKT    Apparatus 

liuHalo  Forge  Co.,   Buffalo,  N.   Y. 

Vise    Stands 

New   Britain  Mch.    Co..    New  Britain.   Conn. 
Western  Tool  &  Mfg.  Co.,  Springfield,  0. 
VispN,   flench 

.\thol   Mch.   Co.,   Athol,   Mass. 

liillings   &    Spencer   Co..   Hartford,    Conn. 

(ii)odell-Pratt   Co..    Greenfield.    Mass. 

New   Britain  Mch.   Co.,   New  BriUin,   Conn. 

Prentiss  Vise  Co.,  106  Lafayette  St.,   New    York. 

lieed    Mfg.    Co.,    Erie,    Pa. 

Western    Tool    &   Mfg.    Co.,    Springfield,    O. 

Vises,   Drill 

Armstrong    Bros.     Tool    Co.,     313     N.     Francisco    Ave., 

Chicago,  111. 
Brown   Engineering  Co.,    133   No.   3d   St.    Reading,   Pa. 
Carter  &  Hakes  Co.,  Stirling  Place.  Winsted,  Conn. 
Graham   Mfg.    Co.,   Providence.    R   I. 
Skiimer   Chuck   Co.,    New   Britain,    Conn. 

V'ises,    Milling 

New  Jersey   Mchy,    Exchange,   Newark,    N.   J. 

Vises,    Pipe 

Bignall  &  Keeler  Mch.   Works,  Edn  ardsrille.   III. 

Butterfield  &  Co..  Derby  Line.  Vt. 

Curtis  &  Curtis  Co..  8  Garden  St.,  Bridgeport,   Conn. 

Reed  Mfg.   Co.,  Erie,  Pa. 

Saunders    Sons,    D.,  Yonkers,   N.   Y. 

Walworth  Mfg.   Co..   Boston,   Mass. 

Wells  &  Son  Co..  F.   E.,  Greenfield.  Mass. 

Williams    &    Co.,    J.    H.,    61    Richards    St..    Brooklyn, 

N.  Y. 
Vises,  Planer  and   Shaper 
American  Tool  Works  Co..  Cincinnati,   O. 
Cincinnati  Planer  Co.,  Cincinnati,  O. 
Hendey   Machine   Co.,   Torrington,  Conn. 
Sellew  Mch.   Tool   Co.,   Pawtucket   R.   I. 
Skinner   Chuck    Co.,    New   Britain,    Conn. 

Vises,  Universal  Alachlne 

Boston   Scale  &  Mch.    Co..   Boston.   Mass. 

Brown  &  Sharpe  Mfg.   Co..   Providence,   R.   I. 

Brown   Engineering   Co.,    133   No.   3d   St.,   Reading,   Pa. 

Graham   Mfg.    Co.,    Providence,    R.    I. 

New-  Jersey  Mchy.   Exchange.   Newark,   N.  J. 

Skinner  Chuck   Co..* New  Britain,   Conn, 

Voltmeters 

Bristol    Co.,    Waterbury,    Conn. 

Brown    Instrument    Co.,    Philadelphia,    Pa. 

General  Electric  Co.,   Schenectady,   N.   Y. 

Washers,   Leather 

Graton   &   Knight  Mfg.    Co.,    Worcester,   Mass. 
Schieren  Co.,   Chas.   A.,  73  Ferry   St..    New  York. 

Washers,   Spacing* 

See  Collars,  Spacing,  etc. 
Maiwell-Hutchcroft  Co.,   Cleveland,   O. 

Washstands  and   Bon-ls 

Manufacturing    Equipment    &    Eng,    Co.,    Framingham, 
Mass. 

W^ater   Coolers 

Allen   Filter  Co.,    Toledo,   O. 

Manufacturing    Equipment    &    Eng,    Co.,    Framingham, 


'WeldInK    and    Cnttlnar,    Job 

Dnvia-Bournonvllle   Co.,    Jersey   City,    N,    J. 
Electric   Welding  Co..   Cleveland,   O. 
General    Electric   Co.,    Schenectady,    N,    Y. 
National    Electric  Welder  Co^   Warren,   O. 
ProHt-O-Lite     Co.,     Inc.,     837     Speedway,     Indianapolis, 

Ind, 
Standard    Parts   Co..    (Tleveland,    O. 
'I'liuinson  I'llec.  Welding  Co.,   Lynn,  Mass. 
ThoinHon    Spot   Welder   (^o.,    Lynn,    Mass. 
WcstingbouHe   Elec.    &   Mfg.    Co.,    East  Pittsburgh,    Pa, 

WeldinK   anil   Cuttinfjr,   Oxy-Aeetylene 
K<|ulpment 

I  >a\  i.4-Itournonville  Co.,  Jersey  City,   N.  J, 
Trcst^o-Lito    Co.,     Inc,     837    Speedway,    Indiaoipolis, 
Ind. 

^VeldlnK    F^qulpnient,    Klectric    Arc 

Wcstinghouso   Elec.    &    Mfg.    Co.,    East   Pittsburgh,    Pa. 

Weldlnn:    Machines,    Klcctric 

Electric    Welding    Co.,    Cleveland,    O. 
General   Electric  Co.,    Schenecta<ly,   N,   Y. 
National   ISIectric   Welder  Co..    Warren,    O. 
Thomson   Electric  Welding  Co.,   Lynn,    Mass. 
Thomson  Spot  Welder  Co.,   Lynn,   Mass. 

AVeldinK    Rods   and    AVire 

.\|iex   Steel   Coiporation,   .'iO  Church   St..   New  York. 
Davis-Boumonville   Co..    Jersey   City,    N.    J. 

AVlre-Nall    and    Washer    Machinery 

National    Mchy.    Co.,    Tiffin,    O. 

AVlre    Straifrhteners    and   Cuttera,   Auto- 
■iiutic 

Shuster  Co.,    F.   B.,    New  Haven,    Conn, 

Wire    Working   Maclilnery 

Baird  Machine  Co.,  Bridgeport,  Conn. 

Cleveland     Mch.     &    Mfg.     Co.,     4944     Hamilton    Aye., 

Cleveland,  O. 
Shuster   Co.,    F.   B.,    New   Haven,    Conn. 

■Wood   Working    Machinery 

Crescent  Mch.   Co..  56  Main  St.,   Leetonia,  O. 

New  Britain  Mch.   Co.,   New  Britain,  Conn. 

Oliver  Machinery  Co.,    7  Coldbrook  St.,   Grand  Rapids, 

Mich. 
Seneca    Falls    Mfg.    Co.,    330    Fall    St,    Seneca    Falls, 

N.  y. 
Sidney   Tool    Co.,    Sidney,    0. 

\%^renches 

Armstrong    Bros.     Tool    Co..    313    N.     Francisco    Ave.. 

Chicago,  III. 
Aniistrong    Mfg.    Co.,    297    Knowlton    St.    Bridgeport, 

Conn. 
Athol   Mch.   Co..   Athol.   Mass. 
Billings  &  Spencer  Co.,  Hartford,  Conn. 
Goes   Wrench   Co,,   Worcester,    Mass. 
Goodell-Pratt   Co.,    Greenfield,    Mass. 
Greene,    Tweed   &   Co.,    109  Dnane   St.,   New   York. 
Trimont   Mfg.    Co.,    Roxbury,    Mass. 
Walworth  Mfg.   Co..   Boston,   Mass. . 
Wells  &  Son  Co.,   F.   E.,  Greenfield,  Mass. 
Whitman    &    Barnes    Mfg.    Co.,    1000    West    120th    St., 

Chicago,  HI. 
Williams    &    Co..    J.    H.,    61    Richards    St.,    Brooklyn, 

N.  Y. 

Wrenches,    Pipe 

Greene,   Tweed  &  Co.,   109  Duane  St,  New  York. 

Reed  Mfg.   Co.,  Erie,  Pa. 

Trimont   Mfg.    Co.,    Roxbury,    Mass. 

Walworth    Mfg.    Co..    Boston,    Mass. 

Wells  &  Son  Co.,  F.  E..  Greenfield,  Mass. 

Whitman    &    Barnes   Mfg.    Co.,    1000    West   120th    St, 

Chicago,  111. 
Williams    &    Co..    J.    H..    61    Richards    St,    Brooklyn. 

N.  y. 

Wrenches,   Ratchet 

Goodell-Pratt   Co.,    Greenfield,    Mass. 

Greene.    Tweed   &   Co.,    109  Duane  St..   New  York. 

Trimont  Mfg.   Co..   Roxbury,   Mass. 

Wrenches,    Tap 

Besly    &    Co.,    Chas.    H.,    120-B    N.    Clinton    St.,    Chi- 
cago, m. 
Brubaker  &  Bros.,  W.   L.,   Millersburg,  Pa. 
Butterfield   &   Co.,   Derby   Line,    Vt. 
Card  Mfg.   Co..   S.   W.,    Mansfield,   Mass. 
Carpenter  Tap  &  Die  Co.,  J.   M.,   Pawtucket  R.   I. 
Greenfield  Tap  &  Die  Corp.,  Greenfield,  Mass. 
Morse  Twist  Drill  &  Machine  Co.,   New  Bedford,  Mass. 
Pratt   &  Whitney   Co.,    Hartford,    Conn. 
Standard  Tool  Co.,   Cleveland,  O. 
Starrett  Co.,   L.   S.,   Athol.   Mass. 
Trimont   Mfg.    Co^   Roxbury,    Mass. 
Union   Tool   Co..   Orange.   Mass. 
West  Haven  Mfg.  Co,,   New  Haven.  Conn. 


Machine  Tools 
Electric  Traveling  Cranes 

THE  BIGGS-WATTERSON  COMPANY 

CLEVELAND,  OHIO 

Branches:  Detroit  Cincinnati  Toledo 


INGLE  MACHINE  COMPANY 

Rochester  Automatic 
Tooth   Rounders 

Made  in  3  sizes,  12',  20'  and  30' 

Over  One  Thousand  in  Use  in  the 
United  States  and  Europe. 

371.S81  St.  Paul  St.  ROCHESTER.  N.  T. 


The  Handy  Grinder 

This  "F.  &  M."  No.  56  is  small  in  size  only. 
Has  high-grade  high-speed  motor  in  dust  proof 
case,  ball  bearing  spmdles,  snings  6"  wheels. 
Has  capacity  beyond  ordinary  for  machine  shop. 
Other  models  for  the  blacksmith  or  foundry, 
and  particularly  for  the  pattern  or  wood  work- 
ing shop.       Let  ufl  send  circulars. 

FORBES  (H  MYERS 

178   UNION  ST.  WORCESTER.  MASS. 


TOOLS 

MONTGOMERY  &   COMPANY,  Inc. 

104    Fnlton  St..  New  Yorli  City 

Have  just  issued  a  pamphlet  known  as 
ODDS    and    ENDS 

listing  various  small  tools. 
Send   your  name  on  a  postal  card  for  a  copy. 


August,  1917 
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OXY-ACETYLENE    WELDING 


By  S.  W.  MILLER 

A  Comprehensive  Treatise  on  the  Practice  of  Welding  Cast 
Iron,  Malleable  Iron,  Steel,  Copper,  Brass,  Bronze  and  Aluminum 
by  the  Oxy-acetylene  Method,  together  with  concise  Information 
on  the  Equipment  required  for  both  Welding  and  Cutting  by  this 
Process. 

This  volume  describes  the  equipment  required  for  oxy- 
acetylene  welding  and  cutting,  deals  in  detail  with 
methods  used  in  welding  cast  iron,  malleable  iron, 
steel,  copper,  brass,  bronze  and  aluminum,  and  gives, 
in  addition,  special  attention  to  the  welding  of  sheet 
metal,  tank  welding,  boiler  repairs,  etc.,  as  well  as  to 
the  subject  of  lead  burning,  which  is  a  special  kind  of 
autogenous  welding. 

The  Book  Contains  Twelve  Chapters  as  Follows  : 


Equipment       for       Oxy-acetylene 

Welding. 
Preparation  of  Work  for  Welding. 
Materials     and     Fluxes     used    for 

Welding. 
Making    Oxy-acetylene   Welds. 
Oxy-acetylene     Welding    of    Cast 

Iron. 
Welding     Steel,     Malleable     Iron, 

Copper  and  Copper  Alloys. 


Welding    Aluminum. 

Sheet  Metal,  Boiler,  Pipe,  and 
Tube   Welding. 

Oxy-acetylene  Welding  of  Tanks 
and   Retorts. 

General  Considerations  In  Oxy- 
acetylene  Welding. 

Lead    Burning. 

Cutting  Metals  with  the  Oxidiz- 
ing   Flame. 


287  Pages.     Price,  $2.30 


Published  by  MACHINERY,  140-148  Lafayette  Street,  New  York  City 
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